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Annotation

Original data obtained in the course of maﬁy years of investigations
of the divergence of species of fishes are examined in the book according to
the principles and by the methods of population and biochemical genétics.
It is proven with comparstive materiai that two'qualitétiveiy different
levels of structure can be distinguished in'tha.pOpﬁlation.érganiza-
tion of aispecies, regardless of its‘ecological cﬂaﬁacteristics: :fi:stly,

historically formed, geneticall& stable pepulatios systems correéppnd-
ing to mathematical models of population subdivis_ioné.anda secondly,
structural components of such systex:;s - UL etement:ar?, at times very
variable, population units, formally corresponding to the model of a
"Mendelian population,” | |

The.iﬁportance of such species organization is discussed in4conneCn
tiog with problems of a rational fishing industry and in &n evolutionary
aspect.

Thirtye~nine tables, 70 figures and a b;blicgraphy of 474 items,

*Numbers in the righi~hand margin indicate the corresponding pages in
the original,
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Introduction

All bisexual species of plants and animals are representad by ' 3
more or less isolated groups reproducing in generations by populations groupings,
the biological characteristics of which cannet be reduced to a simple
sum of tﬁe properties of the organisms forming them. Now perceived as
an axiom is the statement that a population is a basic wunit of the evo-
lutionary process. It must also be taken into account that it a1$B is
the basic object of the practical activity of man, especially in such
spheres as the hunting, timber and fishiné industries,

The economic importance of fish pepulaticns iz rather great.

‘Thus, whereas 16,4 million tons of fishes were caught in the entire world

in 1938, by 1960 the catch had almost doubled end by 1969 had appruxie
mately tripled. Such a tendency of develcpment of the fishing industry
is dictated by the increasing need of mankind for protein food. However,
the stocks of many fishes are already marginal nqw; and a catastrophic
decrease of numbers is characteristic of individual species. |

Why are apparently inexhaustible stocks decreasing? At first
glance the answer is a simple one: the preséure of industry has 1ncteased
ecessively or the historically formed li§1ng conditions have changed.
However, more and more data are being accumulated which testify'thatvthe
reduction of the numbers of fishes can also be connected with a deficiency

in the structural organization of industrial species -~ their subdivision

into isolated populations.

Conscquently, to the degree to which the economically important
properties of populations are derivatives of their gene pools, the cor-

responding approach to the recognition and identification ef such communities,




end also to the explanation of factors of their stability and variability,
can be of decisive importance in the creation of the scientific principles
of 2 rational fishing industry. The same approach also has a gereral bio-
logical aspect, as the populatiOn.genetic data themselves already require
evaluations from the point of view of contemporary concepts of the problem
of specles and species formatione.

Nevertheless, in spite of the great successes achieved by popu=
lation genetics both in the development of mathematical appa- 4
ratus and in investigations of natural and laboratory populations, questions
cof fish population genetics until recently were worked out only Iragmen=
tarily, being limited to two or three polymorp$ous non=-industrial speciese.
In recent years, thanks to the successes of immunological and bischemical
genetics, substantial choages have occurred:. genetically polymorphous
systemé of blood.graﬁps and vérious proteins have been discovered inypréc«
tically all economically valuable fish species, which has made it possible
to come to grips with many important questions of the population
bie.ogy of fishes using.the principles and methods of genetics.

' The present investigation is devoted to a comparative genetic and

biochemical analysis of the population structure 6£ species.

In the organization and conducting of the ihvestigation we strove:d

1) to determine the hereditary variability of species different

in ecology and on the path of a broad gemogeographic analysis to use core

responding markers to solve a number of concrete problems in the recoge-
nition and identification of isolated populations, so-called local st#cks
or racesg;

2) to clarify distinctive features of the internal organization
of such communities and on that basis to attempt to characterize a fish

papulation as an object of genetic investigation and economic activity;




.{. 3) to estimate the importance of the genetic divergence of
species in fish from the point of view of contemporary evolutionary theory.
Material has been obtained on‘the genetics and biology of popu~
lations of the redfish, anchovy and Pacific éalméns.

The anchovy Engraulis encrasicholus L. was represented in our

matérial.by two geographic races: the Azov (E. e. maeoticus Pusanov) and
the Black Sea anchovy (E. e. ponticus Alex, ). Inmunogenetic investigations
were conducted on the exp;ditionary vessels of the Azov-Black Sea Sciene
thfic Research Insticute of Sea Fisheries and Oceanography

(AzcherNIRO). In January-March 1963 (Black Sea) and in July 1963 (Azov
Sea) the suthor participated in vhe work. Blood groups were discevered

in the anchovy during those expeditions. The remaining work amounted to

to a series of detailed surveys of the space-time distribution of pheno-

types mainly in the Azov Sea (1964-1966) and was done under our supervision
by co-worker V.V. Limanskii of the AzcherNIRO.
Material reflecting the variability of antigenic properties of
theired coxpuscles of the redfish was gathered ih_the Newfoundland
- region during expeditions to the Northwest Atlantic (in July=-October 1964
and 1965).
Investigations of distiactive features of the stocks of Pacific
. salmons in relation to various genetic markers -~ electrophoretic variants
of proteins and isoenzymes == were conducted with the direct participation
of the author during expeditions of the Laboratory of Genetics of the
Institute of Biology of the Sea of the Far Eastern Scientific Center (FESC) of
the USSR Academy of Sciences on Sakhalin, Kamchatka and the Kuril

Isiands (1968-1972). Woxk with the salmons is still far from completed,

and so in the present investigation only a portion of the information on several




stacks of keta /chum/ and one stock ofvsoékeye will be presented; this
section of the work is complete, in accordance with the tasks assigned.
tasks.

In the final chapter we examine the interspecies variability of pro-
teins geneticaily monomorphous within‘abspecies.'.This ling of analysis,
which results logically-from certaiﬁ general corollaries from the popu-
lation genetics section of the work, is based mainly on the author's own
material and theose of co-wbrkers of the Genetics labeoratory of the Insti-
tute of Biology of the Sea, FESC of the USSR Academy of Sciences.

It is understandable that all this work could be accemplished only
by a collective group. of investigators, and the author sincerely thanks his

closest co-workers and colleagues who made an important experimental cone

tribution to the working out of the problem -~ V.V Limenskii, A.N. Pa-

yusova. CoN. Nefedov, E.A. Salmenkova, V.T. Owel'chenko, L.G. Volokhon~
skaya, GeD. Sachke and V.I. Slyn'ko.

In its various stages the present investigatiun enjoyed theé constant
support of the director of the All-Union Scientific Research Institute
of Sea Fisheries and Oceanography (VNIRO), A.S. Bogdanov, énd his deputy
P,A. Moiseev, the director of the N.M, Kipovich Polar Scientific Research
Institute of Sea Fisheries and OQceanography, A.P. Alekseev, and co-workers
of the same institute K.G. Konstantinov and G.P. Zakharov;' Much help was
extended us in the organization and accomplishment of work on Pacific
salmons by the chief of the Main Fish Breeding Administration I.V. Nikoe-
norov, the head of the Fish Breeding Section of the Main Fish Breeding
Aduministration L.V. Polikashin, the chief of the Sakhalin Fish Breeding

Administration S.A. Ugryumov, the head of the Fish Breeding Secticn of the




Sakhalin Fish Breeding Administration IL.M. Zolotarev and directors of
Sakhalin fish hatcheries V.T. Petrenko and T.T. Kochetkove The
author takes this opportunity to express:his sincere gracitdde to all
those peréons. |

I would also like to emphasize the great importance of my relations
with Yu.G. Rychkov, both in the process of direct collaboration and in
the discussion of general probleﬁs of population genetics, had in the

formation of my ideas.

Chapter I. The Prcoblem of Fopulation Organization of Species in Fishes,

The Necessity of Gen.tic Investigation .

The concept of differentiation of widely distributed species of
fishes into a large numb.: of populations differing in numbers, distinc-
tive features of biologyv and .charscter of subordination seems at the présent
unquestionable. However, in ichthyology there still is no single con-
cept of population, as is testified to by the variety of terms and no-

tions usually encountered in works devoted to the structure of species.

One can count up to ten names relating to various kinds of intraspecies
groups below the subspecies: "race", “tribe", "morph", "stock", "popu-
lation", "grouping", "seasonal race', "intraspecies blological grouping", etc.

Indefiniteness of this sort also exists in the latest works pur=
suing the goal of creating a universal classification of the population
structure of species.

For example, according to N.V. Iebedev {1967) the populaiion
hierarchy bf species in fishes is composed (from the top downward) of

subspecies (= geographical races) =« ecological races == stocks -~ elew

mentary populations.
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GeV. Nikolfskii (1968, 1971) distinguishes four types of intra-
species groupingé:

1) geographical races, or subspecies;

2) ecological groupingé, or ecotypes;

3) seasoﬁal forms;

4) temporary races or.subfossii subspecies.

The author simultaneously expreéses the hypothesis of the non=
hereditary nature of most intraspecies groups in fishes, although he also
stresses the importance of comprehensive study of the pupulation structure
of species both for the further developmént of the theory of the dynamics
of populations and for the organization of a raticnal fishing industry.

The practical aspects of the population biology of fishes were
thoroughly discussed in the ﬁonogréph of N.V, lLebedev (1967), but, in
contrast with G.Ve. Nikol'skii, N.V. lebedev considers only an elementary
population to be = nohuhereéitary subdivision of a species.

Meanwhile, the answer to the question of the contributioniof here=
dity and environment  to the formation of the biclogical characterise
tics of populations is of fundamental importance for practical activity:
if a species is subdivided into isolated population units, then Qithout
a clear idea of the specific features of their biology the organization
of a rational fishing industry is unthinkable, as is the conducting
of the corresponding fish breeding measures,

Estimation of the depth of the genetic divergence of a species
must also be of interest for evolutionary theory, since from as far back
as the time of M. Wagner jsolation has been considered one of the important

conditions of species formation.
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In the new treatment of E. Mayer (1968) the problem of species
formation is the problem of isolates.
It seems advisable to briefly review the history of the formatien

of this ; trend in  ichthyology.

Some IradifiohallApproaches to dnalysis of Intraspecies

Differentiation of Fishes

The first work on this plane was that of the German ichthyologist
F. Heincke (1898)., In his monograph on divergence of the Atlantic herring

Clupea harengus he emphasized adherence to the conception of Charles Darwin

in the treatment of intraspecies variability. The author introduced the
method of combined characters, which permitted distinguishing within the
‘ Hmits of the sﬁecies up to 30 fine groupings which were éalled races by him
%@ and defined as groups of 1ndividuéls "living in a singlg region, under
identical conditions, having identical habits and being in a very close
blood relationship; distinguishing characters of.races'are hereditaryﬁ.
Since the time of Heincke investigations of races in iéhthyology
have been conducted mainly on the basié of analysis of morphological
characters. We will not discuss here all the enormous literature on this
subject, as there are several generalizing publications (Kirpichnikov, 1933,
1935, 1943; Altukhov, 196%9a), but will only point out the extensive inves~
tigations of intraspecies divergence of the eelpout and the cod (Schmidt,
1917, 1930), the smelt (Kirpichnikov, 1935) and the sockeye (Gilbert, 1914-
1925, according to Konovalov, 1972), which occupyaspecial place in this
cycle of work and which led to the discovery of a large quantity of merpho-

logically different local races. Thus, for example, the description and
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mapping of the ranges of races of the cod are given on the basis of re-
sults of analysis of the variability of a number of vertebrae and fin
rays of about 20,000 fishes from 114 stations which embrace the greater part
of the range of ﬁhe speeies.in the_Atlan;ic. Othexr spac;es‘havg gls§
been studied in no less detail.

It should be acknowledged, however, that in spite of a consider=-
able contribution to the problem this approach has encountered a number
of serious difficulties in the interpretastion of data. ne of the most
important limitations was establishment of a wide dependence of distince
tive features of the external structure of a fish on changes i the en-
vironment, features reflected in both plastic and meristic characters
(Schmidt, 1917, 1920; qubs, 1922, 1925, 1926; Kirpichﬁikov, 1933, 1935,
19435 Vladyi:ov, 1934; Dannevig, 1932, 1933; Mottiey, 1934, 1937; Hile,
19385 vWunder, 1939; Gabriell, 1944). All these widely known works, and
also relatively new méterial obtained in the investigation of various
species (Taning, 1952; wWilder, 1§52; McHough, 1954; Lindsey, 1934, 1958,
19625 Hampell and Blaxter, 1961; Templeman and Pitt, 1961; Ben-Tuvia,

1963, etc.), clearly showed that the external expression of a given

meristic character depends cn a number of environmental fzotors (teme.

perature, salinity, and the gas and light regimes) which exert the most

substantial influence in the early periods of ontogeny (Fowler, 1970).
In stuﬁying such modification variability it is very difficult

to decide with what the differentiation of morphologically or biclogically

different populations is connectedt whether it is actually an indicator

of their reproductive isolation or simply reflects the influence of ex=

ternal conditions on the eggs, embryns or larvae of fishes in geographe-

ically or ecologically separate sections of a range.
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It is not surprising, therefore, that after a period of general
enthusiasm for the description of new races a time came when races
discovered earlier began to be "shut down". Thus, for example, T.F,
Dement'eva et al, (1931) and E.V..Mesyatseva (1937), investigating the
Barents Sea cod, described four to seven races of it which could not be found
later (Dement'eva and Tanasiichuk, 1935). There was a similar situation
with the Caspian roach (Petrov, 1930; Morozov, 1932; Zernov, 1938; Kara-.
vaev, 1939; Sergeeva, 1963). The number of examples could be increased

greatly.

In fhe 1930's apbeared a trend called "experimental system~
atics" (Schmidt, 1930; Huxley, 1942; Kirpichnikov, 1943), which regarded
the problem of recognizing reproductively isolated races of fishes as pri-
marily a genetic problem. In these studies the importance of a strict
delimitation of the hereditary and modificatory variability of racial
characters was emphasized and it was shown that many morphological features,
in spite of the modifying infiuence of thehenvirOnment on theﬁ, are
hereditary. A classic example of investigations made from that point of
view is the work of V.S. Kirpichnikov (1943) on the systematics of the
carp (geographically remote races of that fish and their hybrids were ana-
lyzed in detail morphologically and biologically under. practically identi-

cal conditions of habitation).

It is difficult to conduct such investigations on marine fishes,
however, taking into account certain distinctive features of their
ecology and the difficulties connected with keeping them in an aquarium.
Similar difficulties often arise also in investigating many semi-anadromous

or even freshwater fishes.

For these reasons the tagging of fishes and analysis of their
parasites have obtained substantial development in ichthyclogy. Such

investigations have given much that is new for understanding the patterns

of fish migrations and differentiation of various intraspecies groups
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(Dogel!' and Bykhovskii, 19383 Shul'man and Shul'man, 1953; Templeman,
1953, 1962; Strelkov, 1956; Polyanskii, 1958; Shul'man, 1956, 1959; Hare
gis, 1958; Fleming, 1960; Sindermann, 196la, Szidat, 1961; Templeman and
Squirs, 1960; Yanulov, 1962bj; Konovalov, 1963, 1971), but they also made
known the limitedness of those methods of analysis. It has been made
clear that tagging is costly, and for a number of deepsea and pelagic
fishes* it is in general impossible.

For successful parasitological analysis it is necessary that the
parasite be retained in the fish organism for at least a few years, not
lead to its death and have a conctant geographical localization (Sinder-
mann, 1961a).

Consequently it becomes evident that neither of those two approaches
can be considered universal in the analysis of the population structure. of
a species, In order not to make unsubstantiated statements, I will refer
to all the generally known complications which are‘constantly encountexed
in studying the intraspecies differentiation of Pacific salmons, White Sea 10
herring, cods, haddocks and redfish of the Northwest Atlantic and Barents
Sea, etc. Similar problems also arise in the assimilation by industry of

mackerel, sardines and tuna in the waters of the Atlantic and Indian oceans.

_In addition, even the question of differentiation of the stock of the At-

lantic herring, studied almost a century, has not yet been sclved and is
the subject of unceasing discussions (Blaxter, 1958; Einarsson, 1958; de

Ligny, 1969).

*For example, mass tagging of herring and tuna gives tag returns of the
order of 0.01-0.03 (Roedel, 1954; Dragesund, 1964).
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It will not be an exaggeration to say that the problem of recog-
nition and identification of reproductively isolated groupings within a
speciés of fishes also in our day is, perhaps, no less acute than at the
start of corresponding investigations in ichthyology. In the foreign
literature now it often is called the problem of subpopulations (Marr,
1957); Soviet ichthyologists prefer to speak of local stocks or races,
and in a number of works those concepts are treated as identical (Krykhe

tin, 19583 Yanulov, 1962a).

New Wording .of the 0ld "Race" Problem.

Hereditary Polymorphism as the Basis of Analysis

of the Genetic Structure of Populétions

According to Marr (1957a, p. 1) subpopulations are the smallest
natural self-reproducing units, for which the term "dem", -used by taxo-
nomists, can serve as a syncnym. Differences between subpopulations are
slight, but they are hereditary. Members of subpopulations are segregated
in the spawning period and, consequently, c¢rossing within it proceeds in
any possible directions, whereas gene exchange between different subpopu-
lations is hindered to some degree, As a result of that each subpopulation
is characterized by specific features of recruitment, growth, natural mor-
tality, migrations, behavior, etc., which are'to a greater or lesser degree
independent of analogous biological indicators of other subpopulations
within the same species. fhus a very high degree of genetic closeness of
individuals within a subpopulation is a very important character which
distinguishes it from a "stock" (Russian stado ) and a “group" =« two

additional non-taxonomic units}distinguished by Marr., But, as the author
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S prevpy

points out, these last-mentioned concepts are very indefinite; the close=
ness of members of the stock is not hereditary, but is caused by the con-
ditions of existence, and the character of the difference between groups -
is not clear at all.
K.P. Yanulov interprets the term “stock"(stado) differently: "A 11
stock is a group of fishes sufficiently isolated in relation to ~ region
of ﬁabitation, and morphological anatomical and biological characﬁéristics.
The individuals forming the stock must have a more or 1ess.c1early expressed

affinity which can be maintained, on the one hand, by exchange of

hereditary characters between separate small biolozical units (populations)
forming a part of it and, on the other, as a result of the absence of a
conéideréble flow of hereditary characters from cther genetic grﬁupings. It
is an essential feature of the stock that its abundance (numbér; and bioe
mass)‘are determined by environmental factors (biogeniq and abiogenic)
acting within the boundaries of the stock and, consequently, influencing
the reinforcement of stocks and growth and mortality within it" (Yanulov,
1962a, pp 285-286). Thus the “"stock" in the'understandinngf Yanulov abe
sorbs in itself the "subpopulations" of Marr.

Oa the other hand, the definition of a subpopulation is similar to
that of a race given long ago by Heincke, and almost identical to that
which V.S. Kirpichnikov wrote in the 1930's on the matter, considering a
race of fishes as a "freely multiplying, isolated (at least in the period
of multiplication) community, representing a mixture of genotypes" (Kifpich-

nikov, 1933, p 618). "We consider races to be the smallest possible popu-

lations, in the main not mixing with other populations: completely free

multiplication is possible in general only within each race, but if mixing
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occurs on a considerable scale during multiplication, the differences of
races from one another are not constant enough (Kirpichnikov, 1935, p 181,
author's emphasis, Yu. A.).

Thus the just-discussed definitions of reproductively iselated group-
ings  within the limits of species in fishes show that the old "race”
problem faces us now, although in a form essentially unchanged, but already
in a different edition: whereas in the 1930's and 1940's the raées of

fishes were the subject of investigations of experimentalisystematics,

. now features designating the problem as one of population genetics have

bevn introduced into the definition of race.

In recent years this aspect has been especially emphasized in the
cycle of studies stimulated by the Food and Agriculture Organization (FAO)
(Division of the United Nations Organization for Questions of Food ) and
the International Council for the Exploration of the Sea (ICES) and directed
toward the genetic and biochemical investigation.of thé population structure
of economically valuable species of fishes.

Thus in 1964 Parrish formulated the concept of "the basic popue 12
lation subdivision of fishes", distributed as a technical fishing industry
¢ocument of the FAO. Im that wor& a subpopulation (or separate stock ==
“unit stock") is defined as “a relatively homogeneous and self-reproducing
population, the losses of which as a result of emigration and acquisitions
és a result of immigration,'if there are such, can be ignored in estimating
the rate of growth and mortality".

The author is aware of the relative character of such a definition,
but for most species of fishes proposes a universal conception which dise

tinguishes two types of populations:
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1) geographicaliy isolated groups which are protected from free
mixing and 1nterbreeéing with members of neighboring groups by migration
barriers;

2) reproductively isolated groups whicﬁ constitute a general
locality and ;re encountered and exploited together in the course of part
(or all) of their life cycle,

It is considered that the first category of populations is well
defined ecologically, for example, among-bottom species whose stocks, inhabit-
ing different banks, prove to be isolated from one another by deep trenches
and (or) distinctive features of currents ("watér type barriers")., The
second category of populations, characteristic of pelagic species according
to Parrish, is identified with difficulty, as the ranges of separate stocks
overlap in the course of a large part of their lives, and the morphclogiéal
differences between them are not amenable to unequivecal estimation. In
connection with this Parrish emphasized the need to search for new, strictly
genetically determined characters.

. Running ahead a little, I will point out that already by 1969 the
possibility of continuing this line of discussion in terms of population
genetics had apﬁeared. At a speéiai seminar of the ICES on “Serological
‘and Biochemical Identification of Fish Stecks", held in Dublin in 1969,
it was proposed (MYller, 1971), in place of the term “"unit stock", to use
"population", defined by Dobzhansky (1951) as "a reproductive community of
organisms with a common gene pool%,

This is a very important circumstance, for only in population
genetics has a quantitative theory been created and doves it continue to

. be improved, a theory describing the laws of variability and stability
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of populations in time and space and at the same time serving as a working
tool of investigation of populations in nature by comparing them with theo-
retically postulated models. 4 systematic account of those principles,
which were formulated in the works of J. Hardy, Weinberg, S.S. Chetveri-
kov, N,P. Dubinin, D.D. Remashov, S. Wright, J.  Haldane anq Re Fisher, is
given in-the monograph of Li (1966), ﬁo which.we_wili'refér repeatgdly in
the future. ’

I will emphasize here, however, that to study the ggnotypical come
position of populations one cannot limit oneself to external polygenic
feaiures with an unclear mechanism of gene contrel and with an at times
inseparable paratypical component in their expression, and one should study

qualitative characters with a simple hereditary basis, which correspond

most, in our opinion, to the goals and metuods of population genetics.
Intrasﬁecies variability of this type is the basis of genetic polymorphism
-« the presence in a populatign of "...two or more well~designated forms
capable of appearing in the offspring of a single female and encountered
with a frequency high enough to excludegsustgining the-rarest of them by
repeated mutation" (Ford, 1940, p 493).

Such variability in fishes was investigated for the first time by

M. Gordon (1947) on "platy" (Xiphophorus maculatus) living in rivers of

Central America and Mexico. In those wild parents of our aquarium fishes

there is a whole series of alternative states of one and the same gene
(so~called multiple alleles) which are responsible for the syntﬁesis of

the pigment mclanin, concentrated in special cells -- the melanophores

on the tail; eight frequent and five rare types have been detected which differ

sharply from one another by the character of the markings (Figure 1). Having

13
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Puc. 1. Hacaencrpennsil nosnmopditaM okpackit Xsocra y nemnnuit  Xiphopho-
rus maculatus (caMupt), oGyCHOBACHURIT cePHell ale/biibix reHoB:
1—3 ~— pasauduble RACNEACTBCHHLIE MOPhB! teuuARll. B npasoM mbKHeM YFAY — PC/IKHE THIH

(tio Gordon, 1947; ¢ uameuenienm),
Figure 1. Hereditary polymorphism of tail coloration
in the "platy" Xiphophorus maculatus (males), caused
by a series of allele genest: 1 « 8: different heredi=-
tary morphs of "“platy". In the right lower corner are
rare types (acc. to Gorden, 1947, with modification).

demonstrated the hereditary nature of the polymorphism in the créssings

of different "platy" with one another, M. Gordon then investigated more
than 5000 fishes in four large rivers flowing into the Gulf of Mexico

and showed that characteristic of each river is'its owd' population which
differs from the rest both in the frequency of encounter of general genes
and in particular genes characteristic of it alone. It also was estab-
lished that, besides large populations of "platy", small local populations.
form which dwell in brooks, tributaries or temporary lakes pinched from
the main riverbed in the period of drought., The differences between small

populations are less significant than between the large, but are reliable.
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Gordon allowed for this circumstance and, when he created
a "key" for the determination of large populations, pointed out that "a
key of this type works only if samples taken at different points of the 14
river system have been taken into account",
Since the spots did not lose their color in Formalin, the author
was able to compare his own collecfions with those made‘during-YO years and

show constancy of the frequencies of four out of seven genes responsible

for the character of the markings on the tail. (Opn the basis of these data

M. Gordon established that "platy" imported into Europe in 1909-1911, which

beceme a favorite of aquarists, derived from Honduran populations living
in the Coatzacoalcos River. They could have been caught at one time only
near the port of Paerto Mexico, since such types (1, 2. 5 and 7 on Figure
1) are no longer encountered at any other places.

Thus for the first tihe in ichthyological "race" investigations
differentiation of isolated populations on the basis of gene frequency
was demonstrated, that is, as this is usually done in works on population
genetics. later, in an example with stability of polymorphism, reproduci=-

bility was established in generations of populations in the absence of any

- sort of substantial genetic exchange between them. And, finully, the 15

dismemberment of large populations into second-order isolates ~- local,
at times temporary populations, was shown.

Such a direct genetic approach, based on the rapid and precise com=
parison of large samples, permits most completeiy analyzing the population
structure of a species, but due to the striking external uniformity of
many fishes (cod, the Pacific saury, and salmons) it has not been poOSa=

»
sible to carry out such a study. (Therefore the investigations of "platy"

\\'
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and twn or three other non-industrial species (Kosswig, 1964, 19663 Kir-
pichnikov, 1969) for a long time remained the only ones of their kind.
Only at the end of the 1950's, when the ideas and methods of im-
munologigal and biochemical genetics began to penetrate ichthyology, were
the possibilities opened of population genetic investigations of any spe=
‘cies on the basis of their variability with respect to blood groups and -

different proteins.

Chapter II. The Objects of Investigation

Striving to obtain sufficiently complete information about the population

genetic organization of the species, we selected as objects of investiga-
tion representatives of bottom (redfigh), _ pelagic (anchovy) and di-
adromous (salmons) fishes.

Our selection was also determined to a considerable degree by the
fact that the most important biological characteristicé of those species
have been studied rather completely, including distinctive fea:ﬁres of their
internal subdivision into isolated communities, separated from each other
by various natural boundaries and features of reprcductive behavior. The
unity of the range and the integrity of the morophological, biological and
ecological properties of such stocks pexmit regarding them as historically
formed groups of individuals amenable to the same study according to the prin-
ciples of population genetics as they usually are investigated by ecologists.

Figure 2 gives a general concept of the regions of the work.




23

TN 60 B0° 0 I0° 190 160" 160° 160° 150 -

TR —
iy SN N :
: [t SRS 'y
j _
! N
J4g°
LY
- Za.

Figure 2. Regions of work on fish population genetics.

The Systematics and Biology of the Azov and Black Sea Races of the Anchbvy

Systematics and phylogeny. The family of anchovies (Engraulidae)
embraces 9 genera with 40 species, dwelling in the waters of the Atlantic
and Pacific oceans. The anchovy is widely distributed in seas of the tem-
peraﬁe zone, reaching 62° N. Lat. in the north with the Gulf Stream, and,
in the south, to the west coast of Africa and in a limited quantity to
the Canary Islandse. At.least four geographical racés (subspecies) of the
anchovy dwell in that extensive area, Their characteristics are known
thanks to the work of Fage (1920), A.I. Aleksandrov (1927), L.I. Puzanov

(1936), Demir (1968), and cother authors.

16
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Races of the anchovy differ‘from one another in theix morphoe=
logical characters and geographical distribution, The times of repro-
duction actually coincide, but this does not destroy reproductive iso=
lation bgcause, it is thought, each of the subspecies is strictly local-
ized geographically.

The question of the phylogenetic relatioﬁs of r;ces of the anchovy
also "has been éxamined. According to Fage, the evolution of anch;vies
proceeded f£rom ancestors which had emigrated from the trobics. There was
an increase of the number of vertebrae and rays in the dorsal fin, and the
latier also moved closer to the head., Of contemporary representatives of
Engraulidae the largest number of primitive characters . 18 inherent -

in tropical species, particularly the genus Stolephorus, which differé‘,

_ from the genus Engraulis in its smaller body dimensions, a smaller number of

vertebrae, the position of the doysal fin back of the center of the body,
remains of serration on the belly and the presence of a narrow silver
stripe on the sides of the body. |
Referring to the description of the §03311 E, evolans Agassiz,
Fage considers the Mediterranean anchovy to be a tropical relict race
ar.d dates its appearance in the Meditexrranean Sea to the Eocene-Miocenes
Fage éerives the group of anchovies of the eastern Mediterranean (include
ing the Black Sea anchovy) from the group of the western Mediterranean,
startiﬁg in the Quaternary, when Egenda sark and the Dardanelles formed.
The scheme of evolution of the anchovies proposed by A.I. Aleke«
sandrov (1927) appears as follows. The anchovy E. evolans Agassiz, which
penetrated the Mediterranean Sea of the Eocene from the ccean, at the same

time or at the start of the Miocene settled the South Russian Sea and,

17
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in particular, its southeastern part. This was an extensive water body,
warm and salty, with similar external conditions in its western and eastern
parts. In the Sarmatian time the eastern parﬁ of the water body proved to
be cut off from the ocean for a long time and experienced a nuﬁber of cone
traction; and freshening. The western part of the Mediterranean Sea,
except for a short period,‘communicatéd with the ocean the whole time.
Thus formed two groups of anchovies which had evolved in dissimilérlsitua-
tions: the evolution of the eastern group proceeded .at a slower rate than that of
the western, and this also determined the preservation of a movre primitiQe
apyearance by the Azov anchovy.

A.I. Aleksandrov concludes that since the Upper Miocene there have _18

been two centers of evolution of the species Engraulis encrasicholus: in

the western part of the Mediterranean Sea and in the eastern part of the
old Pontic basin. These isolated groups of anchovy also were the stérting
groups for the remainihg Eurdpean subspecies, The-Atlénﬁic anchovy derived .
from the Western Mediterranean group, and the Black Sea from the Eastern.
I.I. Puzanov (1936), accepting the general scheme of evolution of
the anchovies presented by A.I. Aleksandrov,‘did not agree with him in
ralation to the phylogenetic connections of the Azov and Black Sea forms.
He assumes that at the end of the glacial period, when the connection of
the Pontic basin with the Mediterranean Sea was restored, that is, the
contempofary Black Sea formed, the semi-freshwater orgasnisms which had
lived in it, including the anchovy, under the inrush of salty Mediterranean
waters pouring through the Bosporus, were driven back into the freshened

sections of the Black Sea basin =-- into estuaries and into the Sea of Azov,.

Among the Mediterranean newcomers which settled the Black 3ea was
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the anchovy of the Mediterranean race. Under the influence of the freshe
ened water, low temperature and, possibly, partial mixing with the Azov
race, it formed the contemporary Black Sea race.

Thus the question of the phylogenetic relations of the Azov and
Black Sea races of the anchovy, it seems to us, remains open. At the same
time their taxonomic apartness gives rise to doubts in no one and §ubspé~ )
cies independence is accepted by all ichthyologists. Thei; ecology has
also been studied in sufficient detail. We will examine here the main
data ﬁaving a direct relatioﬁ to thé undexrstanding of further material.

Ecological features of the Azov and Black Sea races of the anchovye

The anchovy o= a pelagic fish living at a temperature of 6-29° C and a
salinity of 5-41.5% -~ belongs among fishes with a short life cyclé. Its

life is not more than three or four years long {(Maiorova and Chugunova,

- 19543 Kornilova, 1960). The principal part of the stock of the Azov ane |

chovy (60%) conéists of yeaflings (Kornilova, 1960; Taranenko, 1966), The
anchovy matures and reproduces for the first time in ﬁhe-second summer of
lifes iﬁs spawning is very long and often continues for four or five sum-
mer months. Fertilization of the eggs is external, immediately after
spawning. The incubation period lasts not more than three days. Hatched
larvae are encountered in the same place in which the éggs were laid,
and then are scattered over the area. The

short length of life and early maturing lead to rapid renewal .of the stock
of anchovies, practically every other year,

A general characterization of the anchovy is given here, In the

écology of the Azov and Black Sea races, however, there are many funda-

nmental differences.

19
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N.V. Lebedev (1939, 1940) distinguished six periods in the life

cycle of the Azov race: wintering, spring migration, pre-spawning feeding

and growth, spawning, pre-migration feeding and growth and wintering mi-
gration., |

After wintering in the Black Sea the Azov anchovy completes spring
spawning and feeding migrations to the Sea of Azov. ‘A general scheme of
the migrations is presented in Figure 3. Moving away from its winbtering
places, the anchovy begins to feed intensively while still in the Black
Sea, on the way to and in the Sea of Azov itself. On the way to the Sea
of Azov the sex glands go from stage II of maturity into stage III. The
spawhing of the anchovy occurs on the entire area of the Sea of Azov except
the very fresh Gulf of Taganrog. Immediately after srzwning the prew.
migration feeding and growth starts, during the time of which the anchovy
remains dispersed, not forming dense accumulations. Upon conclusion of
thé feeding andAgrowth, usually in'Septeﬁber, tﬁe anchovy ceases feeding,
assembles into large concentratioas and starts advancing toward Kerch' ‘ 20
Strait,

Upon emerging from Kerch' Strait the anchovy accumulates in the

" northern part of the Black Sea near the strait and remains tlere for some

time. The further direction -of movement toward the shores of the Caucasus
or the Crimea is determined by the_p;edominance of one of the currents,
the Black Sea or the Azov. The Black Sea current, warmer and constant,

is directed toward the shores of the Caucasus; the Azov =« colder, supere
ficial and less salty -- toward the Crimean. The entry of a fish into a
given current depends on the time of its emergence from the Kerch ' Strait,

the distance from the shores,. the depth of submergence and the spatial
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Puc, 3. Pacnpocrpaneniie n cxema Marpaumuft asopckoro amyoyca (mo Maftopo-
Boit ¥ Yyryuosoir, 1954):

I~ ocenune cKOMMeHus; 2~ 3HMiNe CKOMJACHRS; 3 — jieTiee pacnpenenciiie; 4 — nyTs oOceH-
HUX Murpawsil; § — gyTH Becenuux rurpammit.

Figure 3. Distribution and schematic diagram of migrations
of the Azov anchovy (acc. to Maiorova and Chugunova, 1954):
1 - autumn accumulations; 2 - winter accumulations; 3 = '
summexr distribution; 4 - patiis of autumn migrations; 5 -

‘ paths of spring migrations. _ :

position of a given current. Therefore in differenﬁ years the quantity

of anchovies wintering off the coasts of the Caucasus and ghe Crimea is
not the same. Most often the anchévy is directed toward the coast of the
Caucasus, as the autumn cooling forces the fishes t§ submerge into the
~deep layers of the water where the Black Sea current runs, the tempera=-
ture of which is 1 or 2° higher than that of the Azov. In some years the
anchovy winters off the Crimean coast or the coasts of the Caucasus and
the Crimea. Sometimes, after a long delay off the Crimean coasts the
anchovy moves toward the coast of the Cauc;sus for wintering. Thus the
Qintering places of the Azov anchovy in the Black Sea do not remain strictly

constant: in warmer years they are further north, and in colder years

further south (to Sukhumi).
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In the autumn and at the beginning of winter (November and Decem-
ber) the fishes completeAdaily vertical migrations, which usually cease

towards January. At that time the anchovy descends deeper (in cold winters

—— into so~called pits with a depth of up to 150 meters),»where they winter

without feeding. With warming (in March) it rises from the depths, but still
remains for a long time at the wintering places. In April the anchovy
approaches the coasts and, feeding intensively, migrates toward the Kerch'

Strait.

Besides the above features of distribution and migrations,
biological heterogeneity of accumulations of the Azov race of anchovy has
been discovered in the periods of spawning and feeding and E&rowth in the
Séa_of Azov, a fact of fundamental importance in further analysis. In-
vestigating in detail the biological characters of the Azov anchovy, N.V.
Lebedev (1946) pointed out that different grouﬁs of fishes do not complete
the pre-migration feeding and growth in the Sea of Azov and start their
wipfer migratién simultaneously. Moreover, it has turned out that the
migrating anchovy differs considerably in its biological state from the
fishes remaining in the Sea of Azov. Thus, whereas in the migrating anchovy
Fulton's condition factor is close to unity and the percentage of
hemoglobin content in the blood is high, in the non-migrating the con-
dition is smaller than unity and the hemoglobin content in the blood is
much lower., Whereas the formér does not feed and is distributed in the
area of the sea before the strait in the form of a concentration, the

latter at the same time feeds intensively and is dispersed.
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As a result of analysis of thé distribution of the anchovy it has
been made clear that ;ts biological state is considerably variegated at
the same time and under conditions of uniformity of the environment over
the entire range. In addition, it has turned out that the anchovy is not dis-
tributed disorderedly in the Sea of Azov, but in individual, clearly dif-
ferent groups. It also has been established that besides a similar bio=-
logicél étate, individuals.of one group are also similar with respect Eo
lincar dimensions (their variation is similar). Reflecting the rate of
growth of individuals, the linear dimensions a;so are characters of phy=-
siological similarity.

In studying the internal structure of the discovered groups it
Eurned out that the fishes in them are encountered in both dispersed and
highly concentrated states. The scattering of groups can from day to day
increase at one time and decrease at another, and the area occupied.by ﬁhe
group also changes: . the smallexr the concéntration of fishes
inlthe group, the larger the area it occupies. However, even in tﬁe state
of maximum dispersion a group preserves its spatial individuality and can

be contoured and mapped side by side with other groups.

In giving a definition to the discovered communities, N.V., Lebedev
compared them with schools, shoals, age-groups, stocks and races and con-
cluded that they ave not identical to any of those groups. Actually, the
concept of shoal and school is always connected with the presence of a
dense mass of fishes, Shoals and schools cease to be such if the individu-
als comprising them are scattered one by one. However, the discovered groups
are characterized not by the size of the concentration of fishes but by their

biological state; the fishes in them can be dispersed or in the form of
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of schodls and shoals. They also are not identical to stocks or races, as
they are not represented by all age groups. At the same time these popu-~
lation units cannot be called age units (with the exception of groups of
immature fishes) as they consist of fishes of different age, even if there
is a predominance éf oﬁe of them. Thus the author could not call the groups
he detected by one of the names existing in ichthyology and, since they
differed from all known intraspecies communities primarily by physiological

homogeneity, he gave them the name of elementary populations,.

The annual life cycle of the Black Sea anchovy was subdivided by

AN Maiorova and N,I. Chugunova {1954) into two periods, the summer and
the winter, In the warm time of year (from May to September) the anchovy
is widely distributed in the Black Sea, multiplying, feeding and growing,
but in wiﬁter it leads a passive form of life. A general scheme of the
distribution and migrations of the Black Sea anchovy is presented on Figure
4. Within the Black Sea race of anchovy the autho?s distinguished two
stocks, the eastern and western¥*, with migration paths which do not coin-
cide. The anchovy of the eastern stock, wintering in the Poti-Batumi
region, migrates to the north along the coasts of the Caucasus and spawns
near the Crimea and Kexrch Stra;t The migrations of the anchovy of the
western stock, which winters off the southern coast of the Crimea, are
limited, as a rule, to the regions of the Crimean peninsula and the north-

western part of the Black Sea. The main part of anchovies of the western

*Anchovies of the eastern stock differ from the western in earlier times
of the onset and conclusion of spawning; they are somewhat smaller than
the western; they have a slower rate of growth, and this is expressed
especially clearly in the first year of life. ‘

22
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. Puc. 4. Pacnpocrpanenne H cxeMa MHIpanuil yepHOMOpCKoro amgoyca (no Mafio-
. posoit 1 Hyryrosoil, 1954):
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Figure 4, Distribution and schematic diagram of migrations
of the Black Sea anchovy (acc. to Maiorova and Chugunova,
1954): 1 « summer distribution; 2 - spring and summer ace
cumulations. Positions 3=5 ere the same as in Figure 3.

stock enters at that time the very shallow ndrthwestern‘region of the A 23
sea, well-warmed and rich in plankton, where it spawns, and then it fat- |
tens in the region from Dnestrovskaya bank to Karkinit Bay.

The scheme of migrations of the Black Sea anchovy presented here

is in fact, evidently, more complex, There is information that many Black

- Sea anchovies vinter along the coasts of Bulgaria and especially of Turkey

in the region of the Sinop peninsula. Completely from the Bulgarian coast
and partially also from the Anatolian coast, the anchovy leaves in the
spring for the northwestern region of the sea to reproduce, feed and grove
Anothexr part of the accumulations which‘have wintered along the coast of
Turkey migrates towards the coast of the Caucasus, and a third toward the

Bosporus and the Sea of Marmara. In the autumn the anchovy returns (Puzanov,
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19363 Danilevskii, 1960). According to the data of I.I., Puzanov (1936),
the anchovy, wintering at Sinop and in the spring migrating along the
western coast of the Black Sea, first arrives at the Crimea and then
turns into both the norﬁhwegtern ﬁért of the sea énd the eastefn part,
toward Kerch' Strait., It also has been noted that the Black Sea anchovy
of the eastern and western stocks does not always winter along the coasts
of the Caucasus and the Trimea, but often all go out toward the Anatolian
coast. Demir (1968) cites data on the sﬁring migration into fhe Black Sea
of anchovies which wintef in the Sea of Marmara. In addition, there are
indications that a considerable portion-of the Black Sea race, especially
the yearlingé, enter the Sea of Azov to spawn, feed and grow (Danilevskii,
‘ 1958, 1960, 1964; Taranenko, 1966). There also is information abm;nt the
jeaé entry of the Azov anchovy into the northwéstern part of the Black Ses.
At one time A.I. Aleksandrov (1927) pointéd out that the shoals which are
caught in February-April and October-November at.Sevastopol'and Balaklava
uﬁder the name of the “Azov anchovy" should be considéted shoals of Black
Sea yearlings, and not of the Azov anchovy, as at that age the two forms
are difficult to distinguish on the basis of coloration and dimensions.
However, later there again appeared statements about the migration of the por-

tion of the Azov anchovy which winters alone the Crimean.cdast, not toward Kerch'!

Strait, but into the northwest corner of the Black Sea, into which the
Azov dolphins, which feed on them, move after them (Vinogradov, 1956).

The examined materials show that by now the ecological individual-
ity of the Azov and Black Sea races of the anchovy has been argued in suf-

ficient detail, but the centralquestion of their genetic interrelations in

the reproductive period, in essence, remains open. Especially the genew-

tics of the so-called elementary populations has not been investigated.
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The Systematics and Biology of the Redfish and Its Local Stocks

Redfishes of the genus Sebastes (family Scorpaenidae) are typical'

bottom species which dwell in extensive areas of the North Atlantic --

from the Barents Sea in the east to the coast of North America in the
west. For a long time two species of redfishes were distinguished syse-

tematically, the small Sebastes viviparus Kr8yer, 1845 and the large S.

marinus linne, 1758. In more detailed investigations it was discovered
that large redfishes also can be subdivided into two forms (Lundbeck,
1940, according to Kotthaus, 1950); German fishermen have long distine
guished them, calling them "goldbarsch" - (golden redfish) and “schnabele
barsch" (deepwater redfish)‘(Kotthaus,u1950)..

| Velo Travin (1951) investigated the two forms f redfish from the
Barents Sea and concluded that they differ so much that the deepwater rede

fish can be separated into the indepéndent species Sebastes mentella Travin

sp. nove Thus the deepwater redfish is characterized by considerable
develobmeni of the "beak" -- a bony appendix on the lower jaw, the size
of the eyes, larger dimensions of the head, and a higher and thicker body.

Although the two forms are sympatric, their range is separate in depth:

the golden redfish dwells in a zone of relatively small depths (to 300

meters), and the deepwater redfish to 700 meters, and possibly even deeper.
Similar evidence of differentiation has also been obtained for
iedfishes from the regions of Greenland, lLabrador and Newfoundland (Boxo-
datov and Travin, 1960; Travin and Pecheaik, 1962). A recent morphological
investigation of V.V, Barsukov (1968) testifies in favor of the species

independence of the deepwater redfish, The genetic distinctiveness of the

24
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-two forms of the redfish has been also confirmed by some serological

(0'Rourke, 1961), biochemical (Schaeffer, 1961) and parasitological
(Sindermann, 196la; Yanulov, 1962a) data.

Nevertheless the species independence of the deepwater redfish
still gives rise to doubts in a number of authors, and this was very
clearly formulated by A.P. Andriyashev (1954), who diagnosed it as the

subspecies Sebastes marinus infraspecies mentella Travin. Some authors

also prefer to speak of different subspecies or even "types", that is,

as was done at the session of the International Commission for the North-

itest Atlantic Fisheries (ICNAF), held in Biarritz in March 1959, The

basis of that was above all the fact that in a number of regions of the

North Atlantic, with the excéption of Flemish Cap:-bank and the southern 25
slope of the Newfoundland Grand Bank, redfishes are encounteredehich on the
basis of morphological characters occupy an intermediate position between the
golden and deepwater redfishes ("intermeéiéte type", according to Kotte

haus, 1961b; Baranenkova, 1967; Kotthaus and Krefft, 1957; Travin and

Pechenik, 1962; Borodatov and Travin, 1960). In addition, at great depths

very large redfishes are encountered, witha length of 55-85 cm, which in

. external appearance remind one of golden redfish and have received the

name of giénts (Kotthaus, 1961b).

We have.dwelt in such detail on disputed questions of the problem
of taxonomic interrelations of the golden and dgepwater redfish in order
to show that our own investigations of the population structure oflﬁhose
fishes depended on unclear matters of that sort == populétiod genetics is
in essence limited by the framework of - species. Therefore, before the

possibility appeared of giving the presenf section of the work a title
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emphasizing the species independence of the deepwater redfish, we cone
ducted taxonomic investigations.

The principal conclusions from that work can_be summed up as
follows.

1. The golden and deepwater redfishes differ in frequencies of
the electrophoretic variants in the loci of albumin (Altukhov and Nefyodov;

1968) and haptoglobin (Nefyodov, 1971) of serum, that is, belong to genew

‘tically different populations.

2. In investigations of the variability of ovligogenic and poly-
genic characters taxmnomically important for fishes -~ electrojhoregrams
of hemoglebin (Altukhov, 1969b) and the thermal tolerance of isolated
cells (Ushakov, 1938, 1959a and b; Ushakov, 19643 Altukhov and Rat'kin,
1968) it was discovered that the golden and deepwater redfishes differ
from each othér as independent sﬁecies within the limits of the gehus
(Altukhov et al., 1967, 1968a; Payusova and Nefedov, 1968).“m

3. Giant and intermediate forms of the redfish are characterized
by a number of characters and properties which permit drawing a conclusion

about their hybrid nature (Altukhov, 1970). The females of giants prove

- to be completely sterile, and this is very clearly demonstrated in immunoe-

chemical investigations of their ovovitellins (Altukhov et al., 1968b),
and the males reveal only partial fertility (Zakharov, 1962; Altukhov et
ale, 1967) =~ a picture very common for interspecies hybrids F; with
female heterogamety, This testifies to the presence, between the golden
and deepwatér redfishes, of substantive reproductive isolation which evi-

dently is disrupted only locally, As a result of this also appear' the
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so-called intermediate forms which in relation to variability of the
character of thermal tolerance of the cells behave as typical back-
crosses (Altukhov et al., 1967).

According to our observations, and also the literature data (Tra~
vin and Pechenik, 1962), intermediate redfishes are practically absent on
thé Flemish Cap?bank and on the southern slopesofthé Newfoundland Grand.
Bank. We did nét encounter them even on its northeastern slope, at least
south of 50° N. Lat. Thus, in those regions of the Northwest Atlantic
there is practically no interspecies introgression of genes, and-accumulgo
tions of redfish, the population structure of wh;ch has been i.vestigated,
are representad by only one species -- the deepwater redfish*.

Those accurulations, localized mainly in the ICNAF .zones 3L, 3M,
3N, 30 and P, according to the data of morphological-biological and para~
sitological investigations of K.P. Yanulov (1962a and b), are subdivided
into three local stocks (Figure 5), the isolation of which is assured by

the hydrolegical conditions of the region, which has been studied in detail

* when the present work was completed, an investigation of V.V.
Barsukov and G.P. Zakharov was published (1972). They think that in this
'region an additional species of redfish lives, Sebastes fasciatus, which
in their opinion, is a twin species in relation to 5, mentella, Ihis form,
identical to the so-called rosefish of Canadian authors, has also been
encountered by us, but we have not always separated it from $, mentella.

The conclusion of V.V. Barsukov and G.P. Zakharov on a number of
facts and considerations appears questionable, but we still have re-exa-
mined our material and once more satisfied ourselves that almost all of
it is represented by individuals of S. mentella. Only in 6 out of 72
samples investigated immunogenetically was rosefish encountered in the
form of an admixture, and this could not have a substantial influence on
the results of the analysis.

26
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by Soviet and foreign authors (Buzdalin and Elizarov, 1962; Travin and
Pechenik, 1962; see also Yanuiov, 1962a5. A briet characterization of the
stocks according to K.P, Yanulov is given below.

l. The first stock includes populationsAdwelling in zones 2I, 3K
and 3L, The principal isolating factor is the warm component of the
Labrador Current, for the larvae drift from zqneé 21 and 3K along the outer
edge of the Newfoundland shelf to the south, then along the northeastern
slope of the Grand Bank almost to the east, and then, with the turn of the
current, north into zones 2I and 3K.

2., The stock of the Fienish Cap. bank (zone 3M) is the most iso-
lated, as the larvae are drawn into the drift around the bank by a_weak
circular current, and the bank itself is separated from the Newfoundland

region by oceanic depths.

3. The third stock dwells in the southern part of the Newfound«
land region and on the banks of Nova Scotia and New England. The spread

of the stock is limited by the Gulf Stream,

50

Figure 5. Ranges of local
stocks of the deepwater
55° redfish in the Newfoundland
region of the Northwestern
Atlantic (acc. to Yanulov,
. 1962a). Explanations are
50 in the text.
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Alﬁhough on the figure borrowed by us there is no explanation of 27
the legend, the different hatching (shadingXsee Figure 5) indicates heterogeneity
of the stocks differentiated by K.P., Yanulov on the basis of morphological-
biological and parasitological characters. In the text of the article
such a division is argued only by mention of the dwelling cf the following
populations here: 1) the population of zones 2I and 3K3; 2) the popqlation
of zone 3L; 3) the population localized in zone 3N; 4) theApopulation of
zone 30 and, finally, 5) the population of the Flemish Cap banke

These populations are father "felt" than studied by the author,

In fact,'the population of the Flemish Capjbank is equated with a stock,

but the latter according to the definition of K.P., Yanulov (see.page 13)
represents a combination of populations. But the character of the hatching(shad—
ing)still indicates the presence in the Néwfoundland region of a chain of popu-
lations smaller than a stock and changing into one another (or localized

in a single place buf at different depths); iﬁ such case it is not clear

where the boundary should be drawn between stocks localized on Lhe New
foundland Grand Banke. Evidently, therefore the status of redfishes caught

in zone 3N.is in no way qualified, and only the mixed character of those

accumulations is stressed. On the basis of the number of vertebrae they

‘prove to be close to redfish of the Flemish Cap:bank, and cf parasitic marks

(infestation by the copepod Shyrion lumpi) to the redfish of Southern Labrador.

Their obvious similarity to redfishes from zone 30 is observed on the basis
of some other characters,

The impression is created that, in general, there are no special
giounds for distinguishing the two isolated stocks in that reg;on, and it

is necessary to speak of the existence of a single stock, represented by a
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chain of populations which interchange with one another to some degree. 28
At the same time the advisability of separating the Flemish Capfredfish.
accumulations into an independent stock seems to be substantiafed )
KeFe Yhnuloﬁ has gathered and prbcessed an enormous amount of material
testifying to the sharp apartness of those fishes from all the accumula-
tions of redfish localized on the Grand Bank.
Important biological features of xedfish are the facts chét
they are viviparous, grow slowly and reach sexual maturity late == in the

7-12th year of life at a length of about 30-40 cm.

