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Executive S u m m a r y

The purpose of this investigation is to determine whether spatial heterogeneity in East
Northland longline landings considerably affect the precision of catch-at-length and
catch-at-age estimates. This may influence sampling designs currently used. The
design proposed for 2001-02 (Ministry of Fisheries project SNA2001/02) involves the
collection of length frequency samples from 40-50 landings with random otolith
subsamples of approximately 25 per landing. This design is expected to satisfy the
desired precision of a target mean weighted coefficient of variation (MWCV) equal to
0.2. A review of this design by the Ministry suggested the design could be improved
by considering catch at age heterogeneity between strata within East Northland.
Consequently a variation was made to the project SNA2000/02 to include an objective
titled: East Northland substratum analyses.
To address the objective, historical length and age data from two statistical areas (East
Northland stratified on the finest possible spatial scale) were used for two separate
analyses. Firstly, to derive stratum estimates of catch at length, catch at age, and
variances from 1995-96 to 1999-2000; and secondly, simulations of alternative
sampling strategies between strata using the most recent length and age data. These
analyses were done for both the length frequency plus age-length key (LF+ALK) and
random age frequency (RAF) sampling methods.

Some differences in the age composition of landings between strata were evident for
particular year classes, that suggest some heterogeneity in catch at age within East
Northland. The time series of catch at age estimates and the simulation results indicate
no considerable heterogeneity in between-landing variability in the East Northland
strata. Consequently, using the current sampling designs, similar, and acceptable,
levels of precision may be obtained from either stratum.
The current sampling design proposed for 2001-02 is likely to produce target levels of
precision irrespective of the proportion sampled in either stratum. The random
selection of landings from the entire fishery, and from all processing sectors, is likely
to ensure sampling is proportional between strata relative to landings from the fishery,
and therefore representative.

8.

Objectives

1.

To determine whether sub-stratification of the East Northland longline snapper
catch-at-length and catch-at-age data by statistical area reduces the heterogeneity
of current estimates.

9.

Methods

To address the objective, an appropriate stratification of the East Northland region
was determined according to the finest spatial scale of commercial catch records and
catch at age sample collection. This scale was the commercial fishing statistical
reporting area used for the collection of Catch Effort Landing Returns (CELR) by the
Ministry of Fisheries. Two statistical areas, 002 and 003, constitute the East Northland
region and defined its spatial stratification applied in this study. Historical length and
age data from the commercial longline fishery operating in the two statistical areas
(strata) of East Northland were used for two separate analyses. Firstly, to derive
stratum catch at age and variance estimates for 1995-96 to 1999-2000; and secondly
to investigate alternative sampling strategies within and between the strata using
simulations.
1.

Catch at age estimates 1995-96 to 1999-2000

A full description of the collection and analysis of snapper catch at length and age
samples from East Northland is given in a series of reports by Walsh et al. (1997,
1998, 1999, 2000a, 2000b). A brief overview follows to provide a background for the
treatment of this data in this study.
Snapper length and age samples collected during spring and summer from 1995-96 to
1999-2000 were analysed for each stratum to calculate proportion caught at age and
estimates of variance expressed as mean weighted coefficient of variation (MWCV).
Length and age data, and the corresponding CELR records stored on the Ministry of
Fisheries databases, were extracted for each stratum. Data from individual landings
originating from both strata were excluded from the analysis, however these instances
were few. Catch information for longline landings over the entire fishery (weight and
numbers of landings) by stratum was requested from the Ministry of Fisheries.

Two different sampling methods were employed during the period 1995-96 to 19992000. The first method was the length frequency and age-length key approach
(LF+ALK) that was used in 1995-96, 1996-97, and 1999-2000. This involved the
collection of approximately 40-50 length frequency samples, with a total of around
600 otolith samples collected as a subsample from the length frequency samples. The
otoliths were collected by proportional allocation according to the length frequency
distribution as estimated for the previous year. Estimates of stratum proportion caught
at length and age, and analytical variances (expressed as coefficients of variation, c.v.)
followed that of Davies & Walsh (1995). Bootstrap mean and c.v. estimates were not
determined because the difference between bootstrap and analytical estimates has
been found to be negligible (Davies et al. unpublished results). Estimates were
calculated for the recruited age classes with the maximum age being an aggregate of
19 years and older.
The second approach used was the random age frequency (RAF) sampling method
(Davies et al. unpublished results) and was used from 1996-97 to 1999-2000. RAF
samples were collected from an individual landing by taking random otolith samples
from each grade of fish making up the landing. No length frequency sample was
therefore required. A random sample of bins from each landing was taken with the
systematic selection of every n fish counted in a continuous sequence from the
sampled bins. The optimum selection interval, n, was determined from simulations
using data from historical length and age samples that achieved a desired level of
precision. This range took account of the expected mean number of fish in a bin and
the total number of bins in landings. Sample sizes typically ranged from 15 fish being
collected from landings of 10 bins, to 45 fish collected from landings of above 100
bins. A total sample size of 1000 otoliths was targeted for collection from each
fishery. Estimates of proportion caught at age and c.v.s (analytical and bootstrap) for
the two East Northland strata were calculated from the RAF samples. Bootstrap mean
estimates are not presented as the difference between analytical and bootstrap means
in proportion at age estimates have been found to be negligible (Davies et al.
unpublished results).
th

