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Executive Summary 

An assessment of the west coast snapper stock, SNA 8, using data up to 1995 
is presented that uses an age-structured population model incorporating 
commercial trawl catch-at-age and CPUE data, and a tagging programme 
estimate of absolute biomass in 1990. The parameters estimated are constant 
annual recruitment from 1931 to 1985 (-15) and annual recruitments from 1986 
to 1994 (&). 

Tilt: fit of the Base case model to the three input data sets was good and 
sensitivity tests of the regression indicated some consistency in the trends 
indicated by the data, although a regression using CPUE data produced only 
implausible results. 

Base case model estimates of current biomass and yield were relatively robust 
to varying particular assumptions and input data used, although the model was 
sensitive to error in the tagging programme estimate of absolute biomass in 
1990. 

The model biomass trajectory indicates a large decline from an unexploited 
level of about 75 000 t in 1931 to a very low level in 1986 with a subsequent 
increase. 

An estimate of recruitment in 1995 was predicted from a Kaharoa trawl survey 
relative year class strength index and the Base case model was projected to 
1996 under an assumed recreational fishing mortality scenario so as to calculate 
yield estimates for the 1996-97 fishing year. 

M d e l  estimates of mid-year biomass in 1995 and 1996 are 13 063 t and 13 
960 t, respectively, and are less than B ~ s y .  

Under the three recruitment scenarios considered for 1996 and 1997, estimates 
of current surplus production exceed expected total removals from the stock 
equivalent to the current TACC plus recreational catches. 

The estimate of MCY is 1840 t and CAY is 1406 t. 

Using a range of three levels of constant recruitment to 2006, stock biomass is 
predicted to be moving towards BMSY and the sum of the current TACC and 
assumed recreational catches appears sustainable. 



2. Introduction 

2.1 Overview 

This paper updates the assessment for the west coast snapper stock (SNA 8) for 
the 1996-97 fishing year. The recent history of the fishery and changes in the total 
allowable commercial catch (TACC) are sumrnarised. The collection of catch-at- 
age data fiom the commercial trawl fishery since 1989 and other recent research 
are discussed. The assessment uses an age-structured model to derive estimates of 
current biomass and yields. This model is fitted to the available time series of 
commercial trawl catch-per-unit-effort (CPUE), catch-at-age data, and an estimate 
of absolute biomass calculated fiom a mark-recapture experiment completed in 
1990. The precision of model parameters, estimates of biomass, and yield were 
calculated using the bootstrap method. Predicted yields and projections under a 
range of assumed fbture recruitments and catch levels are considered in deriving 
yield estimates for the 1996-97 fishing year. Bootstrap recruitment parameters are 
input to project the model to 2006 assuming three possible constant recruitment 
scenarios fiom 1996 to 2006 and a range of performance indicators is used to 
assess the rate of stock recovery in terms of biomass and yield. 

2.2 Description of the Fishery 

Snapper is the most important inshore finfish species harvested commercially in 
New Zealand, supporting valuable export and local markets. The SNA 8 TACC is 
1500 t, of the total national TACC for snapper of 6893 t. The west coast snapper 
TACC applies to the SNA 8 quota management area which extends fiom North 
Cape to Mana Island on the west coast of the North Island (Figure 1). 

A summary description of the fishery was given by Sullivan (1985) and Paul & 
Sullivan (1988): a brief review is presented here. The trawl fishery developed fiom 
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 fiom the trawl fishery gradually increased and, together with the 
introduction of foreign vessels during the 1960s, were exceeding 2000 t per year 
by 1970 (Figure 2). During the 1970s there was a rapid increase in landings as a 
result of a transfer of trawl fishing effort fiom the east coast fishery to the west 
coast. The practice of pair trawling for snapper began in 1973 and landings 
immediately increased to over 3000 t. 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 fiom the pair 
trawl Sshery declined to about 3000 t by 1980. Annual landings continued to 
decline to about 1800 t in 1985-86. The Quota Management System was first 
implemented for the 1986-87 year and total commercial catch levels 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 fiom pair trawling with a shift in 
emphasis to single trawling. In the 1994-95 fishing year single trawl vessels 
accounted for 59% of total landings. This shift to single trawling is in response to 
market demands for higher quality snapper necessitating shorter trawl tows and 



more carefbl 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 occumng during the spring and summer when fish aggregate for 
spawning. This pattern has not altered markedly in recent years. Towards the end 
of the summer the trawl fishery shifts to target trevally and snapper is a significant 
bycatch. 

2.3 Literature review 

There have been comprehensive reviews of the literature on snapper biology and 
fisheries by Paul (1979), Sullivan (1985), Paul & Sullivan (1988), and Gilbert & 
Sullivan (1994). Only a few papers have been produced concerning the west coast 
snapper stock since the review by Gilbert & Sullivan (1994). 

Drury & Hartill (1993) presented the results of a trawl survey in November- 
December 1991 to estimate the relative year class strength of juvenile snapper in 
the west coast stock. Despite generally low catches of juvenile snapper during the 
survey, sufficient information was collected to derive estimates of relative year 
class strength. These estimates were calculated from the number of fish occupying 
the 2+ length cohort within the scaled length frequency distribution. A recruitment 
index time series has been calculated by comparing relative year class strengths of 
2+ and 3+ cohorts fiom the successive surveys conducted in 1986, 1987, 1989, 
1991 (Drury & Hartill 1993), and 1994 (Langley 1995). Because of the relatively 
low sample sizes obtained in the surveys, the estimates of relative year class 
strength generally have low precision. 

The results, and a detailed description of the methodology used in estimating 
catch-at-age of snapper in the west coast fishery in 1992-93, were presented by 
Davies et al. (1993) and Davies & Walsh (1995). The analytical method used for 
calculating the variance of proportions at length and age in landings was described. 
A comprehensive summary of the length and age composition data collected from 
the west coast trawl fishery between 1988 and 1994 is available (Davies & Walsh 
1995) and the catch-at-age estimates for 1995 are also available (Walsh et al. 
1995). This annual time series of trawl catch-at-age since 1988 was used in the 
asseszzent in this paper. 

Maunder (1993) presented a comprehensive investigation into a range of optimal 
harvest strategies for the west coast snapper fishery using an age-structured model. 
The base model is similar to that presented here, but includes an assumed 
Beverton-Holt stock-recruitment relationship, age-specific vulnerability to fishing 
mortality (including pre-recruits), and seasonal fishing mortality. The model was 
fitted to an observed CPUE time series and an estimate of absolute biomass in 
1990 with virgin biomass and stock-recruitment relationship parameters were 
estimated. Extensive sensitivity tests were carried out, including the parameters for 
the temperature-recruitment relationship, stock-recruitment relationship, error in 
the absoiute biomass estimate, seasonality in commercial catches, natural mortality, 
recreational fishing mortality, and commercial selectivity at age. Maunder found 
the optimal harvest strategy that maximises yield fiom the stock was a threshold 
strategy with a constant escapement level of 4000 t and a harvest rate expressed as 



a porportion of the stock equal to 0.25 yr-'. 

3. Review of the Fishery 

3.1 TACCs, catch, landings, and effort data 

The TACC for SNA 8 increased fiom 1330 t in 1986 to 1594 t in 1990 as a result 
of decisions made by the Quota Appeal Authority. A change to the TACC took 
effect from 1 October 1992 resulting in a reduction fiom 1594 t to 1500 t. There 
have k e n  no subsequent changes to the TACC. 

