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1. Executive summary 

The SNA 1 and SNA 8 stocks were assessed for the 1998-99 fishing year using 
updated and revised population models. New information for the SNA 1 model 
includes: a national diary survey estimate of recreational catch in 1996; commercial 
catch weight by method in 1996-97; longline catch-at-age in 1996-97; Danish seine 
catch-at-age data from the Hauraki Gulf for 1970 to 1973; a trawl survey estimate of 
the relative strength of the 1996 year class in the Hauraki Gulf; and revised estimates 
of absolute biomass fiom the 1985 tagging programme. The tagging programme data 
were reanalysed to include improved estimates of initial mortality of tagged fish upon 
release due to handling and tagging effects. The reanalysis also took account of the 
effects of fish growth during the 13 month recapture phase. 

As for previous assessments, the Hauraki GulfBay of Plenty (HGBP) and east 
Northland (ENLD) populations of the SNA 1 stock were modelled as discrete 
substocks. However, the models were restructured compared to those used for last 
year's assessment. Changes include: the model start year conditions were altered fiom 
virgin stock in 1850 to a non-virgin stock in 1970; the relationship between stock 
recruitment and Leigh sea surface temperature was estimated, when fitting the model, 
to both trawl survey and catch-at-age data; the recreational fishery was modelled using 
the adjusted mean of three catch estimates as a constant annual catch for years when 
estimates were not available; and the relative weighting of input data in the maximum 
likelihood estimate was specified according to observation error. Consequently, fewer 
parameters were estimated and no assumptions were necessary regarding catch 
histories and recruitment patterns before 1967. Virgin recruitment was defined as the 
mean of estimated recruitments between 1967 and 1997. Due to apparent differences 
in recruitment patterns between the HGBP and ENLD substocks, 16 year class 
strength parameters were estimated in the ENLD model from the available catch-at- 
age data. Year class strengths in ENLD were predicted using the Leigh sea surface 
temperature data, only for those years for which catch-at-age data were not available. 

The model results predict the current biomass of the substocks to be different, with 
HGBP at 66% of BMsY and ENLD at 130% of BMSY. Although these estimates were 
relatively insensitive to variations of the assumptions made for the base case model, 
bootstrap results show bias in the maximum likelihood estimates for parameters 
defining initial stock size in 1970. These parameters may have been poorly estimated, 
particularly for the ENLD model. A deterministic HGBP model projection, with 
removals at the current total allowable commercial catch (TACC) plus constant 
recreational fishing mortality at the 1996-97 level, predicts rebuilding to 128% of 
BMSY in 201 8. Stochastic projections from bootstraps indicate an 81% probability that 
the HGBP substock will exceed BMsY in 2018. A deterministic projection of the 
ENLD model shows a flat or slightly increasing stock size to 2018, with bootstrap 



estimates showing a 77% probability of the stock size exceeding BM~Y.  In summary, 
the model results suggest current commercial and predicted recreational catches will 
allow the HGBP substock to move towards the target BMSY level and retain the ENLD 
substock at, or above, the BMsy level. 

New information for the SNA 8 model includes: commercial catch weights by method 
in 1996-97; single trawl catch-at-age in 1997-98; a new pair trawl catch-per-unit- 
effort time series for 1990 to 1997; revised trawl survey estimates of the relative 
strengths of the 1993 and 1994 year classes; a national diary survey estimate of 
recreational catch in 1996; and a revised absolute biomass estimate from the 1990 
tagging programme that uses improved estimates of initial mortality and takes account 
of fish growth during the 8 month recapture phase. Structural changes made to the 
SNA 8 model compared to that used for last year's assessment include: new 
selectivity-at-age indices based upon estimates derived from the revised 1990 tagging 
programme analysis; gear-specific commercial fishing mortality for the single trawl, 
pair trawl, and Japanese longline methods; using fishing years rather than calendar 
years; and the recreational fishery was modelled using the adjusted mean of three 
catch estimates as a constant annual catch for years when estimates were not available. 

There is consistency in the input information such that the SNA 8 model predictions 
of current and future stock status are relatively robust to tests that vary the base case 
model assumptions or remove recent catch-per-unit-effort data. This feature and the 
new input data used in this assessment serve to constrain estimates of recent year class 
strengths. The current biomass of SNA 8 is estimated to be 67% of BMsu and a 
deterministic projection of the base case model predicts stock rebuilding to 106% of 
BMSY in 2007-08, assuming removals at the current TACC plus constant recreational 
fishing mortality at the estimated 1996-97 level. Stochastic projections from 
bootstraps predict a 60.5% probability of the stock size exceeding BMSY in 2007-08. 
Stock projections using a range of TACC levels and assumed values of natural 
mortality show stock rebuilding in all cases. 

This work was funded by the Ministry of Fisheries in 1997-98 under the project 
SNA9701. 

2. Introduction 

2.1 Overview 

This report presents the 1998 assessment of the northeast coast snapper stock, SNA 1, 
and the west coast snapper stock, SNA 8, previously summarised in the snapper working 
group report (Annala et al. 1998) and presented to the stock assessment Plenary 
meeting. This work was carried out under objectives 1 and 2 of the Ministry of Fisheries 
project SNA9701 as follows. 

1. To update the assessment of SNA 1 stocks using recreational catch estimates 
from the 1996 diary survey and catch at age data up to the end of 1996-97 from 
the commercial fishery in an age-structured population model. 



2. To update the assessment of SNA 8 stocks using recreational catch estimates 
fi-om the 1996 diary survey, estimates of year class strength from trawl surveys, 
and catch at age data up to the end of 1996-97 from the commercial fishery in 
an age-structured population model. 

2.2 Description of the fishery 

The snapper fishery is one of the largest and most valuable coastal fisheries in 
New Zealand. The SNA 1 stock extends over a large area of the northeast coast from 
North Cape to Cape Runaway in the Bay of Plenty. The commercial fishery, which 
developed last century, expanded in the 1970s with increased catches by trawl and 
Danish seine. After the introduction of pair trawling in most areas, landings in SNA 1 
exceeded 10 000 t (Table 1). In the 1980s an increasing proportion of the catch was 
taken by longlining as the Japanese "iki jime" market was developed. By the mid 
1980s, catches in SNA 1 had declined to 6000-7000 t. With the introduction of the 
Quota Management System (QMS) in 1986-87, a total allowable catch (TAC) was set 
at a level intended to allow for stock rebuilding. 

A range of methods is currently used in the SNA 1 commercial fishery. Longlining is 
dominant comprising a high proportion of landings in all three of the SNA 1 substocks 
(Table 2). Trawling and Danish seining are prevalent mostly in the Bay of Plenty and 
Hauraki Gulf areas. Setnetting and beach seining take a small proportion of snapper 
landings fiom SNA 1. 

The SNA 8 fishery was described by Sullivan (1985), Paul & Sullivan (1988), and 
Davies (1997). The trawl fishery developed from a small fleet operating from 
sheltered harbours with annual landings not exceeding 1000 t until the 1950s, when 
larger Auckland-based trawlers entered the fleet. Landings from the trawl fishery 
gradually increased and, together with the introduction of foreign vessels during the 
1960s, were exceeding 2000 t per year by 1973 (see Table 1). During the 1970s there 
was a rapid increase in landings to over 3000 t as a result of the transfer of trawl 
fishing effort from the east 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 from 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 from 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 3). Since 1989 there has been a steady 
decline in the proportion of total landings derived from pair trawling with a shift in 
emphasis to single trawling. In the 1996-97 fishing year single trawl vessels 
accounted for 77% 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 aggregate for spawning. This 
pattern has not altered markedly in recent years. 

3. Review of the fishery 

3.1 TACC 

In 1986-87 and 1987-88, landings from SNA 1 were less than the respective TACCs 
(see Table 3), but catches subsequently increased in 1988-89. When the QMS was 
introduced a TACC of 4710 t was set to permit stock rebuilding. Subsequent decisions 
of the Quota Appeal Authority resulted in the TACC increasing to over 6000 t by 
1991-92. A change to the TACC took effect from 1 October 1992 which resulted in a 
reduction for SNA 1 from 601 0 t to 4904 t. The TACC for SNA 1 was exceeded in the 
1992-93 fishing year by over 500 t. Some of this resulted from carrying forward of up 
to 10% underruns from previous years by individual quota holders, but most of this 
overcatch was not landed against quota holdings (the penalty deemed value was 
incurred for about 400 t). From 4 October 1997 the TACC for SNA 1 was reduced 
from 4938 t to 4500 t, within an overall TAC of 7550 t. 

The TACC for SNA 8 was set at 1330 t in 1986-87 to permit stock rebuilding and 
increased to 1594 t in 1990 as a result of decisions made by the Quota Appeal 
Authority (see Table 3). From 1 October 1992 the TACC was reduced from 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 3). In some years the TACC has 
been marginally exceeded, but this is probably attributable to up to 10% quota 
underruns carried forward by individual quota holders. 

3.2 Commercial landings 

The percentage of catch (1984-85 to 1996-97) taken by each method in the three 
substocks comprising SNA 1; Hauraki Gulf, east Northland and the Bay of Plenty is 
shown in Table 2. In east Northland, longlining is consistently the dominant method, 
accounting for almost 70% of catches in recent years. In the Hauraki Gulf, lining 
dominates, with single trawl and Danish seining also being important. The Bay of Plenty 
catch is mainly taken by trawl and line, but the Danish seine catch in this area has 
increased in recent years. 



Estimated commercial catches by substock before 1984-85 were given by Gilbert et 
al. (1996). These are based on port of landing, apart from 1960 to 1973, which is 
based on recorded area fished. 

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 from 193 1 (see Table I), with reported foreign catches 1968-79 (Gilbert 
& Sullivan 1994). 

3.2.1 Foreign fishing 

Japanese catch records and observations by New Zealand naval vessels indicate that 
significant quantities of snapper were taken from New Zealand waters from the late 
1950s until 1977. There are insufficient data to quantify the Japanese catches. 
However, trawl catches have been reported by area from 1967 to 1977, and longline 
catches from 1975 to 1977 (Table 4). The data series is incomplete, particularly for 
longline catches. 

3.2.2 Illegal catcb 

No information is available to estimate illegal catch for the SNA 1 and SNA 8 
assessments. 

3.3 Non-commercial catch 

3.3.1 Recreational fisheries 

The 1987 National Marine Recreational Fishing Survey showed that snapper was the 
most important finfish species sought by recreational fishers. Estimates of recreational 
catch from SNA 1 are available for 1985, 1994, and 1996 (Table 5). The 1985 
estimate is based on tagging results (Sullivan et al. 1988); the 1994 and 1996 
estimates were derived from telephone diary surveys (Teirney et al. 1997, Bradford 
1998). Estimates of the total number of snapper caught from the diary surveys were 
converted to weight using estimates of mean fish weight derived from boat ramp 
surveys. 

An estimate of recreational catch is available from the 1990 tagging programme for 
the whole of SNA 8 (239 t, see Table 5). 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) 
and 236 t in 1996 (Bradford 1998). 



In 1995 the Minister of Fisheries made a specific allowance of 2300 t for recreational 
catch fiom SNA 1 for 1995-96. 

3.3.2 Maori fisheries 

Snapper is an important species for Maori, but the annual catch is not known. In 1995 
the Minister made a specific allowance of 300 t for Maori customary take within a 
total allowance of 2600 t for non-commercial methods fiom SNA 1 for 1996-97. 

4. SNA 1 stock assessment 

4.1 Stock structure 

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

Separation of snapper stocks within SNAl has been based on tagging movements and 
differences in population age composition and growth (Annala & Sullivan 1996). 

For the 1998 assessment, the Bay of Plenty was combined with the Hauraki Gulf 
because of the high level of mixing seen in the recovery of tagged snapper. Up to 30% 
of the tag recoveries fiom fish tagged in the Bay of Plenty in 1994 were recovered in 
the Hauraki Gulf. The Hauraki Gulf/Bay of Plenty stock is considered distinct fiom 
the East Northland stock for assessments. 

4.2 Biomass estimates 

4.2.1 1994 Tagging programme 

A large-scale tagging programme was conducted between November 1993 and 
February 1995 to estimate the absolute biomass of SNA 1. Fish were marked using 
internal coded-wire microtags. Tagged animals could be identified only with 
specialised electronic equipment. A dedicated and structured catch examination 
programme was required to recover tagged animals. Previous tagging programmes 
used external markers and tag return was voluntary. 

The preliminary findings fiom the 1994 biomass estimation programme were included 
in the assessment of SNA 1 in 1995 (Annala 1995) and were described by Gilbert et 
al. (1 996). 

The differential rate of tag recaptures between fishing methods was sampled during 
the recapture phase (McKenzie & Davies, unpubl. results). The main methods 
sampled in the Hauraki Gulf substock were longline and Danish seine. The 
diagnostics of the mark rates (number of tags recovered relative to the number of fish 



examined) showed that Danish seine recoveries declined with time and showed higher 
mark rates than other methods in the Hauraki Gulf. A comparison of the data from the 
first half of the recovery period with the latter half did not resolve this. 

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

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

(i) Longline tag releases only, but recoveries from all methods. These data 
exclude differential recovery rates from tagged fish released by single trawl 
and longline methods. 

(ii) All releases were used but recoveries from trawl and Danish seine in the 
Hauraki Gulf were excluded. These data exclude the trend in mark rate evident 
in Hauraki Gulf Danish seine recoveries. 

Two methods were used to analyse the tagging results. 

(a) Petersen analysis 

The Petersen estimates are based on eight length strata for each of the substocks 
Hauraki Gulfmay of Plenty and East Northland. The method involves back- 
calculating the length of all fish examined for tags using an estimated growth 
function to account for the effect of growth during the recapture period. An 
estimate of the stock size at the time of tag release was calculated from the 
standard Petersen equations (one estimate for each length stratum). 

