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EXECUTIVE SUMMARY 

Davies, N.M.; McKenzie, J.R (2001). Assessment of the SNA 8 stock for the 1999-2000 fishing 
year. 

New Zealand Fisheries Assessment Report 2001/54.57 p. 

The SNA 8 stock was assessed for the 1999-2000 fishing year using an updated and revised 
population model. New information input to the model includes: commercial catch weights by method 
in 1997-98; single trawl catch-at-age in 1998-99; a revised estimate of recreational catch in 1996; and 
a new pair and single trawl catch-per-uniteffort (CPUE) time series for 199049. Structural changes 
made to the model used for the 1998 assessment included: deriving a predictive relationship between 
sea surface temperature and year class strength (SST-recruitment relationship); specifying the period 
of 1971 to 1994 as that defining mean recruitment (having an average year class strength of 1.0); and 
deriving separate catchability coefficients for 2+ and 3+ year old snapper sampled in trawl surveys to 
estimate relative recruitment indices. 

Conflicting trends in relative abundance were evident between the pair and single trawl CPUE time 
series for 1990-99. The single trawl series was input to the base case model because, having a much 
larger sample size, it was considered to be more representative of underlying population trends. The 
model was fitted to five sources of input data: a tag-recapture estimate of absolute biomass in 1990; a 
pair trawl CPUE time series for 1974-91; catch-at-age data fiom 1975 to 1999 (not all years); trawl 
survey relative recruitment indices for 1984-94 (excluding 1990); and a single trawl CPUE time 
series for 1990-99. 

Using the fitted SST-recruitment relationship to derive year class strengths did not significantly 
improve the model fit to the data The relationship was found to be variable and weak in comparison 
to that estimated for the SNA 1 stock. However, the relationship provided a means to predict 
recruitments in the short term and was used for deriving relative indices for the 1995-99 year classes 
in model projections. 

The base case model fit to the data was generally good, but sensitivity tests of assumptions regarding 
the input CPUE time series for 1990-99 revealed conflicts with other input data. A model option for 
which lower relative weight to the single trawl CPUE for 1990-99 was assumed (denoted 
CPSTSIGlO), improved the fit to recent catch-at-age estimates and trawl survey recruitment indices 
compared to the base case. The level of observation error for the single trawl CPUE data assumed in 
this model option was more plausible than the base case assumption. Model estimates of current 
biomass, and current and future stock status relative to the equilibrium biomass that supports the 
maximum sustainable yield (Bmy) were highly sensitive to the relative weight of the input data, and 
consequently are not considered reliable. However, all model options investigated consistently 
indicate current biomass to be less than BmY and that stock size is increasing. The base case and 
CPSTSIG10 models estimates of current biomass relative to BMsy were 0.33 and 0.55 respectively. 
This uncertainty in the model highlights the need for a current estimate of absolute biomass for input 
to the model. A tagging study has been designed as part of a separate project and is due to be 
undertaken during 2002-03. 

This work was funded by the Ministry of Fisheries fiom 1998 to 2001 under the project SNA9801. 



1. INTRODUCTION 

1.1 Overview 

This report presents the 1999 assessment of the west coast snapper stock, SNA 8, summarised in the 
snapper working group report (Annala et al. 2000). This work was carried out under objective 2 of the 
Ministry of Fisheries project SNA9801 as follows. 

Objective 2: 

To update the assessment of SNA 8 stocks in an age structured population model using: 
recreational catch estimates from the 1996 and 1997 national marine recreational fishing and 
charter boat surveys; estimates of year class strength fiom trawl surveys; and catch at age data 
fiom the commercial fishery up to spring!summer of 1997198. 

A variation was made to this objective during the course of the project that included additional 
objectives for the SNA 8 assessment including: 

1. derive standardised catch per unit effort time series for the single and pair trawl fisheries. 
2. estimate a relationship between sea surface temperature and year class strength. 

These were to be completed as part of the work required under objective 2. 

1.2 Description of the fishery 

The SNA 8 fishery has been described by Sullivan (1985), Paul & Sullivan (1988), Davies (1997, 
1999) and Davies et. al. (1999). The trawl f~hery  developed from a small fleet operating fiom 
sheltered harbours with annual landings not exceeding 1000 t until the 1950s, when larger Auckland- 
based trawlers entered the fleet. Landings from the trawl fishery gradually increased and, together 
with the introduction of foreign vessels during the 1960s, were exceeding 2000 t per year by 1973 
(Table 1). During the 1970s there was a rapid increase in landings to over 3000 t as a result of the 
transfer of trawl fshing effort from the east to the west coast, and the introduction of pair trawling in 
1973. 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 fishery declined to about 3000 t by 1980. Annual landings continued to decline to about 1800 t 
in 1985-86. 

With the implementation of the Quota Management System in 1986-87 year, commercial catches 
fiom SNA 8 were constrained by a total allowable commercial catch (TACC) of 1330 t. In 1986-87 
landings were only 900 t, but they have been very close to the TACC since then (Table 2). 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 1997-98 fishing year single trawl vessels accounted for 
85% of total landings. There has been a shift to single trawling since the 1980s in response to market 
demands for higher quality snapper, necessitating shorter tows and more careful fish handling 
practices that maintain the value of the catch. 

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



2. REVIEW OF M E  FISHERY 

2.1 TACC 

The TACC for SNA 8 was set at 1330 t in 1986-87 to permit stock rebuilding and increased to 1594 t 
by 1990 as a result of decisions made by the Quota Appeal Authority (see Table 2). From 1 October 
1992 the TACC was reduced fiom 1594 t to 1500 t and has not been changed since. 

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

2.2 Commercial landings 

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

Estimates of the total reported commercial landings for SNA 8 are available by calendar year fiom 
1931 (see Table I), with reported foreign catches for 1968-79 (Gilbert & Sullivan 1994). 

2.2.1 Foreign fishing 

Japanese catch records and observations by New Zealand naval vessels indicate that significant 
quantities of snapper were taken fiom New Zealand waters fiom the late 1950s until 1977. There are 
insufficient data to quantify the Japanese catches. However, trawl catches have been reported by area 
from 1967 to 1977, and longline catches from 1975 to 1977 (Table 3). The data series is incomplete, 
particularly for longline catches. 

2.2.2 Illegal catch 

No information is available to estimate illegal catch. 

2.3 Non-commercial catch 

2.3.1 Recreational fisheries 

The 1987 National Marine Recreational Fishing Survey showed that snapper was the most important 
finfish species sought by recreational fishers. An estimate of recreational catch is available fiom the 
1990 tagging programme for the whole of SNA 8 (239 t, Table 4). The results of telephone and diary 
surveys in the Central (1992-93) and North (1993-94) Fisheries Management Areas estimated 
recreational catch in SNA 8 to be between 300 and 420 t in 1994 (Teirney et al. 1997). This was later 
revised to be 238 t following a review of the regional and national surveys (Bradford 1999). The 
estimate of recreational catch in SNA 8 fiomthe liational survey was 236 t in 1996 (Bradford 1998). 



2.3.2 Maori fisheries 

Snapper is an important species for Maori, but the annual catch is not known. 

3. SNA 8 STOCK ASSESSMENT 

3.1 Stock structure 

No information that would alter the accepted stock boundaries of the west coast snapper stock (SNA 
8) has become available since the 1997 assessment. SNA 8 is assumed to be separate fiom the other 
six snapper stocks with boundaries defined by the SNA 8 quota management area (Mana Island to 
North Cape). For the agestructured model, the SNA 8 stock was assumed to be discrete, i.e., no 
emigration or immigration of fish across stock boundaries. 

3.2 Biomass estimates 

3.2.1 1990 tagging programme 

An estimate of the absolute biomass of snapper recruited to the SNA 8 fishery is available from the 
results of a tagging programme in 1990. A detailed description of the analysis including corrections 
for the effects of initial mortality and growth was provided by Davies et al. (1999). This analysis 
included the estimation of precision fiom simulations of the Petersen calculation of population 
numbers. Low coefficients of variation (c.v.) were obtained (c.v. less than 0.1) and these were 
regarded as being conservative and a C.V. of 0.1 was assumed for the estimate of biomass. The 
estimate of 9505 t was used for the assessment of the SNA 8 stock for the 1998-99 fishing year and is 
used in the assessment presented here. 

3.2.2 Catch-per-uniteffort (CPUE) pair and single trawl 1990-99 

The time series of trawl catch and effort data recorded on Ministry Catch Effort Landing Return 
(CELR) and Trawl Catch Effort Processing Return (TCEPR) begins in September 1989. Abundances 
indices for ten fishing years (1989-90 to 1998-99) were derived using this data. 

General linear model (GLM) 

The following description of the standardised CPUE analysis has been adapted fiom Francis (1999). 

A general linear model procedure (Equation 1) was used to derive standardised CPUE abundance 
indexes for SNA 8, 

~ O ~ ( C P U E , ) = C Y + ~ Y , I ~  + ~ A ~ J , ~  +PY, +hi Equation (1) 
I k 

where t;. is the year coefficient in jth year, Ak is the area coefficient in kth area, P is the vessel 
attribute coefficient, f l  is the vessel attribute for the ith observation, is the level of error on ith 
observation. Iif = 1 if observation i occurs in year j, and zero otherwise. Ak = 1 if observation i occurs 
in area k, and zero otherwise. The coefficients Y and A in Equation 1 represent deviations from an 



arbitrary reference year (r) and area (s) (typically the first year and area in the respective series), 
therefore Y, and As = 0. 