Landings were less than the TACC in 1986-87 but have increased to levels that 
closely match the TACC in recent years (Table 1). In some years the TACC has 
been marginally exceeded, but this is probably attributable to quota "overruns" or 
"undermns" carried forward within the allowable 10% limit by individual quota 
holders. 

A change in the dominant fishing method has occurred since 1989-90. Trawl 
landings make up on average 95% of total annual extraction: the single trawl 
method has become more dominant in recent years and pair trawling less so (see 
Table 1 j. 

Estimates of the total reported commercial landings for SNA 8 are available by 
calendar year from 193 1 (Table 2) with an allowance made for foreign catches in 
the relevant years (Gilbert & Sullivan 1994). These estimates of total annual 
commercial removals from the stock were used in the age-structured model 
presented here. 

A time series of annual CPUE indices for the pair trawl fishery fiom 1974 to 1991 
was produced by Vignaux (1993) and has been used in previous assessments of 
SNA 8 (Gilbert & Sullivan 1994). No fbrther analysis of effort information has 
since been carried out due to perceived problems with continuity in the data, and 
the existing CPUE time series (Table 3) is used in this assessment. There is a steep 
(75%) decline in the index between 1974 to 1980 and a hrther decline to a 
minimum in 1986 at which point the index is less than 10% of the value in 1974. A 
subsequent increase in the index occurred between 1986 and 1991 resulting in the 
index in 1991 being 36% of the value in 1974. The exceptionally high value in 
1990 is a result of very few observations in that year (sample size = 13) and 
consequently it has a large associated observation error. It appears to be positively 
biased tscause such large interannual fluctuations in biomass are not typical of 
snapper stocks. 

3.2 Other Information 

Length-frequency and otolith samples have been collected annually from single and 
pair trawl landings fiom 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). The time series of trawl age compositions from 1988-89 



to 1994-95 showed a broadening in the range of dominant age classes in landings. 
In 1988-89, 18% of the pair trawl catch consisted of fish over 5 years of age and in 
1991-92 this had increased to 66% pavies & Walsh 1995). Similarly, 13% of 
single trawl landings in 199&91 consisted of fish over 6 years of age, with an 
increixa to 45% by 1993-94. 

The time series of trawl catch-at-age estimates used in this assessment is presented 
in Figure 3 and Table 4. Relative year class strengths can be discerned fiom the age 
composition time series as consistently strong or weak age classes in the sample 
age distributions throughout the sampling period. The 1985 and 1986 year classes, 
5 and 4 year olds, respectively, in 1990 (Figure 3) appeared strong in both the pair 
and single trawl age distributions through to 1995. More recently, the 1989 year 
class, 5 year olds in 1994 (Figure 3) appeared strong and the high incidence of 4 
year olds in 1995 indicates the 1991 year class to be strong. The 1988 year class, 
evident as 4 year olds in 1992, was consistently weak in the single trawl 
distributions through to 1995. 

3.3 Recreational, traditional, and Maori fisheries 

There is little information on non-commercial catch in SNA 8. An estimate of non- 
commercial catch is available fiom the 1990 tagging programme for the whole of 
SNA 8 (239 t). More recently, the results of telephone and diary surveys in the 
Central (1992-93) and North (1993-94) Fisheries Managament Areas estimate 
recreational catch in SNA 8 to be between 300-420 t in 1994, (Teirney et al 1995). 
The time series of annual non-commercial catches since 193 1 (Table 2) assumed in 
the age-structured model presented in this paper is the same as that used in the 
assessment for the 1992-93 fishing year (Gilbert & Sullivan 1994), with the 
addition of values for later years. 

4. Research 

4.1 Stock Structure 

The we:: coast snapper stock 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 SNA 8 (see Figure 1). From an examination of the 
movement of tagged snapper there appeared to be almost negligible emigration of 
snapper from the west coast stock (J. McKenzie, NIWA, Auckland, unpubl. data). 
In previous tagging programmes on the adjacent Challenger (SNA 7) and east 
Northland (part of SNA 1) snapper stocks, there was limited emigration out of the 
respective stock areas into SNA 8 (P. Kirk, Ministry of Fisheries, Nelson; K. 
Sullivan, Ministry of Fisheries, Wellington, pers. comm.), suggesting there is 
limited mixing of snapper fiom the west coast stock with either the east Northland 
or Challenger stocks. For the purposes of the age-structured model the west coast 
stock was assumed to be discrete. 



4.2 Bio~riass estimates 

4.2.1 Model 

Gilbert & Sullivan (1994) presented an assessment for SNA 8 for the 1992-93 
fishing year based on an age-structured model using the available time series of 
CPUE indices (1974-1991) and the estimate of absolute stock biomass derived 
from the 1990 tagging programme. A main source of uncertainty in this assessment 
was the use of a combination of historical Aucklarid air temperatures and the 
published Hauraki Gulf snapper stock (part of SNA 1) temperature-recruitment 
relationship (Francis 1993) to generate a time series of relative recruitment indices. 
Discrepancies in relative year class strengths have been identified in comparisons 
between trawl catch-at-age from SNA 8 and catch-at-age from SNA 1 pavies & 
Walsh 1995). This suggests that the recruitment index time series used by Gilbert 
& Sullivan (1994) may have introduced error in the model estimates of biomass. 
The modelling approach presented here includes the time series of trawl catch-at- 
age data used in a non-linear regression to directly estimate annual recruitments 
and a stock biomass trajectory. 

The age-structured model is developed using all available data up to 1995. Its 
characteristics are investigated by altering the data set input to the regression and 
by testing the sensitivity of the model to various assumptions. 

Input Data 

Input data to the model are largely identical to those used by Gilbert & Sullivan 
(1994) with the exception of the inclusion of the commercial trawl catch-at-age 
time series. The available data used in the model are as follows. 

1. Commercial catches - total annual commercial landings fiom 193 1 to 1995 (see 
Table 2) 

2. Non-commercial catches - an assumed time series for the period 193 1 to 1995 
with recent catch levels based on a harvest proportion estimated fiom the 1990 
tagging programme (see Table 2). 

3. Absolute biomass - an estimate of mid-year recruited (2 25 cm) biomass in 
1990 (9542 t) fiom a tagging programme (McKenzie, unpubl. data). The 
coefficient of variation (c.v.) for this estimate was assumed to be 0.1. 

4. CPUE - a time series of indices derived for the commercial pair trawl fishery 
fiom 1974 to 199 1 (see Table 3). 

5. Catch-at-age - a time series of commercial trawl catch-at-age data from 1989 
to 1995 with estimates of observation error (c. v. s) on proportions at age (see 
Table 4). 

Biological and Fishery 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). Natural 
mortality, length-weight relationsKp and von Bertalanffjl growth parameters are 
listed in Table 5. 

Knife-edge recruitment to the exploitable stock was assumed to occur at age 3 
years. Estimates of method-specific selectivity at age for the trawl and recreational 
fisheries in SNA 1 were calculated from a tagging programme carried out in 1985 
(Sullivan et al. 1988) and were presented by Gilbert & Sullivan (1994). The trawl 
method selectivity at age was adjusted to account for the higher individual growth 
rate of snapper in SNA 8 such that fish 5 years and older are 100% vulnerable to 
fishing mortality (Table 6). 