Biological Characteristics of Pacific Salmons (the genus Onchorhynchus)

Salmons in general and Pacific salmons in particular belong to
species Of fishes Dest studied in all respects. Among the biological

characteristics of Pacific salmons (according to the data of Neave, 1938,

Foerster, 1968; Levanidov, 19693 Krogiué et al.; 1970;fKonovalov, 1971,

and Brannon, 1972) it is necessary to emphasize the following.

1. All Pacific species of the genus Onchorhynchus, which are

distributed over an enormous range (Figure 6), are monocyclic. They
reproduce once and die soon aftexr spawning.
2. In their life cycle they combine sea and freshwater periods,

changing the medium of habitation with ease. The sockeye Oncorhynchus

nerka Walb., the masu O, masu Brevoort and, probably, the coho 0. kisutsch

W. have freshwater forms from the life of which the sea period has been

completely excluded. Those populations, which have been cut off from

the sea by one or another isolating factor, are smaller but have not lost their 29

feproductive capacity. In diadromous populations of these and other
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Figure 6. Range of Pacific salmons of the genus Oncorhyn-
chus (acc. to Vladykov, 1963).

species, the immature fishes born in redds.and visiting in fresh water

for from several weeks (keta Oncorhynchus keta Walb. and pink salmon Q.

gorbusha Walb,) to a year or more (sockeye, coho, etc.), then migrate to

the sea,
" 3. . Completing migrations of enormous extent from the spawning
rivers to the sea and back and ascending the rivers for tens, hundreds

and even thousands of kilometers, the spawning stocks confine themselves

strictly to the same spawning water body and even individual spawning

grounds,

A "homing instinct" of that kind creates obvious prerequisites for
intraspecies divérgence cofresponding to the geographic features of the
spawning area., This isolation, intensified still more by complex repro-
ductive beﬁavior, contributes to the formation in individual species, such
as the sockeyg, for example, of an innumerable quantity of reproductive
communi ties scattered over én enormous species raﬁge.. Among tﬁose poﬁu-

lations there also are completely isolated ones,
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4. Such surprising possibilities of aééptation of éélmons t& a .
broad spectrum of environmental factors in the presence of certain death
of thé brood stock which have spawned -~ & biological puzzle unsplved to
the present time -~ find an unexpected parallel with their origin. Cyto-

genetic and genetic-biochemical investigations of recent years have shown 30

(in comparison with other families of the order Clupeiformesj tetraploidy

of Salmonidae (Chno, 1970a, 1970bs Ohno et al., 1968), and there are

weighty bases for considering them amphidiploids¥* (Altukhbv et al., 19723
Massaro and Markert, 1968; Wilkins, 1970). Evidently, the reason for the
poste-spawning death of some species will be in the final accoun® understood,
precisely with consideration of that circumstance,
A strongly expressed homing instinct was a prerequisite for main-
Q tenance and: 2ven increase of the numbers of stocks of salmons through the
incubation of artificially fertilized eggs in hatcheries. )
Among Pacific species tﬁe most suitable objéct for these purposes
is the keta. Its stocks first began to be maintained by the Japanese on
Honshu and Hokkaido in the second half of the 19th century.
For purposes of supplementing this brief characterization of
 Pgcific salmons it is necessary to add concrete information eboutAthe
objects of our own investigations.
Since we strove especially to have data of population genetics taken

fnto consideration in fish-breeding activity, we will describe briefly

the stocks of keta of the Kalininka and Naiba rivers on Sakhalin, maintained

*For all the polymorphous genes studied by us we have not once observed
tetrasomy, which is inevitable for an autoploid in the process of di«
ploidization.




exclusively (the former, always; the latter, for several recent year=

classes) through the activity of £ish hatcheries, and also the stock of

.

sockeye of Lake Azabach'e, where there is a natural self-maintaining
population. .

Figure 7 shows the places where population genetics work has been

done on salmonse

, Puc. 7. Paitonnt nonysistinonHo-reneTHuecKX
paGoT, npoBOANBIINXCS UA THXOOKCAHCKIX J10-

cocsx: - )
- I —o03, AszaGaunc; 2— oa. Kpououoe; 3 — o3, Yur- .
. komckoe; o -~ p. TuMhi §—p. Haitda: 6 --p. Kanu-

nuukas 79 — pex o, lrypyn.

Figure 7. Regions of population genetics work on
Pacific salmons: 1 - Lake Azabach'e; 2 « Lake Kro~
notskoe; 3 =~ Lake Ushkovskoe; & = Tym' River; 5 - Naiba
River; 6 « Kalininka River; 7 « 9 « rivers of Iturup
island
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Basic Information about the Kalininka and Naiba Stocks of Keta

The Naiba stock of'keta, vhich goes to spawn in the Bol'shaya
River, a tributary of the Naiba, is maintained by two fish hatcheries
== the Bereznyakovsk, which went into operation in 1924, and the Sokolovsk,
constructed in 1939, The sexual products are collected in a trap installed
80 kilometers from the Naiba mouth. The run of the brood stock is exten-
sive: usually the first spawners of the Keta appear in the trap on 15
August, the period of the mass run is from 15 September to 31 November,
and the spawning migration ends in December or January.

Tt.e maximum number of the keta (from i960 to 1971) of 659,000
was noted in 1968, énd a sharp drop in the size of the spawning ruﬁs has ‘ 31
been observéd in recent years. Thus, for example, 230,000 adult fishes (breed
stock) were counted in 1970 and only 57,000 in 1971. Only in 1966 was the
return just as low, but from 31 million released jquniles,.whereas in 1967
and 1968, which assured the 1970 and 1971 returns, 89 and 46 million juve-
niles respectively were released,

| Although the data on the number of adult fishes which returned to

the Naiba can include some errors, still the differentiation of separate
generations on the basis of the characte? "many fish =« fe& fish" creates

no difficulty, and the drop of numbers in fecent years is unqueséionable.

" In accordance with that, when there is an insufficiency of "its own" fish

the eggs are gathered from the spawners of other stocks and; above éll, at
the Kalininka hatchery. Thus, 65 million "alien" juveniles were released
in 1966, 25 millién in 1967, and 102 million in 1970,

On the other hand, in years of high numbers, after the production

plans for the collection of eggs by the Sokolovsk and Bereznyakovsk hatcheries



have been fulfilled, eggs of the Naiba keta have been exported by air to
the Amur fish hatchery, as in 1965~1969, for example, and then
the rest bf the adult fishes were taken commerciélly.

Among the possible reasons for reduction of the Aumbers of the
stock, three can be naﬁed: overfishing of adult fishes in the sea, the
influence of elemental factors; and imperfection of the biotechnique {(for

example, poor feeding of juveniles), It is not always easy to substan-

tiate the last two statements, as the return of different generations proves
to be different when the biotechnique is‘unchanged and the enviromment is
relatively the same. As for the first reason,lit gives rise to no doubts.
Substantial jmportance also has been acquired by analysis of the
biology of the populatiox itself in the period most critical for its re-
production.
The situation with the stock of keta geing to the Kalininka to
spawvn == a small river of the West coast of Sakhalin, about four kilometers
long =- is diametrically opposite to that just considered. The Kalininka

£ish hatchery ~ ~ began to operate in 1951, when the stock numbered

5494, and in 1971 the numbers of that year-class, counted only in the

river, amounted to over 240,000 adult fishes. On the whole the productive

- capacity of the hatchery has risen shafply, and a continuous growth of numbers

with & reduction. of variations in recent years has been characteristic of

the stock (Figuare 8).

The high effectiveness of the activity of the plant finds reflection
in a positive rectilinear correlation between the quantity of juveniles a2

released and the size of the corresponding return of adult fishes (Figure 9).
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Figure 8. Growth of numbers of four adjacent year-classes

forming the age structure of the Kalininka stock of keta:

1 ~ 1947 year-class; 2 - 1948 year-class; 3 - 1949 year-

class; 4 - 1950 year-class. On axis of abscissas (X -~ axis) -- suc-
cessive four-year intervals; on axis of ordinates (Y - axis) -- num-
bers of adult fiches counted in the river.
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Besides the Kalininka and Naiba populations we investigated the
Tym' stock (Northern‘Sakhalin), and also the stock of Kuril rivers, main-
tained by the Kuril and Reidovoi fish hatcheries “on Ituxup Island;
a small sample was obtained from the stock of keta maintained by the Ushkov-

skii f£ish hatchery on Kamchatka.
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Considerable material regarding variability in the loci of malate
dehydrogenase and serum lactate dehydrogenase has been géthered in pink
salmon populations of the lesnaya, Belaya and Lyutoga rivers (Southern
Sakhalin), but those data, which fundamentally do not differ from other
similar ;esults, are almost not considered at all here. This occurs be-
cause, in the maintenance of the stocks of pink salmon the plant method
is combined with the escaperent of adult fishes to natural spawnidg areas

and, consequently, the effectiveness of the fish-breeding process cannot

be estimated, At the same time we cite facts relating to the electrophoretic

priuperties of monomorphous proteins which distinguish that species from
other species of Salmonidae. On the same comparative genetic plane inves-
tigations have been made of the masu gi_gégg, a speciéé“with low numbers
limited in its distribution to the most scuthern part of the range, and
the coho, Q. kisutch Walb., a very coldeloving species;

Characteristics of the Azabach’e Stock of Sockeye

local stocks of sockeye aré practically untouched by the fishe
breeding process, and the Azabach'e stock (basin of the Kamchatka River)
is a typical self-maintaining community whosé structure has not yet been
dnstroyed by the marine and river fisheries..

That structure, according ;o data of ecolog;cal and morphological
investigations (Konovalov, 1972), is represented by a combination of
spawning populations grohped into two races, the "spring" and the "“summer',

It is thought that the spring race spawns in brooks and small rivers fall-

"ing into the lake, and the summer in its coastal zone. According to a

preliminary estimate about 30 elementary populations can reproduce in.

lake Azabach'e; we have investigated genetié variability in 23 of them



(Figure 10). In addition, co-workers of £he Laboratory of Population
Ecology of the Institute of Marine Biology (S.M. Konovalov et al,) simul-
taneously.gathered material on the ecology and morpﬁology of the popula=~
tions. With the kind permission of S.M. Konovalov we will make use of

some of those data here.

- Figure 10, a - Spatial
localization of spawning
populations of sockeye
(1-23) in Azabach'e Lake;

b « position of the lake
(marked with an arrow) in
the system of the Kamchatka
River
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Chapter III., Methods of Determination and Principles of Interpretation

of Biochemical Hereditary Variability

Used as genetic markers in the present work were blood groups and
electrophoretic variants of proteins, determined by the methods of immuno-

logical and biochemical genetics respectively.

L

Polymorphism of such a kind fundametally does not differ in 3
principle at all from that examined using the example of the "platy", but
to make our further account clear it is necessary to become acquainted with
the general pfinciples of determination of that variability and with the
corresponding terminology.

Hereditary Variability of Antigenic Properties of Red Coxpuscles

The hereditary vuriability of the antigenic properties of erythro-

cytes is observable thanks to immunogenetic methods, based most often on

"the specific agglutination of cells during interaction of their antigens

or factors =-- substances of a mucopolysaccharide nature -=- with the cor=
responding antibodies ~=- agglutinins. If we mix on giass or in a test=
tube erythrocytes and serum containing such antibodies, we can observe
rapidly forming agglutinates which are clearly Qisible under a small mag-
nifying glass or microscope or even with the naked éye.(Figure 11).
Hemagglutinating antibodies are of both natural and immune origin.

In the former case they are encountered in the norm, and in the second are

 produced by a test animal (recipient) in response to the introduction of

erythrocytes of the donor into its bloodstream. The donor and recipient
can be repfesentatives of the same species (when one speaks of isoanti-
bodies and isoagglutination) or belong to different gpecies (in that case

one speaks of heterocantibodies and heteroagglutination).
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Figure 11, Agglutination of erythrocytes of Black Sea
scad by normal human serum: a - positive reaction; b -

negative, Small magnification of the microscope ‘(obje
8X, ocul. 10X (acc. to Altukhov, Apekin and Limanskii, 1964).

Moreover, it has been established (Boyd and Reguera, 1949; Bixd, - 36
1953) that some substances of plant origin, extracted mainly from seeds
of legumes ~- so-called phytagglutinins‘or'lectihs, have the ability to
dif ferentiate erythrocytes on the basis of their antigenic properties
(ﬂoyd, 1963). Their nature has not yet been thoroughly studied, although
it is known that they are water-soluble proteins transporting into plants
substances of a carbohydrate nature, similar in their chemical structure
to the determinant groups of e:ythrocytic.antigens.

Normal or immune isohemagglutinating serums are capable of detecting
only one antigenic feature, of any kind, of erythrocytes. Serum of the
A-group of man interacts only with erythrocytes of groups of B-~blood and,
consequently, is monospecific. Such serums are designated with the large

. Roman letter of the corresponding ant:igen, placing the word reagent after
Py : .

it or the prefix anti- before it. InAthe given case one can speak of

anti«B or Bwreagent.
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Normal or immune heteroserums, as a rule, are polyspecific, and
;his causes definite difficultie; in determigigg-distinc;ive featurés of
individual antigenic differentiation, but they can be overcome if the
serum is specifically absorbed (exhausted) by the antigens, the antibodies
for which one tries to exclude.

There are two equivalent empirical variants of determination of
the individual antigenic differentiation of erythrocytes. One can, for
example, start work with a search for a given kind of natural isoantie«
bodies, then go over to investigation of its erythrocytes with different
natural heteroantibodies and lectins, and in case of detection of indi-
vidual variations, conduct the conciusive experiments with immune serums.
But if the fact that the isoantibodies are not encountered so frecuently
is taken into account, a-scheme is possible wﬁich‘is the reverse of that
just considered: first strive to determine the known antigenic differencgs
by means of immune hemagglutinating serums, and then, using natural antif
bodies or lectins, select the corresponding reagents. It turns out that
vhere the immune serum reveals only a quantitative difference in the
antigen composition of the erythrocytes of separate individuals, the
normal serums of animals or lectins behave as reagents.

It has been rigorously‘proven that erythrocytic antigens are early
established in ontogenesis, do not change in the postnatai period and are
determined by heredity in such a way that a separate gene is responsible
for the production of a separate antigen (Irwih, 1947, 19523 Cushing and 37
Campbell, 1957, Wagner and Mitchell, 1958; Neal and Shell, 1958; Shtern,
1965; Race and Sanger, 1962; Efroimson, 1964; Tikhonov, 1966; Wiener, 1966).

With consideration of the data of these and many other works a blood group
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can be defined as a more or less complex antigen consisting of one or
several factors inherited as a single whole., Correspondingly the system
of blood groups is an aggregate connected with a given mutually caused
combination of antigens which are under the control of alleles of the same
locus or in the case of coupling, several loci (Altukhov, 1969a).

In the analysis of blood groups, fairly often one encounters the
phenomenon of multiple allelism, when the gene locus responsible éor the
synthesis of specific antigens is encountered in more than two alternative
states, It should also be emphasized that in the inheritance of blood
groups there occurs both dominance and co-dominance. In that case, when
each of the antigens obtains complete expression in the heterozygotes, one
can speak of close correspondence of the genotypc to the phenotype.

In principle in the analysis of the relations of dominance and
recessiveness with respect to blood groups the following dependences are
d;scovered: firstly, completé dominance (one antigen is determineq ime
munologically in hybrids); secondly, co-dominance; thirdly, necplasm,
when the heterozygotes give a phenotype not.reducible to a simple inherie-
tance of parental antigens. An example here is the discovery of the sube

tance of hybrids" in the erythrocytes and serums of animals (Sokolovskaya,

1936, 19383 Taliev, 19463 Irwin, 1947, 1952). This type of inheritance,

evidently a result of interallele complementation, accompanigs heterosis.

Recently such genetic phenomena as partial dominance and
epistasis, expresged in incomplete suppression of the effect of one gene
by another, have been discovered for blood groups of animals. Partial

dominance, as an effect of the dose, occurs within the range of a given
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allele pair; epistasis is caused by the presenée of an allele from another
allele pair of the same or a different system (Tikhonov, 1966). In series
of multiple alleles both the first and the second types of inheritance and
the effect of the dose can be combined. |

These and some other diséoveries were made on man and then con=-
firmed on many zoological species, and they now form a solid foundation of
immunogenetics. Immunogenetics became the principal methodical apparatus
in the population genetics of man shortly after the military physiclans
K. an& L. Hirszfeld discovered differences in the frequencies of blood o 38
groups between represenfatives of different nationalities of Europe, Asia
and Africa (1919). Subsequently that fact, in a different interpretation
testifying to differences in the gen2 frequencies between reproductively
isolated ponulations, acquired the rank of a universal law of population

genetics; we observed differences of that kind earlier in the example with

the "platys",

In the last 10-15 years considerable material has also been accue
mulated on the group variability of erythrocytic antigens of fishes. 1In

about 30 species, including also such valuable ones as the flounder, tuna,

~and anchovy, genetic systems 6f bloéd groups have been found (Appendix 1),

and in several tens of species more, not included in the present table,
anventire series of individuél antigenic factors (Altukhov, 196%9a; de
Ligny, 1969).

Figure 12 presents a schematic diagram of one of the investigations

which led to the discovery in the spiny dogfish Squalus acanthias of

a three-allele isohemagglutinational S-system of blood groups, similar

- to the ABO-system of man and represented by the four groups 51’ 82, S1 2 39
. 9
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R Figure 12. Diagram showing the
course of immunogenetic investi=-
gation of the spiny dogfish
(acce to Sindermann, 1961)
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“and S

0° They are detected in isohemagglutinational tests with both im=-
mune and natural antibodies, and also during the use of hetefoagglutinihs
produced on erythrocytes of the dogfish by the rabbit (Sindermann, 1961b).

Comparison of females and the unborn offspring (genetic analysis)
testifies to the inheritance gf the antigens Sl; S, and Sy strictly in
accordance with Mendel's laws (Figure 13): the offspring always proved
to be identical with respect to the maternal antigen and in a number of
cases a new antigen, inherited from the father, was discovered.

These data are especially interesting because they were obtained

on a sea species; for most of them, however, the procedure of keeping them
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HITR : ae
e LG Pacppeacacnie rpyan sponn S-cheteMut (}mm CAMOK 11 HCPUMACHHOrO
notoMetrd Roqoucl akyan (no Sindermann, 1964).

“Figure 13. Distribution of blood groups of the S~system
among females and unborn offspring of the spiny dogfish
(acce to Sindermann, 1964).

in aquariums a iong time has not been worked out and therefore traditional

genetic analysis is impossible. Such analysis can be accomplished on less 40

. capricious Ffreshwater fishes, as has been done by B. Sanders and J. Wright

(1962) on rainbow trout Salmo gairdneri, By means of immune rabbit serum

the two antigens R-l1 and R-2 were found, which give the three blood groups

R-l; R;Z and R=l=2, which-also shﬁw Mendelian laws of sementation in the off-

spring of tw§ co-dﬁminant genes in the ratio 1:2:1 (Table 1). “ |
There is one more way to verify the. genetic hypotheses of in-.

heritance df blood groups or any other alternative characters -- simple



56

Table 1., Inheritance of erythrocytic antigens in rainbow trout

. TaGanua 1. Hacacpoparne aspurpountapubix authresos y papyxuoit dQopenn

A DeHoTHILI TIOTOMCTRA, 31{33 ) Tecr D
denoTune popnTeneit AR-I R2 R-1-2 ,Q?égéé‘é‘r%{: BepoaT#ocTs
R-1XR-1 99 0 0 — —
- R-1XR-2 0 0 90 —_ — .
R-1-2XR-1 91 0 115 1,1660 0,80—0,70
© R-1-2XR-1-2 49 42 91 3,6389 0,80—0,70
. R-2XR-1-2 0 | 66 58 1,4530 0,50—0, 30
R-2XR-2 0 91 0 —_ —

Key: A - Phenotypes of parents B - Phenotypes of offspring, examples
C ~ Test Xl-quadrant for heterogeneity D « Probability

mathematical calculations directly on samples from natural populations,
omitting analysis. This method take. into account the basic family princi-
ple of population genetics, the Hardy-Weinberg lawt: if in any large pan-
mictic population the behavior of a pair of allele genes is observed,
then already in the generation following.free crossing it is possible to
establish a definite dependence between the frequencies of those genes and
the relative percentages of indiviauals homozygotic and heterozygotic with
respect to them = preciéely in accordance with the expansion coefficients
of a Newtonian binomial. In the absence of substant;al pressure of selecw
tion or inflow of immigrants from neighboring populations these proportions
will be transmitted stably from generation to generation, that is, the
population will prove to be in a state of genotypic equilibrium, charac-
terized by constancy of the gene frequencies.

In fact, if p and q are used to designate the frequencies of the
corresponding allele genes, diverging randomly in meiosis over the sexual
- cells of males and females, then all the equiprobable crossiﬁgs in the 41

given generation can be written in the following manner:
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Camuu Males
Females
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P q
-p . p? B
q pPq q*

or p2 + 2pq + q2 = 1, And if it is taken into account that the crossings
occur in a population of N individuals, then the percentages of homozygotes

or heterozygotes can readily be found from the expression

PN +2paN - g°N = N,

The correspondence of the empirical data of this very simple popu-
lation genetics model ha: been establishe&, with a slight exception, on
all species of fishes investigated by genetic methods (de Ligny, 1969, etc.).

The fact that all the principles of genetics of mendelizing charac-
ters not coupled with sex are applicable to erythrocytic antigens of fishes
has also been established by other investigations in both crossing experi=
mehts (femily analysis) and inAthe comparison of actual frequencies with those
expected from the Hardy-Weinberg equation. The following regularities have
been detected (see also Appendix l):

1. Complete dominance -- for example, the Tg-system of blood groups
of tuna, the S-system of ;he spiny dogfish, and the A-system of the anchovy.

2. Co-dominance: the R-system of the rainbow trout, the Tg-system
of tuna, and the S-system of the spiny dogfish,

3. The effect of the dose: the A-system of blood groups of the

sockeye and the A-system of the anchovy.
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Hereditary Variability of Serum and Intracellular Proteins

The genetic polymorphism of proteins dissolved in water or in
water-salt solutions with a low ionic force is best detected by the method
of zonal electrophoresis, and the hereditary nature of variability is
readily interpreted on the.basis both of the principles of that method 42
and achievements in the region of theory of the gene and the mechanism
of gene action (Henning and Janofski, 19633 Shaw and Barto, 1963; Shaw,

1965; Hubby and Lewontin, 1965; Lewontin and Hubby, 1966). In their main
features the above-presented immunogenetic principles also preserve their
force on this level of analysis.

Electrophoretic methods in various suppérting media =~ neutral
fine-pored gels ==~ fractionate protein macromolecules on the basis of their
differences in the summary electrostatié charge and (or) in molecular wgight.
The special coloration of the gels: nonspecific for protein in general or
specific for a definite group of proteins (for example, a combination of
electrophoresis with methods of histochemistry permits identifying many

enzymes) makes it possible to obtain an electrophoregraﬁ == g strip of gel

with discrete dark-colored bands clearly noticeable on it, arranged at
different diséances from the beginning start. The bands correspond to individ-
ual, usually water-soluble proteins present before the experiment in the blood,
cell extracts or any other biological liquids accessible for investigation.
In an immunoelectrophoretic variant of the method the separate protein com-
ponents are fixed at the élaces of "antigen-antibody" reaction in the form
of turbid whitish arcs of insoluble precipitate.

In the investigation of such specimens from several representatives

of a given species, individual variations are discovered in the mobility
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and number of bands (all or separate one;) on the electrophoregram,
determinable by the presence or absence of the corresponding structural
gene or the existence of alleles in such a genetic locus which codes the
individual polypeptide chain. Polypeptide chains (subunits) compose the
structure of proﬁein-molecules, which can be monomers, that is, consist
of single chains, or multimers, that is, be composed of two or more sub=
units, synthesized under the control of one, two or more loci, independent
or coupled. The control of a single biochemical function by multiple genes
leads to a corresponding multiplicity of the protein éones on the electro-
phoregram. And although cases are known in which a rather large number
of protein fractions can be connected only with different degrees of poly-
merization of the same subunit, most often a picture of that type is deter-
mined by the presence of two or more genetic loci which control the corre-
sponding link of the given biochemical cycle in the organism,

~ The problem of genetic and biochemical principles of multiple
molecular forms of proteins, on the level of enzyﬁes which have been called
isozymes, has been examined in detail in specialized works (Wilkinson,
1968; Yakovleva, 1968; Markert and Whitt, 1968; Massaro and Markert, 19683
Vessel, 1968; Salmenkova, 1973, etc.). It has recently been found in
higher organisms that the multiplicity of proteins of the same kind is
adequate for the multiplicity of the corresponding struptufal geneseo. Con-

sequently, in the organization of genetic material there is a duality: on

the one hand, there are single loci; on-the other, there are multiple .genes, .

combined into systems and single in a functional respect.
A shortcoming of the electrophoretic methed is that only five of

the twenty amino acid residues composing the primary structure of protein

43
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Figure l4, Schematic depiction of hereditary electro=-
phoretic variants of proteins in different species of
animals: a - hemoglobin of the whiting Odontogadus mer-
langus 1 and 3: homozygotic genotypes; 2 - heterozygote,
Locus NZ1 is monomorphous. Electrophoresis in agar gel
(acc. to Sick, 1961); b - esterase of the crustacean Mycils
relicta 1, 3 and 6¢ homozygotes; 2, 4 and 5% heterozy-
gotes, Locus Esl is monomorphous. Electrophoresis in
starch gel (acc. to Furst and Nyman, 1969);- ¢ - 6-phos=
phogluconate dehydrogenase of the quail Coturnix coturnix;
1 and 3 - homozygotes; 2 = heterozygote. The enzyme has
a dimeric structure, and so three zones of activity are
found in the heterozygote, that is, hybrid molecules are
formed, represented by the middle band. Electrophoresis
in starch gel (acc. to Manwell and Backer, 1970); d -
malate dehydrogenase of the house mouse Mus musculus.
This enzyme in the given species is a tetramer composed
of two subunits, one each ("fast" or "slow") in the homo-
zygotes (1 and 3). In the heterozygote (No. 2), both
genes are active and free combination on four of the sub=-
units synthesized under their control gives five isozymes.
Electrophoresis in starch gel (acc. to Shows and Ruddle,
1968); e - isozymes of muscular lactate dehydrogenase of
the keta Oncorhynchus keta, Two groups of isozymes,
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shown by braces, are found. In each group the tetramer
molecules of the enzyme are coded by pairs of independent
genetic loci, one of which is invariant (L.DHII), whereas
in the second,mutation on locus A is discovered. Since
in that procedure the mobility of a number of enzymes
overlaps (see the letter symbols), nine bands of acti-
vity are revealed in the heterozygote (3) instead of the -
15 predicted by theory (Shaw and Barto, 1963). Electro=
phoresis in acrylamide gel (acc. to Altukhov et al., 1970,
with modifications). The arrow indicates the starting
position, :

molecules influence their total electric charge. Therefore one can
discover only a portion of the nucleotide substitutions in the DNA which
lead to amino acid substitutions. Nevertheless the world literature in
general and the ichthyological in particular overflows with examples of
the successful dete:mination of ihdividual electrophorrtic variations of
proteins (see Appendix 1) inherited strictly in accordance with Mendel's
laws, and the inheritance, in contrast with erythrocytic antigens, is in
most cases realized as a Co-dominant_type---both.genes are active in the
heterozygote,

What has been said can be illustrated by several examples (Figure

14). The written material under the figure explains the reading of the

‘electrophoregrams,

Methodical Procedures for betection of Genetic Variability

Immunological Tests

The process of determination of blood groups of redfishes and anche-
vies amounted to testing in hémagglutination tests the blood cor-
puscles of those species with immune and naﬁural antibodies and lectinins.
Since the absence of natural iscantibodies had been established in pre-

liminary tests, all the reactions were set up with heteroantibodies.
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The variability of antigenic properties of the erythrocytes of
redfishes . was investigated with immune serums produced by rabbits on the

erythrocytes of perch and the cod Gadus morhua [its erythrocytic antigens

are very similar to antigens of redfishes (Sindermann, 1962)7, as phyt=
agglutinins of various origin and normal antibodies discovered in dif=
ferent species of animals did not give a clear and reproducible group
differentiation of cells of redfishes.

The blood of fishes was taken with a sterile Pasteur pipette from 45

the aortic bulb and transferred into isotonic physiological solution con-

taining anticoagulant (3% tri-substituted sodium citrate and 0.28% sodium
chloride (Sick, 1961)/. To obtain a "working" suspension of erythroéytes,
2 drops of whole blood were qdded to 2 cc of physiological solution.

Whep the cells were stored for immunization, 3 parts of whole blood
were added to 1 part of solution, and then the erythrocytes were washed
off three times in ten times the volume of isotonic solution and a 50%
suspension prepared;

Such a mixture of cells from several redfishes taken on the Flemish
Cap - bank, on the southern part of the Newfoundland Grané Bank and in the
region of Southern Iceland was administered (1 cc intravenously) to rabbits
living aboard the expeditionary vessel. Four rabbits were immunized in 1964
and four in 1965. At the conclusion of the immunization (3 or 4 injections)
a blood sample ﬁas taken from the rabbit and the serum was tested for height
of titer of agglutinins. Three antiserums were thus takeﬁ} one "antirede
fish® and two "anti-cod" (one was obtained in October 1964 and absorbed

by the cells of a cod taken in Icelandic waters).
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The antiserums preserved by merthiolate (1:10,000) were stored
frozen in ampoules, and before a reaction was set up were warmed half
an hour at 56°C to destroy the complement.,

Two volumes of serum /drops from/ a loop of Nichrome wire lmm in diameter
were mixed with one volume of the working suspension of erythrocytes on
slides. The recactions proceeded in moist chambers at room temperature,
and the degree of agglutination was estimated.at a small magnification
of the microscope (obj. 8X, ocul. 10X). Different degrees of agglutination
from complete adhesion of all cells to a complete absence of it, as was
observed in a control (only the working suspension of erythrocytes), were
reflected by the marks "#+++", Thpptt, Mgt Wt gnd wo0, Preliminary obe
servations showed that for the complete formation of agglutinate the
incubation time must be not less than one hour.

To remove.heterophilic antibodies from the serum,'specific absorpe
tion was carried out: added to four parts of dilute (1:3) immune serum
was one part of three-times washed concentrated erythrocytes from separate,
previously selected fishes, and the mixture was incubated, while shaking_
it'constantly, at room temperature for 1.5-2 hours. Then the cells were
separated by centrifugation and the serum tested for completeness of absorpe
tion. If the serum preserved the ability to agglutinate cells used for 46
absorption, the procedure was repeated but half the number of cells was .
added.

In principle the same procedure (Altukhov, Apekin and Limanskii,
1964) was used in experiments with cel;s of the anchovy. The only differ=
ence was that the blood groups were determined first in tests with normal

horse and hog serum,, which gave very clear.and reproducible results
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regardless of which the serum belonged to, and then was confirmed by
hemagglutination with immune antibodies:produced on erythrocytes of the
anchovy by rabbits (Limanskii, 19663 Altukhov et al., 1969).

OQur attempts to detect blood groups in Pacific salmons (keta and
pink salmon) proved unsuccessful, It should be noted that’ American
authors (Ridgway, Cushing and Durall, 1958), although they observed some
antigenic variations in those species, also céuld not adapt those markers
for population genetics purposes; only in the sockeye in experiments with
normal hog serum was a two-allele system of blood groups with partial
dominance detedted (Ridgway et al., 1958). Therefore the main efforts
were directed toward the detection in.salhons of genetic variability with
respect. to waterwsoluble proteins during their investigatiqn by electro-
phﬁretic methods combined with specific coloration for enzymatic éctivi;y
and total protein.

The following proteins were studied: serum albumins (Alb); lactate
dehydrogenase (Ldh) of various tissues; cytoplasmic malate dehydrogenase
(Mdh), serum esterase (Es), glucose-6-phosphate dehydrogenase (G=6=Pdh) of
erythrocytes; alpha-glycerophosphate dehydrogenase (alpha=Gdh) of muscles;
phosphoglucomutase (Pgm) of muscles; hemoglobins (Hb) and also crystallins
and myogens =-- water-soluble proteins of the crystalline lens of the eye
and muscles respectively,

Electrophoxesis of Proteins

"1, Preparation of protein solutions for electrophoresis. To obtain

serum the caudal fin of the fish was cut off and the blood freely flowing
from the caudal artery was rapidly collected ‘into carefully washed glass

veséels. Several hours after retraction of the fibrin clot the serum was

separated by centrifugation or suction.
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Ground white skeletal muscles were homogenized in a glass homo=-
genizer with a Teflon pestle (or in a porcelain mortar) with an equal
volume of icy distilled water and centrifuged cold for one hour (10,000
or 16,000 rpm); in individual cases the centrifugation was repeated until

a transparent supernatant was obtained.

The crystalline lenses of eyes were pulverized in a porcelain mor=-
tar with an equal volume of distilled water and centrifuged 20=30 minutes
(5000 rpm). The erythrocytes were washed out four times with cooled
isotonic Alsever's solution (Hodgins and Ridgway, 1964) and hemolyzed, an
equal volume of icy distilled water was added, and the stroma was removed
by 15-30 minute centrifugation (8000-10,000 rpm).

2. Electrophoresis in agar gel, Hand-made apparatus of Plexiglas

was used, with platinum electrodes and a number of auxiliary devices in-
tended for cutting trenches in the gel,'fér the application of fused gel
on a glass plate (9 x 12 or 13 x 18 cm in size), for the drying of elec- |
trophoregrams and for their coloration for total brotein or for enzymatic
activity. The design of the apparatus permitted investigating at a single
moment 10 or 16 specimens in barbital sodium-barbital buffer solution
with a pH value of 8.6 and an ionic force SpQ of 0,25-0.,05; the electrjc
field intensity wasw~7 V/cm.

The procedure used was described in detail on the whole by Graybar

" and Burten (1963). Our co-workers V.I. Slyn'ko and G.N. Nefelov introduced

a number of design improvements.

a) Buffer solutions. The buffer solutions for the gel contained

1.68 g of barbital, 10.6 g of barbital sodium, and distilled water to make
l-liter;/ygn 0.1. The buffer solutions for the electrode vessels contained
1.38 g of barbital, 8.76 g of barbital sodium and distilled water to make

1 liter;/*u 0.05.
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b) Agar gel. To 2% Difco bactoagar, prepared with distilled
water, an equal volume of gel buffer was added, thus obtaining 1% gel with
the same pH value and with an ionic force of 0.05. In some experiments,
for example, to determine the isozymes of lactate dehydrogenase of muscles
we used gel with/»4= 0.025, prepared from 2% gel, washed in distilled water
for several days in advance in order to remove low-molecular substances
resembling pectin from it, This improved the‘differentiating properties
of the gel,

One-percent fused gel was preserved with merthiolate (1:5000 to
1:10,000) and packed in 50-cc quantities in fiat-botcomed flasks. Immedi=
ately before the experiment the gel was melted on a water bath and 40 cc
were applied to a carefully washed, degreased photographic plate (13 x 18
cm in size) on a strictly horizontal plane,

Trenches 7 mm long and 1 mm wide were cut in the coagulated gel
with a special knife, the plate was placed in the épparatus and the gel
on the plate was connected with the gel bridges of the apparatus by the
melted gel, Then protein solutions were introduced into the trench
separaﬁed in a field of direct current for two hours and 15 minutes in a
combined regime: at first, before the molecules entered the gel, a voltage
of 55 V was fed for 15 minutes, then it was increased to 90 V (on the ends
of the plate) and the experimgnt was conducted for two hours in a refriger-
ator at a temperature of 46C.A |

Upon conclusion of.the experiment the plate was placed for 30
minutes in 10% solution of acetic acid to denature the protein moleculeé,
after which the gel was covered with chromatographic paper and dried under

a current of warm air. The protein fractions thus fixed were stained.
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3. Electrophoresis in starch-agar gel. The procedure does not

differ at all in principle from the above~described, except the composi-
tion of the gel, which contains 2% hydrolyzed starch and 0.8% Difco
bactoagar in barbital sodium-barbital buffer solution with a pH value of

8.6 and an ionic force of 0.025,

L, Electrophoresis in starch gel. The procedure of horizontal
electropﬁoresis in a Tsuyuki apparatus was used, with slight design changes
introduced by our co-worker V,T. Omel'chenko. The apparatus permits analy-
sis of 35~T0 specimens simultaneously. ‘

a) Buffer solutions. Two buffer systems were used: the Tsuyuki

borate and the Poulick discontinuous (Poulick, 1957). In the former case,

foi the gel 0.023M H BO3 and 0.25% Naz—WDTA, titrated with NaOh solution

3

to a pH value of 8.5; for the electrode sections, 0.3M H3BOB,

with NaOH solution to a pH value of 8.5. In the second case in the gel

titrated

there are 0,076M tris-HC1l and 0,005M citric acid; in the electrode sections,

0.3M H3Bo3 and 0,06M NaOH, pH = 8.6,

b) Preparation of the gel. We used 13% éel, obtained after heat-

ing the suspension of hydrolyzed starch to about BOOC. &he mixture thick-
ened in 3 or 4 seconds and then liquefied after 15-20 secondé, after which
we quickly decanted it into the cuvette and Aistributed it uniformly over
t“e entire surface. The design of the cuvette permitted avoiding the use
of paper bridges, used to connect the gel with the buffer solution in the
sections; that contact was accomplished directly when both edges of the
block of starch were submerged in the buffer solution.

The séparation took 5 or 6 hours in a refrigerator at 2-4%¢,

5. Electrophoresis in acrylamide.gel. We used a variant of the

method which permits separating proteins in a vertical block of gel con-~

stantly cooled by a mixture of ice and brine.
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a) Buffer system: tris-EDTA-borate, pH 8.3 (Peacock et al;,
1965). ' |

b) Preparation of the gel, It is best to separate the isoenzymes

in all cases in a 5.5% gel with use of'EEMEQ_[éxpansion not available/ and

ammonium’ persulfate as catalysts. The methylene bisacrylamide concentration is 4%.
The gel polymerizes in the apparatus in 40 minutes, and the am-

monium persulfate is removed from the gel for20;minutea at 200 V.. The de~

sign of the apparatus permits investigating 22-70 samples simultaneously.

6. Staiﬂing the gels for total protein. To determine the fractions

of albumins, crystallins, hemoglobins and myogens, after electrophofesis
the gels were stained with 0.1% solution of amide black 10B in 10% acetic
acid (agar and starch-agar variant of the method) or 0.025% solution of
coomassie blue GL in 12,5% trichloracetic acid (acrylamide variant of the
method).

Staining for enzymes was accomplished in accordance with the prin-
ciples of histochemistry (Berston, 1965) by incuﬁating the gels at 37-40°C
in special dyeing mixtures with the following compositions:

a) for Ldh of blood serum (development in agar gel): 6 ml of 1M
Na lactate; 3.5 ml of 1% aquedus solution of nicotinamide adenine dinucleow
tide (NAD); 12 ml of 0.1M KCl; 6 ml of 0.005M MgClz; 1.5 ml of 0.1% aqueous
solution of phenazine methyl sulfate (PMS); 2 ml of 1% aqueous solution of
nitro blue tetrazolium (NBT); 90 ml.of 0.1M phosphate buffer, pH 7.6; in=-
cubation for 1 to 2 houfs§ !

b) for ldh of blood serum and muscles in acrylamide gel: 15 ml
of 1M Na lactate; 12 m} of 1% aqueous solution of NAD; 12 ml of 0,1M NaClj
lé ml of 0.005M MgClz; 10 ml of 1% NBTs 30 ml of O.SM phosphate buffer,
pH 7.63 2.5 ml of 17 aqueous solutioﬁ of PMS; development proceeds about

three hourse.
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¢) for Mdh: 6 ml of 2M Na-L-malate; 6 ml of 1% NAD; 5 ml of 1%
NBT; 0.3 ml of 1% PMS; 80 ml of 0.1M tris-HCl buffer solution, pH 8.4;
incubation 2 or 3 hours;

d) for serum esterase: 10 ml of 0.2M tris-maleate buffer, pH 7.4
and 9.8 ml of 0.2M NaOH were made up with water to 40 ml, 1 ml of 1%
solution of alpha-naphthyl acetate was added in a mixture of equal volumes
of water and acetone and 40 ml of "fast blue PP" dye., Before being sube
merged in that mixture the gel immediately after electrophoresis was kept
30 minutes in 0.5M H4BO,; at 4°C to reduce the pH value of the gel; incu-
bation in the substrate mixture was 2 hourss

e) for alpha-Gdh: 100 mg of alpha-glycerophosphate Na in 100 ml
of 0,1IM tris~HCl Suffer, pH 8,33 3 mi of 1% NAD; 2 mi of 1% NBT; 2 ml of
0.1% PMS3 incubation 3 or 4 hoursy

f) for G-6~Pdh: 5 ml of 1% glucose-6-phosphate Naj; 12 ml of 0.17%
nicotinamide adenine dinucleotide phosphate (NADP); 5 ml of 1% NBTj; 5 ml
of 0,01M MgCly; 1 ml of O.1M NaCl; 60 ml of 0.05M tris-HCL buffer, pH 8.5
3 ml of 0.1% PMS were added 30 minutes after the start of incubation, which
then continued 2 hours, The gel and electrode buffer solutions in those
experiments contained 20 mg/litervbf NADP;

g) for Pgm: 120 mg of glucose-l-phosphate K, in 100 ml of 0.05
tris-HCl buffer, pH 8.03 3 ml of 17 361ut10n of NADP; 2 ml of 1% NBT; 0.2
ml of suspension of glucose-6-phos§hate dehydrogenése containing 0.1'g of
enzyme in 25 ml; 1 ml of 0.01M mgCly; 2 ml of 0.1% PMS; incubation 2 hours.

The specificity of the bands of each enzyme on the electrophoree
grams was established in preliminary experiments by incubating in parallel

the gels in the staining mixtures with and without the substrate.
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In concluding the chapter it is necesséry to note those deviations
from very simple genetic situations which were encountered recently in the
analysis of polymorphism of blood groups and some proteins in fish popula-
tions. This, firstly, is ontogenetic regulations (Sanders and Wright,
1962; Vanstone et al,, 1964; Wilkins, 1966; de Ligny, 1968), secondly,

sex-limited inheritance (Utter and Ridgway, 1967a and b; Altukhov et al.,

1968b), thirdly, lack of balance of the meiosis of some tetraploid species,

which creates a false impression of coupling of genes (Morrison, 1970) and
finally, fourthly, reduced adaptation or even lethalness of homozygotic
génotypes (Fujino and Kang, 1968a and b).

Among all those examples only sex-limited differences in the syn-

thesis of ovovitellins must be constantly taken into account in the inves-

tigation of polymorphism of serum proteins of fishes. The other cases
affect only five or six species out of tens studied and, in addition,
some situations allow the possibility of a different interpretation from
that given by the authors,

For example, age differences in the frequencies of genes of blood

groups of the flounder Pleuronectes platessaand transferrins of the tuna

Katsuwonus pelamis can be completely explained by inadequacy of the come

pared samples, when the adult fishes were taken from one population and
the juveniles from another. W. de Ligny (1969), after examining these
cases in detail,.could not herself exclude the indicated possibility.
It is probable that the éame thing is indicated by an example
with sex differences in the frequencies of esterase types in the hake

Merluccius productus from Puget Sound (Utter et .al,, 1970): in females

and juveniles the actual distribution of genotypes corresponds to that
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expectable according to Hardy-Weinberg, whereas in males. aged two years
or more a notiéeable deficit of heterozygotes is observed.

On the other hand,. the difference in the number of phenotypés of
blood groups of the B-system among adult and juvenile rainbow trout can
be estimated unequivocally.,

In that case the absence of interaction of erythrocytes of mature
fishes with one of the reagents effective for cells of juveniles actually
is caused by the activation in ontogenesis qf a factor covering the eryth;
rocytic membrane and behaving as a Mendelian dominant (de Ligny, 1969). A

When we started our investigations there were practically no data
of that kind. However, such ;imitations were taken into account by us
everywhere possible, In any case, gll the experiments were
set up on fishes which had reached reproductive age, and with considera-'

tion of their sex,

Chapter IV. Genetic Polymorphism

Antipenic Factors in Erythrocytes of the Redfish

hemagglutinating serums are evident:

Table 2 shows the character of reactions with rabbit hemagglu=~
tinating "antieredfish" and “"anti-cod" serums of the erythrocytes of six
specimens of redfish taken 3 Septembexr 1965 on the southeastern slope of
the Newfoundland Grand Banke

In the examination of thesedata, unidirectional differences in

the character of thereactions of cells of individual fishes with the two

titer only in relation to erythrocytes of redfish No. 4 (1:256-1:512);

titers of all the other reactions are one or two orders of magnitude

agglutinins are contained in the highest



)

lowver (1:64 - 1:128)., This difference is still more demonstrative in

absorption experiments set up with anti-cod serum (Table 3),
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Table 2, Agglutination of erythrocytes of the deepwater redfish

by immune serums

TaG6anwa 2. ArroTHHAHA 3PHTPOUNTOB OKYHA-KIUOBAYA HMMYMIbLIMK

CLIBOPOTKAMH

A Paapegenusn antucsinoporok B Cc
Hovep «auTiokyns» & " «aHTHTPECKA® b K(‘zi‘)‘lm?:_"
puiOn . JIOTHYECKHIT
1:64 [ 15128 1:256| 1:512] 1:64 {1:128{ 1:256 | 1:512 | 1:1024 | P2€TROP)
1 -+ + — —_ -+ -+ —-— —_ — —
sl 12| Fs12)2]Z2) =
— — :b — — — —
g fﬁ;+ +4 1 + — {if 44| + + - —
6 j++| — | — ! — [+ — — — —_
’m‘?’ Key: A « Number of fish B - Aptiserum dilution a - "anti-redfish”

b - "anti-cod"

C - Control (physiological solution)

Tatle 3. Agglutination of redfish. erythrocytes by absorbed "anti-cod"

‘rabbit serum

Ta6auna 3. ArrmoTnHHALHS SPHTPOLITOB OKyHs aGcopGuponautofi
Kpoaitibest ¢:1BOPOTKON aHTHTpPECKa»

CuinopoTia €alri- A Homep pubnt B
Tpecka», aGeopGu-
ponanan KacTkamu "
puoG, novMep 1 2 3 4 5 6
! — | = | = |+t -] -
2 — | = | = |+ = | =
3 — | = | = A = =

Keyt A - "Anti-cod" serum absorbed by cells of

,ﬁ B « Number of fish

fishes, number
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Exhaustion of the immune serum by the erythrecytes of fish No.
4 removes the reaction in all cases, and the absorption by cells of fishes
Nos. 1«3 eliminates homologous :eactions and reactions with cells of
fishes Nos. 5 and 6, whereas the érythrocytes of redfish No. & continue.
to adhere with the ;ntensity bty

Consequently, cross abscrption tests also reveal two types Qf
fishes different in the antigenic properties of their erytﬁrccyteQ. "The
first type includes reﬁfishes Nose 1, 2, 3, 5 and 6, whose cells do not
adhere in all variants of absorption; the second type is redfish No. 4, |
whose erythrocytes agglutinate in all cases. On the basis of these data
one can distinguish two closely related antigens in a subgroup subordine

ations A; (cells of redfish No. 4) and Az‘(cells.of.remaining fishes)¥*,

and evidenély coded by a pair of alleles with dominance of Al cver hz
(Altukhov, 1969a). ; _
. Immune aﬁtiuredfish serum (see Table 2) differéntiates cells of
six investigated fishes uneqﬁivocaily with the anti=cod serum; this is
confirmed by absorption tests in which,cellg of redfish No. 3 were taken
for exhaustion. Still another reagent of precisely the same specificity
was obtained by us earlier in the Iceland regioﬁ (Table 4).

It follows from.the data of Table 4 that the three reagents can be
regarded as identical in specificity, but the sample of six specimens is
clearly insufficient to accept that statement as definitive. Therefore

we investigated all the reagents simultaneously with two more samples

*Some variations of titers within this group reflect, possibly, quanti-
tative variations in the content of the antigen or, more likely,
errors in procedure.
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Table 4. Interaction of three reagents with erythrocites of redfish-

Ta6anuwa 4. BaanumoneiicTpite Tpex peareHTOB € SPHTPOLHTAMH OKyielt

A Homep pmbn B Kourrpon C
AGcopGrpoBaniible TeMErTio- (dnanonorn-
THIIpYIONHE CLIBOPOTKIL ueckuit
(pearenthi) 1 2 3 4 5 6 pactoop)
1 «Auwmrtpeckar Ne 1, :
1964 v, . ... ... - -1 - |+ - - - .
2 «Anmutpeckay  Ne 2,
1965, . ...... - = = H++H - | - - -
3 «Aumorymps . . . . . . —_ - — |t - -
Key: A - Absorbed hemagglutinating serums (reagents) B - Number of

fish C - Control (physiological solution)
1 « "Anti=-cod" No. 1, 1964
2 - "Anti-cod" No., 2, 1965
3 « "Anti-redfish"

(30 and 26 specimens) of redfish (two trawl catches on the Flemish Cap
bank) and satisfied ourselves of the unequivocality.of the behavior of
the reagents, which marked fishes in that region exclusively as carriers
of the factor AZ’ in contrast with the extremely heterogeneous fishes
localized on the Newfoundland Grand Bank (see Chapter .

Since we succeeded in obtaining reaggnts Yanti-cod" No. 1 and
"anti~cod" No. 2 in the dargest .volume, all surveys of the distribution of
bilood groups in space were made with those reagents. In concluding the
discussion of distinctive features of individual antigenic variations of
erythrocytes of redfish, we will point out that the revealed varia-
bility is not connectéd-with sexs the uniform distribution of the factors

among males and females Ct? = 0.33; p > 0.05) is illustrated by Table 5.

34
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Table 5. Distribution of antigenic factors Al and A, among males and

females of the deepwater redfish caught on the Newfoundland

Grand Bank on 2-4 October 1965

TaGauua 5. Pacnpepenenie awrnrennex dakropos Ay # A: cpean camuos
H CamOK KJOBOPLUIOTO OKyMsi, BLWOBJCHHOTO Ha Boswwoil
Hoiogaynanenpckoit Ganke 2—4/X 1965 r.

QenoTiint B
Ilon prbut A A A, _ Hmro C
a Camil, oo vw . e e e e e 20 29 49
D CaMkit v v v v v v v e et e e 16 - 25 "4l
C Bcero ... 36 54 90

Key:s A - Sex of fish B ~ Phenotype C - Total
a - males b - females-

Blood. Groups of the Anchovy

We have alréady noted that the individual variability of antigenic
properties of erythrocytes of the anchovy was discovered during their

agglutination by normal serums of animals. The results of experiments

~set up in July 1963 in the Sea of Azov are presented in Table 6 and

schematically on Figure 15.

