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1. EXECUTIVE SUMMARY 

This paper documents recent developments of the separable Sequential Population Analysis 
(sSPA) model used to assess southern blue whiting, and compares the results of the sSPA 
with other models. 

The sSPA model used in previous assessments has been improved to take into account 
concerns raised at stock assessment meetings. Weight-at-age has been calculated for each 
year where catch-at-age data are available, and the variable weight-at-age matrix is now used 
in the model rather than the constant weight-at-age used in the past. An extra term has been 
added to the objective function so that recruitment indices can be fitted in the model. The 
1997 Campbell Island assessment was not particularly sensitive to either of these changes. 

A new equilibrium version of the model is documented whlch allows the estimation of year 
class strength and historical biomass for years before catch-at-age data are available. The 
model suggested strong recruitment and a very large increase in the biomass of the Campbell 
Island stock during the late 1960s and early 1970s. Independent supporting evidence for this 
comes from the slow growth rates of the strong year classes. 

Three other catch-at-age models were evaluated for estimating biomass of southern blue 
whiting on the Campbell Island Rise. These were a catch-at-age model used for estimating 
snapper biomass, the least squares estimation procedure from the hoki MIAEL model, and a 
Laurec-Shepherd tuned VPA. All four models were run over the period 1979 to 1995, 
essentially using the same input data and biological parameters. The patterns of year class 
strength were very similar between the models with all models identifying the strong 1979, 
1980, and 1991 year classes. The biomass trajectories for the models were also reasonably 
similar since about 1983, with a decline to 1993 followed by an increase to 1995. However, 
the results from the models diverge strongly before 1983. The sSPA and snapper models had 
a similar trajectory back to 1979. The hoki model estimated a lower initial biomass with 
stronger early year class strengths, and the VPA estimated a higher initial biomass with 
weaker early year class strengths, compared to the other models. 

It is recommended that studies should be carried out using simulated data to determine which 
models andlor estimation procedures are most appropriate for modelling southern blue 
whiting populations. 



2. INTRODUCTION 

The southern blue whiting (Micromesistius australis Norman) fishery is one of the largest 
fisheries in New Zealand waters. It was developed in the early 1970s by the Soviet fleet and 
since then landings have fluctuated considerably averaging about 20 000 t, and peaking at 
over 75 000 t in 1992 (Figure 1). The fishery targets southern blue whiting as they aggregate 
to spawn on the Bounty Platform, Pukaki Rise, Auckland Islands Shelf, and the Campbell 
Island Rise. Fish from these four grounds appear to form separate stocks (Hanchet 1998), and 
have been treated separately for stock assessment purposes (Hanchet 1998). Before 1993, 
there were no catch or effort restrictions in the fishery. In 1993, a total catch limit of 32 000 t 
was introduced with an area limit of 11 000 t on the Campbell Island Rise, 15 000 t on the 
Bounty Platform, and 6000 t on the Pukaki Rise. Historically, most fishing has been on the 
Campbell Island Rise (see Figure 1). This paper deals primarily with that stock. 

The first quantitative assessment of the Campbell Island stock was carried out in 1991 using 
an age-structured stock reduction analysis following the method of Francis (1 990). The model 
was fitted to CPUE data and estimates of Z fiom catch curve analysis, and assumed 
deterministic recruitment (Hanchet 199 1 a). The following year a time series of catch-at-age 
data extending back to 1982 was developed which allowed the use of catch-at-age models for 
the first time (Hanchet 1992). Virtual Population Analysis, tuned using the Laurec-Shepherd 
method (Laurec & Shepherd 1983), was carried out using the Lowestoft suite of programs 
(Darby & Flatman 1994). However, the CPUE data used to tune the VPA were noisy, and the 
diagnostics from the tuning indicated that the terminal fishing mortalities on each age were 
poorly estimated with c. v. s ranging from 0.2 to 0.9 (Hanchet 1993). Several limitations of the 
model were identified: (i) there was likely to be error in the catch-at-age, CPUE, and landings 
data, (ii) a time series of biomass estimates fiom acoustic surveys was being developed, 
which could not be fitted in the model, (iii) confidence intervals had not been estimated. A 
separable Sequential Population Analysis was developed in 1994 to address these issues and 
to integrate all the available data in one stock assessment (Hanchet & Haist 1994, Hanchet et 
al. in press). 

The current work was carried out to meet objective 6 in the Ministry of Fisheries Contract 
SBW9701: 

"To evaluate alternative catch-at-age models for estimation of biomass and yields". 

This involved two aspects. 

Firstly, to carry out further developments to the sSPA model in response to some concerns 
raised by the working group. These included modifications to allow annual variations in 
weight at age, and to allow for inclusion of indices of 1 and 2 year olds in the fitting 
procedure. Additionally, an "initial equilibrium" model was developed to allow estimation of 
fishing mortality and biomass for years before catch-at-age data are available. 

