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EXECUTIVE SUMMARY 

Hanchet, S.M. (2005). ~outhern blue whiting (Micromesistius austwfi) stock assessment update for 
the Campbell Island Rise for 2005. 

New Zealand Fisheries Assessment Report 2005140.44 p. 

This report surnmarises landings, catch-at-age, and biological data from New Zealand southern blue 
whiting (SBW) fisheries in 2004, and presents an updated stock assessment for the Campbell IslandRise. 
There was no new acoustic survey of the Bounty Platform or Pukaki Rise and so the assessments for 
those stocks were not updated. There has been little fishing on the Auckland Island Shelf stock, and no 
abundance indices are available for this area. 

Estimates of biomass and yield were pmvided for the Campbell Island Rise stock based on analyses 
using catch-at-age from the commercial fishery, pre-recruit and recruited acoustic survey indices, and 
estimates of biological parameters. Because of uncertainty over target strength, the acoustic indices were 
fitted in the model as relative estimates of mid-season abundance. This updated Campbell Island Rise 
stock assessment used Bayesian estimation with the NIWA modelling program CASAL v2.06. New 
information since the 2003 assessment included the results of an acoustic survey carried out in 2004 and 
two more years of proportions-at-age data from the commercial fishery. 

Because this was an updated assessment, and canied out within a very limited t i m e b ,  only four 
initial runs were made. Three of these runs captured most of the variability. These mns differed in the 
priors used for the adult 4+ awustic q and in the indices used for the acoustic survey series. For the final 
assessment, the Working Group agreed to use one of those runs as a base case, and to present the other 
two runs (which bracket the base case) as sensitivities. In the base case run the series with the higher 
acoustic biomass estimates wait used and the adult 4+ acoustic q had a l o g n o d  (ionnative) prior. In 
all runs natural mortality was estimated in the model with a lognormal prior. 

The base case run suggests that the stock biomass showed a steady decline from the early 1980s until 
1993 followed by a large increase to 1996, and a slight decline thereafter. The 1991 year class still malies 
a large contribution to the commercial catch (especially by weight), and has been joined by the 1995, 
1996,1998, and2001 year classes, all of which also appear to be above average. The median estimates of 
mid-season biomass in 2004 ( B a )  for the base case is 82 000 t. The 90% coniidence intervals of B a  
from the MCMC tuns were 51 000-122 000 t The sensitivity runs show that the estimates of B m  and 
stock status are very sensitive to the choice of acoustic biomass series and the prior used for the awustic 
4. 

Estimates of Bo, B2m, and B 4 1 9 9 1  were compared between the current assessment and the last 
assessment camed out in 2003. Current estimates of these parameters are very similar to those of the 
previous assessment The assessment results show the model to be moderately robust, which is shown by 
the similarity with previous assessments and the tight uncertainty intervals on the biomass posteriors. 

Current stock size is estimated to be at about B,. Two-year stochastic projections were made assuming 
fixed catch levels from 10 000 to 25 000 t per year with parameter uncertainty defined by the MCMC 
samples of the posterior distribution. At catches of 20 000 t or more, the biomass is projected to decline 
below B,. The probability that the mid-season biomass for the specified year will dmp below the 
threshold biomass (BIw~) reaches 13% by 2007 at catches of 25 000 t. Tbe year 1991 was chosen as a 
reference threshold biomass because biomass in 1991 was the lowest observed but gave rise to high 
recruitment and subsequent stock recovery. Risks based on the alternative threshold biomass (20% Bo) 
exceeded 10% by 2006 at catches of 25 000 t and by 2007 at catches of 20 M)O t. C A Y m 5 i s  estimated 
to be 19 000 t, which is consistent with these results. 



1. INTRODUCTION 

1.1 Overview 

Southern blue whiting (Micromesistius australis) (SBW) are almost entirely restricted to subantarctic 
waters (QMA 6). and comprise four distinct stocks: Campbell Island Rise (SBW6I). Bounty Platform 
(SBW6B). Pukaki Rise (SBW6R). and Auckland Islands Shelf (SBW6A). Assessments of the Campbell 
Island Rise and Bounty Platform stocks have recently been carried out in alternate years. An acoustic 
survey of the Campbell Island Rise was camed out in AugustSeptember 2004 and the assessment for 
this stock was updated based on the results of that survey and on ancillary fisheries data. This report 
documents a Campbell Island Rise stock assessment and updates length-frequency, reproductive data, 
and catch-at-age data for the Bounty Platform and Campbell Island Rise stocks. The Campbell Island 
Rise stock assessment used Bayesian estimation with the NIWA modelling program CASAL v2.06 (Bull 
et al. 2004). Estimates of biomass and yield were provided based on age structured model analyses using 
catch-at-age from the commercial fishery, pre-recruit and recruited acoustic survey biomass indices, and 
estimates of biological parameters. Stochastic projections were provided under various constant catch 
scenarios for 2005 to 2007. 

1.2 Description of the fishery 

Since 1986, commercial fishing for SBW has been focused on August to October when fish are 
aggregated for spawning. This means that the main fishing period usually straddled two of the 1 
October-30 September fishing years. So when SBW was introduced into the QMS in,November 1999 the 
fishing year was changed to 1 April-31 March. Therefore. to avoid confusion in this paper the words 
'Ylshing season" refer to the period from August to October, the months of intense fishing when 
spawning occurs (i.e., the 2002 season is part of the 1 April 2002 - 31 March 2003 fishing year). 

The SBW fishery was developed by Soviet vessels during the early 1970s. with total landings in 1973 
and 1974 exceeding 40 000 t. It was recorded 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 the Pukald Rise, southeast of the Campbell Island Rise, and on the 
Auckland Islands Shelf (Shpak 1978). Some fishing probably took place on each of the grounds, but the 
propdon of catch h m  each ground cannot accurately be determined before 1978. From 1978 to 1984, 
the entire Campbell Plateau was fished throughout the year, but highest catches were usually made in 
September while fish were spawning on the Pukaki Rise and the noahem Campbell Island Rise. In some 
seasons (notably 1979, 1982, and 1983) vessels also targeted spawning fish on the Bounty Platform in 
August and September (Table 1). 

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 each year 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. 
From 1990 onwards, vessels also started fishing spawning aggregations on the Bounty Platform, the 
Pukaki Rise, and the southern Campbell Island Rise. Fishing effort increased markedly between 1990 and 
1992 culminating in a catch of over 75 000 t in 1992. The increased catch came mainly from the Bounty 
P l a t f a  In 1993, a fishery developed for the fmt time on the Auckland Islands spawning grounds and 
fishing has continued there sporadically at a low level since then. 

A catch limit of 32 000 t for all the areas was introduced for the fmt time in 1993. This was increased to 
58 000 t in 1996-97, lowered to 35 140 tin 2000-01, increased to 45 140 t for 2001-02 and 2002-03, 
and then decreased to 35 460 t for the last two fishing years (Table 1). Annual landings since 1992-93 



have averaged about 25 000 t, most of which has been taken from the Campbell Island Rise grounds. The 
fleet has comprised mainly Japanese surimi vessels, and Russian. Ukrainian, and Polish vessels that 
produce dressed product 

Fishing in most years has started in mid August and extended into October. However, over the past two 
fishing years there has been an increasing amount of SBW taken outside this main spawning season. 
Some has been taken as a bycatch of the hoki fishery, and the remainder has been targeted Off-season 
catches were about 350 t in 2000-01.2200 t in 2002-03, and 200 t in  2003-04. 

