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SOUTHERN BLUE WHITING (Micromesistius australis) FISHERY 
ASSESSMENT FOR THE 1993-94 FISHING YEAR 

S.M. Hanchet 

1. EXECUTIVE SUMMARY 

This paper reviews the stock assessment of southern blue whiting (SBW) resources in New 
Zealand A summary of the recent fishing season is presented and the results of research 
studies carried out over the past year are outlined. 

Length frequency data and reproductive data are presented and their relevance to earlier work 
on stock structure discussed. It is concluded that fish on the Bounty Platform form a separate 
stock. The evidence as to whether fish from the Pukaki Rise form a separate stock from those 
from the Campbell Island Rise is currently less conclusive. 

Catch-at-age data from the Campbell Island stock for the period 1986-92 were used in a 
Virtual Population Analysis (VPA), which was tuned using CPUE data. Estimates of current 
biomass derived from the VPA were regarded as imprecise and possibly biased downwards 
because of problems with the tuning data. Therefore the 1992 CPUE index and the tuning 
method were rejected, and instead two VPA runs based on arbitrary values of terminal fshing 
mortality were used. The two values selected for fully recruited fuhing mortality were F, = 
0.2 and F, = 0.45. The pre-season 1991-92 spawning stock biomass estimates from each of 
the two options were projected forwards to produce preseason spawning stock biomass 
estimates for 1992-93 and 1993-94 of 28 000 and 65 000 t, respectively. The corresponding 
estimates of CAY were 7000 and 16 000 t. 

Because of the rapid increase in the size of the Bounty Platform fishery there are no time 
series of data on which to base an assessment of this stock. Given the level of catch and the 
plausible range of exploitation rates, it is considered likely that the yields from the Bounty 
Platform might be of a similar order of magnitude to those from the Campbell Island Rise, 
at least over the short term. 

An MCY of 2000 t was estimated for the Pukaki stock based on historical catches. It is 
considered likely that this is conservative and that the stock is still in the fishing down phase. 

2. INTRODUCTION 

2.1 Overview 

This paper reviews the stock assessment of southern blue whiting (SBW) resources in New 
Zealand. The recent fishing season is summarised and the results of research carried out over 
the past year are outlined. Length hquency data and reproductive data are presented and their 
relevance to stock structure discussed. The catch per unit effort (CPUE) series used in 
previous years' assessments for the Campbell Island stock (Hanchet 1991,1992a) is extended 
to include the years 1978 to 1992, and a series for Bounty Platform is presented. Catch-at-age 
data for Campbell Island Rise for the period 1986-92 were used in a Virtual Population 
Analysis (VPA), and tuned using the CPUE data. Estimates of CAY are provided for the 
Campbell Island stock and of MCY for the Campbell Island and Pukaki stocks. 



I 
The SBW fishery was developed by Soviet vessels during the early 1970s and they have 
continued to be the most consistent exploiter of the resource. There is nothing documented 
about the location of landings before 1978. It was known that SBW spawned in most years 
on Bounty Platform (Shpak 1978) and in some years on Campbell Plateau (Shpak & Kuchina 
1980) and that feeding aggregations could be caught on Pukaki Rise, southeast of Campbell 
Island Rise and Auckland Island shelf (Shpak 1978). The proportion of catch from each 
ground cannot be determined. 

From 1978 to 1984 fishing was carried out on the entire Campbell Plateau throughout the 
year, but highest catches were usually made whilst fish were spawning in September on 
Pukaki Rise and the northern Campbell Island Rise (Figure 1). In some years (notably 1979, 
1982, and 1983) vessels also targeted spawning fish on Bounty Platform in August and 
September. 

As a result of the increase in hoki quota in 1985 and 1986, the Japanese surimi fleet increased 
its presence in New Zealand waters and some vessels stayed on after the hoki fishery to fish 
for SBW. Since then many of the Soviet and Japanese vessels which have been fishing hoki 
on the west coast of the South Island during July and August have moved in late August/early 
September to the SBW spawning grounds. Between 1986 and 1989, fishing was confined to 
the spawning grounds on the northern Campbell Island Rise. 

During 1990 and 1991 the fishing pattern changed. Vessels began taking spawning fish on 
Bounty Platform in late August and early September before shifting to the Pukaki Rise and 
Campbell Island spawning grounds. However, in contrast to previous years most of the catch 
was taken from the southern, as opposed to the northern, Campbell Island Rise ground. 

In 1992 there was an increase in both the number of vessels and the length of season in the 
fishery (see Section 3.1.3). Also many vessels ran out of hoki quota early in the season and 
started fishing SBW on Bounty Platform in early to mid August. Landings recorded from 
Bounty Platform were more than five times higher than in 1991. As in 1990 and 1991, the 
fleet moved on to the Pukaki Rise and Campbell Island Rise grounds on or around 6-7 
September and stayed until the end of September. 

Most fishing is with pelagic trawls with 60-80 m headline heights. During the day fishing is 
generally canied out on the bottom. At night, and when fish are actively spawning, fishing 
is in midwater - sometimes -at 100 m depth over a bottom depth of 400-500 m. Fish is 
processed into surimi on the Japanese vessels, and headed and gutted on the Russian vessels. 

2.3 Recent papers 

Preliminary results of recent trawl surveys of the Southern Plateau were presented by Hunt 
& Schofield (1990, 1991) and Chattenon et al. (1992). Recent stock assessments were made 
by Hanchet (1991, 1992a). In the most recent stock assessment a preliminary VPA, tuned 
using CPUE data, was used to estimate fishing mortality and current biomass. Catch 
projection models were run to examine the effect of future catches on stock size and fishing 
mortality. 



Hanchet (1991) suggested that for stock assessment the stock be split into three parts: (1) 
Bounty Platform, (2) Pukaki Rise (including Pukaki Rise and Auckland Island Shelf), and (3) 
Campbell Island Rise (including both spawning grounds on the Campbell Island Rise). 

3. REVIEW OF THE FISHERY - 

3.1 TACs, catch, landings, and effort data 

3.1.1 Total allowable catch 

Catch quotas were introduced for the 1992-93 fishing year totalling 32 000 t - 15 000 t 
for the Bounty Platform, 6000 t for the Pukaki Rise and 11 000 t for the Campbell Island 
Rise. 

3.1.2 Landings 

Estimates of the annual landings of SBW are given in Tables 1 and 2. There are some 
discrepancies between figures reported on the Licensed Fish Receiver Reports (LFRRs) and 
the catches from vessel logbooks. This is because the main fishing season for SBW is 
September, but catches are often not reported on the LFRRs until October, which is after the 
start of the new fishing year. Estimated season total landings in Table 2 were obtained by 
combining landings (LFRRs) for all months from each calendar year. Before 1990-91, when 
the conversion factors were changed, landings from LFRRs were further corrected by 
multiplying the surirni catch by 1.16 to account for the lower conversion factors used by the 
Quota Monitoring System. There is reasonably good agreement between the totals from the 
vessel logbooks (Table 1) and the estimated season total from the LFRRs (Table 2) for most 
years. 

Landings of over 40 000 t were made in 1973 and 1974, but declined to only 2300 t in 1975. 
Since then they have been variable, ranging from under 7000 to about 37 000 t per year, and 
averaging about 15 000 t. In 1991-92, the catch more than doubled to 76 500 t. Most of this 
catch came from the Bounty Platform during August and September (Table 3). Catches from 
the Pukaki Rise and Campbell Island Rise were lower in 1992 than in 1991. 

3.13 The 1992 season 

The word season refers to the months of August and September at the end of the fishing year 
c (i.e., the 1992 season is part of the 1991-92 fishing year). 

The 1992 season saw a huge increase in effort in this fishery, with an increase in both the 
number of vessels and the length of season. Although most vessels were still Russian and 
Japanese, there were also vessels chartered from USA, Poland, China, and Norway, and one 
New Zealand vessel. Fishing began in May and by July appreciable amounts of fish were 
taken by Norwegian vessels from all three areas. 

