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1. EXECUTIVE SUMMARY 

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

For the Campbell Island stock catch-at-age data from 1979 to 1994, CPUE data from 1986 
to 1994, and acoustic estimates of adult biomass from 1993 and 1994 were fitted using the 
separable Sequential Population Analysis used in last year's assessment. Estimates of mid- 
season spawning stock biomass declined from 1979 to 1993, but increased sharply in 1994. 
This increase was due to the recruitment of the very strong 1991 year class to the fishery. 
CAY (F,., yield) was estimated for 1994-95 by projecting forward 1995 beginning of year 
numbers at age from the model, assuming recruitment at age 2 equalled the geometric mean 
of recruitment over the period 1979 to 1992. Similarly, CAY for 1995-96 was estimated 
assuming the 1994-95 catch equalled (i) CAY,,, or (ii) 1 1  000 t. CAY,,,,, equalled 
44 000 t (90% CI 33 000-60 000 t). CAY,,,,, equalled 39 000 t (90% CI 30 000-52 000 
t) under assumpion (i), and 50 000 t (90% CI 38 000-67 000 t) under assumpion (ii). MSY 
was estimated by multiplying the yield per recruit at F,,, by the arithmetic mean of 
recruitment over the period 1979 to 1992, and equalled 12 700 t. 

Estimates of current biomass for the Bounty Platform and Pukaki Rise stocks were derived 
from the results of the acoustic surveys. Adult biomass estimates from surveys in 1993 and 
1994, together with the estimated recruitment (also from those surveys), were projected 
forward to 1995 assuming changes in the population from natural mortality were exactly 
balanced by growth. The projection was carried forward to 1996 using the estimated 
recruitments from the surveys, making the same assumptions about M and growth, and 
assuming the 1994-95 catch equalled ( i )  CAY,,,,, and (ii) the current (1993-94) catch limit. 
Estimates of CAY,,,, on Bounty Platform ranged from 22 000 to 30 000 t and CAY,,,,, 
ranged from 15 000 to 25 000 t. Estimates of CAY,,,,, on Pukaki Rise ranged from 12 000 
to 22 000 t and CAY,,, ranged from 8 000 to 20 000 t. 

2. INTRODUCTION 

2.1 Overview 

This paper reviews the stock assessment of southern blue whiting (SBW) resources in New 
Zealand waters. The recent fishing season is summarised and the results of research carried 
out over the past year are outlined. Length-frequency data and reproductive data are presented 
and their relevance to stock structure is discussed. The standardised catch per. unit effort series 
was updated for the Campbell Island fishery (Ingerson & Hanchet in prep.). These CPUE 
data, together with catch-at-age data for Campbell Island Rise for the period 1979 to 1994 and 
estimates of biomass from acoustic surveys in 1993 and 1994 (Hanchet & Ingerson in prep.), 



were used in a separable Sequential Population Analysis (sSPA) to estimate historic and 
current biomass for the Campbell Island stock. Estimates of current biomass for the Bounty 
Platform and Pukaki Rise stocks were derived from the acoustic surveys (Hanchet & Ingerson 
in prep.). CAYS (F,,, yields) are provided for all three stocks. Estimates of virgin biomass 
and MSY are given for the Campbell Island Rise stock. 

2.2 Description of fishery 

The word season refers to the months of August and September at the end of the fishing year 
(i.e., the 1994 season is part of the 1993-94 fishing year). 

The SBW fishery was developed by Soviet vessels during the early 1970s, with landings of 
over 40 000 t in 1973 and 1974 (Table 1). It was known that SBW spawned in most years 
on the Bounty Platform (Shpak 1978) and in some years on the Campbell Plateau (Shpak & 
Kuchina 1983) and that feeding aggregations could be caught on Pukaki Rise, southeast of 
Campbell Island Rise and Auckland Island's Shelf (Shpak 1978). Some fishing probably took 
place on each of the grounds, but 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 the 
Pukaki Rise and the northern Campbell Island Rise (see Hanchet 1993). In some seasons 
(notably 1979, 1982, and 1983) vessels also targeted spawning fish on the 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 fish for hoki on the west 
coast of the South Island during July and August move in mid to late August to the SBW 
spawning grounds. Between 1986 and 1989, fishing was confined to the spawning grounds 
on the northern Campbell Island Rise. 

Fishing effort increased quite markedly between 1990 and 1992, culminating in the record 
catch in 1992 of over 75 000 t. The increased catch came predominantly from the Bounty 
Platform where catches increased from zero to almost 60 000 t in only 3 years. Catches on 
the Pukaki Rise have also increased in the last 2 years, whilst catches from Campbell Island 
Rise have declined from a peak of 26 000 t in 1989. There was concern that the large 1992 
catch was not sustainable so a catch limit of 32 000 t was introduced for the first time in the 
1992-93 fishing year, and retained for 1993-94. The total catches in those years was 27 800 t 
and 17 800 t respectively. 

2.3 Recent papers 

Results of an acoustic survey of spawning SBW stocks on Bounty Platform, Pukaki Rise, and 
Campbell Island Rise carried out in August and September 1993 were presented by Hanchet 
et al. (1994). A new standardised approach to the analysis of CPUE data was carried out by 
Chatterton (1995). Recent stock assessments were made by Hanchet (1991, 1992, 1993), 
Hanchet & Haist (1994), and Punt (1994). In the most recent stock assessment of the 
Campbell Island Rise stock, CPUE data from 1986 to 1993, together with catch-at-age data 



for the period 1982 to 1993, were modelled using two different approaches to estimate 
historic and current biomass. Hanchet & Haist (1994) used a separable Sequential Population 
Analysis, whereas Punt (1994) used a Laurec-Shepherd tuned Virtual Population Analysis 
(VPA). Catch projection models were run to examine the effect of future catches on stock size 
and fishing mortality in both papers. 