1.3 Recent papers 

Stock structure was reviewed by Hanchet (1998% 1999), who concluded that SBW should be assessed as 
four stocks. Various for acoustic surveys of SBW were investigated using simulation studies by 
Dunn & Hanchet (1998) and Dunn et al. (2001). Eight acoustic surveys of southern blue whiting 
spawning grounds have now been completed using Tangaroa, and results of recent surveys were reported 
by Hanchet et al. (2002~1,2003a) and O'Driscoll et al. (2005). The f is t  industry survey of the Campbell 
stock was carried out in September 2003 (O'Driscoll & Hanchet 2004). A re-analysis and decomposition 
of earlier acoustic survey results was carried out by Hanchet et aL (2WOb). and Hanchet et al. (2000a) 
examined die1 variation in SBW density estimates. Results of recent acoustic target strength work were 
summarised by McClatchie et aL (1998) and Dunford (2003). and of target identification by McClatchie 
et al. (2000) and Hanchet et aL (2002b). 

A detailed account of the 1996 assessment of the Campbell Island Rise stock and documentation of the 
separable Sequential Population Analysis (SPA) model was provided by Hanchet et al. (1998). Further 
developments to the sSPA model, and a comparison with other models, were given by Hanchet (1998h). 
In 2003, a Bayesian assessment of the Campbell Island Rise stock was made using the CASAL s o h a r e  
for the first time (Hanchet et al. 2003b). The first Bayesian assessment of the Bounty Platform stock 
using the CASAL software has also recently been completed (Hanchet. unpublished results). 
Standardised CPUE analyses of the Bounty and Campbell stocks were summarised by Hanchet & 
Blackwell (2003). 

1.4 Objectives 

This report addresses objectives 1 and 2 £rom MFih project SBW2004101. 

1. To determine catch-at-age from the commercial fisheries at Campbell Island Rise, Auckland Island, 
Bounty Platform, and Pukaki Rise for 2004-05 from samples collected at sea by Scientific Observers 
and other soulces, with a target coefficient of variation (c.v.) of 20% (mean weighted C.V. across all age 
classes). 

2. To update the stock assessment of the Campbell Island Rise stock, including estimating biomass and 
sustainable yields. 



2. REVIEW OF THE FISHERY 

2.1 TACs, catch, landings, and effort data 

2.1.1 Total Allowable Catch 

Catch quotas, allocated to individual operators, were introduced for the first time in the 1992-93 fishing 
year. The catch limit of 32 000 t, with stock-specific sub-limits, was retained for the next 3 years (Table 
1). The stock-specific sub-limits were revised for the 1995-96 fishing year, and the total catch limit 
increased to 58 000 t in  1996-97 for 3 years (Table 1). Before 1997-98 there was no separate catch limit 
for Auckland Islands, but in 1997-98 a 1640 t limit was set for the Auckland Islands fishery. 

The southern stocks of southern blue whiting were introduced to the Quota Management System on 1 
November 1999 with the following TACCs: Auckland Islands (SBW 6A) 1640 t, Bounty Platform (SBW 
6B) 15 400 t. Campbell Island Rise (SBW 61) 35 460 t, and Pukaki Rise (SBW 6R) 5500 t (Table 1). A 
nominal TACC of 8 t (SBW 1) was set for the rest of the EEZ. At the same time, the fishing year was 
also changed to 1 April to 31 March to reflect the timing of the main fishing season. TACC changes 
since 1998-2000 are shown in Table 1. The total catch limit was increased to 45 140 t for the 2001-02 
fishing year, and retained for the 2002-03 fishing year. Stock assessments carried out in that year 
suggested these catch levels were not sustainable. The TACCS for 2 0 0 3 4  were reduced to 25 000 t for 
the Camubell Island Rise stock and to 3500 t for the Bountv Platform stock. and these changes retained 
for 200k05. SBW has been managed using a Current AM& Yield (CAY) strategy ( h a l a  i t  al. 2004). 
which has resulted in the fluctuating catch limits and TACCs shown in Table 1. 

2.1.2 Landings 

Estimates of the annual landings of SBW by fishing year are given in Table 1. The rep-d landings for 
the 2004 season (2004-05 fishing year) &om the Quota Monitoring Reports was 21 173 t. The TACC 
was.undercaught in all four stocks. 

The level of illegal and unrepomd catch is thought to be low; however, the operators of one vessel have 
recently been convicted for area mimpoaing. In 2002-03, the vessel caught about 204 ton the Campbell 
Island Rise (SBW 61) that were reported against quota for the Pukaki Rise (SBW 6R), and another 480 t 
caught on the Campbell Island Rise were reported against quota for the Auckland Islands Shelf (SBW 
6A). Table 1 shows corrected totals by area for2002-03. 

2.1.3 The 2004 season 

The location of trawls made during the 2004 season (mid August to early October) is shown in Figure 1. 
Fourteen vessels, including 3 from Japan. 4 from Ulrraine, and 4 from New Zealand fished for southern 
blue whiting during the 2004 season (Table 2). This is the most New Zealand vessels that have taken part 
in this fishery to date. The first vessel arrived on the Bounty Platform on 26 August. Fishing was poor 
until 29 August when vessels found an aggregation of SBW to the southwest of the Bounty Islands. 
Catches remained high until 31 August, but then dropped off, and the vessels had all left for the 
Campbell Island Rise. by 2 September. Signiticant numbers of spawning females (over 10%) were 
recorded only on the first tow, suggesting that the spawning may have occurred earlier (see also Section 
2.2.3). Three vessels fished there during the 6-day period, made 24 tows and took 1500 t. 

Three vessels fished the Pukaki Rise during early October, making only nine trawls. The total catch 
duriag the season was only 34 t. No data are available from observers and the timing of the spawning is 
unknown. The total catch from this stock for the 2004-05 fishing year is 97 t One vessel reported a 



single trawl from the Auckland Islands Shelf this season and caught only 5 t The total catch from this 
stock for the 2004-05 fishing year is 48 t 

As in previous years, most fishing was carried out on the Campbell Island Rise stock Vessels started 
fishing on the Campbell Island Rise on 28 August and fished in the northeast of the area. As in previous 
seasons there were two main aggregations one to the north and one to the south. However, the 
aggregation in the north comprised at least three smaller aggregations, which were fished at differifit 
times during the pre-spawning and spawning period. Most of the fishing in the north was carried out 
fuaher east than is normal, continuing the pattern seen over the past few seasons (see Section 3.2.1). Fish 
were spawning in the noah between 12 and 19 September. Two Japanese vessels made several trawls in 
early September in the south, but the catches had a high proportion of small fish. unsuitable for 
processing, and so they returned north (R. O'Driscoll, NIWA, pen. comm.). After the first spawning was 
finished on the northern ground, most vessels moved to the southern aggregation for several days. 
Vessels located fish spawning their second batch of eggs to the east of Campbell Island from 27 to 30 
September. All vessels had finished fishing by 13 October. A total of 19 700 t was taken during the 2004 
season by 14 vessels (Table 2). 

