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1. Executive Summary 

An assessment of the east coast (SNA 1) and west coast (SNA 8) North Island 
snapper stocks is presented that uses age-structured population models and 
integrates stock assessment data using a maximum likelihood approach. Two 
separate models were developed for each of the sub-stocks making up SNA 1; 
Hauraki GulfIBay of Plenty and east Northland. The SNA 1 models were fitted to 
a time series of commercial catch-at-age data and estimates of absolute biomass in 
1985 and 1994. The SNA 8 model was fitted to a time series of trawl catch-at-age 
data, pair trawl CPUE data, research survey relative recruitment indices, and an 
estimate of absolute biomass in 1990. 

Some modifications were made to the model input compared to previous SNA 1 
and 8 assessments. Natural mortality for the base case was assumed equal to 0.075 
compared to 0.06 for the 1996 assessment. Allowance was made for historical 
levels of unreported Japanese catch. The base case level for SNA 1 was a 
cumulative total of 20 000 t between 1960 and 1977, and for SNA 8 an additional 
annual longline catch of 2000 t between 1965 and 1974. Historical recruitment for 
the SNA 1 model was assumed to be constant from 1850 to 1970 instead of the 
temperature-dependent recruitment history assumed in previous assessments. The 
SNA 8 model was fitted to additional historical catch-at-age data allowing for the 
estimation of a greater number of recruitment parameters, and trawl survey 
relative recruitment indices were included in the likelihood fit. 

The assumed selectivity-at-age indices were found to be the main source of 
uncertainty in the models for both stocks. Because of confounding in the 
estimation of recruitment parameters and method-specific selectivity patterns, 
estimates of selectivity-at-age for the main gear types could not be derived from 
model fits to catch-at-age data. Constant selectivity-at-age indices were therefore 
assumed for the SNA 1 and 8 models based on analyses of tagging programme 
data. 

Very high year class strength estimates for the 1991 to 1993 year classes were 
obtained for SNA 8. This was attributed to the lack of information on stock 
abundance since 1991, and a clear pattern in the catch-at-age residuals indicated 
the assumed trawl selectivity-at-age indices were a likely source of process error. 
A range of reduced year class strengths (1 99 1 to 1993) were therefore assumed for 
the assessment model. 

The predicted status of the east Northland and Hauraki GulfIBay of Plenty sub- 
stocks at the beginning of 1997-98 differs with the former being at about the level 
of BMsY, while the latter is about 60% BMsY. Because of predicted below average 



recruitments in forthcoming years, both sub-stocks are predicted to decline with 
the east Northland substock declining at a faster rate. 

6. The SNA 8 stock is predicted to be increasing in size and is currently between 
64% and 87% of BMsY. Model precision for both stocks is relatively low, 
especially for SNA 8. This was attributed to the lack of stock abundance estimates 
since 199 1 for that stock. 

Under a status quo management scenario (constant TACC = 4900 t), the Hauraki 
Gulfmay of Plenty stock has a less than 50% probability of rebuilding towards 
BMsY and only a 6% probability of exceeding BMsY by 2007-08. The probability of 
rebuilding increases to 88% and almost 100% with a 700 t and 1400 t reduction in 
the SNA 1 TACC respectively. Under the status quo management scenario, the 
east Northland sub-stock is predicted to be at 70% of BMSY in 2007-08 with zero 
probability of rebuilding. A 1900 t reduction in the SNA 1 TACC is predicted to 
maintain the east Northland sub-stock biomass at the current level. 

8. The performance of a range of 12 management scenarios for both SNA 1 and 8 
stocks was investigated using model projections with stochastic recruitments. The 
results suggested that increases in the stock biomass (fish exceeding 25 cm) 
predicted to occur as a result of TACC reductions may also be possible by 
increasing commercial minimum legal size. However, for these projections, 100% 
survival of discarded fish was assumed, and as this assumption is unrealistic, the 
results represent an optimistic scenario. 

2. Introduction 

2.1 Overview 

This report presents the 1997 assessment of the north east coast snapper stock (SNA I), 
and the west coast snapper stock (SNA 8) previously surnrnarised in the snapper 
working group report (Annala & Sullivan 1997) and presented to the Stock Assessment 
Plenary meeting. Estimates of biomass and yield for the SNA 1 and 8 stocks for the 
1997-98 fishing year are presented. 

In 1997, the age-structured population model approach previously used for assessing the 
SNA 8 stock (Davies 1997) was applied to the east Northland and Hauraki GulfE3ay of 
Plenty sub-stocks that make up SNA 1. Consequently, the total catch history model used 
to assess the SNA 1 sub-stocks was modified and fitted to the available time series of 
catch-at-age data and the 1985 and 1994 tagging programme estimates of absolute 
biomass. Model modifications included the calculation of multiple method-specific 
fishlng mortalities and the estimation of annual year class strength parameters. 

The model used for the 1996 assessment of SNA 8 was updated with recent commercial 
catches, catch-at-age data, and research trawl survey indices of recruitment. The model 
was revised to include historical catch-at-age data from the 1970s and 1980s; historical 



and future commercial catch over-runs; a recreational catch history model; and a 
maximum likelihood fit to the trawl survey time series of relative recruitment indices. 

The sensitivity of the revised models developed for SNA 1 and 8 were investigated for a 
range of possible historical levels of Japanese catch and assumed values for natural 
mortality. Model projections with stochastic recruitments to the 200748 fishing year 
were carried out with assumed future commercial and recreational catches. For both 
SNA 1 and 8, the predicted rates of stock rebuilding towards BMsY were compared for 
12 management scenarios having various total allowable commercial catch (TACC) and 
minimum legal size options. These comparisons were made with respect to particular 
management strategy performance indicators. 

2.2 Description of the Fishery 

The snapper fishery is one of the largest and most valuable coastal fisheries in 
New Zealand. The SNA 1 stock extends from North Cape to Cape Runaway in the 
Bay of Plenty. The commercial fishery, which developed last century, expanded in the 
1970s with increased catches by trawl and Danish seine, (Table 1). In the 1980s an 
increasing proportion of the catch was taken by longlining as the Japanese "iki jime" 
market was developed. By the mid 1980s catches in SNA 1 had declined to 6000- 
7000 t. With the introduction of the Quota Management System (QMS) in 1986-87, a 
total allowable catch (TAC) was set at a level to allow for stock rebuilding. 

A range of methods is currently used in the SNA 1 commercial fishery. The longline 
method is dominant and contributes a high proportion of landings in all three SNA 1 
sub-stocks. Trawling and Danish seine methods are prevalent mostly in the Bay of 
Plenty and Hauraki Gulf areas. Setnetting and beach seining contribute a small 
proportion of snapper landings from SNA 1. 

Descriptions of the SNA 8 fishery were given by Sullivan (1985), Paul & Sullivan 
(1988), and Davies (1997). The trawl fishery developed from a small fleet operating 
from sheltered harbours with annual landings not exceeding 1000 t until the 1950s, 
when larger, Auckland-based trawlers entered the fleet. Landings from the trawl 
fishery gradually increased and, together with the introduction of foreign vessels 
during the l96Os, were exceeding 2000 t per year by 1970. During the 1970s there 
was a rapid increase in landings to over 3000 t as a result of the transfer of trawl 
fishing effort from the east coast to the west coast, and the introduction of pair 
trawling in 1973 (Table 1). It is estimated that total landings from a combination of 
pair trawling and Japanese fishing operations increased to a peak of about 7600 t in 
1976. After the establishment of the Exclusive Economic Zone (EEZ) in 1978, 
foreign fishing was excluded from SNA 8. Landings from the pair trawl fishery 
declined from about 3000 t in 1980 to about 1800 t in 1985-86. 

With the implementation of the Quota Management System in 1986-87, total 
commercial catch levels for SNA 8 were constrained by a TACC of 1330 t. In 1986- 
87 landings were only 900 t, but they have been very close to the TACC since then. 
Since 1989 there has been a steady decline in the proportion of total landings derived 
from pair trawling with a shift in emphasis to single trawling. In the 1995-96 fishing 
year single trawl vessels accounted for 54% of total landings. There has been a shift to 



single trawling since the 1980s in response to market demands for higher quality 
snapper necessitating shorter tows and more carefil fish handling practices that 
maintain the value of the catch. 

Historically, the west coast snapper fishery has been seasonal with most of the annual 
catch occurring during the spring and summer when fish aggregate for spawning. This 
pattern has not altered markedly in recent years. 

2.3 Literature Review 

A review of recent snapper research publications was presented by Gilbert et al. 
(1 W6), and there have been a number of publications since. 

SNA 1 trawl surveys have been carried out since 1983 using Kaharoa. A Bay of Plenty 
survey was completed in February 1996 with the objective of deriving a relative estimate 
of juvenile snapper abundance (Morrison, 1997). 

Landings from the main commercial fisheries in SNA 1 and SNA 8 have been sampled 
annually for length and age composition since 1988-89, (Davies & Walsh 1995). 
Estimates of snapper length and age composition in commercial landings in 1995-96 
are presented by Walsh et al. (1 997). Since 1989 a decline is evident in the mean length 
of snapper in catches from the Hauraki Gulf and east Northland sub-stocks. 

3. Review of the Fishery 

3.1 Total Allowable Commercial Catch (TACC) 

Landings from SNA 1 in 1986-87 and 1987-88 were less than the respective TACCs 
(Table 2), but catches subsequently increased in 1988-89. When the QMS was 
introduced a TACC of 471 0 t was set to permit stock rebuilding. Subsequent decisions 

. of the Quota Appeal Authority resulted in the TACC increasing to over 6000 t by 
199 1-92. From 1 October 1992 the TACC for SNA 1 was reduced from 60 10 to 4904 
t. The TACC for SNA 1 was exceeded in the 1992-93 fishing year by over 500 t. 
Some of this resulted from carrying forward of up to 10% underruns from previous 
years by individual quota holders, but most of this overcatch was not landed against 
quota holdings (the penalty deemed value was incurred for about 400 t). 

The TACC for SNA 8 was set at 1330 t in 1986-87 to permit stock rebuilding and 
increased to 1594 t in 1990 as a result of decisions made by the Quota Appeal 
Authority (see Table 2). From 1 October 1992 the TACC was reduced from 1594 t to 
1500 t. There have been no subsequent changes to the TACC. 

Landings in SNA 8 were less than the TACC in 1986-87 but have increased to levels 
that closely match the TACC in recent years (see Table 2). In some years the TACC 
has been marginally exceeded, but this is probably attributable to quota "undermns" 
carried forward by individual quota holders within the allowable 10% limit. 



3.2 Commercial Landings 

Table 3 shows the percentage of catch (1984-85 to 1995-96) taken by each method in 
the three sub-stocks in SNA 1; Hauraki Gulf, east Northland, and the Bay of Plenty. In 
east Northland, line and trawl methods account for over 90% of the annual catch. In the 
Hauraki Gulf, lining dominates, with single trawl and Danish seining also being 
important. The Bay of Plenty catch is mainly taken by trawl and line methods, but the 
Danish seine catch in this area has increased in recent years. 

Estimated commercial catches by sub-stock before 1984-85 were given by Gilbert et 
al. (1996). These are based on port of landing, apart from the period 1960 to 1973, 
which is based on recorded area fished. The average proportion of the SNA 1 catches 
taken in the east Northland and Hauraki GulflBay of Plenty (combined) sub-stocks 
from 1990-9 1 to 1995-96 were 23% and 77% respectively. 

A change in the dominant fishing method in SNA 8 has occurred since 1989-90. 
Trawl landings make up on average 95% of total annual extraction: the single trawl 
method has become dominant in recent years, and pair trawling less so. 

Estimates of the total reported commercial landings for SNA 8 are available by 
calendar year from 193 1 (see Table 1) with reported foreign catches for the years 
1968 to 1979 (Gilbert & Sullivan 1994). 

3.2.1 Foreign fishing 

Japanese catch records and observations by New Zealand naval vessels indicate that 
significant quantities of snapper were taken from New Zealand waters from the late 
1950s until 1977. There are insufficient data to quantify historical Japanese catch 
tonnages for the respective snapper stocks. However, trawl catches have been reported 
by area from 1967 to 1977, and longline catches from 1975 to 1977 (Table 4: these 
data were supplied to the Fisheries Research Division of MAF in the late 1970s). The 
data series is incomplete, particularly for longline catches. It was therefore necessary 
to assume probable levels of historical Japanese catch in order to account for this 
source of removals from the stock. The following scenarios were considered for the 
assessment. 

SNA 1 : Japanese catch was assumed to have occurred between 1960 and 1977, with 
cumulative total removals over the period at three alternative levels: 20 000 30 000 
and 50 000 t. The assumed pattern of catches increased linearly to a peak in 1968 
(reaching 1467, 2202, or 3402 t respectively) then declined linearly to 1978. The catch 
was split evenly between east Northland and the Hauraki GulfIBay of Plenty. 

SNA 8: Japanese longline catch was assumed to be at a constant annual removal each 
year from 1965 to 1974. Three annual catch levels were investigated: 1000, 2000, and 
3000 t. Trawl catches from 1967 to 1977 and longline catch from 1975 to 1977 were 
included at the reported levels. 



3.2.2 Illegal catch 

No new information is available to estimate illegal catch. For the SNA 1 and SNA 8 
assessments an assumption is made that non-reporting of catch was 20% of reported 
domestic commercial catch before 1986 and 10% of reported domestic commercial 
catch since the QMS was introduced. This assumption accounted for all forms of 
under-reporting. 

3.3 Non-commercial Catch 

3.3.1 Recreational Fisheries 

The 1987 national marine recreational fishing survey showed that snapper was the 
most important finfish species sought by recreational fishers. Estimates of recreational 
catch in earlier years for most areas are available, based on the results of tagging 
programmes (Table 5). In 1993-94, telephone and diary surveys were completed for 
the MAF Fisheries North region (Teirney et al. 1997). Estimates of recreational catch 
of snapper by fish stock are available for some years by combining the results of these 
surveys (Table 5). 

A preliminary estimate of recreational catch for SNA 1 in 1996 was obtained from the 
1996 national telephone diary and boatramp survey (Elizabeth Bradford, NIWA pers. 
comm.). The national diary survey ran from 1 January 1996 to 3 1 December 1996. As 
data for the full survey are not available, catch estimates presented in this report are 
based on data from January to June 1996 only (Table 5). 

No estimate is available for non-commercial catch in SNA 8 in 1996. An estimate of 
non-commercial catch is available from the 1990 tagging programme for the whole of 
SNA 8 (239 t, Table 5). More recently, the results of telephone and diary surveys in 
the Central (1992-93) and North (1993-94) Fisheries Management Areas estimated 
recreational catch in SNA 8 to be between 300 and 420 t in 1994 (Table 5), (Teirney 
et al. 1997). The time series of annual non-commercial catches since 193 1 assumed in 
the age-structured model presented in this paper is the same as that used in previous 
SNA 8 assessments (Gilbert & Sullivan 1994, Davies 1997). 

In 1995 the Minister of Fisheries made a specific allowance of 2300 t for recreational 
catch from SNA 1 for 1995-96. In 1996 the allowance for all non-commercial users 
was specified at 2600 t. 