The standardised regression procedures were then used to derive estimates ( fJ , ik , k ) of the 

coefficients Y/ , A k  and P. The CPUE index (yJ ) was derived by exponentiating the year coefficient (8 

= exp( f, 1)- 

The expected value of y, the reference year index is always 1 and the variance is always 0. The 
variance on the other CPUE (V-,)) indices represents the variation in the expected value of y~ 
relative to the expected value in the reference year (1). The variance estimates for each year index 
will alter depending upon the choice of reference year. In order to derive variance estimates for each 
year index independent of the others it is necessary to convert the year indices to their canonical form 
(Francis 1999). A description of the variance calculation for canonical indices was given by Francis 
(1999). The canonical variances reflect how well the GLM model fits the variation in the CPUE data 
The GLM variances do not necessarily represent the true variability of they] as biomass indices, i.e., 
there may be changes in catchability between years. The GLM variances will usually underestimate 
the ' k e y '  index variance (Francis 1999). 

The GLM year coefficients are assumed to reflect annual change in stock abundance. However, 
changes in y, may be due to changing catchability or a combination of changing catchability and 
abundance (Francis 1999). The GLM results make no d i c t i o n  between these alternative 
hypotheses. The GLM model is by definition additive, which implies that the coefficients ( 4 ,  Ak , P) 
in Equation 1 are independent. Although it is possible to specify terms in the GLM to account for 
parameter interactions, an interaction with the year parameter means that the year effect or trend 
cannot be "disentangled" from the other parameter. For example, a significant "interactiony' between 
year and area implies that a different set of year indices applies in each area, i.e., the annual 
abundance trends in each area diier. 

Another problem with the GLM approach arises when zero values are present in the observation data 
Although a zero catch per unit effort observation can be legitimate, zero has no meaning in GLM log- 
space. Options for dealing with zero values are either to remove them fiom the data or to add a very 
small value to the observation to give it meaning in log-space. Both options may bias the CPUE index. 
Because there were relatively few zero values in the SNA 8 CPUE data, the approach taken was to 
add 1 kg to all catch totals. 

GLM fitting criteria 

The following variables were fitted in the GLM models. 

Year: as fishing-year (Oct- Sep); nine categories 
Season: Oct-Dec, Jan-Sep; two categories 
Target: yes, no; two categories 
Statistical area: 39,40,4 1,42,44,45,46,47; eight categories 
Vessel Power: Length*Breadth*Draught (LBD); continuous variable 

All terms were first entered into the model including all possible combinations of interaction terms. 
All terms not significantly explanatory at the 5% level were excluded from subsequent GLM fits to 
the data. The R-square value derived from fitting the full model was deemed to be the reference R- 
square. 



A stepwise fitting procedure was then implemented; a GLM was run fitting firstly to the year 
parameter. Statistically significant main effects terms were then sequentially added into the model 
followed by statistically significant interaction terms involving the year parameter. The added term 
was rejected fiom subsequent GLM fits if it failed to produce a 6% or better improvement in R-square 
(relative to the reference R-square). Although the contribution of each year interaction term was 
tested, no interaction terms were included in the GLM used to derive the year index. 

SNA 8 CPUE data 

The TCEPR reporting forms require fishers to provide information on individual tows, whereas catch 
data recorded on CELR forms is amalgamated for each 24-hour period, i.e., total daily catch (kg), 
total number of tows. Although most SNA 8 trawl skippers switched to the TCEPR forms after 1994, 
a significant proportion of SNA 8 CPUE data collected before 1994 exists on CELR forms. The 
CPUE observational unit used in GLM analyses was of the h e s t  scale possible under the CELR 
format: daily average catch-per-tow. 

Since 1989 two methods have been consistently used in SNA 8: bottom single trawl @ST) and 
bottom pair trawl @PT). Separate GLM analyses were undertaken on CPUE data fiom each method. 

The fishing power of the BST fleet increased in the mid 1990s with the addition of larger vessels. To 
remove the potential for bias caused by differences in vessel power, vessels were divided into power 
categories and the recent catch data from the larger vessels was excluded fkom the GLM. 

Certain BPT vessels fiom a subset of the fleet are known to have operated throughout 1989-99. 
CPUE data from these vessels are unlikely to be biased by changing fishing practices and vessel 
combinations. Consequently a third GLM analysis was undertaken using catch records fiom this 
subset only. 

Results 

1. CPUE index derived from BST data (larger vessels removed). 

The number of individual data records available by year and vessel-power category is given in Table 
5. Vessels with a power classification score of 990 or higher were excluded from the GLM fits due to 
the low number of observation and a lack of consistency across a11 fishing years (915 observations 
removed). 

The number of individual data records available by year, statistical area (stat-area), and season 
category is given in Table 6. Stat-area categories containing few or variable record numbers were 
excluded fiom the GLM fits (1 196 records removed). 

The GLM fit with all terms included produced an R-square of 0.1782 (the reference R-square; 
Appendix 1). The LBDIseason interaction was the only term in the model not significant at the 5% 
level (Appendix I). 

The parameters year, stat-area, season, and LBD all contributed more than 6% to the reference R- 
square in the stepwise fits (Table 7). The target parameter's contribution was less than 6% and this 
parameter was deemed to have little explanatory power (Table 7). A yeartstat interaction term 
contributed 6.59% to the reference R-square and is therefore considered to be an informative term. 



The following parameters were included in the final GLM: year, stat-area, season, LBD. The 
canonical index derived fiom this GLM parameterisation to the BST CPUE data is given in Table 8. 

2. CPUE index derived fiom BPT data 

The number of individual data records available by year, stat-area, and season category is given in 
Table 9. Stat-area categories containing few or variable record numbers were excluded from the GLM 
fits (1 65 records removed). 

The GLM fit with all terms included produced an R-square of 0.2480 (the reference R-square; 
Appendix 2). The targetlstat and LBDItarget were the only terms in the model not significant at the 
5% level (Appendix 2). 

The year, LBD, and stat parameters each contributed more than 6% to the reference R-square in the 
stepwise fits (Table 10). The target and season parameters contributed less than 6% of the reference 
R-square and these parameters were deemed to have little explanatory power (Table 10). The 
yeadseason and yeadstat interaction terms respectively contributed 10.46 and 15.8 % of the reference 
R-square; these terms are likely to be informative. 

The following parameters were included in the final GLM: year, stat-area, LBD. The canonical index 
derived fiom this GLM parameterisation to the BPT CPUE data is given in Table 1 1. 

3. CPUE index derived fiom subset of BPT data 

During the index period, a subset of the pair trawl fleet operated principally in stat-areas 42,45,47 so 
only data fiom these were fitted in the GLMs. 

Thirteen unique pair vessel combinations could be recognised in the subset data series. The combined 
number of records fiom these vessels was 1548 (Table 12). 

The GLM fit with all terms included produced an R-square of 0.3142 (the reference R-square; 
Appendix 3). The target parameter in the all-terms fit was not statistically significant @ 0.4523) and 
was hence excluded fiom the stepwise regressions (Appendix 3). 

The parameters year, stat-area, and season all contributed significantly to the reference R-square in 
the stepwise fits (Table 13). The LBD parameter did not significantly increase R-square and was 
deemed to have little explanatory power in the GLM (Table 13). Year interactions with stat-area, 
season, and target contributed significantly to the reference R-square. 

The following parameters were included in the final GLM: year, stat-area, season. The canonical 
index derived fiom this GLM parameterisation to the BPT subset CPUE data is given in Table 14. 

Time series input to population model 

The yearlstat-area interaction term was explanatory in all three CPUE series, the implication being 
that the abundance trend in each stat-area was different. Interaction terms were not included in the 
GLMs used to derive the Year index. The presence of interactions in the data places a caveat on the 
results, i.e., the pattern in the indices is unlikely to be as precise as the calculated variances suggest. 



The BST -and BPT indices are somewhat contradictory. The total BPT series shows a marked 
declining trend in abundance; the stock dropping by almost 50% between 1989-90 and 1990-91 (see 
Table 11). The decline after 1989-90 in the BPT subset index is even more extreme (see Table 14). 
However, the variability about the BPT subset indices is wider and the pattern in the data after 1989- 
90 shows no defkite trend. There is no decline in 1990-91 in the BST index (see Table 8). There is a 
pattern of gradual decline, then rise; viewed as a series, the trend has been relatively flat over the 
nine-year period. The snapper stock assessment working group considered that the BST series was 
more likely to be reflective of changes in the underlying stock than either BPT series. It was felt that 
the low number of observations in the two BPT series meant these indices were prone to variability in 
other factors not well represented in the data, e.g., stat-area and hence the BPT results might be 
biased. Therefore the BST index was adopted as the base-case index for modelling purposes. 

3.3 Year class strength 

Length-tkquency and otolith samples have been collected annually fiom single trawl 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. (1995,1997, 1998,1999,2000). 

Additional catch-at-age data fiom the commercial trawl fishery were input to the model for the 1998 
assessment, including historical trawl catch-at-age data for 1975, 1976, 1979, 1986, and 1987 (Davies 
et al. 1999). The historical data indicate that catches in the mid to late 1970s contained a high 
proportion of fish over 19 years of age. 

An additional year's information for single trawl catch at age for 1998-99 was available. Relatively 
strong recruitments are apparent in recent catch-at-age data with the 1991 and 1993 year class 
dominating catches since 1995-96. Fish in the aggregate 20+ age class are virtually absent fiom all 
catch-at-age distributions since 1988-89. 

