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Introduction

The following analysis shall show the preecis on: f the present
sampling method used by the G+.D.R., and shall give some recommen—
dations how to sample mackerel to get precise age composiltions.

Notations and Definitiona

n = number of fish sampled for length

n; = number of fish gampled for length that fall into the
ith length group (1 = 1, . ., ., L)

ny = number of fish sampled for length that fall into the jth
age group

& = totel number of figh aged

8; = number of figh aged in the length group 1

e number of fish in the length group i, ang age group J

(=1, « « ., K)
8. = number of fish sampled in the age group j
P; = proportion of the sample in the i °B length group (i = 1,..,L)

P; = proportion of the sample in the j th age group (j = 1, +..,K)
pij = proportion of mge group J fish in the 1th length group

2 =1-p

Var = variance

8 = ptendard error (s = \/ﬁg;)

€.V.= coefficients of variation

T, = fimed total time that can be used in a month for sampling
one age group

= time needed for aging
t, = time needed for measuring

D.Se= double sampling
S.Re5. = simple random sampling
VF = factor, by which the variance is reduced
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Material and Methods

For the enalysie mackerel samples were used which were taken
from the catches during the fishery for mackerel in February

and March 1972 in the Statietical subarea 6 4 and in November
and December 1972 in the Subdivieion 5 Z e. The number of semples
for age end length and the number of fish aged and messured in
each month are listed on the bottom of table 1,2,3 and 4, All
samples were random samples.

Two quarters were analysed, because they differed in thelr age
compositions and semple slzes. In the sample from November

and December the age groups O and 1 wers .also present.

For ell calculations we used the computer programme AGECOM
(ABRAMSON, 1971). This progremme wae adapted to our computer,
The bame for the calculations were the equations which were pre=-
sented by KUTKUHN (1963) and MACKETT (1963).

The number of samples was not teken into conslderation in thim
analyels,
1. Estimation of the varlances of the age groupe in the samples

a) for simple random pampling?

Var p; = —%— * Py 1 - PJ)!

b) for double sempling:

2 2

L P (pys o a4, L p;{p;: = py)

v - i \Pij i) 1P 5 i’ .
arp'j 2:=1. ai +l§=1 T

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

The caloulations were made for gll mentioned months. Different
sge=length keys were used:
1. B8ge samples were combined only from one month,

2. age samples were combined from the two months of the
corresponding quarter,
In additlon the age-length key (combined from the quarter)

for Merch and December were changed proportlonally so that we got
following numbers of sged fish rer length group:

March Degcember
1. 52 up to length group 19 5 33, from length group 20a67
2. 20 up to length group 21 = 10, from length group 22220

In the first option the totsl number of sged 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 sesumed that the length-frequenoy sample size remaine
constant and the sampling for age is proportional.

The needed number per age group is:
L

o = L e Wi T qg
2 2
n . (1 VF)“, Ver Fj 3 Py (pij - pi) ]

where Var p, is the corresponding result from the caleulation in
chapter 1 b.

The results fo» these calculations are presented for the options
per month, where the age~length key was used from the combinéd
age samples for the corresponding month.

3+ Estimation of the sample sizes per sge group needed for a
minimum variance with fixed time for sampling and expected
veriances using theme sample agizes.

a) Semple slzes
= for double esmplings

PN

T

o
Vva . t1' + VVn .Tz'

S L o :
3 2 Tty Aotz ,

where L
-
V. = ps (pys = py)
T Rt S A R
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b) Expected varlances

~ for double sampling:

_ v vﬂ . t1 + " Vn . t2
Var p:j = — T —
o

= for gimple random samling:

2
t
Var p, = _°8 ° i
j ]
o
where
8 = P; (1 - pj).

c) Used times

Instead of the coste for sampling used by RKUTKUHN (1963) and
MACKETT (1963), we used times, for it was more usefull

for us to determinate the needed times for aging and messuring.
The used times ares

t1 = 3 minutes

t, = 0,2 minutes

2
T, = 260 minutes for Pebruary and March,
220 minutes for November and December,

To get an estimegtion for 'I'0 it was aspumed that we have a
catoh per month of 20 OO0 t in the 1st quarter and 10 000 ¢
in the 2nd quarter, that 200 length measurements for each
1000 t are needed, and that 600 age determinations per
month are sufficient for the age=length key. The sum of
the needed timems were divided by 10 (expected age groups)
to get the time per age group. This is only a rough esti-
mation, for i1t dces not take Into oconsideration the por-
tione of the age groupse in the total sample. But the com~
puter programme does not allow an input of different To
for each age group.