Model Structure and Regression 

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 from 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 recruitment. The model assumes 
a single sex population and natural mortality was assumed constant for all ages, 
whereas fishing mortalities are age and method-specific. 

By non-linear regression the available information on population dynamics (CPUE, 
catch-at-age, absolute biomass, and total annual removals) were integrated in the 
model (Fournier & Archibald 1982, Deriso et al. 1989). 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 1995 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 1985 ( R  ); and 
annual recruitments from 1986 to 1994 (R,), were estimated by fitting the model 
using a maximum likelihood regression method to the input data (CPUE, catch-at- 
age, and absolute biomass estimate). The CPUE indices were assumed to be 
proportional to the mid-year model biomass vulnerable to the trawl fishery and 
were assumed to be a random log-~ormal 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. 

A significant log-log transformed relationship was found using a fhctional 
regression between the analytically calculated observation error of trawl 
proportions at age (c.v.s) and the proportion at age estimates, (b, = 19.49, 3 = 
0.76, Figure 4). This relationship was used to describe the observation error 



structure of the trawl proportions at age (Equations 1.13 and 1.15, Appendix 1) in 
the maximum likelihood hnction. 

All possible combinations of the three sets of input data were investigated in 
regressions by altering the selection of total likelihoods rninimised to estimate 
model recruitment parameters. The regressions were denoted as follows. 

Regression Input Data 

c@A catch-at-age 
CP CPUE 
BIO tagging programme biomass estimate 
CPBIO CPUE and tagging programme biomass 

estimate 
C@ACP catch-at-age and CPUE 
CBABIO catch-at-age and tagging programme biomass 

estimate 
Base case catch-at-age, CPUE, and tagging programme 

biomass estimate 

The model provides an estimate of biomass at the beginning of 1995. In order to 
project the model to 1995 and 1996 to calculate predicted yields a constant 
recruitment level equal to the mean of annual recruitments fiom 193 1 to 1994 (R 
proj) was assumed. In addition to these projections, a 10 year projection to 2005 
was carried out based on the assumed constant recruitment level equal to RPmj ; 
constant commercial catch equal to the current TACC and a constant recreational 
fishing mortality at the 1990 level (as estimated fiom the tagging programme). 

The equilibrium model calculations used by Gilbert & Sullivan (1994) are 
applicable to this model because the biological and fishery parameters are identical. 
Therefore, estimates of reference fishing mortalities calculated from the available 
yield per recruit analysis were used in the age-structured model for the calculation 
of equilibrium sustainable yields. The fishing mortalities were expressed as catch to 
mid-year biomass ratios and FMM was equal to 9.6% which is equivalent to FMSY 
for constant recruitment (Gilbert & Sullivan 1994). BMSY was equal to 25.0% of 
the unexploited biomass, B ~ ~ J I .  

Model Sensitivity 

A range of tests was carried out to determine the sensitivity of the Base case 
model to assumed values of input parameters and data. These tests aimed to 
determine the sensitivity of the models to assumed levels of observation error in the 
tagging programme estimate of absolute biomass and trawl proportions at age; bias 
in the tagging programme estimate of absolute biomass; under-reporting of 
historical commercial catches; and the effect of the recent upward trend in the 
CPUE index. The Base case model regressions were therefore repeated for the 
following scenarios : 

i) natural mortality range (M = 0.04 to 0.08); 
ii) assumed C.V. for the tagging programme absolute biomass estimate equal 0.2 



and 0.3; 
iii) 50% positive and negative bias in the 1990 tagging programme biomass 

estimate; 
iv) 20% and 40% negative bias in reported commercial catches between 1930 to 

1974 (i.e., under-reporting); 
v) removal of the three most recent CPUE indices included in the regression 

(1989 to 1991); 

Model Precision 

The variances of model parameters, biomass, and yield estimates were calculated 
from 100 bootstraps with pseudo-replicates of CPUE, trawl proportion at age data, 
and the tagging programme 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 fiom the distributions. 

Model Results 

The relative change in model biomass for all Base case, CP, CPBIO, and 
C@ZP regressions closely reflect the observed trend in pair trawl CPUE from 
1974 to 1991 (Figure 5). Despite a good fit to the CPUE time series, regressions 
that include catch-at-age and tagging programme biomass data display a slower 
increase in biomass since 1988 than is indicated in the observed data and in the CP 
model. There appears to be no consistent pattern in the CPUE residuals for the 
Base case regression except for positive residuals in the last three years of the time 
series indicating a poor fit in these years. The null hypothesis that the slope of a 
straight line through the residuals was not significantly different from zero was 
accepted (to.o~,~lq = 1.66) (Figure 6). 

The mid-year model biomass trajectories for the Base case, BIO, CPBIO, and 
C@ABIO regressions decline from the unexploited level of around 75 000 t in 
1931 to between 5000 t and 9000 t in 1986 with a subsequent increase in recent 
years (Figure 7). An initial slight increase in biomass to 1947 is apparent before 
the sharp decline after 1951. This increase is counter-intuitive, given the 
assumption of constant recruitment from 193 1 to 1985 and is attributable to a 
slight difference in the structure of the equilibrium and dynamic models used. A 
maximum age of 50 years was fixed in the equilibrium model above which the age 
structure of the population is truncated. Instead, the dynamic model combines all 
fish 2C years and older into an aggregate age class as described in Appendix 1. 
There is a slight negative bias in the population size generated by the equilibrium 
model due to the truncation of the population over 50 years. This bias creates the 
slight increase in biomass when the population is subsequently modelled using the 
dynamic model after 1931. This effect is unlikely to have a large influence on the 
regression given that the bias is slight and restricted to the older age classes. 

Model biomass in all the regressions is very similar throughout the calculation 
period (193 1 to 1995) and coincides closely with the absolute biomass estimate for 
1990 fiom the tagging programme. The recent increase is more exaggerated in the 



CPBIO and C@ABIO regressions, indicating some inconsistency in the effect of 
various combinations of the input data to the regression on model estimates. The 
increase in Base case model biomass is predicted to continue to 2005 under the 
assumed constant future recruitment level RM with constant commercial catches 
at the current TACC level. 

The Ease case and C@A model estimates of proportion at age vulnerable to the 
trawl fishery closely resemble that observed in the age composition of trawl 
landings (Figure 8). Dominant and weak year classes in the models are consistent 
with the observed trends from 1989 to 1994, although there is some scatter around 
the proportion at age estimates for the 1986 year class (8 year old age class in 
1994, Figure 8). There appears to be some bias towards negative standardised 
residuals for proportions at age less than 0.03 which may be indicative of some 
process error in this data. However, the pattern was very similar for both models 
and for larger, and more precise proportion at age estimates, the residuals were 
mostly centred around zero (Figure 9). 

The estimated annual recruitment parameters for the Base case and C@A models 
were very similar, but those for regressions excluding catch-at-age data (CP and 
BIO) were diierent (Figure 10). The Base case model estimates of annual 
recruitment were highly variable with up to a 7-fold difference between years. 
Recruitments in 1988, 1989, and 1994 are considerably higher than in other years. 
These years of high recruitment correspond to the rapid increase in biomass 
indicated in the trawl CPUE since 1988 and the large mode evident in the trawl 
catch age composition beginning in 1990 and present in subsequent years. The 
mean ~f the annual recruitments from 1986 to 1994 differs from the constant 
annual recruitment estimate from 193 1 to 1985 (z) used to calculate the 
unexploited equilibrium population level in 1931 by a factor of 1.74, indicating 
some dichotomy in the model recruitment estimates for these two periods. 

