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The 61st. statutory Council meeting recommended that member countries 

should nationally institute a statistical eVRluation of the adequacy of the 

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

results to the relevant Committees of the 62nd Statutory Mceting(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, whioh contribute with the bulk of the tot~l catch. 

Fish used for reduction purposes is paid according to the f~t 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 cample 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 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 trade are collected. For the industrial fisheries of North Sea herring, 

mackerel and caplin, the new system was introduced in 1973. The sampline 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 ~,hown in fi~re 1. 

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

and length group~~ In order to convert the length di~tribution to age, the 

Tpresented to the 1974 Annual Meeting of ICES as C.M.1974/H:27. 
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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. 

lIETHOD 

As every catch landed is sampled for length oomposition while the Rge

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 landed. Of practical 

reasons it will therefore be assumed that all variance in estimated number 

landed by age cOT.'les f"rom variance in the estimated age-length key rather than 

in the abundance of each length-group, This means that the estim~ted length 

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

If a percentage.Pl of the fish caught have length Ii and a Peroentage 9 1 
1 at i 

of those are est1mated to be of age a, then 

PI • ~ I 
1 a, i 

estimnted percentage landed of length 11 and 

age a 
2 

P I 
1 

Var (~ I) 
a, 1 

Pa = L p J} = estimated percentage landed of age a 
1 Ii a, Ii 

var (p) ":£p21 • var (ll 1) 
1 1 a, 1 

In the following the theory of two-stage subsampl1ng is used. The formulas 

used ~re mainly based on COCHRAN (1963). If n samples for age-length key are 

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

2 
j"1 

where j~a,11 : percentage of age a and length Ii 1n the jth sample. 

Var ~ 1 may be estimateo by 
a, i A 

var II .f. (la, Ii-
a, Ii n j=1 n _ 

Var P 1s made up of two 
a,11 

where 

Var P 1 
a, 1 

parts 

i i!. 
...1. +2 
n mn 

52 varianoe between primary units means 
1 

= 

(primRry unit = oatch sampled) 

2 
·1 n 

~ variancf! A.fIIong elements wi thin primary unit 

m number of clements in the actual lengthgroup taken in each sample 
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n = number of samples. 

If m differs from sample to sample, then m in (2) should be substituted 

by n 

m=(~mj-
o J=l 

where 

n n 

~ m 2/z.. / 
j=l , j=l mj ) (n - 1) 

(SNEDECOR and COCHRANE, 
1967) 

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

s~ may be estimated from the blnominal distribution by 

52 may then 
1 

~~ .~ 

n mj j~a 1 (1- j~a 1 ) 
~ , 1 ' 1 L ____ _ 

j=l 

be estimated by 
2 

i 
m 

2 
( "1 as defined by equation (1) above). 

Orten ~e-length keys are estimated by lumping together all samples from 

a certain time period and area. If there are all together m fish of leneth 11 

of which ma are of age a, p is estimated by 
a,1

1 

1Ni th variance 

m - 1 

m 
a 

=-
m 

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

making one big simple random sample. This 1s only justified if tbe 

between primary unit means, ~, is 0 or very small compared with 

va.ri~nce 

2 
S2 ' 

i.e. if the differences in p 1 from sample 
a, i 

variance in the estimation of each Pl. a, i 

may be seriously underestimated if the last 

to sample may be expl~lned by the 

If this is not true, Var p 
atli 

method is used. 

Some preliminary investigations on herring and mackerel have been carried 

out in order to study the relative strength of the two components of vari

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

and how improvements in the precision most efCiciently could ce gained. 

NORTH SEA HERRING 

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

by length. There ~re therefore rather few age-readings in the poorly repre

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

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

length groups. Only samples which oontained 10 or more fish in the length 

group under consideration were incorporated in the analysis. Results of the 
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analysis for herring of' length 26-, 27-, and 28 em are shown in the table 

below (notation as in the paragraph Method). 

Length group 
*) " ~ 

A2 "2 / ,,2 age n m Pa,l 52 51 52 0 

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 

*) All references to age refer to winter-rings. 

It is seen that ~~ is between 5 % and 15 % of ~ in these three cases. 