3. REVIEW OF THE FISHERY 

3.1 TACs, catch, landings, and effort data 

3.1.1 Total Allowable Catch 

Catch quotas, allocated to individual operators, were introduced for the first time in the 
1992-93 fishing year. The total catch limit of 32 000 t was to be divided as follows: 15 000 t 
from the Bounty Platform, 11 000 t from a line drawn south of 50" 30' S, and the remaining 
6000 t to be caught north of 50" 30' S (but west of Bounty Platform) (see Figure 1). This line 
separates the Campbell Island fishery from the Pukaki Rise fishery, but divides into two a 
smaller spawning ground on the Auckland Islands Shelf where some vessels were fishing in 
1992-93 and 1993-94. 

3.1.2 Landings 

Estimates of the annual landings of SBW are given in Tables 1 and 2. There are some 
discrepancies between figures on the Licensed Fish Receiver Reports (LFRRs) and the catches 
from vessel logbooks. This is partly 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. A more accurate estimate of the season's landings was therefore obtained 
by combining landings for all months from each calendar year (see Table 2). Before 1990-91, 
when the conversion factors were changed, landings from LFRRs were further corrected by 
multiplying the surimi 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 (see Table 1) and the estimated calendar year total from the LFRRs (see 
Table 2) for most years. The landings given in Table 1 are used for modelling purposes. 

The total catch for 1993-94 was 17 800 t with the catch limit being exceeded slightly on the 
Campbell Island Rise (south of 50" 30' S), but being undercaught on the Pukaki Rise grounds 
(north of 50" 30' S) and on the Bounty Platform. Industry sources have stated that the reason 
for the uncaught quota on the last two grounds is chiefly because some operators did not fish 
their allocation. 

3.1.3 The 1994 season 

The 1994 season again saw a reduction in both the number of vessels and total effort in the 
fishery: about 15 vessels operated in the fishery compared to about 25 vessels in 1993 and 
over 45 in 1992. Seven vessels began fishing on Bounty Platform in mid August. However, 
they had problems locating fish and made such poor catches that most left the grounds. Only 
two vessels were fishing during the peak of the spawning season from 22 to 27 August, a 
time that usually yields the best catch rates. Several more vessels arrived later in the season 



but caught only small amounts of fish and were unable to fill their quota. The total catch was 
only 3700 t. 

Less than 10 vessels fished the Pukaki Rise over a 7-day period during late August and early 
September. Vessels were unable to find large aggregations of fish and only poor catches were 
made, mostly along the south of the Rise. The total catch was 1600 t. Most vessels had 
moved to the Campbell Island Rise by 12 September. 

A maximum of 15 vessels fished the Campbell Island Rise grounds between 9 and 30 
September. Vessels caught about 4000 t on the northern grounds from 11 to 21 September. 
They then moved to the southern grounds till the end of the season where they caught about 
8000 t. There was a higher proportion of larger fish on the northern grounds, but the catch 
in both areas was dominated by 3 year olds of the 1991 year class (see Section 3.2.3). 

Several vessels carried out some opportunistic searching and fishing for SBW on the 
Auckland Islands Shelf from 10 to 14 September. They located aggregations of spawning fish 
there and caught about 750 t during that time. 

3.1.4 CPUE analysis 

Campbell Island Rise 

A new multivariate standardised approach to the CPUE analysis was made for the 1986 to 
1993 period by Chatterton (in prep.). The same approach has been used this year, though two 
new categorical variables (a time of day-net depth interaction variable, and a vessel category 
variable) were included in the analysis (Ingerson & Hanchet in prep.). The indices represent 
the change in CPUE (catch per n. mile) over time after all other significant effects have been 
taken into account. There are a large number of zero values in the data set in some years so 
the data were analysed using two models: a gamma distribution model with a log-link 
function (GLL), and a combined model (last year referred to as a delta-lognormal (DLN) 
model). In the GLL model the CPUE data are modelled using a gamma distribution and the 
modelled data transformed using logarithms and compared to the original data values. In the 
combined model a binomial is used to model the success of a tow (zero or non-zero catch) 
and a gamma log-link model is used for the analysis of the successful tows. 

Both sets of indices show a decline from 1986 to 1992 followed by an increase in 1993 which 
was sustained in 1994 (Table 3). The significant variables for the GLL model were (in order 
of importance) year, time/depth, vessel length, tow position, season, end time and headline 
height. Both models gave similar results, but as the gamma log-link model is less complex 
the results from that model were used in the sSPA (see Section 4.4). The CPUE indices for 
the GLL model were converted to annual indices of relative fishing effort by dividing the . 
total catch for each year by the CPUE index for that year (Table 3). 

Bounty Platform 

The unstandardised approach used last year (Hanchet 1993) was not updated as only two 
vessels fished during the main part of the season. 



3.2 Other information 

3.2.1 Size composition of the commercial catch 

Length frequency data were collected by scientific observers from the commercial catch from 
each fishing ground during 1994. The length frequency data were scaled up to the total catch 
using the "strat" program developed at Greta Point which folIows the method of Schweigert 
& Sibert (1983). The length frequency samples taken on board 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. Results from the two Campbell Island 
grounds were later summed to give the length frequency distribution of the catch from the 
Campbell Island stock. Length frequency data collected from the Campbell Island Rise 
grounds by scientists on board Wesermunde in spring 1979 and 1980, and by an observer on 
board Kuznetsova in spring 1981 were also scaled up in the same way. 

The size distribution of the catch on the northern and southern Campbell Island grounds in 
1994 is shown by sex in Figure 2. The strong 1991 year class dominated the catch for each 
sex, on both grounds, with males outnumbering females by about 2.5 : 1. As in 1991, when 
the 1988 year class first entered the fishery (Hanchet 1992), the proportion of larger fish in 
the catch (> 40 cm) was greater on the northern ground. The size distribution of the catch on 
the Campbell Island Rise since 1979 is shown in Figure 3. A number of strong year classes 
have dominated the fishery throughout this period. The modal length of 3 year old fish in 
1994 is at least 3 cm less than in any other year and is about 5 cm less than the average on 
that ground. 