(b) Observation error model 

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

The results of the analytical approaches were used to derive biomass estimates for the 
population model with equal weighting. The two recoverylrelease datasets and two 
alternative tag analysis models give four biomass estimates for each stock (Table 6). 



The absolute biomass estimate used in the population model for the 1997 and 1998 
assessments was taken to be the mean of the four estimates from the tagging results. 
This was assumed to represent the biomass at the start of 1993-94. The sum of the 
mean biomass estimates from the two substocks (East Northland 17 800 t, Hauraki 
GulfIBay of Plenty 33 725 t) is 51 525 t. 

Petersen estimates of absolute biomass were calculated with coefficients of variation 
(c.v.) ranging from 8% to 17% based on simulations incorporating error associated 
with input data and parameters. As the Working Group felt these did not take into 
account the uncertainty in assumptions shown by the differences between these 
estimates, the c. v. of absolute biomass estimates for each substock was set at 20%. 

4.2.2 1985 Tagging programme 

A brief review of the results of the 1985 tagging programmes in SNA 1 and how these 
results were included in the 1995 assessment of SNA 1 was given by Gilbert et al. 
(1996). The results of the programme and the Petersen estimates of population size 
and stock biomass were given by Sullivan et al, (1988). 

The 1985 tagging programme differed from the 1994 programme. Fish were tagged 
with an external loop tag inserted through the body of the fish anterior of the dorsal 
fin. Tag recapture data were obtained through voluntary reporting of recaptured tagged 
fish by commercial fishermen. Under-reporting of tags was a perceived problem and 
an allowance of 15% was made for it. 

4.2.2.1 Bias due to tagging mortality 

Revised and improved estimates of initial mortality from the 1994 tagging programme 
were available for a reanalysis of the 1985 programme data. The results from two 
specifically designed experiments were used to determine mortality probabilities for 
tagged snapper upon release. In the first experiment, in December 1992, external dart 
tags were used, and in the second, in December 1994, coded wire tags. From the 
results of both experiments, the mortality of tagged fish released using longlines was 
found to be determined largely by the depth of capture. From the results of the 1992 
experiment, an average initial mortality rate of 0.34 was applied to the length 
distribution of tagged fish released by trawl. 

The length frequency distribution of fish caught, tagged, and released by longline and 
single trawl was corrected for the effects of mortality due to handling and tagging. The 
numbers of corrected and uncorrected tagged fish released by longline and trawl in the 
Hauraki Gulf and East Northland substocks are shown in Table 7. 

4.2.2.2 Bias due to growth 

Growth of fish during the 13 month recovery phase could bias the biomass estimates. 
The bias is likely to be positive due to fish recruiting into the smaller length classes 



that reduces the initial mark rate at the time of release; and the growth of recruited fish 
in the population. Length data in the tag release and recapture samples related to when 
the population was tagged, i.e., the time of release of tagged fish. These data therefore 
excluded the effects of fish growth. However, growth was evident in the samples 
taken during the 13 month recapture phase. An approximation to account for this is 
possible by adjusting the length frequencies in the recapture data to estimate the 
length frequency at the time of release. This involves back-calculating the recapture 
sample length frequencies taken in each month to the time of release using an estimate 
of the average growth that occurred in the intervening period. Because the original 
analysis of the 1985 programme had not accounted for this growth effect (Sullivan et 
al. 1988), the 1985 data were reanalysed for the current assessment. 

An estimate of the length frequency of fish in the recapture sample was obtained fiom 
market samples taken during the recapture phase. The methods sampled in the 
Hauraki Gulf included longline, single trawl, pair trawl, Danish seine, beach seine, 
and set net; and in East Northland, single trawl, pair trawl, and longline. Not all 
fishing methods were sampled for length frequency in each month of the recapture 
phase from which recapture observations were reported and proxy length frequency 
data were generated for these. The length frequency distributions for adjacent months, 
within seasons, were used to estimate length frequency distributions for the missing 
months using the reported catch weight(s). The months of the recapture phase for 
which proxy length frequency data were estimated are shown in Table 8. The total 
estimated number of fish in commercial catches producing tagged fish recaptures was 
therefore 4 173 952 in the Hauraki Gulf and 1 710 661 in East Northland. Proxy 
length frequencies accounted for 22.8% of these totals. 

Growth increments of recaptured tagged fish were not available from the 1985 tagging 
programme. An average growth function for SNA 1 has been derived from length 
increment data collected during the 1994 SNA 1 tagging programme (McKenzie & 
Davies unpubl. results) using a length-based maximum likelihood approach (Francis 
1988) with a seasonal component. In the absence of similar data or growth function 
for 1983-84, the 1994 growth function was used to back-calculate the recapture 
sample length frequency distributions to the time of release, thus accounting for the 
estimated effects of average growth. 

Measurement error was estimated fiom data collected during an experiment carried out 
in 1994 to describe initial mortality of tagged snapper (McKenzie & Davies unpubl. 
results). Snapper were measured at release under circumstances very similar to those 
experienced during the tagging programme release phase and were measured again at 
the end of the experiment about 2 weeks later. The probability distribution of the change 
in length of an individual fish between measurements was such that the mean was -0.69 
cm, i.e., 0.69 cm less than the actual length at release. The mean was normally 
distributed with s.d. = 0.68 cm. 

Average growth of fish fi-om the Hauraki Gulf and Bay of Plenty substocks was 
estimated using combined data: growth for the east Northland substock was estimated 
separately (McKenzie & Davies unpubl. results). A significant difference was found 
between the two substocks (Figure I), with faster growth evident in snapper from the 
Hauraki GulfX3ay of Plenty combined substock. The mean annual growth increment 



parameters for recaptured snapper 30 and 50 cm long were 2.31 and 1.71 cm 
respectively for the Hauraki Gulf substock and 1.78 and 1.24 cm respectively for the 
East Northland substock. The parameter describing the extent of seasonality in snapper 
growth was estimated to be 0.96, which indicates that growth of snapper during the 
recapture phase was highly seasonal with maximum growth in mid February. 

The growth function was used to create a probability matrix for all 1 cm length intervals 
at times of recapture for Hauraki Gulf and East Northland. Individual growth variability 
is reflected in the probability distribution over a range of length intervals. The estimated 
total number of fish in commercial catches examined for tags, back-calculated to the 
time of release, was 3 828 625 in the Hauraki Gulf and 1 626 529 in East Northland. 
The length frequency distributions, corrected and uncorrected for growth effects, are 
shown in Figure 2. 

The approximately unbiased release and recapture sample data were stratified according 
to stock and length. The length stratification was that used for the 1985 tagging 
programme analysis: 

Chapman's modification for an unbiased Petersen estimate of snapper numbers in each 
substock length stratum was used (Seber 1982). An estimate of the mean weight of 
snapper in each substock length stratum was calculated using a published length-weight 
relationship (Paul 1976) and length frequency distributions of snapper in longline 
catches at the time of the release phase of the tagging programme. The longline 
distributions were used to estimate length composition within substock length strata. 
Mean weights in a length stratum were weighted according to the length composition 
within each substock length stratum. Biomass was calculated as the product of the 
estimated number of snapper in the population and the mean weight specific to each 
substock length stratum. The sum of biomass estimates in each length stratum provided 
an estimate of total substock biomass. 

The results, for all length strata, are shown in Table 9. The biomass estimates reported 
from the tagging programme and used in the 1997 assessment were 28 088 t and 19 
000 t for the Hauraki Gulf and East Northland stocks respectively. Calculations using 
revised initial mortality rates reduced the biomass estimates by 0-5%, and correction 
for growth reduced the estimates by a further 68%.  Correction for the assumed level 
of under-reporting of recaptured tags reduced the estimates by 13% to produce the 
revised estimates of 23 447 and 15 638 t for the Hauraki Gulf and East Northland 
stocks respectively. 



The assumption of homogeneous distribution of tagged fish in the population appears 
not to have been wholly satisfied in the 1985 SNA 1 tagging programme. The mark 
rate ratio differed in commercial catches in the recapture sample. There was a 
significantly lower probability of recapture occurring during spawning. Furthermore, 
the high rate of tag loss from double tagged fish added uncertainty to the estimates 
(50% of tags were estimated lost after 1 year). Due to this, the revised 1985 tagging 
estimates were given a c.v. of 0.3 to reflect the imprecision and reduce the weighting 
of the estimate in the model fitting. 

4.2.3 1983 Bay of Plenty tagging programme 

An estimate of biomass for the Bay of Plenty sub-region obtained by tagging in 1983 
could not be similarly revised for the effects of growth. Instead, a correction factor 
was obtained from the reanalysis of the Hauraki Gulf data and applied to the Bay of 
Plenty estimate. A factor for the correction of the effects of growth on the revised 
estimate of biomass of 0.918 was evident for the Hauraki Gulf sub-stock (see Table 9). 
This factor was used to approximate the effects of growth in the 1983 Bay of Plenty 
tagging programme biomass estimate (6355 t) to produce an estimate of 5833 t. 

Combining the Hauraki Gulf and Bay of Plenty biomass estimates results in 29 280 t 
for this substock in 1985. 

4.3 Estimates of year class strength 

4.3.1 Catch at age 

One, or a very few, Danish seine catch at age samples were taken in the Hauraki Gulf 
each year from 1970 to 1973 (Paul 1974). Additional catch at age estimates from 1984 
to 1985 were available for the Hauraki GulfIBay of Plenty and East Northland. Length 
and age composition in Hauraki Gulf commercial landings has been determined since 
1989-90. Details were given by Davies & Walsh (1995) and Walsh et al. (1995, 1997, 
1998). Catch at age data were obtained for the longline fishery, 1989-90 to 1996-97; 
for the trawl fishery, 1989-90, 1990-91 and 1993-94; and for the Danish seine 
fishery, 1991-92 and 1993-94 to 1996-97. For East Northland longline, catch at age 
was obtained for 1993-94 to 1996-97. 

Significant log-log transformed relationships were found using functional regressions 
between the sampling error estimates of proportion at age (c. v. s) and the proportion at 
age estimates for the fishing methods in each substock (Equation 1.17, Appendix 1). 
These relationships were used to specify observation variance in the catch at age 
likelihood estimator as they were more stable than the individual sample estimates. 
The coefficients of the observation error functions are given in Appendix 1. 



4.3.2 Recruitment indices 

The relationship between abundance estimates of 1 year old snapper in the Hauraki 
Gulf trawl surveys and the Leigh sea surface temperature (SST) (Francis et al. 1995) 
as used in previous assessments of SNA 1 described by Gilbert et al. (1996). This is 
termed the SST recruitment relationship. The Leigh water temperature time series 
starts in 1967, but we required year class strength estimates from an earlier date. A 
time series of water temperatures was derived from available air temperature data for 
the Auckland region. A linear relationship between Auckland air temperature and 
Leigh water temperature was established using data from the period where the two 
series overlapped (1967-87). Regression coeficients were derived for each month 
independently and used to predict monthly water temperature values from 191 1 to 
1966. These coefficients were used to predict annual recruitment indices before 1967. 

4.3.3 Recruitment ogives 

Trawl survey and market sampling otolith data were used to estimate the proportion of 
snapper in each age class that exceeded the minimum legal size (MLS) of 25 cm for 
commercial methods each year. On average 39% of 4 year olds and 88% of 5 year olds 
were recruited to the Hauraki GulEIBay of Plenty substock and 22% and 100% were 
the assumed average values for the East Northland substock. These proportions alter 
annually (Table 10). Most of the otolith samples were collected in cool years when 
growth may have been below average. For years for which annual estimates of the 
proportion over 25 cm were not available, the Working Group decided to use 39% for 
4 year olds, and 100% for 5 year olds, for the Hauraki GulEIBay of Plenty substock. 
This was based on the aggregated age and length data from collections over 8 years. 
The corresponding values for 4 and 5 year olds were 22% and 100% for the East 
Northland substock based on the average of the three estimates. 

4.4 Biological parameters 

Estimates of biological parameters used in the SNA 1 model are shown in Table 1 1. A 
revised natural mortality estimate of 0.075 was derived from 1974 and 1975 SNA 8 
catch at age data (Hilborn & Starr, unpubl. analysis). 

4.5 Estimates of exploitation 

4.5.1 Commercial catch 

Reported catch figures for the Hauraki GulEIBay of Plenty and East Northland stocks 
are given in Table 2. For modelling it was necessary to apportion the annual 
commercial SNA 1 catch between the East Northland and Hauraki GulEIBay of Plenty 
substocks. The average proportion of the SNA 1 catch taken in the east Northland and 
Hauraki GulfIBay of Plenty (combined) substocks from 1990-9 1 to 1996-97 was 25% 



and 75% respectively. For projecting the TACC into the future we assumed a constant 
ratio of 25% / 75%. 

4.5.2 Foreign catch 

Because the time-series on Japanese catch was incomplete, (see Table 4), it was 
necessary to assume Japanese catch levels. Japanese catch was assumed to have 
occurred between 1960 and 1977, with cumulative total removals over the period at 
three alternative levels: 20 000, 30 000, and 50 000 t (denoted JAP2, JAP3, and JAP5 
respectively). The pattern of catches increased linearly to a peak in 1968 (reaching 
1467,2202, or 3402 t respectively) then declined linearly to 1978. The catch was split 
evenly between East Northland and the Hauraki Gulf/Bay of Plenty. 

4.5.3 Recreational catch 

The mean of the three available annual catch estimates was used in the assessment 
model. However, the 1996 catch estimates were not considered to be directly 
comparable to estimates for 1985 and 1994 (Table 12) due to management changes 
introduced between 1994 and 1996. These changes were an increase in snapper 
minimum legal size (MLS) in 1994 and a reduction in the bag limit in 1995. It was 
therefore necessary for the 1996 catch estimates to be increased. 

