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Annotation 

Original data obtained in the course of many years of investigations 	2* 

of the divergence of species of fishes are examined in the book according to 

the principles and by the methods of population and biochemical genetics. 

It is proven with comparative material that two qualitatively different 

levels of structure can be distinguished in the population organize- 

tion of a Species, regardless of its*ecological characteristics: firstly, 

historically formed, genetically stable population systems correspond-

ing to mathematical models of population  subdivisions  end, secondly, 

structural components of such systems -- mure elementary, at times very • 

variable,population units, formally corresponding to the model of a • 

"Mendelian population." 

. The importance of such species organization is discussed in connec-• 

tion with problems of e rational fishing industry and in an evolutionary 

aspect. 

Thirty-nine tables, 70 figures and a bibliography of 474 items. 

*Numbers in the right-hand margin indicate the corresponding pages in 
the original. 
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Introduction 

All bisexual species of plants and animals.are represented by 	 3 

more or less isolated groups reproducing in generations by populations groupings, 

the biological characteristics of which cannot be reduced to a simple . 

sum of the properties of the organisms forming them. Now perceived as 

an axiom is the statement that a population is a basic unit of the evo-

lutionary process. It must also be taken into account that it alSo is 

the basic object of the practical activity of man, especially in such 

spheres as the hunting, timber and fishing industries. 

- The economic iMportance of fish populations ls 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 and by 1969 had approxi-

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 now, 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 pressure of industry has increased 

el ..cessively or the historically formed living conditions have changed. 

However, more and more data are being accumulated which testify'that the 

reductionof the numbers of fishes can also be connected with a deficiency 

in the structural organization of industrial species -- their subdivision 

into isolated populations. 

Consequently, to the degree to which the econemically important 

properties of populations are derivatives of their gene pools, 

responding approach to the recognition and identificationof such communities, 

the cor- 
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and also to the explanation of factors of their stability and variability,

can be of decisive importance in the creation of the scientific principles

of a rational fishing industry. The same approach also has a general bio-

logical aspect, as the population genetic data themselves already require

evaluations from the point of view of contemporary concepts of the problem

of species and species formation.

Nevertheless, in spite of the great successes achieved by popu-

lation genetics both in the development of mathematical appa-

ratus and in investigations of natural and laboratory populations, questions

of fish population genetics until recently were worked out only fragmen-

tarily, being limited to two or three polymorphous non-industrial speaies.

In reLent years, thanks to the successes of immunological and biochemical

genetics, substantial chc.rges have occurred,*::: genetically polymorphous

systems of blood groups and various proteins have been discovered i.n?.pracw

ticaXl.y all economically valuable fish species, which has made it possible

to come to grips with many important questions of the population

bio.:ogy of fishes using.the principles and methods of genetics.

The present investigation is devcated- to a comparative genetic and

biochemical analysis of the population structure of species.

In the organization and conducting of the investigation we strove:

1) to determine the hereditary variability of species different

in ecology and on the path of a broad genogeographic analysis to use cor-

responding markers to solve a number of concrete problems in the recog-

nition and identification of isolated populations, so-called local stocks

or races;

2) to clarify distinctive features of the internal organization

of such communities and on that basis to attempt to characterize a.fi sh

population as an object of genetic investigation and economic activity;

4
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3) to estimate the importance of the genetic divergence of

species in fish from the point ràf view of contemporary evolutionary theory.

Material has been obtained on the genetics and biology of popu-

lations of the redfish-, anchovy and Pacific salmons.

The anchovy Engraulis encrasicholus L. was represented in our

material.by two geographic races. the Azov (E. e. maeoticus Fusanov) pnd

the Black Sea anchovy (R. e. p.onticus Alex.)..Ininunogenetic investigations

were conducted on the expeditionary vessels of the Azov-Black Sea Scien-

tf, f•i c Research Ins ti t ute of Sea Fi sheri es and Weanography

(AzcherNIRO). In January-March 1963 (Black Sea) and in July 1963 (Azov

Sea) the author participated in the work. Blood groups were discovered

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

to a series of detailed ^: urveys of the space-time distribution of pheno-

types mainly in the Azov Sea (1964-1966) and was done under our supervi'aioli

by co-worker V.V. Limanskii of the AzcherNIRO.

Material reflecting the variability of antigenic properties of

the-red corpuscles of the redfish was gathered in the Newfrmndland

region during expeditions to the Northwest Atlantic (in July-CJctober. 1964

and 1965).

investigations of distizctive 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

5

Institute of Biology of the Sea of the Far Eastern Scientific Center (FFSC) of

the USSR Academy of Sciences on Sakhalin, Kamchatka and the Kuril.

Islands (1968-1972). Work with the salmons is still far from completed,

and so in the present investigation only a portion of the information on several
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stocks of keta [Chum] and one stock of ,sockeye 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 gehetically monomorphous within a species. This line of analysis, 

which results logically from certain general corollaries from the popu-

lation genetics section of the work, is based mainly on the author'S own 

material and those of co-workers of the Genetics Laboratory 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 accomplished only 

by a collective group. of investigators, and the author sincerely thanks his 

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

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

yusova, G.N. Nef edov, E.A. Salmenkova, V.T. Omelechenko„ L.G. Volokhon- 

• skaya, G.D. Sachko and V.I. Slyn'ko. 

In its various stages the present investigation enjoyed the constant 

support of the director of the All-Union Scientific Research Institute 

of Sea Fisheries and Oceanography (VNIRO), A.S. Bogdanov, and his deputy 

P.A. Moiseev, the director of the N.M. Kipovich Polar Scientific Research 

Institute of Sea Fisheries and Oceanography, 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. Niko-

norov, the head of the Fish Breeding Section of the Main Fish Breeding 

Administration L.V. Polikashin, the chief of the Sakhalin Fish Breeding 

Administration S.A. Ugryumov, the head of the Fish Breeding Section of the 
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Sakhai.in Fish greéding Administration I.M. Zolotarev and directors of

Sakhalin fish haC:cheries V.T. Petrenko and T,T. i:ochetkov. The

author takes this opportunity to express:.his sincere gratitude to all

those persons.

I'woul.d also like to emphasize the great importance of my relations

with Yu.G. Rychkovr both in the proce,^s of direct collaboration and in

the discussion of general problems of population genetics, had in the

formation of my ideas.

Chapter. I. The Problem of Population organizatian of Species in Fishes.

The Necessity .rf Cc-r>; tic Invpsti.gation

The concept of differentiation of widely distributed species of

fishes into a large numb..r of populations differing in numbers, distinc-

tive features of biology and . cha.rs.cter of subordination seems at the l;resent

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 bel.uw the subspecies : "race", 11tribe't, Irmorph", "stock", 11popu-

lation", "grouping", "seasonal race", "intraspecies biological 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 exampie, according to N.V. Lebe;lev (1967) the population

hierarchy of species in fishes is composed (from the top downward) of

subspecies (- geographical races) pN ecological races -- stocks -- ele-

menttiry populations.
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G.V. Nikol'skii (1968, 1971) distinguishes four types of intra-

species groupings: 

1) geographical races, or subspecies; 

2) ecological groupings, or ecotypes; 

3) seasonal forms; 

4) temporary races or subfossil subspecies. 

The author simultaneously expresses the hypothesis of the non-

hereditary nature of most intrasp ec i es groups in fishes, although he also 

stresses the importance of comprehensive study of the pupulation structure 

of species both for the further development of the theory of the dynamics 

of populations and for the organization of a rational fishing industrl:. 

