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1. EXECUTIVE SUMMARY 

This report documents the results of sampling for catch at age estimation for SNA 2 and 
Tasman BayIGolden Bay (within SNA 7) during spring-autumn 1997-98. 

In SNA 2 the catch at age estimates indicate that the population is numerically dominated by 
strong 1988, 1989, and 1990 year classes (8 to 10 year olds). Recruitment into the fishery 
appears to have been poor since 1990. 

In Tasman BayIGolden Bay the catch at age estimates indicate that the population is 
numerically dominated by fish 20 years and more old and the 1986 and 1988 year classes (10 
and 12 year old fish). Recruitment into the fishery appears to have been poor since 1988. 

2. INTRODUCTION 

2.1 Overview 

Snapper (Pagrus auratus), an inshore demersal species of the family Sparidae, is found in 
depths of 10-200 m throughout the northern and central areas of the New Zealand EEZ 
(QMAs 1, 2, 7, & 9). The number of juveniles that result from a spawning may vary widely, 
which results in strong or weak year classes entering the stock (Smith & Francis 1991). 
Francis (1993) determined a high positive correlation between year class strength and sea 
surface temperature in the Hauraki Gulf. A preliminary analysis for Tasman BayIGolden Bay 
suggested a similar relationship with air temperature (Annala & Sullivan 1996). 

This report describes sampling carried out during 1997-98 in SNA 2 and Tasman BayIGolden 
Bay (Figure 1) and presents the catch at age estimates. This adds to existing age structure data 
for 1991-92 from SNA 2 (Ryan 1993) and several previous estimates for the Tasman 
BayIGolden Bay substock (Mace & Drummond 1982a, 1982b, Kirk et al. 1988, Drummond 
1994, Annala & Sullivan 1996). Catch at age is not estimated for the Marlborough Sounds 
sub-stock of SNA 7 in this paper. 

2.2 Description of the fisheries 

SNA 2. Snapper occur throughout the east coast North Island (southeast of Cape Runaway), 
mainly inside 70 m depth and shallower than the tarakihi grounds (Vooren & Tong 1973). 
Commercial fishing for snapper in SNA 2 began in the 1930s and the early fishery was 
reviewed by Kilner (1983). During the 1970s, target fishing for snapper, especially by 
trawling, in QMA 2 increased. Landings increased to 800 t, resulting in a ban on pair trawling 
being imposed. Landings declined to 145 t in 1983-84. The 1986 SNA 2 TACC was initially 
set at 130 t, which was below the 1985-86 catch level of 177 t to allow the stock to rebuild 



(Colman et al. 1985). Concerns about TACC over-runs in SNA 2 prompted a review of 
fishing practices in the SNA 2 fishery Ryan (1993). He suggested that the catch data may be 
less than the true catch, due to mis-reporting, unreported black market operations, and the 
dumping of fish caught in excess of quota holdings. Landings exceeded the TACC by up to 
80% (1991-92), largely due to bycatch in the inshore trawl fisheries in QMA 2 (Ryan 1993). 
The TACC was increased to 252 t as a result of decisions by the Quota Appeal Authority in 
1992-93. There has continued to be a moderate over-catch above the current TACC of 252 t . 
(Annala et al. 1998). Input controls, such as a ban on pair trawling in most of QMA 2, and 
closed areas are in place (Ryan 1993). 

Most snapper in QMA 2 is now taken as bycatch during autumn-winter inshore trawling for 
tarakihi, flatfish, and gurnard in the inshore areas along the Wairarapa coast, Hawke Bay, and 
the east coast. Minor amounts are taken by trawlers targeting gemfish, trevally, flatfish, or 
barracouta. Snapper are also taken as bycatch of longlining for hapukuhass and bluenose, line 
fishing for school shark, and set netting for rig and blue moki (Ryan 1993). 