This adjustment involved firstly scaling up the 1996 totals to account for an 8% 
reduction in catch due to the bag limit decrease. The 8% reduction in catch was 
estimated fiom the distribution of bag sizes in the 1994 boat ramp survey. Secondly, 
an allowance was made in the 1996 data for the numbers of 25 and 26 cm fish no 
longer landed due to the increase in the MLS to 27 cm. To adjust for the MLS effect, 
the section of the length frequency of the 1996 catch less than 27 cm was replaced by 
the same section of the length frequency of the 1994 recreational catch, scaled so that 
the numbers at 27 cm were the same. This added numbers of fish at 25 and 26 cm to 
the length distribution of the catch for 1996. The adjusted 1996 length frequency catch 
was then converted to weight via the length weight relationship (see Table 11). These 
corrections allow an estimate to be made of what the recreational catch would have 
been if the management measures had not been introduced (see Table 12). 

The Working Group considered whether the three estimates represented an increasing 
trend or were simply fluctuations about a mean and concluded that they probably 
represented a mean1 and this was taken to be the average catch fiom 1970 to 1997. 

Where an estimate was available it was used, but in other years the mean was used. 
The following assumptions were made. 

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

' The adjusted 1996 catch estimate was used in the calculation of the mean. 



(ii) After 1997 recreational fishing mortality (F) was assumed to remain at the 
rate estimated for 1996, but the total annual catch from SNA 1 was not 
allowed to exceed 2600 t. 

(iii) No further management controls were modelled after 1 October 1995. 

Under-reporting of commercial catches in recent years is likely to affect model 
estimates. Under-reporting can be attributable to practices such as high-grading, other 
forms of discarding, and illegal catches. Under-reporting was accommodated in the 
model by scaling reported catches. The Working Group assumed that before the 
introduction of the QMS in October 1986, under-reporting was 20% of the reported 
catch, and since 1 986-87 it continued at 1 0%. 

Selectivity-at-age curves were estimated from the results of the 1985 tagging 
programme (K. Sullivan pers. comm.). Tag recapture data was available for longline, 
single and pair trawl, Danish seine, beach seine, set net, and recreational methods. 
From a sample of length and age data from the Hauraki Gulf sub-stock, the numbers 
of fish tagged at length was expressed in age. Relative exploitation rates of the tagged 
population at age was expressed for each of the fishing methods from which 
selectivity-at-age indices were derived for fish 8 years old, i.e. normalised to 1 for the 
8 year old age class (Figure 3). This age class was selected because historical length 
and age data for snapper indicates that high proportions of this age class are fully 
recruited. 

Selectivity-at-age curves were also estimated from the results of the 1994 tagging 
programme for longline, single trawl, and Danish seine (McKenzie & Davies unpubl. 
results). The ratio of the estimated proportion-at-age of snapper in commercial catches 
to the proportion-at-age in the estimated population was calculated for each age class. 
The ratios for each fishing method were normalised to equal 1 for the 8 year old age 
class, thus providing relative selectivity-at-age indices (Figure 4). 

These two sets of selectivity-at-age curves were different. The Working Group 
decided that the left hand limbs (ages 8 years and under) of the 1994 estimates and the 
right hand limbs (over 8 years) of the 1985 estimates were the most plausible and 
these were used for longline, single trawl and Danish seine. The 1985 estimates were 
used for recreational fishing and other methods. Some sensitivity analyses to these 
curves were carried out by raising and lowering the left and right hand limbs. 



4.6 Stock assessment models 

4.6.1 Model structure, parameters and fitting procedures 

The Hauraki Gulfmay of Plenty and East Northland stocks were modelled separately 
using a revised version of the age-structured population model described by Gilbert 
(1994), Gilbert et al. (1996) and Davies (1999). Equations are presented in Appendix 
1. These models are similar in the following aspects. 

Both models are structured into discrete age classes with the recruited age classes 
from 4 to 20 years. The final age class is an aggregate of the number of fish older than 
19 years in the population. Population dynamics are calculated annually with 
recruitment occurring at age 4 at the beginning of each year according to a year- 
specific recruitment ogive. Parameters did not vary by sex and natural mortality was 
constant for all ages. Fishing mortalities were age and method specific. Five separate 
fishing methods were included in the model. For the Hauraki GulVBay of Plenty 
substock they were longline, single trawl, Danish seine, other commercial, and 
recreational. For the East Northland substock, pair trawl replaced Danish seine. Von 
Bertalanffy and length-weight parameters were used in the calculation of catch 
weights and biomass. All fish at an age were modelled to be the same length and 
weight. 

The following estimates were input to the models: trawl survey year class strength 
indices and SST; catch at age; tagging programme estimates of absolute biomass; 
fishing method selectivity; and total annual removals (commercial, non-commercial, 
illegal). Estimation was by maximum likelihood (Fournier & Archibald 1982, Deriso 
et al. 1989). The models were similar to the stock synthesis model of Methot (1990). 
They had likelihood terms for the trawl survey year class strength indices (Hauraki 
Gulfmay of Plenty only), the catch at age estimates, and the stock biomass estimates. 
Total fishing mortality was apportioned between the methods according to observed 
catches (see Table 2) and the selectivity-at-age curves. 

Yield per recruit analyses were carried out to obtain equilibrium yield estimates under 
the same assumptions as the models. It is assumed that the maximum sustainable yield 
(MSY) occurs at the maximum yield per recruit (F  = F-). BMsY is defined as the start 
of year biomass producing the maximum yield with fixed selectivities for each 
method and fixed proportions of the catch for each method (including recreational 
fishing) based on the 1996-97 year. Results are expressed relative to virgin start of year 
biomass (Bo). The yield per recruit and its maximum depends on the allocation of the 
total catch amongst the methods, because yield is affected by the selectivity curves. 
The maximum was defined for a catch allocated amongst methods (including 
recreational) in the same proportions as for 1996-97. 

Differences from previous models 

The models used in the current assessment differ from the total catch history models 
used previously to assess the SNA 1 substocks (Davies 1999). The stock was 
modelled from an assumed virgin biomass in 1850. A shortcoming of this approach 



was that the estimates were influenced by a very long history of uncertain catch and 
recruitment information. The Working Group considered that this produced estimates 
that were unrealistically precise. 

The Working Group thought that data after 1970 were likely to be the most reliable. It 
was decided to model SNA 1 substocks from 1970, from non-equilibrium states that 
would be estimated. The age structures in 1970 were defined by one or two total 
mortality parameters and a SST recruitment relationship applied back in time using a 
relationship with air temperature. The estimation of parameters that determine both 
virgin and initial stock biomass reduces the degrees of freedom of the model. 

The SST recruitment relationship parameters had previously been estimated from 
trawl survey year class strength indices from the Hauraki Gulf and SST data and 
supplied to the models as known constants. Here the parameters were fitted within the 
model to both the trawl survey data and the catch at age data. 

Hauraki Gulf/Bav of Plenty model 

The numbers at age of an initial non-virgin population in 1970 were determined by 
mean recruitment, R, and two total mortality parameters, one relating to fish of ages 4 
to 19 years, Z1, and the other for the aggregate age class of fish over 19 years, Z2. The 
population was projected from 1970 to the present with given commercial and 
recreational catches, and given values for natural mortality, growth, and gear-specific 
selectivity. Recruitment was determined by a function of SST. The model estimated 
mean recruitment, R, the pre-1970 total mortality parameters, Z1 and Z2, the slope of 
the SST recruitment relationship, /?, and the trawl survey proportionality constant, q. 
The mean sea surface temperature, T, from Leigh in each year for February to June 
was used to estimate /?, with the intercept, ct, obtained from the constraint that the 
mean r, for the years 1967-97 equal 1. This period defined mean virgin recruitment. 
The absolute recruitment (number of 4-year-olds) in any year was therefore the 
product of annual year class strength and mean recruitment, rtR. The five parameters 
were estimated by fitting the model to the catch at age time series, trawl survey 
recruitment indices, and tagging biomass estimates for 1985 and 1994, using a search 
routine to minimise the logarithm of the likelihood. Log-normal error was assumed for 
the trawl survey recruitment indices, tagging biomass observations and catch at age. 
Standard errors assumed for the lognormal distributions were: 

1. trawl survey recruitment indices, OR = 0.3, 
2. tagging biomass estimates, OB = 0.3 for 1 985 and 0.2 for 1994, 
3. catch at age, ac = 5c vh. 

Catch at age estimates for several methods in the same year were based on the same 
age length key. To allow for this lack of independence, the standard error for each 
proportion at age was scaled by the square root of the number of methods in the year, 
&. The variable, c, was the C.V. corresponding to the estimated proportion at age 
based on the relationship described in Section 4.3.1 above. It will therefore 
underestimate the C.V. for the 1969-70 to 1972-73 data because they were from single 
rather than multiple landings. Therefore & was set to 4 to reduce their weighting. The 



model assumes a constant selectivity curve for each method, but year to year changes 
in selectivity by method are likely. The sampling c. v. s will understate the variability in 
the residuals from a model fit, so the sampling c.v.s were further increased by an 
arbitrary factor of 5. 

East Northland model 

An initial non-virgin population in 1970 was determined by mean recruitment, R, and 
a total mortality parameter, Z. The population was projected from 1970 to the present 
with given commercial and recreational catches, and given values for natural 
mortality, growth, and gear-specific selectivity. Recruitment was determined by 16 
annual year class strength indices (1976-91) and as a function of SST for the years up 
to 1975 and 1992-97. 

Eighteen parameters were estimated in the model: 16 year class strengths (1 9 7 6 9  I), 
mean recruitment, R, and total mortality pre-1970, Z. Parameters a and P were 
determined as functions of the logarithms of the year class strength parameters by 
linear regression. The regression was carried out for each set of trial values of year 
class strength during the log likelihood minimisation. The recruitment series {r ,)  was 
then made up of the 16 year class parameters and the year class strengths predicted by 
SST for the other years (191 1-75,1992-97). This series was normalised so that the 
mean of the final combined series was 1 for 1970-97. 

Model parameters were estimated by fitting to the catch at age time series and tagging 
programme absolute biomass estimates for 1985 and 1994 using a search routine to 
minimise the logarithm of the likelihood. Standard errors assumed for the log-normal 
distributions were: 

1. tagging biomass estimates, a- = 0.3 for 1985 and 0.2 for 1994, 
2. catch-at-age, = 5c dz. 

(See the previous section for an explanation of these standard errors.) 

4.6.2 Choice of model base case and fitting sensitivities 

The Working Group determined the base case parameterisation for each stock model. 
Many of the important parameters could take different but plausible values and 
altemative values were investigated by sensitivity analysis2. The base case 
parameterisation and altemative sensitivity values are given below. 

Both models 

Natural mortality M = 0.75 y-' (sensitivity tests used 0.06 and 0.09 y-l), 

2 Where a range of parameter values was investigated as a sensitivity, all other parameters were held at 
their respective base-case values. 



the years 1967-97 were assumed to represent the period of mean recruitment which 
determines virgin biomass (sensitivity test used 193 1-97), 
level of under-reporting for commercial catch was 20% pre-1987 and 10% after 
1987 (a sensitivity test used 40% pre-1987), 
the selectivity curve for each gear type was based on the results from both tagging 
programmes, 
for catch at age data a c. v., o c a  = 5c dz. was assumed, where c is the sampling c. v. 
for the proportion at age and n is the number of gear types in a year based on the 
same age-length-key, 
non-commercial catch was projected forward at the fishing mortality estimated for 
1995-96, but the catch was not allowed to exceed 1800 t for the Hauraki GulfIBay 
of Plenty or 800 t for East Northland (a sensitivity test used an uncapped 
recreational catch for the Hauraki GulfIBay of Plenty projection). 
commercial catch was projected forward equal to the 1997-98 TACC apportioned 
between East Northland and Hauraki GulEIBay of Plenty substocks at 25%/75% 
and apportioned to the various methods in the same ratio as the 1996-97 fishing 
year; 
deterministic recruitment of year classes beyond 1997, (the last year class predicted 
using the SST relationship), was at the level of estimated mean recruitment, R. 

Hauraki Gulmay of Plenty 

recreational catch from 1970 to 1997 at a mean level of 1706 t per year (a 
sensitivity test used the recreational catch history given in Gilbert & Sullivan 
(1994) which is lower overall), 
Japanese catch after 1 970 based on 15 000 t in 1 960-77, 
mean February-June SST used to fit recruitment indices, 

a a sensitivity test on selectivity was made using steeper curves (the 4 year old 
selectivities were reduced by 50% and the 20+ year class selectivities were 
increased by 25% and intermediate values were scaled correspondingly), 
Z1 and Z2 were constrained to exceed M (a sensitivity test used Z1 = 0.175 and 
Z2 = 0.125). 

East Northland 

Pre-1970 total mortality constrained by Z 2 M + 0.04 (a sensitivity test had Z 
constrained by Z 2 M), 
recreational catch fiom 1970 to 1997 was 63 1 t per year (a sensitivity test used the 
recreational catch history given in Gilbert & Sullivan (1994) which is lower 
overall), 

a Japanese catch after 1970 was based on 15 000 t in 1960-77 (sensitivity tests of 
10 000 and 25 000 t), 
Leigh sea surface temperature series used to fit recruitment indices for t < 1976 or t 
> 1991). 



4.6.3 Fishery performance indicators: model projections 1998-2018 

Model projections with stochastic recruitment to 201 7-1 8 were used to investigate the 
future state of the Hauraki GulffBay of Plenty and East Northland substocks under the 
base case assumptions and selected sensitivity scenarios. 

Performance indicators were calculated using a parametric bootstrap approach 
described in detail in Appendix 3. The base case estimates were assumed to be true 
values. The stock was modelled deterministically to 1998. Variability was simulated 
in the observed data (i.e., biomass estimates, catch at age, trawl survey recruitment 
indices). One thousand sets of bootstrap observed datasets were generated for each 
substock (400 for Hauraki Gulfmay of Plenty). The model was fitted to each and 
projected to 2018. The stochastic year class strengths beyond 1997 (the last year class 
predicted using the SST relationship) were obtained by drawing at random from those 
estimated for the period 1967-97. This gave 1000 estimates of parameters and 
projection trajectories. The set of estimates so obtained is the bootstrap distribution 
(density). We estimated bias and C.V. for each estimated quantity from it, and used it to 
obtain approximations to the confidence distributions (densities). This approach 
captures both the uncertainty in the parameter estimates and the random nature of 
future recruitment. 

