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1. EXECUTIVE SUMMARY 

Catch at age samples obtained from landed catch for Hauraki Gulf (7 years' samples) and 
Bay of Plenty (5 years' samples) and an age frequency sample from a Bay of Plenty trawl 
survey were used to obtain estimates of relative year class strength for the Hauraki Gulf 
and Bay of Plenty sub-stocks of SNA 1 for the 1975-89 year classes. Tests for differences 
between the substock estimates were significant, even though the occurrence of strong 
and weak year classes was broadly similar. A maximum likelihood estimator that 
assumed binomial variability was used to estimate relative year class strength. The 
coefficients of variation of the year class strength indices were estimated using a 
bootstrap method, although there may be some process error that cannot be captured by 
bootstrapping. The method, in which the anti-logged residuals from a linear fit to the logs 
of proportions at age are taken as relative year class strength indices, was found to have 
several problems and to be unstable to slight variations in assumptions. 

2. INTRODUCTION 

2.1 Objective 

The Ministry of Fisheries Project PISN06 included the objective: to review the snapper 
year class strength variability among the Hauraki Gulf and Bay of Plenty sub-stocks. 
This FARD documents the work carried out in fulfilment of this objective. 

2.2 Background 

The term year class refers to all the fish spawned in a particular year. Snapper spawning 
occurs around late spring-early summer and year classes are conventionally assigned a 
1 January date of spawning. Year class strength varies substantially from year to year. It is 
influenced by environmental factors and is strongly correlated with temperature. Relative 
year class strength indices have been used in the modelling of snapper stocks and may be 
estimated as parameters within a population model from catch at age data or may be 
estimated exogenously and applied as fixed constants. A mean recruitment parameter is 
estimated when the population model is fitted and the relative year class strength indices 
are multiplied by this parameter to give the actual recruitment for each year. Francis et al. 
(1997) showed that water temperature is a good predictor of snapper year class strength in 
the Hauraki Gulf. East Northland, Hauraki Gulf, and Bay of Plenty are referred to as sub- 
stocks of SNA 1. Recent stock assessments have combined Hauraki Gulf and Bay of 



Plenty and also referred to it as a sub-stock. It has been assumed that Francis's relative 
year class strength indices apply to all sub-stocks of SNA 1 (Annala & Sullivan 1997: 
Snapper, SNA 1). This document investigates whether the relative year class strengths are 
the same for the Hauraki Gulf and Bay of Plenty. I have estimated relative year class 
strengths from a set of catch at age samples and tested whether relative year class 
strengths diffe between sub-stocks. The method makes different and fewer assumptions 
than are required for estimating relative year class strength within a population model. 

3. DATA 

The term age class refers to all the fish of a particular age in a particular year. The method 
described below requires a set of samples, taken at various times, of proportion at age in a 
population, i.e., a measure of the relative size of each age class. The process of taking fish 
from the population for a particular estimate may entail selectivity dependent on age. The 
method can use such estimates, provided the selectivity broadly follows a systematic 
pattern (described below). 

A catch at age sample is a vector containing estimated proportions of fish in an annual 
catch, by age. Catch at age samples obtained annually from landed catch for Hauraki Gulf 
for the fishing years 1989-90 to 1995-96, and for Bay of Plenty for 1989-90, 1990-91, 
1993-94, 1994-95, 1995-96, were used here. In what follows the term catch a t  age 
sample will be used to refer to the estimated vector of catch at age for a fishing year, even 
if it was obtained from samples from several landings. Sampling was described by Davies 
& Walsh (1995) and Walsh et al. (1995). Stratified random samples were taken from the 
landed catch to obtain estimated proportions at length. The catch at age samples for the 
summer longline stratum were used here. Random subsamples were taken to obtain an 
age length key, i.e., estimated proportions at age for each length. This was applied to the 
proportion at length estimates to give estimates of proportions at age. The coefficient of 
variation (c.v.) of each proportion at age estimate (due to sampling variability) was also 
calculated. Longline vessels fished largely in the western Bay of Plenty, which 
corresponds to where most of the catch for the whole fishery is taken. If relative year 
class strength differs between the eastern and western Bay of Plenty, the estimates 
obtained here will reflect the landed catch rather than the population in the area. 