3.3.2 Maori Fisheries 

Snapper is an important species for Maori, but the annual catch is not known. In 1995 
the Minister made a specific allowance of 300 t for Maori customary take within a 
total allowance of 2600 t for non-commercial methods from SNA 1 for 1995-96. 



4. SNA 1 

4.1 Stock Structure 

There are no new data which would alter the stock boundaries of SNA 1 given in 
previous assessment documents. 

Separation of snapper stocks has previously been on the basis of genetic studies and 
other biological information. 

For the purpose of this assessment for SNA 1, the Bay of Plenty was combined with 
the Hauraki Gulf because of the high level of mixing seen in the recovery of tagged 
snapper. Up to 30% of the tag recoveries from fish tagged in the Bay of Plenty in the 
1993-95 tagging programme were from the Hauraki Gulf. 

4.2 Biomass Estimates 

4.2.1 1994 Tagging Programme 

A large scale tagging programme was conducted from November 1993 to February 
1995 to obtain an estimate of the absolute biomass of snapper in SNA 1. A major 
feature was the use of coded-wire tag technology and the retrieval of tags from fish in 
commercial landings by trained scientific staff using electronic scanning equipment. 
The preliminary findings were included in the assessment of SNA 1 in 1995 (Annala 
1995) and were described by Gilbert et al. (1996). 

Diagnostics were undertaken of the differential rate of tag recaptures between 
respective fishing methods sampled during the recapture phase (McKenzie & Davies, 
unpublished results). The main methods sampled in the Hauraki Gulf sub-stock were 
longline and Danish seine. The diagnostics of the mark rates (number of tags 
recovered relative to the number of fish examined) showed that Danish seine 
recaptures declined with time and had higher mark rates than other methods. A 
comparison of the data from the first half of the recovery period with the latter half did 
not resolve the problem. 

An additional analysis in 1996 showed some problems with the tagging experiment. 
The recoveries of fish from the two methods of release (trawl and longline) were 
compared. The longline recaptures showed higher recovery of trawl released fish than 
of longline released fish. These results may indicate lack of mixing of snapper in the 
experiment. 

A number of hypotheses were proposed and tested, but no satisfactory explanation 
was found. The Working Group discussed the tagging programme results and decided 
to present a range of alternative estimates. Two datasets were considered. 



(i) Longline tag releases only, but recoveries from all methods. This overcomes 
the problem of differential recovery rates from tagged fish released by single 
trawl and longline methods (by ignoring trawl releases). 

(ii) All releases were used but recoveries from trawl and Danish seine in the 
Hauraki Gulf were excluded. This overcomes the problem of the trend in mark 
rate evident in Hauraki Gulf Danish seine recoveries (by ignoring Danish seine 
and trawl recaptures). 

Two methods were used to analyse the tagging results. 

(a) Petersen Analysis 

The Petersen estimates are based on eight length strata for each of the two sub-stocks 
Hauraki GulfIBay of Plenty and east Northland. The method involves back-calculating 
the length of all fish examined for tagged individuals using an estimated growth 
function to account for the effect of individual fish growth during the 13 month period 
for observing recaptures. An estimate of the stock size at the time of tag release was 
calculated from the standard Petersen equations (one estimate for each length 
stratum). 

(b) Observation Error Model 

A length-based population model was fitted to the recapture data assuming binomial 
observation error and termed the observation error model (D. Gilbert pers. cornrn.). 
Stochastic seasonal growth was modelled throughout the 13 month recapture period. 
The monthly tag recoveries were compared with the expected number using a 
maximum likelihood approach. In this model it is not necessary to have tag recoveries 
in each stratum: 26 length strata (1 cm classes from 25 to 49 cm, and a plus group for 
all fish 50 cm and over) were used for each of 13 monthly comparisons. 

The results of both approaches were used to derive biomass estimates to be input to 
the population model with equal weighting. The two recovery/release datasets and two 
alternative tag analysis models result in four biomass estimates for each stock (Table 
6). 

The absolute biomass estimate input to the population model used for the 1997 
assessment and presented here was taken to be the mean of the four estimates from the 
tagging results. This was assumed to represent the biomass at the start of 1993-94. 
The sum of the mean biomass estimates from the two sub-stocks (east Northland 
17 800 t, Hauraki GulfIBay of Plenty 33 725 t) is 5 1,525 t. 

Petersen estimates of absolute biomass were calculated with coefficients of variation 
(c.v.) ranging from 8% to 17% based on simulations incorporating error associated 
with input data and parameters. As the Working Group felt these c.v. s were too low, a 
value of 20% was assumed for the C.V. of absolute biomass estimates for each sub- 
stock. 



4.2.2 1983-85 Tagging programme 

Gilbert et al. (1996) reviewed of the results of the 1983-85 tagging programmes in 
SNA 1 and how they were included in the 1995 assessment of SNA 1. The results, and 
Petersen estimates of population size and stock biomass, were previously presented by 
Sullivan et al. (1 988). 

Some features of the 1983-85 tagging programme are different from the 1994 
programme and influence its significance in the assessment of SNA 1 presented here. 
Fish were tagged with an external loop tag inserted through the body of the fish 
anterior of the dorsal fin. Tag recapture data were obtained through voluntary 
reporting of recaptured tagged fish observed and retained by commercial fishers. 
Under-reporting of tags was a perceived problem and an allowance of 15% negative 
bias was assumed in the tag recapture sample. An additional source of error was bias 
due to fish growth during the recapture phase. The biomass estimates were not 
corrected for the effects of individual fish growth during the recapture phase and are 
therefore positively biased in the smallest length classes. This is caused by the growth 
of fish which were previously less than 25 cm into the exploited population, and the 
growth of larger fish from one size class to the next. Length at age information from 
November 1984 showed that only 36% of 4 year old fish were over 25 cm, but 90% of 
5 year old snapper were over this length. In the model fitting, the biomass estimate 
was assumed to represent all fish 5 years and over and 50% of the 4 year old fish. 

The assumption of homogeneous distribution of tagged fish in the population appears 
not to have been wholly satisfied in the 1983-85 SNA 1 tagging programme. The 
mark rate ratio was found to differ between commercial fishing methods and a 
significant temporal trend in mark rate was evident, with lower probability of 
recapture occurring during periods of spawning. Furthermore, a high rate of tag loss 
observed in double-tagged fish added uncertainty to the estimates (50% of tags were 
estimated lost after 1 year). 

The tagging estimate of 53 400 t (Hauraki Gulf 34 400 t; east Northland 19 000 t) 
which was assumed to represent the absolute biomass at the start of 1984-85, was 
assumed to have a c.v. of 0.3, to reflect the level of imprecision and reduce the 
importance of the estimate in the model fitting procedure. The lower c.v. assigned to 
the 1994 tag estimate gives these tagging data much more weight to reflect the relative 
confidence of the Working Group in the two tagging programmes. 

4.3 Year Class Strength 

Sampling for snapper length and age composition in commercial landings from the 
main fishing methods in SNA 1 has been carried out each year since 1989-90. Details 
of sample sizes, proportion at length distributions in catches, and the distribution of 
length at age contained in the age-length keys were presented by Davies & Walsh 
(1995) and Walsh et al. (1995, 1997). A time series of catch-at-age distributions is 



available for 1989-90 to 1995-96 for the longline, single trawl, and Danish seine 
methods in the Hauraki Gulf/Bay of Plenty sub-stock. Landings from all these 
methods could not be sampled every year, but a continuous series is available for the 
longline method (Figure 1). The time series series available for east Northland is from 
1993-94 to 1995-96 for the longline method only. 

This time series of age compositions was input to the population model to estimate 
year class strengths for annual recruitments of 4 year old fish entering the exploitable 
stock. 

Significant log-log transformed relationships were found using functional regressions 
between the sampling error estimates of proportion at age (c.v.s) and the proportion at 
age estimates for the fishing methods in each sub-stock (Figure 2). These relationships 
were used to specify observation error of snapper proportions at age in the catch-at- 
age maximum likelihood estimate (Equations 1.13 and 1.15, Appendix 1). The 
parameters of the observation error functions are presented in Appendix 1. 

4.3.2 Recruitment Indices 

The relationship between abundance estimates of 1 year old snapper in the Hauraki 
Gulf trawl surveys and the Leigh sea surface water temperature (Francis et al. 1995) 
as used in previous assessments of SNA 1 was described by Gilbert et al. (1996). This 
relationship is termed the SST-recruitment relationship and was used to revise the 
1996 year class index and predict the 1997 year class index for input to the model 
presented here (Table 7). In the assessment model the observed index was input for all 
year classes when it was available and the predicted index for other year classes in the 
period 1971 to 1997. These indices are used in both sub-stocks of SNA 1. 

4.4 Biological parameters 

Estimates of biological parameters used in the SNA 1 model are shown in Table 8. A 
revised estimate of natural mortality equal to 0.075 was derived from an analysis of 
historical catch-at-age data (Hilborn & Stan unpubl. analysis). This is a higher 
estimate than that previously assumed for snapper (0.06). 

4.4.1 Recruitment Ogives 

Information was available from trawl surveys on the proportion of snapper in each age 
class that exceed the minimum legal size of 25 cm for commercial methods. Otolith 
samples collected from trawl surveys were used to describe the distribution of snapper 
length at age for 4 and 5 year old fish recruiting to the exploitable stock. Information 
from tagging programmes indicates that 50% of 4 year olds and 100% of 5 year olds 
may be assumed to be recruited. From the trawl survey data these proportions appear 
to alter annually with almost no recruitment of 4 year olds occurring in 1994 (Table 
9). This information was used to specify annual recruitment ogives of snapper to the 
exploitable stock for the years for which it was available. For all other years, 
recruitment was assumed as specified in Table 8. 



4.5 Population Model 

The east Northland and the Hauraki GulfIBay of Plenty sub-stocks were modelled 
separately from their virgin states (assumed to be the year 1850) using a revised 
version of the age-structured population model described by Gilbert (1994) and 
Gilbert et al. (1996). It was fitted to estimates of absolute biomass derived from the 
tagging programmes and year class strength information contained in the catch-at-age 
and recruitment index time series (trawl surveys and SST-recruitment relationship). 
The entire history of the SNA 1 fishery since 1850 is incorporated in the model, hence 
it is termed the total catch history model (Gilbert 1994). Catches before 1915 were not 
known and were assumed: catches between 1915 and 1930 were known only 
approximately. The model was found to be robust to the pre-1931 catch levels, 
indicating that this assumption is insignificant in the estimation of recent stock 
biomass. The input parameters, data used in fitting the modified catch history model, 
and the results obtained are described in the following sections. 

Although Gilbert (1994) found the model to be robust to variation of the assumed pre- 
193 1 catch levels, recent catches are likely to affect model estimates. Under-reporting 
of commercial catches attributable to practices such as high-grading, other forms of 
discarding, and illegal catches were included in the model by scaling reported catches. 
The assumption made by the Working Group were that before the introduction of the 
QMS in October 1986, under-reporting equivalent to 20% of the reported catch 
occurred, while since 1986-87 under-reporting continued at a level of 10% of the 
reported catch. 

4.5.2 Recreational catch 

A preliminary estimate of recreational catch in SNAl was available from the 1996 
national telephone and diary survey. Mean weight data from boat ramp surveys were 
used to convert fish numbers to weight. Estimates of recreational catch in 1985 were 
based on recreational tag returns from the 1985 east Northland and Hauraki Gulf 
tagging programme. The 1994 telephone and diary survey provided estimates for that 
year. 

The Working Group discussed the three recreational catch estimates (Table 10) and 
accepted that they were the best available. The higher estimates of recreational catch 
in 1994 and 1996 were considered to be indicative of increasing recreational fishing 
mortality because the estimates related to a period in the fishery where stock biomass 
appeared to be relatively stable. The Working Group acknowledged there was 
uncertainty concerning the interpretation of these catch levels (i.e., were they poor, 
average, or good fishing years?). 

The 1996 catch estimates were not considered to be directly comparable to estimates 
from the two earlier years because an increase in snapper minimum legal size (MLS) 
was introduced in 1994 and a reduction in the bag limit was introduced in 1995. Catch 
estimates for 1996 were therefore adjusted upward before being compared with to the 
two other values. Catch totals were firstly scaled up to account for an 8% reduction in 



catch due to the bag limit decrease. The 8% reduction in catch was estimated from the 
distribution of bag sizes in the 1994 boat ramp survey. Secondly, an allowance was 
considered for the numbers of 25 and 26 cm fish which are no longer landed. The 
length frequency distribution of the 1996 catch less than 27 cm was replaced by the 
corresponding length frequencies of the 1994 recreational catch, scaled so that the 
frequency in the 27 cm length interval was identical. This added numbers of fish at 25 
and 26 cm to the length distribution of the catch for 1996. The adjusted 1996 length 
frequency catch was then converted to weight via the length weight relationship (see 
Table 8). This produced an estimate of the recreational catch in 1996 had the 
management measures had not been introduced. 

A log-linear regression between the recreational catch estimates and year was used to 
describe the trend in recreational catch. Separate regressions were calculated for east 
Northland and Hauraki Gulfmay of Plenty sub-stocks. A 3.8% increase per year in 
recreational catch was estimated for Hauraki Gulfmay of Plenty and 5.9% increase 
per year for east Northland. Annual recreational catches predicted by the regressions 
for all years from 1985 and 1994 were input directly into the stock assessment model. 
The 1995 and 1996 model estimates of recreational catch were scaled down to account 
for the change in MLS and bag size respectively. Recreational fishing mortality in 
each sub-stock after 1995 was projected at an increasing rate equivalent to the 
regression slope. 

The following assumptions were made about recreational catch estimates input to the 
stock assessment models. 

(i) The effect of the size limit change to 27 cm (1 December 1994) was 
included by assuming that all fish 5 years and older were legal sized fish, but 
that 4 year old fish were returned to the water. The survival of 4 year olds 
returned to the water was assumed to be 80%. 

(ii) The effect of the daily bag limit change to 9 fish per angler on 1 October 
1995 was estimated to result in a drop of 8% in the weight of the recreational 
catch. This 8% decrease in the recreational fishing mortality (F) was assumed 
constant for all years after 1995-96. 

(iii) No allowance was made for further management controls after 1 October 
1995. 

4.5.3 Model Structure 

The catch history model used for the 1996 assessment of SNA 1 did not include 
differential fishing method selectivities, and year class strengths were deterministic 
based on relative recruitment indices observed from trawl surveys and predicted by 
the SST-recruitment relationship. The model was revised so that the multiple fishing 
methods operating in SNA 1 were modelled explicitly and observation error in year 
class strength information derived from the catch-at-age and recruitment index time 
series was estimated. 



The detailed structure of the revised catch history model and regression approach is 
presented in Appendix 1 : a short outline of the main features of the model follows. 

The age-structured model is discrete and dynamic with recruited age classes from 4 to 
20 years. The final age class is an aggregate of the number of fish older than 19 years 
in the population. Recruitment in the model is defined as the number of 4 year old 
fish entering the exploitable stock at the beginning of each year during the calculation 
period and a recruitment ogive is assumed that is dependent upon year-specific 
growth rates. The model assumes a single sex population and natural mortality was 
assumed constant for all ages, whereas fishing mortalities are age and method- 
specific. Five fishing methods represent the main components of the fishery in each 
sub-stock. For the Hauraki GulfIBay of Plenty sub-stock they are longline, single 
trawl,' Danish seine, other commercial methods, and recreational methods. The 
methods for the east Northland sub-stock were the same, except the pair trawl method 
replaced Danish seine. The available von BertalanffL and length-weight relationship 
parameters were used in the calculation of model catch weights and biomass. 

