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Introduction 

The following analysis shall show the precis· Oi' ,f the prp.scnt 
samplinc method used by the G.D.R •• and shall give some recommen
dations how to sample mackerel to get precise ace compositions. 

Ilotations and Definitions 

n • number of fish sampled for length 
= number of fish sampled for length that fall into the 

ith length group (i = '. . • •• L) 
• number of fish sampled for length that fall into the jth 

age group 
a = total number of fish aged 
a1 • number of fish aged in the length group i 
aij • number of fish in the length group i. and age group j 

(j = '. • • •• K) 
• number of fish sampled in the age group j 
= proportion of the sample in the i th length group (i = ' •••• L) 

p, • proportion of the sample in the j 
p 
ij = proportion of age group j fish in 

q = 1 - P 

Var = variance 

s = standard error (s = YVar) 
a.v.= coefficients of variation 

th age group (j = '. 
the 1th length group 

• •• ,K) 

To = fixed total time that oan be used in a month for sampling 
one age group 

t, • time needed for aging 

t2 = time needed for measuring 

D.S.- double sampling 
S.R.S. = simple random sampling 
VF = factor. by which the varianoe is reduced 
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Material and Methods 

For the analysis mackerel samples were used which were taken 
from the catches during the fishery for mackerel in February 
and March 1972 in the Statistical subarea 6 A and in November 
and December 1972 in the Subdivision 5 Z e. The number of samples 
for age and length and the number of fish aged and measured in 
each month are listed on the bottom of table 1,2,3 and 4. All 
samples were random samples. 

Two quarters were analysed, beoause they differed in their age 
compositions and sample sizes. In the sample from November 
and Deoember the age groups 0 and 1 were.also present. 

Por all calculations We used the computer programme AGECOM 
(ABRAMSON, 1971). This programme was adapted to our onmputer. 
The base for the calculations were the equations which were pre
sented by KUTKUHN (1963) and MACKETT (1963). 

The number of samples was not taken into consideration in this 
analysis. 

1. Estimation of the variances of the age groups in the samples 

a) for simple random sampling. 

Var Pi = ~ • Pj (1 - Pj)' 

b) for double sampling. 
L 

Var Pj = f;=., _p=-/_( .... P..!.1~.i _·~q1=...lJ.1,') + C _Pi=-(_P..,i.!!-i _-_P~.1,-)_2 • 
I!I; i=1 n 

This equation is valid for any allooation of the sample for 
age. 

The oaloulations were made for all mentioned months. Different 
age-length keys were used: 

1. age samples were combined only from one month, 

2. age samples were oombined from the two months of the 
corresponding quarter. 

In addition the age-length key (combined from the quarter) 

for March and December were changed proportionally so that we got 
following numbers of aged fish per length group. 

~ Deoember 
1. 52 up to length group 19 ~ 33, from length group 20.67 

2. 20 up to length group 21 • 10, from length group 22.20 

In the first option the total number of aged fish were not changed. 
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2. Estimation of the age sample sizes per age group needed to 
reduce standard erros 

It was assumed that the length-frequenuy sample size remains 
constant and the sampling tor age ia proportional. 

The needed numb"" per 
L 

age group is! 

a
j 

= _n_·--,hio..,;:=:...J.-.,;P:..;il..-· __ P=oijol.-.-.,;q~~ .... ______ _ 

n • (1 - VF)2. Var Pj - t:::. Pi (Pij - Pi)2 , 
i ~ 1 

where Var Pj is the corresponding result from the calculation in 
chapter 1 b. 

The results fo~ these oaloulations are presented for the options 
per month, where the age-length key was used from the combina4 
age samples for the corresponding month. 

3. Estimation of the sample sizes per age group needed for a 
minimum variance with fixed time for sampling and expected 
variances using these sample size •• 

a) Sample sizes 
- for double sampling! 

a j a 1iit- . 

• 

where L 

Va !!IL. Pi • Pij • qij 
ia1 

L 

=L (Pij -
2 

Vn Pi Pj) , 
i=1 

- for simple random sampling! 