2.1.4 CPUE analysis 

Standardised CPUE analyses were carried out for the SBW spawning fisheries on the Campbell Island 
Rise from 1986 to 2002, and on the Bounty Platform from 1990 to 2002 by Hanchet & Blackwell (2003). 
Indices were calculated using lognormal linear models of catch per tow, catch per hour, and catch per day 
for all vessels, and catch per tow for subsets of vessels based on processing type (surimi or dressed), and 
by relative experience in each fishery. The authors summarked the data and the method of calculating the 
indices, and then compared the CPUE indices with the results of recent stock assessments. 

The Campbell Island Rise analysis was based on 11 853 non-zero records, from 1986 to 2002. BUE 
indices decreased slowly to a minimum in 1992, increased to a peak in 1996, followed by a slight decline 
to 2002. This trend was consistent among alternative measures of effort and among subsets of surimi and 
dressed vessels. The muds in BUE for the Campbell Island Rise fishery were consistent with the trends 
in the 2003 NIWA assessment model of Hanchet et al. (2003b). Hanchet & Blackwell (2003) concluded 
that the CPUE indices for the Campbell Island Rise were monitoring the stock abundance and could be 
used in future stock assessments. However, they cautioned that there was considerable variability in the 
CPUE indices for individual years, and that several years' data may be necessary before any new tzends 
become apparent. The analysis was not updated to include more recent data, and the indices were not 
included in the assessment update. 

2.2 Other information 

2.2.1 Size and age composition of the commercial catch 

Scientific observers collected length-frequency data from almost 20% of all tows in the commercial 
fishery during 2004 (Table 2). A total of 709 and 194 otoliths, collected from the Campbell Island Rise 
and Bounty Platform fishing grounds respectively dming the 2004 season, were read and used to derive 
age-length keys. 

Historical time series of catch-at-age data are available for each of the stocks, and these form an 
important input into the SBW stock assessments. Catch-at-age data for each stock were reanalysed in 
2003 using the MWA catch-at-age software (Bull & Dunn 2002). The revised catch-at-age series for the 
Campbell Island Rise were presented by Hanchet et al. (2003b). 



The weighted length-frequency data for the Campbell Island Rise stock are shown by sex and gmund for 
2004 in Figure 2. The size distribution for 2004 was strongly bimodal. The proportion of fish in each of 
the two modes varied considerably between vessels and ground fished In general, vessels caught a higher 
proportion of large fish in the northern area, and a higher proportion of small fish in the southern area. 
The exceptions were one Japanese vessel, which caught a much higher proportion of larger fish in both 
areas, and a Korean vessel, which caught a much higher proportion of small fish in all areas. The reason 
for these differences in size dishibution between vessels is not known. 

.The weighted length-frequency data for the Campbell Island Rise stock an shown for the past four years 
in Figure 3. The overall size distribution for 2004 was bimodal with the heights of the two modes being 
approximately equal. The first mode was dominated by 3 year old fish (the 2001 year class), whilst the 
mode of larger fish comprises the 1995, 1996, and 1998 year classes together with the plus group (mainly 
the strong 1991 year class) (Figure 4). . 

The weighted length-frequency data for the Bounty Platform stock for recent years are show in Figure 5. 
The population is currently dominated by larger fish ranging from 38 to 50 cm. The pmportion-at-age in 
the catch for the Bounty Platform stock by sex is shown in Figure 6. The catch for the 2004 season was 
numerically dominated by 5.6, and 7 year old fish (the 1997-1999 year classes). These year classes were 
all estimated to be of a similar size (slightly below average) in the last stock assessment in 2004 
(HanGet, unpublished results). mere are therefore no indications of new strong year classes entering the 
fishery, and so there is no evidence of stock recovery. 

2.2.2 Timing of spawning 

The timing of spawning on the Bounty Platform could not be accurately determined this year (Table 3). 
The fmt trawl sampled on 26 August was the only one with significant numbers (over 10%) running ripe 
fish. For the following week, samples comprised a mixture of ripening and ripe fish suggesting that the 
first spawning had already finished 

Spawning was later than usual this year on the Campbell Island Rise (Table 3). The first fish were 
sampled on the northern ground on 4 September, and 10% of the fish were. ripe by 9 September. 
However, fish did not start spawning (over 10% running lipe) until 14 September. This is surprising 
because it usually only takes 1-2 days for fish to progress from ripe to running ripe (Hanchet 1998a). 
Gonad data collected from the Tangaroa acoustic survey k t  recorded 10% running ripe fish on 12 
September (0' Driscoll et aL 2005). suggesting there may be slight differences in timing of spawning 
between the different aggregations. The first spawning was finished by 19 September. The second 
spawning occurred on the southern ground from 26-30 September. No data were available for the other 
two areas. 

3. RESEARCH 

3.1 Stock structure 

Stock structure of SBW was reviewed by Hanchet (1998a. 1999) who examined data on distribution and 
abundance, reproduction, growrh, and morphometrics. There appear to be four main spawning grounds: 
Bounty Platform, Pukaki Rise, Auckland Islands Shelf, and Campbell Island Rise. There are also 
consistent differences in the size and age distributions of fish, in the recruitment strength, and in the 
timing of spawning between these four areas. Multiple discriminant analysis of data collected in October 
1989 and 1990 showed that fish kom Bounty Platform, Pukaki Rise, and Campbell Island Rise could be 
distinguished on the basis of their morphometric measurements. This constitutes strong evidence that fish 
in these areas return to spawn on the grounds to which they first recruit. There have been no genetic 



studies, but given the close proximity of the areas, it is unlikely that there would be detectable genetic 
differences in the fish between these four areas. 

For stock assessment, it is assumed that there are four stocks of southem blue whiting with fidelity within 
stocks: the Bounty Platform stock the Pukaki Rise stock, the Auckland Islands stock, and the Campbell 
Island Rise stock They are also managed as four separate stocks. 

3.2 Acoustic surveys 

3.2.1 campbell Island Rise 

Acoustic surveys of southem blue whiting have been carried out since 1993. A further acoustic survey of 
the Campbell Island stock was completed in AugustSeptember 2004 (O'Driscoll et al. 2005) Two 
snapshots were canied out on pre-spawning and spawning aggregations on the Campbell Island Rise. The 
distribution of fish on the 'northern' ground during the 2004 survey was quite different to that of 
previous years. Most of the fish caught by the commercial vessels, and about 50% of the biomass from 
the acoustic survey, came h m  several aggregations to the east of the core survey area (see also Section -. ". 
There. are two possible hypotheses regarding the observed distribution of fish outside the core area: (1) 
the northern aggregation had moved further east and was spawning outside the survey area; (2) the fish 
which previously had spawned in the northern area had been depleted and the fish observed outside the 
core area represent a new uusurveyed part of the population. Under hypothesis 1, the biomass estimate 
used in the assessment model should include all fish surveyed because it implies that the proportion of 
the surveyed population within the core area has changed. Hypothesis 2 implies that the proportion of 
the total biomass within the core area has remained unchanged and that the biomass estimate used in the 
assessment model should include only those fish surveyed in the core area The two hypotheses represent 
extreme en& of a continuum, so that the fish outside the core area could include both fish that have a 
changed distribution as well as previously unsurveyed fsh. 