By non-linear regression the information on population dynamics (year class strength - 
catch-at-age and recruitment index time series; absolute biomass - tagging programme 
estimates, fishing method selectivity and total annual removals) was integrated in the 
model by the maximum likelihood estimation approach (Fournier & Archibald 1982, 
Deriso et al, 1989). Essentially, the model is similar to the stock synthesis model 
(Methot 1990) and is an observation error estimator for deriving recruitment 
parameters using relative year class strength information in catch-at-age and 
SSTItrawl survey data with a fit to estimates of absolute biomass. 

It was assumed that at the beginning of the first fishing season in 1850, the population 
was in an unexploited equilibrium condition with a constant level of recruitment. A 
simple projection of the model population was carried out fiom 1850 to 1997 by 
reducing population numbers by natural mortality, removing annual catches, and 
adding annual recruitment at the beginning of each year. 

Yield-per-recruit analyses for deriving equilibrium yield estimates that consider 
current method-specific fishing mortalities and selectivity-at-age were carried out 
using the biological parameters presented in Table 8. It is assumed that the maximum 
sustainable yield (MSY) occurs at the maximum of the yield versus fishing mortality 
curve ( F  = F-). Results are expressed relative to virgin mid-year biomass (Bo). 

Selectivity-at-age estimates are available for the main commercial methods and the 
recreational fishery based on an analysis of the 1983 and 1984 tagging programmes 
(K. Sullivan pers. comm.). These were calculated fiom the method- and age-specific 
exploitation rates estimated from tag recaptures. The exploitation rate was scaled 
relative to a reference age, (8 years). 

There is a second set of selectivity-at-age estimates from the results of the 1994 
tagging programme for the longline, single trawl, and Danish seine methods 



(McKenzie & Davies unpubl. results). These indices were calculated from the direct 
ratio of the proportion-at-age of snapper in commercial catches to the proportion-at- 
age in the population estimated from the tagging programme. The ratio was scaled 
relative to a reference age (8 years). 

Given that there is information on fishing method selectivity patterns in the catch-at- 
age time series input to the model, selectivity-at-age indices were estimated as model 
parameters for the methods for which catch-at-age data were available. A selectivity 
function was generated from a composite of two overlapping normal distributions 
having the same mean age (8 years). The parameters to be estimated were the standard 
deviations of the two normal curves which determine the "flatness" of the selectivity 
pattern. 

4.5.5 Model Fitting and Parameters 

The effects of including multiple fishing method mortalities in the catch history model 
were investigated by comparing the results of the revised and previous models for the 
Hauraki Gulfmay of Plenty sub-stock. Underlying population parameters were 
assumed constant over the calculation period. Annual recruitment was assumed to be 
independent of stock size as recruitment was assumed to be positively related to sea 
surface temperature in the months following spawning (Francis et al. 1995). The 
parameter estimated was mean recruitment. Recruitment in a particular year was then 
obtained by multiplying the mean by the recruitment index for that year. Indices from 
1910 to 1981 calculated from sea surface and air temperature time series were 
available (Gilbert 1 994). 

The model was fitted to the estimates of absolute biomass by maximum likelihood, 
assuming the estimates were log-normally distributed around the true values with 
known c.v.s (see Appendix 1). The recruited stock was assumed to contain 50% of 4- 
year-old snapper and 100% of all age classes 5 years and older in all years except 
1993-94. The 1993-94 stock was assumed to contain no 4-year-olds, 68% of 5-year- 
olds, and 100% of older age classes. In the revised model, total fishing mortality was 
apportioned between the respective methods according to observed catches (see Table 
3) and the selectivity-at-age patterns estimated from the 1983 and 1984 tagging 
programme. 

Mean recruitment was affected by the pattern in fishing method selectivity-at-age and 
this is reflected in the.increase in estimated virgin biomass obtained in the multiple 
method model (MMETH, Figure 3). The fits to the absolute biomass estimates were 
similar for the revised and previous models. The revised model was then fitted to the 
catch-at-age time series and absolute biomass estimates. Mean recruitment and annual 
recruitment indices from 1981 to 1991 were estimated - a total of 13 model 
recruitment parameters. Despite a relatively good fit to the catch-at-age data, an 
implausible increase in recent biomass was indicated by the model. However, a 
reasonable fit to the absolute biomass estimates was obtained by down-weighting the 
catch-at-age term of the likelihood estimator (see Figure 3): this was necessary to 
resolve the apparent discrepancy between the catch-at-age and biomass data. A range 
of possible scalars was investigated for down-weighting the catch-at-age term and 



0.025 was found to adequately resolve the discrepancy. This was an ad hoc solution to 
a relative weighting problem for integrating data in the likelihood function (Figure 4). 

Despite down-weighting the catch-at-age term, the strong upward trend in recent 
biomass obtained from fits to the catch-at-age data was not indicated from the 
absolute biomass estimates (Figure 5). This upward trend appeared to be sensitive to 
assumed historical levels of Japanese catch. Historical Japanese longline catches 
having cumulative totals of 30 000 t, 50 000 t and 70 000 t between 1960 and 1977 
(JAP3, JAP5 and JAP7 respectively) were input to the model. The poor fit to absolute 
biomass estimates was attributed to the effect of the assumed selectivity estimates 
input to the model because a strong pattern was evident in the mean catch-at-age 
residuals (Figure 6, 0.025C@A model). This pattern was not affected by the assumed 
historical level of Japanese catch. 

To address this discrepancy, selectivity-at-age functions for the longline, single trawl 
and Danish seine fishing methods were estimated for the Hauraki Gulmay of Plenty 
model. The estimated functions were sensitive to the initial parameter start values and 
two possible selectivity-at-age functions were derived for each method (Figure 7). 
One of the estimated selectivity-at-age functions for the longline and Danish seine 
methods showed a steeply ascending left hand limb and a dome shape compared to the 
estimates derived from the 1983 and 1984 tagging programme (LL2est and D.S2est). 
These selectivity-at-age functions significantly improved the strong pattern in the 
mean catch-at-age residuals and were considered as being likely given recent 
developments in handling practices in the fishery. (see Figure 6, SEL2 model) 

The time series of recruitment indices from 19 10 to 198 1 input to the mode1 strongly 
influenced model estimates of recent biomass and the estimated upward trend in 
biomass since 1970 (Figure 8 JAP3). This trend was also sensitive to the estimates of 
selectivity-at-age (see Figure 8 SEL2). A time series of historical recruitment indices 
extended back in time to 1870 was revised to account for the effects of urbanisation 
on the Auckland air temperature time series used to predict historical year class 
strengths. This revised and extended time series (1870 to 1966) was input to the 
model. (see Figure 8, RINEW). The lengthy period of cold air temperatures from 1870 
to 1910 in this time series produced model estimates of biomass that were very low 
historically and a steep upward trend in recent years. A high value of mean 
recruitment was estimated for this model when a value for natural mortality was 
assumed at the likely upper bound of the range considered in this assessment. This 
produced an implausible biomass trajectory since 1970 (Figure 8, M0.09 model). 

The main assumptions underlying recuitment in the model were considered. Part of 
the revised historical time series contained indices beyond the range of recent 
observations used in deriving the published SST-recruitment relationship, so 
extrapolation of recruitments from these indices was not valid. No stock-recruit 
relationship is incorporated in the model despite the recent decline in biomass to low 
levels relative to virgin biomass. The Working Group considered that constant 
historical recruitment to a specific point in time might be assumed, thereafter, annual 
recruitments might be estimated from available data. The model structure was 
therefore revised so that recruitment from 1850 to 1970 was assumed constant and 
annual recruitment indices from 197 1 to 199 1 were estimated. This modification to 



the recruitment structure of the model produced plausible biomass trajectories (see 
Figure 8, RCONST model) 

The model estimates of current and virgin biomass appeared robust to the assumed 
level of historical Japanese catch (Figure 9). This was counter-intuitive and it was 
evident that model estimates of selectivity-at-age were not robust to the assumed 
Japanese catch level input to the model (Figure 10). This result suggest& that model 
estimates of fishing method selectivity-at-age were confounded with estimates of 
mean and annual recruitments. It was therefore concluded that selectivity-at-age could 
not be reliably estimated using the model. 

Fixed selectivity-at-age estimates were produced fiom the two sets of estimates from 
the 1985 and 1994 tagging programmes. The 1994 tagging programme estimates 
indicated an ascending left hand limb, but the right hand limb was implausibly high. 
Conversely, the flat left hand limb of the 1985 tagging programme selectivity function 
was considered implausible. The Working Group concluded that plausible selectivity- 
at-age patterns would be derived from a composite of the 1985 and 1994 tagging 
programme estimates of selectivity: a left hand limb derived fiom the 1994 data up to 
age 8 years, and a right hand limb from the 1985 data for ages 9 to 20 (Figure 11). 
Constant selectivity-at-age indices for each fishing method according to this 
composite function were therefore assumed for the model. 

Model recruitment parameters were revised to avoid possible bias in recruitment 
estimates for particular year classes obtained from fits to catch-at-age data containing 
less than four observations for each cohort. This was possible for observations in the 
tails of the catch-at-age distributions relating to the most recent and oldest year 
classes. For the Hauraki GulfIBay of Plenty sub-stock, annual recruitment indices 
were estimated for 197488. For the years 1971-73 and for 1989-97 the SST- 
recruitment indices were scaled by the mean of the model estimates for 1974-88 so as 
to be consistent with the model estimates. The scaled indices were input to the model 
to determine year class strengths for those years not estimated in the fitting procedure. 
For the east Northland sub-stock recruitments were estimated for 1978-88. Similarly, 
for the years 1971-77 and for 1989-97, the SST-recruitment indices were scaled by 
the mean of the estimated period 1978-88 and then input to the model. 

In summary, the model recruitment parameters used to determine year class strength 
were as follows : 

1850-1 970 Constant mean recruitment estimated 
197 1-73 Values from SST-recruitment relationship (1 97 1-77 for east Northland) 
1974-88 Estimated from model fit to catch-at-age data (1978-88 for east 
Northland) 
1989-97 Values from SST-recruitment relationship 

This, the final model structure, was used to assess the Hauraki GulfIBay of Plenty and 
east Northland sub-stocks for the 1997-98 fishing year and was termed the C@ABIO 
model. A total of 16 model recruitment parameters was estimated for the Hauraki 
GulfIBay of Plenty model and 12 parameters for the east Northland model. 



An alternative modelling approach that derived recruitment estimates from maximum 
likelihood fits to the recruitment index time series and the absolute biomass estimates 
(see Appendix 1) was also considered. Termed the RIXBIO model, year class 
strengths were estimated from only one observation for each year class collected 
before that age class recruited to the adult stock. This provided a useful basis for a 
comparison of model results derived from the two sources of information of relative 
year class strength, i.e., catch-at-age and trawl survey1SST-recruitment indices. A 
scaling problem in the recruitment estimates was inherent in the RIXBIO model 
because the SSTItrawl survey index time series were scaled relative to an arbitrary 
mean value. For the C@ABIO model, relative recruitment indices were independent 
parameters. A potential problem was the assumption that the pattern of year class 
strengths in the SST-recruitment index time series was applicable for both the Hauraki 
GulfIBay of Plenty and east Northland sub-stocks. The time series was derived from 
Hauraki Gulf data only and may not reflect recruitment patterns in east Northland. 

The advantages of using the catch-at-age data to fit recruitment indices are that 
multiple observations of relative strength are available for each year class, the year 
classes are observed when fully recruited to the fishery, rather than observed as one 
year old fish (in trawl surveys), and the same pattern of recruitment is not assumed for 
each SNA 1 sub-stock. The problems of ageing error and the sensitivity of the 
estimates of year class strength to assumed selection patterns are disadvantages of the 
method. 

For the purposes of assessing both SNA 1 sub-stocks for the 1997-98 fishing year, 
C@ABIO model sensitivity was investigated with respect to the assumed level of 
natural mortality and historical Japanese catches. A natural mortality of 0.075 was 
considered the base case level with a range being investigated : 0.06 and 0.09. 
Assumed Japanese longline catches between 1960 and 1977 were considered with 
cumulative total at three alternative levels: 20 000, 30 000, and 50 000 t. The 30 000 t 
level was assumed for the base case model. The catch was split evenly between east 
Northland and the Hauraki GulfIBay of Plenty. 

4.5.6 Model Results 

Hauraki Gulf/Bay of Plenty 

Model recruitment estimates for the base case are presented in Table 1 1. 

Base case model fits to the catch-at-age and sensitivity to the assumed level of 
historical Japanese catch are presented in Figure 12. The assumed level of historical 
Japanese catch did not influence the goodness of fit to the catch-at-age time series, 
with relatively strong and weak year classes being reflected in model estimates of 
catch-at-age. Some negative trend in the standardised In-catch-at-age residuals was 
apparent for the smaller proportion-at-age estimates, but most were broadly 
distributed around zero (Figure 13). Similarly, the mean In-catch-at-age residuals were 
broadly distributed around zero with no distinct visible pattern (Figure 14). 

Model estimates of recent biomass were robust to the assumed level of historical 
Japanese catch with good fits obtained to the absolute biomass estimates (Figure 15). 



Estimates of virgin biomass were sensitive relative to the assumed level of historical 
Japanese catch. 

Model relative recruitment indices were similar to the trawl survey1SST-recruitment 
time series indicating the two sources of information of relative year class strength to 
be well correlated (Figure 16). In 1974, 1978, 1980, and 1981, the model estimates 
were different from the trawl surveylSST-recruitment time series. 

Model sensitivity to the assumed value of natural mortality, M, is presented for the 
base case C@ABIO model that assumes the historical level of Japanese catch was 
30 000 t. M did not appear to influence the goodness of fit to the catch-at-age time 
series. The pattern in the mean In-catch-at-age residuals was similar for the range of 
values of M considered (Figure 17). A mean In-catch-at-age residual close to zero was 
obtained for the 20 year age class for the base case model that assumes M is 0.075. 

Model estimates of recent biomass were robust to the assumed value of M with good 
fits to the absolute biomass estimates (Figure 18). Estimates of virgin biomass were 
sensitive and inversely proportional to the assumed level of M. 

The base case estimates of biomass and equilibrium yield with sensitivity test results 
are presented in Table 12. The stock biomass is estimated to be 34 300 t which is 
about 60% of BMsy at the beginning of the 1997-98 season. The effects of varying M 
and historical Japanese catch levels alter model estimates of virgin biomass and, 
hence, equilibrium yields. The estimates of Bo decrease and the level of MSY increase 
with increasing M. Bo and MSY increase with increasing levels of Japanese longline 
catch. However, model sensitivity is more pronounced for varying M for a given level 
of Japanese catch. For low values of M, the stock is at a lower level relative to BMsy. 