The practical aspects of the population biology of fishes were 

thoroughly discussed in the monograph of N.V. Leuedev (1967), but, in 

contrast with G.V. Nikol'skii, N.V. Lebedev considers only an elementary 

population to be a non.hereditary subdivision of a species. 

Meanwhile5the answer to the question of the contribution of here-

dity and environment to the formation of the biological cha-cacteris-

tics of populations is of fundamental importance for practical activity: 

if a species is subdivided into isolated population units, then without 

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 isolation 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 formation 

of this trend in 	ichthyology. 

Some Traditional Approaches to Anal sis of Intras ecies 

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 tEnneln  he emphasized adherence to the conception of Charles Darwin 

in the treatment of ihtraspecies variability. The author introduced the 

method of combined characters, which permitted distinguishing within the 

limits of the species up to 30 fine groupings which were called races by him 

and defined as groups of individuals "living in a single region, under 

identical conditions, having identical habits and being in a very close 

blood relationship; distinguishing characters of races are hereditary". 

Since the time of Heincke investigations of races in iChthyology 

have been conducted mainly on the basis 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, 1969a), 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 morpho-

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 Oasis 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 thegreater part

of the range of the species in the Atlantic. Uthcr species have also

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 interpretation of-data-. One of the most

important limitations was establishment of a wide dependence of distinc-

tive features of the external structure of a fish on changes ol' the en-

vironment, features reflected in both plastic and meristic characters

(Schmidt, 1917, 1934; Hubbs, 1922, 1925, 1926; Rirpichrâkov, 1933, 1935,

1943; Vladyi:ov, 1934; Dannevig, 1932, 1933; h3ottley, 1934, 1937; hile,

1938; Wund.er, 1939; Gabriell, 1944). AII these widely knowrA worlcs, and

also relatively new material obtained iri the investigation of various

species (Taning, 1952; Wilder, 1952; McHough, 1954; Lindsey, 1954, 1958,

1962; Hampell and Blaxter, 1961; Templecssa.n and Pitt, 1961; Ben-Tuvia,

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

meristic character depends on a number of environmental fzo:tors (tem-

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

substantial influence in the early periods of ontogeny (Fowler, 1970).

In studying such modification variability it is very difficult

to decide with what the differentiation of morphologically or biologically

different populations is connect.eds whether it is actually an indicator

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

ternal conditions on the eggs, embryos or.larvae of fishes in geograph-

ically or ecologically separate sections of a range.
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It is not surprising, therefore, that  alter 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 the 1930's appeared 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 influence of the environment on them, 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 ichthyology. 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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(Dogell and Bykhovskii, 1938; Shul'man and Shultman, 1953; Templeman, 

1953, 1962; Strelkov, 1956; Polyanskii,'1958; Shul'man, 1956, 1959; Har-

gis, 1958; Fleming, 1960; Sindermann, 1961a, Szidat, 1961; Templeman and 

Squirs, 1960; Yanulov, 1962b; 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 contant  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 encountered 

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 solved and is 

the subject of unceasing discussions (Blaxter, 1958; Einarsson, 1958; de 

Ligny, 1969). 

gm.■■•■■••■•••■•• 

*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 

species of fishes also in our day is, perhaps, ne) 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 (Krykh-

tin, 1958; Yanulov, 1962a). 

New Wording , of the Old  "Race" Problem. 

Hereditary Polymorphism as the Basis of Analysis  

of the Genetic Structure of Populations 

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 synonym. Differences between subpopulations are 

slight, but they are hereditary. Members of subpopulations are segregated 

in the  spawning period and, consequently, crossing 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. Thus 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 Harr. But, as the author 
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points out, these last-mentioned concepts are very indefinite; the close-

ness of members of the stock i s 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

stock is a group of fishes sufficiently isolated in relation to region

of habitation, and morphological anatomical and biological characteristics.

The individuals forming the stock must have a more or less clearly expressed

affi.nity which can be maintained, on the one hand, by exchange of

hereditary characters between separate small biological units (populations)

forming a part of it and, on the other, as a result of the absence.of a

considerable flow of hereditary characters from cther genetic groupings. It

is an essential feature of the stock that i ts abundance (numbers and bio-

mass) are determined by environmental factors (biogenic and abiogenic)

acting within the boundaries of the stock and, consequently, influencing

the reinforcement of stocks and growth and mortality within it".(Yâi.ulov,

1962a, pp 285-286). Thus the "stock" in the understanding of Yanulov ab-

sorbs in itself the "subpopulations" of Marr.

.
On the other hand, the definition of a subpopulation i s 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, i solated (at least in the period

of multiplication) community, representing a mixture of genotypes" (Kirpich-

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

lâtions, i n the main not mixing with other populations: completely free

multiplication is possible in general only within each race, but if mixing

I1
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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 j ust-discussed definitions of reproductivelÿ bsdlated 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 races of

fishes were the subject of investigations of experimental systematics,

now features designating the problem as one of population genetics have

been 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 Agri^ulture Organization (FAO)

(Division of the United Nations Organizat;on for Questions of Food ) and

the International Council for the Exploration of the Sea ( ICES) and directed

toward the genetic and biochemical investigation.of the population structure

of economically valuable species of fishes.

Thus in 1964 Parrish formulated the concept of "the basic popu- 1.2

lation subdivision of fishes", distributed as a technical fishing industry

c,Jcument of the FAO. In that work a subpopulation (or separate stock --

"unit stock") i s defined as "a relatively homogeneous and self-reproducipg

population, the losses of which as a result of emigration and acquisitions

as a result of immigration,:if there are such, can be ignored in estimating

the rate of growth and mortality".

The author i s aware of the relative character of such a definition,

but for most species of fishes proposes a universal conception which dis-

tinguishes two types of populations:
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1) geographically isolated groups which are protected from free 

mixing and interbreeding with members of neighboring groups by migration 

barriers; 

2) reproductively isolated groups which constitute a general 

locality and are encountered and exploited together in the course of part 

(or ai) 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 ("water 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 morphological 

differences between them are not amenable to unequivocal estimation. In 

connection with this Parrish emphasized the need to search for new, strictly 

geneuically 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 appeared. At a special seminar of the ICES on "Serological 

and Biochemical Identification of Fish Stocks", held in Dublin in 1969, 

it was proposed (Willer, 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 does 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. A systematic account of those principles, 	13 

which were formulated in the works of J. Hardy, Weinberg, S.S. Chetveri- 

kov, N.P. Dubinin, D.D. Romashov, S. Wright, J. Haldane and R. Fisher, is 

given  in the  monograph of Li (1966), to which we will refer repeatedly in 

the future. 

I will emphasize here, however, that to study the genotypical com-

position of populations one cannot limit oneself to external polygenic 

fea:ures with an unclear mechanism of gene control and with an at times 

inseparable paratypical component in their expression, and one should study 

mq_1.ite_iti.yeacte ...rs with a simple hereditary b:Isis, which correspond 

most, in our opinion, to the goals and methods of population genetics. 

Intraspecies variability of this type is the basis of genetic polymorphism 

-- the presence in a population 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 exclude sustaining 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 synthesis of 

the pigment melanin, 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 



• 
Li 

Pic. I. FiaczeReTneimbrii no.numope3m oxpacKit xEsocra y nemiedtil Xiphopho-
rus maculatus (camu,b1), oGyceonneiiiimii ceuefi anaenbubix 

/-8 paanwntbie nacneRc -racinude tdoprbbt negiuudi. B npanord nunatem yray — pcjijare .runa: 
(no Gordon, 1947: c 

Figure 1. Hereditary polymorphism of tail coloration 
in the "platy" ulAmton.11 maculatus (males), caused 
by a series of allele genes: 1 - 8: different heredi-
tary morphS of "platy". In the right lower corner are 
rare types (acc. to Gorden, 1947, with modification). 
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demonstrated the hereditary nature of the polymorphisM in the crossings 

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 owdpopulation which 

dif  fers  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,beSidea 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 collections with those made during 70 years and

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

for the character of the markings on the tail. On the basis of these data

.M. Gordon established that "platy" imported into Europe in 1909-19I1,.which

became 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 P=ierto Mexico, since such types ( 1, 3; 5 and 7 on Figure

1) are no longer encountered at any other places.

