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EXECUTIVE SUMMARY 

O'Driscoll, R.L. (2002). Review of acoustic data inputs for the 2002 hoki stock 
assessment. 

New Zealand Fisheries Assessment Report 2002/36.66 p. 

Acoustic surveys have provided relative abundance indices of spa\nming hoki in Cook Strait 
and off the west coast South Island (WCSI) since 1988. Although the basic survey design has 
remained the same, there has been considerable variation in acoustic hardware, survey timing, 
number of snapshots, amount of fishing for mark identification, and analysis methods during 
the acoustic time series. This report documents these changes and reviews their impacts on 
the consistency of the acoustic relative abundance indices. Model weightings for each survey 
(expressed as coefficients of variation or c.v.s) were also recalculated using a Monte Carlo 
simulation method which combines uncertainties associated with different aspects of the 
acoustic estimation method. Previously, the C.V. assigned to each survey depended solely on 
the n imhr  of snapshots. 

Timing and spatial coverage of WCSI surveys were usually adequate, with the exception of 
1991, when the survey was finished before the end of July. Most uncertainty in WCSI 
acoustic abundance indices arose from the. presence of a mix of associated species, 
particularly in northern strata. A species mix decomposition was applied, but this was based 
on poor data before 2000. Recalculated c.v.s reflect the uncertainty associated with species 
mix and are higher in years when a. large proportion of the backscatter came from northern 
strata. 

The 1988 and 1992 Cook Strait surveys were omitted from the recalculated time series, 
because of poor spatial and temporal coverage. The 1988 survey consisted of only one 
snapshot late in August and only three of six strata were surveyed. In 1992, there were only 
two snapshots which appeared to be before and after the main spawning season, and one of 
the key strata was not surveyed. T i g  of surveys was also poor in 1994-96 when the survey 
finished before 3 August, and may have missed peak spawning. Indices from 1994-96 now 
have relatively high C.V.S. Mixes of hoki with o,ther species were observed in Cook Strait, but 
uncertainty in acoustic abundance indices associated with species mix was lower than on the 
WCSI, and no species mix decomposition was applied. 

Indices in both areas were recalculated using acoustic target strengths (TS) derived from an 
updated TS-length relationship (TS = 18 log(L) - 74) and length frequency data from the 
commercial fishery. These changes had little effect on relative abundance indices, but 
biomass estimates were about 1.75 times higher using the updated TS-length relationship than 
those calculated using the previous TS-length relationship (TS = 22.32 log(L) - 79.84). 

Uncertainties due to sampling, calibration, and TS contributed relatively little to the overall C.V. 
However, incorrect choice of target strength and calibration coefficients do have potential to bias 
acoustic abundance indices. 



1. INTRODUCTION 

Hoki is the most abundant commercial fish species in New Zealand waters, and has been our 
largest fishery since the mid 1980s. It is managed as a single fishstock (HOK 1) for which the 
TACC has exceeded 200 000 t since 1986-87 (Annala et al. 2001). Within HOK 1, two 
stocks are recognised - eastern and western -and these have been assessed separately since 
1989. 

Acoustic surveys have provided relative abundance indices for spawning hob in both stocks 
since 1988 (Tables 1-2). During winter, mature hoid migrate from their home grounds to 
spawning gmunds in Cook Strait (eastern stock) and off the west coast South Island (western 
stock). In the spawning areas the hoki often form large midwater aggregations which are readily 
identifiable from traces seen on echosounders. Commercial and research fishing on spawning 
hoki aggregations results in very clean catches of hoki. The occurrence of identifiable single 
species aggregations clear of the seabed means spawning hoki should be weU suited to biomass 
estimation by acoustic methods. 

Hoki acoustic survey results are currently used in stock assessments as relative abundance 
indices of spawning biomass. This is because hoki have a long spawning season, typically more 
than two months. It is thought that during the spawning season there is a turnover of fish on the 
grounds. Therefore, there is no time at which all of the spawning fish are available to be 
surveyed. The survey design devised to deal with this problem consists of a number of sub- 
surveys or "snapshots" spread over the spawning season. Each snapshot consists of a series of 
random transects (following the design of Jolly & Hampton 1990) across strata covering the 
known distribution of spawning hoki. Estimates of spawning biomass are calculated for each 
of the snapshots, and these estimates are then averaged to obtain an estimate of the "mean 
plateau height" (average biomass during the mean spawning season). Under various model 
assumptions about the timing and length of the spawning season (see Coombs & Cordue 
1995). estimates of mean plateau height form a valid relative abundance time series. This 
basic survey design has been used in both Cook Strait and west coast South Island (WCSI) 
since 1988. 

Although the basic design has remained the same, there has been considerable variation in 
acoustic hardware, survey timing, number of snapshots, amount of fshing for mark 
identification, and analysis methods during the acoustic time series. Many of these changes 
have resulted from working group discussions and external review (Rose 1998). For example, 
the Cook Strait acoustic survey was extended further and further into August in 1997, 1998. 
1999, and 2001 to better cover the period of peak catch rates in the fishery. On the WCSI, 
there was much more fishing for mark identification in northern strata in 2000 than in 1997. 
to address the problem of mixed species aggregations. 

It is timely to document these changes in a single report and review their impacts on the 
consistency of the acoustic relative abundance indices. Previous reviews of the acoustic time 
series were carried out for the WCSI from 1985 to 1991 by Coombs & Cordue (1995), and for 
Cook Shait from 1987 to 1993 by Cordue (1994). 

There are at least two issues of consistency to be addressed. First, are the indices within each 
series properly comparable? For example, are the methods that were used to calculate indices 
from earlier surveys still appropriate, given the knowledge we have gained from subsequent 
surveys? Second, does the weighting assigned to each survey (commonly expressed as the 
coefficient of variation or c.v.) correctly reflect the uncertainty associated with it? There is a 
perception that some recent surveys, by merit of increased temporal coverage, improved 
hardware, and more rigorous mark identification, are better than earlier surveys, and -thus 
should have lower c.v.s. However, in recent NIWA assessments the weighting assigned to 
each survey within a series depended solely on the number of snapshots used in calculating 



the plateau height (Cordue 2001). In the 2001 University of Washington assessment all 
acoustic indices were assigned the same C.V. (Annala et al. 2001). 

This report covers work arising from Objective 4 of Ministry of Fisheries Research Project 
HOK2001104 (hoki stock assessment). 

2. METHODS 

I reviewed five aspects of the acoustic survey and analysis methodology: 
1. acoustic hardware and calibration 
2. survey timing and coverage 
3. mark identification and corrections for mixed species 
4. acoustic target strength ' 
5. sampling variability 

The aim was to (a) document the survey and analysis methodology, including changes in each 
of these aspects; (b) recalculate indices (where necessary and practicable) to enhance 
comparability; and (c) recalculate c.v.s. This report updates the previous reviews of Coombs 
& Cordue (1995) for WCSI and Cordue (1994) for Cook Strait. 

Surveys and analyses were documented from a.variety of published and (mostly) unpublished 
literature including scientific papers, Voyage Programmes, Voyage Reports, Fisheries 
Assessment Research Documents, W i s h  client repom, and Working Group Documents. 
There was also discussion and consultation with the research scientists involved. Survey data 
were available on the W i s h  acoustics and trawl databases. An important part of the 
documentation was a comparison of the spatial and temporal coverage of each survey with 
that of the commercial fishery during that season, obtained from commercial catch effort 
returns. 

To recalculate all indices ab inirio is a very substantial task and was not possible within the 
resources allocated for this objective. However, some recalculation (e.g., using different 
assumptions about target strengths or calibrations) was carried out. As'a trial exercise, a small 
number of acoustic files from Cook Strait in 1992 and 1993 were re-analysed and the results 
compared with the original analysis. 

I attempted to quantify imprecision associated with each of the five aspects of acoustic 
methodology listed above. A Monte Carlo simulation method (following Rose et al. 2000, 
Doonan et al. 2000) was then used to combine unceaainties into a single C.V. for each survey. 

3. RESULTS 

3.1 Acoustic hardware and calibration 

3.1.1 Vessels and hardware 

A number of vessels and equipment configurations have been used in hob acoustic surveys 
(Tables 3-4). partly as aresult of improvements in equipment and technology, and partly because 
of loss or damage. Three research vessels have been used as acoustic platforms: James Cook, a 
45 rn vessel; the 28 m Kaharoa; and the 70 rn Tangaroa 

All acoustic surveys were camed out with NIWA echosounder data acquisition systems, initially 
FREDA (Fisheries Research Echo Data Acquisition) and more recently CREST (Computerised 
Research Echo Sounder Technology). These systems are based on the concept of a "software 



echosounder", which uses custom software to organise and edit data, and exercise overall 
control. Each channel consists of a receiver and a transmitter. The receiver takes echo voltages 
from the output of the transducer, amplifies, filters, digitises, and samples the signal, then saves 
the resulting digital data for later processing. The tmnsmitter produces the acoustic pulse that is 
sent to the transducer. In early systems, the transmitter was part of a commercially available 
scientific echosounder (Datasonics DFT-210), and partially processed data were sent from the 
echosounder to the receiver. More recently, the transmitter has been part of the CREST system, 
and all data processing has occurred within CREST. 

Simrad or ED0 transducers with a nominal operating frequency of 38 kHz were used in all 
surveys (see Tables 3-4). The transducers were usually deployed in a towed body, towed at 30- 
50 m depth to reduce surface and vessel noise. On the 1990 WCSI survey, and for a small 
number of transects in the 2001 Cook Strait survey, a hull-mounted system was used. In good sea 
and weather conditions, with similarly calibrated transducers, there should be little difference in 
data quality betwein hull and towed transducer mountings. Survey speeds with both towed and 
hull transducers have typically been between 8 and 10 knots. Single-beam transducers were 
replaced in 1997 (WCSI) and 2001 (Cook Strait) by split-beam systems. 

Receiver hardware and software including amplifiers, filters, analog-todigital converters (ADC). 
and data storage media, have also evolved over time. For example, in 1988 the sampling rate of 
the ADC wai 5 kHz, and data were recorded on Industry Standard 9 track, 1600 bpi, magnetic 
PE tapes (Coombs & Cordue 1995). By 1999, the ADC conversion rate had increased to 
100 kHz, and data were recorded directly onto the computer hard drive (Cordue & Ballara 2001). 
A major advance has been to shift hardware into the towed body (including the ADC), to reduce 
signal loss and noise from the cable. A full discussion of all these changes is beyond the scope of 
this project (but see Coombs et al. 1994, Coombs & Cordue 1995, Cordue & Ballara 2001 for 
more details). 

One of the potential impacts of advancing technology on acoustic biomass indices has been an 
increase in the dynamic range of the signal from the echosounder. Dynamic range is the range of 
signal amplitudes that can be recorded. If some of the signal amplitudes from the target species 
were outside (lower than or higher than) the dynamic range of the previous technology, then 
increasing the dynamic range could mean that more signal will be recorded from the target 
species, and biomass indices would increase. The dynamic range of the early acoustic systems 
(1988-95) was about -88 to -40 dB (Gavin Macaulay, MWA, pers. comm.). Almost all hoki 
signal is in this amplitude range. For example, most of the signal amplitudes received from hoki 
in the 2001 Cook Strait acoustic survey were between -70 dB for a deep signal target and 4 0  dB 
for a hoki school. However, there were some very dense hoki schools in 2001 that had signal 
amplitudes greater than -40 dB (up to -31 dB), suggesting that the older acoustic systems may 
have been saturated at the top end of their default dynamic range settings when hoki were very 
dense. However, in early hoki surveys, echosounder gain settings were adjusted at sea to shift the 
dynamic range (e.g., to -78 to -30 dB) when dense schools were encountered (Fatrick Cordue, 
innovative Solutions Limited, pers. comm.), so abundance indices should not be biased by 
saturation. 

3.1.2 Calibration 

Acoustic systems were calibrated regularly using a standard 38.1 mm tungsten carbide sphere 
following the procedures of Foote et al. (1987). Calibrations were carried out between surveys in 
a tank, andlor in sifu during surveys. Ideally all calibrations should be carried out in siru, but time 
and weather prevented this is some years. Measurements of temperature and salinity were made 
during surveys with a conductivity, temperature, and depth probe (CTD). These were used to 
determine the appropriate sound velocity and absorption coefficient for each survey. 



Coombs et al. (1994) provide details of calibration coefficients for hoki acoustic surveys from 
1985-90, and Roger Coombs (NIWA) is currently preparing a similar summary for more recent 
surveys. Details of calibration coefficients have sometimes been included in the survey 
documentation (e.g., Cordue & Ballara 2001), and I recommend that this be done routinely, so 
that these data are easily available. 

The use of different acoustic systems in the hoki time series should not affect the comparability 
of the abundance indices, if all systems were similarly and correctly calibrated. Indeed, one of the 
advantages of an acoustic survey over a trawl survey is that an acoustic survey do- not quire 
"standard" hardware, and so can benefit from advances in gear technology. An evaluation of the 
calculation of calibration coefficients is beyond the scope of this report, and values will soon be 
documented by Coombs. In an external review of hoki projects for Wish, Rose (1998, p. 12) 
concluded ' b e n t  methods (of calibration) as practised by NIWA appear to be satisfactory". 

3.1.3 Data processing 

Raw 'acoustic data were processed using custom echosounding package (ESP) software (Cordue 
1990). and its successor ESP;? (McNeill 2001). This software is used for plotting, checking, 
editing, bottom tracking, mark classification, echo integration, and calculation of acoustic 
densities. The typical analysis routine involves initial viewing of the file on screen, and editing 
out any noise or bad data using a "bad transmit" function, which forces the analysis to ignore the 
selected bad pings. An automatic bottom-tracking algorithm is then run, which identifies the 
depth of the bottom in each ping. The operator views the results and can manually edit the 
detected bottom if, for example, there are weak side-lobe echoes which are missed by the 
algorithm, or if the automatic bottom cuts through a dense school of fish. Regions corresponding 
to acoustic marks are then defined and subjectively classified (see Section 3.3). Acoustic 
backscatter from regions corresponding to the target species is added (integrated), and the results 
scaled by the appropriate calibration coefficients (see Section 3.1.2) and beam pattern corrections 
to give estimates of acoustic density. The estimates of acoustic density produced by ESP or ESP2 
are scaled by stratum area and fish target strength to give biomass. 

In trials following the development of ESP2, integrated output from the new software was 
checked to ensure that results were consistent with ESP (Gavin Macaulay, pen. c o r n ) .  The 
major sources of uncertainty in the analysis process are system calibration, described above, and 
mark identification and target strength, described below. 

