
.. , This paper not to be cited without prior reference to the author.
. .
" .

International Couneil, for

the Exploration of the' Sea

C.M.1974/ H:27. . --<'

Pelagic Fish (Uorthern)Co'mmittl3e: ';'.
Ref. StatisticS Cttee !,

Report on thc Norwcgian sampling programme for industrial

catchen pf herring, mackerel and caplin

by

J. Hamrc, 0. Ulltnng'and O.J. 0stvedt,

Institute of Marine Research,

, Bergen/Norway

~ INTRODUCTION

The 61st. statutory Council meeting recommendedthat member countries ~
, '

should nationally 'institute a statistical evaluation of the adequacy of the

number and the size of sampIes tuken trom individual fisheries und report the

results to the relevant Committeos of the 62nd Statutory Mceting(C.Res.1973/4:S}

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

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

. duetion, which contribute with the bulk of the total catch.

Fish used for reduction purposes is paid according to t~e f~t content of

individual landings. Accordingto agreement betwcen the fishermen union und

the industri; three sampIes of each landing are drawn, one from the top of the

- fishhold', one from the middlo and one from the bottom; each sampIe containing

one bucket of fish ( approxemately 10 kg). Thc fat analysics ~s organized by.
, .

the Directorate of Fishery, and thc field work is carried out by selected

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 tradeare collected. For the industrial fisheries of North Sea herring,
, .

mackerel and caplin, thc new system was introduccd in 1973. The sampling pro-

gramme for the fat analyses constitutes the main sourse of information on the

eateh, but in addition to the fat analyses,the sampIes are now measured for ~

length distribution and the total weight of thc r,amples is recorded. Details

appoars from the recording shoet shown in figure 1.

The dnta bank providcs outprints of thecatch stntistics by time, area

and length groups~ In order to convert the length distribution to age, the
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catches taken during peak season are sampled randomly for establishing rele

vant age-length keys. Some:principals of the validety of this procedure are

dealt with below.

HETHOD ..
As every catch landed is' sampled for length composition while the age

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

<~
;-......

#', .

,te. length distribution will contribute relatively very little'to the variance, .'

of the final estimate of the age composition of catch landed. Of practical

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 lthe bstimated length

distribution is considered to be the true length distributi~n of the catches.ta

1\If a percentage PI. cf the fish caught have .length 1i and a percentage p
1. a,li

of those are estimated to be of age a" then

= estimated percentage landed of length li and '.

agea

Pa = L. p P = estimated percentage landed of age a. 1. a,1.
1. 1. 1.

var (Pa) =~ p21. • var (p '1 )
1.' J. a, i

.-
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,In the following the theory of two-stage subsampling is used. The formulas _,.'

used are mainly based on COCHRAN (1963). If nsamples for age-length key are

taken, an unbiased estimate of.p 1 is given by.,
a, i

A 1 ~
~P = .pa,l.a,l. - J l.l. n j=1

where.pa,l. = percentage of age a and length l. in the .th sampIe.
J 1. l. J

Var ~ 1 may be estimaten by
a, i A P 2

n ( jPa,l. -
1\ 1 2-

a,l. ) 1 2 (1 )var p = , . J. J. = 51a,11 n j=1 n - 1 n

Var
A

P i5 ,made up cf t\V'o parts
a,l. i S2J.

Var p 1 = 1 + 2-a, i n mn

, l
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where

S~ = variance between primary units means

(primary unit = catch sampled)

< ..-;.r.... i\.."

= variance'among elements within primary unit

m ~ number of elements in the actual lengthgroup taken in each ~ample

n. =·number of sampIes.

Ir m differs' from sample to sampIe, then m in (2) should be substituted .

by n n n

m = ( L m" - ;Z m,·2/2. m ) I (n 1)
0 j=1 j J=1 J. j=1 j

i
(SNEDECOR ~d COCHIMNE,

1961)

w}:lere

mj = number of elements in the jth sampIe (in the actual length-group).

'2
,S2 may be estimated from the binominal distribution by

......
(1-

.A. )n m. jPa,l. p

~
2 1 L J j a,l.

J. J.
= 52 = -n j=1 1m. -J

Often age-length keY5 are estimated by lumping together all 5ample5 from

a certain time period and area•. If there are all together m fi5h of'length 1.
J.

by

( 5~ a5 defined by equation (1) above).
m

~2
1

S~ may then be estimated
2

52

•
of which mare of age a, p 1 i5 estioated by

a a, i

m
a--m

with variance

=
A

Pa,l.
1

m - 1

Using this method, n different simple random samples'are con5idered as

making one big simple random sampIe. This is only justi:fied if thevariance

between primary unit means, s~, is 0 or very small' compared with ~: '.; s~ ,
i.e. if the differencesin p 1 fram sampIe to sampIe may be explainedby the

a, .
variance in the estimation of ~ach PI. Ir this,is not true, Var p '1'

a, i a, i

may be seriously underestimated 1:f the last method is used.
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Some prelim1nary investigations on herring and mackerelhave been carried
'J ':
out' ln ,order to study the relative strength ofthetwo componen~s·ofvari-,

! ,.",<",!,

. ance, t'h~' level of precision given by the present sampiing effort ~d'metl:l~dS '
. :.:..

