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EXECUTIVE SUMMARY 

Gilbert, DJ.; Phillips, N.L. (2003). Assessment of the SNA 2 and Tasman BayIGolden Bay 
(SNA 7) snapper fderies for the 2001-02 fuhing year. 

New Zealand Fkheries Assessment Report 2003/45. 51 p. 

Stock assessments for Tasman BaylGolden Bay (TBGB) and SNA 2 snapper stocks are presented. In 
recent years, catches from both stocks have been below. historical levels and both assessments are 
optimistic. 

The assessment of TBGB snapper reaches similar, but somewhat more optimistic, conclusions to 
those of Harley & Gilbert (2000). It is very likely that the stock had been growing in size, is well 
above BmY (i.e., above 24% Bo), and would continue to increase even if future catches were 
substantially larger than those currently being taken. The present assessment contains the latest 
proportions at age data, includes improvements to the population model, and uses weightings for the 
proportions at age that better reflect the sampling precision. Here, virgin recruitment is obtained by 
takhg the'arithrnetic mean of recruitments over a specified period. Because Harley & Gilbert (2000) 
used the geometric mean in their base case, which is invariably lower than the arithmetic mean, their 
surplus production during the modelled period was substantially greater than it was for the virgin 
stock and for the projections. The consequence was that their virgin biomasses tended to be lower and 
their projections less optimistic. Our results apply over a range of sensitivity assumptions. We 
conclude that a catch considerably higher than the current catch would in future be not only 
sustainable but would maintain the stock well above BmY. 

Our stock assessment of SNA 2 is the first to be based on a fitted population model. The model used a 
full catch history and was fitted to four years of proportions at age estimates. The model estimates 
must be treated with some caution. For all rum, the biomass was currently near or somewhat below 
Bmy and would increase to levels close to Bay by 2006 at the current catch level, except for runs 
where the natural m o d t y  was low (more pessimistic) or where the right-hand limb of the 
commercial selectivity curve declined steeply (more optimistic). We discount the possibility of very 
low (age independent) natural mortality or a very steeply declining commercial selectivity. We 
conclude that the current catch, which somewhat exceeds the current TAC, is likely to be sustainable 
and to result in an increase in the stock size towards or to above Bmy. 

Harley, S.J.; Gilbert, D.J. (2000). Assessment of the Tasman and Golden Bays snapper fishery for the 
1999-2000 fishing year. New Zealand Fisheries Assessment Report 2000128.42 p. 



1. INTRODUCTION 

This report presents the 2001-02 assessments of the Tasman BayIGolden Bay (SNA 7) and SNA 2 
snapper (Pagnrs auratus) stocks. The work was carried out as part of Objective 2 of the Ministry of 
Fisheries Project SNA2000101. Under a contract variation dated 17 April 2001 the objective was 'To 
update the SNA 2 and 7 stock assessments." 

A stock assessment for Tasman BayIGolden Bay (TBGB) was carried out in 1999 (Harley & Gilbert 
2000) with the 1999 stock biomass estimated to be 122-277% Bmy (Annala et al. 2001). There has 
been no previous assessment for SNA 2. 

1.2 Description of the fisheries 

The SNA 7 stock is the third largest of the New Zealand snapper stocks as defmed for management 
purposes. It stretches from the eastern end of the Marlborough Sounds, across the top of the South 
Island, and threequarters of the way down the west coast of the South Island (Figure 1). Although it 
covers a large area, most of the catch (both recreational and commercial) is taken around the northern 
tip of the South Island. 

Details of the early history of the SNA 7 fishery are given by Mace & Sullivan (1980) and Mace 
(1981; 1982) and are only briefly described here. Annual commercial catches for SNA 7 reached 500 t 
after the Second World War and then tended to increase to average over 1000 t between 1966 and 
1979. They then tended to fall, until at the start of the Quota Management System they were about 
200 t (Table I). The peak catches of 3203 t in 1978 and 1800 t in 1979 were achieved by fishing on 
surface schools of large spawning snapper in shallow water using purse-seine and pair trawl vessels. 
This is the only time that purse-seines have been used to catch snapper in New Zealand. Catches have 
been below 300 t since the mid 1980s and the TACC has been consistently undercaught A tag- 
recapture biomass estimate of 1544 t was made for 1987 (Harley & Gilbert 2000). The TACC was 
initially set at 330 t but was reduced to 160 t in 1989. It remained at this level until 1998, when it was 
increased to 200 t. 

SNA 2 stretches along the east coast of the North Island (southeast of Cape Runaway) 1). 
Snapper in SNA2 are mainly taken as bycatch of inshore trawling for taraki gemfish, trevally, 
flatfish, and gumard along the Wairarapa coast, Hawke Bay. Snapper are also taken as bycatch of 
longlining for hapukubass and bluenose, line fishing of school shark, and set netting of rig and blue 
mold (Blackwell et al. 2000). 

ComriKrcial fisheries for snapper have existed in SNA 2 since the early 1930s (IWner 1983) and 
target fishing, especially by trawling, increased during the 1970s (Blackwell et al. 2000). Landings 
increased to over 1000 t before pair trawling was banned. Landings declined to 145 t in 1983-84, and 
in 1986 the TACC was set at 130 t (Table I), well below the 1985-86 catch level of 177 t, to pennit 
the stock to rebuild (Blackwell et al. 2000). The TACC was increased to 252 t in 1992-93, but 
landings have exceeded the TAC~every year since then. Much of the catch is assumed to be bycatch 
in the inshore trawl fisheries. 

2. MODEL STRUCTURE 

An age-structured model similar to that used in other snapper stock assessments was used to model 
the TBGB and the SNA 2 stocks. It was based on that of Harley & Gilbert (2000) but differs in how 



virgin recruitment is obtained. It was written using AD Model Builder (0 Otter Research). The 
n&bers of fish at age in each successive fishing year were calculated by subtracting catch and natural 
mortality, and by incrementing the age of each cohort. . 4 ~ u a l  recruitment was introduced at age 1 y. 
~ a x i m &  likelihood estimates (MLEs) of unknown parameters were obtained together with ~ i ~ e s i a n  
posterior distributions. 

Harley & Gilbert (2000) used two alternative structures to model recruitment. In their base.case, 
annual recruitments were estimated as free parameters over a specified period and set to the geometric 
mean outside it. Vugin rerruitment was also set to the geometric mean. The geomehic mean is 
invariably lower than the arithmetic mean. For their base case, the arithmetic mean of year class 
strengths (YCSs) was double the geometric mean so that during 1940-94 rec~itment was modelled to 
be double virgin recruitment and double projected recruitment. Without data supporting such a 
difference, this is unsatisfactory. The consequence was that their virgin biomasses tended to be lower 
and their projections less optimistic. In their second structure, annual recruitments were obtained over 
a specified period from a function of air temperature that had two estimated parameters, and set to the 
arithmetic (sic) mean outside it. Vigh recruitment was again set to the mean. The present model uses 
the arithmetic mean in all cases. 

We included an additional term in the likelihood function that related the estimated YCS parameters 
to those predicted by the temperature-recmitment relationship. Our weightings on the propoaions at 
age data differed from those of Harley & Gilbert (2000). An unsatisfactory feature of their analysis 
was that they were unable to obtain Bayesian posterior distcibutions when independent YCS 
parameters were estimated. Their MCMC chains did not converge. They suggested that this might 
have been due to the use of a single commercial selectivity curve that resulted in poor fits to some of 
the proportions at age samples. This reason seems unlikely to be correct. 

Commercial and recreational fishing had different agespecific selectivity curves. Fish 30 years and 
older were aggregated into a plus group, natural mortality was assumed to be constant over time and 
age, and von Beaalanffy and length-weight functions were used to convert fish numbers to biomass. 
The model was NU from virgin states, when it was assumed that the stock was at equilibrium with no 
fishing mortality. The modefequations used are described in Appendix A. The variable for maximum 
sustainable vield, MSY, is defined in the conventional manner as the deterministic maximum 
equilibrium catch that can be taken under constant fishing and constant virgin recruitment. The 
variable BmY is the corresponding start of year stock biomass and is compared to current a d  futire 
estimated start of year stock biomasses. 

