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EXECUTIVE SUMMARY 

Davies, N.M.; Hartill, B,; Walsh, C. (2003). A review of methods used to estimate snapper 
catch-at-age and growth in SNA 1 and SNA 8. 
New Zealand Fisheries Assessment Report 2003/10.63 p. 

Commercial landings of snapper have been sampled in processing factories (market sampling) since 
the 1988-89 fishing year, when a programme was designed to establish a time series of length and 
age composition data for the main snapper fisheries within the SNA 1 and SNA 8 stocks. This time 
series provides a means for monitoring trends in the age shucture of the snapper stocks and is 
fundamental to the assessment of SNA 1 and SNA 8. The methods used to.derive estimates have been 
reviewed in four sections with objectives: 

1. to compare methods for estimating catch-at-age; 
2. to compare bootstrap and analytical estimates of catch-at-age precision; 
3. to assess levels of reader error in deriving age-at-length data from otolith samples; 
4. to compile the available time series of length-at-age and weight-at-age, and to identify trends in 

growth. 

A standard sampling approach often employed for estimating catch-at-age involves the collection of a 
length frequency sample and an otolith subsample from which an age-length key is derived 
(LF+ALK). Catch-at-age and variance estimates derived from the LF+ALK method were compared 
with those from an alternative sampling approach that randomly samples landings directly for age 
frequency, termed the random age frequency approach (RAF). RAF sampling for age-frequency 
provided estimates of catch-at-age of acceptable accuracy and precision, and is optimal in terms of 
the resources required. Therefore, we recommend the RAF sampling design for estimating snapper 
catch-at-age. Where estimates for multiple fisheries within a stock are required, standard LF+ALK 
sampling may be the optimal design because only one age-length key sample is required. 

Bootstrap and analytical estimates of catch-at-age precision derived from LF+ALK samples were 
compared using length frequency and otolith data from samples of the Hauraki Gulf longline fishery 
collected during spring and summer 1993-94. The analytical and bootstrap estimates for catch-at-age 
variances were largely equivalent. Analytical variances have previously been reported for the SNA 1 
and SNA 8 fisheries. 

Reader imprecision and bias in age estimates most likely result from ambiguous structures in the 
otolith and poor otolith preparation. This creates uncertainty in a reader's interpretation of annual 
rings, and leads to reader error. The error in age estimates attributable to individual otolith readers 
was investigated using data collected during the 1995-96 sampling programme for SNA 1 and 
SNA 8. Average percent error (APE) was calculated, and reader bias was plotted for the first readings 
of snapper otolith by six independent readers. Reader bias and imprecision £rom first readings 
appears to be low, indicating this source of error is unlikely to constitute considerable error in catch- 
at-age estimates. 

Snapper length and age data from market sampling and research trawl surveys gave time series of 
mean length-at-age and mean weight-at-age. Spatial comparisons are made and interannual growth 
variability are identified from 1988-89 to 1997-98. Comparisons are made between observed mean 
weight-at-age and estimates derived from predictive length-weight and von Bertalanffy relationships 
to show variation betweenyears and w i h  areas. A number of possible causal factors are discussed 
and recommendations are made for the collection of data to descnie snapper growth. Spatial 
differences are apparent with fish in SNA 8 having substantially faster growth than in SNA 1. Trends 
in growth in SNA 1 may be related to SST. Variability in mean weight-at-age would affect population 
model biomass estimates. 



1. INTRODUCTION 

Snapper, Pagrus auratau, is the most commercially important inshore finfish species in New Zealand, 
with an estimated $38 million earned in exports in 2000 (Sea Fwd Industry Council 2001) and a total 
allowable commercial catch (TACC) in 1998-99 of 4500 t Snapper has been managedl under the 
national Quota Management System since its implementation in 1986. The two snapper stocks 
outlined in this report are SNA 1 and SNA 8 which lie on the east and west coasts of the northern part 
of New Zealand's North Island. Because of heterogeneity in snapper biology and different fishing 
patterns, the east coast stock (SNA 1) is further subdivided into three substocks: East Northland, 
Hauraki Gulf, and Bay of Plenty (Figure 1). The biomasses of the three substocks werr: estimated 
f?om a mark-recapture programme completed in 1995. Biomass estimates for the Hauraki (iulf/Bay of 
Plenty combined, and East Northland substocks were 34 300 t and 13 700 t respectively (Annala et al. 
1998). The TACC for snapper in the 1996-97 fishing year (1 October to 30 September) was 4938 t in 
SNA 1 and 1500 t in SNA 8. The current status of both stocks is considered to be similar, with 
estimates of biomass being less than the estimated level at which maximum sustainable yield can be 
supported (Annala et al. 1998). 

The length and age compositions of snapper in commercial landings have been sampled in port 
(market sampling) intermittently since 1963 (Davies et al. 1993). In the 1988-89 fishing year, a 
sampling programme was designed to collect length and age data for the main snapper fisheries in 
SNA 1 and SNA 8. This has been summarised in data reports (Davies & Walsh 1995, Vlralsh et al. 
1995, 1997, 1998, 1999). The time series provides a means for monitoring trends in the age structure 
of snapper and is used in the assessment of SNA 1 and SNA 8 (Davies 1999). The catch-at-age time 
series for both stocks are included in the age-structured population models to estimlate annual 
recruitment. 

This review is in four sections with objectives: 

1. to compare methods fo; estimating snapper catch-at-age; 
2. to compare bootstrap and analytical estimates of catch-at-age precision; 
3. to assess levels of reader error in deriving age-at-length data from otolith samples; 
4. to compile the available time series of length-at-age and weight-at-age, and to identify trends in 

growth. 

Recommendations are made for the design of future snapper sampling for catch-at-age :and growth 
data. 



2. COMPARING SAMPLING METHODS FOR ESTIMATING CATCH-AT-AGE 

2.1 Introduction 

The sampling approach often employed for estimating catch-at-age involves the collection of a length 
frequency sample and an otolith subsample from which an age-length key is derived (LE+ALK). 
Estimates of catch-at-age are generated by projecting the age-length key to t h e  catch length 
frequency. This approach has been used widely for snapper and underlies the time series of catch-at- 
age estimates (Davies & Walsh 1995, Walsh et al. 1995, 1997, 1998, 1999). Danes et al. (1993) 
investigated precision associated with particular length frequency and otolith sample sizes so as to 
optimise sampling. It was evident that little improvement in precision was gained from collecting 
large length frequency samples. An alternative approach was therefore considered that randomly 
samples landings directly for age frequency (West 1978), termed the random age frequency approach 
(RAF). In 1995-96 both the LF+ALK and RAF methods were employed and the estimates and 
variances were compared. 

2.2 . Methods 

The collections of LF+ALK and RAF samples were integrated within a single sampling design. The 
age-hquency sample consisted of a subsample of the length frequency sample as part of a two-stage 
cluster sampling design (West 1978). The otoliths collected in the age-frequency sample were also 
used to derive an age-length key given that certain assumptions were satisfied in the way the sample 
was collected. 

Two-stage cluster sampliig was employed for snapper fisheries in SNA 1 and SNA 8, and was 
described by Davies & Walsh (1995). Landings were stratified by stock or substock, fishing method, 
and quarter. The fisheries sampled were the 1995-96 west coast single trawl (spring) and Hauraki 
Gulf longline (spring and summer) fisheries. Spring was defied as September to November and 
summer as December to February. Landings, and bins within landings from the fishery, represent the 
first and second stages, respectively, of the two-stage sampling design. A simple random sample of 
clusters (fish bins) was selected from a particular landing. All fish within clusters making up the 
sample were measured to the nearest centime& below fork length to produce a length frequency 
sample for the landing sampled. 

The RAF sample was collected by taking random otolith subsamples from the length frequency 
samples. This was achieved by systematically selecting fish at regular intervals from each bin 
sampled for length frequency. In this manner, a random sample for age frequency was obtained from 
each landing. The selection interval was set with the intention of achieving sample sizes in the range 
of 4060  fish from each west coast single trawl landing and 20-40 fish from each Hauraki Gulf 
landing. The size of the selection interval between fish in the random subsample was determined 
from a simulation exercise using data from historical length and age samples. An interval range that 
achieved a desired level of precision in catch-at-age estimates for an expected number of landings to 
be sampled was calculated. This interval range was also weighted according to the expected mean 
number of fish in a bin and the total number of bins in the landing. Given the expected length 
sampling regime, an estimated 60lL800 otoliths would be collected from each fishery, which 
constitutes an acceptable sample size for the desired precision in estimates of catch-at-age. 

A standardised procedure for reading otoliths was followed (Davies & Walsh 1995). Proportions at 
age were calculated. Ages exceeding 19 years were obtained but reported in an aggregate age class. 
Age frequency data from the RAF sample was used to calculate estimates of proportion at age and 
variance estimates as follows: 

The weighted estimate of the mean proportion of fish at age over all landings, ij , is: 



where ci,,j is the proportion of fish at age j in landing k and K is the total number of landings 

sampled. Gk is the estimated number of fish in landing k 

where M~ is the number of strata in landing k, W k ,  is the weight of stratum mk in landing k, w k ,  

is the weight of the sample taken from stratum mk of landing k and nk,, is the nuniber of fish 

sampled from stratum mk in landing k; An estimator for the variance of 6, , excluding within-landing 

variance of ci j  , is: 

where the estimate of the average size of a landing in the sample population, T ,  was calculated: 

The main assumption that must be satisfied for an otolith sample to be used for deriving at1 age-length 
key is that the sample was taken randomly kom within each length interval (Southward 1!)76). Given 
that the otolith subsample was collected randomly from the larger length frequency sample, it can be 
assumed that individual otoliths were random observations &om within each length interval if the 
length frequency sample was randomly collected. The otolith sample within each length unterval may 
therefore provide a representative distribution of age-at-length for the particular fisi~eq-season 
stratum. The distribution of snapper proportions of age-at-length making up the age-length key were 
therefore projected to the length composition of the catch to derive estimates of catch-at-age. A 
standard analytxal approach was used to calculate proportion at age estimates and variances for the 
two fisheries sampled (Davies & Walsh 1995). 

The proportion-at-age distributions and variances derived from the RAF and LF+ALK methods were 
compared visually for bias and precision. 



2.3 Results 

The landings sampled from the west coast single trawl and Haurala Gulf longline fisheries are 
summarised in Appendices 1 and 2. 

For the west coast fishery, 12 from a total of 196 landings (6.1%) were sampled, i.e., 9.1% of the 
total weight landed (Walsh et al. 1997). The length distributions of both the length and otolith 
samples were broadly similar and characterised by two modes, although there were some differences 
in particular length intervals (Figure 2, Appendix 3). These differences are most likely attributable to 
higher variance associated with the smaller sample size of the otolith subsample compared to the 
larger length frequency sample that included fish in length intervals greater than 58 cm, not detected 
in the smaller otolith subsample. 

The west coast RAF and LF+ALK sample age distributions were almost identical, with only slight 
differences visible in the 3, 5, and 11 year old age classes (Figure 3, Appendix 4). Higher estimated 
precision for the dominant age classes (3 and 5 year olds) was obtained using the LF+ALK method 
compared to the RAF approach. 