Secondly, to compare the results of the sSPA model with those of other models which have 
been used in New Zealand stock assessments. Because of the time taken to make the above 
changes to the existing model there was not a great deal of time to evaluate or develop 
alternative catch-at-age models. Furthermore; earlier assessments of southern blue whiting 



used stock reduction analysis (Hanchet 199 1 a, 1992) and Virtual Population Analysis 
(Hanchet 1992, 1993, Punt 1994) and these "packaged" models have since been dropped in 
favour of the more integrated approach of the sSPA. 

The three models finally chosen for comparison with the sSPA were an Excel spreadsheet 
model which has been used in the assessment of snapper (e.g., Maunder & Starr 1998), a 
Laurec-Shepherd tuned VPA, which was used in earlier assessments of southern blue whiting 
(Hanchet 1993, Punt 1994), and the least squares fits from the hoki MIAEL model (Cordue 
1993). 

3. METHODS 

3.1 Changes to the sSPA model 

The sSPA model used for the 1996 assessment of the Campbell Island stock (Hanchet & 
Ingerson 1996) was fully documented by Hanchet et al. (in press), and the catch equations 
and details of the model are repeated here in Appendix 1. 

A number of small changes were made to the fitting procedure for the 1997 assessment of the 
Campbell Island stock. These included fitting the adult acoustic indices as absolute indices of 
abundance and the exclusion of the effort data from the fitting procedure (Hanchet 1997). 
During the 1997 working group meetings a number of improvements were suggested, 
including the use of variable (as opposed to constant) annual weight at age, and fitting to 
recruitment indices (numbers of 1 and 2 year olds) from the acoustic surveys, and fitting the 
annual catch in terms of weight rather than numbers. The sensitivity of the 1997 assessment 
to these changes was examined and the changes to the programme are documented in 
Appendix 2. The input parameters are shown in Table 1. 

In previous assessments biomass has been estimated only for those years where catch-at-age 
data have been available. Under this scenario the numbers in the initial population and the 
subsequent recruitment were estimated (see Appendix 1). To extend the assessment back to 
Bo the initial population age structure must be assumed to be at equilibrium (otherwise the 
model becomes over-parameterised). Recruitment between the year of the start of the model 
and the year before the catch-at-age data are available can be derived from virgin recruitment 
(either deterministically or stochastically) or estimated from the catch-at-age data. The 
sensitivity of historical biomass to the number of year class strengths being estimated was 

. investigated by estimating 0, 5, and 9 of these earlier year class strengths. Details of the 
"equilibrium" model are summarised in Appendix 2. 

3.2 Changes to the input data sets 

Landings data 

Landings for the period 1971 to 1995-96 are shown in Figure 1. To allow the estimation of 
historical biomass before 1978 it is necessary to have estimates of the annual catches for the 
Campbell Island stock from 1971 to 1977. Hanchet (1997) reviewed the early Soviet literature 
and concluded that fishing probably took place on spawning andlor feeding aggregations of 
all four stocks throughout the Campbell Plateau and Bounty Platform, but that the proportion 



in each stock could not be determined. There have been major changes in the fishery since 
1977 with the advent of larger nets, new fish finding technology such as sonar and colour 
sounders, the arrival of the Japanese fleet (after 1986), the development of other commercial 
fisheries, and more recently the introduction of catch limits, so the pattern of recent catches 
could be quite different from those before 1978. However, there are no other data available 
and so for the purposes of modelling it has been assumed that the proportion of the catch on the 
Campbell Island ground is the same as that fkom the period of the fishery fiom 1978 to 1995- 
96. The proportion of the catch fkom the Campbell Island stock for ths  period was 0.61 (for 
comparison the proportion for the period 1978 to 1986 was 0.7 1). The catch history used for the 
modelling is shown in Table 2. The catches for the years 1995 and 1996 are slightly different 
fkom those given in Hanchet (1 998) because they refer to the fishing season (including catches 
in October) rather than the fishmg year. 

Catch-at-age data 

Commercial length frequency data and otoliths are available from 1979 to 1996. The length 
frequency data were scaled up to the commercial catch which was then converted to catch-at- 
age data by application of a year specific age-length key (see Hanchet 1997). Between-reader 
ageing variability increased after age 10 and so for most of the model runs ages 2 to 10 were 
used with a plus group at age 11 (Table 3). 

Acoustic data 

Southern blue whiting were surveyed acoustically in the spawning season in 1993, 1994, and 
1995 (Ingerson & Hanchet 1996). Although primarily designed as a survey of spawning 
biomass, transects were extended inshore to cover the principal nursery grounds so that both 
adult and pre-recruit biomass estimates were obtained. The biomass estimates from the 
surveys are shown in Table 4. 

CPUE data 

Individual tow by tow data were analysed for the Campbell Island fishery from 1986 to 1995 
using a generalised linear model (Hanchet & Ingerson 1996). Because of the large number of 
zero tows (ranging from 2 to 20% per year), a gamma error distribution with a log-link 
function was used to model CPUE. Annual catch per unit effort indices were obtained after 
standardising for the effects of vessel length, depth fished, time of day, tow position, season, 
and headline height. The resulting CPUE indices were converted to estimates of total annual 
effort by dividing them into the annual landings (Table 5). 