The Base case, C@A, and BIO regressions were broadly similar with few 
differences evident in the fits to the observed data or in model estimates of current 
biomass, B199~ (Table 7). Consequently, model estimates of predicted current 
surplus production, CXP1995, and CSP1996 are similar and B ~ s y  estimates are 
approximately the same. The recruitment estimates for the CP model are 
implausible given the observed patterns in relative year class strengths in the catch- 
at-age and trawl survey recruitment index time series. Although providing a good 
fit to the trend in observed CPUE, the CP model estimates of current and future 
biomass and yields are most likely to be positively biased. 

Despite some differences between regressions to the different sets of input data, 
the estimates of constant annual recruitment from 1931 to 1985 (z), and hence 
B1931, are virtually identical in all the regressions (see Table 7). The bootstrap 
confidence intervals for were extremely narrow for the Base case and are 
unlikely to be a realistic indication of the precision for the unexploited model 
biomass and hence equilibrium biomass and yield estimates. The input data that 
appear to determine the estimation of this parameter, and consequently B~~J I ,  are 
primarily the catch history of the commercial and non-commercial fisheries from 
1931 to 1974. These input data were identical for all the regressions considered, 



hence the similarity in the estimates. The historical removals from the stock seemed 
to determine the starting biomass. It is shown later in this paper that B1931 was 
sensitive to bias in the historical catches between 193 1 and 1974. It follows that 
the precision of B1931 would also be influenced by observation error associated with 
these data. No observation error in historical catches was included in the 
bootstraps and therefore the precision of 'Ji; has most likely been underestimated, 
and similarly for the model parameters derived from it. 

The estimated annual recruitments for the Base case, I&, were on average much 
higher (1.74) than R . The model was structured so that the 1986-94 recruitment 
estimates were not used in the calculation of equilibrium biomass at B1931 and 
hence BMsy. It is not clear whether this is a reflection of model process error 
caused by its structure or is attributable to natural variability in stock recruitment 
patterns. Given that BMsy was calculated using the low 'Ji; value it is possible that 
BMsy may have been poorly estimated. A higher value would most likely have been 
obtained for B M S ~  had recent annual recruitments been included in its calculation. It 
is therefore possible that the estimate of B/sr, and consequently MSY, for SNA 8 
is negatively biased. 

The frequency distribution of bootstrap estimates is approximately log-normal and 
is reflective of the assumed error structure used in the likelihood terms (Figure 11). 
The confidence intervals derived from these distributions for the model estimates 
are presented in Table 7. The precision of model estimates of mid-year biomass 
decreases rapidly after 1988 with the 90% confidence interval becoming wide in 
1995 (Figure 12). The confidence interval is reasonably narrow throughout the 
calculation period to 1991. This high precision probably reflects the constraints on 
the model imposed by a combination of the strong contrast evident in the observed 
CPUE time series, the catch history, and the 1990 biomass estimate that may 
largely determine the model biomass trajectory to 1991. That model precision 
decreases after 1991, despite high degrees of freedom derived from the time series 
of commercial catch-at-age data, may indicate the value of including effort data in 
age-structured regressions (Fournier & Archibald 1982). An updated CPUE index 
or a new estimate of absolute stock abundance may improve precision and 
accuracy of model estimates of current and fiture biomass. 

The effects of varying the assumed value of natural mortality, M, through the range 
0.04 to 0.08 are not considerable ir terms of the overall trend in model biomass to 
1991, but the regressions show some sensitivity in the current biomass estimates 
(Figure 13). The sensitivity to altering natural mortality rate is immediately evident 
in the biomass trajectories from 193 1 to 1974, with the rate of biomass decline 
being inversely related to natural mortality. These differences are also likely to be 
influenced to some degree by the bias in the equilibrium model estimates of fish in 
the older age classes described earlier. After 1974, the trajectories are similar in the 
period associated with the CPUE time series. The trajectories then diverge after 
1991 with higher biomass obtained in the M0.04 and M0.05 regressions compared 
to the other regressions. This difference is a consequence of the higher annual 
recruitment estimates obtained in these regressions, particulady after 1991 
(Appendix 3). It is possible that the higher recruitments compensate for the 
comparatively poor fit of the model with low M to the CPUE trend in the early 



part of the time series indicated by the high o,, value. Estimated constant historical 
recruitment ( R )  is inversely related to M. This sensitivity test investigates the 
underlying productivity characteristics of the model and illustrates compensation 
between the estimated recruitments and natural mortality in fits to the observed 
data. 

The Base case appears to be sensitive to the assumed value for the standard 
deviation of the estimate of biomass in 1990 (ob) such that a decrease in the 
precision of the estimate of absolute biomass in 1990 is reflected in either a 
decrease or increase in the model estimates of biomass in recent years compared to 
the base case regression (Figure 14). An increase in o b  to 0.2 improved the fit to 
both the catch-at-age and CPUE as is indicated by declines in the error terms of the 
likelihood functions (see Appendix 3). Further increase in ob to 0.3 appears to 
increase the weighting of the catch-at-age data in the regression, as indicated by 
the l"+er error term, but reduces the quality of fit to the CPUE data. This 
sensitivity test illustrates the change in the relative weighting of the catch-at-age 
and CPUE terms in the objective function caused by varying the value of at,. The 
relative error in the two terms determines the total value of log-likelihood fbnction. 
This test indicates the regression approach is sensitive to the assumed precision in 
the 1990 biomass estimate derived from the tagging programme. 

The Base case model appears to be insensitive to the removal of the 1989, 1990, 
and 1991 CPUE indices from the time series input to the regressions (Figure 15) 
with only slight differences in the upward trend of CPUE evident since 1988. This 
result would suggest that, in the context of the regression, the upward trend in 
CPUE tor the most recent years of the time series (1989 to 1991) is largely 
consistent with the trend in the trawl catch-at-age time series and the index of 
absolute biomass in 1990. 

The estimates of annual recruitment from 1986 to 1994 for the Base case were 
sensitive to bias introduced in the index of absolute biomass in 1990 and this was 
reflected in the biomass trajectories after 1987 (Figure 16). A positive or negative 
bias in the index of absolute biomass in 1990 (pg1990) had a direct positive or 
negatkc effect on model estimates of current biomass and consequently in 
projections to 2005. A 50% positive bias improved the fit to both catch-at-age and 
CPUE data as indicated by the error terms (see Appendix 3). However, 50% 
negative bias reduced the quality of fit to all data sets, but the higher relative 
weighting of the catch-at-age and CPUE data resulted in a poor fit to the biased 
estimate of biomass. The results of this sensitivity test further indicate the 
importance of recent estimates of stock biomass in the age-structured regression 
for SNA 8. 

The constant annual recruitment from 193 1 to 1985 ( R  ) for the Base case was 
sensitive to bias in reported commercial catches between 1930 and 1974 (Figure 
17). This sensitivity was reflected directly in model estimates of unexploited 
biomass in 1931 (B& indicating the importance of the commercial catch history 
in determining this parameter. Model estimates of current and W r e  biomass 
appeared relatively insensitive to bias in historical catches. 



