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EXECUTIVE SUMMARY 

Walsh, C.; Cadenhead, H.; Smith, W, Davies, N. (2002). Length and age composition of 
commercial snapper landings in SNA 1 and SNA 8,2000-01. 

New Zealand Fkheries Assessment Report 2002/57.32 p. 

This report presents the results of Objectives 1 and 2 of the Ministry of Fisheries project 'Estimation 
of snapper year class strength in SNA 1 and 8" (SNA2000/02). The general objective was to 
determine the comumcial length frequency and age structure of the four snapper stocks that 
constitute SNA 1 and SNA 8 for use in stock assessment models by market sampling. 

The length frequency and age-length key approach was employed in 2000-01 to estimate catch-at-age 
for snapper for the main fishing methods in each stock of SNA 1 and SNA 8. Data were derived from 
length frequency samples collected fiom the west coast single trawl and pair trawl 6sheries and the 
Bay of Plenty, Hauraki Gulf, and East Northland longline fisheries and combined with age-length 
keys. Age data were collected randomly in the form of proportional allocation age-length keys for the 
west coast and Bay of Plenty fisheries, and using the random;age fxequency approach for the Hauraki 
Gulf and East Northland longline fisheries. Target sample sizes for both sampling approaches were 
achieved from all the fisheries sampled (apart fiomBay of Plenty longline length frequency). 

Year class strengths inferred from the age distributions sampled from the SNA 1 longline fisheries in 
200041 were generally consistent with trends observed in previous years. The recently recruited 
1995 year class dominates catches from SNA 1, especially in the Bay of Plenty a d  East Northland 
stocks and is expected to dominate catches in the Hauraki Gulf over the next year or two. As a result, 
the previously strong 1989 and 1991 year classes have decreased in relative strength. 

Year class strengths inferred for the SNA 8 stock were similar to those inferred in the previous year 
but less so for the years before that, either because of recent strong recruitment or the lack of 
accumulation of older age classes in the fishery. The fully recruited 1996 year class now dominates 
the age distribution of SNA 8 making up about 40% of the single trawl and pair trawl catch in 2000- 
01. Apart from the 1995 and 1998 year classes, most other year classes in SNA 8 appear to be of low 
abundance. 

Some variabiity in relative year class strengths was evident between the SNA 1 stocks. The East 
Northland stock contained strong year classes not evident in the other SNA 1 stocks and a higher 
percentage of older fish. This may be a reflection of environmental differences that exist in East 
Northland and the relatively lower fishing mortality in the stock Although similarities in recruitment 
.patterns were apparent between the SNA 1 and SNA 8 stocks for the 1995 and 1996 year classes in 
200041, this is most likely to be coincidental. A mean weighted coefficient of variation (for 
analytical estimates) of below 20% across all age classes in the SNA 1 and SNA 8 catch-at-age 
compositions was achieved. 



1. INTRODUCTION 

Staff of the National Institute of Water and Atmospheric Research W A )  and, formerly, MAF 
fisheries have sampled the length and age compositions of snapper from commercial landings in port 
(market sampling) intermittently since 1963 @avies et al. 1993). In the 1988-89 fishing year, a 
structured sampling programme was designed to establish a time series of l e n d  and age composition 
data for the main snapper fisheries in the east and west coast North Island stocks, SNA 1 and SNA 8 
respectively. Because of heterogeneity in snapper biology and fishing patterns, SNA 1 is often W e r  
subdivided into three substocks (referred to herein as stocks): East Northland Hauraki Gulf, and Bay 
of Plenty. The time series of length and age information has been summarised in previous reports 
pavies & Walsh 1995, Wdsh et al. 1995, 1997, 1998, 1999, 2000, 2001). This report presents the 
results of market sampling between October 2000 and February 2001, thus continuing the time series. 
Funding for this project, SNA2000102, was provided by the Ministry of Fisheries. 

The objectives of the market sampling programmefor 2000-01 were & follows. 

1. To carry out sampling and estimate. the relative proportion at age and length of recruited snapper 
sampled from the commercial longline catch in SNA 1 during spring and summer 20MMl.The 
target coefficient of variation (c.v.) for the catch at age will be 20% (mean weighted C.V. across all 
age classes). 

2. To carry out sampling and estimate the relative proportion at age and length of recruited snapper 
sampled from the commercial trawl catch in SNA 8 during spring and summer 2000-01. The 
target coefiicient of variation (c.v.) for the catch at age will be 20% (mean weighted C.V. across all 
age classes). 

2. METHODS 

Landings from the snapper fishery were stratified hierarchically by. stock, fishing method, and 
quarter, e.g., Bay of Plenty - longline - spring. The stocks correspond to the four areas: west coast 
North Island, Bay of Plenty, Hauraki Gulf, and East Northland (Figure 1). Fishing methods sampled 
were longline (BLL) for the SNA 1 stocks, and single trawl (BT) and pair trawl (BPT) for the SNA 8 
stock Samples were collected in the spring (September-November) and summer (December- 
February) quarters only. The percentages of the snapper catch taken by method in each of the stocks 
for 2000-01 are given in Table 1, indicating the dominant methods. 

A detailed description of the sampling design was given by Davies & walshh (1995). Length 
frequency samples were collected from the SNA 1 longline fisheries and the SNA 8 single trawl and 
pair trawl fisheries using a two-stage sampling procedure (West 1978). The random selection of 
landings and a random sample of b i i  within landings represent the first and second stages 
respectively. The sampling procedure was mcdiied to account for the grading of fish according to 
length and quality by taking a stratified random sample of bins within a landing pavies et al. 1993). 
All fish in bins making up the sample were measured to the nearest centimetre below the fork length. 
As snapper show no differential growth between sexes (Paul 1976), sex was not determined. 

Two methods were used for the collection of otoliths from landings. The first was used for collecting 
otoliths from pair trawl and single trawl catches from the west coast and fromDanish seine, longline, 
and research trawl catches in the Bay of Plenty to produce age-length keys as described by Davies & 
Walsh (1995). The west coast catch-at-age distribution in 1999-2000 was unusual in that it largely 
comprised two year classes, 1995 and 1996 (.waIs.h et al. 2001). It was estimated that the otolith 
collection for 20OC-01, based on a length frequency similar to that from 1999-2000, would be 
insufficient for describing the population age at length, due to the growth exhibited by snapper from 
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these year classes. That is, too large a sample would be collected for length classes that were low in 
abundance. Therefore, the sample allocation for each length class interval used for 200041 was 
based on a combined proportion at length distriiution using data from 1989-90 (a year most likely to 
resemble the 200041 length distribution) with that from 1999-2000. For the Bay of Plenty otolith . 

collection, the sample allocation for each length class interval was made according to the proportion 
at length distribution estimated for the previous year. To allow for annual variability in the abundance 
of fish in the 25-26 cm size range, a h e d  sample size of 10 otoliths was collected h m  these length 
intervals. The otolith sample sizes for the west coast and Bay of Plenty collections were determined 
from simulations using the previous year's length and age data to derive mean weighted coefficients 
of variation (MWCV) of below 20% for catch-at-age estimates. 