An estimate of proportion at age from a research voyage was also used. Research trawl 
surveys have been carried out in these three sub-stocks and age frequency samples are 
generally taken during these surveys. T o  fill the gap between 1990-91 and 1993-94 in the 
catch at age samples from the Bay of Plenty, a proportion at age sample for 1991-92 from 
the research survey conducted in February 1992 coded kah9202 was added to the catch at 
age datasets. This was assumed to be a simple random sample of fish from the catch. 
There was no 1992-93 sample. The method does not require proportion at age samples 
every year, only that every proportion at age sample overlaps with at least one other. 



The catch at age samples contained few fish younger than 4 years and examination of the 
data suggested that full recruitment did not occur until at least age 6. Fish over 19  years of 
age were not used. 

4. LOG-LINEAR REGRESSION METHOD 

A log-linear regression method has been used in the past to estimate relative year class 
strength indices. This was briefly described by Annala & Sullivan (1996: Snapper, SNA 
7). A linear function of age is fitted to the logarithms of the catch at age samples. For 
each catch at age sample an intercept and a slope are estimated and residuals are 
calculated. The slope parameter can be taken as an estimate of total mortality and the anti- 
logged residuals can be taken as relative year class strength indices. For each year class an 
overall index is calculated by taking an average of the indices from all the catch at age 
samples. 

There are several problems with this method. Both ageing error and sampling error 
increase with age. At older ages, proportions have relatively higher variability and zero 
proportions occur. Consequently, catch at age samples must be truncated at some cut-off 
age for year class strength estimation. Choice of this cut-off is often made to avoid zeros, 
but is somewhat arbitrary. Where a proportion at age is zero, but below the cut-off age 
(no fish of this age class occurred in the sample), this datum must be omitted or replaced 
by an arbitrarily small number, as no logarithm of zero can be taken. This may cause bias, 
e.g., zero observations for an extremely weak year class may be omitted. 

The relative year class strength indices estimated by this method for the Hauraki Gulf 
from the 1989-90 catch at age sample show systematic reduction for the earlier year 
classes as the cut-off age is reduced (Figure 1). This suggests that the method is 
unsatisfactory. The estimates should not depend on the choice of cut-off. 

5. BINOMIAL MAXIMUM LIKELIHOOD METHOD 

The true statistical distribution of a catch at age sample will depend on exactly how fish 
from the population are sampled and how the estimates are calculated. Catch at age and 
catch at length estimates may be obtained by simple random sampling or stratified 
random sampling of the landed catch. Where the age length key method is used an age 
length key is applied to a much larger catch at length sample to obtain the catch at age 
estimate. Age length keys may be taken as simple random samples or may be taken, 
stratified by length class, with fixed numbers at length in the sample. The problem here is 
to derive a method to estimate relative year class strengths that is able to use a set of catch 
at age samples whose members may have been obtained by several different sampling 
processes. The method described uses the C.V. of each proportion at age to derive an 
equivalent simple random sample from a binomial distribution. 



Year class 

Figure 1: Year class strength indices for the Hauraki Gulf from the 1989-90 catch at age sample with 
various age cut-offs. These have been estimated by fitting a linear function of age to the logarithms of the 
proportions at age and taking the anti-logged residuals as relative year class strength indices. "9" denotes 
estimates from ages 7 to 19 years, "8" denotes estimates from ages 7 to 18 years, etc. 

Proportions at age obtained from a simple random sample of fish from a large population 
are distributed very nearly according to a multinomial distribution. The proportion in a 
single age class is distributed according to a binomial distribution. The C.V. of the 
proportion 

wherep is the proportion and M is the sample size. 

