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Abstract

The expression of fish mortality by the simplest and most
realistic way - by a fraction or percentage - is hampered by
difficulties of separate estimation of interactional coefficients
of annual fishing and natural mortalities. Acting concurrently
and being constantly competitive these two factors depress each
other. The analysis of this decrease and defenition of real
coefficients are carried out in this paper. By means of these
coefficients it was made an attempt to restorate in the number of
year classes without traditional assumption of their exponential
abundance decrease. "Start'" fishing mortality is determinated for
the most representative neighbouring mean age groups in which-
like values of annual coefficients of mortalities were accepted

as .equal.
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Analyzing the syctame of reprecenting fish mortality Ricker
(Ricker,I975) sugrested that it would be mest realistic and simple
if it as exprecsed as the virtual mortality coefficient in terms
of percentage or portions of the abundance of year class which
died by the terinning of the year or were caught per annum.

This approach,basically correct, was,however, assumed to hold
111%le promise due to difficulties associatied with assessing
those forms of mortality expressed in this way. The fishing mor-
tality anl mortality caused by other factors nonassociated ~“irectly
with the fichery,acting at the same time and being constantly com-
petitive, depress each other.

Until recently, oaly the suamary value of this decrease
4a8 estimated without differentiating each rate of mortality
anl oxicnt of their mutual interaction with resvect to the estimates of
iile.one or the other factor. Apart from the difficulties associatec
with ortinating -ortions of each factor, the development of this
anproach seemed to be impeded by the fact that when F.I.Baranov
(Bararnov,I9I8) published hi; bouok the fishing mortality and natural
mort+lity were reprecented by relative mortality rates (instantane-
ous coefficients) which are not subject to interrelation and as if
tiuey exist independently from each other.

This anvroach realized by Fry (Fry,I1949) as VPA and modified

by Culland (Gulland,I266) and Pope (Pope,I972) is attracting more
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and more followers and devotees.

Various modifications of the VPA suitable for computations
allow for resolving many applied problems of fishery science in
a fairly operative manner. But it must be admitted that even they
suffer from some drawbacks and do not meet high modern requirements
i many cases. There is still often an unbalance between the actual
decrease in the zbundance of year. classes and exponential mortality,
which is the basis of wmost traditional methods of computation,
resulted in serious errors in the final conclusions, therefore
some other pos=ible means for assessing fish stocks snould bve
found.

Interrelations of natural mortality coefficients

and fishing mortality coeflicients

The interrelation of coefficientis of natural mortality and
fishing mortality was analyzed in the previous paper (Borisov,
1988) +here both factors worked wt ithe rame time . Nevertheless,
some main nositions of the analysis should be discucszed zain
to cubstantiate and logically state the method of nssessing the
abuniance of year clasces of fish,prescnted here.

From the standvoint of the law of probabilities instanta-
neous coefficients of mortality are considered as crobabilities
of two 1inde-endent events. This is justified by the fact that
one of them inlicates the mortality rate caused by ficshing (F)
ani t e other chowr the mortality rate by natural causes (M)
4hich it not orsociated with the former. So the probability (P)
of their rum is equzal to the cum of their nrobabilities :

P(F+¥) = P(F) + P(11). In carce both factors cre expressed us
zortions from the initial ~bundance, the two events nroceedinyg ot

ihe tzme time <~hould be conntidered as interrelated since the pro-

070ility of t-lking fish P(m) affects tiwt of their natural

ht¥
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mortality P(n) ond vice versa. The probability of the sum of such
two event P(A), ur is known, is calculated by the following formu-'
la : P(A)= P(t) + P(m) - P(mn). It is dhis dependence that W.E.
Ricker (Ricker,I975) used for finding the total annual mortality

A = men-mn (1)
Here the ovroduct mn is the size of the total summary dacrease in
the conditional coefficients of mortality, i.e.

mn = Am+dn (2)

The cause of the reduction inm is an inevitable natu-

ral elimination «mong the specimens which would be among those
to be caught per annum, whereas n isv reduced because candidates
for natural climination are annually taken by the fishery on an <
equal footing with other specimens. The reduction in n depends
upon the fishing intensity, i.e. 4 n depends on m. In its turn,
the reduction in m (or 4m) is directly associated with the
inpact of nztural mortality on the fishable part of the population

or A4n depends on n., So,vwe can write

—_— 2 or mpm = nan or Am= ndn (3)
n  am m

Keeping in mind that
4m +Ah = mn  Oor Am = mn- An (4)

Equating (3) and (4) we find

2n

m .