The size distribution of the catch on the Bounty Platform since 1990 is shown in Figure 4. 
The catches during this period have largely comprised the 1986 and 1988 year classes. These 
year classes are still present in the 1994 catch, together with the 3 year olds of the 1991 year 
class. The modal length of 3 year olds in 1994 is similar to the length of the very strong 1988 
year class when it first recruited as 3 year olds on that ground. 

The size distribution of the catch on the Pukaki Rise since 1989 is shown in Figure 5. The 
catch in most years has been dominated by the strong 1986 year class. The 1979 and 1980 
year classes were reasonably strong in the first two years, whilst the 1990 year class appears 
reasonably strong in the last two years. Although the 1991 year class appeared in the catch 
in 1994 all these fish were immature. The modal length of 3 year olds in 1994 is at least 5 
cm less than in any other year on that ground. 

Only five and seven length frequency samples were collected from the Auckland Islands Shelf 
in 1993 and 1994 respectively. These may not be representative of the catch (Figure 6). The 
otoliths have not been read but, assuming fish have similar growth rates to those on the 
Pukaki Rise and Campbell Island Rise, the catch appears to be dominated by the 1986, 1988, 
and 1991 year classes. 

There are consistent differences in both the relative strength, and in the modal length, of year 
classes between the three main grounds. For example, the 1988 year class was strong on the 
Campbell Island Rise and Bounty Platform, but relatively weak on the Pukaki Rise. The 
modal lengths of the 1986 and 1988 year classes were similar between the Campbell Island 
and Pukaki Rise grounds but 2-3 cm less on the Bounty Platform. Although the 1991 year 



class appears to be strong in each area, 3 year old fish on the Pukaki Rise are at least 3 cm 
smaller than in the other areas. 

3.2.2 Age composition of the commercial catch 

A total of 779 otoliths from the Campbell Island Rise collected in 1994 were read. 
Additionally, otoliths collected in 1979, 1980, and 1981 were read to extend the catch-at-age 
time series back to 1979. The number of otoliths and length frequency records used to 
develop the catch-at-age matrix for each year are given in Table 4. Because no otoliths were 
collected for 1987 the catch-at-age data were estimated by combining the length-frequency 
data for that year with age-length keys for 1986 and 1988. The age-length keys were 
converted to an "equivalent" 1987 key by either adding or  subtracting 1 year's growth to 
preserve year class strength (see Hanchet 1992). In some of the earlier years otoliths were not 
available in every 1 cm size class of small fish for each year, so an average age-length key 
covering the size range 18-39 cm was constructed (see also Hanchet 1993). As part of this 
year's assessment the catch-at-age data were recalculated by adjusting this age-length key 
where necessary to reflect changes in the mean length at age between years. Therefore this 
year's catch-at-age matrix differs slightly from the one presented last year. 

Apart from 1991, all otoliths have now been read by the same reader. Catch-at-age and their 
c.v.s were estimated by combining the scaled length frequency data with the age-length key 
for that year using the "agevar" program developed at Greta Point. The c.v.s incorporate the 
variance from both the length-frequency data and the age-length key. Catch-at-age data are 
tabulated in Table 5 and illustrated in Figure 7. Weighted c.v.s for the catch-at-age data 
ranged from 4 to 18% for most years, but were almost 30% in 1979 and 1980 due to the 
small numbers of otoliths read in these two years. 

3.2.3 Timing of spawning 

The spawning cycle of SBW was described by Hanchet (1993). A summary of the 1994 
reproductive data collected by observers is shown in Table 6. 

The main spawning on the Bounty Platform was from 22 to 27 August, similar to that in 
1993, but several days later than in 1992. There were no samples after 31 August and so the 
timing of the second spawning could not be determined. The timing of spawning on the 
Pukaki Rise could not be determined, but was after 8 September. 

This was the first season that vessels with observers on board fished both the northern and 
southern grounds of the Campbell Island Rise during the spawning season. On the northern 
grounds the main spawning was from 17 to 21 September. On the southern grounds the main 
spawning was from 21 to 27 September. L 

3.3 Recreational, traditional, and Maori fisheries 

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 

No genetic studies have been carried out and, given their close proximity, it is unlikely that 
there would be genetic differences between the fish in the different areas of the sub-Antarctic. 
However, there do appear to be consistent differences between fish from the main fishing 
grounds on Bounty Platform, Pukaki Rise, and Campbell Island Rise based on morphometric 
and biological data. 

Spawning grounds have been identified on the 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 bee Figure 1). Spawning has also 
been observed on the Auckland Islands Shelf in the past two years but it is not yet known 
whether this is an annual occurrence. 

Multiple discriminant analysis of data collected in October 1989 showed that fish from 
Bounty Platform, Pukaki Rise, and Campbell Island Rise could be distinguished (63% 
correctly classified using cross validation) on the basis of their morphometric measurements 
(Hanchet 1991). There are also consistent differences in the modal length and recruitment 
strength of year classes (see Section 3.2.1), and in the timing of spawning bee Section 3.2.3), 
between the Bounty Platform, Pukaki Rise, and Campbell Island Rise. 

Thus, there is strong evidence that fish from the Bounty Platform, Pukaki Rise, and Campbell 
Island Rise return to spawn in the area to which they first recruit. Although there are some 
slight differences between the two grounds on the Campbell Island Rise, it appears most 
likely that they comprise a single stock, with fish recruiting first to the southern ground as 
3 year olds but returning to the northern ground to spawn in later years. Too few data have 
been collected from the Auckland Islands Shelf to determine whether these fish are a separate 
stock or whether they belong to one of the other stocks, and so for the time being they have 
been included with the Pukaki Rise fish. 

For stock assessment it is therefore assumed that there are three stocks: the Bounty Platform, 
the Pukaki Rise (including Pukaki Rise and Auckland Islands Shelf), and the Campbell Island 
Rise (including both spawning grounds on the Campbell Island Rise). 