The location of the fleet on representative days during the 1992 season is shown in Figure 2. 



The position of all tows targetting SBW in August and September is shown in Figure 3. 
Vessels began fishing pre-spawning aggregations of fish on Bounty Platform in early August, 
and made good catch rates as fish started spawning on or around 17 August. By 28 August 
there were already 25 vessels there compared to only 5 in each of the last 2 years. The fleet 
continued to increase in number through August and by 6 September there were 37 vessels 
on the grounds. 

As in 1990 and 1991 the fleet moved onto the Pukaki Rise and Campbell Island grounds 
around 6-7 September. Initially most vessels went to the southern Campbell Island grounds 
which had been the most productive in the last 2 years, but by 12 September most vessels had 
moved to the northern Campbell Island grounds. The fleet continued to increase in number, 
and reached its maximum of 45 vessels by 18 September. Despite the large fleet size, and 
considerable time spent searching, vessels were unable to locate large aggregations of SBW 
on these grounds and catch rates were well down on recent years (see below). Of the 14 208 
t taken from the Campbell Island stock, 65% was taken from the northern grounds and 35% 
from the southern grounds. 

Fishing was carried out only sporadically on Pukaki Rise. Up to 10 vessels fished on Pukaki 
Rise between 7 and 14 September, and about 16 vessels fished there in late September 
yielding a total catch of about 3500 t. All vessels had left the grounds by early October. 

3.1.4 CPUE analysis 

Campbell Island Rise 

The CPUE analysis carried out last year (Hanchet 1992a) has been extended to include the 
years 1978-82, and 1992. The number of vessels in each category which fished each season 
is shown in Table 4. The main changes in 1992 compared to last year were an increase in the 
number of small surirni vessels, a further increase in the number of super-Atlantic class 
trawlers from 13 to 19, and an increase in vessels from other countries. Preliminary analysis 
of individual vessels showed there was no difference between catch rates of the smaller and 
larger surimi vessels so they were combined for the analysis. Catch, effort, and CPUE by 
week for the three main categories of vessel in 1992 are shown in Table 5. 

Concern was expressed in the Middle Depth Working Group that since August 1990 there had 
been a change in the way start and fmish times had been recorded on the trawl, catch and 
effort processing returns (TCEPRs) by some companies. This change would have had the 
effect of increasing the number of hours fished, for a given catch, and hence of decreasing 
the CPUE index. The analysis was repeated for 1992 excluding those vessels whose skippers 
might have been instructed by their companies to do this (the list of companies was obtained 
from M. Vignaux, MAF Fisheries, pen. comm.). This resulted in the loss of about 20% of 
the data. The new indices were very similar to the ones calculated for the whole data set 
(Table 5, index 2). The analysis was not repeated for 1990 and 1991 because only a small 
percentage of tows in those years may have been affected. 

Data for the Soviet Atlantic class fleet for the period 1978-82 are shown in Table 6. The time 
series of CPUE indices is presented in Table 7 and in Figure 4. There was a sipficant 
change in fishing operations from bottom trawling to midwater trawling between 1982 and 



1985, and so the early years in the data series are probably not comparable with the later 
years. 

Indices for all three fleets in the 1992 season were considerably lower than the 1990 and 1991 
levels. Spawning started in week 5 in 1988,1989, and 1991, but in week 4 in 1990 and 1992 
(see section 3.2.3). CPUE peaked in the same week as spawning (Table 8), except in 1990 
when CPUE remained high in weeks 6 and 7. Apart from 1992, effort has been highest when 
CPUE has been highest and has coincided with the spawning week. In 1992, effort was 
highest in weeks 5 and 6, coinciding with low CPUE, and this will have biased the 1992 
CPUE index downwards in comparison with other years. However, it should be pointed out 
that the CPUE in weeks 6 and 7 in 1992 are two of the lowest on record (Table £9, and that 
the 1992 index would probably still be lower than any other year if the season effect had been 
taken into account. 

Standardised total fishing effort was estimated for each year by dividing the total catch by the 
Soviet Atlantic class CPUE index for that year (see Table 7). Fishing effort in 1992 was the 
highest on record, although close to that recorded in 1989, and reflects the large increase in 
the number of vessels in the fishery rather than a longer season. 

These estimates of total fishing effort were used to tune the VPA. 

Bounty Platform 

A similar approach has been taken to the catch and effort data for the Bounty Platform 
fishery. Weeks 3 and 4 were the only weeks with data available for all three years 1990, 
1991, and 1992, and so these two weeks have been used to calculate an index for each year 
(Table 9). The index for the Japanese vessels has increased from 1990 to 1992. The two 
Soviet indices showed a drop in CPUE from 1990 to 1991, but a subsequent increase back 
to, or exceeding, the 1990 level in 1992. 

3.2 0 ther information 

3.2.1 Size and age composition of the commercial catch 

Length frequency data and otoliths were collected by scientific observers from the commercial 
catch from each fishing ground during the year. Because of the pre-spawning season catch, 
the length frequency samples were stratified by time as well as area. The length frequency 
samples taken aboard the vessels were scaled up to the total weight of the sampled catch. 
These were then scaled up to the weight of the catch taken by the whole fishery from that 
spawning ground for each time stratum. On each ground there was a pre-season stratum (April 
- July) and a within-season stratum (August - September). Results from each time stratum 
were then summed for each ground. Results from the two Campbell Island grounds were later 
summed to give the length frequency distribution of the catch from the Campbell Island stock. 

The size distribution of males and females on the northern and southern Campbell Island 
grounds over the past 4 years are shown in Figures 5 and 6. Size distributions on the two 
grounds in 1992 were very similar showing three distinct modes in the males and two modes 



in the females. The strong mode at 39 cm in males and 41 cm in females comprised mainly 
4 year olds (the 1988 year class) which dominated the catch in both sexes on both grounds. 
The mode of longer fish, at 43-45 cm in males and at 4548 cm in the females, comprised 
mainly 5 and 6 year olds (the 1987 and 1986 year classes respectively). There have been 
more fish of the 1987 year class on the northern grounds than the southern grounds in each 
year since 1990. A smaller mode at 33 cm in males is also apparent on each ground. Despite 
their large size these fish appear to be 2 year old frsh of the 1990 year class. Data from the 
two grounds were combined to form the scaled distribution for the Campbell Island stock 
(Figure 7). 

The 1992 catch on the Bounty Platform was dominated by two modes at 35 and 4 0 4 1  cm 
in males and at 37 and 43 cm in females (Figure 8). These two modes can be traced back to 
1989 when they appeared in a trawl survey as 1 and 3 year olds (see Figure 13). They 
therefore appear to be the same strong 1986 and 1988 year classes which dominated the catch 
on Campbell Island Rise. The modes on the Bounties are 3-4 cm less than on the Campbell 
Island Rise suggesting that fish on the Bounties have a much slower growth rate than those 
on the Campbell Island Rise. From otolith readings the mode of longer fish at about 46 cm 
in males and about 50 cm in females appears to comprise mainly 8-10 year old fish. 

The size distribution of fish on Pukaki Rise is also slightly different from that on the 
Campbell Island Rise (Figure 9). In 1992 there were two main modes on Pukaki Rise at about 
3 W l  cm and 45-46 cm for males and at 41 cm and 48 cm for females. These modes appear 
to be of the same strong 1986 and 1988 year classes which have dominated the catch in the 
other two areas. However, the mode of the 1986 year class appeared to be 1-2 cm larger on 
Pukaki Rise than on the Campbell Island Rise in both 1991 and 1992. This suggests that fish 
have a slightly faster growth rate on Pukaki Rise compared to the other two areas. On the 
Pukaki Rise the catch in the last 2 years has been dominated by the 1986 year class, whereas 
on the Campbell Island Rise it has been dominated by the 1988 year class. 