Al = == and in the same manner we have
m+n
nm

A M = =——ereme———
m+n

Now the virtual (but not conditional) fishing mortality (m")

existing under the scimultaneous impact of natural causes of

mortality, can be expressed as



T n°m (5)

and the virtual natural mortality (n") as

2
r mn

n="n-=-rm (6)

The determination of the "start" value of the conditional

coefficient of fishing mortality

The total annual mortality A= m+n-nm froﬁ the age 1 to the age
i+I reduces the initial abundance of the year class Ni by
Ni(n+m-nm), icee Ny o =Ni—Ni(n+m-nm) or

N, .= ¥i(I=)(I-n) (7)

Let us note in passing that the product (I-n)(I-m) is nothing
but the survival coefficient S. This is scen from a simple
rearranging: S= I-A = I-(m¢n-mn) = (I-n) -m(I-n)(I-m).

The abundance of the year class Ni at age i represents
a cum of three components: the number of specimens ci caught per

annum; the number of specimens died of natural causes per annum Ei

which can be represented with the help of (6) as
. 2

njmy
- Ny(ng = ——m—) ;

E;

of the remainder of this year class by the beginning of the next year

Nij,1+ Then, based on the mentioned above
2
ni mj

) + X

Nl = Cl + Nl(nl - i+l (8)

ni+mi
Rearranging (8) we have:
(g +m) (W 1 + 6 )

N.=
p 8

2
n, mo o+ (n;+ mi)(I-ni)

wnd  substituting Ni+I for the corresponding (7) here, we have:

1744
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C.(n; + m,.) .
e | (9)

2
my (ni+mi- ny )

In order to find Ni’ we have to know n, and m, . If conditio-
n:l coefficients of natural mortality can Egugg%gined in some
indircct manner( through relations of natural mortality with
maximum age or age at maturity; physiological indicators of ema-
ciation,weakness ani ageing ; data on unfished populations and
so on), the determination of conditional coefficients of fishing
mortality existing only in theory,but needed for calculations,
can be done anclytically through other empirically accessible
volues.

Qur numerocus attempts to find conditional coefficients of
fiching mortality from the above mentioned expressions were

useless until assumptions of the equalities n.=n. _ and m.=m,
i i+l i1+

were modes The error made in the ascumption is insignificant if
tvo reighbouring ﬁean age groups are taken. In fact! the coeffi-
cients of natural mortality in ages corresponding to age a% |
maturity of fish are almost equal forming a plateau 5n a para-

bolic curve chowing their changes with age (Tyurin,I972). On the

‘other hand, the catchability of fish from two neighbouring mean

aga fFrouns 1is eqﬁal or almést equal, hence it seems to be reason-
able to state that their coefficients of fisﬁingymortality are

also equal or a2lmost equal. However, the last note will be wvalid
under ‘one condition - if the-fishing efforts were equal for two
helghbouring yearse. It chould be noted thaf the year class anéiyzed
wt the wge i was firhed in year j; next year j+I the year class

ic .t the age i+I,but the fishing effort fi+ will ‘differ from

I

the previous f; ,therefore the catch €, , should be brought into
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line with the fishing efforts exercised in year j, i.e. Ci+I
should be increased (or decreased) by so many times again as
fi+I was more (or less) than the iasfﬁfi. This procedure provides
an answar what kind of the catch Ci+I would be on condition the
fishing efforts are equal in year J and year j+I .

Hence, accepting the equalities n;=1n; 1= n and mi=mi+I= m
for fish from the same year class and using (9) the absolute

numerical strengths of two neighbouring mean age groups can be i

written as

| c i(n+m) , it (n+m) .
N, = H N, .=
i 2 i+1I 5
m(n+m-n“) m (n4m-n“)
By substituting them into (7),we have: ke
Ix
C; (r+m) Ci(n+m) [n(n+m)-nm%] ¢, 7(n+m)
= C. + + + ‘
i
2 2 2
m(n+m-n~) m{n+m-n°) (n+m) m(néem-n")

which after transformations and solution for m will give us:

Ci+I

¢, (1I-n) (10)

The same result can be achieved in a simpler logical way.
Reérranging the catches of fish from the same year class taken
for two neighbouring years to ' equal fishing efforts we transform
them into indices of abundance, i.e. C; will be more than Ci:;r

by =0 many times as Ni is more than Ni+I' Owing to this, we can

= Ci(I—n) (I-m) by the analogy with Ni+I=Ni(I—n)(I_m)

wrlfe Ci+I

and from here

~—

S0, m found in this way will be a "start" value of the



fate
<5

-7 =
conditional coefficient of fishing mortality, on the basis of which
and using conditional coefficients of natural mortality differeﬁti-
ated by ages and catches of this year‘class by years we shall 6btain

its abundance at all fishable ages.,

The use of conditional and virtual coefficients of

mortality in calculations of the abundance of a year

class

The procedure of finding the numerical strength of a year class
by each age group consists of two main stages differing by the way of
calculations. Je chall find thé abundance of the year class for ages
older than age i at the first stage and younger than age i at the
second stage.

The first stage. By substituting the start value of m found

into (9) N, will be calculated, 2nd using N; in Formula (7) we have

Ni+I' The characteristics found allow for finding ni and, thus, Ei'

i.e. the number of fish died of other than fishing causes. Having

the value N; 1 @nd knowing the virtual (without correction) value

I
Ci+I the virtual coefficient of fishing mortality will be found:
by Ci 1
m, = =
i+I N
i+I
In order to find the abundancé N; , = N; ; (I—mi+I) (I—ni+I) we must
calculate m, . from Equation (5);
r m » .
U PP £ 5 23
Piv1 PMiex

where from

2 r

2 2 r \
m, _ = l].(_“i_tl‘ Ry Pier) 48, - Oy By - m )

2

(11)
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Knowing my .1 We shall find Ni+2 using formula (7) and lknowing
Ci+2 we have m;;2, hence we can find L from (II). Then using
Ni+2' ni+2 and Miyo Ve have Ni+3 and so on till the last age
grour taking part in thw fishery. The validity of the parameters
found for cach age can be checked by the obligatory convergence
obtained for a given zge group abundance ..nd its three components:

'Ni= Gi + Ei+ Ni+I .

The recond stage « dhile fingding the abundance of 2 year class

younger than the start age some difficulty arises only in cosocia-
tion with finding the conditional coefficient of firhinm mortality.

Ye snzll use Equation (7) for age i-I ‘o obinin it:

-

B, o= WL (I—n_.__I)(I—n coa ). $

Here the unknown multiplier N,_; can be substituted by (9)

I
for i-I ,hence

. C; gy iy MI-ny o N(Temy o )
i =

2
m, n. +m, -n
i-I ( i-I i-I i-I )
dith the cim of unliing it more compact the indices cun be

eliminated arsunming thot Ni=N; C, =C; n, =n; m, =m.

fhen, after removing the bruckets and multiplying.the left part
by the denominator of the right part, Ixprersion (12) will take
on the form:

Nmn—Nmn2+Hm2 = Cn—Cnm-Cn2+Cn2m+Cm+Cm2-Cmn+Cm2n,
which can be written in the form of a quadratic eguation referring
to the unknown m:

mz(gﬁ-- +C) +m [m~c (I-n)] -cn = o.

For tha rake of rimplicity, write"b"fcr the coefficient of”m"

"

/i 2
wnl & for thnt of m , -:e have:

"
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e
V bl + 4aCn - b
m = (13)
2a

It :hould be remembered that the indices were above eliminated_J

so in this case m=m

i-T and correspondingly

N -
L . SO o b " ¥ %
e ks BN N S Y S D

I—ni_I
Now, when m,_1 is found we obtain the virtual coefficient of
fiching mortality mz_I from (5) and using the catch of this year
class at this age Ci-I the absolute abundance is found:
L e
i-I" r 4
Mi-T

The values found cllow us to estimate the number to fish died of

natural couses E, Using the formula (6) we have

T e
r AT ST r
ni-I = ni—I - ;—————-;——- ’ and then Ei-I=Ni-Ini-I
T R 3
Tho sum Wy A€, . +B, o = Ny o can be used for checking

the volidity of Ni-I calculated.