4.2 Resource surveys 

4.2.1 Trawl surveys 

No new trawl surveys have been carried out in the sub-Antarctic. See Hanchet & Haist (1994) 
for a list of previous surveys. 



4.2.2 Acoustic surveys 

An acoustic survey of the southern blue whiting stocks on the Bounty Platform, Pukaki Rise, 
and Campbell Island Rise was carried out by Tangaroa in August and September 1994. The 
objectives of the survey, the methodology, and the treatment of the results were given by 
Hanchet & Ingerson (in prep.). Three snapshots were completed on Bounty Platform and two 
snapshots were completed on each of the other two grounds. In addition, high density "fleet 
strata" were surveyed on each of the grounds. Southern blue whiting marks were assigned as - 
adults, immatures (mainly 2 year olds) and juveniles (1 year olds), and these were further 
subdivided into probable and possible categories. 

The mean area backscattering results were converted into estimates of absolute biomass using 
the target strength-fork length relationship used for blue whiting in the Northern Hemisphere 
(Monstad et al. 1992). In situ target strength work carried out during the 1994 survey on 
small fish with mean lengths of 27 cm and 31 cm produced results which were consistent 
with that relationship (Hanchet & Ingerson in prep.). 

The 1993 data have been reanalysed since last year's assessment to reflect the better 
knowledge of the identification of acoustic marks and to maintain consistency between the 
two years. 

Results 

Mean estimates of mid-season biomass (and c.v.s) for each category of southern blue whiting 
are shown in Table 7. 

One adult aggregation of about 20 000 t was found on the northern ground of the Campbell 
Island Rise in 1993. A further 90 000 t of 2 year old fish were recorded from shallow waters 
to the north, east, and south of the Rise. In 1994 adult aggregations totalling 15 000-20 000 t 
were again found on the northern ground, but a very large aggregation of about 130 000 t (of 
which 105 000 t was 3 year old fish) was found on the southern ground. In addition, about 
20 000 t of 2 and 3 year old immature fish were recorded from shallow water around the 
Rise. 

Large spawning aggregations of about 50 000 t were found each year on the main Bounty 
Platform spawning grounds. In 1993 a further 45 000 t was estimated from stratum 1 to the 
west of the Bounty Islands. However, there is still some uncertainty regarding the 
identification of those marks and whether the fish were double counted bee Hanchet et al. 
1994). Smaller aggregations of 1 and 2 year old fish were recorded from shallower waters and 
to the east of the Bounty Platform. 

Several small aggregations of pre-spawning adults were found on the Pukaki Rise each year. 
Large numbers of 2 year old fish were recorded in 1993 from around the entire Rise. In 1994, 
these fish (now 3 years old) were still less than 30 cm, still immature, and had not yet 
recruited into the fishery. In some areas they occurred as schools comprising only 3 year old 
fish, but more often they were caught with the adults, and so they have been included in the 
adult biomass. Both surveys, when including adult and immature fish, gave biomass estimates 
in excess of 40 000 t. 



4.3 Yield per recruit 

Fo.l was calculated to be 0.36 based on a yield-per-recruit analysis using M = 0.2, the weight 
at age given by Hanchet (1993), and the following selection pattern: age 2 = 0.1, age 3 = 0.6, 
age 4 = 0.95, age 5 and older = 1.0, and a model assuming that 95% of natural mortality was 
taken before fishing. The long term equilibrium spawning biomass under an F,, strategy is 
at 32% B,. Using values of M = 0.15 and M = 0.25 gave values for F,, of 0.27 and 0.45 
respectively. 

F,, (assumed to be equal to F,) was calculated from the yield-per-recruit analysis as 0.77. 
The long term equilibrium spawning biomass under an F,, strategy is 18% of B,. 

4.4 Biomass estimates 

(i) Campbell Island stock 

The data were again analysed using the sSPA used in last year's assessment (Hanchet & Haist 
1994). The catch equations for the sSPA are similar to those used in a conventional VPA 
except that 95% of the natural mortality is assumed to occur before the start of the fishing 
season. The sSPA model uses a maximum likelihood method to find the set of parameter 
values which minimises the following objective function: 

where 
Wsy = 

- 
P y a  - 
Wcy = 
Cy = 
cy = 
w, = 
Ey = 
EY = 
WBy = - BY - 
By = 

penalty weight on catch-at-age data for year y 
predicted proportions-at-age a in year y 
penalty weight in year y on estimated annual catch 
observed catch in year y 
predicted catch 
penalty weight in year y on annual effort data 
observed effort in year y 
predicted effort in year y 
penalty weight in year y on annual acoustic biomass data 
observed mid season spawning stock biomass in year y, from acoustic surveys 
predicted mid season spawning stock biomass in year y, from acoustic surveys 

The model was fitted using catch-at-age data from 1979 to 1994, CPUE data from 1986 to 
1994, and acoustic data from 1993 and 1994. The catch-at-age data covered ages 2 to 10 with 
a plus group at age 11. 



Penalty weights were assigned to the catch-at-age data based on the sample size in a 
multinominal distribution. In most years the catch-at-age data were dominated by a strong 
year class whose proportion was at least 20-30% of the total and whose C.V. was reasonably 
low (usually less than 5%) bee Hanchet & Haist (1994) for more details). The CPUE data 
were converted to effort data and fitted as relative abundance indices with a weighting 
corresponding to a C.V. of about 30%. The acoustics data were fitted as absolute indices of 
abundance because they could not be fitted as relative indices in the current model. They were 
assigned a weighting corresponding to a C.V. of about 30%. A penalty weight equivalent to 
a C.V. of about 5% was given to each year's estimated annual catch. The model is set up so 
that annual selectivities are estimated for ages 2 and 3, a single selectivity is estimated for 
age 4, and the selectivity after age 4 is 1.0. Natural mortality was assumed to be 0.2 and 
mean weight at age was calculated from the weight-length iegression and von Bertalanffy 
growth parameters given in Table 3. 

