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INTRODUCTION

The 61st. statutory Council meeting recommended that member countries
should nationally institute a stétistical evaluation of the adequacy of the

number and the size of samples taken from individual fisheries and report the

~results to the relevant Committees of the 62nd Statutory Meeting(C.Res.1973/4=8)

In response to this resolution the present paper deals with sampling of

the Norwegian catches of North Sea herring, mackerel and caplin used for re-

“duction, which contribute with the bulk of the total catch.

Fish used for reduction purposes is paid according to the fat content of
individual landings. According to agreement between the fishermen union and
the industri, three samples of each landing are drawn, one from the top of the
fishhold, one from the middle and one from the bottom, each sample containing
one bucket of fish (approxemately 10 kg). The fat analysies is organized by.
the Directorate of Fishery, and the field work is carried out by sele&ted
people stationed at the various landing ports,

In resent years the Directorate of Fishery has in cooperation with the
fishermens sales organisations enitiated a new data recording system with the .
aim of establishing a data bank in which all relevant data on catch statistics
and trade are collected. For the industrial fisheries of North Sea herring,
mackerel and caplin, the new system was introduced in 1973; The sampling pro=-
gramme for the fat analyses constitutes the main sourse of information on the
catch, but in addition to the fat analyses, the samples are now measured for
length distribution and the total weight of the samples is recorded, Details
appears from the recording sheet shown in figure 1, @

The data bank provides outprints of the catch statistics by time, area

and length groupsg In order to convert the length distribution to age, the



catches taken during peak season are sampled randomly for establishing rele~
vant ége-length‘keys.'Some;principals of the validety of this procedure are
dealt with below.‘ '

METHOD

As every catch landed is' sampled for 1ength composition while the age-

length keys are based on a relative few samples, the variance in the estima-

ted length distribution will contribute relatively very little to the variance . .

of the final estimate of the age composition of catch landedf of practicél
reasons it will therefore be assumed that all variance in estimated number
landed by age comes from variance in the estimated age-length key rather than:
in the abundance of each length-group. This means that:the.éstimated length

distribution is considered to be the true length distribution of the catches.

If a percentage Py of the fish caught have length li and a percentage Sa
: i ,

,li
0f those are estimated to be of age a;\then
B- . 3 = estimated percentage landed of length 1, and
age & : ' A 2 A
, var (py pa,l.)\: Py Ver (pa,l.)
‘ i i i i
A . '
Pa = ;Ez_ pl pa 1 = estimated percentage landed of age a
’ —

i i

var (pa) =‘zi.p21‘ . var <§a,1.>
, i i i

In the following the theory of two-stage subsampling is used. The formulas
used are mainly based on COCHRAN (1963). If n samples for age-length key are

taken, an unbiased estimate of pa 1 is given by
9 ’
i

A A
P = 1 EE Pa,l,
a’l‘ — J b i
i n =
where jﬁa,li = percentage of age a and length‘li in the j“h sample.

Var ﬁa 1, hay be estimated by
’
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var 6&,1; = 1 :22 d Ty ‘ ? 7L = — S, (1)
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Var ﬁa 1 is made up of two parts
’ »
1

2 2
S, S
= _1 + 2 (2)
Var 1 b =
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where

= variance between primary units means

(9]
I

(primary unit = catch sampled)

Sg = variance'aﬁbng elements within primary unit
m = number of elements in the actual lengthgroup taken in each sample
n =4number of samplés.

If m differs from sample to sample, then m in (2) should be substituted .
by n | '
b3 2/2
= m m., _
( i=1 J=1 J: ) / (n 1)
. )
(SNEDECOR amd COCHRANE,
1967)

where

m, = number of elements in the jth sample (in the actual length-group)&

J

-S2 may be estimated from the binominal distribution by

2
A A
m, | (1- .5 )
2 _ 2 1 L a1t ey
=S, T .
2 2 “ J=1 m, - 1
J
2
S1 may then be estimated by
2 ‘

gg _ 32 o _2 ( sf as defined by equation (1) above).
T ™ m ' :

!

Often age-length keys are estimated by lumping together all samples from
a certain time period and area. If there are all together m fish of length li

of which m are of age a, P 1 is estimated by
i

A ma
pa,l. e
1 m

" with variance

var ﬁa,li = i

Using this method, n different simple random samples are considered as.

making one big simple random sample, This is only justified if the variance

between primary unit means, S? g 1s 0 or very small compared with t! - g y

icees if the differencesin p 1. from sample t0 sample may be explalned by the
variance in the eutimation of %ach p l o If this is not truse, Vér pa,li‘
may be seriously underestimated if the last method is used, -

b



Some prellminary investigations on herrlng and mackerel have been carried

out’in order to study the relative strength of the two components of vari-
and how improvements in the precision most efficiently could be gained.

