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ABSTRACT

In the paper the analysis of a dependence between
natural mortality rate ( M ) and the age at firat and
massive maturation has been made., A hyperbolic
character of @ relation between M and the latter
index has been revealed. Basing on this dependence

a method of approximate estimation of M is suggested
which allows to obtain a sought for result by the

end of the first year of studies.

INTRODUCTION

At present a number of analytical methods of natural
mortality rate estimation is available, The application
of these methods is preceeded by lomg~term observations
and collectlon of information for determination of
necessalry parameters. Modsrn rapid development of
fisheries does not allow, &8 a rule, timely achievement
of the resuli sought for one or another specific
population. Hence, both the caloulation and practical
utilization of the optimum fishing parameters are
retarded, However, the data on natural mortality rate
for many fish populations accummleted by now, combined
with other indices of abundance dynamics obtained during
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short-term inveatigations offer a poasibility for
development of the method of sccelerated estlmation of

natural mortality rate.

Material and methods

From the equetions of Kutty and Qasim { Kuitty and
Qasim, 1968 } it follows, that natural instantaneous
mortality rate ( M ) is in inverse dspendence on the
optimum age at exploitation ( Topt )« Given the estimate
of the latter, it is easy to find that of M. In certain
cases Topt can be described ss mean age et first maturation
( Beverton, 1963 ). However, a determination of the above
parsmeters in itself presents rather a complicated matter,
Therefore, it was decided fto study a relation between M,
Topt and those indices of sbundance dynsmics which can
be obtained during short-term investigations. In our opinion,
the age at first maturation end the age st which the phare
of mature spscimens exceeds 50 % are most sultable.

It is known thet thers exisis a rather close inverse
dependence beiween natural mortelity rate, on one hand,
end sexusl meturation sge and 1life ampan, on the other hand
( Bickolsky, 1974 ). '

Baeing on thie statement we ignored the values of M
which contradlcted the above dependence,

The data on natural mortality rate, age composition,
growth rate, age at first and meseive meturaiion were
gelected so as to provide a poesibility of acquiring of
most complete repreaentation on the ratio of parameters
of intereat. As a result, we succeeded in fitting a row
including the representatives of fishea having short,
average snd long life spans, Thess ars : ( 1 ) Mallotus
villosus ( Mull ), Pungitius pungitius ( L. ), Phoxinus
phoxinus ( L. ); { 2 ) Iimenda ferruginea ( Storer ), Lu-
cloperca lucioperca ( L. ), heragra helcogramma ( Pall. ),
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Scomber scombruse ( L, ), Urophycis chuss ( Walbaum );
( 3 ) Acipenser gudenstadtl Brandt, Sebastes mentella
Travin, Argentina silus Ascanius, Gadus morhua { L. ),
Salvelinue alpinusg ( L. ), Salmo trutta ( L. ),

The information wasg adopted from the papers by A.I.
Ambroz ( 1964 ), Beverton R.J. and Holt S.J. ( 1959 ),
B.G.Boiko ( 1964 ), 0.D.Borecdulina ( 1964 ), V.N.Efanov
{ 1973 ), V.I.Isakov ( 1973, 1974 ), S.M.Keganskaya (1950),
Yu.A.Kolesnik ( 1970 ), Pitt ( 1958 ), V.P.Ponomarenko (1964),
Rikhter ( 1972, 1974 ), L.I.Shevchuk { 1974 a, b ).

The parameters of Bertalanfy's equaiion and natursal
instantaneous mortality rate for one of the redfish
populatione have been calculated by the auther of tha given
paper ( unpublished ), A description to the atlas " Com -
mercial fishes of the USSR " ( 1949 ) and " Particular
ichthyology " ( Nickolsky, 1954 ) have been also widely
used, Preference was given to natural moriality rates
obtained by means of analytical methods,

For the species, for which the data on growth rate
{ age, length } were avallable the parameters of Bertalanfy's
growth equation ( K - a factor of growth rate deceleration;
3, - the age at which fish length is zero; L., - mean theore-
tical maximpm length ) have been calculated according to
K.Hohendorf { Hohendorf, 1966 ). In some cases 1t waes
needed to determine an exponent for the " length-weight "
dependence. In calculating of Topt the equations of Kutty
and Qasim ( 1968 } were applied s

T - 1n( JK+M)-1nM + 5 " isometrical growth
opt
Topt = 1n{ok+M)~1nM + t, = allometrical growth,

where

Topt ia the optimum age at the commencement of fish
exploitation ;

K ia a factor of decelerated growth rate ;
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is patural lnstantaneous mortality ;

is the age at which fish length is zero.