3.2.2 Ageing 

The catch-at-age matrix for the period 1982-92 was recalculated using the most recent 
landings data. Because otoliths were not available in every 1 cm size class of small fish for 
every year, a standardised age-length key was set up covering the length range 18-39 cm. 
This was then applied with the age-length key for each year to convert the size composition 
of the catch to the age composition of the catch for each year. This procedure was required 
so that the number of 1,2, and 3 year olds in the catch could be estimated both for the catch- 
at-age maaix and for prediction purposes. It should be emphasised that this procedure is 
unlikely to cause serious biases to the age-length key for any particular year, but merely 
provides average ages for those length classes for which otoliths were unavailable. (For 
abundant age classes there were always many otoliths available.) 

All the otoliths from 1992 were read by the same person as in 1991. I read a subsample of 
145 otoliths from 1992 and my ages agreed with 85% of the ages obtained by the main 
reader. There were no consistent differences in ages between readers and so those of the main 
reader were used in further analysis. Catch-at-age data are tabulated in Table 10 and 
illustrated in Figure 10. Weighted cvs for the catch-at-age data for individual years ranged 
from 7 to 15%. 



Otoliths from Bounty Platform for 1990, 1991, and 1992 were also read by the same main 
reader and scaled up to the commercial catch (Table 11). 

3.23 Timing and location of spawning 

It is known from early Russian work that asynchronism of vitellogenesis leads to the 
formation and spawning of two batches of eggs in SBW (Svirskii & Shpak 1977). During the 
past four seasons scientific observers have recorded the gonad stage of female fish which they 
have measured and sexed Because some observers fmd it difficult to distinguish partially 
spent fish with ova in the maturing stage (ie., fish which have already spawned one batch of 
eggs and have reverted back to the maturing stage) from fish with maturing ova which have 
not spawned in that season, all these fish are referred to collectively as maturing (stage 2). 
It is therefore not always clear from the raw data whether stage 2 fish are maturing up to 
spawn for the first time that season or are partially spent and have reverted back to that stage. 
When observers have been certain that a fish has already spawned one batch I have asked 
them to annotate their forms accordingly. In analysing the data I have used observers' 
comments together with the knowledge of the spawning biology of SBW to interpret the 
stage 2 fish. 

Data on the timing of spawning are summarised by area in Tables 12a-c. The onset of 
spawning (as defined by the presence of at least 10% running ripe fish) occumd on the 
Campbell Island Rise around 9 September in 1990 and 1992 (Table 12a). The first batch was 
spawned by 13 September, when at least 10% of the fish were spent, and others had reverted 
to the maturing stage. In 1988, 1989, and 1991 spawning started about 7 days later - 
spawning frrst occurred around 15-16 September and continued to 21 September. The second 
batch was probably spawned between 20 and 25 September in 1990 and 1992, but not until 
early October in the other 3 years. 

The 1992 season was the first in which vessels have fished on the Bounty Platform for the 
whole season. Spawning started on 17 August and continued through to 22 August 
(Table 12b). The second batch was spawned from 30 August to 6 September. In 1990 and 
1991 fish spawning their second batch were also caught from 2 to 6 September, although by 
7 September, a smaller proportion of fish were spent than in 1992. 

No complete seasonal series is available for the Pukaki Rise (Table 122). The first batch is 
probably usually spawned between about 8-14 September. The second batch appears to be 
spawned at some time between 22 and 28 September. The data are insufficient for describing 
between year differences. 

The positions of all observed tows from 1989 to 1992 which have caught running ripe fish 
are shown in Figure 11. The Bounty Platform and Pukaki Rise spawning grounds are well 
defined. Although the two spawning grounds on the Campbell Island Rise appear to form 
more of a continuum, the tows from 52" O'S-52' 40's were made after 20 September and 
represent fish spawning their second batch. 

In summary, it appears that spawning is restricted to localised m a s  and times of the year. 
Spawning on Bounty Platform begins about 3 weeks earlier than on the Pukaki Rise and about 
4 weeks earlier than on the Campbell Island Rise. The fleet uses this difference in timing to 



exploit SBW on each of the grounds in turn during the season. 

3.3 Recreational, traditional, and Maori fsheries 

There is no record of recreational, traditional, or Maori fisheries for SBW, which are usually 
found in subantarctic waters at depths greater than 300 m. 

4. RESEARCH 

4.1 Stock structure 

It is currently assumed that there is only one genetic stock of SBW. However, differences 
have been identified between fish from the three main fishing grounds, which suggests that 
they should be assessed as separate stocks. Spawning grounds have been identified on Bounty 
Platform, Pukaki Rise, and Campbell Island Rise. The last area can be further subdivided into 
northern and southern grounds. All these grounds are fished to different extents in different 
years. Feeding areas adjacent to the spawning grounds also appear to be reasonably distinct 
(see Figure 1). 

Multiple discriminant analysis of data collected in October 1989 showed that fish fiom the 
three main areas could be distinguished (63% correctly classified using cross validation) on 
the basis of their morphometric measurements (Hanchet 1991). There also appear to be 
differences in the growth rates of fish (see Sections 3.2.1 and 4.2.2), and in the timing of 
spawning (see Section 3.2.3), between the different areas. 

It is concluded that fish on the Bounty Platform form a separate stock. The evidence as to 
whether fish from the Pukaki Rise form a separate stock from those on the Campbell Island 
Rise is less conclusive. Further analysis of fish from these two areas will be carried out in 
the near hture. There is no evidence that fish from the two Campbell Island grounds form 
separate stocks. 

For stock assessment purposes the stock has been split into t h e  parts. The Bounty Platform, 
the Pukaki Rise (including Pukaki Rise and Auckland Island Shelf), and the Campbell Island 
Rise (including both spawning grounds on the Campbell Island Rise). 

4.2 Resource surveys 

4.2.1 Trawl surveys 

The second in the new time series of trawl surveys of the Subantarctic was carried out by 
Tangaroa in November and December 1992. The biomass estimate of SBW was slightly 
higher than in the 1991 survey (Tables 13-15), partly because Bounty Platfonn was not 
surveyed in 1991, but also because there was a slight increase on the Campbell Island Rise 
compared to 1991. The biomass indices are not used further in the assessment. 



4.2.2 Length frequency data from trawl surveys 

The size distributions of fish from the four springlsurnmer trawl surveys from 1989 to 1992 
are shown by area in Figures 12-14. The size distribution on the Campbell Island Rise 
(Figure 12) from the 1992 trawl survey was quite different to that of the commercial catch. 
The trawl survey caught mainly the 1988 and 1990 year classes, whereas the catch was 
dominated by the 1988 year class. This may indicate that the 1990 year class is a strong one. 
Although not fully selected by the 60 mm mesh codend, 1 year old fish (21-22 cm long) were 
caught in many of the trawls in the survey area, which may indicate that the 1991 year class 
is also relatively strong. 

The size distribution on Bounty Platform (Figure 13) was similar to the commercial catch and 
was dominated by the 1988 year class. The propomon of 6 year olds (the 1986 year class) 
was slightly lower than in the commercial catch. There was also a small mode of 1 year old 
fish at 21-23 cm. 

The size distribution on the Pukaki Rise (Figure 14) was again similar to that from the 
commercial catch. In contrast to the other two areas, it was dominated by the 1986 and 1987 
year classes rather than the 1988 year class. There was a mode of smaller fish at about 30 cm 
of the 1990 year class, which is again consistent with the commercial data from the Pukaki 
Rise, but different from the other two areas. 

4.3 Biomass estimates 

The Baranov catch equation incorporated in the VPA programs assumes that fishing mortality 
and natural mortality occur simultaneously throughout the year. However, in the SBW fishery 
most of the fishing is carried out over a short period right at the end of the fishing year. Thus, 
for modelling purposes an alternative catch equation, which first removes all natural mortality 
and then removes all fishing mortality, is more appropriate. However, the VPA programs 
could not be changed in time to allow this to be used for the cun-ent assessment, so the 
Baranov equation was retained. Beginning of year biomass was projected forwards to the pre- 
season spawning biomass by multiplying by e-M. 