Age-length keys derived from the age data are assumed to be representative of the seasonal strata of 
the sample. The main assumption that must be satisfied for an age-length key is that the sample was 
taken randomly with respect to age from within each length class (Southward 1976). 

Calculation of proportions at length and age, and variances from length fkquency samples and age- 
length keys follbwed that of Davies & Walsh (1995). Bootstrap mean and variance estimates were not 
determined because the difference between bootstrap and analytical estimates for snapper samples 
has been found to be negligible (Davies et al., unpublished results). Calculation of mean weight-at- 
age were based on w (g) = 0.0446712.793(cm) (Paul 1976), and variances followed the method of 
Quirm II.et al. (1983). Proportions at age and mean weight-at-age (with analytical estimates of 
coefficient of variation, c.v.), were calculated for the range of age classes recruited, with the 
maximum age being an aggregate of all age classes over 19 years. 

The second method for collecting otoliths was called the random age frequency sampling method and 
was used for the Hauraki Gulf and East Northland longline fisheries. Age frequency samples were 
collected by taking random otolith samples from each stratum of the catch using a systematic 
selection interval. This involved taking a random sample of bins from each stratum, with the 
systematic selection of every nm fish counted in a continuous sequence from the sampled bins. The 
optimum selection interval, n, was determined from simulations using data from historical length and 
age samples that achieved a desired level of precision. This range took account of the expected mean 
number of fish in a bin and the total number of bins in landings. Sample sizes typically ranged from 
15 fish being collected from landings of 10 bins to 45 fish collected from landings of over 100 bins. 
A total sample size of 1000 otoliths was targeted from each f ishq.  

Proportion at age and variance (analytical and bootAp) estimates for the Hauraki Gulf and East 
Northland longline fisheries were calculated from the random age frequency samples collected from 
each landing. A mean proportion at age across all landings was determined, weighted by the 
estimated number of fish in each landing. Bootstrap mean estimates were not presented because the 
difference between analytical and bootstrap means in snapper proportion at age estimates has been 
found to be negligible (Davies et al., unpublished results). 

Random age frequency data were collected primarily to derive catch-at-age estimates. However, it 
can be assumed that fish sampled randomly for age were also random observations from within each 
length interval. Consequently, age-length keys could be derived from the random age frequency 
otolith samples. Together with the length frequency samples, proportions at age and mean weight-at- 
age with analytical estimates of C.V. were calculated using the derived age-length keys. Generally, 
only small differences in proportion at age estimates have been found between the age-length key and 
random age frequency methods (Walsh et al. 1998). However, fish in the larger length classes, 
collected by the random age frequency method, were inficequently sampled and are likely to be poorly 
described. 



A standardised procedure for reading otoliths was followed (Davies & Walsh 1995). Age was defined 
as the rounded whole year from a nominal birth date of 1 January, e.g., in 2000-01, the 1991 year 
class was 10 years old, whether sampled in December 2000 or February 2001. 

Snapper length and age data were stored on the Ministry of Fisheries market and age databases 
respectively, held by NJWA. 

3. RESULTS 

3.1 Sample collections 

Summaries of the length frequency sample sizes for stock-method-season strata are given in Tables 
2-5, and summaries of the otolith sample collections in Table 6. Catch data from autumn 2000 to 
summer 2000-01 are provided in Tables 2-5, displaying seasonal patterns in the fisheries. The 
SNA 8 single trawl fishery mainly operated over spring and summer, and the pair trawl fishery was 
concentrated around summer. The relative catch by method over the sampling period (spring- 
summer) was roughly the same as that for the previous year at 55% for single trawl and 38% for pair 
trawl (Table 1). Considerable differences are apparent between the percentage of landings sampled 
and the percentage of weight of landings sampled in the west coast single haw1 and pair trawl 
fisheries (see Table 2). This was because samples were taken mainly from landings where snapper 
was the target species. Landings where snapper was a bycatch were generally of lower weight. The 
summarised information given in Table 2 is for all landings containing snapper (target and bycatch) 
caught from the SNA 8 stock Catches from the SNA 1 fishery were more evenly spread over the 
entire year (Tables 3-5). Most of the landed catch from the Ha- Gulf and East Northland stocks 
during the sampling period were taken by longline (53% and 73% respectively) (see Table 1). The 
longline fishery contributed only 18% of the overall Bay of Plenty catch, with single trawl (61%), 
Danish seine (11%), and pair trawl (10%) being the other methods used. Snapper was the target 
species in all SNA 1 longline landings sampled. 

3.2 Length and age distributions 

For all fisheries sampled in 2000-01, catch-at-age compositions (using the length frequency and age- 
length key approach) were derived from the combined spring and. summer length distributions, and 
used to compare stock and method strata and idenbfy year class strengths. However, otoliths were not 
collected consistently in either spring or summer. In combining the seasonal data, it is assumed that 
an age-length key collected from spring and/or summer can be applied to the combined spring and 
summer length data. Because the growth of snapper over 25 cm long is not considerable between 
spring and summer, this assumption is probably valid for broad comparisons. This assumption has 
been accepted for other species with growth rates comparable to those of snapper (Westrheim & 
Ricker 1978). 

Sample length and age distributions for the 2000-01 season derived from the length frequency and 
age-length key approach are presented as histograms (Figures 2-11). Age distributions derived from 
the random age frequency approach are given for the Hauraki Gulf and East Northland longline 
fisheries with analytical and bootstrap variance estimates (Figures 9 and 11). The estimated 
proportions at length, and age, and mean weight-at-age are shown in Appendices 1,2, and 3. The age- 
length keys are presented in Appendix 4. 

The estimated total number of fish caught in a stock-method-season stratum was calculated from the 
reported total weight landed and the mean fish weight derived from stratum length compositions 



(Appendix 1). The estimated total number of fish caught for the spring-summer combined stratum 
may not correspond exactly to the sum of the individual season estimates because of rounding error. 

3.3 West coast snapper (SNA 8) 

The length distribution of the single kawl catch was characterised by two modes, which peaked at 28 
and 35 cm, with a tail extending to over 65 cm (Figure 2). The mean length of snapper sampled from 
the fishery was 37.5 cm, and the MWCV of the proportions was 0.09. The pair kawl length 
distribution was similar to that of single trawl, with slight differences in the proportion of fish in the 
smaller length intervals (Figure 4). The length 'distribution from the pair trawl catch 
was characterised by two modes which peaked at 30 and 35 cm and a tail extending to over 65 cm. 
The mean length of snapper fiom the pair kawl fishery was 37.8 cm, and the MWCV of the 
proportions was 0.10. 

