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I. Theqory
rresumning a constant yearly recrultuent (N) and a constant

-

yearly survival rate (x), the magnitude of the stock may be written:

2 1 1 =
- . . - e Thee . ~ X
SO o= I 4+ Wx 4+ HNx7 o= .. + M w2 e ( 1 )

where N, Hx, and so forth is tihe strengtii of the O ~ group,. tiie one
vear group, and so on up to the year group (n - 1).

Sguation (1) may also be written:

- 1~ xP P o x% x4 - X" x5 -z {(2)
T e psir g x 7 W =S——%
(100 = a * b + c + a ) m{z)n

If now the stoclk in question is adequately sampled, the per-
centage strengtih of the age groups C to (p - 1), » to (g - 1),
g to (r - ), and r to (n -~ 1) will be known, Let these be denoted
by a, b, c, ani d respectively ”(2)“. The number of terwms in the

right hand side of (2; may be chwsen arbitrarily. Wihen four terums
are preferred liere, it is only because this is a convenient form

when comparing with other methods,
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From (2) may be constructed anotier equation:

x - x5 - x . \
I8 '&1 fi / 17 *’T"—*'—:%"‘ = b / T+ c 4+ G (3)

R . . u . 731177 Ny T
Since 0 <x <1, x will normally be a smaller number coupared to x7,

and may be ignored, Iquation (3) takes then the form:

D —— N
¢~0 c 4+ 4 r x _ﬁ~i"l i c + d (&)

S P b+ o + d

This simplified expression cannot be used when = s omall, in

which case the whole method breais down anyway, 5ut for long-~lived

species tize formula (4) should be applicable, insofar the basic

assumption are approacied to some extent,

It will alsc be realizmed that if x is large, say about C,0,

this Dias introduced by oumitting ¥ will nct be negligible, In tLds

case the equations

2P w (bt e+ a) xXTP 4 (o4 d) =0 (5)

should be used, <“his expregsion is also a rearrengemqnt of (3).
The difference will, however, be small since a nigh survival rate
(x) also means a high age (n).

The same general didea can be applied to develop formulas
expressing the relationship betwecen the 1ife span(n) and tiwe mor-

tality (x), in which case also sumall values of n will be included,

But this question will not De considered here,

1T, Application

It is a well known fact that the strength of the year classcs

may vary considerabely in fish stoclis, and tle vearly recruitment is

-

seldom, if ever, a constant, If several vears of observation is a

<r



hand, the values may be averaged and the digturbing effects of varying

ecruitment will be damped,

\

inar Lea ras calculated the survival rate of the Norwegian

T A Y 1. = ~ 7 e \
Jinter Herring tased on age rveadings from 1507 to 1928, (Lea, 1892S ;.
Lea's algebraic method gives::x = 0,381 comprising the age classes

7 - 17 vears., Lea does not present xis basic material, but the ags

. " ' ., S\ . ™y i~
composition can be found in a paper by Uscar Sund (1943). T Table 1

is presented tlie average age frequency distribution for the pesriod

1907 to 1928 based on the data given by Sund,

Plotting the natural Ivgarithms to the values in Table 17ﬂ£?~——7

17 years), and fitting a straight line, it will be found that th
1\.
slope is ~0,266 /. Tixis means that tie yvearly survival coefficient i
"0.266 2 - P - b o .
e = G,769 calculated by thigs second method, (Logarltﬁmlc
method, DPig 1),

If in equation (2) p = 7, g = 10; = = 18; and n = 24, the value

;-1

. ” . N . v e
of a dis 375 (tﬁe sum of the percentages up to § years;, Similarly,

b = 345 {7 = 9 yvears), ¢ = 270 {10 ~ 17 years), and d = 10 (18 ~ 23
years)., {(Table 1), The figures p, ¢ and » may be chosen arbitrarily,
Since, however, this new method is put te test on the same data Lea
nsed for his calculations, tiwe choice of p = 7 and v = 18 18 obvious,
The choice of g shiould be made gso that the rootv extraction will be
simple, With (g - p) lilke 3 or Ly the operation may be readily made

. . - A} » -
on an ordinary slide ruler, With the figurces given, (&/ vicelds
X o= \?"7 = 0,766 (&)

and (5) tekes the Fformi

3M5x17 - 625x3 + 280 = 0

~~
1%:4
S’

1) Calculations by slide ruler, fitting by eve,.

3}
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This equation Las a solution for Oz« 1 of x = (,77 /: But Lea

has excluded all fisli over 17 vears in is caleulations, I the same

is done here, the equation will be:
.11 .3 \
3Bz - 615x” + 270 = O (&)

. . . e o N . . . A
and in this case: x = 0,70 (Elp, 2), If the gimplified formula (4/

. . - . Lo 11
is used, the result will be x = 0,76, which shows that the term 3L5x
is not negligible for suci: igh values of x whenn the oldest age groups

are excluded,

Lnother commercinl species for whichh age data are available

o T K=l e
LSO t Sl

for a series ¢f years, is tize avctic cod whicli spawns in

<t
b
o}

N o~
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area, For this fish Rellefsen (1933} nag dntroduced readinags of
spavning mones in the otoliths and instead of age distribution, one
gets din this case a distribution of spawning groups, These data may,
of course, be treated in the samo way as €thwe age dictriluwtics as far as
calculations of mortality rates are concerned, Xere is used thie data
published in lap., Proc-Verb, Vol, 138, 1954, (fasen, 1953). In Tavle
2 is presented the average distribution in per mille of the spawaing
groups of fenale cod in Lofoten for the vears 1932 -~ 52,

The Lea method, applied on the spawning groups I - VIIZ, gives
x = 0,506,
e

The "power series method" is dn this case very simple, e

three first spawning groups constitute 082 per mille, Going baciz to

o~
N

the original formula this way be writtoen:

1 - x3 /1 - 12 862/1000

in whicl: case x may be ignored for suelr o high value of n and low

o »

value of x, This giveo:

d

@]

&

1) olv rapixically by a method illustrated in Fig,. 2.