Distinc; differentiation of the investigated fishes into three
groups was traced: the erythrocytes of the first of them are agglutinated
by both serums (Nos. l=4); the erythrocytes of the second only by the hog
serums (Nos. 5-7); the cells of the third group do not give reactions at
all, The discovered differences are just as distinct during the agglutin-

ation of cells of the same 12 fishes by absorbed hog serum (Table 7).
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Table 6. Distinctive features of agglutination of erythrocytes of the

anchovy by normal serums of animals (acc., to Altukhov et al.,

1969a with supplement)

TaOGnuua 6. OcolenHocTH arri0THHALKE SPHTPOLHUTOB aHyoyca
HOPHMAALUBIMIL. CHIROPOTKAMIE JH BOTHLIX
(no Anvyxomy u xp., 1969a c ponosncinen)

Hosep putbut 2
1
CuinopoTKa .
1 2 3 ' 4 ' 5
a JomagrHasi . . . . . . . A e A A —
b Comasl. . ....... e
¢ Kourpons  ((puanonoruyeckuit .
PacTBOP) . v v 0 4 . . . — — - -— —

_Table 6 (Continued)

Tposoaxenie taoda, 6

. Hoyep puiGbt 2

CrinopoTKa 1 ’ . :
6 7 8 9 10 . 11 12
a Jlomaamudst . . . ... . . — —_ | - - — - —
b Commant . ... ... ... ++4 A — — — — —_
¢ Kourpoab (Qusnonornueckiit
pacTBop) . . . . . . . — - — — — — —
Key: 1 - Serum 2 « Fish number a « Horxse b - Hog

¢ ~ Control (physiological solution)

Exhaustion of the serum by erythrocytes of fish No. 2 (the first
group) “removes'" the reaction with all cells; the erythrocytes of fish No.
5 (second group) link the antibodies in relation to themselves and to the
erythrocytes of.the other two anchovies of the same group; absorption by
negative erythrocytes (third group) gives no sort of effect at all,

Proof of the antigenic character of the detected variability are
serological reactions set up simultaneously with normal serums and immune

rabbit antibodies, which were examined in detail in the dissertation of

56




Puc. 15, Mupgusnnyaasnas H3MENUHBOCTL AHTHRCHILIX CBOMCTD SPHTPOLNITOB aH-
40yca B ONLITAX TCMArNIOTHHAUNMKH C HOPMaJbLULIME CHIBOPOTKAMH  KPOBH N(H-
BOTHBIX: . '
I~ cemuby; 11 — nouranu.

Figure 15, Individual variability of antigenic proper-
ties of erythrocytes of the anchovy in experiments of
hemagglutination with normal animal blood serums: 1 =

hog; -2-horse.

Table 7. Distinctive features of the agglutination of erythrocytes of |
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the anchovy by absorbed hog serum (acc, to Altukhov et al., 1969a)

SHHOCTH AFTVHIOTHHAUMK SPHTPONUTOB aHyoyca aGcopGuposanioit

Ta6auna 7. 0cob
cpiioil cuiBopoTKoit (Mo Anryxomy H Ap., 1969a)

C

Sunen Hovep pucis B

Ka, acop- .

Guponai-

Rt - 1 2 3 4 5 6 7 {89 10! nie
Mep
A ISPRroti P Peatl iient Bbenil Qs Junls puny J) ) )
5 4+ — == 1=l=1=]=|=
8 |t [ A [ o |

A - Hog serum absorbed by cells, number

B - Fish number




VeVe Limanskii (1969). We will limit ourselvés to a demonstration of only
one table containing typical results (Table 8) and showing complete corre- 57
spondence of the results of reactions Qf normal and immune agglutination.
Thus, if the erythrocytes of fishes of the first group (Nos. 1 and 2)
are agglutinated by rabbit antiserum to its maximum dilution (1:128), then
titers of reactions with cells of the second group (Nos. 3 and 4) are lower
by three orders of magnitude, Negative cells (Nos. 5-7) do not react at

- all with immune serum in a number of the tested dilutions. The reaction
of negative erythrocytes with other antiserums can take place only in titers
of 118 - 1:16, and duriné agglutination;of cells of thé other two groups in
titers of 1132 = 1364 and 1364 - 1:128 respectively.

The results of absorption tests (Table 9) are just as evident.

It must be emphasized that such experiments were set up repeatedly,

and in all cases the picture was identical -« only three groups of anchovies

were discovered on the basis of the antigenic properties of their erythro
gxggé: During the entire period.of investigations conducted both in the
Azov-Black Sea basin and in the Atlantic Ocean off the coast of Africa
(Limanskii, 1966), not once was a fourth-group discovered whose erythrocytes
would interact with horse serum and simultaneously not agglutinate with hog
serum. The distinctive features of these reactions can be explained only

by assuming that hog serum is polyspecific in relation to the complex antie
"gen which can be designated as antigen A, and horse serum is a reagent to-
ward factor 4. ErythrOCykes agglutinated only by hog serum contain the
subgroup factor Az, as a result of which the horse serum does not interact
with such cells, Consequently combinatorial analysis of a pair of antigens must

give three blood groups: Aps A, and AjAqge. However, in a qualitative 58
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‘s

.\@‘Z* Table 8. Character of the reactions of three phenogroups of the anchovy

found in experiments of normal agglutination with immune rabbit

serum (acc. to Altukhov et al., 1969a)

TaGawia 8. Xapakrep peakuiit Tpex (elorpynn asyoyca, BbISIBACHHBIX
B ONLITAX HOPMAJLHON ATFAIOTHHAUIKM, € HMMYHNOII CHIRODOTKOH KpoauKa
(no Antyxony u jap. 1969a)

. . A Hopmaspias cHIBOPOTKA B Hamymizast KPOARYLA CHIBOPOTKA
B paspegeniax
Homep pniGut 2
Jiomagian cpinas ) 1:2 1:4 1:8
1 s T v i e e ol 8
2 -+ 4+t 4+ L e o +4+--
3 - -} - 4+ +-+
g - +++ +++- +++ »+++
6 — — - —_ —
7 — — _ — —
TMponoacenye tada. 8
A ImMyhinast Kpoluubst CLIBOPOTKA B Pa3BefEHNAX
Housep puiGor
1:18 1:32 "1:64 1:128 1:256
I | e | A | R | e -
. g -F+I+4- +-++ +. j: -
4 R - — — —_
5 puj = = = =
6 —_ — — — —
,7 — — — — —
Key: A « Number of fish B - Normal serum C ~ Immune rabbit
serum in dilutions 1 « horse 2 = hog

estimate of the reactions we discovered only two phenotypes: A; (" ++ ")
and A, (" + -"), Howaver, attentive examination of the intensity of reac-
tions within the limits of the phenotype of positive cells reveals its

heterogeneity, as is evident in special experiments set up with normal

serums (Tables 10-11).




Table 9, Agglutination of erythrocytes of the anchovy by immune rabbit

serum after absorption (according to Altukhov et al., i969a)

Ta6anua 9. ArrmoTHuamis SPHTPOUMTOB AHYCYCA HMMMYHHOI
KpoJuubeil CLizopoTKoil nocae aGcopfun
(no Anaryxosy u ap., 1969a)

A

Hmmynuasn Homep phiGu B

CLIBOPOTKA, .

aGeophupo- 2

Baihas Kaet-

Kami, {loMep 1 2 3 : 4 - 5 J [ I 7
1 — — C - — — — —
4 ++ | A - i Bl —
5 S B S S o o o IRl -

Kew 't 4 - Immune serum absorbed by cells, number B « Fish number

LN
-

Table 10, Variability of reactions of erythrocytes of anchovy of the

first group in experiments with normal antibodies (acc. to

Altukhov et al., 1969a)

Tadauua 10. BapxalensHocTh peakumii SpuTPOUHTOB aHucyca
nepnoit rpynnbi B ONLITAX € HOPMAJILHLIMIL aHTHTEnaMi
(no Anrtyxony H ap., 1969a)

A 7 Homep pribel B

CriBOpoOTKA
1 . 2 3

a Jowamtan . . . . |dbt | b A | e |
b Cowman . . . . . e B o B o B e e I e o
Table 10 (Continued)
Tpononxemee TaGi. 10
A ) Honmep puidit B
Cunopotka .

7 8 9 |10 112 | 13 ] 14 15

a Jlomammaa « , . .| ++ A R L S A A
b Coman ... bt [ R BN R

Key: A - Serum B - Number of fish a - Horse b - Hog



Table 11, Agelutination of erythrocytes of the anchovy by absorbed hog

serum (acc. to Altukhov et al., 1969a)

TaGanuuwa 1. ArimoTREHanMS SPHTPOLIITOB aHYoyca
‘ a6coplipoBannoil CRUNOIT CLIBOPOTKOIL
(no Aaryxony M zp., 1969a)

Cunnast cut- . Homep puiGut B
noporka, aG- b
copGisponait-
Han KAeTKa-
Mif, HoMep 1 2 3 I 4 ' 5 6 7
1 — — — — — — —
1 A+ | |+ + | & | |
Table 11 (Continued) ;
Tpoaonxete taéa, 11 !
Cutitast chi- Homep puibt B
nopoTika, a6-
copBuponai- l
HaW waeTRa- | . - .
MH, HOMEp 8 | 9 10 11 ‘ 12/- 13 l 14 l 15
A B R R | ST I R
i1 + | -1 =1 = | _— — — -

Key: A - Hbg serum absorbed by cells, number B = Number of fish

The data presented in Tables 10 and 11 show that erythrocytes of

the positive group of thé anchovy differ from one another in intensity of
‘reactions. Together with cells agglutinated on "+++" and "++++" (Nos. 1-8)
there are cells exhibiting substantially weakened reactions (Nos. 11-15).
These differences are also confirmed by absorption experiments which intro-
duce certain refinements into the results of determinations with whole serums.
Thus it turns out that the exhaustion by cells of type "++" (No. 11) dis=-
poses of the antibodies for erythrocyﬁes [literally "eliminates the anti-
bodies towards the erythrocyteé"] reacting somewhat more strongly with any

single reagent at all (Nos. 9 and 10). At the same time
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all the erythrocytes agglutinated by the two serums with an intensity of

3 and 4 points retain their reactions. Thus is explained the supple-

mentary differentiation of a positive group, and together with cells ag-

glutinated by hog serum alone, three phenotypes are found, as |

we assumed above, Running ahead a little, we will point out that the

Black Sea race of the anchovy is represented by those blood éroups, whereas

in the Azov race negative fishes whose cells are not agglutinated either by

horse or hog serum are encountered with considerable frequency (third group).
Serological data regarding the Black Sea anchovy suggest the idea

of two-allele determination of its erythrocytic antigens ; moreover weakened

reactions within the limits of the group of "positive" cells, caused, very

probably, by the effect of the dose, must correspond to the heterozygotes

AlAz. .

o The assumed structure of this genetic locus could be proven precisel&

by family analysis but is not feasible in practice, as no procedure

has been developed for keeping anchovies & long time in an aquarium. There-

fore only one way remaiﬂs ~- verification of the hypothesis directly on

samples from natural populations.

Regarding the assumed heterozygotes AlAz of those positive fishes

whose cells weakly agglutinated with horse and hog serums (erythrocytes of

types Nos. 9-15 in Table 1ll1), we made corresponding calculations on five
sufficiently rep£esentative samples of the Black Sea anchovy, taken at
different times aﬂd at different places of its range, ana satisfied our-
selves of the absence of any sort of essential divergences between the
gametic and zygotic frequencies expected aécording to Hardy-Weinberg. Just

such an unequivocal answer, testifying to the validity of the hypothesis of

60



the pair of alleles, was obtained in processing the total Black Sea

catch without samples with negative fishes (%:241,3.84; df = 13

p > 0.05; Table 12).

Table 12, Verification of hypothesis of two-allele control of blood

groups of the Black Sea anchovy (acc. to Altukhov et al,, 1969a)

TaGauiwa 12. Mposepra runorTesant O ABYaAiebHOM KOHTPOJE TIpynnm KpoBH:
: : uepuomMopcKoro amdoyca (no Aatyxosy m np., 1569a) :

A ’ YacroTht B
Mecto 1t pata denoTHIYECKle &
B3ATHH NPOG N
A A, A
1 Coun, 10—13/VI 1963 . .| 80 0,5750 0,325 |  0,0625
Ba'r}\m 14—16/VI 1963 .| 65 0,3539 0,4922 0,1539
Opecca, VIII 1963 . . .| 168 0,8216 0,1666 0,0118
. & Kabynermn, 23/11 1024 .| 40 0,7500 0,2250 0.0250
S ToGeunx, 12/V 1965 . . .| 40 0,6250 0,3500 0;0250
Q’ 6 Cy\n.qpuaﬂ m;éopm 1o : : :

Xed Uepromy  moplo  sa ) . o
. 1963—1966 rr. . . . . 633 0,6746 0,2859 0,039

Table .12 (Continued)

IMpoaoamemre Taba. 12

A Yactots B
. renmee b
e 100 N ) 5
' pA, gA,
1 Comr, 10—13/VI 1963 . .| 80 - 0,7500 0,2500 0,22
2 Barywn, 14—18/VI 1963 .| 65 0,6077 0,3923 0,63
3 Onecea, VIIL 1963 . . .| 165. 0,8909 0,1091 0,39
& KaGyacrr, 2311 1964 .| 40 0,8419 0,1581 0,90
S ToGewmix, 1°/V 1965, . .| 40 0, ,8419 . 0,158!1 1,13
Cysvapuast  wiGopka 110 '
Ueprony  aopo 3a
1963—1966 rr. . . .. .| 633 0,8013 ° 0,1987 3,14
Keys A « Sampling place and date B = Frequencies
: a - phenotypical b - genic
1 - Sochi, 10-13 June 1963 2 -« Batumi, 14-16 June 1963
3 -« Odessa, August 1963 4 - Kabuletti, 23 February 1964
5 « Tobechik, 12 May 1965 6 - Total catch for the Black

Sea in 1963-1966
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In the Azov race, as has been pointed out, negative races are
also frequently encountered (this phenotype can be designated as AO) and,
consequently, here we have a right to assume three-allele determination,
known, for example, for the P-system of blood groups of man (Sanger, 1955)

and the M-system of the blood groups of cattle (Rendel, 1958).

.In that case the interrelations between the assumed alleles and the geno~-

types and phenotypes of blood groups of the anchovy are laid out in an
orderly system adequate for the distinctive features of serological reac-

tions (Table 13).

Table 13. Blood groups of the anchovy

TaG6auna 13. Fpynnm kponu esponeiickoro amioyca

A B C Xapaxtep peakuuil ¢ peareuravy L
Anneas Fenornn - DenoTin anTi-A (counas cut- anri-A, (Fomasu-
BOPOTKA) a itast Cb!ROPOTKA) b
. ¢
Ay A AL LA~ -+ +
A A,
A
Aa ArAa Aa . 4- —
Aza
a aa Ay —_ —

Key: A - Allele B =« Genotype C - Phenotype D - Character of
reactions with reagents a - anti-A (hog serum) b - anti-Al
(horse serum)

If this scheme is valid, then in the Azov anchovy the Al group
must in the intensity of sefological reactions be more heterogeneous
than in the Black Sea anchovy, as the allele Ay is not present in the
latter (see Table 12), The same should also be expected for the pheno-

type Az. In fact, we have repeatedly observed heterogeneity similar to
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that assumed, but in not all cases have we succeeded with the same ease
as in the Black Sea anchovy in separating the assumed homozygotes from
the heterozygotes AlAz, since the reactions of those cells possibly over-
lap in intensity. Nevertheless, in a sample’ numbering 1056 specimens

(1964) good correspondence of the actual frequencies of phenotypes and

" those expected according to Hardy-Weinberg was observed (){ = 2,393 df = 1),

In five other samples the actual frequency of the assumed heterozygotes
A1A2 was much below the e#pected (fluctuations of X2 from .13.36 to 43.51) -
in the presence of a simultaneous sharp increase for the water body #s a
whole in the concentrations of phenotypes Al and Az and a drop in group AO
(Altukhov et al., 1969a).

Possible reasons for such shifts will be discussed below. Here we
will only emphasize the admissﬁbility of the proposed genetic hyéotheses,
pointing out simultaneously the need to develop an experimental approach
to substantiation of the genetic structure of this locus in family analysis.

The inheritance of antigens of the A-system of blood groups of the
anchovy is demonstrated rigorously enough in a comparison ¢f three suce-
cessive generations of the Azov race as a whole (see Chapter V).

We will also point out, taking into account all the enormous amount
of material gathered by V.V. Limanskii in four years of field work, the
autosomal- type of this inheritance.

Eiectrophoretic Variants of Proteins of Pacific Salmons

1. Lactate dehydrogenase (KF 1.1.1.27) l-lactate: NADeoOxydo-reduce
tase; Henceforth abbreviated Idh.
The results of investigations are illustrated by the series of

photographs (Figure 16).
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Figure 16. Isoenzyme spectra of lactate dehydrogenase of Pacific salmons.
A - skeletal musculature of the ketas: 1-5 - homozygotes AA; 6 - hetero-
zygote A'A (electrophoresis in agar gel, 120 minutes, 6V/cm); B - keta
blood serum: 1 and 3 - homozygotes FF and SS respectively; 2 - hetero-
zygote FS (electrophoresis in agar gel, 75 minutes, 7 V/cm); C - skeletal
musculature in blood serum from the same keta specimen (1 and 2 - elec-
trophoresis in polyacrylamide gel, 180 minutes at 200 V); 3 and 4 - blood
serum of "agar" types 2 and 1 respectively (electrophoresis in polyacryl=-
amide gel 180 minutes at 200 V, 20 minutes at 250 V); D - various tissues
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of Keta: 1 - liver; 2 - intestines; 3 -~ heart; 4 - crystalline lens of
eye; 5 - erythrocytes; 6 - eye (electrophoresis in polyacrylamide gel
140 minutes at 200 V and 10 minutes at 250 V); E - skeletal musculature
of masu and keta: 1 - masuj 2 - heterozygote keta A'A; 3 and 4 - homozy-
gote keta AA (electrophoresis in polyacrylamide gel, 200 minutes at 220
V); F - skeletal muscles of keta; homozygote (1) and heterozygote (2)
individuals by genes of isozyme group b (electrophoresis in polyacryl-
amide gel, 165 minutes at 200 V and 15 minutes at 250 V); G - skeletal
musculature of pink salmon (1) and coho (2) (electrophoresis in poly-
acrylamide gel, 165 minutes at 200 V). On all photographs the anode is
from the bottom and the cathode from the top. Arrows indicate the start-
ing positions. Remaining explanations are in the text.

On photographs 4 and B are Magar" zymograms for Ldg of muscles |
and blood serum of the keta respectively, and on subsequent on2s, isozyme
spectra developed by the method of acrylamide eleétrophoresisvin different
tissues of the keta, and also in some tissues of pink salmon, masu and
coho. Sincu thé "weak' bands of activity appearing as a result of dif-
ference in the quantity of synthesized subunits are unavoidably lost during
photoreproduction or, on the other hand, 'due to the high activity of the en-
zyme the isozymes merge and we note their location in such cases with lines.
As is evident on the photographs, in extracts of the skeletal mus=

culature of the keta agar electrophoresis reveals two groups of Ldg iso-

.zymes ! one, negatively charged very little and consisting of four or five

bands with diminishing intensity of coloration, and another, very negatively
charged and represented maximally by two bands which remain at the start
(see Figure 16, A, 1-6). This secend group of isozymes is also detected
in blood serum, and under slightly qifferent methodical conditions these
proteins'also move toward the cathode (see Figure 16, B, 1-3).

In a number of investigations (Massaro and Markert, 1968; Bouck

and Ball; 1968) two groups of ldg isozymes, consisting of five bands each,
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have been detected by starch-gel electrophoresis in the skeletal muscles
of some representatives of the family Salmonidae, in particular the raine

bow trout Salmo gairdneri. They were designated as a and b by Massaro

and Markert in order of decreasing cathode mobility. 1In additibn, two

more groups, d and e, have been found in the intestines and the eye (Figure
17)s A very similar picture was also obtained by Bouck and Ball, who used
electrophoresis in a block of acrylamide gel to investigate the isozyme .
composition of Ldg in different tissues of two species of chars:-Salvelinus
fontinalis and S. namaycush and the rainbow trout S. gairdnerj. Still |
earlier, duplication of genes in loci A and B for the Ldg of Salmonidae

was shown by Ohno and his co-workers (Klose et al., 1968).

+) . Figure 17. Schematic depiction
b= of four izoenzymatic groups of

, ¢, lactate dehydrogenase, revealed

g = by starch-gel electrophoresis in

‘= g different tissues of rainbow

trout. Group a - skeletal muscless;

b ~ skeletal muscles and heart; d -

o : intestines; e - isoenzymes specific
- 5 7T e &~ for tissues of the eye; three other
) _ groups were also discovered in it

(acc, to Massaro and Markert, 1968).
Puc. 1. ' ’ '

As for the keta, the results of electrophoresis in agar gel permit
considering thaﬁ we have found in the muscular tissue of that épecies the
same isozyme groups as in other members of the family Salmonidae. This
is confirmed in experiments with acrylamide electrophoresis. Thus, zymo-
grams of the Ldg of blood serum and muscles from the same fish are shown

in Figure 16, C, 1.2} the isozymes revealed in other investigated tissues
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are in Figure 16, D, 1-6. It is clearly evident that for the ﬁissues
investigated by us and other authors (loc. cit.) the number of isozyme

groups and their correlative mobilities coincide (see the legend under

Figure 17). A difference is noted only in relation to the Ldg of the

intestines! in the keta these isozymes belong to group b, and not to d - 65
as in the frOut.

In the pink salmon we have investigated in detail the isozyme
spectra of lLdg of muscles, blood serum, erythrocytes and the crystalline
lens of the eye, and in none of those tissues were differences from the
keta found. In the coho (7 specimens from Sakhalin and 100 from Kamchat=
ka) only the Ldg of muscles and blood serum was investigated, It turned
out that the number and mobilities of serum isozymes in if are the same
as in the two preceding species, whereas five isozymes of group a differ
in mobility (see Figure 16, G, 1-2). The masu on the basis of the chaf-
écter of the.Ldg of muscles -~ the only tissue investigated so far in thét
Species == differs sharply from the keta, pink salmon and coho, but like
them has two groups of isozymes, Thus, in all the species of the genus

Onchorhynchus investigated by us, duplication of the genes of lactate

dehydroéeuase, reflecting their tetraploidy, i; clearly traced.

With this fact taken into account there was a need for examination
also of the individual variability of zymograms of the keta, pink salmon
and sockeye., This variability was investigated in detail on muscular and
serum groups of isozymes.

In Figure 16 A it is evident that keta No. 6 differs from the
remaining fishes with respect to the muscular group of Ldg, but cne cannot

drav a conclusion about the numbqt of bands because of their merging.
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Acrylamide electrophoresis introduces clarity: agar type No. 6 proves to
be represented by nine close bands (see Figure 16, E, 2), and in the ex«
tracts of fishes of agar types A, 1«5 only five bands are revealed which
stand far apart (see Figure 16, E, 3-4). Variability of that sort, in
accordance with theory (see Figure 14) and the data of family investiga-
tions (Shaw and Barto, 1963; Odense et al., 19663 Goldberg, 1966; Morrison
and Wright, 1966), testifies to the presence of mutation at the locus A
for ldg. Consequently, individuals represented by five izozymes standing -
far apart must have the homozygotic genotype AA; fishes whichk have nine
isozymes correspond to the heterozygotes A'A; homozygotes A'A', character-
ized by five close bands (see Figure 14) are extremely rare on Sakhalin
but are encountered rather often on the Kuril Islands.

Verification of ihe hypothesis shows precise correspondence of
the actual numbers of genotypes with. that expected from the Hardy-Weinberg
equation (Y2 = 0.32; df = 1; Table 14).

' These data can now be supplemented by a family analysis made by
us, Since the frequencies of the two phenctypes with respect to ldg are
10% among -stocks of keta and the crossing were accomplished blindly,
in more than 50 random combinations of pairs we encountered only three
out of six possible genotypical combinations. Nevertheless these data
(Table 15) quite definitely indicate, as was to be expected, the co-domin-
ant type of imheritance. |

A fish with nine isozymes on the basis of the serum group of Ldg
has been discovered only dnceon Sakhalin, in a sample (N = 250) from the
population of the Tym' River (see Figure 16, F, 2). As regards hundreds

of other fishes from various Sakhalin, Kuril and Kamchatka rivers, in
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Table 14,

Distribution of electrophoretic variants of lactate

Key:

fal
= .

dehydrogenase in the Naiba keta population

Tabau uaA 1.4.

Toctyanponanune
A
Cpotn cGopa s Muwednofi rpynnst H3odepsenton 8
MaTepHana
N
BBAA BBA‘A BBAA*
1 Oxratps, 1968 r. 130 4 - 0 144
(129.96) (13,68) (0,36)
2 Oxra6pu—1ioabps 1969 r, 455 35 0 490
(451, 59) (37,63) (0,78)

TMipumeuanne., 3gech H B NOCACAYIONMK anaforiuumX TaGmIax ¥ cKOGKAX HPUROANTCR

Yactora rema  (§

OAR{BAAeMas YilCNeNnNocTh,

TCHOTHNNL! B
: . b !
ana CHIBOPOTO'HO FPynNkt H3odepmenTon / .
N }thﬂ‘ F
FF FS S8
. 88 © 96 1 115 0,95 0,87
(87,04) (26,02) (1,94) o
213 71 - 7 201 0,96 0,85
(210,25) (74, 20) (6, 55) .

c
1
N

Sampling dates
Postulated genotypes

a - for muscular group of isoenzymes
b - for serum group of isoenzymes

- Gene frequency

- Qctober
ote,

1968

2 = October-November 1969

Here and in following similar tables the expected

numbers are presented in parentheses,
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them the Ldg of serum on acrylamide zymograms is represented by'only five
bands (see Figure 16, C, 2-4)., In the agar variant‘of the method those
phenotypes contain two. bands of equal intensity (see Figure 16, B, 2)
or can give weak coloration from the cathode and the anode sides of the
zZymogram (compare Figure 16, B, 1 and 3), At the same time, in the inves- !
‘tigation of serum of such fishes in acrylamide gel, the five isozymes A ¢
just spoken of are always revealed, and the weakening of coloration is
parallel to that observed on agar zymograms (compare Figure 16, B, 1 and

Cy4; By, 2 and C, 3). It is clear that such variability is quantitative

and not qualitative, but the observed variations are so discrete and always
reproducible, that they can also be given a formal genetic interpretation (see
Table 14).. Calculations testify to the absence of contradictions Latween

. : the really observed distribution and our genetic hypothesis, according to
which the type showing two equally active bands (on agar) or five (on poly-
acrylamide) must be regaréed as heterozygotic (wewiil conventionally desig-

nate it as FS) and the two others as the homozygotes FF and S$S%,

Table 15. Inheritance of types of muscular Ldg in-the keta

Ta6auna 15. Hacacposause THNOb momenhioft JIAF y Kerw

A FettoTnns motToMeTna B
‘ Tenotint! pojuitencit AABB A" ABB A'A'DB N
AABB X AABB 80 — — 80
AABB X A'A’BB — - 45 — 45
AABB X A’ABB 39 *39 —_— 78

Key: A -~ Genotypes of parents B - Genotypes of offspring

9 *From the initial letters of the words "“fast" and “slow',
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Consequently, polymorphism is revealed with respect to both the
muscular and serum groups of isozymes of Ldg of the keta., But if in the
case with muscular Ldg its genetic nature is connected with the presence
of a third subunit of the heterozygotes, for isozymes of blood éerum, with

the exception of one case (see Figure 16, F, 2) such a conclusion is un-

_ acceptable. At the same time, on the basis of population data (see Table

14) this variability also can be treated as hereditary, reflecting poly-
morphism of the corresponding regulator gene.

A similar variability of serum Ldg is observed also in the pink
salmon (Altukhbv et al., 1968) and the coho. However, polymorphism is not
found with respect to the muscular group of isozymes of those species,
although over 500 specimens of pink salmon have been investigated from
various rivers of Sakhalin, Kamchatka and £he Kuril Isiands, and over 100
cohoe. ‘

Hereditary variability in the au;osﬁmal locus of serum Ldg in the
sockeye has been discovered by American investigators (Hodgins and Utter,
1969), who used electrophoresis in starch gel. The polyacrylamide variant
of the procedure adopted in our laboratory permits obtaining data agreeing
completely with the results of Utter and Hodgins (Figure 18, A.) The only
difference is that in our procedure still another invariant isoenzymatic
group of ldg is suécessfuily found in the muscles of the sockeye, as well
as of other Salﬁonidae.

| 2. Phosphoglucomutase (alpha—D-glucose-l,6-diphosphate: alpha~D-
glucose~-l-phosphate of phosphotransferase; KF 20745413 hencefor;h abbre-

viated Pgm).
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Figure 18. Electrophoretic variants of proteins in Pacific salmons.

A < serum lactate dehydrogenaée of the sockeye: 1 -~ homozygote AAB{B';
2,3,5,6 « homozygotes AABB; 4,7 - heterozygotes ABB'B (electrophoresis

in polyacrylamide gel); B - phosphoglucomutase of muscles of the sockeye;
1,7 - heterozygotes AB; 6 - homozygote AA; 3-5 - homozygotes BB (elec-
trophoresis in starch gel); C « phosphoglucomutase of muscles of the keta.
Monomorphism (electrophoresis in starch gel); D = erythrocytic glucose-6=
phosphate dehydrogenase of the keta. Monomorphism (electrophoresis in
polyacrylamide gel); E - serum esterase of the keta. Monomorphism (elec=
trophoresis in polyacrylamide gel); F - serum albumins of the keta: 1

and 6 ~ homozygotes CC and DD respectively; 2 and 3 - heterozygotes AC;

4 « heterozygotes CD; 5 - heterozygote BC (electrophoresis in starch-agar
gel); G - malate dehydrogenase of muscles of the keta (electrophoresis in
polyacrylamide gel). The anode is from the bottom and the cathode from
the top on all photographs.
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Two-allele polymorphism of the autosomal gene Pgm of muscles,
described in the sockeye by Utter and Hodgins (1970), was discovered
almost simultaneously also in our laboratory by E.A. Salmenkova under
somewhat different methodical conditions (Figure 18; B).

In the keta the locus of Pgm in all the investigated populations
is represented by two bands moving toward the anode. This corresponds to
a constantly heterozygotic state, reflecting duplication of the corre-
sponding alleles (Figure 18, C).

3, Glucose-6-phosphate dehydrogenase (D-glucose-6=-phosphate:
NaAD-oxide reductase, KF 1c1.1.4°) has been investigatéd in the erythro-
cytes of the keta, pink salmon and sockeye (hundreds of individuals) from
differént populations. In all cases constant heterozygoticity is ﬁain-
tained, which  permits speaking about a mechanism of duplication similax
to that observed in relation to the locus of Pgm (Figure 18, D).

4, Esterase of blood serum and muscles (héndeforth‘abbreviated
Es) can be ciassed in the group ofAnonspecific enzymes, regarding the
molecular bases of the multiplicity of which almost nothing is known
(Saimenkova, 1973), although in accordance with the general'principles.of
biochemical genetics it is logical to treat each zone of activity on the
electfopﬁoregram as corresponding to a single locus.

Esterases investigated in the keta and sockeye proved to be mono-
morphous and represented by two or more fractions. A photograph of an

electrophoregram of esterase of the keta (Figure 18, E) is presented as

"~ an example,

' 5, alpha-Glycerophosphate dehydrogenase of muscles (L-glycerol-

3-phosph5te: NAD-oxide reductase, KF l.1.1.8), investigated in the keta, -

70
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gives on our electrophoregrams at least two groups of fractions of dif-
ferent intensity. Lf the same scheme "one gene -- one band on the zymow-
gram" as in the preceding cases is adbpted, which is most suitable for
the given situation, it can be considered that the enzyme is coded, as a
minimum, by two loci., In one of them a rare, probably allele, variation
is observed (Altukhov et al., 1972). That locus is monomorphous in the
sockeye,

6. Albumins of blood serum. Electrophoresis in stérch-agar
gel reveals in keta blood serum polymorphism of the fastest
protein fraction, cbmparable in-mobility with purified albumin prepara-
tions of different origin. The presence in that zone of five electro~
phoretic variants represented by one or two bands with different mobility
and not revealing in their distribution a connection with sex, forces cne 71
to assume either a two=loci structure of that systém (taking into account
that the Pacific salmons are tetraploids)wiﬁh sevérai alleles in each
locus, or single-locus with four alleles, as is represented in Figure 18 F.

It must be pointed out that the types designated here as AC and
BC were encountered relatively rarély in the examined populations¥*, and
the most frequent variants with a universal distribution were C, CD and D;
the last-mentioned type always has a minor zone which almost coincides in

mobility with zone Ce

%In three field seasons the phenotype AC was encountered in 21 out of
1275 investigated individuals of the Naiba keta, in 1 out of 329 speci-
mens of the Tym' keta, in 2 out of 346 specimens of the Kuril keta, and
not once in the Kalininka stock (N = 526 specimens).
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Table 16, Distribution of genotypes of albumin in the Naiba population

6f the keta upon the assumption of pammixia (F = 0) and with

correction for subdivisibility (F = 0.114 + 0.02)

Ta6anua 16

1 2 ACC ACD

aTa
Howen | i Ng Ng
. npos No N,
: F=40 F=0,11 F=10 F=0,11

) 20/X 56 53,62 54,94 19 23,75 21,14
2 271X 23 22,56 24,26 30 30,87 27,48
3 2/);1 20 20,25 21,98 32 31,50 28,03
4 9/X1 52 48,23 51,01 43 50,53 44 98
5 13/X1 a2 32,40 34,78 44 43,20 38,45
6 23/X1 65 63,38 64,98 26 29,35 26,03

1—-6 22%/);'{—1—- 248 235,22 | 247,18 194 | 219,55 183,79

IIipumevanue., Ny— duktiucckan HHCAGIBIOCTL TEHOTALON; N — O.KSULACAAN HHCA D08 T,

AP %3

Ng N ‘ qALL”

No F=0 |F=0,11

F=0 F=0,11

5 2,63 3,60 T80 2,14 0,78 0,8187
11 10,57 12,26 64 0,05 0,42 0,5837
12 12,25 13,98 64 0,02 1,02 0,5625
17 13,24 16,02 112 2,45 0,17 0,6562
11 14,40 16,73 90 0,03 1,48 0,6000
H 3,37 4,93 96 1,17 0,01 0,8125
ot - 501,23 65,05 506 7,12 0,02 0,6818

Note, Npy is the actual number of genotypes; NE is the expected number,

Key.: 1 -« Number of sample 2 - Date sample was taken

Since a large enough volume of blood is necessary for electro-
phoretic analysis of albumin, it is impossible to explain the assumed

mechanism of gene control of that variability in family analysis -- the
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fingerlings of the keta grow at Sakhalin plants to several hundred milli-
grams and then migrate to the sea, If we assume, however, the probability
of panmixia in the keta populations,éur hypothesis can be verified on
separate samples by comparison of the actual distribution of phenotypes
with that expected‘from the Hardy-Weinberg binomial law. At this

stage we deliberately simplify the scheme of analysis, taking into Qccount
only types D (slow homozygote), CD (heterozygote) and C (fast hom&gygote),
that is, we assume a singlg-locus two-allele system* (Table 16).

As is evident f£rom Table 16, in none of the investigated samples
ant no phenotypical class are there reliable differences between the theow
rétical and émbiriéal distfibutidn, and so the real picture does not contra-
dict the genetic hypothesis adoptéd by us.

At the same time the individual samples differ in their pheno-
typical and gene frequencies, and characteristic of the stock as a whole
is a statistically significant deficit. of heterozygotés. These facts are
discussed in detail in the following chapter.

7. Malate dehydrogenase (L-malaée;.NAD-octidoreductase; KF 1.1,
1,373 henceforth Mdh).

Polymorphism in the autosomal locus of the cytoplasmic form of
malate dehydrogenase of the keta and pink salmon, discovered by V.I. Slyn'-
ko (1971), is represented by four electrophoretic variants (Figure 18 D).

Two types of the four were described later by Numachi et al. (1972).

%In other calculations it turned out that the hypothesis of a two-loci
structure of albumin polymorphism with two alleles in one locus, as dise
cussed above, and with three in the other (zone C being considered common
to both systems) is in accordance with empirical distributions.

72
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Since in other Salmonidae Mdh is a dimer (Baailey et al., 1969),
it can be considered that the observed variability.in the keta is caused
by two, probably uncoupled loci with a pair of alleles in each, some
homodimers overlapping in electrophoretic mobility. In such aﬁ inter-
pretation type 1 is the homozygote AA, type 2 the heterozygote AB, type
3 the heterozygote AC and type 4 the diheterozygote. The validity of the
hypothesis for the corresponding pairs of alleles is confirmed by the

results of crossing (Table 17).

Table 17, Inheritance of types of malate dehydrogenase in the keta

TaGsnua 17. Hacrenoanne THIOE ManaTAerHEpPOTeHash. ¥ KeTh!

. ) degorannt notoxetna B

Denotii A N
poauTencit A I AB AC
AXA 50 — — 50
AX AB 57 57 — 114
AXAC _ 23 — 23 46

Key: A - Phenotypes of parents B - Phenotypes of offspring

Until the genetic structure of the loci of malate dehydrogenase
is completely deéiphered‘we will use as a basis the described scheme,
assuming that at least the genetic nature éf this polymorphism is unques-
tionable. We have not once encountered the homozygotes BB and CC among

the investigated fishes, which probably indicates-the lethality of the

‘corresponding alleles, or their extremely rare occurrence in the studied
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populations. Type No. 4 also has a low frequency (1:1500). Therefore
for population comparisons this system can be regafdéd as a two~allele
one, finding the frequency of the one most frequent gene by extracting
the square root of the relative number oflthe phenotype A and the fre-
quency of the other gene by adding the found value up to unity.

In the investigations of Bailey and Wilson and ours in the sockeye

the locus of Mdg proved to be monomorphous.

Such proteins, different in localization and function, as agpartate
aminotransferase and tetrazblium oxidase also are monomorphous or extremely
weakly variable in populations of different species of Salmonicae, water-
soluble proteins of muscles are myogens, and water-soluble proteins of‘
ﬁhe cryétalline lens of the eye and hemoglobins are crystailins. It is
clear that javariant characters give nothing for the study of population gene-
tics. On the contrary, analysis of that sort is accomplishable on the basi#
of those genetic systems which have proven to be pol&morphous. On the basis
of these data we can proceed to examine the variability of frequencies of
corresponding phenotypes, genotypes and genes within the limits of and on

the level of different local stocks (or races) which have been selected as

_the objects of the present investigation.

Chapter V. Local Stocks as Réproductively Isolated, Genetically

Heterogeneous Populations

Of the morphological, biological and ecological characteristics of
the populations selected for analysis it already is possible to speak of
their spatial isolation. Especially essential is the circumstance that

besides the isolation caused by obvious physical geographical barriers or
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distinctive features of reproductive bghavior, local differentiation has
proven to be mathematically unavoidable for the simple reason that two
individuals of opposite sex have far greater chances of meeting and leav-
ing posterity when they are in each other's neighborhood than at a distance

exceeding the radius of their activity - so-called isolation by distance

(Wright, 1943).

Since & mathematical model reflects & certain general regularity, we
have the right to expect some uniformity of the population genetic étruc—
ture in the most differing species in nature. And, sctually, in field inves-
tigations corrasponding facts.have been obtained, at least,;wiﬁh-regard_to the

demonstration of the dispersion of gene frequencies over an entire range in

" the absence of any geographical barfiers whatsoever,

A "range effect" of that sort (Cain and Curry, 1963a and b), cor-
responding to a great extent to the model in the analysis of any sort of
relatively immobile species consisting of small colonies, such as the

terrestrail mollusk Cepaea nemoralis, appears to be less probable for

fishes whose species are at times extremely mobile and numerous and are
characterized by external fertilization.

Nevertheless, in the first investigtion of spawning accumulations

of anchovy scattered over the entire area of the Sea of Azov we encountered

strong spatial variability of the frequencies of blood group factors. The
discovery of §uch heterogeneity, at first glance, it would appear, of a
panmictic population, gives rise to two consequences which predetermine
the character of further work.

Firstly, it becomes evident that in order to characterize a stock:

(or race) as a whole it is impossible to limit oneself to the analysis of
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random samples, and it is necessary to investigate a sufficiently large
number of samples, more or less uniformly distributed in space or time.

Secondly, the genetic unity itself of the race or stock as a
starting prerequisite for its selection as an object of a population
genetics investigation can be put in doubt, requiring special argumen-
tation.

We will present.that argumentation mainly in the conclusion of
the work, and in the present chapter present proofs of the reproductive
isolation of stocks and show their genetic heterogeneity, revealed in a
broad genogeographical investigation. It is clear that the simultaneous
clarification according to the principles and by the methods of genetics of a
number of features of the biology of those populations which were unclear

earlier is a component part of such analysis.,

Genetic Differences of Local Stocks of Redfish. Heterogeneity of

a Separate Stock

Distinctive features of the spatial distribution of the blood group
factor 4, in redfish accumulations on the Flemish Cép bank and the Neww
foundland Grand Bank are evident from Table 18 and the corresponding

figures. The table was constructed so that it might be possible to form

a judgment about the time of catching the fishes, the number of fishes taken

for analysis and the gene frequency in each sample, The spatial locali-

zation of the trawling stations is shown in Figure 19. The obtained data
testify to substantial genetic differences of all Flemish Cap bank samples

from the Grand Bank semples: in the first case the A,

factor is close to fixation (fluctuations in individual samples from 0.91

75
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.\,;l} Table 18, Frequency of blood group AZ in samples from accumulations of

redfish on_the banks of the Newfoundland region of the

Atlantic (1965)

TaGauuwa 18, Hacrora rpynimt kpoBn Ay B BLGOPKAX N3 cronacunii

Moperoro oxyitst Ha Gankax Huogaymrenackoro paiiona Ataantukn (1965 r.)
A B
\ aTi Mep AT
lrllcxl;\t;\Cvp ) I\ﬁn‘;l’i‘ﬂ N qiA, }13,2,%‘ ,,ﬁ,;;l:n N qla,
1 3/IX 40 0,97 37 211X 60 0,86
2 3/1X 38 0,51 38 22/1X 40 0,67
3 4/1X 40 1,00 39 23/1X 40 0,77
4 C5/IX 20 1,00 40 24/1X 40 -} 0,95
5. 5/IX 60 1,00 41 25/IX - 40 0,95
6 5/IX 40 0,97 42 25/1X 40 0,89
7 5/IX 20 1,00 43 26/1X 40 0,59
8 511X 40 0,92 44 27/1X 60 0,63
9 6/IX . 40 1,00 45 27/1X 32 0,71
10 6/1X 80 1,00 46 28/1X 40 0,50
11 6/1X - 60 1,00 17 28/1X 60 0,48
12 6/1X 60 1,00 48 28/1X 60 0,45
13 6/1X 60 1,00 49 2/X GO 0,88
14 7/1X 50 1,00 50 3/X 60 0,75
15 7/1X 80 1,60 51 4/X 60 0,71
) 16 7/1X 100 0,99 52 4/X GO 0,73
’ 17 71X 58 1,00 53 - 5/X G0 0,61
18 7/1X 60 0,95 54 5/X G0 0,52
9,9 . 19 8/IX 78 0,99 - o 6/X 60 0,68
g 20 8/1X 40 0,97 56 6/X 60 0,76
21 9/1X 40 1,00 57 6/X 60 0,77
22 12/1X 60 0,96 . b8 7/1X 60 0,73
23 12/1X G0 0,91 59 7/X 60 0,63
24 13X 60 0,93 60 8/X 60 0,77
25 15/1X 40 0,81 61 10/X 60 0,73
26 15/1X 40 0,9 62 10/X 60 0,84
27 16/1X 40 0,87 63 10/X 60 0,85
28 16/1X 60 0,89 64 /X 60 0,84
29 16/IX G0 0,85 65 /X - 60 0,84
30 16/1X 60 0,71 66 15/X . 60 0,73
31 16/1X 60 0,83 67 | 15X 60 0,89
32 19/IX 60 0,79 68 16/X 60 0,89
33 19/IX G0 0,79 69 17X 60 0,35
34 20/1X 60 0,71 70 17/X 60 0,71
35 20/1X 40 0,63 71 17/X 60 0,68
36 20/1X 40 0,84 72 17/X 52 0,68
Key: A « Number of sample B - Date of catch

to 1.00;.5 = 0.95 + 0.02)3-in the second a considerable dispersion of the
gene frequencies is observed (from 0.35 to 0.95; § = 0.73 #+ 0.01). If the
5 : genogeography of the Az factor on the Newfoundland bank is presented in

rather rough and, consequently, reliable frequency intervals, then the
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Puc. 19, Tlpocrpancrsennas OKanu3auus TPaJAOBHIX YHOBOB OKYHS, HCCNCLOBAH-
Horo HMMmyllorenetHueckn Ha HploQaynmnenackoil Ganke  (a) n Ha Gauxe Gue-
mum-Kan (6). Hymepauus craHunii cooTBercTByeT npHusrToil B Tadn. 18.

Figure 19, Spatial localization of trawler catches of
‘redfish examined immunologically on the Newfoundland
bank (a) and on the Flemish Cap bank (b). The number-
ing of the stations corresponds to that used in Table 18.

mosaic character of its spatial distribution is evidént (Figure 20).
Reliable frequency differences ‘are also registered on the level of separ-
ate hauls (Figure 21),

For the Flemish Cap bank it would have been necessary to paint
a similar map with only one cblar.

In a formal evaluation of the examined materials, conclusions
should be drawn about the genetic homogeneity of the redfish of the Flemish
Cap bank and the considerable heterogeneity of the population of the Grand
Bank., Such an interpretation is unquestionable only in its latter part,
as the absence of variations on a single locus cannot be considered proof
of homogeneity of the investigated populatidn; we will turn to this again,

buﬁ here will point out the good agreement of the immunogenetic data with

77
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Figure 20, Spatial localization

of A, blood group in accumulations
of déepwater redfishes on the Grand
Bank of Newfoundland. BHatching
indicates frequency of occurrence
of gene of blood group A2 as e

Puc. 20. Ilpocrpaucrsennast noxa-
JaH3auust rpynnst xposn A, B
CKOMJICHHSIX  KJIOBODHIIOrQ  OKYHSI
na  Hoobaynnnenackolt  Ganxe.
IlTpuxonKa ~ ykaseiBaeT wacToTy
BCTPCYAEMOCTH TeHa IPYNNH KpOBH

Az B %.

~ . . . N .
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{
Puc, 21, KoncGaemocTs uwacToTll rena rpymnst xposn A; B BLIGOPKAax H3 CKoIule-
it okyHss na Bouasuiofi Huiodaynmnennckoit Ganke, .

.-

Figure 21. Fluctuation of the frequency of the gene of

the A, blood group in hauls from accumulations of redfish
on thé Newfoundland Grand Bank. Lines with confidence
intervals represent gene frequencies in individual hauls;
light circles represent the gene frequency in the assumed
stocks (zones 3K and 3L respectively on the one hand and
30 and 3P on the other) and in zone 3N. Numbers of samples
are on the axis of abscissas (X-axis).




106

the results of morphological and biological investigations of K.P. Yénulov
with respect to his conclusion about the sharp apartness of thé Flemish
Cap- stock, As for the conclusion that several genetically separated
stocks live on the Grand Bank, already in a hasty glance at the frequency
distribution of the A, factor'iﬁ hauls from.rédfisg accumulations it is
evident that that variability is irregular and comparable in different
ranges., Lf one calculates the/numerical/values of the character for the
assumed stock localized in the northern part (samples Nos. 1-9; zones 3K
and 3L) for tﬁe stock on its southwestern slope (samples Nos. 32-48, zones
30 and 3P) aﬁd simultaneously for redfish accumulations in zone 3N (sam-
ples Nos. 20-31), not investigated in detail and almost not discussed at
all by K.P. Yanulov, then the irregularity of that variability becomes

still more evident. On the basis of the given character (see Figure 21)

there are no reliable differences between the stocks separated here; an accu-

mulation is also weakly distinguished in zone 3N.

The same thing is indicated also by the variational statistical
frequency distribution of the A2 factor: when the samples taken on the
Grand Bank are combined, a single series forms which satisfactorily fol-
lows the normal distribution law, whereas the addition of samples from the
Flemish Cap bank sharply deforms it (Figure 22).

Moreover, as regards the number of vertebrae, regarded by K,P,

Yanulov as the most important differentiating character, on the Grand Bank -

a clear wedge variability is observed from zones 2I and 3K through zones
3L, 3N, 30 and 3P toward zones 4V, 4W and 4X; a slight disruption of the
wédge, probably caused by randomness of the haul, is noted only in zone
3N. However, the fish accumulations on the Flemish Cap bank differ

sharpiy with respect to this character,

78
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Figure 22, Spatial distribution of gene frequencies on
the Grand Bank of Newfoundland (a) and on the entire
investigated range (b): 1 - empirical seriesj 2 - theo-
retical curve of normal distribution law, For species
ai n = 48, X? = 5,73 and df = 3; for species b: n = 72,
A2 = 22,38 and df = 3.

®

We present below the average number of vertebrae of fishes in

the different ICNAF zones (according to Yanulov, 1962a).

3ol Cpeaitce uneno noanonkod Sonut 4 Cpeaitee wmicav nosnotkon B
HKHAD Mxm HKHAQ® Mxm
21 30,5440,032 30 30,]7:&0,015
3K 30,62+0,027 3P 30,170,034
SL 30,250,015 4V 30,160,010
M 31,050,015 E 114 30,114.0,031
3N 30,390,019 - 4X . 30,040,019
‘ Mpy Meuwaunune. 3"2}“10"“0, XAPAKTEPHOC LSt Ganki tDnemlm-an, NOAMEPKIYTL.
Key: A - ICNAF zone B - Mean number of vertebrae, M + m
Note: The value characteristic of the Flemish Cap bank is under-
11 ned .

Finally, besides blood group variability, we simultaneously inves=-
tigated the polygenic character 1/d -- the ratio of the length of the
otolith to its width. The diagnostic importance of this character for

fishes has been demonstrated in a number of investigations (Morovic, 19553

79
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Kotthaus, 196la} Skazkina, 1965; Altukhov and Mikhalev, 1964%; Nefedov,
1969); the materials cited here testify to the same thing (Figure 23).
It is evident from the figure that the genetically isolated‘Flemish Cap -
redfish stock differs sharply both in the mean value of the index and
also in the range of its variations from redfish accumulations on the
Newfoundland Grand Bank (P < 0.001), where differentiation of the assumed
stocks is not detected. Simultaneously the variability of that character
in separate hauls, in the same way as the correspondiﬁg data regarding blood
groups, indicates heterogeneity of the studigd fish accumulations not only in the
Newfoundland region but also on the Flemish Cap - bank.

Consequently the facts testify to a substantial genetic community
of the Newfoundland redfish stock, which evidently represents (as has
already been emphasized) an~aégregate of more elementary populations which
interchange to some degree, In fact, on the basis of parasite'tags'K.P.
Yanulov has identified fishes which migrated from zones 2J and 3K to zone
3L, An admixture of fishes having common features with the redfishes of-zone
30 and even with those of Southern Labrador also has been discovered

in zone 3N; unfortunately, neither K.P, Yanulov nor we have investigated

that region in sufficient detail.

At the same time the interchange between stocks seems far less 80

intensive than between populations within the stocks which have been

*T,E. Saf'yanova and N.I. Revina (1965) dispute the conclusions of this
work, but their criticism does not deal in any way with the facts pub-
lished by us and therefore cannot be accepted. However, the authors’
own material gives rise to legitimate perplexity, as they did not ex-
plain the method of differentiating "large" and "small" forms of the
Black Sea scad in a mixed haul,
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Figure 23, Variability of the index 1/d of otoliths of
redfish on the level of local stocks as a whole (light
circles) in comparison with variability within the stock
(lines with confidence intervals).

determined up to now indifectly. The sharp differences between stocks
with respect to a number of characters testify apove all to this.

OQur own results establish an extremely limitéd admixture of New=
fouidland fishes on the Flemish Cap . bank (see Table 18, sample No, 72),
which agrees well with the data of K.P, Yanulov. During his investi-
gations, made 4«5 years before ours, on the same southern slope of the
Flemish Cap bank fedfish with 30 vertebrae also were caught‘from time to time
and,vhat is especially important, the females there had stages III, IV
and V of maturity of the sexual glands, whereas in the remaining‘parﬁs
of the Flemish Cap: bank the gonads of all the females were in the post-
spawning stages VI and VII. Thus reproductivé isolation between thé stocks

is present also with regéfd to this basic character.

On the basis of what has been said we draw the following con-

clusions.
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l. In accordance with the morphological and biological data, in
the Newfoundland region of the Northwest Atlantic immunogenetié investi-
gation reveals two reproductively isolated stocks of redfish - the Fleme
ish Cap and the Newfoundland. The Az bleod group factor, which is near
fixation on the Flemish Cap bank, is encountered more rarely on the Grand
Bank. |

2. The sharp and differently directed variability of frequency
of the 52 factor in the range of the redfish on the Grand Bank can be an
indication that the stock is subdivided into smaller, genetically differ-
ent population units. In the population localized on the Flemish Cap bank
such subpopulations were not‘discovered in the investigation of that gene

etic locus. However, such a sdbdivision is detected on the basis of vari=-

"ability of a quantitative character -- the otolith length-width ratio.