TasmanJGolden Bay. A small commercial fishery for snapper in Tasman and Golden Bays 
has existed since at least 1945, and landings of between 500 and 1500 t were reported during 
the 1960s (Mace & Drummond 1982a). Landings increased in the late 1970s after the 
introduction of pair trawling and purse seining. Aerial spotting (to identify near-surface 
schools of spawning snapper) was introduced to the fishery in 1977 and landings peaked at 
2700 t for the 1978 calendar year (Drummond 1994). Landings declined through the mid 
1980s. Although a TACC of 330 t was introduced in 1986, catches continued to decline and 
the TACC was further reduced to 160 t in 1989-90. Subsequent landings have been lower or 
equal to, the TACC. Input controls remain, including regulatory and voluntary closed areas 
(Anon 1994). 

Most snapper in SNA 7 are now taken as bycatch of trawling during late summer, particularly 
for red gurnard and flatfish. Snapper are also taken as bycatch of set netting for rig, warehou, 
and school shark and line fishing for school shark during the summer. A small target fishery 
now occurs on the spawning stock during spring-summer, with landings by longline, single 
trawlers, and two sets of pair trawlers. After the 1996-97 TACC increase from 160 to 200 t, 
this target fishery now extends into early autumn. 

2.3 Previous research 

SNA 2. Paul & Tarring (1980) reviewed the growth and population structure and found most 
fish were older than 10 years (oldest 42 years). They found considerable variability in year 
class strengths. Kilner (1983) noted that whilst the fishery in earlier years exploited 38-40 cm 
fish, by the late 1970s it was exploiting 25-35 cm fish. Ryan (1993) studied the fishery using 
CPUE data and catch sampling and found that the abundance of young (4-7 years old) fish in 
the catch had increased 2-4 fold over the period 1983-84 to 1991-92. He also suggested that 
changes in fishing practices in the target tarakihi and gurnard fisheries reduced the usefulness 
of CPUE monitoring as an index of snapper abundance. 

No estimates of current and reference biomass are available for SNA 2 (Annala et al. 1998). 
The estimate of MCY of 370 t is based on mean landings from 1941 to 1990 of 410 t, where 
M is assumed at 0.06 and c = 0.90 (Annala & Sullivan 1996). 



TasmanJGolden Bay. The SNA 7 fish stock is recognised as separate from the SNA 8 & 9 
stock, based on tagging recovery data (Drummond 1994). Within SNA 7, two separate 
substocks in TasmanIGolden Bays and the Marlborough Sounds are recognised, based on 
stock separation studies during 1978-81, 1984, and 1986-87 (Drummond 1994). It has been 
assumed that 75% of the SNA 7 catch comes from TasmanIGolden Bay. 

Relative year class strength indices were obtained for 1923 to 1990 from many age frequency 
samples taken between 1964 and 1993 (Annala & Sullivan 1996). These were used in an age 
structured population model which predicted that the TasmanIGolden Bay stock would reach 
B,, in 1997-98 under a commercial catch of 120 t (75% of the TACC). MCY was estimated 
as 479-487 t. CAY was estimated at 460-510 t and CSPg7 (equilibrium surplus production at 
the 1997 stock biomass) was estimated as 480-490 t. 

3. METHODS 

Although separate substocks may occur in SNA 2 (Paul & Tarring 1980) catch at age data 
have been combined for SNA 2. For SNA 7, sampling was restricted to the Tasman and 
Golden Bay substock. The Marlborough Sounds substock was not sampled. 

3.1 Initial stratification 

The purpose of stratification is to increase the precision of the catch at age estimates and to 
reduce the effects of departure from strictly random sampling. Sampling theory shows that 
this will be achieved if the strata are well chosen, i.e., if variability between strata is larger 
than that within strata. Estimation also requires the sampling of landings to be random. Strict 
adherence to this is impractical. However, departure from strict randomness has less effect 
under a stratified sampling regime, if the strata are well chosen. If detailed age distribution 
data are not available, as was the case for both fisheries, some guesswork is necessary to 
determine a good stratification. Method, season, and vessel size are generally good criteria for 
stratification. Here we have replaced the last by mean size of landing reported over the most 
recently available two years to separate the higher landings vessels in the fishery. 