3.2 Survey timing and coverage 

As described in the Introduction, each acoustic survey consisted of a number of sub-surveys or 
snapshots, of the survey area, spread over the spawning season. The timing and number of 
snapshots has varied between surveys (Tables 5 4 ,  and there have also been changes to the 
surveyed area (Tables 5-6, Figures 1-2) over time. 

3.2.1 Survey timing and plateau height 

There are two aspects of survey timing to be considered: first, the duration of sampling within the 
spawning season. and second, the number and timing of individual snapshots. For example, the 
1992 and 2001 surveys of Cook Strait had similar overall timing and duration (40 and 42 days 
respectively from mid July to the end of August), but the 1992 survey had only two snapshots, 
one right at the beginning and the other at the end of the sampling period, and the 2001 survey 
had I1 snapshots spaced relatively evenly at intervals throughout the period (see Table 6). 



The plateau height model requires a number of measurements of spawning biomass during the 
plateau interval (main spawning season as defined by Coombs & Cordue (1995)). Obviously the 
timing and duration of the survey must be such that there are some snapshots during the plateau 
interval. The problem is that the plateau interval is not known. The model assumes that the 
plateau interval (duration) is constant, but its timing may shift from year to year due to variability 
in the reproductive cycle of the fish. Because we do not have a good independent measure of the 
timing of hoki spawning, current practise is to assume that all snapshots from mid July to the end 
of August fall within the plateau interval. Biomass estimates from all the snapshots in this period 
are averaged to obtain the abundance index. Snapshots at the end of June in 1988 and 1989 
WCSl surveys were not included in the abundance estimates for these years because it was felt 
they occurred before the main spawning season. 

. . .  

' ~ar ley  (2001.2002) modelled the spawning dynamics of hoki on the WCSI from 1989 to 1997, 
and in Cook Strait from 1993 to 1999, based on the sex and gonad-stage composition of the 
commercial catch, commercial landings, and acoustic abundance estimates. The mode1~'~rovided 
estimates of time of arrival on the spawning grounds, residence time, and spawning biomass. 
Harley (2001, 2002) presented results from numerous runs of sex-structured, and age- and sex- 
structured models with various assumptions. In Tables 7-8, I provide estimates from the age- and 
sex-structured model with individual arrival means and a single residence time, which Harley 
(2001) considered to be "the most reasonable model". 

Estimates of m& arrival time in Cook Strait varied h m  9 July in 1995 to 9 August in 1994, 
with a residence time (males and females combined) of 41 days (Table 8). Estimated peak 
biomass occurred about 10 days after the mean arrival time (Harley 2001). On the WCSI, mean 
arrival date was more similar between years, varying between 16 July in 1997 and 31 July in 
1993 (see Table 7). Mean residence time was estimated as 37 days, and again peak biomass was 
about 10 days after mean arrival date (Harley 2001). 

The timing of acoustic snapshots in relation to estimated mean anival date and commercial 
landings (grouped in 5day bins) is plotted in Figures 3-4. On the WCSI, acoustic surveys were 
carried out during the period of peak catches, and the estimated mean arrival time of hoki fell 
within the survey period in all years considered (Figure 3). All WCSI surveys probably included 
snapshots within the plateau interval, with the possible exception of the 1991 survey, which 
finished on 28 July, before the estimated peak biomass (Harley 2001). 

The timing of Cook Strait surveys was poor in some years (Figure 4). In 1994-96, acoustic 
surveys occurred before, or only at the start of, the period of peak catches, and in 1994 the 
survey was finished before the estimated mean amval date (Harley 2001). During the 1998 
stock assessment, the Hoki Working Group decided to apply a correction factor of 1.21 to the 
1995 and 1996 biomass indices to account for the possibility that the peak biomass in these 
seasons had not been surveyed (Ballara et al. 1998). The correction factor was calculated from 
the ratio. of the last three snapshots to the first three snapshots in 1997 (see Table 6) and 
increased the abundance indices from 170 000 t to 206 000 t in 1995, and from 80 000 t to 
97 000 t in 1996 (see Table 2). A correction factor was not applied to the 1994 abundance 
index, even though this survey was finished earlier than those in 1995 and 1996 (see Table 6). 
The 1998 Hoki Working Group decided that a correction factor based on 1997 survey results 
was not appropriate in 1994 when the perceived weaker year-dasses of the 1989 and 1990 
were recruiting to the fishery (Patrick Cordue, pers. comm.). If the same correction factor 
(1.21) was applied, the 1994 abundance index would increase from 244 000 t (see Table 2) to 
295 000 t, making this the highest value in the time series. 

I believe that the application of correction factors to compensate for inadequacies in survey 
timing is dangerous and could introduce bias to the abundance indices. Instead, the relative 
weighting of indices in years when survey timing was poor (e.g., Cook Strait 1994-96) should 
reflect'the additional uncertainty in the indices in these years (see Section 3.6). 



The single acoustic snapshot of Cook Strait in 1988 was very late, 26-27 August cable  6). 
There were very low reported 'landings in this year, so it is difficult to use commercial catch 
as indicator of the spawning season, and there is no model estimate of spawning time. 
However, the 2001 survey, which extended from 17 July to 27 August, suggested that hoki 
biomass in Cook Strait had started to decline by the end of August. It seems likely that the 
1988 survey was at the very end of the spawning season, and probably should not be regarded 
as a reliable estimate of plateau height. 

There were also problems with the timing of the 1992 Cook Strait survey, where there were 
two snapshots: 17-19 July and 24-25 August. Commercial landings indicate that these 
snapshots were at either end of the spawning fishery (see Figure 4). There was no estimate of 
timing of spawning in 1992 (Harley 2001.2002). but from 1993 to 1999, the average anival 
time for hoki in Cook Strait was 25 July, with estimated peak biomass usually occurring in 
the first two weeks of August (Harley 2001). If the timing of spawning was similar in 1992, 
then it seems likely that the two acoustic snapshots spanned, but did not measure, peak 
spawning. Survey timing may, in part, account for the very low biomass measured in the 1992 
survey (54 000 t). 

3.2.2 Spatial coverage 

The general areas surveyed on both the WCSI and in Cook Strait have remained the same 
throughout the acoustic time series (Figures 1-2). The core survey area on the WCSI consists 
of six standard strata (Strata l&2. 4, 5A, 5B. 6, and 7). Biomass estimates from these strata 
(Table 9) are combined to produce the snapshot estimate. A seventh stratum to the north 
(Stratum 0) was surveyed in 1997 (see Table 5) .  but biomass in this stratum was not included 
in the abundance index. Similarly, in Cook Strait there are six standard strata (Strata 1, 2, 3, 
5A, 5B, and 6) used in the assessment (Table 10). with a seventh stratum in Wairarapa 
Canyon (Stratum 4) also surveyed during some snapshots in 1991, 1992, 1994, and 2001 (see 
Table 6). but not included in the abundance index. Strata 5A and 5B in Cook Strait were 
separated in 1995. Before this, these strata were surveyed together as Stratum 5. 

Not all strata were surveyed in every snapshot, particularly in Cook Strait (see Tables 5-6). 
When weather or time constraints prevented a stratum from being acoustically surveyed, a 
biomass was estimated for the missing stratum. The estimated biomass was usually the 
average of other estimates from the stratum in adjacent snapshots. For example, on the 1989 
WCSI survey Stratum 4 was not surveyed in Snapshot 5 (seeTable 5). A biomass estimate for 
this snapshot was obtained by averaging the biomass estimates for Stratum 4 in Snapshots 4 
and 6. 

Estimation of biomass in missing strata is not likely to be a major problem on the WCSI 
where all strata were surveyed in most snapshots (see Table 5), and biomass in missing strata 
were estimated from adjacent snapshots in the same year, which were usually close in time. 

Missing strata are a major issue in early surveys of Cook Strait, where some strata were not 
surveyed in any snapshot during the survey (see Table 6): Strata 3 and 5 were not surveyed in 
1988; Stratum 6 was not surveyed in 1991; and Stratum 5 was not surveyed in 1992. 
Estimates of biomass for missing strata were based on adjacent years: in 1988, the mean 
estimates from 1991 were used for Strata 3 and 5; in 1991, all snapshots used the 1992 
estimate for Stratum 6; and in 1992, all snapshots used the 1991 estimate for Stratum 5 
(Cordue 1994). This introduces autoconelation between years, and, if there is significant 
variation in stratum biomass estimates between years, could seriously bias the abundance 
indices. Estimated values are less of a concern for Stratum 3, because the area of this stratum 
is small (see Figure 2) and it usually does not contribute much to the overall hoki biomass 
(see Table 10). However, Stratum 6, and particularly Stratum 5, can contain large numbers of 



hoki (see Table 10). In both 1988 and 1992, the biomass in Stratum 5 was estimated from the 
1991 survey, when the biomass in this stratum was the equal lowest in the time series (see 
Table 10). Using this 1991 estimate may have underestimated the biomass of Stratum 5 in 
1988 and 1992, biasing the abundance indices. Bias is even more likely because all snapshots 
in 1988 and 1992,were carried out early and late in the spawning season (see Figure 4). In the 
2001 acoustic survey, biomass in Stratum 5 was-high in thefust and last snapshots (Figure 5). 
presumably because hoki move through this deepwater stratum when moving to and from the 
main spawning area in Cook Strait canyon. The average estimate for Stratum 5 in 1991 was 
obtained from four snapshots over nearly two months (see Table 6). so is not comparable with 
the timing of the 1988 i i ~ d  1992 surveys. The biomass in Stratum 5 in the first snapshot in 
1991 in early July was 16 000 t, compared to the average estimate of 9000 t (Cordue 1994). 

3.2.3 Spatial coverage in relation to the commercial fishery 

.The acoustic survey areas encompass most of the commercial fishing effort in both the WCSI 
and Cook Strait spawning areas (Figures 6-7). Commercial tows on the WCSI are 
concentrated around Hokitika Canyon, which is covered by acoustic Strata 5A and 5B (see 
Figure 6). There is also considerable effort to the north in Strata 1&2, and 4, arid to the south 
in Stratum 6. There have been few tows recorded on TCEPR in Stratum 7. Strata 5A. 7, and 
part o'f 6 are within the 25 nautical mile zone, where vessels greater than 43 m are excluded. 
Tows recorded by smaller vessels on CELR forms are not shown in Figure 6, but CELR data 
only accounted for about 1.4% of the spawning catch (June-September) on the WCSI from 
1989 to 2000. 

Commercial vessels on the WCSI also fished in the deeper water (over 750 m) to the east of 
the acoustic strata, and to the north of Stratum 1&2 (see Figure 6). The proportion of 
commercial tows deeper than 750 rn was highest in 1989, when about 20% of tows and 25% 
of the commercial catch was taken outside the acoustic survey area (Figure 8a). In 1989 and 
1990 catch and effort data were analysed to calculate a "deepwater correction" for each 
snapshot (Cordue 1991). Commercial catch per unit effort (CPUE) outside the acoustic survey 
area was used as a measure of hold abundance, and scaled to an "acoustic equivalent" using 
the ratio of CPUE to acoustic estimates in Stratum 5B. The acoustic equivalent was then 
multiplied by the size of the deepwater area where fishing occurred. The correction is 
described in detail in appendix 2 of Cordue (1991). Applying the corrections increased the 
estimate of mean plateau height for 1989 by 7% and for 1990 by 2% (Coombs & Cordue 
1995). Cordue (1991 p. 14) concluded that "the cotiections are not good", but that they were 
sufficient "to indicate that hoki densities outside the acoustic area are unimportant to the 
estimation of a hold biomass index". Deepwater corrections are not currently included in 
acoustic indices used in the hoki stock assessment (Patrick Cordue, pers. comm). 

The hoki fleet began fishing north of Stratum l&2 in 1991, and the number of tows in this 
area increased to a peak in 1993 (Figure 8b). In 1997 a new stratum (Stratum 0) was added to 
the acoustic survey to estimate hoki biomass in this northern area. Stratum 0 had the second 
highest biomass estimate behind Stratum 4, and accounted for 20% of the survey biomass in 
1997 (Cordue & Ballara 1998). although to maintain consistency it was not included in the 
calculation of the abundance index. However, the estimates for Stratum 0 reported by Cordue 
& Ballara (1998) were based on the old method of missed species correction, where a low and 
constant background density was subtracted to account for the presence of species other than 
hoki (see Section 3.3). It is likely that the relative contribution of Stratum 0 to the hoki 
biomass in 1997 would be reduced if a standard species decomposition was applied to account 
for species mix (see Table 9). The fishing effort north of the acoustic survey area had 
decreased by 2000 (Figure 8b). 



Quantifying the overall spatial distribution of commercial fishing effort in Cook Strait is more 
difficult because all vessels are under 43 m and about 18% of the hoki catch from 1989 to 
2000 was recorded on CELR forms which do not give tow-by-tow positions. The area is also 
relatively small, and it is hard to judge whether tows fall within the acoustic stratum 
boundaries because of imprecision in positional reporting (see Figure 7). Cornmerci@ effort in 
Cook Strait has been concentrated in Cook Strait Canyon (Stratum 2). Nicholson Canyon 
(Stratum 3) has been fished since 1991, Terawhiti Sill (Stratum 6) since 1993, and the 
Narrows Basin (Stratum 1) since 1996. Effort varied in the deepwater of Strata 5A and 5B in 
all years (see Figure 7). The acoustic survey area appears to encompass most of the 
commercially fished area in Cook Strait. 

Hoki are ubiquitous, and it seems likely that neither the WCSI nor Cook Strait acoustic 
surveys cover the whole spawning grounds. Both surveys do, however, appear to cover most 
of the important areas as indicated by commercial catch and effort data (see Figures 6-7). 
Fish outside the surveyed area should not affect the validity of acoustic estimates as relative 
indices of abundance, as long as the proportion of fish outside the survey area doesn't change 
over time. There are no data available to test this assumption. Commercial effort outside the 
survey area on the WCSI did change over time (see Figure 8), but I was not able to determine 
whether this was due to changes in fish abundance in the "outside areas", or to changes in 
fishing practice and fleet dynamics. 

3.2.4 Stratum areas 

There have been slight changes to stratum boundaries and areas over time on both WCSI and 
Cook Strait acoustic surveys (Tables 11-12). For example, the area of Stratum 6 on the WCSI 
changed from 1777 km2 in 1988, to 1844 kn? in 1989, to 1630 l d  in 1990-91, to 1807 !a? 
in 1992-2000 (see Table 11). 