To 
• 
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b) Expected variances 

- for double sampling: 

Var Pj = 

- for simple random samling: 

Var Pj = 

where 

s2 • t, 
To 

, 

c) Used times 

Instead of the costs for sampling used by KUTKUHN (1963) and 
MACKETT (1963), we used times, for it Was more usefull 
for us +'0 determinate the needed times for aging and ,neasuring. 
The used times are: 

t, ~ 3 minutes 

t2 = 0,2 minutes 

To • 260 minutes for February and Maroh, 
220 minutes for November and December. 

To get an estimation for To it was assumed that we have a 
catoh per month of 20 000 t in the 1st quarter and 10 000 t 
in the 2nd quarter, that 200 length measurements for each 
1000 t are needed, and that 600 age determinations per 
month are suffioient for the age-length key. The sum of 
the needed time .. were divided by 10 (expected age groups) 
to get the time per age group. This is only a rough esti
mation, for it doss not take into oonsideration the por
tions of the age groups in the total sample. But the com
puter programme does not allow an input of different To 
for each age group. 

Results and Conclusions 

Table " 2, 3, 4 show the age composit~ons, standard errors and 
ooe~ficients of variation for simple random sampling and double 
!I&IIlpling for the analysed IIDnths and different age-length keys. 
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It can be seen that 

_ for both methods - S.R.S. and D. S. - the coefficients of 
variations are below 10 % or about 10 % (Februar,i) for the im
portant (Pj> 0,10) age groups, when we consider the unchanged 
age-length key for D. S., 

- the difference between S.R.S. and D.S. is small for the impor
tant age groups, when we have the sample sizes listed in the 
tables, the C.V. for D.S. are somewhat smaller in nearly all 
cases, 

- for D.S. with changed age-length keys, when the total number 
of aged fish is not changed, the C.V. for the old age groups and 

age groups 0 and 1 for December become much smaller, but for 

the important age groups somewhat greater, 

- for D.S., when only 20 fishes per length group are aged, 
the C.V. will become much greater for the important age groupe 
(about 2 times), but for the old age groups and for the age 
groups 0 and 1 for December the C.V. stay below the C.V. for 
the unchanged age-length key, 

- the age compositions differ for one month, when the age com
positions caloulated with the age-length key combined from one 
month and from two month of the corresponding quarter are 
compared (differences see Table 5). The differences for the 
two month of one quarter ere opposite. 

Table 10, 11, 12 and 14 show the sample sizes for D.S. and S.R. S. 
for a minimum variance with the estimated times for sampling 
and the expected standard errors using these sample sizes. 
The results show thst 

- for a minimum variance not so muoh age determinations are 
needed in the younger age groups as in the older ones, 

- the expected standard errors are in nearly all cases somewhat 
greater for S.R.S. than for D.8., 

- for the calculated sample sizes the standard errors are 
greater than for the original sample sizes. 

Table 6,1,8,9 show the age sample sizes per age group needed 
to reduce the standard errors of the original samples by several 
percentage. It can be aeen that muoh more fish must be aged per 
age group, even if we want to reduce the standard error only by 

10 %. But it must be taken into consideration that the stan
dard errors of the original samples are already small. 
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Prom the results of the presented analysis it can be concluded 
that 

- the precision of the age compositions resulted from sampling 

by the G. D.R. was good, 

- for the used age sample sizes the C. V. for D.S. was not 
much smaller compared with S.R.S. (but the number of eamples 
were not taken into consideration), 

- double sampling is somewhat more efficient than simple ran
dom eamling, 

- it would be better for a. small total number of aged fish 
in the age-length key, when the number sampled for age within 
a length group ie proportional to the number measured to get 
at least a good preoision for the important age groups, 

- the age composition per month for D. S. is influenced, when 
~uee an age-length key, where age samples of several months of 
the quarter are combined, and that it would be better to use 
an age-length kr,r from the corresponding month. 
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Table 5 

- 13 -

The differencss bet.een age composit1o~calculate; 
with different age - length keys 

March November December Age J'ebruary 
IJ 1 )- PJ2) PJ 1)_ PJ 2) PJ1)_~t) PJ1) - f~2) 