SNA 2. An initial sampling stratification by method, mean landing size, and season was 
developed from analysis of data from the 1994-95 and 1995-96 fishing years (Appendix 1). 
During sampling it became apparent that significant shifts in the fishery had occurred and that 
the initial stratification was no longer satisfactory. A new stratification was established as 
detailed below and sampling was completed according to this. 

It was determined that most snapper were taken by trawl, with higher catches in autumn and 
winter. Smaller amounts were taken by line fishing and set netting. The trawlers were ranked 
by mean landing size and divided into two classes. The higher landings class, BT1, was 
defined by a list of vessels (not given here as the information is confidential) that had together 
landed 66% of the total snapper catch in the 1994-95 and 1995-96 fishing years. The lower 
landings class, BT2, included all other trawlers. Seasonal strata were developed for the BT1 
vessels: BT1-spring (October-December 1997); BT1-summer (January-March 1998); and 
BT1-autumn (April-May 1998). No sampling was to be carried out after May. As total 
landings from the BT2 trawlers were less, a single BT2 stratum from October to May was 
used. Similarly, line and set net vessels were placed.in separate October - May strata, LL and 
SN (but see Appendix 1). 



Tasman BayIGolden Bay. The 1994-95 and 1995-96 landings data were used to develop the 
stratification (Appendix 2). The increase in the TACC from 160 to 200 t resulted in an 
increase in target fishing but the change was not sufficient to justify any change in the original 
stratification. 

It was determined that most snapper were taken in a target fishery (single and pair trawl and 
longline vessels) which is concentrated in spring and summer. During autumn, lower catches 
were taken as bycatch of target trawl fishing for flatfish and gurnard. The trawlers were 
ranked by mean landing and divided into two classes. The higher landings class, BT1, was 
defined by a list of vessels (not given here) that had together landed 66% of the total snapper 
catch in the 1994-95 and 1995-96 fishing years. The lower landings class, BT2, included all 
other trawlers. As for SNA 2, seasonal strata were developed for the BT1 vessels: BT1-spring 
(October-December 1997) ; BT1 -summer (January-March 1998) ; and BT1 -autumn (April- 
May 1998). No sampling was to be carried out after May. The lower landings trawlers were 
also placed in a single stratum, BT2. The line and net fishing catches were low, and these 
were combined into one stratum, LLISN (see Appendix 2) 

3.2 Revised stratification 

A change was required to the initial stratification of SNA 2 to reflect a shift in the level of 
catch by fishing method. Such changes are sometimes unavoidable, as sampling must 
correspond to the current year's fishing. 

SNA 2. During the year it became apparent that significant shifts in the fishery had occurred 
and that the initial stratification would no longer be satisfactory. Longline and set net methods 
were landing very small quantities of fish. Some of the landings within the region were being 
trucked to processors outside the region, undermining the planned sampling arrangements at 
the regional ports. Considerable numbers of BT1 landings had been made in October before 
we were able to obtain and analyse the necessary landings data to determine the stratification. 
Hence none of the LL, SN, or BT1-spring stratum sampling targets were being met. A new 
stratification was therefore established: BT1-spring/summer, BTl-autumn, BT2- 
springlsummer and BT2-sutumn. Longline and set net vessels that each took less than 1% of 
the 1996-97 landings (Table 1) were included in the BT2 strata. Supplementary arrangements 
were made to sample landings at fish processors in Auckland and Tauranga. Summaries of 
the planned and actual numbers of landings sampled are given in Appendix 1 (1.3) and 
landing numbers and weights by stratum in Table 2. 

Tasman BayIGolden Bay. The original stratification was retained, but some extra samples 
were taken in summer and autumn to correspond to an increase in target fishing. Summaries 
of the planned and actual numbers of landings sampled are given in Appendix 1 (1.6) and 
landing numbers and weights by stratum in Table 3. 

3.3 Estimation of landed catch 

To combine the stratum estimates to give an overall catch at age estimate the catch taken in 
each stratum in SNA 2 and in Tasman BayIGolden Bay was required. Sampling continued to 
May 1998 (two samples in early June in SNA 2), but when the estimates were made landings 
data for May 1998 were not complete in the QMS database. The stratum landings for this 



month were therefore estimated by pro-rating the known QMR total catch for May 1998 by 
the ratio of landings by stratum for May 1997 (see Appendix 2). 