In case beside «fe group i-I, age group i-2 also took part

in the fishery, we shall cgain use (I3) assuming that m=m. ;

@ =N gt (I-ny 5) + C; o5 b= Ky my o= Cy 5 (I-my ).

Then we :hall find m. o9 then Ni—2 and Ei—2'

Illustration of the calculation according to the scheme

suggested

One of tho year classes of navaga from the Pechora River
is ucad. as an cxamnle. The data available on the annual catch
o

\in ©necimens), the age composition of catches, fishing efforts

onl conditional coefficients of natural mortality (Borisov,Za-
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lesskikh,I980) allow for making a retrospective restoration of the
abundance of year classes of the population according to the
ccheme sugrested. The results of the calculations are shown in
Tables I and 2.

The data in Columns 2 and 7 are known. On the basis of them
2ll calculations are made and the rest columns filled?)The sequence
of calculaticns was the following:

I. The conditional cocfficients of natural mortality of
noviga are the vame at ages 3 and 4, namely n3 =n4 = 0.28.
Let's assume that the conditional coefficients of fishing mor-
tality of these age groups are also equal, namely my =my.

On this assumption, using the formula (I0) we have;

Cp 3816-

. fp R

= 0.25

|
83
1]
[
i
0
=
{

Cy (I-n3 ) 7066 (1-0.28)

2. The equalities my =my and n3=n4 suggest also equalities

m§ =mZ end n§ =n2 which according to (5) and (6) gives:

2
my n 2 .
nam® em. = —3 3 . 0.25 - 0.25 x 0.28 = 0.2I3;
3774 T3 my + n, 0.53 !
r 3 m§ 0.28 2 ‘
Ry= my= ny = —2-2— - 0,28 . -—2:28x 0.25 = 0.247.

my+ ny 0.53

3. The sum m§ and n§ &ives the coefficient of total mor-
telity A3=A4 = 0.46. The come rezult can be obtained by *he for-
mula (1) A3=A4= My#Ny=—Many= 0.25+Q28 -~ 0.25 x 0.28 =0.46

3
4. Knouing m§ ani mZ we have N3 =93 :mg =T7066:0.21I3 = 33175;

r:

N4 =C4 :m4 3816 . 0.2I3 = 17915,

r

S Ucing ny end nZ #e have also E3= N3n§=33175 x 0.247 = 8194:
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Table I
Results of calculations of the abundance of the year ciass on dondi-

tion mortality and fishing efforts are equal at two neighbouring years

(n3=n4;m3=m4) and (f3=f4)

Index
Age ©» n ;. m : n’ H m® s A 3 C 3 E H N
l I 2 3 4 5 6 7 8 9
( I 0.43 0.02 0.429 0.0I2 0.441 1071 32288 "~ 89250
2 0.30 0.05 0.298 0.037  0.335  I853 14863 49891
3 0.28 0.25 0.247 0.213 0.460 7066 8194 o 33175
4 0.28 0.25 0.247 0.2I3  0.460 3816 4425 17915.
5 0.31 0.45 0.227 0.393 0.620 3803 2195 9674 .
6 0.36 0.20 0.334 0.I54 0.488 566 1228 3676
g 7 0.43 0.48  .0.320 © 0.382 0.702 719 602 1882
&
8 0.50 0.33 0.435 0.232 0.666 130 244 561
9 0.63 0.14 0.6I4 0.069 0.683 13 115 187
10 0.75 - 0.T0 0.74I 0.034 0.775 2 44 59
Table 2
‘ Results of coleulations of the a2bundance of the year claés when n3=n4 and
‘ fiching efforts f4 in yedr j are I.5 time more intensive than f3 in year i.i.
’ Age n m nr mr A C E N
i % 1 2 3 4 5 6 7 8 9
| I 0.43 0.02 0.429 * 0.012 0.441 I07I 38288 89250
i 2 0.30 0.05  0.298 0.037 0.335 1846 14868 49891
| ‘ )
’ 3 T 0.28 0.25 0.247 0.2I3 0.460 7067 8195 33177
‘ . 0.28 0.36  0.224 0.3I9 0.543 5724 4008 17915
: 5 0.31 0.45 0.227 0.393 0.620 3216 1857 . 8183
| 6 0336 0.20 0.334 0.I54 0.488 479 1039 3110
| 7 0.43 0.48 0.320 0.382 _ 0.720 608 509 1592
8 0.50 0.33 0.235 0.232 0.667 IT0 _ 207 475
9 0.63 0.14 0.6I4 0.069 0.683 II 97 158

10  0.75 0.I0  0.74I 0.034 0.775 2 37 50

=l ‘ z
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E4 =N4n4 =I79I5 x 0.247 = 4425.