Weight at age and M 

In previous assessments of southern blue whiting, weight-at-age was calculated from the 
weight-length relationship and von Bertalanffy growth coefficients given in Hanchet (1 991 a) 
and assumed to be constant for each year. However, there is considerable inter-annual 
variability in growth, and so the weight-at-age for each year was calculated by transforming 
the individual length-age data to weight-age using the weight-length relationship and then 
calculating the mean weight at age for each year (Table 6). Weights-at-age in years before the 
catch-at-age data are available were assumed to be the mean of the period 1979 to 1986. 



Natural mortality (M) was assumed to be 0.2 (Hanchet 1991a). 

3.3 Comparison of sSPA with other models 

Three other catch-at-age models were evaluated for estimating biomass of southern blue 
whiting on the Campbell Island Rise. All four models (including the sSPA) were run over the 
period 1979 to 1995, and the input parameters shown in Table 7. They all used the same catch 
data, catch-at-age data, CPUE indices, constant weight at age vector, and M of 0.2. In 
addition to the fitting approach there were some other differences between the models. The 
sSPA, hoki, and snapper models all fitted the adult acoustic biomass estimates as relative 
indices of abundance. The VPA was not fitted to the acoustic indices. Further details of the 
models are given below and summarised in Table 7. 

A catch-at-age model used for estimating snapper biomass (Maunder & Stan 1998) was 
modified for use in the southern blue whiting fishery. The main modification was a change in 
the catch equations, so that fishing mortality was assumed to occur in a short period at the end 
of the season after natural mortality. The selectivity ogive for ages 2,3, and 4 estimated by 
the sSPA model was used as input to this model. Estimation was carried out using the non 
linear solver function in Excel. Preliminary model runs using a C.V. of 0.2 gave too much 
weight to the catch at age data and resulted in unrealistic exploitation rates, and so an 
arbitrary C.V. of 2.0 was used. 

The least squares estimation procedure from the MIAEL model, used for estimating year class 
strength in the hoki assessment (Cordue 1993), was the second approach used in the current 
study. This model is similar to the sSPA equilibrium model discussed above. However, the 
population in the initial year (in this case 1979) is assumed to have an equilibrium age 
structure, and the year class strengths since then are estimated using least squares. The input 
parameters, catch equations, and data sets used in the model were the same as for the sSPA 
model, and, as in the sSPA model, the catch-at-age data are assumed to follow a multinomial 
distribution. Because the model is a two-sex model the biological parameters and proportion 
at age data were input separately for each sex. As with the sSPA model selectivity was 
assumed to be complete by age 5 and the selectivity of ages 2,3, and 4 were estimated by the 
model. 

A Laurec-Shepherd tuned VPA was the third approach used to model biomass. This approach 
was used by Hanchet (1993) and Punt (1994) for assessing the southern blue whiting stocks. 
The current analysis used the Lowestoft suite of programs (Darby & Flatman 1994). This 
package requires age-structured tuning data (proportion-at-age data) which were not available 
for the southern blue whiting acoustic data, so the fitting was confined to the standardised 
CPUE indices. This model differs in a number of respects from the three statistical catch-at- 
age models. It assumes no error on the catch-at-age or CPUE data and fits the terminal fishing 
mortality exactly to the final year of the CPUE tuning data. The fishing mortality on the final 
age in each year is assumed equal to the mean of the three younger ages in the same year. 
Once the fishing mortalities in the final year have been estimated, the remaining age and year 
specific fishing mortalities and population numbers are calculated using the Baranov catch 
equations given in Darby & Flatman (1994). 



4. RESULTS AND DISCUSSION 

4.1 Variable weight-at-age 

The sensitivity of the results to the incorporation of variable weight-at-age is shown in Figure 
2. Use of the annual weight-at-age resulted in a 10% reduction of historic biomass and a 5% 
reduction in current biomass (Table 8). The changes appear to be a result of the relatively 
light weight-at-age of the dominant plus group in 1979 and 1980, and the relatively light 
weight-at-age of the dominant 1991 year class more recently (see Table 6). Future 
assessments will incorporate annual weight at age for each stock. 

4.2 Inclusion of the recruitment indices 

The sensitivity of the results to the inclusion of the 2 year old acoustic index is also shown in 
Figure 2 and Table 8. This resulted in a slight increase to historical biomass but a 10% 
increase in current biomass. This is probably because of the large numbers of 2 year olds in 
each of the acoustic surveys. Indices of recruitment from the acoustic surveys will be used in 
fbture assessments of all southern blue whiting stocks. 

4.3 "Equilibrium" model 

The biomass trajectory from the non-equilibrium (base case) model is compared to the 
equilibrium model in Figure 3. Historical biomass is considerably lower in the equilibrium 
model but current biomass is substantially higher. However, the fit to the large observed plus 
group in 1979 in the equilibrium model (not shown) was particularly poor. 