As seen in the previous year of sampling (1999-2000), the 1996 year class (5 year olds) continues to 
be very strong, making up 42% and 38% of fish in single kawl and pair trawl catches respectively 
(Figures 3 and 5). The distributions largely comprise fish between 3 and 10 years old, with only 5% 
and 7% of fish being 11 years or more old in the single kawl and pair kawl catches respectively. The 
recently recruited 1998 year class (3 year olds) appears to be of above average strength comprising 
13% and 15% of the single trawl and pair trawl catches respectively, and the 1997 year class (4 year 
olds) appears to be of poor strength. The mean age of snapper fiom the single kawl and pair kawl 
fisheries was 6.0 and 6.1 years respectively. The age distributions fiom the respective fisheries had 
MWCVs of 0.11 and 0.12. 

3.4 East coast snapper (SNA 1) 

3.4.1 Bay of Plenty 

The length distribution of the Bay of Plenty longline fishery was characterised by a mode at 32 cm 
with a tail extending to 60 cm andMFVCV of 0.10 (Figure 6). The mean length was 34.9 cm. 

The longline age distribution consisted mainly of hsh between 5 and 13 years old, with only 4% of 
fish being 14 years or more old' (Figure 7). The mean age was 7.8 years and the MWCV was 0.17. 
Most evident were the strong 1995 and 1994 year classes (6 and 7 year olds), which made up 42% of 
the longlme catch. The 1996 year class appears to be relatively strong and incompletely recruited, 
containing a relatively high proportion of 25 cm fish (see Appendix 4). 

3.4.2 Hauraki Gulf 

The length distribution of the Hauraki Gulf longline fishery was characterised by a broad mode at 
30 cm with a tail extending to over 60 cm and MWCV of 0.12 (Figure 8). The mean length was 
34.3 cm. 

The Hauraki Gulf longline age distribution in 200041 was dominated by the 1995,1994,1991, and 
1989 year classes - 6, 7, 10, and 12 year old fish respectively (Figure 9). The 1989 and 1991 year 
classes are now fully recruited to the fishery, while those age classes less than 9 years still contain a 
proportion of 25 cm fish (see Appendix 4). Excluding the 1996 year class (which appears to be 
recruiting skongly), and those already mentioned, most of the other year classes are of average to low 
strength, with only 8% of fish being over 13 years of age. No large differences in estimates of 



proportions at age and precision yere apparent between the age compositions derived ftom the age- 
length key and random age frequency approaches. The mean ages of snapper in the H a d  Gulf 
longline fishery were 9.0 and 9.2 years for the age-length key and random age frequency approaches, 
respectively (see Figure 9). The analytical MWCV for the age-length key approach was 0.11. The 
analytical and bootstrap MWCVs for the random age frequency approach were 0.18 and 0.21 
respectively. 

3.4.3 East Northland 

The length distribution of the East Northland longline fishery had a mode at 30 cm with a tail 
extending to over 60 cm and MWCV of 0.13 (Figure 10). The mean length was 34.7 cm. 

The East Northland longline age distribution although relatively broad was dominated by the recently 
recruited 1996 and 1995 year classes (5 and 6 year olds) (Figure 11). These two year classes make up 
36% of fish caught and are not yet fully recruited as they contain a proportion of 25 cm fish (see 
Appendix 4). The abundance of fish 20 years of age or older in the East Northland longline fishery 
has increased slightly from that of the previous year to 7%, a result of the strong 1981 year class 
moving into that age group. No large differences in estimates of proportions at age and precision 
were visible between the age compositions derived ftom the age-length key and random age 
ftequency approaches. The mean age of snapper in the East Northland longline fishery was 9.1 years 
for the age-length key and 9.4 years for the random age frequency approaches respectively (see 
Figure 11). The analytical MWCV for the age-length key approach was 0.11. The analytical and 
bootstrap MWCVs for the random age ftequency approach were 0.19 and 0.24 respectively. 

.4- . DISCUSSION 

The relative year class strengths inferred from the length and age distributions sampled .from the 
SNA 1 fisheries in the 2000-01 season are generally consistent with trends observed. in previous 
years (McKenzie et al. 1992, Davies & Walsh 1995, Walsh et al. 1995, 1997, 1998, 1999, 2000, 
2001). In 2000-01, it was possible to sample from all sectors of the snapper fishing industry. 

The west coast single trawl and pair trawl age distributions were dominated by the very strong 1996 
year class, accounting for about 40% (by number) of all snapper in trawl landings. Year class strength 
indices for the west coast stock, calculated fiom six trawl surveys undertaken from 1987 to 1999, 
place the 1996 year class as the second highest recorded in the series (h40nison & Parkinson 2001). 
Combined with the partially recruited 1998 year class (3 year olds) and the 1995 year class (6 year 
olds), they make up a total of about 70% of all snapper caught by trawl. Consequently, the relative 
abundance of all other age classes, especially those 11 years of age or older, has lessened 
considerably from previous years, now contributing 5% and 7% by number in the single trawl and 
pair trawl catches respectively. Although the 1996 year class appears strong, there seems to be a lack 
of accumulation of fish in the older age classes in the fishery. The interpretation of the SNA 8 age 
distniution in 200@-01 may be the same as that reached in 1999-2000 by Walsh et al. (2001) and 
indicates two possible scenarios. Either high fishing mortality has reduced the relative abundance of 
older fish, or recent year classes have recruited with above average strength and dominated the 
distribution. A tagging programme to estimate the SNA 8 biomass is to be conducted in 2001-02 and 
should help clarify the uncertainty. 

The partially recruited 1998 year class (3 year olds) appears to be of above average strength in the 
west coast age distributions in 200061. As the growth rate of snapper from the west coast is 
relatively fast in the first few years, three year old age classes that are of above average strength 



usually appear in the length frequency distribution, either by broadening the distribution below 30 cm 
or appearing independently as a strong length mode dominating the 25-30 cm size classes (see 
Davies & Walsh 1995, Walsh et al. 1997, 1999,2000). This trend is clearly evident in both the single 
trawl and pair trawl length distriiutions collected in 2000-01. However, it is also likely that the 
relative strength of the 1998 year class may be inferred incorrectly due to the poor relative strength of 
the adjacent 1997 year class. A comparison of a fully recruited 1998 year class relative to other year 
classes in 2001-02 may give a better indication to its relative strength. 

The length ftequency distributions for the west coast single trawl and pair trawl fisheries were 
relatively similar in 2000-01, with pair trawl catching slightly more smaller fish. Single trawl 
samples were collected in spring and summer, but pair trawl samples were collected in summer only. 
A comparison of the summer length frequency estimates for snapper fiom the west coast fishery for 
both methods show even more resemblance (see Appendix 1). This may be related to increased 
growth of the 1998 year class (3 year 011%) through time between the two seasons, and possibly the 
fishing of aggregations of similar sized fish later in the season. As few year classes are abundant in 
the fishery at present, it appears they are similarly selected for by both single trawl and pair trawl, 
based on a comparison of the length and age distributions by method. Differences in the selectivity 
patterns between single trawl and pair trawl were evident in previous length distriiutions when larger 
and older snapper were more abundant in catches. 