NORTH SEA' HERRING

The\sampies for age-length keys are taken randomly and not stratified
by lengthe. There are therefore rather few age-readings in the poorly repre-
sented length groups. (Table 1). The analysis of the rélative size of thé‘
two components of variance therefore had to be limited to the more abundant
length groups. Only samples which contained 10 or more fish ih the length
group under consideration were incorporated in the anaiysis‘ Results of the
analysis for herring of length 26~, 27-, and 28 cn are shown in the table
below (notation.as in the paragraph Method).

. *) ' LA 2 A2 2
Length grou e n m % S
gvh grour - 28 M Pan P 2 51 /%
26 . 2 6 27 0,26 0.,0118 0,1824 o.oss
27 3 6 17 0,75 0,0241 00,1692 0,142

28 3 6 20 0,84 0,0183 0,151 0,151

2
It is seen that %g is between 5 % and 15 % of sg

In fig. 2 1s 1llustrated how the standard deviation of p

in these three cases.,

, %ill vary with-n
’

and m if S andvsé have the valuesiestimated for.the percentage-of 2-group:

4
herring in length group 26 cm given in the table above, using the formula
' - 2 2 ' '
Yar (» . ) = 51 4+ %
ayl, e —
n nm

The standard deviation decreases rather slowly when m, the number in a length
group per sample, increases above 5-10, If one then wants ‘the precision to

be increased considerably, the number of samples (n) has to be increased,

. ”
‘In the case illustrated @% was 6,5 % of 82. In the two other examples given

in the table @% is 14.2 % and 15,1 & of Sg. For those cases the precision

‘of the estimated P, q is thus even more dependent on n.
- ) ?

i
The results show that it is of great importance to get good estimates of the

relative size of the two components of variance if one wants to improve the

sampling scheme .,

*) ALl references to age refer to winter-rings,

~ance, the level of precision given by the present sampling effort and methods -

'



One finds it perhaps a little surprising that the variance between samples
should be of that great size as indicated here for age-length keys., However,
antumn~ and spring spawning herring have not been separated and the‘percen -
tage of spring spawning herring differs from sample to sample, In addition
the autumn spawning herring consists of several spawning populations.‘ If the
age-length keys are differgnt for the various spawning groups, this may ex- .

plain the great variance between samples,

Using the same age-length samples as in the analysis above and the length
composition of the catch landed from the same area in June 1973, the precision
of the estimated age composition of the catch landed was studied. - The rela-
tive precision of the estimated number landed by age is greater for the abun-
dant yearclasses than for the weaker ones., Because the!age-length samples
are taken randomly and not stratified by length the estimated age-length key

will have the greatest precision for the abundant length groups.

The percentage of 2 years old herring was estimated to 23,9 % with a
standard deviation of 2,1 %, i. e. a coefficient of variation of 8,8 %, The
5 years 0ld herring was estimated %o make %49 % of the total number landed
and the standard deviation was 0,8 %, i.e. a coefficient of variation of ca.

20 % .

Fige 2 indicates that little is gained by increasing the number of age=-
readings per sample and length group above 10, Byvstratification of the age-
length sampling one couid therefore probably increase the relative precision
of the estimated number landed of the weaker yeamrclass considerably without
increasing the total sample size and with only a slight decrease in the
relative precision for the stronger yearclasses. To increase the precision
of the estimated age composition, the number of samples should be increased
instead of increasing the sample size, By increasing the number of samples
and taking a fixed number of herring for agenreéding in each length group in
each sampie, this itself would provide for better estimates of thé relative
size of theitwo components of variance., For the future one would then have
a better basis for chosing the "best" ratio between number of samples and

size of samples,

MACKEREL

Two sets of sampling data were analyzed to estimate the two components
of variance: 6 samples from the North Sea (south of 60°N) in September -
October 1973 and 8 samples from the Shetland area in August 1973 (Table 1).

-



The samples from the North Sea indicated that the variance between samples

is very small or practically zero compared with the within.unit,varianqe.

‘This means that the number of samples is of less importance, the main objéctivé
of the sampling should be to get many fish in each lengthgroup age—determined.bf
The samples from the Shetland area however, showed that the variance between

f as great as 37 % of Sg

for the percentage of 4 years o0ld in the 36 cm group. Using the actual values .

found for 82 and 82

samples may be considerable, giving an estimated S

for this percentége in the formula

1 2
2 2
A S S
Var pa,l = 1 + 2
n n

the standard deviation of the estimated percentage will be 0,135 if n = 5
and m = 10, 0,105 if n = 10 and m = 5 and 0,074 if ni= 20;and m = 5,
The number of samples is thus of great importance for the DPrecision in this

casSee

The high variation between samples in the Shetland area compared with
the North Sea may easily be explained by the fact that the mackerel in the
Shetland area consists of two components, North Sea mackerel and Irish
mackerel. These two components have a different growth pattern, the former
being more fastgrowing than the latter one. Since the percentage of Irish
mackerel seems to have increased with time in the actual fishing season, this
resulted in a high variance between samples in the age—length keyo. The
mackerel in the North Sea (south of 6OON) consists of North Sea mackerel

mainly and one would therefore expect low variance between samples as observed.