Hence the columns for ages 3 and 4 are filled in the table.
Kbreover, thé perameters deternined for age croup 4 2llow for
asrersing the abundance and virtual fishing mortality in the
following age group S.

6. Based on the formula (7) we have

N5 =N, (I-m4 Y I-n = I7915 (I-0.25) x (I -0.28) =9674.

4 )

The same result can be obtained in another viay:

N. =N, -C, ~E, = I79I5 =3816 ~ 4425 = 9674.

570 TU4 TR
Taking the catch from age group 5 into zccount, we have
by
m = ¥ = 3803: 6 4 ==O.3 3.
5 % 5 967 9
7. Now, having n5 and m; y there is a norsibility of

obtaining the conditional coofficicnt of fishing mortality for

this age :

\/fo.sx-o.zxz -0.393)% 4 4 x 0.3 x 0.393 =(0.3T -0.31%=0.393) - 045
2

.m:=
4

then taking the formula (6) we have the virtual coefficient of

0.76

the number of snecimens of this Year clacs died of natural causes

2
netural mortalitys n; =0.31 = 2231 20:45"_ 4 o550 .nd thus

at age 5 will be Eg =N§n; =9674 x 0.227 = 2196 and the coofficient
r r
of annucl mortality will be :4_= .- or A_ =n m =
n nor 1T 11 e 5 n5+n5 n5m5 5 5 + 5
= 0.227 + 0.393 = 0.62. So, all columns in Table 2 are filled for

age 5. The procedure is repeated for the next age group.

By analogy with Paragraph 6 we have N¢ =N5(I-m5)(I-n5)=

- . r -— -— - —
= NS(I-A5)= 9674 (1-0.62) =3676; me = 06/N6 = 566:3676 = 0.I54 .

The repetition of the procedures stoted in Poragraph 7

-1y - -— . r — : . - . -
will rive mg =0.2; ng =0.334; E, =1228; Ag =0.488.

LS
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The calculations for other oclder age groups are made
according to the same procedure. Let's estimate the szme para-
neters for ages younger than the'start" one.

8. Using (I3) we find when
2 = == + C, = 33175:(1-0.3) « I853 =49245.857
b= N3n2-q41-n2 ) =8655.4

the conditional coefficient of fishing mortality for age 2:

\152+4aC2n2—b 74915949.16 +109503087.62 = 8655.4
. ~ - . 0.07g)

2a 9849I1.714

9. The index found allows us to obtain from (5) =nd (6)

r 0.05 x 0-32
my = 0.05-= ————— = 0.037;
Oa635
r 0.1 x 0.052 r
n, = 0.3 - = 0.298; Ay=m, +n, = 0.335;

and then N2=Cz/m§ =1853:0.037 = 49891; E2 =N2.n§ =49.

In order to obtain m,, by analogy with Paragraph 8, we find

- °
a=N2(I-nI)+ C; =88 599 and b = N2nI-CI(I-nI) =20842 which in

“(II) will give mI=O.O2.

By repeating the procedure of Paragraph 9 we can find

alzo m; =0.0I2; &3 = 0.429; Aj = 0.44I; Ny = 89250 and
EI= 38288.

The cxample is simplified as it assumes the same fishing

' intensity in the nstart™ SR following years It is quite realistic,

but such o coincidence occurs not so often.

The calculations chown in Table 2 illusirate a case when
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the year class at age 4 was fished 1.5 times more intensi?ely
(by the amount of efforts) than the year class at ° age 3.

If the state of the population is = such that the annual
catch is proportional to the fishing efforts made, the equality

m can be reached on the account of reducing the viriual

3 My
catch C4 by I.5 time . The operation makes it possible to use

the formula (I0) to obtain my=m, , where instead of the virtual

cor

4

C4= 5724 Ehgorrected C =3816 must be used,i.e. the value reduced

by I.5 time.
Having gained that the conditions n3 =n4 and m3=mZ°r are

met, we find under Paragraph I that

CCOT
my LR SR | = I~ 3816:7076(I-0.28) = 0.25.
4
CB(I-n3)

Using tle formulae (5) and (6) we have m§ = 0.2I3 and
n§ = 0.247. laturally, they orove to be the came as in the
first example (Table I) since the seame initial deta were useds
Sinilar considerations refer to NB,E3,A3,II4 to be found under
Paragraphs 3-6.