In fig. 2 is illustrated how the standard deviation of ~ I will vary with n 
2, i: a, 

and m if S1 and ~ have the values-est1matea f'or toe perc-eiit8g~ of' 2-group. 

herring 1n length group 26 em given 1n the tqble above, using thp. formula 

Var (p 1) = 
a, i 

52 
--1 
n 

+~ 
nm 

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

group per sample, increases above 5-10. It 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 ~~. In the two other examples given 

in the table ~~ is 14.2 % and 15.1 % of s~. For those cases the precision 

at the estimated P 1 is thus even more dependent on n. a, 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. 

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, 

autumn- 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 different for the various spawning groups, this may ex

plain the great varianoe 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 esti~ated 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 old herring was estimated to make 3.9 ~ of the total number landed 

and the standard deviation was 0.8 %, i.e. a coefficient of variation of ca. 

20 % . 
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Fig. 2 indicates that little 1s gained by increasing the number of ~e

readings per sample and length group above 10. By stratification of the age

length sampling one could therefore probably increase the relative precision 

of the estimated number landed of the weaker yearclass considerably without 

in.creasing 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 inoreased 

instead of increasing the sample size. By increasing the number of samples 

and taking a fixed number of herring for age-reading in each length group in 

each sample, this itself would provide for better estimates of the relative 

size of the two 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 60oN) in September _ 

October 1973 and 8 sample. from the Shetland area in August 1973 (Table 1). 

The samples from the North ;'ea indicated that the variance between samples 

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

This means that the number of samples is of less importance, the main objective 

of the sampling should be to get many fish in each lengthgroup age-determined. 

The samples from the Shetland area however, showed that the variance between 
2 ~ 2 samples may be oonsiderable, giving an estimated S1 as great as 37 ~ of S2 

for the percentage of 4 years old in the 36 em group. Using the actual values 
2 2 

found for S1 and S2 for this percentage in the formula 

Var = ;, 
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 n 0 20 and m = 5. 

The number of samples is thus of great importance for the precision in this 

case. 

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 wit~ time in the actual fishing season, this 

resulted in a high variance betWeen samples in the age-length key. The 

mackerel in the North Sea (south of 60oN) 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 
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by the same method as described for North Sea Herring and the main conclu

sion is the same: The relative precision is highest for the most abundant 

yearclasses. For the catch in the Shetland area, the peroentage of 4 years 

old mackerel was estimated to 21 'f, with a standard deviation of 2.8 %, i.e. 

a coeff'ioient of vllrlation of 13.3 'f,. The percent~e of 7 years old mackerel 

was estimated to 9.3 'f, with a standard deviation of 1.9 'f" i.e. a coeffioient 

of variation of about 20 %. For the strong 1969 yearolass (4 years Old) in 

the North Sea oatch the estimated percentage 1s 64.2 % with a standard devi

ation of 2.9 ~, 1.e. a ooefficient 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.e. a coefficient of variation of 43 % • 

CONCLUSIONS 

Only a small part of the material has yet been analysed. FUrther ana

lysis 1s necessary before any decis1veconclusions oan 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 vari~ce, 

the variance between unit means and the varianoe within units. When a stock 

oonsists of two or more components with different growth pattern the variance 

in the ~e-length key between samples is often of a considerable magnitude, 

e~ec1ally when the relative strength of the different components varies 

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. 

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 catch. If this 

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

is a question which has to be answered from an asessment or management point 

of view. The different assessment working groups have to define the level of 

preoision needed before one can make a proper evaluation of the adequacy of 

the number and size of samples. 

The main oonclusion 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 should be increased,es

pecially for North Sea herring and the mackerel fishery in the Shetland 

region. 
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Table 1. 