A comparison of the base case C@ABIO model catch-at-age distributions with those 
derived from the RIXBIO model fit to the trawl survey1SST-recruitment index time 
series and absolute biomass estimates are presented in Figure (19). There are no real 
differences in the model estimates and those observed which indicates a high level of 
consistency in the year class strength information derived from the catch-at-age and 
the SST-recruitment time series. The RIXBIO and C@ABIO model estimates of 
current biomass are also consistent (Figure 20). 

east Northland 

Model recruitment estimates for the base case are presented in Table 11. The base 
case model fits to the 3 years of catch at age data from the longline fishery from 1994 
to 1996 are shown in Figure 21. The goodness of fit was not sensitive to the assumed 
level of historical Japanese longline catch and there does not appear to be a strong 
pattern in the mean In-catch-at-age residuals (Figure 22). Figures 23 and 24 show the 
biomass trajectory for the base case model fitted to the observed biomass estimates 
with sensitivity to the assumed historical Japanese catches and value of natural 
mortality respectively. Estimates of virgin biomass were sensitive to the assumed level 
of historical Japanese catch. However, a non-linear effect was evident in the model 
sensitivity to M with no expected decrease in virgin biomass occuring with increasing 
M from 0.075 to 0.09 (see Figure 24). Differences in the fits to absolute biomass 



estimates are apparent and may indicate confounding in the estimation of mean 
recruitment and year class strengths in the east Northland model. This may be 
attributable to the comparatively short time series of catch-at-age data available for 
fitting year class strength. 

A comparison of model recruitment indices with the Hauraki Gulf SST/recruitment 
index time series from 1978 to 1988 illustrates some clear differences although the 
trend is similar (Figure 25). The 1978, 1981, 1982, and 1983 year classes have 
considerably different strengths as estimated by the model fit to the catch-at-age 
compared to the Hauraki Gulf time series. This may be attributable to intrinsic 
differences in the factors determining year class strength in the east Northland and 
Hauraki Gulf sub-stocks. However, the time series of catch-at-age data for east 
Northland is short. With further catch-at-age data included in the time series, the 
estimation of year class strength may become more reliable and a more rigorous 
comparison of recruitment patterns between the sub-stocks may be possible. 

Table 13 shows the estimates of biomass and yield for the base case. The sub-stock is 
estimated to be at about the level of BMsY at the beginning of the 1997-98 season with 
a biomass of 16 400 t. The results from sensitivity tests for assumed levels of 
historical Japanese catch and natural mortality are also shown in Table 13. With 
increasing values of M, the stock status generally improves, estimates of Bo decrease, 
and the level of MSY increases. Bo and MSY increase with increasing levels of 
Japanese longline catch. However, stock status was not highly sensitive to increasing 
levels of Japanese catch. 

4.5.7 Model Precision 

The variances of model parameters, biomass, and yield estimates were calculated 
from 200 conditional parametric bootstraps for the Hauraki Gulfmay of Plenty model 
and 100 for the east Northland model. Pseudo-replicates of catch-at-age data and the 
estimates of absolute biomass were generated according to the error structures 
specified in the maximum likelihood estimators. The specifications of the bootstrap 
data sets are given in Appendix 2. The bootstrap parameter distributions were 
examined for log-normality, the bootstrap means were compared to the base case 
estimates, and the 90% confidence intervals were calculated from the distributions. 

For each bootstrap, the model was projected to 2007-08 to determine the precision of 
predicted biomass and yields. The two sub-stock models were projected from 1997- 
98 to the 2000-01 fishing year with recruitments as predicted from the SST- 
recruitment index time series, and projected to 2007-08 with stochastic recruitments. 
For each bootstrap run, stochastic recruitments were generated by randomly selecting 
with replacement from the set of bootstrap recruitment estimates (1974-88 for the 
Hauraki GulfIBay of Plenty model and 1978-88 for the east Northland model). For the 
base case projection, recruitments from 2001-02 to 2007-08 were assumed constant 
at the mean recruitment level. 

Future recreational catches were modelled as described above for the base case, but a 
fixed maximum annual catch value was set at 1870 t for the Hauraki Gulfmay of 
Plenty model and 730 t per year for the east Northland model. Commercial catches 



were assumed constant at the level of the 1996-97 TACC (4900 t) with an allowance 
of 10% for under-reporting. The TACC was allocated between the sub-stocks on the 
basis of recent patterns of commercial fishing in SNA 1 (see Table 3): on average 
25175% for east Northland and Hauraki Gulfmay of Plenty, respectively. 

The results of the bootstraps and stochastic projections are presented in Table 14 for 
the Hauraki GulflBay of Plenty and east Northland models. There was a wide spread 
in the 90% confidence intervals for the current estimate of biomass and hence status 
of the stocks. The range for the Hauraki Gulfmay of Plenty sub-stock is between 
22 400 and 49 000 t, corresponding to between 39% and 87% of BMSY. For the east 
Northland sub-stock, the range was 12 800 to 19 300 t corresponding to between 78% 
and 122% of BMsY. The confidence interval range expanded with stock projections so 
that biomass in 2007-08 was between 18 200 and 56 500 t for the Hauraki Gulfmay 
of Plenty sub-stock and between 7 900 and 14 600 t for the east Northland stock. 

The 90% confidence interval range of almost 27 000 t for the model estimate of 
current biomass for the Hauraki Gulfmay of Plenty sub-stock indicates relatively low 
precision and the lower bound represents a stock status of about 9% of virgin biomass. 
However, on average the sub-stock is predicted to remain at about the current level. In 
contrast, the east Northland sub-stock is predicted to decline on average to about 
12 900 t in 2007-08 which corresponds to about 8 1 % of BMsY. The lower bound of the 
confidence interval indicates a potential sub-stock status of about 12% of virgin 
biomass in 2007-08. 

The bootstrap means of model biomass and yield are somewhat different from the 
base case estimates, which indicates some bias in the model. For the Hauraki 
Gulfmay of Plenty model this was a negative bias of approximately 5 to 6% and for 
the east Northland model, a slight positive bias. 

4.5.8 Management Scenarios 

Model projections with stochastic recruitment to 2007-08 were used to investigate the 
relative performance of a range of future management options for the SNA 1 stock, 
including decreases in the TACC to a range of levels and increases to the MLS. The 
options were chosen to investigate potential rates of stock rebuilding towards BMsy. 
The TACC levels investigated were: the 1996-97 TACC of 4900 t; with decreases to 
4200 t; 3500 t and 3000 t. The TACC was allocated on a 25175% basis between the 
Hauraki Gulfmay of Plenty and east Northland sub-stocks. At each TACC level, three 
possible MLS values were investigated: the current MLS of 25 cm and increases to 27 
and 30 cm. A range of 12 possible management scenarios was considered for each 
sub-stock. The long-term average benefits in terms of yield-per-recruit for particular 
MLS options may be quantified by an equilibrium model yield-per-recruit analysis, 
and the short-term implications of an immediate change in MLS may be considered 
using the dynamic base case model presented here, reflecting the current non- 
equilibrium status of the stock and variable year class strengths. 

An increase in MLS was modelled by adjusting the recruitment ogive of fish to the 
exploitable stock. Adjustments to the ogive were made on the basis of an analysis of 
available snapper length-at-age information taken from a series of otolith samples 



collected from Kaharoa trawl surveys. The proportion of snapper at age that exceed a 
particular MLS was calculated and the range of recruitment ogives for the Hauraki 
GulfJBay of Plenty and east Northland sub-stocks determined (Figure 26). 

In the projections, a change to the TACC and MLS was implemented in the 1997-98 
fishing year. The adjusted recruitment ogive therefore affects the population at the 
beginning of the 1997-98 year. No account was made in the model for incidental 
mortality of fish less than the MLS and these pre-recruits were subject to natural 
mortality only. Recent research has shown that incidental mortality may be high for 
some fishing methods. The results of the projections may therefore represent an 
unrealistically optimistic outcome of the adjusted MLS management scenarios 
considered. However, they do provide a means to consider the best possible outcome 
should the causes of incidental mortality be significantly reduced. 

To compare the results of the projections for the different management scenarios, the 
following performance indicators were calculated. The probabilities are the number of 
bootstrap runs which met the criterion and the expected values are the mean of the 
bootstrap runs. 

P (Bzoo8 > B1998) The probability that stock biomass in 2007-08 will exceed 
Bl998. 

E (BzoodB~sy) The average expected biomass in 2007-08 as a proportion of 
BMSY. 

P (B~OOLI > BMSY) The probability that stock biomass in 2007-08 will exceed 
BMSY. 

E (CSP200$MSY) The average expected ratio of the equilibrium CSP for the 
biomass in 2007-08 to MSY. 

The results of the projections for the range of TACC options with MLS = 25 cm is 
presented in Table 15. Under the status quo management, the Hauraki GulfIBay of 
Plenty stock has a slightly less than 50% probability of rebuilding and only a 6% 
probability of exceeding BMsY. However, because of the equilibrium yield 
characteristics of the snapper stock, the equilibrium current surplus production is 
expected to be close to BMSY for all the TACC options considered. The probability of 
rebuilding increases rapidly with a 700 t decrease in TACC and approaches 100% for 
the 3500 t and 3000 t options. However, the probability of the sub-stock exceeding the 
level of BMSY by 2008 remains less than 50% for even the 3000 t TACC option. This 
indicates the time period required or the degree of reduction in total removals 
necessary to rebuild the stock to BMsy under the current MLS of 25 cm. 

The results of the projections of the east Northland stock illustrate the declining status 
of the sub-stock under the status quo management indicated by the base case model. 
Although, the stock is currently predicted to be at BMsY, the base case projections 
suggest that on average the sub-stock is likely to be at 70% BMSY in 2007-08. Under 
the 3000 t TACC option, the probability of rebuilding slightly exceeds 50% and 
therefore the current stock size may be expected. 



To compare the short-term effects of changes in MLS, a standard index of stock 
biomass was calculated from the model for each management scenario. This index 
was the biomass of fish exceeding 25 cm in the population in 2007-08, i.e., the 
exploitable biomass under the current MLS option. Thus, relative changes in this 
component of the population could be assessed for increased MLS options. The 
exploitable biomass under the adjusted MLS was also calculated. The means of the 
biomass estimates in 2007-08 obtained from the stochastic projections under the 
range of management options are presented in Table 16. 

The relative effect of increasing MLS versus decreasing the TACC are similar in both 
the Hauraki GulfIBay of Plenty and east Northland models because the same 
selectivity and fish growth functions are used in each model. 

The results indicate that significant increases in predicted biomass may be achieved by 
increasing the MLS and that such increases may be almost equivalent to those 
obtained by decreasing the TACC at the current MLS option. For example, the 
biomass of the Hauraki GulEIBay of Plenty sub-stock in 2007-08 is predicted to be 
43 970 t if the TACC is reduced to 4200 t. A similar biomass is predicted (43 722 t) 
assuming the current TACC under the MLS = 30 cm option. This result suggests that 
considerable gains in stock rebuilding for the component of the stock exceeding the 
current MLS may be possible by increasing the commercial MLS. This result is 
expected because of the immediate removal of fishing mortality for fish below the 
increased MLS. The effect of transferring fishing mortality to the remainder of the 
stock in the larger length intervals is apparent in the decrease in exploitable biomass. 
No provision was made in the projections for the likely effect of incidental mortality 
of fish less than the proposed MLS which will considerably reduce the relative gains 
in rebuilding caused by increasing the MLS in the commercial fishery. 

4.6 Yield Estimates 

4.6.1 Maximum Sustainable Yield and Current Surplus Production 

Current Surplus Production (CSP) 

Equilibrium CSP was calculated as being the catch that would sustain the equilibrium 
stock at its start of year 1997-98 biomass assuming constant recruitment at the 
estimated mean value. These estimates include non-commercial catch and are based 
on commercial catch history with under-reporting (which is assumed to continue at 
10% in the future). 

east Northland 

Equilibrium CSP,,,,,, = 1865 t 

Hauraki Gulf/Bav of Plenty 

Equilibrium CSP = 6470 t 



Predicted CSP for a particular year depends on the recruitment for that year and is 
therefore highly variable. The predicted CSPs for 1997 and 1998 are less than the 
equilibrium CSP estimates as recruitment to the exploited populations in 1996-97 is 
predicted to be below average. 

Maximum Sustainable Yields (MSY) 

MSY was calculated as the maximum catch that could be sustained by the stock in 
equilibrium. This is achieved with a catch level of 11.7 to 1 1.8% of the biomass at 
BMsy, based on the assumptions of the model. 

east Northland 

MSY = 1870 t 

The range in Table 13 is 1570 to 2380 t. 

Hauraki Gulf/Bav of Plenty 

MSY = 6800 t 

The range in Table 12 is 6320 to 7390 t. 

These estimates include non-commercial catch, and are based on catch history with 
under-reporting which is assumed to continue at 10% in the future. 

4.6.2 Estimation of Maximum Constant Yield 

Gilbert et al. (1996) described how to calculate MCY when recruitment is 
independent of stock size. MCY = MSY if stock biomass is at or above BMSY, 
otherwise MCY = CSP. The reference fishing mortality (FKf) is equal to F,, (= FMSY). 

east Northland 

MCY was estimated for the base case from MCY = MSY as the stock is at B,,,. 

MCY = 1870 t 

The range in Table 13 is from 1570 to 2380 t. 

Hauraki Gulf-Bav of Plenty 

MCY was estimated for the base case from MCY = CSP as the stock is below BMsy. 
CSP is the equilibrium current surplus production at the 1996-97 biomass. 

MCY = 6470 t 



The range in Table 12 is from 5800 to 7070 t. 

These estimates include non-commercial catch and are based on catch history with 
under-reporting which is assumed to continue at 10% in the future. 

4.6.3 Estimation of Current Annual Yield 

The CAY was calculated by multiplying the start of year biomass in 1997-98 in the 
model by Fref. Fref was set equal to Fmax. These estimates include non-commercial 
catch and are based on commercial catch history with under-reporting which is 
assumed to continue at 10% in the future. 

east Northland 

In the base case Fmax corresponds to a catch level of 11.7% of the start of year 
biomass in 1997-98 (1 6 41 8 t). 

Hauraki Gulf-Bav of Plenty 

In the base case Fmax corresponds to a catch level of 11.8% of the start of year 
biomass in 1997-98 (34 33 1 t). 

CAY,,,, = 4050 t 

These estimates include non-commercial catch, and are based on catch history with 
under-reporting which is assumed to continue at 10% in the future. 

5. SNA 8 

5.1 Stock Structure 

No new information on the structure of the west coast snapper stock (SNA 8) that 
would alter the accepted stock boundaries has become available since the 1996 
assessment. SNA 8 has been identified as being separate from the other six snapper 
stocks and the approximate boundaries of the stock are assumed to coincide with 
those of the SNA 8 quota management area (Mana Island to North Cape). For the 
purposes of the age-structured model, the west coast stock was assumed to be 
discrete. 

5.2 Biomass Estimates 

An estimate of the absolute biomass of snapper recruited to the SNA 8 fishery in 1990 
is available from the results of a tagging programme. Fish were tagged with highly 



visible spaghetti dart tags located to one side of the dorsal fin and recapture data were 
obtained by means of voluntary reporting by fishers of recaptured tagged fish. 11 061 
tagged fish were released and 994 recaptures were reported from an effective 
recapture sample of about 1.4 million fish in commercial catches over 8 months. The 
preliminary estimate of absolute biomass is 9542 t with an assumed c. v. of 0.1. 

