


1. EXECUTIVE SUMMARY 

SNA 1 and SNA 8 stocks were each modelled using an age structured model in which 
recruitment was determined from a known relative recruitment index. This index was obtained 
from the work of Francis (1993) for the Hauraki Gulf (1983 to 1989) and was extrapolated 
to cover the two stocks for the relevant periods. For each stock, biomass was obtained from 
a single tagging estimate and a catch per unit of effort (CPUE) index. Each stock was 
estimated to be at half the biomass that would produce the maximum sustainable yield 
(MSY). The MSYs were 7100 t and 2100 t, respectively, including recreational catch. Current 
surplus production in 1993 (CSP) was estimated to be 6400 t and 1900 t. Projected 1993 
catches were 7400 t (6000 TACC + 1400 recreational) and 1900 t (1600 TACC + 300). The 
state of each stock relative to its optimum size was estimated with more confidence than the 
absolute values of the yields themselves. We have moderate confidence in the estimated yields 
for SNA 8, but less in those for SNA 1. 

Rebuilding these stocks would probably result in an increase in recreational CPUE and 
therefore an increase in the recreational catch. Commercial fishers would benefit by an 
increase in CPUE, but would get little or no increase in catch. 

For SNA 2, an argument by analogy with the above stocks gives an estimated MSY of 430 t 
and a CSP of 380 t, inclusive of an assumed recreational catch of 20 t. We have limited 
confidence in these estimates. The present TACC is 157 t. 

For SNA 7, no overall estimate of yield has been made, but in view of past landings we 
believe that the present TACC (160 t) is likely to result in stock rebuilding. 

2. INTRODUCTION 

2.1 Overview 

This paper updates the stock assessment of snapper resources in New Zealand. The recent 
history of the fishery is described and research studies which are relevant to assessment of 
snapper stocks are outlined. An age structured model, fitted to CPUE data from the longline 
fishery, was used to update the size and age structure of the Auckland East snapper stock 
(SNA 1) from the tag-recapture estimates of 1984 and 1985. A similar age structured model 
was fitted to abundance indices from CPUE analysis of the pair trawl fishery and a 1990 tag- 
recapture biomass estimate for the Auckland West stock (SNA 8). The Central East stock 
(SNA 2) was assessed by analogy with SNA 1 and SNA 8. No assessment was made for the 
Challenger stock (SNA 7). 

2.2 Description of the fishery 

The snapper fishery is the largest and most valuable coastal finfish fishery in New Zealand. 
Snapper are caught by single and pair trawling, Danish seining, lining, set netting, beach 
seining, and occasionally by purse-seining. Catch rates by trawling and Danish seining are 
highly seasonal, with the best catch rates usually being made in the main spawning season, 
November to December. Catch rates are generally at a minimum in the middle of winter. The 



other methods also show this pattern but with lesser contrast between the spawning season 
and the winter. The commercial fishery which developed last century, expanded in the 1970s 
with increased catches by trawl and Danish seine. After the introduction of pair trawling in 
most areas, New Zealand landings peaked in 1978 at 18 000 t. In the 1980s an increasing 
proportion of the catch was taken by longlining as the high value Japanese "iki jime" market 
was developed. By the mid 1980s catches had declined to 8500-9000 t and some stocks 
showed signs of overfishing. With the introduction of the Quota Management System (QMS) 
in 1986, Total Allowable Commercial Catches (TACCs) in all stocks were set at levels 
intended to allow some stock rebuilding. Catches since then have been between 5500 and 
8000 t. Pair trawling has declined, but the decline in Danish seining seen at the outset of the 
QMS has been reversed. 

The 1987 National Marine Recreational Fishing Survey showed that snapper is the most 
important finfish species sought by non-commercial fishers. Most of the catch is taken by 
handline either from shore or from small boats close to shore. Although the current annual 
catch of snapper by the non-commercial fishery is not known accurately, estimates based on 
the results of tag-recapture experiments are available in three of the four main snapper stocks. 

2.3 Literature review 

There is an extensive literature on all aspects of snapper biology and fisheries (see Paul 
1979). More recent summaries appear in Sullivan (1985) and Paul & Sullivan (1988). Only 
the papers produced since the last review in 1988 are described here. 

New Zealand snapper belongs to the widespread and complex Sparidae family. Paulin (1990) 
proposed that it be classified as Pagrus auratus (previously Chrysophrys auratus), unifying 
it with the Japanese species Pagrus major. The extensive Japanese literature may therefore 
be relevant, but is not discussed in this document. 

A number of growth studies have been reported. Gauldie (1988) described the fine structure 
of rings in sections of snapper otoliths, and queried the interpretation of annual checks. 
However, Francis et al. (1992) were able to validate the annual ring count method (up to age 
30) from studies of tetracycline marks on otoliths of tagged and recaptured fish. They 
confmed that the conventional ageing method of Paul (1976) was very accurate. Ferrell et al. 
(1992) used similar techniques to validate the annual marks in younger snapper. Other papers 
by Bell et al. (1991) and Francis & Winstanley (1989) described growth of snapper in 
Australia. Paul (1992) reviewed fish ageing techniques used in New Zealand, including other 
methods used for snapper. 

Francis & Pankhurst (1988) described sex inversion in juvenile snapper, and Smith & Francis 
(1991) considered the prospects for enhancement of snapper fisheries by reseeding wild 
populations. Francis (1993) quantified the strong relationship between water temperature and 
recruitment strength in the Hauraki Gulf snapper, previously reported by Paul (1976). 

Stock assessment studies have been completed on a number of stocks. Kirk et al. (1988) 
estimated stock size for SNA 7 from a tag-recapture experiment carried out in 1986, and 
McKenzie (in prep.) described the 1990 tag-recapture results for SNA 8. Vignaux (1993) 
improved and updated the analysis of catch and effort data from the SNA 8 pair trawl fshery 



from 1974-1991. Drvry & McKenzie (1992a, b, c, d) reported the results of trawl surveys 
completed on the west coast, Bay of Plenty, Hauraki Gulf, and east Northland respectively 
during 1989 and 1990. Zeldis (in prep.) described the feasibility of the egg production method 
for assessing snapper stocks, based on the results of a research programme from 1984 to 
1991. 

Market sampling results have been reported in many unpublished papers (Malcolm Haddon, 
Victoria University, Wellington and Mike Ryan, MAF Fisheries, Nelson, pers. comm.). 
McKenzie et al. (1992) presented age and length frequency data from the northern snapper 
fisheries for the period 1989 to 1992. Catch curves were used to obtain estimates of mean 
total mortality, but these have not been used in the present document. These and earlier 
market sampling data are available on MAF Fisheries research databases. 

Gilbert (1992) used an equilibrium surplus production versus stock biomass function to model 
the SNA 8 stock. This model was used to fit the history of catches to the CPUE and tag- 
recapture stock indices given below. The estimate of virgin biomass was 77 600 t. However, 
there was insufficient weight given to the tag-recapture estimate and no account was taken 
of the known variations in recruitment. The virgin biomass estimate is therefore probably too 
low. 