4.3.1 Campbell Island Rise 

The catch-at-age data were analysed using programs developed by the Lowestoft Fisheries 
Laboratory and used widely in ICES stock assessments (ICES 1991). The two main programs 
used were ad hoc tuned VPA and separable VPA. A brief description of the models and a 
copy of the 1991 ICES guide to the use of the programs can be found in Hanchet (1992b). 
Ad hoc tuned VPA is the most commonly used model in ICES stock assessments and requires 
an independent data set such as CPUE or survey data to tune the VPA. If tuning data are not 
available or are unreliable, then a separable VPA can be carried out. 

Exploratory analysis using separable VPA was unsuccessful. It was difficult to ascertain 
which values of terminal fishing mortality and terminal selection were the most appropriate. 
Furthermore, the diagnostics suggested that the analysis did not work well, probably because 
the assumptions of a constant exploitation patern had not been met. 



The VPA programs are interactive and have a number of options to be considered for each 
run. Usually, the default options were chosen as they are the ones recommended by ICES 
(ICES 1991; S. Flatman, MAFF Lowestoft, UK, pers. comm.). Each program produces a list 
of diagnostics which were carefully examined before proceeding with the analysis (see the 
ICES 1991 guide in Hanchet 1992b). The ICES guide notes that the SIGMA (overall) value 
is the final estimate of the precision of the analysis, and approximates to the fractional 
coefficient of variation. If this value is greater than 0.3 for important age groups, then the 
results may be inadequate and the assessment considered dubious. Values greater than 0.7 
mean that the quantity in question is not determined within a factor of 2 either way. 

Methods 

The catch-at-age matrix and other input parameters for the ad hoc tuned VPA are shown in 
Appendix 1 (Tables 1-5). The number of age classes and years to be used in the analysis 
must be decided before the runs begin. The choice of the number of age classes is a balance 
between having too many (the older ones may be unreliable due to difficulty in reading older 
fish ages) and too few (which can result in a very large plus group). Lowestoft scientist Steve 
Flatman recommended using ages 2-15 with a plus group comprising age 16 and over. 

It was also necessary to decide over which ages to estimate the mean fishing mortality 
(FBAR) for use in the tuning module. SBW are probably not fully recruited to the fishery 
until age 4 or 5, and F on the oldest 2-3 age classes is not well estimated. It was therefore 
decided to use the age range 5-10 to estimate FBAR. The terminal fishing mortality at age 
16+ in each year was taken to be the average of the previous eight ages. 

Catch-at-age data are available for the period 1982-92, but the early years 1982-85 are less 
reliable as they are based on otolith and length frequency data collected from only one vessel 
in the fleet. The fxst run was therefore restricted to the years 1986-92. An additional run was 
carried out using the entire 1982-92 data set to estimate the geometric mean of recruitment 
over the 1982-89 period. Two runs using ages 2-19 are given for comparison. The VPAs 
were tuned with the Russian Atlantic class catch per unit effort index using the L a m -  
Shepherd method ( L a m  & Shepherd 1983). 

Two other VPAs were run to determine the sensitivity of the results to the tuning data. In one 
run the Japanese CPUE series was used instead of the Russian one. In another run a 
retrospective analysis was canied out by excluding the 1992 data. 

Finally, two runs were made using arbitrary estimates of terminal fishing mortality (i.e., no 
tuniq$. 

Results 

The diagnostics from the tuning indicated that the terminal fishing mortalities on each age 
were poorly estimated with the cv's ranging from 0.2 to 0.9. These cv's may be overestimated 
because they apply equal weightings to strong and weak year classes. For example, the worst 



SIGMAS were recorded for ages 6 and 10, which were unduly influenced by high catchability 
residuals in 1988. These two ages correspond to only weak year classes which would have 
less impact on the actual results of the analysis. Trends in the log catchability residuals by 
age are shown in Figure 15. 

Results of the runs are shown in Table 16. Runs 1 - 4 gave similar results for the period 
1986-90, though the 1992 biomass was slightly higher when the longer time period was 
used. Runs 3 and 4 gave widely differing estimates of 1982 biomass, probably because of 
problems with the treatment of the plus group in run 3. The large decline in spawning stock 
biomass from 1982 to 1986 in that run is inconsistent with the small catches of SBW taken 
during those years. 

Run 5, using the Japanese CPUE series, gave a much lower 1992 biomass than the other runs. 
Retrospective analysis showed that the analysis was highly dependent on the final year of the 
tuning data set. When the final year was excluded (run 6), the 1991 biomass was almost 
double that estimated in the other runs. 

Although there is always likely to be noise in the tuning data set it is probable in this instance 
that the 1992 index was biased downwards because the fishing season began late relative to 
the spawning season in 1992 (see Section 3.1.4). This, together with the high SIGMAS 
recorded in the diagnostics, suggests that the 1992 biomass estimate has a high degree of bias 
and imprecision. Therefore the 1992 CPUE index and the tuning method were rejected by the 
Plenary, and instead two VPA runs based on arbitrary values of terminal fishing mortality 
were presented. The two values selected for fully recruited fishing mortality were F, = 0.2 
and F, = 0.45. The higher value was similar to the terminal F estimated from run 1 of the 
tuned VPA, which was felt to be near the upper limit of the plausible range because of the 
large catch to biomass ratio of 45% observed in 1989. The lower value of F, was felt to be 
near the lower limit of the plausible range because of the very high recent recruitment levels 
predicted in this run. The geometric mean of recruitment for the period 1982-89 was about 
45 million for each of the tuned VPA runs, whereas the run using F, = 0.2 implied 
recruitments between two and four times that for 3 of the last 5 years. 

The terminal Fs of 0.2 and 0.45 were achieved by changing the 1992 CPUE index until the 
mean fishing mortality over ages 5-10 in 1992 (FBAR) was about equal to the required value. 
(F, = 0.2 corresponded to a CPUE index of 3.8 whilst F, = 0.45 corresponded to a CPUE 
index of 2.2.) The resulting estimates of pre-season spawning biomass and mean F for F, = 
0.2 and F, = 0.45 are shown in Table 16 (runs 7 and 8) and Appendices 2 and 3, and plotted 
in Figure 16. 

Under the more optimistic scenario (F, = 0.2), spawning stock biomass declined from 
100 000 t in 1986 to 67 000 t in 1992. Mean F was less than 0.2 fiom 1986 to 1988, peaked 
at 0.54 in 1989, and subsequently declined to 0.2-0.3. Under the more pessimistic scenario 
(F, = 0.45), spawning stock biomass declined from 90 000 t in 1986 to 32 000 t in 1992. 
Mean F was about 0.2 from 1986 to 1988, peaked at 0.67 in 1989, and subsequently declined 
to 0.4-0.45. 



I Catch Projections 

1 The pre-season 1993 estimates were projected to the beginning of the 1994 season using (1) 
the 1986-89 geometric mean recruitment of 60 million (F, = 0.2) or 46 million (F, = 0.45) 
2 year olds for 1992 onwards, (2) an average exploitation pattern based on the years 1989-91, 
and (3) assuming a 1992-93 Campbell Island Rise catch of 10 000 t. 

Projected estimates of pre-season spawning biomass in 1994 are shown in Table 17. 

4.3.2 Bounty Platform stock 

The method used last year for &riving abundance indices from trawl surveys for this stock 
appears incorrect because a virgin biomass of 47 000-53 000 t was estimated using this 
method, whereas the 1991-92 catch was almost 60 000 t. CPUE indices are available for the 
stock for the past 3 years, but these have increased over the period (see Table 9) and cannot 
be used in a stock reduction analysis. Catch-at-age data (see Table 11) suggest that the 
1991-92 catch was dominated by the same strong 1986 and 1988 year classes as were found 
on the Campbell Island stock. Catch curve analysis was attempted, but the analysis was biased 
because the underlying assumptions had not been met. 