The following fishery performance indicators were used to report the results of the 
projections. 

1. Probability of stock increase P(B2018 > Blgg8) 

The probability that the start of year biomass in 2018 will be above the current 
biomass level. 

2. Probability of stock rebuild P(B2018 > BMSY) 

The probability that the start of year biomass in 2018 will be above the biomass level 
BMsY. BMsY is defined in Section 4.6.1. 

3. Expected stock status 

The expected start of year biomass in 201 8 relative to BMsy. 

Each probability was estimated by the proportion of bootstrap runs in which the 
condition was met and the expected value by the mean of the ratio in the bootstrap 
runs. 



4.7 Stock assessment modelling results 

4.7.1 Hauraki Gulf/Bay of Plenty 

The results for the base case and sensitivity tests are shown in Table 13. Current stock 
size (at the start of 1997-98) was estimated to be at 0.66BMsy which is slightly more 
optimistic than for last year's assessment of 0.60BMsy at the start of 1997-98 (Annala 
& Sullivan 1997). This year's estimate of Bo was slightly larger, but MSY was 2.8% 
of Bo in both assessments. Consequently, this year's estimate for the weight of MSY 
was slightly larger: 7090 t, compared with 6800 t for last year. In the deterministic 
projection to 2017-18 the stock rebuilt to 1.28BMsy. The estimated stock biomass 
trajectory is shown in Figure 5. The slope of the SST recruitment relationship was 
estimated to be 0.687 and the estimated values of total mortalities that defined the 
1970 age structure were 0.143 y-l (4-19 years) and 0.093 y-l (20+ years). These imply 
average fishing mortalities (commercial plus recreational) for 1955-69 of 0.069 y-' 
and before 1955 of 0.018 y-l. These values are considerably lower than the mean 
exploitation rate estimated for 1970-75 of 0.169 y-l. The increase from the 1960s to 
the 1970s perhaps corresponds to increases in landings and declines in stock size (see 
Gilbert et al. 1996). The low fishing mortality before 1955 seems less plausible as 
landings did not increase in the mid 1950s and the stock size could not have declined 
substantially at this time. 

The sensitivity of the base case estimates to these assumptions is shown in Table 13. 
Assumptions were changed singly. Stock status is worse with lower M or steeper 
selectivity assumptions and better with higher M, R defined by 193 1-97, and higher Z1 
and Z2. However, the stock is always below BMsy at the start of 1997-98 and rebuilds 
to BMsY by 2017-18. 

Diagnostics 

The slope of the SST recruitment relationship, fitted within the model to the trawl 
survey data and the catch at age data was 0.687. This was substantially less steep than 
that previously estimated from the trawl survey data alone (0.997). The present 
estimate reduced the difference between strong and weak year classes. Figure 6 shows 
the fitted relationship falling below the strongest year class observed in the trawl 
survey data (1989 year class). Although this inconsistency between the trawl survey 
and the catch at age data depends largely on a single observation, it is also possible 
that any error in the catch at age data caused by ageing of snapper otoliths would tend 
to reduce the steepness of the estimated relationship. Ageing error tends to reduce the 
observed strength of strong year classes and increase the observed strength of weak 
year classes. 

Figure 7 shows the residuals from the catch at age data (difference of logarithms 
scaled by c.v.) plotted against the fitted recruitment indices. There is nothing to 
suggest an alternative form for the SST recruitment relationship, but the paucity of 
observations of very weak year classes in this data (only three year classes with 
indices less than 0.5) makes the relationship uncertain at low SST. 



The lognormal distribution does not appear to describe the error distribution in the 
catch at age data well. In Figure 8 the distribution of residuals is seen to be moderately 
skewed to the right indicating that the skewness in the data is greater than that of the 
lognormal distribution. In Figure 9 the residuals are plotted against year class. This 
shows that some year class strengths systematically deviate from the fitted 
relationship. Year classes 1975-78, 1982-83, and 1990 deviate negatively whereas 
1980, 1984-85, and 1988 deviate positively. It is not surprising that a single variable 
cannot predict recruitment perfectly. 

Figure 10 shows the residuals from the catch at age data plotted against age. There are 
systematically low values for age classes 5, 6, and 16-19, but not 20+. Figure 1 1 
shows the residuals plotted against fitted proportion. The distribution of residuals does 
not vary strongly across the range of fitted proportions. This suggests that the c.v.s 
based on fitted proportions were reasonable (see Section 4.3.1). However, for the 
smallest fitted proportions there was a preponderance of small negative residuals, 
many of them for the 16-19 years age classes. Most of these correspond to the year 
classes 1973-79. These year classes may have been systematically overestimated by 
the SST recruitment relationship, or the selectivity curves may have been too high for 
both young and old fish. This is a plausible explanation for the lack of fit to the 5 and 
6 year age classes, but lower selectivities for the old fish would aggravate the lack of 
fit to the 20+ age class. The interaction between year class strength and selectivities 
makes it difficult to draw reliable inferences. It is possible that systematic 
underestimation for the year classes 1980, 1984-85, and 1988 accounts for most of the 
right hand tail in the distribution of residuals seen in Figure 8 and that it is this, rather 
than the failure of the lognormal distribution, that explains the deviation of this plot 
from normality. 

Bootstravs 

The function of the parametric bootstrap was to measure the performance of the 
maximum likelihood estimator (MLE) and to obtain values for the performance 
indicators defined in Section 4.6.3. This method obtains good approximations to the 
confidence distributions provided the distribution of the MLE varies slowly as the true 
value of the parameter varies over its range of likely values. This is often a reasonable 
assumption when the bootstrap c. v. is low, as it was for the stock biomasses. 

Figure 5 shows the confidence interval for each year's stock biomass, based on 400 
bootstraps. The maximum likelihood biomass trajectory has some negative bias in the 
early years and is slightly positively biased towards the end of the projection period. 
Table 14 shows the estimates of bias and root mean squared error (RMSE %) for 
some variables of interest. (RMSE equals c. v., if the variable is unbiased). RMSE and 

bias are reasonably low for B7$0 , B9&Msy , Zl, BO and p. B$Msy has higher RMSE, 

as expected, since uncertain future recruitment makes projection more uncertain. The 
high RMSE for Z2 shows that estimation of this parameter is unsatisfactory. The 
positive bias may also be misleading, as it may be a result of the constraint, Z2 > M. 
Our suggestion above, that the estimate 0.093 y-l may be too low remains valid. Table 
15 gives the performance indicators derived from the bootstraps as described in 
Appendix 3. 



4.7.2 East Northland 

Model results for the base case and sensitivity runs are given in Table 16. The status 
of the stock is similar in most runs and is always estimated to be above BMsr. 
Projections to 2018 under all scenarios are for little or no increases in stock size. In 
the base case Z was constrained not to fall below 0.1 15 ( M + 0.04). In one sensitivity 
run, Z was constrained to not fall below M. In both runs the model fitted to the level of 
the constraint, indicating that the optimum fit for this parameter was below the 
plausible range. The Working Group considered that fishing mortality before 1970 
was unlikely to have been below 0.04 as a mean of 1800 t per year was taken between 
1950 and 1969. Lower Z flattened the stock projection curve (Figure 12). 

Sensitivities to M show similar patterns with lower M resulting in flatter stock 
biomass trajectories after 1998. Total mortality directly influences stock productivity, 
hence there is strong correspondence between low Z and flatter yield projections under 
constant catch scenarios. 

The choice of the period of mean recruitment influenced model projections (Figure 
13). Mean recruitment based on 193 1-97 incorporated more cold years than 1970-97: 
this reduced mean recruitment and productivity (see Table 16). However, the 
assumption of mean recruitment period had a weaker bearing on the biomass 
trajectories than altering the constraints on Z. 

Diagnostics 

The base case model predictions are consistent with the catch at age (Figure 14), this 
data appears to have the strong entraining effect on outcomes of the model. Residual 
plots for most age classes are evenly spread about zero, except the 20+ age class group 
which the model tends to underestimate (Figure 15). Generally the distribution of 
standardised proportion at age residuals conforms well to the normal distribution 
(Figure 16), this being consistent with the assumption of log-normal error in the MLE. 

The biomass trajectories for the base case (see Figure 12) and sensitivity runs were 
above the 1985 absolute biomass estimate. However, all model fits were within the 
margin of error (c.v.,0.3) assumed for this estimate. Therefore, despite the systematic 
pattern, model biomass trajectories are consistent with the observed biomass 
estimates. 

The base case model fit to the Hauraki Gulf SST-based recruitment series was 
consistent, with the noticeable exception of the 1982 and 1976 year classes which the 
model predicts should have been strong (Figure 17). This discrepancy relates to the 
catch at age data which indicates the 1976 and 1982 cohorts were relatively strong3. 
Accuracy would increase if a more reliable recruitment index could be derived for the 
East Northland stock. The level of inconsistency in the SST recruitment series outside 

The 198 1 and 1982 year classes correspond to 13 and 12 year old fish in the 1994 catch-at-age plot 
Figure 29, Appendix 3. 



the years where catch at age observations are available is not known. The model uses 
the Hauraki Gulf SST regression index for years where catch-at-age is not available 
and no error is assumed in this index. 

Although the model had difficulty rationalising all input information, productivity 
estimates (see Table 16) were consistent in all sensitivity tests. The sensitivity results 
show that the East Northland stock is at or about the level of BMsY and is likely to 
remain there until 2018 under current management strategies and stock projection 
assumptions. 

Bootstravs 

Figure 18 shows the biomass confidence intervals for each year and the base case 
deterministic projection and the parametric mean of the bootstraps. The bootstrap 
means lie consistently above the base case estimates after 1990 indicating that the 
MLE is positively biased over this interval. Before 1990 the converse is true; the MLE 
is negatively biased. The effect of adjusting the MLE for bias on the biomass 
trajectory and confidence intervals is illustrated in Figure 19: there is little effect on 
the trajectory of the base case projection, but the width of the confidence bounds is 
markedly widened after bias correction. Widening of the confidence interval becomes 
more extreme across projections into the future. Our understanding of the status of the 
East Northland stock is much less certain if MLE bias is considered. Estimated stock 
performance indicators, before and after bias correction, are presented in Table 17. 

4.8 Yield estimates 

4.8.1 Estimation of Maximum Constant Yield (MCY) 

These estimates include non-commercial catch and commercial under-reporting of 
10%. 

Hauraki GulfTBav of Plenty 

MCY was estimated for the base case from MCY = CSP, as the stock is below BMSY. 
CSP is the equilibrium surplus production at the 1998-99 biomass. 

MCY = 6880 t. 

East Northland 

MCY was estimated for the base case from the equation MCY = MSY as the stock is 
above BMSY. MSY is estimated below. 

MCY = 2140 t. 

The range in the sensitivity analyses (see Table 16) is 1860-2270 t. 



4.8.2 Estimation of Current Annual Yield (CAY) 

The CAY was calculated by multiplying the start of year biomass in 1997-98 in the 
model by Fref. Fref was set equal to Fmm. These estimates include non-commercial 
catch and commercial under-reporting of 10%. 

Hauraki Gulf7l3ay of Plenty 

In the base case, Fmax corresponds to a catch to biomass ratio of 11.7% and the start 
of year biomass in 1998-99 was 40 640 t. 

East Northland 

In the base case, Fmax corresponds to a catch to start of year biomass ratio of 14.5% 
and the start of year biomass in 1998-99 was 19 000 t. 

4.8.3 Maximum Sustainable Yield (MSY) 

MSY was calculated as the maximum constant catch that could be sustained by the 
stock in equilibrium. This is achieved with a catch to start of year biomass ratio of 
14.5% (East Northland) or 1 1.7% (Hauraki Gulf/Bay of Plenty) at BMsy. 

Hauraki Gulf7Bay of Plentv 

MSY = 7090 t. 

The range in the sensitivity analyses (see Table 13) resulting from various sensitivity 
assumptions is 6 190 - 8270 t. 

East Northland 

MSY =2140 t. 

The range in the sensitivity analyses (see Table 16) is 1860-2270 t. 



5. SNA 8 stock assessment 

5.1 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 from the other six snapper stocks with boundaries defined by 
the SNA 8 quota management area (Mana Island to North Cape). For the age- 
structured model, the SNA 8 stock was assumed to be discrete, i.e., no emigration or 
immigration of fish across stock boundaries. 

5.2 Biomass estimates 

5.2.1 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. Fish were tagged with 
highly visible spaghetti dart tags on one side of the dorsal fin and recapture data were 
obtained by commercial fishers reporting recapturing tagged fish. A total of 1 1 06 1 
tagged fish were released and 994 recaptures were reported from an estimated 
recapture sample of about 1.4 million fish in commercial catches over an 8 month 
recapture phase. The preliminary estimate of absolute biomass in 1990 used in 
previous assessments (Davies 1997) was recalculated using recapture data corrected 
for the effects of fish growth in the tagged population during the recapture phase, and 
revised estimates of initial mortality of tagged fish derived from a sea-cage 
experiment carried out in 1994. 