The Bay of Plenty length distn'bution in 2000-0l'was similar to that seen in the previous year, but 
with a slight increase in mean length. The age distribution is dominated by the 1995 and 1994 year 
classes (6 and 7 year olds). These year classes have fully recruited to the fishery, whereas the 1996 
year class has not. As a result of these strong year classes progressing through the fishery, the 
abundance of all other year classes in catches has been reduced, with the mean age increasing 
slightly. The abundance of fish greater than 13 years of age is low in the Bay of Plenty, currently 
making up only 4% of the longline catch. 

The Hauraki Gulf longline length and age distributions in 2000-01 were very similar to those seen in 
the previous year. The strong recruiting 1995 and 1994 and year classes (6 and 7 year olds) have 
increased in their respective dominance in the age distribution, resulting in most of the other year 
classes being reduced, and a small decrease in mean length and mean age. Full recruitment of both 
these year classes is likely to occur by about age 9 or 10. The skong 1991 and 1989 year classes (10 
and 12 year olds) have dominated the fishery for the past five years and make up a considerable 
proportion of the longlime catch in 2000-01. It is expected that they will remain relatively strong for 
the next few years and therefore broaden the distribution. The 1981 year class, one of the strongest 
year classes to recruit into the Hauraki Gulf over the last 20 years, has merged with the aggregate 
(over 19) age class and boosted the aggregate (over 19) age class abundance slightly to about 3%. 

The age distribution of snapper from the East Northland longline fishery in 2000-01 was broad with 
almost all year classes showing moderate levels of abundance, except 1984 and 1983 (17 and 18 year 
olds). The recently recruiting 1996 and 1995 year classes (5 and 6 year olds) dominate the fishery and 
combined make up 36% of the longline catch. They are especially dominant in the 27-31 cm size 
range (0.40.7 kg) where at least two of every three fish landed in this range is either 5 or 6 years old. 
The occurrence of these year classes is also supported by anecdotes ftom longline fishers remarking 
on the very'high abundance of small fish in catches from some areas of the East Northland stock in 
2000-01 (pers. comm. with fishers). Neither of these year classes is fully recruited and their relative 
strength should increase over the next few years. The proportion of fish over 19 years of age has 
increased from that of the previous year to 7% due to the once strong 1981 year class moving into the 
aggregate (over 19) age class. 



Since 1989-90, broad similarities in relative year class strengths and recruitment patterns have been 
evident between the SNA 1 stocks, particularly for extremely strong and weak year classes pavies & 
Walsh 1995, Walsh et al. 1995, 1997, 1998, 1999, 2000, 2001). The 1989 and 1991 year classes 
remain relatively strong in the Hauraki Gulf stock, but are now less evident in the Bay of Plenty and 
East Northland stocks. The relative strength of the 1989 and 1991 year classes in all SNA 1 stocks 
has been reduced by the strongly recruiting 1995 year class that now dominates al l  SNA 1 stocks as 
the most abundant year class in the fishery. The 1995 year class is predicted from a published 
relationship between sea surface temperature and snapper recruitment to be the strongest year class 
spawned in the Hawalci Gulf since 1989, and is expected to be important in sustaining the SNA 1 
fishery (Morrison & Francis 1999). The 1983, 1987, 1992, and 1993 year classes, as in past years, 
appear as below average strength in all SNA 1 stocks. The 1994 year class appears to be of average 
strength in the Hauraki Gulf and Bay of Plenty catch-at-age distributions, but of lower strength in 
East Northland. The 1996 year class, although not yet fully recruited, may be of above average 
strength in all the SNA 1 stocks. The relative abundance of the 1995 and 1996 year classes should 
increase over the next year or two to dominate the SNA 1 catch-at-age distributions. As seen in 
previous years, most of the Bay of Plenty length and age samples were collected from the western 
side of the Bay, the area nearest the Hauraki Gulf. Similarities in proportion at age estimates between 
these two stoclcs may result from the closeness of the two fishing grounds and the level of mixing that 
is thought to occur (Annala & Sullivan 1996). However, some minor differences in year class 
strkigths are evident between these two areas (Gilbert 1999). In 200041, a decline in the relative 
abundance of moderate to older age classes (i.e., 1991 and 1989 year classes) in the Bay of Plenty 
was evident, but not in the ~ a ~ ~ u l f  stock This may be aresult of increased trawling effort in the 
Bav of Plenf, in recent years (see Tables 1 & 3). Alternatively. this is also likely to be influenced by 
therecently &mited s&ng 1995 and 1996 ye& classes that L v e  reduced the relative proportions of 
other age classes in the stock Because of the faster growth rates inherent in the Bay of Plenty stock, 
the 1995 and 1996 year classes are likely to have recruited sooner than that observed in the other 
stocks. As in previous years, the 1982 and 1990 year classes and the aggregate (over 19) age class 
appear to be more abundant in the East Northland stock only. These differences in year class strength 
may reflect environmental conditions unique to East Northland and the relatively lower fishing 
mortality likely in the stock 

The 1995, 1996, and 1998 year classes currently dominate the SNA 8 fishery, with most of the older 
year classes either fished down, or of low abundance. The 1995 and 1996 year classes alsa dominate 
the age distniutions of the SNA 1 stocks. Given the differences in year class skengths that have been 
observed over the past decade between the SNA 1 and SNA 8 stocks pavies & Walsh 1995, 

I Walshet al. 1995, 1997, 1998, 1999, 2000, 2001), as well as the geographic and environmental 
differences that exist, any current similarities in remitment strength are most likely to be 
coincidental. 

Differences were apparent between the analytical and bootstrap variances of proportion-at-age 
estimates from random age frequency samples fiom the Hauraki Gulf and East Northland longline 
fisheries. The bootstrap variances were higher, particularly in the less abundant age classes, i.e., 
young and old classes. It is possible that this is due to the clustering of fish in bins, which is more 
apparent for the shorter and longer (hence younger and older) fish. This effect would not be 
adequately accommodated in the analytical solution for variance that assumes a normal distribution 
for the mean proportion-at-age between landings. Given the sizes of the random age frequency 
samples collected from these fisheries, the bootstrap solutions most likely provide more accurate 
variance estimates. 

The MWCV (analytical estimates only) for the length and age distributions sampled from the SNA 1 
and SNA 8 fisheries in 2000-01 ranged between 0.09 and 0.19. 



CONCLUSIONS 

The length and age distriiutions sampled from the SNA 1 and SNA 8 fisheries in 200041 were 
g e n d l y  consistent with ken& observed in previous years. 

The 1996 year class dominates the age distribution from the SNA 8 stock making up about 40% 
of the single trawl and pair trawl catch in 200041. Apart from the 1995 and 1998 year classes, 
most other year classes in the SNA 8 stock now appear to be of low abundance. 