Length. 
1 

23 7 
24 9 
25 )8 

26 27 

27 11 

28 5 
29 1 

)0 1 

)1 

32 
)) 

)4 

99 

Length 

)1 

32 
)) 

34 

35 
36 

37 
38 

39 
40 

41 

42 

43 

44 

45 
46 
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Number per length grOUp in the samples 

used in the analysis or age-length keys 

a. North Sea Herring 

Sample no. i 
2 3 4 5 6 7 8 9 

2 1 

19 1 4 8 

45 7 10 26 2 

23 24 1 28 32 - 2 

5 )3 9 24 14 7 10 16 

2 19 30 15 8 )2 22 28 

2 10 23 12 6 )2 28 26 

2 19 6 3 16 23 19 
1 8 1 1 6 12 1 

1 4 1 3 4 ) 

1 -
1 

98 98 94 100 100 98 100 95 

b. Hackere1 (Shetland) 

Sample no. Hean 
1 2 ) 4 5 6 7 

7 1 1 1 1.4 

6 6 ) ) 2 2.9 

10 6 10 9 7 6.0 

10 10 8 8 6 1 6,3 

2) 16 12 12 10 - 10.4 
16 17 16 14 19 2 5 12.7 
10 10 13 10 10 6 7 9.4 

- 6 9 10 11 8 7 7.3 

- 3 2 3 6 21 5 5.7 

- 4 2 1 3 12 7 4.1 
1 2 1 10 4 2.6 

1 1 2 13 6 3.3 

5 2 1.0 
1 1 0.3 

- 1 0.1 

1 0.1 

83 82 76 72 77 78 46 73.4 

E8 

Mean 

1.1 

4,6 

14.2 

15.2 

14.) 

17.9 

15.6 

9.9 
).3 

1.8 

0.1 

0.1 

98.0 
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Table l. (continued) 

c. Mackerel (North Sea) 

Sample no. 
Length ! Mean 

1 2 3 4 5 6 
T 

31 1 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 

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 

Iso 
1 0.2 

46 87 So 84 76 75.5 
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RASTOFFDATA FOR INDUSTRIFISK 1465 
NW..YSESTASJON • ~ BATENS NAVN JtaMt:;i v(J4iftl 

.... RIKK Faet",., ,3 ?J 
PRBYE .s .. , ... ~L. IJ(>, 5 I , / , ?,,/f 
RAsTOFF .s,.eeul; ,017,0,' 
ri.s6;~ date M I MNO """ 
FANGSTDATO '3 I:; ,'-I l? I~ 
FANGSTDATA i':ateh doJ' .. RAsTOFFKONTROLL 

FYU<E I NUMMER KCM" t<ONTROLL TYPE '5' { REQISTAEAINGS- •• I#. I , ~{(j IAII MERKE 
RAsTOFFKVAUTET •• II U.. of de livery MND """ S I~ AVSIUNG .7 I LEVEAINQSDATO '7 

I ... <DO< KONSEAYERINGsMATE 48 

FNolGTSFELT FiSh,'nq a-rre. 3. 11:2 7,3 ANVENDT DOSE •• I 
REDSKAP FiAlI'l1b 4eer 

. .. 1/.1 KONSERVERINQSUTSTYR 61 

""",,.LOG .5..1 .. .& """,,_n¥ 37 IJI1 ANVENDElSE 5. 17 
SWTTSEDDEL 3.1 ,8, ~,/,1/,"). VOlUM % UNDER MINSTEMAL 53 1 -:t 

ANALYSEDATA c:.hem/= ana/v.s/s 
ANTALL Hl UETT % IIOI+IS I OfF '"FA ANALYSE NR NiAL,YSE DATO 

GRUPPe 5. 56 (!ar&h in IIi. 81 54 67 70 "ND ... 
1 ;2/ry,-;; -' , 
'2 L , , , , 
'3 , I I I 

, , , 

PA0VETAKER NW..YTlKER 

VURDERING (Havf.lnat.) J)a-Ca .ennt;;;j •• I , 
LENGDEMAuNG unqth ""ea.sverment YEKT AY l£NGDEMALT RAsTOFF .r/,i~ht ~;-"a",4es •• l.a ~ Q 

•• eM - ORUPPER 

K~ .?'f'l 7/ U, 1;$3 1-¥- ~ -u.. ')-" ~~ ~~ U-/) 1/-'/ 1 ""', ." W""J 
1/1 >4W ,~ 4,t -<w II' f' 

I; 4Lt. k- 1// 

II'; ~ 

'/ 

, , "] ~ 1.11' II,""]. .f< 2 ,2. , , 

Fiskeridireldoratet 

Fig. 1. Data sheet for industrial catches. 
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m 

26 30 

n: 1 

n ,2 

n = 10 

n , 20 

Fig. 2. Standard deviation of estimated percentage of 2 year-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 
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