0 + 0 .. 0 - 0.64 
1 - 0.013 + 0.043 

2 - 0.006 0.000 + 0.011 - 0.006 

3 - 0.003 + 0.003 + 0.014 - 0.010 

4 - 0.028 + 0.011 - 0.020 + 0.016 

5 - 0.001 0.000 - 0.031 + 0.023 

6 + 0.013 - 0.002 + 0.030 - 0.023 

7 + 0.026 - 0.012 + 0.003 - 0.002 

8 - 0.002 0.000 0.000 0.000 

9 + 0.002 - 0.001 + 0.001 - 0.001 

10 - 0.001 0.000 - 0.002 0.000 

11 - 0.001 0.000 0.000 

12 

13 0.000 

1 ) age samples for the age - length key only from the corre.ponding 
month 

2) age samples for the age-length key from the months 
corresponding quarter 

of the 

Table 6. 
Estimat.d age sample s1... n .... 4 to re4ace stam4ar4 errors 
Maok.r.l, February 1972, Statist10al ar.a 6 A 

Ag. s pero.nt r.dactioa 
0 10 10 3O 40 '0 

2 .008'99 16 )37 452 644 1021 2020 
3 .017627 79 358 487 712 1190 2750 
4 .025247 67 312 397 524 723 1066 , .02"'65 79 314 401 '29 7)4 1091 
6 .017786 2) 273 348 460 636 942 
7 .011698 l' 312 400 532 744 112' 
8 .801'6' 2 .810 1123 1703 3080 9754 
9 .001701 2 987 2118 + + + 

~ot&l length s--»l. 819 2474. 

+ ... Staalar4 .rror oaBaOt -. re4aoe4 _7 th18 peroeat.,. Without 
1noreaa1ac le~h .ample 

D 14 



- 14 -

Table 1. 

Estimated age sample sizes .eeded to reduce standard errors 
Maokerel, Karoh 1972, Stat1stical area 6 A 

Age II perce.t reduotio. 
0 ,. 20 )0 40 '0 

2 .00974J 44 68J 891 1220 1795 2982 

J .014518 166 134 974 1J69 2111 J896 

4 .016162 172 791 101J 1J46 188J 2841 

5 .016205 180 804 1029 1J66 1908 2812 
6 .009652 55 854 1090 1441 2001 2979 

7 .00J454 6 829 1054 1J84 1899 2713 
8 .00;)419 10 1052 1346 1784 2486 J726 

9 • CK)2;) 50 , 1089 1J90 18)8 2"0 219' 
10 .002042 4 1086 1J95 1861 2622 4008 
11 .001990 4 1107 1427 1915 2722 4229 

12 .001452 2 1094 1J98 1852 2576 )850 

Total hllgth sample sille J692. 

Table 8. 

Estimated age sample sizes n.eded to re4uoe standard errore 
Maokerel, .ovember 1912, Subdivision 5 Ze 

Ag. s peroent reduotio. 
0 ill 20 JO 40 '0 

0 ·,·00J57J 51 1013 1774 5260 + + 
1 .005692 140 1J63 2155 4417 48870 + 
2 .008029 112 l3JJ 1708 2270 J17' 479J 
) .011757 216 1161 1494 1986 2180 4198 

4 .012426 176 1052 1J42 1774 2461 J6'., , .011411 123 957 1223 1621 2255 JJ7J 
6 .008464 7' 876 1135 1536 2213 3528 

7 .00/l.JJ4 15 910 1161 1534 2127 J160 

8 .002253 3 818 10J9 1J6J 1869 2723 

9 .000467 1 + + + + + 

Total a.agth sample size 9)19. 

+ ••• Standard error o ... ot be reduoed 'y th1s peroe.tage without 
inoreasia! length sample 

El 



Table 10 

Age 

2 
3 
4 
5 
6 
7 
8 
9 

- 15 -
Table 9. 