Since there was relatively little fishing on this stock before 1991-92, this biomass could be 
regarded as being close to the unexploited or virgin state. Given the level of catch and 
plausible range of exploitation rates, the biomass from the Bounty Platform might be of a 
similar order of magnitude to that from the Campbell Island Rise, at least over the short term. 

4.43 Pukaki Rise stock 

The method used last year for estimating biomass for this stock appears incorrect for the 
reasons outlined above for the Bounty Platform stock. There are no CPUE indices available 
for this stock, and only limited catch-at-age data. Neither virgin biomass nor current biomass 
can be estimated. 

4.4 Other studies 

4.4.1 Yield per recruit 

The exploitation rate, u, was &fined as the catch/pre-season biomass. The exploitation rate 
associated with Feel, uoml was estimated at 0.25 from a yield per recruit analysis assuming M 
equal to 0.2. The other parameters used in the yield per recruit analysis are shown in 
Appendix 1. 



4.4.2 Prediction of recruitment 

Because of the large fluctuations in year class strength in this fishery it is important to find 
a good predictor for year class strength. Estimates of the number of recruits in the Campbell 
Island Rise stock (2 year olds) were obtained from VPA run number 3 (see Section 4.3.1), 
and covered the period 1982-89. The predictors examined were the number of 2 year olds of 
that year class caught in the commercial fishery, and the sea surface temperature recorded 
from fishing vessels during September of the year when that year class was spawned. The 
temperature at the depth at which the gear was towed, measured by the net monitor, was also 
examined but appeared to be quite unreliable. This is probably because each vessel uses a 
number of net monitors in a trip (all of which are uncalibrated), and also because the depth 
of the gear varies both within and between seasons and may at times be fished near the 
bottom but at other times well up in mid water. 

The numbers of 2 year olds caught in the fishery were obtained from the catch-at-age matrix 
(see Table 10) and standardised by dividing by the total effort for that year. The number of 
2 year olds in the catch was positively correlated with the estimated number of 2 year olds 
in the population (3 = 0.54, Pc0.05). 

Water temperatures from 1979 to 1986 were recorded by the Japanese research vessel Shinkai 
Mum and are assumed to be reliable. Between 1987 and 1992 all temperature data came from 
Japanese commercial fishing vessels and were uncalibrated. For each year, the daily 
temperature records for September were plotted by vessel and any obvious outliers removed. 
The remaining values were averaged to give a mean value for the season. (The mean and 
median were in close agreement) The surface temperature was positively correlated with the 
estimated number of 2 year olds in the population (3 = 0.64, Pc0.01) (see Figure 17). 

4.5 Yield estimates 

4.5.1 Estimation of Maximum Constant Yield (MCY) 

6 )  Campbell Island stock 

Preliminary estimates of virgin biomass were obtained from the product of the spawning stock 
biomass per recruit (age 2) in an unfished stock (2.15 kglRecruit) and the geomemc mean of 
recruitments calculated from the VPA. Using mean recruitments of 46 million and 60 million, 
gave virgin biomass estimates of 100 000 t and 130 000 t respectively. 

MCY estimates were calculated using the equation MCY = 0.25 4.1 Bo (a mWrcation of 
Method 1 of Annala 1993). 4 was estimated from a yield per recruit analysis in a model 
which assumes all natural morhty occurs before fishing mortality, and equalled 0.25. MCY 
estimates corresponding to the two estimates of virgin biomass were 6180 t and 8060 t 
respectively. 

MCY was also estimated using the equation MCY = cYm (Method 4 of Annala 1993). Both 
fishing effort and catches have increased in this stock since 1987-88, and so the period used 
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for Yav was 1978-79 to 1986-87. c was estimated to be 0.8 based on the estimate M = 0.2. 

MCY = 0.8 * 11 250 = 9000 t 

The level of risk to the stock by harvesting the population at the estimated MCY value has 
not been determined. 

(ii) Bounty Platform stock 

MCY cannot be calculated. 

(iii) Pukaki Rise stock 

MCY was estimated using the equation MCY = cY,, (Method 4 of Annala 1993). The period 
used to estimate Yav was taken to be 1978-79 to 1991-92. c was estimated to be 0.8, based 
on the estimate M = 0.2. 

MCY = 0.8 * 2500 = 2000 t 

Because the stock has been only lightly fished in some of the years, the estimate is likely to 
be conservative. 

The level of risk to the stock by harvesting the population at the estimated MCY value, 
cannot be determined. 

4.5.2 Estimation of Current Annual Yield (CAY) 

(i) Campbell Island stock 

CAY was estimated from the equation: 

B, ,, was estimated from the two alternative VPA runs assuming F, = 0.2 or F, = 0.45, 
and using the 1986-89 geomemc mean recruitment (numbers at age 2) of 60 million 
(F, = 0.2) or 46 million (F, = 0.45) for 1992 onwards and an average exploitation pattern 
based on the years 1989-91. B, ,, was estimated assuming a 1992-93 catch of 10 000 t. 
The resulting estimates of CAY ranged from 7100 to 16 300 t (Table 17) for both years. 

The level of risk to the stock by harvesting the population at the estimated CAY cannot be 
determined. 

(ii) Bounty Platform stock 

CAY cannot be estimated because of the lack of a reliable current biomass estimate. 



(iii) Pukaki Rise stock 

CAY cannot be estimated because of the lack of a reliable current biomass estimate. 

5. MANAGEMENT IMPLICATIONS 

(a) Campbell Island stock 

Estimates of virgin biomass were considered imprecise. Estimates of c m n t  biomass and 
yield are also extremely uncertain. The CPUE indices for each fleet in 1991-92 were the 
lowest on record, but it is suspected that these were biased downwards because the fishing 
season began late relative to the spawning season. Because of the uncertainty surrounding the 
1992 CPUE index, it was believed that it was not useful for tuning the VPA. Instead, two 
arbitrary levels of fully recruited terminal (1992) fishing mortality were used to provide 
approximate bounds for the plausible range of biomass. These were then projected forward 
to the beginning of the 1994 fishing season assuming a catch of 10 000 t in 1993 and average 
recruitment and selectivity patterns. The corresponding CAYg2-g3 estimates were 16 200 t 
OF92 = 0.2) and 7100 t (Fg2 = 0.45), and the estimates of were 16 300 t (F, = 0.2) 
and 7 100 t (F, = 0.45). Because of uncertainty about the 1992 fishing mortality rates and the 
sizes of the incoming year classes, it is not known if recent catch levels are sustainable or if 
they are at a level that will allow the stock to move towards a size that will support the MSY. 
The range of the estimates presented illustrates the uncertainty in our understanding of the 
current status of the Campbell Island stock. 

(b) Bounty Platform stock 

The status of this stock is extremely uncertain. There has been a massive increase in landings 
in this stock from 4000 t to 11 000 t to almost 60 000 t in the last 3 years. Because of the 
rapid increase in the size of this fishery there are no time series of data available on which 
to base an assessment. 

Since there was relatively little fishing on this stock before 1991-92, the 1992 pre-season 
biomass could be regarded as being close to the unexploited or virgin state. Given the level 
of catch and the plausible range of exploitation rates, the biomass and yields from the Bounty 
Platform might be of a similar order of magnitude to those from the Campbell Island Rise 
over the short term. It should be stressed that there is consi&rable uncertainty with regard 
to the status of this stock. 

(c) Pukaki Rise stock 

The status of this stock is uncertain. No estimates of biomass are available for this stock. 
Because the fishery is relatively new, the validity of the estimated MCY (2000 t) as a long- 
term yield is unknown. However, it is likely that the stock is still in the fishing-down phase 
and that substantially higher yield can be taken over the short term. 