3. REVIEW OF THE FISHERY 

3.1 Total Allowable Commercial Catch 

The TACCs for SNA 1, SNA 2, and SNA 8 have been increased since 1986 by decisions of 
the Quota Appeal Authority (QAA). These increases were 27%,21%, and 20% respectively. 
The SNA 7 TACC has also been increased, but was reduced from 372 to 160 t for the 
1989-90 year. This decision was based on estimates of stock size from the 1986-87 
tag-recapture experiment. 

3.2 Landings 

In 1986-87 landings from SNA 1 and SNA 8 were less than their respective TACCs 
(Table I), but in recent years have largely matched them. The landings from SNA 2 have 
exceeded the TACC by an increasing margin since 1987-88. The landings from SNA 7 were 
less than the TACC until the TACC was reduced for the 1989-90 year. 

In 1990-91, landings of snapper decreased to 7570 t. This decrease was mainly caused by a 
drop in landings from SNA 1 (660 t below the TACC); the reason for the shortfall is not 
known. In the SNA 8 fishery, landings were slightly above the TACC and in SNA 7 they 
closely matched the TACC. In SNA 2 the catch is associated with other fisheries, and there 
was again a major over-run of the snapper TACC (162% overcaught). For SNA 2 the volume 
of surrenders to the Crown has increased each year since the QMS started. 

Table 1 gives the reported commercial landings and corresponding TACCs by fish stock. 



Table 1: Reported landings (t) of happer by Fishstock from 198344 to 1990-91, TACC 198687 is that gazetted and TACC for 1987-88 to 1990-91 is sum of quota 
holdings which include Quota granted on appeal 

Fishstock SNA 1 SNA 2 SNA 3 SNA 7 SNA 8 SNA 10 
QMA .1 2 3,4, 5, 6 7 8, 9 10 Total 

Landings TACC Landings TACC Landings TACC Landings TACC Landings TACC L a n d i i  TACC Landings TACCS 

t FSU data. SNA 1 = stat areas 1-10; SNA 2 = stat areas 11-16; SNA 3 = stat areas 18-32; SNA 7 = stat areas 17,33-3638; SNA 8 = stat areas 37, 39-48. 
$ QMS data. 
5 Includes landings from unknown areas before 1986-87. 



Table 2 gives the proportion of the reported commercial landings by method by stock for the 
fishing year 1990-91. Although longlining is the predominant method in the largest stock 
(SNA l), trawling is the major method elsewhere. 

Table 2: Percentage of the commercial snapper landinw taken by each f ~ h i  method in 1990-91 

Method 
Single Pair Danish 

Stock Line trawl trawl seine Other 

SNA 1 42.6 25.0 7.3 19.7 5.5 
SNA 2 6.2 91.5 - 1.9 0.4 
SNA 7 9.9 60.5 29.1 - 0.5 
SNA 8 1.5 59.2 38.3 - 1 .O 

3.3 Non-commercial catch 

Tag-recapture experiments have been carried out for SNA 1 (Sullivan et al. 1988). SNA 8 
(McKenzie in prep.), and SNA 7 (Kirk et al. 1988). Their main purpose was to estimate stock 
sizes. In simple terms, the number of tonnes of catch taken for each tag-recaptured 
commercially was multiplied by the number of tags released to give the stock biomass. This 
ratio of tonnes per tag ratio was also used to estimate the non-commercial catch by 
multiplying it by the number of non-commercial tag-recaptures. The estimate of non- 
commercial catch depends on the assumption that both the commercial catch and the number 
of recreational tag returns were accurately recorded. 

Table 3 gives the estimates of non-commercial catch for various areas based on the tag- 
recapture experiments. 

Table 3: Estimates of annual noncommercial catch of snapper (t) based on the results of tag-recapture 
experiments in various areas 

Stock Area 

SNA 1 Bay of Plenty 
Hauraki Gulf 
East-Northland 

Non-commercial % of commercial 
Year catch catch by weight 

TOTAL 1600 2 1 

SNA 7 Tasman Bay-Golden Bay 1987 15 8 

SNA 8 Auckland West 1991 250 13 



4. SNAPPER RESEARCH 

4.1 Stock structure 

Separation of stocks has previously been on the basis of genetic studies and other biological 
information. The location of spawning grounds, differences in growth rates between areas, and 
the results of tag-recapture experiments suggest that six or seven stock units may exist 
(Sullivan 1985). Although some long-distance movements have been recorded by individual 
fsh, tagging studies show that generally movement is localised. 

4.2 Trawl survey stock indices 

Although trawl surveys have been carried out over an extended period in the Hauraki Gulf, 
we do not consider that they give useful indices of snapper stock abundance for two main 
reasons. Variability in the stock indices from year to year is very high and single trawl gear 
is strongly selective in favour of small fish. 

Random stratified trawl surveys designed to give relative estimates of juvenile (less than 
25 cm) and adult snapper stock size for the Hauraki Gulf have been carried out by Kaharoa 
since the early 1980s. Possible relative biomass indices have been obtained from them. 
Between the early 1960s and 1980 Ikatere also carried out surveys, but of a fixed station 
design. These have been used to obtain more or less comparable relative biomass indices by 
assuming a consistent stratification of the survey area and the same catchability between the 
trawl wings as that of Kaharoa. The relative indices of adults have shown marked variation 
in successive years (Figure 1). For example, between summer (October to March) 1986 and 
summer 1987 the index trebled, while between summer 1987 and summer 1988 the index fell 
by one-third. 

Time of year of the survey is related to the size of the biomass index. Catchability probably 
changes with season. For this reason most of the recent surveys have been carried out in 
November to December. There are clearly other factors involved as well. Figure 2 shows 
relative biomass indices for November to December surveys plotted against the mean surface 
temperature recorded in the inner western Hauraki Gulf strata. These are the strata where a 
major part of the stock is normally found. There appears to be a positive relationship between 
the estimated biomass and the water temperature at the time of the survey. Catchability 
appears to be higher in the warmer years, but to use trawl survey biomass estimates directly 
as indices of abundance we must be able to assume that catchability was constant between 
surveys. 

A further difficulty is caused by the size selectivity of single trawlers. Not only are small fish 
more catchable than large, but it appears that the selectivity curves are not constant from 
survey to survey. Francis (1993) has used trawl survey estimates of numbers of l-year-olds 
as year class strength indices. However, as estimates of total stock biomass the trawl survey 
indices are not satisfactory. Sullivan et al. (1988) estimated selectivity curves by size from 
tag-recapture data. These selectivity curves were applied inversely (by size class) to the 
biomass estimates given in Figure 1, to obtain adjusted relative estimates of stock biomass. 
Unfortunately, this resulted in greater year to year variation than in the unadjusted series. 
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Figure 1: Possible adult snapper biomass indices for the Hauraki Gulf from trawl surveys by Ikotere and 
Kaharoa between 1964 and 1990. Catchability of fish between the trawl wings was assumed to be the 
same for all surveys. S denotes a survey during October to March and W a survey during April to 
September. 

Inner Hauaki GuH 
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Figure 2: Possible adult snapper biomass indices for the Hauraki Gulf from trawl surveys by Ikatere and 
Kaharoa plotted by year against sea surface temperature measured at inner Gulf trawl stations. 
Catchability of fish between the trawl wings was assumed to be the same for all surveys. 



Because of the high variability in the biomass estimates, the variable size selectivity, and the 
apparent relationship between the biomass estimates and environmental factors, trawl survey 
estimates have not been used as indices of adult biomass. They have however been used to 
estimate relative year class strength of 1-year-olds (see below). 

