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One of the most important tasks facing the modern fishery science is to improve
methods of predicting possible catches and to calculate optimal exploitation regimes for
tho stocks of commeorcial fish providing for the highest, reiterated from year to year,
productivity of the populations fished. With this aim in mind it is extremely desirable
that the process of compiling predictions of catches and. calculations of the regime of
fish stock exploitation should be simplified as far as possible, Substantial assistance
in this matter can, undoubtedly, be achieved with application of electronic compubers.
However, to provide a possibility for the application of computers in the analyses of
populations it is neocessary to develop appropriate mathematical models which should
represent the process of the dynanmics of populations in a proper way.

Many attempts to develop mathematical models for the fish population dynamics
have been made including the first endecavours of R. Ross (1911), V. Kevdin (1915),
F. Baranov (1918) and modern works of R. J. H. Beverton & S. Holt (1957), W. Ricker(1958),
T. Doi (1959), G. Hempel & D. Sahrhage (1961), J. Gulland (1962) and many other
investigators. ' )

All the available mathematical models of the dynamic of fish populations can,
to a certain extent, be divided into the following four groups:-

8) Models based on thoe food-consumer relation where the fish are
represented as consumers. One of the founders of such a type
of models is Gunnar Alm;

b) Models based on the predator-prey relation where the fish play
the role of prey. This group also comprises models where the
fishery is represented as "predator". Such a type of models was
initially suggested by B. Ross, V. Kevdin, F. Baranov, A. Lotka,
V. Volterra and others. At the timo being this type of models
is most widely spread;

c) Models based on the regular quantitative relation between the
stocks of spawners and broods. These models seaa to be most
. comprehsensively elaboratcd by W. Ricker;

d) Models which include somo interacting values, such as recruitment,
growth and mortality; porticularly Russell's model {1942) should
be refeorred to.

It is quite obvious that the division suggested is very schematic, and, of
course, therc are many other intomediate or combined models. But the most characte-
ristic feature of the majority of models, as stated by Hempel & Sahrhage (1961), is that
they are derived from a notion suggesting one variable with other foctors being constant;
for example, if the model is based on the predator-prey rolation the bonds will be as
follows e~
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i.o0., it is the predator-prey relation that is assumed the only variable.
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. Howevor, it should be borne in mind that in nature, including commsrcicl
organisms, any change in the predator-prey relationship is inevitably connected with
changes in the relation of prey and their food supply. As it was clearly shown by
B. P. Manteufel (1961) we are dealing with at least a threc-linked relation or so-
called triotrophus, where the msan tem of chain bears direct connections through
adoptive depondencies with the extreme terms, that is we mean a relation consisted of
ot least two interrelated binomialss-
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The triotrophus doss not seem actually to be a completely closed system dus
to its interactions with other envirommental factors, the system of relations may be
affected by such factors or factors gradients which the specics are not adapted to.

It is worth mentioning that a possibility of occurrence of such "hindrances"
in the triotrophus reolationship, as a rule, increases with moving away from the
biological centre of the area inhabited by the species to its extremities.

. In the construction of appropriate models for the relations in the
triotrophus chain it is necessary to proceed frem a notion of the population as a self=-
regulating systen which by means of its regulatory mechanisms adjust itself to a certain
regime of living. The review of tho mechonisms observed wias made at the Symposiun in
Durhom in 1960 (llikolsky, 1962).

Alongside with this the paronts?! stock seems to adjust themselves by means of
their regulatory adaptive msochanism to a certain reproducing intensity suitable to
certain conditions of life.

The range of self-adjustment cannot actually be infinite. Therc arec many
cases referred to in litoraturo, for example, the bream of the Aral Sea, the Arur
autunn chum, the red from Alaska, tho North Sea herring and some other species, when the
rogulatory mechanisms were found disturbed. This is a grave signal that the conditions
of 1life for the population aro also disturbed, particularly it is too high fishing
activities that are responsible for the disturbances in the autumn chua of the Amur
River and herring of the southern North Sea. The system of relations governing the
process of the dynamics of populations can be represented in the following way:=-

\
i‘ /I\ t // :\\ + )\ : ///\;/ \\ + 4 + ///\V \\ + A +
/ \ 2 v Ty N -
N IR I S
[m] =2 =2 ==
A \\ + ;ﬁ A }Q + //‘ A k( A /
y A \
+ 0 + NN+ + 0\ + , /‘
S AN ] \b/ 3 i + \\h/ + I +

where RM = food supply,
FNiI = total mortality,
R = recruitment,
St = stock,

OF = occasional factors or phenomens which the
populotion is not adapted to.