In the Hauraki Gulf fishery, 33 landings were sampled for length and age. Landings fromwhich 
random age collections were taken make up 1.7% of the total number of landings in the fishery, 
representing 3.1% of the total landed weight. The length and otolith sample length frequency 
distributions were broadly similar with a mode between 27 and 35 cm and a tail extending to 65 cm 
(Figure 4, Appendix 5). The otolith subsample did not include fish longer than 65 cm and this is 
probably because the otolith subsample was smaller than the length frequency sample. 

The H a d  Gulf RAF and LF+ALK age distributions were similar, with only small differences 
evident in some age classes (Figure 5). Slightly higher precision in proportion at age was obtained 
using the LF+ALK approach. 

2.4 Discussion 

Davies et al. (1993) investigated the relative precision in-catch-at-age estimates for snapper derived 
from either fixed or proportional allocation otolith subsamples. The results clearly pointed to the 
superiority of the proportional allocation subsample in terms of both precision and resources 
required. Calculations that investigated the optimum proportional allocation subsample size also 
indicated that little improvement in precision was obtained from large length frequency samples. 
Total variance is largely a function of otolith subsample size, given that the within-length interval 
component of the variance is the most significant (Gavaris & Gavaris 1983). 

The investigation into the optimum method of estimating proportion at age presented here is 
essentially an empirical extension of the optimisation calculations of Davies et al. (1993). Theoretical 
evaluation of the relative benefit of collecting otolith as a proportional allocation subsample of a 
large length frequency sample were tested in the field for two of the largest fisheries in SNA 1 and 
SNA 8. The results have clearly indicated that estimates of average age-frequency derived from a 
random sample of otoliths were not substantially different from those derived from a proportional 
allocation subsample. W e f o r e ,  accurate estimates of may be derived from stratified random 
sampling for age frequency in commercial landings. 

For the Ha- Gulf catch-at-age estimates, there were only small differences in estimated precision 
between those derived fiom the LF+ALK and RAF approaches. This supports the earlier analytical 
findings. However, some differences were apparent in comparisons of the west coast samples. 
Relatively lower estimated precision for the dominant age classes (3 and 5 year olds) was obtained 
fiom the RAF samples compared to the LF+ALK samples (coefficient of variation, C.V. = 0.14 and 



0.13 compared to 0.03 and 0.04 respectively). However, the precision obtained from the R A F  sample 
was comparable to that for other sample collections in the catch-at-age time series and probably 
adequate for input to age-structured population models. 

In previous sampling of snapper from the SNA 1 and SNA 8 fisheries, a single age-length key has 
been assumed to be representative of the distributions of age-at-length for a particular stock and 
season within which the otolith sample was collected (Davies & Walsh 1995). Application of the age- 
length key to length frequency distributions from a range of fisheries sampled within a stock 
produced catch-at-age distributions for the respective fisheries. The RAF sampling approach 
necessitates the collection of otolith samples from each fishery. The relative benefit of the two 
sampling approaches should be compared, in terms of resources required and the informarmation needed 
to address the objectives of the sampling programme, before implementing either approach. 

3. ESTIMATING SAMPLING ERROR IN CATCH-AT-AGE 

3.1 Introduction 

Variances of catch-at-age estimates for snapper sampled from commercial landings have been 
calculated using an estimator developed by Southward (1976), used for the Pacific halibut fisheries 
(Quinn II et al. 1983a), and adapted by Davies & Walsh (1995). The length frequency estimates take 
account of the grading of landings by length (Danes et al. 1993). Length kquency and otolith 
samples were collected using a two-stage stratified sampling approach (Ketchen 1950, Southward 
1976, Gavaris & Gavaris 1983, Quinn I1 et al. 1983b). 

The variance estimator is based on the assumptions that each length sample is from the same 
multinomial distribution (of length) and that each age sample from a length class is fium the same 
multinomial distribution (of age-at-length), We used the bootstrap ( E h  1981) to test whether the 
estimator was satisfactory when there is probably some violation of the assumption of homogeneity 
in length distribution between landings. Violation of the latter assumption was not tested 

3.2 Methods 

The sampling design used for the collection of length ikquency and otolith samples from commercial 
catches was described by Danes & Walsh (1995) and is outlined in section 3.2. 

The proportional allocation otolith sample produces an age-length key that is less prone to bias in the 
estimation of proportion at age (Kimura 1977, Quinn Jl et al. 1983a). The target proportion of otolith 
from the length sample was determined from the length diskibution estimated in the previous year 
and the predicted recruitment indices (Francis 1993). Otolith subsamples collected from commercial 
catches &re supplemented with samples from research surveys undertaken concurrently to, and in 
the same areas as, catch sampling. 

The length frequency and otolith data sets used in the bootstraps were taken from samples of the 
Hauraki Gulf longline fishery collected during spring and summer 1993-94 (Davies &Wash 1995). 
Summaries are presented in Table 1 and the age-length key (n = 772) was presented by Davies & 
Walsh (1995). These data were chosen for the bootstraps because sampling was relatively extensive 
and the otolith sample was comprehensive. A higher percentage by weight of the fishery was sampled 
in each season than by number of landings, i.e., more larger landings were sampled. The sampling 
design assumes that all landings have equal probability of being sampled for the sample to be 
representative of the fishery. If length frequency is heterogenous between small and large landings 
this niay introduce bias in the length frequency estimate, and consequently the age composition. This 
bias will exist in both analytical proportion estimates and in bootstraps. 



Table 1: Summary of length frequency sample sizes, total number and weight of landings for the 1993-94 
spring and summer Hauraki Gulf longline fishery. 

Number of 1andinesNo. of fish Wei~ht of landings (tomes) 
Season Total Sampled % of total measured Total Sampled % oftotal . 

Bootstrap data were generated by resampling from the length frequency and otolith samples in an 
equivalent manner to that employed in the two-stage sampliig design. For the length frequency 
samples, landings were seIected at random, with replacement and with equal probability, from the 
combined spring and summer sample (n = 64). Similarly, bins within each sample fiom a landing 
were resampled randomly with replacement fiom all strata in the landing, and each bin was assigned 
equal probability of selection. The number of landings and bins resampled from each landing were 
the same as in the original samples. The length frequencies of snapper in the bins selected made up 
the length frequency of the pseudoreplicate sample. A bootstrap estimate of the mean weight of fish 
in each landing was calculated and hence an estimate of the total number of fish in each landing. 
Length fkequencies fiom all the landings were combined using the bootstrap estimates of the total 
number of fish in each landing to produce a bootstrap estimate of the mean length composition of the 
fishery. 

BootstTap otolith samples were generated by randomly resampling with replacement fiom the otolith 
sample in each length interval of the age-length key, and each otolith was assigned equal probability 
of selection. The number of otoliths resampled in each length interval was the same as in the original 
sample. The bootstrap age-length key thus generated was projected to the bootstrap estimate of the 
length frequency to produce a bootstrap estimate of proportion at age. The mean and variance of 1000 
bootstrap estimates were calculated and compared to the estimates calculated using the analytical 
estimators as presented in Davies & Walsh (1995). 

3.3 Results 

Estimates of proportion at length and coefficient of variation (c.v.) calculated using the analytical and 
bootstrap methods are presented in Figure 6 and Appendix 7. There are negligible differences 
between the original estimates and bootstrap means, and only slight differences between the 
analytical and bootstrap variance estimates. The bootstrap variances were slightly higher, particularly 
in the larger and less abundant length intervals (Figure 6). 

Estimates of proportion at age and C.V. calculated using the analytical and bootstrap methods are 
presented in Figure 7 and Appendix 8. As with the length frequency comparison, there are negligible 
differences between the estimates and the bootstrap means. Differences in the variance estimates are 
apparent only in the least abundant age classes and in most cases the estimates were almost identical. 

Frequency distributions of the 1000 bootstrap estimates of proportion at length and age are presented 
for selected length and age classes in Figures 8 and 9. Almost all the bootstrap estimates were 
normally distributed. The only exception occurred in the 3 and 4 year age classes for which the 
sample size was relatively small and the proportion at age was close to zero. Here the distribution was 
skewed because negative values were not possible. 



3.4 Discussion 

The comparison between analytical and bootstrap estimates for variances in length and age estimates 
fiom snapper landings sampled from the H a d  Gulf longline fishery indicates no c'onsiderable 
differences. The bootstrap variances of proportion at length estimates were higher in the large and 
less abundant length intervals than those calculated analytically. It is possible that this is due to an 
effect caused by the clustering of fish into bins that is more apparent in the larger length intervals and 
is not adequately accommodated in the analytical solutions for variance, (T. Quinn !J, University of 
Alaska Fairbanks, pers: comm.). No clear differences were evident between the eistimates o f  
proportion at age and variance calculated using the two approaches. 

Walsh et al. (2000) resampled landings for age under RAF sampling. Their bootstrap estimates were 
consistently higher than the analytical estimates for all age classes, but especially for the young and 
older ages. They concluded that this may be caused by the effect of clustering fish with respect to 
bins. A more important effect may be spatial heterogeneity in age, which manifests itself in between- 
landing variation. It is possible that there is also spatial heterogeneity in age-at-length. .4 bootstrap 
that involved resampling landings with replacement to recreate the ALK, under LF+ALK sampling, 
may show larger variances than the analytical estimator. Bootstrap variance estimates may be more 
accurate than analflcal solutions in both cases. 

4. READER ERROR IN ESTIMATING AGES OF SNAPPER 

4.1 Introduction 

Catch-at-age data for snapper forms an integral component in assessing stocks using age-structured 
models (Gilbert et al. 1996, Davies 1997, 1999). Catch-at-age precision is therefore important, both 
for model fitting and in determining the resources required to collect catch-at-age data. Precision is 
largely a function of sampling or measurement error and errors in ageing snapper from otolith 
samples. Sampling designs for snapper can be optimised to reduce required resources while 
maintaining an acceptable level of precision (Davies et al. 1993). However, the relative error 
attributable to otolith reading has not yet been estimated. This was investigated in a sexies of trials 
based on the current approach used to generate age-at-length data fiom otolith sampler: (Davies & 
Walsh 1995). 

Uncertainty in age estimates can be attributed to three sources of error: inaccuracy, reader 
imprecision, and reader bias. Inaccuracy occurs when the interpretation of ring counts does not reflect 
the true age of the fish. Previous snapper ageing validation studies have shown that otohith rings are 
laid down annually and can provide an accurate indication of fish age (Fenell et al. 199:!, Francis et 
al. 1992). Imprecision occurs when reader ring counts vary for a given fish, and bias oc~:urs when a 
reader exhibits a general trend of under- or over-ageing fish relative to other reader's age estimates. 
For this investigation, it was assumed that in the absence of reader bias, agreed age estimates were 
accurate, i.e., agreement by readers resulted in a determination of the true age of a fish. Thus, the 
consideration of uncertainty in age estimates was restricted to two sources of error, reader 
imprecision and bias. 