5.3 Year Class Strength 

Length-frequency and otolith samples have been collected annually from single trawl 
and pair trawl landings from SNA 8 since the 1988-89 fishing year. Details of sample 
sizes, proportion at length distributions in catches, and the distribution of length at 
age contained in the age-length keys were presented by Davies & Walsh (1995) and 
Walsh et al. (1995, 1997). The time series of trawl age compositions from 1988-89 to 
1994-95 was used in the 1996 assessment model to estimate year class strengths for 
annual recruitments of 3 year old fish from 1986 to 1994 (Davies 1997). 

Additional catch-at-age data from the commercial trawl fishery have become 
available since the 1996 assessment. These data include historical trawl catch-at-age 
data for 1975, 1976, 1979, 1986, and 1987, and recent single trawl catch-at-age data 
for the 1995-96 and 1996-97 fishing years (Figure 27). The historical data indicate 
that catches in the mid to late 1970s contained a high proportion of fish over 19 years 
of age. Strong recruitments are apparent in recent catch-at-age data, with the 1991 and 
1993 year classes dominating catches in 1995-96 and 1996-97. 

A significant log-log transformed relationship was found using a functional regression 
between the analytically calculated observation error of trawl proportions at age 
(c.v.s) and the proportion at age estimates (see Figure 2). This relationship was used 
to describe the observation error of the trawl proportions at age (see Appendix 1) in 
the catch-at-age maximum likelihood estimate. 

5.3.2 Recruitment Indices 

A time series of trawl survey estimates of recruitment indices is available for most 
year classes since 1984 (Table 17). A trawl survey in October 1996 provided a 
recruitment index for the 1994 and 1995 year classes which will enter the exploitable 
stock as 3 year old fish in 1997 and 1998 respectively (Table 17). 

5.4 Biological Parameters 

The biological parameters used in this assessment were the same as those used in 
previous assessments of the SNA 8 stock (Gilbert & Sullivan 1994, Davies 1997) 
except for natural mortality for which the revised estimate of 0.075 (Hilborn & Starr, 
unpubl. analysis) was assumed for the base case model. Natural mortality, length- 
weight relationship and von Bertalanffy growth parameters are given in Table 18. 
Knife-edge recruitment to the exploitable stock was assumed to occur at age 3 years. 



5.5 Population Model 

Estimates of biomass and yield were made using a revised and updated assessment 
based on an age-structured population model fitted to absolute biomass, pair trawl 
CPUE, trawl survey recruitment indices, and catch at age data. 

5.5.1 Model Structure and Regression 

The model is essentially that used for the 1996 assessment and is similar to that 
described above for the SNA 1 stock. The detailed structure of the model and 
regression approach is presented in Appendix 1 : a short outline of the main features of 
the model follows. 

The age-structured model is discrete and dynamic with recruited age classes fiom 3 to 
20 years. The final age class is an aggregate of the number of fish older than 19 years 
in the population. Recruitment in the model is defined as the number of 3 year old fish 
entering the exploitable stock at the beginning of each year during the calculation 
period and is assumed to be knife-edge. The model assumes a single sex population 
and natural mortality was assumed constant for all ages, whereas fishing mortalities 
are age and method-specific. Method-specific fishing mortalities were calculated for 
the trawl and recreational fisheries. The constant selectivity-at-age estimates for the 
recreational fishery in SNA 1, as calculated fiom the 1985 tagging programme 
(Sullivan et al. 1988) and presented above for the SNA 1 assessment, were assumed 
for the SNA 8 model. Constant selectivity-at-age indices for the trawl fishery were 
estimated from the results of the 1990 tagging programme. These indices were 
calculated from the direct ratio of the proportion-at-age of snapper in commercial 
trawl catches to the estimated proportion-at-age in the population in 1990. The ratio 
was scaled relative to a fully recruited reference age of 6 years. The assumed constant 
selectivity-at-age indices for the trawl and recreational fisheries are presented in 
Figure 28. 

By a non-linear regression the available information on population dynamics (CPUE, 
catch-at-age, absolute biomass, trawl survey recruitment indices, and total annual 
removals) were integrated in the model using the maximum likelihood approach 
(Fournier & Archibald 1982, Deriso et al. 1989, Methot 1990). It was assumed that at 
the beginning of the first fishing season, 193 1, the population was in an unexploited 
equilibrium condition with a constant level of recruitment. A simple projection of the 
model population was carried out from 193 1 to 1997 by reducing population numbers 
due to natural mortality, removing annual catches and adding annual recruitment at 
the beginning of each year. 

The model parameters - constant annual recruitment from 193 1 to 1970 ( R  ); and 
annual relative recruitment indices of year class strength for 197 1, 1973 to 1975, and 
for each year from 198 1 to 1993 were estimated. Recruitment of the 1972 and 1976 to 
1980 year classes were assumed equal to the constant annual recruitment estimate, R . 
This comprised a total of 18 model recruitment parameters. Model recruitments were 
estimated by fitting the model using a maximum likelihood regression method to the 



input data (CPUE, catch-at-age, trawl survey recruitment indices, and absolute 
biomass estimate). The CPUE indices were assumed to be proportional to the mid- 
year model biomass vulnerable to the trawl fishery and to be a random log-normal 
variable. The absolute biomass estimate from the tagging programme was assumed to 
differ from the mid-year model biomass in 1990 by a random log-normal variable. 
Similarly, the model proportions at age for fish vulnerable to the trawl fishery (for age 
classes greater than 3 years) were assumed to differ from the observed proportions at 
age by a random log-normal variable. The likelihood approach used for the 1996 
assessment was revised so that the time series of trawl survey recruitment indices 
were included in the maximum likeihood estimator for the estimation of year class 
strength. The scaled model recruitment indices were assumed to differ from the 
observed trawl survey indices by a random log-normal variable. 

Recruitments of three year old snapper in 1997 and 1998 were predicted from a 
simple regression between the estimated model recruitment indices and the time 
series of trawl survey recruitment indices for the corresponding year classes. Using 
the observed trawl survey indices for the 1994 and 1995 year classes (0.47 and 0.85 
respectively), predicted model indices were calculated from the regression. The 
predicted indices were input to the model to determine the year class strengths for the 
recruitment of 3-year old snapper in 1997 and 1998. The model was projected to 
1998, assuming that annual commercial catch was equal to the current TACC of 
1500 t. 

5.5.2 Input Data 

The input data used in this assessment are the same as for the 1996 assessment with 
the addition of the commercial catch for 1996, trawl survey recruitment indices for 
1997 and 1998, historical catch at age data for 1975, 1976, 1979, 1986, and 1987, 
recent catch-at-age data for 1995-96 and 1996-97, and revised recreational catches 
for 1990 to 1997. A revised set of trawl selectivity values derived from the 1990 
tagging programme and the revised estimate of natural mortality of 0.075 were used. 

Provision was made for under-reporting of the commercial catch (20% before 1987 
and 10% since the QMS was introduced) and additional Japanese catches (longline) 
from 1960 to 1974 were included in the commercial catch history. A range of assumed 
levels of 1000, 2000, and 3 000 t per year was investigated. 

The recreational catch history from 193 1 to 1989 was assumed (Davies 1997). 
Estimates of recreational catch were available from the tagging programme carried out 
in 1990 and from the North region telephone and diary survey in 1994 (see Table 5). 
No estimate is available from the 1996 national diary survey. The recreational catch 
was modelled so that the average of the observed catches in 1990 and 1994 (294 t) 
was taken from the stock in 1992, while in all other years from 1990 to 1998 
recreational fishing mortality was increased by 2% per year to account for a perceived 
annual increase in recreational fishing effort in SNA 8. The selectivity of the 
recreational method for 3 year olds was adjusted to account for the introduction of the 
increased recreational MLS to 27 cm in 1994. Similarly the total recreational fishing 
mortality was reduced by 8% in 1995 to account for the reduction in the total daily 
bag limit from 20 to 15 as of 1 October 1994. 



5.5.3 Model Fitting 

As with the SNA 1 models described above, estimation of trawl selectivity-at-age was 
attempted from fits to the input data. A selectivity function was generated fiom a 
composite of two overlapping normal distributions having the same mean age (6 
years). The other two parameters to be estimated were the standard deviations of the 
two normal curves which determine the "flatness" of the selectivity pattern. Thus, a 
total of 20 model parameters was estimated. Selectivity parameters were estimated in 
model sensitivity tests to the three assumed levels of historical Japanese catch. 

The estimated selectivity functions showed a descending right hand limb and a dome 
shape (Figure 29). Like the results of the SNA 1 model, the estimated selectivity 
functions were not robust to variation of the assumed historical Japanese catch levels 
input to the model. Again, this result suggests that estimates of fishing method 
selectivity-at-age were confounded with model recruitment estimates. It was therefore 
concluded that selectivity-at-age could not be reliably estimated using the model. The 
available constant selectivity-at-age indices for the trawl fishery calculated fiom the 
1990 tagging programme (Figure 28) were therefore assumed for the 1997 assessment 
model. 

Sensitivity of the model to the range of assumed historical Japanese catch levels was 
tested. The sensitivity of the model to an assumed natural mortality value of 0.06 was 
tested for the JAP2 catch option,. 

5.5.4 Model Results 

Estimates of the model annual recruitment parameters are presented in Figure 30 for 
the three assumed levels of historical Japanese catch. The pattern of recruitments is 
similar in all with exceptionally high indices for the 199 1 and 1993 year classes (3.25 
and 5.64 respectively for the JAP2 option). The mean of the recruitment estimates is 
close to 1 .O, in contrast to the 1996 assessment where mean recruitment fiom 1983 to 
199 1 and mean recruitment at virgin biomass were discrepant. 

The model goodness of fit to the catch-at-age time series appeared to be robust to the 
assumed level of historical Japanese catch with model year class strengths coinciding 
reasonably well with those observed in catch-at-age data (Figure 31). The model 
indicates that since the 1970s there was a significant decline in the proportion of old 
fish in the stock and by 1989 the fishery comprised mostly young fish. Since that time 
there has been a gradual broadening of the age distribution of the stock, and in recent 
years the model estimates indicate strong recruitments. 

There appears to be some pattern in the distribution of the standardised In-catch-at-age 
residuals with large proportion-at-age estimates (exceeding 0.2) generally producing 
positive residuals (Figure 32). Similarly, a distinct pattern is evident in the mean 
In-catch-at-age residual with positive residuals obtained for young and old ages, while 
negative residuals were obtained for ages 6 to 15 years (Figure 33). This pattern in the 
catch-at-age residuals was probably reflecting some process error attributable to the 
assumed selectivity-at-age function for the trawl fishing method. 



The fit to the trawl survey recruitment indices was good except for the 1985 year class 
and the most recent year classes, 1991 and 1992 (Figure 34). The large negative 
residuals for the 1991 and 1992 year class indices suggest some discrepancy with the 
year class strengths indicated from the fit to the catch-at-age data. The fit to the 
recruitment indices appeared to be robust to the assumed level of historical Japanese 
catch. Similarly, the goodness of fit to the pair trawl CPUE time series was robust to 
the assumed level of historical Japanese catch (Figure 35) and no consistent visible 
pattern in the residuals was evident. The model fit to the increase in CPUE since 1989 
was poor, though these indices had a high level of measurement error. 

For the base case, an historical Japanese catch level of 2000 t per year for 1960 to 
1974 was assumed. Model estimates of biomass since 1974 were robust to the 
assumed level of historical Japanese catch with good fits obtained to the absolute 
biomass estimate in 1990 (Figure 36). However, estimates of virgin biomass were 
sensitive to the assumed level of historical Japanese catch. 

Estimates of model biomass and yield for the range of historical Japanese catch levels 
(JAPI, JAP2, and JAP3) and natural mortality (M0.06) assumed in the model are 
presented in Table 19. Stock biomass and status relative to BMsY for all the 
sensitivities are high compared to the result for the 1996 assessment, 
BI~&MSY= 0.66, (Davies 1997). These differences were attributed to the 
exceptionally high recruitment estimates obtained for the most recent three year 
classes entering the stock, which produced high estimates of current biomass 
compared to the 1996 assessment, (e.g. for the 2000 t Japanese catch option, 
B1997 = 28 562 t compared to B1996 = 13 730 t obtained for the 1996 assessment 
model). Model biomass was found to be very sensitive to the fit to the catch-at-age 
data for the two most recent years. This was attributed to the low selectivity indices 
assumed for fish less than 5 years old resulting in high recruitment estimates. Model 
estimates of current biomass that were more plausible were obtained with a reduced 
quality of fit to the recent catch-at-age data. Error in the steeply ascending left-hand 
limb of the assumed selectivity-at-age function is likely to bias model recruitments in 
recent years and was identified as a source of uncertainty in the model. 

As there were no abundance indices since 1991 included in the model fitting 
procedure, the recent estimates of year class strength are determined mainly by the 
selectivity pattern assumed in fitting to the catch age data. The model estimates of 
biomass in recent years were therefore derived only from unconditional fits to catch- 
at-age data since 1991. The estimate of 5.64 for the 1993 year class was based on a 
single observation (proportion of 4 year old fish) in the 1996-97 year. The Working 
Group decided upon a range of assumed recruitment values for the 1991 to 1993 year 
classes and to derive model estimates based upon these assumptions. 

For the base case option, the model estimate for the 1991 year class was assumed as 
this was based on three observations in the catch-at-age data, but the 1992 and 1993 
values were set to 1.0 and 1.5 respectively (Table 20). Two sensitivity options were 
then compared: mean - assuming mean recruitment for the 1991-93 year classes 
(index of 1.0 each year); and, medium - assuming an index of 1.5 for the 1991 and 
1993 year class, andl.O for the 1992 year class. 



The assumed values of the 1991 to 1993 year class strength indices for the model 
options have a profound effect on reducing estimates of current biomass (Figure 37). 
The model results for all options indicate that the current biomass of the SNA 8 stock 
is less than the biomass at which maximum sustainable yield may be supported (BMsy) 
(see Table 19). Stock biomass is predicted to be increasing towards BMSY due to 
estimates of current surplus production exceeding existing catch levels. This rate of 
increase is highly sensitive to the indices of relative year class strength assumed for 
the 1991 to 1993 year classes. However, in instances, an increase in stock biomass is 
indicated. 

Overall, the results are consistent with the increasing trend in biomass determined 
from the 1996 assessment, though current biomass is predicted to be higher. The 
inclusion of additional input data in the model (historical Japanese catches, catch-at- 
age, catch overruns) has resulted in a higher estimate of virgin biomass than was 
obtained in 1996. This has also resolved the apparent discrepancies between recent 
recruitments and the mean long-term recruitment estimate. The assumed selectivity-at- 
age function input to the model is identified as the main source of uncertainty in this 
assessment. However, the lack of an abundance index since 1991 is also a problem; 
there is no information in the model to determine the current biomass. 

5.5.5 Model Precision 

The variances of model parameters, biomass, and yield estimates were calculated 
from 400 bootstraps with pseudo-replicates of CPUE, trawl catch-at-age data, trawl 
survey recruitment indices, and the 1990 estimate of absolute biomass being 
generated according to the error structures specified in the maximum likelihood 
estimators. The specifications of the bootstrap data sets are presented in Appendix 2. 
The bootstrap parameter distributions were examined for log-normality and the 90% 
confidence intervals were calculated from the distributions. 