There were some similarities in the recruitment patterns of the SNA 1 stocks. All SNA 1 stocks 
are dominated by the 1995 year class. The variability in year class strengths between stocks in 
SNA 1 is mainly due variable recruitment specific to a stock, inherent stock growth differences 
and related f~h ing  mortality. Although similarities in recruitment patterns exist between the 
SNA 1 and SNA 8 stocks for the 1995 and 1996 year classes, this is most likely to be 
coincidental. 

The skongly recruiting 1995 and 1996 year classes currently dominate longline catches from the 
Bay of Plenty and East Northland stocks and are expected to do the same in the Hauraki Gulf 
over the next few years. As a direct result of this recruitment, the once dominant 1989 and 1991 
year classes have decreased in their respective skength. 

The East Northland stock is the only area in SNA 1 and SNA 8 with a considerable proportion of 
snapper over 19 years of age. 

ACKNOWLEDGMENTS 

We thank Dave Fisher, Dave Banks, Kim George, and the stock monitoring team for their prompt and 
efficient handling and storage of data; Bruce Dudley .and Crispin Middleton for the collection of 
market sampling data and the ageing of the otolith data sets; Stephen Black (Ministry of Fisheries) 
for the provision of data from the catch effort return system; and Dave Gilbert for reviewing the 
report and proposing some useful changes. Funding for this project, SNA2000/02, was provided by 
the Ministry of Fisheries. 

The following licensed fish receivers, and in particular the people mentioned, are thanked for their 
cooperation in enabling NIWA staff to sample catches: Leigh Fisheries Ltd. (Leigh), Greg Bishop; 
Moana Pacific Ltd. (Pukekohe), Eddie Dodd and Jenny Tonkin; Ocean Products Columbia Ltd 
(Whitianga), Dennis Camden; Sanford Ltd. (Auckland), Mario Nola and Lloyd Te Ngaio. Thanks 
also to Jim Fitzgerald and K. Choi, Sanford Ltd, for collecting length and age information from the 
west coast single bawl and pair kawl fisheries. 

7. REFERENCES 

Annala, J.H.; Sullivan, K.J. (Comps.) (1996). Report from the Fishery Assessment Plenary, April 
May 1996: stock assessments and yield estimates. 308 p. (Unpublished report held in NIWA 
library, Wellington.) 

Davies, N.M.; Walsh, C. (1995). Length and age composition of commercial snapper landings in the 
Auckland Fishery Management Area 1988-94. New Zealand Fisheries Data Report No. 58. 85 p. 



Davies, N.M.; Walsh, C.; Hartill, B. (1993). Estimating catch at age of snapper flom west coast and 
Hauraki Gulf fisheries, 1992-93. Northern Fisheries Region Internal Report NO. 17.58 p. 
report held by NIWA, Auckland.) 

Gilbert, D.J. (1999). Year class strength variability in SNA 1 sub-stocks. New Zealand Fisheries 
I Assessment Research Document 99114.20 p. (Draft report held in NIWA library, Wellingtou) 

McKenzie, J.; Haddon, M.; Walsh, C.; Carter, S.; Davies, N. (1992). Summary findings of 
commercial snapper (Pagrus auratus) market sampling from SNAl & SNA8 (1989-1992). 
Northern Fisheries Region Internal Report No. 8.63 p. @raft report held by NIWA, Auckland.) 

Morrison, MA.; Francis, M.P. (1999). Trawl survey of snapper and associated species in the Hauraki 
Gulf, October-November 1997. M A  Technical Report 58.37 p. 

Momson, M.k ,  Parkinson, D.M. (2001). Trawl survey of snapper and associated species off the west 
coast of the North Island, November 1999 -915). W A  Technical Report 100.51 p. 

Paul, L.J. (1976). A study on age, growth, and population structure of the snapper, Chlysophrys 
auratus (Forster), in the H a d  Gulf, New Zealand. Fisheries Research Bulletin No. 13.62 p. 

Quinn 4 TJ.; Best, E A ,  Bijstmld, L.; McGregor, LR (1983). Sampling Pacific haliiut 
(Hippoglossus stenolepis) landings for age composition: history, evaluation and estimation. scienhfzc 
Report 68, International Pacific Halibut Commission. 56 p. 

Southward, G.M. (1976). Sampling landings of halibut for age composition. Scientifc Report 58, 
International Pacific Halibut Commission. 31 p. 

Walsh, C.; Hartill, B.; Davies, N.M. (1995). Length and age composition of commercial snapper 
landings in the Auckland Fishery Management Area, 1994-95. New Zealand Fisheries Data 
Report No. 62. 36 p. 

Walsh, C.; Hartill, B.; Davies, N.M. (1997). Length and age composition of commercial snapper 
landings in the Auckland Fishery Management Area, 1995-96. m A  Technical Report 3.29 p. 

Walsh, C.; Hartill, B.; Davies, N.M. (1998). Length and age composition of commercial snapper 
landings in SNA 1 and SNA 8,1996-97. W A  Technical Report 24.30 p. 

Walsh, C.; Hartill, B.; Davies, N.M. (1999). Length and age composition of commercial snapper 
landings in SNA 1 and SNA 8,1997-98. M A  Technical Report 54.28 p. 

Walsh, C.; Hartill, B.; Davies, N.M. (2000). Length and age composition of commercial snapper 
landings in SNA 1 and SNA 8,1998-99. W A  Technical Report 78.30 p. 

Walsh, C.; Smith, M.; Davies, N.M. (2001). Length and age composition of commercial snapper 
landings in SNA 1 and SNA 8, 1999-2000. New Zealand Fisheries Assessment Report 2001/52. 
32 p. 

West, If. (1978). The use in New Zealand of multilevel clustered sampling designs for the sampling 
of fish at market for yearclass. C.M. 1978/0:5, Statistics Committee, Conseii International pour 
I Eqdoration de la Mer. 

Westrheim, S.J.; Ricker, W.E. (1978). Bias in using an age-length key to estimate age-frequency 
distriiutions. Journal of the Fisheries Research Board of Canada 35: 184-189. 



Table 1: Percentage of snapper catch by fishing method* for the stocks in SNA 1 and SNA 8 for the 2000-01 
sampling period! 

BPT BT BLL DS Other 

West coast 
Bay of Plenty 
Hauraki Gulf 
East Northland 

BFT, pair trawl; BT, single trawl; BLL, longlinc; DS. Danish seine. ' 2WO-01 RpnscntsOl/lO/M)ta 28/02/01 only. 

Table 2: Summary of the catch (total number and weight of landings) and samples (number of landings and 
weight sampled, and number of flsh measured) in method-season strata for the west coast snapper fisherka 
from autumn 2000 to summer 200(M1.9 

Number of landings No. of fish Weight of landings ( t l  
Method Season Total Sampled % oftotal measured Total Sampled % of total 

BPT Autumn 
Winter 
spring 
Summer 

BT Autumn 
Winter 
spring 
Summer 

* BFT, pair trawl; BT. single trawl. 