An average growth function for SNA 1 was derived from data collected during the 
1994 SNA 1 tagging programme (McKenzie & Davies unpubl. results) using a length- 
based maximum likelihood approach (Francis 1988) with a seasonal model 
component. Because no similar data or growth function are available for SNA 8, the 
SNA 1 growth function was used to back-calculate the recapture sample length 
frequency distributions to the time of release by accounting for the effects of average 
growth. The growth function was adjusted to reflect the significantly higher (about 
100%) growth rate of snapper in SNA 8 (Figure 20). Differences in average growth 
between snapper in SNA 1 and SNA 8 are evident in the estimated von Bertalanffy 
growth curves for the two stocks (Annala et al. 1998). The predicted annual length 
increments for a 30 cm and 50 cm fish were compared between stocks and the 
difference suggested the growth rate in SNA 8 may be up to 2.5 times that of SNA 1. 
Two sets of adjusted growth functions were therefore employed for correcting the 
SNA 8 recapture sample length frequencies; a 50% and 100% increase in the 
estimated SNA 1 growth rate (F 1.5 and F2 respectively, Figure 20). 

From the adjusted growth function, the sample length frequencies were corrected to 
derive the estimated length frequency distribution of the recapture sample at the time 



of release of the tagged sample. The back-calculated length frequency distributions for 
the spring, summer, and autumn recapture samples are shown in Figure 21. The 
effects of growth are most pronounced in the autumn sample and almost negligible in 
the spring sample. This reflects the seasonality in snapper growth in which most 
growth occurs during the late spring and summer seasons. Given the time of tag 
release (late February 1990), little growth would have taken place before collection of 
the spring recapture sample: the effect of growth during spring and summer is evident 
in the difference in the summer and autumn recapture sample length frequencies (see 
Figure 21). 

Estimates of initial mortality of tagged fish caught by single trawl were available from 
a sea-cage experiment in 1994 (McKenzie & Davies unpubl. results). Initial mortality 
was related to the trawl shot weight and fish length. Estimates of the probability of 
mortality were applied to the length frequency of tagged fish released and the effective 
length distribution of the tagged population is shown in Figure 22. Correction for 
mortality caused a 32% reduction in the tagged population, with highest mortality in 
length intervals less than 40 cm. 

Estimates of the average monthly probability of tag retention for single and double 
tagged fish were calculated from monthly recapture data (n = 994). From these 
estimates, the monthly length frequencies of recaptured tagged fish were corrected for 
the effects of tag loss during the recapture phase for both single and double tagged 
fish. The corrected estimate of total number of recaptures was 1 133. 

The release and recapture sample length frequency data corrected for sources of bias 
were stratified according to the following length strata : 

Petersen estimates of the population numbers in each length stratum were calculated 
using Chapman's unbiased approximation (Seber 1982). The mean weight of fish in 
each stratum was calculated using the release sample length frequency distribution as 
an approximation of the length composition with each stratum and the snapper length- 
weight relationship (Annala et al. 1998). Estimated biomass in each length stratum 
was the product of population numbers and mean fish weight. 

The revised estimate of absolute biomass in 1990, assuming twice the growth rate of 
SNA 1 and 3% under-reporting of voluntary tag returns, was 9505 t (Table 18). The 
level of under-reporting assumed was considerably lower than that assumed for the 
1985 SNA 1 tagging programme (1 5%) which also relied upon voluntary reporting of 
recaptured tagged fish by fishermen. The lower level was considered appropriate for 
the SNA 8 programme because the commercial fishing fleet was largely centralised in 
the Auckland area with catches processed at a few factories, and good cooperation 



existed between the fishing industry and researchers. The revised estimates of initial 
mortality and tag loss increased the estimate by 11%. Correcting for growth in the 
recapture sample reduced positive bias in biomass estimates in the longer length strata 
and negative bias in the smaller length strata, which reduced the revised biomass 
estimate by 8%. A further reduction in the biomass due to the assumed 3% under- 
reporting produced the estimate (9505 t) for the assessment model used for the SNA 8 
stock for the 1998-99 fishing year. 

Low measurement errors were obtained from simulations of the Petersen calculation 
of population numbers (c.v. < 0.1). These were regarded as being conservative and a 
c. v. of 0.1 was assumed for the estimate of absolute biomass. 

5.2.2 Catch-per-unit-effort (CPUE) pair trawl 1990-97 

A new time series of standardised CPUE indices was calculated from SNA 8 pair 
trawl catch and effort data for 1990 to 1997 (A. Langley, SEAFIC, unpubl. analysis). 
The indices were derived from catch rate data (catchlhour) from pair trawling in the 
core fishing grounds (statistical areas 042, 045, and 047) by vessels belonging to the 
main fishing company involved in this fishery. A total of 13 unique vessel pairs were 
included in the analysis. These vessels caught between 15 and 45% of the annual 
catch from SNA 8 during 1990-97. Month, target species, statistical area, and year 
were included as significant variables in the linear regression. 

Annual indices are highly variable between years and have low precision, particularly 
in years indicating higher catch rate (Table 19). For CPUE indices to be considered as 
an index of relative abundance it is necessary to assume that catch rate is proportional 
to fish abundance. It is not known if this assumption is valid as availability of fish to 
the fishery may be influenced by environmental factors. 

5.3 Year class strength 

Length-frequency and otolith samples have been collected annually from single trawl 
and pair trawl landings from SNA 8 since the 1988-89 fishing year. Details of sample 
sizes, proportion at length distributions in catches, and the distribution of length at 
age contained in the age-length keys were presented by Davies & Walsh (1995) and 
Walsh et al. (1995, 1997, 1998). 

Additional catch-at-age data from the commercial trawl fishery were input to the 
model for the 1997 assessment, including historical trawl catch-at-age data for 1975, 
1976, 1979, 1986, and 1987 (Davies 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 1997-98 is 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 from all catch-at-age distributions since 1988-89. 

A significant log-log transformed relationship was found using a functional regression 
between the observation error of trawl proportions at age (c.v. s) and the proportion at 
age estimates (Davies 1997). It was used to describe the observation error of the trawl 
proportions at age (Appendix 1) in the catch-at-age maximum likelihood estimate. 

5.3.2 Recruitment indices 

A time series of trawl survey estimates of recruitment indices is available for the year 
classes 1984 to 1994, excluding the 1990 year class (Table 20). A trawl survey in 
October 1996 provided a recruitment index for the 1993 and 1994 year classes, and 
preliminary results were used in the 1997 assessment model (Davies 1999). The total 
number of fish surveyed from these year classes was recalculated for the core spatial 
strata used to derive the time series of recruitment indices fiom earlier surveys. This 
resulted in data for some strata being excluded from the recalculation of the 1993 and 
1994 indices which were consequently different from the preliminary estimates used 
in the 1997 assessment model. 

5.4 Biological parameters 

The biological parameters used in this assessment (Table 21) 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 & Starr unpubl. analysis) 
was assumed for the base case model. Knife-edge recruitment to the exploitable stock 
was assumed to occur at age 3 years. 

5.5 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 trawl 
CPUE time series, trawl survey recruitment indices, and catch at age data. 

5.5.1 Input data 

The input data used in this assessment were : 
catch-at-age : pair trawl 1975, 1976, 1979, 1986, 1987, 1989, 1990; single trawl 
1991 to 1998; 

0 CPUE time series : pair trawl 1974 to 199 1 ; pair trawl 1 990 to 1 997; 
0 trawl survey recruitment indices : 1 984 to 1994 year classes (excluding 1990); 
0 absolute biomass : 1990 tagging programme. 

The new data included : 



1996-97 commercial catch weights; 
single trawl catch at age in 1997-98; 
CPUE time series from 1990 to 1997 for the pair trawl fishery; 
revised trawl survey indices for 1993 and 1994 year classes from the 1996 survey; 
a revised model of the recreational fishery and an estimate of the 1996 recreational 
catch; 
a revised estimate of biomass from the 1990 tagging programme. 

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. A range of assumed levels of 
1000 t, 2000 t and 3000 t per year were investigated (denoted JAPl , JAP2, and JAP3 
respectively). 

Recreational catch 

Recreational catch estimates for SNA 8 are not available before 1990, so the catch 
history assumed by Gilbert & Sullivan (1994) has been used up to 1989. Estimates are 
available from the 1990 tagging programme, from the 1994 North region telephone 
and diary survey, and from the 1996 National diary survey (see Table 5). 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 (290 t) 
was taken from the stock each year for which no estimate was available (i.e., 1991 to 
1993,1995, 1997). 

The average recreational catch for 1990 to 1996 does not take account of the changed 
management measures in 1996, but these measures were included in the recreational 
fishing mortality calculations in the model. 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 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 limit from 20 to 15 from 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 
(Fret). 

5.5.2 Model structure, parameters and fitting procedure 

The model is essentially that used for the 1996 and 1997 assessments. The detailed 
structure of the model and regression approach is given in Appendix 1. A short 
outline of the main features of the model follows. 

The age-structured model is structured into discrete age classes 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. 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 during the calculation period. Knife-edge 
recruitment is assumed. The model assumes a single sex population and natural 
mortality was assumed constant for all ages, whereas fishing mortalities are age and 
method-specific. Method- and age-specific fishing mortalities were calculated for the 
single trawl, pair trawl, Japanese longline, 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 from 1930-3 1 to 1996- 
97 (notation used in this report for year is the latter year of fishing year, i.e., 1930-3 1 
to 1996-97 is 193 1 and 1997 respectively). 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 1998 
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 1998 fishing year to the start of 
1999 assumed constant commercial catch at the TACC of 1500 t (plus 10% overrun) 
allocated proportional to method-specific catches in 1997, and constant recruitment 
equal to (defined below). Assumptions have been made for the effect of changes to 
the daily bag limit and the increase in MLS in the recreational fishery (described in 
Section 5.5.1). 

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 
Deriso et al. 1989, Methot 1990). 

The 19 model parameters estimated were : 
constant annual recruitment of 3 year old fish for the year classes 1928 to 

and annual relative recruitment indices of year class strength (R,) for the 
1973 to 1975, and 1981 to 1994 year classes. 

The annual year class strengths were estimated as indices relative to the constant 
recruitment estimate, hence absolute recruitment of 3 year old fish at the start of a 
year t was Rt4* R . Recruitment of the 1972 and 1976 to 1980 year classes was 
assumed equal to the constant annual recruitment estimate, R . 

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). 
The CPUE indices were assumed to be proportional to the mid-year model biomass 
vulnerable to the pair trawl fishery and were assumed to be a random log-normal 
variable. Similarly, random log-normal error was assumed for the absolute biomass 
estimate from the tagging programme, the observed proportions at age, and the 
observed trawl survey indices. The relative weighting of the five sources of data (two 
CPUE time series, catch-at-age time series, 1990 tagging biomass estimate, trawl 
survey year class strength indices) was specified in the likelihood function according 
to the variances assumed for the observed data. The individual terms of the likelihood 



objective function are described in Appendix 1. Values for the variances assumed 
were : gb,n = 0.1 (absolute biomass); a, = 10.0 (catch-at-age); OCPUe = 1.0 (both CPUE 
time series); and 4 = 0.3 (recruitment indices). 

Constant selectivity-at-age estimates for the recreational fishery as derived from the 
1985 East Northland/Hauraki Gulf tagging programme were used in the SNA 8 
model. Estimates of selectivity-at-age for single and pair trawl were calculated from 
the results of the revised 1990 tagging programme analysis described above. Age- 
specific exploitation rates were calculated for each method using relative recapture 
rates of tagged fish at age. Exploitation rates were then scaled relative to the 8 year old 
age class to produce selectivity-at-age indices. The patterns obtained suggested 
implausibly high selectivity of the single trawl for fish under 8 years of age, and 
selectivities of fish older than 8 years were poorly estimated for both single and pair 
trawl because of small sample sizes. Plausible selectivity-at-age estimates were 
therefore assumed for the base case model that reflected the general pattern indicated 
from the tagging programme results (Table 22). No information is available for 
selectivity patterns of the Japanese longline fishery that operated in SNA 8: constant 
uniform selectivity-at-age was therefore assumed. 

5.5.3 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"; 
level of under-reporting for domestic commercial catch was 20% pre-1987 and 
10% after 1987; 
Japanese longline catch for 1965-74 was 2000 t per year; 
selectivity-at-age estimates of single and pair trawl methods; 
error in the catch at age likelihood term was oc= 10.0. 

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

natural mortality = 0.06 and 0.09 yr-', M0.06 and M0.09 respectively; 
under-reporting of domestic commercial catch was 40% from 1970 to 1986, 
40%URP; 
Japanese longline catch in 1965-74 was assumed to be 1000 t and 3000 t, JAPl 
and JAP3 respectively; 
selectivity-at-age for single and pair trawl methods equal 1 .O, SELI .O; 
catch at age data oc= 20.0, SIGC2O; 
exclude new pair trawl CPUE time series from likelihood, noCPUE2; 

5.5.4 Performance indicators 

Estimates of the 90% confidence intervals of the base case model parameters were 
calculated from 1000 bootstraps. Pseudo-replicate data of pair 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 from 
the distributions. 

In each bootstrap run, the model was projected to 2018 to determine the precision of 
predicted biomass and yields. Model projections from the start of 1998 assumed 
constant commercial catch apportioned by method according to the 199697 catch 
composition and constant annual recreational fishing mortality at the 1995-96 level 
estimated in the base case model. Stochastic annual recruitment indices for 1998 to 
201 8 were randomly selected with replacement from the set of bootstrap parameters. 
For the deterministic base case projection, annual recruitments fiom 1998 to 2018 
were assumed at the level of the constant annual recruitment, z. 
Three constant commercial catch scenarios were investigated in model projections: 
the current TACC level (1500 t), a reduced level of 1300 t, and an increased level of 
1800 t. In stochastic projections, the performance indicators described above for SNA 
1 were calculated for each of the three TACC scenarios. Deterministic projections for 
these scenarios were also investigated for three values of natural mortality; the 
assumed base case model level (0.075) and the sensitivity values of 0.06 and 0.09. 