Thus for the first time 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, fin::lly, the 15

dismemberment of large populations into second-order i solates -- 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 completely 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 pos-

r

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



22 

and two or three other non-industrial species (Kosswig,. 1964, 1966; Kit-

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-

munological 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. 	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 (redfish), 	pelagic (anchovy) and di- 

adromous (salmons) fishes. 

Our selection was also determined to a considerable degree by the 

fact that the most important biological characteristics of those species 

have been studied rather completely, including distinctive features of their 

internal subdivision into isolated communities, separated from each other 

by various natural boundaries and features of reproductive behavior. The 

unity of the range and the integrity of the morophologicale biological and 

ecological properties of such stocks permit regarding them as historically 

formed groups of individuals amenable to the same study according to the prin-

ciples of population genetics as theY 

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

usually are investigated by ecologists. 
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Figure 2. Regions of work on fish population genetics.

The Systematics and Siology of the Azov and Black Sea Races of the Anchov

Systematics and phylogeny. The family of anchovies (Engraulidae)

embraces 9 genera with 40 speciesq dwelling in the waters of the Atlantic

and Pacific oceans. The anchovy is widely distributed in seas of the tem-

perate zone, reaching 62 0 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 Islands. At least four geographical races (subspecies) of the

anchovy dwell in that extensive area. Their characteristics are known

thanks to the work of Fage (1920), A.T. Aleksandrov (1927), I.I. Puzanov

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

16
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Races of the anchovy differ from one another in their morpho-

logical characters and geographical distribution. The times of repro-

duction actually coincide, but this does not destroy reproductive iso-

lation because, it is thought, each of the subspecies is strictly local-

ized geographically. 

The question of the phylogenetic relations of races of the anchovy 

also 'has been examined. According to Fage, the evolution of anchovies 

proceeded from ancestors which had emigrated from the tropics. There was 

an increase of the number of vertebrae and rays in the dorsal fin, and the 

latLer also moved closer to the head. Of contemporary representatives of 

Engraulidae the largest number of primitive characters ig inherent- 

in tropical species, particularly the genus Stolelphorus, which differs 

from the genus Engraulis  in its smaller body dimensions, a smaller number of 	17 

vertebrae, the position of the dored 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 fossil E. evolans Agassiz, 

Fage considers the Mediterranean anchovy to be a tropical relict race 

and dates its appearance in the Mediterranean Sea to the Eocene-Miocene.. 

Fage derives the group of anchovies of the eastern Mediterranean (includ-

ing the Black Sea anchovy) from the group of the western Mediterranean, 

starting in the Quaternary, when Egenda sank and the Dardanelles formed. 

The scheme of evolution of the anchovies proposed by A.I. Alek-

sandrov (1927) appears as follows. The anchovy E. evolans  Agassiz, which 

penetrated the Mediterranean Sea of the Eocene from the ocean, at the same 

time or at the start of the Miocene settled the South Russian Sea and, 
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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 part of the water body proved to 

be cut off from the ocean for a long time and experienced a number of con- 

tractions and freshening. The western part of the Mediterranean Sea, 

except for a short period, communicated with the ocean the whole time. 

Thus formed two groups of anchovies which had evolved in dissimilar situa- 

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 more primitive 

• apiearance 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 starting 

groups for the remaining European subspecies. The Atlantic anchovy derived 

from the Western Mediterranean group, and the Black Sea from the Eastern. 

Puzanov (1936), accepting the general scheme of evolution of 

the anchovies presented by A.I. Aleksandrov, did not agree with him in 

r.liation to the phylogenetie 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 

contemporary Black Sea formed, the semi-freshwater organisms 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 

eections of the Black  Ses basin -- into estuaries and into the Sea of Azov. 

77à 	Among the Mediterranean newcomers which settled the Black Sea 	was 
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the anchovy of the Mediterranean race. Under the influence of the fresh-

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 subspe. 

cies independence is accepted by all ichthyologists. Their ecology has 

also been studied in sufficient detail. We will examine here the main 

data having a direct relation to the understanding of 	further material. 

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

• The anchovy -- a pelagic fish living at a temperature of 6-29 0  C and a 

salinity of 5-41.5% 	belongs among fishes with a short life cycle. Its 

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

-1954; Kornilova, 1960). The principal part of the stock of the Azov an.. 

chovy (60%) consists of yearlings (Kornilova, 1960; Taranenko, 1966). The 

anchovy matures and reproduces for the first time in the second summer of 

life; its 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 eggs were laid, 

and then are scattered over the area. The 

short length of life and early maturing lead to rapid renewal of the stock 	19 

of anchovies, practically every other year. 

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

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

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

cXcle 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 wintering

places, the anchovy begins to feed intensively while still in the Black

Sea, on the way to and in the Sea of Azov i tself. on the way to the Sea

of Azov the sex glands go f rom stage II of maturity into stage III. The

spawning of the anchovy occurs on the entire area of the Sea of Azov except

the very fresh Gulf of Taganrog. Immediately after sl:.taning L•he_ pre- _

migration feeding and growth starts, during the time of which the anchovy

remains disperséd, not forming dense accumulations. Upon conclusion of

the feeding and growth, usually in September, the anchovy ceases feeding,

assèmbles• into large concentratio•is and starts advancing toward Kerch'

Strait.

Upon emerging from Kercho Strait the anchovy accumulates in the

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

time. The further direction-of movement toward the shores of the Caucasus

or the Crimea is determined by the predominance 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, super-

ficial and less salty -_ toward the Crimean. The entry of a fish into a

given current depends on the time of its emergence f rom the Kerch' Strait,

the distance from the shores, the depth'of submergence and the spatial

20
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Figure 3. Distribution and schematic diagram of migrations_ 
of the Azov anchovy  (ace,  to Maiorova and Chugunova, 1954): 
1 - autumn accumulations; 2 - winter accumulations; 3 - 
summer distribution; 4 - patUs of autumn migrations; 5 - 
paths of spring migrations. 

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

of anchovies wintering off the coasts of the Caucasus and the Crimea is 

not the same. Most often the anchovy is .directed toward the coast of the 

Caucasus, as the autumn cooling forces the fishes to submerge into the 

deep layers of the water where the Black Sea current runs, 	the tempera- 

ture of which is 1 or 20  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 Caucasus for wintering. Thus the 

wintering 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 complete daily 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 growth in the

Sea 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 groups ôf fishes do not complete

the pre-migration feeding and growth in the Sea of Azov and start their

winter migration 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 former 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 the distribution of the anchovy it has 

been made clear that its 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-

logical state, individuals of one group are also similar with respect to 

linear dimensions (their variation is similar). Reflecting the rate of 

growth of individuals, the linear dimensions also are characters of phy-

siological similarity. 

In studying the internal structure of the discovered groups it 

turned 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 the 

group also changes: 	 the smaller the concentration of fishes 

in the group, the larger the area it occupies. However, even in the 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 are 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- 

ais  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 schoOls 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 of one 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 nerot.Ilationseler . 

