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EXECUTIVE SUMMARY 

Bentley, N.; Starr, PJ. (2001). An examination of stock definitions for the New Zealand rock 
lobster fishery. 

New Zealand Fisheries Assessment Report 2001/48.22 p. 

Management of a fishery should be sensitive to the spatial variation in the population dynamics and 
history of exploitation of the population. This study examined three characteristics of rock lobster 
populations which may reflect those variables: size of maturity, trends in catch rates, and size 
frequencies. 

A model-based cluster technique was developed which uses a maximum likelihood grouping criterion 
and a novel clustering algorithm that accounts for the need to create spatially contiguous groups. The 
cluster technique was separately applied to the three characteristics for each of the 43 rock lobster 
statistical areas. The appropriate number of groups of areas was chosen based on an examination of 
plots of the approximate weight of evidence and the likelihood ratio statistic. 

Five groups satisfactorily described the spatial pattern in size of maturity: (1) Westland-Cook Strait- 
Taranaki-Northland-Bay of Plenty; (2) East Cape-Hawke Bay; (3) Wairarapa-Canterbury; (4) Otago- 
Foveaux; (5) Fiordland. There was a strong tendency for a division between northern and southern 
areas at Banks Peninsula, where the greatest discontinuity in maturity parameter values occurred. 

For trends in catch rates, six underlying groups were suggested: (1) Cook Strait-Taranaki-Northland- 
Bay of Planty; (2) East Cape; (3) Hawke Bay; (4) Wairarapa-Canterbury; (5) Otago; (6) Foveaux- 
Fiordland-Westland. As for the maturity parameters, the greatest discrepancy in catch rate trends 
occurs at Banks Peninsula and divides northern and southern areas. 

The appropriate number of groups based on size frequency data was less clear than for the other two 
characteristics. The first seven groups created were: (1) Northland-Bay of Planty; (2) East Cape- 
Hawke Bay; (3) Wairarapa-Canterbury; (4) Otago-Foveaux; (5) Fiordland-Westland-Cook Strait; (6) 
Taranaki; (7) Chatham Islands. 

Based on these results, suggestions are made for appropriate groupings of statistical areas and quota 
management areas that reflect the spatial structure of rock lobster populations. 



1. INTRODUCTION 

The fishery for rock lobster ( J a w  edwardsii) in New Zealand occurs along virtually the entire coasts 
of the North and South Islands and around smaller ofkhore islands. The fishery is currently managed 
through a series of input controls, including minimum legal size limits, and a system of individual 
transferable quotas. To optimise management, it is important that these regulations are sensitive to the 
spatial variation in the population dynamics and history of exploitation of rock lobster. For example, 
in an area where the population has lower productivity or a higher historical rate of exploitation, a 
lower rate of harvesting may maximise long-term yields. 

The appropriate number of spatial stocks into which to divide the species range will depend upon the 
trade-off in benefits derived fiom maximising long term yield versus the increased compliance costs 
associated with enforcing different regulations in more areas. This trade-off involves social and 
economic issues in addition to the spatial variation in population dynamics and movement of the 
species. Thus, rather than attempting to provide defhitive statements on stock definition, fisheries 
biology should try to quantify the relative improvements in yields associated with various levels of 
spatial segregation in management. 

Estimating yields under different definitions of stocks requires the ability to model stocks on a small 
spatial scale. At present there are insuflicient data to model the New Zealand rock lobster fishery at 
such a scale. Instead, in this paper we examine characteristics of the fishery that may reflect the 
underlying dynamics of the stock in each of 43 statistical areas. 

We propose a maximum likelihood based clustering technique for New Zealand rock lobster statistical 
areas. This technique uses a novel algorithm for searching for clusters. As more data become 
available, this technique could be used to suggest alternative combinations of statistical areas based on 
results fiom assessment models. However, at present we apply the technique to three characteristics 
of the fishery for which data are available fiom most of the statistical areas: size of maturity, catch per 
unit effort trends and catch size frequencies. 