3. Tﬁe cha;acter of variability.ofﬁthe redfiéh with respect to'an
immunogenetic character and some_polygenic morphological features with
consideration of ecoloélcal data permits assuming that the sﬁbdivision of
the stocks does not reflect thé gathering togéther of any sort of hetero-

geneous populations but occurs within a single aggregate.

Genetic Differences of the Azov and Black Sea Races of the Anchovy.

The Heterogeneity of the Azov Race

The space«time distribution of blood groups of the A-system in
anchovy accumulations is reflected in Tables 19 and 20 and on the geno-
graphic maps.(Figures 24-27),

Between the Azov and Black Sea races, when they are reproductively

isolated and, consequently, correspond most to what has been described as

81




Table 19. Frequency of blood groups in hauls of anchovy from the Sea

6f Azov and the Black Sea
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Ta6anua 19. UYacrtora rpynn Kposi B phifopkax amvoyca u3 Asouckoro i Uepnoro mapeil
A B C YactoTh D
Hoxep denornnnueckue & renimet D
Mope nLiGo- McecTo B3nuTHa npo6 W farta n
10) 4 N
P Ay A, Ay P q r
Asonckoe I Hioan, asrycr 1963 r. 551 10,569910,1379(0,29220,3442(0,1152} 0,5106
: 2 Hioan, cenraGpn 1954 r. 1056 10,4384 10,0966 10,465010,251310,0678 | 0,609
of Azov 3 { Mious 1965 r. 848 19,599310,1751 [ 0,2256( 0,3568(0,1582{ 0,4730
4 Asryer 1965 r, 810 10,5234)0,238310,238310,3097}0,2021 | 0,482
5 | CentsiGpn 1965 r. 736 10,5636 | 0,2856 | 0. 1508 | 0,3396 [ 0.2721 | 0,3853
6 Asryct 1966 r. 1932 10,7914 0,177510,0311} 0,5143210,2804 | 0, 1764
Mroro no Asonckomy fotal for Sea of AzoVv| 5935 |0,6157(0,1808|0,2085 |0,3240{0,2248 | 0,4512
Mopio 1963—1966 rr. 1963-1966 ' ~
Ueptoe 7 Slara, 16 ]0,875010,1250, — ]0,6485{0,3535 —_
Black 18 mapra 1963 r. )
8 | Tomu, 20 10,9500|0,0500] — }0,7760|0,2240 —
12 mast 1963 r.
9 | Oasrnuxa, ] 39 10,9500(0,0500] — ]0,7760{0,2240| —
23, 25 mag 1963 1. .
10 | Coun, 80 10,9375{0,0625] — 10,7500]0,2500 —
10—13 monst 1963 r, : :
i1 Bartyaus, 65 |0,8461;0,1539 — 0,607710,3922 —
- 14—16 mons 1963 r.
12 | Cymina, 30 10,9000)0,1000f — |0,6840{0,3160 —
26—28 wmonsa 1963 r,
13 | Oanccea, 168 {0,988210,0118{ — |0,8909{0,1091 —
! aprycr 1963 r. . .
) h 14 Hosopoccnfick, . 90 |[0,7111{0,0111{0,2778{0,4620{0,0100¢ 0,528
27—29 despaas 1964 v. .
16 KaGy.tety, 40 10,9750{0,0250{ — ]0,8419{0,1581 —
23 despaas 1964 r.
16 Ba.1zxaBa, 45 11,000 — — —_ — —
6 asrycra 1964 r. .
17. | Oaecca, ) 108 {0,8148|0,0355|0,1297 10,5697 | 0,0701 | 0,3602
21—27 wnionst 1964 r. .
18 | ToGewnk, 40 10,9750}0,0250! — 10,8419}0,1581 —
12 man 1965 r. -
19 | Hosopocessiick, 20 |1,000 — — - — -
3 mast 1965 r.
20 | Hoswit Adon, 40 {1,000 — - - — —
19 mas 1965 r. e
21 Couwis, 80 {0,5625{0,3250{0,1125{0,3385(0,3261 | C.3351
9 nexaGpst 1965 r. -
22 | Cou, 67 10,9552{0,014910,0299(0,7883{0,0383| 0,1729
8—16 orradps 1966 r. _ -
23 | Hopopoccitiick, 20 |0,900210,04540,0454 /10,6972 [0,0805| 0,2135
17—18 oxtaépa 1966 r.
4 Mule TakWIb, 30 |1,000 — — — —_ —
20 ox1adpa 1966 r.
e -a
Hroro mo Yepnony Total for Black Sea | o0 {4 g300]0,0600{0,0510|0,6668|0,1074 | 0,2258
yopto 1963— 1956 rr. 1963-1966
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Table 19 (Continued)

Key: A - Sea B - Number of haul C - Place and date of taking
samples D - Frequencies a - phenotypical b = gene
1 « July and August 1963
2 = July and September 1964
3 « June 1965
4 « August 1965
5 ~ September 1965
6 ~ August 1966
7 - Yalta, 18 March 1963
8 - Poti, 12 May 1963
9 ~ Ol'ginka, 23, 25 May 1963
10 - Sochi, 10-13 June 1963
11 - Batumi, 14-16 June 1963
12 - Sulina, 26-28 June 1963
13 - Odessa, August 1963
14 - Novorossiisk, 27-29 February 1964
15 - Kabuleti, 23 February 1964
16 - Balaklava, & August 1964
17 - Odessa, 21-27 June 1964
18 - Tobechik, 12 May 1965
19 - Novorossiisk, 13 May 1965
20 - Novyi Afon, 19 May 1965
21 - Sochi, 9 Decwber 1965
22 - Sochi, 8«16 October 1966
23 - Novorossiisk, 17-18 October 1966
1 24 - Cape Takil', 20 Qctober 1966
The gene frequency was determined from .the formulas:

E — —_ T — re= »
I="ff1°; g=Y Az-i-'.;‘lo‘—-.}/ Ay p=1—(q-t 1)

geograph;cal races (= subspecies), there is a substantial difference (sge
Table 19), Especiaily important'is the fact that besides purely quanﬁi-
tative differences in the frequencies of the same phenotypes, the two
races also differ qualitatively. These data, which agree with the very
first facts established oniy in a limited experiment (see Chapter IV) give
weighty bases for considering a reality the complete absence in the Black
Sea anchovy of the Ag blood group, constantly encountered in thg Sea of

Azov. This phenotype is found in the Black Sea mainly in the winter (hauls
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Q Table 20, Frequency of the gene of blood group A, in hauls from

accumulations of the Azov anchovy'(Juﬁe 1965)

TaGanuna 20. Yacrora rena rpymnut kposu A, B BuGoprax
M3 cHOmAeniit A30BCKOro aioyca
(monp, 1965 r.)

Sample Date .
Ho.\xlgp npeG JHara ﬂpo:\l;;;%r:g:.m 2N T g4,
number . Fishing Squarg
June
1 11 nious 26y ts 56 0,707
2° 11 mons 361 Ch 60 © 0,616
. 3 12 mons 33x  kh 58 0,491
4 12 wons 34y u 40 0,224
5 12 wons 37t t 40 0,224
6 12 1noua 38p ¥ 40 0,316
7 12 monst . 32p, 3% r o9 100 0,245
8 13 moust 370, 361 On 80 - 0,274
9 13 1iotist 401 n 40 0,00
10 14 wons . 3% 1 56 ~ 0,00
It 14 monst . ok _ k| - 32 0,00
12 14 mons 23n, 34x 1k 76 0,283
i3 15 moust 3l 1 82 0,412
14 15 mons 34e 34 0,245
15 19 nonusn . 2Tk 58 0,454
16 19 mons © 245, 1 32 0,249
17 19 monst 273 2 42 0,219
18 19 wous: 21k 52 0,332
19 20 wong . 18, l7u ON 46 0,548
3 20 20 mous 104 1 28 0,374
REs : 21 21 mous 8u P 80 0,612
22 21 mousa - 5p7ySh T u f 160 0,742
23 21 mons - 12x = kh 36 0,574
24 21 mona 32p. T 80 0,689
25 21 onst lly 80 - 0,224
26 21 ions 12p r 60 0,316
27 9292 o 81 ts 80 0,725
28 22 wmous 17y M 40 0,548
29 22 moust 237 28 0,654

Nos. 14 and 21) or autumn (Nos. 22 and 23), aﬁd close“£p>§rec£se1§ Ehose
sections of the coast of thg Caucasus wvhich are known as the places of
wvintering of the anchovy of the Azov race, Only once, in the period of
reproduction in the region of Odéssa, were fishes taken which inciuded
all three phenotypes (haul No. 17). Comparison of that sample with sam-
ples of the anchovy caught during spawning and fattening in the Sea of Azov
testifies to their considerable similarity, although the fairly high fre-

quency of the first group (0.8648) can indicate a mixed composition of the
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Puc. 24, Tenoreorpadua daktopa rpynmst xposu A anyoyca n AsonckoM Mope
B Hione 1965 r. (mo B. B. Jlnmanckonmy). Oxontypelnt pasanviiiie YacToOTh! Tpynnnl
kpoeH Ao B %. ’

Figure 24. Genogeography of the A, blood group factor
of the anchovy in the Sea of Azov Qn June 1965 (acc.
to VoV. Limanskii). Different frequencies of blood
group Ay as a % are outlined.

g

ﬁopulation. Of the other Elack Sea hauls of thé same‘t&pé, oniy ﬁég; 1k aﬁd
21 belong most probably to the Azov race; in hauls Nos. 22 and 23, gorup A, is
contained as an insignificant admixture, OQOther samples taken in the Black

S-a are represented by only two phenotypes: A, and A, with an average fre-
quency of 0,96 and 0.04 respectively, although there also is an indication

of subdivision of the Black Sea anchovy into two subgroups with the Al
frequency close to 1001 and with a frequency of about 857 (compare samples

Nos. 7 and 11 with theArest). ‘

Thus the difference of the two races of the anchovy established

on the basis of analysis of morphological and biological features matches
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Puc. 25. Tenorcorpadust daxropa rpynnn kposn Ap armyoyca B AsonckoM Mope
B aprycre 1965 r. (no mannmm B. B. Jlumauckoro); yciioBHble ofo3navenns Te xe,
uTo H nHa pnc. 24.

Figure 25, Genogeography of the A, blood group factor
of the anchovy in the Sea of Azov ?n August 1965 (acc.
to data of V.V. Limanskii); symbols as in Figure 24.
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Puc. 26. Tenorcorpagms dartopa rpynnu kponn /o anuoyca & A3oBcKoM Mope
B cenrabpe 1965 r. (mo mammuy B. B. Jlumanckoro). Yenonume oGositagernns
Te Xe, UTO H Ha pic. 24,

®

Figure 26, Genogeography of the A? blood group factor
of the anchovy in the Sea of Azov in Sep?ember 1965 (acc.
to data of V.V, Limanskii). Symbols as in Figure 24.
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Puc, 27. Tlpocrpauctsesiias- H3MENUHBOCTL uyacTOTHl TeHa Tpynmst Kposu A
B DLIGOpKAX H3 CKONVIENHII asoBckoro amuoyca B miotie 1965 r.

Figure 27. Spatial variability of the frequency of the
blood group gene A, in hauls from accumulations of the
Azov anchovy in June 1965.

their differentiation detected also in the immunogenetic approach.
Moreover, the Azov race, phylogenetically older according to I.I. Puzanov,
being represented by all three blood groups, proves also to be more hetero-
geneous. Its heterogeneity is also further expressed in strong variability

of the phenotypical and gene frequecies by years, and the total hauls

'of 1964 and 1966 were especially anomalous in that respect. The fluctu~ 85

ations of frequencies are less considerable in the Black Sea.

To explain the reasons for such shifts (random drift of genes, mi-
gration or natural selection) it is necessary to make a more detailed
analysis of the'spatial iocaiization of blood groups in the Sea of Azov.

We will examine the same material as in Table 19, not in averaged
form but for each separate sample, as was done with respect to the ocean
perch. As an example we will examine the June 1965 survey, which inclﬁdes
the results of analysis of 36 trawling catéhes, more or less uniformly

distributed over the area of the Sea of Azov.
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Since it is not always easy to separate heterozygotic individuals
on the basis of the dose effect, we will operate here with only three main
blood groups, determined without error in a qualitative evaluation of rew
actions. Correspondingly the gene frequency is determined for the presuma=-
bly recessive AO factor by extracting the square root of the relative nume
bers of that phenotype in the hauls, If we take into account the small
volume of the samples_investigated immunogenetically, it is advisable to
combine the series of trawling stations located in a given fishery square
or in adjacent squares and made at practically the same time (see Table 20).

 The materials presented in the table reflect the considerable
heterogeneity of the trawling catches with respect to frequency of the
gene Aj down to its absence (samples Nos. 9~11). But such a feature is
characteristic of the Black Séa race and, consequently, the question arises
of whether those haﬁls reflect the presence of the Black Sea anchovy in the
Sea of Azov,.

To answer the posed question let ;s turn to the data of the most
complete and uniform surveys of 1965, mapping the location of each separate
haul (Figures 24-26), The spatial interlinking of the samples is evident:

fishes without the Ao blood group proved to be localized in June in the

‘east in the zone of the sea near the coast (see Figure 24), in August they

are already moving to the west (see Figure 25), and in September they prove
to be still further west (see Figuré-26). Thét we are dealing here with
one and the same fish is ﬁroveﬁ by coinéidehce of the frequency of the
phenotype Al. In June it was 72% (N = 64), in August 75% (N = 83) and in

September again‘72i (N = 54).

86
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On the remaining area accumulations of fishes of the Azov race
were localized, represented by &all three blood groups; the vgriegation of
the spatial distribution of the gene AO in them is just as éemonstrative
(Figure 27) as on the area of the Newfoundland stock of the redfish.

In examining the dynamics of these fields of different gene con-
centrations we see their rapid shifts in time and space, Consequently,
in the given case it also is necessary to inﬁestigate the question of the
unity of the Azov population. The materials of surveys for a number of
years which we have at our disposal permit examining the variability of
the phenotypical and gene frequencies of blood groups in a number of suc-
cessive generations, The discovery of genetic stability in such an exa-
mination could be more rigorous than the data of Table 19, an argument
in favor of the belonging of those accumulations of the anchovy precisely
to its Azov race as an integral community. The method of proving this
requires explanations.

1. The anchovy is an extremely mobile pelagic fish. In making
a survey in different periods of the same spawning-fattening season we
have no guarantee that some genotypes Will not prove to be more represented.
in our material than others -~ anchovy accumulations are characterizéd
at this time by an extremely diffuse distribution in space and different
population density. Therefore the identity of the results of the June
and August 1965 surveys (see Table 19) is not surprising.

2. Ifa two-yeaf éycie of reﬁlacement of generations is adopted,
and such an éssumption can be made on the basis of the data on the biology
of the anghovy, then, if we compare the materials of adjaéent years we
are not guaranteed either against artificial increase or decrease of the

frequencies of individual phenotypes and genes.
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If these considerations are taken into account, for a precise ime
munogeneéic characterization of the Azov anchovy proper, one
should use the data of the July 1963; Jﬁne 1965 and September 1965 sur-
veys, when V.V. Limanskii made an important investigation of the young
fishes recently hatched there. If we exclude from the material samples

without the AO group we actually obtain the possibility of comparing

three successive generations which do not overlap in time. Their almost complete

genetic similarity requires no additional argumentation (Table 21) and
the corresponding values of frequencies must also be taken as a charace
teristic of the Azov race properly speaking®.

But already in August 1966 striking chahges are revealed in the
spatial localization of the anchovy of different groups in the Sea of Azov:
a considerable part of th~ range proves to be occupied by accumulations
represented only by blood groups Al and Aé, and only on the periphery, in
the west and in the east, are fishes with the AO blpbd group outlined (Fige
ure 28). Characteristic of the sea as a whole is a sharp increase in the

concentration of the phenotype Al and just as sharp a drop in the concene

'tration of the phenotype Ao (see Table 19).

It is improbable that such sharp changes in the genetic structure
of the enormous population of the Azov race by 1966 (and it must be compared
with the 1964 data) were a result of selection or the random drift of genes.
There can be only one reason for such a reorganization -~ a heavy migra-

Eion of the Black Sea anchovy into the Sea of Azov not observed earlier.

*This must also be taken into account in using data published earlier
and, consequently, less rigorous (Altukhov et al., 1969a).

89
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Table 21. Phenotypical and gene frequencies of the A-system of blood

groups in three successive generations of the Azov race of

the anchovy (according to data of V.V. Limanskii)

TaGanuna 21, denorunipucckue n renine Hactor A-ciicremit rpyni kpon;ll
B TPEX DOCACAOBATCALULIX HOKOJNLUNNX A30HCKONR pacw auuoyca
(no gammnt B, B, Jlnsauckoro)
A YactoTnt B
denotnmiueckie 8
TlokoneHis N
Ay A, . Ao
1. 357 0,604-0,05 0,174+0,04 0,23+0,05
2 784 0,6540,03 0,1540,02 0,2040,03
3 604 0,6340,04 0,164.0,03 0,21+0,03
Continuation of Table 21
g Tlpononancenne tabn. 21
YactoTht B
A reHinie b
Toxonekis N
T - ]
I
1 357 0,4340,04 0,094-0,02 0,4840,04
2 784 0,4740,03, 0,084:0,01 0,4540,03
3 - 604 0,45:-0,03 0,094:0,02 0,4640,03
Key: A ~ Generations B ~ Frequencies a - phenotypical b - gene

The frequency of‘tﬁe gene pA, for it i; 0.8613 (see Table 12),
and in the accumulation which occupied the centrél part of the Sea of
Azov it is 0.72 (N = 980). For the water body as a whole pAl = 0,5432
(see Table 19). Consequently, if we take into account the corresponding
mean frequency in the Azov race (pA; = 0.463, Table 21) we can determine
the relative share of the Black Sea anchovy. Such a calculation (Neal

and Shell; 1958) is made from the formuls

¢ n— U

c-d Ge—qd
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T

Puc. 28. lenorcorpagus graxrtopa rpynnnt KposH Ao aHyoyca B A30BCKOM MOpe
B aprycre 1966 r. (no mamunnim B. B. Jlumanckoro). Yciopnble oGosHauenus Te
e, yTO H Ha puc. 24

Figure 28. ’Genogeography of the blood group factor A
of the anchovy in the Sea of Azov in August 1966 (acc.
to data of V,V. Limanskii)., Symbols as in Figure 24,

where Q, is the definitive gene frequency in the mixed populationj
| 9 is the gene frequency in the Black Sea popglation;
94 is the géne frequency in the Azov population;
¢ and d are the corresponding shares in the mixed population.
The result obtained is that in August 1966 up to 45% of Black Sea
anchovy could be in the Sea of Azov. An estimate can also be given for
the AO factor, not represented at all in the Black Seé rgce; the result

proves to be similar (about 40%).
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Of course the calculaéion made d&es not represent a final solution
of the problem, but only designates a path to its further analysis. For
fairly complete analysis of the question of the scales of penetration of
the Black Sea race into the Sea of Azov, and also the periodicity of the
phenomenon itself, it is necessary to work with facts obtained, not in
four years, but in a longer time interval,

A corresponding attempt was undertaken by co-workers of the Azcher-
NIRO (Azov-Black Sea Scientific Research Institute of Sea Fisheries and

Oceanography) (L.M. Kokoz, V.V, Limanskii and N.F. Taranenko), who linked

the.immunogenetic data with the biological situation (increase in the
numbers of fishes, their dimensions, and the percentage of yearLings in
the catches) which accompanied that massive penetration of Black Sea an-
chovy into tue Sea oﬁ.Azov.. The authors showed that éimilar migrations
also occurred in past years, for example, in 1933, 1937, 1947, 1951 and
1958, but no regularity of such incursions was successfully established
and, consequently, there are no condifions for forecasting them,

At the same time, the facts analyzed in the present section show
that between the Azov and Black Sea races of the anchovy there are clearly
expressed genetic differences, Itis especially important that besides
quantitative differences in thé frequencies of commoﬁ geﬁes there also
is a qualitative difference, expressed in the genetically closed state of the
Black Sea race -- the absence of the gene Ay in it, This fact, together
with data on the qualitative antigenic.differences between the races with

respect to water-soluble proteins of muscles (Limanskii, 1964), usually
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burdened with the property of species specificity (Altukhov and Rychkov,
1972), obviously forces us to acknowledge as erroneous our previous con-
clusion of gene exchange between races (Altukhov et al., 1969a), and after
conducting supplementary investigations to describe the races themselves
as twin species forming only mechanical mixtures in the zone of sympatry.

However that may be, detailed analysis of the blood group distri-
bution in the Sea of Azov permits detecting without error the migration of
the Black Sea anchovy and, moveover, revealing the hereditary heterogeneity
of the Azov race properly speaking, which permits assuming its subdivisidn
into smaller, genetically differentlpopqlation units. Thus, in spite of
the extreme mobility of the aﬁchovy, the same picture appears as with
bottom vredfish leading a clearly expressed settled form of 1lifa,

The heterogeneit} of the Black Sea race of the anchovy is poorly
detected on the basisof the studied markers, although reliable differences
among some samples ha&e been discovered. This agrees with the opinion of a
numbér of authors (see Chapter II) who are inclined to subdivide the Blsck Sea
race into several local stocks., However, here wewill not discuss this
question, which requires further investigatidns.

It is important to emphasize once more the fact qf stable repro-
ducibility in generations of the Azov race., This is an indicator of its 92
genetic integrity, in spite of internal subdivision discovered in geno-

geographical analysis.




1245

Reproductive Isolation and Genetic Heterogeneity

of Local Stocks of Pacific Salmons o

Due to difficulties in breeding heterozygotic ‘individuals of ‘the red=

fish and anchovy we have been able to make an immunological analysis of -

the variability of populations ana'théii‘inééféeéians’éni§ on' the basis ~

of comparison of phenotypical or, at best, ' geﬁe:fredﬁenoies;"

-~ - - -
SO0 G e Wl {

However, with the transition to the genetic and biochemical level of “ins -

LRI, o .

vestigation , which permits detecting co-dominantly inherited electro- °

phoretic variants of proteins, the possibilities of a. more‘rigorous popu= °

lation genetics approach are opened up. These possibilities are 'also °

expanded because the genetlc variability of populations can now be esti-’

mated at once on the basis of an aggregate of several independent gene

loci.

4 *'v.—r_.n.....

On the basis of the frequencies of‘all the polymorphous gene’
markers a comparison was madekof the:keta populations oE a number
of rivers of Sakhalin, the Kuril Islands and kamchatka (Tables 22- 25).
It is evident from the presented materials that in the genes of muscle
ILdg the Kuril populations reliably differ from one another and at the
same time are considerably different from all the Sakhalin populations,
which are practically indistinguishable on the basis of that character.
In the presence of genotypical equi librium in each separate case,
in the total haul a heterozygote deficit which is considerable on the
third level is observed. With ;espect to the regulator gene of serum ldg

the Kamchatka and Tym! keLa, investigated in September 1968 differ very

strongly from all the others. In the remaining cases small 'dif ferences

1w ket N e e

e

oS el e B
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& Table 22, Distribution of genotypes and genes of serum albumin

in different keta populations

Taanga 22, Pacnpepcacuue TCHOTHAGR # TFCHOB CHIDOPOTOMHOTO AALGYMAHA B PA3THUILIX MONYAAUUAX KOTH

B l’loc-rynupoaamu.le FCHOTHIIL) C B HacToTa resa D
SoNaeInnAa  npo6 ’ 2
o Bpewms cGopa matepirana N x
ipeka) P Pa MaTep ACC | AwCD | ApDD pABC | qAwD
1 ti:f6a a OKTAGPL — HOAGPK 506 248 194 64 7,12 0,6818 0,3182
1969 . P (235,22) | (219,55) | (51,23)
b| cenrnbpt — wosops 522 75 190 257 13,70 €,3257 | 0,6743
1970 r. (55,38) | (229,26) | (237,36)
C | O«k1aGps — HoGPL 257 (21440) (1’05‘_9 0 “135140) 49,23 0,2860 0,7140
1971 r, . ' 0, .
2 Fasumusa & | Cenradps '~ oktabps 352 B! 83 266 0,704 | 0,1280 | 0,8720
970 r. (5,75) (78,47) | (267,75) . )
b| cCenragps — oxtadps 176 . 9 24 143 22,471 0,1170 | 0,8830
1971 r, (2,41) (36,36) | (137,22)
3 T a | Ceursfipt — okta6pn 280 o 151) (829180) (xslqs‘iog) 2,76 0,1804 | 0,8196
4 Cavasmiexne npoGet, 197907‘(‘).1‘. 1154 84 366 704 13,53 0,2314 0,7686
CyHULPID (61,79) | (410,49) | (681,792)
1971 r. 1 433 53 83 297 83,16 0,2182 | 0,7818
X (20,62) | (147,73) | (264, 65)
5 ivaosan a1 Oxrabps 1970 r. 60 16 — 1,425 0,8667 | 0,1333
to-a Hrypyn) (45,07) (13,86) (1,07) ~
b| oxm6ps 1971 1, . 45 14!%) (2;51 (sli) 4,724 | 0,567 0,433
. . (14, 2,1) .
6 Fy;nama &l Oxragps 1970 r. 95 14 45 39 0,238 | 0,3684 | 0,6316
(o-s Hrypyn) (12,89) (44,2'» | (37,90)
b OKTA6ph — HOAGHL 98 { 30 52 8,379 0,3163 0,6837
. 1971 r. (9.80) | (42,39) | (45,81) )
7 Fypuascare npodu, 1970 r. 155 58 58 39 8,94 0,5613 | 0,4387
CYHMIPHO . (4¢,83) (76,33) (29,83) .
1971 r. 143 S 45 64 | 16,70 0,3951 | 0,6049
) 8 p- . . . 22,32) | (68.36) | (5°,32)
>ie nNOH, cymsapho | 1970 r. 1309 142 424 743 42,02 60,2704 0,7286
. (95,71) | (516,49) [ (696,80) o
1971 r. 576 87 128 361 102,67 0,2621 | 0,7379
. (39,57) | (22,80) { (313,63) _
9 Fawuarxa a| 10 oxtadpa 1970 r. 32 i7 14 1 0,86 0,7500 | 0,2500
B . (18,00) | (12,00) {2,00)
B Ece npodw, cymmapio | 1969 = 1971 . 2423 494 757 1172 251,4 0,3601 0,6399
(314,02) | (1116,52)] (992,460

 Tprwmedanne 3xecs u xa noceayioutx Tabnumax B CKOOKax yKalaHa OXHIaeMmasi YHCJAEHHOCTb (eHOTUNoB (u3 ypaBHeHns
hnp:u(—chzGepra).

Key: A - Sampling place (river)
C « Postulated genotypes

- Sampling time
Gene frequency

U w
s

~ October-November 1969

1 « Naiba a
b - September-November 1970
¢ - October-November 1971
2 = Kalininka a - September-Qcteober 1970
' b =~ September-QOctober 1971
3 « Tym' a - September-QOctobexr 1970
4 - Sakhalin samples, total
5 « Reidovaya (island of

= QOctober 1970
October 1971

Iturup

oo
1

6 - Kurilka (island of Iturup)
a
b

October 1970 .
October-November 1971

@ g 7 - Kuril samples, total
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Table 22 (Continued)

Key:
Note,

8 - All samples, total
Here:and in the following tables the expected numbers of phenotypes

9 -~ Kamchatka

8 »
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10 October 1970

(from the Hardy-Weinberg equation) are shown in parentheses,

Table 230

Distribution of genotypes and genes of serum lactate

dehydrogenase in different keta populations

CTa6numna 23. Pacnpeseacnie renoOTHNOB H reHOB CHBOPOTOMIOH JNAKTATACTHAPOFENA3bl B PASAHUILIX MONYJANLHAX KeTul

A B ' TlocTy/mpoBatitible reRoTHb! c Yactora rena D
Jlokanusanus Mpod (peka) Bpewmst c6opa marephana © N %2
LdnFF LdnfS LdiSS pLdRE gLdhS
Haii6a a Oxradps 1968 r, ‘115 - 88 26 1 0,47 | 0,95 - 0,08
- (87,04) | (26,02) | (1,94)
b Ox1s6pb—nosn6pb 1969 r. | 291 213 71 7 0,285| 0,96 0,04
’ (210,25) (74,20) | (6,55)
C| Centa6pu-—hosnGpp 1970 r.| 528 100 100 28 32,49 | 0,8523 | 0,1477
(383 54) (132,95)} (11,51)
d| Oxtsi6ps—non6ps 1971 r. | 277 51 13 14,57 | 0,8600 | 0,1400
) ' (204 87) (66,70) | (5,43)
Kaminnnka a Oktsa6ps 1969 1. 80 65 13 2 1,63 | 0,893 0,107
- (63,80) (15,29) (0,92)
bl -~ Cenra6pr—okrabps 401 300 S8 13 4,03 | 0,856 0,144
1970 r. (203,83) | (94,48) | (8,09)
] Ceura6pb—oKTIOpb 145 116 24 5 5,57 | 0,884 0,116
1. (112,10)] (30,80) | (2,10)
Tuinmb —— a Cenrsibpn 1968 r, 67 33 33 1 4,78 | 0,7018 [ 0,2982
(33,00) (28 83) (6,03)
. b Okts1dps 1970 1. 288 243 3 0,605 0,917 0,083
. : (242, 18) (43 84) (1,98) R
c Centsibps 1971 1. 87 81 1 5,71 | 0,9 0,04
(80,18) (6 68) {0, 14)
Caxanitiickie npofut, CyMm- 1969 r. 3n 278 9 0,67 | 0,8625 | 0,1375
Mapro N . (274,54) (89 01) (7.42) )
\ 1970 1. 1217 943 230 44 25,9 0,8696 | 0,1304
(912,75)] (279,91) (21 34)
Caxannckie npodul, cy- 1971 r. 509 410 80 19 13,9 0,8841 | 0,1159
Maplio (397,02) | (101,80)| (10,18)
Peiinopxa a Ok1si6pb 1970 r, 78 62 16 0 1,02 .1 0,8974 | 0,1026
’ (62,81) | (14,37) | (0,82)
b Oxrsi6py 1971 T, 47 40 6 1 1,48 | 0,914 0,086
(39,26) | (7,39) | (0,35) .
Kypinka al  OwrsiGps 1970 1. 100 85 7 ) 46,18 | 0,89 0,11
(79,21) | (19,58) | (1,22) )
b Oxtadps 1971 r, 100 88 11 1 0,914{ 0,935 0,065
(87,42) (12,15) | (0,42)
Fayun a Hos6pe 1971 . 47 6 0 0,22 { 0,935 | 0,065
) Calo | 68 (0,3)
Kypiasckue npobbt, cyM- 1970 r., 178 147 23 8 26,3 0,8904 { 0,1096
Mapro A (140,62) | (35,60) (1,73)
1971 1, 194 160 [ 23 0,23 |.0,9304 { 0,0096
(166,84) | (25.22) | (1, 91) .
Caxaauno-xyprancxue 1970 r. 1395 1090 253 52 31,11 0,8720 | 0,1280
npoGLl, CyMMapHo (1060 2) | (306,9) | (27,9
1971 r. 703 579 103 21 32,53 | 0,8969 { 0,1031
. . (069 43) | (126,54)| (7, 03)
Kayuarka (03. Ywxonckoe)l @ Okvapn 1970 . 42 14 ) 0,31 { 0,7619 | 0,2381
(‘24 '%8) (15,42) | (2, ‘.8) .
Bee npobu, cymmapno 1968—1G71 rr, 2693 | 2003 513 32,05 | 0,872 | 0,1276
(2046,68) | (592,46) (5’3 86)




Key: A « Sampling place (river) B - Sampling time
C - Postulated genotypes D - Gene frequency
1 - Naiba a - October 1968
b - October-November 1969
¢ -« September-November 1970
d -« October-November 1971
2 - Kalininka a - October 1969
b - September-Qctober 1970
a ¢ - September~QOctober 1971
3 - Tym! a - September 1968
b = October 1970
¢ -~ October 1971
4 - Sakhalin samples, total . .
5 ~ Reidovka a =~ October 1970
b = October 1971
6 « Kurilka a - October 1970
b -~ October 1971
7 - Glush' a - November 1971
8 « Kuril samples, total
9 - Sakhalin-Kuril samples,
total
10 - Kamchatka (Lake Ushkov=-
skoe) a « Qctober 1970
11 - All samples, total
Table 24, Distributions of phenotypes of malate dehydrogenase in

different keta populations

Ta6auna 24, Pacnpepencing ¢eHoTHNOB MANATAETHAPOreHas’tl B PASIAHMHLIX NONYAALMAX KETh!
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A B denoTHNL Yacrora rexos [)
. Phenotypes )
Joxkanusanus npo6 (pera) Jara cGopa matepnana N

. ' 1 2 3 4 pA B
aiiGa lOct. - Nowv, 1969 r. - 602 | 542 33 25 2 0,9488| 0,0512
1 Haica ent . Nov 1970 r. | 466 | 306| o | 49 | — {0.9210] 0'0790
8cg. ~Nov. 197l r, 281 | 246 g 23 % 8,3?53 8,(1)8-16

i < 1969 r. 201 124 7 . 1S
2 Kaaumua ot .-0ct, | 1910w, 319 | 238 1| 10| — |o0.810[ 01500
Sept . ~0ct. 1971 r. 187 | 130 | — 57 | — |0,8476| 0,1524
3 Tun ch. ' 1%59 r. 200 f 198 2| - — 10,995 _{ 0,005
’ Oct. 1970 r. 263 | 258 2 38 | — |0,9905] 0,009
Sept 1971 r. 106 1 105 3(l) — ~§ 8222:']3 880115

amINCK e avapio | 19569 T, 1003 { 864 ¢ 7 R ,07
4 Caxamnckue npoGut, cymmaptio 19;30 ; 1078 | $92 o1 162 o 0’9007 | 0’0003
1971 v, 574 481 10 82 2 0,9154 8,()8-!6
i 1OBKS © 1970 r. 97| 92 5 — | — |0,9742] 0,0238
3 Peilaonsa 8215: 19?1 : 50 | 44 6. — | — }o0,900] ¢, 0600
6 Kypnaka Oct, 1970 r. 95 87 8 | — — 10,9580} 0,020
’ Oct.-Nov. 1971 1, 8L 76| 5| — | — [0,9091] 0,0309
g Favib Nov. . .97 r. 471 4 lg - | - 8,20§é 8.8\2!0
(Y piasck 1970 r. 192 | 179 — | — [0la656] 0034
Kypuanckue npoGul, cymMmapto 1971 b 178 161 1 - | 0'os08 0.0"}0':’
11 Bce npobe, cymmapio 1968—1971 rr. 3025 | 2580 | 100 | 341 4 10,9235( 0,0765

[,




Table 25. Distribution of genotypes and genes of muscle lactate

dehydrogenase in different keta populations
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‘T abanua 25. Pacnpe;l,e.'lcmm rEHOTHIIOB M {CHOB Mbltuewioil namamerunpmeuu%l B PasyiHitbIX NOMyAsnuax: KeThl

\

A . B ,nOCTleHpOBaHHbIC I'DHOT“I’IMC Yacrora reHa D
.'l_uxanuaé!um npo6 {peka) Jara cGopa MaTepuana N p A
BBAA | BBA'A | BBA'A’ pA g4’
1 Haica OKebes 1968 . e 130 | 14 o |o3 |09 |00
Nov. (129,96) | (13,68) | (0,36) 3 039
Oktatpp—ionbpy 1969 r. | 641 | 591 50 0 1,05 | 0,961 0,03
‘ (591,48) | (48,05) | (0,97) o n
.Honéps 1970 r. 101 88 12 1 0,65 | 0,9307 | 0,0593
: (87,49) | (13,03) | (0,48) _
Oxradpb—Hoadpy 1971 v, | 276 256 19 1 1,12 | 0,957 0,043
252,77y | (22,72) | (0,51) o .
2 Kaamumixa Oxkts6ps 1969 1. . 146 (15;%711 © %’9) (0014) 0.15 | 0,9682 | 0,0308
. JAt) g ida 5 14 : -
CenbiSP 2 ot 1a0pb 161 | 156 5 0 0,04 | 0,984 | 0,015
1971 r. (155,92)| (4,94 (0,04) 0
3 Tuwmb Oxmiéps 1969 r. 250 220 30 0 1,02 | 0,94 0,06
(220,90)| (28,20) [ (0,90) .
Oxtadpn 1971, 64 58 6 0 0,15- | 0,957 0,043
. - | (58,16) | (5,70) 9, 14) -
& Caxaamickue npoSit, - cym- 1969 T. - 1037 (9-?38(8) . ‘E)1 ) (108") 2,02 | 0,957 0,043
MAPHO B 6 5,49 ,87 o
P 1971 r. 501 | 470 0 1 0,50 | 0,968 | 0,032
(469,48)( (31,01) | (0,81) - 9656
5 Peiinosra Ox1a6pb 1970 r. 96 53 35 8 . 0,41 0,7344 0,265
. (51,77) | (37,46) | (6.77) .
5 Peiiosra - Oktaéps 1971 r, 48 29 14 5 2,37 | 0,75 0,25
7,00 | (18,00 | (3,0
6 Kypuaka Oktadpy 1970 r. 100 73 23 4 1,49 | 0,845 0,155
o (71,40) | (26,20) | (2,40)
Oxrtabpb—nosGpn 1971 r, 87 58 25 4 0,37 | 0,810 0,190
(57,0) (26,85) | (3,15)
7 Tayun HosGpn 1971 r, 49 35 13 1 0,025] 0,847 0,153
(35,20) | (12,70) | (1,14)
8 Kypunsckne npolii, cya- 1970 r. 196 126 58 12 2,18 | 0,7908 | 0,2002
MapHo (122,57) | (64.,85) | (8,58)
1971 r. 184 122 52 10 1,91 | 0,8043 [ 0,1657
: (119,03) | (57,92) | (7,09) o}
11 Bce npoGui. cyMapio 1970 r. 297 214 70 13 4,93 | 0,8334 | 0,1616
(208,76) | (80,49) | (7,75) )
1971 r, 685 592 82 i1 14,73 | 0,9241 | 0,0759
, . (584,96) | (96,09) | (3.95) -
10 Kawmuarxa, 03. Ywxonckoe| a Oxra6py 1970 1 100 89 10 1 2,28 | 0,94 0,06
_ (88,36) | (11,28) | (0,36)
11" Bee npoGut, cyMMapHo 1968—1971 rr. 2263 1973 265 25 20,58 | 0,9304 | 0,0590
~ (1958,90) | (293,15)| (10,95)

Key: Same as for Table 23, with exceptions as shown.
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are observed between the rivers (compare Naiba in 1968 and 1969 wikh Tym'
and Kalininka) or consideréble uniformity of the gene frequencies. Also
visible are changes in the genetic structure of separate populations: in
1968-1969 the Naiba stock was in eéuilibrium, but in 1970-1971 it had a
severe shsrtage of heterozygotes. The same was characteristic of the
Kalininka population, studied in detail in 1970-1971, and of one sample
from the Kurilka River. On the other hand, for Tym' in 1968 and 1971.a
shortage of S-gene homozygotes was observede. However, serious
importance can hardly be attributed to that fact, as the deviations of the
exp-cted values from the actual fall in the rarest phenotypical gléss,
which can be connected either with error of the sample or error in the
classification of the electrophoretic variants, Let us also recall that 99
a rare mutation of one of the structural éenes responsible for the synthesis
of serum lLdg is encountered in the heterozygotic state in the Tym' popula-
tion with a low frequency (1:250) (see Figure 16). A.highly reliable
deficit of heterozygotes is characteristicon the whole for the entire in-
vestigated Sakhalin-Kuril region, just as in the case with the muscle Ldg.
With respect to gene frequencies of.serum albumin differences are
observed both between stocks and between different year-classes of the Naiba
keta, and also between the 1970 and 1971 hauls from the population of the
Reidovka River on the island of Iturup. Only between the keta from the
Kalininka and Tym' rivers is the difference unimportant; but those popula=-
tions differ reliably in the gene frequencies of malate dehydrogenase. The
same locus differentiates the Kalininka population from all the rest, which

exhibit practically no interpopulation variability.
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The deficit of heterozygotes in the albumin system, noted earlier
when sepafate samples were combined which had been taken at different times
of the spawning run in a single river (see Table 16), is still more cléarly
expressed in the total hauls of different years characterizing the Sakhalin
Kuril region as a whole,

If we use the graphic method of comparing populations (Sarebrov-
skii, 1970) we show the1hterpopulationdifferehces at once for all four
polymorphous loci (Figure 29), The mutual position of those populations
in the aggregate of the three systems -- albumin, lactate dehydrogenase of
muscle and malate dehydrogenase -- can be estimated also by the method of
“"oeneralized distances" (Rychkov, 1969) in determihing D as the mean dif-
ference betﬁeen the populations with respect to alleles of each locus

2lpi—pilp
-D=='—_‘S—’_j‘-—'—~,

where Py and pj are éﬁe gege-fkéduéﬂgies>iﬁhihé.cbmpared populations i
and j; | )
sp is the mean-square error of the gene frequencé P in the total
Sakhalin~-Kuril aggregate of pOpulatibnsg
| f is the number of génes, equal to the number of alleles in the
system minus one,

A graphic 1ntérpretation of the results of calculations made rela-
tive to the Kalininka stock is given on Figure 30. The position of the
population in relation to all the others is determined simultaneously by
the three polymorphous systems representing thé corresponding co-ordinates,
The point of their intersection reflects the mean value of the differences

between any one population and the rest with respect to the gene frequencies

of each locus, The starting Kalininka population is located at the center
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Figure 29. Graphic depiction Figure 30, Generalized distances
of keta populations character- between stocks of keta in relation
ized by alleles of four gene- to the Kalininka stock (designated
tic loci (see designations of by black circles): 1, 2 and 3 =~
vectors): 1 - Naiba stock, Naiba stock in 1969, 1970 and 1971

Ldh

19693 2 and 3 - the same for
1970 and 1971; & - stock of
Iturup island, maintained by

respectively; 4 - Tym' River stock; |
5 - Reidovka River stock; 6 =« Kurile
ka River stocke.

the Reidovka fish hatchery,
1970 and 1971; 5 =

stock of Tym' River, 1970; 6 =
stock of Kalininka River, 19703
7 - the same, 1971,

of the equilateral triangle at the zero values of the co-ordinates; the 100
positions for the other populations are found similarly.
Besides obvious interpcpulation differences, it is especially
{mportant that the Kalininka population, investigated on all loci twice
(1970 and 1971) and with respect to genes of malate dehydrogenase three
times (1969-i971), is characterized by stability, whereas the Naiba popu-
lation does not have sucﬁ stability; in 1970 and 1971 it proves to be
shifted, in the selected co-ordinate system in the direction of the Kalin-
inka keta., This is readily explained by the fact that in 1966 and 1967

65 and 25 million eggs were transferred from the Kalininka to the Sokolovskii
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fish hatchery respectively and 24 and 21 million eggs respectively "of their

' were also set out for incubation.

own'

Conéequently,_it can be stated that the homigg instinct of the
keta has an epigenetic nature, although its acclimatization quickly suc-
ceeds beyond the limits of its natural range. Hdwever, we now obtain the
possibility of giving a quantitative estimate of the success of sugh'ac-
climatization when we have determined the percentage of the Kaliniﬂka keté
in the Naiba population: A corresponding calcuation, based on data for
the allele AlbC of the albumin locﬁs* can be accomplished just as in Ehe
case of the anchovy: the percentage of the Kalinirka fish in the Naiba
River is about 39%.

To estimate the success of such transfers we will determine the
coefficientsof commercial return (M = n1/n2, where ny is the number of
adﬁlt fishes which have returned and n, is the number of released juveniles)
for the Kalininka and Naiba stocks (Figures 31 and 32),

It follows from the obtained data that:

1) whereas stabilization of the re;urn coeffjcients grouped around
the mean level characteristic of the stock as a whole has been noted for
the Kaiininka population in recent years, the population of the Naiba keta
has no such stability; nevertheless the mean return still is higher in the
Naiba stock; |

2) with transfers of the Kalininka keta to the Sokolovskii and
Bereznyakovskii plants the coefficients of commercial return for the Naiba

stock as a whole prove to be below the mean for the preceding years;

*There are grounds for considering this locus as selectively neutral,
which is essential for such calculations.

101

102
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Figure 31, Fluctuation of the Figure 32, Fluctuation of the
coefficient of commercial return coefficients of commercial return
qu as %) for non-overlapping Cni as %) for a number of non-
year-classes of the Kalininka overlapping year classes of the
keta, maintained by the Kaliw Naiba keta, maintained by the So=-
ninka fish hatchery, in kolovskii and Bereznyakovskii fish
relation to the mean level (y) hatcheriese. Transfers of eggs -
(broken line). _ of the Kalininka keta are marked
with a brace: 1 = tota!l

coefficients of return, calculated
without reference to transfers .of Kalininka ketaj; 2 - coefficients of re=-
turn calculated on the assumption of lack of success of acclimatizaltion
of Kalininka keta in the Naiba river; 3 - coefficients of return calculated
for Naiba keta after singling out on the basis of population genetics data
of the perceritage of actually acclimatized Kalininka keta; n;, n, and n_ -
mean coefficients of return for the three situations just indica%ed. 3

3) If the corresponding coefficients have been calculated separe

ately for éhe.Naiba and Kalininka populations one can readily satisfy
oneself of the low age of the Kalininka keta in the Naiba (1 = 0.1% in

1970 and 0.05% in 1971), which is below the.mean level chafacteristic of

the Kalininka population in its own river (M = 0.4%)s On the contrary,

the return in those years of the portion which on the basis of population
genetics data we classify as that of the Naiba properly speaking is fully
commensurable with the return from the broods of the years when no transfers
were made, although a reduction of the effectiveness of the work of the

hatchery is observed.
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Thus the return of adult fishes to a strange river proves to be
much lower than to its own even in the first year-cfasso Prebably in a
number of cases the transfers bring no success at all, For example, in 1965
71 million eggs of the Kalininka keta were transported to the Befeznyakov-
skii plant, but 64 million of its own eggs were gathered and, evidently,
corresponding to that the genetic characteristics of the year-class which
returned in 1969 proved to be sharply different from the 1966 and 1967 broods,
which were clearly mixed in composition. True, one cannot exclude the possi-
bility that & small retﬁrn of the Kalininka keta to the Naiba River in 1969
still took place but remained unnoticed, as we took the first sample from
the spawning accumulations only on 20 October.

Nevertheless, all the above shows the relative success of the ac~-
climatization of the keta even within the limits of tﬁevspeciesrange. This
conclusion is also confirmed by still another 1mportantvfact -- the stable
reproducibility in the year-classes of genetic features characterizing the

Kalininka stock as a whole and distinguishing it from the stocks maintained

by.the Ado~Tymov;kii and Kuril fish hatcheriese. Since there never
was a transfer of eggs frbm the broods of those stocks to the Kalfniﬁka
fish hatchery, the data obtained by us testify to an absence of any
sort of noticeable natural ethange between the stocks of the different
rivers, We can thus consider those stocks as genetically independent,
reproductively isolated populatiops.

The same is also indicated by the above-noted deficit of hetero=
zygotes in the total samples which, however, requires more careful examination
in connection with genetic differences registered in a detailed investigation

of a separate stock at different times of the spawning run. One example
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.} was presented earlier in relation to the frequencies of the allele Albc
in samples from the Naiba population (see Table 16)., The XI-square test
for homogeneity shows highly reliable dispersion of the gene frequencies
from haul to haul (7( = 41,5 at df = 5) and correspondingly a reliable
shortage of heterozygotes is observed in the stock as a whole. The same
thing is also characteristic of separate year-classes of ﬁhe Kalininka(
population during investigations of gene frequencies ip loci of albumin
and serum Ldg (see Tables 22 and 23). |

A shortgge of heterozygotes c¢an also be observed in a panmictic
population, but then it must be assumed that either the selection was
directed against the heterozygotes or there was a positive assortative
crossing. However, the stability of polymorphisms in the year-classes
refutes the first assumption, and the second does not ajree with the fact

that the biochemical variability investigated here is not expressed exter=
nally in any way. Consequently, also in explaining the genetic hetero-

. .
geneity of a separate stock it is necessary to resort to the simplest and most

natural reason =- its subdivision into isolated, genetically different

populations. Such a treatment corresponds to a certain population genetics

model according to which "the subdivision of a population into separate
interbreeding groups is equivalent to the existence of 1qbreeding within

the entire population" /[ the so-called Valund effect (Li, 1966)7. The cor;-
responding coefficient of inbreeding, which actually reflects the correlation

of gametes. can be found from the expression

H,—H,

F=
. }le ’

where H, is the heterozygotes ffequency expécted from the Hardy-Weinberg

distribution; Ho is the actual proportion of heterozygotes. Calculation

of the error of F is given by Rasmussen (1964).
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With the introduction of the found correction (F = 0.114+0.02)
the correspondence of the actual and expected distributions for a number
of hauls shows a tendency toward improvement.
Thus on the basis of analysis.of the gene and genotype frequency
distributions in time and space it can be stated that the so-called local
stocks of fishes represent reproductively isolated populations. At the
same time, each separate stock in itself reveals hereditary heterogeneity == 104
evidence of subdivision into smaller but also reproductively isolated
population units,.
With consideration of certain ichthyological .data only the Tele~
mentary populations'" discovered at one time by N.V. Lebedev can correspond
to that level of organization, But in such case the conclusion that .they are of a
non~hereditary nature is erroneous.
The following chapter will in fact be devoted to the investigation

of this question.

Chapter VI. Local Stocks as Aggregates of Genetically Different

Elementary Populations

Elementary populations as biologically homogeneous groupings charac-
terized by completeness of behavior have been discovered in other species
of fishes besides the anchovy (Lebedev, 1967).

To what was said in Chapter II it must be added that in the repro-
ductive period the isclation of these groupings is incomplete and exchange
between them through marginal variants of physiological similarity at times
reaches 30% (Lebedev, 1967). However, as special investigations have shown

(Lebedev, 1946; Chubunova, 1951, etc.), including with the use of radioactive



137
tagging (Payusova, 1965; Lebedev, 1967), élemehtary populations do not
decompose for a very long time. According.to indirect data, the composi-
tion of an elementary population of the Caspian roach changed in five years
(that is, in a generation) only by 24-29%. The regrouping of composi-
tion in elementary populations of the kilka does not exceed 107% per gen?
eration. Direct observations of populations of the same fishes were suc-
cessfully accomplished up to two months and by the time the work.was
halted no sort of signs of their decomposition had been noted (Lebedev,'1967).

All that has been said applies to elementary populations of mature
fishes, Such groups form, howvever, at the places of birth of the youﬁg
fishes (Payusova, 1962, 1965, 1967). |

Thus the ecological data suggest that the genetic role of elementary
populations can be a dual one. F}rstly, dif ferentiation of the gené stocks
of the larger populations (races or stocks), formed of elementary populations,
must occur, Secondly, the genetic integrity of the races, which finds re-
flection in & higher level of their stability in Soth time and space, must
be maintained, which . has already been partially demonstrated in the pre=-
ceding chapter,

However, until recently the genetics of elementary populations of
fishes remained unstudied and in the view of their biological importance the
evaluation of such groups as non-hereditary communities predominated, which

themselves "do not reproduce but conclude their existence in ontogenesis...

The following generation of each elementary population is of varying quality

and therefore falls into very different, newly arising elementary populations"

(Lebedev, 1967, p. 197; our emphasis, Yu.As)e

105
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‘ These two opposite treatments also have directly opposite conse-
quences both for scientific work in the region of the population biology
of fishes and for the working out of the very principles of a rational fish-
ery., Therefore it is important not to limit oneself to indirect indications
of the-genetic nature of the differences bétween elementafy populétions,
regarding which the material of the preceding chapter and the just-cited
ecological oBsefvations testify, but to obtain direct information about
this level of the population organization of a species.

Genetic Differences Between Elementary Populations of the Redfish

Data of analysis of trawling catches made on the Newfoundland Grand
Bank and the Flemish Capg bank served as the basic material for the present
section,

Elementary populationé were divided on the basis of the results of the

g biological analysis of catches I;lore or less uniformly distributed over the
commercial fishing area along the continental slovpe of the depths.