Then the analysis of relations between M and Topt and

the age at firet and masaive maturation was made.

Resulis

The values of T

opt

from above equations are given in Table 1.

Table 1

The parameters of abundance dynamics for

gome fish populations

for various speciea calculated

P eters of abundane [
Species % i K ' To 11-Bt 'massive
o 1 P ggﬁg;gtion
1 .2 i 3 4 5 T

Mallotus villosua 0,1 »92 ’ 1.38 2 2
N W.Atlantic 7092 1.3 el *
Pungitiune pungltius - 1.60 1.1 - 1 1
( England g
Phoxinus phoxinus - 0.64 0.9 - 1+ 2+
{ England )
Limanda ferruginea, -«0.26 0.34 0.6 2.68 2+ 3+
N.W.Atlantic
( New England )
Iucioperca lucioperca =-0.11 0.23 0,39 4.08 2+ 4+
(the Asoy Sea )
Theragra halcogramma 0.44 0,08 0.5 4494 4+ 4+
the Bay of Feter-the-
Great
Scomber acombrus - 0.22 0.35 2.68 2+ 4+
N.W.Atlantlec
Urophycis chuss -1.,00 0.37 0.8 1.60 1+ 2+
K.W.Atlantio
Acipensep guldenstsdti 0.15 0.09 0.1 t4.75 T+ 14+
( Denube
Sebastes mentella ~6.57 0.07T 0.1 9.91 8+ 114
H.W.Atlantic
Argantina giluse -3.84 0.09 0.23 4.64 4+ 7+
H.'o&tlmtic
Gadus morhua - - 0.15 - > 8+
Salvelinus alpinua - - 0.24 - - T+
{( England )
Salmo truita - - 0.24 - - T+
( Enagland ,)




Basing on the dats summarised in Table 1 the figures
1 - 3 were drawn, the analysis of which ig given below.

A comparison made betwesn Topt and the age at first
and massive maturation despite lacking data demonstrated
that in fish having a prolonged life span s marked lag in
age st first maturation could be observed ( fig. 1 ).
Simultaneously, the age at masslve maturation showed
rather & good agreement with Topt all over the row and
could, perhaps, replace the latter. Then, basing both on
the parameters of Bertalanfy'e growth equation, and on
an exponent in " length-weighi " dependence it is easy to
estimate the value of M ueing the sbove equations of
Kutty and Qasim.

The age at which sexual maturity is achieved and the
rate of natural losa are reckoned among the most important
charecteristics of the population abundance dynamica, A
dependence between the value of M and the age at first
and massive maturation is shown in fig.2. One can see that
relation patterns are approximately similar in both cases.
Neither a conpidergble difference in point scattering is
cbserved which allows to succeed in analytical description
of both curves. Since the data on the age at massive maturation
appeared to be more numerous, preference was given to the
analysis of the latter dependence which is of a kind of hyper-
bolic function judging from the ourve shape, and can be expressed

by & general itype equation :

Y-—2&__ .3
=

A regultant empirical equation is :

Y = 12221 _g,155 ,
£0.720

where
Y is natural instanteneous moriality rate ;

x 1ip the age at massive maturation .
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In fig.3 the curves built according to observations
and estimated values of M are shown, It is evident that
8 coincidence seems to be rather satisfactery, as a whols.
Some divergence at the beginning end at the snd of the
curves can rather be attributed to highly rough wvalues
of M selected for the fishes having the shortest and
longest life spans. Neverthelesa, a hyperbolic character
of a dependence beiween M and the age at messive
maturation hee been confirmed., Variability of the value
of ¥ with an incrsase of age of sexual maturity achieve-

ment is presented in table 2,

Table 2

Decrease of M with an increase of age at

massive maturation

¥{%)