The WCSI stratum areas have been consistent since 1992 (see Table 11). In 1988 and 1989, 
stratum areas were different for two reasons. Fist, post-seatification was used to split the 
single Stratum 5 in the original survey design into Strata 5A and 5B. Second, different areas 
were surveyed in other strata, and the actual surveyed areas, rather than the stratum areas, 
were used to scale biomass. The areas have been stable since 1990, with the exception of 
Stratum 6. The increase in the area of Stratum 6 in 1992 was due to a shift in the depth 
boundaries from 250-700 m in 1991 to 250-750 m in 1992 and subsequent years. 

T 0 . k  consistent, estimates of abundance should be based on the same survey and stratum 
areas, as acoustic density estimates are scaled by stratum area to obtain biomass. To 
investigate the effect of the inconsistent strahunareas on the abundance indices, I recalculated 
the indices in 1988-1991 using the same stratum areas used in 1992-2000 (Table 13). The 
indices changed by only 2-4% in 1988, 1990, and 1991, but estimated biomass decreased by 
17% in 1989 from 170 000 t to 145 000 t (Table 13). This large decrease was because the area 
surveyed in Stratum 5A in 1989 was 325 lad, but in more recent surveys acoustic densities in 
Stratum SA were multiplied only over 231 km2. The shape of the abundance time series was 
also changed with 1989 replacing 1990 as the lowest value in the time seiies. 

Stratum areas in Cook Strait have been consistent since 1993 (see Table 12). and only the area 
of Stratum 2 (Cook Strait Canyon) has changed since the start of the time series in 1988. The 
area of Stratum 2 increased from 200 krn2 in 1991-92 to 220 km2 in 1993-2001 due to a shift 
in the stratum boundaries from the 200 m depth contour to the 180 m depth contour. Few hoki 
are seen shallower than 200 m, but the depth range was extended to allow more leeway for 
stopping and starting transects. The area used to scale biomass was larger from 1993 on, but 
because there are likely to be few hoki in the 180-200 m depth range, the average acoustic 
densities in the stratum should have decreased. As long as there were no hoki in the additional 



area, the decrease in acoustic density will compensate for the increasing stratum area, 
meaning biomass estimates from Stratum 2 in 1991-92 are consistent with later estimates. 

The area of Stratum 2 used in the 1988 Cook Strait survey was 100 h2, less than half the 
area used since 1993. A smaller area was surveyed in 1988, and it was assumed that all hoki 
in Cook Strait Canyon were within the surveyed area. Given the widespread diihibution of 
hoki in Cook Strait Canyon in more recent surveys (e.g., O'Driscoll2002), I do not think that 
this is a valid assumption. I did not attempt to recalculate the 1988 index using a diierent 
Stratum 2 area. Instead, I recommend that, due to the poor spatial coverage (only two strata 
surveyed), late timing (end of August), and single snapshot, the 1988 abundance index be left 
out of the Cook Strait time series. 

Stratum 5 in Cook Strait was split into Strata 5A and 5B in 1995. When this split was made 
the stratum boundaries were shifted so a larger area was surveyed (see Figure 2). However, 
the combined area of Strata 5A and 5B remained the same as the area of Stratum 5. This was 
done by calculating the area of Stratum 5B (215 km2), and assigning the remaining area to 
stratum 5A (280 - 215 = 65 km3). The actual area of Stratum 5A is about 90 kid'. To remove 
this discrepancy between the actual stratum area and the area used to scale acoustic densities 
since 1995. I recalculated the Cook Strait acoustic indices using the correct (90 kmz) Shatum 
5A area (Table 14). Biomass estimates for Stratum 5A in 1995-2001 were simply scaled up 
to the correct area. Estimates for the combined Stratum 5 (surveys before 1995) were also 
scaled up so the combined area was consistent with the new sum of the areas of Strata 5A and 
5B (215 + 90 = 305 kd).  The overall abundance indices increased by 1 4 %  (Table 14). 

3.2.5 Proportion "inside-the-line" WCSI 

There is an area of the WCSI that is closed to vessels longer than 43 m. As well as providing 
a relative abundance estimate, acoustic data from WCSI surveys are used to estimate the 
proportion of hoki biomass that occurs outside the closed area. This proportion has then been 
used in the assessment to reduce the maximum exploitation rate on the WCSI, and to 
determine the model biomass which is compared to WCSI catch-per-unit-effort indices. 

The 25 nautical mile "line" which bounds the closed area crosses the acoustic survey Stratum 
6 (see Figure 1). To calculate the proportion outside the closed area it has been assumed in the 
past that the closed area equates to Strata 7. 5A. and 45% of Stratum 6 (Cordue 1991). A 
biomass estimate has then been derived for each snapshot for strata inside and outside (Strata 
1&2, 4, SB, and 55% of 6) the closed area and the proportion outside calculated. The 
proportion is averaged across snapshots to get the mean proportion outside for the season. 

The estimate of the proportion of hoki biomass outside the closed area is sensitive to the way 
in which Stratum 6 is divided. The value of 45% inside was based on an approximate 
calculation of the areas of Stratum 6 inside and outside the line, with no consideration of 
where hoki biomass occurs within the stratum. It has been suggested (Patrick Cordue, pers. 
comm.) that a lot of the hoki mark in Stratum 6 occur towards the shallow end of the 
transects, and the proportion of hoki biomass inside the closed area may be much higher than 
45%. Unfortunately, because acoustic data had been analysed by transect only and transects 
cross the closed area boundary, there was no easy way to divide (post-stratify) Stratum 6 to 
obtain separate biomass estimates inside and outside the line. 

I recalculated the proportion of the Stratum 6 area inside the 25 nautical mile line using 
Maphfo software. Using the nominal transect boundaries as plotted in 1. only 35% of 
the area of Stratum 6 is outside the line. However, when the start and Knish positions of 
transects in Stratum 6 are plotted it is clear that transects tend to start and finish slightly west 
of the nominal stratum boundaries. This is because transect start and finish positions are 



determined by depth (250-750 m), rather than arbitrary positions. Consequently a higher 
proportion of acoustic data are collected outside the line than is indicated by the strata 
boundaries. Based on transect start and finish positions, I calculated that 50% of the surveyed 
area in Stratum 6 is outside the line. 

I also re-examined acoustic data from Stratum 6 in one snapshot (Snapshot 1) from the 2000 
WCSI survey at a higher spatial resolution to investigate the distribution of acoustic 
backscatter within Stratum 6. Data were re-integrated in 10 ping (about 100 m) bins along 
each transect, and backscaner was post-stratified into bins ocnming outside the l i e  and bins 
occurring inside the line. This re-analysis indicated that average hoki densities outside the line 
in this snapshot were actually higher than those inside the line. I estimated 65% of the hoki 
biomass in Stratum 6 was outside the line and 35% of the biomass was inside the closed area. 
These results were based on one snapshot of one survey only, and there may be higher 
densities inside the closed area in other su~eys/snapshots. However, there was insufficient 
time available to re-analyse all WCSI acoustic data from Stratum 6. 

I based my estimates of proportion inside the line (Table 15) on the stratum area calculations 
(assuining 50% of the hoki biomass in Stratum 6 came from outside the line), with two 
sensitivities (25% outside the line and 75% outside the line). Proportions were calculated 
using biomass estimates by snapshot and strata adjusted so stratum areas were consis'tent (see 
Table 13). These results show that. on average, 50% of hoki biomass over the whole survey 
area came from outside the closed area (Table IS). The proportion outside was highest in 
1988 (65%). and lowest in 1991 (39%). When biomass in Stratum 6 was split differently, 
between 40% (assuming 25% of biomass in Stratum 6 outside the line) and 60% (assuming 
75% of Stratum 6 biomass outside) of hoki biomass was estimated outside the closed area. 
These revised estimates of proportion outside the closed area are lower than the previous 
estimates of Cordue & Ballara (1998). who estimated that 59% of the hoki biomass on 
average was outside the closed area (Table 15). The difference is because the previous 
estimates (Cordue & Ballara 1998) were calculated without a species mix correction, 
assuming a low and constant density of non-hoki targets in the survey area (see Section 
3.3.4). Biomass estimates in the northern strata (Strata 1&2, 4). which are outside the closed 
area, were much lower after the standard species mix correction was applied, so the 
proportion of biomass outside the closed area decreased. 

3.3 Mark identification and corrections for mixed species 

One of the critical steps in acoustic analysis is deciding which of the acoustic marks come 
from the target species. Mark identification is usually based on directed fishing, where the 
mark of interest is targeted, and the species composition sampled by trawling. It is seldom 
possible to fish on all acoustic marks seen during a survey. So, in practice, target 
identification relies on classification of marks into groups based on their appearance on the 
echogram (shape, structure, depth, strength, etc), and biological knowledge of the species 
involved. A subset of marks in each group is then fished on to determine species composition. 
These two components, mark classification and fishing, are integrally linked. The researchers 
at sea directing fishing must have knowledge of the classification scheme that is used in 
subsequent analyses. The process must also be adaptive, as fish behaviour and mark type can 
change over time. New, different, and ambiguous (that is targets which are not easily 
classified) marks should be fished on, as well as "typical" marks in each category. In general, 
most fishing effort should be directed towards mark types which potentially contribute most 
of the biomass. This includes large, dense schools, but also weaker marks if these are spread 
over a wide area. 



3.3.1 Mark identification trawls 

There has been some fishing for mark identification in almost all hoki acoustic surveys in the 
time series (Tables 16-17). There was also extensive trawling in exploratory acoustic surveys 
of the WCSI in 1984, 1985. and 1987. Targeted trawls were carried out using a variety of gear 
types, including both bottom and midwater trawls. In the early surveys, the aim was to 
investigate what species were present in each mark type, and there was a lot of fishing. As the 
operators became more experienced, and a mark classification scheme was established, 
fishing was used mainly to confirm that marks thought to be hoki were indeed hoki (Coombs 
& Cordue 1995). and the level of fishing decreased (Tables 16-17). In the most recent 
surveys (WCSI in 2000 and Cook Strait in 2001), the level of fishing increased again to deal 
with the issue of mixed species (see Section 3.3.4). The amount of fishing was also related to 
the vessel used. Trawling was easier, and therefore more frequent, from Tangaroa. Kaharoa 
has reduced ability to fish with acoustic equipment on board. 

3.3.2 Mark classification 

Hoki can form large, dense, single-species aggregations during spawning which are readily 
identifiable acoustically (Figure 9). Mark classification in hoki surveys initially involved 
distinguishing hoki schools from other non-hoki marks and layers (Figure 9). The 
classification procedure is largely subjective, and dependent on the experience of the operator. 
From discussion with these operators (Sira Ballara and Patrick Cordue), it is apparent that 
there were some unwritten "guiding mles". Schools classified as hoki were between 200 and 
750 rn water depth, forming elongated schools in midwater, but sometimes making contact 
with the bottom. Hoki schools were usually of moderate to high density (echo amplitude), 
with single target echoes sometimes visible around the margins. Other, non-hoki, pelagic 
marks were usually layers rather than schools, often with a wavy. undulating appearance. 
Non-hoki layers were typically shallower than hoki schools, and there was less "structure" in 
the mark, with no obvious single targets. Recently, the use of a hull 12 kHz echosounder 
during the acoustic surveys has helped with mark identification. Non-hoki pelagic layers tend 
to be much stronger on 12 kHz than on 38 kHz, possibly because the swimbladders of the 
small pelagic species involved resonate at these lower frequencies (Bull 2000). Trawls on 
hoki school marks typically produced clean catches (over 90 % by weight) of hoki. Bycatch 
of commercial vessels during the hoki spawning fishery is also low. Other pelagic layers 
typically contain mesopelagic fish species and jack mackerel. 

Mark identification is much more difficult away from hoki school marks. A common mark 
type is a bottom-oriented, low density. "fuzzy" layer, which may extend up to 50 m above the 
bottom (Figure 10). These "bottom mix" consist of a variety of species including hoki. In the 
2000 WCSI acoustic survey, bottom trawls targeted on the bottom mix layer caught on 
average 30% (by weight) hoki, 19% ling, 11% hake, 9% silver warehou, and 31% other 
species including rattails, dories, and elasmobranchs. Other mark types include bottom- 
oriented schools of spiny dogfish (particularly in Cook Strait), and pelagic mix, a low-density 
midwater mark containing hoki, ling and mesopelagic species. 

There is relatively little documentation of the various mark types observed during hoki 
acoustic surveys. It would be useful to establish a library of echograms showing marks that 
have been positively identified by fishing. This would help ensure consistency of mark 
classification between operators, and also provide a reference to document any changes in 
mark types over time. Such a project has already been funded for Cook Strait hoki acoustic 
surveys as Objective 2 of HOK2000103. However, there are some problems accessing trawl 
data because catches in some surveys were not archived on the trawl database (see Tables 16- 
17). 



3.3.3 Consistency in mark classification -an exercise 

There was a large increase in the acoustic estimate of hoki abundance in Cook Strait between 
1992 and 1993 (see Table 2). It was suggested to me that part of the reason for this increase 
could have been a change in the way acoustic data were analysed. Although there was no 
documentation to support this theory, I re-analysed raw acoustic data from Cook Strait 
Canyon (Stratum 2). collected during Snapshot 2 in 1992 (KAH9207) and during Snapshot 4 
in 1993 uAN9307). Stratum 2 and these snapshots were chosen because they contained the 
highest proportion of biomass in each survey, and there was a large difference between the 
original biomass estimates, from 24 000 t in 1992 to 182 000 t in  1993. Data were re-analysed 
in ESP2 using the same mark identification criteria and methods used for the 2001 Cook 
Strait acoustic survey. The original (ESP) calibration files were used, but these were updated, 
so they could be read into ESP2. The same acoustic TS used in all Cook Strait surveys (see 
Section 3.4) was applied to convert acoustic densities to hoki biomass. 

Stratum biomass estimates from the re-analysis were very similar to the original estimates. 
The estimate for 1992 was 22 000 t, compared to the original 23 000 t, and the estimate for 
1993' was 214 000 t compared to 182 000 t. The similarity of the estimates from the re- 
analysis (within 15%) was reassuring for two reasons. Fist, the large difference between 
1992 and 1993 was maintained. confirming that this is really what the data show. Second, it 
indicates that subjective mark identification in the early 1990s was similar to that used in 
2001. The increase in the biomass estimate i n  the re-analysis of 1993 data was due to 
inclusion of bottom marks at depths shallower than 250 m (probably a species mix containing 
hoki and spiny dogfish) which were excluded in the original analysis. 