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

A.M. 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 winter 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 authors 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 Kerch Strait 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. 



32

Pite. 4. Pacnpocrpatienne x cxeMa MxrpawiH 8epxoMopcxoro aaqoyca (no MaNo-
posoïi x LIyryxonori, 1954) :

1- Oernce pacnpeac^eutte; 2- necenmte n ineruue cKonnettttn. ü03xnnx 3-5 re xce, vro
u na pnc. 3.

Figure 4. Wstribution and schematic diagram of migrations
of the Black Sea anchovy.(acc. to Maiorova and Chugunova,

1954): 1 d summer distribution; 2 - spring and summer ac-

cumulations. Positions 3-5 Fre the same as in Figure 3.

stock enters at that time the very shallow northwestern region of the 23

sea, well-warmed and rich in plankton, where it spawns, and then it fat-

tens in the region from 1?nestrovskaya 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 winter along the coasts of Bulgaria and especia-Ily of Turkey

in the region of the Sinop peninsula. Completely from the Bulgàrian 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 grow.

Another 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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1936; 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 northwestern part of the sea and the eastern 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 .Crimea, but often all go out toward the Anatolian

coast. Demir ( 1968) cites data on the spring migration into the Black Sea

of anchovies which winter in the Sea of Marmara. In addition, there are

indications that a considerable portion of the Black Sea race, especially

the yearlings, enter the Sea of Azov to spawn, feed and grow (Danilevskii,

1958, 1960, 1964; Taranenko, 1966). There also i s information about the

entry of the Azov anchovy into the northwestern part of the Black Sea.

At one time A.I. Aleksandrov ( 1927) pointed out that the shoals which are

caught in February-April and October-November at Sevastopol! and Balaklava

under the name of the "Azov anchovy" should be considered 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 alona the Crimean.coast, not toL*ard 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 central question of their genetic interrelations in

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

tics of the so-called elementary populations has not been investigated.



34 

1.11.9.Systjcsaimiliolozy  of the Redfish and Its Local Stocks 	 ' 	24 

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 sys-

tematically, the small Sebastes  yi■Liturus«.  Krdyer, 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 te Kotthaus, 1950); German fishermen have long distin-

guished them, calling them "goldbarsch" - (golden redfish) and "schnabel-

barsch" (deepwater redfish) (Kotthaus, 1950). 

V.I. Travin (1951) investigated the two forms  f redfish from the 

Barents Sea and concluded that they differ so much that the deepwater red-

fish can be separated into the independent species Sebastes mentella Travin 

sp. nov. Thus the deepwater redfish is characterized by considerable 

development 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 eepths (to 300 

meters), and the deepwater rédfish to 700 meters, and possibly even deeper. 

Similar 'evidence of differentiation has also been obtained for 

redfishes from the regions of Greenland, Labrador and Newfoundland  (Bore

datov and Travin, 1960; Travin and Pechenik, 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 
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:two forms of the redfish has been also confirmed by some serological 

(0eRourke, 1961), biochemical (Schaeffer, 1961) and parasitological 

(Sindermann, 1961a; 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-

test Atlantic Fishe7des (ICNAF), held in Biarritz in March 19 9 . The 

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

North Atlantic,  wih  the exception of Flemish Cap•banP. and the southern.  

slope of the Newfoundland Grand Bank, redfishes are encountered which on the 

 basis of morphological characters occupy an intermediate position between the 

golden and deepwàter redfishes ("intermediate type",'according to Kott- 

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

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

very large redfishes are encounteredi witha length of 55.85 cm, which in 

• external appearance remind one of golden redfish and have reeived the 

name of giants (Kotthaus, 1961b). 

We have.dwelt in such detail on disputed questions of the problem 

of  taxonomie interrelations of the golden and deepwater redfish ih order 

to show that our own investigations of the population structure of those 

fishes depended on unclear matters of that sort -- population genetics is 

in essence limited by the framework of- 	species. Therefore, before the 

possibility appeared of giving the present section of the work a title 
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emphasizing the species independence of the deepwater redfish, we con-

ducted  taxonomie investigations. 

The principal conclusions from that work can be summed.up as 

fol  lows.  

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 gene-

tically different populations. 

2. In investigations of the variability of oligogenic and poly-

genic characters taxmomically important for fishes 	electro vhoregrams 

of hemoglobin (Altukhov, 1969b) and the thermal tolerance of isolated 

cells (Ushakov, 195 3 , 1959a and b; Ushakov, 1964; Altul-hov and Rat'kin, 

1968) it was discovered that the golden and deepwater redfishes differ 

from each other as independent species within the limits of the genus 

(Altukhov et al., 1967, 1968a; Payusova and Nefedov, 1968). 

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 immuno-

chemical investigations of tbeir ovovitellins (Altukhov et al., 1968b), 

and the males reveal only partial fertility (Zakharov, 1962; Altukhov et 

al., 1967) -- a picture very common for interspecies hybrids F1  with 

female heterogamety. This testifies to the presence, between the golden 

and deepwater redfishes, of substantive reproductive isolation which evi-

dently is disrupted only locally. As a result of this also appear.the 



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 

the Flemish CaPbank and on the southern slopesof the Newfoundland Grand 

Bank. We did not encounter them even on its northeastern slope, at least 

south of 500  N. Lat. Thus, in those regions of the Northwest Atlantic 

there is practically no interspecies introgression of genes, and•accumula-

tions of redfish, the population structure of which has been i.,,vestigated, 

are represented by only one species -- the deepwater redfish*. 

Those accunulations, localized mainly in the IrNAF 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 hydrological 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 	 form, 

identical to the so-called rosefish of Canadian authors, has also been 
encountered by us, but we have not always separated it from S. 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 ln 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. 

37 
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by Soviet and foreign authors (Buzdalin and Elizarov, 1962; Travin and

Pechenik, 1962; see also Yanulov, 1962a). A briet characterization of the

stocks according to K.P. Yanulov is given below.

1. The first stock includes populations.dwelling in zones 21, 3K

and 3L. The principal isolating factor is the warm component of the

Labrador Current, for the larvae drift f rom zones 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 21 and 3K.

2. The stock of the F'ïen;:.s'n 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

ss' redfish in the Newfoundland
region of the Northwestern
Atlantic (acc. to Yanulov,

1962a). Explanations are
50' in the text.

,a.
l . ^ -L 1- V.^. 1

ltil 6J' ;j - ;0' 63'

PItC. J. AOcaJlbl JIOHaJIbIIbIX CTaA OHyAn-
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Ceucpo-3auamnoïl ATnau•rmot (no S(IIy-
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Although on the figure borrowed by us there is no explanation of 	27 

the legend, the different hatching(shadinasee 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 of the following 

populations here: 1) the population of zones 21 and 3K; 2) the population 

of zone 3L; 3) the population localized in zone 3N; 4) the population of 

zone 30 and, finally, 5) the population of the Flemish Cap bank. 

These populations are rather "felt" than studied by the author. 

In fact, the population of the Flemish Gap ,bank is equated with a stozk, 

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 Newfoundland region of a chain of popu-

lations smaller than a stock and changing into one another (or localized 

in a single place but at different depths); in suCh case it is not clear 

where the boundary should be drawn between stocks localized on ....he New-

foundland Grand Bank. 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 Capilank, and of_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 

grounds for distinguishing the two isolated stocks in that region, 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 Cap,redfish

accumulations into an independent stock seems to be substantiated --

K.P. Yanulov has gathered and processed 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 redfish are the facts that

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 Qnchorhynchus)

Salmons in general and Pacific salmons in particular belong to

species of fishes best studied in all respects. Among the biological

characteristics of Pacific salmons (according to the data of Neave, 1958;

Foerster, 1968; Levanidov, 1969; Krogius et al., 1970; Konovalov, 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 after spawning.