2. A CLUSTER TECHNIQUE FOR NEW ZEALAND ROCK LOBSTER 
STATISTICAL AREAS 

The smallest spatial unit for which data on the New Zealand rock lobster iishery are routinely 
collected is the statistical area. There are 43 statistical areas for the fishery, 37 around the coasts of 
the North and South Islands, and 6 around outlying islands (Figure 1A). Using conventional clustering 
techniques, these areas can be grouped on the basis of their similarity in some characteristic (500th & 
Breen 1992). However, these techniques ignore the spatial location of areas and can produce 
groupings of areas that are not contiguous and which therefore have little applicability to management. 
For instance, clustering of statistical areas on the basis of trends in catch rates using conventional 
techniques resulted in groups that included areas on opposite coastlines while those in between were 
grouped elsewhere (Booth & Breen 1992). To define spatially discrete fish stocks, it would be more 
appropriate to use a clustering technique that recognises the need to produce groups that are 
contiguous. 

Here we describe a clustering technique developed to partition adjacent rock lobster statistical areas 
into groups based on some characteristic of the fishery. First, we describe the criterion used for 
grouping and then go on to describe the searching algorithm. 



2.1. Grouping criteria 

All clustering techniques require a criterion to measure the relative cohesion and isolation of groups. 
We use a model-based approach to clustering that has advantages over more conventional heuristic 
measurm, including allowing a formal evaluation of the optimum number of groups and the use of 
robust methods (Banfield & Raftery 1992). 

According to our model, for any particular characteristic of he fishery, x , there are an unknown 
number of groups of areas, k > 0 , each with a mean value of the characteristic, p, ,p2 ,....pk. The 
observation of the characteristic in each of the n areas is a function of the group mean and error, 

xu = p, + go Eqn 1 

where y,is a label identifyiug to which group area a belongs. We assume that sois normally 

distributed and that it is an additive combination of observation error, a;, and underlying natural 

variation between areas within a group, a: . Assuming an additive interaction between these sources 

of variation allows so to remain defined when the group consists of only one area and thus, = 0 . 

For each observation, an observation standard deviation, x ,  is estimated. For instance, where a 

maturity parameter is used as the clustering characteristic, 6: is set to the standard error of the 
parameter. The group mean is inversely weighted by the observation standard deviation so that those 
areas with a high observation error have less of an impact on the group mean, 

where n, is the number of areas in group g. The underlying within group variation can then be 
estimated for each group, 

An estimate of the total variation associated with each observation can then be made, 

&a = 0." + &;a Eqn 4 

The predicted group means are determined only by the set of identifying labels, H = (y, ,  y2.....y,, ) , 
and not by any other parameters, so that the likelihood of the observed values, X = (x, , x2 ..... x,) , 
given a particular grouping is 



Eqn 5 

where n is the total number of areas examined. The above can easily be applied to the situation of 
1 2  3 4  multiple characteristics for each area, X = (x, , X, , x, x, ..xL I., by estimating separate group means 

and standard deviations for each index and by maximising the likelihood across all indices, 

where j is the number of indices being examined. 

For each value of k, the number of groups, the most likely clustering can be found by maximising the 
likelihood. Since oi,is fixed externally to the clustering, maximising the likelihood favours the 

formation of groups with low within-group variation, We have found that this tends to produce 
groups containing only one area and which are not usefbl fiom a management perspective. Therefore, 
we estimate but do not include it in the estimate of total variance used in the likelihood function. 

2.2. Choosing the appropriate number of groups 

The maximum likelihood will increase as the number of groups, k ,  tends towards the number of 
areas, n . An appropriate criteria for choosing the number of clusters is the Bayes factor, Bk , which 

is the odds for a model with k groups against the model with one group containing all areas. Since 
calculating the Bayes factor is computationally intensive, the 'approximate weight of evidence' 
(AWE4 can be used as an approximation to - 2 h Bk manfield & Raftery 1992), 

where j is the number of indices and is the number of areas in the group that was split and 6 is 

the increase in the number of parameters estimated for each new group. For our model, only a mean is 
estimated for each index, so 6= j . The larger the value of AWEI, the more evidence there is for k 
clusters. 

The AWE provides a guide only to the appropriate number of groups. It may not perform well as an 
approximation to the Bayes factor for S>5 (Banfield & Raftery 1992). Therefore, to aid in the 
assessment of alternative numbers of groups, we also examined trends in the likelihood ratio test 
statistic, 

Eqn 8 

The change in this statistic from k to k + 1 groups, &+, - A,, declines with k and we used this as a 
guide to when a suitable number of divisions had been made. 