The sensitivity of the model to the input parameters was investigated by carrying out the 
following: 

(i) Altering M. 
(ii) Heavily downweighting the effort and catch-at-age data, and omitting the acoustic 

data. 
(iii) Changing the ages over which selectivity is allowed to vary annually, and 

changing the placement of the plus group. 
(iv) Retrospective analysis. 

The input parameters, and the values used in the base-case assessment and in sensitivity tests, 
are summarised in Table 8. For further details see Hanchet & Haist (1994). 

Model fitting 

The sSPA model estimates a number of parameters independently and simultaneously. The 
minimisation technique uses the analytical derivative approach. Essentially, each parameter 
is differentiated independently and simultaneously, to get a maximum, minimum, and slope. 
The model then moves towards the minimum until a convergence criterion is met. The model 
also calculates the second derivatives of the log-likelihood function. The inverse of this matrix 
is an approximation to the covariance matrix for the parameter estimates. These are an 
estimate of the goodness of fit of the data to the model. However, to estimate confidence 
intervals using the second derivatives, assumptions need to be made regarding the distribution 
of the parameter estimates. A better estimate of confidence intervals may be obtained from 
bootstrapping the raw data. 

Estimation of confidence intervals 

Because of the time taken to carry out the bootstraps, only the base-case assessment was 
bootstrapped. Four sources of uncertainty were included in the bootstrap procedure. 

1. The raw otolith data were bootstrapped (with replacement) so  that the number of records 
in the bootstrapped sample was the same as in the original sample. Each bootstrapped 
sample was then scaled up to catch-at-age using the weighted length frequency of the 
catch for that year. 



Uncertainty in the effort data was captured by assuming the data were log-normally 
distributed with a C.V. of about 30%. For each bootstrap, effort data were randomly 
selected from that distribution. 

Uncertainty in the acoustic data was captured by assuming the data were log-normally 
distributed with a C.V. of about 30%. For each bootstrap, acoustic data were randomly 
selected from that distribution. 

Uncertainty in the catch data was captured by assuming the annual catches were log- 
normally distributed with a c.v. of about 5%. For each bootstrap, catches were randomly 
selected from that distribution. 

A total of 100 bootstraps was run. The mean and median of the bootstraps are both reported. 
The percentile method was used to estimate confidence intervals (Effron 1981). The estimate 
of the 90% confidence interval was computed as the 5th and 96th points in the set of 
bootstrap estimates after sorting them into ascending order. 

Results 

The beginning of year numbers and fishing mortality matrices are shown in Table 9 for the 
base-case assessment. The mid-season spawning stock biomass estimates together with the 
bootstrap results for the base-case assessment are shown in Table 10 and plotted in Figure 8. 
The 1994 biomass estimate of 101 400 t had a 90% confidence interval of 75 000-128 000 t. 
Although catch-at-age data are now available for the period 1979 to 1981, the biomasses in 
those years were not well estimated by the model. This is because a single weight-at-age 
vector is used in the fitting procedure and in those early years the catch was dominated by 
old fish which were relatively short for their age, so the stock biomass in those years is 
overestimated by the model. The model will be altered next year so that a unique weight at 
age vector can be applied to each year. 

The fishing mortality of fully selected age classes in 1994 was estimated to be 0.14 yr-'. 

The sensitivity of the results to changes in the values of the input parameters is shown in 
Table 11. BI994 was most sensitive to the indices fitted in the model. When the acoustic 
points were omitted B1994 decreased by 21%. When the CPUE data and catch-at-age data 
were heavily downweighted B1994 increased by 13% and decreased by 3% respectively. 
Estimates of historic biomass and mean recruitment were most sensitive to the value of M 
used in the analysis. 

Retrospective analysis showed that historical biomass estimates (up to and including 1989) 
were insensitive to the addition of extra years, but that the 1991 and 1992 biomass estimates 
were sensitive to this and tended to be underestimated by the model (Figure 9). 

There was reasonably good agreement in the 1993 and 1994 biomass estimates between the 
acoustic surveys and the model runs using only catch-at-age and CPUE data. Estimates for 
1993 and 1994 were 20 000 t and 150 000 t from the surveys and 23 000 t and 80 000 t from 
the model. 



The size of the 1991 year class 

The estimated size of the 1991 year class is required for the estimation of yields. The model 
is unable to accurately determine the size of this year class because it has appeared only once 
in the catch-at-age matrix, and the selectivity of this year class relative to the older year 
classes is unknown. The selectivity of the 3 year olds in the final year is therefore set to the 
geometric mean of selectivity of the 3 year olds omitting the last 2 years. The mean 
selectivity over this period is 0.5 which leads to an estimate of 800 million 2 year olds. 

Data from earlier years suggest that strong year classes tend to attract fishing effort and that 
in some years when a strong year class recruited into the fishery as 3 year olds, these 3 year 
olds had a relative selectivity equal to, or even exceeding, that of the older ages (i.e., equal 
to, or greater than, 1) (see Table 9a). However, during the 1994 season the fleet actively 
targeted the northern ground, where the proportion of larger fish was greater than on the 
southern grounds. The ratio of catch between the two grounds was 2 : 1 (in favour of the 
southern ground), whereas the ratio of fish abundance between the grounds (from the acoustic 
survey) was about 6 : 1 (also in favour of the southern ground). This suggests that this year 
class did not preferentially attract fishing effort. Furthermore, male 3 year olds outnumbered 
female 3 year olds by 2.5 : 1 in the catch, suggesting that a large number of females still have 
not entered the fishery. Therefore the working group agreed to use the selectivity value of 0.5. 