2.1 Recruitment 

For both stocks, the limited data prevented us from estimating virgin recruitment independently of 
recruihnent during the modelled period. Hence the model was structured so that the arithmetic mean 
of the recruitments over a specified period was equal to virgin recruitment, projected recruitment 
beyond the current temperature data, and recruitment that was not otherwise estimated. This approach 
maintains a plausible consistency between virgin recruitment and that for the modelled period. Vugin 
recruitment was therefore a parameter derived from the estimated recruitments. We express our 
estimates by scaling the YCSs so 'that a value of one corresponds to virgin recruitment. In our base 
case models, we made the virgin recruitment equal the mean recruitment over the period of 
independently estimated YCSs. Alternative periods for virgin recruitment were specified in sensitivity 
IUIIS. 

The current model allowed several alternative structures for the YCS parameters. In the base case 
structure, YCSs were estimated as free parameters over a period for which there were good 
proportions at age data, and outside this period they were estimated as a function of temperature 
wherever temperature data were available. Each individually estimated YCS parameter was 



stochastically related to a corresponding temperature and therefore contributed a likelihood term In 
another structure, YCSs were estimated individually as free parameters over a period but all other 
YCSs were set to one. In a third, YCSs were estimated as a function of temperature for all years 
where temperature data were available. 

Gilbert & Taylor (2001) described the positive correlation between YCS in New Zealand snapper 
populations and both sea surface temperature and air temperature. They estimated predictors directly 
from the proportions-at-age data without any population model and established that local mean air 
temperature for September-February was the best available predictor for both SNA 2 and SNA 7. 
Their estimated slopes of the relationships between temperature and recruitment were 0.508 and 0.651 
for SNA 2 and SNA 7, respectively. These are consistent with the Hauraki GuWBay of Plenty 
(HGBP) slope (0.534, February-June, Gilbert et al. (2000)) and that for SNA 8 (0.296, December- 
January, Davies & McKenzie (2001)). In each TBGB or SNA 2 tun where individual YCSs were 
estimated, we decided to fix the slope of the temperature-recruitment relationship to the 
corresponding value estimated by Gilbert & Taylor (20011, as there was too little information in the 
data to obtain a satisfactory MLE. 

2.2 Initial conditions 

Both stocks were heavily exploited before 1970. It was considered unlikely that both nonquilibrium 
initial conditions and virgin state parameters could be satisfactorily estimated. For these reasons it 
was considered more appropriate to model the stock from its virgin state in the form of a total catch 
history model (Gilbert 1986). Therefore the model began in 1931 for TBGB and 1933 for SNA 2 
when catch records started, and assumed that the population was then in an unfished state defined by 
constant virgin recruitment and constant natural mortality. The equations representing this are given 
in Appendix A. The air temperature data are available over this period. 

2.3 Selectivity 

For both SNA 2 and SNA 7 most commercial fishing has always been by single trawl. We therefore 
assumed a single selectivity curve in each area for all commercial fishing. We also set an age of 
recruitment to the commercial fishery, A, for each area, below which there was no modelled catch 
The selectivity curves for the commercial fishery, for the recreational fishery, and for the research 
trawler (TBGB only) were each modelled as a domed function of age, with the left and right limbs 
being the left and right limbs of normal density functions. This is the same functional form that was 
used for the 2000 assessment, but here we used a different parameterisation. The thee parameters 
were: an age at full selectivity, Sm; an age at 50% selectivity on the left hand limb, SL; and an age at 
50% selectivity on the right-hand limb, SR. In some model runs some or all these parameters were 
estimated for commercial fishing. As there were no proportions at age data from the recreational 
fisheries and few from research trawl for TBGB, these selectivity curves were set to fixed values. 

2.4 Bayesian analysis 

A Bayesian framework (Fmt & Hilbom 1997) was used to &rive estimates of uncertainty in 
management quantities and for the calculation of performance indicators based on probability. The 
procedures were the same as those used by Maunder & Starr (1998) and involved the use of the 
Markov Chain Monte Carlo (MCMC) procedure from AD Model Builder (@ 0tte.r Research). AU 
priors were chosen to be non-informative uniform distributions, so the mode of the joint posterior 
distribution was the MLE. 



Samples from the joint posterior distribution of the parameters were taken and marginal posterior 
distribution for particular parameters determined by integrating the likelihood over all other 
parameters. This allowed the 5 and 95 percentiles of the marginal distributions to be estimated. 
Lielihocd profiles were also obtained for some parameters. 

2.5 Projections and performance indicators 

Projections were made to 2006 both deterministically and stochastically. In tbe deterministic 
projections recruitment was assumed to be constant and equal to virgin recruitment and all parameters 
were set to their MLEs. In the stochastic projections, parameter values were sampled from the 
Bayesian joint posterior distribution and estimated recruitments were resampled to get future 
recruitment. In both cases future catches incorporated commercial catch at the current TACCs with 
assumed under-reporting plus recreational catch. Projections were also performed with an increase of 
100 t in TACC for SNA 2 and with TACs of 500 and 700 t for TBGB. The performance indicators 
P(Bzm, > BwY) and P(B-> B ~ Y ) ,  were obtained. 

2.6 Fitting procedures 

The parameters estimated depended on the model structure used. In the base cases where YCSs were 
estimated as individual parameters from year fi toy,,,, we estimated ybi - y,, + 1 recruitments (numbers 
of fish), selectivity parameters such as SL and Sm, and the temperature recruitment function scaling 
factor, a. Where recruitments were solely a function of temperature we estimated selectivity 
parameters and both temperature recruitment parameters, a and p. For convenience we express 
recruitment by way of a virgin recruitment parameter and a series of YCS multipliers. 

The model for each fishery was fined by minimising the sum of the negative log-likelihoods of the 
proportions at age, the tag-recapture biomass (TBGB only) and the independent YCS parameters 
(where relevant). The estimates obtained are referred to as maximum likelihood estimates (MLEs). 

All proportions at age were fitted using a multinomial likelihood. The tagging biomass estimate was 
fitted using a lognormal likelihood, and the YCSs were fined to temperature using a normal 
likelihood. The l~kelihood functions are described in Appendix B. 

For the previous assessment, the variances of the proportions at age were based on the number of fish 
sampled. Because fish populations are not spatially distributed at random with respect to age, the 
precision of an estimate of proportions at age is less than might be inferred h m  the sample size. 
Withidanding variability is too low. We treat the proportions estimates as though they come from 
simple random samples of the catch, but apply an effective sample size, ESS, that is less than the 
actual sample size, to account for the spatial heterogeneity. For a particular year's samples, ESS was 
determined by arbitrarily assuming that each commercial landing contributed the equivalent of 5 
randomly selected fish and a research survey based on random or grid-pattern tows contributed the 
equivalent of 50 randomly selected fish. A standard deviation weighting scalar was also used to d o w  
the weighting of each data type. The scalars were fmed values that we could use to allow for process 
efror. The higher the scalar, the lower the relative weighting. 

We calculated the standard deviation of the residuals of each data type, - 

where 
n =number of observations for the data type 
ri = standardised residual of observation i. 



If the observations of a data type were consistent with the assumed variabilily, i.e., effective sample 
size or c.v., and weighting scalar, then r.s.d should be near one. 

3. SNA 7 STOCK ASSESSMENT 

The SNA 7 area covers a range of discrete fishing areas and creates a problem for deciding on the 
appropriate "stock " to model. The Marlborough Sounds is generally a recreational fishery with only 
small commercial catches in recent years (3-27 t), while most commercial fishing occurs in TBGB. 
Movement between the two areas is thought to be minimal, based on tag recaptures. Tag releases in 
the 1987 programme were made only in the TBGB region and therefore the abundance estimate does 
not cover the Marlborough Sounds. We modelled only the TBGB region. Hence our yield estimates 
are for the TBGB region only. The current status of the stock in the Marlborough Sounds, where 
substantial recreational catch is taken, is not assessed. 

3.1 Commercial landings 

Estimates of total commercial landings are available for the whole period of the fishery for the entire 
SNA 7 stock. To obtain estimates of commercial landings for the TBGB region, estimated catches by 
statistical area were scaled up to QMS totals. Catches h m  statistical areas 37 and 38 were used. 
From 1945 to the mid 1970s the catch in SNA 7 was largely from single trawling, but from the mid 
1970s to the early 1980s considerable catches were taken by pair trawling and purse-seining (Mace 
1982). After this the fishery returned to being largely single trawl. 

As with the HGBP assessment, an additional level of unreported catch was added to the reported 
commercial landings. The values used here were the same as those that have been assumed in the 
HGBP fishery pavies et al. 1999a): 20% before 1987 and 10% since. Catches including this assumed 
under-reporting are given in Table 2. 

3.1.1 Illegal catch 

No information is available to estimate illegal catch for the TBGB region. 