Examination of the estimated sampling c.v.s shows that the catch at age samples do  not 
have a pattern of c.v.s similar to that of a multinomial sample. For the present purposes, it 
has been assumed that each proportion at age has been obtained in a manner that is 
equivalent to sampling from an independent binomial distribution (i.e., with its own 
sample size). This assumption is not exactly correct. The sum of the proportions will not 
necessarily equal 1. However, each random variable properly takes values in [0,1] and 
behaves similarly to a single category in a multinomial distribution. By choosing the 
appropriate value for M, the correct variance is attributed to each age class proportion 
estimate. A maximum likelihood estimator is then developed. This approach avoids the 
necessity for a rigorous description of the sampling for each catch at age sample while 
maintaining the right kind and right degree of variability. 



Ageing error means that the estimated C.V. for each proportion at age will tend to be less 
than the true value. A crude adjustment to allow for ageing error was made whereby the 
estimated sampling C.V. was inflated in a manner dependent on age. Ageing error can be 
assumed to increase with age. Estimated sampling C.V. was increased by 0.01 per year of 
age, e.g., an increase of 0.12 for 12  year olds, to give total c.v., c^. A value for M was then 
obtained that corresponded to this c. v. under the binomial distribution. 

For each spawning year, the number of fish that subsequently recruit to the fish stock is 
proportional to an unknown relative year class strength index that we wish to estimate. 
The proportions of fish at age in each sample are determined by these indices and by a 
recession coefficient that gives the proportionate annual reduction in numbers in each 
successive age class. This coefficient is the mean total mortality that the stock has 
suffered, but it may be confounded with a selectivity relationship, specific to the catch at 
age sample. If the logarithm of the selectivity were linearly related to age, the "total 
mortality" would be the sum of the mortality and selectivity coefficients. Differences 
between "total mortalities" from different proportion at age samples may be the result of 
different selectivities. In what follows, the term total mortality will sometimes be used to 
refer to the combined effect of total mortality and selectivity. If total mortality has not 
been constant or the selectivity pattern is not log-linear over the relevant age classes, this 
will cause process error in the statistical model described below. 

5.1 Derivation of estimator 

Let i denote the catch at age sample, 
Let a denote the age in years of fully recruited fish (knife edge recruitment is assumed), 
Lety denote the year class, i.e., the year of spawning, 
Letyi denote the year of sampling for catch at age sample i, 
Letpi, denote the estimate of proportion at age a from catch at age sample i, 
Let cia denote the estimate of the c. v. of p i a s  

Let R denote mean recruitment (unknown constant not estimated), 
Let ci denote the total mortalitylselectivity for catch at age sample i, assumed to be 
constant over age (to be estimated), 
Let eY denote the relative year class strength of year classy, (to be estimated). 

The expected numbers of fish of age a in catch at age sample i, will be in proportion to 
R e-a" 

QY; -a 
. Hence, the probability corresponding to age a in catch at age sample i, 

where the probability applies within a set of age classes that may be truncated at old ages, 
and the summations are applied accordingly. Hence the summation over pi, will not 
necessarily equal 1. R cancels from numerator and denominator. A possible truncation 



condition may be to require that there be a minimum number of data for the earliest year 
class strengths to be estimated. If this is done, different cut-off ages will apply to different 
catch at age samples. 

For each age class, in each catch at age sample, a binomial distribution equivalent to the 
sampling process is derived. We can calculate the corresponding equivalent number at 
age mia from Equation ( 1 )  by, 

and equivalent sample size, Mia by, 
Miap, = m, 

I- 1 

Where [I denotes rounding to the nearest whole number. Mia must be calculated from mia 
using Equation (4) so that rounding does not unduly distort the relationship for small pi,. 
Wherepi, = 0, there will be no estimate for cia and Mia is taken to be the median Mi, for 
catch at age sample i ,  and m, = 0. Hence, observations of zero proportions are included in 
the likelihood function. The likelihood for observed values,pia and c, 

The negative of the logarithm of the likelihood for a set of catch at age samples, ignoring 
constant terms. 

where the inner summation is over the ages used in each catch at age sample. The 
maximum likelihood estimators for { eY } and {ci } are then found by minimising A. The 

{ &  } are largely nuisance parameters and { eY ) are the relative year class strength indices. 