3.4 Sampling procedures 

A random sample of about 30 fish was collected from each landing from a random selection 
of fish bins. The saggital otoliths were collected from each fish and the length (to the nearest 
centimetre below the fork length) was measured. The sex was not determined as snapper 
show no differential growth between sexes (Paul 1976). 

Otoliths were processed by embedding in resin and cutting dorsal-ventrally through the 
nucleus. A standardised procedure for reading the otoliths and ageing the snapper was 
followed (afler Davies & Walsh 1995). Ages were defined from a nominal birthday at 1 
January. Age was recorded to one decimal place, based on the date of sampling, e.g., a 1989 
year class fish would be aged 8.7 years old if sampled in early October 1997, 8.9 years old in 
December and 9.4 years in May 1998. Because sampling was from October to May, fish were 
combined into an age class by rounding to the nearest year. Fish aged between 8.7 and 9.4 
became 9 year olds in the catch at age estimates. 

Proportions at age were calculated for each stratum. Coefficients of variation for the 
proportion at age estimates were calculated by bootstrapping as described in Appendix 3. The 
sampled landings and age data were stored on the Ministry of Fisheries market and age 
databases, respectively, held by NIWA. 

4. RESULTS 

4.1 Age distributions 

From the snapper otoliths collected from each stratum (Table 4), proportions at age in the 
landed catch, ii, were estimated as described in Appendix 3 for each fish stock from spring 
to autumn. Bootstrap estimates were calculated for each of these strata and the estimated 
coefficients of variation (c.v.), cG(bi), were derived from these after a finite population 
correction had been made. The results are presented as histograms with C.V. shown. Values of 
the proportion at age (for years 1-20+) are also shown for each sampling stratum in SNA 2 
and Tasman BayIGolden Bay. Tabulated values of and estimated variance, are given 

in Appendix 4. The mean weighted C.V. for SNA 2 was 0.27 (0.26 for ages 1-20+). The mean 
weighted C.V. for Tasman Bay/Golden Bay was also 0.27 (0.23 for 1-20+). These c.vs are 
somewhat higher than the target of 0.20. 

SNA 2. The scaled proportion at age data for 1-20+ years (Figure 2) indicates that the fishery 
was numerically dominated by 8-10 year old fish. Strong recruitment occurred during 1988 to 
1990, together with strong 1985 and 1986 year classes. Recruitment after the 1990 year class 
appears to have been poor. Comparisons of proportions at age (Figure 3) indicate broadly 
similar age distributions occurred between strata, except that relatively more young fish (3-5 
years) were taken in autumn. This occurred in both BT1 and BT2 strata and may reflect an 
increase in the availability of smaller snapper as bycatch in the target tarakihi and gurnard 
fisheries in SNA 2 (M. Claudatos, processor, Napier pers. comm).  The mean fish weight was 
1.32 kg (Table 5). 



Tasman BayIGolden Bay. The scaled proportion at age data for 1-20+ years (Figure 4) 
indicate that the fishery contains more older fish than the SNA 2 stock, with a substantially 
greater proportion of fish 20 years and older. The 1986 and 1988 year classes (10 and 12  year 
old fish) are also strong. Recruitment after the 1988 year class appears to have been poor, 
particularly for the year classes from 1991 to 1993. Comparisons of proportion at age (Figure 
5) again indicate broadly similar age distributions between strata, except that relatively more 
young fish (4-6 years) were taken in the BT2 stratum (lower size landings trawlers). The 
relatively high C.V. of the 4-6 year old proportions (figure 4) is caused by the higher variation 
between strata. Snapper, taken by the BT2 vessels were probably a bycatch of trawl fishing 
for flatfish (D. Loder, processor, Nelson. pers. comm.). The mean fish weight was 3.07 kg 
(see Table 5). 