3.2 Non-commercial landings 

Noncommercial landings consist of both recreational and customary Maori catch. Accurate 
modelling of either of these two forms of fishing mortality is hampered by the absence of a time series 
of catch estimates. 

3.2.1 Recreational fisheries 

Three estimates of recreational catches are available for the SNA 7 fishery. The first estimate from the 
1987 tag-recapture programme did not include remtional catches from the Marlborough Sounds as 
no tagging took place there. The 1992-93 and 1996 estimates were obtained by way of a diary survey 
and cover the whole of the SNA 7 fishery ( Teimey et al. 1997; Bradford 1998). To make all three 
estimates comparable, the last two observations were reestimated to calculate catches for the TBGB 
area only. 



While three estimates of recreational catch are available, catches must be estimated (guessed) for the 
years between the three observations and for 1931 to 1987. It is likely that if there had been constant 
fishing effort, the recreational landings would have increased since 1987, due to increases in stock 
size. Given the increasing holidaymaker presence in the area during the summer, it is possible that 
fishing effort also increased over time. 

The standard practice in New Zealand stock assessments is to treat recreational catch in the same way 
as commercial catch, i.e., as a series of fmed and known quantities. Here it was assumed that catch 
occurred at three levels, increasing stepwise in 1991 and 1995 (Table 2). 

3.2.2 Maori fisheries 

No estimates are available on the levels of Maori customary catch. It has been assumed that the 
recreational catch estimates include the customary catch. 

3.3 Proportions at age 

A large number of age samples have been taken from the SNA7 fishery from both commercial 
catches and research trawl surveys over a long period (Tables 3 & 4). 

3.3.1 . Commercial proportions at age 

Ropoaions at age data covering 13 years since 1969 exist for TBGB. The most recent 3 proportions 
at age estimates are for the fishing years 1997-98, 1998-99 and 1999-2000 and are based on 47.35 
and 56 commercial landings, respectively. These were described by Blackwell et al. (1999,2000) and 
Blackwell & Gilbert (2001). Updates of the 1997-98 and 1998-99 estimates, based on re-readings of 
some of the otoliths were given by Gilbert & Taylor (2001). The last two datasets are additional to 
those used by Harley & Gilbert (2000). 

3.3.2 Research trawl survey proportions at age 

There have been research surveys targeting snapper in TBGB in every decade since the 1960s. In the 
1960s there were two surveys with age frequency data based on ageing from scales. Since then 
otoliths have been used for a11 ageing. During the early 1970s there were two surveys. There were 
three surveys in the 1980s. but the number of stations varied considerably across surveys and no age 
data were collected. Numbers, at ages 1 to 3 (and sometimes 4) were determined by examining length 
frequency data for visible modes (K. Drummond & P. Kirk, MFih, Nelson, unpublished analysis). The 
two juvenile surveys in 1995 and 1996 yielded total catches of 12 and 19 snapper, respectively ( 
Stevenson 1996; Blackwell & Stevenson 1997), suggesting weakYCSs in the early 1990s. 

Ages estimated from scales tend to be biased low for fish older than about 12 y Paul 1976), although 
good estimates can sometimes be obtained above 20 y. The 1964 survey data were not included in the 
model as an absence of fish above 13 y suggested bias. However the 1969 survey ages, also based on 
scales, were included, as fish were aged up to age 30 y and it was therefore concluded that the usual 
bias did not occur in this sample. The age frequency data from the 1971 and 1972 surveys were used, 
but neither those from the 1980s nor the 1990s surveys were used, as they contained too few age 
classes. 



3.3.3 Estimated proportions at age from tag-recapture programme 

The age frequency data from the 1987 @-recapture prognunme consist of the a& of those 
recaptured fish that were measured. Because both the mark rate (number of tags per 100 fish) and the 
recapture rate varied substantially by size class, this age frequency was not representative of the 
population and was adjusted by Harley & Gilbert (2000). Each number-at-age was divided by both an 
approximate mark rate and recapture rate corresponding to the age class. These adjusted proportions 
were fitted to the modelled proportions at age above age 3 y at the start of 1988. 

3.4 Tag-recapture biomass estimate 

During 1986-88, a tag-recapture programme was canied out in the TBGB (Kirk et al. 1988). As a 
number of biases have been found in other snapper tag-recapture programmes (Davies et al. 1999b. 
Gilbert & McKenzie 1999). attempts were made to examine the methodology and analysis of the 1987 
study and correct for possible bias. Details of these corrections were described by Harley & Gilbert 
(2000). Their estimate of 1544 t was used here. It was fitted assuming lognormal error. Due to the 
considerable heterogeneity in both mark and recapture rates in the programme we consider the 
analytical estimate of precision of this estimate to be too low. Therefore we set the log standard 
deviation parameter to 0.4. 

3.5 Selectivity 

The heterogeneity in the tag-recapture data also led us to doubt the validity of the steeply declining 
right-hand limb of the commercial selectivity curve that was derived from it. Therefore in the base 
case, SL and Sm were estimated, but SR was set to 500.0 y to give a flat relationship above Sm 

2). We also carried out a sensitivity run in which SI( was set to 25.0 y (Run 2), which was 
consistent with the tag-recapture data For TBGB A, was set to 3 y, as very few younger fish were 
caught The selectivity curve for research trawl was set to a flat relationship from age 1 y, to 
correspond to the small codend mesh used. For the recreational fishery SL was set 2.4 y, S m  was set to 
5.0 y and SR was set to 44.0 y 

It is likely that the selectivity curve of the commercial fleet has not been entirely constant over time. 
The selectivity for oIder fish may have been considerably higher for a few years in the late 1970s 
when pair-trawl and purseseine methods were used extensively. However data were not adequate to 
estimate changes in selectivity curves. There were also insufficient data to model the minor fishing 
methods. Apaa  om the late 1970s. the commercial catch that has not been taken by single trawl has 
been a relatively small proportion in most years. 

3.6 Biological and fishery parameters 

Biological and fishery parameters used in the mode1 are given in Table 5. Research into snapper 
growth in the Hauraki Gulf has suggested that growth rates may vary from year to year @ley 1988; 
Millar et al. 1999). More comprehensive age-length data than is available and a more complex model 
would be required to adequately deal with growth variability. Here growth was modelled assuming a 
single von Bertalanffv function and length-weight relationship. Snapper in the TBGB region grow 
faster than fish from the HGBP and recruit to the fishery at age 3 y. For the base case we assumed the 
same natural morlality rate of 0.075 y-L as for other snapper stocks (Annala et al. 2001). 



3.7 Temperature data 

We used data from the Appleby climatological station, which were available from 1932 (Table 6), as 
they gave the most consistent temperature series (Gilbert & Taylor 2001). 

3.8 Stock assessment base case and sensitivities 

A number of dierent model assumptions and data weightings were examined (Table 7). In the base 
case YCSs were estimated as free parameters for 1960-97 and by using the temperature-recruitment 
relationship for 1940-59 and 1998-99. Sensitivities in which only one or other method was used for 
obtaining YCSs were carried out. Natural mortality was set to 0.06, to 0.09 y" and estimated as a free 
parameter. The effects of different commercial selectivity curves were also examined. 

3.9 Results 

Model results for the base case and sensitivities are given in Table 7. Table 8 gives the standard 
deviation weightings and the corresponding r.s.ds for Runs 1 and 7. In the base case current stock 
size (start of 2001) was estimated to be 22 800 t. All model runs estimated Bml to be above BmY. The 
ratio of Bml to B ~ Y  ranged from 1143 to 2.71, with the lowest values occurring for Runs 3 and 9 (low 
values of M). These results are similar to those of Harley & Gilbert (2000). All the estimates of 80 and 
MSY are close to or higher than theirs. The base case biomass trajectory has a similar shape to theirs 
(Figure 3), with a large decline in biomass between 1950 and 1980 due to the catch level especially in 
the 1970s and Mow average recruitment between 1950 and 1970. The biomass stabilised in the 1980s 
large due to reduced catch and has increased steadily since 1988 to reach 65% of its virgin size in 
2001. 