5.2 Confounding of ( eY 1 and ( & 1 

In the maximum likelihood estimator specified so far, { $ } and {Ci } are confounded 

parameters. There is no unique maximum to the likelihood function. This can be seen if 
we assume that { Q,, } and (5. } maximise the likelihood function. If we define a new set 

of parameter values { Q; } and { t;i' } using two arbitrary constants kl and kz, 



then the corresponding probability for age a in catch at age sample i, 

The likelihood for { @; ) and {&' ), which is a function of {x :  ), therefore takes the same 

value as that for { eY 1 and {ci ). Namely, by increasing all the total mortalities by a 

constant, by adding a corresponding declining trend to the relative year class strength 
indices and by scaling them by a constant, an identical fit to the catch at age samples can 
be obtained. There are, therefore an infinite number of sets of parameter values that have 
identical likelihoods. 

T o  make the maximum likelihood estimate uniquely determined, we must add two 
constraints. We will constrain the mean year class strength index to be 1, over the period 
to be estimated. This condition is immaterial to our estimation, since our year class 
strength indices are necessarily relative. We will also constrain the relative year class 
strength indices to have no upwards or downwards trend over the period estimated. This 
condition will have a substantive effect. It could be to mask a real trend in year class 
strength. However, there is no information in the catch at age samples to separate the 
effects of trends in year class strength from changes in selectivity. This means that 
relative year class strengths estimated for short periods may be unduly influenced by the 
slope constraint. 

Let p denote the linear regression estimate of the slope of .gy againsty. The likelihood is 

modified by adding two constraint terms, 

where K1 and K2 are suitably large numbers. Minimisation of A' will produce a unique 
maximum likelihood estimate. 



5.3 Precision of the estimates 

A bootstrap method was used to determine the precision of { eY ) and { &  ). For each 

catch at age sample i and age a the residual was calculated, 

A 

c a  = Pia - Jtia 

where ji, is the estimate of xi, based on the estimated values of { eY } and (5,. ). 
Bootstrap values for proportions at age were then obtained by adding a resampled 
residual to each li, , 

* A * 
Pia = Jtia + ria (1 1) 

where rl is resampled with replacement from the residuals corresponding to age a. 
Application of the maximum likelihood estimator to the set of bootstrap samples 
generated replicate values for { Q; ) and { c.* ). Bias, c. v., and confidence intervals were 

thence obtained. 

6. RESULTS 

The assumption that the combined effect of total mortality and selectivity is log-linear 
appears to be consistent with the data over the age ranges that have been used (Figures 2 
and 3). Deviations from the assumption may not be wholly apparent because of the 
confounding between year class strength and total mortality. The effect of failure to fully 
meet the assumption may be bias and increased variance in the estimates. The relative 
year class strength indices would be most likely to be biased at the ends of the range of 
year classes where there are fewer observations of a year class. It is reasonable to assume 
that provided each year class strength index is based on several observations at different 
ages, effects of deviations from the assumption of log-linearity will tend to cancel and 
bias in the estimates will be small, although variance may be over estimated. 
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Figure 2: Catch curves for the Hauraki Gulf based on age classes 6-19 years for year classes 1975-89. 
Fitted mortality/selectivity curves are shown. Data not used in estimation are not shown. "Sample 1" 
denotes 1989-90.. . . "Sample 7" denotes 1995-96. 