A significant log-log transformed relationship was found using a functional regression between the 
c.v.s of trawl proportions at age and the proportion at age estimates pavies 1997). The relationship 
was updated to include the most recent data and used to describe the observation error of the trawl 
proportions at age (Appendix 4) in the catch-at-age maximum likelihood estimate. 

3.3.2 Recruitment indices 

A time series of trawl survey estimates of recruitment indices is available for the year classes 1984 to 
1994, excluding the 1990 year class (Table 15). The revised estimates input to the 1998 assessment 
were used for the assessment presented here. 

3.4 Biological parameters 

The biological parameters used in this assessment (Table 16) were the same as those used in previous 
assessments of the SNA 8 stock (Gilbert & Sullivan 1994, Davies 1997, Davies 1999). Natural 
mortality of 0.075 (Hilborn & Stan unpubl. analysis) was assumed for the base case model. Knife- 
edge recruitment to the exploitable stock was assumed to occur at age 3 years. 



3.5 Stock assessment model 

Biomass and yield were estimated using a revised and updated assessment based on an age-structured 
population model fitted to an absolute biomass estimate, pair and single trawl CPUE time series, trawl 
survey recruitment indices, and catch at age data. 

3.5.1 Input data 

The input data used to fit the model in this assessment were: 
0 catch-at-age: pair trawl 1975, 1976, 1979, 1986, 1987, 1989, 1990; single trawl 1991 to 1999; 

CPUE time series: pair trawl 1974 to 1991; pair and single trawl 1990 to 1999 
trawl survey recruitment indices: 1984 to 1994 year classes (excluding 1990); 

0 absolute biomass: 1990 tagging programme. 

The new data and features in the model included : 
1997-98 commercial catch weights; 
single trawl catch at age in 1998-99; 
CPUE time series for 1990-99 for the pair and single trawl fisheries; 
revised research trawl catchabiity coefficients; 

0 a revised definition of mean recruitment; 
0 the estimation of 24 year class strength parameters; 

predict future year class strengths using an estimated SST-recruitment relationship. 

Provision was made for under-reporting of the commercial catch (20% before 1987 and 10% since the 
QMS was introduced) and Japanese catches (longline) from 1960 to 1974 were included in the 
commercial catch history. Assumed levels of 1000, 2000, and 3000 t per year were investigated 
(denoted JAPl, JAP2, and JAP3 respectively). 

Recreational catch 

No change was made to the method of accounting for recreational catch in the model used for the 
1998 assessment (Davies et al. 1999). However, the regional and diary survey estimates of 
recreational catch have been amended from those provided by Bradford (1998) following a 
comparison of the survey estimates (Bradford 1999). Consequently, the estimates have decreased and 
the mean recreational catch has been reduced to 240 t (Table 4). 

The assumed time series of recreational catch before 1990 used in previous SNA 8 assessments 
(Gilbert & Sullivan 1994) was used in this assessment. Changes to daily bag limits and the increase in 
MLS were effective during the 1996 diary survey, but not for the previous two estimates. The 
recreational catch since 1990 was modelled so that the average of the observed catches in 1990,1994, 
and 1996 (240 t) was taken from the stock each year for which no estimate was available (i.e., 1991 to 
1993, and 1995,1997). 

The vulnerability of 3 year olds to recreational fishing was adjusted to account for the introduction of 
the increased MLS to 27 cm for the recreational sector in 1994. This adjustment resulted in 50% of 
those 3 year olds vulnerable to recreational fishing mortality being landed and the remaining 50% 
being released with 80% survival. Similarly, the total recreational fishing mortality was reduced to 
account for the reduction in the total bag from 20 to 15 fiom 1 October 1994. For years after 
1997, recreational catches were calculated assuming a constant exploitation rate equal to the 
recreational fishing mortality estimated for 1996 (F,,). 



3.5.2 Model structure, parameters, and fitting procedure 

The model is essentially that used for the 1996,1997, and 1998 assessments with some modifications. 
The detailed structure of the model and regression approach is given in Appendix 1. A short outlie 
of the main features of the model follows. 

The model is structured into discrete age classes 3 to 20 years. The final age class is an aggregate of 
the number of fish older than 19 years in the population. Population dynamics are calculated annually 
with recruitment defined as the number of 3 year old fish entering the exploitable stock at the 
beginning of each year. Knife-edge recruitment is assumed. The model assumes a single sex 
population and natural mortality was assumed constant for all ages. Method- and age-specific fishing 
mortalities were calculated for the single trawl, pair trawl, Japanese longlime, and recreational 
fisheries using the separability assumption for age-specific fishing mortality given method-specific 
selectivity-at-age patterns and reported catch weights. 

The population dynamics were modelled in each fishing year fiom 193&31 to 1997-98 (notation 
used in this report for year is the latter year of fishing year, i.e., 1931 to 1998). It was assumed that at 
the beginning of the first fishing season, the population was in an unexploited equilibrium with a 
constant level of recruitment. The model population was projected to the start of the 1999 fishing year 
by reducing population numbers due to natural mortality, removing method-specific annual catches, 
and adding annual recruitment at the beginning of each year. The model projection from the start of 
the 1999 fishing year to the start of 2000 assumed constant commercial catch at the TACC of 1500 t 
(plus 10% overrun) allocated proportional to method-specific catches in 1998, and recruitment 
predicted from a SST-recruitment relationship. The parameters of the relationship were derived fiom 
a linear regression of the directly estimated year class strength parameters (lo&) on SST. The effect 
of changes to the daily bag limit and the increase in MLS in the recreational fishery are described in 
Section 3.5.1. 

The available information on population dynamics (CPUE, catch-at-age, absolute biomass, trawl 
survey recruitment indices, and total annual removals) was integrated in the model using the 
maximum likelihood approach (Fournier & Archibald 1982, Deriso et al. 1989, Methot 1990). 

The 25 model parameters estimated were : 
mean annual recruitment of 3 year old fish for the year classes 1928 to 1970 ( ); 
annual relative recruitment indices of year class strength (a) for 1971 to 1994 year classes. 

The annual year class strengths were multiples of the mean recruitment, hence absolute recruitment of 
3 year old fish at the start of a year t was x .The recruitment parameters were estimated by 
fitting the model to the input data (CPUE, catch-at-age, trawl survey recruitment indices, and absolute 
biomass estimate). Annual year class strengths for the 1995-99 year classes were predicted fiom an 
SST-recruitment relationship. 

The pair or single trawl CPUE indices were assumed to be proportional to the mid-year model 
biomass vulnerable to the pair or single trawl fisheries respectively, and were assumed to be a random 
log-normal variable. Similarly, random log-normal error was assumed for the absolute biomass 
estimate h m  the tagging programme, the observed proportions at age, and the observed trawl survey 
indices. The relative weighting of the six sources of data was specified in the likelihood function 
according to the variances assumed for the observed data. High variance gives the data low weight. 
The individual terms of the likelihood objective function are described in Appendix 1. Values for the 
variances assumed were : q, = 0.1 (absolute biomass); q = 10.0 (catch-at-age); a,, = 1.0 (three 
CPUE time series); and q = 0.3 (recruitment indices). 



Constant selectivity-at-age estimates assumed for the 1998 assessment were used in this assessment. 
The selectivity-at-age estimates for the recreational fishery were derived fiom the 1985 East 
NorthlandfHawaki Gulf tagging programme, and estimates for single and pair trawl were calculated 
from 1990 tagging programme analysis pavies et al. 1999). Plausible selectivity-at-age estimates for 
single and pair trawl were assumed that reflected the general pattern indicated fiom the tagging 
programme results (Table 17). No information is available for selectivity patterns of the Japanese 
longline fishery that operated in SNA 8: flat selectivity-at-age was therefore assumed. 

3.5.3 Predicting YCS using sea surface temperature 

A time series of monthly mean sea surface temperatures fiom 1982 to 1999 and for 14 strata (1 x 1 
degree) in the SNA 8 area (Figure 1) was used to derive a predictive relationship for year class 
strength. Annual trends in temperature were investigated with respect to the 14 strata and month. No 
significant interaction between stratum and year was found using a GLM, but a significant interaction 
between month and year was found for data combined over strata 8-1 1. The variability in annual 
mean temperature due to this interaction is visible in a comparison of the annual sea surface 
temperatures for various combiitions of monthly means averaged over these strata (Figure 2). This 
combination of strata was chosen because it covers most of the coastal areas, but mostly excludes land 
areas that may bias temperature readings. 

The population model used for previous stock assessments of SNA 8 was used to derive a relationship 
between the sea surface temperature time series and estimated year class strength. The population 
model structure was described in detail by Davies et al. (1999) and the input data were updated to 
include commercial catches for 1997-98, catch-at-age estimates for 1998-99, and a pair trawl CPUE 
observation for 1998. All other input data and fitting procedures were the same besides the estimation 
of an additional year class strength parameter for 1995. 

A linear relationship that predicts year class strengths (log R,) fiom mean annual sea surface 
temperature (SST) was estimated by fitting the model with slope and intercept parameters, f l  and a 
respectively (Equation 1.7, Appendix 4). This function produced recruitment estimates for year 
classes 1982-95. The model was fitted with seven parameters estimated. They were P, mean annual 
recruitment x , and annual recruitments R, for t = 1971, 1976-78, and 198 1. The parameter a is a 
function of and p, not an independent parameter. 