The stock status remains optimistic over the range of alternative sensitivity assumptions. There is a 
slight increase in BO and Bml for Run 2 (S, set to 25 y), which also resulted in a slightly worse 
likelihood. There was a slight decrease in Em, and Bo when M was estimated (0.055 y-', Run 3) and 
when was M set to 0.06 y" (Run 9). The stock status was slightly better with higher values of M (M 
set to 0.09 y-l, Run 10). When the mean for 1931-97 was used to determine virgin recruitment, i.e., 
the YCSs obtained from temperature were also included in the mean (Run 4) there was in no change 
in the stock status. When the period used for individual estimation of YCSs and virgin recruitment 
was reduced there was a deterioration in the stock status (Runs 5 and 6). Where YCSs were estimated 
using the temperature-recruitment relationship (Run 7), strong and weak year classes were often 
consistent with strong and weak year classes in Run 1, but the range of variation was less in Run 7 
(F'kwe 3). 

Changing the weights in the likelihood terms had a moderate effect on the estimates. Increasing the 
weight on the commercial proportions at age (Run 12) resulted in a more pessimistic view of the stock 
status, and there was a more optimistic view with reduced weight (Run 11). For the base case and 
most sensitivity runs, the 1988 biomass was considerably above the tagging biomass estimate 
Figure 3). This suggests some inconsistency between this datum and the proportions at age data. 
Increasing the tagging biomass weight (Run 13) caused Bml to be reduced to 16 400 t, but Bo was 
reduced relatively less. Reducing the tagging biomass weight had only a small effect on the estimates 
(Run 14). It therefore appears that the tagging biomass has only a small influence on the base case 
estimates. 

The quality of the fit to the commercial proportions at age was mixed (Figure 4). There were better 
fits from 1998 onwards with consistency between year classes in successive samples, possibly due to 
better sampling. The model predictions for the 1978 and 1979 samples substantially overestimated the 



younger age classes. These samples were £mm a small number of pair trawl and purse-seine landiigs 
that undoubtedly had a lower selectivity for younger fish. The quality of the fit to the research trawl 
proportions at age was also mixed F~gure 5). The 1971 and 1972 fits were satisfactory, and there was 
consistency between year classes. However, the fit to the 1969 data was poor. The model was able to 
fit to the tag recapture proportions at age reasonably well Figure 6). The comparison between the 
freely estimated YCSs and those predicted from air temperature is shown in Figure 7. There is 
considerable scatter around the relationship. 

The joint posterior distribution for Run 1, estimated EromMCMC simulations, is unsatisfactory due to 
a problem with the model structure. The sequentially sampled values for Bml are shown in Figure 8 
for Runs 1 and 7 and these suggest convergence. For Run 1, the MLE of Bml was in the extreme left- 
hand tail of the estimated marginal posterior distribution @gure 9) whereas the likelihood profile was 
cenned on the MLE. The problem was that in Run 1 the model allowed the mean YCS in 1940-59 to 
diier arbitrarily Erom the mean in 19-97 and hence from virgin recruitment (Figure 10). In the 
MLE, the 1940-59 mean YCS is 63% of the virgin recruitment. The likelihood is almost as great 
when the ratio of 1940-59 to 1960-97 mean recruitment is even lower. 'Consequently, over most of its 
range the marginal posterior distribution for Bml has high values that correspond to a substantial 
change in mean recruitment between 1940-59 and 19-97. Although systematic differences in 
recruitment between periods are not impossible, it is reasonable to assume a priori that both these 
periods have mean recruitment that is similar to virgin recruitment. We should accept systematic 
differences only when there is substantive evidence for them. The early proportions at age data do 
contain some information relating to recruitment levels before 1960. The low MLE for 1940-59 mean 
YCS is broadly consistent with these data. However, even lower 1940-59 mean recruitment is less 
plausible. Therefore we believe that to obtain a marginal posterior distribution for BZW~ appropriate 
for stock assessment, the right-hand side of the distribution shown in Figure 9 would have to be 
reduced in height.' The same applies to the marginal posterior distributions of other biomass variables. 

The reverse problem occurs for Run 7, where YCS is a function of temperature. Here the slope of the 
temperature-recruitment function, 8, must be consistent with the proportions at age data; otherwise the 
likelihood is reduced. Hence the joint posterior distribution falls steeply as 8 moves away from its 
MLE value. Mean recruitment during 1940-59 is essentially determined by the value of 8. This 
prevents large individual or decadal deviations from the temperature-recruitment relationship 
(Figure 10) and produces a marginal posterior distribution for Bml that is too narrow to represent the 
real uncertainty. The distribution for Run 7 shown in Figure 9 is therefore inappropriate for stock 
assessment purposes. 

Biomass trajectories with 5 and 95 percentiles of the marginal posterior distributions are presented in 
Figure 11 for Runs 1 and 7. Their validity is subject to the qualifications given above. 

3.9.1 Biomass projections 

Both deterministic MLE projections and stochastic Bayesian projections were carried out. In the 
deterministic MLE projections, constant future catch of 304t, equal to current removals, was 
assumed. In all model runs, biomass was estimated to be increasing in 2001 and to continue to 
increase. Bzow ranged from 14 032 to 32 016 t, with the biomass estimated to be 165-256% of BWY. 

The stochastic Bayesian projections were made by sampling from the posterior distribution for 
parameter values and resampling the estimated YCSs to get fuhne recruitment. Total future catches of 
304 t, 500 t, or 700 t per year were assumed. The probability of the biomass remaining above BWY by 
2006 was 1.0 for each of the alternative future catches modelled (Table 9). Although there remains 
some variation amongst the sensitivity runs, it is clear that for these catch levels the probability of the 
biomass remaining above Bmy is very high. 



3.9.2 Maximum Sustainable Yield (MSY) 

For the base case (Run 1) deterministic maximum sustainable yield, 

MSY = 855 t 

This was attained at BmY = 9102 t, at an exploitation rate of 9.4%. This estimate includes recreational 
catch and the assumed 10% under-reporting of commercial catches. The sensitivity of estimates of 
MSY to other assumptions is shown in Table 7. MSY is most sensitive to the parameter M ,  with values 
of M lower than 0.075 y-' (base case) corresponding to lower estimates of MSY, and conversely. 

4. SNA 2 STOCK ASSESSMENT 

4.1 Commercial landings 

Estimates of total commercial landings are available for the whole period of the fishery for the SNA 2 
stock Single trawling was the main method used throughout most of the period. Pair trawling was 
banned in the 1970s a few years after it had been introduced (Blackwell et al. 1999). 

As with the TBGB assessment an additional level of unreported catch was added to the reported 
commercial landings, 20% before 1987 and 10% since (Davies et al. 1999a). Model catches for the 
SNA 2 area, including under-reporting, are given in Table 10. 

4.1 -1 Illegal catch 

No information is available to estimate illegal catch for SNA 2. 

4.2 Non-commercial landings 

Noncommercial landings consist of both recreational and customary Maori catch. Accurate 
modelling of either of these two forms of fishing mortality is hampered by the absence of a time series 
of catch estimates. 

4.2.1 Recreational fisheries 

Two estimates of recreational catch are available for the SNA 2 fishery. Estimates were obtained from 
a diary survey in 1992-93 and 1996 and cover the whole of the SNA 2 fishe~y (Teirney et al. 1997; 
Bradford 1998). 

While two estimates of recreational catch are available, catches were assumed for the years between 
them' and for 1933-92. As above, recreational catch is treated as a series of fixed and known 
quantities. It was assumed that catches increased from 0 by 5 t every 10 years. Assumed recreational 
catches are given in Table 10. 



4.2.2 Maori fisheries 

No estimates are available on the levels of Maori customary catch. It has been assumed that the 
recreational catch estimates include the customary catch. 

4.3 Proportions at age 

The data that were used for model fitting for SNA 2 do not include any abundance estimate. Fitting 
was to the small number of recent commercial proportions at age datasets (Table 11). 

4.3.1 Commercial 

Four proportions at age datasets exist for SNA 2. The fxst comprises ages from a modest sample from 
nine commercial landings in 1992. The latter three are for the fishing years 1997-98, 1998-99, and 
1999-2000 and are based on 45.34 and 55 landings, respectively. These were described by Blackwell 
et al. (1999,2000) and Blackwell & Gilbert (2001). Updates of the 1997-98 and 1998-99 estimates, 
based on re-readings of some of the otoliths, were given by Gilbert & Taylor (2001). 

4.4 Selectivity 

We were uncertain whether the limited data that the model was fitted to were sufficient to provide 
good estimates of selectivity parameters. Therefore, in the base case, SL was estimated but S m  was set 
to 5.0 y and SR was set to 500.0 y to give a flat relationship above SW, 2). In Runs 11 and 12, 
Sm was set to 5.0 y and SR was set to 15.0 y and 25.0 y respectively. In Run 13, SL, S m  and SR were 
all estimated. The age of recruitment, A, was set to 2 y. 