Relative year class strength indices will be least well estimated for the oldest year classes 
where sampling and ageing error are relatively greatest. Estimating relative year class 
strength indices for the oldest year classes, only where there are at least five observations, 
limits the year classes to 1975-89. Because sampling and ageing error are relatively low 
for the youngest ages, indices based on fewer observations have been allowed. Figure 4 
shows relative year class strength indices for Hauraki Gulf snapper, for year classes 
1975-89, based on age classes 6-19 years. Figure 5 shows the residuals to the proportions 
at age (catch at age estimate - fitted value) plotted against age and against year class. The 
residuals for age 6 are almost all negative suggesting that this age class may not have 
been fully recruited. Distribution of fish length at age data (Davies & Walsh 1995) 
supports this conclusion. Relative year class strength indices were therefore estimated 
from fish 7 years and older in catch at age samples. Relative year class strength indices 
for Hauraki Gulf snapper, for year classes 1975-89, based on ages 7-19 years will be 
termed the base case estimates (see Figure 4) as these assumptions appear to give the best 
estimates. The residuals to the proportions at age for these estimates are, in general, 
randomly distributed about zero, and do not show any patterns against age (Figure 6). The 
estimator ensures the residuals are centred on zero for each year class so that this is not 
evidence for lack of bias in year class strength indices. 

The effect of relaxing the no time trend constraint is to produce a set of year class 
strength indices that has a strong downwards trend, but has an identical likelihood to that 
constrained to have no trend (see Figure 4). 

Five hundred bootstrap estimates were obtained by resampling the residuals from the base 
case. Both the year class strength estimates and the total mortality estimates showed very 
little bias and had narrow confidence intervals (Figure 7). The low variability in the 
estimates suggests that process error caused by failure to wholly meet the assumption of 
log-linearity in total mortality may have been small. The confidence intervals for year 
classes 1971-89, from estimation based on ages 7-19 years with no requirement for a 
minimum number of observations for the earliest year classes, are much wider and many 
of the estimates are biased (Figure 8). Higher imprecision in the estimates for the ends of 
the period is apparent. It appears that attempting to estimate early year class strengths for 
which few observations are available not only tends to cause bias in these estimates, but 
can also cause bias in estimates of other year classes. 

The relative year class strength indices for Bay of Plenty, based on ages 7-19 years, for 
year classes 1975-89 will be termed the base case estimates as these assumptions appear 
to give the best estimates (see Figure 10). Comparison with the Hauraki Gulf relative year 
class strength indices shows considerable similarity. There is also considerable similarity 
between these estimates and those of Francis et al. (1997). Francis's relationship was 
fitted using data different from that used here. 



Figure 3: Catch curves for the Bay of Plenty based on age classes 7-19 years for year classes 1975-89. 
Fitted mortality/selectivity curves are shown. Data not used in estimation are not shown. "Sample 1" 
denotes 1989-90, "Sample 2" denotes 1990-91, "Sample 3" denotes 1991-92, "Sample 4" denotes 1993- 
94, "Sample 5 denotes 1994-95, and "Sample 6" denotes 1995-96. 

Figure 9 shows relative year class strength indices for the Bay of Plenty sub-stock for year 
classes 1971-89, based on ages 7-19 years. Comparison with the Hauraki Gulf relative 
year class strength indices for the same period shows considerable similarities except at 
the ends of the period. The constraint that sets the mean index to 1, results in the high 
values at the ends of the period for the Bay of Plenty causing the rest of the indices to be 
depressed. The 1971 year class index is the most extreme: it is based on a single 
proportion estimate of 19 year old fish and is therefore subject to considerable 
uncertainty. This confirms the value of limiting the estimation to a range of year classes 
in which there were at least five observations of the early year classes, as for the Hauraki 
Gulf base case. 



Year class 

Figure 4: Relative year class strength indices for the Hauraki Gulf from 7 catch at age samples. The dotted 
line shows relative year class strength indices estimated from proportions for ages 6-19 years; the solid line 
shows indices estimated from ages 7-19 years (base case); the dashed line shows one possible set of indices 
estimated from ages 7-19 years, but without the zero trend constraint and with an equal likelihood to the 
estimates denoted by the solid line. 

The residuals to the proportions at age for the Bay of Plenty base case estimates are, in 
general, randomly distributed about zero (Figure 11). A slight pattern of rising residuals 
against age between ages 6 and 10 is probably not significant. The year class strength and 
total mortality estimates again had narrow confidence limits although they were 
somewhat wider than for the Hauraki Gulf (Figure 12). Some bias is apparent in a few of 
the year class strength and total mortality estimates. This appears to be the result of fewer 
catch at age samples and greater variability within them. There is no upwards trend with 
time in the estimates of total mortality, { ci ). 