4.3 Biomass estimates 

4.3.1 SNA 1 model (Auckland East) 

The stock assessment for SNA 1 was based on an age structured model similar to those used 
in other New Zealand assessments (e.g. Francis & Robertson 1991). The main difference was 
that the start of the period modelled did not correspond to a virgin stock. Other minor 
variations were the use of selectivity patterns for each fishing method, the inclusion of 
recruitment indices, and the manner in which non-commercial catches were included in the 
model. 

The weight at age curve and the natural mortality rate were known constant parameters. The 
starting biomass was made up of known numbers at age in the population. The model stepped 
forward each year, reducing fish numbers by natural mortality, non-commercial fishing 
mortality (assumed constant), and commercial catch, promoting the survivors into the next age 
and weight class and adding the recruiting year class at the start of the year. This created a 
saw-tooth trajectory of stock biomass, the cusps occurring at the start of the year. The CPUE 
abundance indices were mean annual values and were fitted to the modelled mid-year 
biomasses. The tag-recapture estimate of numbers at age were taken as the start of year age 
structure, i.e., the top of a saw-tooth at the start of 1985. As the tag-recapture estimate is 
inclusive of fish that recruited during 1985, this model assumption is valid (see below). 
Recruitment was modelled by multiplying mean recruitment by a known relative recruitment 
index. The mean recruitment was an estimated parameter. 

The value of mean recruitment was found by the maximum likelihood method. The equations 
are essentially the same as those given by Francis (1990). but here the mean recruitment, R,, 
was estimated rather than the unexploited stock size, B,. Appendix 1 gives the detailed 
workings of the model and the IikeIihood equations. 

Estimates of biomass from tag-recapture experiments 1983-84 

Sullivan et al. (1988) presented estimates of recruited stock biomass (over 25 cm) for the east 
Northland and Hauraki Gulf snapper stocks based on a tag-recapture experiment carried out 
in 1984. They also revised the estimates of Hore et al. (1986) for the Bay of Plenty stock 
based on a tag-recapture experiment in 1983. Although the estimate for the Bay of Plenty 
relates to the biomass 1 year earlier, it has been used here to represent the situation at the 
start of 1985 (the biomass was a small proportion of the total). Table 4 shows the biomass 
estimate for each of the three snapper substocks in SNA 1. An allowance of 15% under- 
reporting of tags was made (Sullivan et al. 1988); the total biomass of SNA 1 stocks was 
estimated at 53 400 t. The coefficient of variation of this estimate, based on simulation 
modelling of the estimation procedure, was about 10% (authors' unpublished results). This 
simulation included error in the estimate of tag loss and of initial mortality in the experiment, 



uncertainty in the estimated number of fish in each size category in the catch, and error due 
to the random recovery of tagged fish from the stock. 

Table 4: Biomass estimates from tag-recapture experiments 

Area 
Biomass 

Start of year (t) 

East Northland 1985 21 800 
Hauraki Gulf 1985 32 300 
Bay of Plenty 1984 7 300 

Total 61 400 
Estimate (assuming 15% under-reporting) 53 400 

For the East Northland and Hauraki Gulf experiment the tagged fish were released in 
November and December 1984. Tag recoveries and recorded commercial catch from the 
following year were used to estimate tag per tonne ratios. The estimate of the tag per tonne 
ratio for the smallest size class includes fish recruited during the year because these fish are 
included in the commercial catch. The biomass estimate therefore corresponds to the start of 
the fishing year, but artificially includes recruits that entered the stock during the subsequent 
year. This turns out to correspond well to the stepwise manner in which recruitment enters 
the stock in the model. It is therefore valid to use the tag-recapture estimate as the initial start 
of year age structure, even though this corresponds to the top of a saw-tooth. 

Initial age structure 

The length structure of the snapper population was obtained from the tag-recapture 
experiments (Figure 3). The initial age structure (Figure 4) was determined by combining this 
length frequency distribution with an age-length key based on age readings from 2743 fish, 
sampled throughout 1984 and 1985 from the commercial fishery. For each 1 cm length class, 
fish were assigned to age classes in the proportions present in the age-length key. The number 
of 3-year-old fish was combined with the number of 4-year-olds to meet the assumption in 
the model of knife-edge recruitment at age 4. This would be balanced to some extent by small 
4-year-olds not yet recruited. A sensitivity analysis showed that the model results were not 
sensitive to the number of Cyear-old fish in the initial age structure. The initial number of 
fish 30 years and older (2.5%) was divided equally between the age classes from 30 to 50. 
In the model..fish .were;lssumed to die after reaching 50.years .of .age. 



Figure 3: The estimated length structure of the SNA 1 stock at the start of 1985 from the tag-recapture 
experiment. 

Figure 4: The initial age structure of the SNA 1 stock at the start of 1985 used in the model. This was based 
on the tag-recapture estimates of numbers at lengtb and converted to numbers at age via an age-length 
key. Fish exceeding 30 years of age were included in the 30-year-old age class. 
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Indices of abundance from catch-per-unit-effort data, 1983 to 1991 

Snapper are caught by many different methods (single and pair trawl, Danish seine, longline, 
set net and beach seine as well as non-commercial methods). The results of the tag-recapture 
experiment showed that each method had a different selectivity pattern by size; the non- 
commercial and single trawl methods tended to catch smaller snapper, while longline catches 
were dominated by larger sized f s h  (Sullivan et al. 1988). In particular, the longline data 
showed no decline in exploitation rate with increasing size of fish, although the longline 
selectivity pattern was not perfectly flat, it had a more constant selectivity pattern for the 
larger fish, where the greater biomass occurred (see below). We therefore considered that 
longline catch rates were the best index of adult snapper biomass. 

An analysis of CPUE data from the longline fishery in SNA 1 between 1983 and 1991 was 
carried out by Paul Stan (in prep.); these calculations were presented to the Snapper Stock 
Assessment Working Group in early 1992. Total catch divided by total number of hook sets 
was calculated for each vessel for each month. Landed catch from Fishery Statistics Unit 
returns was used up to August 1989 and estimated catch from Catch Effort and Landing 
Returns was used subsequently. The statistic used as a stock index was defined as the 
weighted mean of the monthly medians of catch per hook set. The weights used were the 
number of vessels recording catch in the particular month. Two different CPUE time series 
were calculated. One used all available records while the other was restricted to vessels that 
either recorded a minimum of 50 trips or recorded trips in at least 8 of the years under 
consideration. The rationale for the latter time series was that by restricting the vessels 
selected to those with more comprehensive records, greater comparability would be achieved. 
The CPUE time series for all vessels showed a decline of 15% from 1985 to 1991, whereas 
the restricted index showed a decline of 19% (Table 5). The declines for the period 1983 to 
1991 were 13% and 20%, respectively. The CPUE time series for all vessels was chosen as 
the index of mid-year stock biomass of snapper (4 years and older) for the baseline estimates. 