Further, huving N4 and the virtual catch C4 we have already
had a virtucl coefficient of fishing mortality for age group 4:

5724:1I7915 = 0.3195.

m

r
4= Cy /Ny

Now with known n,and m> the genuine non-corrected value

4 4

m, cen be obtained using the formula (II):

r —
\/ (0.28-0.28°-0.3195)%+ 4 x 0.28 x 0.3195-(2.28 ~0.28%-0.3195)

m4 =
2

= 0.224.

Further calculations with respect to age 4 are made in full
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agrcement with the procedure mentioned in Paragrapli 7. The pro-
cedure is repeated in the same sequence in calculations in regard
to the following age croups including the last.

The calculations under Paragraphs é and 9 will give nece-—
asary parameters for ages younger than the "start" age.

In ersence, the data of Table 2 are anglogous to those of
Table I. Some differences stem from the increase in the coefficient
o7

2
The increased cabch of fish at age 4 affected the absolute abun-

y,which correspondingly involves changes in m4 ,nz ’ A4 ,E4.

dance of the year class at the following ages and the number of
specimens caught and died of natural causes despite the preservation ‘
of the former coefficients n5—IO and mS—IO'

Table 3

Calculation of the abundance of the same year class

as was estimated in Table 3 using the VPA

Are ¢ Index
n : | ln(I—n): c : F : N
1 0.43 0.5620 1071 0.0162 86,306
2 0.30 0.3570 1846 0.0460 48,955 |
3 0.28 0.3285 7067 0.2909 325584 ()
4 0.28 0.3285 5724 0.4748 17,542
5 0.31 0.3710 3216 0.6544 7,856 -
6 0.36 0.4460 479 0.2343 2,818
7 0.43 0.56.20 608 0.7721 1,427
8 0.50 0.6930 ‘ 110 0.4995 _ 376
9 0.63 0.9940 11 0.1622 I14

I0 0.75 I.3860 2 0.1060 ' 36
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Table 3 chows the results of VRA calculations. To make the
comparison more precise the same initial data as in Table 2 are
used: instantangous coefficients of natural mortality variable
with ages arc obtained on the basis of the relation Hi=-ln(I-ni);
the difference between 2 and M iz taken ac o "ritoart" instant-

I0 I0
aneous coefficicnt of fishing mortality (FIO),l.e. FIO =ZIO _MIO

where ZIO= —ln(I—AIO). As is seéd,on condition the initial .data
arc cquivalent, the numerical strengths of the year class by the
same ages prove to be in comparative agreement.

Discussion

According to the traditional method of estimation of fish
mortality bosed on the assumption that the iiortality of year classes
is exzponential, it is believed that the decrease in the abundance
(dN) in ench size (or age) froup is nroportional to the abuniance
of the group available in a short neriod of time (dt).

This anproach corresponds to the claci'ical example ffom
anplied matﬁbatics on radioactive decay of atoms. The radioactive
decay law is in full agreemont with a simplified ccheme of arsessing
fich mortality: Thé relation of the number of decayed (died,czught)
atoms (fish) per unit time to the total number of remained (survived)
ztoms (fich) at the precent moment is i constant (2) depeniing only
o£ th~ type (species) of =toms (fish), i.e. dN/Ndt = -2.

The appearing analogy of th: procesmes allowed us to accept .
that the initial abundance of fish (Nb) decreased from age(to)to
age(t) along the exponential curve which was the rczult of fishing

e (F+M)t. In this

mortality ond some other couses (IM): J(t) =N,
case the mechonism  of interrclation betlaeen the fishing wnd notural
mortality renains concealed as these tuo farms of nmortality are

expreused by instantaneous indices (rater) which are indencendent
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from cach other. The expressieh of mortality in terms of rates
is mathematically convenient. Although'the technique of calculations
is simplified the convenience conceals a fairly_siénificant‘incon-
sistency ( beside the assumed exponential mortality which‘ie:not
always cubstantiated): the interrelated processes of fishing and
natural mortality rﬁnning at the same time are studied on the basis
of the characteristics expressed in;tefms_of rates independent'
frowm cach other. Hence, it seems to be more.reasonable if coeff1c1ents
of annual mortgig%%"ggpressed in fractions (as a percentage) of .
the initial abundance with regerd to the . interaction resulted
fronm the simultaneous action of the two factors of mortality.