5. DISCUSSION 

In SNA 2, the catch sampling programme designed using 1994-95 to 1995-96 landings data 
did not accurately reflect the catch distribution by method or the location of processing in the 
fishery during 1997-98. Since 1995-96 there has been a reduction in target snapper fishing by 
line and set net vessels bee Table 1) due to quota owners using available quota to cover 
bycatch by trawlers (M. Claudatos, pers. comm.). A considerable proportion of SNA 2 
landings was also being processed outside the region, undermining the planned sampling 
arrangements. 

In SNA 7, there was an increase in TACC from 160 to 200 t. This appeared to result in an 
increase in the duration of target fishing into autumn 1998. Sampling in late summer and in 
autumn was therefore increased slightly in the BT1-summer, BT2, and LLISN strata. 

Both fisheries land a wide range of age classes and show variability in age distributions 
between landings within strata. This variability resulted in fairly high overall mean weighted 
C.V.S. Due to the sampling difficulties described for SNA 2, the numbers of samples per 
stratum were not optimal for the revised spring-summer strata. If they had been, the estimated 
mean weighted c.v.s might have almost achieved the target value of 0.20. For Tasman 
BayIGolden Bay we met or exceeded our planned number of samples per stratum. We 
exceeded the contracted number of samples in both fisheries (45 instead 40 in SNA 2 and 47 
instead of 40 in Tasman BayIGolden Bay). In future the mean weighted c.v.s for these 
fisheries could be reduced by using more strata that were more evenly sized. For Tasman 
BayIGolden Bay, even with these improvements, it appears that achieving a target of 0.20 
would require an increase in the number of landings sampled. The SNA 1 and SNA 8 
sampling regimes typically obtain catch at age estimates for a single methodlseason subset of 
a fishery, but require similar numbers of samples to those used here to achieve acceptable 
precision. These other fisheries also have the advantage of containing a narrower range of age 
classes. Also, unpredictable changes in the fisheries and practical difficulties in gaining 
access to landings arp obstacles that have the potential to increase C.V.S. 

Samples were collected from a representative cross section of methods, to include both 
targeting and bycatch fishing activity. Landings during the period October to May represented 
70% of SNA 2 and 93% of SNA 7 landings for the 1 9 9 6 9 7  fishing year (see Appendix 2; 
complete data for 1997-98 were not yet available). The estimates of proportions at age and 
their mean weighted c.v.s thus refer only to this 7 month period. 



The proportions at age for SNA 2 indicate that the fishery is dominated by weight by the year 
classes between 1985 and 1990. These are broadly consistent with the strong year classes in 
the SNA 1 fishery (Walsh et al. 1997, 1998), although there the peak recruitment was the 
1989 year class whereas for SNA 2 it was the 1990 year class. Recruitment after 1990 has 
been poor. 

Recruitment in Tasman BayIGolden Bay appears to be weak or negligible in many years, and 
Drummond (1994) noted that this did not appear to be related to fishing pressure. It may be 
because this stock is at the southern limit of the species' range. Low proportions at age for 
Tasman BayIGolden Bay during 1983 and 1984 are consistent with the poor recruitment in 
these years noted by Drummond & Kirk (1986). The fishery appears to be dominated by 
weight by fish 20 years and older and the 1986 year class. Recruitment after 1988 has been 
low. This is consistent with the results of juvenile trawl surveys for snapper in Tasman and 
Golden Bays (Stevenson 1996, Blackwell & Stevenson 1997). Low numbers of younger 
snapper in Tasman BayIGolden Bay are also consistent with the increase in the mean weight 
of snapper from 1.0 kg per fish reported from the 1992 marine recreational fishing survey 
(Teirney et al. 1997), to 2.4 kg per fish reported from the 1996 survey (Hartill et al. 1998). 
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Table 1: Percentage of snapper catch by fishing method in SNA 2 and Tasman BayIGolden Bay for the 
1996-97 fishing year 

Area Pair Single Long Set 
trawl trawl line net 

SNA 2 0 98.7 0.5 0.8 
Tasman Bay/Golden 16.0 70.6 6.0 7.4 
Bay 

Table 2: Summary of the catch number and weight of landings and of samples by stratum for SNA 2 from 
October 1997 to June 1998. Springlsummer means October-March and autumn means April-May 