Further support for the large size of the 1991 year class comes from the 1993 acoustic 
estimates of 2 year olds. The 90 000 t biomass estimate equated to about 600 million fish, 
which is similar to that estimated by the model when the acoustic data were omitted. Despite 
the good agreement between the two acoustic estimates and the model results there is still 
some uncertainty over the magnitude of this year class, because it is 4-5 times larger than the 
previous highest recruitment, and about 20 times larger than the geometric mean of 
recruitment, over the previous 14 year period (see Table 9). Because of this uncertainty the 
sensitivity of the yield estimates to the selectivity value of 0.5 is examined. 

Estimation of recruitment for projections 

As stated in the previous section the number of 3 year olds in the terminal year (1994) is 
estimated by the model assuming that the selectivity for that age class is fixed at the 
geometric mean of the selectivity of that age class omitting the last 2 years. In forward 
projections the number of 2 year olds entering the fishery is assumed to be the geometric 
mean of the number of 2 year olds over the years 1979 to 1992. These years were chosen as 
recruitment is estimated fairly precisely by the model over this period. 

Estimation of virgin biomass 

An estimate of virgin biomass (B,) was obtained from the product of the spawning stock 
biomass per recruit (age 2) in an unfished stock (2.17 kg per recruit) and the arithmetic mean 
of the recruitment of 2 year olds from the period 1979 to 1992 calculated from the sSPA. 
Using a mean recruitment of 55.9 million fish gave a virgin biomass estimate of 121 300 t. 



(ii) Bounty Platform and Pukaki Rise stocks 

Because of reasonably good agreement between the acoustic estimates on the Campbell Island 
Rise and the model results the working group agreed to use the acoustic estimates on the 
Bounty Platform and Pukaki Rise as absolute estimates of abundance. Estimates of juvenile 
(1 year old), immature (2 year old), and adult biomasses for this stock were made from two 
acoustic surveys carried out in 1993 and 1994. The adult biomass estimate from the 1993 
survey, together with the estimated recruitment was projected forward to 1994 assuming 
natural mortality equalled growth (Figure 10). 

4.5 Estimation of Maximum Constant Yield (MCY) 

(i) Campbell Island stock 

MCY was estimated using the equation MCY = 2/3 MSY (Method 3 in Annala 1994). For a 
description of how MSY was estimated see Section 4.7. 

MCY = Y3 * 12 700 = 8500 t 

MCY was also estimated using the equation MCY = cY,, (Method 4 in Annala 1994). Both 
fishing effort and catches have increased in this stock since 1987-88, and so the period used 
for Y,, 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 values have 
not been calculated. 

(ii) Bounty Platform stock 

MCY cannot be calculated. 

(iii) Pukaki Rise stock 

MCY was estimated using the equation MCY = cY,, (Method 4 in Annala 1994). The period 
used to estimate Y,, 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. 



4.6 Estimation of Current Annual Yield (Foal yield) 

(i) Campbell Island stock 

CAY was estimated from the equation: 

-(O.OSM + (F,, 
11 wi * F,, * Si * Npmi (1-e 

CAY = ): 
* sJ) 

i=2 0.05M + (F0., * Si) 

where 
wi = weight at age i 
Si = selectivity at age i 
M = natural mortality 
Foal = Foml from a yield-per-recruit analysis 
NPi = pre-season numbers at age i in 1994-95 or 1995-96. 

A value of 0.36 was used for FO.~ .  Pre-season numbers in 1995 were calculated by projecting 
forward the 1994-95 beginning of year numbers for ages 4 through to 11+, assuming 95% 
of M had occurred before the fishing season started. Recruitment of 2 year olds in 1994 and 
in 1995 was assumed to be the geometric mean of recruitment over the period 1979 to 1992. 
The projection was carried forward to 1995-96 by making the same assumptions about 
selectivity and recruitment, and assuming the 1994-95 catch equalled either (i) CAY1994-95 
or (ii) the 1993-94 catch limit (11 000 t). 

The resulting CAY estimates and 90% confidence intervals are shown in Table 10. Sensitivity 
analysis showed that CAY is particularly sensitive to the value of M used in the analysis and 
to the selectivity assumed for the 1991 year class in 1994 (Table 12). Over the M range 0.15 
to 0.25 the yield changed by -13% to +21%. Over a selectivity range of 3 year olds from 
0.25 to 1.0 the yield changed by +80% to -40%. 

(ii) Bounty Platform and Pukaki Rise stocks 

CAY was estimated from the equation: 

Adult biomass estimates from the 1993 and 1994 acoustic surveys, together with the estimated 
recruitment were projected forward to pre-season numbers in 1994-95 assuming natural 
mortality equalled growth (see Figure 10). The projection was carried forward to 1995-96 
making the same assumptions about M, recruitment and growth, and assuming the 1994-95 
catch equalled either (i) CAY1994-95 or (ii) the 1993--94 catch limit (15 000 t on the Bounty 
Platform or 6 000 t on the Pukaki Rise) bee  Figure 10). u0.1 is the catch to biomass ratio at 
Foml and equalled 0.31. CAY estimates are shown in Table 13. 



4.7 Estimation of Maximum Sustainable Yield 

MSY for the Campbell Island stock was calculated as the yield at FMSY multiplied by the 
arithmetic mean of the recruitment of 2 year olds over the period from 1978-79 to 1991-92 
and equalled 12 700 t (see Table 12). This estimate is the maximum catch that could be 
sustained by the stock, and assumes a steepness of 1 for the stock-recruitment relationship. 
This estimate was not particularly sensitive to the model parameters bee Table 12). 

5. STATUS OF THE STOCKS 

CAY, current catch limits, and 1993-94 landings are summarised in Table 14. 

(i) Campbell Island stock 

Estimates of current and reference biomass and yields are available. 