To try and address the problem of the poor fit to the large plus group the model was taken 
back to 1970. The biomass trajectory from the equilibrium and non-equilibrium models are 
similar from 1979 to 1996 (Figure 4). However, the trajectory before 1979 is very sensitive to 
the number of extra year classes being estimated. When no additional year classes were 
estimated the biomass increased gradually to about 200 000 t by 1970. When five year classes 
were estimated the biomass increased steeply to 350 000 t in 1970. When all nine year 
classes were estimated the biomass increased back to 1972, and then dropped sharply to 
100 000 t. The reason for this behaviour is the large plus group in the catch-at-age data in 
1979. When no extra year classes are being estimated, the model provides a poor fit to this 
plus group. When five extra year classes are estimated their year class strength is low 
because the fish are present in only small numbers in the catch-at-age, so the virgin 
recruitment must be increased and the earlier biomass is correspondingly higher (Figure 5). 
When nine year classes are estimated, the model estimates the first (1968) year class to be 
extremely high so that it fits the observed size of the plus group in the catch-at-age data much 
better. This results in a large increase in biomass as this year class recruits into the fishery, 
followed by a decline as it is fished out and subsequent recruitment is low. 

An additional model run was made using a plus group at age 20 (see Figures 4 and 5). This 
smoothes out the effect of the sudden increase in biomass by spreading the recruitment over a 
number of year classes (from 1965 to 1968). However, it still builds up the early 1970s 
biomass to a very large value. To determine whether this was a result of the assumed large 
catches taken during the 1970s the analysis was rerun assuming that the Campbell catch was 
only 25% of the total. The resulting biomass trajectory was essentially the same. 



There is also uncertainty over the catch-at-age data. Between 1979 and 1985 samples were 
small and came from a single vessel each year (Hanchet et al. in press) and may not be 
representative of the commercial catch. However, the trends appeared to be consistent 
throughout that time period and the size distribution for 1986 was very similar between the 
single vessel which had been the source of the data between 1981 and 1985 (Shinkai Maru) 
and the other observer data (Hanchet 1991a). Furthermore, research trawls carried out on the 
Campbell Plateau by the Kaiyo Maru in December 1970lJanuary 1971 caught southern blue 
whiting with a strongly unimodal size distribution with a peak at 39-40 cm (Hanchet, 1991a). 
Ageing suggested these fish were mainly age 4 and 5 (Anon. 1972), which corresponds to the 
1965 and 1966 year classes. This is consistent with the strong 1963-66 year classes estimated 
in the equilibrium model (see Figure 5). The slow growth of this year class can also be 
tracked from 1975 to 1978 in length frequency figures from Japanese surveys (Hanchet 
1991b, Anon. 1978), and is consistent with the small mean weight (and length) at age in the 
older fish during the early 1980s (see Table 6). Given the slow growth rate observed in the 
strong 1991 year class, it is likely that these year classes were exceptionally strong. The 
question is, how strong? 

Unfortunately no reliable data are available on the relative abundance of southern blue 
whiting during the 1970s. Shpak (1978) gave estimates of stock size ranging from 1 11 000 t - 
1 240 000 t between 1972 and 1976. His estimates appeared to be based on scaling up catch . 
per unit effort data and some acoustic surveys, although the details are not given. Francis & 
Fisher (1 979) analysed the results of several exploratory fishing cruises made by Shinkai 
Maru between 1975 and 1977. Mean catch rates were calculated by % " square of latitude and 
longitude, and 200 m depth range, standardised to the commercial fleet, and then scaled up to 
the total area. Wingspread biomass estimates of southern blue whiting were 808 000 t. 
However, as the authors note, the fishing by Shinkai Maru was not carried out in a random or 
systematic manner, and so the resulting estimates could be biased upwards. Trawl surveys by 
Shinkai Maru in 1982 and 1983 used a stratified random survey design (van den Broek et al. 
1984, Hatanaka et al. 1989), and are therefore not comparable. 

Although uncertainty remains over the precise strength of the early strong year classes, the 
results of the equilibrium model are useful in providing a stock trajectory for the early part of 
the fishery 

4.4 Comparison of models 

The biomass trajectories and recruitment estimates for the sSPA, snapper, and hoki models 
and the Laurec-Shepherd tuned VPA are shown in Figures 6 and 7. The patterns of year class 
strength are very similar between the models with all models identifying the strong 1979, 
1980, and 199 1 year classes (Figure 7). The biomass trajectories for the models since 1983 
are also reasonably consistent, with a decline to 1993 followed by an increase to 1995. 
However, the models diverge strongly before 1983. The sSPA and snapper models have a 
similar trajectory back to 1979. The hoki model estimated a lower initial biomass with 
stronger early year class strengths, whilst the VPA estimated a higher initial biomass with 
weaker early year class strengths, compared to the other models. 



The sSPA and snapper models are very similar, both using maximum likelihood to estimate 
the initial population numbers and subsequent recruitment, so it is not surprising that they 
give similar biomass trajectories and estimates of year class strength. The slight differences in 
results can probably be attributed to the way the catch-at-age data are treated (they are fitted 
as a multinomial distribution in the sSPA), and the estimation of annual deviations in 
selectivity (for ages 2 and 3) in the sSPA model. These features have been used in the sSPA 
model because of the operation of the fishery and the nature of the catch-at-age data. 