Year spawned 

Figure 5: Residuals from proportions at age for the Hauraki Gulf from 7 catch at age samples, estimated 
from ages 6-19 years. Residuals are: observed proportion at age - fitted proportion at age. Plotting 
characters are sample numbers as for Figure 2. (a) shows residual versus age (b) shows residual versus year 
class. 

Pairwise tests for difference between Hauraki Gulf and Bay of Plenty relative year class 
strength indices gave six significant differences at the 5% level (Table 1). The estimators 
of the indices (see Figure 10) were assumed to be normally distributed and their c.v.s 
were obtained from the bootstraps. The bootstrap replicates of the indices were examined 
and generally found to follow approximately normal distributions. Some deviation from 
normality occurred for the youngest year classes. The corresponding p values are 
therefore somewhat less reliable in these instances. The sum of the squared differences 
between the indices divided by their corresponding summed variances from the bootstrap, 
are distributed as chi-squared (15 d.f.) under the normality assumption. The test statistic 
was significant < 0.0001). Although there is a broad pattern of strong and weak year 
classes coinciding between Hauraki Gulf and Bay of Plenty the strengths of the year 



classes observed in catch at age samples appear to differ by more than that caused by 
sampling variability alone. 

Year spawned 

Figure 6: Residuals from proportions at age for the Hauraki Gulf from 7 catch at age samples estimated 
from ages 7-19 years. Residuals are: observed proportion at age - fitted proportion at age. Plotting 
characters are the sample numbers as for Figure 2. (a) shows residual versus age (b) shows residual versus 
year class. 
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Figure 7: Relative year class strength and total mortality estimates for the Hauraki Gulf from 7 catch at age 
samples from ages 7-19 years (base case). Dotted lines show 95% confidence intervals based on bootstrap 
estimates assuming the base case estimates were the true values, using resampled residuals by age class. (a) 
shows relative year class strength indices; (b) shows total mortality/selectivity estimates. 

Table 1: Pairwise tests for difference between Hauraki Gulf and Bay of Plenty relative year class strength 
indices. The indices shown in Figure 10 were assumed to be normally distributed and their c.v.s have been 
obtained from bootstrap estimates. Two-sided critical p values for a Type I error of 0.05, using the Dunn- 
Sidak adjustment for 15 tests. are (0.0017,0.9983). 

Year class 1975 1976 1977 1978 1979 1980 1981 
p value 0.0000 0.1296 0.8845 0.5192 0.993 G.8722 1.0000 

Year class 1982 1983 1984 1985 1986 1987 1988 1989 
p value 0.9584 0.9980 1.0000 0.9993 0.0620 0.8201 0.0013 0.0000 
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Figure 8: Relative year class strength and total mortality estimates for the Hauraki Gulf from 7 catch at age 
samples from ages 7-19 years for years 1971-89. Dotted lines show 95% confidence intervals based on 
bootstrap estimates assuming the base case estimates were the true values, using resampled residuals by age 
class. (a) shows relative year class strength indices; (b) shows total mortality/selectivity estimates. 

7. DISCUSSION 

The results suggest that there are significant differences between Hauraki Gulf and Bay of 
Plenty relative year class strengths. Visual comparison between the relative year class 
strength predicted by the sea surface temperature relationship (Francis et al. 1997) and 
both that for the Hauraki Gulf and Bay of Plenty suggests broad agreement on the 
occurrence of strong and weak year classes. However, actual values do not appear to be 
identical. The current practice of treating Hauraki Gulf and Bay of Plenty as a single 
substock for stock assessment purposes may not be entirely satisfactory. 