The Base case regression used all available input data and appeared to be sensitive 
mostly to error in the tagging programme estimate of biomass in 1990. The other 
sensitivity tests indicated general consistency in the input data to the regression and 
this model was therefore selected for the purposes of deriving estimates of yield for 
the SNA 8 stock for the 1996-97 fishing year. 

4.2.2 Assessment for 1996-97 Fishing Year 

The Base case model was projected to 1996 under assumed recruitments and 
recreaticnal fishing mortalities for the purpose of assessing the SNA 8 stock for the 
1996-97 fishing year. 

Input Data 

The input data used to project the Base case model to 1996 and 1997 were as 
described earlier with the addition of the commercial catch for 1995, a recreational 
catch estimate for 1994, and a trawl survey recruitment index for 1995. No 
historical overrun in commercial catches was assumed for the catch history used in 
the model. 

Estimates of relative year class strength for SNA 8 are available from trawl surveys 
for the year classes from 1984 to 1992, except for 1990. There appears to be a 
correlation between the indices of year class strength (recruitment estimates) 
derived from the Base case and those obtained from the trawl surveys (3 = 0.805, 
Figure 18). The high annual recruitments predicted by the model in 1988, 1989, 
and 1994 (R1988, R1991) correspond to the 1985, 1986, and 1991 year classes 
respectively, and the low annual recruitments (R1986 and R1991) correspond to the 
1983 and 1988 year classes, respectively. The pattern of strong and weak year 
classes yedicted by the model is reflected in the indices of relative year class 
strength derived from the trawl surveys. This correlation suggests that catch-at-age 
data input to the model were reasonably consistent with the trawl survey indices of 
year class strength. It is therefore possible the trawl survey indices may provide a 
means for predicting year class strength for recruitment to the exploitable stock 
(Table 8). 

As trawl catch-at-age data for 1996 were not available, this approach was used to 
calculate an estimate of recruitment for 1995 corresponding to the 1992 year class 
index derived from the 1994 trawl survey (Langley 1995). The number of 3 year 
olds recruiting to the stock was predicted from this index to be 2 332 000 (see 
Table 8). Using this estimate the model was projected to 1996 by removing 
commercial and recreational catches in 1995. 

Estimates of recreational catch were available from the 1990 tagging programme 
and from the North region telephone and diary survey in 1994. The fishing 
mortality of the recreational fishery was determined which gave the correct level of 
catch for these years. In other years the catch was modelled with an underlying 
fishing mortality which increased from the mortality level in 1990 by 2% per year 
to account for increased recreational fishing effort over this period. 



Model Results 

The Base case regression was repeated using this revised interpretation of 
recreational catch history and the model estimates (1996 Model) are presented in 
Appendix 4. As expected, there are only minor differences in the recruitment 
estimates and consequently estimates, of current and fbture biomass and yields are 
similar to the Base case. 

The model biomass estimate for the middle of 1996 is equal to about 71% BMSY 
calculated in terms of an equilibrium population state with constant recruitment 
equal to 2 .  However, as mentioned earlier for the Base case model, B193~ and 
BMsy are likely to be underestimated because B19jl was estimated using the 
constant annual recruitment estimate from 193 1 to 1985 ( 3  ), which was lower 
than the mean of annual recruitment estimates fiom 1986 to 1994. Hence, the ratio 
B d B ~ s y  is likely to be overestimated. 

Biomass levels have more than doubled since 1986, xnainly because of the effects 
of large recruitments between 1987 and 1992. Forward projections to 2006 (&006) 

were based on constant recruitment equal to the arithmetic mean of recruitment 
fiom 193 1 to 1994 (k), constant commercial catch at the current TACC, and 
recreational fishing mortality increasing at 2% per year fiom the 1995 level 
resultkg in total removals (current TACC plus estimated recreational catch) of 
about 1723 t in 1995 to 1993 t in 2006 (Table 9). The selectivity of the recreational 
method for 3 year olds was adjusted for each year from 1996 to account for the 
introduction of an increased minimum legal size to 27 cm for the recreational 
sector. 

There is currently no way to predict fbture recruitments for SNA 8 from physical 
variables as is possible for SNA 1 (Francis 1993) and no predicted indices of 
recruitment in fbture years were available. Biomass projections and yield 
calculations for the 1996 Model were therefore done using three possible constant 
recruitment scenarios, Rproj, R ,  and R 198694 (the mean of the recruitments fiom 
1986 to 1994) presented in Appendix 4. 

The predicted current surplus production (Predicted CSP) for 1996 was calculated 
from the net increase in model biomass between 1996 and 1997 in the absence of 
commercial and recreational harvesting by setting recruitment in 1996 equal to one 
of the three assumed levels of constant recruitment: R 198694, Rpraj, and R . 

Predicted CSP for 1997 was calculated in the same way using the same recruitment 
assumptions. As in the projections outlined above, it was assumed that annual 
commercial catch was equal to the current TACC of 1500 t and non-commercial 
fishing mortality increased in a hear  manner by 2% per year. 

Sensitivity to the first three assumed recruitment levels was examined by using 
values equal to 0.5 and 1.5 times the levels of the three assumptions. Estimates of 
predicted CSP ranged from 2273 t to 3667 t in 1996 and from 1945 t to 4035 t in 
1997 (Table 10). For all three recruitment assumptions and sensitivities considered, 



predicted CSPs for 1996 and 1997 were greater than the estimated combined 
commercial and recreational removals (fi-om 1874 t to 188 1 t in 1996 and 1891 t to 
1934 t in 1997) which indicates that stock size will increase in these two years. 

Performance Indicators 

Model projections to 2006 under the three assumed levels of constant recruitment 
RprOjy R ,  and R 1 9 8 6 ~  indicate that stock biomass will increase (Figure 19). 
Projected model performance under these recruitment scenarios was monitored 
using a range of indicators of stock biomass and yield in relation to current biomass 
and BMS.  The model was projected to 2006 using the recruitment parameters 
generated from the 100 bootstraps described earlier and performance indicators 
were calculated for each bootstrap projection. 

The performance indicators were : 

Pos>B~sy : the proportion of bootstraps where mid-year model biomass in 2005 
(BUS) exceeded that which sustains MSY (BMsY); 

POS>BM : the proportion of bootstraps where mid-year model biomass in 2005 
(BUS) exceeded that in 1996; 

Bos/B~sy : the ratio of mid-year biomass in 2005 (Bos) to BMsy ; 

CSPodMSY : the ratio of equilibrium current surplus production in 2005 (CSPos) 
to maximum sustainable yield (MSY); 

CRE~O~CTOT,OS : the ratio of recreational catch in 2005 ( C R E ~ O ~ )  to the total catch in 
2005 (CTOT,~~).  

In all three assumed recruitment scenarios the biomass is predicted to increase by 
2005, with at least a 72% probability the stock biomass in 2005 will exceed current 
biomass (see Table 11).  There is a 100% probability of future biomass exceeding 
current biomass and a 62% probability of fhture biomass exceeding BMSY if future 
levels of recruitment are on average the same as those estimated since 1986. There 
is a low probability of predicted biomass exceeding BMSY for the Rh and R 
recruitxxnt scenarios. Stock biomass in 2005 is expected, on average, to be at least 
75% of B ~ s y ,  but the confidence intervals of this indicator were broad. The wide 
confidence intervals for the estimates of future biomass indicate low precision for 
model projections of stock biomass (see Table 11) .  Equilibrium CSP in 2005 is 
expected to closely approach the MSY level under all three constant recruitment 
scenarios. The predicted recreational fishing mortality model used in the 
projections resulted in the estimated recreational catch being between 23 and 35% 
of total removals in 2005. 