Reader imprecision and bias in age estimates most likely result from ambiguous structures in the 
otolith and poor otolith preparation. This creates uncertainty in a reader's interpretation of annual 
rings, and leads to reader error. The influence of precision and bias may be reduced by using more 
than one reader. This study investigates the error in age estimates attributable to individual otolith 
readers using data collected during the 1995-96 snapper market sampling programme. 



4.2 Methods 

Snapper otoliths from SNA 1 and SNA 8 were collected between October 1995 to February 1996 
(Walsh et al. 1997) and used to determine the level of ageing error attributable to otolith readers. 

Otolith were prepared using the break and burn method (Christensen 1964) described by Davies & 
Walsh (1995) and resulted in a polished surface passing through the nucleus of each otolith. When 
immersion oil was brushed on the surface a series of alternating light and dark rings was discernible. 
Dark rings were counted using a low power binocular microscope under reflected light. The time of 
year at which the otolith samples were collected was taken into account when interpreting otolith 
structures as ring deposition occurs mainly in winter (Francis et al. 1992). A standardised procedure 
for reading otoliths was followed (Davies & Walsh 1995). Age was defined as rounded whole years 
from a nominal birth date of 1 January as described by Davies & Walsh (1995), e.g., the 1989 year 
class was recorded as 7 years old whether sampled in December 1995 or February 1996. 

The standard procedure for the reading of otolith samples so as to assess reader imprecision and bias 
was as follows. Readers independently interpreted the otolith structures and recorded their readings. 
Of the three readers assigned to each sample, one reader was experienced and the other two had 
received training in otolith interpretation to ensure a satisfactory level of otolith reading ability. All 
three readers then processed a sample of otoliths. The three sets of independent readings were then 
compared and disagreements were identified. When the initial ring counts of the three independent 
readers agreed, this age was assumed to be an accurate estimate. Where two readers agreed, the 
disagreement was attributed solely to the other reader. 

Individual readers then reread those otoliths where they were identified as the disagreeing reader. 
These second readings ("blind readings") were undertaken with no knowledge of each individual's 
fust reading, and usually entailed the careful preparation of the second otolith of the sample pair, 
with the intention of overcoming any ambiguity in the structures of the first otolith incurred by poor 
preparation. The ring counts kom the second readings replaced those derived from the first readings. 
For otoliths where independently derived fmt and second readings resulted in total agreement, the 
agreed reading was determined as the fml agreed age. 

When independently derived readings still differed following the second reading, differences in 
interpreting the otoliths were discussed. At this stage readers became aware of how their reading 
related to that of the other two readers. Ifno consensus could be reached, the otolith was discarded. 

Uncertainty in estimates of age occurred when one or more readers derived different initial ring 
counts from the same otolith structures. First readings were therefore analysed to determine reader 
bias and precision with respect to each data set and age class. 

Reader bias occurs when an individual independently derives age estimates that are consistently 
higher or lower than those of the other two readers. Age bias plots were used to detect bias in 
readings (Campana et al. 1995). For a particular age class, initial age estimates of each reader were 
plotted against the fd agreed age obtained from a11 three readers for all otoliths of that age. Initial 
age estimates for each reader were plotted as a mean with a 95% confidence interval for each age 
class. Confidence intervals were calculated using the mean and variance of a reader's initial age 
estimates in each final agreed age class. Bias in initial readings occurs when the mean of the initial 
age estimates is clearly higher or lower than the final agreed age for that age class, relative to the 
95% confidence interval. 



Precision was assessed using the Average Percent Error index (APE) (Beamish & Fournier 1981), 
defined as 

where N is the total number of fish aged in the sample, R is the number of times each fish was aged, 
Xij is the ith initial age determination of the* fish, and is the mean age of the& fish. 

4.3 Results 

Levels of agreement of initial readings varied between stocks (Table 2). For the west coast otoliths, 
92% were read with total agreement, the remaining 8% having two readers obtaining the same age 
estimate. In contrast, only 49% of the East Northland otoliths were read with total agreement, and for 
8%, t k e  was no initial agreement. There were intermediate levels of agreement of initial age 
estimates for the Hauraki Gulf and Bay of Plenty otoliths. Initial disagreements were often the result 
of ambiguous otolith structures and poor otolith preparation. 

Following the second readings, those requiring discussion for consensus on the agreed final age 
generally constituted less than 10% of the otoliths. 

The estimates of APE were low, with error being less than 4% in all samples (Table 2). The APE of 
initial age estimates for the west coast, Bay of Plenty, H a d  Gulf and East Northland !stocks were 
0.653, 1.792,2.525, and 3.539 respectively. 

Table 2: Proportions of reader agreement (initial readings) and average percent error (APE) for the 
stocks of SNA 1 and SNA 8 in 1995-96*. 

No. of readers ameeing 
Area 3 2 0 APE No. aged 

WCNI 0.92 0.08 0.00 0.653 634 
ENLD 0.49 0.43 0.08 3.539 535 
HAGU 0.60 0.36 0.04 2.525 803 
BPLE 0.74 0.24 0.02 1.792 620 

WCNI, west coast North Lsland; ENLD, a t  Northland; HAGU, H a d  @If: BPLE, Bay of Plmly. . 

Individual reader bias is shown in the age-bias plots (Figures 10 to 13). Overall there was a low level 
of bias in the four otolith samples and the final agreed age was generally within the 95% confidence 
interval of the initial readings. Readers tended to display more bias in the older age  class^:^, although 
the degree of bias indicated is partly an artefact of small sample sizes in these older age classes. All 
readers (except readers 1 and 2 who were more experienced) tended to show consiskntly small 
negative bias. 

4.4 Discussion 

For investigating reader error, it was considered reasonable to assume that the otolith reading method 
used for snapper provides accurate estimates of age. Tetracycline validation of snapper otolith ageing 
strongly supports the assumption that otolith rings are laid down annually (Ferrell et al. 1!?92, Francis 
et al. 1992). It has been suggested that as snapper age, ring structures formed in winter do not become 
visible until further material is deposited outside the ring in subsequent seasons (Francis et al. 1992). 



If there is an age-related effect on ring deposition, counts of visible rings not be s&cient to 
determine an accurate age. However, no account of this effect was made in this study, and. 
consequently some inaccuracy may have occurred in age estimates for older age classes. 

Uncertainty in age estimates arises when independent readers do not initially agree on their 
interpretation of otolith structures. In this study, the percentage of otoliths for which all three readers 
initially agreed varied greatly between stocks. The high level of initial agreement obtained for otolith 
samples from the west coast stock suggest that there is very little uncertainty in these age estimates. 
In contrast, age estimates fiom the East Northland substock may be less reliable as there was 
comparatively poor initial agreement by otolith readers. This is only partly explained by the greater 
proportion of old fish in the East Northland sample. 

Six readers were randomly allocated among the four otolith collections used in the study. Therefore, 
it is unlikely that the large differences apparent in the degree of initial agreement obtained for the 
stocks was due to systematic reader bias. Rather, these differences probably reflect relative difficulty 
experienced in interpretation of ring structures that arise due to stock-specific growth characteristics 
as-well as the ppuiation age structure. The west coast stock has the fastest gr&.h rate and has the 
lowest average age. This is reflected by the broad growth zones and the high proportion of young fish 
present. The converse is true for snapper from the East Northland substock Although the levels of 
disagreement observed from these data sets are applicable only to the 1995-96 age estimates, the 
relative difficulty in reading otoliths from these four stocks is consistent with that experienced in 
sample collections from previous years. West coast otoliths are generally "easier" to age and Bay of 
Plenty, Hauraki Gulf and East Northland are of increasing difficulty. 

Some differences in the degree of initial agreement, and hence uncertainty in age estimates, was 
attributable to reader-specific bias and imprecision. However, the age-bias plots suggest that overall 
bias in the initial readings fiom the four samples was low. Two of the less experienced readers 
exhibited slightnegative bias in their initial readings. In the absence of large-scale bias specific to 
individual readers, it was possible to get an unbiased estimate of the precision of the initial readings 
of each sample. The APE statistic derived for the initial readings of each sample was generally low. 
A direct comparison between the calculated APEs and published estimates for other species is not 
straightforward as many derivations of APE exist, depending on the number of readers, ageing 
structures, and data sets used. Nonetheless, it appears that the APEs calculated in this study (0.6% to 
3.5%) are low when compared with estimates from other studies (4.4% to 11.6% from Bearnish & 
Fournier (1981); 4.9% to 9.7% from Hill et al. (1989); and 4.2% to 15.7% from Campana et al. 
(1995)). 

Direct comparisons of APE statistics from different age distributions of the same species, e.g., 
between the three SNA 1 substocks, should be made with care because the statistic is calculated over 
all age classes and is therefore dependent upon the age composition of the samples. Even with 
comparable levels of imprecision for a given age class, a substock with relatively older fish such as 
East Northland may have a lower estimate of APE than a substock of younger fish, such as the Bay of 
Plenty. This is because when a reading is out by 1 year for a 3 year old, this is far more imprecise 
than when a reading is out by 1 year for a 18 year old. However, as seen in the age bias plots, reader 
error tends to increase with age. 

Although initial disagreement does imply uncertainty in final age estimates, the process of 
independent identification and rereading of otoliths for which disagreements occurred usually 
resolves most disagreements. For example, independent rereading of otoliths where disagreement had 
initially occurred resulted in an increase in tripartite agreement from 49% to 73% for the East 
Northland sample. Estimates of error associated with initial readings are therefore likely to 
exaggerate the degree of uncertainty of age estimates as these are not the final result of independent, 
repeated preparation and reading of otoliths. 



The estimated error associated with readings in this study indicates that reader bias and imprecision 
was generally low and contributes little to error in snapper catch-at-age estimates. W h m  bias was 
evident, this generally occurred in the older age classes that make up a low proportion of total catch. 
Fish older than 10 years constituted only 4.2%, 7.0%, 22.6%, and 34.5% of the total number of fish 
landed from the west coast, Bay of Plenty, Hauraki Gulf, and East Northland stocks respectively. 
Consequently, where reader error occurs, it is low and usually relative to age classes making up a 
relatively small proportion of the estimated population age distribution. 

5. GROWTH ESTIMATES 

5.1 Introduction 

Growth is a fundamental process in the dynamics of fish populations (Shackell et al. 1995). Growth 
rates directly affect productivity and, hence, the sustainable exploitation rate of a stock 'Ikefore, to 
assess a species using population models, it is essential to derive a general description of the growth 
processes and its variability between stocks and years. 

The growth rate of snapper from different populations in New Zealand has been intensively studied 
(Cassie 1956, Longhurst 1958, Paul 1976, Vooren & Coombs 1977, Paul & Tarring 19'80, Sullivan 
1985, Horn 1986, Francis et al. 1992, McKenzie et al. 1992, Francis 1994). Snapper growth is 
thought to be affected primarily by environmental and biological factors (Francis 1994) such as 
temperature, genetic diversity, and food availability. It is known to vary between pop~dations on a 
relatively small spatial and temporal scale. Spatial differences have been shown to occur for both 
juvenile and adult fish in the Hauraki Gulf for the same year Paul 1976, Vooren & Ctmmbs 1977, 
Francis 1994), although these differences were not considerable. Spatial differences in growth 
between stocks are usually more pronounced, with those h m  cooler regions generally exhibiting the 
fastest growth, i.e., west coast, Tasman Bay and East Cape (Longhurst 1958, Paul & T~vring 1980). 
These stocks are also estimated to have a lower population density than others ( M a  et al. 1998). 