The central horizontal links reflect the relationship of the stocks of
spawners and broods. the vertical links mean food relations and the predator-prey
roelation including fishing. Bonds or "occasional phenomena" as they might be called,
which the population is not adapted to are shown by broken lines.

The represcntation is based on the relation betwesn the stocks of spavners
and broods, but the reolation is expresseod znt by a simple function, but by =
correlation, i.c., by a ratio of such a type as: R = 0.5t
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Furthermore, tho relation is expressed not by o linear system of
co-ordinntes, viz., the mmbers of spawners - the number of broods, but by a throe-
linked relation:- the quantity and quality of spawners the quantity and quality of
broods.

By "quality" we mean suitability to tho conditions of life. It is evident
that those factors which are favourable under scme conditions, viz., eggs of
difforent quality, may prove damaging under other conditions. However, the relation
should be supplemented by a certain coefficient to show a level of reproduction. The
coefficient will depend on tho vertical bonds (predator-prey, food-consumer) which
appear in the population investigated. :

These data should be used as a basis in the construction of a model of the
population dynamics. Further corrections should be introduced from data obtained in
the analyses of the process of growth of year-classes from which recruitment to the
stock and mortality nre formed.

At the Moscow Session of ICES (1960) the author showed that the earlier
opinion that the mortality rate should be token as a decisive factor affecting the
formation of the age composition of the population, does not seem to be true, and,
furthermore, that the models of F. Baranov (1918) and Thormpson (1937) are most
unlikely to reflect actual biological pheoncmena. The connection between the rate of
growth of individuals, age at the first maturity and wide variations in the
recruitment composition are of great importance to the formation of the composition
of tho spawning pcpulation. Besides, as it was clearly shown on the example of a
number of species by G. D. Polyakov (1962), tho intereffcct of adjacent year-classes
to each other, i.c., their growth and maturation, is of great significance. The
mutual influence of the adjacent year-classes to formm the recruitment can, undoubtedly,
be well expressed mathematically.

The second group of corroctions, bound to a certain extent with the first
one, specifies the mortality rate of the population. In the estimate of the morta-
lity in the population, particularly in fish with wide fluctuations, the early
nothods suggested by F. Baranov (1918) on the basis of the relation between the age
conposition of the population and the mortality rate cannot be used. A detailed
discussion of mcdern methods of biological analysis and mathematical interpretation
of the mortality procecss are beyond the scopce of the present paper. In this respect
the suggestions made by Bovorton & Holt (1959), Tiurin (1962) and Boiko, Paper
No. lo, Comparative Fishing Committee, 1963) should be taken into consideration.

The formation of the prediction of a possible yield secns to remind the
operation of a decorating weaving machine. The warp will be a relation between the
stocks of spawneors and broods vhich is of a non-linear character, and further
corrections on the sizc and composition of the recruitment should be nmade from the two
interrelated processes of growth and mortality, this may bo dono by means of punch
cards.

The scheme suggested can be mathematically treated with the aid of
modern technique,and at the same time it does not secem to simplify very much the
biological phenomena trying to keep the biological peculiarities in the mathematical
interpretation, so it may secure the reliability of the prediction cstimated in this
vay.

At present, rosearches are being carried out to apply the above-mentioned
scheme to some populations of commercial fish, the nmost grave difficulties arising
due to lack of reliable data on the relation between the qualitative iidices of the
parents?! stock and survival of recruitment.

Surmmary

l. Difficulties which ariseo in the practical use of mathematical models
to the dynamics of populations, are firstly connected with some unsatisfaction of the
biological basis whoen one variable organism-enviromment is accepted, while other
factors are considered constant.

2. At the construction of mathematical models of the dynamics of
populations it is nocessary to proceed from an idea of a population as a self-
regulating systen which adjust itself to a certain regime of reproduction in compliance
with the food supply.




3« As o basis of prediction of the yield it is suggested to take the
relation between the parents stocksand recruitmont expressed by equations of a
correlative relation with non-linear correlation (at least it should be a three-
linked correlation).

4. TVhile constructing a model of the stock-recruitment relation it is
necessary to have in mind that both temms of relation are within a triotrophic system:
food-consumer (proy) predator. When some changes occur in the system both the stock
and recruitment moke an adaptive response by changing their biological indices.

5. Occasional effects which the population;invésﬁigatcd are not adapted to,
should be included in the mathematical model of the dynamics of population proceeding
from the hydrometeorological forecast.
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