The VPA estimated a higher initial biomass but a lower current biomass than the other 
models. However, this model was tuned only to the CPUE data, and so did not incorporate 
the large increase in relative abundance shown by the acoustic indices. When the acoustic 
data were omitted from the snapper model the current biomass dropped to about 80 000 t. The 
main limitations of the "packaged" version of the VPA continues to be those identified by 
Hanchet et al. (in press); (i) there are likely to be errors in the catch-at-age, CPUE, and 
landings data, (ii) the tiine series of adult and pre-recruit biomass estimates from acoustic 
surveys cannot be used,and (iii) confidence intervals cannot be estimated. Nevertheless, the 
general agreement in biomass and year class strength between the VPA and sSPA is 
encouraging. 

The divergence between the sSPA and hoki models in the initial biomass can be partly 
explained by the way the initial population is estimated by the two models. The hoki model 
assumes that the initial population is at equilibrium whereas the sSPA estimates the numbers 
at age in the initial population. It was seen in Section 4.3 that the use of the sSPA equilibrium 
model resulted in a 20% reduction in initial biomass, and using the current data set the 
resulting initial biomass was 104 000 t. However, this value is still over double that estimated 
by the holu model. Another difference between the models is the use of the least squares in 
the estimation procedure. Cordue (1 998) carried out simulation studies to evaluate alternative 
stock reduction estimators in the west coast hoki stock. He concluded that the maximum 
likelihood estimator often performed better when estimating year class strengths, but its 
performance was worse at higher levels of virgin biomass. The least squares estimator had a 
more consistent performance, being better than the maximum likelihood estimator for virgin 
biomass and not much worse for year class strength. Without carrying out studies using 
simulated southern blue whiting data it is difficult to know how his findings relate to the 
current study. 

In summary, whilst the convergence of the biomass trajectories in all the models since 1984 is 
encouraging, the divergence of biomass trajectories before then is somewhat disturbing. The 
reason for this divergence is unclear but indicates there is a great deal of uncertainty about 
historic biomass. This uncertainty is not reflected in recent assessments of the southern blue 
whiting stock (e.g., Hanchet & Ingerson 1996, Hanchet 1997) where the confidence bounds 
on historic biomass have been unrealistically tight. Clearly the catch-at-age data by 
themselves provide little information without an abundance index and the uncertainty in the 
initial biomass is ultimately due to the lack of tuning data before 1986. It is important to carry 
out simulation studies (such as those by Patterson & Kirkwood 1995, Cordue 1998), with 
known statistical assumptions about the observations, to determine which models andlor 
estimators are most appropriate for modelling southern blue whiting stocks., 



5. ACKNOWLEDGMENTS 

Thanks to Vivian Haist, Department of Fisheries & Oceans, Nanaimo, for valuable 
discussions and assistance with changes to the sSPA models, and to Patrick Cordue for 
comments on an earlier draft of the manuscript. This project was funded by the New Zealand 
Ministry of Fisheries (project number SBW9701). 

6. REFERENCES 

Anon. 1972: Report of 1970 survey cruise of Kaiyo Maru in New Zealand waters. Fisheries 
Agency of Japan. 292 p. and 290 p. of tables and figures. (In Japanese.) (Translation 
104 held in NIWA Greta Point library, Wellington). 

Anon 1978: Report of survey cruise of the Kaiyo Maru in New Zealand waters, 1977-78. 
Fishery Agency of Japan, 150 p (in Japanese). (Translation 97 held in NIWA library, 
Wellington). 

Cordue, P.L. 1993: A minimised integrated average mean squared error approach to biomass 
and risk. N.Z. Fisheries Assessment Research Document 9311 . 21 p. 

Cordue, P.L. 1998: An evaluation of alternative stock reduction estimators of year class 
strength and an assessment of the frequency of Chatharn Rise trawl surveys of juvenile 
hoki required for stock assessment. N.Z. Fisheries Assessment Research Document 
98/12. 44 p. 

Darby, C.D. & Flatman, S. 1994: Virtual population analysis: version 3.1 (WindowsIDOS) 
user guide. MAFF Information Technology 1. 85 p. 

Fournier, D. 1994: An introduction to AD Model Builder - for use in nonlinear modelling and 
statistics. Otter Research Ltd. Canada. 5 1 p. 

Fournier D. & Archibald, C.P. 1982: A general theory of analysing catch-at-age data. 
Canadian Journal of Fisheries and Aquatic Sciences 39: 1 195-1 207. 

Francis, R.I.C.C. 1990: A maximum likelihood stock reduction method. N.Z. Fisheries 
Assessment Research Document 9014. 12 p. 

Francis, R.C. & Fisher, K.A. 1979: Assessment of the deepwater fish resource of the New 
Zealand area. Fisheries Research Division Occasional Publication, N.Z. Ministry of 
Agriculture and Fisheries, No. 21. 5 1 p. 

Hanchet, S.M. 1 99la: Southern blue whiting fishery assessment for the 1991-92 fishing year. 
N.Z. Fisheries Assessment Research Document 9117.48 p. 

Hanchet, S.M. 1991b. Overseas travel report: a six month visit to Shimizu, Japan to carry 
out ageing studies, and examine historical research data, on southern blue whiting. 
MAF Fisheries Greta Point Internal Report No. 163. 37 p. (Unpublished report held in 
NIWA library, Wellington) 

Hanchet, S.M. 1992: Southern blue whiting (Micrornesistius australis) fishery assessment for 
the 1992-93 fishing year. N.Z. Fisheries Assessment Research Document 92119.42 p. 