The Hauraki Gulf snapper substock has been the most intensively studied to date. For this substock, a 
positive correlation exists between sea surface temperature (SST) and recruitment (Eancis 1993), 
and also juvenile growth (Francis 1994). Temporal differences in juvenile growth rates between 1987 
and 1990 were attributed to variations in the spring and summer SST, rather than a densitydependent 
factor (Francis 1994). It is suggested that the high SST responsible for strong recruitment also 
increases juvenile growth rate, but this may be confounded by densitydependent effects. In many fish 
populations, there appears to be little or no relation between the abundance of a year class and its rate 
of growth (Westrheim & Ricker 1978). If densitydependent differences in growth do exist for 
snapper, then they are likely to occur when pre-recruit fish school by size and age. These differences 
may also be apparent only for cohorts where extremes in recruitment occur (i.e., only for very strong 
or weak year classes). Once fish recruit to the adult population and cohort mixing occurs, density- 
dependent effects are unlikely to cause much growth variability. 

Data collected as part of the ongoing market sampling programme and snapper research lrawl surveys 
were used to obtain mean length-at-age and mean weight-at-age estimates. Spatial and temporal 
comparisons in estimates and trends in interannual growth variability are identified for SNA 1 and 
SNA 8 from 198849 to 1997-98. A number of possible causal factors are discussed. Observed and 
predicted estimates are compared between years and within stocks. Recommendations are made for 
the collection of data to describe snapper growth. 



5.2 Methods 

Snapper have been sampled for age and length from commercial catches and research trawl surveys 
from SNA 1 and SNA 8 from 1989 to 1998. Only those samples with a satisfactory range of age 
classes were used. Samples taken solely from commercial catches do not adequately represent the 
younger age classes due to the effects of the minimum legal size (25 cm) regulation. Von Bertalanffy 
growth parameters estimated using length-at-age data that are deficient in the younger age classes 
have been shown to underestimate the Brody growth coefficient, k, and overestimate the length at 
infinite age, L, (Mulligan & Leaman 1992, Fetreira & Russ 1994). Research trawl surveys used a 
small mesh codend (40 mm), which resulted in good collections of juvenile fish although the research 
gear was thought to be less selective for larger fish. Otoliths !?om commercial catches were combined 
with those fiom research trawl surveys to supplement the sample size in particular length intervals, so 
as to improve parameter estimation. Trawl surveys are designed to sample from the entire trawlable 
range of the stock These surveys are thought to provide a sample that is more spatially representative 
of the stock than one derived from commercial landings. Therefore, all samples used have been 
collected from research bawl surveys, with six collections containing some fish in the larger length 
intervals 6rom commercial trawl and longline vessels (Table 3). Within a stock, the sampling period 
was usually the same each year and encompassed the spawning period of snapper when fish 
aggregate in shallow coastal waters. 

Table 3: Details of snapper otolith samples collected from SNA 1 and SNA 8*. 

A m  Year Fishing method Sampling period Sarnple method Length range (cm) No. aged 

WCNI 
WCNI 
WCNI 
WCNI 
HAGU 
HAGU 
HAGU 
HAGU 
HAGU 
HAGU 
BPLE 
BPLE 
BPLE 
ENLD 
ENLD 

CT and RT 
RT 
CT and RT 
CT and RT 
RT 
RT 
RT 
CL and RT 
RT 
CL and RT 
CT and RT 
RT 
RT 
RT 
RT 

Oct 89-Dec 89 
Nov 91-Dec 91 
Oct 94-Nov 94 
Oct 96- Dec 96 
Nov 89 
Nov 90 
Oct 92-Dec 92 
Nov 93-Dec 93 
Nov 94 
Oct 97-Jan 98 
Nov 89-Feb 90 
Feb 92 
Feb 96 
Nov 90-Dec 90 
Nov 92-Jan 93 

R 
SR 
SR 
SR and R 
SR 
SR 
SR 
SR 
SR 
SR and R 
R 
SR 
SR 
SR 
SR 

' WCNI, west coast North Island; HAGU, Hauraki Gulf; BPLE, Bay of Plenty; ENLD, East Northland. 
CT= Commacia1 bawl; RT = Research bawl; CL = C m m c i a l  longline. 
R =  random sample; SR= shatified random sample. 

Stratified random sampling was the main method used for collecting otoliths, although four samples 
contained fish taken by simple random sampling (Table 3). Most stratified random samples were 
collected such that a fixed number of fish were sampled in each length interval, although for a few 
fisheries the stratified random samples were collected approximately proportional to the previous 
year length frequency. For those stratified random samples that were based on a fixed number of fish 
in each length interval, up to 20 fish were collected, although this was not always possible at the 
extremes of the length distribution. A full description of otolith collection, preparation, and reading 
was described by Davies & Walsh (1995). The length-at-age data obtained were expressed in the 
form of an age-length key. 



Length frequency data were used in conjunction with the age-length key to produce weighted mean 
length-at-age estimates of the population for each stock sampled in particular years;. A length 
itequency distribution was derived itom combining research trawl survey and commxcial catch 
length hquency data to give an approximation of the population length composition. Within the 
range of length intervals sampled, the selectivity of the trawl survey sampling gear has previously 
been assumed to be more selective for smaller fish (Davies et al. 1993). In comparison to the research 
trawl sampling gear, commercial methods are assumed to be more selective for larger fish. In order to 
derive a length distribution reflecting high selectivity for fish in all length intervals, the trawl survey 
length ftequency distribution for fish less than 31 cm in length was combined with the commercial 
length fkequency distribution for fish greater than 29 cm in length, scaled so that the nunlbers in the 
30 cm length interval were equal. The calculation of the composite length ftequency distribution was 
described in more detail by Davies et al. (1993). The length ftequency samples used in calculations, 
and the respective fishing method of collection, is given in Table 4. 

Table 4: Details of snapper length frequency samples collected from SNA 1 and SNA 8". 

Area 

WCNI 
WCNI 
WCNI 
w m  
HAGU 
HAGU 
HAGU 
HAGU 
HAGU 
HAGU 
BPLE 
BPLE 
BPLE 
ENLD 
ENLD 

Year Fishing method 

1989-90 CT andRT 
1991-92 CX and RT 
1994-95 CT and RT 
1996-97 CTandRT 
1989-90 CL andRT 
1990-91 CLandRT 
1992-93 CL and RT 
1993-94 CL and RT 
1994-95 CL and RT 
1997-98 CL and RT 
1989-90 CL andRT 
1991-92 CT and RT 
1995-96 CL and RT 
1990-91' CL andRT 
1992-93O CL and RT 

Sampling period Sample method Length range (an) 

Oct 89-Dec 89 
Oct 91-Dec 92 
Oct 9 N o v  94 
Oct 96-Nov 96 
Nov 89-Jan 90 
Nov 90-Jan 9 1 
Oct 92-Dec 92 
Oct 93-Feb 94 
Sep 94-Feb 95 
Oct 97-Jan 98 
Oct 89-Feb 90 
Jan 91-Feb 92 
Oct 95-Feb 96 
Dec 91-Feb 92 & Nov 90-Dec 90 
Dec 91-Feb 92 &Jan 93 

SR 
SR 
SR 
SR and R 
SR 
SR 
SR 
SR 
SR 
SR and R 
SR 
SR 
SR 
SR 
SR 

WCNl= m t  coast North Island; HAGU = Hauraki Gulf; BPLE = Bay of Plentr, ENLD = East N-d. * Cownatial length frequency born 1991-92 applied to these lwo years. 
CT = Commrcial trawl: RT = Rexanh trawl: CL = Cormnercial loneline. - 
SR= smtified random sample; R= random sample. 

Commercial length ftequency samples used in the analysis generally included the period in which the 
otoliths were collected. However, a componentof some length itequency samples were collected 
outside the period for which otolith samples were collected. This was not expected to introduce 
considerable bias and has been accepted for species with growth rates comparable to those of snapper 
(Westrheim & Ricker 1978). As commercial length frequencies do not change much within and 
between years, especially in areas where slow growth occurs, the use of length fkcluency data 
collected over a longer period than that of the age sample was thought to introduce only minor bias to 
the mean length-at-age estimates. No commercial length frequency samples were available for the 
East Northland substock in the 1990-91 and 1992-93 fishing years. However, length data were 
available for the 1991-92 fishing year and were used as a substitute. 

For a stock sampled in a particular year, an estimate of the proportion of fish in length interval i. of 
age j, ?"was calculated: 



.. 
where j i j  is the proportion of fish of age j in length interval i, making up the age-length key, It is 

the approximate proportion of fish in length interval i in the population. Estimated mean length-at- 
age j, was calculated: 

Variance estimates for mean length-at-age were calculated using the bootstrap method. Analytical .. 
estimates for ~ ( 1 ~ )  have been shown to be similar to non-parametric bootstrap estimates in section 

A 

3.0 of this report. Parametric bootstrap estimates were therefore produced for the Uth bootstrap 
4-- u Z i  - ~ i + / i v i  (8) 

where v: - N(O,cv( ii)*). 

Bootstrap estimates ofpuu were generated by randomly resampling with replacement from the otolith 
sample in each length interval of the age-length key, with equal probabilities of selection. The 
number of otoliths resampled in each length interval was the same as in the original sample. The 

bootstrap age-length key, pUii and proportion at lengtb, iy estimates thus generated were substituted 

into Equation 6 to produce bootstrap estimates of mean length-at-age, zj. The mean and variance of 

1000 bootstrap mean length-at-age estimates were calculated for each area and year sampled. 

The von Bertalanffy (1938) growth model was used to derive average growth estimates for each 
sample and is as follows: 

L , = L (1 - e - K u - ~ o )  
I 1 (9) 

where Lj is the estimated length-at-age j, L, is the length at j = infinity, K is the Brody growth 
coefficient, and jo is the hypothetical age at zero length. For a stock sampled in a particular year, the 
otolith sample size was allocated using the estimated proportion of fish in each length interval i of 
age j : 

n. . = r. .A 
Z.I h I  (10) 

where A is the total otolith sample size for a given stock sampled in a particular year. Parameter 
estimates with 95% confidence intervals were determined from a fit to nu by non-linear least-squares 
regression using FORTRAN software. The bootstrap data forpUij and iy described above were used 

to produce bootstrap data for nu by substitution into Equations 6 and 10. Parameters were derived 
from 1000 fits to nuu bootstrap data and 95% confidence intervals were calculated. This set of 
parameters, was termed the weighted von Bertalant parameters derived from age data that were 
weighted by a length frequency distribution. 

A second set of von Bertalanffy parameters was estimated from the age-length key data without 
weighting by the length frequency. This set of parameters, termed unweighted von Bertalanfi 
parameters, was derived for each stock for the years sampled and compared to the first set of 
parameters. 