. and hOlN imp'rovements in thc. precision most efficiently could be go.ined. Z·~-
......'

NORTH SEA'HERRING
\

The, samples for age-length keys are tuken randomly and not stratified

by length. There are therefore rathcr few age-readings'in the poorly repre-
, ' .

sented 1ength groups. (Table 1). The analysis of the relative size of the

two components of variance therefore had to be limited to the more abundant

analysis for herring of length'26-, 27-, and 28 cm are shown in the table

'below (notation,as in the paragraph Uethod).

group under consideration were incorporated in,the anaiysisi.

length groups. Only sampIes which contained 10 or more fish in the length

Results of thee

*) .;1\ S2 1'2 ....2 / 1'2Length group age n m p S2 S1 S20 a,l. 1',

26 2 6 27 0.26 0.0118 0.1824 0.065

27 3 6 17 0.75 0.0241 0.1692 0.142

28 3 6 20 0.84 0.0183 0.151 0.151

It is that 'S,2 is between 5 %'and 15 cf 2 in these three cases.seen 1 /'0 of S2

nmn

In fig. 2 is illustrated how thc standard deviation of ~.' 1 .will''vary with-n

and m if S~ and_S~ have·the values~estimated~for.",thep~r~~rit8ßg,_oT~2';'groUp:,
herring in length graup 26 cm given in the table above, using the formula •

s2 s2
Yar (p' 1') =..J. + 2

a, i

The standard deviation decreases rather slowly when m, the number in a length

group per sample, inereasos, above 5-10. If one then wants the preeision to

In the two other examples given

Por those cases the precision

be ~nereased considerably, the number of samples (n) has tobe increased.
ö ' ~2

'In the easo illustrated S2 was 6.5 ~ of S~.
A 1, ~

in the table S2 is 14.2 %and 15.1 %of S22.1 '
'of the estimated Plis thu s even more dependent on n.

a, i

.
Tho results show that it is of great importunee to get good estimates of the

relative size cf thc two eomponents of varianec if onc wants to improve the

s<U!lpling schemo.

*) All refereneos to age refer to wintcr-rings~

~. . .
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One finds it perhaps a little surprising that thc variance between sample~

, should be cf. 'that 'great' size as indicated here for' age-iength keys. 'However,
I.. • "'.

autumn- andspring' spawning herring have not been separated and the percen -
, .' ~

tage of spring spawning herring differs from sampleto sampIe. In addition
i,

the autumn spawning,herring consists of saveraI spawning populations., If thel

age~~ength keys are different for the various spawninggroups, this may ex

plain the great variance between sampIes.

I

I'.
I, '
i
I '.

,Using the same nge-Iength sampIes as inthe analysis above and the 'leng~ht

composition of. the catch landed from the same.area in June 1973, the pre~ision
" . , -~.....

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-,

dunt yearclasses than for the weaker ones. Becnuse the:nge-~ength,s~ples

are taken randomly und not stratificd by lcngth the cstimated age~length key

will have the g~eatest precision for the abundant ~ength groups.

I'
i'
I'

I

1 '

I
i
I

The percentage of 2' ycars old herring was estimatcd to 23,9 %'with a

standard deviation of 2.1 %, i. c. a coefficient' cf variD:tion' cf 8.8 %. The'. '

5 yearsold herring was es~imatcd to mak'e 3.9 % of the total number"landed

und the standard deviation was 0.8 ~, i.e. a cocfficient of variation of ca.

20 %•
<', t

MACKEREL

Two sets of sampling data ware analyzed to estimate the two components'
o '

of variance: 6 samplos from thc North Son. (south of 60 N) in September -

October 1973 und 8 sampIes from the Shetland area in August 1973 (Tahle 1)~

; ,~,
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The samples from the North.Sea indicated that the. variance between samples

is.very small or prnctically zero compared wit? the within'~nit,var1ance.

'Th1s,means that'the,number of samples 1s of less importance, the ma1n objective~; :.". . , \ . . .

of the sampling should be to get many fish i~ cach lengthgroup oge-determin~d.';' ~.'

The samples from the Shetland area however, showed that the variance between

samples m~y be considerable, giving un estimat~d'S~ as great as 37 %of S~
for the percentage of 4 years öld in the 36 cm group. Usingthe actual values

2 2 ,'.
found for S1 und S2 for this percentagc in thc formula

Var 1\ s2 S2
Pa 1 . - 1 ' +, ' 2- -,

n nm

the standard deviation of the estimatcd percentnge will be 0.135 if

und m = 10, 0~105if n = 10 und m == 5 und 0.014 if n:= 20j und m =
The number of sampIes is thus of great importunce for the precision

case.

n = 5
5.

in this •

The high variation between samples in the Shetlund area compared with.