Hanchet, S.M. 1993: Southern blue whiting (Micromesistius australis) fishery assessment for 
the 1993-94 fishing year. N.Z. Fisheries Assessment Research Document 93/17. 56 p. 

Hanchet, S.M. 1997: Southern blue whiting (Micrornesistius australis) fishery assessment for 
the 1996-97 and 1997-98 fishing years. N.Z. Fisheries Assessment Research Document 
97/14. 32 p. 

Hanchet, S.M. 1998: A review of southern blue whiting (Micrornesistius australis) stock 
structure. N.Z. Fisheries Assessment Research Document 9818. 28 p. 



Hanchet, S.M. 1998: Southern blue whiting (Micromesistius australis) fishery assessment for 
the Bounty Platform and Pukaki Rise for 1998 and 1999. N.Z. Fisheries Assessment 
Research Document 98/32. 33 p. 

Hanchet, S.M. & Haist, V. 1994: Southern blue whiting (Micromesistius australis) fishery 
assessment for the 1994-95 fishing year. N.Z. Fisheries Assessment Research 
Document 94/22. 41 p. 

Hanchet, S.M. & Ingerson, J.K.V. 1996: Southern blue whiting (Micromesistius australis) 
fishery assessment for the 1995-96 fishing year. N.Z. Fisheries Assessment Research 
Document 96/12. 34 p. 

Hanchet, S.M., Haist, V. & Foumier, D. in press: An integrated assessment of southern blue 
whiting (M.australis) from New Zealand waters using separable Sequential Population 
Analysis. Proceedings of the international symposium on fishery stock assessment models 
for the 21 st century, Alaska, October 1997. 

Hatanaka, H., Uozurni, Y. Fukui, J., Aizawa, M. & Hurst, R.J. 1989: Japan-New Zealand trawl 
survey off southern New Zealand, October-November 1983. N.Z. Fisheries Technical 
Report No. 9. 52 p. 

Ingerson, J.K.V. & Hanchet, S.M. 1996: Acoustic biomass estimates of southern blue whiting 
(Micromesistius australis) from the Bounty Platform, Pukaki Rise, Campbell Island Rise, 
and Auckland Island Shelf, August-September 1995. N.Z. Fisheries Assessment Research 
Document 9611 8.29 p. 

Laurec, A. & Shepherd, J.G. 1983: On the analysis of catch and effort data. Journal du Conseil 

Maunder, M.N. & Starr, P.J. 1998: Validating the Hauraki Gulf snapper pre-recruit trawl 
surveys and temperature recruitment relationship using catch-at-age analysis with 
auxiliary information. N.Z. Fisheries Assessment Research Document 9811 5.23 p. 

Patterson, K.R. & Kirkwood, G.P. 1995: Comparative performance of ADAPT and Laurec- 
Shepherd methods for estimating fish population parameters and in stock management. 
ICES Journal of Marine Science 52: 1 83-1 96. 

Punt, A.E. 1994: Assessments of the stock of southern blue whiting (Micromesistius australis) 
fkom the Campbell Island Rise. N.Z. Fisheries Assessment Research Document 94112.30 
P. 

Shpak, V.M. 1978: The results of biological investigations of the southern putassu 
Micromesistius australis (Norman, 1937) on the New Zealand plateau and perspectives of 
its fishery. Unpublished TINRO manuscript. (Translation held in NIWA library, 
Wellington.) 

van den Broek, W.L.F. Tokusa, K., & Kono, H. 1984: A survey of demersal fish stocks in 
waters south of New Zealand, March-May 1982. Fisheries Research Division Occasional 
Publication No. 44. 5 1 p. 



Table 1: sSPA model input parameters and sensitivity tests 

Parameter 
M 
Acoustic adult index 
Acoustic c. v. 
Catch-at-age sample sizes 
Catch-at-age data 
Ages for which selectivity allowed to vary annually 
CPUE data 
Weight at age 
Acoustic 2+ index 
Acoustic 2+ c.v. 
sSPA model used 

Base case Sensitivity 
0.2 - 

absolute - 

0.3 - 

100 - 
1979-96 - 

2 ,3  - 

NF - 
constant variable 

NF fitted 
- 0.5 

non-equilibrium equilibrium 

Table 2: The catch history of the Campbell Island stock used in the modelling 

Season Catch (t) 



Table 3: Catch-at-age (years) matrix for the Campbell Island Rise (in '000s) from 1979 to 1996, with a plus group at age 20. Also given is the 
numbers at age for a plus group at age 11 



Table 4: Biomass (t) and C.V. (%) of adult and pre-recruit and numbers of pre-recruit ('000s) 
southern blue whiting from acoustic surveys of the spawning and nursery grounds on 
the Campbell Island Rise 

Adult Pre-recruit 
Biomass cv Biomass cv Numbers 

Table 5: Results of standardised CPUE analysis for the Campbell Island Rise 

Year Number of Percentage Relative year Standard Landings (t) Relative 
tows zero tows effect error effort 