The redfish does not make conside;able horizontal migrations, but
limits itself tovertical movements!Templeman, 1959; Poulsen, 1962: Travin and
Pechenik, 1962). The catches were analyzed directly in the sea, and the
analyses consisted of indivddual measurements of fishes and determinations
of their sexual composition. Of all the characters used to determine ele=
mentary populations of fishes. (Lebedev, 1946, 1967; Payusova, 1961) we were
able to use only three: the character of the distribution curve of the length
of body of the fish, the sex ratio and features of the interlinking
of catches in the area. The average size of fishes in the catch and the 106

average depth of trawling also were taken into account,
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Qur experience shows that the average éize of fishes, as a charace
ter to which importance is attributed in the identification of elementary
populations, is not always reliable, as it varies when there is a consider-
erable admixture of smaller or larger fishes from neighboring populatioas.
At thelsame time thét admi&ture is readily detectéd even during visuai analy-
sis of the distribution curves of body length, which, being very sensitive
to any kind of changes in the composition of the catch, in relation to modal
frequencies reveals high constancy if the samples have been taken mainly
from the same population. Therefore in the recognition and identification
of populations we gave more attention preéisely to the form of the varia=-
tional curves than to the average size, which served as a supplementary
character,

No less importance was given also to the sex ratio in the
sample, since it is known that it does not remain constant over the course
of the life cycle of redfishes (Magnusson, 1959, 1961; Karasev and Saus=-
kan, 1963; Sidorenko, 1967) and, as has been shown for many other species,
is a character which fluctuates greatly in elementary populations of fishes
in the spawning period (Lebedev, 1967),

At the same time the sex ratio in the sample haul does not cor-
relate with the modal frequency of the variational series (Figure 33) and so
the identity or great similarity in two independent characters of samples,
which prove moreover to be spatially conjugated, permits detecting over a
continuous ranée the boundaries between separate populations.

wWhat has been said is illustrated by Figure 34, which depicts the
distribution curves of the linear dimensions of fishes from different cat-

ches, and Table 26, in which some statistical parameters are tabulated.

107
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at . s teted . Figure 33. Absence of correlation
Wk ) ) . between the sex ratio (%

. ' of males) and the modal frequency

' ‘ of the body length of the fish (Mj)
. in samples from elementary popula=
0 tions of the redfish located on the
' Newfoundland Grand Bank.
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nyasigit  OKYHS,  JIOKaNH30BAHUBIX  HA

Boabwoit Huiohayunmenackoit Gauke.

0 22 on the Newfoundland Grand Bank.

The numbering corresponds to that

in Table 26. Here and in subse-

quent similar illustrations the figures
above the curves are the modal class
frequency.
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> . Figure 34, Distribution curves O
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S L *ﬁg/r—\*\z samples from accumulations of the
g F ;:ﬁii::::\ 1 redfish related to elementary popu=
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Puc. 34. Kpusne pacnpepenenns
JHNCHHLIX  pa3MepoR  pul6 B Bbl-
foprax U3 ckonmenii OKYHf, OTHO-
CHMBIX K 3ICMCHTAPULIM FONYJSIL-
am Ne 1, 6, 10, 14, 16 n 22 ua
Boabuwoit Hulopaynaacnuackolt Gan-
ke.  Hyscpamwnst  coorsercrmyet
npunsiToit B Taba. 26. 3acch u ona
HOCACAYIONIHX  QUANOFRMHLIX  PH-
CYRKAaX HpPLL AL KPUBLIMK — ua-
€TOT@ MOAANLIIOTO KJaacca.
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Table 26. Biological characteristics of redfish populatiens on the
Newfoundland Grand Bank in 1965
Taoauua 26. Buonornyeckue 0COGCHIOCTH HONYIRUI OKylst #a Bomnuioii Hetoduyia-
-JetjcKoit Gauke B 1965 r,
A B C D E Coorromete F
Hox Ho . M . noJios, %
no(:,t]cyri nml();t:;? HaTta r;','XG’;} n umt;w;:‘;:f:z;t:, Mtm
NS Ki ' cM :
Ca.\".ibl CAOMKH
1 |19 cenmcpP| 500 | 257 | 34 36,2 48 | 52
1 2 19. cenrabps | 300 149 34 35,3 51 46
3 20 centabpsi| 525 468 34 35,0 51 49
4 |20 cenrsbps { 305 88 34 35,2 53 47
- a
Cpepiiee & v 0 0 v 0 o 424 962 34 35,3+0,08 | 5l 49
6 6 28 CeHTHGpﬂb 425 299 | 37—40 38,4 24 76
2 28 centsiopa | 420 188 | 37—40 39,2 19 81
a
Cpeasee o .+ .« . . . . 422 487 | 37—40 | 38,7.£0,16°| 22 78
1 20 wons® | 300 | 341 | 31—34 34,3 23 | 77
2 22 uionst 335 442 | 31—34 32,9 32 68 .
10 3 22 rons 270 249 | 31—34 33,3 23 77
4 24 wous 262 359 | 31-34 32,1 23 77
5 24 HioHs 265 609 | 31—-34 33,7 26 74
a
Cpepiee .« o v o 0 . 293 | 2000 [ 31—34 32,7 29 | .71
1 97 mwona G 2065 201 25 28,9 58 42
2 15 oxtaopad 285 209 25 27,8 43 57
14 3 16 oxtsiopst | 285 123 25 27,2 55 45
4 17 oxtatps | 250 282 25 27,6 44 56
a
Cpefistee . . o o v o . . 271 815 25 27,9 49 51
16 1 |10 oxms6pad, 122 | 191 22 24,0 | 60 | 40
: 2 Il okrabps | 255 180 22 23,7 51 49
Cpemued . . . . .. .. 188 | 371 | 22 24,04.0,16 | 56 | 44
. 1 2 okrabpsd| 340 | 233 | 28,34 31,1 62 38
22 2 2 oxrabps | 280 30 | 28,34 32,0 63 37
3 4 oxtabps | 375 199 28,34 30,1 72 28
a
Cpemitee . . . . .. . .| 331 462 | 28,34 | 31,840,27| 65 35
Key: A - Number of population B -~ Number of haul C - Date
D - Depth, meters E - Modal class, cm F - Sex ratio, %
1 ~ males 2 - females
a - Mean b ~ September ¢ - June d - October
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All the investigated catches can be united, on the basis of the char=-
acter of the variational curves, into the six groups designated on Figure 34
by different numbers. within the limits of each group the curves are similar
or identical in configuration, values of the modal class and range of fluce
tuationé, bﬁt at the same time differ from other families of such curves.

For example, in Table 26 it is evident that the sizes of fishes in different
samples of aggregate No. 1 are very similar to each other, and the se£
ratio is approximately identical, whereas in the group of samples united
under No, 10 the fish is smaller and an excess of females is observed. Some.
fluctaations of the means are completely explained by the configuration: of
the distribution Curves:_the somewhat larger size of fishes in some samples
from grouping No. 1 is caused by the obvious admixture of large individuals in
| them. The seme thing is also characteristic c® two samples(hauls)from the aggregates
designated Nos. 10 and l4. At the same time, within the limits of each group
the variability of even such an apparently unreliable.character as the average
fish size is incomparably less. éhan on the level of the groups as a whole,
which reliably differ from one another (Table 275,

But it is especially important that,‘bésides the indicated similarity,
all the biologically identical catches reveal a clear conjugation in space,
forming a certain territorial whole =~ an elementary population, not decompos-
ing later,

On Figure 35 is a schematic map of such groups of redfish
on the entire extent of the slope of the Newfoundland Grand Bank. Each of
the populations is characterized by a definite range, but distinct boundaries

are not successfully drawvn everywhere between them. For example, in cases

where fishes from neighboring catches differ in biological characters, the 109



ﬂ Table 27, Values of the criterion t, for differences in the average fish

size between aggregates of biologically homogeneous samples
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TaGania 27, 3naucnus Kputepus f; Aas pacauuuli 10 cpesnesmy pasmepy phuid
MCXAY COBOKYMIOCTSMH GHONOTHUCCKI OANOPOANMX Np00

a Homep nonyanuut &
Homep nonyasn-
e 6 10 14 16 22
] 19,0 30,4 78,3 63,7 12,4
6 . 36,8 64,4 64,9 22,3
10 . 82,3 54,3 3,3
14 ’ 23,2 14,2
16 - . : 24,8 -

Key: a - Number of population

boundary drawn in the middle between those catches can Ee considered more

Q " precise than the boundaries turned in the direction of gieater or smaller
depths, where trawlings have\not been made. The boundaries of populations
in those directions can rather be considered provisional than strictly es-
tablished, and so the.contours are given as'a broken line, But where trawl-
ings have been made, even those not bringing catches, the boundary can be
drawn more precisely, as, for example, on one of the sides éf the south&est-
ern slope of the Grand Bank.

Nevertheless the picture of the distribution of all the discovered
populations appears very distinct, even in spite of the fact that the ranges
of some of them overlap., The last-mentioned fact can be connected with the
distribution of fishes at different depths. Thus, from summary Table 28, in
which the entire set of elementary populations on the Newfoundland Grand Bank
is presented, and Figure 35 it follows that, while in the same territbry (1965

QJ data) the populations occupy different horizons which differ in depth by 100
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+ Pue. 35, Mokanusatus SHACMCNTAPNLIX TONYJSitHIL KIIOBOPLIMOre okynst na Dodb-
woit Howpaymiaenaexolt Ganke (1964—1965 ri.).  HMymepawusi  coorsercrnyer
npuusTon » Talir. 28. Chewable KPYIXKI — MCCTONOAOMKCHNE TPANOBHIX CTANIMIL
n 1 ROTOPLIX PLifa He obaasiinanact.,

SHCCL it HA MOCACAYIONNN QHAJZOTHMILIX PHCYUKAX KOHTYPL OTICANIOT COZOKYIH-

- .HOCTL NPOG, B KOTOPLIX PLIGA XapPAKTCPUIYCTSH  MAKCHMAILUON  GHOROTHUCCKON

— . 0;LHOPOAOCTHIO.

Figure 35, Location of elementary populations of deepwater
redfish on the Newfoundland Grand Bank (1964-1965). The
numbering corresponds to that ‘adopted in Table 28, Light.
circles mark locations of trawling stations at which no
fish were taken,

Here and in subsequent similar illustrations the contours
separate an aggregate of samples in which the fish is chare
acterized by maximum biological homogeneity.,
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Table 28. Elementary populations of redfish on the Newfoundland Grand
ank
Ta 6auna 28, duemenrvapunie nonyastusi oxynst Ra Bomwoit Hstodayvupnenackoii Ganke
%.A B :. d Mona nmqu)ﬂ k Co’?&;z)é;:“",}{:’ HanewusocTs, otoavra 1/d , uﬂig’,?,\nf"w
~. | Bpeus cGopa matepnana g n Kknace (Aamnua Cf’,’f;“f\’{’_‘: ,I,‘,ﬂ”' - o G
o . S TeNa), €M h It 2
gt 2 g S n MEm 14 N ' q,
pood e Sal &by |
1 |29 aprycra—2l oxrsG- | 207 | 904 34 364.0,16 | 52 | 48 | 51 |1,56:0,01 | 0,10 | — ‘ —
pr 1961 r. : -
19—20 centalps 424 | 962 34 35,3+0,08 | 51 49 ; — — —_— 320 [ 0,78
1965 r.
9 | 28—31 anrycra 1961 . | 336 | 1605 | 31—34,40 | 34,74:0,26 [ 49 | 51 | 73 [1,543x0,01] 0,11 | — | —
92 cenrsdpa 1965 r. | 315 | 305| 31—34,40 | 35,8+0,25 | 49 | 5l - 40 | 0,67
‘ : !
3 | 28 asrycra 1954 r. 345 | 716 | 31--3%+ [ 33,44+0,15: 46 | 54 | 20 | 1,56720,02 | 0,11 | 180
15 mona—22 cewisdpa| 285 | 619 | 3134 | 33/43.0,17 |.76 | 24 | 20 | 1,54:00,02 | 0,08 0,88
1965 r.
4 |17—18 centsiGps 415 | 163 37 39,7+0,14 | 41 | 59 | — —_ —
1964 r. : : - -
93 centsiGpsn 1965 r. | 515 | 204 37 39,740,23 | 48 | 52 40 | 0,77
5 |97 anrycra—17  cen-| 355 | 1317 34 35,740,038 | 69 | 31 | — — N R
TaGps 1964 r. ’ . : ' .
1516 centabps 237 | 831 34 35,230,11 | 76 | 24 | 30 | 1,62£0,02 .0,12 | 180 | 0,83
e 1965 r,
t
6 {28 centadps 1965 r. 422 | 487 | 34—38—40 38,740,16 | 22 | 78 | 45 | 1,53+0,01 [ 0,10 l 120 | 0,50
.: . e ee mmer: e fmea o0 P - . L 1 . b o N N N : : B
Y0522 anpens 1965 r.| 326 { 873 | 25,31—34 | 32,940,07 | 50| 50 | — - — | 60 o
i
& |6 moaa-—28  ceirabpsa| 370 | 999 34,40 ' 38,5+0,14 | 30 | 70 | 20 [ 1,54£0,02 | 0,10 | 40 | 0,50
1853 r. o
9 [25--96 centaopa 975 | 266 34 34,740,26 | 74 | 26 | 40 | 1,530,010 [ 0,11] 80 } 0,00
1965 r. ’ [
10 |5—6 awryera 1964 . | 371 | 705| 31—34 |34,2+0,15 | 52 | 48 | 20 | 1,650,021 0,10 — | —
- 19294 wons 1955 r, | 293 {2000 31—34 {32,74£0,03| 29 | 71 | 15 | 1,62+0,92 10,10 | — | —
1 [ 17 oxtaGpn 1965 r. 330 | 333 19,25° 1925,240,49) 49 | 51 | — —_ — | 60 [0S
12|27 wous, 1 centsopn] 508 |1159] 2528 | 29,140,03| 26 | 74 | 20 | 1,56640,02]0,10| 38 | 0,5
1965 r.
13 |5 asryera 1964 r. 405 | 300 | 31—34,40 | 28,820,256 | 27 | 73 | — —_ -~ | 60 } 0,63
22 wona, 27 cemndpa| 327 | 916 | 81--3¢ [ 32,5-:0,05| 20 | 80 | — - - = |
1965 r. | |
14 127 woug, 15--17 ox-| 271 | 815 25 27,94.0,05 |749 | 51 | — — — 240 | 0,74
1a6pa 1965 r.
' 15 |6--29 aurycra 1964 r. | 832 | 1091 28,31 32,240,11 | 26 | T4 | 37 |21,60,02! 0,12 | — | —_
11— 15 okta6pst 1965 r, | 402 | 335} 28,34 32,4%0,21 | 57 | 13 | — = — | 120 | O,
16 11011 oxrsGps 1965 r. | 188 | 371 22 214,0+0,16 | 56 | 44 | — — — | 180 | 0,78
' \
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. A B C u E Coornomte- F )
2 = Hite g/onon, I HMawmenunsocth otonnta I/d q“f_zg;a 1‘"""'"'
e ; A § c e
:_‘ Bpess copa Marepnala E n KI;&’lcﬂ-'(i:_::]l;::’:d Cp“}ﬁkxl‘"iﬁflf. = - - l
'55 © Teaa), N g g n Mam o N v
T8 & %a 8bl - ‘
17 |8 agrycwa, 17 oxratGpsa| 307 | 1367 25 28,840,090 | 46 | 54 | 29 | 1,5740,01 | 0,06 | — —
19G4 r.
7—10 oxtsnéps 1965 r.| 346 489 25 28,44+0,03 | 52 48 — —_ — 420 1 0,73
18 {9 aprycta 1964 r. 376 | 478 | 28—31,34 | 30,6.£0,15 | 59 41 20 | 1,574.0,02 | 0,08 —_ —_
4 oxratbps 1965 r. 122 176 | 28--31,34 | 30,2+0,51 | 23 | 77 | — — — — -
19 [ 10 oxraGpst 1964 r. | 362 | 797 3l 28,1£0,11 | 33 | 67 | 20 | 1,5540,02 | 0,11 | — | —
20 |5 oxrabps 1965 r. 240 1 156 19 20,94.0,23 | 60 40 15 | 1,5040,02 | 0,10} 60 | 0,60
21 |9 aprycra 1964 r. 356 | 342 | 31—34 33,440,181 21 | 79 | 60 | 1,684+0,01 |0,13| — | —
4 okrabpsa 1965 r. 280 30 3134 32,440,61 | 53 | 47 | 19 |1,565+0,02 { 0,08 | 60 | 0,73
92 {24 oxrnbpn 1965 r. | 331 [ 462 | 28,30 | 31,840,27 | 65 | 35 | 43 | 1,624.0,02 | 0,15 | 180 | 0,50
Total 1964 r.. . . ... 10242 —_ 32,57+0,05 48 | 52 | 597 | 1,57+0,005 o — [ —
Total  1965r....... 13 340 — 33,4540,05| 46 | 54 | — — — | 2478/ 0,73
Key A - Number of population B = Sampling time C - Depth, meters

D - Modal class (body length), cm

Sex ratio, %

E - Mean length, M+m
G - Variability of otolith l/d

antigen A2; a - males; b - females.

1 = 29 August-2]l October 1964 8 -
19.20 September 1965 9 -

2 - 28«31 August 1964 10 -
22 September 1965

3 -~ 28 August 1964 _ 11 =
15 June - 22 September 1965 12 =

4 » 17-18 September 1964 13 -
23 September 1965

5 = 27 August « 17 September 1964
15-16 September 1965 14 -

6 - 28 September 1965 15 -

7 -« 1522 April 1965

F-
H - Freahency of

6 July - 28 September 1965
2526 September 1965

5-6 August 1964

22<24 June 1965

17 October 1965

27 June, 1 September 1965
5 August 1964

22 June,

27 June, 15-17 October 1965
6-29 August 1964
11=-15 October 1965

27 September 1965
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Table 28. (Continued)

16 « 10-11 October 1965 19 « 10 October 1964
17 = 8 August, 17 October 1964 20 - 5 October 1965
7-10 October 1965 21 ~ 9 August 1964
18 « 9 August 1964 4 Qctober 1965
4 Qctober 1965 22 ~ 24 Qctober 1965

meters or more, for example, populations 5 and 7, 6 aﬁd 8, 3 aﬁd 14, 15 and
16, and 17 and 18, The distribution of redfish of different sizes by depths
has also been pointed out by othér-authors (Travin and Pechenik, 1962; Henw-
nemuth and Brown, 1964; Sidorenko, 1967).

It is evident from the data of Table 28 that there often are coin=-
ctidences either in the modal class of the variational curve, the average
size or the sex ratio. However, in this case the populations proved to be
localized in different parts of the water area, for example, Nos. 1, 5 and
9; 3, 10, 13 and 21; 14 and 17, etc.

The important question arises of the stability of the discovered
populations in time and space. Aan answef can be obtained by comparing 111
the results of repeated trawlings within the limiﬁs of the range of a given
population. In Figure 36 and in Table 29 are presented the results of re-
peated trawlings on the range occupied by population Noe. 5 during‘1964 andA
1965, Three observations were made annually at different times.

In 1964 the first observation was made by us in August-September on the
“Sevastopol'" exPéditionary vessel, the second in October and the third
by co-workers of the PINRO on the "Zapad", "Novorossiisk" and "Pobeda" in
November, In qune~July 1965 the first observation was also made by PINRO
co-workers on the "Sever", and the second and thixrd on different days of

September by us on the "Sevastopol'',
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Figure 36, Distribution curves of the length of fishes

in population No. 5 on the Newfoundland Grand Bank:

a = 1965 samples (hauls); b -~ 1964 samples(hauls). Numeration
corresponds to that adopted in Table 29.

The variational curves and average sizes of fishes in all the
catches coincided both for separatevperiods of observations and for years. 112
Consequently, those data testify to stability of the size composition of
fishes in a single population during a considerable time interval., The
changes were connected only with the sex ratio, which was redistributed
by seasons in the direction of predominance of males, as is well evident
froﬁ the example of population No. 5, which remained all the time in the same

northeastern section of the slope (see Figure 35),
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wﬁ? Table 29, Stability of population No. 5 in time
Ta6anna 29. Yeroitunsocts nonyasuuit Ne § 8o BpeMciit
1964 r. 1965 r.
Al ZB c D coornoweiffe KA \'_-,";B c ED ,f,?gr,ifl(',ﬁﬁ
T K = nonon, % - . . o
= [=% - B o o
& = narTa 51 n Mxm = g = nata g n MEm z -
x o ER e 3 5 = =% & = 3
¢ E % ] F; S| g Y E Z b
| g o) - SEELE LR B ga| &
o K :
1| o7 AMEUST 006 | s00| 36,6 | 62 | 88 1] soTMRS |ei7| s 85,9 | 38|62
1 2 28 anrycra | 202 | 190 35,0 72 | 28 1 2 I monsa 390 200 36,3 39 8'13
3 |10 centabpsn| 425 | 377 36,2 75 | 25 3 2 wonas | 270 3?4 39,4 37 %
4 17 centsidpa | 330 | 450 35,4 67 | 33 4 4 wons — 1 328 35,4 49 15
Septo . . July
Cpeance .F, . . . . .| 3836|1317 35,740,08 | 69 | 3l 5| 8monn |267]252 26,7 | 40 |GCO
| ~ Cpeanee F . . . .l263‘1531 35,840,11 | 10 | 00
oetobes — September— —
1 |12 osadps | 315 | 158] 35,6 59 | 41 1| 5 ceurnopn |238|252| 36,6 ) | 23
"2 1 13 oxvadps | 270 | 502 35,7 54 | 46 2 | 15 cenrndps | 238159 3.7 81 l ‘l):
11 3 13 oxkvatps | 377 | 338 3,4 48 1 52 | 11 | 3|15 centabps | 230 20'1 3(_3,0 ’.‘? |20
4 16 oxrtacps | 330 | 155 36,7 48 | 52 4 [ 16 ceursipsa | 238|143 33,1 70 ;-l?
5 | 17 oxrabps | 345 [ 91 35,3 42 | 58 5 | 16 cenrstpn [ 238| 76 35,5 9 l—
Cpeamee F. . . . . .| 327 |1264] 35.6:40,10 | 47 | 53 | Cpewee F . .. .|~237 831\ 36,2..0,11 ‘ 6| 2
: ' : September B} o
1| 5N evemot ey | aro | ana | 88 | 12 | |22 ceifracpn 255| 66| 8.5 | 8 l g
2 5 nondps | 262 | 299 35,1 91 9 2 |22 centsiopn 250 | 63 33,3 83 });
| 3 5 Hosdpst | 272 | 102 36,3 85 | 15 | 111{ 3|23 centaGps [240| 79 36,7 _/__% | 52
4 7 vosdpa | 292 | 334 36,2 64 | 36 4 1923 conratpsa | 233|147 36,1 22
5 | 9 wosGps | 267 | 191 |  35.4 71 | 29 5 |24 cewrsnopst |252|288| 85,4 82 l 12
6 9 noadps 245 ¢ 110 36,6 75 | 25
Cpeance F. . . . . .| 267 |1506] 35,6+0,08 | 80 | 20 | Cpeawee F . . . ot 613] 35.7.0,12 | 80 [20

Key: & ~ Observations B - Number of sample C « Date D = Depth,
: meters E « Sex ratio, % F « Mean; &- males; b- females.

The results of identification are still more demonstrative in dif-
ferent years in an examination of five populations of the Flemish Cap
stock (Figures 37 and 38 and Table 30).

Comperison of samples(heuls) from catches made on the same water area and
often at one and the same points permits comparing the character of the

distribution curves, the values of the means, and if the trawlings were

" made in the same season, the sex ratios.
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d Table 30. Examples of identification of elementary Dopulations
on the Flemish Cap bank

TaGauwma 30. Mpumepn uaeHTHEHKawN afseMenTapHbIX monyasuuii ta Ganke daespw-Kan

1961 r. 1965 r
—AB C D BT A B C D E
X cooTHOWICHHIE = : COOTHOLICHHE
;‘: - noaon, Y, & - nosos, %)
:;0.:: :)C; aava ) ;- " M é. 2- Adla ;:- n M )
o Y 3 S g 5 ) 5 Z 5
)= [ sa Sb = = [ s a < b
June September
o4 [ 11 15 wous 600 | 487 | 34,91 60 40 24 1 3 ceuvadpa | 517 | 216 [ 33,6 | 64 35
2| 3 ANGUSE| 455 | o9 [a4a| ss | 12 2 | 5 ceurndpn | 545 | 151|342 77 | 23
December
3| 2 nexaGpa 392 | 5431343 74 26 3 |. 5 conmsiOpa | 525 | 315 33,6 62 38
4| 2 mexaGps | 525 | 1127 [ 34.5 | 62 38 4 7 cenradpa |- 502 | 353 | 33,8 | 66 . 31
Octoben
5 | 18 oxtadpsa 360 | 130133,7| 74 26
Cpeance . F .| 403 | 2436 | 34,2 | 67 | 83 Cpennee F. .| 489 | 1165 | 83,7 | 67 | 33
. August R
o5 | 1| 21 ANBUST) 00| 202|355 | 52 | 48 | 25 | 1 [ooBSE | ool a0s|as2| 46 | 54
eptember L
21 2 %cmslcpn i 260 | 262 | 34.6| 46 54 2 | 23 aerycTa 68 | 298136,21 49 51
3| 2 cemmsGpn| 260 319 35,3 45 55 3. 23 aBrycra 320 | 244 |34,9| 52 438
September
4129 cenraGpsi| 430§ 430 | 35,5 | 49 51 4 6 (_'en'mﬁpﬂ 555 | 248 134,41 49 51
5 | 16 cenvaGpa | 365 | 2i6 | 34,8 | 46 54
Cpeance F. .| 339 | 1213 35,0 48 52 Cpeanee F, .| 451 [ 1265 | 35,1 | 49 51
August
28 |1 | 3 MMEHSY as0| 26374 40 | 60 | 28 | 1 |2oomSem- | 635 234 )s7.3] 4 | 57
2 | 21 amrycra 350 0] 36,2] 36 64 2 | 25 aprycra 327 | 192 { 36,3 42 58
3|3l noxaﬁpn 490 | 4231 36.1 | 48 52 3 127 aBEycm 707 | 239 |-37,5| 36 64
Cpepmee . E .| 426 | 709 | 36,1 ] 45 | 55 Cpegnee F. .| 556 | 665 ! 37,1 | 40 | o0
Qomtamiangye
JGPHCIHL A
3111113 arrycra 420 | 5301 32,5| 54 46 31 | 7 cewrabpa | 510 | 425 | 32,1 | &8 12
2 | 21 aprycra 4321 437 133,01 43 57 2 8 centsGpn | 387 | 208 | 32,2 63 37
3| 21 asrycra 570 | 315} 33,3 | 51« 49
Septenber
41 | cenracps) 3051 10! 23,9} o4 46
Cpeance . F | 132 | 1383 : 32,9 | 50 | 50 Cpeanee .F. .| 449 | 633 | 32,2 | 60 | 40
Decembgr . ‘ [
3171 I JeraGps 50 1 30,1 59 41 34 1 9 ceutsnlpsa 317 ! 406 | 29,0 | bt 9
2 | 31 aeradps 351 [ 29,6 | 5§ 44
Februarty I
3116 qenparn |"315| 4871283 | 56 | 44

Cpc}luvc. | s 108 293] 57 | 43 l I | I

’

IR A 2 Y e e e e e

e e+

= Ar—e———————— TP e = 32
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Téble 30 (Continued)

Key: A - Population number B « Sample number C - Date D -
Depth, meters E - Sex ratio, % F « Mean a - males
b - females
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Piic. 37. Onementaphsle nonyasuuu oKyrsi Ha Ganke Paemum-Kan. ‘Hymepauus
COOTBETCTBYeT mpinsatoll B Tadn. 31,

=

Figure 37. Elementary populations of the redfish
on the Flemish Cap bank. Numeration corresponds to
that adopted in Table 31,

Data on other populations identified on the Flemish Cap bank are
tabulated in Table 31,
Thus the presented material testifies to a considerable stability

of the elementary populations of the deepwater redfish in both time®* and

*This agrees well with the generally accepted concept of slow growth of
the redfishesi where there are no distortions of the average sizes on ac~
count of admixture of fishes from neighboring populations, the increase
of body length per year proves to be small, of the order of 0.5-1.4 cm
(see corresponding samples from populations Nos. 23, 24, 26, 27, 28 and
29 in Table 31).

117
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ASLERX, MAeNTHQHIIpOBanubX Ha Gamce Gaemuum.Kan 5 1964 (u) uw 1965 (6)
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Figure 38, Distribution curves of fish length in some
elementary populations identified on the Flemish Cap
bank in 1964 (a) and 1965 {(b). Numeration corresponds
to that adopted in Table 30,

Space. Since the corresponding ranges have been mapped we can characterize each
population immunogenetically, "applying" the results of genogeographic
analysis to that structure (see Tables 28 and 31). The same combination
of separate samples permits comparing populations also with respect to the
value of the 1/d index of the otolith.

As we see, the deepwater redfish populations on the Grand Bank dif-

fer reliably in the frequency of the Az factor and, consequently, one can
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Table 31. Elementary populations of redfish on Flemish Cap bank
T,a6 anma 31, JUEMEHTAPHLIE HONYASUMH OKYHS HA Ganke Paemnu-Kan
2 B ¢ %i D E C%%?O(gi’e;}:'c# HamenunnocTs ll"/'l(‘l(\‘.«.') 1/d G q_ral‘l’:;:";’ /‘“:‘ B
13 Bpowms cGopa = n §§ Cpeansst Aan:
g MaTepHnana 2 g Ha, M £ m
g H ‘;;S g -] n Mim o N o
2 & 23 ga| &b -
93 | 21 anrycta — G cen| 415 | 1757 | 31—34 | 34,22:0,08 | 49 | 51 | — — — | 100] 1,00
Ta6ps 1965 r. e
23 | | asrycra, 30 pe- | 381 | 3480 | 31—-34 | 33,9+40,05 | 47 53 57 |1,686.:0,01 | 0,11 | — —
KaGpst 1964 r.
24 3 cenTsGps — 489 | 1165 | 31—34.| 33,7+0,07 | 67 33 — — — 282 | 0,94
I8 oxTadps _ .
1965 .
24 I5 nionst — 2 je- 493 | 2436 | 31—34 | 33,240,056 | 67 33 18 |1,75540,02 | 0,08 | — —
KaGpst 1964 r.
25 22 arrycra — 451 | 1265 34 35,140,081 49 51 — — — 60| 1,00
16 ceuradps »
1965 r,
25 21 asrycra — 339 | 1213 34 35,00,09| 48 592 58 .|1,70340,0t | 0,105 — -—
29 ceHTaGps ) . .
1964 r, |
26 26 aprycra — 521 | 2003 34 35,640,041 77 23 — — — 60 ] 0,96
-13 cenTatdps
1965 r.
26 | 30 Mast — 5 mionx 465 | 2302 3 34,440,077 | 61 39 — — — —_— —
. 1964 r. . :
27 123 asrycra 1965r.| 670 | 441 34 36,5+0,11{ 38 62 — = ) — —_
27 28 Muaq — 2 as- 489 | 1384 34 35,1-0,08 | 39 61 10 {1,6594.0,03 | 0,010] — —_
| rycra 1964 r. : '
28 2227 aprycra 556 | 665 | 34—37 | 37,1+0,11 | 40 60 — — — - —
1965 . . . . B .
28 3 asrycra — 426 | 709 | 34—37{ 36,140,133} 45 55 20 |1,71440,02 (0,10 | — —
31 aekalbps © o
1964 r.
29 126 aprycta 1965 r. | 715 | 198} 37 39,240,19 | 66 34 — — — —_ —
29 | 10 wmous —2 ne- | 318 954 37 37,84:0,121 38 | 62 | 20 1,584+0,01}0,07| — | —
Kalps_1964 r.
30 . 9 centsi6ps 305 | 9274 | 37—40] 39,3:+0,25 | 78 22 — — — 100 | 0,98
. 1965 r., ]
3l 7—8 centabps 449 | 633 31 32,240,121 60 | 40 — - - 100 0'9})_ "
1965 r. . -
3l I3 asrycra — 432 | 1383 3t 32,9+£0,08| 50 | 50 | 80 (1,70340,01 {0,089 — | —
1 cenraGps ' '
1964 r. ¢
¢ 32} 57 centaGpa 446 | 797 19,31—34| 32,44.0,16 | 56 | 44 | — = — | 278 ) 0,97
1965 r.
32 (2 am:.\-cra 1964r.| 450 | 332 [19,31—34] 32,6+0,33 | 57 43 20 |1,697+0,01 | 0,08 — —
3 |6 cenrsGps 1965r.| 477 | 351 | 19—22, | 31,6:£0,26 | 37 63 19 |1,7600,02 | 0,12 60 | 1,00
' . 3134
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?;ifA B ¢ gg D E 'C‘r’l%‘;:“;;‘t“}‘,_',‘:'eF HaMenuuBocTh Hugekea [/d ‘I'r‘;tcheT'? 21:~H
g" ’ Bpewma cGopa ' :z. n ?E Cpepunst gni- —
3 Marepraia ] 3* Ha, M+ m :
& = 58 3 = n .
34 9 centalps 317 | 406 | 25—28 | 29,0+.0,27 | 5! 49 — —_— —_— —_— —
1965 r.
34 llgézexaﬁpﬂ 328 | 1408 | 25—28 | 29,34+0,11 57 43 30 -11,6634+0,02 } 0,12 | — —
t T, —
16 despanst '
35 23 apryera — 385 | 987 {19—22,34| 26,440,22 | 53 | 47 | 29 |1,67040,02|0,14| 600,97
5 cenradps
1965 r.
36 7—1139%1!751@51 315 | 414 |22, 28, 34 29,3i0,29~ 60 40 21 11,62640,02 O,iO 120 { 0,94
T.
37 9 cenrsdps 330 | 526 | 28,34 |32,64.0,20 | 46 54. —_ —_ — — —
1965 r. . , ' .
38 | 726 cenrnGps | 303 | 1186 | 31,37 |35,2+0,11| 44 | 56 | — — S B
1964 r.
Total , 1964 r. — e | - — 33,556+0,04 | 51 49 420 }1,6894-0,05 | 0,11 | 1220 | 0,975
Total 1965 r, — 116788 - 34,090,023 | 56 44 —
Key: A - Population number B~ Sampling time C - Depth, meters
D - Modal class (body length), cm E - Mean length, M+m
F - Sex ratio, % G ~ Variability of index 1/d H - Frequency
of antigen A2 a - males b -~ females
23 =« 21 August - 6 September 1965 29 « 10 June - 2 December 1964
23 - 1 August, 30 December 1964 30 - 9 September 1965
24 « 3 September ~ 18 Cctober 1965 31 - 7-8 September 1965
24 « 15 June « 2 December 1964 31 13 August - 1 September 1964
25 « 22 August - 16 September 1965 32 - 5«7 September 1965
25 = 21 August « 29 September 1964 32 - 20 August 1964
26 « 26 August - 13 September 1965 33 - 6 September 1965
26 « 30 May - 5 June 1964 34 - 9 September 1965
27 - 23 August 1965 34 « 1 December 1964 - 16 February
27 - 28 May - 2 August 1964 35 « 23 August = 5 September 1965
28 « 22-27 August 1965 36 « 7«13 September 1965
28 = 3 August - 31 December-1964 37 « 9 September 1965
29 « 26 August 1965 ’ 29 - 7=26 September 1964
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considér demonstrated the genetic nature qf these groups, which actually
reflect ﬁhe not further decomposable, biologically elementary level of
the population structure of the investigated local stock.

On the Flemish Cap bank the gene Az is near fixation, but there are
no grounds for doubting that the further discovery of suitable systems of
genetic polymorphism of the redfishes will make it'pbssible to discover
here also the same picture of variability as in the aggregate of isolated
populations on the Grand Bank. In any case;'in relation to a . quantitative
character such as the investigated.index is, such a conclusion does not

require. additional argumentation.

Genetic Differences Between Elementary Populations of the Anchovy

A detailed account of the principles of recognition of elementary
poéulations of the redfishes - permits proceeding without additional exe
planations to an examination of the biological features of .elementary popu-
lations of the anchovy, for which, just as:.for redﬁishes, it is possible to

show the independence of the variability of differentiating characters ==

the sex ratio in the sample(haul) and the modal frequency of the corresponding

variational series (Figure 39).
The main part of the work was done on 1966 material. Data of 1963
and 1965 were partjally included.

In Table 32 it is shown that the fish from different trawling

catches can be united into groups of homogeneous samples. For example,

all eight samples combined into aggregate No. 9 are practically identical
with one another as regards average sizes, condition, the sex ratio and
the type of variational curves of body length (Figure 40). A similar pic-

ture is observed also in the case of four samples from population No. 4

123
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Figure 39, Absence of correlation
between the sex ratio and modal
frequency of the corresponding vari=-
ational series for populations of
the Azov anchovy. Designations the
same as in Figure 33,

Figure 40, Distribution curves
of body length of fishes of three
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Table 32, Elementary anchovy populations in the Sea of Azov (August 1966)

Ta6nauna 32. Ouemcnrapuuie nonyasiii anuoyca B A30BCKOM Mope
(asryct 1966 r.)

A B C . Bitonoriueckas xapaktepuctiika ) Uactota rpynn kposu, % [
5 s a = bl o ¢! Cooromenite rioaon, d -
é‘ JloKaAnaanu npos S § i % o
] (IpPOMBICJIOBLIN KnhaapaT) Aara E_ E EE. " ala, .i'-4o'9. 0
2, = = = -
: 5% 5|88 81 82/ 33
i 14-¢ 18 | 91,8 7,85 | 1,01 60 40 — 66 60 | 40| —- 30
20-x 18 | 91,7 7,87 11,02 ] 59 4] — 51 59 | 41 — 27
Cpenune Mean 91,754.0,65/ 7,86 [ 1,02 | 60 40 — | 117 60 [ 40 [ — 57
2 10 - 19 | 89,8 - 7,48 11,03 90 10 — 30 90 { 10 — 30
Il-u 19 | 89,9 7,77 | 1,07 83 17 — 30 7] 13 —_ 30
Cpennue Mean, 89,85+0,77| 7,63 | 1,05 80 20 — 60 92 S| — 60
3 . 9-y 19 | 87,5 7,29 11,09 83 7 10 68 87 | 13| ~— 30
13- 22 87,9 ° 6,62 0,97 | 57 43 — 87 831 13 41 30
Cpeaue Mean 87,75+0,53] 6,96 } 1,03 70 25 5 155 85 { 13 2 60
4 9-y 23 1 90,8 8,35 | 1,12 73 | 27 — 91 67 | 30 3 30
10-7 23 190,2 8,37 [ 1,14 80 20 — 106 67 | 30 3 30
10-¢ 23 190,4 7,941 1,07 [ 90 10 — 45 67 | 30 3 30
12-1 23 1 90,8 8,801 1,19 60 49 —_ 89 67 133 | — 30
5 Cpennne Mean' 90,50:0,31) 8,38 | 1,13 | 73 27 — | 331 67 | 31 2 120
7-¢ 23 | 87,9 7,61 } 1,11 90 10 — 51 807120 — 30
5-¢ 24 | 87,8 7,71 | 1,14 75 25 — 81 84 8 8 26
6 Cpeqnne Mean 87,8540,77, 7,61 | 1,12 76 | 24 | — [132 | 82|14 4 ! 56
8-p 23 | 88,3 8,841 1,28 57 30 13 58 771 20 3 30
6-p 24 88,9 7,98 | 1,14 63 30 7 38 77 | 16 7 30
7 Cpenue Mean 88,40+ 0,52 8,13 { 1,18 | 60 30 10 96 77118 5 60
. 3-¢ 24 1 92,6 7,824 1,00 | 75 25 — 92 53 | 47 -- 20
4.r 24 92,0 8,47 | 1,09 | 70 30 — 75 57 (43| — 30
o Cpemme Mean| - |92,4540,52(8,19|1,04| 72 | 28 | — |167 | 55|45 — | 60
8 Cit.o 25 | 91,0 7,89 | 1,05 60 30 10 88 831 10 7 30
11-p 25 91,2 7,86 | 1,04 60 40 — 198 80 | 20 —_ 30
12 - m 30 ] 91,4 8,62 | 1,13} 33 47 — 80 90 ]10] — 30
17-m 3¢ 91,2 8,50 | 1,12 " 63 33 4 59 83117 — 30
Cpemuue Me an 91,45..0,23{ 8,11 | 1,13 | 59 37 4 425 84 | 14 2 120
9 : 14-p 9% | 92,2 ~ 7,96 1,00 | 43 | 57 | — | 97 | &7 | 13| — | 30
16-71 27 | 92,5 8,64 | 1,091 47 53 — 76 93 7T — 30
18-p 28 | 92,6 — — 57 43 — 45 93 7 —_ 30
22-p 28 | 92,1 8,26 | 1,06 | 60 40 — 121 90110 | — 30
16-0 30 92,8 8,13 11,02 53 17 — 91 87113 — 30
2] -um 30 ;92,6 - 8,87 11,12} 57 43 — 49 97} 3| — 30
2.0 30 |92,5 8,21 11,04 57 43 —_— 86 100 | — — 30
2&‘- o 31 92,2 8,52 11,08 | 53 47 — 49 87 | I3 — 30
Cpeymne Mean 92,494-0,21 8,39 1 1,06 52 | 48 | — |614 | 92| 81 — | 210
10 22-¢ | 27 | 90,6 8,00 {1,07] 60 | 30 | 10 | & | 93} 7| — | 30
24 - ¢ 27 | 90,8 8,00 1,07 577 { 37 6 33 97 31 -~ 30
26 - ¢ 27 90,4 7,52 1 1,02 | 50 30 20 72 97 3 — 30
Cpease Mean 90,604.0,45| 7,84 | 1,05 | 55 32 13 | 187 96 | 4] — 90
i 20-¢ | 28 | 94,7 8,98 1,06 58 | 42 | — |117 | 90|10] — | 30
Q(iep 28 | 94,5 9,06 | 1,07 | 56 4.4 — 30 90 { 10 30
Cpequne Mean 94,7040,47| 9,02 [ 1,06 | 57 | 43 | — |[147 | 90| 10| — | 60

~

Npunevanune. Boinenennme wprdron widph o3navaoT obuiee YHCNIO PRIG B Kaxolt BLiGOpKe,

A - Sample number B - Sampling places (fishery square) C - Date

Key
D - Biological characterization E - Blood group frequency, %
a =~ Average size, mm b - average mass, g ¢ ~ Fulton's condition factor
d - Sex ratio, %2 1 - males 2 « females 3 - juveniles

Note, The numbers in heavy print are the total number of fishes in each

sample (haul).
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and two samples taken from population No. 11, At the same time these

three samples differ substantially from one another, if not as regards

the entire complex of studied characters, then as regards some of them,

Thus, samples Nos. 9 and 11 do not differ in the sex ratio and tﬁe coef- 124
ficient of condition, but the distribution curves are characterized by

different modes and means (92.49+0.21 and 94.70+40.47 respectively; P <

4 0.001). Males predominate in sample No. 4, and it also differs in the

average size of individuals (90.540.31) and the coefficient of condition.

All the biologically homogeneous samples were clearly conjugated
in space (Figure 4l). A similar differentiation is also traced in the
analysis of other samples., Whereas in individual cases coincidence in the
average sizes is observed (samples Not. 1 and 8;4 and 10, 7 and 9), the sex
Q)} ratio (Nos. 3 and 4; 6 and 8) or the coefficient of conaition (Nos.‘ 1 and
= 33 4 and 5; 9 and 11), such groups proved to be localized in different
sections of the range.

The examined materials testify that in the Sea of Azov in 1966,
just as 20 years before that, differentiation of the anchovy into small
homogeneous groups -- elementary populations -- was successfully detected.
Due to the limitedness of the biological material at our disposal we suc-
ceeded in outlining their ranges only in the central and western regions
of the sea. It is clear that the same structure given the
corresponding daéa can also be detected in its eastern region, as was showﬁ
later by V.V. Limanskii and A.N. Payusova (1969).

Let us now turn to the part of Table 32 where the results of 2nalysis of

blood group frequencies within the limits of each of 11 elementary populations

are presented., Already from the example of the same populations Nos. 4 and 9
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n Ilawocosod, 1969},

Figure 4l. Spatial localization of elementary anchovy
populations in the Sea of Azov: a - August 19663 b -

June 1965; ¢ - September 1965, Anchovies of the Black
Sea race are designated by triangles and those of the
Azov race by circles (acc., to 4ltukhov et ale., 1969b;

Limanskii and Payusova, 1969).
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their serological differences are evident : wheréas No. 9 is represented ’
by phenotypes Al and A,y No. 4 contains still more AO individuals and in
addition differs reliably in the frequency of the A1 and A2 blood groups. It is
clearly evident that the range of variation of the frequency characteris-
tics of individual samples is just as insignificant as with respect to
biological characters, and is not af all comparable with the interpopu-
lation variability.

Table 33 has been compiled for all 11 populatiéns~and contains a
statistical evaluation of their differentiation with respect to the fre-

quency of phenotype Al.

Table 33. Character of differentiation of elementary populations of
. thke anchovy by frequency of phenotype )] (acg. to Altukhov
et _al., 1969) 4 .-

Ta6aunu a 33. Xapaxrep nudbepenuspOBkN saeMeNTAPHEIX MOMYARIHIT
anuoyca no wactoTe (enotuna A,
(no Auaryxosy u Ap., 1969)

O
BuGopka A BepoaTuocr:, HAHTHYHOCTH BGOpPOK B ga C

al . b S
& | 22 {0,500 | 0,400 { 0,200 [ 0,100 | 0,00 | 0,020 | 0,010 |0, 005} 0,002 | 0,001 §§
g |32 ' 28
1 Aﬁ K r E I B,3|B, W, K, JI| 57
21 BBUM, I} K B 4,3 E 1 XK 6V
31 BC| 3 (E, a1 1 T K : r X GO
4 ron E K L . 3 | 1K, JI| 120
5 | IE o|H K LK | 56
6| EF 3 JI K, U K 60
7 | G- - 3,1LK, Ji| 70
8 | 3H| JI H K 120
9 | ML K |. _ 210
10 | KJ J 90
11 JIK . 60

Keyt A - Sample(haul) B - Probability of identity of samples(hauls)
C - Number of investigated fishes a - Number b -~ Symbol
.. See column b for English equivalent of Russian letters.
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Table 34. Biological and immunogenetic characteristics of the anchovy

migrating through Kercg Strait (acc. to Altukhov et al,, 1969)

TaGawiwa 31 Buojorsucckast M MMMYNOUSNCTHHCCKAS XAPAKTCPHCTHRE  auq0y<d,
murpupytontero uepes Kepucucrnii npomn (o Aatyxony - ap., - 1969) ’

A et B ° c Buoaorieckas XapakTepueTika D | dssrora r{,‘,}'”E
E Kpowt, 5y
3 | = .al b c .
18 | e | 8% 20 539 comomne "
; 3 EE g._ Eg 5| = Acl A | M
Z - 53 = o i@
5| & 29 | 25 | Ee hEp3 |
1 23-11 211323(";5:61»! 81,315,28(/0,98 12674 — (68125 7140
963 r. ’
2 | 22-n 27Igg§n6pn 87,5 16,42 10,96 |20 |8 | — |25 17|58]40
)3 T,
3 §22-n 3é1é)n6pﬂ 93,2 | 8,60 (1,07 |63|37|-—1]37143]20] 40
1963 r.
4 | 23y 121385693 76,5 | 3,55 [ 0,79 |62 | 38| — | 1347 1 40| 40
r. .
5 | 23.y 23]0(1;;;16])51 66,1 12,401 0,83 | 5048 2|50 16| 34|50
965 r. '
6 | 23-u 2410(}3(“16;)51 79,4 14,74 |1 0,95 | B2 | 44 4166122 12150
. 1965 r, : .
7 | 23-u 1 wost6pst | 67,9 | 2,14 § 0,68 | 72 | 20 8(22:28] 5050
1965 r.
8 [ 23-u| 2 nosGpn {69,9]2,1210,62|71]25 41252946 | 24
1965 r. .-
-~ Keyt A » Sample number B - Fishery sqdare C - Date D - Biow
logical characteristics a - mean size, mm b « mean mass, g
¢ « Fulton's condition factor d - sex ratio 1l -~ males 2 =
females 3 - juveniles E - Blood group frequency, %
1 - 23-ts « 21 October 1963 5 « 23«ch = 23 October 1965
2 =« 22-ts = 27 QOctober 1963 6 = 23-ch -« 24 October 1965
3 - 22«ts = 3 November 1963 7 - 23-ch ~ 1 November 1965
4 = 23-ch - 12 November 1963 8 = 23-ch - 2 November 1965

The results of analysis of the anchovy during the wintering migra-

tion through Kerch' Strait can be interpreted on the same plane (Table 34).

Each day fishes with a different blood group frequency were analyzed. For
example, on 21 October 1963 jnaividuals with blood group A predominated (68%) in

the sampie, with comparatively rare occurrence of AO(T%) but after six days the
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the picture had changed to the reverse: the A1 frequency had decreased to
25% and the Ay frequency had risen to 58%. The same subdivision in prin-
ciple, but expressed to a greater or lesser degree, was also found in
other cases,

If each of the immunologically investigated samples is characterized
according to biological characters (see Table 34 and Figure 42) it becomes
evident that we are dealing with nothing other.than elementary populations dif-

fering in their. blood group frequency.

D‘
e

Figure 42, Distribution curves
of linear dimensions of the an-
chovy migrating through Kerch
Strait from the Sea of Azov into
the Black Sea. See table 34 for
sample numbers,
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Now let us examine the ratio of elementary populations of the
anchovy with its major subdivisions, the Azov and Black Sea races, which 129
in August 1966 were in the Sea of Azov and had been found there still
earlier in a genogeographical analysis.

In such a comparison it is evident that within the limits of the
range occupied by the Black Sea race (see Figure 41) (triangles) four
populations disposed as neighbors are distingﬁished, three of which (Nos.
9, 10 and 11), as already noted, are very similar in blood group frequency,
while the fourth(No.l) adjoining them on the soutwest, differs immunogenetically,
revealing as regards this character identity with elementary populatioﬁ No.
7, localized at the Tongue of Arabat. The two populationé-repreSented only
by phenctypes Al and A2 are similar to-the group (grouping) traced in a
genogeographic investigation in June, -August and September 1965,

Of the other populations only No. 6 can be classified in the Azov
race, whereas Nos. 4, 5 and 8 represent mixtures of the Azov and Black Sea
races.

These data are important in connection with the previously expresséd 130
considerations of the role of elementary populations in the differentiation
and integration of the gene pools of larger population communities. If one
remains within the framework df the old concepts of the taxonomic interrelae
tions of races, it becomes evident that the finding of genetically different
populations within the Black Sea race (Nos. 1, 7 and 9) substantiates the former
assumption, and the presencé of mixed groups(groupings)(Nos. 4, 5 and 8), the
second, But in any case the hereditary nature of the simplest population
units, even in such a mobile species as the anchovy appears proveéns The

isolation mechanism also is clear. It is temporary isolation caused by the

lengthiness of spawning of the anchovy in time.
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Table 35, Distribution of phenotypes and.genes of blood gxoups of the
A-system in elementary populations of the Azov race of anchovy,
June 1965

Taoanma 35. Pacnpejeaciie dienorinon i reHon rpyni Kponu A-cucremul
B OSCMCHTAPULIX HONYANHMAX A30BCKOIL pacwt anwoyca, wionh 1965 r.