5.6 Stock assessment modelling results 

5.6.1 Model fit to input data 

The standardised annual recruitment parameters are shown in Figure 23 for the base 
case model and all sensitivities, and the base case model recruitment estimates are 
given in Table 23. The year class strengths all similar with high indices for the 1985 
and 1991 year classes. Some sensitivity in recruitment estimates is apparent for the 
1971 to 1975 year classes, but most year class estimates were robust to the 
assumptions tested. The mean of annual recruitment indices for the base case is 
greater than 1.0, resulting in mean absolute recruitment from 1971-97 being about 
22% higher than the constant annual recruitment estimate, a (Table 24). This 
discrepancy was evident in all sensitivities except M0.09 where a high estimate for R 
was obtained. This result could be taken as reflecting a temporal shift in mean 
recruitment as has been indicated for the Hauraki Gulf snapper stock where long term 
trends in SST increase mean recruitment. Alternatively, the result may also be a 
consequence of flexibility in the model structure where recruitment parameters are not 
constrained relative to E .  Consequently, the mean of recent recruitment estimates are 
determined directly from the goodness of fit to observed data (e.g., CPUE and catch- 
at-age). 

A 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 from the data 
(Figure 24). Since the 1970s a significant decline in the proportion of old fish in the 
stock is 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 with model estimates indicating average, or above average, 
recruitment strength for recent year classes. 

No clear pattern is visible in the distribution of the standardised catch-at-age residuals 
for the base case or in sensitivities for flat selectivity or assumed catch-at-age 
observation error (Figure 25). Some pattern is evident in the catch-at-age residuals for 
age classes with positive residuals for ages greater than 15 years and negative 
residuals for ages 6 to 13 years for earlier data (Figure 26). This pattern probably 
reflects the assumed selectivity-at-age function for single and pair trawling. 

The base case model fit to the trawl survey recruitment indices was good except for 
the 1985 year class and was robust to the assumptions tested. Increasing the assumed 
catch-at-age observation error improved the fit to the trawl survey recruitment indices 
whereas excluding the recent pair trawl CPUE time series from the likelihood reduced 
the goodness of fit for the 1985 and 1991 observations. No pattern was apparent in the 
recruitment index residuals (Figure 27). 

The base case model fit to both pair trawl CPUE time series was good (Figure 28) and 
very robust to all model assumptions tested. No consistent pattern was visible in the 
residuals. A large residual for the 1990 observed index was obtained for both time 
series, but high observation error was associated with this index. Positive residuals 
were obtained for the 1993 to 1995 observations, but the model fit reflected the 
general increase in CPUE since 1990. 

5.6.2 Sensitivity tests 

Model estimates of biomass from 1974 to 1991 and the fit to the 1990 tagging 
programme estimate of absolute biomass were very robust to all model assumptions 
tested (Figure 29). This is probably due to the constraints of fitting to the pair trawl 
CPUE time series and the 1990 tagging programme estimate of absolute biomass 
combined with 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 data indicates consistency in these sources of information. 
Recent biomass estimates were slightly sensitive to assumed catch-at-age observation 
error and exclusion of the 1990-97 pair trawl CPUE time series from the likelihood 
resulted in increased biomass estimates for recent years (see Figure 29). 

Estimates of virgin, and hence historical, biomass were sensitive to the assumed level 
of historical Japanese catch and natural mortality (see Figure 29). 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 are about 106 000 t with a range of 
98 000 t to 114 000 t for low and high assumed levels of historical Japanese catch 
respectively (Table 25). The range due to assumed levels of natural mortality was 
narrower. This sensitivity is reflected in deterministic projections due to differences in 
estimates of constant annual recruitment, R (see Figure 29). 



The low sensitivity in current model biomass is reflected in the consistency of 
estimates of stock status relative to BMsY for most sensitivities (Table 25). The SNA 8 
stock is predicted to be 67% of BMsy in 1998 according to the base case model. 
Higher estimated biomass obtained fkom model fits excluding recent pair CPUE time 
series predicts the stock to be 78% of BMsy. 

5.6.3 Comparison with 1997 assessment 

Although these results are consistent with the base case model, with assumed mean 
and medium strengths for the 1991 to 1993 year classes derived for the 1997 
assessment (Annala & Sullivan 1997), some clear differences are apparent with the 
models developed for the 1997 assessment having no constraints on recent 
recruitment indices (Davies 1999). Annual recruitment indices for the 1991 to 1993 
year classes estimated for the 1997 assessment model were exceptionally high, 
predicting higher current biomass (32 940 t) than the base case presented here. The 
estimates obtained were attributed to the low selectivity-at-age indices assumed for 
trawling for fish less than 5 years old. Error in the steeply ascending left-hand limb of 
the assumed selectivity-at-age function used for the 1997 assessment model was likely 
to bias model recruitments in recent years and was identified as a source of 
uncertainty. 

Subsequent changes made to the model presented here include a revised selectivity-at- 
age function for pair and single trawl, relative abundance indices since 1990, an 
additional catch-at-age estimate included in the model fitting procedure, and revised 
trawl survey recruitment indices for the 1993 and 1994 year classes. Consequently, 
more information on the recent dynamics of the stock are available for deriving model 
estimates and a more plausible selectivity-at-age function has been used for single and 
pair trawling. The effects of these differences is to produce plausible estimates of year 
class strength for the 1991 to 1994 year classes that are within the range of other year 
class estimates (see Table 23). 

Current biomass of the SNA 8 stock is predicted to be less than the biomass at which 
maximum sustainable yield may be supported (BMsy) (see Table 25). However, stock 
biomass is always 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 1998 and 1999 to be 3170 t and 3141 t with total 
catches of 1923 t and 1939 t respectively. The predicted increasing trend in biomass is 
consistent with previous assessments (Davies 1997, 1999). 

5.6.4 Projections and performance indicators 

The base case biomass trajectory for the deterministic projection to 2018 is shown in 
Figure 30 and model parameters are given in Table 26. Narrow confidence intervals 
were estimated for biomass from 193 1 to 1991 from 1000 bootstraps. Estimates of 
current biomass have a range for the upper and lower 90 percentiles of about 10 000 t 
corresponding to current biomass relative of between 5 1% and 87% of BMsy. Precision 
of predicted biomass declined with projections to 2018 (including stochastic 
recruitment), such that the ranges for the 90% confidence interval of predicted 



biomass in 2008 and 2018 were 21 800 t and 26 700 t respectively. Model estimates 
of future biomass, and future biomass relative to BMSY, are therefore imprecise. 

The narrow confidence intervals estimated for historical biomass do not accurately 
reflect true precision in the model estimate of constant annual recruitment ( R ) ,  and 
hence 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 abundance information, relative and absolute, included in the 
likelihood. The assumed c.v. of 0.1 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 BMsy. No marked bias (on average greater than 2%) was 
evident in model estimates of biomass compared to the mean of 1000 bootstrap 
estimates. 

The bootstrap projections for all three TACC scenarios indicate a high probability of 
the stock rebuilding towards BUSY with the mean predicted biomass in 2008 being 
close to, or higher than, BMsy, (Table 27). Under the current TACC, there is predicted 
to be a 60% probability of the stock biomass exceeding BMsY by 2008 and almost 
100% probability of stock biomass increasing above current levels. The probability of 
the stock biomass exceeding BMsY by 2008 is almost halved for a TACC increase to 
1800 t. The effect of the higher TACC is magnified in deterministic projections at a 
natural mortality of 0.06 such that the stock is not predicted to rebuild to BMsy by 2018 
(Figure 31). However, under all three TACC scenarios, stock size exceeds BMsy by 
2008 when assumed natural mortality is 0.09. 

5.7 Yield estimates 

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. 

5.7.1 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 1998-99 biomass assuming constant recruitment at the estimated 
value used to calculate Bo, ( R ) .  

Equilibrium CSP 1998-99 = 2612 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 BMsp 



MSY = 2680 t 

5.7.2 Estimation of MCY 

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

MCY = 2620 t 

5.7.3 Estimation of CAY 

CAY was calculated from the Baranov catch equation under the base case. FMwas set 
equal to FMsY. At BMSy the catch to start-year biomass ratio FMsy is 9.8%. 

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

6. Management implications 

6.1 SNA 1 

The current status of the two substocks differs. 

Hauraki GulfBav of Plentv 
At the start of 1997-98 the Hauraki GulfBay of Plenty substock is estimated to be at 
0.66BMsy. The substock is expected to increase over the next few years. 

East Northland 
At the start of 1997-98 this substock is estimated to be at 1.30 BMsy. The substock is 
expected to increase over the next few years. 

The expected increases for both substocks assume constant commercial catches at the 
current TACC level and constant recreational fishing mortality at the level estimated 
for 1996. 

6.2 SNA 8 

Estimates of current and reference biomass are available for SNA 8. The stock size is 
less than BMsu 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 60% 
probability that the stock size will be greater than BMsr in 2007-08. Recent combined 
commercial and recreational catch levels and the current TACC are about the level of 
the CAY and well below all other estimates of available yield and will allow the stock 
to move towards a size that will support the MSY. 
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Table 1: Reported landings (t) for SNA 1 and 8 from 1931 to 1990 

Year 

193 1 
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 

SNA 1 

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

SNA 8 

140 
159 
213 
190 
108 
103 
85 
89 
71 
76 
62 
57 
75 
69 

124 
244 
25 1 
215 
277 
318 
364 
361 

1 124 
1 093 
1 202 
1 163 
1 472 
1 128 
1114 
1 202 

Year 

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

SNA 1 

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

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

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

SNA 8 

1 178 
1 352 
1 456 
1 276 
1 182 
1 831 
1 477 
1 491 
1 344 
1 588 
1 852 
1 961 
3 038 
4 340 
4 217 
5 326 
3 941 
4 340 
3 464 
3 309 
3 153 
2 636 
1814 
1 536 
1 866 

959 
1 072 
1 565 
1 571 
1 551 

The 193 1-1 943 years are April-March but fiom 1944 onwards are calendar years. The totals are 
approximations derived fiom port landing subtotals, as follows: SNA 1, Mangonui to Whakatane; SNA 
8, Paraparaumu to Hokianga. Data up to 1985 are fiom fishing returns: data fiom 1986 to 1990 are 
fiom Quota Management Reports. 



Table 2: Percentage of landings (t) from each substock in SNA 1 by fishing method , 1984-85 to 

Year 
East Northland 

Hauraki Gulf 

Bay of Plenty 

Landings 

2 007 
1 563 

847 
1 063 
1 303 
1 521 
1 157 
1151 
1 200 
1 261 
1 276 
1 494 
1213 

3 443 
2 985 
2 333 
3 269 
3 580 
3 129 
3 093 
3 830 
3 159 
2 583 
2 471 
2 028 
1 735 

1 354 
1 328 

835 
729 
910 

1 177 
1 065 
1211 
1 065 
1 002 
1 082 
1 428 
1 176 

Single trawl 

6.5 
7.3 
8.1 
7.2 

21.1 
9.6 

11.3 
15.7 
15.5 
16.2 
11.2 
17.4 
15.9 

15.6 
15.8 
26.7 
20.9 
27.9 
29.8 
25.4 
24.9 
20.7 
18.1 
19.5 
22.7 
21.6 

55.6 
46.0 
51.4 
43.1 
68.2 
49.9 
38.9 
28.8 
35.3 
28.1 
19.9 
37.8 
35.5 

Pair trawl 

36.8 
23.6 
14.9 
17.2 
5.1 

21.6 
13.4 
9.5 

17.8 
14.4 
13.3 
7.3 
7.3 

2.8 
0.7 
0.5 
1.5 
0.0 
2.1 
3.9 
0.0 
0.0 
0.2 
1.8 
1.5 
3.4 

12.8 
10.0 
10.0 
28.5 
9.2 

10.3 
12.6 
18.5 
13.5 
15.7 
16.0 
12.4 
13.7 

Danish seine 

3.7 
4.9 
4.3 
3.2 

14.4 
11.9 
13.0 
5.1 
2.5 
2.3 
1.1 
4.1 
3.5 

3 1.6 
27.5 
21.5 
21.3 
14.3 
15.8 
23.2 
24.8 
21.9 
22.8 
22.1 
14.8 
19.5 

2.8 
1.1 
1 .o 
1.1 
4.8 

18.5 
14.8 
23.6 
18.4 
19.5 
27.6 
17.5 
24.7 

Nets 

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

10.2 
9.8 
7.4 
7.6 
7.5 
8.1 
7.9 
6.5 
5.1 
4.4 
3.4 
4.7 
7.9 

3.1 
3.2 
3.1 
2.8 
0.7 
1.2 
3.7 
3.8 
4.0 
6.2 
2.9 
3.9 
4.3 

Lines 

50.1 
61.4 
68.9 
67.5 
55.2 
53.4 
58.2 
64.1 
59.9 
61.1 
65.5 
67.4 
67.1 

39.8 
46.2 
43.9 
48.6 
47.1 
44.3 
39.6 
43.8 
52.3 
54.5 
53.3 
56.2 
47.6 

25.6 
39.6 
34.3 
24.5 
17.1 
20.1 
29.9 
25.5 
28.9 
30.5 
33.6 
28.5 
22.2 



Table 3: Reported landings (t) of snapper by Fishstock from 1983-84 to 1996-97 and actual 
TACCs (t) for 1986-87 to 1996-97 

Fishstock 
QMAs 

Landings 
1983-84t 6 539 
1984-85t 6 898 
1985-86t 5 876 
1986-87$ 4 016 
1987-88$ 5 061 
1988-89$ 5 793 
1989-90$ 5 826 
1990-91$ 5 315 
1991-92$ 6 191 
1992-93 $ 5 423 
1993-94$ 4 846 
1994-953: 4 83 1 
l995-96$ 4 94 1 
1996-97$ 5 049 

SNA 1 
1 

TACC Landings 
1 725 

SNA 8 
8.9 

TACC 

7 FSU data. SNA 1 = stat areas 1-10; SNA 8 = stat areas 37,3948. 
$ QMS data. 

Table 4: 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 

( 4  
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 snapper 
trawl catch 

30 
562 

1 289 
676 
522 

1 444 
616 
472 
922 
970 
856 

Total snapper 
1510 
2 057 
2 208 

SNA 1 

SNA 1 
76 1 
93 0 

1 104 

SNA 8 

SNA 8 
749 

1 127 
1 104 



Table 5: Estimates of annual recreational catch in numbers and weight* of snapper 

(a) Tagging programme estimates 
Recreational 

catch (t) 
Auckland East (SNA 1) Bay of Plenty, 1984 400 

Hauraki Gulf, 1985 830 
East Northland, 1985 370 
TOTAL 1 600 

West coast 
North Island (SNA 8) - 1990 239 

(b) Telephone and diary survey estimates 1993-94 
Recreational 

Number (millions) catch (t) 

SNA 1 
SNA 8 

(c) Telephone and diary survey estimates 1996 
Recreational 

Number (millions) catch (t) 

SNA 1 
East Northland 0.68 
Hauraki Gulf33ay of Plenty 1.85 

TOTAL 2 322 

SNA 8 0.27 236 

* Mean weight was based on boat ramp survey for SNA 1 and SNA 8. 