4.5 Biological and fishery parameters 

Biological and fishery parameters used in the model are given in Table 12. As for TBGB, snapper 
growth was modelled using a single von Bertalanffy function and length-weight relationship. The 
parameters to, L, and K were estimated using non-linear least squares by fitting to the age-length data 
corresponding to the 1997-98.1998-99, and 199S2000 samples in Table 11. Snapper in the SNA 2 
region grow faster than fish from HGBP. The mean length predicted by these parameters for ages 
below about 5 y may be too high, as the commercial fishery tends to catch only the larger fish in these 
age classes. For the base case we assumed the same natural mortality rate of 0.075 y-' as for other 
snapper stocks ( A ~ a l a  et al. 2001). In sensitivity runs, natural moaality was estimated and values of 
0.06 and 0.09 y" were assumed. 

4.6 Temperature data 

Data *om the Nelson Pa& Napier, climatological station, which were available from 1870 
(Table 13), gave the most consistent temperature series (Gilbert &Taylor 2001). 



4.7 Stock assessment base case and sensitivities 

A number of different model assumptions and data weightings were examined. In the base case YCSs 
were estimated as free parameters for 1970-97 and using the temperam-recmitment relationship for 
1940-69 and 1998-2001. Sensitivities in which only one or other method for obtaining YCSs was 
used were camed out. Different values of natural mortality and different commercial selectivity 
curves were also examined (Table 14). 

4.8 Results 

Model results for the base case (Run 1) and sensitivities are given in Table 14. Table 15 gives the 
standard deviation weightings and the corresponding r.s.d.s for Runs 1 and 6. In the base case current 
stock size (the st& of 2001) was estimated at 39% t which was 89% of B w  and 21% of its virgin 
size. The base case trajectory has a large decline in biomass between 1950 and 1980 due to the catch 
level (Figure 12). The biomass stabiised in the early 1980s large due to reduced catch and has 
increased steadily since. 

The sensitivity analyses identified model sensitivity to two parameters: the natural mortality, M, and 
the right-hand limb of the commercial selectivity curve, SR (see Table 14). There was a considerable 
increase in Bm1but a decrease in Bo for Run 9 (M set to 0.09 y-I), and the opposite occurred for 
Runs 8 and 10 (M set to 0.06 y-' and estimated at 0.037 y-'). The negative log-likelihood was 
significantly inc~eased for M = 0.09 y-I (poorer fit). There was a substantial increase in BO and B&l 
for Run 11 where commercial SR was set to 15.0 y (steeply declining selectivity with age above 5 y) 
but the negative log-likelihood was signifcantly increased. When the commercial SR was set to 
25.0 y, or when SL, SR and Sm were estimated, results similar to the base case were obtained. 

When the period used for individual estimation of YCSs and virgin recruitment was increased to 
1963-97 (Run 7) there was a slight reduction in the stock status. #ere YCSs were estimated using 
the temperature-recruitment relationship (Run 6), strong and weak year classes in Run 6 were often 
consistent with strong and weak year classes in Run 1, but the range of variation was less in Run 6 
(Figure 12). Changing the weights in the likelihood terms had a minor effect on the estimates. 
Increasing or decreasing the weight on the commercial proportions at age (Runs 2 and 3) resulted in 
little change in the stock status. Inmasing the recruitment weight resulted in a slight improvement in 
the stock status (Run 4). 

The fit to the commercial proportions at age is shown in Figure 13. The comparison between the 
freely estimated YCSs and those predicted from air temperature is presented in Figure 14. There is 
considerable scatter around the positively sloped air temperature relationship. 

The joint posterior distribution for Run 1, estimated from MCMC simulations, is unsatisfactory due to 
the problem described for TBGB snapper. The sequentially sampled values for Bml are shown in 
Figure 15 and suggest convergence. As with the TBGB stock for Run 1 the MLE of Bml was in the 
extreme left-hand tail of the estimated marginal posterior dishibution (Figure 16). The model allowed 
the mean YCS in 194049 to differ arbitrarily from the mean in 1970-97 and hence from virgin 
recruitment (Figure 17). In the MLE, the 194069 &an YCS was 88% of the virgin recruitment. 
However, the likelihood is almost as great when the ratio of 1940-69 to 1970-97 mean recruitment is 
substantialIy lower. Consequently the marginal posterior distribution for the current stock biomass 
contains a right-hand tail of high values that corresponds to a substantial change in mean recruitment 
between 1940-69 and 1970-97. Although systematic differences in recruitment between periods are 
not impossible, it is reasonable to assume a priori that both these periods have mean rec~itment that 
is similar to virgin recruitment. We should accept systematic. differences only when there is 
substantive evidence for then  That is not the case here as the data contain little information relating 



to recruitment levels before 1970. We therefore believe that to obtain a marginal posterior distribution 
for Bml appropriate for stock assessment, the right-hand side of the distribution shown in Figure 16 
would have to be reduced in height. The same applies to the marginal posterior distributions of other 
biomass variables. 

Again the reverse problem occurs for Run 6, where YCS is a function of temperature. Recruitment 
during 1940-69 is essentially determined by the value of p. This prevents large individual or decadal 
deviations from the temperahue recruitment relationship (Figure 17) and produces a marginal 
posterior distribution for Bml that is too narrow. The distribution for Run 6 shown in l 3 g m  16 is 
therefore inappropriate for stock assessment purposes. 

%omass trajectories with 5 and 95 percentiles of the marginal posterior distributions are presented in 
Figure 18 for Runs 1 and 6. Their validity is subject to the qualifications given above. 

4.8.1 Biomass projections 

Both deterministic MLE projections and stochastic Bayesian projections were carried out. In the 
deterministic MLE projections, constant future catch of 317 t, equal to current removals, was 
assumed. Bm1 was estimated to be below Bmy in all runs apart from Runs 9, 11, and 12. In all model 
rims except Run 10 (M = 0.037 y") biomass was estimated to be increasing in 2001 and to continue to 
increase. B m  was estimated to be 102-140% of BmY in runs where base case values of M and 
selectivity were used. For lower values of M there we& substantially lower values of B m .  The lowest 
value occurred for Run 10 where M was estimated (0.037 y-l) and resulted in the stock collapsing to a 
level where 317 t could no longer be taken. When the commercial SR was set to 15.0 y Bm increased 
very substantially. To fit the observed catches of older fish at such low selectivity required a much 
larger virgin biomass. This run had a significantly higher negative log-likelihood. 

The stochastic Bayesian projections were made by sampling from the posterior distribution for 
parameter values and resampling the estimated YCSs to get future recruitment. Total future catches of 
317 t or 436 t per year were assumed. For Run 1 the probabiity of the biomass remaining above Bmy 
by 2006 was 0.99 and 0.95 respectively (Table 16). For Run 6 the pbabii t ies  were 0.86 and 0.40. It 
is clear that for catches at the current TACC the probabiity of the future biomass being above Bmy is 
high. At the current catch level (436 t) the odds are less certain. They may be high (Run 1) or they 
may be somewhat less than even (Run 6). 

4.8.2 Maximum Sustainable Yield (MSY) 

For the base case (Run 1) deterministic maximum sustainable yield, 

MSY = 478 t 

This was attained at B m  = 4487 t, at an exploitation rate of 10.7%. This estimate includes 
recreational catch and the assumed 10% under-reporting of commercial catches. The sensitivity of 
estimates of MSY to other assumptions is shown in Table 14. MSY is sensitive to the parameters M 
and SR, with values of M lower than 0.075 y-' (base case) corresponding to lower estimates of MSY, 
and higher values of M or low values of SR corresponding to higher estimates of MSY. 



5. DISCUSSION 

The TBGB stock assessment of Harley & Gilbert (2000) concluded that it was very likely that the 
stock had been growing in size, was well above Bmy (i.e., above 24% Bo), and would continue to 
increase, even if future catches were substantially larger than those currently being taken. The present 
assessment contains the latest proportions at age data and includes improvements to the population 
model. It supports their result and is even more optimistic. The present estimates of virgin stock size, 
maximum sustainable yield, and current stock size relative to BMy, which apply over a range of 
sensitivity assumptions, are higher than theirs. They were not able to obtain an MCMC simulation 
that converged for runs where YCSs were independently estimated. We estimated somewhat fewer 
independent YCS parameters and obtained apparent convergence. However, our estimated joint 
posterior distribution contained YCS sequences in which mean recruitment in the early period was 
very considerably lower than in the later period. A moderate difference between the periods was 
consistent with the data, but large diierences were a priori implausible. Our estimated marginal 
posterior distributions for biomass variables therefore had too much mass at high values. Even taking 
this limitation into account the distribution shows that Bml is relatively high. In the run where YCS 
was a function of temperature, the restrictive nature of the model results in overly narrow marginal 
posterior distributions. However, in this case, too, BZm1 is relatively high. We therefore conclude it is 
very likely that the TBGB snapper stock is well above Bmy and that a catch considerably higher than 
the current catch would in future be not only sustainable but would maintain the stock well above 
Bmy. 