Resulte end Concluslions

Table 1, 2, 3, 4 show the age compositlons, standard errors and
coefficients of varlation for simple random sampling and double
sanpling for the analysed months and different asge-length keys.
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It can be sgeen that

-~ for both methods - S.R.S. and D, S. - the coefficients of
variations are below 10 % or about 10 % (February) for the ime
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 mample slzes listed in the
tables, the C.V, for D.S. are somewhat emaller in nearly all
ceBes,

- for D.S. with changed sge-length keys, when the total number
of aged fish is not changed, the C.V. for the old age groups and
age group2 O snd 1 for December become much emaller, but for
the importent age groups somewhat grester,

= for D.5., when only 20 fiehes per length group are aged,
the C.V. will become much greater for the important age groups
(about 2 times), but for the old age groups and for the age
groups O and 1 for December the C.V. stay below the C.V. for
the unchanged sge-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 querter aere
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.8. end S.R. S.
for s minimum varisnce with the estimated timeas for sampling

and the expected standard errors using these sample slzes.

The results show that

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

~ the expected standard errore are in nearly all cages somewhat
greater for S.R.S8. than for D.S.,

- for the celculated sample eizes the standard errors are
greater than for the original sample sizes,

Table 6,7,8,9 show the sge sample slzes per age group needed

to reduce the standard errors of the original samples by several
percentage. It can be seen that much more fish must be aged per
age group, even if we want to reduce the standard error only by
10 %. But it must be teken into consideration that the stan-
dard errors of the original samples are already small.
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From 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 sempling is somewhet more efficient than simple ran-
dom samling,

= 1t would be better for a . small total number of aged fish
in the age-length key, when the number sampled for age within
& length group is proporticnal to the number measured to get
at least a good precision for the important age groups,

- the age composition per month for D. 5. is influenced, when
ve use an age-léngth key, where age samples of several montha of
the quarter are combined, and that it would be better to use
an sge-length key from the corresponding month.
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Table 5

The differences between age compositiorP calculatea“
with different age - length keys

Age February March Rovember Dacamber
_x.ﬂ)- p12) Pji)- P 2) P;Il)-g:lz) 2:11) ﬁﬁf)

4] + . ) - O,

1 - 0,013 + 0,043
2 - 0,006 0,000 + 0, 0N - 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 - 0,00 + 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 pamples for the age - length key only from the corresponding
month

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

Table 6.
Estimated age sample sizes needsd to reduce atandard errors

Maokerel, February 1972, Statistical area 6 A

Age s peroent reduotiom

3] 19 20 Jo 40 50
2 + 008599 16 337 432 64k 1021 2020
3 « 017627 79 358 487 712 1190 2750
4 «025247 67 M2 397 524 723 1066
5 «025865 79 314 40 529 734 1091
6 «017786 23 273 48 460 636 942
7 «011698 15 M2 400 532 Tib 1125
g8 «001565 2 810 1122 1703 3080 9754
9 001701 2 987 2118 + + +

Total length sample sime 2474,

+ «se 3tandard error canmot be reduced By thias percentage without
inorsasing leagth sample
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Table 7.

Estimated age sample sizes needed to reduce standard errors
Maokerel, March 1972, Statistiocal area 6 A

Age s percent reduction
0 18 20 _ 30 40 20
2 .009743 44 683 891 1220 179% 2982
3 + 014518 166 734 974 1369 2114 less
& 016162 472 791 1043 1346 18813 2844
5 «0i6205 4180 804 1029 1366 1908 2872
6 2009652 5% 854 1090 1441 2001 2979
7 003454 6 829 1054 1384 1899 2773
8 003449 10 1052 1346 1784 2486 3726
2 002350 5 1085 1390 1838 25%0 3795
10 4002042 & 1086 1395 1864 2622 4008
11 «001990 & 1107 1427 1915 2722 4229
12 JO01452 2 1094 1398 - 18%2 2576 las50

Total lemgth sample size 3692,

Table 8,

Estimated age =ampls sizes needed to reduce standard errors
Mackerel, November 1972, Subdivision 5 Ze

Age a yeroent reduction
o 19 20 0. 40 %0

¢ +003573 54 1013 1774 5260 + +
1 + 005692 140 1363 2155 4447 48870 +
2 «008029 142 1333 1708 2270 MT3 4793
3 « 1757 216 1167 1494 1986 2780 4198
4 « 012426 176 1052 1342 1774 2461 3657
5 oeM1411 123 957 1223 1621 2255 3373
6 + 008464 75 876 1135 1536 2213 1528
7 « 004334 15 910 1164 1534 2127 3160
8 « 002253 3 8418 1032 1363 1869 2723
9 « 000467 1 + + » + +

Total Yength sample size 9319,

+ sos Btandard error canmot be reduced by this perosntage without
inoreasiag length samplse
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Table 9.