Recent catcweffort and length frequency data were examined to assess which hypothesis was more 
likely. The positions of commercial trawls carried out in September during the 1997-2004 SBW seasons 
are shown in Figure 7. There was some fishing outside the main acoustic survey area before 2002, but 
this was relatively limited In 1998, vessels started fishing deeper outside the stratum 3 boundary early in 
the season, but were all fishing within the survey area on the boundary between strata 3 and 4 by the time 
of the first snapshot In 2000, the fleet spent one day fishing east of stratum 6 but caught very little (only 
400 tin 22 tows). In 2001. vessels fished east of stratum 6 late in the season (after 23 September) as they 
followed spent fish leaving the area to the east The first year when there were significant catches outside 
the survey area during the main spawning season was in 2002. One vessel fished at about 172' E h m  
mid July and the fleet shifted to this eastern aggregation on 12 September, catching about 3000 tin three 
days. The eastem aggregation was surveyed as a fleet stratum during the 2002 Tangaroa acoustic survey, 
but no padcularly dense marks were detected and the estimate of adult biomass was only 4400 t 
(Kanchet et al. 2003a). In 2W3, the main northem aggregation was centred in the north of StraNm 6, but 
also extended east (into stratum 8) (O'Driscoll& Hanchet 2004). The pattem of fishing was even more 
extreme in 2004, with most of the effort in the north, outside the usual survey boundaries @gure 7). 

The size distributions of male and female SBW from the northern, eastern, and southem aggregations for 
2001-2004 are shown in Figure 8. (For this analysis, northern fish were defined to be north of 51°45'S, 
eastern fish to be east of 171eE, and southem fish to be south of 535.) In each of the four years the size 
distributions of fish in the northern and eastern aggregations were very similar, whilst the size 
distributions of fish in the southem aggregations were quite different. If the northern aggregation had 
experienced high exploitation while the eastem aggregation had experienced little or no exploitation, the 



size or age structures of the two aggregations should differ. S i  this was not the case. this lends more 
support for hypothesis 1, but does not rule out hypothesis 2. The stock assessment was run using both 
sets of acoustic biomass estimates to e&e the stock status under each hypothesis (see Section 4.5). 
The acoustic biomass estimates for all y& and both hypotheses are given in Table 4. 

3.2.2 Target strength-fish length relationship 

The estimates of backscatter were turned into biomass estimates by using the target strength-fish lenglh 
relationship derived for blue whiting in the northern hemisphere (Monstad et al. 1992). Recent studies on 
gadoids in-the northern hemispherehave suggested a high& target strength (similar slope but 2 dB higher 
intercept) (Rose 1998). Using this relationship would reduce all survey biomass estimates by about 30%. 
This would affect their use if modelled as absolute indices of abundance, but not if modelled as relative 
indices of abundance. Theoretical modelling studies suggest a steeper slope than the northern hemisphere 
studies (Dunford 2003). This would affect the use of the surveys in both an absolute and a relative sense, 
because the biomass of smaller fish would have been underestimated whilst the biomass of larger fish 
would have been overestimated The target strength-fish length relationship used in previous SBW 
assessments was retained in the current analysis because it is not yet lmown which alternative 
relationship is most likely. 

4. ASSESSMENT OF THE CAMPBELL ISLAND RISE STOCK 

4.1 The stock assessment timetable 

The last assessment of the Campbell Island Rise stock was carried out in 2003 (Hanchet et al. 2003b). 
The assessment suggested that the stock was slightly above BmY but well above the Ihreshold level 
(BI~~,). However, at annual catches of 25 000 t (the current TACO and under' assumptions of average 
recruitment, the stock was projected to decline giving rise to sustainability concerns in the 200445 
fishing year. As a consequence of the reduction in the hoki quota, the Minister of fisheries agreed to 
retain the southern blue whiting TACC at 25 000 t for the 200405 season, but to review the stock status 
by taking into account the results of the 2004 acoustic s w e y  in time for the start of the 2005-06 fishing 
year. Because of the time required to work up the results of the 2004 survey and ancillary fisheries data, 
and the time needed by Wish  for full consultation and the TACC setting process, there was insufficient 
time to carry out a completely new stock assessment. Therefore, the Middle Depths Working Group 
(WG) agreed to simply update the 2003 base case assessments with the new catch-at-age data and 
acoustic indices. A more thorough assessment is proposed for later in 2005. 

4.2 The stock assessment model 

The stock assessment model partitions the Campbell Island stock into two sexes and age groups 2-11. 
with a plus group at age 11. There are two time steps in the model (Table 5). In the first time step, 90% of 
natural mortality takes place. In the second time step, fish ages are incremented; the 2-year-olds are 
recruited to the population, which is then subjected to fishing mortality, and the remaining 10% of 
natural mortality. 

The model assumes that the fishing selectivity after age 4 is 1.0, and estimates selectivity for each sex for 
ages 2 to 4. Selectivities were assumed constant over all years in the fishery, and hence there was no 
allowance for annual changes in selectivity. In line with previous assessments, no stock-recruitment 
relationship is assumed in the model. The proportion of males at recruitment (age 2) was assumed to be 
0.5 of all recruits. As it is a spawning fishery, the maturity ogive was assumed to be the same as the 
selectivity ogive utimated in the model. Note that the maturity ogive is only used to report spawning 



stock biomass. The maximum exploitation rate (U-) was set at 0.7. The choice of the maximum 
exploitation rate has the effect of determining the minimum possible virgin biomass allowed by the model. 
Because of the large inter-annual differences in gmwth, caused by the occurrence of the strong and weak 
year classes, length-at-age vectors were calculated for each year, and used in the modelling. Lengths-at-age 
were converted to weights-at-age in the model using the length-weight relationship given by Hanchet 
(1991). Mean length at age for 2003 was estimated by adding the mean growth for each age class to the 
length of that age class in 2002. 

The model was fitted to the two series of acoustic biomass estimates of ages 2.3, and 4+ fish given in 
Table 4 and the proportions-at-age data from the commeccial fishery. The acoustic survey estimates were 
used as relative estimates of mid-season biomass (i.e., after half the catch has been removed), with 
associated c.v.s estimated from the survey analysis. Catch-at-age observations were available from the 
commercial fishery for 1979 to 2004. Catch-at-age data were fitted to the model as proportions-at-age, 
where estimates of the pmportions-at-age and associated c.v.s by age were estimated using the NIWA catch- 
at-age software by bootstxap (Bull & DUM 2002). Zem values were replaced with 0.0002 with an associated 
C.V. of 1.5. Ageing enur was assumed to be zero. 

Lognormal errors with known c.v.s were assumed for the relative biomass and proportions-at-age data. 
The c.v.s available for these data allow for sampling error only. However, additional variance, assumed 
to arise from differences between model simplifications and red world variation, was added to the 
sampling variance. The additional variance, termed pmcess error, was estimated in an initial run of the 
model using all the available data. A process error of 0.4 was estimated for the proportions-at-age data 
and was added to each observation for all  subsequent model runs. The process enur estimated for the 
acoustic indices was zem. 