Because recruitment is highly variable in the SBW fishery it is important to carry out regular 



surveys and assessments of the stock if the yields from the fishery are to be maximised. 
Future assessments will probably be extremely sensitive to predictions about recruitment of 
the incoming year classes as biomass in each of the stocks is fished down. 
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Table 1: Estimated catches (t) of southern blue whiting by EEZ area for the 1 October to 30 September fishing 
years for the period 1978-79 to 1991-92. Source - vessel logbooks. For the purposes of this table 
Bounty Platform is > 176%; Campbell Island Rise is > 50°30'S and > 168O30'E; and Pukaki Rise 
is the remaining area (Fig.1). (Note this table has been updated since Hanchet (199lb' 1992) to beaer 
reflect smk boundaries and to make a consistent fishing year.) -, no data. 

Campbell 
Island 
Rise 

Pukaki 
Rise Total 

Bounty 
Fishing year Platform 

- Calendar year 
* 1 April - 30 September 
+ 1 October - 30 September 

Table 2: Estimated landings (t) of southern blue whiting by fishing year and calendar year from 
198M7 to 1991-92 and estimated season total landings by calendar year for 1987 to 1992. 
Source - Quota Monitoring System. LFRR, Licensed Fish Receiver Report. 

Fishing year LFRR total Calendar year Estimated season total 



Table 3: Catches (t) of southern blue whiting by month in the SubAntarctic. (Note table has been 
updated since Hanchet (1991b) due to slight differences in stock boundaries.) For the 
purposes of this table Bounty Platform is > 176OE; Campbell Island Rise is > 50°30'S and 
> 168'30.E; and Pukaki Rise is the remaining area (Fig.1). 

J F M A M J J  A  S 0 N D Totals 

Bounty Pladorm 
1978 - 
1979 0 
1980 0 
1981 0 
1982 0 
1983 0 
1984 0 
1985 0 
1986 0 
1987 0 
1988 0 
1989 0 
1990 0 
199 1 0 
1992 0 

Campbell Island Rise 
1978 - - - 0  0 
1979 4 650 1 037 48 175 297 
1980 1609 1114 80 403 281 
1981 989 860 10 668 17 
1982 742 48 32 0 0 
1983 3 086 410 299 7 188 
1984 695 183 473 678 399 
1985 1 0 45 58 14 
1986 0 0 0 3 0 
1987 1 0 0 0  0 
1988 0 2 0 0  0 
1989 0 0 0 0  0 
1990 0 0 0 0  0 
1991 0 0 0 0  0 
1992 0 0 0 1  0 

F'ukaki Rise 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 



. Table 4: Number of vessels fishing for southern blue whiting on Campbell Island Rise between August and October by :.. 

size and nationality. Vessels in brackets have not been used in the subsequent analysis. -, no vessels fishing in 
those years. 

Soviet vessels 
Atlantic super- Atlantic 

<80 m 82 m 83-88 m >lo0 m 

- 7 - - 
- 11 1 - 
- 3 1 - 
(5) 2 2 - 
- 8 2 - 
(4) 6 2 - 
1 6 4 - 
2 3 4 - 
- 4 4 2 
- 3 5 - 
- 5 4 - 
- 12 1 3 
- 13 5 5 
- 11 3 14 
- 6 2 19 

Total number of 
of vessels used 

in analysis 

7 
12 
4 
4 
10 
8 
11 
9 
13 
11 
15 
23 
31 
32 
39 

Season 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

Table 5: Catch (t), effort (h) and CPUE (tlh) data by week during 1992 for the 3 categories of vessel on the 
Campbell Island Rise. (Week 1 starts 15 August, etc.) Note, no fishing in weeks 1-3. Indexl, weeks 
4-7 for the Soviet fleets and 4-6 for the Japanese fleet. Inded, index excluding vessels which may 
have been recording tow start and finish times incorrectly. 

Soviet 
Atlantics 

Soviet 
super- Atlan tics 

Japanese 
surimi Week 

4 
catch 465 
effort 112 
CPUE 42 

catch 
effort 
CPUE 

catch 
effort 
CPUE 

catch 
effort 
CPUE 

7 

Index 1 
catch 
effort 
CPUE 

catch 
effort 
CPUE 



Table 6: Catch (t), effort (h) and CPUE (th) data by week during 1978-1982 for the Soviet Atlantic class fleet 
on the Campbell Island Rise. (Week 1 starts 15 August, etc.). (No fishing in week 1) (-, no vessels 
fishing) 

Week 

catch 
effort 
CPUE 

catch 
effort 
CPUE 

catch 
effort 
CPUE 

catch 
effort 
CPUE 

catch 
effort 
CPUE 

catch 
effort 
CPUE 

catch 
8 effort 

CPUE 

Index catch 
(Wks effort 
4-71 CPUE 



Table 7: CPUE (t/h) indices, and catch (t) for vessels providing CPUE data by year for the 3 main fleets, and 
total standardised fshing effort, -, no fishing by those vessels in those seasons. Standardised effort, 
total catch on Campbell Island Rise divided by Atlantic class CPUE; Atlantic %. Atlantic class catch 
used in the index as a percentage of the total catch. 

Soviet Standardised 
Effort 
0) 

Ja~anese 
CPUE Catch 

% 
Atlantic 

Atlantic (82-88 rnr sumr Atlantic b100 m) 
CPUE Catch CPUE Catch Season 

Table 8: Catch (t), effort (h) and CPUE (t/h) data by week for 1992 to 1988 for the Soviet Atlantic class on 
the Campbell Island Rise. (Week 4 starts 5 September). Index, sum of weeks &7. No fshing in weeks 
1-3. 

Week 

4 

5 

6 

7 

Index 

catch 465 118 2004 593 1 283 
effort 112 16 560 239 381 
CPUE 4.2 7.6 3.6 2.5 3.4 

catch 1 171 3 267 419 4 519 2 162 
effort 557 625 290 1 002 398 
CPUE 2.1 52 1.4 4.5 5.4 

catch 444 2 323 2 921 2 269 662 
effort 303 772 664 589 326 
CPUE 1.4 3 .O 4.4 3.9 2.0 

catch 169 162 1 227 25 205 
effort 97 79 279 10 154 
CPUE 1.7 2.1 4.4 2.5 13 

catch 2 249 5 870 6 571 7 405 4 313 
effort 1 070 1 491 1 793 1 839 1 259 
CPUE 2.1 3.9 3.7 4.0 3.4 



Table 9: 

Week 

1 

2 

3 

4 

5 

6 

Index 
(Wks 
3-41 

Catch (t), effort Q and CPUE (t/h) data by week for each of the 1990, 1991 and 1992 seasons and 
for the three categories of vessel on the Bounty Platform. (Week 1 starts 15 August, etc.) -, no data. 

catch 
effort 
CPUE 

catch 
effort 
CPUE 

catch 
effort 
CPUE 

catch 
effort 
CPUE 

catch 
effort 
CPUE 

catch 
effort 
CPUE 

catch 
effort 
CPUE 

Atlantic 
Soviet 

suwr- Atlantic 
1992 



Table 10: Catch-at-age matrix for the Campbell Island Rise (in '000s) 



Table 11: Catch-at-age data for the Bounty Platform (in '000s of fish) 



1 Table 12a: Dates associated with presence of certain gonad stages of SBW in 1988-92 on Campbell 
Island Rise, and % spent and reverted in the last sample. (-, could not be determined) 

Gonad stage 1988 1989 1990 1991 1992 

1st sample 
>lo% ripe 
>lo% running ripe 
Main spawning 
>lo% spent 
> 10% reverted 
>50% spent 
2nd spawning 

Last sample 2/10 22P 27/9 25/9 22/9 
% spent 50% 35% 60% 70% 80% 
% reverted 50% 10% 5% 20% 5% 

Table 12b: Dates associated with presence of certain gonad stages of SBW in 1990-92 on Bounty 
Platform, and % spent and reverted in the last sample. (-, could not be determined) 