A range of model options using alternative periods of the year to defme mean annual SST was 
investigated to determine the best predictor of year class strength. These options used data fiom strata 
8-1 1 and included January-December, September-October, October-February December-January, 
January-April, February-June, and April-August. To consider the performance of SST predictors for 
other combinations of strata, options for strata 13-14 December-January and strata 8-14 December- 
January were included. Estimates of total negative log-likelihood, and for the catch-at-age term, were 
compared between the model options, and also with a model that estimates year class strengths for the 
years 1982-95 directly (YCSest), i.e., a model as described in section 3.5.2 that does not estimate a 
SST-recruitment relationship to derive year class strengths. 

YCSest provided the best fit to the data with the lowest negative log-likelihood (Table 18). Of the 
SST-recruitment function options, the December-January period for strata 8-11 provided the best 
predictor of year class strength, i.e., the next lowest negative log-likelihood. To determine whether 
estimating a SST-recruitment function significantly improved the model fit to the data, the YCSest 
option was compared to the December-January SST-recruitment model using the Akiake information 
criterion (AIC) (Akiake 1974). The YCSest option was better with a lower value for the AIC (Table 
19). 



Although the estimated SST-recruitment function did not produce the best possible fit to the data, the 
results indicated a predictive relationship that may be used to derive relative recruitment strengths for 
year classes that cannot be estimated directly in the model, i.e., not observed in catch-at-age data The 
slope and intercept of the relationship may be estimated by linear regression of the directly estimated 
year class strength parameters (log&) on SST. Available SST for the years following the final year 
class may be used to predict year class strengths in the short term. YCS were therefore estimated 
directly in the models used to assess the SNA 8 stock, but the SST-recruitment function derived from 
the YCS estimates were used to make predictions for the 1995-99 year classes. 

3.5.4 Choice of model base case and fitting sensitivities 

The main assumptions made in fitting the base case model for SNA 8 included: 
natural mortality of 0.075 yr 'I; 
level of under-reporting for domestic commercial catch was 20% before Oct. 1986 and 10% after 
1986; 
Japanese longline catch for 1965-74 was 2000 t per year; 
fixed patterns for selectivity-at-age of single and pair trawl methods; 
the fit to CPUE for 1990-99 used only the single trawl time series; 
the relative weightings of the data in the total likelihood were a= 10.0, q,= 0.1, ape= 1.0, a;= 
0.3 

The relative weighting assumed for the base case was the same as that assumed for the 1998 base case 
assessment model. 

Sensitivity of the model to these assumptions was tested by investigating a range of values for 
particular parameters and input data : 

Sensitivity Test of base case assumption 

M0.06 
M0.09 
JAPl 
JAP3 
SEL 1 .O 
SELEST 
4 0 % W  

CPSTSIGlO 
CP90-99NUL 
CP90-99SUB 
CP90-99ALL 

Natural mortality = 0.06 yr" 
Natural mortality = 0.09 y f l  
Japanese longline catch 1965-74 = 1000 t per year 
Japanese longline catch 1965-74 = 3000 t per year 
Flat selectivity at age for single and pair trawl methods 
Estimated selectivity at age for single trawl method 
40% under-reporting of domestic commercial catch for 1970 to 1986 (10% after 
1986) 
Lower weight for single trawl CPUE 1990-99 
Exclude all CPUE 1990-99 
Include subset data for pair trawl CPUE 1990-99 
Include all data for pair trawl CPUE 1990-99 

The CPSTSIGlO test used an assumed relative weight of ope= 10.0 for the single trawl CPUE time 
series 1990-99 and excluded the pair trawl CPUE time series 1990-99 from the fit. This makes the 
relative weight of the 1974-9 1 and 199&99 CPUE time series the same. The base case assigns higher 
weight to the 199&99 data 

Additional sensitivity tests used a range of alternative relative weightings for the five input data sets 
in the total likelihood estimation. These tests included high or low weightings for different 
combinations of two data sets relative to the base case. Due to the large number of combinations 
investigated, the results are reported only where noteworthy. 



3.5.5 Performance indicators 

Estimates of the 90% contidence intervals of the model parameters were calculated fiom 1000 
bootstraps. Pseudo-replicate data of pair and single trawl CPUE, trawl catch-at-age, research trawl 
survey recruitment indices, and the 1990 estimate of absolute biomass were generated according to 
the observation error structures specified in the maximum likelihood estimators. The specifications of 
the bootstrap data sets are given in Appendix 2. The bootstrap parameter distributions were examined 
for log-normality and the 90% confidence intervals were calculated fiom the distributions. 

In each bootstrap run, the model was projected to 2019 to determine the precision of predicted 
biomass and yields. Model projections fiom the start of 1999 assumed constant commercial catch 
apportioned by method according to the 1997-98 catch composition and constant annual recreational 
fishing mortality at the 1995-96 level estimated in the model. Stochastic year class strengths for 
2000-19 were randomly selected with replacement fiom the set of bootstrap YCS estimates. For the 
deterministic base case projection, year class strengths fiom 2000 to 2019 were assumed constant 
equal to mean annual recruitment, R .  

3.6 Stock assessment modelling results 

3.6.1 Model fit to input data 

The standardised annual relative recruitment parameters are shown in Figure 3 for the base case 
model and all sensitivities. Some sensitivity in recruitment estimates was apparent for the 1971 to 
1978 year classes, and for the 1994 year class. This was most likely due to few catch-at-age 
observations of year class strength being available for the most recent and the older year classes, and 
some conflict between input data for the most recent trends in population abundance. 

Recruitment estimates for the 1979 to 1993 year classes were broadly similar in most sensitivity tests 
to the base case model. Notable exceptions to this were sensitivities to the inclusion of pair trawl 
CPUE fiom 1990-99 (CP90-99SUB and 00-99ALL), for low relative weight for single trawl 
CPUE fiom 1990-99 (CPSTSIGlO), and for the complete exclusion of all CPUE fiom 1990-99 
(CP90-99NUL). 

The log-linear regressions of estimated recruitment index against sea surface temperature for the base 
case model and CPSTSIGlO were similar (Figure 4) with slopes equal to 0.296 (r = 0.276) and 0.395 
(r = 0.436) respectively. These r values indicate the relationship between year class strength and sea 
surface temperature was weak relative to the relationship estimated for the SNA 1 stock for which a 
slope of 0.535 was estimated (Gilbert et al. 2000). Generally below average strengths were predicted 
fiom the relationship for the 1995 to 1999 year classes, although higher strengths were predicted for 
the CPSTSIGlO model (Table 20). 

A reasonably good fit was obtained for the base case model to the catch-at-age time series with year 
class strengths coinciding reasonably well with those inferred fiom the data (Figure 5). However, a 
poor fit was obtained for the 4 to 6 year old age classes in the 1996 to 1999 catch-at-age estimates. 
Since the 1970s a significant decline in the proportion of old fish in the stock was indicated, and by 
1989 fish in the 20+ aggregate age class were virtually absent from the fishery. Since then there has 
been a gradual broadening of the age distribution of the stock, but in recent years catches consist 
predominantly of the 4 to 6 year olds. 

The poor fit of the model to the 4 year olds in the most recent catch-at-age estimate was not a result of 
poor parameter estimation (see Figure 5). This is due to the recruitment strength of the 1995 year class 



being predicted by the SST-recruitment relationship, and the poor fit to the observed catch-at-age for 
that year class reflects the variability around that relationship. 

No clear pattern was visible in the distribution of the standardised catch-at-age residuals relative to 
the fitted proportion caught-&age for the base case model, or in sensitivity tests for flat or estimated 
selectivity-at-age (SELl.0 and SELEST) and lower relative weight assumed for single trawl CPUE 
1990-99 (CPSTSIGlO) (Figure 6). A slightly more consistent spread of the residuals around zero was 
obtained for CPSTSIGlO and this was slightly worse for SELl.0. 

Some pattem is evident in the standardised catch-at-age residuals relative to age class for the base 
case, CPSTSIGlO, SELEST, and SELL0 with generally positive residuals for ages greater than 16 
years (Figure 7). The spread of residuals around zero for age classes less than 16 years was slightly 
more consistent for SELEST. No marked effect was evident for SEL1 .O. 

Consistently positive residuals for the 1989 to 1991 year classes, and negative residuals for the 1992 
and 1994 year classes, were found in the catch-at-age residuals for the base case (Figure 8). Apart 
fiom consistently negative residuals for the 1984 year class, the patterns for CPSTSIGlO were better 
centred around zero. No pattem of residuals with respect to fitted recruitment index was evident for 
the base case and CPSTSIGlO (Figure 8). 

The spread of residuals fiom the base case model fit to the trawl survey recruitment indices indicates 
a reasonably good fit except for the 1989 and 1991 year classes (Figure 9). CPSTSIGlO had improved 
the fit to the trawl survey recruitment indices, especially for the 1994 year class. 

The base case model fit to the pair trawl CPUE time series for 1974-91 was good (Figure 10) and the 
fit was very robust to all the model assumptions tested The fit to the single trawl CPUE time series 
1990-99 was robust to the inclusion of pair trawl CPUE 1990-99 (CP90-99ALL), but CPSTSIGlO 
resulted in a poor fit to the decline in the indices fiom 1990 to 1993. Neither of the sensitivity tests 
that fit to the pair trawl CPUE time series for 1990-99 achieved a good fit to the high index observed 
in 1990 or the decline in the indices since 1996. Generally, the fit of the model to the pair trawl time 
series was compromised by the fit to the single trawl time series. This conflict in the relative 
abundance trend in the pair and single trawl CPUE time series highlights the problems with the pair 
trawl time series described in Section 3.2.2. Consequently, the pair trawl time series was excluded 
from the base case model fit. 