Model parameters were estimated using Bayesian methods implemented using the NIWA stock 
assessment program CASAL v2.06 (Bullet al. 2004). For initial runs, only the mode of the joint posterior 
distribution was sampled For the h a l  runs presented here, the full posterior distribution was sampled 
using Markov Chain Monte Carlo (MCMC) methods, based on the Metropolis-Hastings algorithm. 

MCMC chains were estimated using a bum-in length of 0.5 million iterations, with every 2000* sample 
taken from the next 2 million iterations (i.e., a fmal sample of length 1000 was taken from the Bayesian 
posterior). 

Equilibrium "virgin" biomass is equal to the population that there would have been if al l  the year class 
strengths (YCS) were equal to one and there was no fishing. However, there was a period of unhown 
(and possibly large) catches from the Campbell Island stock before 1979, and there is high recruitment 
variability in the stock, so the initial 1979 biomass was allowed to differ from the equilibrium virgin 
biomass. The initial population in 1979 (ages 3 to 11+) was estimated for each sex. Year class strengths 
were estimated for all years from 1977 to 2002, under the assumption that the estimates from the model 
should average 1. 

4.4 Prior distributions 

The assumed prior distributions used in the assessment are given in Table 6. Most priors were intended to 
be uninformed, and had wide bounds. However, a log-normal prior was used for natural mortality and for 
the acoustic survey 4+ q. 



The informed prior for the adult (4+) acoustic q was obtained using the approach of Cordue (1996), and 
is given in full by Hanchet et al. (2W3a). Unceaainty over various factors including mean target strength, 
acoustic system calibration, target identification. shadow or dead zone correction, and areal availab'ity 
were all taken into account In addition to obtaining the bounds, a mean for each factor was also assumed 
The factors were then multiplied together. This independent evaluation of the bounds on the acoustic q 
suggested a range of 0.65-2.8, with a mean of 1.4 and a C.V. of 0.2. As the 90% confidence bounds of q 
from preliminary MCMC mns extended lower than 0.65, the WG agreed to extend the lower bound to 
0.1. The informed prior for the adult acoustic q will need to be revised in future to take account of the 
new estimates of the absorption coefficient, towbody motion (pitch and roll), and the target strength-fish 
length relationship. 

The prior on natural mortality was determined by assuming that the true value could differ from the 
current value by about 0.05, and not more than 0.1. Natural mortality was parameterised by the average 
of male and female, with the difference estimated with an associated normal prior with mean zero and 
standard deviation 0.05. Penalty functions were used to conshain the model so that any combinations of 
parameters that did not allow the historical catch to be taken were strongly penalised. A small penalty 
was applied to encourage the estimates of year class strengths to average to 1. 

4.5 Base case and sensitivity tests 

Initially four runs were considered. These runs were essentially updates of the two base case assessments 
used in 2003, together with the two alternative time series of acoustic estimates (see Section 3.2.1). The 
two base case assessments in 2003 differed only in the priors used for the adult acoustic q (one was 
uniform-log and the other was an informed l o g n o d  prior). In preliminary analyses, the run b i g  an 
uninformed (uniform-log) q with the acoustic biomass series based on all strata sometimes led to 
unrealistically low estimates of q (e.g., see Table 9). The resulting high estimates of current biomass 
appeand to be inconsistent with reports from fishers that large fish were difficult to locate. The two runs 
that used the acoustic biomass series based only on the core survey strata gave very similar results. Both 
indicated that exploitation rates had been very high in 2004 (e.g., see Table 9). which was considered 
implausible, particularly because the southern aggregation had very little catch taken from it 

The Middle Depths Working Group and Stock Assessment Plenary agreed to use the model run using an 
informed prior on q, and which included the acoustic biomass indices incorporating all surveyed strata, q 
the base case. The justification for these choices is as follows: (i) the informed prior is based on prior 
kuowledge about characteristics of the acoustic index and it was therefore important to include this 
knowledge in formulating the mior: (ii) there was sufficient evidence to suggest that the main north& - . ,  
aggregation had changed& &!xibution in the past few years. It was also aGed to report two sensitivity 
runs bracketing the base case assessment. One sensitivity test explored the effect of an uninformed prior 
on the acoustic q, whilst the second explored the effeci of using the acoustics series based on  on^ the 
core strata (i.e.. Hypothesis 2 in Section 3.2.1). Details of the three model runs are summarised in Table 
7. 

4.6 Performance indlcators 

Since 2001, B 1 g g ~  has been used as a threshold reference biomass level for the Campbell Island Rise 
stock Recruitment in this stock is characterised by periods of moderate recruitment interspersed by 
relatively rare, extremely strong, recruitmint events. Only one such event (1991 year class) has been 
observed within the timeframe of the model, although historical data suggest that this may have happened 
in the past (Anon. 1972). Given the high variability in recruitment levels, BO is probably not well 
determined. Therefore, the Stock Assessment Plenary considered that BIB, may be a better threshold 
reference point than the more commonly used 20% Bo. However, in documenting this assessment I 



believe it is useful to report current biomass in relation to 20% Bb and so have also included that 
particular reference point in this repott 

For each model run, MPD fits were obtained and qualitatively evaluated MCMC estimates of the median 
of the posterior and 90% credible intervals are reported for virgin biomass, Bzw. B m  (as %Bo), and 
BX04 (as %B199i). 

4.7 Results 

4.7.1 MPD fits 

The objective function values and preliminary results from the MPD runs are given in Table 8. Objective 
function values differed little between runs. Estimates of most parameters were also similar between 
runs, except for estimates of B-, which were considerably lower for the core acoustics run. The fits to 
the acoustic indices appear to be reasonably good 9). However, the model was unable to fit the 
high age 4+ indices in 1998 and 2002, and the age 3 index in 1994. This can also be seen in the residual 
and QQ plots, which show that the model has difficulty in fitting the very low and very high points in the 
acoustic time series @gure 10). 

The residual plots for the age data for all years i d  ages show no great departure from normality, and no 
obvious trends in the residuals (Figures 11 and 12). The main outliers were the first observations of the 
shung 1991 year class (as 2 year olds in 1993 in both sexes). These fish were particularly slow growing, 
and it is possible that a large proportion of these fish would not have been selected by theaawl. A 
change from an age-based selectivity ogive to a size-based selectivity ogive could improve,.this fit. 
Because of the many years of proportion-at-age data, only the fits to the males for the last 10 years have 
been shown mgure 13). As in previous Campbell Island assessments, the model fits the age data well. 

4.7.2 MCMC results 

The MCMC trace for current biomass (B-) for the base case looks reasonable (Figure 14). 

The estimated MCMC marginal posterior distributions for spawning stock biomass by year are shown for 
the base case in Rgure 15, and are summarked in Table 9. The results suggest that stock biomass showed 
a steady decline from the early 1980s until 1992 followed by a large increase to 1996, followed by a 
gradual decline. Exploitation rates peaked in the early 1990s at about 0.4, declined to about 0.1 in 1995, 
but have shown a steady increase since then and currently exceed 0.25 (Figure 16). The 1991 year class is 
still the most dominant year class in the population and the 1992,1995,1996, and 1998 year classes are 
all estimated to be above average @gure 17). The 2001 and 2002 year classw are also estimated to be 
above average by the model, with moderate numbers caught in the fishery and seen by the acoustic 
survey. 