Bst1 .. ted age sample a1.es needed to reduoe standar4 .rrora 
Maokerel, Deoe.ber 1972, Subd1T1s1on 5 Ze 

Je. peroeat reduotioa 
0 10 20 )0 \0 '0 

0 .01)617 26 1)8 176 2)) )21 475 
1 .014194 196 216 282 )86 566 9)5 
2 .008905 11 ) 1034 1322 175) 244) )661 
3 .009602 236 1545 1982 2641 )7{)8 56)5 
4 .010'22 260 1450 1859 2474 )470 5262 
5 .008994 187 1261 1659 2299 )455 6014 
6 .004'91 42 1337 1727 2)27 3329 5235 
1 .002828 19 1)88 1788 2398 )405 5279 
8 .001637 7 1440 1849 2468 3477 5316 
9 .000643 4 3123 4217 6104 9972 21498 

10 .000'08 2 2786 3674 5110 7727 13637 
11 .000265 '\. + + + + + 
13 .000153 1 + + + + + 

Total length sample s1.e 9217. 

+ ••• Standard error OaDaot bt r.daoed b7 th1s pero.ntage without 
1aoreasiag lencth s.-ple 

Sample sizes needed for minimum variance with fixed time for sampling 
and expected standerd errors using these sample sizes 
MBckere~, Pebruary 1972, Statieti~al Area 6 A 

Sample sizes expected standard errors 
D.S. S.R.S. D.S. S.R.S. 
lengths ages a_a 

312 66 87 .018320 .014809 
333 64 87 .038685 .048185 
129 78 87 .047344 .045662 
145 77 87 .049160 .048185 
146 77 87 .031617 .029352 
173 75 87 .022564 .024066 
266 69 87 .004704 .008998 
438 57 87 .004884 .008998 

• 
E2 



!able 11 

Aged 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

!able 12 

Age 

0 
1 
2 
3 
4 
5 
6 
7 
8 

9 

- 16 -

Sample sizes needed tor minimum variance with fixed time 
for sampling and expected standard errors using the.. sample 
Mackerel, Marcn 72, Statistioal Area 6 A 

sample shes expected standard arron 
D.B. S.R.S. D.S. I.R.S. 
length! ag •• ages 

220 
253 
136 
131 
114 
77 

112 
101 
130 
142 
106 

sample 
D.S. 
length. 

489 
406 
, 38 
146 
130 
145 
219 
137 
94 

1100 

72 87 .028059 .027024 
70 87 .043581 .046890 
78 87 .048035 .047431 
78 87 .048442 .04811) 
79 87 .029417 .0299Yf 
Sa 87 .010160 0010288 
79 87 .011518 .013241 
80 87 .008006 .009399 
78 87 .007039 .008413 
77 87 .006958 .008413 
80 87 .004972 .005958 

Sample sizes needed for miBimum variance with fixed time for 
sampling and expected standard errors using these sample 
sizes 
Mackerel," November 1972, Subdivision 5 Ze 

sizes expected standard errors 
S.R.S. D.S. S.R.S. 

ages ages 

41 73 .015054 .026831 

46 73 .026460 .042095 
64 73 .034477 .038327 
64 73 .047655 .049646 
65 73 .047319 .046084 

64 73 .042022 .039888 

59 73 .031537 .032081 
64 73 .015474 .014852 
67 73 .007369 .006686 

0 73 .001360 .003865 

E3 
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Table 13 

Age sample 
D.S. 
lengths 

0 273 
1 396 
2 143 
3 135 
4 137 
5 230 
6 174 
7 161 
8 146 
9 195 

10 170 
11 1100 
12 82 
13 1100 

- 17 -

Sample Bizee nee4ed for minimum variance with fixed time for 
sampling and ~oted standard errore using the.e sample sizes 
Mackerel, December 1972: SUb4i~ 5 Ze 

sizes expeoted standard errors 
S.R.S. D.5. B.R.B. 

agee ages 

55 73 .022157 .017787 
47 73 .032533 .044781 
64 73 .033975 .035539 
64 73 .044168 .0480)2 
64 73 .046998 .049705 
58 73 .039685 .043959 
62 73 .020199 .022437 
63 73 .012558 .0152ti5 
64 73 .OO:JJ27 .009311 
60 73 .004131 .007048 
62 73 .003107 .004988 
0 73 .000769 .003529 

68 73 .002153 0 
0 73 .000444 .003529 

E4 