2. In their life cycle they combine sea and freshwater periods,

changing the medium of habitation with ease. The sockeye (?ncorhynchus

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

reproductive capacity. In diadromous populations of these and other
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Pi c. 6. Apean TuxooKeancnix nococert p. Oncorizynchus (no Vladykov, 1963). 
h 

Figure 6. Range of Pacific salmons of the genus Oncorhyn-
chus (ace. to Vladykov, 1963). 

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

for from several weeks (keta Oncôrhynchus  keta Walb. and pink salmon O. 

gorbusha  alb.) 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 divergence corresponding to the geographic features of the 

spawning area. This isolation, intensified still more by complex repro-

ductive behavior, contributes to the formation in individual species, such 

as the sockeye, forexample, of an innumerable quantity of reproductive 

communities scattered over an enormous species range. . Among those popu-

lations there also are completely isolated ones. 
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the present time -- find an unexpected parallel with their origin. Cyto-

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

4. Such surprising possibilities of adaptation of salmons to a

broad spectrum of environmental fa.ctors in the presence of.certain death

of the brood stock which have spawned -• a biological puzzle unsolved to

of Salmonidae (0hno, 1970a, 1970b;

(in comparison with other families of the order Clupeiformes) tetraploidy

Ohno et al., 1968), and there are

weighty bases for considering them amphidiploids* (Altukhov et al., 1972;

Massaro and Markert, 1968; Wilkins, 1970). Evidently, the re^son for the

post-spawning death of some species will be in the final accoun~ i:nderstood;

precisely with consideration of that circumstance.

A strongly expressed homing instinct was a prerequisite for main-

tenance and •2ven increase of the numbers of stocks of salmons through the

_incubation of artificially fertilized eggs in hatcheries.

Among Pacific species the most suitable object 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

. Pacific salmons it is necessary to add concrete information about the

objects of our own investigations.

Since we strove especially to have data of population genetics taken

into 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.

{sr.•et.^'^rrr^V!tt,rc.n'rtmntC^?3,`fTMr.nn^r.3'r^+nmwm.,r... _ç...m ..^^RS^z.^t'r'iYRa..^?t^-:rzv..,e•g,,^ .. ,c . . . .... ......... . . . .....,^,.,_.. ..., .. •,.
_...^........ , , , .^,R.^.^,^•^

...
. •.,. ...,. . . ^ . ^;,



43 

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

classes) through the activity of fish hatcheries, and also the stock of 

sockeye of Lake Azabachie, where there is a natural self-maintaining 

population. 

Figure 7 shows the places where population genetics work has been 

done on salmons. 

..«.....10•••■••»•••■■■■■•■•••■MaMOO*•■■••■•■•V 

Pile. 7. Parton! nonymmummo-reimnitlecux 
paGoT, ripoBornimulixesi  lui  TiixooKealiclmx no  - 

con::: • 
1-03. A3a6a‘the;  2—  03. KI)0 1 1 0W■ 00; 3  
KOUCKOC;  1  -- p. Thum;  5— p. I I a Ma; 6 — p. Kann- 

minim; 7-9 — peKti o. 11TvPYA. 
. 	 _ 

Figure 7. Regions of population genetics work on 
Pacific salmons: 1 - Lake Azabachte; 2 - Lake Kro-
notskoe; 3 -Lake Ushkovskoe; 4 - 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, which 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. 

The maximum number of the keta (from 1960 to 1971) of 659,000 

was.noted in 1968, and a sharp drop in the size of the spawning runs has 

been observed in recent :y ears. 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 juveniles, 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 character "many fish -- few fish" creates 

no difficulty, and the drop of numbers in recent years is unquestionable. 

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

the eggs are gathered froffi the spawners of other stocks and, above all, at 

the Kalininka hatchery. Thus, 65 million "alien" juveniles were released 

in 1966, 25 million 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 
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have been fulfilled, eggs of the Naiba keta have been exported by air to

the Amur fish hatchery, as in 1967-1969, for example, and then

the rest of the adult fishes were taken commercially.

Among the possible reasons for reduction of the numbers of the

stock, three can be named: overfishing of adult fishes i n 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 environment is

relatively the same. As for the first reason, it gives rise to no doubts.

Substantial importance also has been acquired by analysis of the

biology of the populatioe,, itself in the period most critical for its re-

production.

The situation with the stock of keta going to the Kalininka to

spawn -- a small river of the west coast of Sakhalin, about four kilometers

lon-, -- is diametrically opposite to that jùst considered. The Kalininka

fish 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 sharply, and a continuous growth of numbers

with a 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 32

released and the size of the corresponding return of adult fishes (Figure 9).
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Pue. 8. POCT 011C.0C11110CTil tie..litpex CMC/itlIbIX noxo.neunii, caaralOILUIX uo3pact1ty:o 
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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  fies  counted in the river. 
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Besides the Kalininka and Naiba populations we investigated the 

Tymt stock (Northern Sakhalin), and also the stock of Kuril, rivers, main-

tained by the Kuril and Reidovoi fish hatcheries 	on Iturup Island; 

a small sample was obtained from the stock of keta maintained by the Ushkov-

skii fish hatchery on Kamchatka. 
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Considerable material regarding variability in the loci of melee 

dehydrogenase and serum lactate dehydrogenase has been gathered in pink 

salmon populations of the Lesnaya, Belaya and Lyutoga rivers (Southern 

Sakhalin), but those data, which fundamentally do not differ from other 

similar results, 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 escapement of adult fishes to natural spawning areas 

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

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

pn.:perties 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 O. masu, a species with law numbers 

limited in its distributiôn to the most sr:uthern part of the range, and 

the coho, O. kisutch Walb., a very cold.loving species. 

Characteristics  of the Azabach l e Stock of Socken 

Local stocks of sockeye are practically untouched by the fish-, 

breeding process, and the Azabachte stock (basin of the  Kamchatka River) 

is a typical self-maintaining community whose structure has not yet been 

dnstroyed by the marine and river fisheries. 

That structure, according to data of ecological and morphological 

investigations (Konovalov, 1972), is represented by a combination of 

spawning populations grouped 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 /ake,* and the summer in its coastal zone. According to a 

preliminary estimate about 30 elementary populations can reproduce in. 

Lake Azabachie; we have investigated genetie variability in 23 of them 
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(Figure 10). In addition, co-workers of the Laboratory of Population

Ecology of the Institute of Marine Biology (S.M. Konovalov et al.) simul-

taneously gathered material on the ecology and morphology of the popula-

tions. With the kind permission of S.M. Konovalov we will make use of

some of those data here.

Fi,,rure 10, a - Spatial
localization of spawning
populations of sockeye
(1-23) in Azabach'F 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 Princi les 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. 

Polymorphism of such a kind fundametally does not differ in 

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 principles of determination of that variability and with the 

corresponding terminology. 

Hereditary Variability of Antigenic Properties of Red  Corpuscles  

• The hereditary veriability 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 glass or in a test-

tube erythrocytes and serum containing such antibodies, we can observe 

rapidly forming agglutinates which are clearly visible under a small mag-

nifying glass or microscope or even with the naked eye (Figure II). 

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 representatives of the same species (when one speaks of isoanti-

bodies and isoagglutination) or belong to different species (in that case 

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

negative, Small magnification of the microscope (obj.
8X, ocul. lOX (acc. to Altukhov, Apekin and Limansiiii, 1964).