2.

Alternative sampling strategies

A range of alternative sampling strategies within and between strata was investigated
by simulation using length and age data collected during spring and summer 19992000. Catch at age MWCV was estimated for alternative sample sizes in each stratum
and for both strata combined using data collected by both the LF+ALK and RAF
sampling methods. To investigate a range of sampling proportions between strata,
simulation estimates of catch at age MWCV were calculated at each proportion.
The most recent available data were used (1999-2000) to include current variability in
length and age compositions between landings, and the patterns in relative year class
strengths. Both these factors will determine catch-at-age precision derived from
particular sampling strategies and will differ from year to year. The number of landings
sampled was 32 and 15, and the otolith sample sizes were 651 and 321 for strata 002 and
003 respectively. These data comprise both LF+ALK and RAF samples.

Length frequency and otolith data was used to calculate the MWCV associated with
different combinations of landing and otolith sample sizes using the LF+ALK method.
The landing sample size is the total number of landings selected at random from the
fishery and the otolith sample size is the total number of otoliths comprising the agelength key. Sampling strategies within the ranges of 10 to 60 landings, and 200 to 1200
otoliths were investigated. For each option investigated, 500 bootstraps were carried out.
In each bootstrap, both landings, and bins within landings, were randomly resampled
with replacement to derive a landing length frequency. Similarly, otoliths within each
length class interval of the age-length key were randomly resampled with replacement to
produce an age-length key for the specified total sample size. The variance and MWCV
of the 500 bootstrap catch at age estimates was calculated.
Simulations of the RAF sampling strategy were undertaken within a range of 10 to 60
landings, and with 10 to 60 otoliths being sampled from each landing. A strategy was a
combination of number of landings sampled, and an otolith sample size taken from each
landing, e.g. 40 landings with 20 fish randomly sampled from each landing. For each
strategy 500 bootstraps were carried out to estimate catch at age MWCV. In each
bootstrap, both landings, and individual fish in the sample taken from a landing, were
randomly resampled with replacement to derive pseudoreplicate RAF samples.
Using an LF+ALK sampling strategy found to be optimal in terms of desired MWCV,
a range of sampling strategies was investigated for the proportion sampled in each
stratum. A range of proportions from 0 to 100% in strata 002 and 003 alternatively
was used with 10% intervals at each option. For each option, the number of landings
and otoliths corresponding to the specified proportion was randomly sampled with
replacement from each stratum respectively. The samples were then pooled for the
calculation of the East Northland catch at age estimates. For each strategy, 1000
bootstraps were carried out to estimate catch at age and length MWCV.

10.

Results

10.1

Catch at age estimates 1995-96 to 1999-2000

10:1.1 Sample collection
Summaries of the sampling method, number of landings and otoliths sampled, total
number of landings in the fishery are given by stratum for the period 1995-96 to
1999-2000 in Table 1. The ratio of the proportion of landings in the fishery from
stratum 002 compared to 003 ranged from 0.56:0.44 in 1997-98 and 1999-2000, to
0.61:0.39 in 1995-96. The ratio of the proportion of landings sampled in stratum 002
compared to 003 ranged from 0.39:0.61 in 1997-98, to 0.68:0.32 in 1999-2000. In
some years the proportion sampled in each stratum was disproportionate to the
respective landings in the fishery from each stratum.
The number of otoliths collected by the LF+ALK method in 1995-96 was roughly
equally distributed at approximately 300 otoliths for strata 002 and 003 respectively.
The stratum otolith sample sizes collected by the RAF method (1996-97 to 19992000) was roughly proportional to the number of landings collected in each stratum.