2.3. Clustering algorithm 

The algorithm used to search for contiguous groups of areas is a form of hierarchical division, that is, 
at each step it breaks an existing group into two. The requirement of spatially contiguous groups is 
easily Wlemented by considering the numerical order of the statistical areas and forming groups by 
placing 'breaks' at intervals along this continuum. For each area, the likelihood of a grouping caused 
by placing a break after that area, L(X I Hi),  is calculated. A break is placed after the area which 

maximises the likelihood and this break is retained for all successive values of k ,  the number of 
groups (Figure 2). 

Areas with no value for the grouping index make no contribution to the group mean, group variation, 
or model likelihood. Because they make no contriiution to the likelihood, areas with missing data are 
tied with the adjacent area when deciding where to place a new break. We set an arbitrary convention 
of selecting the highest numbered break when there is a tie in likelihood between different choices of 
breaks. 

Some slight modifications are necessary to the basic algorithm because the arrangement of statistical 
areas in New Zealand is not along a single line. Firstly, because the numbering of statistical areas in 
New Zealand essentially forms a circle going clockwise around the North and South Islands (see 
Figure I), the first grouping needs to be defined by two breaks. Areas above the bighest numbered 
break are defined as belonging to group 1. 

Secondly, four statistical areas exist around the Chatham Islands, about 600 amile to the east of the 
'South Island. Due to their small size, these four areas are treated as a single area that can either join a 
suitable mainland group or be treated as its own group. A suitable mainland group is defined as a 
group that has one of its members on the east or southwest coast of the North and South Islands (areas 
909 to 928). 

The last complication arises due to Cook Strait between the North and South Islands. The areas 932, 
933, 934, and 915 could belong to groups on either the west or the east coasts. To allow for this, at 
each successive break, once the optimal clustering of groups is chosen, these areas are allowed to 
switch to a group on the opposite coast and the resulting likelihood compared to the optimum (Table 
1). 

Table 1: Alternative group cldi6cations tested for Cook Strait areas. ya = group label for Area a. 

Group scenario Alternatives tested 



3. METHODS 

Three characteristics of the fishery were separately used for clustering. The derivation of values of 
each of thae characteristics and the application of the clustering method to them is described. 

3.1. Size of maturity 

Data on the size and maturity of female lobsters were obtained fiom the intensive catch sampling and 
logbook programme databases over all available years (Table 2). No weighting was done, that is, 
information fiom each female lobster was considered to be equivalent regardless of when or where it 
was caught. For both sets of data the total number of females measured and the number of mature 
females was determined in 1 millirnetre size classes over all sizes. Participants in the logbook 
programme are instructed to record tail width measurements rounded down to the nearest millimetre. 
To correct for this slight negative bias, 0.5 mm was added to the size classes fiom the logbook 
programme. 

Table 2: Number of measured female lobsters in each area used to estimate maturity 
parameters. Data are from Ministry of Fisheries research sampling programmes and from 
Industry-based logbook sampling programmes covering a period from January 1987 to March 
1998. 

Area 
90 1 
902 
903 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
913 
914 
915 

Area 
916 
917 
918 
919 
920 
92 1 
922 
923 
924 
925 
926 
927 
928 
929 
930 

Area 
93 1 
932 
933 
934 
935 
936 
937 
938 
939 
940 
941 
942 
943 

A logistic model of maturity was used to estimate the sizes at which 50% ( S , )  and 95% (8% ) of 
females are mature, 

where for size class i having a mean size S, , pi is the proportion of females mature. This model was 

fitted by maximising the binomial likelihood, where for size class i, pi is the predicted proportion 

mature, ni is the number of individuals that were staged, j, is the number that were mature, and q i s  
the number of size classes. 



Parameters and their standard errors were estimated using quasi-Newton minimisation (ADModel 
3uilderihn, Otter Research Ltd). For some areas with low sample sizes the minimisation failed to 
converge on reasonable parameter estimates, and so these areas were given missing values (areas 901, 
903 and 937). 

The estimates of S ,  and S, for each area are treated as separate grouping indices of equal weight. 
They are assumed to be normally distributed, with an observation standard deviation equal to their 
standard error. 

3.2. Trends in catch rates 

We use the catch per unit effort of the commercial rock lobster fishery as a relative index of the 
density of lobsters in each statistical area. Catch rate data are available since 1979 fiom compulsory 
catch and effort forms returned by fishers. These data were obtained from the Ministry of Fisheries 
and the total catch weight and total number of pots lifted calculated for each vessel in each statistical 
area. We assume that catch per potlift is log-normally distributed and estimate annual indices of 
density for the fishing years 1979-80 to 1997-98 using a general linear model that standardises for 
month. Standardisation by other independent variables, including vessel characteristics, has been 
found to be unnecessary for New Zealand rock lobster catch rates (Maunder & Starr 1995). 

