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This 8ub.1s81on proposes formulae for estimating numbers of fiah caught at 
age on the basis of length aampliug of commercial catches and an age-length key. 
Observations of length frequencies and age determination are pooled by meana of weight
ed averages over a stratum of catches. The atrata are chosen to represent all major 
sources of variation in catch composition. Sample variance a are given 88 a rough guide 
to the precision of estimation. 

Deftning the Population: 

Ordinarily, it i. the numbers of fish at ale caught by a national fleet 
from a single species stock during a three-month period that is to be estimated. 
In any case, it 1s necessary to define precisely the objective of the sampling and 
then to decide which catches or landings are to be considered. This should be done 
before sampling begins, so that sampling can be spread over the relevant catches. 

Stratification: 

Since practical difficulties usually prohibit a rigorous randomization of 
the choice of catches to be sampled, it i. essential to divide the landings into non
overlapping strata representing the major sources of variation in the length composi
tion of catches (such as different types of gear) and to ensure that samples are taken 
from each stratum. Thus, a atratum will cODsist of all catches by a particular gear 
(or perhaps by a particular gear and size of boat). The strata are treated separately 
and t.he resulting within stratum. estimates of numbers caught are summed, 

Notation: 

The population ia divided into I strata num.ber 1, 2, ••• I and indicated 

by the 8ubscript i- Stratum. 1 consista of Li catches numbered 1, 2, • • • Li with 

the subscript j (of which Li are included in the a •• pla). The number of fiah observed 

1n length class k. for k - I, 2, • K in landing ij 1s n ijk , The number of fisb 

(of those aged from landing ij) that have age a and length class k i8 mijak. The 
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total number of ase8 1. A. 

The Sa.pl.a: 

Froll a landing 1j a volua. v ij of fiah taken 88 a I.aple, all of wbich are 

meaBured. The total volume of the landins ia Vij • (One can uae a weight v 1j and 

w1j >. If pos8ible, the choice of a volume should be randoaized. A stratified sub

sample of ooe or more fish per length group ia aged. 

Welsbting Pactora: 

The weighting factor for landing 1j ia 

and the weighting factor for stratum i ia 

£1 - (total weight of catches on stratu. {)/weight of catches aampled 

in stratull t. 

Volua.a m.y be u •• d in place of weights in the calculation of ft' however weights 

are more readily available. 

The Eatimates: 

0ik estimatea the number caught in length 

"'ljka/~l 
j-l 

class k in stratum 1. 

A 
t "'ljka 

Pika estimatea the proportloD of flsh in stratum i aDd leDgth class k that have age a. 

D' • 
1& 

k • 1 

nlia eetlaatea the number caught at age a in stratum i. 

I 
na - .t 

1 • 1 
n'ia 

n. ls the e.timate of the number of fish with age a in the population_ 

Note: Pika ia the age-length key for stratu. 1- It is a.sumed that the true age length 

keys for all catches within a stratum rare :tdentieal. 
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Variance Eati.at •• 

The fo110wln8 are ••• ple variances for the •• ti •• ted quantities _ 

2 11 11 

'1~iY Var ("lit) - fl 11 E (f1j "ijlt E f 1j "ijlt 
j-l -1 

11 - 1 

11 

~1 -ij lt.1102 Var (PU.) - 11 1: Ca 1j Ita ~-1 j - 1 A 11 
(E E "'ljlta)2 11 - 1 

a-I , j - 1 

I K ~211ta 2 
Var ( P11ta0 Var (".) - t E Var ("lit) + "lit 

1 - 1 

It - 1 

The .a.ple variances are only a rough gulde to the true precision of 

the .sti •• tes. 

Examples: 

The following 18 an idealized ex •• p1. to illustrate the calculations. 

There are two gear strata (1-2) and two agea (A - 2). 

Catches 

Gear 1 Gear 2 

Catch 
number 

1 2 3 1 2 3 4 

Volume 105 105 2 x 105 105 2 x 105 3 x 105 4 x 10 5 

Weight 104 
1. 2 " 104 1.8 " 10

4 104 1. 7 x 104 
3.3 " 104 4 " 10

4 

Sa1l.pled Yea No Yea No Yeo Yea Yes 

One unit of volu •• was taken fro. each ••• pled landing and all fiah vara 

•• a.u~ed. On. fiab 1n each length aroup fro. each 8 •• p1ed catch was aged. 
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Nu.ber of H.b Nuabar of fl.h 

Cateh 10-1S ea. k-1 A •• lS-20 ca, k-2 A.e 

Gear 1 1 10 1 15 

3 7 2 9 

Gear 2 2 8 1 7 

3 9 1 5 

4 7 1 10 

fll • 105 f1 - 4 " 10
4

/3 " 10
4 

- 4/3 

f13 - 2 

f22 - 2 

f23 - 3 

f24 - 4 

" 105 

" 105 

" 105 

" 105 

f2 - 10 " 10
4

/9 " 104 

- 10/9 

"11 - 4 -3- (105 " 10 + 2 " lOS " 7) 

- 32 

1112 • 4 
-3-

- 44 z 

1121 • 10 
g-

• 79 x 

"12 - 10 g-
0_ 77 x 

'111 -1/2 

P121 - 0 

P211 -1 

P221 - 2/3 

" 15 + 2 x 105 " 9) 

(2 " 105 " 8 + 3 " lOS " 9 + 4 " 105 x 7) 
105 

(2 " 105 " 7 + 3 " 105 x 5 + 4 " 105 x 10) 

105 

P112 - 1/2 

'122 - 1 

P212 - 0 

P222 - 1/3 

,,' - 32 " 105 " 1/2 + 44 " lOS" 0 11 
- 16 x 105 

,,' - 32 " lOS " 1/2 + 44 " lOS " 1 12 
- 60 " 105 

,,' - 79 x 105 x 1 + 77 " lOS" 2/3 21 
- 130 " 105 

"'22 - 79 " 105 " 0 + 77 " 105 x 1/3 

- 26 " 105 
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SUllmary: 

"l - 146 " 105 

86 " 105 

Var (1111 ) _( ~)2 2 ( 
- 28 x 1010 

- 5 -

8 

Var (1112 ) _(:)2 2 (4.5) " 10
10 

_ 16 " 1010 

Var (1121 ) -(~y 3 ( 44 ) " 1010 

- 163 " 1010 

Var (1122) -nO)2 3 ( 217 ) " 10
10 

- 804 x 1010 

Var (P111) - 2 ( 0.5 
4 

) 

- 0.25 

Var (Pl21) - 0 

var. (P112) - 0.25 

Var (Pl22) - 0 

Var (P211 ) - 3 ~ 0 l 
2 x 9 

- 0 

Var (P212) - 0 

Var (P221) - 0.11 

Var (P222) - 0.11 

Var (Ill) - 10
10 

(28" 0.25 + 16 " 0 + 164 " 1 + 804 " 0.11 

+ 256 x 0.25 + 360 x 0 + 16900 x 0 + 676 " 0.11) 

- 397 x 1010 

Var (112 ) - 518 x 1010 

The •• ti.ation formulae given above are valid whenever the aae-1.oath 
relationship within atrata (e.g. within geara) 1. atable. The ••• p1e variances are 
erude approximations; if the choice of a.ap11ol were rigorousl,. r-&ndoml •• d. the uae 
of more preci •• eatimatea of varianca would b. indicated. No attempt ha. been made 
to explain tbe aathematical derivation of the for.ulae. The author'. inteDtion 1. 
to provide a al.p1e and sound guide to the eatia.tioD of Dumbera caught at age. 
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