Table 6: Biomass estimates from the 1994 tagging programme as calculated using either a 
Petersen estimator, with precision expressed as a coefficient of variation (c.v.), or an 
observation error model (estimates relate to the start of year 1994-95 biomass and 
are calculated using alternative release and recapture datasets) 

Hauraki GulUJ3OP ('000 tonnes) 

ReleaseRecapture Datasets Petersen C.V. Observation error model 

Longline releaseslall recaptures 30.0 0.080 
All releasesllongline recaptures only Hauraki Gulf 34.3 0.080 

East Northland ('000 tonnes) 

ReleaseRecapture Datasets Petersen C.V. Observation error model 

Longline releaseslall recaptures 
All releasesllongline recaptures 

Table 7: The total number of tagged fish released by the longline and trawl methods in the 
Hauraki Gulf and east Northland substocks during the 1985 tagging programme 
corrected and uncorrected for initial mortality due to handling and tagging 

Substock 

Hauraki Gulf Uncorrected 
Corrected 

East Northland Uncorrected 
Corrected 

Method of capture for release 
Longline Single Trawl 

5 026 10 963 
4 816 7 210 

Table 8: Months of the recapture phase (13 months) for which proxy length frequency data 
were estimated for particular fishing methods in the 1985 tagging programme 
recapture sample 

Substock 

Hauraki Gulf 

East Northland 

Method Month 

Longline 
Single trawl 
Pair trawl 
Danish seine 
Beach seine 
Set net 

Longline 
Single trawl 
Pair trawl 



Table 9: Absolute biomass estimates of snapper in the Hauraki Gulf (excluding Bay of Plenty) 
and east Northland stocks from the 1985 tagging programme. Previous estimates are 
presented (1985 Est.) and revised estimates : using improved values of initial 
mortality (No growth corr.); incorporating growth during the recapture phase 
(Growth corr.); and unreporting of recaptured tagged fish (15% unreporting) 

Revised estimates. 
Substock 1985 est. No growth corr. Growth corr. 15% unreporting 

Hauraki Gulf 28 088 29 346 26 935 23 447 
East Northland 19 000 19 032 17 934 15 638 

Table 10: The proportion of fish, recruited (225cm) by age class for Hauraki Gulf and east 
Northland using length-at-age data from research trawl surveys and market sampling 

Year ( 1 January) 

Hauraki Gulf 
1985 
1986 
1987 
1990 
1991 
1993 
1994 
1995 

Mean 
Aggregated data 

East Northland 
1991 
1993 
1994 

Mean 

Proportion recruited 
age 4 

Proportion recruited 
age 5 



Table 11: Estimates of biological parameters for SNA 1, Hauraki Gulfmay of Plenty (HGmP), 
east Northland (ENLD) 

Estimate 
1. Instantaneous rate of natural mortality (M) 

0.075 

Source 

Hilbom & Starr (unpubl. results) 

2. Weight = a (1ength)b (Weight in g, length in cm fork length) 
a = 0.04467 b = 2.793 Paul (1 976) 

3. von BertalanfQ growth parameters (both sexes combined) 
K kl Lm 

HGBP 0.102 -1.11 58.8 Gilbert and Sullivan (1994) 
ENLD 0.128 -1.40 46.2 Davies et al. (unpubl. results) 

4. Age at recruitment (years) 
HGBP 4 (39%) 5 (100%) 
ENLD 4 (22%) 5 (100%) 

Davies et a1 (unpubl. results) 
Davies et a1 (unpubl. results) 

Table 12: Annual recreational catch estimates (tonnes) for SNA 1. The adjusted 1996 estimate is 
the catch that would have been taken if the recreational MLS had remained at 25cm 

Year Source East Northland Hauraki GulVBay of Plenty Total 
1985 1985 tagging programme 3 70 1 230 1 600 
1994 1994 North diary survey 723 2 071 2 794 
1996 1996 National diary survey 711 1611 2 322 
Adjusted 1996 799 1817 
Mean value 1985, 1994 and 1996 (adjusted) 63 1 1 706 

Table 13: Hauraki GulUBay of Plenty estimates of start of year biomass (kt) and yield (t): 
virgin biomass (go), biomass that supports maximum sustainable yield (BMSY), 
biomass in 1997-98 (&a), and biomass in 1998-99 (B99). Maximum sustainable yield 
(MSY) includes overruns (t). Assumptions (for base case and sensitivity tests) are 
described in Section 4.6.2. 

Base case 
M = 0.06 y-' 
M = 0.09 y-' 
Mean R 1931-97 
Low recreational catch 
40% under-reporting 
Higher Z1 and Z2 
Steeper selectivity 
Uncapped recreational 
catch 



Table 14: Hauraki GulUBay of Plenty bootstrap estimates of root mean squared error (RMSE) 
and bias for the maximum likelihood estimator of various quantities 

Variable Model estimate 
0.36 

RMSE (%) 
12.8 

Bias (%) 
-8.4 

Table 15: Hauraki GulYBay of Plenty bootstrap estimates of performance indicators 

Performance indicator 
Probability of stock increase, P[B18 > B,,] 
Probability of stock rebuild, PIBl, > B,,,] 
Expected stock status, E[B,, 1 Bmy] 

Estimate 
0.95 
0.80 
1.26 

Table 16: East Northland model parameters and estimates of start of year biomass (kt) and 
yield (t): virgin biomass (Bo), biomass that supports maximum sustainable yield 
(BICISY), and biomass in 1997-98 (Figs). Maximum sustainable yield (MSY) includes 
overruns (t) (see text for explanation of sensitivity runs) 

Base case 
F estimated 
Mean R 193 1-97 
M= 0.06 y-' 
M = 0.09 y-l 
JAP 10K 
JAP 25K 
40% under-reporting 
Low recreational catch 
Uncapped recreational 
catch 

Z MSY B7dBo 

Table 17: East Northland bootstrap performance indicators (corrected and uncorrected) 

Performance Indicators Estimate Estimate 
(uncorrected) (bias corrected) 

Probability of stock increase, P[B,, > B,,] 0.9 1 0.75 
Probability of stock rebuild, P[B,, > BMsy] 0.95 0.77 
Expected stock status, E[B,, I B,,,] 1.59 1.40 



Table 18: Revised estimates of absolute biomass calculated from the 1990 tagging programme 
data accounting for the effects of growth of fish during the recapture phase using a 
SNA 1 growth function (Fl) with 50% and 100% increase in this growth rate (F1.5 
and F2 respectively) and 3% unreporting of tags, compared to the original 1990 
estimate. - , indicates estimate was not available 

1990 Estimate (t) Revised estimates 
(9 

Length stratum No growth Growth Growth Growth Growth con. 
corr. corr.0: 1) con. (F1.5) corr. (F2) (F2), 3% unrep. 

Table 19: CPUE abundance indices and standard errors from SNA 8 pair trawl f ~ h e r y  

Year CPUE S.E. 

Table 20: SNA 8 trawl survey estimates of relative year class strength indices with the ages at 
which individual year classes were sampled 

Year class 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

Index 

0.82 
2.73 
0.78 
0.67 
0.18 
0.96 

1.27 
0.79 
0.93 
0.89 

Age su weyed 

3+ 
2+ 
3+ 
2+ 
3+ 
2+ 

3+ 
2+ 
3+ 
2+ 



Table 21: Estimates of biological parameters for SNA 8 

Estimate 
1. Instantaneous rate of natural mortality (M) 

0.075 

Source 

Hilborn & Starr (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 Bertalanw growth parameters (both sexes combined) 
K to L m  

0.160 -0.1 1 66.9 McKenzie et a1 (1992) 

4. Age at recruitment (years) 
3 Gilbert & Sullivan (1 994) 

Table 22: 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 23: Estimated recruitment parameters for the SNA 8 base case model defining year class 
strength relative to constant annual recruitment 

Year Recruitment index 



Table 24: Parameter estimates for constant annual recruitment 1928 to 1970 (numbers of 3 year - 
old fish, R ) ,  and the mean of annual relative recruitment indices of year class 
strength (mean R,) for the 1971, 1973 to 1975, and 1981 to 1994 year classes, 
estimated for the base case model and sensitivities (see text for descriptions) 

Model code 
- 
R mean R, 

Base case 
M0.06 
M0.09 
JAP3 
JAPl 
40%URP 
SIGC20 
SELI .O 
NoCPUE2 

Table 25: Biomass and yield estimates for SNA 8. Bo is virgin stock biomass. Bg8, Bg9 and BMSY 
are start of year biomasses for 1997-98, 1998-99 and the biomass producing 
maximum sustainable yield (MSY), respectively. Bg$BMSY and Bo$B~sy is the ratio of 
current (1997-98) and future (2007-08) biomass to BMsv respectively. CSPg9 is the 
predicted current surplus production in 1998-99 under the annual recruitment 
estimated within the model 

B0 B98 
(0 (t) 

Base case 106000 18 100 
M = 0.06 110000 18800 
M = 0.09 102000 17700 
Lower Japanese catch 98 000 18 300 
Higher Japanese catch 114000 18000 
Alternative selectivity 106000 17900 
Lower weighting of catch at age 104 000 17 700 
Higher under-reporting (40%) 1 14 000 19 200 
No recent CPUE data 106000 21200 

MSY 
0) 

2 700 
2 400 
2 900 
2 500 
2 900 
2 700 
2 600 
2 900 
2 700 



Table 26: Parameter estimates from a deterministic projection of the SNA 8 base case model to - 
2017-18 with annual recruitments from 1998 assumed constant equal to R .  
Estimates of the upper and lower 90% confidence intervals were calculated from 
1000 bootstraps with stochastic recruitment from 1998 to 2008 

Parameter Base case 

106 179 
18 170 
19 417 

0.67 
28 960 
37 004 

3 170 
3 141 
2 612 
2 594 

90% C.I. 
Lower Upper 

Table 27: Performance indicators for the SNA 8 base case model from 1000 bootstraps with 
stochastic recruitments to 2007-08 for three TACC scenarios 

Performance indicator 

Probability of stock 
increase, PIBo, > B,,] 
Probability of stock 
rebuild, PIBo, > BMsy] 
Expected stock status, 

E[B08 ' BMSYI 

TACC (t) 

1 300 1 500 1 800 



Back-calculation of growth, L2=30cm 

Time at liberty (year) 

Back-calculation of growth, L2 = 50 crn 
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.---.- ENLD 

I 
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Time at liberty (year) 

Figure 1: The estimated release length of snapper back-calculated from the length at recapture 
(L2) and time at liberty for the Hauraki Gulf and Bay of Plenty areas combined 
(HGBP) and for east Northland (ENLD) for examples L2 = 30 cm and 50 cm from the 
1994 SNA 1 tagging programme recapture data. 
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Figure 2: Total estimated length frequencies of fish in commercial catches during the 1985 
tagging programme recapture phase (Uacorr.) and back-calculated to the time of 
release of tagged fish (Corr.) for the Hauraki GulYSay of Plenty (HGBP) and east 
Northland (ENLD) stocks. 
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Figure 3: Selectivity-at-age curves from the 1985 tagging programme. The method- and age- 
specific exploitation rates are normalised to 1 a t  8 years. 

Figure 4: Selectivity-at-age curves from the 1994 tagging programme by scaling the ratio of the 
estimated proportion-at-age of snapper in commercial catches to the proportion-at- 
age in the estimated population to be 1 at 8 years. 



Year 

Figure 5: Hauraki GulVBay of Plenty stock biomass trajectory for base case (thick line) with 
90% confidence intervals for each year's biomass estimated from bootstrapping 
(small dashed lines), and the estimated base case BMsy  level (thin line). The biomass 
estimates from the two tagging programmes are plotted (squares) with their assumed 
90% confidence intervals (diamonds). 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 

Predicted recruitment index 

Figure 6: Hauraki GulfYBay of Plenty observed and predicted trawl survey recruitment indices. 
Solid line is fitted relationship with SST. 



Fitted recruitment index 

Figure 7: Hauraki Gulf7Bay of Plenty catch at age residuals (difference of logarithms scaled by 
CV) versus fitted recruitment indices. 

Residual 

Figure 8: Relative frequency of Hauraki GulfJBay of Plenty catch at age residuals (difference of 
logarithms scaled by CV) shown in dashed line. Solid line shows standard normal 
distribution. 



Year class 

Figure 9: Hauraki GulVBay of Plenty catch at age residuals (difference of logarithms scaled by 
CV) versus fitted year class. 

Figure 10: Hauraki GulVBay of Plenty catch at age residuals (difference of logarithms scaled by 
CV) versus age. 
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Figure 11: Hauraki Gulf/Bay of Plenty catch at age residuals (difference of logarithms scaled by 
CV) versus fitted proportion. 
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Figure 12: East Northland stock biomass trajectories for base case (solid line, F 2 0.04) and 
sensitivity run (dashed line, F 2 0). The absolute biomass estimates are denoted by 
black circles. 
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Figure 13: East Northland stock biomass trajectories for base case (solid line) and alternative 
periods of mean recruitment 1931-97 (dashed line). The biomass estimates are 
denoted by black circles. 
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Figure 14: Model fits to catch-at-age data (1994-97) for East Northland. 