4.3 Yield Estimates 

4.3.1 Estimation of Maximum Constant Yield (MCY) 

MCY was estimated from the equation MCY = CSP, as the stock is below BMSY. 
CSP is the equilibrium current surplus production from the 1996 Model described 
above. 

MCY = 1839 t (rounded to 1840 t) 

The estimate includes non-commercial catch and is exclusive of TACC overruns in 
commercial catches. 

Under the three likely recruitment scenarios considered, stock biomass is expected 
to increase if harvested at the MCY level. 

4.3.2 Estimation of Current Annual Yield (CAY) 

CAY was calculated from the Baranov catch equation under the baseline case. F,r 
was set equal to FM~~.  At BMsy, MSY comprises 9.6% of the mid-year biomass. 

- CAYISW - 0.096 * B9697 
- - 0.096 * 14 641 t 
- - 1 406 t (rounded to 1 4'10 t) 

where B9&g7 is the mid-1997 stock biomass. This estimate is inclusive of non- 
commercial catch and is exclusive of TACC overruns in commercial catches. 

Under the three likely recruitment scenarios considered, stock biomass is expected 
to increase if harvested at the CAY level. 

5. Management Implications 

Recent commercial and amateur catches and the current TACC are at levels that 
will allow the stock to move towards a size that will support the MSY during 1996 
and 1997 under the three future recruitment assumptions examined. The sum of the 
current TACC and amateur catches appears to be sustainable over this period. The 
present stock size is less than B~sy,  although BMsy is not well determined. The 
model results indicate that since 1986 the stock size has more than doubled and, on 
average, catch rates have also doubled. An increase in the stock size towards the 
size that will support the MSY would produce two likely benefits. Firstly, a slightly 
higher yield would be sustainable at BMSY. Secondly, the model predicts that catch 
rates would increase. There is also a possibility that as stock size increases, 
amateur removals will increase, thus slowing the rate of rebuilding. 
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Table 1: 

1983-84t 
1984-85t 
1985-86t 
1986-87$ 
1987-88$ 
1988-89$ 
1989-904 
1990-!31$ 
199 1-92$ 
1992-93$ 
1993-94$ 
1994-95 $ 

Reported commercial landings (t) of snapper from SNA 8 from 1983-84 to 1994-95 and TACCs 
(t) for 1986-87 to 1994-95. The percentage of total landings by particular methods is given for the 
period 1989-90 to 1994-95 

Landings 
(t) 

1 725 
1 546 
1 828 

893 
1 401 
1 526 
1 550 
1 658 
1 464 
1 543 
1 542 
1 542 

TACC 
(t) 

- 
- 
- 

1 330 
1 383 
1 508 
1 594 
1 594 
1 594 
1 500 
1 500 
1 500 

Pair trawl 

- 
- 
- 
- 
- 
- 

55 
41 
30 
17 
30 
30 

Single trawl 
(%I 
- 
- 
- 
- 
- 
- 

42 
56 
67 
77 
65 
59 

- 
t FSU data. SNA 8 = stat areas 37,3948. 
$ QMS data. 
- Data not available 

Table 2: Total reported commercial landings of snapper (t) from the west coast fishery and an assumed 
time series of non-commercial landings (t) in the SNA 8 quota management area from 1931 to 1995 

Year 

1931 
1932 
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 
1960 
1961 

Commercial 
( 0  

143 
161 
227 
268 
159 
144 
173 
164 
107 
107 
115 
86 
99 
86 

153 
255 
266 
234 
319 
381 
415 
416 

1 202 
1 175 
1 238 
1310 
1 686 
1 284 
1 700 
1 773 
1 755 

Total 

215 
242 
34 1 
402 
239 
216 
260 
246 
161 
161 
153 
114 
132 
114 
203 
339 
354 
31 1 
424 
507 
552 
553 

1 358 
1 328 
1 399 
1 480 
1 905 
1451 
1 921 
2 003 
1 983 

Year 

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 
1991 
1992 
1993 
1994 
1995 

Commercial 
(t) 

1 883 
1 992 
1 787 
1 724 
2 285 
2 007 
1 832 
2 287 
2 129 
2 234 
3 178 
3 528 
4 837 
5 557 
7 611 
5 948 
4 392 
3 515 
3 292 
3 136 
2 633 
1 834 
1 536 
1 866 

85 1 
1 072 
1 565 
1 570 
1551 
1 562 
1 338 
1 650 
1 585 
1 375 

Total 

2 128 
2 251 
2 019 
1 948 
2 582 
2 268 
2 070 
2 584 
2 406 
2 524 
3 591 
3 987 
5 321 
5 946 
7 992 
6 364 
4 831 
3 972 
3 720 
3 544 
2 975 
2 072 
1 736 
2 109 
1 021 
1 254 
1 768 
1 774 
1 790 
1 803 
1 544 
1 904 
1 829 
1 587 



Table 3: 

Year 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Annual snapper catch-per-unit-effort (CPUE) indices with standard deviations for the west coast pair 
trawl f ~ h e r y  operating in SNA 8 from 1974 to 1991 (Vignanx 1993) 

CPUE 

1.00 
0.85 
0.86 
0.46 
0.59 
0.37 
0.25 
0.2 1 
0.20 
0.15 
0.1 1 
0.13 
0.07 
0.13 
0.16 
0.25 
0.67 
0.36 

Table 4: Estimates of proportion at age, p,,, and CVs of snapper in landings taken by the west coast trawl 
fisheries in the SNA 8 quota management area from 1988-89 to 1993-94 

Pair trawl 
1989 1990 

Single trawl 
1991 1992 1993 1994 1995 

pta C.V. 

0.0000 0.00 
0.0001 1.05 
0.1317 0.05 
0.0602 0.17 
0.1490 0.1 1 
0.3039 0.06 
0.2717 0.06 
0.0437 0.23 
0.0033 0.78 
0.0149 0.45 
0.0000 0.00 
0.0025 0.74 
0.0061 0.76 
0.0000 0.00 
0.0009 0.51 
0.0010 1.02 
0.0027 0.66 
0.0010 0.63 
0.0018 0.36 
0.0042 0.26 

pta C.V. 

0.0000 0.00 
0.0000 0.00 
0.1497 0.06 
0.1323 0.10 
0.2019 0.08 
0.0534 0.19 
0.1126 0.13 
0.1362 0.12 
0.1194 0.11 
0.0431 0.20 
0.0056 0.60 
0.0192 0.31 
0.0034 0.42 
0.0031 0.23 
0.0045 0.67 
0.0040 0.71 
0.0000 0.00 
0.0000 0.00 
0.0014 0.33 
0.0013 0.35 

pt. C.V. 