The standardisation produces coefficients associated with each year in each area, fl,Y,with a standard 

deviation, a:. It is usual for these coefficients to be compared to the coefFicient for a base year, o h  
the year with the index with the lowest standard deviation, to provide a year effect relative to the base 
Year? 

Eqn 11 

H o w m ,  this results in annual indices that are serially correlated since the index for one year is 
dependent upon that for the previous year. This has consequmes for use as a clustering criterion 
since a change in catch rates in a single year in a single area could cause it to appear to be different 
from the rest of the group in successive years. To reduce the effect of serial correlation, we calculate 
annual indices as the difference in the standardisation coefficient between one year and the next, 

Eqn 12 

with a standard deviation approximated by assuming no covariance between coefficients, 

Eqn 13 

Thus, the index that we use for clustering represents the relative change in density fiom the previous 
year. For clustering these indices are assumed to be normally distributed with a standard deviation of 
&,' . We retain the annual indices in log space, but for ease of interpretation present final group means 

a relative increases, or exp(a:) . Eighteen of these indices are available, fiom 1980-81 to 1997-98. 



3.3. Size frequencies 

Data on the size structure of rock lobster populations were obtained from the intensive catch sampling 
and voluntary logbook programmes. Size frequencies were made across the programmes, by giving 
equal weighting to each. Data for the 1995-96 and 1996-97 assessment years (defined as from 1 
September to 31 August) were available in 29 areas (Table 3). These two years were chosen to 
provide a recent snapshot of the current size diiiutions in each area as well as providing an adequate 
sample size. 

Table 3: Number of lobsters measured above 54 mm tail width for males and 60 mm tail width for 
females in each area. Data are tram Ministry of Fisheries research sampling programmes and &om 
Indnstry-based logbook sampling programmes covering a period from 1 September 1995 to 31 August 
1997. -, no lobsters measured. 

Area 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
913 
914 
915 

N Area 
- 916 
- 917 

198 918 
- 919 

675 920 
8869 921 
5443 922 
2841 923 
4685 924 

11360 925 
4702 926 
7542 927 
7742 928 
6755 929 

- 930 

N Area 
1968 93 1 

12856 932 
- 933 - 934 

182 935 
329 936 

1030 937 
518 93 8 

7228 939 
153 940 

16732 94 1 
16451 942 
14838 943 

- 
- 

Due to differences in the minimum legal size limit between areas, only M y  selected size classes were 
compared. The largest minimum legal size limit in all areas (54 mm for males and 60 mm for 
females) was used as the lowest sue class for analysis for each sex. Sixteen size classes in 2 
millimetre intervals above these lower size thresholds were used to establish size bins for each sex. 

The proportions of individuals within each size class for each sex are used as separate indices for 
clustering. Thus, there are 32 indices for each area. For each index, the group mean is calculated as 
the proportion of individuals witbin each size class over all sizes and sexes and areas in the group, 

Eqn 14 

Eqn 15 

where N,S,g is the number of individuals of sex g and size class s measured in area a .  This 
formulation thus gives greater weighting to those zones in which a greater number of lobsters were 
measured. The observation variance is of the standard multinomial form, 



The observed proportion in each size class are assumed to be normally distriiuted. An additional term 
is added to the likelihood function to prevent the variance fiom tending to zero for small observed 
proportions (Fournier et al. 1990), 

where p:g is the proportion of each sex in each size class, SZ is the number of size classes in the data. 

4. RESULTS 

The results of clustering are described for each of the three characteristics used. To aid in the 
description of groups we use region names to refer to several statistical areas at once (Figure 1B). For 
each characteristic we show the trends in the AWE and likelihood ratio statistic with group number 
(Figure 3). The likelihood landscape for the formation of the first two groups is also provided (Figure 
4). Although the appropriate number of groups is not always clearly defined we choose one value and 
present group maps (Figure 5) and group means (Figures 6,7,8) for this value. 