Stratum Number of landings Weight (t) 
Total Sampled % of total Total landings Fish sampled % of total 

BT1 -spring/summer 62 8 12.9 111 0.43 0.4 
BT1 -autumn 14 14 100.0 28 0.58 2.0 
BT2-spring/summer 143 9 6.3 42 0.42 1 .O 
BT2-autumn 22 14 63.6 17 0.75 4.4 
Total 24 1 45 200 2.18 

Table 3: Summary of the catch number and weight of landings and of samples by stratum for Tasman 
BayIGolden Bay from October 1997 to May 1998. Spring means October-December, summer means 
January-March, and autumn means April-May 

Stratum Number of landings Weight (t) 
Total Sampled % of total Total landings Fish sampled % of total 

BT1-spring 35 14 40.0 
BT1 -summer 14 10 71.4 
BT1 -autumn 10 6 60.0 
BT2 92 7 7.6 
LLISN 74 10 13.5 
Total 225 47 



Table 4: Summary of snapper otolith samples 
Stratum Length Mean length 

range (cm) 
(cm) 

SNA 2 
BTl springlsummer 
BTl -autumn 
BT2-springlsummer 
BT2-autumn 
Total 

Tasman BaylGolden Bay 
BT1 -spring 28-8 1 55.7 
BT1 -summer 29-77 54.6 
BT1 -autumn 30-73 51.3 
BT2 2 6 7 7  48.2 
LLISN 38-80 57.6 
Total 

Number 
aged 

274 
443 
303 
489 

1 509 

465 
321 
189 
190 
274 

1 439 

Table 5: Summary of estimates for 1997-98 in SNA 2 and Tasman BaylGolden Bay 

SNA 2 

Landings sampled 

Mean weight, Gj (kg) 

Weight sampled landings, ti (t) 

Total landings, ?',. (t) 

Mean weighted coefficient of variation 
of proportions at age 

Tasman BaylGolden Bay 

Landings sampled 
Mean weight, Gj (kg) 

Weight sampled landings, ti (t) 

Total landings, ?',. (t) 

Mean weighted coefficient of variation 
of proportions at age 

Stratum 
BT 1 BT 1 BT2 BT2 Total 

spring-summer autumn spring-summer autumn 
8 14 9 14 45 

1.3 1.2 1.4 1.4 1.3 

17.8 9.8 5.4 3.8 36.8 

111.3 28.8 42.3 17.2 200.6 

0.42 0.24 0.35 0.32 0.27 

Stratum 
BT1 BTl BT 1 BT2 LLISN Total 

spring summer Autumn 
14 10 6 7 10 47 

3.5 3.3 2.9 2.5 3.2 3.1 

15.7 6.3 5.1 3.1 2.5 32.7 

58.1 47.1 10.4 42.0 25.0 182.6 

0.27 0.38 0.36 0.69 0.48 0.27 



Figure 1: QMA 2 and QMA 7 showing main ports of landing in the SNA 2 and SNA 7 fisheries 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Age (y) 

Figure 2: Proportion at age estimates (histogram) and c.v.s (line) for SNA 2 landings, October 1997 - May 
1998. n, otolith sample size. 
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Figure 3: Proportion at age estimates for SNA 2 landings, October 1997 - May 1998 by sampling stratum 
(see text for stratum definitions). 



Figure 4: Proportion at age estimates (histogram) and c.v.s (line) for Tasman BayIGolden Bay landings, 
October 1997 - May 1998. n, otolith sample size. 
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Figure 5: Proportion at age estimates for Tasman BayIGolden Bay landings, October 1997 - May 1998 by 
sampling stratum (see text for stratum definitions). 