Our stock assessment of SNA 2 is the first to be based on a fined population model. The model used a 
full catch history for the stock but only four years of proportions at age estimates and no abundance 
estimates. The model estimates must be treated with some caution due to this paucity of data. The 
base case MLE of Bml was near or somewhat below Bmy and stock biomass was projected to 
increase to above this by 2006 at the current catch level. However these results were sensitive to the 
natural moaality and selectivity assumptions. When M is estimated, a significantly lower negative 
log-likelihood is obtained (Run 10 versus Run 6). However an estimate of M obtained from such 
limited data cannot be considered reliable as the low value of M may be compensating for structural 
deficiencies in the model. A comparably low estimate of M for middle-aged fish was obtained by 
Gilbert (2000). but in that case M was an increasing function of age and therefore the model 
population dynamics are not comparable. We therefore discount the possibiity of very low, age- 
independent, natural mortality for snapper, but the less optimistic results corresponding to M set 
to 0.06 y-' are plausible. 

The right-hand limb of the commercial selectivity curve is also problematic. A model of the HGBP 
snapper fishery gives an estimate equivalent to SR = 19 y for single trawl (Gibert et al. 2000). It is not 
clear that this declining right-hand limb is a characteristic of the method or a result of the locations 
fished by the single trawlers. It is therefore uncertain whether selectivity in SNA 2, where snapper is 
more often taken as bycatch, should be similar to that in HGBP. The value SR = 25.0 y produces 
estimates similar to the base case. On the other hand, SR = 15.0 y gives a substantially more optimistic 
stock status and a signifcantly higher negative log-likelihwd (poorer fit). As for M, structural 
deficiencies in the mode1 may influence the likelihood and it therefore cannot be considered a reliable 
indicator of the best parameter value. The shape of the right-hand limb of the selectivity curve and 
consequently the stock status therefore remain somewhat uncertain. 

In the base case the three highest YCSs were estimated to occur in 1996-98 (see Figure 12). The 1996 
and 1997 YCS estimates derived from the sample proportions for ages 2-4 y and their selectivities. 
The latter may not be well estimated from so little data. The 1998 YCS was based on the temperature- 
recruitment relationship, and for 1998 the temperature was somewhat higher than the highest for the 
period over which the relationship was fined. The level of recruitment for 1996-98 is therefore less 
certain than that for the earlier period. At about. double the mean, this only introduces a minor 
unceltainty in the projected rate of increase of the stock size. 



As with the TBGB stock, neither of our estimated marginal posterior distributions for Bml from the 
base case or from the run where YCS was a function of temperature were entirely satisfactory. We 
conclude that Bml is likely to be near B-, but may be somewhat higher or lower depending on the 
true values of M and the commercial SR. At the current catch level the stock has a good chance of 
increasing to be at or above BMY by 2006, or at least of increasing above its current level in the case 
of lower M. At a higher total catch the possibility of the stock being above Bmy by 2006 is more 
dependent on model assumptions. 
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Table 1: Reported landings (t) of snapper by Fichstofk for 1983-84 to 1999-2000 and TACC (t) 
for 1986-87 to l999-2000. 

SNA 7 
Landings TACC 

SNA 2 
Landings TACC 

145 - 
163 
177 - 
130 130 
152 137 
210 157 
364 157 
427 157 
373 157 
316 252 
307 252 
307 . 252 
279 252 
352 252 
286 252 
283 252 
39 1 252 



Table 2: Snapper catch (t) for Tasman BayIGolden Bay. Assumed under-reporting of 20% before 
1987 and 10% from 1987 onwards has been added to commercial catch. Recreational catch has 
been estimated in 1987,1993, and 1996 and is assumed in other years. Before 1944 the recorded 
commercial catches are for March years, behveen 1944 and 1984 they are for calendar years, and 
thereafter they are for fishing years, e.g., 1998 refers to the fshing year 1997-98. The model uses 
fishing year throughout. 

Year Commercial Recreational Year Commercial Recreational Year Commercial Recreational 



Table 3: Proportions at age from the sampled commercial catch from TBGB snapper. 1970 refers 
to the fishing year 1969-70, etc ESS is the effective sample size (five times the number of 
landings - see text). 

Year 1970 
ESS 5 

Age 
1 0.0000 
2 0.0000 
3 0.0000 
4 0.0000 
5 0.0000 
6 0.0000 
7 0.0000 
8 0.0500 
9 0.0000 
10 0.0750 
11 0.1250 
12 0.0000 
13 0.0500 
14 0.0750 
15 0.0250 
16 ' 0.0250 
17 0.0500 
18 0.0250 
19 0.0250 
20 0.0750 
21 0.0250 
22 0.0250 
23 0.0250 
24 0.0500 
25 0.0000 
26 0.0750 
27 0.0000 
28 0.0250 
29 0.0000 
3(k 0.1750 



Table 4: Proportions at age from research vessel trawl surveys and the tag-recaphue programme 
for TBGB snapper. 1964 refers to the fishing year 1963-64, etc ESS is the effective sample size 
(50 times the number of surveys - see text). 

Year 

ESS 
Age 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30+ 

Trawl survey Tag-recapture 
1964 1969 1971 1972 1988 

(not used) 
- 

0.0000 
0.0000 
0.0476 
0.0329 
0.0453 
0.1008 
0.0861 
0.1020 
0.0929 
0.1773 
0.2408 
0.0448 
0.0295 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

Table 5: EFtimates of biological and Eishery parameters used in the assessment of TBGB snapper. 

Parameter description Name Value Source 
Instantaneous rate of natural mortality (y‘') M 0.075 Hilborn & Stan (unpublished analysis) 

Length weight relationship (cm to g) A 0.04467 Pad (1976) 
B 2.793 

Von Bertalanffy growth (both sexes) (y) to -0.71 NIWA (unpublished data) 
(all) L, 69.6 
tf-'1 K 0.122 

Age at recruiment (y) A. 3 NIWA (unpublished data) 



Table 6: September-February mean air temperatures from Appieby climatological station used 
in TBGB snapper assessment Year refers to January within the period. 

Temperature 
CC) 

16.67 

17.27 

15.97 

16.53 

17.47 

16.40 

16.47 

15.90 

17.10 

16.77 

16.07 

16.93 

16.03 

16.30 

17.50 

17.80 

17.70 

17.37 

16.57 

17.93 

Year Temperature 
0 

17.97 

16.97 

17.87 

17.67 

16.13 

17.03 

17.13 

16.43 

17.13 

16.57 

17.83 

18.13 

16.83 

16.9 

17.60 

18.37 

15.77 

16.27 

17.03 

16.97 

Year 



Table 7: Model sp&eations and maximum likelihood estimates for TBGB under various 
assumptions Projections assume total cat& continues at 2000-01 TACC + 10% of TACC + 
r e c ~ t i o a a l  N is the number of estimated parameters; LlKE is the total negative log-likelihood; 
BO is the virgin biomass; Bm is biomass at MSY; Bml is the biomass at the start of 2000-01, ete, 
MSY is maximum sustainable f eld and indudes under-reporting and recreational catch. 