4.1. Maturity 

Examination of plots of the AWE and likelihood ratio statistics suggest that five groups satisfactorily 
describe the spatial pattern in maturity parameters (Figure 3A). There was a strong tendency towards 
one of the first two breaks being at area 919 (Figure 4A), where the greatest discontinuity in maturity 
parameter values occurred (Figure 6). The other initial break was less well defined but was chosen to 
be at area 926. The third and fourth breaks separated East Cape and Hawke Bay (Figure 5A). A fifth 
group was formed by a break at Area 925 that separated southern Fiordland (Area 926) fiom all other 
areas. The next suggested split was between 905 and 906, which would have isolated the Bay of 
Plenty fiom areas to the north and south. However, this division was not associated with a large 
increase in the likelihood ratio. The maturity parameter estimates for the Chatham Islands were not 
sufficiently different fiom those in areas 926 to 908 to warrant their isolation as a separate group. The 
Cook Strait areas for which estimates were available, areas 933 and 915, associated with the west and 
east coasts respectively. 

il 

4.2. Catch rates 

t The change in the AWE and likelihood ratio with an increase in the number of model clusters 
suggests the existence of six underlying groups of catch rate trends (Figure 3B). As for the maturity 
parameters, there was a strong tendency for one of the first two breaks to occur between the 
Canterbury and Otago regions. The likelihood was relatively insensitive to the position of the other 
initial break between areas 930 and 905 (Figure 4B). This suggests that the greatest discrepancy in 
catch rate trends occurs on the east coast at Banks Peninsula and divides northern and southern parts. 

The next break separated the Otago region and the fourth and fXlh breaks defined two groups on the 
North Island, East Cape and Hawke Bay (909 to 912) and Wairarapa and Canterbury (913 to 91 8). 



The first of these was reduced fbrther by the splitting off of Hawke Bay (912) into a separate group 
(Figure 5B). 

The seventh proposed break would have split the Canterbury-Wairarapa complex but was associated 
with a -reduction in the AWE. In the division with six groups, the Chatham Islands remained 
associated with the southenunost mainland group and all Cook Strait areas associated with the west 
coast (Figure 5B). 

The above clustering was repeated using only the years before the implementation of the quota 
management system, 1980 to 1986. The lesser number of years available for the analysis reduces the 
certainty in it. The six suggested groups differed fiom those above in the following ways: (i) Area 909 
grouped with the Bay of Plenty and associated areas (930409), (ii) the Wairarapa (913-915) and 
Canterbury (916-917) regions formed separate groups, (iii) the Otago region was not separated fiom 
Foveaux Strait, Fiordland, and Westland (918-929), (iv) the Chatham Islands associated with area 
912, and (v) the Cook Strait areas associated with the east coast. 

4.3. Size frequencies 

The change in the AWE and likelihood ratio test statistic did not clearly point to an optimum number 
of groups but suggested between seven and ten (Figure 3C). For the initial division, there was a high 
likelihood associated with a break between areas 908 and 909 (Figure 4C). The associated peak in 
likelihood at area 912 resulted in the separation of East Cape and Hawke Bay fiom the rest of the coast 
(Figure 5C). This group has catch size frequency distriiutions that are dominated by large numbers of 
small males (Figure 8). 

The next two divisions caused the Fiordland and Foveaux regions to separate fiom each other and the 
isolation of the Chatham Islands fiom the mainland (Figure 5C). The size fkquencies of the Chatham 
Islands are dominated by large lobsters of both sexes (Figure 8). 

The f%h and sixth breaks caused the isolation of the Taranaki region fiom other areas on the west 
coast. This region had much larger lobsters, but only a very limited amount of data is available fiom 
those areas (Table 3). 

When these seven groups were formed the Cook Strait areas were divided between the west and east 
coasts - areas 932 and 933 grouped with the west coast while areas 934 and 915 grouped with the east 
coast. Further breaks, that were not associated with a large increase in the likelihood, would have 
resulted in the isolation of single areas - southern Fiordland (Area 926), Hawke Bay (Area 912) and 
Mahia Peninsula (Area 91 1) (Figure 5C). 

5. DISCUSSION 

5.1. Consistencies and differences in grouping 

The three characteristics used for clustering suggest between five and seven underlying groups. Four 
main consistencies exist in the grouping produced by each. 

1. A discontinuity occurs at Banks Peninsula, separating the northern and southern parts of the 
fishery. 

2. The East Cape and Hawke Bay regions are similar to each other and distinct -from the 
remainder of the fishery. 

3. The Kaikoura and Wairarapa regions belong to the same group. 

4. Areas 932 and 933 associate with the west coast rather than the Kaikoura-Wairarapa group. 



There are three important differences between the clustering produced by the three characteristics. 