,the North Sea may easily. be explaincd by the fact that the mackerel in the

Shetland area consists of two components, North Sea macke~el and Irish

mackereI. These ,two components have a different growth Pattern, thc former

being more fastgrowing than the latter one. Since the percentüge of Irish

mackerel seems to have increased with time in the actual fishing season, this

resulted in a high variance bet'-leen saI:lples, in the agc-le.ngth key. The
. .' 0

mackerel in the North Sea (south of 60 n) consists of North Sea mackerel

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

,The relative precision of the estimated age composition of the total ..

catch of mackerel in thc Shetland area und in the North Sea was estimated

by ,~he ~::.une method as described for Uorth Sea Herring and the main conclu-

sion iS.thc same: Thc relative precision is highest for the most abundant

yenrclasses. For the catch in the Shetland arca, .thc pcrcentage of 4 years

~, old mackerel was estim~ted to 21 :% with 0. standard deviation of 2.8 fo, i.e.

0. coefficient of varintion of 13.3 %. The percentUBe,of 1 yenrs old mackerel

,was ecitimated to 9.3 %with a standard deviation of,1.9'%, i.o. a coefficient

of variation of about 20~. For thc strong 1969 yearclass (4 years oId) in .

thc Ilorth' S~a catch thc estimatcd porcent3ge is 64.2' %with a stundurd devi

ation of 2.9 ~, i.e. a cocfficient of variation,of 4.5~. Thc 7 yenrs old

are estimated to make 2.3 %of the catch with a standard deviation of 1.0 %,
i.e. a cocfficicnt of variation of 43 %.

..;. ;
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CONCLUSIONS

.<

.'

•

Onlya small,part'of the material has yet been analysed.Further ana

lysis is necessary before any decisiveconclusions can be drawn. However,

the preliminaryresult presented in this paper illustrates the'necessity.of

getting good 'estimates of the relative size of the two .components of vari~ce, ':'

the variance between unit means and the variance within units. When a', stock -

consists of two ormore components with different growth patternthe variance'

in theage-length key between samplesis often of a considerable magnitude;

especially when the .relative strength of the different componentsvaries

w1th time and area. In such cases itshould be taken many sampIes distri

buted in time and aren in a similar wayas the catches.

By the present sampling'scheme the estimatednumberlanded byagehas

a coeff1cient ofvariation of 5 -10 ~ for the dominantyearclasses anda

higherone .for,yearclasses which'is poorly'represented in the catch.lfthis'

level of precision is sufficient depends on the use ofthe estimates. .This

is a questionwhich has to be answeredfrom an asessment or management point

of view. The different assessment working groups haveto define the .level of

precision neededbefore one can make a proper evaluation of·the adequacy of

the number and size of sampIes.

The main conclusion from this study is that to fUlly utilizethe exis-

'ting sampling for:length,composition introduced on Norwegian industrial

fisheries, the 'number of saI!lples for age-length keyn should be increased) es

pecially forNorth Sea herring and the mackerel fishery in the Shetland

region.

. ,,
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Tab1e 1. Number per 1ength group in the samples

used in the analysis o~ age-length keys \

a. North Sea Herring

.- ...~~.:' .
.....~~.:' :.

"

.,; :I

,',

•

,
Sample no. t

Length_ I Mean
1 2 3 4 5 6, 7 8 9

23 7 2 1
,

1.1

24 9 19 1 4 8 . i 4,6,
I

25 38 45 7 10 26 ' 2 . ,14.2

26 27 23 24 1 28 32 - 2 15.2

27 ,11 5 33 9 24 14 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 6 12 1 3.3

32 1 4 1 3 4 3 1.8

33 1 - 0.1

34 1 0.1

99 98 98 94 100 100 98 100 95 98.0

, ;
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b. Mackere1 (Shet1and)

L.ength Sampie no.
Hean

1 2 3 4 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 10· 6 7 f).4 i

38 ' - 6 9 10 11 8 7 ,7.3;,

39 - 3 2 3 6 21 5 5.7
40 \ 4 2 1 3 12 7 4.1- -

41 1 2 1 10 4 2.6
42 1 1 2 13 6 3.3'
43 5 2 1. Ö

, .

44 1 1 0.3'

45 - 1 0.1
46 I, 0.1

83 82 76 72 77 78 46 73.4

'.
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c. Mackere1 (North Sea)

SampIe no.
Length Mean .

-I' 2 3 4 5 ,6

.
31 l' 1 0.3
32 1 \ 2 3 1.0
33 5 3 4 15 4.5
34 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 .

I

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
42 1 1 0.3
43 1 0.2

80 46 87 ' 80 84 76, 75.5

, .
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Standard ftWiatiCImcU estimated pereentage of 2 years old herring
in the 26 em group against m for different values of n.

m =number of aged herring i~ eaeh Iength group per sampie.
n =. number of sampies
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