Run Description N LIKE BO b~ B ~ I  B m  M s y  

O;t) (kt) (kt) (kt) (0 
1 Basecase* 41 3977 34.9 9.1 22.8 24.5 855 
2 Commercial SR set to 25.0 y  41 4015 39.6 9.6 25.4 26.8 928 
3 M  estimated (0.055 y-I) 42 3970 33.4 8.5 12.2 14.0 656 
4 Virgin recruitment period 193 1-97 41 3977 34.9 9.1 22.8 24.5 855 
5 YCS estimated and virgin recruitment 

1980-97 21 4085 28.9 7.6 15.9 17.7 704 
6 YCS estimated and virgin recruitment 

197&97 31 3994 39.1 10.2 20.7 22.2 958 
7 All YCS function of temperature 4 4416 28.4 7.4 15.9 17.0 694 
8 YCS estimated 1960-97, otherwise 

set to virgin recruitment 40 3886 27.5 7.2 14.9 16.4 675 
9 ~ s e t t 0 0 . 0 6 ~ ~ '  41 3971 33.6 8.6 14.7 16.7 702 
10 M set to 0.09 y-' 41 3986 37.1 12.5 31.1 32.0 1015 
11 Commercial proportions at age 

weighting set to 4.0 41 2135 33.3 8.7 18.9 20.5 816 
12 Commercial proportions at age 

weighting set to 0.25 41 11231 36.2 9.4 25.5 27.6 886 
13 Tagging biomass C.V. set to 0.2 41 3990 30.4 7.9 16.4 18.2 745 
14 Tagging biomass C.V. set to 1.0 41 3972 37.2 9.7 25.8 27.6 909 

* Base case specifications: 
YCSs estimated individually for 1960-97, and the remainder as a function of air temperature 
Virgin recruitment period the same as the period of individually estimated YCSs 
M  set to 0.075 y" 
Tagging biomass C.V. set to 0.4 

Recruitment weighting scalar set to 1 
Commercial SM estimated (4.0 y), SL estimated (2.85 y), and SR set to 500.0 y  
Recreational Sm set to 5.0 y, SL set to 2.4 y, and SR set to 44.0 y  
Research selectivity flat (set to 1 for all ages) 

Table 8: Residual standard deviation, r.s.d, &om TBGB Runs 1 and 7. 

Weighting 
Data type (high value means low weight) r.s.d. 

Run1 Run7 
Commercial proportions at age 1.0 1.23 1.84 
Research proportions at age 3.0 1.10 1.24 
Tagging proportions at age 0.5 0.20 0.25 
Recruitment 1.0 1.37 - 



Table 9: Bayesian posterior probabiities for TBGB Rum 1 @ase ease) and Run 7 (YCS function 
of temperature) with resampled recruitment and various annual total catches The total catch is 
caught exactly each year and includes 30% taken by recreational (304 t = m m t  TACC + 10% 
of TACC + recreational). 

Run Total Recreational P(BzmpBW) 5 and 95 percentiles P(B&BIMSY) 5 and 95 percentiles 
catch (t) (t) for BmllBw for B&Bm 

1 304 91 1 2.14.2.72 1 2.44,Z.W 
500 150 1 2.32,2.73 1 2.37.2.89 
700 210 1 2.32.2.74 1 2.32.2.82 

Table 10: Snapper catch (t) for SNA 2. Assumed under-reporting of 20% before 1987 and 10% 
from 1987 onwards has been added to commercial catch. Recreational catch has been estimated 
in 1987,1993, and 1996 and is assumed in other years. Before 1944 the recorded commercial 
catches are for March years, between 1944 and 1984 they are for calendar years, and thereafter 
they are for Gshing years, e.g., 1998 refers to the fishing year 1997-98. The model uses Gshing 
year throughout. 

Year 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 

Commercial Recreational 
25 10 

202 10 
179 10 
94 10 

137 10 
14 10 

120 10 
124 15 
178 15 
89 15 
72 15 
59 15 
71 15 
92 15 
43 15 
64 15 

258 15 
342 20 
318 20 
264 20 
296 20 
352 20 
371 20 
438 20 
542 20 
580 20 
446 20 

Year 
1960 
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 

Commercial Recreational 
584 25 
707 25 
725 25 
763 25 
800 25 
726 25 
893 25 

1027 25 
918 25 

1004 25 
965 30 

1033 30 
1054 30 
958 30 
859 30 
878 30 
878 30 
449 30 
545 30 
794 30 
763 35 
340 35 
192 35 
192 35 
174 35 
196 35 
212 35 

Year 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2 m  

Commercial Recreational 
143 35 
167 35 
23 1 35 
400 40 
470 40 
410 40 
348 40 
338 40 
338 40 
307 40 
387 40 
425 40 
311 40 
430 40 



Table 11: Proportions at age from the sampled commercial catch from SNA 2 snapper. ESS is the 
effective sample size (5 times the number of landings - see text). 1992 refers to the fishing year 
1991-92, etc 

Year 
ESS 

Age 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Table 12: Estimates of biological and fishery parameters used in the assessment of SNA 2 snapper 
fishery. 

Parameter description Name 
Instantaneous rate of natural mortality (y') M 

Length weight relationship (cm to g) a 
b 

von Bertalanffy growth (both sexes) (y) to 

(4 L 
(Y") K 

Age at recruitment (Y) A, 

Value Source 
0.075 Hilborn & Stan (unpublished analysis) 

0.04467 Pad (1976) 
2.793 

-5.419 NIWA (unpublished data) 
69.85 
0.061 

2 NIWA (unpublished data) 



Table 13: September-February mean air temperatures from Nelson Park, Napier, dimatotogical 
station used in SNA 2 snapper assessment. Year refers to January within the period. 

Year Temperature 
("'3 

1940 18.98 
1941 18.91 
1942 16.88 
1943 18.36 
1944 18.45 
1945 18.22 
1946 17.80 
1947 17.05 
1948 18.43 
1949 18.69 
1950 18.51 
1951 18.15 
1952 18.39 
1953 17.45 
1954 19.16 
1955 19.41 
1956 19.15 
1957 19.36 
1958 19.37 
1959 19.14 
1960 19.02 

Year Temperature 
("C) 

1961 17.62 
1962 19.38 
1963 18.95 
1964 17.56 
1965 18.71 
1966 19.02 
1967 17.86 
1968 18.56 
1969 17.75 
1970 19.25 
1971 18.75 
1972 18.14 
1973 18.65 
1974 18.88 
1975 19.69 
1976 18.04 
1977 18.27 
1978 18.94 
1979 19.04 
1980 18.14 
1981 19.22 

Year Tempera- 
("'3 

1982 19.53 
1983 17.97 
1984 17.59 
1985 20.14 
1986 20.28 
1987 18.90 
1988 19.44 
1989 19.19 
1990 19.43 
1991 19.57 
1992 18.34 
1993 16.88 
1994 18.76 
1995 19.01 
1996 19.21 
1997 18.41 
1998 20.50 
1999 19.45 
2000 18.76 
2001 18.46 



Table 14: Model spdications and maximum likelihood estimates for SNA2 under various 
assumptions. Projections assume total catch continues at 200041 TACC + 10% of TACC + 
recreational. N is the number of estimated parameters; LIKE is the total negative log-likelihood; 
Bo is the virgin biomass; B- is biomass at MSY; Bml is the biomass at the start of 2000-01, etc; 
MSY is maximum sustainable yield and includes under-reporting and recreational catch. 

Run Description N LlKE Bo B m  B ~ I  

Base case* 
Commercial proportions at age weighting set 
to 1.0 
Commercial proportions at age weighting set 
to 20.0 
Recruitment weighting set to 2.0 
YCS estimated 1970-97, otherwise set to 
virgin recruitment 
AU YCS function of temperam 
YCS estimated and virgin recruitment 1963-97 
M set to 0.06 y'l 
M set to 0.09 y-I 
M estimated (0.037 y-I), YCS function of 
temperature 
Commercial SR set to 15.0 y 
Commercial SR set to 25.0 y 
Commercial Sm, SL and SR estimated 

*Base case specifications: 

MSY B z o o l / B ~  

YCS estimated individually for 1970-97, and the remainder as a function of air temperature 
Virgin recruitment period the same as period of individually estimated YCSs 
M set to 0.075 y'l 
Commercial S m  set to 5.0 y, SL estimated (3.6 y), and SR set to 500.0 y 
Recreational Sm set to 5.0 y, SL set to 2.4 y, and SR set to 44.0 y 

Table 15: Residual standard deviation, r.s.d, from SNA 2 Runs 1 and 6. 

Weighting 
Data type (high value means low weight) r.s.d. 

Run 1 Run6 
Commercial proportions at age 5.0 1.06 1.55 
~&ruitment 1 .O 0.67 -* 
* In Run 6 YCS is a function of temperature so there are no residuals from the temperature-recruitment 

likelihood 



Table 16: Bayesian posterior probabilities for SNA 2 Run 1 (base case) and Run 6 (YCS function 
of temperature) with resampled recruitment and two total annual catch scenarios eACC + 10% 
of TACC + 40 t recreational = 317 t and 2000-01 landings + 10% of TACC + 40 t recreational = 
436 t). The total catch is caught exactly each year. 