For each bootstrap, the model was projected to 2008 to determine the precision of 
predicted biomass and yields. For each bootstrap run, the model was projected from 
1998 to 2008 with stochastic recruitments generated by randomly selecting with 
replacement from the set of bootstrap recruitment estimates. For the base case 
projection, recruitments from 1998 to 2008 were assumed constant at the level of the 
mean of the annual recruitment estimates. 

Broad confidence intervals were estimated from the bootstrap analyses with base case 
model estimates of current biomass having a range for the upper and lower 90% 
percentiles of up to 13 000 t (Table 21). The least optimistic scenario was evident for 
the option assuming mean recruitment levels from 1991 to 1993. Current biomass 
relative to BMsY for this model was in the range 45% to 83%. For the base case model 
these bounds were 60% and 114%. Precision of predicted biomass declined with 
model projections to 2008. However, in all three model options, stock biomass is 
predicted to increase by 2008. The range of estimated biomass for the base case in 
2008 was between 20 000 and 49 000 t. Model estimates of current and future 
biomass, and biomass relative to BMsY, are therefore imprecise. The lower 90% 
percentiles of the three model options considered generally indicate the stock to be 
close to half BMsy, and the upper bounds indicate the stock to be close to BMsY. 



5.5.6 Management Strategies 

The same modelling approach used for the SNA 1 models was followed to investigate 
the relative performance of a range of plausible future management scenarios for the 
SNA 8 stock, i.e., model projections with stochastic recruitment to 2008. The 12 
possible management scenarios considered included increases in the TACC to a range 
of levels and increases to the MLS. Scenarios with increases to the TACC were 
investigated because of the trend of increasing stock biomass indicated from the 
model. Increased MLS scenarios were investigated because of the potential benefits of 
higher yield-per-recruit to be gained. The four TACC levels investigated were the 
1996-97 TACC of 1500 t, and increases to 1700, 1900 and 21 00 t. At each TACC 
level, three possible MLS values were investigated: the current MLS of 25 cm and 
increases to 27 and 30 cm. The short-term implications of an immediate change in 
MLS were therefore investigated using the dynamic model that estimates the current 
non-equilibrium status of the stock and variable year class strengths. 

The increase in MLS was modelled by adjusting the recruitment ogive of fish to the 
exploitable stock. Adjustments to the ogive were made on the basis of an analysis of 
available snapper length-at-age information taken from a series of otolith sample 
collected from Kaharoa trawl surveys. The proportion of snapper at age that exceed a 
particular MLS was calculated and the distribution of recruitment ogives are presented 
for the west coast stock in Figure 26. In the projections, a change to the TACC and 
MLS was implemented in the 1997-98 fishing year. No account was taken in the 
model for incidental mortality of fish less than the MLS and these pre-recruits were 
subject to natural mortality only. The results of the projections may therefore be 
optimistic, but they do provide a means to evaluate outcomes should the causes of 
incidental mortality be significantly reduced. 

The results of the projections for the different management scenarios were compared 
according to the performance indicators presented above for SNA 1. The probabilities 
are the number of bootstrap runs which met the criterion and the expected values are 
the means of the bootstrap runs. 

The results of the stochastic projections of the base case model under four possible 
management scenarios comprising TACC increases with the current fixed MLS = 25 
cm are presented in Table 22. Under all scenarios there is a high probability that the 
stock will rebuild, and with a 40% increase in the TACC there is a 74% probability 
that the stock biomass in 2008 will exceed current biomass. At this TACC level, on 
average, the biomass in 2008 is expected be close to BMsY with a 50% probability of it 
exceeding BMsY. Because the predicted biomass is close to BMSY in projections, 
equilibrium current surplus production in 2008 is expected to closely approach the 
MSY level under all the scenarios. 

The biomass of fish in the population over 25 cm in 2008 predicted from the base 
case model was compared for the 12 management scenarios to evaluate the effects of 
increasing the commercial MLS. An increase in biomass was predicted with an 
increase in the MLS at all the TACC options (Table 23). This increase was non-linear 
with respect to the MLS. The relative effect of increasing the MLS from 27 to 30 cm 
was almost twice that predicted from increasing MLS from 25 to 27 cm. This reflects 



the rapid growth rate of snapper in the SNA 8 stock to 30 cm and therefore the higher 
yield-per-recruit possible at a MLS of 30 cm. This growth characteristic is predicted 
to produce an average 3.9% increase in biomass over the range of TACC options 
investigated. 

5.6 Yield Estimates 

5.6.1 Maximum Sustainable Yield and Current Surplus Production 

Current Surplus Production (CSP) 

Equilibrium CSP was calculated as the catch that would sustain the equilibrium stock 
at its start of year 1997-98 biomass, assuming constant recruitment at the estimated 
mean value. These estimates include non-commercial catch and are based on 
commercial catch history with under-reporting which is assumed to continue at 10% 
in the future. 

Equilibrium CSP1997-98 = 2850 t 

Maximum Sustainable Yields (MSY) 

MSY was calculated as the maximum catch that could be sustained by the stock in 
equilibrium. This is achieved with a catch level of 1 1.5% of biomass at BMsY. 

MSY = 2860 t 

These estimates include non-commercial catch and are based on commercial catch 
history with under-reporting, which is assumed to continue at 10% in the future. 

5.6.2 MCY 

MCY was estimated from the equation MCY = CSP, as the stock is below B ~ s y .  CSP 
is the equilibrium current surplus production from the base case described above. 

MCY = 2850 t 

These estimates include non-commercial catch and are based on commercial catch 
history with under-reporting, which is assumed to continue at 10% in the future. 

5.6.3 CAY 

CAY was calculated from the Baranov catch equation under the base case. FRf was set 
equal to FMsy. At BMsu, the FMsy level of catch relative to biomass is 11.5%. 



These estimates include non-commercial catch and are based on commercial catch 
history with under-reporting, which is assumed to continue at 10% in the future. 

With the predicted year class strength in 1991 and 1992 from trawl surveys, stock 
biomass is expected to increase if harvested at the CAY level. 

6. Management Implications 

6.1 SNA 1 

The current status of the two sub-stocks differs. 

east Northland 

This sub-stock appears to be at about BMSY (103% BMSY at the beginning of 1997-98). 
Because of poor year classes recruiting to the fishery the stock is expected to decline 
between 1996-97 and 1997-98 at current catch levels, which assume a 25-75% split 
between the two areas. 

Hauraki GulfIBav of Plenty 

The Hauraki Gulmay of Plenty sub-stock is currently below BMSY. The substock is 
expected to decline from 1996-97 to 1997-98 because of poor recruitment to about 
60% BMsu at the beginning of 1997-98. 

6.2 SNA 8 

Estimates of current and reference biomass are available for SNA 8. The stock size is 
close to BMsy (87% BMSY at the beginning of 1997-98) as the biomass appears to have 
been increasing in recent years. Recent combined commercial and recreational catch 
levels and the current TACC are well below all estimates of available yield and will 
allow the stock to move towards a size that will support the MSY. 
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Table 1: Reported landings (t) for the quota management areas (QMA) SNA 1 and 8 from 1931 

Year 

193 1 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
195 1 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 

to 1990 

SNA 1 

3 465 
3 567 
4 061 
4 484 
5 604 
6 597 
5 918 
6 414 
6 168 
5 325 
5 003 
4 279 
4 643 
5 045 
4 940 
5 382 
5 815 
6 745 
5 866 
5 107 
4 301 
3 795 
3 703 
4 316 
4 442 
4 742 
5 285 
5 154 
5 778 
5 697 

SNA 8 

140 
159 
213 
190 
108 
103 
85 
89 
7 1 
76 
62 
5 7 
75 
69 

124 
244 
25 1 
2 15 
277 
318 
364 
36 1 

1 124 
1 093 
1 202 

Year 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

SNA 1 

5 318 
5 582 
5 702 
5 643 
6 039 
6 429 
6 557 
7 333 
8 674 
9 792 

10 737 
9 574 
9 036 
7 635 
5 894 
7 220 
7 514 

10 128 
10 460 
7 370 
7 872 
7 242 
6 256 
7 141 
6 774 
5 969 
4 532 
5 082 
5 816 
5 757 

SNA 8 

1 178 
1 352 
1 456 
1 276 
1 182 
1831 
1 477 
1 491 
1 344 
1 588 
1 852 
1 961 
3 038 
4 340 
4 217 
5 326 
3 941 
4 340 
3 464 
3 309 
3 153 
2 636 
1 814 
1 536 
1 866 

959 

The 193 1-43 years are April-March but fkom 1944 onwards are calendar years. The "QMA totals" are 
approximations derived from port landing subtotals, as follows: SNA 1, Mangonui to Whakatane; SNA 
8 Paraparaumu to Hokianga. Before 1946 the "QMA" subtotals sum to less than the New Zealand total 
because data from the complete set of ports are not available. Data up to 1985 are fkom fishing returns: 
Data from 1986 to 1990 are from Quota Management Reports. 



Table 2: Reported landings (t) of snapper by Fishstock from 1983-84 to 1995-96 and gazetted 
and actual TACCs (t) for 1986-87 to 1995-96 

Fishstock 
QMAs 

1983-84t 
1984-85 t 
1985-86t 
1986-87$ 
1987-88$ 
1988-891 
1989-90$ 
1990-9 1 $ 
1991-92$ 
1992-93 $ 
1993-94$ 
1994-951 
l995-96$ 

SNA 1 
1 

Landings TACC 
6 539 - 
6 898 - 

5 876 - 
4016 4 710 
5 061 5 098 
5793 5614 
5 826 5981 
5315 6002 
6 191 6010 
5 423 4 904 
4 846 4 928 
4831 4938 
4959 4938 

SNA 8 
8 .9  

Landings TACC 
1 725 - 
1 546 - 
1 828 - 

893 1330 
1401 1383 
1 526 1508 
1550 1594 
1658 1594 
1464 1594 
1543 1500 
1542 1500 
1434 1500 
1558 1500 

t FSU data. SNA 1 = stat areas 1-10; SNA 8 = stat areas 37, 39-48. 
$ QMS data. 



Table 3: Percentage of landings (t) from each sub-stock in SNA 1 by fishing method , 1984-85 to 

Year 

east Northland 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-9 1 
199 1-92 
1992-93 
1993-94 
1994-95 
1995-96 

Hauraki Gulf 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-9 1 
199 1-92 
1992-93 
1993-94 
1994-95 
1995-96 

Bay of Plenty 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-9 1 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 

Landings 

2 007 
1 563 

847 
1 063 
1 303 
1 521 
1 157 
1 151 
1 200 
1261 
1 276 
1 494 

3 443 
2 985 
2 333 
3 269 
3 580 
3 129 
3 093 
3 830 
3 159 
2 583 
2 471 
2 028 

1 354 
1 328 

835 
729 
910 

1 177 
1 065 
1211 
1 065 
1 002 
1 082 
1 428 

Single trawl 

6.5 
7.3 
8.1 
7.2 

21.1 
9.6 

11.3 
15.7 
15.5 
16.2 
11.2 
16.7 

15.6 
15.8 
26.7 
20.9 
27.9 
29.8 
25.2 
24.6 
20.7 
18.1 
19.5 
23.1 

55.6 
46.0 
51.4 
43.1 
68.2 
49.9 
38.7 
28.8 
35.1 
28.1 
19.9 
38.3 

Pair trawl Danish seine Nets 

2.9 
2.8 
3.7 
4.9 
4.3 
3.5 
4.1 
5.6 
4.2 
6.1 
8.9 
6.8 

10.2 
9.8 
7.4 
7.6 
7.5 
8.1 
7.0 
6.2 
4.7 
4.4 
3.4 
5.6 

3.1 
3.2 
3.1 
2.8 
0.7 
1.2 
2.6 
2.3 
2.7 
6.2 
2.9 
4.5 

Lines 

50.1 
61.4 
68.9 
67.5 
55.2 
53.4 
58.2 
64.1 
59.9 
61.1 
65.5 
66.2 

39.8 
46.2 
43.9 
48.6 
47.1 
44.3 
40.2 
44.6 
52.5 
54.5 
53.3 
57.7 

25.6 
39.6 
34.3 
24.5 
17.1 
20.1 
31.7 
25.6 
28.7 
30.5 
33.6 
28.4 



Table 4: Reported landings (t) of snapper by Fishstock from 1967 to 1977 by Japanese trawl and 
longline fisheries. NA - not available 

(a) Trawl 
Year Trawl catch 

(all species) 
1967 3 092 
1968 19 721 
1969 25 997 
1970 31 789 
1971 42 212 
1972 49 133 
1973 45 601 
1974 52 275 
1975 55 288 
1976 133 400 
1977 214 900 

Total snapper 
trawl catch 

3 0 
562 

1 289 
676 
522 

1 444 
616 
472 
922 
970 
856 

SNA 1 SNA 8 

(b) Longline 
Year Total Snapper SNA 1 SNA 8 
1975 1510 76 1 749 
1976 2 057 930 1 127 
1977 2 208 1 104 1 104 

Table 5: Estimates of annual recreational catch in numbers (millions) and weight (t) of snapper. 

(a) Tagging programme estimates Recreational 
catch (t) 

Auckland East (SNA 1) - Bay of Plenty, 1984 
Hauraki Gulf, 1985 830 
East Northland, 1985 370 
TOTAL 1 600 

West coast 
North Island (SNA 8) - 1990 239 

(b) Telephone and diary survey estimates 1993-94Recreational 
Number (millions) catch (t) 

SNA 1 
SNA 8 

(c) Telephone and diary survey estimates 1996Recreational 
Number (millions) catch (t) 

SNA 1 

east Northland 0.64 
Hauraki GulfIBay of Plenty 

TOTAL 2 052 

Mean weight was based on boatramp survey for SNA 1 and SNA 8. 



Table 6: Biomass estimates by sub-stock from the 1994 tagging programme for SNA 1 calculated 
using the Petersen and Obsewation error approaches. 

Hauraki GulfIBOP ('000 t) 
Petersen 

Longline releaseslall recoveries 30.0 
All releasesllongline recoveries 34.3 
only Hauraki Gulf 

Mean = 33 725 t 

east Northland ('000 t) 
Petersen 

Longline releaseslall recoveries 
All releasesllongline recoveries 

Obsewation error model 

Obsewation error model 

Mean = 17 800 t 

Table 7: Estimated number of 1+ (birth date of 1 January) in trawlable areas from Hauraki Gulf 
spring trawl surveys, and obsewed and predicted relative recruitment indices. The 
predicted index is scaled so that the mean for the period 1931-94 equals one, and the 
obsewed index is scaled so that its mean equals the mean of the predicted indices for the 
same 10 year classes. The normalisation is based on unadjusted Albert Park air 
temperature data 

Year Mean F e b J u n  Estimated no. Observed 
class water temp of 1 yr olds index 

("C) (mi~lions)~ 
1981 19.69 - - 
1982 18.42 - - 
1983 17.25 1.24 + 0.28 
1984 18.28 3.64 + 0.83 
1985 18.79 5.08 + 1.16 
1986 19.03 5.78 + 1.32 
1987 17.98 2.61 + 0.59 
1988 18.54 3.92 0.89 
1989 19.30 10.04 2.29 
1990 19.05 - 
199 1 18.10 3.47 0.79 
1992 17.32 1.22 0.28 
1993 17.68 1.39 0.32 
1994 18.30 - - 

1995 19.24 - - 

1996 18.77 - - 

1997 - - - 
8 The 1 + snapper are about 23 months old at the time of the trawl surveys. 
+ First five values corrected for low catchability. 