3.3.4 Species mix corrections 

Once acoustic marks have been classified, acoustic backscatter from marks correspondiig to 
the target species is integrated. Ideally, all species could be distinguished acoustically and 
classified separately, so all backscatter from hoki marks came from hoki, and there were no 
hoki present in other marks. Of course, in reality, species mixes occur. There have been a 
number of approaches to deal with the problem of species mix in hoki acoustic surveys. 

Before 2000 on the WCSI and in all in Cook Strait, it was assumed that all (Cook 
Strait), or almost all (WCSI), of the acoustic backscatter from marks containing hoki came 
from hoki. In Cook Strait 100% of the backscatter from hoki marks (including hoki schools as 
well as mixed bottom and pelagic layers containing hoki) was integrated as hoki. On the 
WCSI, a small correction factor was applied to correct for species mix. A constant 
"background density estimate" of 0.30 * lo4 fish m-' was subtracted from the observed 
acoustic densities before biomass was calculated. The correction factor was derived from the 

. minimum observed density for a stratum in all surveys from 1988 to 1991 
(0.33 * lo4 fish m"), which was assumed to correspond to a hoki proportion of 10% (Coombs 
& Cordue 1995). The effect of this correction was relatively small except in strata where 
observed acoustic densities were very low. 

The assumption that all or almost all backscatter comes from hoki is probably reasonable for 
hoki schools where trawl catches typically contain 90-100% hoki. However, assuming all 
backscatter from bottom- and pelagic-mix marks comes from hoki will likely overestimate 
hoki biomass because these mix marks may only contain 1040% hoki by catch weight (e.g., 
O'Driscoll 2002). The magnitude of this bias depends on the relative proportion of hoki in 
school and mix marks. Coombs & Cordue (1995, p. 183) report that "characteristic hoki 
marks (schools) accounted for most of the biomass" on the WCSI from 1985 to 1991, and this 
was also assumed for Cook Strait. However, more recent surveys (Cordue & Ballara 1998, 
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O'Driscoll 2002) have suggested that a significant proportion of hoki biomass on the 
spawning grounds occurs in lowdensity mix marks. 

There was a very large increase in the hoki abundnnce index on the WCSI estimated using the 
constant correction factor method between 1993 and 1997. This increase was due entirely to 
an increase in biomass in the northern strata (Strata 1&2, and 4) from 118 000 t in 1993 to 
381 000 t in 1997 (Cordue & Ballara 1998). ~ d s t  marks in the northern strata were bottom 
mix, and there was concern raised by the Hoki Working Group (Ballara et al. 1998) and an 
external reviewer hued by MFish (Rose 1998) that a large amount of the backscatter in these 
marks did not come from hoki. Unfortunately, there were only four trawls on the bottom mix 
marks in the northern strata in 1997. These trawls suggested that hoki was the dominant 
species in the mixed layers, but that there were many other species present which would 
contribute to the acoustic backscatter. 

In the 2000 WCSI acoustic survey, a large amount of effort was directed at the mixed marks 
in the strata north of Hokitika Canyon (Cordue 2002). A preliminary survey of Stratum 1&2 
was carried out before the main spawning season, from 26 June to 5 July, to identify areas 
containing mixed layers. A total of 32 bottom trawls were carried out in these areis, during 
the day and at night, to obtain data from the bottom mixed layer when (in theory) relatively 
small proportions of hoki were present. During the main biomass survey from 25 July to 30 
August a further 101 bottom trawls were done. Stratum 1&2, and Stratum 4 were sub- 
stratified by depth ("shallow" = 300-430, "medium" = 430-500, and "deep" = 500-650 m) to 
allow for different species mix in different depth ranges. Between three and five trawls were 
carried out in each sub-stratum in each snapshot. Trawl locations within each sub-stratum 
were at random depths, but were chosen for "logistical convenience" (Cordue 2002). This 
approach differs from the targeted trawling more commonly used for acoustic mark 
identification. 

The aim of the design chosen for the 2000 WCSI survey was to allow acoustic backscatter to 
be partitioned using a model-based estimation method which would account for differences in 
species' vulnerabilities to the trawl (Cordue 2002). Although the model-based method 
motivated the survey design, it is simpler to first explain the "standard" method for 
partitioning acoustic backscatter when a mix of species is present which cannot be 
discriminated acoustically (MacLennan & Sirqonds 1992). 

3.3.5 Standard species decomposition 

The standard method partitions acoustic backscatter based on the composition of trawl catches 
and acoustic TS. The catch from trawls on the species mix layer is sampled to determine the 
species composition, as well as the lengths and weights of individual fish. The standard 
approach assumes that the backscatter contributed by each species i (Bi) is proportional to the 
product of its catch rate (c;) and its mean TS (q). as a weighted average of the total catch: 

where B is the total acoustic backscatter recorded from the species mix layer. Catch rates (cJ 
are usually expressed as numbers of fish, but may also be expressed as weights (kg) if mean 
target strengths (CSJ are expressed per kilogram, instead of per fish. The mean target strength 
of species i in each trawl is estimated from the lengths of fish in the catch using a species- 
specific TS-length relationship. If catch rates are expressed in kilograms, then individual fish 
weights, or a length-weight relationship are also required to calculate TS kg-'. Where there is 



more than one trawl on a species mix layer, Bi may be calculated by combining trawl catches. 
MacLennan & Simmonds (1992) suggested three methods of weighting individual trawls: 
equal weighting by proportions in each catch; equal weighting by catch-rate; and weighting 
by proximity of the individual trawls to the acoustic transect being estimated. For the WCSI 
ZOO0 survey, Cordue (2002) estimated the ratio of Bi / B for each snapshot and strata using 
equal weightings of all trawls on the mixed layer in that snapshot and stratum. 

Using this standard method of species decomposition, the estimated hoki biomass in the 2000 
WCSI survey was 235 000 t, compared to an estimated biomass of 426 000 t using the old 
constant correction method (see Table 1). It was difficult to recalculate abundance indices 
before 2000 using a species decomposition method, because there were very.few trawls 
targeted at the species mix layers from 1988 to 1997 (see Table 16). Cordue (2002) was 
forced to use scientific observer data to determine species composition for these earlier WCSI 
surveys. The approach taken was somewhat convoluted. Fist, the proportions by weight of 
each "reliably recorded" species in the observed commercial catch from Stratum l&2 and 
Stratum 4 were determined for each year in the acoustic time-series from 1988 to 2000. In 
2000, commercial proportions by weight were compared to proportions by number from 
Tangaroa research trawls targeted on the bottom mix marks, to calculate "calibration 
constants" for each reliably recorded species. The commercial proportions by weight in 
previous surveys (1988-97) were then scaled by the calibration constants to correct for 
differences between targeted commercial catches and those in random research trawls, and 
also to convert weight to numbers. Finally, because some species present in the species mix 
were not routinely recorded by scientific observers, the proportion of these species in 1988- 
97 was assumed to be the same as in the 2000 research trawls. 

The recalculated WCSI abundance indices based on standard species decomposition are 
compared to the old indices in Table 1. Estimated biomass using the standard method was 
lower in all years, but particularly in 1997, 2000, and 1991. The reduction in biomass came 
completely from the northern strata (1&2, and 4). In all years, including 2000, it was still 
assumed that all backscatter from hoki marks (schools and bottom layers) in other strata came 
from hoki. This assumption is discussed further below. 

The reliability of the species decomposition used in the WCSI acoustic series is questionable. 
The standard method assumes that all species which contribute to the backscatter are caught 
in the trawl, and that all species have equal catchability. This is almost certainly incorrect. It 
seems likely that fast swimming species like hake would be more likely to avoid the trawl 
than smaller, more sedentary species like rattails. There are also mesopelagic species l i e  
lanternfishes and pearlsides which may contribute to the backscatter but are too small to be 
sampled in the hoki trawl. The species decomposition used in the WCSI (Cordue 2002) was 
based on only 11 "main" species of more than 120 species caught. Less abundant species 
were ignored. 

The standard method also assumes that the TS-length relationships are known for all species 
caught in the trawl. This is certainly not the casein hoki acoustic surveys, where even the TS 
of the target species is poorly understood (see Section 3.4). The TS-length relationships used 
for many of the bycatch species by Cordue (2002) were based on "educated guesswork". 

Specific to the WCSI acoustic time series was the problem of carrying out species 
decomposition and recalculating abundance indices in years when there was little or no 
research trawl data. The method developed by Cordue (2002), using commercial scientific 
observer data, was probably the best that could be done, but there are major problems with 
basing species composition on commercial data. The assumptions of equal catchability and 
catching all species contributing to the backscatter discussed above in relation to research 
trawls, are even less likely to be fulfilled by a commercial fishery targeting a specific species 
and using gears with larger mesh sizes. There are also additional problems with data quality, 



such as the accuracy of reporting of non-target, non-commercial "minor" species, which may 
nevertheless contribute significantly to acoustic backscatter 

Despite these problems, I believe that species decomposition is a "necessary evil" in analysis 
of WCSI acoustic surveys. It is important to survey the northern strata because these may 
contain a significant proportion of the spawning hoki biomass (see Table 9). and the 
proportion is not constant over time, ranging between 9% of estimated total biomass in Strata 
1&2 and 4 in 1989 and 34% in 1997. Surveying only part of the spawning area could be 
misleading if the distribution pattern of the fish is density dependent andlor changes over 
time. For example, 1.considered a WCSI abundance index based on Hokitika Canyon (Strata 
5A and 5B) alone, where hoki form readily identifiable schools and much of the commercial 
fishing effort is centred (see Figure 6). The Hokitika Canyon index is flatter than the overall 
index (Figure ll), consistent with the hypothesis that this is a "preferred habitat'' (basin 
model of MacCall 1990). The density of fish in a preferred habitat may remain relatively 
constant, even if there is wide variation in abundance. In years when abundance is high, fish 
"spill-over" into other areas. When abundance is low a much higher proportion of the (lower) 
population occur in the preferred area. 

Given the need to survey northern strata, it is clearly biased to assume that all backscatter in 
bottom layers comes from hoki, when hoki make up less than 50% of the catch in trawls 
targeted on these layers. Using the standard method to partition backscatter is, in effect, 
scaling trawl catch rates into acoustic equ,ivalents. Even if the assumption of equal 
catchability and the TS-length relationships are incorrect, as long as the catchabilities of 
various species do not change over time, and the same TS relationships are used in each year, 
the method should provide a relative estimate of the amount of hoki in mixed layers. The 
acoustic indices of the mixed layers will be a relative measure of abundance in the same way 
that trawl surveys are relative indices of abundance. Indeed, in strata where mixed Iayers are 
common, a trawl survey may be a more suitable tool to assess relative abundance, because 
results will depend on trawl catches anyway and there is not the additional uncertainty 
associated with acoustic TS. It is not clear to me how (or if) these relative estimates (acoustic 
with trawl decomposition, or trawl survey) should be combined with acoustic estimates of 
hoki schools, which, in theory, measure absolute abundance at a given point in time. Survey 
design should be reviewed before any further WCSI hoki surveys. 

A further concern is the assumption that in all other WCSI strata (except Strata 1&2, and 4). 
hoki still contribute nearly all of the backscatter from hoki marks (schools and layers). In all 
years except 1990, Stratum 6 contributed the highest proportion of the estimated hoki biomass 
(see Table 9). Some acoustic marks in Stratum 6 appear very similar to the mixed species 
bottom layers in the northern strata (Sira Ballara, NIWA, pen. c o r n ) .  There were 13 trawls 
in Stratum 6 in 2000, and these caught mainly hoki (93% of total catch). Tows with high 
catch rates (presumably those targeted at hoki schools) caught 80-100% hoki. However, in 
trawls with low catch rates (total catch less than 500 kg) hoki contributed only 0-70% of the 
catch, indicating that other species are also present in the lowdensity background layers in 
Stritum 6. 

3.3.6 Model-based species decomposition 

The model-based method described by Cordue (2002) that was behind the design of the 2000 
acoustic survey may improve species decomposition in the future. In this method, trawl catch 
rates were compared to acoustic recordings made during each trawl, and a maximum 
likelihood model used to estimate the traw1:acoustic vulnerability ratio (or catchability) of 
each of 11 commonly caught species The model then used these estimated catchabilities 
along with information about trawl catch rates and acoustic TS to partition the backscatter 
recorded along acoustic transects, and estimate biomass. 



The results of this model-based method were rejected by the Hoki Working Group in 2001 
(Cordue 2002). The model was complex with penalty functions and bounds were introduced 
to generate "sensible" output. Estimated catchabilities (in the trawl) of several species were at 
or close to the imposed lower bounds, and hoki catchability varied widely between depth sub- 
strata (Cordue 2002). The method also attributed 35% of the backscatter in the northern strata 
to hake, which was considered unrealistic. The major problem appeared to be a lack of 
contrast between trawl catches, which led to ambiguity in maximum likelihood estimates. 
Ideally each trawl would catch a single species, allowing catchabilities to be well estimated. 
Where there is a mix of species present, there needs to sufficient variation in relative catch to 
allow the model to find the best explanation for the data. A larger sample size (of paired 
trawl and acoustic data) with greater contrast may allow such a model to estimate trawl 
catchabilities. Data collection and work on model-based species decomposition are continuing 
as part of Projects MDT2001/01 and HOK2001102. Such a model would improve species 
decomposition by removing the assumption of equal catchabiities. However, the uncertainties 
about acoustic TS, and the acoustic contribution of species not sampled by the trawl, remain. 