Table 5: SNA 1 longline catch per unit effort 

Weighted mean of monthly 
median catch per hook set 

Vessel with 50 
All vessels trips or 8 years' data 



Relationship between recruitment and temperature 

It has long been known that snapper year class strength is positively related to the temperature 
during the corresponding spawning season (Paul 1976). Francis (1993) recently estimated a 
log-linear relationship between year class strength and autumn water temperature for Hauraki 
Gulf snapper. This was based on the numbers of 1-year-olds caught in spring Hauraki Gulf 
trawl surveys in the period 1984 to 1990 and monthly mean water temperatures recorded at 
the Leigh Marine Laboratory. The temperatures through summer until early winter all showed 
high correlation with the corresponding year class, but the strongest relationship was for the 
April to June period. 

The relationship derived by Francis between abundance estimates of 1-year-olds and water 
temperature between 1983 and 1991 (Table 6) was, 

where R is the number of 1-year-olds and w is the April to June mean water temperature at 
Leigh. R was scaled so that the 1931 to 1991 mean equated to 1, to give the recruitment 
index (the 1931 to 1966 recruitments were obtained from air temperature as described in the 
SNA 8 section below). This gave a 1982 to 1991 mean of 0.98. 

Table 6: Autumn water temperature at Leigh, Hauraki Gulf trawl spring survey estimated number of 
1-yearslds and relative recruitment index calculated from Francis' temperature recruitment 
relationship 

Mean Apr-Jun Estimated number 
Year water temp ("C) as 1-yr-olds (millions) 

Calculated 
index 

t This value was estimated using a relationship between the water temperature and summer air temperature. 

As autumn temperature data were not available for 1992 when the modelling was carried out, 
the index for 1992 was based on the strongly correlated Auckland summer air temperatures. 
(Actual 1992 April to June water temperature proved to be colder and gave an index of 0.09). 



Biological and fishery parameters 

The biological and fishery parameters used in the model are given in Table 7. A von 
Bertalanffy growth equation was fitted to the age data from 2743 snapper taken in 1984 and 
1985. The length-weight relationship was taken from Paul (1976). Natural mortality was 
estimated as 0.06 per year from a catch curve of Auckland West snapper sampled in 1974 at 
the start of the pair trawl fishery (authors' unpublished results). The age of recruitment was 
taken as 4 years as the mean size of 4-year-old fish is about the legal minimum size limit of 
25 cm. Knife-edge recruitment was assumed. 

Table 7: Model parameters for SNA 1 

Parameter Estimate 

Natural mortality (per year) M = 0.06 

Length-weight relationship 
(gm, a) w = 0.04467P.793 

Maximum age, 100% mortality 
a~sumed (Y) 50 

Catch and natural mortality 
occur concurrently C = F ( 1  - dF + M))B,, 

F + M  

Source 

Authors (unpublished) 

Paul (1976) 

Present document 

Age at minimum legal size 

Modelling assumption 

Baranov catch equation 

Selection pattern 

The selectivity pattern of each method was estimated from the tag-recapture data. The tag 
returns provide relative exploitation rates by size for snapper caught by each method in the 
fishery. These results were combined with an age-length key to determine the selection at age 
for each method, including the non-commercial fishery (Figure 5). For convenience, the 
values were scaled so that the selectivity by each method was equal to one for 8-year-old 
snapper. Fishing mortality by age was scaled accordingly. 

Commercial catch 

The proportion of the snapper catch taken by each method from 1985-86 to 1990-91 is given 
in Table 8. In the projections beyond 1990-91, the proportion of the catch taken by each 
method was assumed to remain the same as in 1990-91 and the total commercial catch was 
assumed to remain at the TACC level. 
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5: Estimated selectivity curves by method for SNA 1 based on tag-recapture data. The selectivity for each 
metbod is the probability of recapture, scaled so that the selectivity for 8-year-old snapper is one. 



Table 8: Percentage of SNA 1 commercial catch taken by each f~hing method 1984-85 to 1-91 

Method 
Single Pair Danish 

Year Line trawl trawl seine Net 

Non-commercial catch 

In the model, non-commercial fishing mortality was assumed to be constant over time. Catch 
was calculated by assuming a constant selectivity pattern. The rate of instantaneous fishing 
mortality was set at 0.04 per year for 8-year-old fish, the estimate obtained from the tag- 
recapture experiment. The rate of mortality on each age class was the product of the fishing 
mortality rate and the selection factor. As the selectivity for each age class was normalised 
so that the 8-year-old fish had a selection factor of 1, younger fish had selection factors 
exceeding 1 (Figure 5). In the model, the non-commercial catch increased as the stock size 
increased, particularly when good recruitment entered the stock. 

Model results 

The model was run from the start of the 1984-85 fishing year. The maximum likelihood 
estimate of mean recruitment based on the CPUE mid-year biomass indices (from 1985 to 
1991) was found by a systematic search (to the nearest 100 000 recruits). Figure 6 shows the 
stock trajectory and the fit of the model to the indices and Table 9 gives the estimates. The 
mean recruitment was estimated at 9.8 million 4-year-old f s h  which corresponds to a virgin 
stock size of 310 000 t. 



Table 9: Model estimates for SNA 1 under various assumptions. CPUE is the stock biomass index based 
on equilibrium longline catch per hodr; M is natural mortality rate; R, is number of 4-year-old 
recruits, B, B,  and B ,  are mid-year stock biolllssses for 1993, 1996 and maximum 
sustainable yield (MSY), respectively; (C/BX, is the assumed catch to estimated mid-year biimass 
percentage for 1993; (CIB), is MSY/Bm; CSP is the mean surplus production for a stock 
biomass equal to B, (annual surplus production depends on actual recruitment each year, see 
Table 10); CAY, is current annual yield for 1993 

hsum~tions Estimates 
CPUE % 
change M RO B93 Bw BMY (CIB)93 (CIB~SY CSP CAYq3 MSY 
1985-1991 (rl) 0 (kt) (kt) (kt) (96) (96) (t) 0) (t) 

-15 0.06 9.8 40 37 77 18.6 9.2 6400 3700 7100 
(baseline estimate) 

t This set of assumptions gives a probable upper limit to mean recruitment and stock biomass. 

A yield per recruit analysis was carried out using the same parameters as those used in the 
model to obtain equilibrium yield estimates. The reference fishing mortalities have been 
expressed as catch to mid-year biomass percentages. F,, was 9.2% (equal to F,, when 
recruitment is not related to stock biomass). The stock has been fished at or above this fishing 
mortality for a considerable time and there is no evidence that recruitment declines with 
-falling stock size. F- is therefore considered to be an appropriate target fishing mortality 
for this stock. It was used to estimate the yields below. B,, occurs at 24.8% of B,. For 
comparison, F,, was 5.6%. 

The model was also projected forward assuming that commercial catches in the fishery each 
year would be equal to the 1990-91 TACC of 6000 t and that non-commercial catches would 
be determined by the assumed non-commercial mortality rate and selectivity pattern (see 
above). Future recruitment was predicted up to the 1992 year class (see above). As these fish 
recruit in the model as 4-year-olds, the model could be projected forward to 1996 using good 
estimates of recruitment (Table 10, Figure 6). 

Table 10: Short term SNA 1 model projections of stock size, catch, and production 

Commercial Non-commercial Surplus 
Calendar catch catch production 
Year 0) 0) tt) 

Mid-year 
biomass 

0)  



1984 1986 1988 1990 1992 1994 1996 

YEAR 

Figure 6: Malel trajectory for the SNA 1 mid-year stock biomass. 'IEe model was started at the 1985 tag- 
recapture estimate of biomass and of age structure and fitted to longline CPUE indices (.). 