Table 3: Summary of the catch (total number and weight of landings) and samples (number of landings and 
weight sampled, and number of fuh measured) in method-season strata for the Bay of Plenty snapper fisheries 
from autumn 2000 to summer 2000-01.* 

Method Season 

BLL Autumn 
Winter 
spring 
Summer 
Autumn 
winter 
spring 
Summer 
Autumn 
Winter 
spring 
Summer 

Number of landings 
Total Sampled %of total 

No. of fish 
measured 

Weight of landings (t) 
Total Sampled % oftotal 

BLL, longline; BT, single trawl; DS, ~ A i s h  seine. 



Table 4: Summary of the catch (total number and weight of landings) and samples (number of landings and 
weight sampled, and number of fish measured) in method-season strata for the Hauraki Gulf snapper fisheries 
from autumn 2000 to summer 200041.* 

Number of landings No. of fish Weight of landings (t) 
Method Season Total Sampled % oftotal measured Total Sampled % oftotal 

BLL Autumn 815 
Winter 560 
spring 845 
Summer 847 

BT Autumn 240 
Winter 235 
W h g  270 
S-er 252 

DS Autumn 137 
Winter 80 
Spring ' 156 
Summer 145 

BLL. longlinq BT, single Wwl; DS, Dmuh rcina 

Table 5: Summary of the catch (total number and weight of landings) and samples (number of landings and 
weight sampled, and number of fish measured) in method-season strata for the East Northland snapper fishery 
from autumn 2000 to summer 2000-01.* 

Number of landings No. of fish Weight of landings (t) 
Method Season Total Sampled %oftotal measured Total Sampled % oftotal 

BLL Autumn 880 0 0 0 156 0 0 
Winter 89 1 0 0 0 178 0 0 
spring 925 22 2.4 4 678 224 11 4.9 
Summer 792 20 2.5 5 071 223 16 7.2 

BLL, longlie. 

Table 6 Details of snapper otolith samples collected in 200041 from the stocks in SNA 1 and SNA 8.* 

Area Fishing method Sampling period Sample method tt Length range (cm) No. aged 

WCNI BPT,BT Spring, summer SR 
BPLE BLL, DS, RT Spring, summer SR 
HAGU BLL Spring, summer R 
ENLD BLL Spring, summer R 

* WCNL west coast North kland; BPLE, Bay ofPlcnty; HAGU, Hauraki Gulf; ENLD. East Noahland. 
' BPT, pair trawl; BT. single Wwl; B U ,  longlme; DS, Danish seine; RT. rcxarch bawl. 

SR stratified random sample; R random sample. 



Figure 1: Quota management areasfor the east and west coast NorthIsland snapper stocks (SNA 1 
and SNA 8 respectively) andthe rangeof thethree SNAl substocks., East Northland,Haur& Gulf, 
and Bay of Plenty. 



Mean = 37.5 cm 
n= 10 626 
MWCV = 0.09 

20 23 26 29 32 35 38 41 44 47 50 53 56 59 62 65 68 71 74 77 80 
Fork length (cm) 

Figure 2: Proportion at length distribution (histogram) and ev.s (solidline) determinedfromsnapper landin@ 
sampledfmm the west coast singletrawlf~~hery in 200041 (n, length sample size, MWCV, meanweighted cv.). 

Mean = 6.0 vears 

Figure 3: Proportion at age distribution (histogram) and cv.s (solidline) determined from snapperlandings sampled 
from thewest coast single trawl iisheryin2000-01 usingthe age-length key approach (n, otolithsample size; MWCV, - ~ - -  

meanweighted cv.). 



Mean = 37.8 cm 
n =  11 562 
MWCV=O.10 

Figure 4: hoportion at length diphibution @&togram) and cv.8 (solid h e )  determined from snapper landings 
sampledfromthewest coast pairtrawlfuhery in200041 (n, length samplesize; MWCV, meanweighted cv.). 

Mean = 6.1 years 
n = 522 
MWCVE 0.12 

7 10 13 16 19 
Age (years) 

Figum5: Proportion at age distribution @istogram) andc.v.s (solidline) determined from snapperlandings sampled 
from thewest coast pairtrawl fishery in 200041 usingthe age-length key approach (n, otolith sample size; MWCV, 
mean weighted cv.). 



Mean = 34.9 cm 
n= 5 730 
MWCV=O.10 

20 23 26 29 32 35 38 41 44 47 50 53 56 59 62 65 66 71 74 77 80 
Fork length (cm) 

Figure 6: Proportion at length distriiution (histogram) and ev.s (solid Line) determined from snapper landings 
sampledfrum theBay ofPlenty longhefuhery in200041 (n, length sample Size., MWW, meanweightedev.). 

Mean = 7.8 years 
n=318 
MWCV =0.17 

7 10 13 16 19 
Age (years) 

Figure 7: Proportion at age dishibution (histogram) and ev.s (solidline) determinedfrom snapperlandin@ sampled 
from theBay of Plentylongline&heryin200M)l usingthe age-length key approach (n, otolith sample size, MWCV, 
meanweighted ev.). 



Mean = 34.3 cm 
n=9880 
MWCV = 0.12 

20 23  26 29 3 2  35 38 41 44  47 50 53  56 59 62 6 5  68 7 1  7 4  7 7  80 
Fork length (an) 

Figures: Proportion at length distribution @istogram) and cv.s (solid h e )  d e t e d e d  fmm snapper landings 
sampled from the Hauraki Gulf longline fishery in200041 (n, length sample size; MWCV, mean weighted cv.). 

c 
Mean:= Q.2. years r 1.2 $ - 

7 10 13 1 6  1 9  
Age (years) 

Figure 9: Proportion at age distributions @istogram) and rv.s (solid and dashed lines represent analytical and 
bootstrap estimates respectively) determined from snapper landings sampled fromthe Hauraki Gulf longline f ~ h e r y  
in 2000-01 using (a)the agelength key and @)the random agefrequency approaches (n, otolith sample size; MWCV, 
mean weighted rv. calculated using analytical, an., and bootstrap, bt. em). 



Mean = 34.7 cm 
n = 9  749 
MWCV;O.13 

20 23 26 29 32 35 38 41 4 4  47 50 53 56 5 9  62 6 5  68  71 74 77 80 
Fork length (cm) 

Figure 10: Proportion at length distribution @istogram) and ev.s (solid line) determined from snapper landiogs 
sampled from the East Northland longline fishery in2000-01 (n, length sample size, MWCV, meanweigbted cv.). 

1995 Mean = 9.1 years 
n = 1  007 
MWCV (an.) = 0.11 

7 1 0  13  1 6  1 9  

Mean = 9.4 years 
n = 1  007 
MWCV (an.) = 0.19 
MWCV (bt) = 024 f... -.. . .! 

