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This report ful6ls the requirements of Objective 1 of Project SNA2000104, 'To estimate the 
yearclass strengths of snapper Pagrus aurahu in SNA 7." It summarises the estimates of 
commercial catch at age for the Tasman BaylGolden Bay portion of the SNA 7 fishstock 
(excluding the Marlborough Sounds sub-stock) for the 2000-01 fishing year, and compares 
relative year-class strengths with previous estimates. 

The catch at age estimates for Tasman BaylGolden Bay indicate that the fishery comprises a 
number of strong year-classes, and that fish over 20 y remain an important part of this fishery. 
The 1998 yearclass (3 y) appears to be relatively strong, whilst the 1986, 1988, 1990, 1995, 
and 1996 year-classes (15, 13, 11.6, and 5 y) continue to dominate the fishery. We estimate 
that one-third of the total catch by weight comes from the 15-year-olds. 

The relatively high mean weight of 3.0 kg and large numbers of fish in excess of 20 y indicate 
that this fishstock continues to be lightly fished, and that it is continuing to rebuild. The years 
of weak recruitment (1991-94) in Tasman BayIGolden Bay are consistent with trawl survey 
data. 



1. INTRODUCTION 

1 .  Overview 

Snapper ( P a p  aurahrs) is an inshore demersal species of the family Sparidae, found in 
depths of 10-200 m throughout the northern and central areas of the New Zealand EEZ 
(QMAs 1, 2, 7, 8, & 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 yearclass strength and 
sea surface temperature in the Hauraki Gulf. A similar result has been found by Gilbert et al. 
(2000) and similar relationships have been shown for SNA 2, SNA 8, and the Tasman 
BayIGolden Bay (SNA 7) fishstock (Davies & McKenzie 2001, Gilbert &Taylor 2001). 

This report describes the results of the fourth year of a commercial catch sampling 
programme. Sampling to estimate catch at age was camed out during the 2000-01 fishing 
year in the Tasman BayIGolden Bay section (Figure 1) of the SNA 7 fishstock, and repeats 
the sampling described by Blackwell et al. (2000). These data add to age structure data taken 
from several previous estimates for the Tasman BayIGolden Bay substock (Mace 1982, Mace 
& Drummond 1982, Dnunmond & Kirk 1986, Kirk et al. 1988, D~rnmond 1994, Annala & 
Sullivan 1996, Blackwell et al. 1999, 2000). Catch at age is not estimated for the 
Marlborough Sounds substock of SNA 7 in this report. 

1.2 Description of the fisheries 

Commercial fishing for snapper in Tasman BayIGolden Bay has occurred since at least 1945, 
and landings of between 500 and 1500 t were reported from the 1960s @face 1982) to the 
late 1970s (Annala et al. 2001). Following the identification of near-surface schools of 
spawning snapper (Drummond 1994) by aerial spotting, pair trawling and purse-seine 
methods were introduced into the fishery. Whilst landings initially increased and peaked at- 
2700 t in the 1978 calendar year, landiigs declined throughout the 1980s. The initial TACC 
of 330 t was introduced in 1986 to allow the stock to rebuild (Colman et al. 1985), but the 
decline in landings continued. The TACC was further reduced to I60 t in  1989-90, following 
a tagging study carried out in 1987 (Annala et al. 2001). In 1996-97 the TACC was increased 
from 160 to 200 t. For several years landings have been lower than, or equal to, the TACC 
(Annala et al. 2001). 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, but effort in these fisheries appears to be inversely 
related to the relative strength of the fisheries for albacore tuna and dredge oysters in SNA 7. 
After the 1996-97 TACC increase, this target fishery now extends into early autumn 
(Blackwell et al. 1999). 



1.3 Previous research 

The SNA 7 fishstock stock is recognised as separate from the SNA 8 (Auckland-West Coast 
North Island) fishstock, based on tagging recovery data (Drummond 1994). Within SNA 7, 
two separate substocks in Tasman BayIGolden Bay and in the Marlborough Sounds are 
recognised, based on stock separation studies carried out during 1978-81, 1984, and 1986-87 
(Drummond 1994). The small catch on the west coast of the South Island is taken to be part 
of the Tasman BayIGolden Bay substock 

Harley & Gilbert (2000) modelled the Tasman BayIGolden Bay stock using an age-structured 
population model fitted to a tag-recapture stock biomass estimate and commercial and 
research proportion at age estimates fiom samples taken between 1968-69 and 1997-98. 
They estimated current stock biomass at the start of 1998-99 as 1 . 4 3 8 ~ ~  and MSY at 650 t. 
The latter included an assumed recreational catch of 84 t and commercial under-reporting of 
10% (Hartill et al. 1998). 