11 Moreover, it has been established (Boyd and Reguera, 1949; Biro1, 36

1953) that some substances of plant origin, extracted mainly from seeds

of legumes -- so-called phytagglutinins or lectins, have the ability to

dif`erentiate erythrocytes on the basis of their antigenic properties

(Boyd, 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 erythrocytic 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 antigen, placing the word reagent after

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

anti-B or B-reagent.
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Normal or immune heteroserums, as a rule, are polyspecific, and 

this causes definite difficulties in determining distinctive features of 

individual antigenic differentiation, but they can be overcome if the 

serum is specifically absorbed (exhausted) by the antigens, the antibodies 

for whicb 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 isoanti-

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 conclusive experiments with immune serums. 

But if the fact that the isoantibodies are not encountered so frequently 

is taken into account, a scheme is possible which is the reverse of that 

just considered: first strive to determine the known antigenic differences 

by means of immune hemagglutinating serums, and then, using natural anti-

bodies or lectins, select the corresponding reagents. It turns out that 

where 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 postnatal period and are 

determined by heredity in such a way that a separate gene is responsible 

for the production of a separate antigen (Irwin, 1947, 1952; Cushing and 

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 for 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 do-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 

discovered: firstly, complete dominance (one antigen is determined im-

munologically in hybrids); secondly, co-dominance; thirdly, neoplasm, 

when the heterozygotes give a phenotype not .reducible to a simple inheri- 

tance of parental antigens. An example here is the discovery of the "sub-

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

1936, 1938; Taliev, 1946; Irwin, 1947, 1952). This type of inheritance, 

evidently a result of interallele complementation, accompanies heterosis. 

Recently such genetic phenomena as partial dominance and 

epistasis, expressed 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 presence of an allele from another 

allele pair of the sanie 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 discoveries 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 physicians 

K. and L. Hirszfeld discovered differences in the frequencies of blood 

groups between representatives of different nationalities of Europe, Asia 

and Africa (1919). Subsequently that fact, in a different interpretation 

testifying to differences in the gene frequencies between reproductively 

isolated populations, 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 accu-

mulated on the group variability of erythrocytic antigens of fishes. In 

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

and anchovy, genetic systems ehlolid groups-  have . been found - (Appendix 1), 

and in several tens of species more, not included in the present table, 

an entire series of individual antigenic factors (Altukhov, I969a; 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 A130system of man and represented by the four groups S le S 2e S 1,2 

38 

39 
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Figure 12. Diagram showing the

course of immunogenetic investi-
gation of the spiny dogfish
(acc. to Sindermann, 1961)

A - Isoagglutination
B - Absorption of antiserum

1 - S-negative cells
2 - S-positive cells
3 - cells (S , S2 and 0)

C - Proposal of ^-system of

blood groups

D - Substantiation of S-system

1- Tests for reproducibility

2 - Comparison of females in
unborn offspring (genetic
analysis)

3 - Isoimmunii:ation

and Sp, They are detected in isohemagglutinational tests with both im-

mune and natural antibodies, and also during the use of heteroagglutinins

produced on erythrocytes of the dogfish by the rabbit (Sindermann, 1961b).

Comparison of females and the unborn offspring (genet'c analysis)

testifies to the inheritance of the antigens Si, and SO strictly in

accordance with Mendel's laws (Figure 13): the offspring always proved

to be identical with respect.to the maternal antigen and i n 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

,,.

. . . . .. . __,1-
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Figure 13. Distribution *of blood groups of the S-system
among females and unborn offsprin>; of the spiny dogfish
(ace. to Sindermann, 1964).

In aquariums a long time has not been worked out and therefore traditional

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

capricious freshwater 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=1 and R-2 were found, which give the three blood groups

R-1, R-2 and R-1-2, which also show Mendelian laws of sementation in the off-

spring of two co-dominant genes in the ratio 1:2:1 (Table 1).

There is one more way to verify. the. genetic hypotheses of in-

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

;,

so
^--^„



A 
ponwreae 

D 
Beponrnocrb 

■■■■■ 

1,16- 60 
3,6389 
1,4530 

0,80-0,70  
0,80-0,70  
0,50-0,30  

Table 1. Inheritance  of erythrocytic antigens in rainbow trout  

. T a 6 jut u  a 1. 1-1acomi,omume apœTpowimpubix minimum) y paRy»usort (i)opean 

cbell0T11111,1 TIOTONICTIM, 31:3B 

R-2 1 R-1-2 
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R-1 

Tecr 
-nna,apar 

na reTeporen- 
110Crb 

R- IX R-1 
• R-1 XR-2 

R-1-2 XR-1 
R-1-2XR-1-2 
R-2XR-1-2 
R-2XR-2 

99 	0 	0 
0 	0 	90 

91 	0 	115 
49 	42 	91 
0 	66 	58 
0 	91 	0 

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

tfeeeen•••■•••••••■••• 

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 law: 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 individuals homozygotic and heterozygotic with 

respect to them -- precisely in accordance with the expansion coefficients 

of a Newtonian binomial. In the absence of substantial pressure of selec-

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 crossings in the 

given generation can be written in the following manner: 



camtuÀ Males 
Females 
Camat 

42  P4 

p2 	 P4 

or p2 + 2pq + q 2 	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 

• 	p2N 2pqN q 2N = N. 

The correspondence of the empirical data of this very simple popu-

lation genetics model ha, been established, 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-

ments (family analysis) and in the comparison of actual frequencies with those 

expected from the Hardy-Weinberg equation. The following regularities have 

been detected (see also Appendix 1): 

1. Complete dominance -- for example, the Tg-system of blood groups 

of tuna, the S-system of the 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. 

57 



58 

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 

and achievements in the region of theory of the gene and the mechanism 

of gene action (Henning and Janofski, 1963; 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 supporting media -- neutral 

fine-pored gels -- fractionate protein macromolecules on the basis of their 

differences in the summary electrostatic charge and (or) in molecular weight. 

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 el_e_c.....t_rioreram_ -- a strip of gel 

with discrete dark-colored bands clearly noticeable on it, arranged at 

.different distances 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 places 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 

42 
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and number of bands (all or separate ones) 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 protein 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 zones 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 ofpoly-

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 43

molecular forms of proteins, on the level of enzymes which have been called

isozymes, has been examined in detail in specialized works (Wilkinson,

1968; Yakovleva, 1968; Markert and Whitt, 1968; Massaro and Markert, 1968; 44

Vesse]., 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 structural genes. 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 method is that only five of

the twenty amino acid residues composing.the primary structure of protein
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Figure 14. Schematic depiction of hereditary electro-
phoretic variants of proteins in different species of
animals: a - hemoglobin of the whiting Odontogadus mer-

laiigus 1 and 3: homozygotic genotypes; 2 - heterozygote.
Locus NG1 is monomorphous. Electrophoresis in agar gel
(ace. to Sick, 1961); b - esterase of the crustacean My&°ls
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);- c - 6-phos-
phogluconate dehydrogenase of the quail Coturnix coturnix;
1 and 3 - homozygotes; 2 - heterozygote. The enzymehas

a dimeric structure, and so three zones of activityare
found in the heterozygote, that is, hybrid mol•ecules are
formed, represented by the middle band. Electrophoresis
in starch gel (acc. to Manwell. and Backer, 1970); d -
malate dehydrogenase of the house mouse Musmusculus.
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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5 are found. In each group the tetramer shown by braces 
molecules of the enzyme are coded by pairs of independent 
genetic loci, one of which is invariant(L.DBII),.c.ffiereas 
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. 
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molecules influence their total  electric charte. 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 detezmination of individual electrophorric 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 Detection of Genetic Variability  

Lmmunological  Tests  

The process of determination of blood groups of redf1shes and ancho-

vies amounted to 	testing in hemagglutination tests the blood cor- 

puscles of those species with immune and natural antibodies and lectinins. 