An example of practical reallzatlon of such an approach
is con°1dcred in uhe nreseht paper. It seems that it has some

advantage over the VPA and its modifications.

Firstly, there is no necessity of putting data on the abundance

of yecor classes in ProcrueteS' bed of  the exponential eurve,moreover
there is often no weighty reason in fevour of the.aseumptioe that
eortaiity of therspecies studied occufs accofding to the exponential
law during their life span or per annem.

Secenily, the "centrifugal“.method suggested ( the celcula—

tion starts from the central group of the age series toward younger

and older age r'I‘oups) specifies that the start value of the coefficient.

of fis h1nr nortallty is estimated by the mlddle age group which

is often encountered in catches and hence, catch statistics is

fairly rcpre°entet1ve for thlq age group. This secure more rellable

celvul ~tions in contrawt to the tradltlonal staps! from the oldest
| countered

froup where errors are unavo1dable due to the difficul%gea in age

detenination of older groups, thelr 1nfrequent occurrence and to

the fact that sometimes repres entatlves of several older age

groups are pooled into the,last ona.
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Thirdly, it offers pqssibilities of obtaining a start condi-
tional coefficient of fishing mortality using most represéntative \
data on catch per effort for middle dge groups, therefore catch per
effort can be put into the formula (I0) instead of catches. The
availability of relatively reliable data on catch per effort for
a year class for two neighbouring years makes it possible to find

the ‘anavgl mortality A,which epens an additional possibility of
estimating the start m. For this purpose, by solving the &xpression

(I) A = m¢n-mn = m(’ I-n) + n referring

A+n
I-n

tom when A is found, we have m =
Fourthly, the "centrifugal" method makes us observe more
stringent requirements for initial information ( the age composition,

fishing efforts,catch statistics) , so that the conditions Ni)Ni+I;

cor
1}
Ci7Cre1

The lagt eQualities ' secure the check of the validity of calcula-

' r r
N, -C,~E; = N ,(I-n )(I-m,) = Ny =N, (ng +m; ) = Nior *

tions and their correspondeﬂce to the‘reality at any intermediate
stage,as vells: |

Particular emphasis and care should be placed on the
moment of correction of catchec for the start:ageé dépending on

the amount of efforts fj (in year j) against efforts fj+!

(in year j+I). It is evident that the correlation bétwoen the ann-
uval fiching effort and annual catch is linear only om a certain
interval. Further, the increase in fishing efforts will not give
-inciease in the catch at come stage, or even it can result in

the decline in the catch affécting the proportionality of the
relation between these values. Thus, the correction of catches,

if necessary, can be mantainea according to the curvilinear

lependence between efforts and catches to be found previously.

The formalization of the descridbed scheme'for the computer .
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does not seem to create difficulties at =211,

Conclusion

Other merits and demerits of the "centrifugal" procedure
of restoration of the rumerical strengths of year classes with
regard to the interaction of fishing and natural mortality will
be reveialed with use of the procedure to the study of narticular
nopulations and :pecifi%c%¥n%%% fishery for them. It is likely
that the procedure would be only =slightly suitable or inadequate
at .11 Tor rome conmercial species of fish, wheras for the others
ecnocinlly for those shere there isa¥§§%i§1%eliable catch statistics,
lta on fiching efforts,catch per effort, information on natural
mortality 1ifferentiated by ages, it can be more suitable than
VPA oni ite moiificatﬁons. The traditional>fish stock assessment
mcethods based on the ascumption of exponential mortality of year
clocues cannot pretend to be universal. As is known, the sphere
of their a-nlication is rather limited,e.g. the resulis of calcula~
tioncs of populations with e chort span of life aré,as_a rule, un-
szticfactory. In view of this, the eprobation of new gpproaches
ie promising to extend our possibilities in the study of fish

nonulation dyramics and fish «tock acgessment.
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