For example, in 1999-00, the ratio of sampled landings from strata 002 and 003 was
0.68:0.32 and the subsampled otolith collection was 651:321.

Table 1: Summary of the sample number and total number of landings by statistical area from the East
Northland longlinefisheryfrom 1995-96 to 1999-00.*

Year

No. of landings sampled No. of otoliths
Sampling method Stat area ENLD Stat, area Proportion
collected

1995-96

LF+ALK

1996-97

LF+ALK
RAF

1997-98

RAF

1998-99

RAF

1999-00

LF+ALK; RAF

002
003
002
003
002
003
002
003
002
003
002
003

39
39
52
52
49
49
41
41
43
43
47
47

24
15
23
29
23
26
16
25
27
16
32
15

0.62
0.38
0.44
0.56
0.47
0.53
0.39
0.61
0.63
0.37
0.68
0.32

No. of landings in fishery
ENLD Stat area Proportion

295
284
464
522

1479
1479
1626
1626

896
583
958
668

0.61
0.39
0.59
0.41

337
615
628
393
651
321

1483
1483
1329
1329
1626
1626

827
656
780
549
916
710

0.56
0.44
0.59
0.41
0.56
0.44

* L F + A L K = Length frequency and age-length key approach; R A F = Random age frequency approach.

The total longline snapper catch and number of landings in strata 002 and 003 from
1995-96 to 1999-2000 are presented in Figure 1. The total catch ranged between 365565 tonnes. The relative proportions of the catch weight in each stratum were similar
in most years except 1997-98, when the catch from stratum 003 exceeded that of 002.
The total number of landings from respective strata was similar between years, with
the number from stratum 002 almost always exceeding that from 003.

1995-96

1996-97

1997-98
Fishing year

1998-99

1999-00

Figure 1: The total weight of snapper (tonnes) and the total number of landings by stratum
(statistical area) for the East Northland longline fishery from 1995-96 to 1999-00.

10.1.2 Catch at length and age estimates
The existing time series of catch at length and age estimate for the East Northland
longline fishery (strata 002 and 003 combined) from 1995-96 to 1999-2000 are
presented in Figure 2. Catch at age analytical MWCV estimates for all years ranged
from 0.11 to 0.18.
LF+ALK sample estimates of catch at length and age, number of landings sampled,
length frequency and otolith sample sizes, mean length, mean age, and MWCV for
strata 002 and 003 are presented in Figures 3 and 4 for length and age respectively.
Comparisons of the length and age distributions between strata are presented in Figure
5 showing visible differences. Length estimates were similar in 1995-96, but
considerably different in 1996-97 and 1999-2000 stratum 002 was comprised of
larger fish. Age estimates were generally similar, although some minor differences
occur for particular age classes. Catch at age MWCV for both strata and over all years
ranged from 0.14 to 0.23.
RAF sample estimates of catch at age, number of landings sampled, otolith sample
sizes, mean age, and MWCV from strata 002 and 003 are presented in Figure 6. Catch
at age analytical MWCV estimates for both strata and over all years ranged from 0.18
to 0.27. Comparisons of the age distributions between strata are presented in Figure 7
showing differences for some year classes, e.g. 1989 and 1991 visible as 9 and 7 year
olds respectively in 1997-98. These year classes from stratum 003 appear of higher
relative strength compared to stratum 002.
The variability in catch at age MWCV relative to otolith sample size for the LF+ALK
and RAF samples from the East Northland longline fishery (strata 002 and 003
combined) from 1995-96 to 1999-2000 is given in Figure 8. For an otolith sample
size of around 1000, lower MWCV estimates are obtained using the LF+ALK
compared to the RAF method.
10.2

Sampling strategy

MWCV estimates derived from bootstrap simulations of alternative LF+ALK and
RAF sampling strategies in strata 002, 003, and 002/003 combined are presented in
Figures 9 and 10 respectively. LF+ALK estimates were comparatively lower than
those from RAF samples. For either method, the results indicate that precision is
largely determined by the otolith sample size per landing, and that the number of
landings determines the relative scale of precision achieved. The relatively high
MWCV estimates obtained for strategies with low sample size shows the effects of
the typically broad age composition and high between-landing variability. MWCV
estimates from stratum 003 were slightly lower than those from 002, which in turn
were only slightly lower than those for 002 and 003 combined. This indicates that
slightly lower MWCV estimates may be obtained from samples collected within each
stratum than from samples from combined strata. This is most likely because betweenlanding variability is lower within, than between strata.