The previous catch-at-age estimates (Blackwell et al. 2001) suggested that the fishery, was 
numerically dominated by the strong 1986, 1988, 1990, 1995, and 1996 year-classes, as well 
as the 20+ group. Recruitment had been particularly poor between 1991 and 1994 and the 
1997 year-class was also weak. 

2. METHODS 

Sampling in SNA7 was restricted to the Tasman BayIGolden Bay substock. The 
Marlborough Sounds substock was not sampled. 

2.1 Stratification 

The purpose of stratification is to increase the precision of the catch at age estimates and to 
reduce the effects of departure fiom 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 requires the sampling of landings to be random. Strict 
adherence to this is impractical. However, departure fiom strict randomness has less effect 
under a stratified sampling regime, if the strata are well chosen. We used the same 
stratification with the same planned numbers of samples per stratum as had been used in the 
previous two years. 

Trawlers were ranked by mean landing size during 1996-97 to 1998-99. The higher landings 
class, BTI, was defined by a list of vessels (not given here) that had together landed 50% of 
the total snapper catch during this period. As the non-trawl component of this fishery was 
small, the other trawlers were combined with the non-trawl methods to form the OTH strata. 
Seasonal catches by vessel class were defmed as six strata: BT1-Spr (October-December 
2000); BT1-Sum (January-March 2001); BT1-AutlWin (April-September 2001); OTH-Spr 
(October-December 2000); OTH-Sum (January-March 2001); OTH-Aut~Win (April- 
September 2001). 



2.2 Sampling 

More landings were sampled than were planned in all strata except the BTlSum stratum. 
Sampling started in October, and extra samples were taken largely in the OTH strata to 
correspond to an apparent increase in fishing by these vessels. Landings in the OTH-Spr and 
OTH-Sum s b t a  were particularly high and in spite of opportunistically increasing the 
sample numbers during periods when landings were numerous, the OTH-Sum stratum was 
still somewhat under-sampled. A summary of the numbers of landings sampled and landed 
weights over recent years is given in Table 1. The large changes in the timing of the fishery 
from year to year make it difficult to sample the strata optimally. 

The 200041 actual catch for SNA 7 (all) was 159 t, which compares favourably with the 
estimated (landed) catch for SNA 7 (all) of 156 t. The estimated 2 0 0 M 1  catch for Tasman 
BayIGolden Bay was 122 t and for the Marlborough Sounds (statistical area 17) was 35 t. 
These totals do not include a further 8 t reported from statistical area 37 because these 
landings cannot be separated fiom the SNA 8 fishstock 

2.3 Sampling procedure 

A random sample of about 30 fish (more or less for larger or smaller landings) was collected 
from each landing kom a random selection of fish bins, as described by Blackwell et al. 
(1999). The saggital otoliths were collected h m  each fish &d the length (to the nearest 
centimeke below the fork length) was measured The sex was not determined, as snapper 
show no differential growth between sexes (Paul 1976). The otoliths were inventoried and 
stored in the otolith collection maintained by NIWA. 

2.4 Ageing 

The numbers of otoliths collected exceeded the target of 1000, so random subsamples were 
selected for ageing. Subsample sizes were chosen to bring the number of fish towards 
proportionaIity with the landing weight (with a minimum of 10). 

Snapper otoliths collected were processed individually following the methods described by 
Davies & Walsh (1995). Each otolith was prepared by cutting dorsal-ventrally through the 
nucleus, then the cut surface was polished'by wet grinding using 200 grit and 400 grit 
diamond polishing wheels, and read under a binocular dissecting microscope at x2C-30 
magnification, as described by Blackwell et al. (1999). 

A standardised procedure for reading the otoliths and ageing the snapper was followed (after 
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 if sampled in early October 1997, 8.9 years in December and 
9.4 years in May 1998. Because sampling was from October to September, fish were 
combined into an age-class by rounding down to the nearest year and adding an extra year to 
the ages of the fish sampled between October and December 2000. 

Proportions at age, ji , were calculated for each stratum and coefficients of variation for the 
proportion at age estimates, with a finite population correction, cC(ji), were calculated by 
bootstrapping, as described by Blackwell et al. (2000) (Appendix 1). The sampled landings. 
and age data were stored on the Ministry of Fisheries market and age databases, respectively, 
maintained by MIWA. 