Y B C
2 UucacnnoeTi gienoTinion YacToTa renon
(=
:_ n bAd
B3l a4 | s As Ao | e |
e K
1| 35 3 6 15 | 59 | gg|0,437(0,070] 0,481
(36,57) | (4,05) | (4,83) | (13,83) ,
2 42 8 6 4 60 | o 5g |0,570[0,1230| 0,300
(40,04) | (8,85) | (5,66) | (5,42) '
3 21 — 1 1 23 | 5 go [0,729/0,023| 0,248
(20,50) | (0,76) | (0,26) | (1,42) ' T
4] 56 1 i3 7 87 [ 5g |0,533[0,154 0,313
(53,18) | (11,92) | (14,37) | (8.,20) 2 ,
5 54 11 20 | 10 95 | | gg |0,453 o,xscl 0,361 ;
(49,78) | (15,20) | (16,45) | (12,30) ’ , ;
6| 39 1 3 7 50 | | 45 |0.561]0,041] 0,398
(38,10) | (2,24) | (1,68) | (7,92) ,
7| 45 4 12 10 7 | 3 g5 |0.456(0,127] 0,417
(41,39) | (7,67) | (8,52) | (12,49) '
8! 4 4 8 7 23 | 5 go |0.142{0,309] 0,549 i
(3,99 | (2,00) | (9,92) | (7,00) ’ ' j
10 34 5 23 36 98 | 9g0,229(0,162| 0,609 ' ‘f
(32,10) | (6,96) | (21,56) | (36,00) 1ot |
iy 16 3 10 31 60 | o3 /0.172/0,115[ 0,713
(16,72) | (2,40) | (9,50) [ (31,00) ' ' . .
x| 346 50 102 128 | 626 |6,32[0,305/0,132] 0,473
(333,03) | (65,10) | (90,21) | (138,35) B
i
. 'l.:?'jmru, PacCBtEaNLe € Gloupaba Bepatiretua,
Key: A = Population number B - Numbers of phenotypes C ~ Gene _
frequency

* « Frequencies calculated with Bernstein correction,

-
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The maximum biological homOgeneity‘of elementary populations and
at the same time theix specific characteristics under conditions of surprising
uniformity of the external environment over the enﬁire course of the spawne
{ng range of the anchovy must, therefore, be regarded as derivatives of
the population gene pools,

n the assumption of unlimited panmixia as the most probable state
of each separate population sufficiently separated from all others, one can
turn to the mechanism of inheritance of blood groups of the A-system in
the Azov race and attempt to conduct the previous analysis with the new data
taken into account.

Making use of material from the study of V.V. Limanskii and A.N.
Payusova (1969), after preliminary separation of the assumed heterozygotes
A1A2 by dose effect, we obtained a correspondence of the actual numbers
of phenotypes expected from the Hardy-Weinberg equation in populations described

immunogenetjcally rather completely (Table 35).

Thus the assumption of a three-allele strﬁcture of the A-locus of l132
blood groups in the Azov anchovy obtains confirmation on a different level
of analysis, and the total deficit of heterozygotes noted earlier agrees

completely with the population organization of the Azov race described here,

Genetic Differences Between Elementary Populations of Pacific Salmons

In contrast with the anchovy and especially the redfish, whose
populations are concealed by the water columns pelagic zones of sea waters, the
subdivision of local salmon stocks, caused by distinctive features of thgir ecolo~
gy, 1s directly observable. However, as far as we know, this structure has been
iﬁvestigated and discussed mainly on the level of the so-called seasonal

races (Berg, 1934; Abakumov, 1961; Levanidov, 1969, etc.), and never in

the aspect of interest to us.
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If we turn to the local stock of the sockeye of Lake Azabach'e,
we see that the accumulations of fishes at separate spawning grounds corres=
spond in their biological features precisely to the elementary populations
of other species of fishes., The only differences are that, firsfly, the
numbers of those groups are measured not in tens or hundreds of thogsands
of individuals, as in the redfish or anchovy, but in only tens
or hundreds; secondly, the ranges prove to be correspondingly very small
~= of the order of hundreds of square meters, in contrast with the tens of
square miles occupied by other species not so settled; thirdly, by virtue
of distinctive features of the ecology intrinsic‘to them, the spawning
accumulations of the sockeye are clearly Lsola;ed*, which frees the inves-
tigator from labor-consuming work on outlining them.

There are no fundemental differences in all the rest. _The elementary
sockeye populations are clearlysaisconnectgd in space (see Figure 10), dif-
fer in their linear dimensions (Fiéure 43) and sex ratios, and are charac=~
terized by specific gene pools (Table 36).

In this case the genetiq description of individual .
populations is given for two loci, among which lactate dehydrogenase reveals
the maximum interpopulation variability‘in relation to allele frequencies.
On the other hand, for the locus of phosphoglucomutase the dispersion of gene
frequencies proves to be small, and this will be examined in greater detail
in the following éhapter. However, in spite of such unifermity, reliable
differences are still detected between some elementary populations: the
corresponding tests for homogeneity give values«ﬁSX? of 87.23 and 33.08

(d'f = 22).

*Probably, because of complex reproductive behavior, panmixia in spawning
populations of sockeye may be expressed more weakly than in other species
of fishes,
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Table 36,

Distribution of genotypes and frequency of genes of lactate

dehydrogenase (Ldh) and phosphoglucomutase (Pgm) in the system

of isplated populations of the sockeye of Lake Azabach'e

TaGanua 30, Pacnpepeaeuns reHoTHROB H 4ACTOTH FCHOB JaKTATACTHAPOreHA3L! (Ldh) v dochorawromyrasut (Pgmn)
B CHCTCME H30ANPOBANNLIX nonyJsuit nepki oepa Asadaunero

Ldh Pgm

BB n'B BB’ N 9B pB’ %2 AA AB BB N qA I pB p

1| 49 [ 6l 16 | 126 | 0,6300| 0,3691 |0,20| 70 | 38 5 | 113 | .0,7876 | 0,2124 | 0,00
(50,1 (58,71 [(17,2) - 70,1y 1(37,8)| (5,1)

2 | 3| 39| 13| 8 | 0,6306| 0,3694 0,21 53 | 26 6 8 | 0,7765 | 0,2235 | 1,15
(35,0) | (41,0)[(12,0) (51,2)1(29,5)| (4,3) ‘

31 3 | 44| 16 | 9 | 0,6000 | 0,4000 [ 0,12 | 66 | 27 3| o6 | 0.881| 0,1719| 0,02
(34,2) ] (45,6) | (15,2) (65,8)|(27,4)| (2,8)

4] 45| 82| 95 |122 | 0,5819 | 0,4181 | 1,43 | 8% | 40 3 1127 | 0,8189 | 0,1811 ] 0,51
(41,3) ] (59.4) { (21,3) (85,2)](37,6).] (4,2)

51 30 | 49 | 20 | 117 | 0,5427 | 0,4573 | 2,87 | 6l 41 3105 | 0,7762 | 0,2238 | 1,66
(31,4) ] (58,1) | (24,5) (63,3) 1 (36,4) | (5,3)

6| a8 | 3 | 17 | 90 | 0,6166| 0,3834 12,87 | 49 | 43 3] 95 | o,7421| 0,2579 | 3.13

_les,2) | (2. [(13,2) (52.3)|(36,4)| (6.3) :

Tl 20 | 2t 8| 490 | 0,6224 | 0,3776 | 0,37 |. 32 | 17 1] so | 0,8100| 0,1900 | 0,54
(19,0) | (23,0)| (7,0) (32,8){ (15,4)| (1,8)

S| 30 | 38 9] 77 | 0,6363| 0,3637 [ 0,35 | 48 | 35 1| 87 | 0,7529 | 0,2471 | 0,56
(31,2)!(35,6){(10,2) (49,3)1(32,4)| (5,3)

9 127 13 3] 28 | 0,6607 | 0,3393|0,20 | 22 13 0| 35 | 0,8143] 0,187 | 1,80
12,2)](12,6)] (3,2) : (23.2)](10,6)] (1,2)

10| 17°] 30| 18| 65 | 0,4924 | 0,5076 | 0,38 | 43 | 24 31 70 | 0,787 | 0,2143 | 0,02
(15.8) | (32,5){(16,7) ) 43,2) | (23,6)| (8,2)] - ‘

T T ) 9| 46 | 0,5760| 0,4240 | 0,20 | 24 | 20 5| 46 | 0.7391 | 0,2609 | 0,74
(15,2)](22,5)| (8,3) 25,1 (17,1} B.1)

120 12 | 2 3| 35 | 06285 | 0,3715]1,69| 24 16 2} 42 | 0,7619 | 0,238! | 0,12
(13.8) [ (16:0) | (1.8) (24,4 ] (18,2) | (2,9)

13 231 19 8 | 50 | 0,6500 | 0,3500| 1,39 | 28 | 2l 1| s0 | 0,7700 | 0,2300 | 1,68
(21,1)1(22,8)| (6,1)] @007 @e| | 1.

4] 1| 2 9 | 40 | 0,5250 | 0,4750 | 0,00 | 23 13 3| 39 | 0,7564 | 0,2435 | 0,37
(1:,0){(20,0)] (9,0) (22,3) | (1401 @50 63| 0,257 | ¢

15 | 22 37 11| 70 | 0,5785 | 0,4215 | 0,47 (3594) (0802) (131) 69 | 0,7463 ) 0,2537 ) 0,14
(23.4) | (34,2) [ (12,4 4) 1@26.2) [ (4.8 . i}

16 (%2'8) ( 13'4) ( 10) 79 | 0,6250 | 0,3750 | 0,00 | 50 24 | 4 | 78-| 0,7948| 0,2052 ) 0,24
(28,1)](33,8) 1 (10,1) (49,3) [(25,4)| (3.3)] o |1 33

171 52 | 29 5| s | 0,7732 | 0,2268|0,14| 59 | 34 9 | 95 | 0,8000| 0,2000 [it,
61,4 30,2 ] (4,4 _1(60,8) [(30.4) | (3,8)) . o0

18 | 46 | 31 6 | 83 | 0,7410] 0,2590 [ 0,05 | 64 16 5| 82 | 0,8780 | 0,1220| 0,69
(45,6)|(31,8)] (5.6) i (63,2) | (17,6)| (1,2) - ,

19| @ | 6l 11| 144 | o,7118| 0,2882 | 0,16 (3951) (4;121) (eGr) 113 | 0,761 | 0,2389 | 0,06
73 5 2,0 5, : 5 - . o

20 (?sf-;o) ()%éo) (123) 115 | 0,5478 | 0,4522 | 0,03 (56_ 51| 0 | 116 | 0,706 | 0,2074 ) 0,30
(31,8)](57,0) | (23,5) . (57,5) | (48,5) [(10,2) . ox00 | o

o1 40 | a5 6| s2 ] 0,7073| 0,2927 | 0,28 | 43 37 171 89 | 0,7471| 0,2529{ 0,91
] 3. 7 (49,7) | (33,6)| 5.7 ) .

92 (“160) ({“50) (,:20) 17 | 0,7353 | 0,2647 | 0,99 | 10 6 117 | e,7647 | -0,2353 | 0,02
©,2)| (6,6)] (1,2) L (9:9) | (6,2}] (0,9) i 2302 | 0,95

93 | 26 | 33 57| o2 | o,6855 | 0,515 | 3,47 | 36 25 | 2| 63 | 07608 | 0,2302 0,9
129, 1) 1(26,7)| (6,2) (37,3) [ (22,3)] (3.4)
1 o~
Vo s | aso | imse | o.cos8 | o,a712 | 3,22 | 1051 | 634 | 74 | 1762 0,7781 | 0,2219 3,12

TOtal.'(uos.m 21,1 (2424 (1066,8)] (608,4){(86,8) .

A - Population number
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Figure 43, Distribution
curves of linear dimensions
of fishes from various ele=
mentary populations of the
local stock of sockeye of
Lake Azabach'e in 1971.
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Thus in accordance with the results of the preceding chapter it
becomes evident that the elementary fish populations described at one time
as non—hereditary groups (groupings) have different gene pools and, consequently,are
reproductively isolated just as are local stocks - aggregates of those popue
lations. But the fact that separate stocks prove to be divided so much
that they can be regarded as independent populations requires estimating

the level of isolation of genetically different elementary populations
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within the individual stock. For if their isolation is less complete, the

grounds for which are already in the ecological data, then those groups(groupings)

fall undef the definition of combined populations. The population aggregate

itself is transformed into a certain population‘system, within the framework

of which each elementary population has independent value onl& to the extent
that it makes its own special contribution to the general gene pool of the
subdivided population as a whole.

The possibility of such an examination of the population structure
of a species appears to be so essential for the entire problem that it ré-
quires a more éomplete analysis «= comparison of the natural picture with
a mathematical model of the subdivided population. This analysis can be
accomplished most reiiably if we turn to the local sockeye stock of Lake

Azabach'e,

Chapter VII. Local Stocks as Population Systems

Of the population structure models known to us the greatest interest
is presented by the"lnsular model" of S. Wright(1951), which permits regard-
ing the Azabach'e stock of sockeye as a single subdivided population (Figure
44), The following reasons can be gited in favor of such a selection.

1. The unity of the étock is clearly traced in the analysis of the
sex ratio in populations. When there is an excess of males or females at
different spawning grounds a ratio close to equilibrium is characteristic
of the stock as a whole (Table 37).

2. The variability of the age structure is just as demonstrative.
Whereas for the stock as a whole stability in relation to the average age

of the multiplying brood stocks in adjacent year-classes is characteristic,

136
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Figure 44, TIsland model of the Figure 45. Average age of brood
structure represented by an age ' stock of sockeye in separate ele-
~ gregate of subpopulations (hier= mentary populations (lines with
! archic level II) interacting . confidence ranges) in 1971 and
with each other by gene exchange . in the stock as a whole (light
within the framework of the boun-  .circles) for twc year-classes.
daries of isolate (hierarchic . o S
level 1),

in separate subpopulations a substantial variability of that cﬁaracter is
observed (Figure 45)., It should also be pointed out thét in many subpopﬁ- 137
lations there is no complete set of age groups charactériétic offfhe stock,

3, Experiménts for many years in the tagging and analysis of para-
sites as natural tags have shown the practicaily compléte isolation of local
stocks of sockeye from one another (Malyukina, 1969; Foerster, 1968; Kono«
valov, 1971). According to the estimates of S.M. Konovalov, exchange between
stocks either is completely absent or, if it exists, its intensity does not
exceed 1:10,000 for a year=~class. |

On the basis of the stratigraphy of Quaternary deposits of Kamchatka
(Braitseva et al., 1968; Kuprina, 1970) it can be assumed that isolation of

the stock took place at least 10,000 years ago.
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Table 37. Numbers of brood stock (in thousands) and sex ratio in pPOpU-
lations of local sockeye stock of Lake Azabach'e
TaGasua 37, HucaenmiocTs HPOMIBOANICACH (v mT.) B COOTHOLICHHE NONOB

n H()HVJ]&IILHH‘( JOKALBOro CTHLL HEpRI 03. Azabaunero
A 1970 r. 1971 r.
Homep B C D FOLCTH - E Bl C b reeT E
- oty aGcoMOTUAN  feankt, camuut, ACCKH abcoloT- |, mml, camit, wecKit
ammy | uneneniocTs, % % sduperctip. [nas Hncsen- o T -
mT, Wit 0Gtey |HOCTH, T, HuHi 0GneM
1 200-9250 | — | — 295 200 58 | 42 195
2 200—250 — —_ 295 300 §3 47 299
3 | 200—250 | — { — | 2% 9g0 | 72 | 28 | 201
4 | 200—250 | 70 | 30 189 500 | 60 | 40 | 288
5 | 250 — | — | 250 so0 | 62 | 38 | 188
RN NN A A
7 —_ — —_ . 7
8 — — | - - 300 1 1o | ss =
9 — — | - — _ﬁ 31 | 69 o
i1 | too—so | 47 | 53 | Toi | So0 | 83 | 47 | 8%
12 — — | = - oY 55 | 45 —
GoC o (RE S SRR e
14 — - | - - 400 : 3
Keyt A - Population number

% D= Males, %

Note, 1,

B - Absolute numbers, fishes
E - Genetically effective volume

2 « At a certesin sex ratio.

N_ = (4N males N females)/(N males + N females) (Li, 1966).
3. The genetically effective volume of population, found as the

4,

harmonic mean, is 226 individuals.
The sex ratio for the stock as a whole according to the most com-

C - Females,

Dashes indicate absence of precise data.

plete data for 1971 is 467% males and 54% females.

4,

self-evident,

The subdivision of the stock into separate subpopulations is '

Since the spawning accumulations of salmons are represented only

adult fishes, the effective reproductive volumes (Ne) can be determined by

direct counts of fishes at accessible spawning grounds.

In a number of

cases there are observations for two year-classes, and for such subpopula-

tions Ny can be found as the harmonic mean.

With a correction for the sex




172

Q; | V ratio in the subisolates the mean value of Ne .provés to be 226 individuals® .
(see Table 37).

5+ Taking into account the uniformity of the population organi -
zation of the investigated communities and their stable reproducibility
in year-classes, as was evident even from the example of the Azov race of
aﬁchovy and the Kalininka stock of the keta, one can by analogy postulate
the same stability also for the subdivided sockeye population. Direct

comparison of the data for two years confirms this statement (Figure L46).

L R R A T A e Z
4 R . Figure 46. Frequency of genes of
¥ 9 41 g5 8 phosphoglucomutase (b) and lactate
de w0 dehydrogenase (a) in sockeye sub-
5 ) .jf}. . . populations investigated in 19?1
, ) L “:h -7 (1) and 1972 (2). Each point is
T A Y a gene frequency in a separate
subpopulation: the arrows indicate
Pue. 46. %ﬂnm ul reton (Qochormioxo- the mean frequencies for the stock
2X“§“C&§m§n;3$£”ﬁ$ﬁ$°ﬁ$$§ as a whole, Visual differences of
%?mmnmx s 1971 (1) n 1972 (2) cr the means and dispersions are sta-
-KNama TOURA — yacrora cHa © B
omoﬁm?qﬁ clyt’)no_nyl.iz;guxm; I‘C'rpe.mm AtiSti cally unimportant.
YKasbpipaior CpeJite  4acToOThl s

CTajta B UGTOM. BII3}'aJlbIlbIC paani-
uusg cpealux n JUICHCDCXH"[ CTaTHCTH-
YCCKI 1IECYULeCTBCHIIL.

*The biological material for 1972 has not been taken into account here as there
are data indicating that the structure of the corresponding year-classes
was destroyed by the pressure of Japanese fishing,
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Stability of the Spatial Distribution of Gene Frequencies in the Azabach'e

Sockeye Stock., Random Drift of Genes, Migration and Selection

as Factors of Stability

The fact thaﬁ among most specles of fishes spatial disconnection
is especially characteristic of sockeye populations is of fundamental impor-
tance'ih our line of proofs of the genetic unity of a separate local stock:
if such unity is traced in an aggregate of maximally isolated populations,
it must be all the wore obvious for species experiencing a stronger pressure
of isolation,.

Under conditinns of complete isolation the spatiél distsibution of
the frequencies of neutral or almost neﬁtral genes* has a U-shaped form,
according to the models of S. Wright. However, this is not so in the cases
under considération == the histograms are characterized by modal apices, in
connection with which it is possible to assume some exchange of genes among
the subpopulations and (or) pressure of sélection (Figure 47).

In the investigation of a subdivided population we may estimate
these reéulatory factors when we compare empirical distributions of the

gene frequencies with the steady theoretical MAistributiong/, representine

Tor the variant of the "island" model beta-functions of the fcllowing type:

*Genetic-biochemical investigations of recent years give a basis for con-.
sidering biochemical polymorphism close to such a state in natural popu-
lations (Kimura, 1968}, but there is no reason to extend that conclusion
to all loci of the genome. As we will see later, the pressure of selection
is detected in a corresponding approach,

*Here we neglect the pressure of mutations, as according to contemporary
estimates the rate of mutation for genes coding protein synthesis does
not exceed 1.5 x 10-° (Kimuxa, 1968),
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Figure 47, Distributions of frequencies of genes of lactate
dehydrogenase (a and ¢, and phosphoglucomutase (b and d) in

sockeye populations. Histograms == empirical distributions;

curves ~= theoreticalt i .
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Remaining explanations in the text. ' ‘

~
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1) on the assumption of equalization of isolation by the pressure

of migrations

@ (q) = Cq:an—f‘."— i (11— q)th p—1 , . 1)

where p and q are the frequencies of alleles in the subpopulations;
P and  are the mean frequencies of alleles in the system;
N is the genetically effective volume of the population;

m is the coefficient of migrations;

C is a normalizing factor, selected so that the area under the curve

is equal to 1j

140
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2) on the assumption of the combined effect of isolation, migra-

tion and selection
@ =G T 1 g @
where all the symbols are the same as in the preceding case and W is ‘the
mean adaptation of the population within the locus
T = Wakpt ot Waa 200 - Ve e

For construction of theoretical curves of the gene frequency dise
tribution it is necessary to have at our disposal values of N, E'and m. On the
basis of our material the first two parameters are estimated. The value of the
coefficient of migrations m can be taken from the work of Hartmann and
Raleigh (1964), who studied the intensity of the migration exchange between
subisolates of the sockeye in nature and arrived at the conclusion that the
exchange betwen them in the spawning period hardly exceeds 2-37%.

At m = 0.02 for.the lactate dehydrogenése locus a cérrespondence
of the empirical distributions of the allele frequenéiés with the expected
steady distribution is established (see Figure 47a), but in the case of

phosphoglucomutase there is no agreement (YLZ = 26.33.>}(2 (af = 3) =

0.01
= 11.,34; see Figure 47b). It is most logical to explain disagreement of
this sort betwéen the real picture of genetic variability.and the mathe-
matical model by the pressure of selective forces.,

In fact, even in a rapid glance at the distribution of genotypes
of the Pgm locus one can see a typical picture of balanped polymorphism:
in spite of the small sizes of the populationsand their great spatial dis-
connection, in many of them the same allele frequencies are observed, and

a noticeable excess of heterozygotes is characteristic of the stock as a

whole. The dispersion of gene frequencies expected on the assumption of
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only drift and migration (52== 0.0091) prers to be much larger than the

actual dispersion of 0.0014 [6.5 > F (o, 22) = 2.317.

0.01
For such a stabilizing selection in favor of.heterozygotes the

equilibrium gene frequency according to Li (1967) can be found from the

ratio of adaptations of the homozygotic and heterozygotic genotypes

Wisn — Wap
(Wi —- Wap) -+ (Waq-—Wap) @

p(A4) =

If we solve equation of steadiness (2)* we can find the corfespond-

ing values of W, which for the genotypes of Pgm have the following absolute

values ! W 44 = 0,9265;
W,p=1,0613; -

Wy p = 0,8209,

If we assume the adaptation of the heterozygote to be 1, we get:

Wap= 0,926,
/g = 1,000;
Wgp= 0,774

If we substitute these values in expiessioﬁ (4) we get an equiiibrium
frequency of 0,755, yhich is very close to the actual frequency of 0.778
(see Table 36). |

If the same coefficients are used in expressions (3) and (2), one
can see the correspondence of the empirical distribution of frequencies
of phosphoglucomutase genes with the ;heo:etical, which presupposes
steadiness as a result of mutual equalization of the processes of random
drift of genes, migration and selection (}'\2= 5.&3()(20 05 (df =3) = 7.81;

see Figure 47b).

The same can also be done with respect to data on lactate dehydrogenase

genes and one can also satisfy oneself of improvement of the approximation

*Here, as in the preceding case, we omit all the intermediate stages of
tedious calculations.

141
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after introduction into the model of the seieétion factor (WBB = 0,9832;
wBB' = 1,0000 and wB'B' = 0.9739).

Also possible is a different way to estimate the generalized coef=-
ficients of adaptation of the genotypes of phosphoglucomutase which takes
into account the fact that the actual distributions of allele frequencies
in a different investigated locus -- the locus of lactate dehydrogenase ==
in general is satisfactorily described by expression (1), which assumes
selective neutrality sf polymoxrphism¥.

1If one starts from the observed dispersion of frequencies of genes:
of lactate dehydrogenase in the subpopulations one can calculate the value
of 4 Nm and, substituting it in formula (1), construct‘the corresponding 142
curve for the distribution of frequencies of the alleles of Pgm. Non=-cor=
respondence of the distributions in this case can bg regarded as an indication
of pressure of selection. The coefficients of adaptation obtained in that
manner proved to be 0,916 (AA), 1.000 (AB) and 0.728 (BB), and the corre=
sponding equilibrium frequency ; = 0,765, which islstill closer to the actual
0,778 (see Figure 47d, 2).

And so the derived estimates, as was expected, indicate a consideraﬁ]y
greater range of adaptation of genotypes precisely in the locus of phosgluco=
mutase. In addition, in both cases greatex adaptation of the heterozygotes
is evident and, consequently, a certain condition of stable polymorphism is
fulfilled here(Kimura, 1956), which we also expected. But this means that under the

conditions of such superdominance the pressure of selection will oppose the random

*This approach was used recently in the work of Yu. Ge. Rychkov et al,
(1973) on the population genetics of the aboriginal population of Siberia.
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drift of genes, returning their frequencies in subsequent generations to
the equilibrium state in each subpopulation.

leaving to the future a more detailed study of the adaptations of
genotypes of various loci, we draw only one conclusion which flows from

the analysis made: the locél stock of sockeye of Lake Azabach'e, in spite

of the spatial disconnection of the populations composing it, represents a

single system in a steady state, Consequently, the elementary populations

can be regarded as independent units only to the degree to which each of

them makes its own special contribution to the genetic unity of the stock
as a whole,
The author is aware, of course, that the statistical analysis of

only 23 variables where it is customary to deal with massive events can

give rise to objections. However, beyond the framework of a formal approach

this way seems justified if only because the 23 populations studied by us

are at least two-thirds of their total number in the aggregate. In addition,

the results of mathematical calculations fully agree with the real picture
of genetic variability in the populations,

But if this is true, and the population structure itself in accord-
ance with Wright's models represents a regular summing of successive trans=-
formations of the gene pool of the ancestral population in proportion to

its assimilation of its range, then genetic stability in space and (or)

time must be a property of such population systems in general,

Regardless of whether this structure is caused by "isolation by dis-

tance" or the "island model", with a large central population surrounded by

143

semi-isolated small groups(groupings) assumed by it in a number of cases, proves to

be more suitable, the result of such development proves to be the same «=-
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the gene frequency which characterized the ancestral population or charac-
terizes it now is stably preserved if it was preserved in the form of some
nﬁcleus in the zone of the ecological oﬁtimum. On the level of the subdi-
vided populatidn as-a whole the mean gene frequency corresponds to it. It
is known that one of the essential features of such a stationary random pro-
cess can be the property of ergodicity, reflecting the equivalence of varie
ability in time to variability in space. . Consequently, in the genetic study
of natural population systems representing a result of the development of
those processes in a relatively uniform . range, we must side by side with
stability of the populations in generations note a drop in genetic dispersion
in proportion to the turn toward higﬁer hierarchical levels, including a
certain number of very simple ones, and therefore also of variable popula=-
tion units,

This effect of averaging, if it can be so expressed, foilows frgm |

analysis of genetic dispersion in a subdivided population, as was demon-

strated at one time from"the example of the annual Linanthus Parryase by S. Wright

(1943) and by us (Altukhov and Rychkov, 1970) in a comparison of variability on
the.level of population systems and their structural components in a numbef
of bisexual species.

The material- of the present investigaion can be considered from the
same point of view,

Genetic Stability of Population Systems in the Presence of Simultaneous

Variability of the Components Forming Their Structure

The genetic stability of a subdivided population in time was partially
discussed earlier, when we emphasized the stable reproducibility in generations

of genetic features characterizing the Kalininka stock of the keta and the
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Azov race of the anchovy. For spatially conjugated systems a similar effect
could be observed from the example of the ocean perch. Here we will consider
the same and some other material haviﬁg especiélly mentioned~method§ of
anaiyzing genetic variability on the level of éopulation systems with
supplemenﬁs to previous argumentatio(Altukhov and Rychkov, 1970).

Actually, the formal estimation of the gene frequency in a subdi-
vided population requires finding the_mean, weighted by the numberg af the
separate subpopulations, However, this often cannot be accomplished in
practice: for most species direct data on numbers of populations cannot bé
obteined at all and, moreover, the volume of populations can undergo sube
stantial fluctuations in successive generations -~ the well-known "“waves
of life" of S.S, Chetverikov (Timofeev-Resovskii et al., 1969). For this
reason it also is unjustified to calculate. the mean weighted by volumes of
samples, which very often prove to be random in relation to the sizes of
subpopulations, \

It is noteworthy, however, that in spite of such strong fluctuae
tions of the absolute numbers of populations their genetically effective
volumes remain contant both in time and in SPéce, being limited by the
environment, the history or distinctive features of reproductive behavior
which prevent any sort of sharp growth of numbers of the reproducing part
of an isolated population. Confirmation of this can be obtained from any
sufficiently complete reports on the biology of populations (e.g., Lake,
1957; Timofeev-Resovskii et al.,, 1969) or from direct observations of the
reproduction of species for which such observations are possible, An ideal
object in this respect is the Pacific salmons, and among them especially

the sockeye.

144




181

But also in other species the stability of genetically effective
volumes of population is preserved even in years strongly different in
numbers, and this finds reflection in an invariable density .of redds on
sections suitable for reproduction. Thus, for example, during the return
éf numerous year-clésses of the pink salmon the brood stock which arrived
later from the sea duig over again the spawning mounds containing the eggs
of fishes which reached the spawning grounds earlier,

But if one also takes into account the -gigantic range of biochemical
hereditary variability recently discovered in natural populations, a con~
siderable gap between the absolute numbers of populations and their gene«
tically effective volumes (Kimura, 1968) becomes evident. Attention was
turned to this at one time by NeoP. Dubinin and D.D. Romashov (1922), who
showed a situation of that sort by a very érapﬁic scheme (Figure 48). From
that point of view the difference between the species investigated here,
as can be concluded from the dispersion of gene frequencies in populations,
is not so much in their effectively reproductive volumes as in their absolute
numbers (Figure 49).

Only in such a sense can one explain the surprising heterogeneity
in an enormous and apparently completely panmictic population of the anchovy.
Purely theoretical predictions here completely correspond to the real natural
situation, which can have only one cause -- a colossal natural mortality
rate of the anchovy in the early ontogenetic stages. -Such a mortality rate is
generally known for fishes; it is the rule rather than a rare exception.

Finally, of fundamental importance is still another conclusion from

the discoveries of recent years in biochemical genetics -~ commensurability

of the range of variability in the most diverse species (see Altukhov et al.,
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Figure 48, Correlation Figure 49, Assumed correlations between absolute

between quantity of coded numbers and reproductively effective volumes of
[literally "produced"/ populations of different species similar in their
gametes (b), the absolute biological characteristics to: (a) salmons, (b)
numbers of a population redfish and (c¢) anchovy. In spite of sharp

(¢) and its reproductively difference and fluctuation(dispersio@)of the absolute
effective volume (a) (acc. numbers, similarity of the genetically effective

to Dubinin and Glembotskii, volumes of the populations is postulated.

1967).

i

I

1972; Kirpichnikov, 1972) and, consequently, commensuraiility of the values 1k
of the effectively reproductive volumes of their populations¥.

We have dwelt in such detail on these questions in order to show
that the approach to analysis of & structured population in which preference
is given precisely to the mean gene frequency (E}, calculated from frequency
values in individual subpopulations (q3;), is not an arbitrary method dictated

only by an absence in the theory of population genetics of adequate

*If one assumes & mutation rate similar for species with an icfentical DNA
content and most of the allele variations of proteins and isoenzymes are
classified as not significantly reducing viability, then the connection
between the heterozygotic level of the individual according to its aggregate
of polymorphous loci and the size of the effective reproductive part of the
population is established by the formula (Kimura, 1968):

4N 1
[g e » o
AN -1 "

where H is the mean heterozygosity of the individual, and
u is the mutation rate.
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mathematical apparatus, but is based on a real concept of the biology of
natural populations and on some new facts acquired during their study by
the methods of immuno;qgica; and biochemical genetics.

But even in cases where forﬁally statistical requirements can be
observed the essence of the matter does not change in the least, For exe
ample, the mean frequences of the genes of lactate dehydrogenase and phos-
phoglucomutase in the investigated sockeye stock are 0.63 and 0.79 respece
tively; the weighted means are 0.64 and 0.79.

Another statistical parameter which is important in estimating the
stability of a subdivided population in time is the mean square deviation,
which characterizes the variability in the~disolate as the sum of the intra-
and interpopulation variability; for steady distributions of gene frequen-
cies the valu:es of.the mean and dispersion must remain unchanged in a num-
ber of. generations.

The corresponding data for all the p0pu1atioﬁs studied by us are
summed up in Table 38, On Figures 50 and 51 is presented the spatial
variability of the gene frequencies in elementary populations and on the
level of the aggregate as a whole for the sockeye and redfish. Also
presented here are the materials of G. Naevdal (1968), processed by us,
which reflect the variability of the frequency of the allele of transferrin
in hauls from thg localities of sprat living along the coast of Norway. We

see that the differences between the systems either prover to be insigni-

ficant or are absent, in spite of simultaneous variability on the level of

elementary populations. Thus the localities of the sprat are practically
identical with respect to the frequency of the -allele T{A, and the redfish

stock, with respect to the gene of the blood group Aye The example with the
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Statistical parameters of the frequency distribution of genes

on the level of population systems in space and in time

TaGanua 38, Crarucrayeckue napaMeTps! pacHPeAcicHiis 4ACTOT FCHOB HA YPOBHE MONYASIHOHNLIX CHCTEM
B HPOCTPANCTBC M BO RPCMCHM

I'[ony.'munmnmﬂ CHCTCMA

HeeaenonaunsiiC

Oiert JOKYC, aaedan n l N 7 "y T '"U,‘l‘
. . . . .
1 Mopcroit oxyub  Seba- | Souwt ITKHAD 8K - 8L{Tpyuna xposn Aof 7 | 134 | 0,730 0,014 0,427 0,01
stes mentella Tlavin | 3ous IIKHAP 30 L-3PF » , » » 6 | 170 | 0,703 0,014 0,450 0,01
3onut HKHA® v » » » 5 96 | 0,694 0,020 0,441 0,014
. a ) : .
2 Hepra Oncorhynchus «Becenusist paca» Ldh®B 9 1 95 | 0,6203 | 0,017 0,484 0,012
T R
nerka Wald. 03. AsaGausero, 1971 r. Pgm? 9 | 98 {0,7811 {0,014 10,412 £0,010
/ aJlernsist pacar LdnB 5 | 124 |0,7161 | 0,018 |0,439 {0,012
03, AsaGauwero, 1971 r. PgmA 5 122 | 0,8142 0,015 0,383 C,011
. . a b
3 Esponeiicknit amsoyc | Asosckes paca, moab |[pyrma xposu Ay 11 |- 70 | 0,4703 | 0,0170 | 0,4712 | 0,0120
Engraulis encrasi- 1963 r. - .
cholus Linne ce\soéac»:a;{ paca, HONDb » » »| 26 62 | 0,4426 | 0,0114 | 0,4568 | 0,008
1965 r. o
d\soBckas paca, ceuradpn|  » » W[ 18 72 | 0,4508 | 0,0129 | 0,4667 | 0,0091
1965 r.
4 Kera Oncorhynchus %C'rallo p. Kaauusugu, Mdn® 3 | 130 ;0,1669 | 0,0187 | 0,3677 | 0,0132
refa Wald. . 1969 r. "
Crapo p. Kaaunuuku, MdhB i |17 10,1718 |0,0143 | 0,3771 | 0,0101
. 1970 r. . .
AC 4 {152 {o0,1345 |o0,0118 | 0,3140 | 0,00s!
LdnF 4 {200 |0,0856 |0,0119 {0,3382 | 0,008
:Crago p. Kamunnuku, Mdn4 4 | 92 |o0,830 |0,0189 |0,3652 |0,0133
1971 . Mdh B 4 | 92 |o,1640 | 0,0189 |0,3652 | 0.0132
. Al 4 88 | 0,1397 | 0,0170 | 0,3197 | 9,0120
Ldix"z 3 95 | 0,8850 | 0,0180 | 0,3059 | 0,0127
b} Crazo p. HaiiGer, , A€ 6 | 170 | 0,6716 | 0,0144 | 0,4594 | 0,0102
1969 r. MdhB 7 | 186 | 0,0388 | 0,0032 |0,1892 | 0,0037
Lan® 5 | 92 {o0,9162 |o0,0128 |0,2731 | 0,009
Crano p. HaiiGw, An® 10 104 0,3300 | 0,0139 0,4199 | 0,0093
1970 r. MdhB s | 116 |0,0310 |0,0073 |0,2240 | 0,0052
LdkF 10 | 106 | 0,8502 |o0,0104 |0,3303 |C,0071
Crazo p. Haii6ut, AlC 5 | 104 |0,2000 |0,0196 | 0,444 0,013?
1971 r. Man®B 5 | 112 |0,0555 |0,0005 |0,2263 | 0,009
Ldn® 5 | 110 |0,859% |0,0144 | 0,334 |0,0102
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Table 38 (Key)

A - Item B = Population system C. - Investigated locus and allele
1 - Deepwater redfish Sebastes mentella Travin
a - ICNAF zones b - Blood group Ay
2 - Sockeye (ncorhynchus nerka Wald.
a - "Spring race'" of Lake Azabach'e, 1971
b « "Summer race" of Lake Azabach'e, ‘1971
3.~ Anchovy Engraulis encrasicholus Linne

a ~ Azov race, July 1963; b = Blood group Ays ¢© - Azov race, June 1965;
d - Azov race, September 1965

4 - Keta Oncorhynchus keta Wald.
a = Stock of Kalininka River b = Stock of Naiba River

Note: n - the number of_investigated samples (hauls); ﬁ‘~A:the mean number of genes
in a sample(haul); g - the mean gene frequency; M3 - error of the mean;
G‘H - root-mean-square deviation; Wrﬁ = error of the root-mean-square

deviation.

perch p2rmits simultaneously accomplishi;g a "transition":té a practically
independent population system localized on Ehe Flemish Cap bank. However,
no "effect of averaging" is obtained, for the direction of variability here
is éompletely different'-- the gene of the blood group is close to fixation.
If it is taken into account that a drop in variability is a natural conse-
quence of the pressure of isolation, this fact can indicate greater age

of the population here as compared with the local stock of redfish on the
Newfoundland Grand Bank.

Now let us examine the data regafding genetic variability in time,
having turned to three successive generations of the Azov race of the anchovy.
As was pointed out in Chapter 1V, two generations are represented by adult 150
fishes, and the third by immature fishes (Figure 52). It is evident that
in spite of considerable genetic variability with respect to separate com=
ponents of structure the subdivided population as a whole remains qnchanged

in the investigated interval of generations. ' The same is also discovered

e ey,
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Figure 50. Spatial variability of gene frequencies on the
level of the "spring" (a) and “summer" (b) races of sockeye
as a whole (light circles) in comparison with variability
by elementary populations (lines with confidence intervals).

Here and in the following similar figures the qualitatively
different levels of the population structure are designated

with Roman numerals.

for adjacent year-classes of the Kalininka stock of the keta, characterized
in relation to the gene frequencies of several polymorphous loci seﬁarately
(Figure 53) and together (Figure 54, see also Table 38).
Of course, two or three year-classes is not such a large time in- 151
terval, but in this case too the investigated locality behaves not as a
collection of heterogeneous elements of some sort but as an integral system,
an integral feature of which -- genetic stability in year-classes -- is ob-
viously not derived from the propertiés of the variable components forming

its structure, Examples of longer steady states of other populations with
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Figure 51. Spatial variability of gene frequencies in popu-
lations of redfish and sprat: a - spatial variability of
frequency of the gene A, on the level of local stocks of rede
fish on the Newfoundland Grand Bank (light circles) in zom=-
parison with the variability in separate elementary populae-
tions .comprisihg the structure of those stocks (lines with
confidence intervals). Populations Nos. 1-7: Stock of zones
3K and 3L; Nos. 15«17 and 20-22: stock of zones 30 and 3Pj
populations Nose. 8, 9 and ll=1l4: zone 3N (see Figures 3 and
34); b « spatial variability of the gene frequency of transe
ferrin in localitles of the sprat Sprattus sprattus (acc. to
Naevdal, 1968).

an internal structure were examined in. the article of Altukhov and Rychkov
(1970) and will be discussed later in Chapter VIII in connection with some
general consequences from the fact of systemic organization of isolated

populations. But here, while still remaining within the framework of the

examination of ichthyological material properly speaking, we will direct at-

tention to the functional aspect of such organization.
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Figure 52, Genetic stability of three overlapping year-
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The article of S.S. Shvar;s et al. (1972) was published when
the present work was being put in final form. Accepting our treatment of

the population organization of a species, the authors siress

crely the functional unity of population systems which, f£rom their point of view,
is evident from the data of ecological observations, It should be empha=
sized, however, that such unity can be stéictly proven only ‘when there
‘is a quantitative evaluation, and zhe advantages of a population genetics
examination are unquestionable here. The same approach, which takes into
account qualitative differences in genetic stability on different levels
of a population hierarchy, pepnits designating a single principle of inves~
tigation of any biological features of pépulatiOns, which, in our opinion,
also is the main ‘task of population biology in the broad sense,

In any case, the balanced sex ratio, the mean size of individuals o132

and the average numbeérs -- these are purely biological parameters, the
stability of which in successive year-classes can be a no less clear proof

of the preservation of integrity of the investigated population system

than stability of gene frequencies, The stability of two such properties

already has been demonstrated with our material,



190

Naturally, the question is asked, with what is such stabilization
achieved? Only through mutual equalization of random processes of drift,
selection and migrations, or do some autoregulatory mechanisms act in
population systems? The discovery of such mechanisms could play a decisive
role in the control of natural populations, but only the very first steps

can- be made now in that direction,

The Functional Unity of a Population System 153

We have already directed attention to the sharp fluctuations of
the sex ratio in elementary populations.

Ecologists have accumulated numerous facts which permit regarding
the sex ratio as a specific featufe of isolated populations in general ==
such populations, besides those of fishes, as those of insects (Novozhenov,
1971), crustaceans (Wenner, 1972) and even mammals (Naumov, 1967; Tarase=
vich, 1967# Kubantéev, 1972).

The number of such examples can be increased,.but it should be
pointed out that in none of the mentioned works was there discussion of
the importance of these facts in connection with the existence in nature
not of separate very simple populations, but of integral aggregates -;
population systems, within the {ramework of which elementary populations
also interact with one another,

It is precisely on this level of investigation that the above-

mentioned 1hportant fact is discovered: in spite of fluctuations disper-

sion of the sex ratio in subpopulations, for the system as a whole the

ratio remains balanced.

A regularity of this kind acquires biological meaning even if
only because the sex ratio in a population directly affects the size of

jts effective reproductive portion which transfers the gene pool to the

following generation.
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;Q ;Bﬁ£Lin such case the posing of the following question is appro=
priatet Is not the fluctuation of the sex ratio in elementary populations
the unique ecological mechanism, based primarily on the preeminent mi-
gration of males¥, by means of which the value of Ne is regulated, and
throhgh it, the "allowable" dispersion of biologically important characters
and properties characterizing populations? |

The reply to this question could.be affirmative if corre=-
lation were discovered between the genetically effective volumes of the
subpopulations (or deviations of the sex ratio in them from'equilibrium)
and ‘deviations of their different characters and properties from the cor-
responding means characterizing the system as a whole.

Uﬁfortunately, this line of analysis became evident.only when the
present wérk had been completed, and with its materials such correlations
can  be shown only for the Newfoundland stock of deepwater redfish** and
in relation to only two characters «- the Ay blood grOUp and the index
"1/a" (Figure 55), It is evident that the elementary populations in which
the sex ratio deviates maximally from equilibriﬁm also differ greatly, as
a rule, from the mean values with respect to the twL characters.,

The fact that this connection has a presumed biological meaning
and is not a fortunate accidentvevidentlylis proven by the population genet-
ics data analyzed above. They can-be supplemented by still another argu-
ment: if one considers as a single aggregate all the populations localized
on both the Grand Bank and éhe Flemish Cap bank, the discovered correlation

collapses (r = 0.19; P > 0.05),

*The active role of males as the connecting link in a population system
has been shown in many population-ecological investigations (Panov, 1970).
‘Here a large enough number of populations forming the structure of the
stock is of great importance.

154
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The folloﬁing aspect however, remains incomprehensible (see Table
28): in populations with an excess of males the frequency of the A2 gene
has a~tendeﬂcy to deviate from the mean in the direction of inérease,
wﬁereas in populations with an excess of females the sign changes to the
reverse, At the same time, it was noted earlier that the Az factor behaves
as if it were autosomall Tt is difficult to say what causes such a tendency. If the
poor genetic determination of sex which is characteristic of many fish species
(Yurovitékii,‘l966; Kirpichnikov, 1969) is taken into account, one can 155
assume here an inheritance partially linked with sex and aligned toward the
autosomal type of selection in early ontogenetic stages not investigated by us or,
on the other hand, the type of inheritance is autosomal but the directions

of selection are different for males and females, Moreover, the very fact



193

of autoregulation is evident, although it can be a matter of a genetic

mechanism for maintaining a balanced sex ratio for the stock as a whole,

as was assumed.

On the other hand, this must mean simultaneous rggulation of other
biological parameters of the system, regulation all the more evident the
more étrongly the hereditary sexual dimorphism is expressed in the species
and the more intensive the exchange between subpopulations. In many spe-

cies the numbers of an isolated population evidently are regulated in the

same menner; in severél cases, at least, a dependence has been proven between |
the sex ratio in the popﬁlation and its density (Novozhenov, 1971).

Thus analysis of concrete genetic mechanisms of regulation of the
sex ratio in fish populations represents an important task, one which, it
seems to us, can be solved only beyond the framework of the formal Fisher
theory (Fisher, 1930).

Among possible situations in thé.conditions of population systems
with a clearlj expressed internal structure a speéial place must belong
to meiotic drift, when the sex ratio is controlled by only one gene,
localized on a sex chromosome. Depending on the mechanism of sex deterw
mination (male or female heterogameticity or balance between a sex chromo-
some and genes localized on autosomes) the consequences of such drift can
be different down to degradation or even complete extinction of the separate
subpopulgtions if thé historically formed connections between them are
destroyed,

As a clear example one can cite the data of Owen (1970) for the

butterfly Ecraea encedon from Equatorial Africa.
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In populations of this species, characterized by a broad amplitude
of variability of the sex ratio, the author discovered two types of females;
one of them produces only females, and the other both females and males.
The two sexes appeared in equal quantities only in crossings between
sibs and in male x female combinations from mixed broods, whereas in male .
X female combinations from "female" broods females appeared in the progeny
without exception. In Uganda one of those populations became extinct, and 156
the other was close to that but revived on account of an inflow of immigrants,
Owen assumes that here occurs drift of the Y chromosome which is
compensated in a number of populations by the pressure of selection in favor
of epistatic suppressors localized on other chrpmosomes. Migration of even
one or a few females into a population in which the suppressor system has
not been developed,rapidly leads to the birth of only females, as was ob=
served in the case with the extinct population. As the author points out,
this death is a result of hybridization¥o£ earlier isolated populations
caused by the intervention of man:

Still another example., In the mosquito Aedes aegypti Y represents

not a sex chromosome, but a gene. In families with Y mutants there can be

several X alleles which only to a certain extent limit the aciton of Y muta-

tion, apd the hybrid males yield progeny with a sharp excess of the male

sex; but sometimes the progeny consists of males without exception.

It . is interesting that under the conditions of strict isolation of
Lake Dal'nee on Kamchatka a small kokanee population consists of 90% males.
(Personal communications of F.V. Krogius, S.M. Konovalov and E.V. Chernenko.)

1

In the summary of Hamilton (1967) examples are cited of extraordinary
sex ratios in populations and a theory is given for that phenomenon with con-
sideration of the possibilities of local competition to mate. Such an approach,
if combined with the examined data on the systemic limitedness of isolated
populations, appears very fruitful and, evidently, inevitable in investiga-

tions of fish population biology.
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However, further consideration of the question goes beyond the
framework of this study and requires additonal information. As for the
limited data presented here, their analysis has meaning only to the degree
to which it apparently permits designating the way to study the functional
unity of a population on a quantitative genetic basis.

But if one returns precisely to these facts, one should acknow-

ledge the possibility in principle of distinguishing in various species,

regardless of their ecology, two levels of population organization. Firstly,

population systems} to a considerable degree independent, subdivided popu-

lations and, secondly, connected, more elementary populations which are

structural components of such systems and formally, and at times also in

essence, correspond to the "Mendelian populations" of Sewell Wright (Al=-
tukhov, 1969).

The inevitability of formation of such a structure is already built

into the very process of the scattering of life over the face of the earth,

but no lesser role belongs here to the natural discontinuity of the_range'
in relation to habitats suitable for life, and also distinctive features

of reproductive behavior, most often directed toward the prevention of un-

limited\hybridizatioﬁJ And although the degrees and mechanisms of isolation
can be different in populations of different species, as types of structures,

too, should differ, one important peculiarity si characteristic of all of them--

higher genetic stability on the upper hierarchic levels,

Evidently, only on such a basis can @ natural classification of
intraspecies communities be constructed, but here we must not confuse
the taxonomic and population-biological aspects. The determination
of the real population structure of a species, as we have tried to show,

is an independent region of investigation.

157
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As for terminology, it has already‘been discussed in Chapter I,
in a different context, it is true, If we exclude from the considered
ideas the classification of Parrish as far from reality, then we see that
closest of all to a population system is the stock in the understanding
of K.P, Yanulov and, perhaps, the "large population'" of M. Gordon. But
the races of F. Heincke, J. Schmidt and V.S. Kirpichnikov and the "sub-
populations" of J. Marr are structural components of a population system,
elementary population units.

Probably, to put the terminology in order, henceforth to designate
a éystem one should use such interchangeable terms as "stock", "race",
"sopulation" and M"isolate"; to designate its structural components «-
“elementary population', ‘"subpopulation", "subisolate", etc. The question
of such microraces has been analyzed in detail in connection with general
aspects of the populafion structure of-species in the monograph of N.P, :
Dubinin (1966, see also Altukhov et al., 1969b).

But in the line of analysis selected here éuestions of terminology
do not seem to be so important for fruitful work. Something else is far
more important : understanding that a population system is genetically stable
and, consequently, endowed with the capacity for long existence, whereas
subpopulations are parts of such systems, their structural, at times very 158
variabie components., |

Such an organization of populations with its attendant picture of

-genetic variability and stability on different hierarchic levels

must be a common property of widely scattered species, and if attention

has not yet been directed to this, it is only because for the detection

of this sort of pattern a special approach is necessary, one based on systematic
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encompassment of the entire population heterogeneity of the species as a
whole or its separate parts, the naturally formed isolates.
The aggregate of the above-examined materials also permits the
assumption that the population structure of isolated stocks représents
a natural result of the process of successive differentiation in time and
space of the gene pool of one or several ancestral populations. This pose
sibility, as far as we know, has never been discussed in ichthyology. How=-
ever, in anthropology ideas of that sort are being developed by Yu.G. Rych-
kov (1964, 1968, 1969b), who has constructed a rigorous system of proofs
of similarity of the natural history of such different isolates as the
Pamirs and Siberia. The formation of an internal subpopulation structure
emerges here as the main factor in the long stabilization of the gene pool
of an isolated population.
Of course one can a priori consider population systems also as
aggregates of populations not connected by kinship, only secondarily havine
become some functional unit /literally "unity'/ but such an. interpretation is less
probable in the light of the'above—considered facts; a system of that type is rather
an object of biocenology than of population genetics. But even if one has
supported such a point of view one can satisfy oneself of the invariability
bf the essence of the matter if, following L. von Bertallanfi, we define a

systeﬁ as an isolated aggregate of interacting elements.

It is cléar that in this case too one must encounter manifestations
of stability as a new property of a system and, consequently, to the extent
to which universality of the principles of population genetics is accepted

it is possible to consider this phenomenon as a general biological law.

It produces consequences requiring both revision of established avvroaches to
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the economic use of natural populations and also correlation of new facts
with the traditjonal interpretation of the biological importance of pro-

cesses of intraspecies genetic divergence,

Chapter VIII. Practical and Theoretical Consequences of the Existence 159

of Population Systems in Nature

Population Systems and a Rational Fishing Industry

To the extent to which biological characteristics of populations
are derivatives of the historically formed gene pools the discovered dif-
ferences in genetic stability on different levels of species population hier-
archy have a direct relation to the development of an optimal strategy of
a rational fishing industry.