Sensitivity 

The sensitivity of the model to the stock index and to the natural mortality rate were 
examined. Sensitivity to the CPUE stock index was examined by using indices which showed 
more and less decline in CPUE than the baseline case (15% decline from 1985 to 1991). The 
model was fitted to the alternative stock index given in Table 5, which showed a 19% decline 
from 1985 to 1991, and also to a hypothetical CPUE index which showed no decline over this 
period. Table 9 shows the model to be quite sensitive to the stock index. Small differences 
in the indices resulted in large differences in the estimates of 1993 biomass, MSY, and 
projected stock size in 1996. However, the estimated 1993 exploitation rate was always much 
higher than the estimated catch to biomass percentage at M S Y  (9.2%). 

Sensitivity to the value of natural mortality was examined using higher and lower values. 
Table 9 shows that a lower M resulted in a lower mean recruitment and a lower MSY, while 
a higher M resulted in a higher mean recruitment and higher yields. In all three cases the 
1993 exploitation rate was about double the target fishing mortality rate, Fmx and 1993 stock 
size was about half the level supporting the MSY. 



Long term projections of stock recovery 

To examine the long term effects on stock size of various commercial catch levels, the model 
was projected forward beyond 1996. For each year after 1996, mean recruitment and constant 
non-commercial fishing mortality (as described) were assumed. 

Figure 7 shows the time required to rebuild the stock to B,, at different levels of 
commercial catch. At 4700 t the stock took over 100 years to reach B,, and above 4900 t 
the stock never reached B,,. At B,, the non-commercial catch was 2400 t. 

This deterministic analysis represents average conditions. Recruitment variability means that 
the range of likely times to rebuild at various commercial catch levels may be quite wide. The 
level of non-commercial catch taken as the stock rebuilds has a major bearing on the time to 
rebuild. Although this catch was uncertain, we believe our assumption that it will rise in 
proportion to stock size was the best available. 

Figure 7: Time to rebuild the SNA 1 stock to the biomass that would support the MSY plotted against constant 
TACC. It was assumed that the TACC would be exactly taken each year and that the non-commercial 
fishing mortality at age would be constant. Constant mean recruitment was assumed after 1995. The 
range of likely rebuild times around this average curve is probably quite wide. 
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Deterministic Current Surplus Production and Maximum Sustainable Yield 

Estimates of deterministic equilibrium yields were obtained from the yield per recruit analysis 
(where catch by method was in the same proportions as in 1991). The current surplus 
production (CSP) was calculated as the catch (commercial plus non-commercial) that would 
sustain the stock at its 1993 biomass (B,) assuming constant mean recruitment, 

CSP = 6400 t. 

The maximum sustainable yield (MSY) was calculated as the maximum catch that could be 
sustained by the stock assuming constant mean recruitment, 

MSY = 7100 t. 

This was achieved at a stock biomass of 77 000 t with a catch to mid-year biomass 
percentage of 9.2%. Again both estimates are inclusive of non-commercial catch. 

Estimation of Maximum Constant Yield 

MCY was estimated, in the baseline case, from the formula MCY = W S P  (Method 3 in the 
Guide to Biological Reference Points for the 1992 Fisheries Assessments Meetings, Annala, 
1992), as the stock was below Bm, 

It is inclusive of non-commercial catch. 

Estimation of Current A M U ~  Yield 

CAY was calculated from the Baranov catch equation (by age class and' method) which 
assumes that fishing is spread evenly throughout the year. Catches were allocated by method 
in the proportions and with the selection patterns estimated by the tag-recapture experiment. 
The reference fishing mortalities by age and method that produced the MSY were used, giving 
a catch to mid-year biomass percentage of 9.2%. 

CAY,, = 3700 t. 

This is inclusive of noncommercial catch. 

In view of the sensitivity analyses, our confidence in all these yield estimates is modest. 

4.3.2 SNA 8 model (Auckland West) 

The stock assessment for SNA 8 was based on an age structured model as for SNA 1. The 
stock was modelled from an assumed virgin state in 1931. As with the SNA 1 models, 



recruitment was assumed to be proportional to a known recruitment index. The model was 
fitted to tag-recapture and CPUE stock indices. 

Estimate of biomass from tag-recapture experiment 1990 

McKenzie (in prep.) estimated recruited biomass (over 25 cm) of the SNA 8 stock at 9542 t, 
based on a tag-recapture experiment in 1990. This assumed that there was a 3% under- 
reporting factor and that the biomass of fish longer than 50 cm was 10% of that below 50 cm. 
The annual rate of tag loss was estimated to be 0.15 per year. The coefficient of variation of 
the tag-recapture biomass estimate used in the model was 0.10. 

Indices of abundance from catch per unit effort data 1974 to 1991 

Historically, most of the commercial catch in SNA 8 has been caught by trawling. In the mid 
1970s the pair trawling method was introduced and became the main method. The tag- 
recapture experiments have shown that selectivity falls more slowly with increasing size of 
fish for pair trawlers than for single trawlers. This is supported by catch sampling (authors' 
unpublished data). For these reasons, the CPUE of pair trawlers has been taken as that most 
likely to represent proportionate changes in stock biomass. 

Vignaux (1993) used a log-linear multiple regression to analyse the data from pair trawlers 
landing SNA 8 catch between 1974 and 1991. The purpose was to obtain a year effect factor 
which explained the catch rate, after removing the effects of as many extraneous variables as 
possible, and to use it as an index proportional to stock biomass. Only vessel pairs which 
recorded at least 25 trips were included. The logarithm of the catch per trip was fitted to: 
month, year, logarithm of number of days, and vessel pair. All these variables significantly 
explained variance. The year effect (Table 11) showed relatively smooth changes over time, 
declining to a minimum in 1986 and then rising again. 

The pattern of the estimated month effects was quite consistent with the known seasonality 
of the fishery, with a minimum in July and August followed by a sharp rise to a maximum 
in November and December. The relative smoothness of this pattern indicates that the 
seasonality was reasonably consistent from year to year and has been reliably estimated. The 
estimate for the trip length coefficient was close to 1 (0.92). i.e., catch per trip was estimated 
to be almost proportional to trip length, the value being a little less than one may be 
explained by vessels tending to have done slightly longer trips when catch rates were lower. 



Table 11: Stock biomass indices for SNA 1. These are the year effects from a multiple regression of trawl 
catch per trip data. The coefficients of variation (c.v.) are assumed for the purposes of the 
SNA 8 model (see text) 

Year 
Stock biomass 

No. of trips index 

The regression analysis provided estimates of the coefficients of variation of the year effects. 
These depended on the variability in the CPUE data and the degree to which this could be 
consistently explained by the year effects. They are not very accurate, especially in the years 
with little data. Changes in year effects are caused by changes in stock biomass, but also by 
changes in factors which may vary annually, such as vulnerability and fishing power. Because 
Vignaux was unable to fit these effects separately in the regression, they are included in the 
estimated year effects. This inclusion means that the year effects are less precise estimates 
of relative stock biomass than they appear to be. Namely, the coefficients of variation of the 
year effects estimated in the regression, do not include deviations from pure stock biomass 
effects caused by annual vulnerability changes or fishing power changes. Therefore, the 
coefficients of variation for the CPUE stock indices have been assumed to be greater than 
those calculated by the log-linear regression model, but with their relative magnitudes loosely 
based on them. The coefficient of variation of the 1982 CPUE stock index has been taken to 
be 0.25 (that calculated-by lthe regression was 0.15) and &he coefficients of variation for the 
other years have been assumed to be inversely proportional to the square roots of the 
corresponding number of data. These coefficients of variation determined the relative 
weighting of each index datum and influenced the relative weighting between the CPUE 
indices and the tag-recapture stock biomass estimate in the estimation of the virgin stock 
biomass. 