3. RESULTS 

Samples were collected !?om a representative cross-section of the fishery to include both 
targeting and bycatch. The numbers of snapper aged from each stratum are given in Table 2, 
and the proportions at age, )i, and the estimated coefficients of variation, c?Gi), are 
presented in Figures 2 and 3. Values are given in Appendices 1 and 2. The mean weighted 
C.V. was 0.29 (0.27 when the ageclasses exceeding 19 y were lumped). Appendices 3 and 4 
give age-length matrices of actual numbers sampled and estimated proportions in the annual 
catch. 

Comparison of proportions at age and mean weights (Figure 3 and Table 3) indicates some 
differences in the age distributions between strata. The fishery had considerable variability in 
mean size between strata, from 4.0 kg (OTH-Spr), to 1.9 kg (OTH-AutIWin). Mean weight 
was 3.0 kg and varied from 2.5 kg (1998-99) and 3.2 kg (1999-2000) (Blackwell et al. 1999, 
2000). 

4. DISCUSSION 

The fishery comprised a wide range of age-classes and variability occurred in age' 
distributionsbetween landings within strata and between strata. There was a tendency for 
older fish to be caught in spring-summer and for younger fish to be caught in autumn-winter. 
No stratum contained the full set of age-classes. This resulted in the superficially surprising 
result that the meanweighted C.V. of each stratum was less than the overall mean weighted 
C.V. The mean weighted C.V. achieved, of 0.29 (0.27 when the age-classes exceeding 19 y 
were lumped) was somewhat higher than the target C.V. of 0.20, even though the planned 
number of samples was increased from 50 to 60. This compares with 0.25 (0.19) achieved in 
sampling during 1999-2000. It reflects the wide spread of age-classes present in this 
population and the suboptimal sampling caused by the unexpectedly large catch taken in the 
OTH-Sum stratum Although additional samples were collected, this stratum was under- 
sampled. The variability in the landings pattern between years and among strata is essentially 
unpredictable. Our use of dynamically adjustable sampling targets appears to be the best 
available method of sample allocation. 

The relatively large sizes of 2-4 y fish appear to be consistent with the sizes of the older fish 
sampled. They were larger than snapper from the west coast North Island (Walsh et al. 2001) 
where growth is fast. This is consistent with previous observations that SNA 7 has the fastest 
snapper growth rates in New Zealand. Because the younger fish were predominantly caught 
in the autumn-winter strata (Figure 3), they were sampled at the end of the summer growth 
period whereas fish sampled in spring, say, were seen at the beginning of the year's growth. 
Fishing selectivity that favours larger fish means that these catch samples would tend to over- 
estimate the mean sizes of the fish in the population bu t  not in the catch). 

The fishery continued to be dominated numerically by the 1986,1988,1990, 1995, and 1996 
year-classes and the 20+ y ageclass, which were joined by the recruiting 1998 yearclass 
(Figure 2; cf. Blackwell et al. (2001)). The weak 1991 to 1994 year-classes that correspond to 
the cold El Niiio years continue to be apparent. This is consistent with the trawl surveys in 
Tasman BayIGolden Bay during 1995 and 1996 in which the catches of juveniles were 
extremely low (Stevenson 1996, Blackwell & Stevenson 1997). The proportion of 3-year-old 
fish (1998 year-class) was much larger than last year's 3-year-olds (1997 year-class),. 
indicating strong recent recruitment. By weight, approximately one-third of the catch was 
made up of 15-year-old fish (1986 year-class) and one-quarter of 20+ y fish. 



In recent years the ~ a s m *  BaylGolden Bay stock has consistently shown the highest 
proportions of 20+ y fish of any New Zealand snapper stock (Blackwell et al. 2001, Walsh et 
al. 2001). Strong yearclasses have continued to occur in the same erratic manner as they 
have done in the past in this stock (see Gilbert & Phillips in press). These facts suggest that 
the fishstock has been experiencing low levels of fishing mortality over recent years. 
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Table 1: Proportion of estimated landings in Tssman BayIGolden Bay (SNA 7) and planned and 
actual number of samples for 2000-01. 

2oo0-01 
stratum 

BTlSpr 
BTlSum 
BT 1-Aut/Win 

OTHSpr 
OTH-Sum 
OTH-AutlWin 

Total 

Planned 
number of 
landings to 

sample 

16 
7 
3 

14 
7 
3 

50 

1996-97 to 1998- 
99 proportion of 

catch in stratum by 
weight 

0.49 
0.16 
0.04 

0.14 
0.10 
0.05 

145 806 (kg) 

1999-2MX) 
proportion of catch 

in s m  by weight 

0.25 
0.16 
0.05 

0.16 
0.14 
0.22 

178 102 (kg) 

2W0-01 proportion 
of catch in s m  

by weight 

121 698 (kg) 

Number of 
landings 
sampled 

16 
5 
4 

20 
9 
6 

60 

Table 2: Summary of snapper otolith samples, in Tasnian BayIGolden Bay (SNA 7), 2000-01. 