The fishery selected significantly more males than females at ages 2 and 3, but by age 4 fish of both 
sexes were selected equally (E~gure 18). Plots of the initial age structure show that most of the fish at the 
beginning of the fishery were in the plus group (Figure 19). The median estimate of the adult acoustic q 
was 1.13 (Table 9). This is very similar to the estimate from the 2003 assessment. The posterior 
distribution of the adult acoustic q was shifted slightly to the left of the prior (Figure 20). The posterior 
distribution for average natural mortality was very similar to the prior distribution (Figure 21). but had a 
narrower range and a lower median value (0.17). There was minimal difference between the sexes. 

The MCMC predicted distributions and observed acoustic indices for the base case run are shown in 
Figures 22 and 23. The fits show a similar pattern to those for the MPD (see also Figure 9). The 'worst' 



fit is for the 2002 adult acoustic index. which had a very high c.v., and is thought to have been an 
overestimate of fish abundance (Hanchet et al. 2003a. 2003b). 

4.7.3 Sensitivity estimates 

The MCMC traces for current biomass ( B 2 ~ )  for the uninformed q run shows evidence of p m  
convergence (see Figure 14). The trace for the core acoustics run is clearly truncated at the lower end by 
a bound - probably due to the maximum exploitation rate being reached. The MCMC predicted 
distributions and observed adult acoustic indices for the uninformed q run are similar to the base case, 
but fits appear to be slightly worse for the core acoustics run (Figure 23). 

The results of the sensitivity runs show that the estimates of Blm and stock status are very sensitive to 
the choice of acoustic biomass series and the prior used for the acoustic q (Table 9 ,  Figures 24 and 25). 
When the adult acoustic q was uninformed it was estimated to be 0.88 and B 2 ~  was 36% higher than in 
the base case. When the core acoustic biomass series was used, the adult q was estimated to be 1.23 and 
&m was almost 60% lower than in the base case. 

4.7.4 Projections 

Threeyear stochastic projections were made assuming fixed catch levels from 10 000 to 25 000 t per 
year with parameter uncextainty defined by the MCMC samples of the posterior distribution, and 
assuming the TACC of 25 000 t will be taken in 2004-05. (Note that at the time of the assessment the 
estimate of the 2004-05 was uncertain and the fishing year had not yet finished) Recruitments were 
resampled from the distribution of historical year class strengths estimated by the model. The probability 
that the mid-season biomass for the specified year will be less than the mid-season biomass in 1991, or 
less than 20% Ba is given for the base case in  Table 10. 

At catches of 20 000 t or greatex, the biomass is pmjected to decline. The probability that the mid-season 
biomass for the specitied year will drop below the threshold biomass (BI~,)  reaches 13% by 2007 at 
catches of 25 000 t. The year 1991 was chosen as a reference threshold biomass because biomass in 1991 
was the lowest observed but gave rise to high recruitment and subsequent stock recovery. However, the 
biomass 1991 was estimated to be only about 16%B~ (see Table 9),  which is well below t& more 
conventional threshold biomass of 20%Bo. Risks based on the alternative threshold biomass (20% BQ) 
exceeded 10% by 2006 at catches of 25 000 t, and exceeded 10% by 2007 at catches of 20 OM) t. 

4.7.5 Yield estimates 

Estimates of sustainable yields were made for the Campbell Island Rise base case model. Yield estimates 
were based on the 1000 samples from the Bayesian posterior, with yield estimates based on stochastic 
simulations run over 100 years. 

The simulation method of Francis (1992) was used to estimate nuy.  The yields were maximised subject 
to the constraint that spawning stock biomass should not fall below 20% of BQ more than 10% of the 
time. The estimate of u , ~  was 0.2. The corresponding estimate of MAY was 19 500 t and of 
was 19 000 t. 



5. DISCUSSION 

5.1 Model fits and acoustic 9 

The model fits and residual analysis identified an inability of the model to fit the extreme (both high and 
low) acoustic data points. The worst fit was to the adult acoustic index for 2002. This data point had a 
very high C.V. (0.7) and therefore canied little weight relative to the other data Thus the inability of the 
model to hit the high 2002 acoustic data point should not be cause for concm, as it reflects the high 
uncertainty in that observation. Perhaps of greater concern is the inability of the model to hit the 2004 . acoustic data point. A substantial proportion of the posterior distribution lies above the observed data 
point. Although the 2004 acoustic estimate was not particularly precise, there are no obvious reasons why 
it should have underestimated the stock abundance (O'Driscoll et al. 2005). An acoustic survey canied 
out in 2003 using F.V. Aomki estimated a mid-season SSB of 85 000 t (c.v. = 26%) (O'Driscoll & 
Hanchet 2004). That estimate (which comprised few 2 and 3 year old fish and is therefore equivalent to 
the age 4+ acoustic index) is consistent with a biomass intermediate between the 2004 acoustic survey 
data ooint and the median of the oosterior distribution. The 2004 acoustic survev estimates and the age 
data ioth show the occurrence of ;noderately stmng 2001 and 2002 year classes. These were estimatedio 
be above average and of a similar size to other recent above average year classes (1995 and 1998). but 
are considerably less than the strong 1991 year class which sustained the large fishery during the 1990s. 
The 2001 and 2002 year classes should allow stock size to be maintained at its current level, given the 
current level of catches, but will not be large enough to allow the stock to rebuild 

The median estimate of q from the base case was 1.13, which is identical to the estimate from the base 
w e  2 assessment in 2003. Both are considerably lower than the prior mean of 1.4. There are several 
possible reasons for this. The main source of bias and uncertainty is currently in the target stlength-fish 
length relationship. The prior was constructed assuming bias and variation in the intercept of the 
relationship. However, if the slope is different, then this could have quite a different effect on the 
abundance indices. Research is being carried out to better estimate this relationship. The pries for some 
of the other uncertainties could also be different fmm the values used, again leading to a reduction in the 
value of the mean used for the prior. In particular, O'Driscoll et al. (2005) noted that changes in the 
absorption coefficient increased biomass by 9-3370 and implementing towbody motion correction fuaher 
increased biomass by 5-15%. It is recommended that the acoustic prior be reevaluated before the next 
assessment 

Despite different models and different estimation methods, the current assessment was reasonably 
consistent with the last assessment of the Campbell Island Rise stock in 2003 (Table 12). Estimates of Bo 
have increased slightly - probably as a result of the inclusion of recent above average strength year 
classes in the model. Estimates of B2m and Bm I Blgg1 am also similar to those from the 2003 
assessment As would be expected, the uncertainty over these parameters has decreased with the 
inclusion of more years data in the model. 

One p in t  of uncertainty arising from the assessment is the difference in parameter estimates between the 
MPD and the MCMC. The reason for this is unclear, but it has been observed in previous SBW 
assessments (pen. obs.) and in other NIWA Bayesian assessments (C. Francis, MWA, pen. comm.). The 
hrIPD estimates have not been used at all in the assessment, so this uncertainty does not feed through to 
the current assessment However, caution needs to be taken if MPD runs are used to evaluate other model 
assumptions. 

In summary, the assessment results show the model to be moderately robust. This is shown by the 
similarity with previous assessments and the tight uncertainty intervals on the biomass posteriors. 