7 1 0  1 3  16  1 9  
Age (years) 

Figure 11: Proportion at age distributions (histogram) and cv.s (solid and dashed lines represent analytical and 
bootstrap estimates respdvely) determined from mapperlandin&s sampled from the East Northlandlongline fishery 
in 2000-01 using (a) the agelength key and @) the random agefrequency appxuaches (n, otolith sample size; MWCV, 
meanweighted ev. caleulatedusinganalytical, an., and bootstrap, bt exs). 



Appendix 1: Estimated seasonal proportion at length and c.v.s for snapper fisheries in SNA 1 and 
SNA 8 in 2 0 0 0 1  

P.i. = proportion of f ~ h  in length class. Nt = total number of fish caught 
C.V. = coefficient of variation. n = total numbn of fish sampled 

Estimates of the proportion at length of snapper from the west coast single trawl and pair trawl fmheries in 200041 

spring - 
P.i C.V. 

S i e  trawl 
Spr-sum 

P.i. C.V. 

0.0001 0.98 
0 . m  0.00 
0.0003 0.61 
0.0002 0.96 
0.0009 051 
0.0105 0.22 
0.0215 0.21 
0.0271 0.19 
0.0281 0.13 
0.0271 0.14 
0.0226 0.10 
0.0312 0.06 
0.0481 0.10 
0.0663 0.05 
0.0828 0.06 
0.0875 0.05 
0.0812 0.07 
0.0654 0.05 
0.0538 0.07 
0.0442 0.04 
0.0331 0.08 
0.0351 0.08 
0.0293 0.08 
0.0244 0.06 
0.0250 0.13 
0.0209 0.08 
0.0168 0.10 
0.0160 0.17 
0.0160 0.12 
0.0125 0.13 
0.0082 0.10 
0.0092 0.13 
0.W9 0.18 
0.0062 0.13 
0.0062 0.17 
0.0049 025 
0.0038 0.18 
0.0052 0.26 
0.0032 0.23 
0.0037 022 
0.0030 0.31 
0.0028 0.17 
0.0021 0.29 
0.0018 0.20 
0.0014 0.36 
0.0011 0.43 
0.0008 0.47 
0.0005 0.51 
0.0001 0.70 
0.0003 0.57 
0.0002 0.76 
0.0001 1.01 
0.0000 0.00 
0.0000 0.00 
0.0000 0.00 
0.0001 0.98 
0.0000 0.00 
0.0000 0.00 
0.0000 0.00 
0.0000 0.00 
0.0001 1.04 

476 917 

10 626 



Appendix 1 -continued: 
Estim&s of the proportion at length of snapper from the Bay of Plenty longline fishery in 2000-01 

Spring Summa - 
P. i  C.V. 



Appendix 1 -continued: 
Estimates of the proportion at length of snapper &om the Hauraki Gulf longbe fishery in 2000-01 

Longline 
Spring Summer Spr-sum 

P.i C.V. P.i C.V. P.i C.V. 



Appendix 1 -continued: 
Estimates of the proportion at length of snapper from the East Northland longline fishery in 200041 

Longhe 
Spring Summer Spr-sum 

P.i C.V. P.i C.V. P.i. C.V. 



Appendix 2: Estimated seasonal proportion at age and c.v.s for snapper fisheries in SNA 1 and 
SNA 8 in 2000-01 

P.j. = proportion of fish in age class, cv. = coefficient of variation. 

Estimates of proportion at age of snapper from the west mast single trawl and pair trawl fuheries in 2000-01 
Otolith sample size = 522 

Agelength key 
Single trawl 

Spring Summer Spr-sum 
P.j. C.V. P . .  C.V. P .  C.V. 

Age-length key 
Pair trawl 

Summer 
P j  C.V. 

0 . m  0.00 
0 . m  0.00 
0.1458 0.06 
0.0575 0.17 
0.3806 0.04 
0.1680 0.09 
0.0438 0.22 
0.0556 0.19 
0.0255 0.33 
0.0565 0.19 
0.0088 0.54 
0.0090 0.41 
0.0028 1.00 
0.0058 0.71 
0.0137 0.45 
0.0106 0.26 
0.0086 0.41 
0.0051 0.70 
0.0004 0.49 
0.0018 0.22 

Estimates of proportion at age of snapper from the Bay of Plenty longline fmhery in 200041 
Otolith sample size = 318 

Agelength key 

Age Spring Summer Spr-sum 
Cv-) P .  C.V. P .  C.V. P .  C.V. 



Appendix 2 -continued: 
Estimates of proportion at age with coefficients of variation (analytical &bootstrap estimates, cv. (an) 
& cv. @t.) respectively), for snapper from the H a d  Gulf longline fisherg in 200041 - 

Otolith sample size = 989 

Age-length key Random age frequency 
Longline Longline 

Age Spring Summer Spr-sum Spr-sum 
(years) P.j. C.V. P. .  C.V. P. .  C.V. P.j. C.V. (an) C.V. (bt) 

Estimates of proportion at  age with coefficients of variation (analytical & bootstrap estimates, cv. (an.) 
& cv. (bt)  respectively), for snapper from the East Northland longline tisherg in 2000-01 
Otolith sample size = 1 007 

Age-length key 
Longline 

Age Spring Summer Spr-sum 
bears) P j  C.V. P.j. C.V. P j  C.V. 

. . 
Random age frequency 

Longline 
Spr-sum 

P . .  C.V. (an) C.V. (bt) 



Appendix 3: Estimated mean weight at age (kg) and cv.s for snapper fisheries in SNA 1 and SNA 8 
in 2000-01 

C.V. = coefficient of variation. 

Estimates of mean weight at age Org) of snapper from the west coast single trawl and pair trawl Eshdes in 2000-01 
Otolith sample size = 522 

Single trawl Pair trawl 
Age Spring Summer Spr-sum Summer 
(years) Mean C.V. Mean C.V. Mean C.V. Mean C.V. n 

Estimates of mean weight at age (kg) of snapperfcorn the Bay of Plenty longline flshery in 200041 
Otolith sample size = 318 

Age Spri~lz Summer Spr-sum 
(years) . Mean C.V. Mean C.V. Mean C.V. 



Appendix 3 -continued: 
Estimates of mean weight at age (kg) of mapper from the H a d  Gulf longline fishery in 2000-01 
Otolith sample size = 989 

Spring Summer Spr-sum 
Mean C.V. Mean C.V. Mean C.V. 