Predicted 
index 



Table 8: Estimates of biological parameters for SNA 1 

Estimate Source 

1. Instantaneous rate of natural mortality (M) 
0.075 Hilborn & Starr (unpubl. analysis) 

2. Weight = a (length)b (weight in g, length in cm fork length) 
a = 0.04467 b = 2.793 Paul (1976) 

3. von Bertalanffy growth parameters, both sexes combined 
K to L m  

SNA 1 0.102 -1.11 58.8 Gilbert and Sullivan (1 994) 

4. Age at recruitment (years) 
SNA 1 4 (50%) 5 (100%) Gilbert et al. (1996) 

Table 9: Estimates of the proportion of 4 and 5 year old fish recruited to the exploitable stock 
(exceed the MLS of 25 cm) in SNA 1 used to specify the recruitment ogive 

Hauraki Gulfmay of Plenty 

Year 

Age Class (years) 

4 5 

east Northland 

Age Class (years) 

Year 

Table 10: Annual recreational catch estimates (tonnes) for SNA 1 used in the modelling (1996 
estimates are preliminary) 

Year Source East Northland Hauraki Gulfmay of Plenty Total 
1985 1985 tagging programme 3 70 1230 1600 
1994 1994 North diary survey 723 2 071 2 794 
1996 1996 National diary survey 581 1 471 2 052 
Adjusted 1996 65 8 1689 2 347 



Table 11: Estimates of year class strength for east Northland and Hauraki Gulfmay of Plenty 
used in the base case assessment (M of 0.075 yr" and Japanese catch of 30 000 t from 
1960 to 1977) 

Year 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
I986 
1987 
1988 

East Northland Hauraki Gulf1 
Bay of Plenty 

1.32 
0.47 
0.44 
0.67 
1.45 
0.96 
0.97 
1.93 
0.40 
0.22 
0.98 
1.26 
0.98 
0.89 
0.9 1 

Table 12: Hauraki GulfIBay of Plenty estimates of biomass and yield. Virgin biomass (Bo), 
biomass in 1996-97 (B9,), biomass in 1997-98 (B~s), MSY = Maximum Sustainable 
Yield, CSP98 = equilibrium CSP at 1997-98 biomass. MSY and CSP include overruns. 
All biomass estimates are beginning of season (t) 

Japanese catch 1960-77 = 20 000 t 

M= 0.06 

M = 0.075 

M = 0.09 

Japanese catch 1960-77 = 30 000 t 

M= 0.06 

M = 0.075 (Basecase) 

M = 0.09 

Japanese catch 1960-77 = 50 000 t 

M= 0.06 

M = 0.075 

M = 0.09 

MSY CSP98 



Table 13: East Northland estimates of biomass and yield. Virgin biomass (Bo), biomass in 1995- 
96 (B96), biomass in 1996-97 (B9,), MSY = Maximum Sustainable Yield, CSP9, = 
equilibrium CSP at 1997-98 biomass. MSY and CSP include overruns. All biomass 
estimates are beginning of season (t) 

Bo 
Japanese catch 1960-77 = 20 000 t 

M= 0.06 65 700 

M = 0.075 62 500 

M = 0.09 61 900 

Japanese catch 1960-77 = 30 000 t 

M= 0.06 69 700 

M = 0.075 (Basecase) 66 600 
M = 0.09 66 200 

Japanese catch 1960-77 = 50 000 t 

M= 0.06 76 900 

M = 0.075 73 000 

M = 0.09 74 000 

Table 14: Hauraki GulElBay of Plenty and east Northland model parameters and estimates with 
upper and lower 90% confidence intervals and arithmetic means calculated from 
bootstrap analyses 

Hauraki Gulfmay of Plenty 

Parameter 

east Northland 

Parameter 

Model 

36 696 
33 959 

0.59 
35 575 

3 143 
4 771 
6 460 
6 517 

Model 

17 483 
16 418 

1 .O3 
12 897 

722 
1 126 
1 866 
1 837 

90% C.I. 
Lower Upper 

90% C.I. 
Lower Upper 

Mean 

38 748 
36211 

0.64 
36 839 

3 342 
5 057 

Mean 

17 116 
15 840 

0.99 
11 101 

706 
1 109 



Table 15: Performance indicators calculated for the Hauraki Gulf7Bay of Plenty and east Northland 
models for a range of management scenarios comprising TACCs of 4 900 t; 4 200 t; 3 500 t 
and 3 OOOt and a minimum legal size of 25 cm. P(B2008 > B1998) is the probability that stock 
size will exceed B1998. E(BZOOJBMSY) is the expected biomass in 2008 as a proportion of BMSy. 
P(BzoO, > EMSY) is the probability that the stock will be above Bi~sy in 2008. E(CSP2~~$MSY)  
is the expected ratio of the equilibrium CSP for the 2008 biomass to MSY. 

Hauraki GulfIBay of Plenty 

east Northland 

TACC 
4 900 4 200 3 500 3 000 

TACC 
4 900 4 200 3 500 3 000 

0.00 0.0 1 0.16 0.5 1 

0.70 0.80 0.92 1 .OO 

0.07 0.14 0.28 0.46 

0.96 0.97 0.97 0.97 



Table 16: The mean biomass of fish exceeding 25 cm and fish exceeding the proposed MLS (in 
brackets) in the population in 2007-08 obtained from 100 stochastic projections of the 
Hauraki GulfIBay of Plenty and east Northland models for each management scenario 
comprising a combination of TACC levels and minimum legal size options 

Hauraki GulfIBay of Plenty 

TACC (t) 

4 900 

4 200 

3 500 

3 000 

east Northland 

TACC (t) 

4 900 

4 200 

3 500 

3 000 



Table 17: SNA 8 trawl survey estimates of relative year class strength indices with the ages at 
which individual year classes were sampled 

Year class Index c. v. Age Surveyed 

Table 18: Estimates of biological parameters for SNA 8 

Estimate 
1. Instantaneous rate of natural mortality (M) 

0.075 

Source 

Hilborn & Stan: (unpubl. analysis) 

2. Weight = a (length)b (weight in g, length in cm fork length) 
a = 0.04467 b = 2.793 Paul (1976) 

3. von Bertalanffy growth parameters both sexes combined 
K to La 

SNA 8 0.160 -0.1 1 66.9 McKenzie et a1 (1992) 

4. Age at recruitment (years) 
SNA 8 3 Gilbert & Sullivan (1994) 

Table 19: Biomass and yield estimates for the SNA 8 model with sensitivities for historical 
Japanese catch levels (1 000 t, 2 000 t and 3 000 t from 1965 to 1974 are JAP1, JAP2 and 
JAP3 respectively) and for natural mortality equal to 0.06 (M0.06), and for the Base 
Case, Mean and Medium recruitment options. Bo is virgin stock biomass. Bg8 and BMSY 
are start of year biomasses for 1997-98 and biomass producing maximum sustainable 
yield (MSY), respectively. B9,/BMSY is the ratio of current (1996-97) biomass to BMSY. 
Equilibrium CSP is the catch that would sustain the population at its start of year 1997- 
98 biomass assuming constant annual recruitment (R). 

Bo B97 BMSY B9$BMSY MSY Equilibrium 
t t t t t CSP 

JAP 1 
JAP2 
JAP3 

Base case 99650 20220 21690 24817 0.87 2 857 2 850 
Mean recruitment 1991-93 99 650 15 1 10 15 830 24 817 0.64 2 857 2 750 
Medium recruitment 99650 16980 18120 24817 0.73 2 857 2 800 
(1.5 in 1991 and 1993, 1 .O in 1992) 



Table 20: Estimates of year class strength for SNA 8 used in the basecase assessment (M of 0.075 
yr-' and Japanese longline catch of 2000 t per year from 1960 to 74) 

Base Case 
1.84 
0.64 
1.1 1 
1.60 
0.36 
0.83 
0.3 1 
0.89 
1.96 
1.33 
1.01 
0.36 
1.29 
0.85 
3.25 
1 .OO (assumed value: estimate = 1.77) 
1 S O  (assumed value: estimate = 5.64) 

Table 21: Parameter estimates for the 1997 SNA 8 model projected to the 2008 calendar year 
with recruitment in 1997 and 1998 as predicted from trawl survey indices and 
subsequent recruitments are assumed constant at the mean level. The base case, mean 
and medium recruitment options considered by the Plenary for the 1991 to 1993 year 
classes are also presented. Preliminary estimates of the upper and lower 90% 
confidence intervals were calculated from 400 bootstraps with stochastic recruitment 
from 1999 to 2008 

Parameter 

csp1997 

csp1998 

Equil. csP1 998 

Equil. CSP2008 

Parameter 

Model 

28 562 
32 940 

1.15 
53 851 

6 778 
6 452 
2 788 
2 100 

Mean 

15 110 
15 830 

0.64 
24 249 

2 727 
2 810 
2 750 
2 816 

90% C.I. 
Lower Upper 

90% C.I. 
Lower Upper 

Base case 

20 220 
21 690 

0.87 
32 677 

3 619 
3 568 
2 850 
2 720 

Medium 

16 980 
18 120 

0.73 
28 108 

3 210 
3 236 
2 800 
2 788 

90% C.I. 
Lower Upper 

90% C.I. 
Lower Upper 



Table 22: Performance indicators calculated for the base case SNA 8 model for a range of 
management scenarios comprising TACCs of 1 500,l  700,l  900, and 2 100 t and a 
minimum legal size of 25 cm. P(B2008 > is the probability that stock sue  will exceed 

E(BtOOS/BMsY) is the expected biomass in 2008 as a proportion of BMsy. P(Bzoo8 > 
EMSY) is the probability that the stock will be above BMSY in 2008. E(CSP200$MSY) is the 
expected ratio of the equilibrium CSP for the 2008 biomass to MSY 

Table 23: The mean biomass of fish exceeding 25 cm and the proposed MLS (in brackets) in the 
population in 2008 obtained from 400 stochastic projections of the base case SNA 8 
model for each management scenario comprising a combination of TACC levels and 
minimum legal sue options 

TACC (t) MLS (cm) 
25 27 30 
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Figure la: Proportion at age distributions (histograms) and c.v.s (line) for snapper from the Hauraki Gulf 
longline, single trawl, and Danish seine fisheries, as a discontinuous time series from 1989-90 to 
1995-96. 
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Figure lb: Proportion at age distributions (histograms) and c.v.s (line) for snapper from the east Northland 
longline fishery from 1993-94 to 1995-96. 
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Figure 2: Scatterplot of the log-transformed observation error, In(CV), associated with estimates of log- 
transformed proportions at age, In(Prop.Age), of snapper in landings from the Hauraki 
GulfIBay of Plenty longline, single trawl and Danish seine fisheries, the east Northland longline 
fishery and west coast trawl fishery, with fitted log-log transformed linear error functions used 
in the model fitting procedure. 



Figure 3 : 
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Hauraki GulfJBay of Plenty sub-stock model biomass trajectories (1850 to 1996) with absolute 
biomass estimates derived from tagging programmes (Observed) for the 1996 assessment 
model (1996Model), the revised model including multiple fishing methods with selectivity-at- 
age (MMETH), including fits to catch-at-age (CBAGE), and with down-weighting on the 
catch-at-age likelihood term (CBAGEWT). 
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Figure 4: Fits of the Hauraki Gulfmay of Plenty model to catch-at-age and absolute biomass (BTAG) 
with varying levels of relative weighting of the catch-at-age likelihood term: none (ALL), and 
0.1, 0.05,0.025 and 0.01 down-weighting (O.lC@AGE to O.OlC@AGE respectively). 
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Figure 5: Fits of the Hauraki GulfIBay of Plenty model to absolute biomass estimates (BTAG) with 0.025 
proportional down-weighting of the catch-at-age likelihood term and sensitivities to historical 
levels of Japanese catch (JAP3, JAPS and JAP7). 

Figure 6 : Distribution of the mean catch-at-age residuals from Hauraki GulfIBay of Plenty model fits 
with 0.025 downweighting of the catch-at-age likelihood term (0.025CeA) with sensitivity for 
historical Japanese catch levels (JAP3 and JAP7) and estimation of selectivity-at-age 
parameters (SEL2). 
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Figure 7: Estimates of selectivity-at-age for the Hauraki Gulfmay of Plenty model for the longline, single 
trawl and Danish seine fishing methods derived from the 1985 tagging programme (LLTAG, 
STTAG and DSTAG respectively), and from two model fits to the catch-at-age data with 
different initial start values for the selectivity functions (LLMOD, STMODand DSMOD 
respectively, and LL2EST, S.TZEST and D.SZEST respectively). 
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Figure 8: Fits of the Hauraki GulVBay of Plenty model to absolute biomass estimates (BTAG) assuming 
the historical SST-recruitment index time series used for the 1996 assessment model (JAP3), 
with a sensitivity having estimated selectivity-at-age parameters (SEL2); and fits assuming an 
extended and revised historical SST-recruitment index time series (RINEW), with sensitivity 
for constant natural mortality equal to 0.09 (M0.09); and a fit assuming constant recruitment 
from 1850 to 1970 (RCONST). 
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Figure 9: Fits of the Hauraki GulfIBay of Plenty model to absolute biomass estimates (BTAG) assuming 
constant recruitment for 1850 to 1970 and including estimation of selectivity-at-age parameters 
with sensitivities for the assumed cumulative total historical Japanese catch taken from SNA 1 
between 1960 to 1977 equal to 30 000 t, 50 000 t, and 70 000 t (JAP3, JAP5, and JAP7 
respectively). 
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Figure 10: Estimates of selectivity-at-age for the Hauraki GulfIBay of Plenty model for the longline, single 
trawl and Danish seine fishing methods derived from C@ABIO model fits with sensitivities for 
assumed historical levels of Japanese catch (JAP3, JAPS and JAP7). 
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Figure 11: Selectivity-at-age estimates assumed for the SNA 1 models for the longline (L.line), single trawl 
(S.Trawl), Danish seine @.Seine), pair trawl (P.Trawl), other commercial methods (Other) and 
recreational method (Recr.). 
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Figure 12: Observed (OBS) and estimated catch-at-age of the Hauraki Gulf/Bay of Plenty model fitted to 
absolute biomass estimates and catch-at-age (C@ABIO) assuming M=0.075 with sensitivities to 
assumed levels of historical Japanese catch (JAP2, JAP3, JAPS). 
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Figure 12 cont. 
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Figure 13: Distribution of the standardised catch-at-age residuals relative to proportion at age (Prop.) 
from the Hauraki GulfIBay of Plenty C@ABIO model assuming M = 0.075 with sensitivities to 
historical levels of Japanese catch (JAPZ, JAP3 and JAPS) . 