Since the absence of natural isoantibodies had been'established in pre-

liminary tests, all the reactions were set up with heteroantibodies. 
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The variability of antigenic propertie's of the erythrocytes of

redfishes . was investigated with immune serums produced by rabbits on the

erythrocytes of perch and the cod Gadus morhua 4rits 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 red£ishes.

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

the aortic bulb and transferred into isàtonic physiological solution con-

taining anticoagulant f3% tri-substituted sodium citrate and 0.28% sodium.

chloride (Sick, 1961 ^. To obtain a"working" suspension of erythrocytes,

2 drops of whole blood were added to 2 cc of physiological solution.

When 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 Flemisth

Cap tiank, on the southern part of the Newfoundland Grand 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 i n 1965. At the conclusion of the immunization (3 or 4 injections)

a blood sample was taken from the rabbit and the serum was tested for height

of titer of agglutinins. Three antiserums were thus taken.: one "antiied-

fishti 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 hourat 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 reactions 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 "++++", "4-4-0 1 , 14+% 14" and "-". Preliminary ob-

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 absorp-

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 absorp- 

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 usedin experiments with cells 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, 1966; Altukhov et al., 1969). 

Our 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 could 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 *salmons of genetic variability with 

respect to water-soluble proteins during their investigation by electro-

phoretic methods combined with specific coloration for enzymatic activity 

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 crystalline 

and myogens -- water-soluble proteins of the crystalline lens of the eye 

and muscles respectively. 

Electrophoresis of Proteins  

1. Preparation of arotein solutions for electroahoresis.  To obtain 

serum the caudal fin of the fish was cut off and the blood freely flowing 

from the caudal artery was rapidly collecteeinto carefully washed glass 

vessels. 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 47

or 16,000 rpm); in individual cases the centrifugationwas xepeated.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, for 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 protein 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 (,u►) of 0.25-0.05; the electric

field intensity was.ow 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

1 literyjp 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;P p 0.05.



66 

h) Agar pl. 	To 2% Difco bactoagar, prepared with distilled 

water, an equal volume of gel buffer  was  added, thus obtaining 1% gel with 

the sanie  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 with4 b4= 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 flat-bottomed 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 apparatus 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 

separated 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 experiment was conducted for two hours in a refriger-

ator at a temperature of 4° C. 

Upon conclusion of the experiment the plate was placed for 30 

minutes in 107. solution of acetic acid to denature the protein molecules, 

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 5e1. 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.

4. Electrophoresis in starch gel. The procedure of horizontal

electrophoresis 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 35-70 specimens simultaneously.

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

10

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

for the gel 0.023M H3B03 and 0.25% Na2-EDTA, titrated with NaOh solution

to a pH value of 8.5; for the electrode sections, 0.3M H3B03, titrated

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

there are 0.076M tris-HC1 and 0.005M citr:c acid; in the electrode sections,

0.3M H3B03 and 0.06M NaOH, pH = 8.6.

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

ing the suspension of hydrolyzed starch to about 80°C. The mixture thick-

ened in 3 or 4 seconds and then liquefied after 15-20 seconds, after which

we quickly decanted it into the cuvette and distributed 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 separation took 5 or 6 hours.in a refrigerator at 2-4°C.

5. ElectroLhoresis 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.



a) Bpffer system:  tris-EDTA-borate, pH 8.3 (Peacock et al., 

1965). 

h) freame121■1Elln_ell. It is best to separate the isoenzymes 

in all cases in a 5.5% gel with use of'TEMED féxpansion 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. StaininUtl.m.l.sfox.:_toalpresin. To determine the fractions 

of albumins, crystallins, hemoglobins and myogens, after electrophoresis 

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  CL in 12.5% trichloracetic 4cid (acrylamide variant  of the  

method). 

Staining for enzymes was accomplished in accordance with the prin-

ciples of histochemistry (Berston, 1965) by incubating 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% aqueCus solution ofnicotinamide adenine dinucleo» 

tide (NAD); 12 ml of 0.IM KC1; 6 ml of 0.005M MgC1 2 ; 1.5 ml of 0.1% aqueous 

solution of phenazine,  methyl sulfate (PMS); 2 ml of 1 7.  aqueous solution of 

nitro blue tetrazolium (NBT); 90 ml of 0.1M• phosphate buffer, pH 7.6; in-

cubation for 1 to 2 hours; 

h) for Ldh of blood serum and muscles in acrylamide gel: 15 ml 

of 1M Na lactate; 12 ml of 1% aqueous solution of NAD; 12 ml of 0 .IM NaCl; 

12 ml of 0.005M MgCl 2 ; 10 ml of 1% NBT; 30 ml of 0.5M phosphate buffer, 

pH 7.6; 2.5 ml of 1 7.  aqueous solution of PMS; development proceeds about 

three hours. 
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c) for Mdh: 6 ml of 2M Na-L-malate; 6 ml of 1% NAD; 5 ml of 1% 

NBT; 0.3 ml of 17. PMS; 80 ml of 0.111 tris-1-IC1 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 sub-

merged in that mixture the gel immediately after electrophoresis was kept 

30 minutes in 05M H3B03 at 4°C to reduce the pH value of the gel; incu-

bation in the substrate mixture was 2 hours; 

e) for alpha-Gdh: 100 mg of alpha-glycerophosphate Na in 100 ml 	50 

of 0. 111 tris-1-ICI  buffer, pH 8.3; 3 mï of 1% NAD; 2 mi of 1% NBT; 2 ml of 

0.1% PMS; incubation 3 or 4 hours; 

f) for G-6-Pdh: 5 ml of 1% glucose-6-phosphate Na; 12 ml of 0.1% 

nicotinamide adenine dinucleotide phosphate (NADP); 5 ml of 1% NBT; 5 ml 

of0.01MMgCl2 ;, Iml of 0.1M NaCl; 60 ml of 0.05M tris-1-IC1 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/liter of NADP; 

g) for Psm: 120 mg of glucose-l-phosphate K2  in 100 ml of 0.05 

tris- 1-IC1 buffer, pH 8.0; 3 ml of 1 7. solution of NADP; 2 ml of 1% NBT; 0.2 

ml of suspension of glucose-6-phosphate dehydrogense containing 0.1'g of 

enzyme in 25 ml; 1 ml of 0.01M mgC1 2 ; 2 ml of 0.17. PMS; incubation 2 hours. 

The specificity of the bands of each enzyme on the electrophbre«. 

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 necessary 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, iack of balance of the mexosis 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

genotypes (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 platessa and transferrins of the tuna

Katsuwonus elp amis can be completely explained by inadequacy of the com-

pared samples, when the adult fishes were taken f rom 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 same thing is indicated by an example

with sex differences in the frequencies of esterase types in the hake

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

and juveniles the actual distribution of genotypes corresponds to that

51
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expectable according to Hardy-Weinberg, whereas in males.aged two years 

or more a noticeable deficit of heterozygotes is observed. 

On the other hand, the difference in the number of phenotypes of 

blood groups of the B-system among adult and juvenile rainbow trout can 

be estim'ated 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 of a factor covering the eryth-

rocytic membrane and behaving as a Mendelian dominant (de Ligny, 1969). 