Table 6: Weight at age matrix (kg) for the Campbell Island Rise stock of southern blue whiting 
used in the modelling 

pre 1979 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 



Table 7: Values for the input parameters to the separable Sequential Population Analysis and 
other models used in this study. *, both models fitted catch-at-age data assuming a 
multinomial distribution with a sample size of 100, which equates to a C.V. of about 0.2 

Parameter sSPA Hoh Snapper VPA 

M 
Acoustic index 
Acoustic c.v. 
CPUE c.v. 
Catch-at-age c. v. 
Selectivity of ages 2, 3,4 
Years of catch-at-age data 
Annual weight at age 

0.2 
relative 

0.3 
0.5 

0.2* 
estimated 

1979-95 
constant 

0.2 
relative 

0.3 
0.5 

0.2* 
estimated 

1979-95 
constant 

0.2 0.2 
relative NF 

0.3 NF 
0.5 - 
2.0 - 

0.15,0.6,0.95 estimated 
1979-95 1979-95 
constant constant 

Table 8: Relative changes (expressed as percentages) of selected parameter estimates as a result 
of alternative model assumptions for the Campbell Island stock. B, mid-season 
spawning stock biomass; N2,1993 size of the 1991 year class; GMR, geometric mean of 
the recruitment of 2 year olds omitting the last three years 

Model B1979 b 9 9 3  B1996 N2.1993 GMR 

Variable wt at age -15.1 19.5 -4.1 23.9 1.4 
Acoustic 2+ index 6.1 0.3 19.5 13.4 2.5 
Equilibrium model -20.6 20.6 16.3 41.4 4.0 
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Figure 1: Annual landings of southern blue whiting (t) by the split October-September 
fishing year. (Note: 95, refers to the 1994-95 fishing year). 

Year 

Figure 2: Sensitivity of the Campbell Island spawning stock biomass to the use of variable 
weight at age (var waa) and the inclusion of 2 year old acoustic index (aco 2) in the 
sSPA model. 
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Figure 3: Sensitivity of the Campbell Island spawning stock biomass to the type of sSPA 
model used. 

Year 

Figure 4: Spawning stock biomass estimates for equilibrium sSPA models with 0, 5, and 9 
extra year classes being estimated using a plus group at age 1 1, and with 19 extra 
year classes being estimated with a plus group at age 20. Note catch at age data 
available only for 1979-1 996 
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Figure 5: Campbell Island recruitment strengths (number of 2 year olds) for equilibrium 
sSPA models with 0, 5, and 9 extra year classes being estimated using a plus group 
at age 11, and with 19 extra year classes being estimated with a plus group at age 
20. Note catch at age data available only for 1979-1996. 
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Figure 6: Comparison of Campbell Island spawning stock biomass trajectories between the 
non-equilibrium sSPA, snapper, and hoki models and the Laurec-Shepherd tuned 
VPA. 
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Figure 7: Comparison of Campbell Island recruitment strengths (number of 2 year olds) 
between the non-equilibrium sSPA, snapper, and hoki models and the Laurec- 
Shepherd tuned VPA. 



Appendix 1: Documentation of the separable Sequential Population Analysis 

Model specification 

The model developed to analyse the fishery is an extension of the approach outlined by 
Fournier & Archibald (1982). Errors associated with the observed catch, the proportion-at- 
age, fishing effort, and the acoustic biomass indices are all explicitly considered in the model. 
The fit to the total catch and the catch-at-age data are kept separate following Fournier & 
Archibald (1982), which has allowed incorporation of variability into the age determination 
process. Because fishing takes place during a very short 2-3 week season in September, at the 
end of the fishing year, the catch equations assume that 95% of M occurs before fishing starts 
and the remaining 5% of M occurs during fishing. 

The form of the catch equations used in the model is given by the following relationships. 

N~;. = exp (- 0.95 M) Nu 

where, 
i 
j 
a 

cj 

q.. 
q, 
M 

zij 

Nij 

indexes year, 
indexes age class, 
is the number of age classes, 
is the catch (in numbers) of age class j fish in year i, 

is the total catch (in numbers) in year i, 
is the instantaneous fishing mortality rate for age class j in year i, 

is the instantaneous natural mortality, 
is the instantaneous total mortality rate for age class j during the fishing 

period in year i, 
is the number of age class j fish in the population at the beginning of year i, 

N,;. is the number of age class j fish in the population at the beginning of the 

fishing period in year i, 

Fishing mortality is treated as a fbnction of the observed fishing effort ( Ei ), catchability (q), 
and age-specific selectivity (s i , ) .  Preliminary analysis suggested asymptotic selectivity, 

completed by age 5, so selectivity of age 5 and older was assumed to be 1 .O. Because of the 
potential for targeting new recruits, time dependent changes in age-selectivity were also 
estimated for ages 2 and 3. A single selectivity parameter is estimated for age 4 fish. The 
relationships describing observed fishing effort, expected fishing effort ( Ei ), and fishing 
mortality are: 



and 

Ei = Ei exp (d: ) - e7 = q ~ i i  E, exp(dE) 

where, 
sii = exp(1, +d i )  

the d; represent deviations from average selectivity at age for j = 2 and 3, and 0 for j > 
3. 