0.0000 0.00 
0.0002 1.02 
0.0303 0.15 
0.4076 0.03 
0.1133 0.12 
0.1140 0.10 
0.0317 0.23 
0.0592 0.16 
0.0993 0.12 
0.0876 0.13 
0.0358 0.21 
0.0000 0.00 
0.0067 0.50 
0.0030 0.79 
0.0018 0.30 
0.0061 0.45 
0.0000 0.00 
0.0000 0.00 
0.0000 0.00 
0.0028 0.26 



Table 5: Estimates of biological parameters for the west coast snapper stock (SNA 8) 

Parameter Estimate Source 

Natural mortality (M) 0.06 Sullivan (unpubl. data) 
Weight = a (length)b (Weight in g, length in cm fork length) a = 0.04467 b = 2.793 Paul (1976) 
von Bertalanffy growth parameters Both sexes combined 

K to L, 
0.160 -0.1 1 66.9 McKenzie et al. (1992) 

Age at recruitment (years) 3 Gilbert & Sullivan (1994) 

Table 6: The assumed selectivities-at-age of snapper (SNA 8) for the trawl and recreational fishing methods 

Age class Trawl Recreational 



Table 7: 

Parameter 

B1931 

BMSY 
MSY 
B1995 

B1996 

B2005 
B I ~ ~ B M S Y  

csp1995 

csp1996 

Rm6 

R19a7 

R19aa 
R19a9 

R1990 

R1991 

R1992 

R1993 

R1994 - 
R 

Table 

Year class 

Parameter estimates for the base case, C@A, CP, and BIO regressions with upper and lower 90% 
confidence intervals estimated from 100 bootstraps for the base case. Recruitment parameter 
estimates x 1000 

Estimate 

75 822 
19 790 
1 887 

13 082 
13 730 
16 539 

0.66 

2 523 
2 421 

595 
2 421 
4 748 
3 152 
2 062 

653 
2 328 
1 287 
3 677 

1 335 

Base Case C@A CP 
90% C.I. Estimate Estimate 

Lower 

75 559 
19 721 
1 880 
7 455 
7 419 
6 368 
0.38 

1 667 
1 637 

455 
2 032 
4 128 
2 649 
1 624 

45 1 
1 686 

838 
2 052 

1331 

BIO 
Estimate 

76 852 
20 058 

1912 
14 131 
14 737 
17211 

0.70 

2 509 
2 397 

1 766 
1 854 
1 955 
2 050 
2 166 
2 216 
2 408 
2 365 
2 166 

1 353 

Relative year class strengths for SNA 8 expressed as numbers of 1+ snapper estimated from 
research trawl surveys and as numbers of 3 year old snapper estimated from the base case model. 
A regression (r2 = 0.81) was used to predict year class strength in terms of numbers of 3 year old 
snapper recruiting to the exploitable stock at the beginning of each year (Predicted YCS) from the 
trawl survey indices (TSI) 

TSI Base case Predicted YCS 



Table 9: 

Year 

Annual average instantaneous f ~ h i n g  mortality and catch estimates from 1988 to 2006 for the 
commercial and recreational methods as derived from the base case model projected for the 
199697 fishing year and to 2006 assuming constant recruitment from 1996 to 2006 equal to Rpmj 

Commercial Recreational Total 
Mortality Catch Mortality Catch Mortality Catch 

(t) (t (t) 

Table 10: Predicted current surplus production for 1996 and 1997 (CSP1996, CSP1997 respectively) using the 
base case model projected for the 1996-97 fishing year based on three assumed levels of - 
recruitment: R 19861994 = the mean of model estimates of annual recruitment from 1986 to 1994; - 
Rpyj = the mean of model estimates of annual recruitment from 1931 to 1994; R = model 
eshmate of constant annual recruitment from 1931 to 1985 

Recruitment 
1996 1997 

Current survlus vroduction 
csp1996 



Table 11: Predicted mid-year biomass (t) calculated from 10 year model projections from 1996 (B96) to 2006 - - 
(BO6) under three assumed levels of constant recruitment: R 1986,9949 Rpm, and R with 90% 
confidence intervals calculated from 100 bootstraps. Stock performance indicators presented for 
each recruitment scenario are the proportion of bootstraps where mid-year model biomass in 2005 
(Bas) exceeded that which sustains MSY (Po5 > BMSY), the proportion of bootstraps where Bos 
exceeded that in 1996 (Pos > Bw), the ratio of BoS to BMsy (BOSIBMsy), the ratio of equilibrium current 
surplus production in 2005 to MSY (CSPoS/MSY), and the projected recreational catch expressed as 
a proportion of total catch in 2005, (CREC,oS I CroT,os) 

90% C.I. 90% C.I. 90% C.I. 
Parameter Estimate Lower Upper Estimate Lower Upper Estimate Lower Upper 



Figure 1: Map showing the quota management area boundary for the west coast snapper stock, SNA 8. 



Year 

Figure 2: Total reported commercial landings (Comm.) of snapper from the west coast fishery 
and an assumed non-commercial (Recreat.) catch history for the SNA 8 quota manage- 
ment area from 193 1 to 1995. 



Age (years) 

Figure 3: Estimates of annual proportion at age andc.v.s of snapper in landings taken by the west pair 
trawl fishery (1 989-1 990) and single trawl fishery (1  99 1-1 995) in the SNA 8 quota manage- 
ment area. 



Age (years) 

Figure 3: continued. 



Ln(Proportion at age) 

Figure 4: Scatterplot of the log-transformed observation error, Ln(CV), associated with estimates 
of log-transformed proportions at age, Ln(Proportion at age), of snapper in landings 
taken by the west coast trawl fishery and the log-log transformed regression used in the 
age-structured model. 

Year 

Figure 5: The fits of the predicted relative biomass indices from the base case, CP, CPBIO, and 
C@ACP regressions to the observed CPUE of snapper in landings from the west coast 
pair trawl fishery from 1974 to 1991. 
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Figure 6: Scatterplot of the standardised CPUE residuals from the base case regression and the 
calculated t-statistics for the slope of a straight line regression of the residuals indicat- 
ing no significant trend. 
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Figure 7: Predicted biomass trajectories of the base case, indicating goodness of fit to the tagging 
programme estimate of absolute biomass in 1990 (Btag) and the projected model biomass 
values to 2005 under an assumed constant catch strategy and mean historical recruit- 
ment. 
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Figure 8: 
Age (years) 

The fits of the base case andC@A regressions to observed estimates of the proportion at 
age of snapper in landings taken by the west coast trawl fishery (Observed) for the age 
classes 4-20 years. 
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Figure 8: continued. 
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Figure 9: Scatterplot of the standardised trawl proportion at age residuals from the (a) base case 
and (b) C@A regressions. 
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Figure 10: Estimates of annual recruitments from 1986 to 1994, where recruitment is the number 
of 3 year old snapper entering the exploitable stock, for the base case, C@A and BIO 
regressions. 
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Figure 1 1 : Frequency distributions of 100 bootstrap estimates of mid-year model biomass in (a) 
193 1 (B 193 1) and (b) 1995 (B 1995) for the base case indicating approximately log- 
normal distributions for model parameters. 
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Figure 12: Predicted biomass trajectories of the base case model with bootstrap 90% confidence 
intervals and a projection to 2005 under an assumed constant catch strategy and mean 
historical recruitment. 
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Figure 13: Predicted biomass trajectory of the base case model that assumes natural mortality 
equal to 0.06 and trajectories for sensitivity regressions using assumed values of natu- C 