Interannual growth variability was inferred from differences in parameter estimates and trends in 
mean length-at-age. Trends were identified from patterns in the relative difference (aj), in mean 
length-at-age (itSj) in a particular year t, compared with the mean length-at-age for a reference year 

(c, j ) .  The reference year (0 was usually one in which mean length-at-age was highest on average, 



with I= 1989-90 for the west coast and Bay of Plenty and I= 1990-91 for the Hauraki Gulf and East 
Northland. The relative difference in mean length-at-age for a particular year t was 

A temporal correlation between the growth rates of 1,2, and 3 year old snapper was investigated by 
linear regression of mean length-at-age to the available SST data fYom Leigh, Hauraki Gulf (data 
supplied by University of Auckland). 

The proportion of snapper in each age class that exceeded the minimum legal size (25 cm) allowable 
in commercial catches was calculated using equation 6 for each sample collected between 1989-90 
and 1997-98 in SNA 1 and SNA 8. 

West coast (SNA 8) mean weight-at-age estimates were calculated using proportion at length estimates 
from the pair trawl fishery for 1988-89 to 1991-92 and from the single trawl fishery fur 1990-91 to 
1997-98. Weight-at-age estimates were also calculated for the main commercial fisheries of the three 
substocks of SNA 1. These were the East Northland longlime fishery, the Hauraki Gulf longline, single 
trawl, and Danish seine fisheries, and the Bay of Plenty longline, single trawl, and .Danish seine 
fisheries (Table 5). The collection and analyses of these data were described by Davies & Walsh 
(1995), and Walsh et al. (1995,1997,1998, 1999). Age-length keys were assumed to be representative 
of each stock for all season strata in the year sampled. Consequently, a single age-length key may be 
applied to spring and summer strata, and to all methods (Table 5). 

Mean weight-at-age was calculated using the estimates of proportion at length, distributions of age- 
at-length derived from the otolith subsamples comprising the standard age-length key, and the 
available length weight relationship (Paul 1976). 

(Quirm II et al. 1983a) 
where %is the estimated mean weight-at-age, Fi is the weight-at-length i calculated from the length- 

weight relationship. Estimates of ( and jiaj have been made by Davies & Walsh (1995), 'Walsh et al. 

(1995,1997,1998 1999). 

r. . was estimated as folloinrs: The variance of the weighted proportion of age-at-length, Vir[ ,,,I, 

(Southward 1976) 
where A, is the number of fish aged in length interval i, and L is the total number in. .the length 
frequency sample. 



Table 5: Details of samples from commercial fisheries in SNA 1 and SNA 8* for which mean weight-at-age 
estimates were calculated. 

Area Year 

WCNI 1988-89 
WCNI 1989-90 
WCNI 1990-91 
WCNI 1990-91 
WCNI 1991-92 
WCNI 1991-92 
WCNI 1992-93 
WCNI 199394 
WCNI 1994-95 
WCNI 1995-96 
WCNI 1996-97 
WCNI 1997-98 
HAGU 1989-90 
HAGU 1989-90 
HAGU 1990-91 
HAGU 1990-91 
HAGU 1991-92 
HAGU 1991-92 
HAGU 1992-93 
HAGU 199394 
HAGU 1993-94 
HAGU 1993-94 
HAGU 1994-95 
HAGU 1994-95 
HAGU 1995-96 
HAGU 1995-96 
HAGU 1996-97 
HAGU 1997-98 
BPLE 1989-90 
BPLE 1989-90 
BPLE 1990-91 
BPLE 1990-91 
BPLE 1991-92 
BPLE 1993-94 
BPLE 1994-95 
BPLE 1994-95 
BPLE 1994-95 
BPLE 1995-96 
BPLE 1996-97 
BPLE 1997-98 
ENLD 1993-94 
ENLD 1994-95 
ENLD 1995-96 
ENLD 199697 
ENLD 1997-98 

Fishing 
method 

BPT 
BPT 
BPT 
BT 
BPT 
BT 
BT 
BT 
BT 
BT 
BT 
BT 
BLL 
BT 
BLL 
BT 
BLL 
DS 
BLL 
BLL 
DS 
BT 
BLL 
DS 
BLL 
DS 
BLL 
BLL 
BLL 
BT 
BLL 
BT 
BT 
BLL 
BLL 
DS 
BT 
BLL 
BLL 
BLL 
BLL 
BLL 
BLL 
BLL 
BLL 

S&on No. of fish Length frequency No. of fish 

Spring & summer combined 
spring 
spring 
Spring & summer combined 
summer 
Spring & summer combined 
Spring & summer combined 
spring 
spring 
spring 
Spring & summer combined 
Spring & summer combined 
Summer 
summer 
Summer 
Spring & summer combined 
Spring & summer combined 
Spring & summer combined 
Spring & summer combined 
Spring & summer combined 
Summer 
Summer 
Spring &summer combined 
Spring & summer combined 
Spring & summer combined 
Spring & summer combined 
Spring & summer combined 
Spring & summer combined 
Spring & summer combined 
Spring &summer combined 
Spring & summer combined 
Summer 
Spring & summer combined 
Spring &summer combined 
Spring & summer combined 
Spring & summer combined 
Spring & summer combined 
Spring & summer combined 
Spring & summer combined 
Spring & summer combined 
Summer 
Spring & summer combined 
Spring & summer combined 
Spring & summer combined 
Spring & summer combined 

measured aged 

540 
1257 
1439 
1439 

544 
544 
627 
460 
544 
634 

1 006 
1 095 

487 
487 
554 
554 

1079 
1079 

781 
772 
772 
772 
635 
635 
803 
803 
962 
968 

1629 
1629 

527 
527 
405 
688 
607 
607 
607 
620 
748 
687 
880 
597 
535 

1019 
952 

WCNI = west coast North Island; HAGU = ~a&ald  Gulf; BPLE = Bay of Plenty; ENLD = East Northland 
BPT = Bottom pair bawl; BT = Bottom trawl; B U  = Bottom longline; DS = Danish scinc. 



The variance of the mean weight-at-age, Vir u was approximated: 
1-j I 

(Quinn 11 et al. 1983a) 

where E&] is derived from the analysis of variance of the length-weight regression.' 

Weight-at-age estimates are compared with reference curves ffom the published length-weight 
relationship Paul 1976) and von Bertalanffy growth parameters for SNA 1 (Gilbert & Sullivan 1994) 
and SNA 8 (McKenzie et al. 1992) as follows: 

wj  = 0.04467(La(l - e  -K( j - j . )  2 ' 793 (I5) 

where 9 is the predicted weight (g) at age j. 

5.3 Results 

Table 6: Weighted von Bertalanffy parameters (with 95% conlidence intervals) calculated from snapper 
otolith data collected from SNA 1 and SNA 8*. 

Area Year 1, k to 

WCNI 
WCNI 
WCNI 
WCNI 
HAGU 
HAGU 
HAGU 
HAGU 
HAGU 
HAGU 
BPLE 
BPLE 
BPLE 
ENLD 
ENLD 

WCNI= wut  coast Nmth Island; HAGU = Hauraki Gulf; BPLE = Bay of Plenty; ENLD = East Norlhland 

[,= length-at-age infinity; k= B d y k  p w t h  coefficient; to = hypathaical age st mo length. 



Table 'I: Percentage of snapper in each age class that exceeded the recruitment lengtb of 25 em in SNA 1 
and SNA 8 for each year sampled with the arithmetic mean for dl years*. 

Age class 
Stock/substock Year 3 4 5 

WCNI 
WCNI 
WCNI 
WCNI 
WCNI 
HAGU 
HAGU 
HAGU 
HAGU 
HAGU 
HAGU 
HAGU 
BPLE 
BPLE 
BPLE 
BPLE 
ENLD 
ENLD 
ENLD 

1989-90 
1991-92 
1994-95 
1996-97 
mean 
1989-90 
1990-91 
1992-93 
1993-94 
1994-95 
1997-98 
mean 
1989-90 
1991-92 
1995-96 
mean 
1990-91 
1992-93 
mean 

WCM - west coast North Island; HAGU = Hauraki Gulf; BPLE = Bay of Platy; ENLD = East Northland. 

5.3.2 Growth rates 

The growth curves and mean lengths at age for the stocks sampled between 1989-90 and 1997-98 are 
presented in Figures 14-18. Weighted von Bertalanffy growth parameters are presented in Table 6. 
Snapper from the SNA 8 stock grow considerably faster than those from the SNA 1 substocks with 
Brody growth coefficient (k) values ranging between 0.13 and 0.21 compared to 0.7 and 0.18 (see 
Table 6). Snapper from SNA 8 also have the highest estimates of mean length-at-age (see Figures 14 
& 18, Appendix 9). The Bay of Plenty substock has the fastest growth rate of the SNA 1 substocks, 
showing the highest estimates of mean length-at-age for fish up to 10 years of age (see Figures 16 & 
18, Appendix 9). Snapper from the Hauraki Gulf and East Northland substocks are generally slower 
growing (see Figures 15, 17 & 18, Appendix 9). East Northland snapper initially grow faster than fish 
from the Hauraki Gulf but have lower values for L, as growth slows after 7-8 years of age (see 
Appendix 9). 

ln most cases the estimated von Bertalanffy growth curves for SNA 1 and SNA 8 were consistently 
different from the reference curves, especially for the older age classes (see Figures 1&17). The von 
Bertalanffy growth curves derived from this study for the Hauraki Gulf and East Northland substocks 
and SNA 8 predicted lower mean lengths-at-age compared to the current published estimates, except 
for samples collected in 1989-90 and 1990-91 &om the Hauraki Gulf. The Bay of Plenty curves 
derived from this study were reasonably similar to the reference curves. 

In some years there were marked differences between the weighted and unweighted von Bertalanffy 
growth curves (see Figures 14-17). These differences were seen in the SNA 8 stock and the Hauraki 
Gulf and Bay of Plenty substocks of SNA 1. Weighting the age-length keys by the length frequencies 
reduces the influence of older less abundant fish on the growth curve. Mean length-at-age estimates 
associated with the older age classes, therefore, do not always relate closely to the weighted growth 
curves. However, when unweighted von Bertalanffy growth curves are fitted, each data point has an 



equal influence on the fitting of the curve, regardless of the relative abundance of that length class in 
the population. The weighted curves fit the data better over the age classes that are most abundant 
(the young ones) but often poorly for ages over 20 years. The data are not wholly consistent with the 
von Bertalanffy function which cannot fit most datasets well at both young and old ages. 

Growth appears to vary through time in all the stocks, but is most noticeable in the IIauraki Gulf 
where the most comprehensive time series of data has been collected (see Figure 18). Residual 
differences in mean length-at-age estimates from those of a chosen reference year are shown in 
Figure 19. Positive residual differences indicate a decrease in mean length-at-age relative to the 
reference year. 