There is still some uncertainty over the estimate of current biomass and yields for this stock. 
Modelling suggests that spawning stock biomass declined steadily from about 100 000 t in 
1982 to around 25 000 t in 1993 before increasing sharply in 1994 to 101 000 t (90% CI 
75 000-128 000 t). The magnitude of this increase depends to a large extent on the size of 
the newly recruited 1991 year class. Modelling carried out independently of the acoustic data 
(i.e., using only catch at age and effort data) estimated 600 million 2 year olds in this year 
class. The two acoustic surveys in 1993 and 1994 estimated 600 million 2 year olds 
(90 000 t) and 500 million 3 year olds (106 000 t) respectively. This year class therefore 
appears to be at least four times larger than the previous highest recruitment estimated by the 
model over the period 1979 to 1992. 

The yields shown in Table 14 are particularly sensitive to assumptions about M and 
selectivity. 

(ii) Bounty Platform stock 

Estimates of current biomass and yields are available. 

The status of this stock is uncertain. There was a rapid increase in landings in this stock from 
4000 t to almost 60 000 t from 1989-90 to 1991-92, but after the introduction of a 15 000 t 
catch limit the 1992-93 and 1993-94 catches were only 12 000 t and 3700 t, respectively. 
However, these low catches reflect the low amount of fishing effort in those years rather than 
a low stock size. Because of the recent increase in the size of this fishery, there are no time 
series of data available on which to base an assessment. 

Acoustic surveys of spawning aggregations in 1993 and 1994 gave adult biomass estimates 
in excess of 50 000 t, and also reasonable numbers of pre-recruits. The yields shown in 
Table 14 are extremely uncertain and will depend to a large extent on the size of the 1991 
year class and other incoming year classes. 
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(iii) Pukaki Rise stock 

Estimates of current biomass and yields are available. 

The status of this stock is uncertain. Catches from this ground have never been as high as on 
the Campbell Island Rise and Bounty Platform. The low catch in 1993-94 was partly due to 
a lack of effort, but also partly due to a lack of large concentrations of adult fish. 

Acoustic surveys in 1993 and 1994 gave adult and pre-recruit biomass estimates in excess of 
40 000 t. The yields shown in Table 14 are extremely uncertain and will depend to a large 
extent on the size of the 1991 year class. These yield estimates are higher than the historical 
landings from this fishery, and do not reflect the difficulty fishers experience in catching fish 
in this area. 
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Table 1: Estimated catches (t) of southern blue whiting by area for the 1 October to 30 September 
fishing years for the period 1971 to 1993-94. Source - vessel logbooks. For the purposes of 
this table Bounty Platform is > 176"E; Campbell Island Rise is > 50°30'S and > 168'30'E; 
and Pukaki Rise is the remaining area (Figure 1). -, no data. 1993-94 estimates are 
preliminary 

Campbell 
Bounty Island 

Fishing year Platform Rise 

1971 - - 
1972- - 
1973- - 
1974- - 
1975- - 
1976- - 
1977- - 
1978* 0 
1978-79+ 1 211 
19794% 16 
1980-81+ 8 
1981-82+ 8 325 
1982-83+ 3 864 
1983-84+ 348 
1984-85+ 0 
1985-86+ 0 
1986-87+ 0 
1987-88+ 18 
1988-89+ 8 
1989-90+ 4 430 
1990-91+ 10 897 
1991-92+ 58 928 
1992-93+ 11 908 
1993-94+ 3 700 

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

Pukaki 
Rise Total 

Table 2: Reported landings (t) of southern blue whiting by fishing year from 1986-87 to 1993-94 
and by calendar year for 1987 to 1994. Source - Licensed Fish Receiver Report. 1993-94 
estimates are preliminary 

Fishing year Catch Calendar year Catch 

10 696 
16 374 
28 556 
22 127 
42 025 
78 592 
27 382 
14 670 



Table 3: Standardised CPUE indices, and effort indices derived from the Campbell Island Rise fishery 
using two different models (Ingerson & Hanchet in prep.). GLL, gamma model with log-link 
function 

Year GLL Combined Catch 
(t) 

15 252 
12 804 
17 422 
26 611 
16 542 
21 314 
14 208 
9 316 

1 1  290 

GLL effort 
(hrs) 

15 252 
19 341 
33 504 
52 591 
35 883 
61 072 
62 044 
16 174 
21 222 

Table 4: Summary of data used to construct the catch-at-age matrix for the Campbell Island Rise, 
1979-94. n, number of tows where fish were measured; M, F, T, number of male, female, 
and total fish measured; N, number of otoliths read for that year. Source 1979-1980, 
Wesemiinde; 1981, Kuznetsova (observer); 1982-1 986, Shinkai M a w ;  19861 994, Scientific 
Observer Programme 

Year n M F T N 
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Table 6: Dates associated with presence of certain gonad stages of SBW in 1994 in each of the 
three areas, and percentage spent and reverted in the last sample (-, could not be 
determined) 

Gonad stage Bounty Pukaki Campbell 

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

Last sample 
% spent 
% reverted 

Table 7: Summary of preliminary mean biomass estimates in t x lo3 (and c.v.s) for each area, and 
category of SBW for the 1993 and 1994 acoustic surveys. Immature, 2 year olds; Juvenile. 
1 year olds. Total includes probable and possible categories. 

Probable adult Total adult Probable immature Probable iuvenile 
Area 1993 1994 1993 1994 1993 1994 1993 1994 

Campbell Island 18.5 152.9 33.2 
(21) (35) (15) 

Bounty Platform 94.6 55.0 99.3 
(46) (22) (44) 

Pukaki Rise 49.8 39.0 52.6 
(24) (44) (23) 

* Includes some immature 3 yr old fish. 

Table 8: Values for the input parameters to the separable Sequential Population Analysis for the base- 
case assessment and sensitivity tests for the Campbell Island stock. 