Appendix 1: Landings data (1994-95 and 1995-96) and stratification 

1.1 Landings (1994-95 and 1995-96 combined) by season in SNA 2 

Season 

Spring 
Summer 
Autumn 
Winter 
Total 

Total 
landings Proportion by 

(kg) weight 

1.2 Landings (1994-95 and 1995-96 combined) by fishing method in SNA 2 

Proportion 
Method Class Landings (kg) Vessels of landings 

Trawl BT 1 
BT2 

Line LL 
Set neffother SN 
Total 

1.3 Sampling allocation in SNA 2 

Initial stratum Planned number Revised stratum 
of landings 

BTI -spring BT1 -spring/summer 
BT1 -summer 9 

BTl -autumn 

I 
9 I BT1 -autumn 

BT2 
SN BT2-spring/summer 
LL 5 ;I BTZautumn 

Total 40 

Number of landings 
sampled 

1.4 Landings (1994-95 and 1995-96 combined) in by season Tasman BaylGolden Bay 

Season 

Spring 
Summer 
Autumn 
Winter 
Total 

Landings (kg) Proportion by 
weight 

150 907 0.48 
75 756 0.24 
65 129 0.21 
22 216 0.07 

314 008 1 .OO 



1.5 Landings (1993-94 and 1994-95) by method in Tasman BayIGolden Bay 

Proportion 
Method Class Landings (kg) Vessels of landings 

Trawl BT 1 197 402 26 0.65 
BT2 71 015 80 0.23 

Line LL 27 165 15 0.09 
Set netlother SN 9 266 24 0.03 
Total 304 848 1 .OO 

1.6 Sampling allocation in Tasman BayIGolden Bay 

Stratum Planned number of 
landings 

BT1 -spring 14 
BT 1 -summer 7 
BT1 -autumn 6 
BT2 5 
LLISN 8 
Total 40 

Number of landings 
sampled 

14 
10 
6 
7 

10 
47 



Appendix 2: Summary of landings in SNA 2 and Tasman BayIGolden Bay 

2.1 SNA 2 Landings (kg) data 1995-96 to 1996-97 

Fishing year 
Month 1995-96 199697 1997-98 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
APT 
May 
Jun 
Jul 
A% 
Sep 
Total 

2.2 Recent SNA 2 landings (kg) by vessel class from CLR, CELR and QMR returns 

Month Vessel class QMR 
BT1 BT2 Total 

1997 
A P ~  
May 
Jun 
Jul 
Aug . 

Sep 
Oct 
Nov 
Dec 

1998 
Jan 
Feb 
Mar 
APT 
May 
Jun 

2.3 Estimated SNA 2 landings (kg) for Autumn (Apr-May) 1997-98, based on 1996-97 landings 

Month Vessel class QMR 
BT 1 BT2 Total (estimated) 

April 12 771 8 891 21 662 21 662 
May 16 058 8 313 24 371 24 368 

2.4 SNA 2 Landings (kg) by sampling stratum (Source: CLR data) 

Stratum BTI -spring/summer BT1 -autumn BT2-springlsummer BTZ-autumn 



2.5 Recent landings in Tasman BayIGolden Bay from QMR returns 

Fishing year 

Month 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 

Apr 
May 
Jun 
Jul 

Aug 
Sep 

Total 

2.6 Recent Tasman BayIGolden Bay landings (kg) data by vessel class from CLR, 
CELR and QMR returns 

Landings by vessel class QMR 
BTl BT2 SN LL Total 

Month 
1997 

A P ~  
May 
Jun 
Jul 

Aug 
Sep 
Oct 
Nov 
Dec 

1998 
Jan 
Feb 
Mar 

A P ~  
May* 

Total 115 683 
- * Estimated catches for May 1997-98, based on 1996-97 landings and QMR data 

2.7 Tasman BayIGolden Bay landed catch by sampling stratum 
(Source: CLR data) 

BTl -spring BTl -summer BT1-autumn BT2 LL/SN 
58 154 47 110 10419 42015 25 007 



Appendix 3: Estimation of proportion at age 

Age frequency data from the random age frequency samples were used to calculate estimates of proportion at 
age and variance estimates. An estimate of the mean proportion of fish at age in stratum j ,  bii , was calculated by 

weighting the landing estimate by the estimated number of fish in the landing: 

where bGk is the proportion of fish at age i in landing k in stratum j ,  K is the total number of landings sampled 
A 

in the stratum j and Njk the estimated number of fish in the landing is: 

where W, is the weight of snapper in landing j and 6,  is the mean weight of fish in the sample taken from 

landing j. 6, (g) was estimated from the length frequency by applying the length weight relationship of Paul 