®



") x = C,L35,

Using the "logarithmic method" tie result will be ,
(FiTO 3)0

Botli scales and otolitizs may be difficult to read for oldexr
ages, dithh the "vower series uethod", however, where certain inter-~
vals of age groups are pocled, it will be suflicient if tihe individual
reading can be carried up to a certain age (q - 1) witlr reasonable
exactitude, Viat dis above that age goes into the last group, For

the first group is cliocsen the age (p -~ 1) where full recruitment is

. . o . 5 . e . AY
attained, It will be realised that also in this case eguation (&;

is wvalid, and this is perhaps the greatest merit of the nev method,

The Atlantic Maclerel frowm the North Sea area presents a case

The otoliths are generally hard to read

£)

as described above:

clearly above eight vears (g = ) and full recruitment is attained

\O

at the age of five vears (p = 5)

*

-

Reliable lorwegian data for the age disgtribution are available
cnly for the last three years, 1967 -~ 62, (Table 3). In some cases
the otoliths Ffrom the larger fislh are impossible to read even to 8

o
” Lol
yvears of age, Ratlwer than discarding these, tlrey have been Zrouned

Y

e .
¢ vears, and
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according to the rule that for L2308 cm
for L=38 cm the age is between 5 and & vears.

For 1967 the condensed data from Table 3 shows

o
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) j i ; * =383 T C.393 ; x = 0,791
157 ¢+ 512 {331
similarly 1960:
-1 5 - HS) . L s 15 .
0 fb 8 : 8 ’ % = %%% = 0,332 , x = 0,761
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1) Calculations by slide ruler, fitting by eve,
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and 1960G:
o ! 0 ) » 0'6 L
O - L} 5 = ()J >3 ' XL} . ?25_ = 0,304 , x = 0,788
33h | Li1o | 256 v

FPor the period 1987 - 569, the average survival rate dss

0 - b L0 Ty O b 2 b
L ot < Ol Y ; _Xr o = 0‘3’75 ; X o= 0.7/8}_,‘,
3h1 | hiz !oauy e

IiT1, conclusions

~

Phe three metliods for calculation of the survival rate show

P

reasonable correspondence when applied to the age data of the

N

Horwegian VWinter Ierring in the periocd 1907 - 28, It will be seen

thiat Lea's metiicd gives the Ligher value of X [0.81}. The new metiod,
which may be termed "power geries metiiod", gives practically the same
result as the "logaritimic method" 0,769 bothh for the abbreviated

formula [Q.7661 and for equation (5} [0,77, .+ Tor eguation {§) the

value of x is a little higher [6.781 .
A J

TMor the case of the Lofoten cod, it will be seen that the re~-
sults are in falr agreement when the three methods are compared,
- g |
Here too the Lea method gives the highest value of x 0,506, The

"power series metiod"

£

o.&91§ and the "logaritimnic method" ;O.LQB;

give practically the same results, as was also the case for the her-
ring material.

The two examples for the herrving and cod data show tiat the
"power series method" is applicable for calculating survival rates
for long lived species where long series of ageiang are at hand, Jor
the Horth Sea mackerel there are only three years of data available

inn the Norweglian material, DBut 4t dis evident that these tlivree years



gy
shiow reasonable correspondence in the survival rates calculated by
thie new method, For this Iiind of data, Dothr the "logaritihmic method"

and Lea's metiod brealzr down, at leasgt in thedr original forwms,

The high survival rate found for tlie maclkerel, is ratizer sur-
prising, Accepting, however, the evidence, it will mean fiint the
mackerel veach a high age, say up to 24 -25 vears, It iz Fairly
obvious, that when the ring net fishery for mackerel starvsed in the

Torth Sea area, thwere was an accumulated stoelz, Whith suech a Inigh

5
o
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e
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survival rate, this gtocl should be expected to be large, Th

is so, is borme out by the Tact that according to the official
Norwegien fishery statistics, about 2,5 million tons Lave been landed
in the periocd 1965 - 68, Representative samples draws frow the com~
mercial catchies when the intensive fishery starbed , should more or

less siiow the natural survival rate.

fw}

3ut it will be realimed, that the gane would be the case if
thiere wag no recruitment to the stoclz, irrespective of the stociz
level, An inspection of Table 3 shows that the last strong vear

-

class to enter the adult stock was the 19062 vear class,

I may be concluded then, that the calbulated average survival
rate, 0,784, is approaching the natural survival rate for the llorth
Sea mackerel because the effects of the heavy Tishing is counteracted
in the formula by failing recrultment , This Imowledge may be useful

at a later stage, when the recruitment is "normalized", or if, f.i,

tagging data will provide weliable egtimates of the exploitation rate,
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Fig., 1 Logarithmie method., o Natural
logarithms %o {+c froquencies in
Table 1. & = U200 4, x = 0,769
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Fig. 2 quer series method,
e Caloulated values oft £(x) = 345 x" - 615 x° + 270
£f(x) = 0 for x= 0,78 ‘
£'(x)= 0 for x = 0,915
f(x)= 0 for x= 0,75
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Figs 3 Logarithilo method.
e Nabtural logarithms to the
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frequencies in Table 2
z = 0,70% , x = 0,495
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