1, = 0 for 4 < j l a  

and the diE represent deviations in the effort-fishing mortality relationship. 

Following Fournier & Archibald (1 982) we assume that the age-composition samples adhere 
to a multinomial sampling distribution and that annual total catch estimates are independent 
and log-normally distributed. The negative of the log-likelihood function for the catch-at-age 
model is then 

where ni is the sample size, & and p, are the observed and predicted proportion of fish of 

age j in year i respectively. ci is the observed catch in year i, and o, and a, are standard 
deviations for catch and effort which are described below.. An additional component is 
added to the negative of the log-likelihood function to tune the model to the acoustic survey 
biomass estimates. These surveys are conducted during the spawning season and the model 
is fit to the estimates of adult abundance. The model estimates of spawning stock biomass 
(Bi) are 

where wj is the weight of fish in age class j. In this formulation we are assuming that the 

average selectivity Ij is synonymous with maturity, which is probably valid for this 

spawning fishery. We assume the survey abundance estimates are relative and they have a 
log-normal error distribution. The following term is added to the negative of the log- 
likelihood fimction. 

where a, is the standard deviation of the biomass described below, gi is the adult acoustic 
biomass estimate in year i, and r is the abundance scalar. 

The model was implemented using AD Model Builder software (Fournier 1994), which gave 
simple and ready access to minimisation routines, and provided the ability to estimate the 



variance-covariance matrix for all dependent and independent parameters of interest. The 
parameters being estimated when minimising the negative log-likelihood function are in( Ni,  ), 

In( N ,  ), d: , d i  , l j  , q, and r. The first four groups of parameters are estimated in the model 

as a vector of deviations from a common mean and constrained so that they sum to zero. 

Weightings 

It was not possible to estimate the various standard deviations so they were fixed at values 
that represented our levels of confidence in the various data sets. A convenient way to do this 

was in terms of weights where w, = ai2, for each variate x, and the corresponding c.v.s are 
given for each dataset considered. An estimate of the confidence came fiom a consideration 
of both the estimated variance and possible bias inherent in the data. Where appropriate, 
weights were assigned different values between years. 

Annual catches appear to be well estimated in this fishery and so a weight equivalent to a C.V. 
of 5% was given to each year's catch. 

Weights were assigned to the proportion-at-age based on the sample size in a multinomial 
distribution. The amount and precision of data collected from this fishery suggests a sample 
size of about 300 may be warranted (Hanchet & Ingerson 1996). However, the standard 
multinomial sampling process is not robust to violations of assumptions (Fournier & 
Archibald 1982). A number of factors including ageing error, sampling bias, and non- 
conformity with the model assumption of separability would all lead to the sample size being 
inflated relative to the true deviations of predicted versus observed proportions-at-age. The 
sample size was therefore reduced to 100 in the model. 

The earlier data (pre-1986) are much less reliable than more recent data because only one vessel 
was sampled each year, and there were fewer length-frequencies taken and otoliths collected 
and read. Therefore, the sample size was adjusted between years by the proportion of tows 
made in that year compared to the median number of tows in the series following Cordue 
(1 993): 

ni = n(ti l t,, ) 

where, ni is the sample size in year i, n is the sample size, ti is the number of tows sampled in 

year i, and t,,, is the median number of tows in any year in the series. 

A weight of 5 (equivalent to a C.V. of 30%) was used for each acoustic data point which is 
consistent with the average of the c.v.s from the surveys. There is no reason to believe that the 
biomass was better estimated in any of the years, since each estimate was based on two 
surveys, so the indices were given equal weighting for each year. 

The standard errors of the CPUE indices estimated by the general linear model were quite 
low, suggesting a high weighting (see Table 2). However, because of the highly aggregated 
nature of the fishery, it was considered that the CPUE series may not be accurately 
monitoring abundance and that it should have a lower weighting than the acoustic indices. 
Therefore, the weight for the effort data was assigned a value of 2, which is equivalent to a 
C.V. of 50%. 



Appendix 2: Changes to the sSPA 

Catch in weight and variable weight at age 

Catch was calculated in terms of weight rather than numbers, so the catch equation becomes: 

and the model estimate of biomass becomes: 

Bi = x l j  w,exp(-0.52,) N; 
i 

Inclusion of recruitment indices 

The following term was added to the objective function: 

i=95 2 

oR ( l n ( ~ , ) - l n ( s  N,)) for j  = age 2 
i=93 

where, oR is the standard deviation of the recruitment index, R, is the recruitment index in 

year i, and s is the abundance scalar. 

The equilibrium model 

The initial age structure is assumed to be: 

- M ( j - I )  No, = R, exp 

and for the plus group 

for l l j l a - 1  

for j  = a  

where, 

where, logR is a scalar estimated by the model, 
i=nyrs-3 

log mi, = x log Nil  1 (nyrs - 3 - Ryrs + 1) 
i= Ryrs 

where, Ryrs is the first year where year class strength is estimated, and nyrs is the number of 
years in the model. 