In fact it is a far from indifferent matter with what sort of
population we are dealing: isitwith a variable elementary group(grouping) whose
behavior it is difficult to prediect on account of purely random circumstances
or with an aggregate of such populations, characterized by stability in its
generations and, consequently, amenable to long-term forecasting with re-
spect to its important biological properties? If external effects which
can be compared with catastrophes in nature ére not taken into account,
then to achieve long stability the need to approach the syétem as a whole
with consideration of all its internal diversity becomes evident.

let us c&nsider the possibility of such an approach when the,stock
of keta is artificially maintained. Their subdivision into elementary
populations is already evident from genogeographic observations, but the
replacement of natural spawning by a fish-breeding process limits the pos-

sibilities of investigation. Moreover, at the Kalininka fish hatchery
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there are careful ten-day records of the number of brood stock of both
sexes used for fish-breeding purposes during the entire period of activity
of the Hatchery, Since the structure of this population has not been dis-
rupted as is evident from the dispersion of gene frequencies .in separate
samples, we have the right to expect variability of the sex ratio in samples(hauls)
of brood stock from different parts of the stock. In spite of the fact that
the ten-day summaries must distort the expected dynamics of the character --
separate subpopulations cannot help but mix, even if only partially, in the . -
zone of a welr «- our suggestion has proven to be valid (Figure 56).

The presented material, analyzable by year-classes predominant in
the spawning part of the stock, reveals sharp changes in the percentage of
males aiso in the process of the spawnfng run, In accordance with long- 161
known distinctive features of the biology of the keta, in most of the
illustrations én excess of males is observed at the start of the spawning
migration; in the middle the ratio is equalized,.ana at the end females
predominate, Since thousands and tens of thousands of adult fishes are
counted every ten days, the confidence intervals are negligibly small. They
increase only at the very beginning or at the end c¢f fish-breeding activity,
when the fish are just starting to approach, or their run is already ending
and the hauls are small. . Figure 56a illustrates this; in other
cases the differences in the frequency of males are no less reliable.

It is evident in Figure 56 that the Kalininkg stock of keta can be
subdivided into at least three components: with an excess of males, with
an equal sex ratio, and with an excess of females,

Since the gene frequencies vary during the spawning run of the brood

stock, it is possible to estimate the overall level of heterozygosity (He)f
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considering it as a generalized indicator of the adaptation of the year-
classes, Simple calculations for loci of albumin and lactate and malate
dehydrogenases show & tendency of the value of H? to increase together with
equalization of the sex ratio.

For example, in 1970 the values of H, were as follows: 0.19 (72%
males) on 17 September, 0.28 (56% males) on 6 October and 0435 (50% males)
on 14 October. For the following season the biological data are more fragw
mentary, but the maximum level of heterozygosity (He = 0424), registered
at the end of September, also was observed in a population with a sex ratio
close to equilibrium (57% males).

If further investigations_confirm~the discovered tendency it will
be possible to pose the question of the presence in population systems of
a population nucleus == a group of maximally heteroéeneUJs populations, a
unique regulated part of the system. In any case, the data of Chapter VII
testify in favor of such an interpretation.

let us try to estimate quantitativély the contribution which each
of those parts must make to the total volume of eggs collected for incu-
bation. To do that let us examine the data regarding the year-classes which
as a whole have equal sex ratios, but at the same time are characterized by
fairly érominent variability of that character in time. This will make it
possible to determine thevolumes of the gatherings of eggs in the first and
second halves (September and October respectively) of the spawning run. The
foilowing picture emerges (Table 39). Undoubtedly it roughly reflects
the natural situation, but the general tendency is étill obvious: the more
intensive gathering of eggs™ occurs in the second half of the.spawning run

in accordance with the numbers of the approaching brood stock.

*In Table 39 are values reflecting the total gathering of eggs by both the
Kalininka hatchery properly speaking and by hatcheries on other rivers.
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Table 39 :

Ta6anrmna 39

A Tokoneiwst (rog powaemn) B
1957 r. 1959 r. 1965 r. 1966 r.
Mecenn

camuo%. coﬁpmmt}a car.mox? coGpmmtﬁi cammﬂx coﬁpauuolﬂ ca,\mof‘i coﬁpauuo;‘p

of HRpSI, o HKDUI, o HKpLI, o7 1IN}
/ ML T, ° MJIM. LUT. o M/ T, 0 MJL, T,

1 Ceurabps .| 62 4,9 58 |. 24,3 59 60,5 57 57,1

2 Oxta6ps .| 5l 35,5 49 48,9 52 12,1 52 76,4

Key:. A - Month B - Year-classes (year of birth)
a - males, % b ~ eggs gathered, millions
1 « September 2 - October

Thus, in gathering gexual products fof hatchery purposes with simul-
taneous monitoring ¢f the sex ratio in the samples(héuls), about 25% of the total
‘volume should be gathered at the start of the spawning migration, 50% at
its peak and 25% at the end of the spawning run., Such a plan ought to
prove effective even if each of the threelroughly divided parts of the
stock has its own internal subpopulation structure, as evidently it actually
does. This also is indicated by the data for the anchovy, in which among
11 separated elementary populations five had an approximately equal sex
ratio (see Table 32), and also similar material obtained on tue Azabach'e
sockeye (6 populations out of 14, see Table 37) and the deepwater redfish
(10 populations out of 21; see Tables 28 and 31).
| The absence of scientific data on such érganization of the local
stock can lead to undesirable consequences during its artifical reproduc-
tion. To confirm what has been said, let us turn again to the illustrations

showing the variability of the frequency of occurrence of males in the

Kalininka population., On all the illustrations the dates of gathering the eggs
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were noted by thickening the x-axis. It is clearly evident

that, whereas in the early period of activity of the hatchery eggs are

taken from all the fishes, later, in proportion to growth of the numbers 163
of the stock, it proves sufficient to gather eggs mainly from the leading
subpopulations arriving first from the sea and characterized, as has been
noted, by an excess of males, and only partially from populations with an
equi librium sex ratio. That is how it was, for example, in 1957, 1958,
1964, 1965-1967, 1968, 1970 and 1971. If one turns to the conclusion that
the biological properties of elementary populations are derivatives of
their gene pools, that is, inheritable, then a reliable correlation between
the frequency of males (d% females) in that part of the stock from which
the hatchery gathers eggs in the given year and their frequency during

the yield to the fishery after four years could serve as a good illustration
of what has been said., Actually, the correlation coefficient calculated

on the assumption Of its rectilinearity proves to be +0.56 with reliability

" on the second level (Figure 57).
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The discovered connection is of moderaté force, but it must be taken
into account that it was obtained during a conscious simplification, due
to the absence of data, of the age structure of the stock® and, what
is no less important, it does not include the compensation mechaﬁism of
the birth of individuals of the sex opposite that found in excess, which
is not amenable to calculation but is theoretically conceivable (Hamilton,
1967).

In accordance with.the correlation for the Kalininka stock as a
whole, which at the stért of the hatchery's activity had an equal sex ratio
or a shortage of males‘ih separaté yéar-classes, now an excess of them is
observed which reaches 10i on the'aQerage for the last four year-classes
(Figure 58), But an excess of one se:x during a moderate growth of numbers
‘ . leads directly to a reduction of the effectively reproductive part of the
= population. At a steady rate of decrease of females the stock must be
~represented exclusively by males already in the twentieth yearwclass. It

is clear that the performed calculation is only hyperbole, and in fact 164
the negative consequences of this unconscious selection would certainly

show up much sooner, However, the corresponding recom-
mendations are already taken into account in maintaining the Kalininka popu-
lation, and if in the future the pressure of the ocean fishery on its struc-

ture does not prove excessive, then the distribution of hatchery efforts

over all subpopulation components will contribute to stabilization of the

stocke.

“Fourth-year fishes /fage 3+/ constitute a predominant part (75-85%) of the spawn-
ing stock of the keta, but third- and fifth-year fishes are also repre-
sented in it. “
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Figure 58, Changes of frequency of
males by years (a) and in four adjae-

o5 : cent year-classes (b) forming the
N . o return structure of the spawning
US55 51 38 6 63 85 ST69 e part of the Kalininka keta stock
years a before the start of the hatchery
(1951, tl) and after (t2 - ts):
ot el 1 = 1947 year-class; 2 - 1948 year=
o o3, class; 3 = 1949 yearwclass; & =
a-d 1950 year=-class,
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The Naiba stock does not have such genetic stability nor, as a
result, the necessary biological stability which is so important
in the justification of the enormous efforts spent on the maintenance of
the population naturally given tou us. Desﬁruétion of the population
structure of the Naiba keta was especially evident for the 1967 year-class,
when only the réar-guard part of the stock, consisting two-thirds of females
and 40% of fishes of the Ralininka stock, returned to spawn. Let us recall
that the lowest level of numbers, 57,000 fishes, was also noted then. In
this case the strong effect of the sea fishery is evident, and no mattef

how intensive the hatchery activity is it cannot recreate the whole on the

‘basis of a separate part.
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Destruction of the subpopulation structure of a subdivided popu-

lation can on the basis of its genetic consequences be completely equated 165

with the effect of selection on natural populations. The only difference

is that in nature, as we have seen from the example of the sockeye, a certain
optimum of heterozygosity is steadily maintained, and in commercial fishe
ing, which does not take into account the genetic characteristics of popuw~
lations, a reduction of their hereditary diversity occurs.

But this means nothing other than inbreeding, a decline_of the level
of heterozygosity of the year-classes and, consequently, a reduction of
their adeptation. Simple loci cught primarily to react unequivocally to
such pressure and, very probably, the uniformity of gene frequencies in
the locus of muscle lactate dehydrogenase in the Sakhalin region already
serves as an illustraﬁion of this phenomenon.

Meanwhile, as the experience of the Kalininka hatchery shows, the
production possibilities of an isolated population éré revealed most com-
pletely when natural spawning is replaced by the hatchery process, if it
even unconsciously but umswervingly follows the genetic structure of
the stocke. |

- This confirms the validity of hypotheses suggestions based on population
genetics data. On the basis of corresponding facts which evidently are of universal
bioloéical importance it is possible to recommend a single principle of

management of a rational fishery: distribute efforts over all the elementary

population units making up the structure of the stocks to be maintained.

This principle, if the population gene pools prove to be distri-

buted over even partially isolated subpopulations, must be effective in

the fishing industry, fish management /or culture/and attempts at acclimatization to

PO




207

a greater degree than existing methods, which do not take into consider-
ation at all the need to preserve all the historically formed genetic
diversity of subdivided populations.,

The author is aware that.adifferent evaluation of the same popu=
lation gehetics data is possible, one which acknowledges the competence
of the opposition of some populations; as better adapted, to others and,
consequently, allows change of the biologicai habit of naturaf bopu-
lations in a direction desirable for man ~-- so~called optimization from
the human point of view (Larkin, 1972).

As is known, it is precisely on this principle that all our agri-
cultural practice is based, but its transference to natural populations
and species as a whole requires special substantiation by a long-term
forecast: good things applied by such intervention tb nature cén prove
to be only short-term and turn into harm for future generations¥,

Our oppoﬁents, however, ignore this fact. This evidently is caused

~ not so much by an insufficiency of factual material as by the general struc=-

ture of thinking, which directly connects reorganization of population gene
pools with the evolutionary process; it is precisely within the framework of
these jdeas that the so-called biological or synthefic concept of

species, widely accepted abroad, has been formulated, We will also discuss
from the corresponding point of view the more general importance of the
fact of genetic stability of population systems in nature, supplementing

the above-~considered data with comparative materials on other species,

*One should also approach with consideration of this fact the regulation
of the numbers of salmon stocks during their artificial reproduction:

unlimited increase of numbers may not correspond to the optimum of adaptation

of a given population.

166



208

Population Systems and the Biological Concept of Species

The contemporary condeét of species and species formation, which
has been systematically discussed in wmany works, including widely known
monographg (Mayer, 1947, 1962; Dobzhansky, 1951; Ehrlich and Holm, 1963;
Cain, 1954; Sheppard, 1970; Timofeev-Resovskii et al,, 1969), although
it bears the name "synthetic" or "biological", in essence is genetig, as
it is precisely within its framework that a synthesis of Darwin's tﬁeory
of natural selection and the achievements of population genétics is accom-
plished,

Since all those works have become chrestomathic for biologists of
our generation, it suffices to mention the main postulates.

1, Population is the basic unit of the evolutionary process.

2., Bereditary polymorphism is the materiél for the action of evo~
lutionary forces.

3. The difference between a species and a-variety is not in es-
sence but in degree or, in other words, "All characters used for the de~
limitation of species have been subjected to geographic variability"
(Mayer, 1968, p. 270).

Every sort of concept represents a system of interconnected views,
and so éontradiction of the facts in even one of the links of a logical
chain.can be a prerequisite for the construction of different hypotheses
However, the facts at our disposal permit investigating them from the point
of view of all three main postulates. |

As is known, the Hardy-Weinberg model reflects a stable state
vi thout prospects for evolution, but evolutionary factors constantly active

in nature (natural selection, the process of mutation, isolation and gene

167
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recombination) shift those Mendelian populations from the zero point and,
changing the gene frequencies in them, in their interaction cause the pro-
cess of microevolution. One of the fundamental works of Sewell Wright (1931)
is thus called, "Evolution in Mendelian Populations",

The further development of the mathematical direction in population
genetics by the 1950's had introduced a number of corrections in\that inter-
pretation, but the essence of the matter remained uﬁchanged. In that system
of views the population remains the evolving unit, true, the most adapted
to evolutionary transformation, and now it is not the large or small isolated
group which is considered, but the poﬁulation, which is broken down into a
numbexr of partially isolated subunits, scatterea over all the'adaptive and
non-adaptive zones of the range (Wright, 1951). Only in such a population
~= S. Wright equates it with a.species -~ are there the conditions for
maintenance of maximum genetic heterogeneity and, thanks to that, duriﬁg
change of the adaptive landscape, at least some subdivisions prové to be
better adapted to the new conditions, thereby assuring the pos-_-.
sibility of phyletic evolution == transforﬁation of the species as a whole,

It is generally acknowledged that the same processes are also the
basis of so-called "true species formation" -~ 'segregation of the initial
species into two or more as a result of spatial isolation.

The stated views can be graphically illustrated by a schematic
diagram (Figure 59) borrowed from the work of Dobzhansky (1955). If we
examine that diagram it is not difficult to understand that the groups of
Mendelian populations diverging in it are also population systems in our
understanding. But, as we are convinced, the various evolution-
ary factors causing reorganization of the gene pools of the simplest
population units appear already in the role-of stabilization factors on

the level of a population system as a whole.

e
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Figure 59. Schematic depiction of the
segregation of the initial species (A)
into two (B and C) in time (arrow).
The separate, more or less interwoven
branches are "Mendelian populations"
(acc. to Dobzhansky, 1955),

Pue. 59. .

Such a result is postulated by the models of stationary distribu-
tioﬁs of gene frequencies themselves, and study of populations in nature
does not contradict it, Moreover, ecological data indicate the possibility
of existence 2lso of special regulatory mechanisms in population systems,

Actually, population genetics data inevitably lead to the concept
of stability, and we have only to move from the study of the éimplest
populations to the analysis of higher levels of the population hierarchy.

If this circumstance is taken into account it is possible to use
a corresponding approach to other bisexual species and in all cases show

an absence of shifts of gene frequencies as a basic population genetics

characteristic in any interval of generations accessible to direct comparison.

Let us examine examples of such long steady states, turning first
to.widely known works on the genetics of natural populations of Drosophila
(Dobzhansky, 1943; Dobzhansky et al., 1964)., The authors described the
dynamics of the frequencies of various chromosomal inversions in Drosophila

pseudoobscura and arrived at the conclusion of micro-evolutionary shifts

in the gene pools of the studied populations. However, if that analysis

168.
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Figure 60, Variability of the frequency of Standard
chromosome inversion in provisional first (tj, 1939)
and approximately the tenth (tlo,.1940) generations
of a population system of Drosophila pseudoobscura

of the locality Kin Camp as a whole (1) in comparison
with the variability by stations (2) and for genera-
tions within the limits of the stations (3). The
remaining designacions are the same as in Figure 50
(constructed on the basis of data of Dobzhansky,
1943).

is supplemented by the concept of the dwelling]&xnature of naturally iso-
lated population systems and the primary data are organized in a certain
way, then a different conclusion can be drawn;

The first example (Figurz 60) corresponds to ten successive gen-
erations of Drosophila studied at the end of the 1940's and beginning of
the 1950's in the Sierra Nevada (California) at three localities separated
by different height above sea level. Data are presented here for the Kin

Camp locality (about 1500 meters above sea level), studied at five stations

no more than 2.5 miles apart.
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Figure 61, Variability of the frequency of Standard
chromosome inversion in provisional first (ty, 1957)
and approximately the seventieth (t.,, 1963) genera-
tions of a population system of Drosophila pseudo-
obscura as a whol.-, localized on the territory of
all of California, as compared with variability
by stations (localities). (Constructed on the

basis of data of Dobzhansky et al., 1964).

Since the frequency of the Standard inversion selected by us fluce
tuates cyclically by seasons, comparable characteristics of the May, June
and July samples have been studied, and this is reflected in Figure 60 in the
form of a third level of the hierarchy of that populatioh structure, which |,
has beeﬁ subjected to maximal genetic variability. Smaller differences
were successfully registered for stations within the limits of the localw-

ity (second-hierarchic level), -and for the Kin Camp locality as a population

system (first level of the hierarchy) there was no reliable shift of the 16

gene frequency in the investigated interval of generations, The Qalues of

the root-mean-square deviation indicate also invariability of the frequency

distribution,
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The second example (Figure 61), co?responding to an interval of 70
generations of an aggregate of populations of Drosophila localized on the
entire territory of California, isinteresting because it makes it possible
to investigate the resistance of the system to the pressure of a powerful
factor of selection -- pesticides,

According to incomplete data (Dobzhansky et al., 1964) in 1951 and 1953
alone'17h32 tons of vaéious toxic chemicals were used on the territory of
California, and during the entire investigated periocd one £ifth of all the
pesticides used in the United States were employed by Cslifornia.

If we compare aggregates of the same stations for the time from
1957 to 1963 we see that for California as a whole, in spite of obvious
fluctuations by localities (compare, for example, Nos. 7, 9 and 18 in Figure
61) there were no statistically significant changes of parameters of the
frequency distribution sf the Standard inversion,

These facts, which testify to the stability of a population system
in a time measured in tens of generations, can be gupplemented by the results
of anthropological investigations of Yu, G. Rychkov (1965, 1968 and 1969),
who showed an absence of substantial shifts in the summary gene pool of 170
the Northern Asiatic race of Mongoloids from the Neolithic to our day,
that is, in a time interval_of hundreds of generations.

Regarding the variety of contemporary physical types of abori-
gines of Siberia as a result of successive micro-evolutionary transforma-
tions of the original Neolithic gene-pool, the author by averaging the
frequencies of eight uncorrelated hereditary characters reconstructed that
ancestral population nucleus, which proved to be identical to the corre-
spanding summary characteristics of fossil material gathered in the Baikal

region (Figure 62).
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Figure 62, Graphic characterization
by the method of Debets polygons of

- frequency distributions of some cranial

. anomalies (1-8) in contemporary and

. fossil populations of North Asiatic
Mongoloids: A -~ contemporary Mongol-

- oids (summarily); B - Neolithic of

e j Pribaikal'e /the Baikal areal: a-j--
7 3~—~*—-€g%9~—~“‘“ various presently living populations
’ o (acc. to Rychkov and Movseyan, 1972,
. with modification). S

In conclusion we will examine the results of an analysis of cone

temporary and fossil populations of the gastropod Littorina squalida in

the isolated Busse Lagoon on Southern Sakhalin which'is being completed
by BedAe. kalabushkin and us at the present time.

This species has a wéll—expressed polymorﬁhism of the coloration
of the shell, interpreted as a manifestation of a two-allele system with
1n§omplete dominance (Figure 63).

In this case, just as in the ground

snail Cepaea nemoralis, differences of the genotypes are also preserved

in the fossil forms and so the possibility is opened up of investigating 171
their distribution in samples from now living and old populations, divided

by at least.ZOOO generations, which have replaced one another every three

yéars for the 6000 years which have passed since the time the lagoon was

formed.

These data establish absence of shift of the gene frequency for

the system as a whole in the investigated interval of generations (Figure 64).
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Figure 63. Polymorphism of coloration
of the shell in Sakhalin populations of
the gastropod Littorina squalida: 1 and
3 -- homozygotes; 2 ~ heterozygote,

Pue, 63.
| ga Figure 64, Variability of the frequency ’
;fﬁ s " getzse rt0 . of the gene A (I) in provisional first
7 gazstao gizstom g5 (g3 N = 479, § = 0.293+0.015) and ap-
’ proximately two-thousandth (t2000; N =
= 1252 specimens; T = 0,28~ +0.,01)

generations of the population sysEém of
the gastropod Littorina squalida in Busse
Lagoon pn Southern Sakhalin as compared
with the variability by separate stations
(II).

It must be emphasized that the clearest example of long stability
of polymorphism from the Pleistocere to our day, described at one time by

Diver (1929) for Cepaea nemoralis and cited in many summaries, on evolution was

detected by the author precisely thanks to a system of observations similar to thét
described above. Diver, of course, does not mention that fact at all and

does not cite quantitative data, but the approach itself leaves no doubt,

"In the now living colonies studied by me, various phenotypes are encountered

with a very different frequency, and the frequencies of any of the pheno-

types can differ greatly in specimens separated by only a few nuclei. But

in the entire series of colonies the banded types, taken together, predomin-

ate over the bandless.,
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Bandedness is readily visible also in fossil forms; detailed data
can be obtained on the frequency of different types and they will be very
interesting for genetics and the theory of natural selection, Kennard

has provided me with drawings of three large samples, each of which con-

tains two species (Cepaea nemoralis and Co hortensis =-- Yu. A.) from strata
near Goodwoodsss In all three samples the total number of banded types pre~

cominates over the unbanded shells and the frequencies of the different types

are precisely such as can be foundeven teday" {(Diver, 1929; p. 183; emphasis

ours == Yu. Ae)e

We do not doubt that such a regularity must be traced in any bisexual
species, no matter how complex or, on the other hand, simple, its internal
structure is, but broad study of the zenetics of natural populations of
different species except man (Rychkov, 19653 19683 1969 a"and b) has not
introduced any corrections into the traditional generalizations: field in-
vestigations have proven to be linked with separate samples reflecting a
very simple, very variable population level, Evidently therefore the im-
portant problem of genetic stability has been reduced only to investigation
of the mechanisms of homeostasis and heterosis (Lerner, 19543 Kirpichnikov,
1967), and the main attention has proven to be concentrated on evolutionary
aspects in general and, in particular, on the correlative contribution of
the random drift.of genes and natural selection in the reorganization of
the gene poels of elementary populations. Variability on that level, as
we have seen, actually is great, and this also contributes to the formation
of concepts of unlimited interpopulation variety. .

Meanvhile,the detection in nature of population systems as histori-

cally formed subdivided populatiohs and the corresponding genetic analysis

172
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testify to prevention of the consequences of non-adaptive divergence of
the species by migrational connections and, as was evident from the example
of loci of lactate dehydrogenase and phosphoglucomutase, the selective
factor also plays the same stabilizing role. One can readily multiply
the number of examples of a sharp predominance in nature of precisely the 173
stabilizing forms of selection, including that_which ié frequency-dependent (see
Rychkov et al., 1973; survey in Kirpichnikov, 1972).

But the effects of stabilization must be especiglly strong on the
edges of ranges, which together with the uniting effect of migrations (or
even in its absence) will keep subpopulations within the framework of a
population system regardless of distinctive features of its internal or-
ganization: isolation by distance does not differ in principle at all from

the island type of structure, and stable wedges correspond to a "continuous

model .

The adaptations of local populations thus férméd are so conserva=-
tive and unique thét even forcible migrations within the framework of a
species range lead to important consequences only in the sense of degrada-
tion, but not of evolution. This flows from the results of many unsuccess=
ful attempts at acclimatization, usually not discussed; one example was
examined in Chapter V (see also Rychkov and Sheremet'eva, 1972a, b and c).

Thus the genetic divergence of a species can be regarded as a pro=-
cess of systematic transformation of the gene pool of the ancestral popu-
lation in proportion to its differentiation into subordinate subdivisions

wvithin generations and according to range. At least under the conditions of a

normally fluctuating environment the mean gene frequency and upon achieve=~

ment of a state of stability also‘ﬁhe dispersion in the system remain
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invariant in relation to all possible micro-evolutionary transformations,
differently directed and mutually balancing one another., Figuratively
speaking, the isolated population "unfolds into itself", congealing in
the end in equilibrium with the environment (Altukhov and Rych-
kov, 1970).

The more complex the internal organization of the system and the
greater its internal variety, the more resistant it is to various kinds
of external effects. From this point of view, maximum stability in space
and time must be characteristic of a widely settled species, for change of
the level of adaptation achieved by it requires external effects such as
it cannot endure., But if one remains within the framework of the geological
thgories deriving from C, Lyell and taken into account in the contemporary
genetic concept of evolution, then it is difficult to perceive how the
processes determining the maximum stabilization of the species as an integral
population system simultaneously form the basis of the érigin of new species.

Evidently, the traditional population genetics approach is inade-
quate for a reply to that question and it is necessary to make use of some
sort of additional data.

For this purpose we will turn to the very last stage in the develw
opment of genetics, one directly connected with the molecular aspects of
the organization of the génome in higher organisms. The corresponding
facts have a direct relation to the second and third points of the syn-
thetic conception of a species and were obtained in a comparative study
of the phenomenology and biological importance of phenomena of biological

polymorphism and monomorphism in populations of different species.

174
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Biochemical Polymorphism and Monomorphism in Populations.

Electrophoretically Invariant Proteins as Markers of Genes

"protecting" the Species Identity of the Individual

The hereditary polymorphism of proteins, examined and used earlier
as the key to study of population structure, and more narrowly for the
recognition and identification of populations, attracts the persistent
attention of many biologists also for other reasons. Recently, we'have
already mentioned it casually, an incredible range of that sort of varia-
bility has been discovered in populations of the most different species,

Hubby and Lewontin (19663 Lewontin and Hubby, 1966) on Drosophila,
Harris (1966, 1969a and b) on man, and Manwell and Baker on birds(Baker et al.,
1966; Baker and Manwell, 1967; Manwell and Baker, 1968) have shown that
in almost every’oﬁé of natural populations polymorphism is revealed by up
to 30% or more of the inveétigated genetic loci, and a certain average
individual can be heterozygotic in felation to 12% of his genes. These
discoveries were also confirmed later on other species (Petras et al.,
1969; Selander at al., 1970; Manwell and Baker, 1970, etc.).

‘ The number of wérks in this area is growing rapidly, generating
a group of new genetic problems which are intensively discussed abroad
and in our country in connection with aspects of the genetic load, the
adaptation of genotypes and corrglation of the random drift of genes
and selection in the maintenance of such unprecedented molecular variety
(Kirpichnikov, 1972).

At the same time it is impossible not to turn attention toward

the important fact that in the genetic-biochemical approach, besides
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polymorphous gene markers, monomorphous, invariant proteins are also al- 175

ways discovered in each of the examined populations under identical methodi=-

cal conditions,

Probably because such characters do not permit studying the genetic
divergencé of populations they remain outside the field of vision of inves-
tigators., However, each protein in an organism carries a certain functional
load, and even on the basis of this alone the fact of genetic invariance
with respect to at least half and, more likely, an even larger number of
proteins in a population requires careful analysis.

Let ﬁs turn to the corresponding data.

In the examples of biochemical polymorphism cited earlier (see
Figure 14) we saw how variability in some loci is combined with an absence
of variations in others, Thus the locus HbI in the cod is polymorphous,
whereas there is no variability in the locus HbII; the same is character-
istic of muscle lactate dehydrogenase (Ldh IL) of the keta. But at times
enti£e groups of electrophoretically invariant proteins are discovered,
as was mentioned in one of the preceding chapters: these are multiple
crystallins, hemoglobins and myogens.

Visible on Figure 65 is an absence of individual variations in the
number and position of protein zones on the electrophoregrams, excepting
only variability in the intensity of coloration, which can be connected
with individual differences in the activity or in the quantity of product
synthesized by the gene.

In a recently published work (Altukhov and Rychkov, 1972) it was
shown on broad comparative material, including fishes, that such a sure

prising uniformity of protein eleétrophoregrams reflects a real natural
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Puc. 65. dorocnnmki siaekTpodoperHieckn MotioMopdubX GesKoB THXOOKEANCKHX
Jiococeil, HCCACAOBAHNBIX Ha oJiolt 1 TOil ke OHTOreHCTHYHECKOil CTaIuH:
Figure 65. Photographs of electrophoretically monomorphous proteins of
Pacific (Ocean salmons investigated in the same ontogenetic stage: A -
hemoglobins of 11 specimens of the keta; electrophoresis in agar gel re-
veals two components; B - hemoglobins of 8 specimens of the kekra. By

‘starch-gel electrophoresis 18 components were revealed. Since in photo-

reproduction '"weak' fractions are reproduced poorly, the positions of all
the found protein zones have been marked with lines: C and D -~ the same
for scveral specimens of the pink salmon respectively, When the number
of electrophoretic fractions is unchanged quantitative differences are
visible in each specimen (see Nos. 1 and 6 of species C), Such multipli-
city of hemoglobins of Salmonidae is caused by the presence ¢f 7-8 dif-
ferent subunits in them (Wilkins, 1970; Tsuifuki apd Roland, 1970); E -
Water-soluble proteins of the crystalline lens of the eye in the keta.
Electrophoresis in agar gel. A connection of this multiplicity with gene
duplication has not yet proven, but can be postulateds
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phenomenon characterizing the species as a whole. Consequently, genetic

monomorphism can be defined as... 'the absence of variability of a known

hereditary character in the entire range of the species or the presence in

it of qualitatively different variants with a frequency not exceeding the

probability of recurrent mutation" (Altukhov and Rychkov, 1972, p. 288).

In fact, the Laboratory of Genetics of the Institute of Biology of
the Sea of the Far Eastern Scientific Center of the USSR Academy of Scienw
ces has invesgggated by various electrophoretic meﬁhods more than 1000
individual specimens of hemoglobin and several hundred specimens of crys-
tallins from different keta populations of the rivers of Sakhalin, Kamchatka
and the Kuril Islands, and only in 11 cases were variations observed in one sin-
gle gnode zone of the hemoglobin. The monomorphism of the close species

Oncorhynchus gorbuscha is still more impressive! in about 1000 specimens

from the same and other rivers we did not observe a single variation of
the hemoglobin electrophoregrams: which could be interpreted as mutational 177
and not as a result of rare natural or artificial hybridization with the
masu Q, masu =~ still aﬁother species of the same genus which also has
monomorphous hemoglobins,

The structural genes responsible for the synthesis of isoenzymes
of lactate dehydrogenase of group b are monomorphous in more than 3000
individuals of the keta and 1000 of the pink salmon caught in various rivers
of the Pacific Océan basin; the number of such examples can readily be mul-
tiplied, and the corresponding data for various species have been grouped
in Appendix 2.

The genetic mechanisms maintaining polymorphism in at least a

whole series of cases are well known to us, but the definition itself
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(page 19) reflects the result of interaction on the population level of
hereditary variability and natural selection. The difference in the
relative adaptive importance of the genotypes of lactate dehydrogenase
and phosphoglucomutase, discussed above, serves as still another illus-
tration of this.

But what is the biological meaning of.genetically invariant proper-
ties? The posed question can be answered only through investigation of
their interspecies variability., For that purpose we will examine the
results of electrophoretic analysis of the hemoglobins of Pacific Ocean Sale=
monidae (Figure 66) and also date on several groups of genetically mono-
morphous proteins in other species of animals (Figure 67). 1In all the
investigated cases qualitative differences are traced -- according to those
characters the species are as discrete and unique as individuals of dif.
ferent genotypes with respect to a given system of genetic polymorphism
(compare Figure l4; also see Altukhov, 1969b). Mofeo#er, when a comparison
is successfuly made of rare interspecies hybrids or species of hybrid ori=-
gin with parental species, an important law is discovered: species charac-
ters behave as integral genetic units, showing a simple summation of paren-
tal types, the formation of hybrxid products or even dominance-recessive-
ness ratios (Figure 68; see Figure 66).

Consequently, in such cases even one individual carries species

genetic informétion, and the problem of species identification is solved unequi-

vocally, irrespective of which sort of species the investigator deals with
-~ bisexual or unisexual,
The biochemical systematics of fishes, which has developed

strongly in recent years, is filled with daﬁa which establish the
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Pic, 66. CneuudynocTh Ha BHAOBOM 1 POJAOBOM YPOBHAX MHOMECTBEHHLIX TEMO-
rnoGinon y pui6 cenm. Salmonidae: :

Figure 66, Specificity on the species and generic levels
of multiple hemoglobins of fishes of the family Salmone
idae: A! 1-3 and 5-12 -« Oncorhynchus keta, &4 == Q.
kisutch, (Electrophoresis in agar gely; B: l=5 == Salvew
linus leucomaenis} 6 and 7 e« 0. gorbuscha (Electropho-
resis in starch gel; C: 1 - O, gorbuscha; 2 ~ hybrid
(F.?7); 3=5 =~ Q. masu (Electrophoresis in agar gel); D:

1l dand 2 == 0. keta; 3 and 4 == Q. gorbuscha; E: 1 and 2
~~ Salvelinus leucomaenis; 3 - 7 == Q. keta (Electro-
phoresis in starch gel),
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Pic. 67. Menpunobas H3MCHUIBOCTL MOHOMOP(IBX GeaKOB:

Figure 67, Interspecies variability of monomorphous
proteinst A - Myogens of two species of molluscs of
the genus Unio: 1 - U, tumidus, 2 - U, pistorum (elec=-
trophoresis in starch oel), B - esterases of Ltwo spe-
cies of gammarids: 1 - Gammarus duebeni; 2 = G. zad~
dachi (electrophoresis in starch gel); C = hemoglobins
of salamanders: 1 - Desmognatus monticola; 2 = D.
guadrimaculatus (Electrophoresis in starch gel); D =
myogens of seven species of shrimps of the family
Penaeidae: 1 & 2 -« Parapencopsis hungexfordi; 3 -

P, hardwicki; & - Metapenaeus matatus; 5 - M. stridu-
lans, 6 - M. barbataj; 7 - Penaeus monodon; 8 - P.

semiculatus; E = hemoglobins Of Lizards: l=4& -- Anotis

aeneus; 5-8 -~ A, trinitatus (Electrophoresis in
starch gel)., The different hatching reflects vari-
ations in the intensity of the protein zones on the
original electrophoregrams (acc. to Altukhov and
Rychkov, 1972).
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Piuc. 68, DackrpodoperpaMMsl BHAOCHEUHPIURLIX GejKOB Y MEXBHAOBLIX rubpu-
7I0B B CPaBHeHHH € HCXOAHGIMH BHIAMH:

Figure 68. Electrophoregrams of species-specific proteins
of interspecies hybrids as compared with the starting spe-
ciest A - anode zones of leaf peroxidase: 1 - Nicotiana
sylvestris; 2 = No tomentosiformis; 3 - Hybrid Fy (glec~
trophoresis in polyacrylamide gel); B - fish myogens: 1 =
Richardsonius balteatus; 5 = Mylocheilus caurinum; 3 -
hybrids F,; 2 & 4 - corresponding backcrosses (electro-
phoresis in starch gel); C - lactate dehydrogenase of
myocardium of lizards of the genus Cnemidophorus: 1 = Co
gularis, a bisexual speciesy 2 = C. tesselatus, a par-
thenogenic species; 3 - C. tigris, a bisexual species
(electrophoresis in starch gel); D - hemoglobins of birds:
1 - Coturnix coturnix; 3 - Gallus gallus; 2 ~ hybrid Fy
(electrophoresis in starch gel); E - globin chains of
hemoglobin: 1 - ass; 2 - mule; 3 - hinnyj 4 - horse (elec~
trophoresis in starch gel). The different hatching re-
flects variations in intensity of fractions on original
electrophoregrams (acc. to Altukhov and Rychkov, 1972).

Ie::»‘!,"f'?
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the possibility of distinguishing monomorphous biochemical characters 179
of universal diagnostic importance not only on the level of the species
but also on higher taxonomic levels distinguished still earlier in accord-
ance with the principles of typological systematics, For examplg, among
several tens of species belonging to 14-15 families of seven orders, only
in 20% of the cases was genetic polymorphism of hemoglobins noted, whereas
80% of investigated species of fishes are characterized by multiple hemo=-
globins, unique for a species (Altukhov, 1969b). This circumstance in fact 180
permits investigators to successfully solve complex questions of systematics
where the population approach is *‘mpotent. A bright example is the recent
cycle of genetic-biochemical and taxonomic works of Westrheim and Tsuyuki,
1967, 1271; Tsuyuki and Westrheim, 1970), who discovered several new species of
reéfish of the family Scorpaenidae in the NortheasE‘Pacific.
The constancy and species specificity of myogens are still more clearly
evident. Although the mechanisms of gene control of these proteins are
still not clear, however, among the 100 or even somewhat more studied spe-
cies polymorphismhas been discovered in only three or four cases (Tsuyuki,
1966; Tsuyuki et al,, 1965a and b, 1966, 1967, 1968, 1969; Uthe et al.,
19663 Chen and Tsuyuki, 1970).

On the other hand, there is no such specificity in genetically poly- 181

morphous proteins; one and the same alleles are represented in known "good"

species. Biochemical genetics literally overflows with examples of sﬁch

homological hereditary vari%bility (in the meaning of N,L. Vavilov), and

we will limit ourselves here to only a few illustrations (Figure 69).
Consequently, on the basis of these characters independent species

are differentiated just as populations are within a species, differing (or
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Figure 69. Interspecies variability of genetically
polymorphous proteinst A « genotypes with respect
to locus of serum esterase of three species of tuna:
a - Thunnus maccoyii, b - T, obesus, ¢ = T, alba-
cares (electrophoresis in starch gel) (acc. to Sprague, -
1967); B - genotypes of serum albumin of ocean ‘perch
of the genus Sebastest a - S, marinus, b - S. men=-
tella (electrophoresis in agar gel); C = genotypes
of malate dehydrogenase of three species of salmons
of the genus Onorhynchus: a - .0, nerka, b - O. gor=
buscha, ¢ - 0. keta (electrophoresis in polyacryl-
amide gel).

not differing) both in the frequencies of common genes and also in parti-
cular genes characteristic to them alone.’ Thus redfishes and salmons have

the same alleles

in corresbonding loci, whereas the tuna Thunnus massoyii

has the allele Esa, not found in two other species, T. obesus and T. albacares®.

%*Situvations in which a qualitative interspecies difference (for example, in
the mobility of molecules) is noted with respect to a polymorphic protein
system as a whole represent only a particular case in the intexspecies
"variability of genetically monomorphous proteins.
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It is not difficult to guess that from the point of view of the
biological concept of species our example gllustrates the previously cited

scheme of species formation which treats micro-evolution as a continuous,

- gradual process, in the analysis of which all the successive stages of di-

vergence of populations ;oward the status of new species are successfully

revealed., Actually, in the light of the examined data the differenqg between
a species and a variety on the basis of these characters is quantitative, for
they are polymorphous, that is, geographically.va;iable. o :

But how is it in such case with genetically monomorphous gbaréc{
ters which have not been subjectéd to geographical variability and at the
same time delimit close species? The synthetic theory of evolution gives
no answer to this question, for.from the very start only variability is
acknowledged to be the sole cource of information about species in nature,
and invariagt characters and properties of a species either are in general
denied or, at best, treated as an abstruse phenomenon relating
only to the sphere of systematics (Mayer, 1968).

Possibly, for its time such a concept was justified, as genetics
itself.as a science owes its origin precisely to the hereditary polymorphism
of species. However, on the new level of investigation genetic facts are
also discovered which testify that the content of species is not exhausted
only by polymorphism, and that some part of the genome remains invariant on
the level of such functionally important markers as proteins in all indivi.
dualse.

But if genetic monomorphism is a real natural phenomenon, theq the
mere acknowledgment of this fact with consideration of distinctive fgqtures

of interspecies variability of monomorphous properties givesthe possibi;ity
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of treating species formation, not as a gradual probabilistic process
proceeding on the population level, but as a consequence of qualitative
genetic reorganizations marked by true species characters.

According to the same logic species characters and p?operties must
be specialized for the performance of such vitally imbortant functions,
natural variability of which is not allowable,

Actually, in the latest works based on complete analysis of the
amino acid sequence in proteins, the extremely conservative nature of natural
selection, which cuts off all mutations affecting those sections of the pro;
tein molecule on which the main function of the gene product depends, has
been discovered. For example, in various species of vertebrates lactate
dehydrogenase has a different amino acid composition, but the active section
of the enzyme, composed of 12 amino acid residues, is identical in all cases
(Kaplan, 1965; Ohno, 19702 and b; see also Baranov, 1972).

The mechanisms of maintenance of stability of the phenotype on the
protein level can also be different (Altukhov and Rychkov, 1972), but testi-
fying also 15 favor of the proposed treatment is the fact of principal im-

portance that multiple proteins coded by multiple, duplicated genes prove,

as & rule, to be the most monomorphous (Altukhov et al., 1972). But just as quali-

tative interspecies differences are4traced precisely on these proteins, so
the possible mechanisms of gene duplications also must coincide with the
mechanisms of species formation in the rare cases where such genetic reorgani-
zation, which has proven to be compatible with ontogeny, after one or several
steps leads the separate individual to repreductive isolation.

The duplications of genetic maerial which take place on the basis

of local excessive self-copying of genes, on account of polyploidy or in the
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process of unequal crossing over, unquestionably reflect qualitatively dif-
ferent reorganizations of the genome than- the mutations which are the basis
of polymorphigm.

Among the large number of works devoted-to these probléms a speciél
place belongs to the investigations of Suéum Ohno et ale. (Chno, 1970 a and
b3 Ohno et al.{ 1968) which presented numerous eyidence.that tétraploidization
played an iﬁportant integrating_role in the evolﬁtion of vertebrates. With
respect to at least two of the now known polyploid groups of animals -- three
families of the oxder Clupeiformes and two genera of.the Cyprinidaé family ==
it is possible to speak with confidence of their amphidiploid origin (Bender
and bhno, 19683 Wilkins, 1970; Altukhov et al,, 1972), whereas the tetraploid
and octaploid South American frogs of the family Ceratophrididae are autopoly-
ploidé (Becak, M., et al., 1966; W. Becak et al., 1967)

A hybrid nature has been demonstrated for parthenogenetic species of

lizards of the genera Cnemidophorus (Neaves, 1969; Neaves and Gerald, 1968):

and lLacerta (Darevskii and Kulikova, 19643 Darevskii and Danielyan, 1969)
and for several gynogenetic species of fishes 6f)£he family Poeciliidae
(Rasch et al., 1965, 1970; Rasch and Prehn, 1969; Prebn and Rasch, 1969;
Abramoff et al., 19683 Schultz, 1961, 1966, 1967, 1969; Schultz and Kallman,
1968). It is assumed that in the evolution of animals hybridization, pare
thenogenesis (gynogenesis) and polyploidy are connected (Astaurov, 1969;
Schultz, 1969), A4s for the evolutionary role of chromosome mutations not
leading to intraspecies polyférmism, but at the same time marking the level
of the species, it has been shown for the cytologically best studied
Diptera (White, 1954, 1968),

A graphic concept of the range of variability of the dimensions of

the genome of animals of different groups is given'by the schematic diagram
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borrowed by us from the work of Britten and Davidéon (1971), who summarized
a large amount of literature material (Figure 70). Although not all the
taxons have been studied with the same completeness, in a whole se?ies of
cases the eye is struck by a surprising variability of the invéstigated
character, one caused, as we now know thanks to the work of Ohno's school,
by tandem duplications and‘polyploidy*. |

Of course, all these new facts reflect only a little of the variety
in the animal world, but we can unquestionably point out the existence in
zoological species of evolutionary paths which quite recently seemed very
problematical cr even simply impossible (Mayer, 1968), in spite of their
being widespread in the kingdom of plants. Evidently in the future still
broader proofs of the role of genetic reorgguizations of this sort in the
evolution of zonlogical species will be obtained,

The most important biological meaning of these reorganizations is
that ‘they suddenly  transfer all the genes-in a genomé or some of them
into a constantly heterozygotic state and, consequently, provide individuals
with the advantages of a qualitatively different adaptative level, freeing
the future population of the load of less adapted genotypes; at the same
time this means increase of the reliability of storage and transmission of
information about vitally important functiocns, reflecting the uniqueness
of the nev species, to following generations,

Genome reorganizations of this kind constantly occur, probably with

a low frequency, in the depths of different species, but they win the right

*QObviously, polyteny gives a similar effect. A sharp interspecies vari-
ability of the DNA content in the absence of variability of the number of
chromosomes is detected in a number of amphibians (W. Begak et al., 1970).
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to life only when there are such shifts of the natural environment as when

a breaking of the historically formed interpopulation and interspecies bar-
riers sharply elevates the levels of genetic polymorphism of populations and
the heterozygosity of the individuals forming them. "Polymorphism-generates
still greater polymorphism"(Ohno, 1970b; Watt, 1972) and in that case such
combinations of genes can be accomplished as would have been considered "im-
probable" in the preceding stage of stable existence of the species.

Further work on the question ought to show the degree to which such
macromutations are random and to what extent they can be treated as caused by
the preceding history of development of the group. At the same time the avail=-
able facts already lead now to the conclusion of duality in the organization
of the genome in higher organisms, as well as to the idea of the fundamentally
different biological importa;ce of genetically monomorphoué and polymorphous
properties, Whereas the former, preserving the identity of the species and the
individual, thereby mark the existence of cardinal functions, the
change of which can only lead to species formation, the latter, thanks to their
broad variability, determine only the secondary adaptive possibilitiés of the
specles, |

In such a treatment genetic polymorphismin populations is not material
for the action of evolutionary forces but a universal strategy of nature, one
assuring preservgtionofintegrity of the species on the basis of continuous
interaction of hereéitary variability, random drift of genes and natural
selection in normally fluctuating environmental conditions.

As we see, the conclusions from comparative genetic data interlock
with the results of population genetics investigation., True, in the

latter case it is fundementally important that in the corresponding material
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not the simplest population.units but their.integral aggregates -- genetically
stable population systems, historically formed within the framework of the
boundaries given by nature itself, be represented.

| In concluding the chapter we will point out that the views on species
formation pfesented here have something in common.with the ideas of the |
gencticists G. de Fries (1904, 1912), R. Goldschmidt, 1940, 1948, 1952, 1955)
and the physiologist B.P, Ushakov (1958, 1959a and b). 1In all these works
there were discussions of the problem of duality (structural or functiopal)
in the organization of the individual and, consequently, with a given degree
of losical completeness, best expressed in Goldschmidt, a qualitative dif-
ference was postulated between the evolutionary process properly speaking

and adaptive intraspecies divergence,

The author assumes that his own treatment has only an external simi=-

larity with those concepts, presenting a natural construction which flows
from new experimental facts. In any case it must bgAEmphasized once more
that genetic monomorphismis just as real a phenomenon in nature as poly=-
morphism, and that, if these phenomena are examined separately, evidently
it is impossible to analyze the processes of eﬁolutionary transformation and
the adaptive stabilization of species.,
Conclusion _ 187
We have striven as much as possible to systematically state and
investigate from different points of view facts obtained in a comparative
genetic approach to the problem of population organization of the species
in fishes.
The proposed treatment does not agree with the traditional con-

cepts of biologists. Thus, for foreign colleagues, in the foreground is
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’ the differentiating role of the population structure, which emphasizes only
[ the need for the recognition and identification of the simplest population
units. With consideration of the results of the work done it becomes clear
that both population systems and their structural components may actually

be recognized on a genetic basis, but the problem of identification
can be successfully solved only on higher hierarchic levels endowed with the
integral property of stability and, consequently, having independent impor-
tance in nature.

Some Soviet ichthyologists consider elementary populations to be non-
hereditary communities. This also is not true, for tbe heritability . of
racial characteristics does not at all mean their invariability in time and
space: migrations, isolation and selection, acting.separately or jointly,

673 _ change the genetic appearance of populations. However, on the higher. levels
of intraspecies hierarchy variability of that sort is tranformed into sta-
bility, which also permits examining from another point of view the principles
of rational exploitation of natural populations.

i This circumstance, in our opinion, is not limited at all by the frame-

work of particular problems of the fishing industry. On the contrary, it is

directly linked with the very important general biological problem 'Man and

the biosphere" to the extent to which the preservation of nature deﬁends not

only on the iﬁadmissibility of its direct destruction but also on the implementation
of g scientifically substantiated approach which pursues the goal of rational exploi-
tation of commercial Species.. |

On the basis of clear ideas of distinctive features of the internal

organization of a population system, uniformly and proportionally distributing
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corresponding efforts over all components of its structure, we actually
obtain the possibility of rational economic activity which pursues the goal
not only of extracting the maximum economic gain but also of infinitely long 188
preservation of a natural population. '
w;de realization that there is such a strategy evidently is inevit-

able, and then an independent scientific discipline, population biology, will be

separated from the sphere of biology. This tendency is already perceptible
but still predominant in it js the analytical stage, whiéh finds reflection
in attempts to substantiate the scientific independence of such sections as
population ecology, population morphology, population etiology, etc. At the
same time, remaining in the shadow is the important fact that population
genetics, which has at its disposal mathematical theory and a large sum of
facts acquired in the study of natural populations, has already been devel-
oping successfully for several decades. It is precisely here, perhaps unconsciously
but in essence,‘that the above-indicated and other trends are being united.
Nor is this surprising, as all the biological characteristics of popu~

lations are derived from the historically formed gene pools, and, consequently,
broad possibilitieé are actually being opened up on a genetic basis for uni-
fication of the efforts of biologists of different specialties to work out

a Qniversal strategy of rational economic use of biological resources. Pre-
servation of the genetic stability of still surviving population system#,
resto:ation of thoge‘whose'structure has already been destroyed and, finally,
the creation of new systems -- these are the main tasks, the solution of
which evidently is capable of eliminating the present conflict of mankind

with the biosphere, True, on this path the role of the purely psychological

factor, the very nature of man, remains not completely investigated, but

that line of investigation is outside our competence.
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The author will consider completed the task facing him if the pre-
sent work, in spite of all its shortcomings, makes a contribution within its
powers to the development of a corresponding approach to the analysis of the
biology of natural populations and serves as a prologue td future, more
basic research, which appears vitally necessary.

We can now sum up everything présented gbove, drawing the following
conclusions.

1. The genetic approach to the problem of population organization
of species in fishes on the level of local stocks has permitted discovering
systems of biochemical polymorphism and on this basis making a broad geno=-
geographic analysis of different species, It has become clear that locael stocks
of fishes represent reproductively isolated communities with a characteristic 189

Q internal heterogeneity.

“ 2. The heterogeneity of stocks, observable irrespective of the eco-
logical characteristics of the studied species, finds‘réflection in their
subdivision into more elementary population units. They differ in their gene
frequencies and, consequently, also are repréductiyely isolatgd groups,
formally corresponding to the model of a "Mendelian population',

3. In the genetic investigation of the stock as a whole a corre-
spondence of the natural picture to a mathematical model of a subdivided
population is discovered. It has been shown that such a community remains
stable in both time and space, in spite of simultaneous variability of the
elementary populations included in its composition.