Gonad stage 1990 1991 1992 

1st sample 2/9 2/9 418 
> 10% ripe - - 1518 
>lo% running ripe - - 1 718 
Main spawning - - 17-2218 
>lo% spent 4/9 - 2/9 
>lo% reverted a 9  <2/9 2218 
>SO% spent - - 5/9 
2nd spawning 3-619 2-7P 3018-619 

Last sample 
% spent 
% reverted 

Table 12c: Dates associated with presence of certain gonad stages of SBW in 1989-92 on Pukaki 
Rise, and % spent and reverted in the last sample. (-, could not be determined) 

Gonad stage 1989 1990 1991 1992 

1 st sample 22/9 14/9 819 819 
>lo% ripe - c14/9 <8/9 4319 
>lo% running ripe - <14/9 499 <13/9 
Main spawning - ?-14D 8-1 1/9 - 
>lo% spent 419 14/9 1119 - 
>lo% reverted R3/9 15/9 1 1/9 - 
>SO% spent - - - - 
2nd spawning 22-24/9 22-?19 - 27-28/9 

Last sample 
% spent 
9% reverted 



Table 13: Biomass estimates (t) of southern blue whiting from the results of trawl s w e y s  (@er 
Hanchet 1992). 

Biomass (t x cv 
Date Vessel Wingspread Doorspread (%) Source 

May 1979 
Sep 1979 
Oct 1979 
Mar-May 1982 
Oct-NOV 1983 
Oct-NOV 1989 
Jul-Aug 1990 
Nov-Dec 1990 
Nov-Dec 1991 
Nov-Dec 1992 

Wesermiinde 
Wesermiinde 
Wesermiinde 
Shinkai Maru 
Shinkai Maru 
Arnaltal Explorer 
Arnaltal Explorer 
Arnaltal Explorer 
Tangaroa 
Tangaroa 

Francis (1981) 
Francis (1981) 
Francis (1981) 
van den Broek et al. (1984) 
Hatanaka et al. (1989) 
Hurst & Schofield (1990) 
Hurst & Schofield (1991) 
Hum & Schofield (1991) 
Chatterton et al. (1992) 
Chatterton et al. (1993) 

Values derived from data presented by Francis (1981). ' Doorspread to wingspread ratio assumed to be 4.0. 
* Doorspread to wingspread ratio assumed to be 3.6 (see Hurst & Schofield 1990). 

Table 14: Assumptions used in the estimation of comparable southern blue whiting biomass indices 
from recent trawl s w e y s  (source Hurst & Schofield 1990, 1991, Chatterton et al. 1992, 
Chatterton and ~anche;  in prep.). V, vulnerability; AA, areal availability; VA, vertical 
availability. Some biomass estimates differ from Table 13 because of different areal 
availabilities in each survey (see also Hurst & Schofield 1991). 

Year 

1982 
1983 
1989 
1990 
1990 
1991 
1992 

Number of Headline 
Voyage comparable height 

Months Vessel Code tows (m) V 

Apr-May Shinkai Maru SHI8201 132 9.3 1.0 
Oct-Nov Shinkai Maru SHI8302 158 7.3 1.0 
Oct-Nov Amaltal Explorer AEX8902 119 9.8 1.0 
Jul-Aug Amaltal Explorer AEX9001 119 4.9 1.0 
Nov-Dec Amaltal Explorer AEX9002 177 4.4 1.0 
Nov-Dec Tangaroa TAN9 105 155 6.7 1.0 
Nov-Dec Tangaroa TAN921 1 160 7.4 1.0 

Doorspread 
biomass 
estimate 

VA (0 

Table 15: Doorspread biomass estimates (t) of southern blue whiting and percentage of biomass in each area 
for each survey (- not surveyed). 

southern 
Auckland Bounty Campbell Pukaki 

Islands Platform Plateau Rise Total 
t % t %  t %  t %  0) 

1982 187 (0.2) 34 588 (37) 38 046 (41) 20 566 (22) 93 480 
1983 341 (0.6) 5 975 (11) 46 264 (81) 4 382 (8) 56 905 
1989 67 (02) 13 306 (40) 13 539 (41) 6 436 (19) 33 348 
1990 (w) 6 (0.05) 1 910 (15) 7 950 (64) 2 637 (20) 11 941 
1990 (s) 5 (0.03) 13 982 (76) 2 714 (14) 1 803 (9) 17 392 
1991 173 - 3 405 3 432 7009 
1992 395 (4) 1 380 (15) 4 807 (54) 2 368 (27) 8 950 



Table 16: Pre-season spawning stock biomass and mean fishing mortality from the preliminary and final VPA runs. (-, biomass and fshing mortality not estimated) 

(a) Pre-season spawning stock biomass, in '000 t, for years 82-92 born the VPA runs. 

Run Method ages years 82 83 84 85 86 87 88 89 90 9 1 92 

(1) tuned VPA 2-16 86-92 - - - - 90 72 60 53 40 42 30 
(2) tuned VPA 2-19 8692 - - - - 82 67 58 52 40 42 29 
(3) tuned VPA 2-16 82-92 158 163 118 100 94 76 64 58 46 49 37 
(4) tuned VPA 2-19 82-92 102 105 97 84 83 69 60 55 44 47 35 

(5) tuned VPA 2-16 86-92 - - - - 88 70 59 51 37 37 24 
(6) tuned VPA 2-16 86-9 1 - - - - 100 8 1 69 63 55 81 - 

(b) Mean fishing mortality over ages 5 - 10 for years 82-92 from the VPA runs. 

Run Method ages years 82 83 84 85 86 87 88 89 90 91 92 

(1) tuned VPA 2-16 86-92 - - - - 0.19 0.16 0.23 0.69 0.44 0.47 0.48 
(2) tuned VPA 2-19 86-92 - - - - 0.19 0.16 0.23 0.70 0.45 0.48 0.49 
(3) tuned VPA 2-16 82-92 0.05 0.06 0.11 0.06 0.18 0.15 0.21 0.61 0.36 0.35 0.33 
(4) tuned VPA 2-19 82-92 0.06 0.06 0.13 0.06 0.19 0.16 0.22 0.65 0.39 0.38 0.36 

(5) tuned VPA 2-16 86-92 - - - - 0.19 0.17 0.24 0.72 0.49 0.55 0.64 
(6) tuned VPA 2-16 86-9 1 - - - - 0.16 0.14 0.20 0.55 0.32 0.29 - 

Notes: 
(5) Using the Japanese CPUE index for the entire series. 
(6) Retrospective analysis. 
(7) Using an arbitrary value of 0.2 for Fw 
(8) Using an arbitrary value of 0.45 for Fw 



Table 17: Estimates of preseason spawning stock biomass (t), CAY, and MCY for the specified 
fishing years under two assumptions of fishing mortality in 1991-92 

,. 
F91-92 B1986 J3 1993 Bl, cAY92-93 CAY93-94 MCY 
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Figure 1. Main distribution area and spawning grounds of southern blue whiting, 
showing proposed stock boundaries. 



Figure 2. Midday positions of vessels in the southern blue whiting fishery on 25 
Auaust. and 9 and 18 Seotember. 1992. 



Longitude 

Figure 3. Position of all tows targetting southern blue whiting in August and 
September 1992. 
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Figure 4. Mean weighted CPUE by season for the Soviet Atlantic class (82-88 m 
long), Soviet super Atlantic class (>I00 m) and Japanese vessels. 
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Figure 5. Weighted length frequency distribution of the catch for the northern 
Campbell Island Rise ground. (N, number of fish measured, n, number 
of samples). 
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Figure 5. continued. 