No clear pattern in the single trawl CPUE residuals was evident for the base case model, CP90- 
99SUB and CP90-99ALL sensitivity tests (Figure 11). A slight trend from negative to positive 
residuals was evident for the -0-99ALL sensitivity test. 

Model estimates of biomass fiom 1974 to 1991 and the fit to the 1990 tag-recapture estimate of 
absolute biomass were very robust to all model assumptions tested (Figures 12 and 13). This is 
probably due to consistency between the pair trawl CPUE time series, the 1990 tagging programme 
estimate of absolute biomass, and the high commercial catches through this period. This information 
serves to narrow the range of possible stock biomass for these years. The relatively good fit to the 
catch-at-age time series to 1996 indicates consistency amongst these sources of information in 
describing a general population decline through this period. 

Estimates of virgin, and hence historical, biomass were sensitive to the assumed level of historical 
Japanese and unreported catch, and natural mortality (see Figure 12). Relative to the base case model, 
higher assumed catch levels and lower natural mortality produce higher virgin biomass estimates, and 
lower assumed catch levels and higher natural mortality produce lower virgin biomass estimates. 
Estimates of virgin biomass are about 108 000 t with a range of 100 000 to 116 700 t for sensitivities 



to these assumptions (Table 21). Consequently, this sensitivity of the model is reflected in 
deterministic projections due to the differences in the estimates of mean annual recruitment, (see 
Figure 12). However, estimates of current biomass were not sensitive to these assumptions. 

Despite a consistently good fit to the 1990 tag-recapture estimate, model biomass estimates from 1991 
were highly sensitive to the choice of CPUE time series fiom 1990-99 included in the model fit (see 
Figure 13). Excluding all recent CPUE from the model fit resulted in high current biomass relative to 
the base case, and assuming lower relative weight to the single trawl CPUE also produced higher 
biomass. Including the pair trawl CPUE time series from 1990-99 produced biomass estimates similar 
to the base case model for the CP90-99SUB sensitivity, and lower biomass estimates for the CP90- 
99ALL sensitivity. The range in current biomass estimates (Bg9) and current biomass relative to Bmy 
@ a m Y )  from these model sensitivities was 6 800 to 20 120 t, and 0.25 to 0.71 respectively (Table 
2 1). 

3.6.2 Relative weight of input data 

The model's sensitivity to certain assumptions was evident in differences in the goodness of fit to 
aspects of the input data. The cause of this was indicated by sensitivities that include or exclude some 
of the data, or assume different relative weights. In particular, the model estimate of recruitment 
strength of the 1994 year class relative to the trawl survey index and the goodness of fit to recent 
catch-at-age estimates for young age classes and the 1989 to 1991 year classes were sensitive to the 
relative weight of CPUE input data from 1990-99. This indicates conflict in the information relating 
to population dynamics. Reducing the relative weight of the single trawl CPUE or excluding recent 
CPUE data improved the fit to the trawl survey index of the 1994 year class strength, and slightly 
improved the fit to the catch-at-age data. Including all available pair trawl CPUE data resulted in a 
slightly worse fit to the single trawl CPUE, but no significantly worse fit to the catch-at-age. This 
indicates some conflict between the relative abundance trend in the single trawl CPUE fiom 1990 to 
99 and the year class strength indices in the catch-at-age and trawl survey time series. Therefore, 
higher relative weight assumed for the recent CPUE time series results in low current biomass 
estimates, whereas higher relative weight for catch-at-age and trawl survey data results in high 
biomass estimates. The latter case gave high year class strength estimates for the dominant 4 to 6 year 
olds. 

The sensitivity of the model to the relative weight given to input data was investigated in a large range 
of sensitivities (detailed results are not reported here). In almost all cases reducing the relative weight 
for a combination of two sets of input data resulted in increased model estimates of current biomass to 
between 10 700 and 31 800 t. Most notable of these sensitivities was the effect of reducing the 
relative weight for single trawl CPUE and the tag-recapture absolute biomass estimate in 1990 that 
produced high model estimates of current biomass. Reducing the relative weight of year class strength 
information (catch-at-age and trawl survey indices) and relative abundance (CPUE) produced current 
biomass estimates between 10 700 and 17 900 t. 

These sensitivities highlight the importance of the relative weight of input data for fitting models to 
multiple data sources. The relative weight for the single trawl CPUE used in the base case was 
coefficients of variation of about 0.025. This is exceptionally low compared to the range of 0.25 to 0.3 
recommended by Francis et al. (2001). This most likely constrained the model to the trend in 
abundance through 1990-99 and reduced its sensitivity to including pair trawl CPUE for 1990-99 in 
the model fit. The CPSTSIGlO sensitivity most likely accords the most appropriate weight to this 
component of input data with coefficients of variation for single trawl CPUE of about 0.25. Base case 
model estimates of current biomass may therefore be too low because they were lower than the 
CPSTSIGlO model estimates and the sensitivities that assumed lower relative weight for the tag- 
recapture estimate of absolute abundance. 



3.6.3 Comparison with 1998 assessment 

Changes made to the model presented here since the 1998 assessment include fitting to revised time 
series of pair and single trawl CPUE and an additional catch-at-age estimate, and revised catchability 
coefficient terms for fitting to trawl survey recruitment indices. Consequently, more information on 
the recent dynamics of the stock was available. 

Current biomass estimates are lower than the 1998 assessment, as is current biomass relative to Bay. 
This is due primarily to the addition of the single trawl CPUE time series to the model fitting. 
Whereas for the 1998 base case assessment, the stock was predicted to be about 67% of Bay, the 
base case model estimates presented here are about 33% of BUSY, suggesting a considerably worse 
stock status. However, similar to the 1998 assessment, data conflicts exist such that lower relative 
weight assumed for the recent CPUE results in higher current biomass relative to BUSY. 

In both assessments, deterministic projections indicate that stock biomass is predicted to be increasing 
towards BMSY due to estimates of current surplus production exceeding current total catch levels. The 
base case model predicts annual surplus production for 1999 and 2000 to be 2106 t and 2000 t with 
total catches of 1988 t and 1997 t respectively. Similarly, the CPSTSIGlO model predicts annual 
surplus production for 1999 and 2000 to be 2501 t and 2482 t with total catches of 1927 t and 1941 t 
respectively. The predicted increasing trend in biomass is consistent with previous assessments 
(Davies 1997,1999). 

A M e r  change made to the model is the use of a SST-recruitment relationship for short term 
predictions of year class strength. The generally lower than average recruitments predicted fiom this 
relationship for the 1995 to 1999 year classes (see Table 20) produced a slower rate of increase in 
projected biomass compared to the 1998 assessment that assumed mean recruitments for this period in 
deterministic projections. 

3.6.4 Stochastic projections and performance indicators 

Stochastic recruitments estimated fiom bootstraps show temporal trends in the variability in year class 
strength with low variability estimated for the 1981 to 1991 year classes and higher variability for 
older year classes (Figure 14). Coefficients of variation of over 100% were obtained for some year 
classes and more than five-fold variability in year class strength was estimated between years. The 
larger number of catch-at-age observations for the 1981 to 1991 year classes most likely accounts for 
the lower estimates of variability. 

The base case and CPSTSIGlO model biomass trajectories for the deterministic and stochastic 
projections to 2019 are shown in Figure 15 and the parqmeters are given in Table 22. Narrow 
confidence intervals were estimated for biomass from 1931 to 1991 fiom 1000 bootstraps. Base case 
estimates of 1999 biomass have a range for the upper and lower 90 percentiles of about 1500 t, 
corresponding to between 30 and 35% of Bay. CPSTSIGlO model estimates of current biomass have 
a range for the upper and lower 90 percentiles of about 8200 t corresponding to between 37 and 65% 
of Bmy. The high precision of the base case estimates is most likely to be misleading and reflects the 
low observation error (high relative weight) assumed for the single trawl CPUE time series. The 
precision estimates for the CPSTSIGlO model are more plausible. Precision of predicted biomass 
declined as projections went forward to 2019 due to the stochastic recruitment, such that the ranges 
for the 90% confidence interval of predicted biomass in 2018 were 28 300 t and 29 200 t for the base 
case and CPSTSIGlO models respectively. Model estimates of future biomass, and future biomass 
relative to B M ~ ~ ,  are therefore imprecise. 



The narrow confidence intervals estimated for historical biomass do not accurately reflect true 
precision in the estimate of mean annual recruitment (a), and hence of Bo. The model structure 
serves to constrain estimates for R to a range producing biomass trajectories to 1991 that are 
consistent with the deterministic total catch history and relative and absolute abundance information 
included in the likelihood. The assumed C.V. of 0.1, and therefore high relative weight, for the 
absolute biomass estimate in 1990 is likely to have constrained the model fit to a narrow range of 
possible biomass trajectories. The bootstrap confidence intervals are therefore likely to be an 
underestimate of true uncertainty in Bo, MSY, and Bmy. 

An increase in positive bias in model biomass estimates fiom 1971 to 1986 up to 7% was evident in 
the base case model (Figure 16). This bias subsequently decreased to about 4% in 2001. The positive 
bias continued to increase to over 9% by 2001 for the CPSTSIGlO model. These biases, combined 
with estimates of current biomass that are highly sensitive to the assumed relative weight of input data 
to the model, indicate the need for a new estimate of absolute abundance. A tag-recapture experiment 
to derive an absolute abundance estimate for 2002 has been designed and will be carried out in 2002- 
03 (K. Sullivan, Ministry of Fisheries, pen. comm.). 