Estimated age sample sizes needed to reduce standard errors
Mackerel, Decembsr 1972, Subdivision 5 Ze

Age s peroent rednotion
0 10 20 20 40 50
o «+ 0123617 26 138 176 233 321 475
1 +ML4194 196 216 282 386 566 935
2 + 008905 113 1024 {1322 1753 2443 36641
3 « 009602 236 1545 1982 2641 3708 5635
4 + 010522 260 1450 1859 2574 3470 5262
5 + 008994 187 1261 1659 2299 3455 6014
6 « 004591 42 1337 1727 2327 3329 5235
7 « 002828 19 41388 1788 2398 3405 5279
8 « 001637 7 1440 1849 2468 477 5316
9 « 000643 A 3423 4217 6104 9972 21498
10 « 000508 2 2786 3674 5110 7727 13637
11 « 000265 1 -+ + + + +
13 +000153 1 + + + + +

Total length aample size 9217.

+ «as Standard error canmot bs redueed by this percentage without
increasing length sample

Table 10
Bample sizes needed for minimum varlance with fixed time for sampling
and expected standard errors using these sample sizes
Mackersl, Pebruary 1972, Statietisal Area & A
Age Sample sizeg expected standard errors
D'Sp S‘ROS. Dlso S.R.S.
lengths ages ages
2 312 66 87 .018320 « 034809
3 333 64 87 .03868% .048185
4 129 78 a7 047344 . . 045662
5 145 7 87 +049160 . 048185
6 146 77 ) a7 .031617 . 029352
7 173 75 a7 . 022564 . 024066
8 266 69 87 .004704 .008998
9 438 57 87 . 004884 . 008998
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Py e 11

Sample aizes needed for ainisum variance with fixed time

for sampling and expected standerd errors using i

Mackerel, Margh 72, Statistical Area 6 A

Aged sample alzesn expected standard errors
.S g.R.8, D.S. 8.R.8,
lengthe ages ages
2 220 72 87 .028059 .027024
3 253 T0 a7 . 043581 + 046890
4 136 8 a7 0480358 047431
5 131 78 87 048442 .048113
6 114 79 87 029417 029937
7 77 a2 87 010160 9010288
8 112 79 87 .011518 .013241
9 1701 80 87 . 008006 .009399
10 130 78 87 .007039 .008413
11 142 77 87 « 008953 .008413

hess sample sizes

12 106 80 87 » 004972 » 005958

Table 12
Sample sizes needed for minimum varisnce with fixed time for
sampling and expected standard errors using these sample
gizes
Mackerel, November 1972, Subdivision 5 Ze
i expected standard errora
Age g?g?le srzes 3.R.S. » D.S. 8.R.S.
langthe ages __agen
o] 489 41 73 015054 .026831
1 406 46 73 . 026460 .042095
2 138 64 73 : L0344TT .038327
3 146 64 T3 .047655 .049646
4 130 65 73 047319 . 046084
5 145 64 T3 .042022 .039888
6 219 59 73 031537 032081
ki 137 64 T3 015474 ».014852
8 94 67 73 .007369 . 006686
9

1100 0 73 .001360 . 003865

E3
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Table 13

Sample sizes needed for minimum variance with fixed time for
sampling and expected stsndard errors using themse aample sizes
Mackerel, December 1972 Subdiv. 5 Ze

Age sample sizes expesoted standard errors
D.Sl SOROSO DOS. s.R‘s.

lengths ages agas

0 273 55 73 . 022157 .017787
1 396 47 73 .032533 044781
2 143 64 73 .033975 .035539
3 135 64 73 .044168 .048032
4 137 64 T3 . 046998 . 049705
5 230 58 73 .039685 +043959
6 174 62 73 .020199 .022437
7 161 63 73 .012558 015285
8 146 64 T3 007327 .009311
9 195 60 73 .004131 2007048
10 170 62 73 003107 .004988
11 1100 4] 73 . 000769 003529
12 82 68 73 .002153 0
13 1100 o) T3 000444 .003529

E4