3.3.7 Species mix in Cook Strait 

There is less of a problem with mixed species in hoki surveys of Cook Strait, partly because 
the survey area is much smaller. However, in the 2001 survey, O'Driscoll (2002) estimated 
that between 18 and 53% of the hoki biomass in Cook Strait was in mixed species marks. All 
hoki in Stratum 1 (Narrows Basin) and Stratum 6 (Terawhiti Sill) were in bottom layers 
mixed with ling, jack mackerel, spiny dogfish, frostfish, groper, and other species. In the 
deepwater between Cook Strait and Wairarapa Canyon (Stratum SB), most hoki was in 
pelagic layers mixed with jack mackerel, ling, and mesopelagic species. Cook Strait acoustic 
abundance indices are likely to overestimate hoki biomass because it is assumed that 100% of 
acoustic backscatter from hoki marks came from hoki. The magnitude of the potential bias is 
difficult to assess for surveys before 2001 because there was little fishing (see Table 17). In 
2001, the estimated hoki biomass in mixed species marks remained relatively constant over 
the spawning season, and changes in abundance were driven by hoki schools, particularly in 
Cook Strait Canyon (Figure 12). Based on this observation, I considered an alternative index 
for Cook Strait based on biomass estimates in Cook Strait Canyon (Stratum 2) only (Figure 
13). As for Hokitika Canyon on the WCSI (see Figure ll), the index based on the main Cook 
Strait Canyon spawning area was flatter than the overall index. In years when overall 
abundance was high, from 1993 to1995, there was a large amount of hoki in Strata 1,5, and 6, 
possibly because of "overflow" from the main spawning area. Re-examination of echograms 
from these surveys showed that hoki in these strata were in layers, not in characteristic 
schools, but that acoustic densities in these layers were much higher than in 2001. There were 
very few mark identification trawls in Cook Strait in 1993-95 (see Table 17), and most of the 
trawls that were carried out are not entered in the trawl database. It was noted in the voyage 
report that one shallow (200 m) trawl in the Narrows Basin in 1994 caught "a 60:40 mix of 
hoki and jack mackerel". 

3.4 Acoustic target strength (TS) 

Estimates of target strength feed into the calculation of hoki abundance indices in two ways. 
First, acoustic density estimates are scaled by hoki TS to give estimates of fish density. 
second (on the WCSI only). species decomposition in mixed species layers depends on the 
relative TS of all species in the trawl catch. 



3.4.1 Hoki TS 

Despite over 10 years of research, the TS of hoki is still uncertain (Macaulay 2001). 
Swimbladder modelling and in situ measurements have produced relationships of TS to fish . 
length which have slopes ranging from 32 to 75 (Cordue et al. 2000). Research is ongoing, 
and new methods are being developed to analyse data and refine estimates of TS (e.g., Cordue 
et al. 2001). I do not intend to discuss methods of TS estimation or the various hoki TS-length 
relationships here, but will document the values currently used in the calculation of hoki 
biomass and describe the effect of varying hoki TS on the abundance indices. 

Current acoustic abundance indices are based on the ~ ~ - 1 e n ~ t h  relationship of Coombs & 
Cordue (1995): 

TS = 22.3210gl, (L) - 79.84 

where TS is expressed in dB, and L is the fish length in centimetres. The TS-length 
relationship is used to transform the hoki length frequency distribution, and a single, mean TS 
value is obtained by averagilig the resulting TS distribution. Acoustic target strengths are 
averaged by taking the mean of the acoustic backscattering areas (ob,, where TS = 10 
Iogl~(rsb,)), not of the TS in decibels. The current analysis method combines information about 
mean fish weight with TS in a ratio of mean weight to mean backscattering cross section (r). 
Mean fish weight is obtained from the same length frequency distribution as mean TS, using a 
hoki length-weight relationship. The ratio, r, is then used to scale acoustic density estimates 
from echo integration (backscattering area m") to fish density in kilogram per metre squared 

In Cook Strait, and for backscatter from hoki schools on the WCSI, a constant value of r has 
been used to scale acoustic density in all years. This assumes that the ratio of mean weight to 
mean TS has remained constant over time. The value of r on the WCSI was based on an 
unscaled length frequency distribution from scientific observer data in 1989 (Coombs & 
Cordue 1995). while r for Cook Strait was based on hoki length frequency from research 
trawls in 1987 (Cordue 1994). Calculations in both areas used the TS-length relationship of 
Coornbs & Cordue (1995), and the following sex-specific length-weight relationships for hoki 
(Coombs & Cordue 1995), where w is fish weight in kilograms and L is Length in centimetres: 

male: w = (3.6*106) L~~~ 
female: w = (3.7*106) L ' ~  

The resulting values are given below: 

Mean length Mean weight Mean TS Mean ab, r (kg m-') 
(cm) k g )  (dB) 

WCSI 83 1.75 -37.0 0.000200 8 750 
Cook Strait 82 1.63 -37.1 0.000194 8 402 

The hoki TS-length relationship chosen will not affect relative abundance indices if the size of 
fish remains constant over time. For example, Figure 14 shows biomass estimates for Cook 
Strait calculated using two TS-length relationships, but assuming the constant mean fish 
length and weight shown above. Biomass estimates based on the most recent TS-length 
relationship (TS =18Iog~,(L) - 74, Macaulay 2001) were 1.75 times higher than those 
calculated using Coombs & Cordue (1995) TS because r using the new TS was 14 700, but 
the.relative abundance indices are identical. Choice of TS-length relationship will, however, 
have a major influence on values of the acoustic catchability q estimated in any assessment 
model. 



Any changes in length frequency over time will affect the acoustic abundance indices in two 
ways. First the ratio, r, would vary from year to year regardless of the TS-length relationship 
chosen. This means that the biomass estimated from the same acoustic density will vary inter- 
annually. Second, changing the TS-length relationship would change the relative abundance 
indices because of the differences in the slope of different relationships. For example, the 
abundance index calculated using Macaulay (2001) TS was 1.75 times greater than the 
abundance index using Coombs & Cordue (1995) TS for a mean hoki length of 82 cm, but is 
only 1.58 times greater if the mean hoki length is 65 crn. 

Extensive datasets are available on the size of hoki in the commercial catch in both spawning 
fisheries. Length frequency data from the Scientific Observer Programme on the WCSI, and 
from market sampling in Cook Strait in years when acoustic surveys were camed out are 
plotted in Figures 15-16. Figures 15-16 show there have been changes in the size of hoki 
caught, as strong and weak yearslasses enter the spawning fisheries. On the WCSI, mean 
length ranged from 74.1 cm in 1997 to 81.9 cm in 1990. The variation in hoki size was 
smaller in Cook Strait, where mean length ranged from 73.1 cm in 1991 to 78.4 cm in 1995 
(Tables 18-19). 

The length frequency of hoki caught in the commercial fishery may not represent the length 
frequency of the underlying spawning population due to gear selectivity, or targeting of fish 
of certain size, or at certain depth ranges. However, the variation in length in the commercial 
catch is likely to give a realistic idea of the level of interannual variability in fish size. To test 
the influence of these levels of variability on the acoustic abundance indices, I recalculated 
the indices in both areas using the length frequency distributions in Figures 15-16 to calculate 
mean TS, mean weight, and the ratio, r. I used two TS-length relationships to calculate mean 
TS: Coombs & Cordue (1995). and Macaulay (2001). Hoki weights were calculated using the 
new generic length-weight regression coefficients for hoki (Chris Fl'ancis, NIWA, pers. 
comm.): 

The recalculated indices are given in Tables 18-19. Note that the recalculated indices for the 
WCSI are approximate only, because the updated hoki TS values were not used in 
partitioning the species mix in the northern strata. Partitioning in these strata was based on the 
length frequency distribution from research tows during the 2000 acoustic survey and 
Coombs & Cordue (1995) TS (see Section 3.4.2). 

The difference between the recalculated indices using Coombs & Cordue (1995) TS in Tables 
18-19 and the original indices in Tables 1-2 due to annual changes in fish length was about 
1 4 % .  This is similar to the variation (8%) reported from a similar analysis by Coombs & 
Cordue (1995). This variability is small compared to other sources of uncertainty, and the 
assumption of a constant ratio of mean weight to mean TS over time probably does not have a 
major effect on the relative abundance indices. 

There may also be spatial variation in hoki size between strata within the survey area, and 
temporal variation over the spawning season. For example, in the 2001 acoustic survey of 
Cook Strait, hoki mean length in research tows ranged between 62.7 cm in Stratum 5A and 
80.7 cm in Stratum 6 (O'Driscoll 2002). Mean length of hoki in the Cook Strait commercial 
fishery typically increases to a peak in early August, and then declines again, presumably as 
large fish enter and leave the area during the spawning season (e.g., Ballara et al. 2000). 
Ideally, hoki TS values would be strata- and snapshot-specific, based on length frequencies 
from research trawls during the acoustic survey. In practice, this level of fishing is seldom 
possible. However, the uncertainties associated with variation in fish length within a survey 
are probably similar in magnitude to interannual variations described above, and small 
compared to other sources of uncertainties. In the 2001 Cook Strait survey, differences in fish 



size between strata tended to cancel each other out, and the overall biomass estimate was very 
similar to that obtained using a constant mean TS for the entire survey (O'Driscoll2002). 

3.4.2 TS in species mix corrections 

The corrections for species mix used in the northem strata of the WCSI s w e y  (see Section 
3.3.5) require information about the TS of all species that' contribute to the acoustic 
backscatter. This, in turn, requires a TS-length relationship for all species involved (or at least 
for the "main" species), and data about the size distribution of each species..TS values used in 
the species decomposition for the WCSI acoustic time series (Cordue 2002) were based on 
scaled length frequencies (by snapshot and strata where possible) from research trawls during 
the 2000 acoustic survey, and TS-length relationships provided by Macaulay (2001). These 
TS-length relationships were derived from swimbladder modelling for hake, and on "educated 
guesswork" for other species (Cordue 2002). The resulting TS values are sumrnarised in 
Table 20. 

There is considerable uncertainty associated with the TS values in Table 20. For example, the 
value for bigeyed rattail appears very high when compared to the TS of much larger hake. 
Cordue (2M)2) investigated the sensitivity of his model-based species decomposition method 
(see Section 3.3.6) to variation in TS, but did not test the effect of different TS values on the 
standard decomposition method that was used to derive the WCSI acoustic indices used in the 
stock assessment. 

I repeated the standard species decomposition for Strata l&2, and 4 for the WCSI 2000 
survey using acoustic and length frequency data supplied by Patrick Cordue. My analysis 
differed in some of the details (e.g., decomposition based on weight rather than numbers) 
from that presented by Cordue (2002). but the resulting abundance.estimates were similar. I 
then investigated the sensitivity of the analysis to TS values for each of the 11 main species in 
Table 20, by doubting and halving the (strata- and snapshot-specific) values of acoustic 
backscattering cross-section (ob,) for each of the species in turn. Halving or doubling oh is 
equivalent to a 3 dB change in TS. The results are given in Table 21. 

Changing the TS of most bycatch species had surprisingly little effect on the estimates of hoki 
biomass (Table 21). The greatest change was seen for species like ling, big-eyed rattail, and 
hake which had high TS compared to hoki. The effect of changing the TS of dark ghost shark, 
silver dory, spiny dogfish, silver roughy, and silver warehou was negligible because these 
species had relatively low TS andlor were caught infrequently in mark identification trawls. 
Interestingly, the species decomposition method also compensates for changes in hoki TS. A 
23 dB change in mean hoki TS did not double or halve estimates of hoki biomass, but rather 
changed the estimates by a factor of 1.22 and 0.75 respectively (Table 21). This is because 
when hoki TS is higher, a higher proportion of backscatter from the mixed layer is attributed 
to hoki based on the same trawl catch. This compensates to some extent for the reduction in 
biomass due to dividing the hoki backscatter by a higher hoki TS. 

The uncertainty associated with TS of bycatch species is probably a relatively minor 
component of the total uncertainty of the mixed species decomposition method. Other factors 
such as relative catchability of different species, adequacy of trawl sampling, and backscatter 
from mesopelagic fishes are likely to have a far greater influence on the abundance estimate 
of hoki. Table 21 indicates that future work on TS should focus on hoki, foIIowed by 
(assumed) high TS species like ling, hake, and bigeyed rattail. 



3.5 Sampling variability 

Variances (vj) for each stratum j in each snapshot were calculated in ESP or ESP2 using the 
formulae of Jolly & Hampton (1990). as described by Coombs & Cordue (1995): 

where aj is the area of stratum j, nj is the number of transects in stratum j, di is the length of 
the ith transect in stratum j, mj is (weighted) mean hoki density in stratumj, and xi is the mean 
hoki density on the ith transect. Note that vj is the variance of the mean, not the sample 
variance. 

Stratum variances were then summed to obtain the snapshot variance (v,), and c.v of the 
snapshot biomass estimate (B,). 

Individual snapshot c,v.s in the WCSI and Cook Strait acoustic surveys were typically in the 
order of 1060%. The precision of the overall (plateau height) biomass index was calculated 
in two ways (Cordue & Ballara 2001). The first method was to combine the variances from 
each snapshot (v,,) to obtain an overall variance (v.,~,). 

where n, is the number of snapshots. This approach ignores the imprecision introduced by the 
inherent variability of the biomass in the survey area during the main spawning season 
(Cordue & Ballara 2001). 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), but is imprecise if there are few snapshots. 

Survey c.v.s for Cook Strait acoustic surveys calculated by these two methods are presented 
in Table 22. No values are available for WCSI surveys because Cordue (2002) did not provide 
variances for biomass estimates calculated using species mix decomposition. Sampling 
variability estimated by the two approaches were generally similar, with c.v.s in the range of 
5-25%. 

3.6 Calculation of weightings (c.v.s) used in s tock  assessment 

The variances calculated from the survey (e.g., Table 22) estimate only the sampling 
precision, and will greatly underestimate the overall survey variability, which includes 
uncertainty in TS, calibration, and mark identification (e.g., Rose et al. 2000). The c.v.s input 
into the hoki stock assessment model in the past were inflated to incorporate additional 
uncertainty. The method used to estimate the C.V. was described by Cordue et al. (1992) and 
is surnmarised here. 

The C.V. in year i (cJ is considered to be the sum of two components: 



The within-year component, c;,, depends on the number of snapshots. The between-year 
component, ca, is the same every year. 

An arbitrary C.V. (c,) was assigned to the survey with the median number (n,) of snapshots. 
Originally, the arbitrary C.V. of the acoustic indices was 0.25, for five snapshots of WCSI, and 
for four snapshots of Cook Strait (Cordue et al. 1992). The arbitrary c.v.s were inflated as a 
sensitivity in the 1999 stock assessment (Ballara et al. 2000), and in 2001 these were set at 
40% for five snapshots of WCSI, and 50% for four snapshots of Cook Strait (Cordue 2001). If 
we assume that for the median survey the between- and within-years components of variance 
are equal, we can calculate the between-year component, ca. 

We then assume that the within-year component, cfl, is inversely proportional to the number 
of snapshots in year i, n;. This means that: 

and 

This method gives the c.v.s in Tables 1-2. These c.v.s depend solely on the number of 
snapshots used in calculating the plateau height. There is no consideration of the timing or 
coverage of the snapshots (Section 3.2), or of factors such as m&k identification (Section 3.3) 
which may be expected to affect the relative merit of individual surveys. In Sections 3.6.1- 
3.6.2 below I consider a new Monte Carlo method of assigning weights (c.v.s) to acoustic 
indices. 