1. The discontinuity at Banks Peninsula is strong for the maturity parameters and catch rate 
trends, but is less distinct for size fiequency compositions. 

2. According to maturity and size fiequency characteristics, the Foveaux Strait region is 
grouped with the Otago region and separated fiom Fiordland, but is separated fiom Otago 
and grouped with Fiordland for catch per unit effort trads. 

3. The Chatham Islands associates with various regions or forms its own group depending upon 
the characteristic used. 

5.2. Implications for management 

The results of this analysis can be usefid to two aspects of the management of the rock lobster fishery; 
the aggregation of statistical areas into Fishstocks and the aggregation of Fishstocks for stock 
assessments. Other factors need to be considered when making these decisions and the discussion 
below makes recommendations based only on the results of the three cluster analyses done here. 

In general, the grouping of statistical areas suggested here is consistent with the current definition of 
Fishstocks. There are three instances where for at least two characteristics the groups resulting fiom 
the cluster analysis were consistently different fiom the current definitions of the following 
Pishstocks: 

Areas 932 and 933 should be grouped with CRA 9 rather than CRA 5 

Area 912 should be grouped with CRA 3 rather than CRA 4 

Areas 926,927 and 928 should not be grouped with the rest of CRA 8 
Furthermore, the analysis of catch rates suggests that Areas 919 could be better associated with CRA 
7, but this area has very low amual catches and there were no size or maturity data to corroborate this 
suggestion. 

The results from this analysis suggest the following aggregations of statistical areas to reflect rock 
lobster stocks: 

Northland and Bay of Plenty (Areas 939,901-908) 

East Cape and northern Hawke Bay (Areas 909-912) 

Southern Hawke Bay, Wairarapa and Canterbury (Areas 9 13-91 8) 

Chatham Islands (Areas 940-943) 

Otago, Foveaux Strait, and Stewart Island (Areas 9 19-925) 

Fiordland (Areas 926-928) 

Westland (Areas 929-930) 

Cook Strait (Areas 93 1-934) 

Taranaki (Arm 935-938) 



In several cases (e.g., Westland, Taranaki) the fishery in these groups is small and there may be 
insufficient data with which to perform stock assessments on each of these areas. Also, total allowable 
catches are set based on quota management areas rather than statistical area. Therefore, where it is 
necessary to group by quota management area the following aggregations are suggested: 

. CRA 9 
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F i e  1: (A) Statistical areas used for the New Zealand rock lobster fishery and (B) names used to 
describe regions representing groups of statistical areas. 



Likelihood ( L(X I H; ) ) * '24.2 26.5 28.7 28.7 27.1 26.4 26.4 22.3 

Group label for k-1 groups ( yak-l ) 1 2 2 2 2 2 2 2 2  

Figure 2: An illustration of how groups are formed through the division of an existing group into two. - , 
index missing. * , likelihood not calculated because already site of a break. Note that according to our 
convention a break is placed between areas 12 and 13 although data are missing for area 12. 

- - . . - - -  

Group label for k S O W S  ( Yak ) 
1 2 2 2 2 3 ' 3 3 3  
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Figure 3: The approximate weight of evidence (AWE) and likelihood ratio statistic versus the number of 
groups for (A) maturity parameters, (B) catch rate trends, and (C) size freqnencies 
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Figure 5: Division of statistical areas into the number of groups suggested by the likelihood ratio tests 
statistic and AWE for (A) maturity parameters, (B) catch rate trends, and (C) size freqwncies. 



901 904 907 910 913 916 919 922 925 928 931 934 937 940 543 

. Statistical ama 

Figure 6: Estimates of Sso (closed circles) and 69s (open circles) and 95% confidence intervals for 
statistical areas. Estimate of & for area 923 at 133 mm not shown. Dashed lines and associated numbers 
indicate the order in which the first six breaks were defined. 
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Figure 7: Trends in the relative change in catch per unit effort indices from 1980 to 1997 for each of the 
final groups. 



k 
Males Females 

+Nculhland&BayofPIenty(93%908) 
-(2- East Cape & Hawk Bay (SW 

. . -e- Tarsmald (935-938) 

Tail width (mm) Tail width (mm) 

F i e  8: Size frequency distributions for males and females in each of the *a1 groups 