ral mortality between 0.04 and 0.08 (M0.04-M0.08 respectively). 
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Figure 14: Predicted biomass trajectory of the base case model and trajectories from sensitivity 
regressions using assumed values for 0 ,=0.2 (SigmaB=0.2) and 0 ,=0.3 (SigmaB=0.3). 
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Figure 15: The fits of the base case model predicted relative biomass indices to the observed CPUE 
of snapper in landings from the west coast pair trawl fishery from 1974 to 1991 (Ob- 
served) and sensitivity regressions with removal of: the 1991 index (CPUE-I); both 
199 1 and 1990 CPUE indices (CPUE-2); and 199 1,1990 and 1989 indices (CPUE-3). 
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Figure 16: Predicted biomass trajectories of the base case and sensitivity regressions that assume 
a 50% positive and negative bias (1.5Btag and OSBtag respectively) in the tagging 
programme estimate of SNA 8 biomass in 1990 (1 SBtag est. and OSBtag est. respec- 
tively). 
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Figure 17: Predicted biomass trajectory of the base case model and biomass trajectories for sensi- 
3 

tivity regressions that assurne 20% and 40% negative bias in reported commercial catches 
between 1930 to 1974 (1.2 HIST and 1.4 HIST respectively), i.e. historical under- 
reporting. 
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Figure 18: Regression between relative year class strength indices estimated from Kaharoa re- 
search trawl surveys (numbers of 1+ snapper) and annual recruitment estimates from 
the base case model (YCIndex) with the predicted recruitment of 3 year old snapper for 
the 1992 year class. 

Year 

Figure 19: Predicted biomass trajectories of the base case model from 1995 to 2006 assuming 
constant commercial catch equal to the current TACC and recreational fishing mortal- 
ity increasing by 2% per year from the 1995 level and three possible constant recruit- 
ment scenarios: ,,,,,,, = the arithmetic mean of annual recruitments from 1986- 

1994; Rp,,i = the arithmetic mean of annual recruitments fiom 193 1 to 1994; = con- 
stant annual recruitment fiom 193 1 to 1985. 



Appendix 1: Model Structure and Regression Approach 

Structure 

A discrete, dynamic, age-structured population model was used with an assumed 
single sex composition and recruited age classes from 3 to 20 years, 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. Natural mortality, M, was assumed 
independent of age class, a. Average annual method-specific fishing mortality, j&, 
was assumed to be dependent on the selectivity at age, Sg,,, characteristics of the trawl 
and recreational fishing methods, g. Average instantaneous fishing mortalities, Ft,,, 
were therefore age- and method-specific for both the trawl and recreational methods: 

where t, g, a are year, method type, and age class respectively. Model method-specific 
catch-at-age was calculated: 

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

and for the aggregate age class: 

Deriso et al. (1989) 

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, trawl catch-at-age data, the tagging programme estimate of absolute biomass 



in 1990, and total annual removals were integrated in the model by a non-linear 
regression (Fournier & Archibald 1982, Deriso et al. 1985). It was assumed that at the 
beginning of the first fishing season, 1931, the population was in an unexploited 
equilibrium condition with a constant level of recruitment (number of 3 year old fish 
entering the exploitable adult stock). A simple projection of the model population 
using equations 1 to 4 was carried out introducing annual recruitments of 3 year old 
fish 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 kg is the gear-specific 
scalar: 

r o b s  

where ebs and rd are observed and model method-specific total annual catches 
respectively. 

Model parameters estimated were: constant recruitment for the period 193 1 to 1985 ( - 
R ), and annual recruitments from 1986 to 1994 (Rt), a total of 10 parameters. These 
parameters were determined using a maximum likelihood regression method 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 was developed according to an approach developed 
by Maunder & Starr (New Zealand Fishing Industry Board, Wellington, Unpublished 
Report). The analytical model for the relationship between mid-year model biomass 

A mid vulnerable to the trawl method ( B  t,tr ) and the observed CPUE index was 
therefore: 

where 



Using the estimated CVt 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 n ( 1 n 1 , - l n f t f  

CJ = ,I;; cv: 

The log-likelihood for all observations was therefore : 

The value of zbase 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 the tagging programme estimate of absolute biomass in 1990 
was : 

A mid where ~ " ~ ~ 9 9 0  and B 1990 are tagging programme and model estimates of mid-year 
stock biomass in 1990 respectively. 

No estimates of measurement error are currently available for B'ag1990 and therefore 
CJ, was assumed equal to 0.1. 

iii) Trawl catch-at-age 

It is likely that other sources of error besides sampling precision (cvt,,) 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 trawl catch-at-age have the most weight in 
determining the magnitude of log-normal error in the observed data. An approach 
previously used for snapper catch-at-age data was followed to determine the 



maximum likelihood (Maunder & Starr, New Zealand Fishing Industry Board, 
Wellington, Unpublished Report). 

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, cvt,, as 
follows: 

where 

where pt,, is the observed trawl proportion at age a in year t ,  b,, is the model 

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

The estimated sampling C.V. was not used directly to give CVt,,. Instead a log-log 
transformed relationship between trawl proportions at age and estimated sampling C.V. 

was established (see Figure 4). 

The derivation of this relationship is described in section 4.2.1. The log-likelihood 
function cvt,, was calculated using (I. 16). 

The parameter, Se, 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 cvt,,. This 
incorporates observation and process error and was fixed when fitting the model to 
the integrated data sets. 

The total log-likelihood was the sum of the log-likelihoods for the individual data sets 



(1.11 + 1.12 + 1.15) and the total was minimised to derive the best estimates for the 
recruitment parameters. 

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 and mid-year 
weight at age so as to calculate start of year and mid-year biomass as follows: 

and 

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



Appendix 2: Estimating CVs 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 9% confidence 
intervals. 100 bootstraps were conducted with pseudo-replicate data for CPUE, trawl 
catch proportions at age and the tagging programme estimate of absolute biomass in 
1990 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: = 4jjFrdeEY 

where .sUt - N(O,(&V~)~). 

Tagging programme biomass: 

The U th bootstrap B'"g1990 data set was obtained: 

(BE%, = $:,, eyU 

where f - N(o,(o~)~). ~ j ,  was assumed equal to 0.1. 

Trawl catch proportions at age: 

For the U th bootstrap pt,, data was obtained: 

U - p e ~ : :  
P I , ,  - 1.u 

The confidence intervals of the summary statistics and model parameters were 
estimated from the frequency distribution of 100 bootstrap estimates. 



Appendix 3: Recruitment parameters and regression statistics for sensitivity tests of the Base 
case SNA 8 age-structured model Recruitment parameter estimates are x 1 000 

Sensitivity 
Parameter Base case M0.04 M0.05 M0.07 MO.08 0 ~ 4 . 2  0b4.3 0.5& l.SB,l.ZHist lAHist 



Appendix 4: 

Parameter 

Parameter estimates for the base case model projected to the 1996-97 fishing year with 
recruitment in 1995 as predicted from the trawl survey index, and recruitment from 1996 to 
2006 equal to RProi' Upper and lower 90% confidence intervals were estimated from 100 
bootstraps. Recruitment parameter estimates x 1000 

Estimate 

75 817 
19 788 
1 886 

13 063 
13 960 
14 640 
16 689 
0.705 

2 635 
2 508 
1 839 

580 
2 458 
4 502 
3 414 
1 878 

65 8 
1 967 
1 252 
4 211 

1 335 
1 474 

2 324 

90% C.I. 
Lower Upper 