Run Total catch P(Bm,>Bm) 5 and 95 percentiles for P(B&Bm) 5 and 95 percentiles 
(0 BmodBm for B&BhlSY 

1 317 0.86 0.90. 1.90 0.99 1.19.2.32 
436 0.86 0.90, 1.90 0.95 1.01.2.09 

6 3 17 0.24 0.75, 1.13 0.86 0.94, 1.39 
436 0.22 0.75, 1.13 0.40 0.76, 1.21 



New Zealand EEZ \ 

Figure 1: SNA 2 and 7 boundaries, Tasman Bay and Golden Bay. 



F i  2: Base case selectivity curves for commercial and recreational catches (A, SNA 2; 0, TBGB). 
The recreational curves are the same except that recruitment age a* is one year earlier for TBGB. 
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Run 7 

1940 19W 1980 2000 

Year 
Figure 3: TBGB estimated biomass trajectories and YCS estimates for Runs 1 and 7, from the 1930-31 
to the 2000-01 fishing year, with projections to 2010-11 assuming constant recruitment and that total 
catch continues at 2000-01 TACC + 10% of TACC + recreational. Bm is shown by dashed line. The 
black circle denotes the tagging biomass estimate. 



Figure 4: Fits to TBGB commercial proportions at age data for the base case. Points are observations, 
Uaes are predicted, ESS is the effective sample size. 1970 refers to the fshing year 1969-70, etc. 



F i e  5: Fits to TBGB research proportions at age data for the base ease. Points are observations, lines 
are predicted, ESS is the effective sample size. 1969 refers to the fmhing year 196849, etc 



F i e  6: Fits to TBGB tagging proportions at age data, 1987-88, for the base case Points are 
observations, Lines are predicted, ESS is the effective sample size. 
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Figure 7: TBGB estimated YCS for the base ease. The solid points are the individually estimated 
parameters and the hollow, joined points are those tbat were predicted from air temperature. 
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Figure 8: The sequential values for Bml sampled from the MCMC for TBGB, Runs 1 and 7. 
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Figure 9: Marginal posteriors (histogram) and likelihood profiles (line) for Bml for TBGB, Ruas 1 and 
7. The black triangle indicates the maximum likelihood estimate. 
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Figure 10: Maximum likelihood estimates of YCS time series (solid Lines) with 5 and 95 percentiles 
(dashed lines) of the posterior distributions For TBGB, Run 1 @ase case) and Run 7 (YCS function of air 
temperature) sssuming total catch continues at 2 0 0 0 1  TACC + 10% of TACC + recreational. 



Run 7 

Year 
F i i e  11: Maximum likelihood estimates of stock biomass trajectories (solid lines) with mean (dotted 
lines) and 5 and 95 percentiles (dashed lines) of the posterior distributioas for TBGB, Run 1 (base w e )  
and Run 7 (YCS function of air temperature) assuming total catch continues at 2000-01 TACC + 10% 
of TACC +recreational = 304 t 
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Figure 12: SNA 2 estimated biomass trajectories and YCS estimates for Runs 1 & 6, from the 1932-33 to 
the 2000-01 fishing year, with projections to 2010-11 assuming constant recruitment and that total 
catch wntinues at 2000-01 TACC + 10% of TACC + recreational = 304 t. B* is shown by dashed h e .  



F i e  13: Fits to SNA 2 commercial proportions at age data for the base case- Points are observatiom, 
lines are predicted, ESS is the effective sample size. 1992 refers to the fishing year 1991-92, etc. 



Air temperature (deg C) 
F i i e  14: SNA 2 estimated YCS for the base case. The solid points are the individually estimated 
parameters and the hollow, joined points are those that were predicted from air temperature. 
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Figure 15: The sequential values for Em,  sampled from the MCMC for SNA 2, Runs 1 and 6. 
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Figure 16: Marginal posteriors (bistogram) and likelihood profiles We) for BzWI for SNA 2, Runs 1 and 
6. The black triangle indicates the maximum likelihood estimate. 
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F i e  17: Maximum likelihood estimates of YCS time series (solid lines) with 5 and 95 percentiles 
(dashed lines) of the posterior distributions for SNA 2, Run 1 (base case) and Run 6 CYCS h a i o n  of air 
temperature) assuming total catch continues at 2000-01 TACC + 10% of TACC +recreational. 



Year 
Figure 18: Maximum likelihood &hates of stodr biomass trajectories (solid Unes) with mean (dotted 
lines) and 5 and 95 percentiles (dashed lines) of the posterior distributions for SNA 2. Run 1 (base case: 
left boxes) and Run 6 (YCS function of air temperature: right boxes) under two total annual catch 
scenarios: TAC + 10% of TACC + 40 t recreational = 317 t (upper boxes) and 2000-01 landings + 10% 
of TACC + 40 t recreational = 436 t (lower boxes). 



APPENDIX A: MODEL EQUATIONS 

These equations were adapted from (Harley & Gilbert 2000). 

Dynamics 

A difference equation model that assumes catch is taken in the middle of the year is used. This 
approximates catch and natural mortality occurring simultaneously throughout the year (Gilbert 
1986, Maunder & Stm 1998). The model uses recreational catch and method specific selectivities. 

R 'C c;" = py cy 

where: 

is year, e.g., y = 1993 denotes fishing year 1992-93, 

is the number of fish of age a, in year y, 

is the instantaneous natural mortality rate, 

is the virgin or average recruitment of fish at age = 1 y, 

is the age of recruitment, 

is the age of the plus group, 

is the YCS corresponding to spawning in or just before January of year y, 

is the range of years within which ry is estimated as an independent parameter, 

outside the range ry is a function of Ty, 

is the mean (September-February) air temperature deviation for year y, 

are the temperature-recruitment parameters, 



is the total number of fish caught of age a, in year y, 

is the recreational exploitation rate, in year y, 

is the commercial exploitation rate, in year y, by method m, 

is the proportion of the commercial catch in weight, in year y, taken by method m, 

is the recreational catch weight as a proportion of the commercial catch weight, 

is the selectivity of fish age a, by method m (including m = R), 

is the commercial catch weight for year y, 

is the recreational catch weight, in year y, 

is the weight of a fish of age a (no size variation is assumed), 

is the vulnerable biomass, in year y, for method m (including rn = R), 

is the length weight scale parameter, 

is the length weight exponent parameter, 

L, , k, to are the von Bertalanffy growth parameters. 

Initial conditions 

Selectivity 

The selectivity curves are constructed from left and right limbs of n o d  probab'ity density 
functions expressed in a reparametensed form, 

where: S r  < S h ,  SF > S& , 

S h  is the age of full selectivity for method m (v:' = 1 ), 

S," is the age at which selectivity has fallen to 0.5 for the left hand limb of the curve for 
method m, 



Tag-recapture biomass 

S," is the age at which selectivity has fallen to 0.5 for the right hand l i b  of the curve 
for method m. 

APPENDIX 8: LIKELIHOODS 

Proportions at age data 

The model was fitted by minimising the negative of a quasi-likelihood function of the observations. 
Multinomial observation error was assumed for the proportions at age data using "effective sample 
sizes" that in some cases were smaller than the number of age classes observed. The standard 
deviation weighting scalar s was used to enable the different types of data (i.e. commercial, research 
trawl survey and tag-recapture) to be weighted to reflect different process error. Dropping constant 
terms, the negative log-likelihood for method m, year y, 

where ^ denotes a predicted parameter, 

p,, is the proportion by number at age, a, from method, m, in year, y, 

N, is the effective sample size, 
w, is a standard deviation weighting scalar for method m. 

The model was fitted to the tag-recapture biomass estimate by assuming lognormal observation 
error with a known log standard deviation parameter. Dropping constant terms the negative log- 
likelihood, 

where: 

By is the tag-recapture biomass estimate (observed) in year, y, 

uB is the lognormal standard deviation parameter, which is approximately equal to the C.V. 

of the biomass estimate 

wB is a standard deviation weighting scalar. 

Note that, strictly, the f is t  term should be M i y ) ,  rather than h(BY). 



Temperature-recruitment relationship 

Rearranging the temperature-recruitment equation we assume that YCS parameters "predict" 
temperature. The model was fitted assuming normal error. Dropping constant terms the negative 
log-likelihood, 

1 

where: 
a, is the standard deviation, 

wy is a standard deviation weighting scalar. 

Total negative log-likelihood 

The total negative log-likelihood is the sum of the negative log-likelihoods for each of the data 
sources. The total negative log-likelihood was minimised to estimate the parameters. 
A = ~ A , ,  + C A B ,  +Ay 

m.y Y 