Commercial catch 

The commercial catch for SNA 8 was available from 1931 onwards. From 1931 to 1982 catch 
was based on port of landing and fiom 1983 onwards it was based on area of catch. Catch 
was low in the 1930s and it was assumed that catch prior to 193 1 was insignificant. Estimates 
of foreign catch have been added for the period that these occurred, 1968 to 1979. Table 12 
gives the calendar year catches from SNA -8 since 193 1. 

Table 12: Commercial catch (t) (iluding foreign) for SNA 8 by calendar year. 

Year 
Comm catch 

Year 
Comm catch 

Year 
Comm catch 

Year 
Comm catch 

Year 
Comm catch 

Year 
Comm catch 

Year 

t This value was assumed in tbe model. Actual reported catch was 1562 t 

Non-commercial catch 

For each year up to 1991, it was assumed that the non-commercial catch was a known 
proportion of the commercial catch. The single estimate of non-commercial catch available 
from the tag-recapture experiment gave a non-commercial catch of 13% of the commercial 
catch in 1990. It was assumed that this proportion applied from the early 1950s onwards, 
except during the mid 1970s when unusually large commercial catches were taken (partly by 
foreign vessels) and -lower percentage. non-commercial -catches .,were assumed (5- 10%). 
Catches were assumed to be a higher percentage of commercial catch in the 1940s (33%) and 
higher again (50%) in the 1930s (Table 13). 

In projections into the future it was assumed that the non-commercial catch was a constant 
proportion of stock biomass. The non-commercial catch was assumed to be 2.74% of mid- 
year biomass each year. 



Table 13: Assumed non-commercial catch for SNA 8 (t) by calendar year (1990 was based on the tag- 
recapture experiment) 

Year 
% of commercial 
Non-commercial catch 

Year 
% of commercial 
Non-commerdal catch 

Year 
% of commercial 
Non-commercial catch 

Year 
% of commercial 
Non-commercial catch 

Year 
% of commercial 
Non-commercial catch 

Year 
% of commercial 
Non-commercial catch 

Year 
% of commercial 
Non-commercial catch 

Recruitment indices 

It has frequently been observed in age frequency samples from commercial catches and from 
research samples that Auckland West snapper follow the same recruitment patterns as those 
observed for the Hauraki Gulf. Strong and weak year classes correspond to warm and cool 
spring to autumn temperatures, respectively. It has been suggested that the Auckland West 
stock shows greater variation between strong and weak year classes than the Hauraki Gulf 
stock (L.J. Paul, MAF Fisheries Greta Point, pen. comm.). Here we assume the same 
recruitment index as that derived for SNA 1. Figure 8 shows relative year class strength from 
some commercial.tatchsamples taken in 1974 for comparison with the recruitment index. In 
spite of both random sampling and ageing error, the water temperature recmitment 
relationship from the Hauraki Gulf generally corresponds well with year class strength for 
1960s and early 1970s cohorts from commercial Auckland West catches. The strong 1'962 and 
1971 cohorts are particularly noticeable. 



class strength 
vertical shifts) 

Recruitment 
index 
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Year 

Figure 8: RelaIive snapper nxmibnent index for the Hauraki Gulf based on temperature, plotted alongside 
relative year class strengths from various commercial catch samples from Auckland West These are 
denoted by dashed lines and have arbitrary vertical shifts for visual separat~on. 



The relationship between water temperature and recruitment for SNA 1 was used to obtain 
a relative recruitment index for the period 1967 to 1991. Water temperature data were not 
available before 1967, so to extend the time series of recruitment indices back to 1931, 
Auckland air temperature was used. The correlation between air temperature and water 
temperature 1 month later was 0.95. 

The following relationship was obtained by linear regression over the period 1967 to 1991, 

where a is the mean March to May Auckland air temperature (Albert Park and Owairaka 
Meteorological Stations) and as before w is the April to June mean water temperature at 
Leigh. Recruitment indices (Table 14) were therefore obtained by substituting this equation 
into the relationship derived by Francis (1993). 

The indices have been scaled so that their mean equates to 1 for the period 193 1 to 1991. 
This is equivalent to assuming that the mean virgin stock biomass would be generated by 
constant recruitment equal to the mean recruitment over this period. 

Table 14: Recruitment indices for SNA 1 and SNA 8 based on Leigb water temperature (1968 to 1991) 
and Auckland air temperature (1910 to 1961, 1992) 

Year 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 
Index 0.12 0.12 0.31 0.61 0.24 0.56 0.15 0.24 6.91 0.52 

Year 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 
Index 0.05 0.33 0.47 0.21 0.29 0.12 0.88 0.40 0.78 0.12 

Year 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 
Index 0.81 0.49 0.31 0.69 0.56 2.79 1.93 1.57 0.49 0.24 

Year 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 
Index 0.34 0.42 1.44 0.34 0.28 0.30 0.54 0.57 0.67 0.14 

Year 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 
Index 2.58 4.53 0.71 1.32 2.73 1.18 0.48 0.36 2.44 0.99 

Year 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Index 0.27 5.36 0.67 0.18 0.71 0.89 1.65 0.40 0.84 2.89 

Year 1990 1991 1992 
Index 1.18 0.40 0.40t 

t This value was based on summer air temperature. Water temperature subsequently proved to be cblder and 
gave an index of 0.09. This would slightly reduce the biomass projection for 1996. 
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Biological and fishery parameters 

Von Bertalanffy growth parameters were obtained from McKenzie et al. (1992) and length- 
weight parameters were taken from Paul (1976) (Table 15). Natural mortality was 0.06 per 
year (see above). The age of recruitment was taken as 3 years, as the mean size of 3-year-old 
fish is nearest the legal minimum size limit of 25 cm. Knife-edge recruitm~nt was assumed. 

Table 15: Model parameters for SNA 8 

Parameter Estimate Source 

N a W  m d t y  (yrl) M = 0.06 Autbors (unpublished) 

Length-weight relationship 
km, cm) w = 0.04467P-793 Paul (1976) 

von Bertalanffy growth 
relationship (a, yr) L = 66.87(1 - e - O - W ~  + 0.108)) McKenzie et al. (1992) 

Age at recruitment, knife 
edge (yr) 3 
size 

Maximum age. 100% mortality 
assumed (yr) 50 

Approximate age at minimum legal 

Modelling assumption 

Catch and natural mortality C =  F ( ~ - e - ( ~ + M ) ~ b q  Bamnov catch equation 
occur concurrently 

Model estimates 

The results are given in Table 16. For the baseline assumptions, virgin stock biomass was 
estimated to be 86 000 t. Figure 9 shows the time series of estimated stock biomass and the 
stock indices. The estimated biomass for mid 1992 was 10 200 t. 