CPSTSIGlO model estimates of future biomass are higher and therefore a reasonable probability 
(62.3%) is indicated for the stock to increase to the BMY level by 2019 (Table 23). The lower current 
biomass and rate of increase estimated fiom the base case model produces a lower probability (5.5%) 
of achieving a biomass equal to BMy by 2019. However, in both cases an increase in stock biomass is 
predicted, 85.0% and 98.7% for the base case and CPSTSIGlO models respectively. 

3.7 Yield estimates 

Although, the base case model has the shortcomings outlined above in terms of inappropriate 
weightings of input data, yield estimates put forward by the Snapper Stock Assessment Working 
Group for the 1999-2000 fishing year were derived fiom the base case. All yield estimates include 
non-commercial catch and are based on commercial catch history with under-reporting which is 
assumed to continue at 10% in future years. 

3.7.1 Estimation of CSP and MSY 

Current Surplus Production (CSP) 

Equilibrium CSP was calculated as the catch that would sustain the equilibrium stock at its start of 
year 1999-2000 biomass assuming constant recruitment at the estimated value used to calculate Bo, 
( E l .  

Equilibrium CSP,,, = 223 1 t 

Maximum Sustainable Yields (MSY) 

MSY was calculated as the maximum catch that could be sustained by the stock in equilibrium. This 
is achieved with a catch to biomass ratio of 9.8% at B,,. 

MSY = 2727 t 



3.7.2 Estimation of MCY 

MCY was estimated from the equation MCY = %MSY, as the stock can support this amount (CSP = 
2000 t, is the deterministic current surplus production from the base case). 

MCY = 1816 t 

3.7.3 Estimation of CAY 

CAY was calculated fiom the Baranov catch equation under the base case. Fd was set equal to FmY. 
At BmY the catch to start-year biomass ratio FMY is 9.8%. 

Stock biomass is expected to increase if harvested at the CAY level under the assumptions made for 
the base case model. 

4. MANAGEMENT IMPLICATIONS 

4.1 SNA 8 

Estimates of current and reference biomass are available for SNA 8. The stock size is less than Bmy 
but the biomass appears to have been increasing in recent years. For the base case that assumes 
constant commercial catches at the current TACC level and constant recreational fishing mortality at 
the level estimated for 1996, there is a high probability that the stock size will increase. Recent 
combined commercial and recreational catch levels and the current TACC are below estimates of 
current available yield and will allow the stock to move towards a size that will support the MSY. 
However, stock status relative to BMy is poorly determined due to the high sensitivity of the model to 
assumptions regarding the input of recent CPUE data This highlights the importance of a new 
estimate of absolute biomass to help resolve some of the uncertainties that exist in this assessment. 
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Table 1: Reported landings (t) for SNA 8 from 1931 to 1990. 

Year SNA 8 Year SNA 8 

The 1931-43 years are April-March but fiom 1944 onwards are calendar years. The totals are approximations 
derived fiom port landing subtotals, as follows: SNA 8, Paraparaumu to Hokianga. Data up to 1985 are fiom 
fishing returns: data fkom 1986 to 1990 are fiom Quota Management Reports. 



Table 2: Reported landings (t) of snapper in SNA 8 from 1983-84 to 1997-98 and actual TACCs (t) for 
1986-87 to 1997-98. 

Fishstock SNA 8 
QMAs 8.9 

Landings TACC 

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

Table3: Reported landings (t) of snapper by Fishstock from 1967 to 1977 by Japanese trawl and 
longline fisheries (from Annala et al. 1998). NA, not available. 

(a) 
Year 

1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

(b) 
Year 
1975 
1976 
1977 

Trawl 
Trawl catch 
(all species) 

3 092 
19 721 
25 997 
31 789 
42 212 
49 133 
45 601 
52 275 
55 288 

133 400 
214 900 

Longline 

Total mapper 
trawl catch 

30 
562 

1 289 
676 
522 

1 444 
616 
472 
922 
970 
856 

Total snapper 
1510 
2 057 
2 208 

SNA 1 

NA 
1 - 
2 
5 
1 - 
- 

26 
NA 
NA 

SNA 1 
76 1 
930 

1 104 

SNA 8 

NA 
309 
929 
543 
403 

1217 
466 
363 
73 5 
676 
708 

SNA 8 
749 

1 127 
1 104 



Table 4: Estimates of annual recreational catch in numbers and weight* of snapper 

(a) Tagging programme estimates 
Recreational 

catch (t) 
West coast 
North Island (SNA 8) -1990 239 

@) Telephone and diary survey estimates 1993-94 
Recreational 

Number (millions) catch (t) 

SNA 8 0.36 238 

(c) Telephone and diary survey estimates 1996 
Recreational 

Number (millions) catch (t) 

SNA 8 0.28 240 

* Mean weight was based on boat ramp survey data for SNA 8. 

Table 5: Numbers of bottom single trawl CPUE observations by year and vessel-power (length x breadth 
x draught, LBD ). Shaded power categories were not used in GLM. 

Year 

LBD 89-90 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 Totd 
0-164 194 223 154 194 213 205 228 230 197 387 2225 
165-329 765 784 777 933 916 747 1051 1006 1089 1021 9089 
330-494 198 430 200 267 186 185 307 268 233 234 2508 
495659 4 73 96 143 140 144 186 176 121 1083 
660-824 27 40 106 50 80 27 30 64 68 492 

Total 1251 1516 1420 1990 1729 1549 1932 2126 2314 2324 18151 



Table 6: Numbers of bottom single trawl CPUE observations by year, stat-area and season. Shaded 
categories were not used in GLM. 

Year 
Stat Season 89-90 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 Total 
39 OFF 107 148 55 99 114 137 126 80 92 71 1029 

41 OFF 279 281 208 260 150 172 210 274 317 445 2596 
ON 73 109 59 124 98 56 101 92 74 79 865 

42 OFF 183 184 215 337 259 222 263 385 361 329 2738 

45 OFF 42 106 96 218 130 171 169 197 192 185 1506 

47 OFF 260 125 214 263 309 292 305 375 329 270 2742 
ON 36 14 17 45 59 46 77 90 79 79 542 

Total 1205 1488 1341 1893 1668 1530 1820 2037 2140 2114 17236 

Table 7: Improvement in R-square through sequential addition of terms to the bottom single trawl 
GLM. 

R-square fiom saturated GLM fit (reference R-square): 

Year 
stat 
season 
Ibd 
target 
year*season 
year*stat 
yed lbd  
yedtarget 
All others 

r-square % improvement 
0.01 09 6.11 
0.0449 19.08 
0.0894 25.02 
0.1385 27.52 
0.1432 2.63 
0.1509 4.34 
0.1626 6.59 
0.1636 0.55 
0.1658 1.24 
0.1782 6.92 

0.1782 
Cumulative > 6.0% 

% improvement improvement 
6.1 1 * 

25.19 41 

50.21 * 
77.73 * 
80.36 
84.69 
91.28 * 
91.84 
93.08 

100.00 * 



Table 8: Canonical bottom single trawl CPUE index and coefficient of variation (c.v.) derived from 
GLM fitting year, stat, season, and LED. 

Year 
89-90 
90-91 
91-92 
92-93 
93-94 
94-95 
95-96 
96-97 
97-98 
98-99 

Canonical 
index C.V. 

1.1285 0.0282 
1 .I562 0.0256 
1.0390 0.0263 
0.8613 0.0228 
0.7889 0.0239 
0.8157 0.0248 
0.8861 0.0233 
1.1424 0.0223 
1 .OX 1 0.0220 
1.2230 0.0218 

TabIe 9: Numbers of bottom pair trawl CPUE observations by year, statistical area (stat) and season. 
Shaded categories were not used in GLM. 

Year 

41 OFF 12 94 88 60 67 91 34 18 1 36 501 
ON 28 21 21 23 24 10 9 11 22 5 174 

42 OFF 21 6 2 41 28 22 16 53 189 
ON 52 18 10 6 20 40 44 66 25 281 

45 OFF 9 77 37 17 50 25 49 37 10 53 364 
ON 124 101 54 53 92 148 52 90 75 789 

46 OFF 5 38 11 9 14 3 10 17 5 5 117 
ON 11 2 5 2 9 2? .. 

47 OFF 53 69 143 229 160 90 64 45 26 112 991 
ON 31 4 22 7 18 23 11 6 122 

Total 328 510 433 351 432 402 415 251 227 373 3722 



Table 10: Improvement in reference R-square through sequential addition of terms to the bottom pair 
trawl GLM. 

R-square fiom saturated model fit (reference R-square): 0.2480 
Cumulative 

r-square % improvement % improvement 
Year 0.0580 23.38 23.38 
Season 0.0718 5.57 28.95 
Target 0.0729 0.44 29.39 
Lbd 0.0979 10.07 39.47 
Stat 0.1421 17.83 57.30 
year*season 0.1680 10.46 67.76 
yedtarget 0.1744 2.57 70.32 
yedlbd  0.1878 5.42 75.74 
yedstat 0.2270 15.80 91.54 
All other 0.2480 8.46 100.00 

> 6.0% 
improvement 

* 

Table 11: Canonical bottom pair trawl CPUE index and coefficient of variation (c.v.) derived from GLM 
fitting year, stat, and LBD. 