The optimum LF+ALK sampling strategy was considered to be 50 landings with the
collection of 1000 otoliths as this is indicated to produce a MWCV of between 0.1 and
0.15 (Figure 9). This strategy was used to investigate changes in MWCV for catch at
age and length estimates from LF+ALK samples relative to the percentage sampled in
stratum 002 versus 003 (Figure 11). The slightly lower MWCV for strategies with
more than 90% collected in stratum 003 shows that slightly lower between-landing
variability exists in stratum 003 than 002. Strategies with between 20 to 80% of
samples collected in either strata produce slightly higher MWCV estimates shows that
slightly lower MWCV estimates may be obtained from samples collected within strata
than from samples from combined strata. However, these differences are slight and the
MWCV estimates from samples from combined strata are satisfactory in terms of the
desired precision for catch at age estimates (MWCV less than or equal to 0.2).
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Figure 2: Length and aee sample estimates for SNA from the East Northland stock from 1995-96 to 1999-00.

16

19

Stat area 002 (1995-96)
No. of landings = 24
Sample size = 3208

Stat area 003(1995-96)
No. of landings = 15
Sample size = 2044

MWCV (an) = 0.16
mean length = 37.6

r 1.2

MWCV (an) = 0.21
mean length =38.1

0.1

0.05

0.05

20 25 30 35 40 45 50 55 60 65 70 75 80

Stat area 002 (1996-97)
No. of landings = 23
Sample size = 3672

20 25 30 35 40 45 50 55 60 65 70 75 80

Stat area 003 (1996-97)
No. of landings = 29
Sample size = 4659

MWCV (an) = 0.17
mean length = 38.5

0.1

1.2

MWCV (an) = 0.16
mean length = 36.0

0.1 1

r 1.2

0.8
0.05 •

0.05 0.4

0

IIIII
rflllHtltUIHIUf HHIHIHIHHIn nUl 11 n I I I
I 0
20 25 30 35 40 45 50 55 60 65 70 75 80

Stat area 002(1999-00)
No. of landings = 32
Sample size = 6400

0.1

0 4TT
20 25 30 35 40 45 50 55 60 65 70 75 80

Stat area 003 (1999-00)
No. of landings = 15
Sample size = 3374

MWCV (an) = 0.10
mean length = 35.7

r 12

MWCV (an) = 0.17
mean length = 32.9

0.1 n

r 1.2

0.8
0.05 •

0.050.4

0 11 inflHHIHHHHIHHHHHHftWWl n 111111111 n
nil 0
20 25 30 35 40 45 50 55 60 65 70 75 80

20 25 30 35 40 45 50 55 60 65 70 75 80

Figure 3 : Length sample estimates for SNA catch-at-age bv statistical area from the East Northland stock from
1995-96,1996-97 & 1999-00.
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Figure 4: E s t i m a t e s f o r S N A c a t c h - a t - a g e ( f r o m age-length k e y ) b v statistical a r e a f r o m the E a s t N o r t h l a n d s t o c k
from 1995-96,1996-97 & 1999-00.
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Figure 5: L e n g t h a n d age s a m p l e estimates for S N A catch-at-age by statistical a r e a f r o m the E a s t N o r t h l a n d stock f r o m
1995-96,1996-97 & 1999-00.
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Figure 6: R a n d o m Age F r e q u e n c y sample estimates for S N A catch-at-age bv statistical a r e a f r o m the E a s t Northland
stock f r o m 1996-97 to 1999-00. Note: solid and dashed lines represent analytical and bootstrap c v . s .
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Figure 7 : R a n d o m Age F r e q u e n c y sample estimates for S N A catch-at-age by statistical a r e a f r o m the E a s t N o r t h l a n d
stock f r o m 1 9 9 6 - 9 7 to 1 9 9 9 - 0 0 .
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Figure 8: The variability in M W C V with otolith sample size for the age-length key and random
age frequency approaches sampled from the East Northland longline fishery from 1995-96 to
1999-00.
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Figure 9: Mean weighted coefficient of variation for estimates of proportion at age of snapper in landings
from statistical areas 002. 003. and 002/003 combined calculated from 500 bootstraps for each of different
combinations of total number of landings, and otolith sample sizes taken in each landing.
Note: Length frequency and age-length key samples used.
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Note: R a n d o m age f r e q u e n c y s a m p l e s u s e d .