5.2 Future work 

There are a number of fuaher refinements that could be made to the next stock assessment of SBW. 
Some are points raised by the Working Group and Plenary at the 2005 meetings, whilst others have been 
developed in discussion with colleagues. They include the following: 

Explore the use of earlier Japanese LF data (Anon. 1972) and Soviet age data for 1970-78 
(Shpak 1978) to extend the time series back and better understand longer-term dynamics in the 
population 

0 Try fitting the subantarctic trawl swey  biomass estimates (and CPUE estimates when they 
become available) in the model 
Revisit the acoustic prior once the TS:FL relationship has been re-estimated 

0 Examine the sensitivity of the model to different ages for the plus group 
Use a size-based trawl selectivity (to improve fits for slower gmwing year classes) 
Explore multi-stock model approach by estimating parameters (such as M, fishing selectivity. 
and the adult acoustic q) in all stocks simultaneously 
Examine alternative parameterisations for the selectivity ogive, so that the agelength data are 
used only once. At present they are used to decompose the acoustic indices into numbers at age 
and also as a direct estimate of proportion-at-age in the commercial fishery. 

0 Include 2003 industry acoustic swey  wults. 

6. MANAGEMENT IMPLICATIONS 

The base case IUU suggests that the stock biomass showed a steady decline from the early 1980s until 
1993 followed by a large increase to 1996, and a slight decline thereafter. The 1991 year class, which 
sustained the large fishery during the 1990s. still makes a moderate contribution to the commercial catch 
(especially by weight), but there have been no new strong year classes to replace it. There are several 
year classes, including those from 2001 and 2002, which appear to be above average. The median 
estimate of mid-season biomass in 2004 (B~w) is 82 000 t, which is 32% Bo. This is slightly below B,, 
which is the target biomass under a CAY policy. 

At catches of 20 000 t or more, the biomass is projected to remain below B, The pbability that the 
mid-season biomass for the speciiied year will drop below the threshold biomass ( B ~ 9 1 )  reaches 13% by 
2007 at catches of 25 000 t The year 1991 was chosen as a reference threshold biomass because biomass 
in 1991 was the lowest observed but gave rise to high recruitment and subsequent stockrecovery. Risks 
based on the alternative threshold biomass (20% Bo) exceeded 10% by 2006 at catches of 25 000 t and by 
2007 at catches of 20 000 t. CAY-is estimated to be 19 500 t, which is consistent with these results. 
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Table 1: Estimated fateher (t) of sonthem blue whiting by area for the period 1978 to 2004-05 from vessel 
logbooks, QMRs, mid MHRs. - no &h limit in place. Estimates for 2004-05 are preliminary. *, before 
1997-98 there was no separate catch limit for Aodrland Islands. 

fishing yr Bounty Platform Campbell Island F%k& Rise Auckland Mand Total 
(SBW6B) Rise (SBW6Ij (SBWaR) (SBW6A) (All areas) 

Catch Limit Catch Limit Catch Limit Catch Limit* Catch Limit 

u)o(Ml# 3997 8000 18055 20000 2864 5 500 37 1640 24 963 35 140t 
2M)l-CiZ# 2 261 8000 29 999 30000 230 5 500 10 1640 32500 45 140$ 
ZooZcM# 7564 8000 32749 30000 712 5500 744 1640 41 785 45 140$ 
200344# 3812 3SW 23718 2SWO 163 5 500 116 1640 n 812 35 640$ 
2004-0Ht 1478 3 500 19 671 25 000 34 5500 18 1640 21207 35640$ 
f 1 April-30 Sepmbu 
+ lOctok-30Scptcmk 
t 1 Octoba 1998-31 March 2000 
# 1 A d - 3 1  Mareh 
$ SBW 1 (all EEZ a r m  outside QMA6) had a TACC of 8 5 and reported catches of 9 t in 2000-01. 1 t in 20014'2.16 t in 

2002-03.2.6 t in 2003-04. and 5.7 1 in 2004-05. 

Table 2: Number of vessels, tows, and catch (t) for observed and all vessels targeting SBW by area lor 
August to October in the 200605 Eshing year. #, tows for whicb LF data were collected. 

Area Number of vessels Number of tows Total catch Dates 
observed total #observed total (1) 

Bounty 2 3 11 24 1477 24 Aug - 2 Sep 
Pukaki 0 3 0 9 34 5 - 14 Oct 
Auckland 1 1 1 1 4 4 Oct 
Campbell 6 14 119 645 19 670 28 Aug - 6 Oct 



Table J: Dates of sampling and changes in SBW gonad condition in 2004 on north and south Campbell 
Island Rise and the Bounty Platform and percentage of spent and mverted (fish which have spawned once 
and reverted back to the ma.turing stage) in the last sample (-, muld not be determined). No observer 
data from Pokald Rke and Awkland Islands Shelf. 

Gonad stage Campbell IslandRise Bounty Platform 
North (< 52' 30') South (> 52" 30') 

1st sample 3% 6 sep 26 Aug 
>1G% ripe 9% - - 
>1G% ~uoning ripe 14 Sep - 26 Aug 
Main spawning 14-18 Sep - 7-26 Aug 
>1G% spent - - .  - 
>lo% revetted 19 Sep 26 Auk 
2nd spawning - 2630 Sep - 
Last sample 
% spent 
% mvated 

5 oct 30 Sep 1 %P 
75% 25% 1% 
14% 5% 73% 

Table 4: Decomposed amustic survey b i o k  estimates (t) and assumed c.vs by survey and age p u p  
used for the Campbell Island Rise aPsessment. *, estimates include fd fmm outside the core strata. 

Age 2 
Biomass C.V. 

Age 3 
Biomass C.V. 

Age 4+ 
Biomass C.V. 

Table 5: Annnal cycle of the stock model, showing the processes taking place at each step, and the 
available ohsewations. Fisbhg mortality (F) and natural mortality OM) that ocm within a time step 
occur after all other processes. M, proportion of M oeeurring in that time step. 

Period Rocess M Length at age Obsavations 

1. Nov-Aug Nalwalmortality 0.9 - - 
2. SeP-oct Age, reauitment F, M 0.1 Mahix applies here Pmportion at age, abundance indices 



Table 6: The distributionq priors, and bounds rmnmcd lor the various parameters being esthnated. The 
parameters are mean and CV. for lognormal; and mean and ad. for n o d  

Parameter 
AU runs 

Ba 
YCS (1977-2002) 
Initial population (by sex) 
Selectivity ages 2-4 
M (average) 
M (difference) 
Acoustic q age 2.3 

uniform-log 
L o g a d  

uniform-log 
uniform 

Lognormal 
Normal 

Uniform-log 

Values 
Mean C.V. I 

s.b - - 
1.00 1.30 - - 

- - 
0.20 0.20 
0.00 0.05 - - 

Lower 
Bounds 

upper 

Base case and low acoustic 
rn 
Acoustic q age 4+ 1 Lognormal 1.40 0.20 0.1 2.8 

Uninformed q run 
Acoustic q ag&+ 2 Uniform-log - - 0.1 2.8 

Table 'l: Model run labels and descriptions for the base case and semitivily rans. 
Model label Dewriptlon 
Base case ~ o g n o ~ k l  prior on add t  acoustic q, and acoustic bio- series based on all strata 
Uninfolmed q Uniform-log prior on adult acoustic q, and acoustic biomass serics based on all  strata 
Core acoustic Lognormal prior on adult acoustic q. and acoustic biomass series based on core strata 

Table 8: Objective fnnction values and parameter estimates For the MPD fits. 