(1976) 

where I, (cm) was the length of fish s in the sample of size m i .  Davies & Walsh (1995) gave an estimator for 

the variance of fit, based on Cochran (1977). Here we have obtained estimates of the variance of by 
bootstrapping. Resampling was carried out at two levels. Firstly, K landings were resampled with replacement 
from the actual K landings. Secondly, a sample of the same size as the actual sample in each selected landing 
was obtained from it, by resampling with replacement. Equation 1 was applied to each bootstrap dataset and 

1000 replicate estimates for pij were obtained. Hence an estimate for the variance of & , v^* was obtained. In 
'J 

general, the mean of the bootstraps was close to the estimate, i.e., the estimator is approximately unbiased. In 
almost all cases, the variance was somewhat higher than that obtained from the estimator of Davies & Walsh 
(1995). It appears that the approximations inherent in the latter estimator underestimate variance. 

Because we are sampling a finite population (the landed catch) it is necessary to make a finite population 
correction within each stratum. The estimate of the variance of bii was estimated by 

wheret, is the weight of fish in sampled landings in stratumj and Ti is the weight of fish landed in stratum j. 

Combining stratum estimates 

The number of fish at age i in stratum j was estimated by 



Therefore the total number of fish landed at age i was estimated by 

and the overall proportion of fish of age i by 

Hence the variance of was estimated by 

and the coefficient of variation of $i by 



Appendix 4: Proportion at age estimates 

4.1 Estimated proportion at age for 1997-98 SNA 2 landings 

Stratum 
BT1-spr/sum BT1 -aut BT2-spr/sum BT2-aut Total 



4.2 Variances and finite population C.V. of proportion at age estimated by simulation for 1997-98 SNA 2 
landings 

Stratum C. v. of overall 
proportion 



4.3 Estimated proportion at age for 1997-98 Tasman BayIGolden Bay snapper landings 

Stratum 
Total 

0 
0 

0.000778 
0.038452 
0.064012 
0.008433 
0.010255 
0.055282 
0.06561 

0.159783 
0.10832 

0.248941 
0.083208 
0.006737 
0.002881 
0.013564 
0.014079 
0.009465 

0.014 
0.0 I4848 
0.005316 
0.007645 
0.013971 
0.010798 

0.0051 
0.006207 
0.006283 
0.002224 
0.00066 

0.002568 
0 

0.000398 
0 

0.001784 
0.000781 
0.003572 
0.001 324 
0.002242 
0.002242 
0.000398 
0.004877 
0.000249 
0.000927 
0.000326 
0.000247 

0 
0 

0.000967 
0 
0 

0.000249 
0 
0 
0 
0 
0 
0 
0 
0 
0 



4.4 Variances and finite population c.v. of proportion at age estimated by simulation for 1997-98 Tasman 
BaylGolden Bay snapper 

Stratum C. v. of overall 
proportion 

0 
0 

1.064709 
0.501 13 

0.669558 
0.6571 11 
0.603632 
0.196016 
0.275584 
0.174415 
0.1 57028 
0.096342 
0.201683 
0.425469 
0.535287 
0.301 100 
0.356691 
0.355182 
0.439618 
0.36877 

0.433708 
0.527576 
0.334809 
0.392431 
0.716589 
0.882629 
0.9261 17 
0.543275 
0.884462 
1.134841 

0 
1.390995 

0 
0.941288 
1.193126 
0.559409 
0.7941 72 
1.405421 
1.355934 
1 A18477 
1.176883 
1.498064 
0.960684 
1.91 7564 
1.490467 

0 
0 

0.938227 
0 
0 

1.558468 
0 
0 
0 
0 
0 
0 
0 
0 
0 