L R S -+ T T T T i T ¥
Age at T S S S R T R A
masaive i i E E H ! E i ! ' ! {
maturntion,i, l2istalsielriaigitoiniznin
years LI T R SR R A B

R I A A S S A B

R T T U T

- S I N N I A |

Decrease of E_ 44 17 g 7 4 3 3 1 2 1 2 11
i

As it is evident from the data, a difference
amountiing te one year in the age of sexual maturity achieve-
ment for the fishes having a shorter life span, suggests
a considerable variation of the natural loss value.
Subsequently, a gradusl attenuation in the decrease of
M occurs. And, at lasi, this procees becomes very slow
for the fishes with a longer life span. Thus, within
the range of 9 to 15 years s decrease constitutes

about 8 %.
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Discussion

At present, the reliability of the valueg of ¥
can be corroborated, as & rule, indirectly by means
of comparing, for instance, of the assessments or
resulis of estimating of stock size and possible catches
using a given value of M with the results obtained by means
of other methoda. Such factors as life span, age of
sexual maturity achievement, availability or absence of strong
fluctuations in yesar-class abundance, reaction to the
fishing effect prove to be important refarence-pointe
in qualitative evaluation of reliability of the values of
M. At any rate, all theese allow to avold rough errors
and offer a possibility for subsequent correction as the
data are entering which indicate & discrepancy degree
beiween calculeted and actual values of M,

Preciseness of the values obtained from the empirical
sgquation deduced by the authors, is confirmed by a relia=-
bility degree of the initial date ( @ row of M values
glven in teble 1 ), which could be examined only by means
of the above mentioned method.

A method of M eatimation suggested in thia paper
can be applied provided that ( 1 ) the availability of
a local population is escertained, and ( 2 ) the data are
obtained on ihe age at which over 50 % of specimens in

investigated population are mature,

The auggesied method does not seem to give a preciae
eatimate of natural mortality rate, however, it mllows to ob-
tain approximate values of M with the shorteat possible
delay and avoiding rough errors.

We have a feeling, that parallel with the express-method
by P.V.Tyurin ( 1962, 1972 ) an approach to estimation of
natural mortality rate stated 1n our paper and based on
actual dependence can be applled and developed in fishery

investigations.
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Bow we may conslder practical utilization of the
suggested method, The estimates of natural instantaneous
mortality rate for the North Sea haddock, Melanogrammus
aeglefinuas, { Beverton and Holt, 1957 ), yellowtail
flounder from the eastern coast of the USA ( Brown, 1970 ),
and herring from Georges Bank region sgeem to be toc under-—
stated when compared with the age at massive maturation.
According to our data, M is 0.2 for the species given, the
ages we are interssted in being 2,3 and’ 4 years, Prom our
equation the values of M for the same species will be 0.8,
0.5 and 0.4, accordingly.

Baltic herring, Clupea harengus membras L., achieving
sexual maturity by the end of the second year of 1life
( maseive maturation ) is a good example of fishes having
a short life span and sirongly pronounced fluctuations in
abundance. It is doubtless that replacement rate in this
stock is very high and the value of M estimated from
hyperbolic dependence and amounting to 0.8 is in rather
a good agreement with this notion.

Conclusion

1+ There exists a certein agreement between M and the
#ge at massive maturation which allows to use the lattar
in the equations by Kutty and Quasim insiead of Topt
in some cases.

2. A dependence between M and the age st massive maturation
is = kind of hyperbolic function which can be analytically
described,

3. The equation deduced mekes it possibdle to estimate
the approximate valne of M which may be used for develop-

ment of preliminary recommendations for rational fishing,
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Fig. 1. A relation between optimum age of exploitation and

the age at first (1) and massive (2) maturation.
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Fig. 2. A dependence between natural instantaneous mortality
rate and the age at first (2) and massive (2)
maturation.
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Fig. 3. A relation between natural instantaneous mortality rate
and the age at massive maturation resulting from
observed (1) and calculated (2} values of M,
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