Males 1990 -1 N-458, 

3000 1 Males 1991 

Fork length (cm) 

2000- 

1000 - 

Figure 6. Weighted length frequency distribution of the catch for the southern 
Campbell Island Rise ground. (N. number of fish measured, n, number 
of samples). 
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Figure 6. continued. 
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Figure 7. Weighted length frequency distribution of the catch of the Campbell 
Island stock. (N, number of fish measured, n, number of samples). 
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Figure 7. continued. 
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Figure 8. Weighted length frequency distribution of the catch on the Bounty 
Platform. (N, number of fish measured, n, number of samples). 
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Figure 8. continued. 
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Figure 9. Weighted length frequency distribution of the catch on the Pukaki Rise. 
(N, number of fish measured, n, number of samples). 
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Figure 9. continued. 



Age distribution of the catch 1982 - 1992 

Age (years) 

Figure 10. Age composition of the catch on the Campbell Island Rise from 1982 to 
1992. Arrows denote strong year classes and the year they were 
spawned. 
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Figure 11. Position of all observed tows catching running ripe female southern 
blue whiting, 1989-1992. BP, Bounty Platform; PR, Pukaki Rise; NCIR, 
Northern Campbell Island Rise; SCIR, Southern Campbell Island Rise. 
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Figure 12. Weighted length frequency distributions for the Campbell Island stock 
from trawl suweys carried out in spring 1989 (AEX8902), spring 1990 
(AEX9002). spring 1991 (TAN91 05) and spring 1992 (TAN921 1). CV, 
mean weighted cv of the length frequency distribution; n, number of 
stations where fish were measured. 
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Figure 13. Weighted length frequency distributions for the Bounty Platform stock 
from trawl surveys carried out in spring 1989 (AEX8902), spring 1990 
(AEX9002), and spring 1992 (TAN921 1 ). 
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Figure 14. Weighted length frequency distributions for the Pukaki Rise stock from 
trawl surveys carried out in spring 1989 (AEX8902), spring 1990 
(AEX9002), spring 1 991 (TAN91 05) and spring 1 992 (TAN921 1). 
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Figure 15. Plots of log catchability residuals against fishing season for each of the 
dominant ages, assuming F, = 0.45. 
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Figure 16. Pre-season spawning stock biomass trajectories from 1986 to 1993 
under two different assumptions about fishing mortality (F) in 1992. 

Surface temperature ('C) 

Figure 17. Plot of recruitment (number of 2 year olds), assuming F, = 0.45, 
against sea surface temperature in September of the year that they 
were spawned. Fitted regression, assuming F, = 0.45, (Y = 87062'X 
- 588392; P = 0.642; P< 0.01). 



Appendix 1 Input tables for the Virtual Population Analysis 
runs. 

Run title : sbw from southern campbell plateau, sbw93 

Traditional vpa Terminal Fs estimated using Laurec-Shepherd 

Catch numbers at age Numbers*lO**-3 
1986, 1987, 1988, 1989, 1990, 1991, 1992, 

Table 1 
YEAR. 

AGE 
2. 
3, 

8. 
9. 

10. 
11, 
12. 
13, 
14. 
15. 

+me 
TOTALNUM , 
TONSLAND, 
SOPCOF %, 

Traditional vpa Terminal Fs estimated using Laurec-Shepherd 

Table 2 
YEAR, 

Catch weights at age (kg) 
1986, 1987, 1988, 1989, 1990, 1991, 1992, 

AGE 
2 ,  
3, 

+ m e  

SOPCOFAC, 

Traditional vpa Terminal Fs estimated us ng Laurec-Shepherd 

Table 3 
YEAR, 

Stock weights at age (kg) 
1986, 1987, 1988, 

AGE 
2. 
3, 
4, 
5, 
6. 
7. 
8. 
9. 

10. 
11. 
12, 
13. 
14, 
15, 



Run title : sbw from southern campbell plateau, sbw93 

At 23/03/1993 8:42 

Traditional vpa Terminal Fs estimated using Laurec-Shepherd 

Table 4 
YEAR. 

AGE 
2, 
3, 
4, 
5. 
6, 
7. 
8. 
9, 

10. 
11. 
12, 
13. 
14. 
15, 

+me 

Table 5 
YEAR, 

AGE 
2 ,  
3, 
4.  
5, 
6. 
7, 
8. 

Natural Mortality (MI at age 
1986, 1987, 1988, 1989, 

Traditional vpa Terminal Fs estimated using Laurec-Shepherd 

Proportion mature at age 
1986, 1987, 1988. 

Proportion of M before spawning 1.0000 

Proportion of F before spawning 0.0000 



Appendix 2 Results of the VPA run using Fg2 = 0.2. 

L 

Run title : sbw from southern campbell plateau, sbw93 

Traditional vpa Terminal Fs estimated using Laurec-Shepherd 

0 Table 8 Fishing mortality (F) at age 
YEAR. 1986, 1987, 1988, 1989, 1990, 1991, 1992, 

AGE 
2, 
3, 
4, 
5, 
6, 
7. 
8, 
9. 

+mt 
0 FBAR 5-10, 
1 

Run title : sbw from southern campbell plateau, sbw92 

Table 16 Summary (without SOP correction) 

Traditional vpa Terminal Fs estimated using Laurec-Shepherd 

0, RECRUITS, MTALBIO, MTSPBIO, LANDINGS, FBAR 5-10. 
0 

1986, 45462, 130658, 98457, 15252, .1696, 
1987, 41142, 108211, 80014, 12804, .1386, 
1988, 108544, 105980, 69482, 17422, .1988. 
1989, 63898, 98823, 66882, 26111, .5374, 
1990, 157508, 105684, 60294, 16542, .2884, 
1991, 20451, 102922, 73265, 21314, -2507, 
1992, 128578, 106830, 66479, 14208, .1980, 

o Units, (Thousands), (Tomes). (Tonnes). (Tonnes). 

FBAR 90-92 



Run title : sbw from southern campbell plateau, sbw92 

Traditional vpa Terminal Fs estimated using Laurec-Shepherd 

0 Table 10 Stock number at age (start of year) ~umbers*lO**-3 
YEAR, 1986, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 

AGE 

+9P# 
0 TOTAL, 

GMST 86-89 AMST 86-89 



Appendix 3 Results of the VPA run using Fg2 = 0.45. 

Run title : sbw from southern campbell plateau, sbw93 

Traditional vpa Terminal Fs estimated using Laurec-Shepherd 

0 Table 8 Fishing mortality (F) at age 
YEAR, 1986, 1987, 1988, 1989, 1990, 1991, 1992, 

AGE 

+gP. 
0 FBAR 5-10, 

Run title : sbw from southern campbell plateau, sbw92 

Table 16 Summary (without SOP correction) 

Traditional vpa Terminal Fs estimated using Laurec-Shepherd 

0 Units, 
1 

RECRUITS, 

39758, 
34881, 
78748, 
39654, 
96135, 
9725, 

50621, 
(Thousands), 

MTALBIO, 

119439, 
96924, 
89712, 
76883, 
70105, 
61016, 
48866, 

(Tonnes) , 

MTSPBIO, 

90300, 
71981, 
60578, 
53632, 
41199, 
43674, 
31467. 

(Tonnes) , 

LANDINGS, 

15252, 
12804, 
17422. 
26111, 
16542. 
21314, 
14208, 

Tonnes) , 

FBAR 

FBAR 90-92 

.0464. 



Run title : sbw from southern campbell plateau, sbw92 

Traditional vpa Terminal Fs estimated using Laurec-Shepherd 

0 Table 10 Stock number at age (start of year) Numbers*lO**-3 
YEAR, 1986, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 

AGE 
2. 39758, 34881, 78748, 39654, 96135, 9725, 50621, 0, 
3. 36850, 31774, 27350, 62249, 32124, 77808, 7306, 39747, 
4. 4956. 27070. 22753. 18147. 42832. 22402. 36874. 4456. 

9. 2879, 
10. 3506, 
11, 4090, 
12, 2174, 
13, 3310, 
14. 2974, 
15, 3348, 

+QP, 22134, 
0 TOTAL, 221076, 

GMST 86-89 