The percentage of snapper in age classes 3 to 6 that exceed the recruitment size of 25 crrl are given in 
Table 7. For the SNA 8 stock, a lower percentage of 3 year old snapper exceeded the minimum legal 
size of 25 cm in 1991-92 and 199k95, compared with 1989-90 and 1996-97, and :dl fish were 
completely recruited by age 4 in all years (see Table 7). In the Hauraki Gulf, 2% of 3 year old, 19% 
of 4 year old, 63% of 5 year old, and over 86% of 6 year old snapper exceeded the minimum legal 
size of 25 cm on average (see Table 7). Since 1990-91, there has been a decline in the proportion of 
5 year old snapper that exceeded the minimum legal size in the Hauraki Gulf. A similar trend 
occurred in the Bay of Plenty, although most fish were completely recruited by age 5, whereas the 
average percent recruited at age for the East Northland substock was between the estimates for the 
other two SNA 1 substocks. 

Correlation coefficients between the mean length-at-age and the mean monthly SST values for the 
Hauraki Gulf between 1989-90 and 1997-98 show similar seasonal ken& for 1,2, and 3 year old 
snapper (Figure 20). The most significant correlation (r = 0.93, P< 0.05) was found between the 
mean length-at-age for 2 year old snapper and the mean February-October SST values (Figure 21). 

Observed and predicted mean weight-at-age from 1988-89 to 1997-98 are presented in. Figures 22- 
25 and Appendix 10. The predicted values are based on published panmeters. Some annual 
variability is apparent in the observed weight-at-age. In both the east coast longlme and west coast 
trawl fisheries a decreasing trend is evident. It should be noted that the younger age classes were not 
fully recruited. The absence of smaller fish of a partially recruited age class would positively bias the 
observed mean for that age class. 

Observed mean weight-atage in the SNA 8 trawl fisheries was initially similar to predicted values, 
but there appears to have been a decline in recent years. The SNA 8 values are considerably higher 
than those for SNA 1, e.g., a 5 year old fish from SNA 8 ranged between 0.85 and 1.03 kg, compared 
to 0.46 and 0.68 kg from SNA 1. 

The differences between observed and predicted mean weight-at-age appear to vary for particular 
substocks of SNA 1 (Figures 23 - 25). In the Hauraki Gulf, mean weight-at-age estimates appear to 
have declined steadily from values that were initially higher than predicted to values well below those 
predicted. Values for East Northland appear to be well below predicted values, but have changed 
little through time. Predicted and observed weight-at-age estimates for the Bay of Plcnty substock 
appear to differ, with observed values being slightly higher (Figure 24). 

5.4 Discussion 

Kim& (1995) attributed observed variability in growth of fish populations to either "real" 
differences or "artefacts". Real differences in growth are due to spatial (e.g., geographic and 



bathymetric) and temporal factors (e.g., climatic variability or migration events) which have an 
underlying environmental and genetic basis. Sampling artefacts can cause apparent variations in 
growth, even when there is none. Factors whch can lead to observed variations in fish growth which 
Kimura interpreted as artefacts are, non-random otolith sampling design, non-uniform selectivity in 
the method used to sample fish, and error in the ageing method. As discussed previously, error 
associated with ageing snapper is thought to be low. 

Non-random otolith sampling design can introduce bias in growth estimates from the sample length- 
at-age data. Length stratification in otolith samples (fixed allocation) introduces bias in estimates of 
mean length-at-age, mean weight-at-age, and consequently growth parameters (Goodyear 1995). This 
bias is attributable to the fixed sample size allocated in all length intervals resulting in a sample that 
is not representative of the length composition of the population being sampled. The stratified 
random otolith samples presented in this report were mainly collected using a fixed allocation 
approach. These samples were designed for calculating catch-at-age estimates (Davies & Walsh 
1995, Walsh et al. 1995, 1997, 1998, 1999, 2000) rather than estimating average growth rates. From 
the combined research and commercial length ffequency data, the otolith samples were weighted by 
the approximate population length composition to derive estimates of the population distribution of 
age-at-length. Calculating growth estimates from the weighted length-at-age data avoids the possible 
bias caused by the otolith sample design. The effect of this bias was evident in comparisons of von 
Bertalanffy curves fitted to weighted and unweighted length-at-age data, and varies depending upon 
the otolith sample collected in any year. Rowling & Reid (1992) concluded that observed annual 
variation in growth-parameter estimates for gemfish (Rerea solandn) were largely due to variation in 
length composition, and Welch & McFarlane (1990) claimed the differences seen for female Pacific 
hake were related to changes in somatic growth. In some stocks and years, predicted lengths-at-age 
from unweighted curves are considerably higher than the weighted curves, particularly in the older 
age classes. Little difference between the unweighted and weighted curves is evident for the age 
classes less than 8 years. 

Non-uniform selectivity in the method used to sample fish may result is bias in estimates of mean 
length-at-age. Differences in the vulnerability of particular sizes of fish to fishing gear causes bias in 
population growth estimates (Ricker 1969, 1975). Such gear selectivity effects are likely to have 
occurred in the collection of otolith samples by ow research trawler. A small mesh codend was used 
which has lower selectivity for fish over 30 cm compared to fish under 30 cm (Davies et al. 1993). 
Given that the same trawl survey gear has been used to collect the otolith samples in each year, any 
bias in length-at-age estimates due to gear selectivity would most likely be constant between years. 
Therefore, the observed temporal trends in growth estimates would reflect the underlying trends in 
population growth rates. Changes in mean length-at-age estimates observed for most of the SNA 1 
substocks since 1990-91 are therefore unlikely to be athibutable to gear selectivity. 

However, fishing method selectivity will directly affect the length composition of samples taken &om 
commercial catches. This is evident in observed weight-at-age estimates for the younger age classes, 
which are high relative to predicted estimates, and is probably due to selection for fish exceeding the 
minimum legal size. Those fish of lengths less than the minimum legal size were not present in 
samples fiom commercial landings, and consequently positively biased estimates of mean weight-at- 
age were obtained for these age classes. 

Selection effects in fully recruited age classes may also occur if a strong selection gradient exists over 
a cohort's length range, and would produce bias in estimates of observed mean weight-at-age due to 
the non-uniform fishing mortality acting upon fish within the cohort, i.e., causing bias in the sample 
distribution of length-at-age. Similarly differences in the selection pattern between fishing methods 
may affect observed estimates of mean weight-at-age derived from different fisheries. This may offer 
an explanation for the observed decline in west coast snapper mean weight-at-age estimates when the 
main fishing method changed from pair trawl to single trawl in 1991-92. The single trawl method is 



relatively more selective for smaller fish than larger fish (K. Sullivan, Minisky of Fi,sheries, pers 
comm.), but the selectivity gradient within a cohort is unlikely to be sufticient to prodwe the degree 
of decline observed both between years, and within a fishing method catch composition. 

The wide fluctuitions in mean weight-at-age observed between years, particularly for the older, less 
abundant age classes, are probably attributable to sampling error caused by low sample sizes. 
Interannual variability in the relationship between fish length and weight was not investigated, but 
has not been reported for snapper. It is unlikely to be a major contributing factor. 

A number of biological and environmental factors have been shown to cause "real" variability in 
snapper growth. The trends evident in this study are consistent with previous studies that have 
associated changes in growth with sea surface temperature (SST) variability. In the Hauraki Gulf, the 
highest estimates of mean length-at-age for the age classes 1 to 12 years (except for 2 and 6 year old 
fish in 1989-90) between 1989-90 and 1997-98, were evident in the age sample collected in 1990- 
91, indicating this to be the year with the highest growth rate. The 1990 year class (1 year olds in 
1990-91) was found to have the fastest growth rate of the year classes studied in a four year period in 
the Hauraki Gulf (Francis 1994). Francis (1994) determined that the high growth rate in the 1990 year 
class was a result of faster growth and early spawning in response to high spring and summer SST in 
1989-90. 

The relative change in growth rates of snapper from the H a d  Gulf substock is indicated by the 
Brody growth coefficients that initially increased from 1989-90 to 1990-91, but then gradually 
declined until 1997-98. This consistent change in growth may best be attributed to the trends in the 
previous year's spring SST, where tkmperatures initially increased from 1988 to 1989 and 
subsequently decreased until 1992, with a slight increase in 1993. A similar pattern is apparent in the 
Bay of Plenty substock, and to a lesser extent in the East Northland substock 

Temporal growth trends linked to temperature change were also investigated in relation to individual 
age classes with respect to variations in mean length-at-age for H a d  Gulf snapper. If was thought 
that if any kend was to occur it would be more apparent in the rapidly growing 1 :year old fish 
exhibiting lengths not yet confounded with the temperature effects attributable to other years, as may 
occur in older fish. However, the mean length-at-age estimates for 1 year old snapper (0H) are prone 
to bias due to sampling error. Their availability to sampling gear may be affected by temporal 
variability in their seasonal movement to unttawlable rocky reefs (Kingett & Choat '1981) or low 
selectivity to the research trawl gear (Francis 1993). The selectivity for fish over 1 y e a  of age was 
thought to be considerably higher. Mean length-at-age for 2 year old snapper was best cc~rrelated with 
mean monthly SST data from February to October for the years 1989-90 to 1997-98 illuskating a 
direct relationship between water temperature variability and snapper growth. 

Genetic differences between snapper stocks may offer an explanation for spatial variability in 
snapper growth. Differences in growth of snapper held in captivity were attributed to genetic 
variation (Tait 1996, Taniguchi et al. 1981, 1988). Smith et al. (1978) speculated that genetic 
differences between snapper stocks may be selectively maintained through an envirormental factor, 
such as water temperature. Snapper sampled by research trawl from the Hauraki Gulf in 1968 (Paul 
1976) and 1971 (Vooren & Coombs 1977) had similar estimates of mean length-at-age for the smaller 
length classes to those found here. Comparisons for larger and older fish are probaibly not valid 
because of vessel selectivity characteristics. It is therefore likely that a considerable proportion of the 
spatial variability in growth, evident in the large differences evident between stocks, is a direct result 
of the inherent genetic differences. 

Another mechanism that may maintain genetic differences in growth rates is consistent size-selective 
fishing mortality acting on a population for a period of time, known as Lee's phenomenan (Lee 1912). 
Size-selective mortality usually results in fast-growing, young individuals being removed from a 



population which produces apparent temporal changes in growth estimates. The longline fishing 
method is thought to provide a close representation of recruited snapper population length and age 
structure (Gilbert & Sullivan 1994). Trends in mean length and age from longline landings may 
therefore broadly reflect trends in the population. A marked reduction in the overall mean length of 
snapper was associated with a small reduction in mean age of snapper in landings h m  the Hauraki 
Gulf longline fishery from 1989-90 to 1994-95 (Davies & Walsh 1995, Walsh et al. 1995): A similar 
trend was evident in the East Northland longline fishery with a decrease in mean length and age over 
the later part of the study. However, the Bay of Plenty longline fishery has had little change in mean 
length and age, but exhibited slowed growth over the same time period as the other SNA 1 substocks. 
Changes in mean length and age are also indicative of growth and recruitment patterns. A recent 
estimate of the SNA 1 total catch to biomass was about 13% (Annala et al. 1998). The longline 
method is the dominant commercial method in the East Northland and Hauraki Gulf substocks from 
which the bulk of SNA 1 landings are caught. Fishing mortality is therefore not extremely high or 
strongly selective and it is unlikely that Lee's phenomenon is a major factor in determining observed 
trends in mean length-at-age in snapper from SNA 1. 