3.6.1 Quantifying uncertainty 

In this section I define "uncertainty" as variability which potentially affects relative values of 
acoustic indices. This includes precision and bias, if the magnitude of bias can change between 
years. Bias which affects all indices in the same manner (e.g., the choice of the TS-length 
relationship) is not included as part of the "uncertainty" because it will not affect relative values. 

Sources of variance in hoki acoustic surveys include: 
plateau model assumptions about timing and duration of spawning and residence time 
sampling error 

.* mark identification and species mix corrections 
fish weight and target strength 
acoustic calibration 



I used a simulation method to combine uncertainties from each of these sources and estimate an 
overall weighting (c.v.) for each acoustic survey. The method has two main steps. F i t ,  a 
probability distribution must be 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 simulations of the process of acoustic biomass estimation. The simulation approach 
allows uncertainties from a diverse range of variables to be combined. It also allows us to 
diagnose the most important sources of variance. Similar methods have been applied previously 
to acoustic surveys by Rose et al. (2000) and Doonan et al. (2000). 

To assess uncertainty associated with survey timing it is h t  necessary to construct a model of 
changes in the actual hoki biomass in the surrey area over the spawning season. The survey 
design is based on a plateau height model (Coombs & Cordue 1995). which has a number of 
underlying assumptions. These model assumptions also add uncertainty. 

The basic plateau height model (Figure 17) describes the build-up and decline of biomass in the 
spawning area for a transientfish population. The biomass of fish in the spawning area at time t 
(BJ is defined as: 

where the population has n fish, wi is the weight of the i-th fish and I&) is an indicator function 
which equals zero if the i-th fish is not in the area at time t and one if the i-th fish is in the area at 
time r. 

It can be demonstrated (Coombs & Cordue 1995) that the integral of biomass over the spawning 
season (days a to b) is a function of the total biomass B and the mean residence time, F if fish 
weights and residence times are uncorrelated. Numerically: 

We wish to estimate B. Because no estimate of fesidence time is available we must assume that - 
r is the same each year, and that the biomass integral is a relative estimate of B. Ideally, we 
would measure B, at numerous points throughout the spawning season to calculate the biomass 
integral. However, the season is too long for this to be feasible, and snapshots are conducted (in 
theory) only during the "plateau" of the spawning season. Measurements of the mean plateau 
height @) during the plateau interval (days c to d)  will provide a reliable relative biomass index if 
the plateau interval length (d - c), the proportion of biomass present during the plateau relative to 
the total biomass integral over the spawning season (= (b - a) I (d - c)), and the mean residence 
time (F ) are constant (Cwmbs & Cordue 1995). 

I constructed the underlying plateau height biomass model, with parameters and uncertainty 
based on available data (Figure 17, Table 23). The model is effectively described by two 
parameters. Mean arrival date determines the timing of the plateau, and mean residence time 
determines the shape of the build-up and decline of biomass during the spawning season. In each 
Monte Carlo simulation mean arrival date was chosen randomly from a uniform distribution. The 
range of the uniform distribution was based on the range of mean arrival dates estimated by 
Harley (2001) and given in Tables 7-8. The range for Cook Strait was wider than for the WCSI 
(Table 23). reflecting greater uncertainty (and perhaps greater underlying variability) in the 
timing of spawning in Cook Strait. Mean residence times were also selected from a uniform 
distribution centred on the mean combined residence times estimated by Harley (2001) and given 
in Tables 7-8. The range of mean residence times was arbitrarily assigned as plus or minus 10 



days. This range was based on examination of the resulting biomass plots (e.g., Figure 17). A 
residence time of 30 days gave a plateau interval of about 3 weeks, while a mean residence time 
of 50 days gave a plateau interval of about 6 weeks. These values fit with what is known about 
the length of the spawning season from commercial catches (e.g., Figures 3 4 ) .  Mean residence 
times were slightly lower on the WCSI than in Cook Strait (Table 23), which is consistent with 
the shorter period of high catches on the WCSI. For simplicity, I assumed that both the anival 
date and residence time of individual fish on the spawning ground had normal distributions 
centred on the mean values, with constant standard deviation. Standard deviation of mean anival 
date was estimated by Harley (2001) (see Table 7, arrival variance = 24 dZ). Standard deviation 
of mean residence time was broadly based on estimates by Harley (2002). These values also gave 
a range of "sensible" model shapes. 

Classical sample variance was assessed for each snapshot using the formulae of Jolly & Hampton 
(1990) (see Section 3.5). The distribution of sampling unceminty was assumed to be normal 
with a standard deviation equal to the measured snapshot C.V. 

The distributions of uncertainties associated with mark identification and species mix were 
estimated h m  trawl catch composition in 2000 (WCSI) and 2001 (Cook Strait) (Figure 18). 
Different uncertainty distributions were determined for the two areas (WCSI and Cook Strait) 
and for different strata within each area. On the WCSI, the amount of acoustic backscatter 
@fore any species mix corrections) was calculated for two areas: the northern strata (18~2, and 
4) and southern strata (5A, 5B, 6, and 7). Dividing by area was a proxy for separating backscatter 
by mark type. Most of the marks in northern strata were "mix" type marks, while most of the 
marks in the southem strata were "hoki" type marks. Similarly, the backscatter in Cwk Strait 
was apportioned into "mix" marks (backscatter from Strata 1, SA, 5B, and 6) and "hoki" marks 
(Strata 2 and 3) using areas as a proxy for mark type. In Monte Carlo simulations, the proportion 
of backscatter from each area was scaled by a value drawn from the species mix uncertainty 
distribution for that area. Trawl catches targeted at "hoki" marks in 2000 and 2001 caught 91% 
hoki on average on both the WCSI and Cook Strait grounds so trawls from both areas were 
combined. The scaled distribution of trawl catches (mean proportion of hoki in all catches 
divided by the actual proportion of hoki in catch i) is shown in Figure 18, and was modelled as a 
lognormal distribution with mean (of log(uncertainty)) equal to zero and standard deviation 0.08 
(Table 23). Catch composition from tows on "mix" marks caught different proportions of hoki in 
Cook Strait and WCSI, so different uncertainty distributions were created for each area (Figure 
18). Both distributions were modelled as lognormal with the parameters given in Table 23. 
Uncertainty associated with biomass estimates h m  "mix" marks was higher on the WCSI than 
in Cook Strait because of the greater variability in trawl catches. I assumed uncertainty associated 
with species mix decomposition on the WCSI would be incorporated in the overall mark 
identification uncertainty. Because no species decomposition was canied out in Cook Strait, 
biomass estimates from "mix" marks are likely biased (too high, because it is assumed all 
backscatter comes from hoki). I ignored this overall bias by scaling values to the mean catch 
composition. In both areas there was much greater uncertainty associated with estimates from 
strata with predominantly "mix" marks than from strata with "hoki" marks. 

Uncertainty associated with calibration and acoustic hardware was estimated to be k1 dB in 
1988-90,GS dB in 1991-99, and G . 2  dB in 2000401 (Roger Coombs, NIWA, pers. coma). 
Uncertainty decreased over time with advances in technology and calibration methods. I 
modelled the calibration uncertainty as a uniform distribution within these bounds, but sensitivity 
analyses with normal distributions indicated the distributional assumption did not affect the 
results. 

Uncertainty associated with TS arose from variation in fish size, and from differences in the 
slope of alternative TS-length relationships. Potential bias due to the choice of TS-length model 
was ignored because it will not affect the relative values of indices (e.g., Figure 14). By 
comparing values of r obtained from the alternative TS-length models Of Cwmbs & Cordue 



(1995) and Macaulay (2001) over the range of fish length distributions observed in the 
commercial fishery (Figures 15-16), I estimated an uncertainty of iO.5 dB associated with mean 
TS. Again, I modelled this as a uniform distribution, but sensitivity analyses indicated the 
distributional assumption did not have a major effkt on the results. 

An additional uncertainty was included in simulations of the 1991 Cook Strait survey because 
Stratum 6 was not surveyed and the biomass estimate for this stratum was based on results from 
the subsequent (1992) survey (see Section 3.2.2). In surveys from 1993 to 2001 between 1 and 
18% of the total survey biomass was in Stratum 6 (see Table 10). I estimated the uncertainty in 
the overall biomass estimate associated with not surveying Stratum 6 as &% (Table 23). 

I recognise that the distributions described in this section are somewhat subjective and are often 
"guesstimated" from poor data. However, the range of values presented in Table 23 is 
"reasonable" given what we understand about the fish and the acoustic methods. The Monte 
Carlo simulation procedure can easily be run with other uncertainty distributions if better data 
become available. 

3.6.2 Monte Carlo simulations 

In each Monte Carlo simulation a biomass model was constructed by randomly selecting values 
for each variable from the values in Table 23. This model was then "sampled" at dates equivalent 
to the mid dates of each snapshot (see Tables 5 6 ) .  A sampling uncertainty was applied based on 
the actual c.v.s estimated from each snapshot. The biomass estimate was then splif based on the 
proportion of acoustic backscatter in 'inix" and "hoki" strata (see Section 3.6.1), 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", because I felt calibration coefficients 
and mean fish size would be more consistent within a year than between years. Biomass 
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. 

The C.V. of the abundance index was monitored after each component of uncertainty was added 
to assess which sources of uncertainty were themost impoaant in each survey. Results are given 
in Tables 24-25. 

For both WCSI and Cook Strait survey timing (including uncertainties about plateau timing and 
residence time) and mark identification were the major sources of uncertainty. Survey timing was 
generally relatively good on the WCSI, with the exception of 1991, when the survey was f i~shed  
before the end of July (see Section 3.2.1) and this is reflected in the C.V.S. Uncertainty associated 
with mark identification was high in 1988, 1997, and 2000, when a relatively high proportion of 
acoustic backscatter was recorded from northern strata, and lower in other years when most of 
the backscatter was in "hoki" marks. In Cook Strait, there were higher uncertainties associated 
with survey timing, consistent with poorer temporal distribution of acoustic snapshots (see 
Section 3.2.1). T i n g  was particular poor in 1994-96, when the surveys finished too early (see 
Figure 4). Uncextainty due to survey timing decreased in recent years, as the Cook Strait survey 
was shifted further into August. Surprisingly, unceaainty associated with survey timing increased 
from 1999, when there were 6 snapshots over 4 weeks, to 2001, when there were 11 snapshots 
over 6 weeks (see Table 25). This was because the additional, later snapshots in 2001 occwed 
outside the plateau interval in some simulations of the plateau model. Mark identification 
intrbduced additional uncertainty in Cook Strait, but the magnitude of the increase was less than 
on the WCSI. This is consistent with our perception that there is less of a problem with species 
mix in Cook Strait acoustic surveys. 



Uncertainties due to sampling, calibration, and TS contributed relatively little to the overall C.V. 

However, incorrect choice of TS and calibration coefficients do have potential to introduce bias, 
which is not reflected in the c.v.s. Additional uncertainty due to not surveying Stratum 6 in the 
1991 Cook Strait survey did not greatly increase the fmal C.V. for this survey. 

The c.v.s from Monte Carlo simulation are in the same order of magnitude as the assumed c.v.~ 
used in previous assessments (see Tables 1-2), but the relative weightings associated with each 
survey differ. The new c.v.s seem to better retlect relative levels of confidence in the abundance 
indices. 

4. CONCLUSIONS 

From this review,I suggest some minor adjustments to acoustic abundance indices and 
complete recalculation of c.v.s for both the WCSI and Cook Strait Revised indices are given 
in Tables 26-27 and plotted in Figures 19-20. These revised indices should be included in the 
2002 assessment, at least as a sensitivity. 

A summary of the reasons for the changes to indices is provided below. 

Stratum areas were not consistent over the time-series, so indices from 1988 to 1991 
were recalculated using the same stratum areas as more recent surveys. 
Indices were recalculated using the TS-length relationship of Macaulay (2001) which 
is based on better in situ data than the original relationship of Coombs & Cordue 
(1995). 
There was inter-annual variation in fish size, so hoki TS was based on commercial 
length frequency data from the year of the survey instead of an assumed constant. 
The species mix decomposition in northern strata is unreliable and based on poor data 
before 2000. Unfortunately, the approach used is probably the best possible with the 
data available. The c.v.s now reflect the uncertaiilty associated with species mix and 
are higher in years when a large proportion of the backscatter came fiom northern 
strata. 
Survey timing and spatial coverage were usually adequate. Through the Monte Carlo 
method, c.v.s were related to both survey timing and number of snapshots. 

These changes had little effect on the relative abundance indices (Figure 19), with small 
declines in relative abundance in 1989 and 1997. Changes to model weightings (c.v.s) may 
have an effect on the assessment. 

4.2 Cook Strait 

The 1988 survey was omitted from the time series, because of poor spatial and 
temporal coverage. This survey consisted of only one snapshot late in August and 
only three of six strata were surveyed. In addition, the area surveyed in Cook Strait 
Canyon (Stratum 2) was less than half the area surveyed in subsequent surveys. 
The 1992 survey was also omitted because of poor spatial and temporal coverage. 
There were only two snapshots which appeared to be before and after the main 

. spawning season, and one of the key strata (Stratum 5) was not surveyed. 



Temporal coverage was also poor in 1994-96 when the survey finished before 3 
August, and may have missed peak spawning. No correction factors were applied to 
these years, but indices from 1994 to 1996 have relatively high c.v.s. 
Indices were recalculated using the TS-length relationship of Macaulay (2001) which 
is based on better in situ data than the original relationship of Coombs & Cordue 
(1995). 
There was inter-annual variation in fish size so hoki TS was based on commercial 
length frequency data from the year of the survey instead of an assumed constant. 
Species mix appears to be less of a problem than on the WCSI, so uncertainty 
associated with the species mix component of the C.V. was lower, but in many years 
there are too few data to assess this. 