Parameters Base case Uninformed q Core acoustic 

acoustics-2 
acoustics_3 
acoustics-4 
observer~roporti~m~atage 
priqonIn;tialisationBO 
priorOTmmhd-martality.avg 
prior-on-nahual-mortality.diff 
prior-0~ctuihneuLYCS 
prior~o~ti&ation.CinitiLmale 
prim~o~tialisation.Ciniti~female 
Total 
Parameter estimates 
M.avg 
M.diff 
acoustics-2-q 
acoustics3-q 
acoustics-4-q 
Bo 
B1991 

Bzaw 



Table 9: Bayesian median and credible intervals of B., B- (in '000 t), and B- as a pereenae  of Bw 
for the reference ease and senritivih. tests. Median estimates of M and the adult 4+ acoustic a am also - 
provided for runs when these parameters were estimated. -, not estimated. 

Model nm Bo Bmu Brim WBwJ B m  (%Bd BIWI 1Bo 
Base ease 257 (227-304) 82 (51-122) 194 (128-288) 32 (20-44) 0.16 (0.12-0.21) 
Uninformed q 264 (232-321) 112 (66-215) 230 (153340) 43 (2569) 0.19 (0.13425) 
Core acoustic 225 (202-252) 36 ( 2 6 4 )  90 (66-140) 16 (11-26) 0.18 (0.15-0.23) 

Model nm 4 M 
Base ease 1.13 (0.%133) 0.27 (0.19-0.40) 0.17 (0.13-0.20) 
Uninformed q 0.88 (0.54-1.21) 0.20(0.11-0.33) 0.19 (0.14-0.25) 
Core acoustic 1.23 (1.03-1.38) 0.53 (0.35-0.67) 0.17 (0.14-0.213) 
Uninf q + low aco 

Table 10: Probability that the projected mid-season vulnerable biomass for U)05,U)06, and 2007 will be 
less than the mid-season volnerable biomass in 1991, or less than 20% Bo, and the median projected 
biomass as a percentage of Bo (with 90% credible interwls) for diflerent constant catch levels for the 
Campbell Island stock base case nm. 

Probability Probability Median biomass as 
(BadlBI991) proportion Bo 

Constant 2005 2006 2007 2005 2006 2007 2005 2M)6 2007 
catch (t) 

10 000 4.01 4.01 4.01 0.03 0.02 0.01 0.34 0.38 0.41 
15 000 ~0.01 4.01 0.01 0.04 0.03 0.04 0.33 0.35 0.35 
20 OM) 4.01 0.02 0.05 0.06 0.06 0.12 0.32 0.33 031 
25 000 0.01 0.05 0.13 0.06 0.12 0.25 0.31 0.30 0.27 

Table 11: meld estimates (MAY and CAY) and associated parameters for the Campbell Jsland Rise. 

Table 12: Comparison of Ba, Bddm and B- (as % Bda3 for the 2003 and 2005 assessments of the 
Campbell Island stock. For both ammments the values are the median MCMC estimates and 90% 
credible intenals. 2003 results from Hanchet et aL (2003). 

Year of assessment Bo Bmim B&m (as % of B*l) 
Estimate 90% intervals Estimate 90% intervals Estimate 90% intervals 

2003 (BC 1) 242 205-308 109 60-216 234 145-373 
2003 (BC 2) 238 199-285 85 54-137 205 134-309 
This assessment 257 227-304 100 75-134 239 184-315 



Figure 1: Commercial trawls made doring the 2604 season gate August to early-October) 
targeting southern blue whiting. 
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Figure 2: Weigbted length freqoenq distribution of SBW for the Campbell stock by area 
(northern and southern Campbell Island Rise) and sex (M and F) in the 2004 season 



Figure 3: Weighted lengh frequency distribution of SBW for the Campbell stock by sex in the 
2002-04 seasons. 



Figure 4: Age composition of the catch for the Campbell stock for males Oeft) and females (right) 
from 1979 to 2004. 



Figure 5: Weighted length frequency distribution of SBW for the Bounty stock by sex in the 
2001,2002 and 2004 seasons. 



Males 

Females 

@ a * . . . .  . . @ 8 . 0 0  e * . . . . .  - - - - - - - ! I *-e-g-*-+--9*-- 
e o . . . .  

Figure 6: Age composition of the catch for the Bounty stock from 1990 to 2004. 
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Fignre 7: Start positions of all commercial trawls for SBW on the Campbell Island Rise carried out 
in September during 1997-2004 seasons. The main acoustic stratum bonndaries (strata 2-81 are 
given for referena Note that each cross may represent more than one tow. 
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Ngure 8: Size distribution of mule and female SBW in each aggregation by gear, for 2001 to 2004 
seasons The foUowhg definitions were used: N, north of 51W'S; E, east of 171%; and S, south 
of 53% 
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Year 

Figure 9: Base case MPD fits to the age 2,3, and 4+ acoustic indices. 
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Ngure 10: Base ease MPD nonnallsed residuals (top) and QQ plot (bottom) for fit to all the 
acoustic Indices combined. 

Figure 11: Base case MPD normalised residuals v e m  age with medians for male (black) and 
female (grey). 
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Figure 12: Base case MPD normalised residuals (top), QQ plot (middle) and residual plot 
(bottom) for fit to the pmportion-at.age data. Symbol area is proportional to the absolnte value 
of the residual, with white circles indicating positive residuals and black drcles indicating 
negative residuals. 



Figure 13: MPD fits to male proportion-at-age data from 1995 to 2004 (circles observed, Llnea 
predicted). 



Figure 14: MCMC traces for the three runs. 

Year 

Flgure 15: Estimated posterior distributiow of mid season spawning stock biom8.w for the base 
case. Horizontal lines indicate the medians. 

Year 
Figure 16: Estimated posterior disMbutions of exploitation rate for the base case. Horizontal 
lines indicate the medians. 
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Figure 17: Estimated posterior distributions of year class strengths for the base case. Horizontal 
lines indicate the medians. 

Figure 18: Estimated posterior distributions of fishiag selectivity for ages 2,3, and 4 for both 
sexes for the base ~ase. Horizontal lines indicate the medians. Note selectivity assumed to be 1 at 
ages 5 and older. 



Pigure 19. EstSmated posterior distributiom of Initial numbers at age in the population (1978) for 
the base caw. HorizontaJ Lines indicate the medians. 

Figure U). Prior (bold) and estimated posterior distributions of the adult sumey relativity 
constant (age 4+ acoustic q) for the base case. 



Flgure 21: Prior (bold) and fstimated postertor distniutions of the average natural mortality 
(top), and the merenee in natural mortality (bottom), for the base case. 

Age 3 

Figure 22: MCMC predicted distributions and observed acoustic indices (circles) for age 2 and 3 
year old fish for the base ease ron. 
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Figure W: MCMC predicted distributions and observed acoustic indices (circles) for age 4+ fish 
for each of the runs. 
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Figure 24: Median MCMC mid season spawning stock biomass trajectories for each rua 
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Figure 25: Median MCMC year class strengths for each rua 