Year 
89-90 
90-91 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
97-98 
98-99 

Canonical 
index 

2.8139 
1 S42O 
1.2835 
1.0207 
1.1666 
0.8812 
0.8138 
0.6023 
0.5790 
0.6030 

C.V. 

0.0554 
0.0467 
0.0493 
0.0545 
0.0474 
0.0494 
0.0497 
0.0598 
0.0644 
0.0505 



Table 12: Number of bottom pair trawl subset observations by unique vessel-pair combinations. 

Vessel pair 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

Total 

Year 
98-99 Total 

Table 13: Improvement in reference R-square through sequential addition of terms to the Sanford 
bottom pair trawl GLM fits. 

R-square fiom saturated model fit (reference R-square): 0.3 142 
Cumulative > 6.0% 

r-square % improvement % improvement improvement 
Year 0.0970 30.87 30.87 * 
Season 0.1340 11.77 42.65 * 
Stat 0.1827 15.51 58.16 * 
Lbd 0.1835 0.23 58.39 
year*season 0.2141 9.75 68.14 * 
year*stat 0.2484 10.91 79.05 t 

year*target 0.2793 9.86 88.91 * 
year*lbd 0.2963 5.40 94.3 1 
All others 0.3142 5.69 100.00 



Table 14: Canonical subset of bottom pair trawl CPUE index and coefficient of variation (c.v.) derived 
from GLM fitting year, stat, and season. 

Year 
89-90 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
97-98 
98-99 

Canonical 
index 

2.0747 
0.8 189 
0.9418 
1.1210 
1.5135 
1 S646 
1.0705 
1.3659 
0.3096 
0.5200 

C.V. 

0.0880 
0.0778 
0.080 1 
0.0891 
0.0763 
0.0803 
0.065 1 
0.0878 
0.0806 
0.0741 

Table 15: SNA 8 trawl survey indices of relative year class strength with the ages at which individual 
year classes were sampled. 

Year class Index C.V. Age surveyed 



Table 16: Estimates of biological parameters for SNA 8. 

Estimate Source 
1. Instantaneous rate of natural mortality (M) 

0.075 Hilborn & S t a .  (unpubl. analysis) 

2. Weight = a (1ength)b 
(Weight in g, length in cm fork length) 

a = 0.04467 b = 2.793 Paul (1976) 

3. von Bertalanffy growth parameters 
(both sexes combined) 

4. Age at recruitment (years) 

McKenzie et al. (1992) 

Gilbert & Sullivan (1994) 

Table 17: Assumed SNA 8 selectivity-at-age for the longline, single, and pair trawl methods. 

Age Single trawl Pair trawl Longline 
3 1.25 0.60 1 .OO 
4 1.25 0.73 1 .OO 
5 1.25 0.87 1 .OO 
6 to 20 1 .OO 1 .OO 1 .OO 

Table 18: Total and catch-at-age negative log-likelihood estimates for models using alternative options 
for mean annual sea surface temperatures to predict year class strength and a model that 
estimates year class strengths directly (YCSest). 

Model Option Catch-at-age Total 

YCSest 
Annual 
Sep-Oct 
Oct-Feb 
Dec-Jan 
Jan-Apr 
Feb-Jun 
Apr-Aug 
13-14 Dec-Jan 
8-14 Dec-Jan 



Table 19: Total negative log-likelihood (Total -L) estimates and Akaike Information Criterion (AIC) for 
a model using mean annual sea surface temperatures from strata 8-11 and the December- 
January period (DecJan) to predict year class strength, and a model that estimates year class 
strengths directly (YCSest). 

Model Parameters Total -L AIC 

YCSest 20 571.144 591.144 
Dec-Jan 7 605.862 612.862 

Table 20: Year class strengths predicted from a log-linear regression of model year class strength 
estimates and sea surface temperatures for the Base case model and a sensitivity assuming 
lower relative weight for single trawl CPUE input data (CPSTSIGlO). 

Year class Base case CPSTSIGlO 

Table 21: Biomass and yield estimates for the base case model and sensitivity tests. Bo is virgin stock 
biomass. B9* Bw and Bm are start of year biomasses for 1998-99,199P-00 and the biomass 
producing maximum sustainable yield (MSY), respectively. and BIDNIsV is the ratio 
of current (1998-99) and future (2018-19) biomass to B- respectively. CSPoo is the predicted 
current surplus production in 199940 under the annual recruitment estimated within the 
model, and Like is the total negative log-likelihood estimate. 

Bo B99 Boo B- B a r n  Bl.JBW MSY CSPoo Like 
( ~ 1 0 ~ t )  ( X I O ~ ~ )  (xIo'~) ( ~ i o ~ t )  (0 (t) 

Base case 
CPSTSIGlO 
M0.06 
M0.09 
JAPl 
JAP3 
SELEST 
SELl.0 
40%URP 
CP90-99ALL 
CP90-99sm 
CP90-99NUL 



Table 22: Parameter estimates from a deterministic projection to 2018-19 of the base case model and a 
sensitivity test for lower relative weight of single trawl CPUE data (CPSTSIGlO), with year 

class strengths from 2000 assumed constant equal to R. Estimates of the upper and lower 
90% confidence intervals were calculated from 1000 bootstraps with stochastic recruitment 
Biomasses are in units of xlOOO t. 

Parameter Base case 

csp1999 2 106 
cspzooo 2 000 
Equil. CSPzOo0 2 231 
Equil. CSPzoI9 2 578 

90% C.I. 
Lower Upper 

CPSTSIGlO 

108.7 
15.34 
15.92 
0.55 

23.94 
32.62 

2 501 
2 482 
2 569 
2 713 

90% C.I. 
Lower Upper 

* In these projections the biomass declines to a very low value Erom which the TACC cannot be taken by a 
plausible level of fishing mortality. 

Table23: Performance indicators for the base case model and a sensitivity assuming lower relative 
weight for single trawl CPUE data (CPSTSIG10) from 1000 bootstrap projections with 
stochastic recruitments to 2019. 

Performance indicator Base case CPSTSIGlO 

Probability of stock increase, P P l g  > BgJ 0.850 0.987 

Probability of stock rebuild, P[B,, > B,,,] 0.055 0.623 

Expected stock status, E p l g  / B,,] 0.585 1.094 



Figure 1: Location of the 14 strata (1x1 degree) used to describe monthly mean sea surface temperatures 
for SNA 8. 
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Figure 2: Mean annual sea surface temperatures calculated for specific periods of the year using data 
from strata 8 to 11. 
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Figure3: Estimated recruitment indices for SNA 8, standardised relative to the mean of indices 
estimated for the year classes 1971 to 1994 (excluding 1972 and 1976 to 1980). Results are 
given for the base case model and alternative sensitivity runs. 
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Figure 4: Fitted model recruitment indices and those predicted from a regression against sea surface 
temperature (Pred) for the Base case model and a sensitivity assuming lower relative weight 
for single trawl CPUE data (CPSTSIG10). 
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Figure 5: Fit o f  the SNA 8 base case model to the single (S.TrawI) and pair trawl (P.Trawl) catch-at-age 
time series f o r  the years f o r  which data are available between 1975 and 1999. 
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Figure 6: Standardised catch-at-age residuals plotted against model proportion at age for the base case, 
and sensitivity tests for lower relative weight for single trawl CPUE from 1990-99 
(CPSTSIGIO), and estimated or flat selectivity-at-age patterns (SELEST and SEL1.O 
respectively). 
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Figure 7: Catch-at-age residuals plotted against age for the base case model and the sensitivity tests 
assuming lower relative weight for single CPUE for 1990-99, (CPSTSIGIO), estimated single 
trawl selectivity at age (SELEST) and uniform single trawl selectivity at age (SELl.0). The 
dashed line shows the position of zero. 
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Figure 8: Catch-at-age standardised residuals plotted against year class and fitted recruitment indices 
for the base case model and the sensitivity test assuming lower relative weight for single CPUE 
for 1990-99, (CPSTSIGIO). 
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Figure 9: Residuals from fits to trawl survey recruitment indices for year classes 1984 to 1994 (excluding 
1990) for the base case and sensitivity runs assuming lower relative weight for single trawl 
CPUE 1990-99 (CPSTSIGIO), excluding single and pair trawl CPUE 1990-99 (CP9&99NUL), 
including a sub-set of pair trawl CPUE 199CL99 (CP90-99SUB), and estimating single trawl 
selectivity-at-age (SELEST). The dashed line show the position of zero. 
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Figure 10: Model fits to CPUE time series for pair trawl 1974 to 1991, and pair and single trawl 1990 to 
1999 for the base case (excludes pair trawl 1990-99), and sensitivities that: assume lower 
relative weight for single trawl 1990-99 (CPSTSIG10); include a subset of pair trawl 1990-99 
(CP90-99SUB); and include all pair trawl 1990-99 (CP90-99ALL). 
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Fignre 11: Single trawl CPUE residuals from 1990 to 1999 for the base case and the sensitivity test 
CPSTSIG10, (both exclude pair trawl CPUE 1990-99); and sensitivity tests that include a 
subset of pair trawl CPUE 1990-99 (CP90-99SUB); and include all pair trawl CPUE 1990-99 
(CP90-99ALL). 
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Figure 12: Biomass trajectories for 1931 to 2019 showing fit to 1990 tagging programme absolute biomass 
estimate (Observed) for the base case model and sensitivity tests for assumed natural mortality 
(350.06, M0.09), historical Japanese longline catch levels (JAP1 and JAP3), and historical 
under-reporting of catches at  the 40% level (40%URP). 
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Figure 13: Biomass trajectories for 1931 to 2019 showing fit to 1990 tagging programme absolute biomass 
estimate (Observed) for the base case model and sensitivities that accord lower weight for 
single trawl CPUE 1990-99 (CPSTSIGlO), include a subset of pair trawl CPUE 1990-99 
(CP90-99SUB), includes all pair trawl CPUE 1990-99 (CP90-99ALL), or excludes all CPUE 
1990-99 (CP90-99NUL). 
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Figure 14: Year class strength estimates for the base case model and a sensitivity assuming lower relative 
weight of single trawl CPUE 1990-99 (CPSTSIGIO) with 90% confidence intervals estimated 
from 1000 bootstraps. 
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Figure 15: Biomass trajectories of the base case model and sensitivity assuming lower relative weight of 
single trawl CPUE 1990-99 (CPSTSIG10) showing deterministic projections to 2019 relative 
to the equilibrium biomass that supports maximum snstainable yield (BMSY), and the 1990 
tagging programme estimate of absolute biomass (Observed), with 90% confidence intervals 
estimated from 1000 bootstraps and projections having stochastic annual recmitment. 
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Figure 16: Bias in biomass estimates from 1931 to 2019 for the base case model and a sensitivity assuming 
lower relative weight of single trawl' CPUE 1990-99 (CPSTSIG10). 