4, This new quality of a population aggregate, obviously not de~

ducible from the properties of the components forming its structure, permits

regarding local stocks as genetically stable population systems, opposing
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.} _ them to elementary populations -- variable s‘tructural components of such sys~
tems. Traditional biological investigations support this conclusione

5. Since the biologically important pr0pertiés of populations are
derived from their historically formed gene pools, the obtained data on
qualitative differences in the genetic stability of different levels of the
population hierarchy permit formulating a single principle of management of
a rational fishing industry, based on approach to the population system as
a whole == to distribute the corresponding efforts over all the components of
its structure,

6. The existence of population systems in nature permits estimating
in a new way the biological importance of the processes of intraspecies genetic
divergence, régarding them as an adaptive strategy which permits the species

‘ to remain itself in normally fluctuating environmental conditions.,

i 7. On the basis of the real existence in species not only of poly-
morphous but also genetically monomorphous properties, it . is argued that it
is possible to treat species formation, not as a coﬂtinuous process proceeds=
ing oﬁ the population level, but as a result of qualitative reorganizations

of the genome conjugated with the reproductive isolation of separate individuals.
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AB', B, B

Utter a. Hodgins, 1972;
Numachi, 1972

¢cccbormoxomyra§£

2 B ofifioM JIOKycCe

CC, BC, BB

To sxe ¥

Roberts et al., 1969;

3 nokyca in one locus Utter a. Hcdgins, 1972
R-cuctema rpyﬁzn_/ 3  R-1, R-2, R-1-2, R0 |k ¥iwvynuue cuimopotku | Sanders a. Wrigh, 1962
KpoBH KPOJIHKA
Tpampeppmxés .2 AA, AB, BB a3/} B xpaxmanesom reqe | Utter a. Hodgins, 1972
CHIEOPOTKH KPOBH ’
L7 - o
a-Tanuepodocedat- AA, AB, BB To xe * Te e *
Jernaporenasa, no 2 B nokycax | Ad, AA', CC, CC',C'C’ > Engel et al., 1971a
3 Jokyca AunC
I{peau"aux{:ma:aa'fU 2 B Jokyce S 3 terotrna 3 Perriard et al., 1972
3 Joxyca 3 phenotypes
Haoumpamcmup'g-l 2 B Joxyce M AB, ABB', AB’ > Wolf et al., 1970
. renasa, 3 JIOKyca 4 B Jokyce S Q ¢heroTHNOB » Te xe
5o 9_phenotvpes _
CopOrTonnerufipo- 2 AAAA, AAAA', AA, > Engel et al., 1970
renasa : AA .
Salmo truttal Copémonnemnp?)ls 2 B Joxyce A AB, AA’ B, A'B > Te me ¥
repasa, 2 JOKyea, :
73 —
oc-l‘mmcpoqmcm'r% 2 B JcKyce B BB, BB’, B’ B’ > Engel et al., 1971a

Leryjporenasa,

2

3 aoxyca ’
B-cucrena rpyiin 3 B-1; B-2; B-1, 2; B-0 |k Hwmmynnue cusoporku | Sanders a. Wright, 1962
KpPOBH : KpoJIsiKa
Salmo salar | Tparcheppun 18 2 AA, AC, CC b 9/¢ B KpaxmaieIo-ara- Msller, 1970
poBoM resie
» S—prEMUtypES
Salvelinus Tpancheppns 18 4 B (heHOTH de 2 S/ B xpaxmanbHoy rene |  Payne et al., 1971
malma CulsopoTtousisle . 2 F, FS, SS i 3/ B araposoM reje £ Canvenrosa ® Bosoxor-
anbyvunu 35 ckas, 1973 -
23 ' _
Terpasonucsas 2 FF, FS, 88 € 3/ r axpunaMuinoM Te =e *

OXCEJa2a

reae

rA/A
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: D E F G | H
Ospag Cesteftetno Big Hccregopantu sokyc Yicno amnensh 1;,11":"_‘:;’,;"’!3’:' n(‘:‘m"?;;’,’l‘u)m x Metoa . TleTommg
Clupei - . 33 :
lupeiformes | Salmonidae Salvelmu§ CzrzupoToynstfl 2 C, CD, DD i 3/¢ B araponom rede Payne et al., 1971
leticomaenis aap6yiH ' | - Caamenxosa u Bonoxon-
cxas, 1973
L3 . - e
Terpazonueras 2 FF, F§8, 8S. 3/} B aKpUAGMUAIOM Trede Te wxe?
OKCxZaza : . )
24 . ..
ricorhyn- JlaxtaTacragpo- 2 B noxyce B BB, B'B’, BB’ 3/ B KpaxmaJLioM rese Hodgins et al., 1569
chus nerka renu#sa ; .

DocdoriIoKoMyTasa 2 - AA, AB, BB l To mwe * Utter a. Hodgins, = 1970
A-cucrema rpyﬁ’u 2 AA, Aa, ad. 1 HOpMZl.’l!bH'ﬂﬂ couitast Ridgway et al., 1959
XpOBY H " cHIBOpOTKA
24 . A ~ ;
Oncorhvn- JlaxraTieruipo- 2 B noxyce A AA, AA', AT AT d B/b B akpuianuauom rexen| Anxtyxos u Zp, 1969, a,6;
chus keta | remaza, 8 soxycos : ) ' o 1970
2 B peryasropsov | FF, FS,.8S: 4 3/p B araposom rexe Te we*
8 . Jokyce g JIAT2|in regulatory locds ' )
loci CHIBOPOTEM  fhr serum Ldg ; _
2 Do . .
Manameruxpo‘-‘s 3 B Jcxyce AA, AB, AC." "B/ B akpunammasom rene {n Chumnxo, 1971
~ renasa S-MIEX'3 in|locus of S-Mdg . Numachi, 1972
a-T nnuepocpocq;%?- 2 B onioM Joxyce |’ AA, AB, BB! To. we ™ mAntyxos u Ap., 1972
Jierspporeyasa, . ’ ;
2 Joxyea : '
. ! :
Oncorhyn- ﬂamam@mﬂpgj 2 B peryasroproM | FF, FS, 8§; } rl .3/ B ar;fposom reqe i Antyxos 2 Zp., 19692,
chus TeHaza CLIBOPOTKH JoKyce 2 in regulatory locus | ; 1970
1 N i 1
gorbuscha v — - . ;
Manatzerngpo- 3 B nokyce S AA, AB, AC,~ B 3/ B axpamammmion [n Casimbro, 1971
reiasa 20 { . . TEme | .
a-Tnunepodocgat- 2 FF, FS, 8S: - To xe™ n  Caweubko, 1972
Jeryiporenasa ) ' :
Oncorhyn- Tpancq;eppmq{'zj 3 AA, AB, BB, AC; BC, @ B/} B xpaxmaisHoM reie Utter et al., 1970
chus 1 aoxye cc
kisutsch 26" — o
. PocdormoxomyTaza .2 AA, AB, BB - . Toime™ £ Camvenxosa 1 Bosoxon-
: * ‘ . : cxasn, 1873
25 ,
Oncorhyn- Mana-rneranpo- 2 JIOKyce ."1.". .'”3. BB. B B’ AB', ! » B.’li]('~)’ et :11.. 1969 -
chus tsche- remasa, 3 Jioxyca S-Mar by’ : . :
wytscha 2 in locus . ;

of S-Mdg

£ve
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Mponoamenne npiaox. 1

E

A ’ B c D Genornmu (renotin) G -H
Otpaz CeneficrEo Bug Hecsieposatnufl nokye Qucio annencht HeAnenmLe B TONYATAX Metog Hezown
Clupeiformes | Coregonidae | Coregonus JlaTaTaeriipo- 2 B qokyce FF, FS, 88 a3d/® B Kpaxmaashior reae | Clayton a. Franzin, 1970
clupeaformis! reuasa, 4 Koxyca }
- 56 ,
Cocegonus | Tautiepon-3-Gocar-| 2 b noxyce A z 14 enorizios To e * Clayton et al., 1973
Iavaretus AeruApOTeHaAsY, 3 3 noxyce B 14 phenotypes :
3 Jjoyca
Acmepratamuno- | 2 B ORHOM JIGKyce 2 ¢enotrna » Schimdtke a. Engel,
Tpaxcdepasa, 2 phenotypes 1972
2 noxyca one
~ I:;U ’ ’ ’ - -
CopGuTonEeruapo- 2 AAAA, AAAA’, AAA' A » Engel et al., 1970
relasa . ..
23} "
Osmeridae | Hypcmesus 3crepasa spHTHO- 4 % cﬁcnonmoa 23/d B akpunamuauoM reae [fCammenxosa u Bomoxou-
“olidus LHTOT 5 phenotypes- : cxag, 1973
G2 m
Screpaza MBILLLL, 4 B I nokyce 6 6 ¢enominos To xe* Te we*
3 n0xycaymail 2 B 111 soxyce & dGeuorumon V! » »
26—
DoedormoromyTaza | 2 I: AA, AB, BB » »
2
ﬂaxcrarﬂermpoé‘ 2 B Joxyce B BB, BB’, B’ B’ » »
reiiasa, 2 Joxyca
" g-Tanuepodiocdat- 3 AA, AA, A" A, AA" > »
JACTHIDOrcHA3A _ o
)
Manataersipos 2 AA, AB, BB > >
reiasa
6-t1>oc¢)ornxox<o;{lalr- 3 FF, FM, MM, FS » »
AcriaporeKasa : .
1
L. N :
Terpasonuenast 2 A4, AA » »
N OKCKAA3d
i 43 . - X .
Hypomests | Msouurpaticruapo- |2 8 goxyce S HAT FF,FS,SS a3/¢p B xpaxmanshoM rese | Quiroz—Gutiierrez a. .
pretiosus renasa, 2 J0Kyca in locus | Ohno, 1970 :
of S-Idg :
. 29 ° . ’ ’~ ’ P i
Osmerus a-Tmmepohochat- | Ilo 2 8 xaxaom |° AABC, AA’ BC, ABB’C, To xe* Engel ct al,, 1971, 6
eperlanus Jeruiporeiasa, JIOKyce ABCC’ .
3 noxyca 2 in each 3
:

locus

7492
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Tlpozonacnne npitox., 1

B c D E "
Orpaa CemeficTau Bagx Ucenegoraunmil JOKyc Yncno amencht ,gg,’;&‘,’,ﬁ,‘,{’é‘B(Lﬂ?;}x‘;'&i)yx * Meton G ‘\ letoumk
ir . : . 24 : ' '
Clupeiformes | Engraulidae Engraulis JlaxTaTACT¥APO- 2 B Joxyce A AL AL, At A, A2 AR B/d. B KpaxmanbHOM rese Klose et al., 1968
mordax renasa,an ) * :
2 soxyca A u B hno et al., 1968
loeci
Engraulis A-cucTeva rpygrr 3 Ay, Ao, A Ao OHopmansHuie JOmaRmuas 1p Anryxon, JlnManckudt
encrasicholus KpOBH 1 CDHUASL CLIBOPOTKH, ® Ap., 1969 a
UMMYHHAST CHIBOPOTKA
KpomtKa
Cyprinifor- Ca’tost(;r;uaae Catostomus Mﬂorcmﬂlz 2 AA, AB, BB ad/p B KpaxmajbHOM reie Tsuyuki et al., 1967
mes catostomus
N 2 .
Catostomus Cmuopo'rotnlhu"xL 2 AA, AB, BB To e %. Besmish a. Tsuyuki, |}
commersoni Tpanceppur 1971 ;
. 1 - )
Catostomus Cbmoporoqﬂas? 2 Esl-a, Esl-b, Esl-ab » Koehn a. Rasmussen,
clarkii actepasa 1967
7 Y
Jetiobus CNBOPOTO‘HIU& 2 “Tfa, Tfab, Tfo |23/} B xpaxmaibioM rene | Koehn a. Johnson, 1967
cyprinellus Tpaticdeppun ,
B Serepaza CbIBO[i%TKH 2 . Esll-a, Esll-ab, Esl-b To we™ Te me*
{ . i
) Cyprinidae | Alburnus Cunopomtmé; ‘ 2 FF, FS, 88 » Nyman, 1965, 1966
' lucidus screpasza l . ’ .
Leuciscus | goma To we l "2 FF, FS, SS o Tor md*
ruilus T
(Rutilis | 6-GociorutoroHar- 3 CA AL AT » Klose a. Wolf, 1970; |
utilus) AersAporeitasa , AAT, A', A7 1 Klose et al., 1969 !
Acnapmmmxor%)?ﬂc- 3 B Jgoryce S »

¢repasa, 2 sokyead
S uM

and

AA, AAI, A: A’, AA”

Schmidtke a. Engel, 197

R-cuctema rpyul

Her ZanHBIX

R+, R—

Q. 9xeTpaxT ceMaH
Vici» faba L.

¢ Banaxuau n [lorarnos,
1963

e e s ot e s o St 4 S s <+ e

KpoBH
- CopGuTosAerunpo- 3 AA, A4, AA b /¢ B xpaxmansnom rene | Engel et al., 19716
renasa :
A
HA,D.CD-usoum%aT- 2 B noKyce' S 2 derovuna To me* Te e
Jernpporenasa, . :
4 aoxyca 2 phenotypes
%0 :
Tinca tinca| Cop6aToapcrsipo- 3 Aa, A4, AT, AL » »
reHasa

oWt

e o ey o Ay = i 20

——



Thonomket e ap iaok. |

= e 51

Appendix I (Page 7)

- A e 3 Y C P . " D ; =0 Q@epnTin (reuo:;u-u),z P
Otpaz CenmelieTno Big Jecacaonanunll Soaye Uireno aanencit i HARACKHME b NONYANIL AR Meron IS TINTIER
! - 1
Cyprinifor- | Cyprinidze | Tinca tinca Acnamn'r:x.\zm%- 2 B aoxyce S AA, AN a3/d B xpaxmaauuom rede | Schimidtke a. Engel,
mes TpaHcyepaza, KBa 1972
gexyea S M
Abramis CLmopoToquajily 2 S8, FS To e Nynian, 1969
blicca acT¢pasa
Barbus 6-Pocdoraoxonar- 3 AA, BB, CC, AC, BC ; » Bender 2. Olino, 1968
tetrazona Jeraiporenaza
11, :
(413
I1§'>arl‘§)us, szﬂ¢-nsouu15af- 2 B Joxyce S 2 ¢enotnna » Engel et al., 19716
arbus IernjporeHasa, .
4 oxyca 2 phenotypes
Carassius 6—<I>0cq)ormox<onlaji‘- 3 B nokyce B AB;’/AB-", ABr[AB? » Te xe
auratus JersiporeHasa, ABYAB?, ABVAB?, ’ ! t
2 noxyca—A u B AB%ABS
locl and
B P 18] . .
CopGrronaernapo- 2 SAJsA, sA/SB sB/sB » | Chyi-chyang Lin et al.,
renasa - 1569
xn : :
HALO®-uzouutpar- 2 B Joxyce JDH-2 aqa, JDH-2 ab, » Quiroz-Gutierrez a.
AerwAporenasa, S-JDH-2 JDH-2-bb . Onna, 1970
4 Joxyca . -
[ ‘- . ] .
Cucrema rpynit Her naunbix ecrs denorpynn, put- (s Hsommynnas crbopoTka Hildemann, 1956
KpoBu No data -ABJISEMBIX TyTeM aGeoplumn :
- 5 Siﬂi?};;engtypﬁn determined h)Lohcnrprinn
Cyprinus CbmopoTo‘méfe 3 6 %Leaomnoe la 3/ B xpaxmambliom rene | Creyssel ef al., 1964,
carpio Tpanc(ep pUKD! 6 phenotypes 1966
HAJI<I>-;130um%§r- 3 B Joxyce To ame™ Quirqz-Gutierrez a. Ohno,
JerAporenasa, S-JDH-I . 1
4 Joxyca 2 B Joxkyce : .
35 S-JDH-11 f’T‘hrpe p‘hfznnf'yppq
Acmapratamnio® - 3 B Joxyce A ?Tpn ¢enotnna AB, AA’B, » Schmidt ke, Engel, 1972
Tpanchepasa, AA"B
2 qoryca A u B
and
24 BE :
Rhinichthys JlaxraTiernipo- 2 s Joxyce M |- MM, MAY b Clayton a. Gee, 1969
cateraciae renass, 2 soxyca : i
Mnr Hloedi 1
and .

9%e
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fpoteaienne mpraox. 1

A . B ¢ . D ' E enorunnl {reuothnn G l H
- Orphia Centeiics 30 Byt Hccne;mnamm_xﬁ JOKYC Yueno annedek ualizemmie o nony:muus;x Merox HeTounnk
- L. - 24 ) )
Cyprinifor- | Cyprinidac | Pseudorasbo- | Jlaxtatgernipore- | - 2 B Jokyce A , I, E - [23/b B KpAXMIABLHOM refie Numachi, 1972 6
mes ra parva nasa, 2 .n_oxyic; 3_phenotypes— .
Amiuridae Ictalurus TesoracGuit .2 3 theuo.yna k . To me™ Callegarini, 1966
nebulosus Cucrema rpynn 3 1; 2 1—2, « —» ~ Msoarrmorunamus Cushing a.
' KPOBH : Durall, 1957
- 29
Characini~- | Characinidae | Astyanax a-Tnnuepoocdar- 4 He ykazanst 2 /b b Kkpaxmamsuom rene | Avise a. Selander, 1972
formes mexicanus Acruaporenaza Not indicated .
Henrtuaazasd 2 » To xe¥ Te e %
6- Docdhormioronar- 2 » » »
aeruiporenisa 48
Dochoraioromyrasaz b 6 » » ?
. Qocdorexcosdonzo- 49 3 B aokyce [ » » >
Mcpaza, 2 Jowyca 6 B aoxyce If » » »
Acnapratamimno- 39 3 B Jokyce 1 » » >
' tpancdepasa 4 B noxyce 2 » . » »
Screpasa, 3nokycald 2 B soryte 1 » » o »
. . 4 B Joryce 2 . . » . >
. : .7 B goxyce 3 » » »
Manarnernapo- 25 2 B soxyce 1 » » »
reliasa, 2 Joxyca
' Haouurpataernapo-1 3 » » >
renasa
Jaktatnernapo- 24 3 B jokyce 1 » » »
reiaza, 2 Joxyca 2 B Jokyce 2
- Anguiliifor-| Anguillidae | Anguiila Cusoporounsiit 446 3 A, B, AB, AC, BC |2 2/} B xpaxmamslnoyM reye Fine et al., 1964
mes anguilla TpancdeppuH i
4 7 cenomon - {u3d/d na Gymare u B xpax-| Drilhon ¢t al., 1966;
MaJbHOM Tedie Fine et al., 1966
: Phenotypes—not
. Bcrepasa 13 2 ®enotunst He ofoznavensl @ D/ B KpaxMabloM rere | Pantelouris a. Payne,
' designated : 1968
Anguilla Tevornobun . L7 2 3 Qenotuna i 3/p s arapoBom rese Sick et al., 1967
- rostrata . 3 phenotypes ‘
Gadiformes Gadidae Gadus TeyoraoGmi, L7 2 B mokyce [/ Hbl-1, Hb1-2, Hbl-1-2 To xe* Sick, 1961
morhua 2 noxyca
- ) Cmepoméumﬁ 4p 5 A, B, C, AB, BC, AC, |b 3/¢ B xpaxwmansuo-ara- | Méller, 1966a, Malier a.
- Tpaucdeppril . AD, BD, CD, ¢, C poBOM refc Naevdal, 1967a, b
CuipopoTounnlit 35 2 3 denorena, ne 06031521- a2 D/ B KPAXMIADUOM rene Nyman, 1265/66
anbOyMI sene asropos 3 phenotypes not designated by author
‘ 9 To @we® | Ulirich, 1908

[T 3/p n araposess re
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TTposomsenie oK. 1

c E ‘ G E
Orpaa A Ceneiicrso Bup Hccaepopamiuit JIoKye Weao ammesel Hﬁgﬂﬁﬁﬁfé"',,(ﬁﬁ'é‘;f}f;?fizs}x Merton Herounnk
50 ; .
Gediformes Gadidae Gadus Jlaktataernipo- 4 B JOKyce B BB, B’ B’, BB’, BB" /¢ B KxpaxmaipHOM rene Odense et al.; 1969
morhua rexasa, npeanoaa- BB
raeTcst 5 JIOKyCoB
npeinonaracTcst 2 B aoxkyce FF, FS, SS To me™ Lush, 1570
. 3 Jioxyca (cootseteteyer B) |(corresponds to)
[y 5
Gadus CuiBopoTounbiit 2 AA, AB, BB b 3/¢ B Kpaxmaibuo-ara- Moller et al., 1966;
pollachius Tpancdeppnu poBOM reqe
Femorao0smt 17 2 Hpl-1, Hbl-1-2 i 3/ b araposox rene | Mdller a, Nacvdal, 1968
Gadus TemoryoGuin 17 2 Hbi-1, Hbl-1-2 To xe™ Te we*
virens
CripopoToutiblit 3 AA, AB, AA b 3/d B xpaxuansuo-ara- Mblier et al., 1966;
Tpancheppun poBOM Tedje Moller a. Naevdal, 1966 8
Gadus Cx;mopm-oqubn"io 2 A, B, AB To me™ Moller et ai., 1966;
merlangus Tpasichepput
'emorno6un 17 2, Hol-1, HbI-1-2, HpI-2 |1 23/p B araposom reie Sick, 1961
Gadus Tenorsto6uu 17 2 Hbi-1, Hbl-1-2 To we* Moller a. Naevdal, 1968
aeglefinus 5 :
CriBopoToulBI 3 Iv, I, II, {I—1II, |b 3/d B KpaxmaibHO-ara- 1 Mbller et al., 1986
TpancgeppuH =iy, in—-1v poBou reje
Gadus Tevoraoun 17 2 Hb1-2, Hpl-1-2 i 3/ v araposom rene i5ller a. Naevdal, 1968
potassou .
Molva > 2 Hpl-1, Hbl-1-2, HbI-2 To we* Te e ¥
molva .
Molva > 2 To ke™ » >
byrkelang '
Bresme » 2 » - » »
brosme .
Merluccius ﬂaxramem:;po/:q 2 B Joxyce B ' BB, BB’ a3/} a xpaxmansuoy rese | Markert a. Faulhaber,
bilinearis rexasa 1965
Merluccius |, To :xe 2 B Joxyce A AA, A AL A A To xe * I Utter a. tlodgins, 1969a
productus patme 45 . -
CHBO[)OTO‘-KH.‘.JH 4 A4, BB, AB, AC, BC, » Uttcr, 1969
rpaHcdeppHH : ' AD
Mueoresmm 12 2 AL BL, AR > U tter a. Hodgins, 1969

8he
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Hpogoazikense npuaox, 1

A B c D E o G |
Otz CemciicTno Bug Heenegopamusifi noxye Uneno anneneht ,,,.,‘f,’;g?,}““,,‘{.‘"n‘},;‘,‘,‘;f,’,‘,‘,ﬁ',‘,’,;f MeTon ! Heromnng A
Gadiformes Gadidae Merluccius | Dcrerasza, 3 Jokyca 2 B Esl v Esl-b, Esl-d, EsI-bd . |@ 2/t B KpaXmaJgnilom rese Utler et al., 1970
producius : 2 8 EslIT © To e » »
5 B EslI bb, dd, cc, bd, bc, cd, » »
- ab, ad, ae, be, de
. . : Z0 .
Beloniformes | Scumbere- Cololzbis Manatgerunpo- 2 B Jokyce B N, S, NS » Numachi, 1970
sccidae saira reijasa, 2 JOKyCa— ‘
Ay B
I
Perciformes | PerSidae Acerina Cbmopomqua,'}g 2 FF, FS, 8§ » Nyman, 1965, 1966, 1969
cernua acTepasa
Stizosiedion Muorentt 12 2 A, B, AB » Uthe et al., 1966
vitreus 75 -
Manatnersgporeiid- 3 B Joxyce C CLCL, CrC2, CL (3, C2C2, » Clayto et al., 1971
3a, 3 noxyca . C2 (8, C3C3 '
Gobiidae Guobius TemornoGun 17 3 6 ¢enorunon » ¢ Raunicl ¢t al., 1966a;
jozo . 6 phenotypes Raunich et al., 1967
i Cybiidae Sarda Tpancheppun 1 8 2 FF, GG, FG » Barret a.
chiliensis . Williams, 1967
35 :
Scorpaenidae | Sebastes CrizopoTouiblit 2 AA, AB, BB 3/} B arapoeoM rene Allukhov a.
mentella annpOyMIH - _ Nefyodov, 1967
Cbmoporoqnm“?T 3 A, AB, B, O B 3/ B XpaXMaAbEOM reje Nefyodov, 1971
ranToraosui :
7
A-crcrema rpynn 2 Ay, Az Himmynnsic CLIBOPOTKY Sindermann, 196la
KpOBH . KpoJsKa
Sebastes Cmnopmotmm'lD 2 AA, AB, BB i 2/b B arapopow reie Altukhov a.
marinus aaL0ynuil . Nefyodov, 1967
CL:EOpO'I‘C‘ZHbIP? 3 A, 4B, B, O 3/b B KpaxMasbHOM reJe Nefyodov, 1971
ranTorso6RH
Sebastodes Temoraotun 17 2 . A, B, AB: To wé* Wesirheim a.
crameri , Tsuyuki, 1967
Anoplopomi- | Anoplopoma Muorenmt 12 2 i A, B, AB" » Tsuyuki a. Roberts, 1969
dae fimbria : ; ;!

42
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Mporoascene npiaca. 1

A B C D E ' ‘
- OTpaxg CemelficTno Bug Viceneponanitil soxye Yucno annenelt ,.;ﬁ;‘é‘,’ﬂ,’j’c“fﬂ('n%'gfx'f:&fz,;xp MeTon G 1 Towink B
Perciformes | Cotiidae {Myoxocepha- Ilepoxcupasa 2 2 F, S, F§ 23/¢ B xpaxmanbuos rede | Nyman a. Westin, 1968
lus quadricor-
nis
Scombridae | Scomber CrzopoTouHas 19 8 24 ¢enoruna V 3/b B KpaxMansHOM H Jamieson et al., 1971
scomber scTepasa 24 phenotypes KpaxMadblio-arapoBos
* ressax
Zoarcidae Zoarces <D,ocq:or:noxo.\1y-raaaz,b 3 B I noxyce 11, 1142, 12 2 D/d) B KpaxmaabHOM reJe Hjorth, 1971
viviparus 3 roxyca , 18 2R .
. . 5 Plrenrotypes .
Screpaza, 3 -TIOKyClé 2(3ys 1’ noxyce‘:r ‘IXZ%Y)OTHHI:III?{(‘:- o %;S;%lf%ﬁlj‘ ed To xe ¥ Simonsen, Frydenberg,
2 so Il noxyce ‘ 1—1, 1—2, 22 » 1972
: I 19
Thunnidae Thunnus Screpasa CHBo- 3 E’l’__2, 5127__2, Eg—a' Eg—sv » Sprague, 1967
obesus pOTKH “b
N Eg
To e 2 Eyy 1—1, E,p 1—2 » f Fujino a Kang, 1968a
ABO—cncrena 23 A, B, AB, O | W Hopmaasnsie cotsopoTkn Sprague et al., 1962
rpynn Kposy 3 ABO—cucrenm rpynm
KpOBH YCJIOBCKA
. 15 i : -
.Thunnus | ScTepasa CHIBOPOTKH 4 EYF, EBF, EDT,, EBT. 1a3¢p B xpaxmamsuon rene Sprague, 1967
maccoyii . o b—f . ;
Eglq E3'y
. Tpaucheppun 18 2 2 denomina To me* Fujino a. Kang, 19688 -
- : phcnnf‘ypos
Thunnus | Screpasa CHIBOPATKE 2 : EY ,, BY » Sprague, 1967;
albacares 14 a=p T ‘ Fujino a. Kang, 196%a
: Tparugeppua 1§ 2 AA, BB, AB » Barset 3. Tsuyuk,
' To xe 3 , 5 deyoTHnos » Fujino a. Kang, 1968a
53_phlenofypeg
B-TnoGysu: 54 2 } 3 (enotnna » I Sprague a. Fujino, 1967
3 _ph enptypeg . _
Thunnus Terpasonuenanl 3 2 FF, F§, 88 » Edmunds a. Simmons,
thynnus CKCrjasa 1971 '
L & phenotynes, not
Thunnus Tpancheppur 18 3 CLoenension, e Go3I- » Barett a. Tsuyuki, 1867
alalunga L i :
designated

0ge
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; Nporomkenne npunox. 1

A B C D E Genorrma (FONOTHRINY), F G ‘ H

Orpsa CeueficTno Bup Heeaezonannwtit soxyce Uneno aresneit nafifemitic B NONYINMILX MeTon Ficrommxk
19| 2 in Pacific
Perciformes | Thunnidae | Thunnus | 3crepasa cuisopotky| 2 B Iauudnxe 1-2, 2, 23 a4 D/b B xpaxmaasnom reae | Fujino a. Kang, 1968a
alalunga 3 B Amnaurtrxe :
T g-cuctema rpynn 3 n étlantln Tg-1, Tg-2, Tg-1-2, X HMmmynunie cugoporsy | Suzuki, 1961, 1962, 1968,
KpoBEK  §5 - Tg-0, Tg-1-3, Tg-1-2-3 | KponuKa, SKCTPAKTH! CCMSIH 1967
. Lablab vulgaris, Virgiria Suzuki et al,, 1959
divaricata, Gingko biloba,
Glicine max
Hopmazuiinie colBopoTKH
pui6 Eumakaria nigra,
, Marlina marlina
Paratunnus | Tg-cuctema rpynn 3 4 ¢epotuna KK Mamymias cuisoportsa Suzuki, 1961, 1962
mebachii KpoBx 53 : 4 phenotypes . Kponuka
X-cucrema Tpynn Tosmanensuas ﬂeazn’.cpenorpynn " [V Bxerpaxtst cemau Lablab | Suzuki, 1961, 1962, 1967
KpPOBH 56 9 phepotypes vulgaris, Venerupissemi-
c - ) decuscata
Hopumanbiivle CLIBOPOTKE
. Eumakaria nigra, Marlina
i marlina
Katsuwonus | ScTepasa CLBOPOTKHM 3 Eiy, Efy, Efy. Eﬁ;‘z » 18 3/} B kpaxmansuoM reqe | Fujino a. Kang, 1968b
pelamis : 19 1—3 7%—3
. Esy b4 Esy
B-Tncbymun 54| 2 3 denotuna ‘ To xe % Sprague a. Fujino, 1965
. nhenotypes .
Tpancdeppun 18 3 l CC, DD, EE,CD, CE, DE » Barrett a. Tsuyuki, 1957
To xe 3 Tij, T fi, Ti‘], T;;‘Z, > Fujino a, Kang, 1968a
' 1—3 72— :
Ts] ’ Ts] 8 .
Screpaza cmaopm;s, (1. HyJIEBOIZL)bB n0Ky- Ncl){egi élgrgmx o » . Mc Cabe a, Dean, 1970
' ce E] .
) 3 nokyca 4 5 soxyce ELII Elll-1, E‘IIIIII:%L’ 1?111-3, >
48 -
6-Docdioriokonat- 4 AA, AB, AC, AD . ’ Me Cabe et al., 1970
Ieruaporenasa ’ ‘
297 - ' ’ . % .
a-TaruepodiochzT - 3 AA, AB, AC . , » Te xd°
JCrHApOre:asa . ‘ .

16¢
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Mponnamenne npraok, 1

A C D E omiesis (FenOTi G H
Orpax CemellcToo ‘Bux Heenenonanuu aokyc Ureno aaneach ”,a’;_‘:m_,:"u“;:‘:;?\n::,t;,),m MeToq JleTumink
10
Perciformes | Thunnidae | Katsuwonus| B-ciucrema rpymn E, E*, E- Z3xerpakT ceman Virgiria Sprague a. llolloway,
pelamis Kpoeu Ky Ko Ky, Ko e—> Sp., MMMYNNQT CLIBOPOTKA 1962
- ' ’ Kpoaitka
y-cHcTeMa rpymm Tloauanensua 15 ¢enotrnos To we* Fujino a. Kazama, 1968
) xpos# | Polyallele 15 phenotypes
Cyprinodon- | Cyprinodon- | Fundulus JlakTaTacranpore- 2 B noxyce E, E, EEl—pga ¢enotuna, ne| @3/b B kpaxmaspiiom resie | Whitt, 1970a; Massaro a.
tiformes {idae heteroclitus |  masa, 3 noxyca |2 B sokyce B, 2aa-] ofosnaucunnie antopoM, |2 phenotypes not Booke, 1972
By E Jeas B Joxyce A BB, BB', B’ B, AA, AA desienated by author
Ma.namemﬂporeﬁasa] 2 annmens 3 ¢enotana To e * Whitt, 19708
Berepazal 3 l 3 2 aokyce £s2 P R £ l » Holmes a. Whitt, 1970
22
Pocciliidae | Poeciliopsis | Jlakrataersaporena-| 2 B aoxyce E EE, EE', E'E’ » Vrijenhoek, 1972
monacha 3a, 3 Jaoxyca
Poeciliopsis To e To xe EE, EE", E" E" > To e
lucida :
. 58 .
Ple%uronectl- Pleuronecti- Pleulroncctes [rasvenras Tomnanzemenmt | H,L, HL, LO'C HO, GL, » de Ligny, 1968
ormes t T - , CH
dae flesus acrepasa Eolyalrféslce lochs
Pleuronectes To xe&* To e ¥ TN, TN, GL » To xe¥
platessa 1 i '
CLiBOPOTOYHEL® » F, 8, M, FS, FM, SM » de Ligny, 1966
TpauchepprEst
Hypoglossus To xe * 4 AA, BB, CC, AB, AC > Tsuyuki et al., 1969
stenolepis BC, AD, BD
Selachiifor- | Squalidae Squalus S-cucrema rpjy?m R 8-, §-2, 8-1-2, 8-0 lha  Usoarrmotnrawsa, Sindermann a. Mairs,
mes acanthias KpOBH HMMYHHAA CBIEODOTKA * 1961
KpoJiHKa
Rajidae | Raja ocel- SK-cactena &)9:11‘: 2 SK,, SKp, SK, 'bb  Usoarrmomunanus Sindermann a. Honey,
lata KpGBH ] 1964

4%



Appendix 1. Key

A « Qrder B - Family C -~ Species D - Investigated locus E -

Number of alleles F - Phenotypes (genotypes) found in populations

G - Method H - Source % - The same
1 ~ Muscle lactate dehydrogenase, 2 loci == A and B
2 Liver aspartate aminotransferase, 2 loci =~ M and S
3 « Blood serum esterase, I loci
4 Blood serum albumins
5 - Blood serum transferrins
6 = Muscle phosphoglucomutase, 2 loci
7 - A system of blood groups
8 Isocitrate dehydrogenase, 2 loci
9 - Sorbitol dehydrogenase
10 - Erythrocytic glucose-6-phosphate dehydrogenase, 3 loci
11 6-Phosphogluconate dehydrogenase
12 - Myogens, about 10 loci
13 - Esterase, (2 loci in serum)
14 = 3 loci in muscles
15 C system of blood groups
16 - B system of blood groups
17 Hemoglobin
18 Transferrin
19 Serum esterase
20 Lactate dehydrogenase, 5 loci
21 Serum transferrin
22 - Hexose-6-phosphate dehydrogenase
23 Tetrazole oxidase, 3 loeci
24 - Lactate dehydrogenase
25 ~ Malate dehydrogenase, 2 loci
26 Phosphoglucomutase, 3 loci
27 R system of blood groups
28 - Blood serum transferrin
29 = alpha-Glycerophosphate dehydrogenase, 3 loci
30 Creatine kinase, 3 loci
31 - Isocitrate dehydrogenase, 3 loci
32 -« Sorbitol dehydrogenase
33 Sorbitol dehydrogenase, 2 loci
34 « B system of blood groups
35 « Serum albumin()
36 - A system of blood groups
37 - Serum lactate dehydrogenase
38 Glycerol-3-phosphate dehydrogenase, 3 loci
39 Aspartate aminotransferase, 2 loci
40 - Sorbitol dehydrogenase
41 - Erythrocytic esterase
42 Muscle esterase
43 Isocitrate dehydrogenase, 2 loci
44 NADP-{socitrate dehydrogenase, 4 loci
45 - Blood group system '

253
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Appendix 1. Key (Continued)

46
47
48
49
50

51
52
53
54
55
56
57
58
59
60

L)

aa
bb

S C TV HLOTODE AWM TN ME O T D

Serum transferrins

Pentidase

6-Phosphogluconate dehydrogenase |

Phosphohexose isomerase, 2 loci

Lactate dehydrogenase, 5 loci assumed, 3 loci assumed (corresponds
to H) :
Serum haptoglobin

Peroxidase

ABO system of blood groups

beta-Globulin

Tg system of blood groups

X system of blood groups

y system of blood groups

Plasma esterase

S system of blood groups

SK system of blood groups

Starch~gel electrophoresis

Starch-agar~-gel "

Hemagglutination with normal and immune antibodies
Altukhov, Truveller et al., 1968

« Acrylamide~-gel electrophoresis

Salmenkova and Volokhonskaya

Normal sheep serum and immune chick serum

Immune serums of cattle, duck and chick
Agar-gel electrophoresis

Acrylamide-gel and starch-gel electrophoresis

Immune rabbit serums

Normal hog serum

Lltukhov et al.,

. Slynko,

Normal horse and hog serums, immune rabbit serum

Altukhov, Limanskii et al.,

Extract of seeds of Vicia faba L.

Balakhnin and Potapov,

Inmune [literally "isommune"/ serum

Isoagglutination

Paper and starch-gel electrophoresis

Starch- and starcheagar gel electrophoresis

Normal serums of ABO system of blood groups of man

Immune rabbit serums, extracts of seeds of Lablab vulgaris, Virgiria
divaricata, Gingko biloba and Glicine max. Normal serums of the
fishes Eumakaria nigra and Marlina marlina '
Extracts of seeds of Lablab vulgaris and Venerupis semidecuscata,
Normal serums of Eumakaria nigra and Marlina marlina

Extract of seeds of Virgiria sp., immune rabbit serum
Isoagglutination, immune rabbit serum

Isocagglutination




Appendix 2.

Genetic monomorphism in natural populations of

Mpunoxenne 2. I'eneTHuecknf MOHOMOPJHIM B NPIPORHMX NONYJISANHIX pasmlquuk BHJO

different species
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S
B

a

Teorpadmucckas noxaniza®

Yseno ucested

Hecnenorannnie BEAN { HMecnemopanunle Gen wns npod ngé;éxge;g;x Meron ‘Herornux
1 Hacexonmsie Tmoxo3o-G-docgpat- | Daarcraddy (Apusona); |43 annmn no Sncxtpodopes B | Hubby a. Lewontin
Drosophila pseudo- Fernaporenasa; | Masep, Bunapoys, Beprmt | 15—20 oco- | xpaxmainnos reqe | 1966; Lowontin a, .
obscura a-rimuepodocdar- | (Kamidoprus); Kumappon 6eit u3 Hubby, 1966
) . Jerw\ponasa  Ap. (Koaopano); borora KaxJIon
{Konymbisn)
2 Mouockn Texoryiobuint To6epexbe ABerpanini 1224 Anextpodopes B | Nicol a. O'Gower[
Anadara trapezia + 7 momyJianid, yXadacHHBIX Hesvnonosyo-ayerat- | 1967; O Gower a.
Apyr ot nf?;i Ha COTHH HBIX MeMGpanax Nicol, 1968
{HJi .
3 Unio pictorum Muorenst Pexn: Oxa, Poxas, 217 Anexrpodiopes B Jlornuienko u
HMcrpa, Kammpka, Mense- KpaxmanptoM 1 | Kononosa, 1971 a, G
auna, uenp TIONHAKPHJIAMUIHOM
. resisx
4  Unio mmfdus[ To xe To xe 232 To e Ount xe
o1 iscinalis » ]
Anodonta piscin same » 265 > same *
5 )}i?xooépa?gme Bcrepasa Hra osepa B Ulpeuni 430 nexrpodopes 8 | Fiirst a, Nvman,
ysis relicta KPaxnMaIbHOM revie 1969
’,5 6 PriGri TenorsoGsut Boxw 'Llamm, Ulpenus, 1514 Anextpodopes Sick et al., 1962,
Anguilla Fpemns; pasubie JoKadb- B arapopo: rejie 1967
noctd B CepepHoil
Awnepuxe

V.” - - ‘(."% . i

] - o . idgway, 1058%

Y Oncor hynichus MsuoreHut, reno- Bonee 25 aokadunocTedt > 1000 iekTpopopes B TR@@‘. ql Plob"'“‘

E nerka FAOGHHbE u3 pasuvix pek CebepHoil arapoBoM ¥ Kpax- 13&13\&) _‘[.\u‘\,;‘.i“;i '
Avepukil B A3un. BKO- MaabHOM TeJinx ] 1'96:\ . “‘lq_-_.,v.
4asi NOJNOCTBIO H3OTHPO- a v 23,8 ot ot -

PAHNLIE TIONYASIHH, . i 9%2‘:?;.“"] agr N
. fHYeCKH . Bech  apea MRS
- ] npakThd  aa b Hawn Jawisie 5
L]
B . . REHEINE
8  Oncorbynchus T'exoraoGiub Tonyasmm pek Caxau- >1000 Snexrpopopes B THL’;“\L?:}‘ o Al
gorbuscha na, Kamuarsn, Kypitie- | arapoBoy, Kpax- 95_ RO
. . CKHX OCT[OBOB, SltOHHU— MaIbHOM H aKpii-a- 51 05a ,8; P‘cb .
’ NPAKTHYECKH BeCh apedl suason reanx  |Tsuyuki a. Kebeis
nda 1966;. Yamataad ¢l
- al., 19033, B; P90,
; Ty AJTYN ap.
Jlakrataeruapo-  |[lonyasiumy pex Caxamwa,|  >900 BaekTpojopes B -\JT}-\ﬁ*“Té‘ Per
renasa cuwopotky | Kamuarss, Kypiasckux arapoBov I aKpia- -
K[‘OH!F oCTposoBd MHIHOM T8N ——r
Texor106ui Monyaswmi pex Caxammua, >>1000 9.1cx'rpozb01393 B '1}. ?iil'l.nlh.ila(ti‘i.t.u'\\
Kavgatry, KypitiesCsnx araposoM, Kpax- i (?l‘l_‘\-lh\ o
. ocropon, finouu, Cepep- MATIBHOM H AKPILId- |y l._“':“?d'. I}E; Tl
9 Oncoriutnchus HOtt AMePUKH— IPAk THULCCKH MHON Tedax | s dman.lndbl_.x ol
kela BECH ApeaT. Birla -
. w® : aMHLLC i
Jagtarapo- | Monyasuun pex Caxaanna > 3000 To e Hatun Aok

renasa chnporsn
KpoBi®

Konuarkn, Kypioiserix
©CTHOBOD -
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Appendix 2. (Page 2)
‘5:‘:. Tponomxenne npiaoK, 2
a b " - : C | Yueno ncenef € t
Heeacnopanusie nupit | Heesegonausute ety I‘cor,mdm;rl;.’(;:{::]s:)c.)ﬂ(? ramAa- OBAHHLIX Metojt Herouwing
. ) ocoGeit
10  Gadus morhua TexoraoGunt " JlecaTR nouyasinuii B =10 000 Daekrpopopes Sick, 19854, B:
Cepepiioli ATnanruke— p araposom rede | Frydenberg et al,,
) NPAKTHYCCKH BeCh apead 1965; Mdller, 1968;
BHAA de Ligny, 1969
11 Catostomus insignis,|” Dcrepas? cuino- 11 noxkanptiocteit B cpsa- | Heckoanko Anexrpodopes Koehn a. Rasmus-
C. bernardini, C. POTKH KJPOBH 3aHUBIX H Pa3oOUICHHbLIX coTelt B KPaxMmajsHOM rodie sen, 1967
latipinnis, C. tahoe- NPHTORAX CHCTCMLL p.
nsis, C. macroheilus; Kosopaio
C. ardens
12 AnguGun AasGymun Kposi, | 27 soraashocteit B Ce- 392 To xe Dessauer a. Nevo,
Acris crepiilans remMorolHH, 1v0- pepHofi Asephxe 299 1969
GliHOBLIT MoaHnen- :
TiA Ne 4
13" Desmognatus, Tevorao6sn 15 noxanvioctelt B Ce- 190 » Schoniz, 1968
yeTLipe BHAA cada- " BepHoit Avepuke : : ‘
MaHAD . .
14 Pentiann Jlaxktavnernipo- | 9 octposos B KapuGerom 281 » Gorman a. Des-

Heckonbko Biifion
ceM., Jguanidae

revasa 3pHTpoOILH-
708, PCMOrIOGHH

Mope, AnTHabCKHE ocrpoBna,

oxnan wacth Cenepoit

Axepuikn, 1Oxuas Anepuxa

sauer, 1965, 1966

15 Ny, Tpesicrasi-
TEIH PE3UBLIX OTPSIAOR

KpucTansist, MHo-
reHsl, rexoracOu,
aAbOyMHHb

Her nannmx+

Her padnbix

Aaexrpodopes b
arapoBoM W KpaX-
MaJILHOM Tediax

Gysels, 1963; Man-

well et al., 19563;

Beckman, Nilsori,
1963

16

17

Micnoimraionie | 6-Qocdiormorouar- Het Aanupix >1000 Daextpodopes B Ohno, 1970
Mus musculus, 23 Jeruaporeiasa ' KpaxMabtom reiac o -
Bt JCTVUHX MB- lemorvio0un Boiqice 60 touex apeasia >200 Jaextpodopes B Mitchill, 1970

et ceM. Emballo- KPaXMaIblioM redc; Manwell a. Kerst,
nwridae. Natlalidae, HHrePIpHHT 1965
Phvliostomalidac
K ap. :
Homo sapicns KapGoanru:pasa Pazuble nonyasiit Heckoabko Diekrpodopes B 1‘a§gllial1 ot al:.
11 spurponnTon €BPOINCOHIOB H HCFpOH- coTeH Kpaxvaibtion rete | 1968, Bff\\j-’(" a.
0B Sing, 1999,
Jluacopasa sputpo- To xe To xe To e Brewer ct al., 1957%
WHTOD Brewer . ding.
1969.
Fexcoxunaza ) » » Eaton ot al., ! }).:,._‘,;
3pHTPOLLITOB Brewer clal,, 1907,
. Brewer a. Sing,
. 1954
' Bropoit qokye noansopdien. L

* HaGmonactest noawyopguan no reny-peryastopy (Aatyxos w ap., 1970).

b]

Koneranino HOAAUPA HBACTCR FCHOTHIL, TOALCCTBCNIBIT reTepO3RroTe B 6.’1[!31(0[)(),’1(‘71}(‘"“0.\! l!O.'lH.\lOp(l.lllO.\l B,

i} arix p:t(x)mx YRA3aHs 1A OTCYTCTRHC HITHBHAVAITLHLINX unpnmmii COLCPIRATCS JHiL B TCKCTE,

“\

]



®

257

Appendix 2. Key

a - Investigated species b ~ Investigated proteins ¢ - Geographical
localization of samples d - Number of investigated individuals e -
Method f ~ Source

la - Insects 1b « Glucose-6=-phosphate dehydrogenase; élpha-glycerophosphate

dehydrogenase, etc, lc¢ - Flagstaff, Arizona; Maser, Wildrose and Berkeley,
California; Cimarron, Colorado; Bogota, Colombia 1ld = 43 lines on 15«20 in-
dividuals from each le - Starch-gel electrophoresis

2a - Molluscs 2b - Hemoglobin (second locus is polymorphous) 2¢ - Coast
of Australia, 7 populations hundreds of miles apart 2d - Cellulose-acetate
membrane; electrophoresis

3b - Myogens 3¢ - Rivers: Oka, Rozhaya, Istra, Kashirka, Medveditsa and _
Dnepr 3e = Starch- and polyacrylamide-gel electrophoresis 3f = Logvin~
enko and Kodolova

5a - Crustacea 5b - Esterase 5¢ - Two lakes in Sweden 5e - Starch-
gel electrophoresis

ba - Fishes 6b - Hemoglobin (second -locus is polymorphous) ‘6c - Waters
of Denmark, Sweden and Greecej; various localities in North America 63 -
Agar-gel electrophoresis :

7b - Myogens and hemoglobins 7c - More than 25 localities from various
rivers of North America and Asia, including completely isolated populations;
practically all the range of the species .7e - Agar- and starch-gel elec-
trophoresis 7f -~ Last line: our data

8b - Hemoglobins 8c ~ Populations of rivers of Sakhalin, Kamchatka, the
Kuril Islands and Japan -~ practically all the range of the species 8 e =
Agar-, starch- and acrylamide-gel electrophoresis 8f -~ First line! our data

Second entry: 8b - Blood serum lactate dehydrogenase 8c ~ Populations of rivers

of Sakhalin, Kamchatka and the Kuril Islands 8e - Agar- and acrylamide-gel
electrophoresis 8f - Altukhov et al., 1970

9b - Hemoglobins 9c - Populations of rivers of Sakhalin, Kamchatka, the
Kuril Islands, Japan and North America -=- practically all the range of the
species 9e - Agar~, starch~ and acrylamide-gel electrophoresis 9f -
First linet! our data

Second entry: 9b « Blood serum lactate dehydrogenase (Polymorphism with respect
to the regulator gene is observed -- Altukhov et al., 1970) 9c - Populations -

of rivers of Sakhalin, Kamchatka and the Kuril Islands 9e -~ Ditto 9f -
Our data
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Appendix 2, Key (Continued)

10b - Hemoglobin (second locus is polymorphous) 10¢c - Tens of populations
in North America -- practically all the range of the species 10 e - Agarw
gel electrophoresis

11b = Serum esterase (A genotype identical to the heterozygote in a closely

related polymorphous species is constantly maintained) llc = 11 localities
in connected and disconnected tributaries of the Colorado River system
11d « Several hundred lle -« Starch-gel electrophoresis

12a - Amphibia 12b - Blood albumin, hemoglobin and globin polypeptide No. &

12¢ -~ 27 localities in North America 12 e - Ditto
13a - Desmognatus, four species of salamander 13b -« Hemoglobin  13C = 15

localities in North America

l4a - Reptiles. Several species of the family Iguanidae 14b = Erythrocytic
lactate dehydrogenase. and hemoglobin l4c « 9 islands in the Carribean Sea,
the Antilles, southern part of Nortii America and South America

15a - Birds. Representatives of various orders 15b « Crystallins, myo=-
gens, hemoglobin and albumins 15¢ -~ No data (In these works indications

of an absence of individual variations are contained only in the text)  13d =
No data 15¢ - Agar~ and starch-gel electrophoresis

16a - Mammals Mus musculus, 23 species of bats of the families Emballonuridae,
Natalidae, Phyllostomatidae, etc. 16b = 6=-Phosphogluconate dehydrogenase.
16¢c - No data 16e ~ Starch-gel electrophoresis ‘Second entry?! 16b -
Hemoglobin 16¢c - More than 60 points of the range 16 e « Starch-gel
electrophoresis; fingerprint

17b ~ Carbonic anhydrase of II erythrocyes 17 ¢ — Various populations of
Evropeoids and Negroids 17d -~ Several hundred 17e - Starchw-gel electro-
phoresis Second entry: 17b - Erythrocytic diaphorase 17c, 17d and 17e
- Ditto Third entryt 17b - Erythrocytic hexosinase
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Summary

Genehie approach to the problem of population otganization of  species  in
Hishes it the Tevel of Ioeal stoehs or sraces s has permitted (o delect systems
of bivchentival polymorphisin and on this basis to carry ont a broad geno-
geogrraplical aualysis of various species, 18 has been found that local stocks
of fishes are reproductively isolated connnunities with a characterislic inner
heterogeneity.

The lieteroganeity of stocks observed irrespeclive of ccological features  of
the species under investiggation mat ifests itself in their subdivision into more
elementary poputation units, They are characterized by gene frequences and
therefore are also reproductively isolated groupings, corresponding formatly
to the model of «Mendelian populations.

During genelic investigation of the stock as a whole the correspondence of
natural piclure to mathematical model of snbdivided population is defected.
It is shown thal such a community is stable botlt in time and in space de-
spite the simulianeons variability of clemcentary pepulations composing it.
This new quality of population totality which cannot be deduced [rom pro-
perties of ils struclural components tel us regard local stocks as genclically
stable population systems in coulrast to eclementary populations — variable
structural components of such systems, Traditional biological investigations
support this conclusion. :

. Since biologically significant propertics of populations are derivatives of

their hislorically formed gene pools, the obtained data on qualitative diife-
rences of genetic stability of different levels of poputation hicrarchy male it
possible to formulate a uniforin principle of management of rational fishing
iudustry based on the approach to the population system as a whole—to
distribule the appropriate efforls among all. components of its structure.
The existence of poputation systems in nature makes il possible to estimate
in a new fashion to bialogical significance of processes of intraspecific ge-
netic divergénce regarding them as an adaplive stralejiy enabling the spe-
cies to remain as it is in normally varving environmental conditions,

Past=also 0n the basis of the real existence in species not oaly of polymorphic '

but also of genetically monomorphic properties the possibility is argued to
treat the speciation not as a countinious process on a population level
but as a result of qualitative rcarrangements of the genonie correlated
with the reproductive isolation of separalc individuats.
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