Figure 15: East Northland catch at age residuals (difference of logarithms scaled by c.v.) versus 
age. 



Figure 16: Relative frequency of East Northland catch at age residuals (difference of logarithms 
scaled by CV). Smooth line shows standard normal distribution. 
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Figure 17: The fit of the base case East Northland model recruitment indices (norm. Reg) to the 
Hauraki Gulf SST recruitment index (norm. HG SST) estimated from the Hauraki 
GulYBay of Plenty model, (top panel), and plot of the recruitment residuals, (bottom 
panel). 
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Figure 18: East Northland biomass trajectory for base case with 90% confidence estimated from 
1000 bootstraps. 
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Figure 19: East Northland biomass trajectory for base case corrected for bias, with 90% 
confidence estimated based on 1000 bootstraps. 
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Figure 20: Length-based growth function for the Hauraki GulfiBay of Plenty snapper stock 
(HGBP) indicating back-calculated length at release relative to period at liberty given 
recapture lengths of 30 and 50 cm (L2=30 and L2=50), with adjustments for 50% and 
100% increase in growth rate (F1.5 and F2 respectively). 
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Figure 21: Seasonal recapture sample length frequencies (Uncorr.) and those back-calculated to 
the time of tag release (Corr.) using a length-based growth function. 
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Figure 22: Length frequency distribution of tagged f ~ h  released in the 1990 SNA 8 tagging 
programme (Uncorr., n=ll 061) and the distribution corrected for the estimated rate 
of initial mortality due to handling and tagging (Corr., n=7 494) 
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Figure 23: 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. 



Figure 24: Fit of the SNA 8 base case model to the single (S.Traw1) and pair trawl @.Trawl) 
catch-at-age time series for the years for which data are available between 1975 and 
1998. 
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Figure 24 cont. 
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Figure 25: Standardised catch-at-age residuals plotted against model proportion at age for the 
SNA 8 base case (top panel), sensitivity test for greater catch-at-age observation error 
(SIGC20, middle panel), and flat selectivity-at-age patterns (SELl.0, bottom panel). 
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Figure 26: Catch-at-age residuals plotted against age for the base case model and the sensitivity 
test assuming flat selectivity at age, for catch-at-age time series 1975 to 1987 and 1989 
to 1998. 
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Figure 27: Residuals from fits of the SNA 8 model to trawl survey recruitment indices for year 
classes 1984 to 1994 (excluding 1990) for the base case and the sensitivity runs 
assuming greater observation error in catch-at-age (SIGC20) and excluding the 
recent pair trawl CPUE time series. 
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Figure 28: SNA 8 base case model fits to pair trawl CPUE time series 1974 to 1991 and 1990 to 
1997. 
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Figure 29: Biomass trajectories for 1931 to 2018 showing fit to 1990 tagging programme 
absolute biomass estimate (BTAG) for the SNA 8 base case model and the sensitivity 
runs: natural mortality (M0.06, M0.09), historical Japanese longline catch levels 
( JAN and JAP3), catch-at-age observation error (SIGCZO) and exclusion of recent 
pair trawl CPUE time series from likelihood (noCPUE2). 
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Figure 30: Biomass trajectory of the SNA 8 base case model with deterministic projection to 
2018 relative to the equilibrium biomass that supports maximum sustainable yield 
(BMSY) and the 1990 tagging programme estimate of absolute biomass (BTAG), with 
90% confidence intervals estimated from 1000 bootstraps and projections having 
stochastic annual recruitment. 
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Figure 31: Deterministic biomass projections of the SNA 8 model for three assumed values of 
natural mortality, M, and three constant total allowable commercial catch (TACC) 
levels, 1300,1500 and 1800 t per year. 



9. Appendices 

Appendix 1: Model structure and regression approach 

Structure 

The structures of the SNA 1 and 8 models were essentially the same. A discrete, 
dynamic, age-structured population model was used with an assumed single sex 
composition. The recruited age classes were from 4 to 20 years for SNA 1 and from 3 
to 20 years for SNA 8, the final age class being an aggregate of fish over 19 years of 
age. Recruitment to the exploitable stock was assumed to be knife-edge at age 3 years 
for SNA 8 and as specified by a recruitment ogive for SNA 1 (see Section 4.3.3). 
Natural mortality, M, was assumed constant and independent of age class, a. Average 
annual method-specific fishing mortality,JPg for year t was assumed to be dependent 
on the selectivity at age, S,,, and characteristics of the fishing method, g. Average 
instantaneous fishing mortalities, Ft,,, were therefore age- and method-specific: 

where t, g, a are year, method type, and age class respectively. The SNA 1 model 
include five method types and the SNA 8 model four method types. Model method- 
specific catch-at-age was calculated after Deriso et al. (1 989): 

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

and for the aggregate age class: 

where Nt,, 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 Bertalanffl growth parameters and length- 
weight parameters in Table 11 for SNA 1 and Table 21 for SNA 8. 



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). 

The SNA 1 substocks were modelled from 1970 from non-equilibrium states that were 
to be estimated. The age structures in 1970 were defined by one or two total mortality 
parameters and a SST recruitment relationship. The numbers at age a in the 
population in 1970 was : 

where R is mean recruitment, r1970a is the relative strength for year class 1970-a, and 
Z is total mortality. For fish older than 59 years (pre-1911 recruits), the sum of an 
infinite geometric series assuming mean recruitment was used. 

For SNA 8, it was assumed that at the beginning of the first fishing season (1 93 1) the 
population was in unexploited equilibrium with a constant level of recruitment. 

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

where I;;:,, is the updated estimate of fishing mortality 

scalar, 

c o b s  
g 

Kg = - cgmod 

and is the gear-specific 

and CbS and pod are observed and model method-specific total annual catches, 
respectively. 

Annual recruitment for year t in the SNA 1 models was determined by a function of 
SST: 

The Hauraki GulflBay of Plenty model estimated five parameters: mean recruitment, 
R, the pre-1970 total mortality parameters, Zl and Z2, the slope of the SST temperature 
recruitment relationship, P , and the trawl survey proportionality constant, q. The 
mean sea surface temperature, T, fiom Leigh in each year for February to June was 



used to estimate p with a obtained from the constraint that the mean r, for the years 
1967-97 was unity. 

The East Northland model estimated 18 parameters: 16 annual year class strength 
indices (1976-91); mean recruitment, R; and total mortality pre 1970, 2. Year class 
strength was determined as a function of SST for the years up to 1975 and 1992-97. 
The parameters, a and P, were determined as functions of the logarithms of the 
estimated year class strength parameters and SST by linear regression. 

Nineteen parameters were estimated for the SNA 8 model: constant annual 
recruitment of 3 year old fish for 193 1 to 1970 ( E  ), and year class strength indices 
for 1971, 1973 to 1975, and 1981 to 1994. Recruitment of the 1972 and 1976 to 1980 
year classes were assumed equal to the constant annual recruitment estimate, p. 

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. 

i) CPUE data 

The observed annual trawl catch-per-unit-effort indices, 
a "base" year, t = base : 

I,, were calculated relative to 

The analytical model for the relationship between mid-year model biomass vulnerable 
to the pair trawl method ( yb. ) and the observed CPUE index was : 

where 

using the estimated cv, values for I, as indicators of the relative "weight" of each 
observed index in the regression. The log-likelihood for all observations was : 

Separate estimates for q  ̂and -1nL were calculated for the two pair trawl CPUE time 

series for SNA 8. o,,,, was assumed equal to 1.0 for both time series. 



ii) Tagging programme biomass estimate 

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

where BFg and in are tagging programme and model estimates of stock biomass in 
year n respectively. 

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

iii) Catch-at-age 

It is likely that other sources of error besides sampling precision (cv,,) occur in the 
observed estimates of trawl catch-at-age p,,. It is possible to estimate this log-normal 
error from the regression and to weight the error by the sampling variances 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, pt,,, other 
than sampling error can be calculated and weighted by sampling error, CVt,g," as 
follows: 

where 

where n,g,. is the observed proportion at age a in year t, for fishing method g, fi,,g,a 
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, o, was fixed at 10. The years and methods for which 
observed proportion at age data were available are described for the SNA 1 and SNA 
8 models in Sections 4.3.1 and 5.5.1 respectively. 

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

The estimates of a, and P, for the various stocks and fishing methods are as follows. 

SNA 1: 

Hauraki GulfJBay of Plenty: 
Method a g  P g  

Longline -0.4626 1 -3.2 1240 
Single trawl -0.39522 -2.93266 
Danish seine -0.4 1 707 -3.14737 

East Northland 
Method OLg P g  

Longline -0.5 1540 -3.298 14 

SNA 8: 
Method a g  P g  

Trawl -0.4 1293 -3.32303 

The log-likelihood function was estimated with cvtg,, calculated using Equation 1.17 
for model estimates of p , , , .  

iv) Recruitment Indices 
1 

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



where R, and it are the standardised observed trawl survey and model estimates of 
relative recruitment indices in year t respectively, and cv, is the estimated precision in 
the trawl survey index in year t. Observation error was specified differently in the 
recruitment log-likelihood for the SNA 1 and 8 models. For the SNA 1 model, no 
estimates of cv, were available and therefore a value for q. of 0.25 was assumed. For 
the SNA 8 model, estimates of the cv, were available for input to the likelihood and 4 
was set to 0.3. 

The total log-likelihood was the sum of the log-likelihoods for the individual data sets 
(Equations 1.12 + 1.13 + 1.16 + 1.18) and the total was minimised to derive the best 
estimates for the recruitment parameters. For the SNA 8 model, all four likelihood 
terms were included in the total likelihood. 

For the base case models of both SNA 1 and SNA 8 the available von Bertalanffy 
growth parameters and a relationship between length and weight for snapper (see 
Tables 11 and 21) were used to estimate start of year weight at age so as to calculate 
start of year biomass as follows: 

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



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

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

CPUE: 

The Uth bootstrap CPUEt data set was obtained: 

CPUEP = i j t e E Y  

where E~~ - N(O9(~qUe cV$). 

Tagging programme biomass: 

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

where 9 - N(O, (~ , , / ) .  oj,,, was as specified for Equation 1.13 for biomass estimate 
n. 

Commercial catch proportions at age: 

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

u - - 
Pt,g,a bt,g,a e " L ~  (2.3) 

u where o - ~(o,(o&vt ,~, ,J~)  and ndo, was calculated using the solution for 
observation error in catch-at-age Equation 1.14. 

Trawl survey relative recruitment indices: 

For the U th bootstrap Rt data was obtained: 

RY = &euY 

where out - N ( o , ( u ~ # )  

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



Appendix 3: Obtaining confidence distributions by bootstrapping 

A parametric bootstrap was carried out to measure the performance of the maximum 
likelihood estimator (MLE) and to obtain values for the performance indicators 
defined in Section 4.6.3. This method obtains good approximations to the confidence 
distributions provided the distribution of the MLE varies slowly as the true value of 
the parameter varies over its range of likely values. This is often a reasonable 
assumption when the bootstrap C.V. is low, as it was for the stock biomasses. 

Firstly, we assume that these estimates are true values. Then we repeatedly simulate 
the observations to which the model was fitted (stock biomass estimates, catch at age 
estimates, and trawl survey year class strength indices) and apply the MLE. The 
random variability in the observations is simulated according to the assumed 
distributions and their C.V.S. The set of estimates so obtained is the bootstrap 
distribution (density). We obtained estimates of bias and C.V. for each quantity 
estimated from it. We also used it to obtain an approximation to the confidence 
distribution (density). 

We denote the maximum likelihood estimate of stock biomass in some year obtained 
from the data by BmE , and a particular value of stock biomass by B* . Our bootstrap 

gives us an estimate of the density function, g(), of our estimator, MLE(b), when the 
true stock biomass, b = B,, , defined by 

g ( ~ *  - B,,)AB = P[~MLE(B,) - B * I  <+AB] (3.1) 
where AB is a small positive value. The bootstrap gives us an estimate of g() by 
varying B* . For values of B* of less than BmE the argument of go  is negative. 

We require an estimate of the density function of the confidence distribution, defined 
by 

gl(B, - B*)M = P[~MLE(B*) - B,I < f AB] (3 3 

Here, B* varies and B,, is kept constant. For values of B* less than BmE, the 

argument of gl() is positive. We use the bootstrap distribution to estimate the 
confidence density, 

P[I~~LE(B*) - B,l < 4 AB] 4 P[IMLE(B,) - B*l < $AB] 

.'. gl(BmE - B*) g(B* - BmE) (3.3) 
This should be a good estimator provided the distribution of MLE(b) varies slowly 
with b over its range of likely values. This is a often a reasonable assumption when 
the bootstrap C.V. is low, as it was for the stock biomasses. We note that the arguments 
of gl() andgo have opposite signs. We simply reflect the bootstrap distribution 
density at BmE to obtain our estimate of the confidence density of MLE(). 
Confidence intervals may be obtained directly from this. E.g. if B5 is the fifth 
percentile value in the bootstrap distribution, then, 

BmE -(B5 -Bm)=2Bm -B5 



is the 95h percentile value for the confidence distribution. We note also that estimates 
of bias, skewness, etc, must be obtained from the bootstrap distribution, not its 
reflection. 

The same procedure can be applied to other variables. We have applied it to obtain the 

performance indicators. For example, B$MSY was estimated for each bootstrap 

simulation. The resulting bootstrap distribution was then reflected in the value of 

B$Msy estimated from the data to obtain the estimate of the confidence distribution. 

The proportion of values that exceeded 1 was therefore the estimate of the 

performance indicator, P[B,, > B,,]. The other performance indicators were 
obtained similarly. 