The relative precision of the estimated age composition of the total
catch of mackerel in the Shetland area and in the North Sea was estimated
by the same method as described for North Sea Herring and the main conclu-
sion is the same: The relative precision isvhighest for the most abundant
yearclasses, For the catech in the Shetland area, the percentage of 4 years
0ld mackerel was estimated to 21 % with a standard deviation of 2.8 %, i.e.
a coefficient of wvariation of 13%.3 %. The percentage of 7 years old mackerel
vas estimated to 943 % with a standard deviation of 1.9 %y iece a coefficient
of variation of about 20 %, For the strong 1969 yearclass (4 years old) in
the North Sea catch the estimated percentage is 64,2 % with a standard devi-
ation of 2,9 %, i.es a coefficient of variation of 4,5 %» The 7 years old
are estimated to make 2,3 % of the catch with a standard deviation of 1,0 %,

i,es a coefficient of variation of 43 % o



CONCLUSIONS

Only a small part of the material has yet been analysed. Further ana-
lysis is necessary before any decisiveconclusions can be drawn, However,
the preliminary result presented in this paper illustrates the necessity of
getting good estimates of the relative size of the two components of variaﬁce,x
the Qariance between unit means and the variance within units, When a stock
consists of two or more components with different growth pattern the variance
in the age=length key between samples is often of a considerable magnitude,
especially when the relative strength‘of the different components varieé
with time and area. In such cases it should be taken many samples distri -

buted in time and area in a similar way as the catches,

1
1

By the present sampling scheme the estimated number landed by age has
a coefficient of variation of 5 - 10 % for the dominant yearclasses and a .
higher one for yearclasses which is poorly represented in the catche If this _
level of precision is sufficient depends on the use of the estimates, This
is a question which has to be answered from an asessment or manasgement point
of views, The different assessment working groups have to define the level of
precision needed before one can make a proper evaluation of the adequacy of
the number and size of samples,

The main conclusion from this study is that to fully utilize the exis-
‘ting sampling for length composition introduced on Norwegian industrial
fisheries, the number of samples for age-length keys ghould be increased}es-
pecially for North Sea herring and the mackerel fishery in the Shetland

region,
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Table 1, Number_per length group in the samples

uséd in'the.analysis of age=length keys

a, North Sea Herring

-
’ Sample no, : ‘
Length, ! Mean
1 2 3 L5 6 7 8 9
23 7 2 . 1 ‘ ‘ 1,1
2l 9 19 1 N 8 . C 4,6
25 38 45 7 10 26 2 : - 14,2 ‘
26 |27 23 28 1 28 32 - 2 | 15.2
27 |11 5 33 9 24 1L 7 10 16 14,3
28 5 2 19 30 15 8 32 22 28 17.9
29 1 2 10 23 12 6 32 28 26 15.6
30 1 2 19 6 3 16 23 19 9,9
31 1 8 1 1 12 1 3.3
32 1 L 1 L 1.8
33 1 - 0.1
34 \ 1 0.1
99 98 98 94 100 100 98 100 95 98,0




b, Mackerel (Shetland)
Length Sample no. Mean
1 2 3 L 5 6 7
' 31, 7 1 1- 1 1.4
32 6 6 3 3 2 2.9
33 10 6 10 9 7 6.0
34 10 10 8 8 6 1 6,3
35 23 16 12 12 10 - 10,4
36 16 17 16 14 19 2 5 12,7
37 |10 10 13 10 110 6 7 9.
38 - 6 9 10 11 8 7 7¢3
39 - 3 2 3 6 21 5 5.7
4o - L 2 1 3 12 7 4,1
e 1 2 1 10 4 2,6
42 1 1 2 13 6 3.3
L3 5 2 1.0
p 1 1 0.3
45 - 1 0.1
46 1. 0.1
83 82 7277 78 S 7344

L6

76



c. Mackerel (North Sea)

‘ Sample no.
Length ‘ Mean
1 2 3 N 5 6 |
31 1’ .1 | 0.3
32 , 1 ‘ 2 3 1,0
33 5 3 Y 4,5
3 {11 1 10 1 10 21 9,0
35 14 8 23 10 24 20 16.5-
36 25 14 25 21 30 11 - 21,0
37 18 12 13 27 - 11 5 14,3
38 5 4 4 7 2 3.7
39 1 6 5 5 1 3.0
40 - - 1 3 0.7
41 1 1 - 4 1,0
L2 1 1 0.3
L3 1 0.2
80 46 87 80 84 76 7545
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Fig., 2.

Standard dewiationofestimated percentage of 2 years old herring
in the 26 cm group against m for different values of n.

m = number of aged herring in each length group per sample.
n = number of samples