Year class 

Figure 9: Relative year class strength indices for the Hauraki Gulf from 7 catch at age samples (solid line), 
and Bay of Plenty from 5 catch at age samples and one research trawl survey sample (dotted line). The 
indices have been estimated from ages 7-19 years for the years 1971-89. 

Year class 

Figure 10: Relative year class strength indices for the Hauraki Gulf from 7 catch at age samples (dotted 
line), the Bay of Plenty from 5 catch at age samples and one research trawl survey sample (dashed line). 
The indices have been estimated from ages 7-19 years for the years 1975-89. The solid line is the relative 
year class strength index predicted by sea surface temperature (Francis et al. 1997). Francis's relationship 
was fitted using different data to that used here. 



Year spawned 

Figure 11: Residuals from proportions at age for the Bay of Plenty from 5 catch at age samples and one 
research trawl survey sample estimated from ages 7-19 years. Residuals are: observed proportion at age - 
fitted proportion at age. Plotting characters are the sample numbers as for Figure 3. (a) shows residual 
versus age (b) shows residual versus year class. 

Higher imprecision in the estimates of relative year class strength for the ends of the 
period was indicated by the bootstrap method when estimation of the earlier year classes, 
based on few observations, was attempted. Imprecise values for the end year classes can 
also have an influence on the estimates for the other year classes through the constraints 
(mean = 1 and slope = 0). When early year classes were estimated only if there were at 
least five observations, the effect was removed. I infer that the method is satisfactory only 
if long time series of relative year class strength indices are estimated using many 
observations per year class. If these conditions are not met, there may be undue influence 
of individual indices on all other indices, via the constraints. 
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Figure 12: Relative year class strength and total mortality estimates for the Bay of Plenty from 5 catch at 
age samples and one research trawl survey sample from ages 7-19 years for years 1975-89. Dotted lines 
show 95% confidence intervals based on bootstrap estimates assuming the base case estimates were the true 
values, using resampled residuals by age class. Plotting characters are the sample numbers as for Figure 3. 
(a) shows relative year class strength indices: (b) shows total mortality/selectivity estimates. 

An assumption of this method of estimating year class strength is that, over the age 
classes and samples used, the combined effects of total mortality and selectivity is log- 
linearly related to age within each sample. Total mortality estimates varied between 
samples for each sub-stock. Mean total mortality cannot change much between successive 
years as it applies to largely the same period. Therefore the selectivities must have varied 
between years. The approach used here models the effects of varying mortality and 
selectivity simply by assuming log-linearity, with a different slope each year. The 
deviations at each age are then assumed to be caused only by year class strength variation 
and sampling variability. Clearly this assumption is not strictly true. Recent stock 
assessment modelling (Annala & Sullivan 1997) shows fishing mortality in SNA 1 to 
have varied somewhat over the period. Failure to meet the log-linearity assumption 
would mean that, together with the sampling error that is assumed in the .binomial 
maximum likelihood estimator, there is also process error that is not accounted for. This 
process error may induce bias or increased variance in the estimates. The bootstrap 



estimates of variability suggest that there can be some bias when early year classes are 
estimated from few observations. The bootstrap may underestimate bias and variance 
since there is confounding between year class strengths and patterns of mortality and 
selectivity. The use of many catch at age samples covering a long period would tend to 
reduce the bias effects of failure to meet the log-linearity assumption, as the effects of 
process error from several samples on an individual year class strength estimate would 
tend to cancel. In general, any pattern of bias will depend on the specific configuration of 
samples relative to the true mortality and selectivities. 

The method proposed obtains relative year class strength indices directly from catch at 
age data without the many assumptions and much data required when indices are 
estimated within a full population model. In the latter case, total mortality and selectivity 
are "properly" included, but the estimates of year class strength are not necessarily more 
soundly based. For example, the common assumption that a selectivity curve for a 
method is constant over time may often be false. The analysis here suggests that it was 
probably false for both Hauraki Gulf and Bay of Plenty. I would recommend the method 
described for estimating relative year class strengths or  testing for differences only where 
there were at least as many samples as the numbers used here (six samples, five 
observations per year class). 
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