Parameter Base case Sensitivity 

M 0.2 0.15, 0.25 
years 79-94 79-93; 79-92; 79-91 
Plus group 2-11+ 2- 19+ 
Effort penalty weights in series (eff pen) 5 1 
Acoustic penalty weights in series (ac pen) 5 0 
Catch-at-age penalty weights in series (age pen) 300 3 
Ages for which selectivity allowed to vary annually (sel ages) 2 3  2 



Table 9: Fishing mortality (F) and beginning of year numbers at age ('000s) for the Campbell Island stock for the base case assessment 

(a) Fishing mortality 

(b) Beginning of year numbers at age ('000s) (-, not estimated) 

Age 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 



Table 10: Base-case estimates of mid-season spawning stock biomass (t) for the Campbell Island 
stock in 1979, 1986, 1993, and 1994, fully selected F in 1994, geometric mean of the 
recruitment (number of 2 year olds in thousands) over the period 1979 to 1992, CAY,,,,,, 
and CAY,,,, assuming 1994-95 catch equals (i) CAY,,,,, and (ii) 11 000 t. Also shown 
are the bootstrap means, medians, and percentile 90% confidence intervals. -, not estimated 

Parameter 
Bootstrap Bootstrap Bootstrap 90% 

Estimate mean median confidence interval 

Table 11: Relative changes (expressed as percentages) in the point estimates of mid-season spawning 
stock biomass of the Campbell Island stock and terminal fishing mortality estimates as a 
result of alternative model assumptions. Figures with an absolute value larger than 20% are 
shown in bold. Note the value T refers to the last year in the analysis, and is 1994 except 
for the last 3 runs (e.g., for the final run (yrs 1979-1991) the 1991 biomass is 23.0% lower 
than the 1991 base case biomass). GMR, geometric mean of the recruitment of 2 year olds 
omitting the last two years 

Model B1979 B1986 BT FT GMR 

No acoustic data 
effpen = 1 
agepen = 3 
M = 0.15 -25.0 
M = 0.25 38.7 
selages = 1 
Plusgroup = 19+ 
yrs = 1979-93 
yrs = 1979-92 
yrs = 1979-91 



Table 12: Sensitivity of 1994-95 and 1995-96 CAY estimates ( t )  for the Campbell Island stock 
(assuming the 1994-95 catch equalled CAY,,,,), and MSY estimates (t) to the various 
model assumptions. Selectivity, selectivity of 3 year olds in 1994 relative to fully recruited 
adults. See Table 8 for a definition of terms 

Base case 44 500 38 900 12 700 

Selectivity = 0.25 81 000 70 000 12 700 
Selectivity = 1.0 26 000 23 000 12 700 

No acoustic data 34 900 30 900 12 400 
cpue downweighted 51 000 44 400 12 800 

Table 13: Preseason biomass (B) and CAY estimates for the Bounty Platform and Pukaki Rise 
stocks. B1995-96 and were estimated assuming 1994-95 catch equals either (i) 
CAY,,,,,, or (ii) the 1993-94 catch limit (i.e., 6000 t on Pukaki Rise and 15 000 t on 
Bounty Platform). All values are t x lo3 

1994-95 1995-96 . . 
(il (11) 

Year of survey B CAY B CAY B CAY 

Bounty Platform 

Pukaki Rise 

Table 14: Summary of yields, catch levels, and reported landings for the most recent fishing year for 
all stocks. were estimated assuming 1994-95 catch equals either (i) CAY1994-95, 
or (ii) the 1993-94 catch limit. All values are t x lo3 

Area 
CAY1 994-95 CAY199~96 . . 1993-94 1993-94 

(I) (11) Catch limit Reported landings 

Campbell Island Rise 44.5 38.9 49.9 11.0 
Bounty Platform* 22-30 15-21 17-25 15.0 
Pukaki Rise* 12-22 8-15 10-20 6.0 

Total - - - 32.0 17.3 

* Range of estimates is based on two projections from the 1993 and 1994 acoustic estimates. 



BANK 
STEWART1 

E 
8 a 

KEY 

Concenb.ations of 
SBW during spring and summer 

lzl Spawning grounds 

BolJNlY PLATFORM / 

Figure 1. Main feeding grounds and spawning grounds of southern blue whiting, 
showing proposed stock boundaries. 
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Figure 2. Weighted length frequency distribution of males and females in the 1994 
catch on the northern (NCIR) and southern (SCIR) Campbell Island Rise 
spawning grounds. (N, number of fish measured, n, number of samples). 
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Figure 3. Weighted length frequency distribution of males in the catch from the 
Campbell Island Rise. (N, number of fish measured, n, number of 
samples). Modal lengths of 3 year old fish from strong year classes are 
shown. 
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Figure 3. Weighted length frequency distribution of females in the catch from the 
Campbell Island Rise. (N, number of fish measured, n, number of 
samples). Modal lengths of 3 year old fish from strong year classes are 
shown. 
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Figure 4. Weighted length frequency distribution of females in the catch from the 
Bounty Platform. (N, number of fish measured, n, number of samples). 
Modal lengths of strong year classes are shown. 
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Figure 4. Weighted length frequency distribution of males in the catch from the 
Bounty Platform. (N, number of fish measured, n, number of samples). 
Modal lengths of strong year classes are shown. 
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Figure 5. Weighted length frequency distribution of females in the catch from the 
Pukaki Rise. (N, number of fish measured, n, number of samples). 
Modal lengths of strong year classes are shown. 
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Figure 5. Weighted length frequency distribution of males in the catch from the 
Pukaki Rise. (N, number of fish measured, n, number of samples). 
Modal lengths of strong year classes are shown. 
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Figure 6.  Weighted length frequency distribution of males and females in the catch 
from the Auckland Island Shelf. (N, number of fish measured, n, number 
of samples). 
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Figure 7. Age composition of the catch on the Campbell Island Rise from 1979 to 
1994. Arrows denote strong year classes and the year they were spawned. 
Mean weighted C.V. given for each year. 
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Figure 8. Mid-season spawning stock biomass (t) with 90% confidence intervals 
from the base case-assessment. 
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Figure 9. Retrospective analysis of the base case assessment. 
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Figure 10. Method used to estimate 1994-95 and 1995-96 Uo.1 yields for Bounty 
Platform and Pukaki Rise stocks. 