The age at which fish fully recruit to the commercial fishery in SNA 1 has increased since 1990-91. 
The proportion of snapper recruited in SNA 1 has been assumed to be 50% of 4 year olds and 100% 
of 5 year olds (Annala et al. 1998) and for SNA 8, 100% of 3 years olds pavies 1999). The mean 
proportion at age recruited over all samples collected for the Hauraki Gulf and East Northland 
substockr was found to be lower than the assumed values. In contrast the mean proportion at age for 4 
year olds in the Bay of Plenty exceeded the assumed value. The mean proportion at age recruited for 
SNA 8 is 80% for 3 year olds and almost 100% for 4 year olds, which is also lower than previously 
thought. The trend of lower than average SST over the period of this study has probably resulted in 
slower growth rates in SNA 1, consequently increasing the average age at recruitment. 

The apparent correlations found between SST and mean length-at-age indicates this is an important 
factor affecting growth and, hence, weight-at-age. Weight-at-age estimates have declined markedly 
for the west coast stock and Hauraki Gulf substock since 1988-89 and 1989-90 respectively. Some 
decline in weight-at-age is also evident in the younger age classes of the Bay of Plenty substock It is 
not possible to determine whether weight-at-age in the East Northland substock has declined since 
data are only available since 1993-94. 

The observed weight-at-age estimates for the west coast, Hauraki Gulf, and East Northland in 1995- 
96 are far lower than those predicted from the published von Bertalanffy growth function and length- 
weight relationship. Only in the Bay of Plenty do the predicted weights provide a good approximation 
for the most abundant year classes. The differences may be attributed to temporal variability in 
growth. This annual variability may have significance for the accuracy of recent snapper stock 
assessment models that use the predicted values to calculate population biomass and fishing mortality 
(Gilbert et al. 1996, Davies 1997,1999). 

In summary, temporal variability in snapper growth rates is unlikely to be caused by changes in water 
temperature alone, although this may be the main factor in SNA 1. The effect of the reduced growth 
rate in SNA 1 from 199&91 to 1997-98 is a loss in overall productivity. The use of predicted mean 
weight-at-age estimates in age-structured population models will result in bias in model catch and 
biomass estimates for particular years. The mean weight-at-age estimates suggest that model 
estimates for the Haurala Gulf and East Northland may produce biomass trajectories that are 
positively biased over some periods. This may also be true for SNA 8. Spatial variability in growth 
rates between stocks appears most likely to be genetically based, with some areas producing faster 
growing individuals than others. 

The results presented here illustrate annual fluctuations in growth for snapper and show that the 
growth rate of a stock must be estimated each year. 



6. CONCLUSIONS 

1. RAF sampling for snapper age-frequency in commercial landings provides relatively accurate and 
precise estimates of catch-at-age, is optimal in terms of resources required, and is therefore the 
recommended sampling design. 

2. Where catch-at-age estimates for multiple fisheries within a stock or substock are required, 
standard LF+ALK sampling may be the optimal design in terms of sampling resources because 
only one age-length key (otolith) sample is required. 

3. Otolith reader bias and imprecision in age estimates derived kom first readings of snapper 
otoliths appears to be low, indicating this source of error is unlikely to constitute considerable 
error in catch-at-age estimates. 

4. There are spatial differences in observed snapper growth rate between SNA 1 and SNA 8, with 

I 
fish in SNA 8 having substantially faster growth, and between the substocks making up SNA 1. 

5. There are trends in observed snapper growth rate in SNA 1 that may be related largely to SST 
regimes. 

6. Interannual variability in mean weight-at-age of recruited snapper will bias population model 
biomass calculations based upon generic weight-at-age functions. 
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Figure 1: Quota Management Areas for the east and west coast North Island snapper stocks (ISNA 1 and SNA 8 ) 
and the'range of the three SNA 1 substocks; East Northland, Hauraki Gulf, and Bay of Plenty. 
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Figure 2: Proportion at length estimates of length frequency samples and otolith subsamples from the 
1995-96 west coast single trawl fishery. 
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Figure 3: Proportion at age estimates and 95% confidence intervals for random age frequency and 
age-length key samples from the 1995-96 west coast single trawl fishery (n = 606). 
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Figure 4: Proportion at length estimates of length frequency samples and otolith subsamples from the 
1995-96 Hauraki Gulf longline fishery. 
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Figure 5: Proportion at age estimates and 95% contidence intervals for random age frequet~cy and 
age-length key samples from the 1995-96 Eauraki GuU longline fishery (n = 815). 



Figure 6: Proportion at length estimates and c.vs calculated using the bootstrap and analytical methods 
for the Hauraki Gulf longline fishery in 1993-94. 
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Figure 7: Proportion at age estimates and c.vs calculated using the bootstrap and analytical methods 
for the Hauraki Gulf longline fishery in 1993-94. 



Figure 8: Aselection of bootstrap frequency distributions of simulation estimates for four common length classes 
Data used were collected from the H a d  Gulf longline 6shery in 199S94). 
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Figure 9: A selection of bootstrap frequency distributions ofsimulation estimates for four age dasses (Data used were 
collected from the Hauraki Gulf longline fishery in 1993-94). 
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Figure 10: Plots for the 1995-96 west coast otolith readings. Dotted Lines denote final agreed age; 
error bars denote 95% confidence intervals of reader's initial age estimates. 
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Figure 11: Plots for the 1995-96 Hauraki Gulf otolith readings. Dotted lines denote final agreed age; 
error bars denote 95% confidence intervals of reader's initial age estimates. 



20 - 
18 - 
16 - 
14 - 
12 - 
10 - 
8 - 
6 - 
4 - 
2 - 

...' - ._..- 
Reader 2 .-" 

.... 
...' .... .. 

20 - 
18 - 
16 - 
14 - 
12 - 
10 - 
8 - 
6 - 
4 - 
2 - 
0 

Rnal agreed age (years) 

....... ___... 
Reader 4 

._...' 
..' ....' 
I I I I I I I I , a I I I I 1 , -  

20 - 
18 - 
16 - 
14 - 
12 - 
10 - 
8 - 
6 - 
4 - 
2 - 
0 

Figure 12: Plots for the 1995-96 Bay of Plenty otolith readings. Dotted lines denote final agreed age; 
error bars denote 95% confidence intervals of reader's initial age estimates. 
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Figure 13: Plots for the 1995-96 East Northland otolith readings. Dotted lines denote final agreed 
age; error bars denote 95% confidence intervals of reader's initial age estimates. 
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Figure 14: Age-length scatterplots and von Bertalanffy growth curves (dotted Lines denote unweighted curves, solid 
lines denote weighted curves, dashed tines denote SNA 8 reference curve) for snapper from the west coast for the 
1989-90,1991-92,1994-95, and 1996-97 fiihing years. Mean lengths-at-age are plotted as diamonds. 
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Figure 15: Agelength scatterplots and von Bertalanffy growth curves (dotted lines denote unweighted curves, solid 
lines denote weighted curves, dashed lines denote SNA 1 reference curve) for snapper from the Haurald Gulf for the 
1989-90,1990-91,1992-93,1993-94,1994-95 and 1997-98 fishing years. Mean lengths-at-age are plotted 
as diamonds. 





Figure 17: Age-length scatterplots and von Bertalanffy growth curves (dotted lines denote unweighted curves, solid 
lines denote weighted growth curves, dashed lines denote SNA 1 reference curve) for snapper from East Northland for 
the 1990-91 and 1992-93 fishing years. Mean lengths-at-age are plotted as diamonds. 
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Figure 18: Mean length-at-age for snapper from SNA 1 and SNA 8. 
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Figure 19: Residual difference in mean length-at-age(with reference to an observed year) for snapper h m  SNA 1 and 
SNA 8. Note: 198S90 is used as the reference year for the west coast and Bay of Plenty; 1990-91 is used as the 
reference year for the Hauraki Gulf and East Northland. 
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Figure 20: Correlationcoefficients between mean length-at-age for 1,2, and3 year old snapper and mean monthly 
SSTvalues for theHauraki Gulffrom 1989-90 to 1997-98. 
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Figure 21: Meanlength-at-age for 2 year old snapper in the Hauraki Gulf as correlated to the mean F e b ~ a i y  to 
October SST values. 
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Figure 22: Observed and predicted mean weight-at-age estimates from the west coast pair and single 
trawl fisheries 1988-89 to 1997-98. 
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Figure 23: Observed and predicted mean weight-at-age estimates from the Hauraki Gulf longline 
fishery 1989-90 to 1997-98. 



Figure 24: Observed and predicted mean weighbat-age estimates from the Bay of Plenty l'ongliae 
furhery 1989-90 to 1997-98. 

Figure 25: Observed and predicted mean weight-at-age estimates from the East Northland longline 
fishery 1993-94 to 1997-98. 



Appendix 1: Summary of random subsamples for age taken from length frequency samples from the west 
coast single trawl fishery 1995 

Landing Weight (kg) Totalno. bins No. bins sampled No. fishmeasured No. fish aged 

959001 768.0 24 
959002 1 121.0 71 
959003 2 283.6 163 
959004 3 196.7 158 
959005 1 193.4 87 
959006 2 661.0 157 
959007 4 315.4 228 
959008 581.0 61 
959009 1 115.0 82 
959010 2 146.0 133 
959012 1523.0 106 
959013 871.0 63 
Total 21 775.1 1333 

Appendix 2: Summary of random subsamples for age taken from length frequency samples from the 
Hauraki Gulf longline fushery 1995-96 

Landing 

959360 
959361 
959362 
959363 
959364 
959365 
959366 
959367 
959368 
959369 
959370 
959371 
959374 
959375 
959376 
959377 
959380 
959381 
959382 
959387 
959388 
959392 
959393 
959395 
959102 
969302 
969304 
969306 
969315 
969316 
969317 
9693 18 
969320 
Total 

Total no. bins 

131 
37 
26 
5 1 
19 
52 
52 
20 
18 
27 
44 
26 

110 
48 
18 

110 
30 
15 
70 
14 
49 
55 
28 
15 
45 
39 
32 
28 
23 
37 
12 
12 
79 

1433 

No. bins sampled No. fish measured No. fish aged 

54 
35 
24 
3 1 
13 
24 
38 
15 
13 
17 
24 
15 
55 
34 
22 
54 
16 
11 
33 
15 
33 
20 
15 
20 
30 
30 
10 
7 

11 
30 
14 
13 
39 

815 



Appendix 3: Estimates of proportion at l e n m  and c.va for length samples and age subsamples from the 
1995-96 west coast trawl fishery (spring) 

Length P.i. = length sample proportions 
Age P.i. =age subsample proportions 

Length P.i. 

0.0000 
0.0000 
0.0000 
0.0005 
0.0052 
0.0210 
0.0589 
0.0810 
0.0958 
0.0688 
0.0606 
0.0564 
0.0726 
0.0749 
0.0809 
0.0648 
0.0501 
0.0327 
0.0258 
0.0197 
0.0129 
0.0144 
0.0108 
0.0107 
0.0 100 
0.0098 
0.0064 
0.0068 
0.0089 
0.0060 
0.0068 
0.0049 
0.0046 
0.0035 
0.0037 
0.001 1 
0.0020 
0.0018 
0.0013 
0.0006 
0.0001 
0.0005 
0.0007 
0.0003 
0.0006 
0.0002 
0.0000 
0.0002 
0.0004 
0.0000 
0.0002 
0.0002 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

Length C.V. 