BT1-Sp 25-81 55.5 302 
BTlSum 30-82 54.0 125 
BT1-AuWi 3 1-64 45.0 57 
OTH-Spr 22-85 59.1 337 
Om-Sum 29-80 53.2 152 
OTH-AutiWin 2679 45.8 62 
Total 1035 

Table 3: Summary of estimates for 2000-01 by sampling stratum in Tasman BayIGolden Bay 
(SNA 7). 

SLratum 
BTI- BTI- BTI- OTH- OTH- OTH- Total 

Sur Sum Aut/Win Sur Sum AutWi 
Landings sampled i6 5 
Mean weight, Gj (kg) 3.9 3.6 

Weight sampled landings, t j  (t) 11.3 12.7 

Total landings. Tj (t) 19.8 21.2 

Mean weighted C.V. of proportions at 
age (1-2% y) 0.03 0.05 



Figure 1: Location of Tasman Bay and Golden Bay at the north of the South Island. 



Figure 2: Proportion at age estimates (histogram) and c.v.s (line) for Tasman BayIGolden Bay (SNA 7) 
landings, fwhing year 200041. 



Figure 3: Proportion at age estimates for Tasman BaylGolden Bay (SNA 7) landings, fishing year 200041 
by sampling stratum (see Section 2.1 for stratum defdtions). 



Appendix 1: Estimated proportions at-age for 2000-01 Tasman BayIGolden Bay (SNA 7) 
landina - 

Stratum 
AQe BTI-Spr OTHSpr BTlSum OTH-Sum BT1-AWin OTH-AuWin Overall 



Appendix 2: Standard errors and overall cvs of proportions at age with b i t e  population 
correction, estimated by simulation for 2000-01 Tasman BayIGoIden Bay (SNA 7) 
landiis 

Stratum Overall 
Age BTI-Spr OW-Spr BTlSum OTH-Sum BTI -AWin OTH-AuWin c.V. 

Mean 
weighted 0.03M1 
C.V. 



Appendix 3: Numbers of commercially caught snapper sampled by age and length from Tasman 
BayIGolden Bay throughout 2000-01 

Lenglh Age at 1 January XOl 

(cm) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 w19 Total 

27 0 
28 2 2 
29 6 6 
30 2 4 6 
31 10 10 
32 1 7 2 2  12 
33 7 2 9 
34 3 4 7 
35 1 2 6 1  - 10 
36 2 4 1 2  1 1  20 
37 3 14 4 21 
36 6 18 9 33 
39 24 6 30 
40 1 4 1 4 5  24 
41 13 8 21 
42 9 8 2  19 
43 3 8 2  13 
44 3 3 4  1 1 12 
45 2 7 3 1 1  14 
46 5 1 1  7 
47 2 1 2  1 1 1  8 
48 1 3 3 1  5 1 14 
49 2 4 1 7 
50 2 1 9 2 2  1 17 
51 1 1 6 3 11 
52 3 1 8 1 6  2 21 
53 1 9 2 6 1 7  26 
54 16 1 11 2 1 31 
55 1 1 2  1 8  2 1 1  35 
56 1 3 2 1 2 2  8 28 
57 9 4 12 8 33 
58 9 1 14 3 18 1 46 
59 6 1 14 18 1 1 41 
60 2 14 1 2 4  2 1 3 47 
61 5 9 2 27 2 4 49 
62 6 1 6  1 2 1  2 7 44 
63 1 8 21 1 1  7 39 
64 2 4 22 11 39 
65 14 1 11 26 
68 1 13 1 1 1 4  30 
67 3 10 1 2 17 33 
68 5 20 25 
69 3 12 15 
70 2 12 14 
71 4 1 1 15 21 
72 2 11 13 
73 1 1 15 17 
74 12 12 
75 11 11 
76 1 1 
77 0 
78 0 
79 2 2 
80 1 1 
81 0 
82 0 
83 1 1 
84 0 
85 1 1 

Total 0 5 41 21 127 70 21 11 1 3 114 18 137 12 242 9 4 2 8 189 1035 



Appendix 4: Estimates of percentage at age and l e d  for snapper from Tasman BayIGolden 
Bay caught commercially throughout 2000-01. Table 6nms to 100 

Age at 1 January 2W1 
1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 16 17 16 19.19 