Figure 14: Distribution of the mean catch-at-age residual relative to age for the Hauraki GulUBay of 
Plenty C@ABIO model assuming M = 0.075 with senstivities for assumed historical levels of 
Japanese catch (JAP2, JAP3 and JAP5). 
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Figure 15: Hauraki GulfIBay of Plenty C@ABIO model biomass trajectories assuming M = 0.075 showing 
fit to absolute biomass estimates and sensitivity to assumed historical levels of Japanese catch 
(JAP2, JAP3 and JAPS). 
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Figure 16: Hauraki GulfIBay of Plenty C@ABIO model (assuming M = 0.075) predicted relative 
recruitment indices compared to trawl survey estimates (OBS) and plot of residuals for the 
model runs assuming a range of historical levels of Japanese catches (JAPZ, JAP3 and JAPS). 



Figure 17: Distribution of the mean catch-at-age residual relative to age for the Hauraki GulflBay of 
Plenty C@ABIO model assuming a JAP3 historical catch level with senstivities for assumed 
values of M equal to 0.06,0.075, and 0.09 (M0.06 to M0.09 respectively). 
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Figure 18: Hauraki GulflBay of Plenty C@ABIO model biomass trajectories assuming a JAP3 historical 
catch level showing fit to absolute biomass estimates and sensitivity to assumed values of M: 
0.06,0.075 and 0.09 (M0.06 to M0.09 respectively). 
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Figurel9: Observed (OBS) and estimated catch-at-age of the Hauraki GulfIBay of Plenty model fitted to 
absolute biomass estimates and either catch-at-age (CaABIO) or trawl survey relative 
recruitment indices (RIXBIO). 
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Figure 20: Fits of the Hauraki GulfIBay of Plenty model to absolute biomass estimates (BTAG) and with 
year class strength estimated from fits to either catch-at-age (CBABIO) or trawl survey 
relative recruitment indices (RIXBIO). 
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Figure 21: Observed (OBS) and estimated catch-at-age of the east Northland model fitted to absolute 
biomass estimates and catch-at-age (CBABIO) with sensitivities to assumed levels of historical 
Japanese catch (JAP2, JAP3, JAPS). 
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Figure 22: Distribution of the mean catch-at-age residual relative to age for the east Northland C@,ABIO 
model assuming M=0.075 with senstivities for assumed historical levels of Japanese catch 
(JAP2, JAP3 and JAPS). 
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Figure 23: East Northland C@ABIO model biomass trajectories assuming M = 0.075 showing fit to 
absolute biomass estimates and sensitivity to assumed historical levels of Japanese catch (JAP2, 
JAP3 and JAPS). 
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Figure 24: East Northland CBABIO model biomass trajectories assuming a JAP3 historical catch level 
showing fit to absolute biomass estimates and sensitivity to assumed values of M: 0.06,0.075, 
and 0.09 (M0.06 to M0.09 respectively). 
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Figure 25: East Northland C@ABIO model (assuming M = 0.075) predicted relative recruitment indices 
compared to trawl survey estimates and plot of residuals for the model runs assuming a range 
of historical levels of Japanese catches (JAP2, JAP3 and JAPS). 
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Figure 26: The distribution of the proportion of snapper at age having lengths that exceed a range of 
minimum legal size options (MLS) which comprises recruitment ogives for each option 
considered for the west coast, east Northland and Hauraki GulfIBay of Plenty stocks. 
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Figure 27: Proportion at age distributions (histograms) and c.v.s (line) for snapper from the west coast trawl 
fishery, as a discontinuous time series from 1974-75 to 199697 .  
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Figure 28: Estimates of selectivity-at-age for the SNA 8 trawl and recreational fishing methods derived 
from analysis of the 1990 SNA 8 and 1985 SNA 1 tagging programmes respectively. 

Figure 29: Estimates of selectivity-at-age for the SNA 8 trawl fishing method derived from model fits to 
the input data with sensitivities for assumed historical levels of Japanese catch, JAP1, JAP2 
and JAP3. 
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Figure 30: SNA 8 model estimates of relative recruitment indices of three-year old snapper (crosses) for 
three assumed levelsof historical Japanese catch showing the mean of the annual indices 
(Mean) relative to the assumed historical constant recuitment level (RM) having an index=l.O 
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Figure 31: Observed (OBS) and estimated catch-at-age from the SNA 8 model assuming M = 0.075 with 
sensitivities to three assumed levels of historical Japanese catch (JAPl, JAP2 and JAP3). 
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Figure 31 cont. 
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Figure 32: Distribution of the standardised catch-at-age residuals relative toproportion at age (Prop.) 
from the SNA 8 model assuming M = 0.075 with sensitivities to assumed historical levels of 
Japanese catch (JAPl, JAP2 and JAP3). 



o JAPl 
A JAP2 
x JAP3 

Figure 33: Distribution of the mean catch-at-age residual relative to age for the SNA 8 model assuming 
M = 0.075 with sensitivities for assumed levels of historical Japanese catch (JAP1, JAP2 and 
JAP3). 
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Figure 34: Fits of the SNA 8 model to trawl survey relative recruitment indices of year class strengthand 
a plot of the residuals with sensitivities for assumed levels of historical Japanese catch (JAPl, 
JAP2 and JAP3). 
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Figure 35: SNA 8 model fit to the observed pair trawl CPUE time series (1974-991) assuming M = 0.075 
with sensitivities to assumed levels of historical Japanese catch (JAPI, JAP2 and JAP3) and a 
plot of the CPUE residuals. 
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Figure 36: SNA 8 model biomass trajectories assuming M = 0.075 showing fit to the absolute biomass 
estimate in 1990 and sensitivity to assumed levels of historical Japanese catch (JAP1, JAPZ and 
JAP3). 
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Figure 37: SNA 8 model biomass trajectory assuming M = 0.075 and the JAPZ level of historical Japanese 
catch (JAP2) and trajectories with the Base Case, Mean and Medium options for assumed 
levels of recruitment for the 1991 to 1993 year classes. 



Appendix 1: Model Structure and Regression Approach 

Structure 

The structures of the SNA 1 and 8 models were essentially the same. A discrete, 
dynamic, age-structured population model was used with an assumed single sex 
composition. The recruited age classes were from 4 to 20 years for SNA 1 and from 3 
to 20 years for SNA 8, the final age class being an aggregate of fish greater than 19 
years of age. Recruitment to the exploitable stock was assumed to be knife-edge at 
age 3 years for SNA 8 and as specified by a recruitment ogive for SNA 1 (see text). 
Natural mortality, M, was assumed constant and independent of age class, a. Average 
annual method-specific fishing mortality,J;, for year t was assumed to be dependent 
on the selectivity at age, S,,, characteristics of the commercial and recreational 
fishing methods, g. Average instantaneous fishing mortalities, F,,,, were therefore 
age- and method-specific for the commercial and recreational methods: 

where t, g, a are year, method type, and age class respectively. The SNA 1 model 
include n=5 method types and the SNA 8 model n = 2 method types. Model method- 
specific catch-at-age was calculated from 

and population numbers at age at the beginning of the following year were calculated 

and for the aggregate age class: 

Deriso et al. (1 989) 

where N,,, is the model estimate of population numbers at age at the beginning of year 
t .  Catch mass and population biomass (start and midyear) were calculated using mean 
weight at age estimated using the von Bertalanffy growth parameters and length- 
weight parameters in Table 5. 

Regression approach and objective functions 

CPUE, catch-at-age data, estimates of absolute biomass, trawl survey recuitment 
indices, and total annual removals were integrated in the model by a non-linear 
regression using a maximum likelihood approach (Fournier & Archibald 1982, Deriso 
et al. 1985, Methot 1990). It was assumed that at the beginning of the first fishing 



season, 1850 for SNA 1 and 193 1 for SNA 8, the population was in an unexploited 
equilibrium condition with a constant level of recruitment. A simple projection of the 
model population using equations 1 to 4 was carried out introducing annual 
recruitments to the exploitable stock at the beginning of each year while scaling 
model catches equal to observed catches so as to calculate method and age-specific 
fishing mortalities: 

where F , , ,  is the initial estimate of fishing mortality and K~ is the gear-specific 
scalar: 

where pbs and cod are observed and model method-specific total annual catches 
respectively. 

Model parameters estimated for the SNA 8 model were: constant recruitment for the 
period 193 1 to 1985 ( R ), and annual relative recruitment indices of year class 
strength for 1971, 1973 to 1975, and for each year from 1981 to 1993. Recruitment of 
the 1972 and 1976 to 1980 year classes were assumed equal to the constant annual 
recruitment estimate, R . This comprised a total of 18 model recruitment parameters. 

Model parameters estimated for the SNA 1 model were: constant mean recruitment 
for 1850-1970; and annual relative recruitment indices of year class strength for 
1974-88 for the Hauraki Gulf7 Bay of Plenty sub-stock and for 1978-88 for the east 
Northland. A total of 16 model recruitment parameters was estimated for the Hauraki 
Gulfmay of Plenty model and 12 parameters for the east Northland model. 

These parameters were estimated using a maximum likelihood regression method 
using a FORTRAN downhill simplex minimising procedure (Press et al. 1992) and 
the terms of the objective function were as follows. 

i) CPUE data 

The observed annual trawl catch-per-unit-effort indices, It, were calculated relative to 
a "base" year, t = base : 

Therefore a maximum likelihood function was developed according to an approach 
developed by Maunder & Stan (New Zealand Fishing Industry Board, Wellington, 
unpubl. report). The analytical model for the relationship between mid-year model 

* mid biomass vulnerable to the trawl method ( B ) and the observed CPUE index was 
therefore: 



where 

Using the estimated CV, values for It as indicators of the relative "weight" of each 
observed index in the regression, an analytical solution for the variance of the model 
abundance indices was obtained: 

,. l " ( l n ~ ~ - l n j ~ ) ~  
= 5 cv: 

The log-likelihood for all observations was therefore : 

The value of Ibase is 1 and CVb,, is zero therefore t = base was excluded from the 
likelihood calculations, i.e. all summations were from t = 2 to n. 

ii) Tagging Programme Biomass Estimate 

The log-likelihood for tagging programme estimates of absolute biomass was 

where B:g and & are tagging programme and model estimates of stock biomass in 
year n respectively. 

The assumed estimates of measurement error (ab,,) for B'"~ were as follows : SNA 8 
Brg for n = 1990 ab,, was assumed equal to 0.1. SNA 1 Brg for n = 1985 a b P n  was 
assumed equal to 0.3 and for n = 1994 ob,, was assumed equal to 0.2. 

iii) Catch-at-age 



It is likely that other sources of error besides sampling precision (cv,,,) occur in the 
observed estimates of trawl catch-at-age p,,,. It is possible to estimate this log-normal 
error from the regression and to weight the error by the sampling variances. In this 
way the most precise estimates of catch-at-age have the most weight in determining 
the magnitude of log-normal error in the observed data. 

Log-normal error in observed trawl proportion of snapper caught at age, p,,,, other 
than sampling error can be calculated and weighted by sampling error, cv,,,,, as 
follows: 

where 

where ~ l , ~ , ,  is the observed proportion at age a in year t, for fishing method g, 

is the model estimate of numbers at age, a ,  vulnerable to the fishing method in year t, 
and r is the age at recruitment. The log-likelihood term for trawl proportions at age 
was therefore : 

E (lnpt,g,a- lnbt,g,a)2 (1.15) 
a-r ( a c  ~ ~ t . g , a  l2 

The years and methods for which observed proportion at age data were available are 
described for the SNA 1 and 8 models in the text. For some years the age at 
recruitment was adjusted from the standard of age 4 years for SNA 1 and 3 years for 
SNA 8. 

The estimated observation error (c.v.) for commercial proportion at age data was not 
used directly to give cvllg,,. Instead, a log-log transformed relationship between 
observed proportions at age and estimated sampling c.v. was derived (Figure 2). 

ln(cvr.g,a) = - ag l n ( ~ l , ~ , ~ ) - P ~  

The estimates of ag and pg for the various stocks and fishing methods are as follows: 



SNA 1: 

Hauraki GulfIBay of Plenty: 

a g  

longline -0.4626 1 
single trawl -0.39522 
Danish seine -0.4 1707 

east Northland 

ak! 

longline -0.5 1540 

SNA 8: 

trawl -0.41293 -3.32303 

The log-likelihood function cv,,, was calculated using (1.16). 

The parameter a, was estimated by 1.13 while fitting the model to the catch-at-age 
data and using the observation error relationship (1.16) to calculate cv,,. This 
incorporates observation and process error and was fixed when fitting the model to 
the integrated data sets. 

iv) Recruitment Indices 

The log-likelihood for trawl survey relative indices of snapper recruitment was : 

where R, and k, are the observed trawl survey and model estimates of relative 
recruitment indices in year t respectively, and cv, is the estimated precision in the 
trawl survey index in year t. Observation error was specified differently in the 
recruitment log-likelihood for the SNA 1 and 8 models. For the SNA 1 model, no 
estimates of cv, were available and therefore a value for Or of 0.25 was assumed. For 
the SNA 8 model, estimates of the cv, were available for input to the likelihood and Or 

was set to 1.0. 

The total log-likelihood was the sum of the log-likelihoods for the individual data sets 
(I. 1 1 + I. 12 + I.15+ I. 1 7) and the total was minimised to derive the best estimates for 
the recruitment parameters. For the SNA 8 model all four likelihood terms were 
included in the total likelihood. For the SNA 1 C@ABIO model the absolute biomass 
and catch-at-age and terms (1.12 + 1.15) comprised the total likelihood, and for 
RIXBIO model the absolute biomass and recruitment index terms (1.12 + 1.17) 
comprised the total likelihood. 



For the base case models of both SNA 1 and 8 the available von Bertalanffy growth 
parameters and a relationship between length and weight for snapper (see Table 5) 
were used to estimate start of year weight at age so as to calculate start of year 
biomass as follows: 

Model predicted current surplus production in any year was approximated as follows: 



Appendix 2: Estimating c.v.s and confidence intervals 

The precision of model parameters, biomass, and yield estimates was obtained using 
the bootstrap method (Efron 1981) to estimate variances and 90% confidence 
intervals. Conditional bootstraps were conducted with pseudo-replicate data for 
CPUE, trawl catch proportions at age, tagging programme estimates of absolute 
biomass, and trawl survey relative recruitment indices being generated according to 
the log-normal error distributions as specified in the maximum likelihood estimators 
for the respective data sets. 

CPUE: 

The Uth bootstrap CPUEt data set was obtained: 

CPUE: = 4 B, e": 

where E'! - N(o , (~cv '~) .  

Tagging programme biomass: 

The U th bootstrap P g n  data set was obtained: 

(~rg)' = j n e y u  

where 7 - N ( O , ( ~ , J ~ ) .  qn was as specified for 1.12 above for biomass estimate n. 

Commercial catch proportions at age: 

For the U th bootstrap fi,g,a data was obtained: 

where ~ ' t , ~ , ,  - N O ,  (wvt jg ,d2)  

Trawl survey relative recruitment indices: 

For the U th bootstrap Rt data was obtained: 

R: = i , ,eaF 

where & - N ( O , ( O K V ~ ~ )  

The confidence intervals of the summary statistics and model parameters were 
estimated from the frequency distribution of bootstrap estimates. 