0.00 
0.00 
0.00 
0.86 
0.62 
0.29 
0.18 
0.11 
0.10 
0.06 
0.06 
0.12 
0.07 
0.09 
0.07 
0.10 
0.11 
0.08 
0.11 
0.15 
0.12 
0.10 
0.13 
0.13 
0.23 
0.24 
0.19 
0.14 
0.24 
0.34 
0.29 
0.26 
0.20 
0.24 
0.25 
0.47 
0.21 
0.33 
0.40 
0.61 
1 .O7 
0.58 
0.47 
1.03 
0.56 
1.03 
0.00 
1.03 
0.70 
0.00 
1.03 
1.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Length C.V. = lengh sample coefficient of variiltion 
Age C.V. = age subsample coefficient of variation 

Age P. i. 

0.0000 
0.0000 
0.0000 
0.0000 
0.0081 
0.0287 
0.0413 
0.0771 
0.0808 
0.0631 
0.0658 
0.0756 
0.0790 
0.0786 
0.0541 
0.0467 
0.0645 
0.0414 
0.0367 
0.0175 
0.0115 
0.0222 
0.0086 
0.0079 
0.0129 
0.0207 
0.0069 
0.0076 
0.0071 
0.0046 
0.0078 
0.0098 
0.0000 
0.0010 
0.0075 
0.0000 
0.0034 
0.0000 
0.0014 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

Age C.V. 

0.00 
0.00 
0.00 
0.00 
0.61 
0.49 
0.17 
0.19 
0.15 
0.17 
0.11 
0.18 
0.19 
0.12 
0.19 
0.18 
0.15 
0.26 
0.28 
0.36 
0.32 
0.34 
0.39 
0.44 
0.51 
0.38 
0.46 
0.59 
0.51 
0.76 
0.69 
0.46 
0.00 
1.07 
0.43 
0.00 
0.64 
0.00 
1.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



Appendix 4: A comparison of proportion at age estimates and c.vs obtained using the random age 
frequency and age-length key sampling approaches from the 1995-96 west coast single trawl fishery 
(sprinp) 

Pj. =proportion of fish in age class. C.V. = coefficient of variation 

Age Random age freauency Aee-length key 
(yeus) P j. C.V. P j. C.V. 



Appendix 5: Estimates of proportion at length and c.Vs for length samples and age suhsampks from the 
1995-96 Hauraki Gulf longline fishery (spring and summer combined) 

Length P.i. = length sample propoaiom 
Age P i .  = age subsample proportiom 

Length (cm) Length P.i. Length C.V. 

0.00 
0.00 
0.00 
0.57 
0.42 
0.34 
0.17 
0.14 
0.11 
0.10 
0.09 
0.07 
0.07 
0.06 
0.08 
0.08 
0.11 
0.10 
0.15 
0.14 
0.16 
0.15 
0.17 
0.18 
0.14 
0.19 
0.21 
0.20 
0.28 
0.26 
0.22 
0.32 
0.19 
0.25 
0.24 
0.33 
0.32 
0.38 
0.35 
0.43 
0.29 
0.31 
0.37 
0.52 
0.75 
0.62 
0.99 
1.03 
0.71 
0.00 
0.00 
0.73 
0.00 
0.93 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Length C.V. = length sample coefficient of variation 
Age C.V. =age subsample coefficient of variation 

Age P.i. 

0.0000 
0.0000 
0.0000 
0.0052 
0.0072 
0.0328 
0.0555 
0.0791 
0.0948 
0.0841 
0.0714 
0.0848 
0.0778 
0.0545 
0.0594 
0.0442 
0.0333 
0.0330 
0.0275 
0.0171 
0.0210 
0.0173 
0.0146 
0.0087 
0.0139 
0.0060 
0.0056 
0.0079 
0.0038 
0.0035 
0.0054 
0.0043 
0.0078 
0.0035 
0.0021 
0.0007 
0.0041 
0.0016 
0.0000 
0.0000 
0.0012 
0.0006 
0.0014 
0.0000 
0.0022 
0.0009 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

Age C.V. 

0.00 
0.00 
0.00 
0.51 
0.54 
0.33 
0.30 
0.21 
0.15 
0.14 
0.13 
0.17 
0.12 
0.21 
0.18 
0.14 
0.17 
0.25 
0.30 
0.36 
0.27 
0.34 
0.28 
0.37 
0.30 
0.41 
0.44 
0.46 
0.77 
0.65 
0.45 
0.52 
0.44 
0.57 
0.65 
1.03 
0.62 
0.75 
0.00 
0.00 
1.02 
1.03 
0.76 
0.00 
0.71 
1.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



Appendix 6: A comparison of proportion at age estimates and c.v.s obtained using the random age 
frequency and age-length key sampling approaches from the 1995-96 Hauraki Gulf loligline fishery 
(spring-summer) . 

Pj. = propohon of fish in age class. C.V. = coefficient of variation. 

Age Random aee hauency Aee-leu& kev 
Pj. 

- 
- 
- 

0.001 
0.060 
0.093 
0.287 
0.150 
0.086 
0.111 
0.063 
0.047 
0.007 
0.001 
0.060 
0.005 
0.003 
0.004 
0.002 
0.020 

C.V. 

- 
- 
- 

1.01 
0.18 
0.18 
0.10 
0.09 
0.10 
0.17 
0.15 
0.20 
0.48 
0.76 
0.15 
0.70 
0.67 
0.50 
1.01 
0.42 

C.V. 

- 
- 
- 

0.91 
0.13 
0.11 
0.05 
0.08 
0.12 
0.10 
0.14 
0.16 
0.44 
0.70 
0.13 
0.49 
0.71 
0.46 
0.72 
0.17 



Appendu 'I: Estimates of proportion at length and variance (expressed as coefficient of variation) 
calculated using the bootstrap and analgtical methods 

(cm) Bootstrap mean Analyhcal mean Bootstrap C.V. 

0.00 
0.00 
0.00 
1.14 
0.34 
0.25 
0.18 
0.15 
0.09 
0.07 
0.06 
0.07 
0.06 
0.07 
0.07 
0.08 
0.09 
0.09 
0.10 
0.10 
0.13 
0.12 
0.12 
0.13 
0.13 
0.12 
0.17 
0.15 
0.17 
0.19 
0.14 
0.19 
0.22 
0.17 
0.25 
0.23 
0.24 
0.30 
0.33 
0.34 
0.35 
0.37 
0.38 
0.54 
0.43 
0.73 
0.63 
0.84 
1.26 
0.84 
1.01 
0.71 
1.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Analytical C.V. 

0.00 
0.00 
0.00 
0.92 
0.28 
0.23 
0.16 
0.13 
0.07 
0.06 
0.05 
0.05 
0.04 
0.05 
0.05 
0.06 
0.08 
0.07 
0.08 
0.08 
0.11 
0.10 
0.10 
0.10 
0.11 
0.08 
0.14 
0.11 
0.14 
0.16 
0.10 
0.15 
0.17 
0.11 
0.19 
0.18 
0.20 
0.23 
0.28 
0.25 
0.27 
0.30 
0.27 
0.40 
0.34 
0.58 
0.46 
0.60 
1.01 
0.61 
0.71 
0.49 
0.73 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



Appendix 8: Estimates of proportion at age and variance (expressed as coefficient of variation) calculated 
using the bootstrap and analytical methods 

Age (years) Boots+ mean Analytical mean Bootslmp C.V. Analytical C.V. 



Appendix 9: Mean length-at-age and c.v.s for snapper from SNA 1 and SNA 8 

C.V. = coefficient of variation. n = nmber sampled 

Mean length-at-age (cm) for snapper sampled from the west coast from 198944 to 1996-97. 

Age 1989-90 1991-92 199695 1996-97 
(years) Mean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n 

Mean length-at-age (em) lor snapper sampled from the Haurrld Golf from 1989-90 to 1997-98. 

Age 1989-90 1990-91 1992-93 199S94 1994-95 1997-98 
(years)hean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n Mean= 



Appendix 9 -continued: 
Mean length-at-age (em) for snapper sampled from the Bay of Plenty from 1989-90 to 1995-96. 

Age 1989-90 1991-92 1995-96 
(years) Mean C.V. n Mean C.V. n Mean C.V. n 

Mean length-at-age (cm) for snapper sampled from East Northland from 1990-91 to 1992-93. 

Age 1990-91 1992-93 
(years) Mean C.V. n Mean C.V. n 



Appendix 10: Mean weight-at-age (lrg) and c.v.s for snapper from SNA 1 and SNA 8 

C.V. = coefficient of variation n = sample size 

Mean weight-at-age (kg) for snapper sampled from the west coast single trawl fishery 
1990-91 to 1997-98. 

Age 1990-9 1 1991-92 1992-93 1993-94 - 1994-95 
(years) Mean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n 

Age 1995-96 
(years) Mean C.V. n 

1996-97 
Mean C.V. n 

1997-98 
Mean C.V. n 



Appendix 10 -continued: 
Mean weight-at-age Org) for snapper sampled from the west coast pair trawl fihery 
198849 to 1991-92. 

Age 1988-89 J a - 
bears) Mean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n 

Mean weight-at-age (kg) for snapper sampled from the HauraW Gulf single trawl fishery 
1989-90 to 1993-94. 

Age A a 1993-94 
bears) Mean C.V. n Mean C.V. n Mean C.V. n 



Appendix 10 - continued: 
Mean weight-at-age (kg) for snapper sampled from the Hauraki Gulf longline fishery 
1989-90 to 1997-98. 

Age 1989-90 1990-91 1992-9 1!)93-94 
(years) Mean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n 

Age 1994-95 J - 
(years) Mean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n 



Appendix 10 -continued: 
Mean weight-at-age (kg) for snapper sampled from the Hauraki Gulf Danish seine fishery 
1991-92 to 1995-96. 

Age J - 1993-94 1994-95 1995-96 
(years) Mean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n 

Mean weight-at-age (kg) for snapper sampled from the Bay of Plenty single trawl fishery 
1989-90 to 1994-95. 

Age 3989-90 0 1.991-92 J 
(years) Mean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n 



Appendix 10 -continued: 
Mean weight-at-age Ocg) for snapper sampled from the Bay of Plenty longline fishery 
1989-90 to 1997-98. 

Age 1989-9Q d 1994-95 l B S 6 .  
(years) Mean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n 

Age --J%E&L 
(years) Mean C.V. n Mean C.V. n 



Appendix 10 -continued: 
weight-at-age (kg) for snapper sampled from the Bay of Plenty Danish seine fishery 

1994-95. 

Age 1994-95 
(years) Mean C.V. n 

Mean weight-at-age (kg) for snapper sampled from the East Northland longline fmhery 
1993-94 to 1997-98. 

Age 1993-94 1994-95 1995-96 1996-97 
(years) Mean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n Mean C.V. n 