As for WCSI, there was little change to relative indices for Cook Strait (Figure 20). but 
leaving out 1988 and 1992 surveys and the recalculated c.v.s will likely affect the assessment. 
The recalculated indices still show a large increase in estimated biomass between 1991 and 
1993. Re-analysis of raw acoustic data from 1992 and 1993 indicated this increase was not 
due to mark identification or analysis methods, at least for the main Cook Seait Canyon 
stratum (Stratum 2). 
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Table 1: Acoustic indices of hoki biomass for the WCSI (western stock) spawning seasons 1988- 
1993, 1997, and 2000 (modified from Ballara et al. 2002, with c.v.s from Cordue 2001). Old 
method acoustic indices were calculated assuming a Low and constant background density of non- 
hoki targets in the survey area. The standard method indices use species mix estimates from 
Tangaroa catches in 2000 and Scientific Observer data collected during the acoustic snapshots in 
previous years. Other acoustic surveys in 1984,1985, and 1987 are not used in the assessment. 

- 
Year 
1988 
1989 
1990 
1991 
1992 
1993 
1997 
2000 

Biomass index (000's t) 
Old method Standard method 

274 247 
17 1 170 
160 143 
259 191 
218 207 
383 334 
644 413 
426 235 

c.v Number of snapshots 
0.53 2 
0.40 5 
0.37 7 
0.46 3 
0.53 2 
0.37 7 
0.38 6 
0.40 5 

Table 2: Acoustic indices of hoki biomass for Cook Strait (eastern stock) spawning seasons 1988, 
1991-99, and 2001 (modified from Ballara et al. 2000, c.v.'s from Cordue 2001). A correction 
factor was applied to 1995-96 biomass indices to account for the possibility that the peak biomass 
abundance of these seasons had not been surveyed. Other acoustic surveys in 1987, 1989, and 
1990 are not used in the assessment. 

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

Biomass index (000's t) 
Original Corrected C.V. 

0.79 
0.50 
0.61 
0.50 
0.54 
0.50 
0:47 
0.46 
0.47 
0.46 
0.41 

Number of snapshots 
1 
4 
2 
4 
3 
4 
5 
6 
5 
6 

1 1  



Table 3: Vessels and acoustic transducers used in hoki acoustic surveys of the WCSI. All surveys 
used NIWA CREST echosounder systems, but equipment configuratioos varied (see text for 
details). 

Year Vessel 
1988 James Cook 
1989 James Cook 
1990 James Cook 
199 1 Kaharoa 
1992 Tangaron 
1993 Tangar0~ 
1997 Tangaroa 

2000 Tangaroa 

Trip Code 
JC08808, JC08809, KO8810 
JC08905, JC08906, KO8907 
JC09012, JC09013 
KAH9108 
TAN9207 
TAN9307 
TAN9709 

Transducer 
Simrad 38-26I22-E towed 
Simrad 38-26I22-E towed 
Simrad 38-29R5-E hull 
ED0 6978 38 icHz towed 
ED0 6978 38 kHz towed 
ED0 6978 38 kHz towed 
Simrad ES38DD-28326 towed 
S i m d  ES38-12 towed 
Simrad ES38DD-28326 towed 

Table 4: Vessels and acoustic transducers used in hoki acoustic surveys of Cook Strait. All 
surveys used NIWA CREST echosounder systems, but equipment configurations varied (see text 
for details). 

Year VesseI 
1988 James Cook 
199 1 Kaharoa 
1992 Kaharoa 
1993 Tangaroa 
1994 Kaharoa 
1995 Kaharoa 
1996 Kaharoa 
1997 Kaharoa 
1998 Kaharoa 
1999 Kaharoa 
2001 Tangaroa, 

Kaharoa 

Trip Code 
KO88 10 
KAH9108. KAH9109 
KAH9207, KAH9209 
TAN9307 
KAH9408 
KAH9508 
KAH9609 
KAH9702 
KAH9804 
KAH9911 
TAN011 I, KAH0107 

Transducer 
Simrad 38-26122-E towed 
ED0 6978 38 kHz towed 
ED0 6978 38 kHz towed 
ED0 6978 38 kHz towed 
ED0 6978 38 kHz towed 
ED0 6978 38 kHz towed 
Simrad ES38-12 towed 
Simrad ES38-12 towed 
Simrad ES38-12 towed 
Simrad ES38-12 towed 
Simrad ES38DD-28327 towed 
Simrad 38-7 hull 
Simrad ES38DD-28331 towed 



Table 5: Timing and coverage by snapshot of hoki acoustic surveys of the WCSI. Stratum 
boundaries are plotted in Figure 1. Biomass values by snapshot were calculated using the 
"standard" method to account for species mix and were provided by Patrick Cordue @en. 
comm.). 

Year Snapshot 
1988 I *  

2 
3 

Start 
2016 
29f l  
12J8 
2516 
1517 
2 In 
24n  
30n 
1118 
17fl 
2 2 n  
2717 
3 I n  
1418 
2018 
2918 
I 4 n  

. 1817 
25n  
2J8 
918 
1517 
1917 
23t7 
2l8 
518 
818 
I l l 8  
1217 
16n 
2 4 n  
2817 
3117 
318 
718 
2517 
31n 
618 
1618 
2218 

Finish 
3016 
518 
2518 
2916 
2 1 n  
2 4 n  
3017 
318 
1518 
2 2 n  
250  
3 1 f l  
418 
2018 
2418 
3118 
1717 
2 0 n  
28n  
918 
lU8 
1717 
22n  
2517 
418 
818 
1118 
1418 
1617 
1 9 n  
28n 
3 117 
318 
618 
918 
3 117 
618 
1418 
22/8 
3018 

Biomass 
(000's t) 

- 
301 
192 - 
173 
220 
136 
93 

229 
147 
146 
176 
139 
135 
103 
158 
147 
242 
185 
178 
235 
245 
280 
297 
361 
367 
395 
388 
- 

418 
264 
370 
399 
483 
546 
361 
206 
227 
196 
188 

Shata surveyed 
0' l&2 4 5 A  5B 6 7 

4 4 4 4 4 4  
J J J J J J  
J J J J J J  
J J J J J  
J J J J J  
4 . 4  J  J  J  J  

J J J J  
J  J  J J  J  J  
J J J J J  
J. J  4  J  J  

J  J  4 . 4  J  
J J J J J  
J J J J J  
J J J J J  
J  J J  J  J  J  
J J J J J J  
J J J J J  
J J J J J  
J J J J J  
J J J J  

J J J J J J  
J J J J J J  
J J J J J j  
J J J J J  
J J J J J J  
J J J J J J  
J J J J J  

J J J J J  
4 . 4  J  J  J  J  J  
J J J J J  
J J J J J J J  
J  J  J  J  J J  J  

J J J J  
J J J J J d  

J J J J J J  
J J J J d J  
J J J J J J  
J J J J J J  
J J J J J J  

*Snapshot not included in assessment 
'Stratum 0 (north of stratum 1&2) not included in assessment 



Table 6: Timing and coverage by snapshot of hoki acoustic surveys of Cook Strait Stratum 
boundaries are plotted in Figure 2. Biomass values by snapshot were taken from survey reports, 
adjusted for missing strata. A correction factor was not applied to 1995 and 1996 surveys. 

Year 
1988 
1991 

Snap 
I 

shot Start 
2618 
6/7 
2 9 n  
318 
2718 
17/7 
2418 
Ion 
26/7 
3 1/7 
1618 
16/7 
1917 
27l7 
2 0 n  
27l7 
3017 
118 

2317 
2417 
2817 
118 
218 
2417 
2817 
118 
718 
918 
1118 
2 8 n  
118 
418 
618 
918 

2 1 n  
2217 
lZJ8 
1318 
1418 
1518 
1717 
19n  
2517 
2917 
418 
618 
1018 
l U 8  
2018 
22/8 
2618 

Finish 
2718 
13fl 
30n 
418 
2818 
19fl 
2518 
14fl 
2 7 n  
118 
1718 
17/7 
21n  
28/7 
25n  
28n 
3117 
318 

24n  
25n  
29n  
U8 
318 
261l 
29n  
2/8 
818 
918 
lU8 
2917 
3 8  
518 
818 
1018 
2211 
2317 
1318 
1418 
1518 
1618 
1817 
24n  
26/7 
3017 
618 
718 
1118 
1318 
22J8 
2318 
2718 

Biomass Strata surveyed 
(000's t) 1 2 3 4' 5A* 5B* 6 

61 4 
5 4 4  J J J 
5 4 4 4  J 

156 J d d 4 
264 J J d 
261 d 4 4 d 4 
341 4 4 4 4 
264 4 4 d 
252 ?! 4 d 
216 d 4 J 
151 J J J J  
132 J J J J J  
167 J J J J J  
229 4 4 4 d 
8 4  J J J J J  
9 7 . 1  J J J J  
8 6 4  J J J J  
5 5  J J J J J  
7 7 4 4  J J J J  
9 0 4  J J J  
8 9 4  J J J J J  

128 d 4 d 4 4 d 
188 J J J J J J  
135 J d J J J  
111 J J J J J J  
7 7 . 1  J J J J  
6 0 4  J J J J J  
5 2  J J J J  
9 0 4  J J J J J  
6 0  d J J J J  
6 8  J J J J  
8 3 4 4  4 4 4 d 
9 6 . 1  4 J d d d  

lo3 J J J J J J  
128 J J J J J J  
126 d J J J  
8 o J J  J J J J  
8 9  J J J J J  
5 o J J J J J J J  
5 7 . 1  J J J J  

loo J J J J J J  
8 3 J d d d d d J  

179 J J J J  
120 J J J J J J  
8 2 4  J J J  
7 4 J  4 d J d d  
56 J J - J J  

'Stratum 4 (Wairarapa Canyon) not included in assessment 
*Strata 5 A  and 5B were split from a combined Stratum 5 in 1995 



Table 7: Estimates of arrival time and residence time of hoki spawning on the WCSI in 1989-93 
and 1997 from the age- and sex-structured dynamic model of Harley (2001, 2002). Fish were 
assigned separate arrival times, but a single residence time was estimated for the population (see 
Harley 2001 for model details). 

Year Arrival date Arrival variance (dl) Residence time (d) 
1989 27 July 24 37 
1990 17 July 24 37 
1991 25July 24 37 
1992 24 July 24 37 
1993 3 1 July 24 37 
1997 16 July 24 37 

Table 8: Estimates of arrival time and residence t i e  of hoki spawning in Cook Strait in 1993-99 
from the age- and sex-structured dynamic model of Harley (2001, 2002). Fish were assigned 
separate arrival times, but a single residence time was estimated for the population (see Harley 
2001for model details). Arrival variance was not given by Harley (2001). 

Year 
1993 
1994 
1995 
1996 
1997 
1998 
1999 

Arrival date 
26 July 

9 August 
9 July 

22 July 
22 July 
22 July 

4 August 

Residence time (d) 
41 
41 
41 
41 
41 
41 
41 



Table 9: Biomass estimates by stratum for WCSI hoki acoustic surveys. Biomass values were 
calculated using the "standard" method to account for species mix and were provided by Patrick 
Cordue (pers, comm.). Stratum areas are shown in Figure 1. 

Year Stratum biomass (000's t) 
0* 1&2 4 5A 5B 6 7 

*Stratum 0 not included in assessment. Value for Stratum 0 in 1997 is only approximate because the 
"standard" species mix correction was not applied to this stratum by Cordue. Biomass was estimated 
by scaling the biomass calculated using the "old" method (Cordue & Ballara 1998). assuming a similar 
species mix to Stratum l a .  

Table 10: Biomass estimates by stratum for Cook Strait hoki acoustic surveys. Biomass values 
were taken from survey reports. Biomass estimates from 5A and 5B in surveys since 1995 were 
combined to obtain a Stratum 5 estimate comparable with earlier years. A correction factor was 
not applied to 1995 and 1996 surveys. Stratum areas are shown in Figure 2. 

Year Stratum biomass (000's t) 
1 2 3 4* 5 6 

32 82 - - - - 
28 35 3 1 9 - 
20 22 2 0 - 2 
88 108 12 - 14 34 
66 67 8 ? 73 31 
6 1 61 5 - 13 31 
13 43 4 - 9 9 
3 1 48 5 - 32 7 
22 21 4 - 12 8 
15 42 6 - 35 3 
9 50 4 2 24 1 

*Stratum 4 not included in assessment. No estimate available for Stratum 4 in 1994. 



Table 11: Stratum areas for WCSI hoki acousticsurveys. 

Year 
1988 
1989 
1990 
199 1 
1992 
1993 
1997 
2000 

Stratum area (km ) 1 

5B 6 7 

Table 12: Stratum areas for Cook Strait hoki acoustic surveys. Strata 5A and 5B were surveyed 
as a combined Stratum 5 before 1995. 

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

Stratum area (km ) 2 

1 2 3 5A 5B 6 



Table 13: Comparison of biomass estimates for WCSI using variable (hetween years) stratum 
areas (see Table 11) with estimates derived wing consistent (1992-2000) stratum areas. AU 
biomass values were calculated using the "standard" method to account for species mix and 
Coombs & Cordue (1995) TS. 

Biomass index (000's t) 
Year Variable areas Consistent areas 

Table 14: Comparison of biomass estimates for Cook Strait using standard stratum areas (see 
Table 12) with estimates derived using the correct area for Stratum 5A (90 kma). Biomass 
estimates from Stratum 5 in surveys before 1995 were also scaled up so stratum areas were 
consistent with later years (see Section 3.2.4 for details). A correction factor was not applied to 
1995 and 1996 surveys. 

Year 
1988 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
200 1 

~ k n a s s  index (OWs t) 
Standard areas Correct area for 5A 

128 129 
77 78 
54 56 
256 257 
244 252 
170 173 
80 81 
124 126 
68 69 
101 104 
88 9 1 

Table 15: Estimated proportions of hoki outside the area closed to vessels greater than 43 m on 
the WCSI. All estimates were based on %andard" biomass estimates adjusted so strata had 
consistent areas (see Table 13). It was assumed that 50% of the hoki biomass in Stratum 6 was 
outside the line, with two sensitivities at  25% and 75% (see Section 3.2.5 for details). 

Year 
1988 
1989 
1990 
1991 
1992 
1993 
1997 
2000 
Mean 

Recalculated proportions outside the closed area 
Old* 50% Stratum 6 outside 25% Stratum 6 outside 75% Stratum 6 outside 
0.73 0.65 0.54 0.76 
0.44 0.44 0.34 0.53 
0.49 0.41 0.33 0.49 
0.57 0.39 0.29 0.48 
0.63 0.57 0.40 0.74 
0.52 0.42 0.33 0.50 
0.75 0.58 0.51 0.65 

- 0.58 0.48 0.68 
0.59 0.50 0.40 0.60 

"old estimates are from Cordue & Ballara (1998) and were calculated assuming a low and constant 
background density of non-hoki targets in the survey area, and that 55% of the biomass in Stratum 6 
was outside the closed area. 