Table 16: SNA 8 model estimates using CPUE and tagging stock indices separately and together 

CPUE 

CPUE & tagging 86000 10900 11 100 21 400 17.0 10.0 1900 1100 2 100 I 

(best estimate) 



A yield per recruit analysis was carried out using the same parameters as those used in the 
model to obtain equilibrium yield estimates. The reference frshing mortalities have been 
expressed as catch to mid-year biomass percentages. Fmx was 10.0% (equal to FMm when 
recruitment is not related to stock biomass). The stock has been fished at or above this fishing 
mortality for some time and is likely to have a similar robustness to the SNA 1 stock. There 
is no evidence that recruitment declines with falling stock size. Fmx is therefore considered 
to be an appropriate target frshing mortality for this stock. It was used to estimate the yields 
below. B,, occurs at 25.0% of B,. For comparison, Fa, was 5.8%. 

Model sensitivity 

To examine the sensitivity of the model to the relative weightings of the stock indices, the 
model was fitted to each separately with the results given in Table 16. B, was quite 
insensitive to the relative weighting of the indices. However B,, was sensitive to this 
weighting. The model sensitivity to the recruitment index was not specifically investigated. 
While we are confident in the pattern of strong and weak year classes in the recruitment 
index, we are necessarily less confident that the mean future recruitment (and hence long-term 
sustainable yields) are modelled correctly. 

Year 

Figure 9: Estimated trajectory for SNA 8 stock biomass fitted to an absolute tag-recapture estimate (A) and 
CPUE indices (0). Recruianent was modelled to be proportional to a temperature related index. 



Projections 

As SNA 8 fish recruit at 3 years of age, it was possible to project the model forward to 1995 
using the recruitment indices. Recent and short term projected stock size and yields are shown 
in Table 17. 

Table 17: SNA 8 model projections of stock size, catch and production 

Calendar 
Year 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

Commercial 
catch 

(0 

1 834 
1 536 
1 866 

85 1 
1 072 
1 565 
1 570 
1 533 
1600 
1600 
1600 
160) 
1600 

Non-commercial 
catch 

(t) 

Surplus 
production 

(0 

1028 
3 799 
2 487 
1 845 
1 922 
1 940 
2 285 
1 744 
1 780 
2 932 
2 571 
2 134 
1 851 

Mid-year 
biomass 

(0 

4 364 
6 385 
6 940 
7 309 
8 107 
8 519 
9 050 
9 043 
9 026 

10 150 
10 881 
11 134 
11 081 

These predictions assume constant commercial catch of 1600 t and constant non-commercial 
catch to mid-year biomass ratio of 2.74% between 1991 and 1995. 

In order to examine the long term effects of alternative catch levels, the model was projected 
further into the future with constant recruitment set equal to the mean. Non-commercial catch 
was assumed to be at a constant catch to mid-year biomass ratio of 2.74%. Figure 10 shows 
the time taken to rebuild the stock to B,, at various constant commercial catch levels. 

As for SNA 1, this deterministic analysis represents average conditions, so that the range of 
likely times to rebuild around this average curve may be quite wide. The amount of non- 
commercial catch taken as the stock rebuilds has a major bearing on the time to rebuild. 
Although this catch was uncertain, we believe our assumption that it will rise in proportion 
to stock size was the best available. 



10: T i e  to rebuild the SNA 8 stock to the biomass that would support the MSY plotted against constant 
TACC. It was assumed that the TACC would be exactly taken each year and that non-commercial 
catch would be a constant 2.74% of the (increasing) mid-year biomass. Constant mean recruitment 
was assumed after 1995. The range of likely rebuild times around this average curve is probably quite 
wide. 

Deterministic Current Surplus Production and Maximum Sustainable Yield 

Estimates of deterministic equilibrium yields were obtained from the yield per recruit analysis. 
CSP was calculated as the catch that would sustain the stock at its 1993 biomass assuming 
mean recruitment, 

CSP = 1900 t. 

The MSY was calculated as the maximum catch that could be sustained by the stock assuming 
constant mean recruitment, 

MSY = 2100 t. 

This is achieved at a stock biomass of 21 000 t with a catch to mid-year biomass percentage 
of 10.0%. Again both estimates are inclusive of non-commercial catch. 



Maximum Constant Yield 

MCY was estimated, in the baseline case, from the formula MCY = %CSP (Method 3). as the 
stock was below B-, 

MCY = 48 x 1900 
= 1300 t, 

where CSP is the deterministic sustainable yield at the 1993 stock size, assuming mean 
recruitment. The yield was obtained from the yield per recruit analysis. It is inclusive of non- 
commercial catch. 

Current Annual Yield 

CAY was calculated from the Baranov equation using F,, as the reference fishing mortality. 
This gave, 

This is inclusive of non-commercial catch. 

In view of the concurrence of the estimates based on the two stock indices (CPUE and 
tagging), ow confidence in all these yield estimates is moderate (greater than that for SNA 1). 

4.3.2 SNA 2 

There were insufficient data to model the SNA 2 stock in the manner that other snapper 
stocks have been modelled. We have therefore developed an argument by analogy to obtain 
an assessment of SNA 2 using the model results from SNA 1 and SNA 8. 

Table 18 gives the mean historical catches of snapper for SNA 1, SNA 8, and SNA 2 since 
1941. Model estimates are also given for SNA 1 and SNA 8. The relative state of these two 
stocks in 1992 is similar. If we make the assumptions that (1) the SNA 1 and SNA 8 model 
estimates are correct, and (2) the SNA 2 stock is in the same relative state as SNA 1 and 
SNA 8, we can obtain estimates for SNA 2. Hence, for SNA 2, 

" 
If we deduct the 20 t assumed for the historical non-commercial catch, then the production 
available for commercial catch is 363 t. Under the assumption that the stock is in the same 
relative state as SNA 1 and SNA 8, and with average recruitment, this will sustain the stock 5 

without rebuild at 0.13B0 (about l/iB-). 



(% of commercial) 

Mean catch,  WY) 

Model estimate of B, (t) 

Model estimate of CSP (tty) 

CSPICatch,, 

CSPIB,, 

B d B ,  

MSY/Bm 

Table 18: Mean annual historical catch and model estimates for snapper stocks 

SNA 1 SNA 8 SNA 2 

Mean commercial catch 1941 to 1990 (t/y) 6 273 1911 410 

Assumed mean non-commercial catch 1941 to 1990 (tly) 1 037 230 20 
(17%) (12%) (5%) 

To obtain B, for SNA 2, 

B, = CSPl0.17 

and B, = 2250/0.13 

and MSY = 0.10 x B,, = 433 t/y. 

Estimation of Maximum Constant Yield 

MCY was estimated on the basis of the stock assessment by analogy to the SNA 1 and SNA 8 
stocks. As the stock was below B,,, the formula MCY = W S P  (Method 3) was used, 

'MCY = Ys x 383 = 255 t, 

where CSP is the deterministic sustainable yield at the 1993 stock size assuming constant 
mean recruitment. It is inclusive of an assumed non-commercial catch of 20 t. 
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Estimation of Current Annual Yield 
. . 