Appendix 1: Full model (all parameters and interactions) GLM regression using SNA 
8 bottom single trawl data (large vessels removed). 

General Linear Models Procedure 

Dependent Variable: LCPUE 

Source 

Model 

Error 

Corrected Total 

Source 
YEAR 
SEASON 
YEAR*SEASON 
TARGET 
YEA. TARGET 
SEASON*TARGET 
STAT 
YEARISTAT 
SEASON*STAT 
TARGETISTAT 
LBD 
LBD*YEAR 
LBD*SEASON 
LBDtTARGET 
LBD*STAT 

Sum of 
Squares 

C.V. 

Mean 
Square 

Root USE 

Mean Square 
10.4121239 
153.9943025 
12.4186212 
145.0971432 
6.1134394 
31.3504008 
23.2128962 
10.8926813 
58.4607380 
8.7405476 

823.0260867 
4.3764782 
1.0862264 
31.6501092 
13.7764920 

F Value Pr > F 

36.77 0.0001 

LCPDE Mean 

F Value Pr > F 
5.75 0.0001* 
85.03 0. OOOl* 
6.86 0.0001* 
80.11 0.0001* 
3.38 0.0004* 
17.31 0. OOOl* 
12.82 0.0001* 
6.01 0.0001* 

32.28 0. OOOl* 
4.83 0.0007* 

454.42 0. OOOl* 
2.42 0.0097* 
0.60 0.4387 
17.48 0.0001* 
7.61 0.0001* 

Significant at the 5% level 



Appendix 2: Full model (all parameters and interactions) GLM regression using SNA 
8 bottom pair trawl data. 

General Linear Models Procedure 

Dependent Variable: LCPDE 

Source 

Model 

Error 

Corrected Total 

source 

YEAR 
SEASON 
YEAR+SEASON 
TARGET 
YEAR*TARGET 
SEASONfTARGET 
STAT 
YEAR*STAT 
SEASON*STAT 
TARGET*STAT 
LBD 
LBD*YEAR 
LBD*SEASON 
LBD*TARGET 
LBD*STAT 
* Significant at the 5% level 

Sum of 
Squares 

C.V. 

Mean 
Square F Value Pr > F 

Root MSE LCPUE Mean 

Mean Square F Value Pr > F 



Appendix 3: Full model (all parameters and interactions) GLM regression using a 
subset of SNA 8 bottom pair trawl data 

General Linear Models Procedure 

Dependent Variable: LCPOE 

Source 

Model 

Error 

Corrected Total 

Source 

YEAR 
SEASON 
YEAR'SEASON 
TARGET 
YEAR'TARGET 
SEASON'TARGET 
STAT 
YEAR'STAT 
SEASON'STAT 
TARGET'STAT 
LBD 
LBD'YEAR 
LBD'SEASON 
LBD'TARGET 
LBD'STAT 

Sum of 
Squares 

1775.126585 

3874.782721 

5649.909307 

C.V. 

34.12792 

Mean 
Square F Value Pr > F 

Root MSE LCPOE Mean 

Mean Square F Value Pr > F 

+ Significant at the 5% level 



Appendix 4: Model structure and regression approach 

Structure 

A discrete, dynamic, age-structured population model was used with an assumed single sex 
composition. The recruited age classes were from 3 to 20 years with the final age class being an 
aggregate of fish over 19 years of age. Recruitment to the exploitable stock was assumed to be knife- 
edge at age 3 years. Natural mortality, M, was assumed constant and independent of age class, a. 
Method-specific fishing mortality,& for year t, and fishing method, g, and selectivity at age, S , ,  
determined instantaneous fishing modity,  F,,, : 

Ft,g;a = f Sg.0 

Catch-at-age was calculated after %so et al. (1 989): 

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

and for the aggegate age class: 

where N,, is the model estimate of population number at age, a, at the beginning of year, t. Catch 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 18. 

Regression approach and objective functions 

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

It was assumed that at the beginning of the first fishing season (1931) the population was in 
unexploited equilibrium with constant recruitment. 



A simple projection of the model population using Equations (1.1) to (1.4) was camed out introducing 
annual recruitments at the beginning of each year. F,,, was estimated iteratively each year to make 
the model catch equal to the observed catch by, 

4:g,, = - h[l- (1 - e-"w (1.5) 

where l$Ig,, is the updated estimate of fishing mortality and is the scalar, 

and Cbs and C"Od are observed and model method-specific total annual catches by weight, 
respectively. 

Twenty five parameters were estimated for the base case model: mean recruitment z , and year class 
strength indices for 1 97 1-94. Virgin recruitment and all recruitment before 197 1 was equal to x . 
For the model options that estimate annual recruitment as a function of sea surface temperature, 
recruitment for year t was determined by: 

Therefore seven parameters were estimated: mean annual recruitment z, the slope of the SST 
temperature recruitment relationship, ,8, and year class strength indices for 1971, 1976-78 and 1981. 
Recruitment for 1982-95 was determined by the SST relationship. The parameter a is a function of 
x and ,8. 

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

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

The model for the relationship between mid-year model biomass vulnerable to the pair trawl method 
( idt,, ) and the CPUE index was : 

where 



where I ,  is the observed index The log-likelihood for all observations was : 

Separate estimates for 4 and -Id were calculated for the respective pair and singIe trawl CPUE time 
series. a,, was the relative weight term for the respective CPUE time series. 

Tag-recapture biomass estimates. The negative log-likelihood is: 

where &q and jyd are tagging programme and model estimates of stock biomass in year t 
respectively. 

The relative weight (aJ) for B@ for the base case model in 1990 was 0.1. 

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

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

where 

where fig,. is the observed proportion at age a in year t, for fishing method g, fi,,,, is the model 

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



In fitting the base case model, the relative weight term, o,, was fixed at 10.0. The years and methods 
for which observed proportion at age data were available is described in sections 3.3.1. 

The estimated observation error for commercial proportion at age data was not used directly to give 
cv,,,. Instead, a log-log transformed relationship between observed proportions at age and estimated 
sampling C.V. was derived. 

Wm1,g.a ) = a, h ( ~ t , ~ , a ) + P ~  (1.16) 

The estimates of cr, and P, were as follows. 

Method ol, Pe 

Trawl -0.4137 -3.2656 

The log-likelihood function was estimated with m,,, calculated using Equation 1.16 for model 
estimates of p,,,. 

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

where 4, is the standardised observed trawl survey relative recruitment index for year t and for age 
class a, and 4 is the model estimate of relative recruitment index in year t. 

Separate catchability coefficients were calculated analytically and with respect to the age class , a, 
surveyed during the trawl survey in year t. 

For the base case model s was set to 0.3. 

The total log-likelihood was the sum of Equations 1.1 1 + 1.12 + 1.15 + 1.17 and this was minimised. 

The available von BertalanffL growth parameters and a relationship between length and weight for 
snapper (see Table 18) were used to estimate start of year weight at age so as to calculate start of year 
biomass as follows: 

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



Appendix 5: Estimating c.v.s and confidence intervals 

The precision of model parameters, biomass, and yield estimates was obtained using the parametric 
bootstrap method (Efion 1981) to estimate variances and 90% confidence intervals. Conditional 
bootstraps were conducted with pseudo-replicate data for CPUE, trawl catch proportions at age, 
tagging programme estimates of absolute biomass, and trawl survey relative recruitment indices being 
generated according to the log-normal enor distributions as specified in the m2ucimum likelihood 
estimators for the respective data sets. 

CPUE. The Uth bootstrap C P U .  data set was obtained: 

CPUEP = @&ee 

Tag-recapture biomass estimates. The U th bootstrap B'*1990 data set was obtained: 

where f - N ( o , ( ~ , ~ ~ ~ ~ ) ~ .  was as specified for Equation 1.12 for biomass estimate in 1990. 

Commercial catch proportions at age. For the Uth bootstrap k,, data was obtained: 

where v~, ,~ , ,  - N ( O , ( ~ ~ ~ , , ) * )  and a, was calculated using the solution for observation error in catch- 
at-age Equation 1.16. 

Trawl survey relative recruitment indices. For the Uth bootstrap R, data were obtained: 

where out - N(0,(& 

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