Table 16: Number of trawls carried out on WCSI hoki acoustic surveys 1988-2000. 

Year Trip Code Trawls 

*Not recorded in trawl database 
+Some tows outside main acoustic survey area 

Table 17: Number of trawls carried out on Cook Strait hoki acoustic surveys 1988-2001. 

Year Trip Code Trawls 

JC08810 
KAH9 108, 
KAH9109 
KAH9207, 
KAH9209 
TAN9307 
KAH9408 
KAH9508 
KAH9609 
KAH9702 
KAH9804 
KAH99 1 1 
TANOILI, 
KAHOIO7 

*Not recorded in trawl databnse 



Table 18: Estimates of hoki biomass on the WCSI using acoustic TS derived from commercial 
length frequency data (see Figure 15) using two alternative TS-length relationships. The original 
indices are given in Table 1. 

Year Mean 
length 

(cm) 
81.1 
81.6 
81.9 
80.5 
79.3 
78.2 
74.1 
80.3 

Mean 
weight 

(kg) 
1.66 
1.67 
1.69 
1.63 
1.54 
1.49 
1.31 
1.59 

Coombs & Cordue (1995) TS 
Mean TS r Biomass 

(dB) (kg m.4 (000's t) 

Macaulay (2001) TS 
Mean TS r Biomass 

(dB) (kg m-') (000's t) 

Table 19:.Estimates of hoki biomass in Cook Strait using acoustic TS derived from commercial 
length frequency data (see Figure 16) using two alternative TS-length relationships. A correction 
factor was not applied to 1995 and 1996 surveys. The original indices are given in Table 2. 

Coombs & Cordue (1995) TS Macaulay (2001) TS 
Year Mean Mean Mean TS r Biomass Mean TS r Biomass 

length weight (dB) (kg m") (000's t) (dB) (kg m-3 (000's t) 



Table 20: Average TS values for the 11 "main" species used in species decomposition of mixed 
layers in northern strata of WCSI surveys. Values are based on Table 7 in Cordue (2002). 

Species Swimbladder (YN) Mean weight (kg) T S  (dB) ~ b ,  b2) 
Big-eyed rattail Y 0.47 -31.0 0.000788 
Dark ghost shark N 0.73 -46.0 0.000025 
Hake Y 4.00 -31.5 0.000710 
Hoki Y 1.15 -38.4 0.000144 
Javelinfish Y 0.10 -42.4 0.000058 
Lookdown dory Y 0.51 -34.8 0.000334 
Ling Y 5.10 -28.5 0.001422 
Silver dory Y 0.14 -51.5 0.000007 
Spiny dogfish N 1.93 -42.2 0.000060 
Silver roughy N 0.05 -55.2 O.WO03 
Silver warehou N 2.04 -46.2 0.000024 

Table 21: Effect of doubling or halving oh of each of the 11 "main" species in Table 20 on 
acoustic estimates of bold biomass in Strata 1&2, and 4 of the 2000 WCSI acoustic survey. Values 
are presented as a proportion of the "base-case" estimate of hoki biomass (from the standard 
species mix decomposition using values in Table 20). 

Species 
Big-eyed rattail 
Dark ghost shark 
Hake 
Hoki 
Javelintish 
Lookdown dory 
Ling 
Silver dory 
Spiny dogfish 
Silver roughy 
Silver warehou 

Halve ubs 
1.08 
1 .oo 
1.06 
1.22 
1.02 
1.02 
1.12 
1.00 
1.00 
1 .oo 
1.00 

Double ub, 
0.88 
1.00 
0.91 
0.75 
0.97 
0.96 
0.83 
1.00 
1.00 
1.00 
1.00 



Table 22: Estimated c.v.s for Cook Strait acoustic indices calculated using two alternative 
estimation methods. "Mean variance" used the average of the snapshot variances. "Snapshot 
variance" used the variance of the snapshot biomass estimates (see Section 3.5 for details). All 
values calculated using Coombs & Cordue (1995) TS. Data for 1988-99 are from Cordue & 
Ballara (2001), and for 2001 from O'Driscoll(2002). 

Year Mean variance Snapshot variance 
1988 26 - 
1991 9 13 
1992 17 2 
1993 15 15 
1994 23 6 
1995 14 12 
1996 15 9 
1997 9 12 , 

1998 10 LO 
1999 9 10 
200 1 12 12 



Table 23: Values of parameters and their distributions used in Monte Carlo uncertainty 
simulations. 

Term 

Mean arrival date 

Mean residence time 
Individual arrivaldate 

Individual residence time 
Sampling 
Mark identification - "mix" strata 
Mark identification - "hoki" swta 
Calibration (1988-90) 
Calibration (1991-99) 
Calibration (2000-01) 
Target strength 
Missing strata' 

Notation Distribution Values* 
WCSI Cook Strait 

Uniform 

Uniform 
Normal 

Nomlai 
Normal 
Lognormal 
Lognormal 
Uniform 
Unifonn 
Uniform 
Uniform 
Uniform 

197-212 190-221 

27-47 31-51 

2 (5) - 
r (10) 

1.0 (snapshot c.v) 
-0.2 (0.5) 0 (0.3) 

0 (0.08) 
0.75-1 2.5 
0.88-1.12 
0.95-1.05 
0.88-1.12 

0.91-1.08' 

*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 loglo(variable). Plateau model 
variables (mean and individual arrival dates, mean and individual residence times) are in days. All 
other variables are relative (scaled to one). 

'1991 Cook Strait survey (when Stratum 6 not surveyed) only. 

Table 24: Results of Monte Carlo simulations to determine survey uncertainty for WCSI acoustic 
surveys. The c.v.s for each survey are given in a stepwise fashion to allow the contribution of each 
component of the biomass 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 f s h  arrival date and residence time. 

1988 1989 1990 1991 1992 1993 1997 2000 
Timing 0.24 0.28 0.26 0.59 .0.22 0.24 0.21 0.25 
+Sampling 0.28 0.32 0.27 0.59 0.29 0.24 0.26. 0.26 
+Mark identification 0.50 0.36 0.33 . 0.66 0.38 0.34 0.52 0.53 
+Calibration 0.57 0.37 0.35 0.71 0.45 0.36 0.60 0.58 
+ TS 0.60 0.38 0.40 0.73 0.49 0.38 0.60 0.60 
Total 0.60 0.38 0.40 0.73 0.49 0.38 0.60 0.60 

Table 25: Results of Monte Carlo simulations to determine survey uncertainty for Cook Strait 
acoustic surveys. The c.v.s for each survey are given in a stepwise fashion to allow the 
contribution of each component of the biomass 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 f s h  arrival date and residence time. 
Acoustic surveys in 1988 and 1992 were not included because of insufficient spatial andlor 
temporal coverage. 

1991 1993 1994 
Timing 0.31 0.35 0.89 
+Sampling 0.33 0.43 0.89 
+ Mark identification 0.40 0.52 0.93 
+ Calibration 0.44 0.53 0.99 
+TS 0.45 0.53 1.02 
+Missing strata 0.45 - - 
Total 0.45 0.53 1.02 



Table 26: Recalculated acoustic abundance indices for WCSI. Indices were recalculated with 
acoustic TS derived from commercial length frequency data (see Table 18) using the TS-length 
relationship of Macaulay (2001) and consistent stratum areas (see Table 13). Biomass values were 
calculated using the "standard" method to account for species mix. The old "standard" indices 
given in Table 1 are shown for comparison. 

Year Adjusted indices Old indices 
Biomass (000's I) C.V. Biomass (000's t) C.V. 

 able 27: Recalculated acoustic abundance indices for Cook Strait Indices were recalculated 
with acoustic TS derived from commercial length frequency data (see Table 19) using the TS- 
length relationship of Macaulay (2001), and the correct Stratum 5A area (see Table 14). No 
temporal correction factor was applied to 1994-95 biomass indices. Acoustic surveys in 1988 and 
1992 were not 'included because of insuffcient spatial andlor temporal coverage. The old 
"corrected" indices given in Table 2 are shown for comparison. 

Year Adjusted indices Old indices 
Biomass (000's t) C.V. Biomass (000's I) C.V. 



Figure 1: General stratum boundaries for the WCSI acoustic surveys with approximate depth 
contours every 250 m, and 25 nautical mile line bounding area dosed to vessels over 43 m 
Boundaries are those used for the 1997 survey. Stratum areas varied slightly in other surveys (see 
Table ll), and Stratum 0 was surveyed only in 1997. Stratum names with depth boundaries in 
parentheses: 0, Northern extension (300-650 m); 1&2, North of Westport (30C-650 m); 4 Westport 
to Greymouth (300-650 m); SA, Hokitika Canyon (300500 m); 5B, Holdtika Canyon (position- 
position); 6, South of Hokitika (250-750 m); 7, Cook Canyon (position-position). 



Figure 2: General stratum boundaries for the Cook Strait acoustic surveys with approximate 
depth contours every 250 m Boundaries are those used for the 2001 survey. Stratum areas varied 
slightly in other surveys (see Table 12). Stratum names with depth boundaries in parentheses: 1, 
Narrows Basin (200400 m); 2, Cook Strait Canyon (180-180 m); 3, Nicholson Canyon (200-200 m); 
4, Wairarapa Canyon (200-200 m); SA, Cook Strait Canyon extension (position400 m); SB, 
Deepwater outside Nicholson and Wairarapa Canyons (position-200 m); 6, Terawhiti Si (200-2-200 
m). Stratum 4 is not used in abundance indices. 
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Figure 3: Timing of WCSI acoustic surveys (bars along the x axis) in relation to commercial hoki 
catch in 5-day periods (circles). Vertical line shows estimated timing of peak biomass from age- 
and sex-structured dynamic model of Harley (2001). Month labels show the in of each month. 
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Figure 4: Timing of Cook Strait acoustic surveys (bars along the x axis) in relation to commercial 
hoki catch in 5-day periods (circles). Vertical line shows estimated timing of peak biomass from 
age- and sex-structured dynamic model of Harley (2001). Month labels show the l* of each 
month. 
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Figure 5: Temporal changes in estimates of hoki biomass in the deepwater strata (Strata 5A and 
5B combined) during the 11 snapshots during the 2001 Cook Strait acoustic survey. 



Figure 6: Spatial distribution of commercial f~h ing  on WCSI in relation to acoustic strata during 
JuneSepternber 1988-91. Crosses show tow start positions (unchecked) from FSU and TCEPR 
data. 



Figure 6 cntd: Spatial distribution of commercial fishing on WCSI in relation to acoustic strata 
during June-September 19922000. Crosses show tow start positions (unchecked) from TCEPR 
data. 



Figure 7: Spatial distribution of commercial fishing in Cook Strait in relation to acoustic strata 
during June-September 1988-95. Crosses show tow start positions (unchecked) from FSU and 
TCEPR data. 



Figure 7 cntd: Spatial distribution of commercial f~hing in Cook Strait in relation to acoustic 
strata during June-September 1996-2001. Crosses show tow start positions (unchecked) from 
TCEPR data. 
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Figure 8: Temporal changes in distribution of fshing effort (diamonds, thin line) and hoki catch 
(squares, bold line) on the WCSI: a) deeper than survey area; b) north of survey area. Data from 
(unchecked) FSU and TCEPR records. 



Figure 9: Echogram showing hoki school in Nicholson Canyon, Cook Strait in 2001. Hoki school 
is at 180-320 m, with pelagic layer at 50-100 m above. 

Echograms in Figures 9 and 10 are from towbody files. They have the same horizontal scale 
(-350 pings which is equivalent to about 3.5 km at the tow speed of 10 knots). Vertical scale is 
shown on the y axis. The towbody depth of -40 m should be added to the depth on they axis to 
get'water depth. 



Figure 10: Echogram showing hoki bottom mix layer in the Narrows Basin, Cook Strait, in 2001. 
The layer extends from the bottom up about 50 m. 
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Figure 11: Estimates of hoki biomass in Hokitika Canyon (Strata 5A and 5B combined) 
compared to acoustic abundance estimates from the whole WCSI survey area. Data are in Table 
9. All biomass estimates calculated using Coombs & Cordue (1995) TS. 
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Figure 12: Hoki biomass by mark type during the 2001 Cook Strait acoustic survey. Hoki 
biomass estimates were calculated using Coombs & Cordue (1995) TS. Data are from O'DriscoU 
(2002). 
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Figure 13: Estimates of hoki biomass in Cook Strait (CS) Canyon (Stratum 2) compared to 
acoustic abundance estimates from the whole Cook Strait survey area. Data are in Table 10. All 
biomass estimates calculated using Coombs & Cordue (1995) TS. 
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Figure 14: Hoki biomass in Cook Strait calculated with two alternative TS-length relationships. 
Indices using Coombs & Cordue (1995) TS are from Table 2. No correction factor was applied to 
1995-96 biomass indices. . . 



Figure 15: Scaled unsexed length frequencies of hoki caught in the WCSI commercial fuhery 
1988-2000. Data are from the ScienNic Observer Programme. 
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Figure 16: Scaled unsexed length frequencies of hoki caught in the Cook Strait commercial 
fshery 1988-99. Data are from market sampling. 
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Figure 17: Plateau model of hoki biomass during the spawning season. Top panel shows a simple 
approximation of the plateau model illustrating the terms described in the text. Bottom two 
panels are simulated biomass profiles with a range of input parameters (see Table 23). In the left 
panel mean arrival date was set at 9 July (solid symbols) and 9 August (hollow symbols) with a 
mean residence time of 40 days. In the right panel mean residence time was varied between 30 
days (solid symbols) and 50 days (hollow symbols). 
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Figure 18: Mark identification uncertainty distributions used in Monte Carlo simulations. Right 
plots show uncertainty distributions which were estimated from the distribution of 2000-01 trawl 
catch composition shown in left plots. Different distributions were estimated for different areas 
and mark types (see text for details). Parameter values for lognormal probability distributions 
are given in Table 23. 
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Figure 19: Comparison of recalculated indices (using Macaday 2001 TS, commercial length 
frequency data and consistent stratum areas, Table 26) with originaI indices for WCSI (Table 1). 
Both indices scaled so 1988 value equals 1.00. 
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Figure 20: Comparison of recalculated indices (using Macaulay 2001 TS, commercial length 
frequency data, removing 1988 and 1992, no temporal correction factor for 1995-96, and correct 
area for Stratum 5A, see Table 27) with original indices for Cook Strait (Table 2). Both indices 
scaled so 1991 value equals 1.00. 