Applying the argument by analogy given above, the estimate of mid-1993 stock biomass is 
2250 t. Using the catch to mid-year biomass percentage at MSY for SNA 8, 

CAY,, = 0.10 x 2250 = 225 t. 

The calculation of yields by analogy with other stocks necessarily leads to limited confidence 
in all the yield estimates. 

4.3.4 SNA 7 

No assessment was carried out for this stock. 

Estimation of Maximum Constant Yield for TasmanfGolden Bay 

For the 1991 fishery assessment MCY was estimated from the formula Fa, x B,, and 
equalled 103 t. The Guide to Biological Reference Points for the 1992 Fisheries Assessments 
Meetings (Annala 1992) was revised from the previous year and this formula was removed 
because it was no longer considered appropriate. However the commercial landings between 
the early 1950s and the mid 1980s were a great deal higher than 103 t. We therefore believe 
that catches at this level are likely to result in stock rebuilding if average recruitment occurs. 

Estimation of Maximum Constant Yield for Marlborough Sound 

No estimate of the snapper stock size is available. MCY was estimated using the equation, 
MCY = cY,, (Method 5). The value of c was set at 0.9 based on the estimate of M = 0.06 per 
Year. The average commercial catch from 1965 to 1985 (81 t) was used for Y,,. 

MCY = 0.9 x 81 = 73 t. 

Our confidence in this estimate is limited. 

Estimation of Current Annual Yield 

No current biomass estimate for SNA 7 is available so CAY cannot be determined. 

5. MANAGEMENT IMPLICATIONS 

5.1 SNA 1 

In 1986 the TACC was gazetted at 47 10 t. This TACC was intended to allow some rebuilding 
* 

of the stock. A considerable amount of quota was bought back from quota holders. 
Subsequently, Quota Appeal Authority decisions increased the TACC to 6002 t (1990-91 
fishing year). 



We have estimated that stock biomass has declined from 53 400 t at the start of 1985 to 
40 000 t in mid 1993. Unless above average recruitment levels are experienced in future, the 
long term trend will continue downwards (see Table 9, baseline assumptions). The stock 
would need to be rebuilt to almost double its 1993 size to achieve the MSY (under all 
assumptions). MSY is estimated to be about 7100 t, which is 200 t less than the sum of the 
1990-91 TACC and the non-commercial catch (6000 t + 1260 t). 

Under the whole range of assumptions, the 1993 stock size is about half that which would 
produce the MSY. An increase in the stock biomass to B,, could be achieved by reducing 
catches for several years. Figure 7 gives mean rebuilding times. This would produce several 
benefits. The first is that on average recreational fishers would experience an approximate 
doubling of catch rates and of total catches (by weight) and also slightly larger fish. The 
second is that over the commercial fleet the average variable costs of catching a tonne of fish 
(i.e., the day-to-day running costs, not including capital or fixed costs) would approximately 
halve (assuming unit costs remain constant). This is because under equivalent conditions (e.g. 
location, season, vessel) a unit of effort (e.g., 1000 hook sets, an hour's trawling) would on 
average catch double what it would catch in 1993. The third benefit would be that a slightly 
higher yield would be sustainable. The increase would be only slight because the sustainable 
production curve is fairly flat over a range of biomasses around B-. 

5.2 SNA 8 

In 1986 the TACC was gazetted at 1330 t. This TACC was intended to allow some rebuilding 
of the stock. As with SNA 1, Quota Appeal Authority decisions have increased the TACC, 
although not to the same extent as for SNA 1. The 1990-91 TACC (1594 t) appears to be 
sustainable in the long term. However, the 1993 stock size is about half that which would 
produce the MSY. Since 1983 the stock size has more than doubled and on average catch 
rates have also doubled. A further doubling in,catch rates would be possible if the stock 
biomass were increased to Bw. As for SNA 1, the commercial fishery would see a halving 
in the variable costs of catching a tonne of fish. A slightly higher yield would be sustainable 
at B-, and again the non-commercial catch would be likely to double. 

If average recruitment levels are experienced in the future, the long term trend for this stock 
at the 1990-91 TACC would be slowly upwards, as the mean surplus production (1900 t) at 
the 1993 stock size, slightly exceeds the combined commercial plus non-commercial catch. 
The stock would need to be rebuilt to about double its 1993 size to achieve the MSY (2100 t). 
The MSY is estimated to be about 300 t more than the combined TACC plus non-commercial 
catch. 

5.3 SNA 2 

In 1986 the TACC was gazetted at 130 t to allow stock rebuilding. The snapper catch is 
associated with other trawl faheries in the same area. Quota Appeal Authority decisions have 
increased the TACC to 157 t, but commercial catch has exceeded 300 t for the last 2 years. 
The above assessment by analogy indicates that catches at the 1990-91 TACC would result 
in stock rebuilding from a level well below Bw. Catches as high as the 1990-91 catch are 
probably not sustainable. 



5.4 SNA 7 

The TACC was reduced to 160 t for the 1989-90 fishing year. We consider that the stock will 
rebuild at this catch level (with fluctuations depending on annual recruitment). 
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APPENDIX 1: Outline of the model used for SNA 1. 

A. b u t  data reauirements for model 

Natural mortality rate 
Parameters of the von Bertalanffy growth equation 
Age of recruitment (knife-edge) 
Catch by method by year 
Selection pattern for each commercial fshing method and non-commercial fishery 
Starting biomass estimate (start of 1985) 
Initial age structure of population (start of 1985) 
Recruitment index each year (proportional to recruitment) 
Index of abundance for specified years. 

B. Model dvnamics 

1. Construct a population with the starting age frequency distribution and biomass. 

2. Select a value for mean recruitment. 

3. Run the model from 1985 to 1991. For each year: 

(a) Using known catch weights and modelled starting biomass, approximate Z 
from catch to biomass ratio and natural mortality M. 

(b) Apply a fishing mortality, F, for each fishing method (including non- 
commercial) and scale to get age-specific value using the selection pattern. 
Search systematically until the F generates a catch weight equal to the actual 
catch. 

(c) Estimate new Z value as sum of F for each method plus natural mortality, M. 

(d) Compare to previous Z value and repeat from (b) above if new Z value differs 
from old value (generally 3 4  loops until convergence). 

(e) Update age class numbers using the age-specific Zs and adding new 
recruitment. 

4. Calculate sum of the likelihoods for each year using equations below. 

5. Repeat from 2 above and compare likelihoods to obtain the maximum likelihood 
estimate of mean recruitment. 



C. Maximum likelihood eauations 

Let S, be the abundance index and B, the mid-year biomass in year i. Let q be the catchability 
parameter and c be the coefficient of variation. The error term for each year in which there 
is an abundance index, 

Fitting the model involves obtaining values for q and mean recruitment, R,, to minimise the 
(e,). The (e l )  are assumed to have a standard normal distribution as a large number of 
separate fishing operations contribute to each index. It is assumed that the indices are 
unbiased (i.e., on average S, = qB,). Hence the log likelihood, 

where m is the number of stock indices. 

The estimators of q and c are obtained by setting the corresponding partial derivatives to zero, 

and 

For a trial R, we obtain the {B , ) .  We can then obtain the corresponding estimates for q and 
c. Hence, by substitution, we can obtain the value for L. The value of R, giving the maximum 
for L is obtained by a simple search. 