- - - - - - 
- - - - - - 
- - - - - - 

0.51 0.04 0.51 0.05 051 0.05 
0.55 0,02 0.53 0.02 0.54 0.02 
0.63 0.02 0.62 0.02 0.63 0.02 
0.69 0.02 0.67 0.03 0.68 0.02 
0.76 0.05 0.75 0.05 0.76 0.05 
0.92 0.05 0.92 0.04 0.92 0.04 
0.96 0.03 0.96 0.03 0.96 0.03 
1.12 0.05 1.09 0.05 1.11 0.05 
1.27 0.04 1.20 0.04 1.24 0.04 
1.47 0.06 1.41 0.06 1.44 0.06 
1.80 0.10 1.65 0.10 1.74 0.10 
1.60 0.15 1.59 0.16 1.59 0.15 
2.08 0.09 1.94 0.10 2.02 0.09 
2.47 0.12 2.36 0.13 2.42 0.12 
1.97 0.01 1.97 0.01 1.97 0.01 
2.42 0.15 2.40 0.16 2.41 0.16 
3.20 0.05 3.03 0.06 3.13 0.05 

Estimates of mean weight at age (kg) of snapper from the East Northland longline fishery in 2000-01 
Otolith sample size = 1 007 

Spring Summer . Spr-sum 
Mean C.V. Mean C.V. Mean C.V. 



Appendix 4: Age-length keys derived from otolith samples collected from snapper fisheries In SNA 1 
and SNA 8 in 2 0 0 0 1  

Esfimates of proportion of length at age for snapper sampled born the west coast, spring and smnmer 200041 
(Note: Aged to Ol/OyU)Ol) 

h g t h  Age WemL No. 
(cm) 1 2 .3 4 5 6 7 8 9 10 11 12 1 3  14 15 16 17 18 19 >19 aged 

Total 



Appendix 4 - contlnued: 
Estimates of proportion of lengthat age for snapper sampled from the Bay of Plenty, spring a d  summer 200@4l. 
(Note: Aged to OlfOUO1) 

52 
53 
54 
55 
56 
57 
58 

.59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
n 
78 
79 
80 

Tat a1 

A& (wars) No. 
2 3 4 5 6 7 8 9 10 11 12 I 3  14 15 16 17 18 19 >19aged 



Appendix 4 -continued: 
Estimates d proportian of length at age for snapper sampled h m  the H a d  Gulf, sprlng and summer 200041 
mate: Aged to OUOl/Ol) 

Length Age (years1 No. 
(en) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 >19aged 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
n 
78 
79 
80 

Total 



Appendix 4 - conttnued: 
Fstimds of praportim b)engb st %ge 76P barppr urnpled frma East Norfhhd, spring and maom% 20W-Ol 
Wok: Aged to O l / O ~ l )  

A s  Orms) 'No. 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 >L9aged 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 3 0 a 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 O O 0 0 0 0 f f o 0 0 0 0 . 0  
O O O O O O O O O O O O a O o O O O O o  
o a 0 o o o o u o o o o 0 0 o - a o  0 . 0  
O 0.13 0.06 0.75 0.06 0  0  0 O 0 0  0  0 0  0 0 0  0 .16 
o 0.11 0.25 0.50 o m  o m  o o o o o o 0 o o o o o o . zs 
0  0.04 0.17 038 010 0.08 OD2 0  0 0.02 0  6 0  0  - 0  0  0 0 -  0  53 
0  a03 0.03 038 0.31 0.13 0.07 0.04 0  0  0.03 0  0  0  0  0  0  0 0  72 
0 0.01 0.07 ti37 032 0.05 0.a 0.M 0.01 0.01 0.M 0.01 0  0  0  O 0  O 0 84 
o , o 0.01 0.u 0.42 0.13 0.08 o am 0.01 0.01 0.01. o o m  0.01 o o o o 8s 
o o O.M a21 0.45 alo 0.09 om am o o m  am o o o o . o a o.m 58 
0  0  0.02 0.17 0.26 0.13 0.23 0.M 0.08 0.m 0.06 0 0 0  0  0  0  0  0  53 
o o o a m o . 3 ~ ~ 1 ) 7 a . ~ ~ ~ a 6 a 1 3 0 . c w a ~ o ~  OO.OIO.OI o a o o 68 
o ~ o . o ~ a . o ~ a ~ g ~ . ~ ~ o . o g o . o ~ a . ~ ~ o . ~ ~ o . ~ ~  o.oao.oz~.m o 00.02 oo.m 55 
o o u 0.04 0.15 OAN 0.15 0.11 a.17 0.09 a.11 aw o am o o 0 o m  aw 47 
o a O O . O B ~ . Q ~ O . ~ O . ~ ~ . ~ ~ ~ ~ O . L ~ O . I ~ O . I ~ O . ~ ~  o o a -a a a 39 
0  D  0  0 O D . ~ L I M O . D 8 0 3 0 . 1 4 0 . 1 6 D . 1 4 O . M D . ~ 0 . ~  0  00.03 0  37 
o o o D 0.02 0.07 o m  4x1 020 om o.u 0.10 aas acn o a.02 . o  o 0.02 41 
o o -0 o 0.03 o 0.03 0.06 a13 o s  0.19 0.06 0.10 0.10 o m  o o o om 31 
o D D o o O.M 11.20 o 0.03 0.10 0.13 0.13 a13 OM a m  o O.E om 0.03 30 
0  0  0 0 0.04 0  0  0  0.04 0.17 0.17 0.09 0.17 0.13 0.09 D 0  0  0.09 23 
o o o o o m  o o o 0.11 0.11 0.a o 0.0s 0.26 0.16 o 0.05 0.05 a .n  19 
0  0  0  0 0 0  0  0.07 0.07 0.03 0.14 0.14 0.21 0.10 0.10 0.03 0  0 0.10 29 
0  0  0  0  0  0  0  0  0.16 0.16 0.U 0  0.21 0.16 0  0  0  0.05 0.16 19 
0 0  0 0  0  0  0  0  0 0 0.13 0.13 0  0% 0.06 0 0  0.06 0.38 16 
0 0  0 0  0 O 0  0 5 00.20 b0.100.ID 0 0 00.10a50 I D  
0 0  0  0 0 0 0  D 0 00.25 0  0 00.13 0 0 ' 0 0 . 6 3  8 
o o o o 0 Q o a s  a17 aos c ma oca 0.17 o a a 033 12 
0  O 0  0  0  0  0 0 00.D60.06 0 0  00.12 0  00.240.53 17 
0  0 0 0  0  0  0  0 Q 0.07 0  0.07 0.14 0  0.07 0  0  0.14 050 . .14 
o o o o o o o o a 0.11 o o 0.11 0.11 0.11 o o a i l  0.44 9 
0  0  0  0  0  0  0 0  0 0  0.13 0  0.13 0 0.13 0.13 0  0.13 0.38 8 
0  0  0 0  0  0  0  0 0  0 0  00.33 00.33 0 0  00.33 3 
0  0  0  0  0  0  0  0  0  0  0  00.14 0 0  0  0  O0.86 7 
0  0  0  0  0  0  0 0  0 00.50 0  0  0  0  0 0 00.50 2 
0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 1 . 0 0 2  
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