When we started our investigations there were practically no data 

of that kind. However, such limitations were taken into acconnt by us 

everywhere 	 possible. In any case, all the experiments were 

set up on fishes which had reached reprod!Ictive age, and with considera-

tion of their sex. 

2322Ler IV.  2.222nL2222M212211- 

elmels FactorLILELemmelse  the Redfish 

Table 2 shows the character of reactions with rabbit hemagglu- . 

tinating "anti-redfish" and "anti-cod" serums of the erythrocytes of six 

specimens of redfish taken 3 September 1965 on the southeastern slope of 

the Newfoundland Grand Bank. 

In the examination of thesedata, unidirectional differences in 

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

hemagglutinating serums are evident: agglutinins are contained in the highest 

. 	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 
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lower (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 er throe tes of the deepwater redfish 

by immune serums 

TadA  ii n a 2. Arnniormagun apirrpownon oxylin-KnFoBava unimputtaut 
CIABoposxamit 

A 	''- 	 PaneAemin airruchmoporoit B 	 C 
«aliTiloKyill,» 	a 	 c amirrpecita» 	b 	K0111110/1E. 

Homer)  	 (4m 3lto- 
pm0b: 	 zoniqecitilti 

1:64 	1:128 	1:256 	1 : 512 	1 : 64 	1:128 	1:256 	1:512 	11024 	PaeTn°P)  

I 	+ 	± 	
_..«. 	_ 	+ 	+ 	— 	 — 

2 	+ 	— 	— 	— 	+-1- 	— 	— 	— 	— 	— 
3 	+-I- 	+ 	— 	— 	+ 	± 	_ 	_ 	___ 

	

 
++ ++ 	+ 	± 	__ 

5 	+4- 	— 	— 	— 	± 	— 	_ 	_ _ 
6  ++ — 	— 	—+ 	± 	_ 	_ 	_ 	_ 

Key: A - Number of fish 
b - "anti-cod" 

Atàiseimm dilutitm a — "anti—redfisb" 

C - Control (physiological solution) 

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

rabbit  serum 

• - - 
Ta6nuua 3. Arrmoninagila apurpolurroa oxylin a6cop6uponainiofi 

Kpanianheil (..moponcoik «aliTilTpECKa» 

Key: A - "Anti-cod" serum absorbed by cells of fishes, number 

B - Number of fish 
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Exhaustion of the immune serum by the erythrocytes of fish No.

4 removes the reaction in all casss,.and the absorption by cells of fishes

Nos. 1•3 eliminates homologous reactions and reactions with cells of

fishes Nos. 5 and 6, whereas the erythrocytes of redfish No. 4 continue,

to adhere with the intensity +t+.

Consequently, cross absorption tests also reveal two types of

fishes different in the antigenic properties of their erythrocytes. The

first type includes redfishes Nos. 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 subordin.-

ations A1 (cells of redfish No. 4) and A2 (cells. of .rem.aining fishes)*,

and evidently coded by a pair of alleles 'Ath dominance of Al over A2

(Altukhov, 1969a).

Immune anti-redfish serum (see Table 2) differentiates cells of

six investigated fishes unequivocally with the anti-cod serum; this is

confirmed by absorption tests in which.cells of redfish No,, 3 were taken

for exhaustion. Still another reagent of precisely the same specificity

was obtained by us earlier in the Iceland region (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 wi,thin 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 rea ents with er throcites of redfish 

T a 6 a it it a 4. B3a imogeficToite Tpex pearewrou c ainurpounTama «pier' 

A 	 1-lomep ph16a1 	B 
Nourpont» C  

A6cop6apon31able remarrA10- 	 (timano.norit- 
Titaappouvie CIA Roponal 	 mecicail 

(pearembi) I 	2 	3 	4 	5 	6 

	

. 	 pacreop) 

«AIITIITpeCxa» 	1\r2 	1, 	 ' 

1964r.  	— 	— 	— 	++ 	— 	— 	— 
«AirrirrpecKa» 	N9 	2, 

1965r.  	— 	— 	— +++ — 	— 
«AlITII0Kyllb»  	— 	 — 	

— 	 ++1" 	— 	
— 	 — 

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 catetzes 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 A2' in contrast with the extremely heterogeneous fishes 

localized on the Newfoundland Grand Bank (see Chapter V). 

Since we succeeded in obtaining reagents "anti-cod" No. 1 and 

"anti-cod" No. 2 in the 1argest‘volume 

bLood 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 connected with sex: the uniform distribution of the factors 

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

>all surveys of the distribution of 
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Table 5.  Distribution of antigenic factors AI  and A  among males and  

females of the deepwater redfish caught on the Newfoundland  

Grand Bank on 2-4 October 1965  

Ta  6jiiiva 5. Pacnpee.nenne atrrnrennboc (Inncropon A 1  n  A 2  cpeAu camnott 
H camoic Itztonophi.noro oKynn, 131,1110BaCIIII0r0 lia BaabWOil 

Hmoopayng.nenguoii 6iunce 2-4/X 1965 r. 

Key: A - Sex of fish 	B - Phenotype 	C - Total 
1 - females' 

We have already 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. 

Distinct differentiation of the investigated fishes into three 

groups was traced: the erythrocytes of the first of them are agglutinated 

by both serums (Nos. 1-4); 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). 

a - males 
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Table 6. Distinctive features of agglutination of erythrocytes of the

T a C n x ü a 6. OcoGeunocTli arr,nloTnKaqnn epnTpOqnTOU anvoyca
tlOpbiaJl6li6lM1ilt. C6IBopoTKaNli H(nBOTtIbIX

(r►o AnTyxouy il pp., 14)69a c Aononnenneal)

a
b
C

I

-I--}--f-^-I-

2

-H-+-f-

Table 6 (Continued)
I-Ipo,qo.nN:elmc Taoa. 6

1#1

a
b

C

Key :

anchov norma 1 serums of animals (ace. to Altukhov et a

1969a with supplement)

1
CwnopoTKa

JIoutax:xan . . . . . . . .
CBIIE;an; . • . . . . . . .
KOIITpOAb ((rlf3no70rH9ecKIi1[

pacTnop) . . . . . . . .

Hontep pl>Idi.l 2

+++
-^--I--1--^-

3 4

^++
-I--I--I--i-

5

-f--^--i--i-

Houep ph16b1 2

CwnopoTha 1
6 7 8 I 9 I 10 . 11 12

CBllflan . . . . . . . -^ -^--^ -1- ++
3^oirrpoab ((pn3lloJloruueclai(1

pacTBOp) - - - - - - -

1 Serum 2 - Fish number a - Horse b - Hog

c - 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
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1l

A, A, A,,

Pltc. 15. Id11A11BnnyMbllan 113;1te11'i11330CTL ai1T11re1f13LIX CBOFICTB 3pHTp01.(llTOB all-

voyca B oBWTaX reNtarrAloTllllal(Illl c ILopnIaJlLllU11,111 CI,1BOpoTxai,tll xpoBli xcll-
BOT11bIX:

I - ca1111b3f; !1- notuaAtt-

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

the anchovy by absorbed hog serum (acc. to Altukhov et al., 1969a)

T a 6 JI 11 Il a 7. Oco6eHHOC1'll arrJiloT1111a1^1111 apllTpoll,jtTOB atiloyca a6cop6upouauNoii

cB1111oii cblBOporlcoii (no Anryxony 11 np., 1969a)

CciuttanA
ctaaopor-

Ka, u6cop-
Gupouart-
1taR i:neT-
KAMIf, 110-

l.fep

2
G
8

1

-I--I--1--^--i-+-^--

Honcep pwGt.l B

2 1 3 1 4 1 5

-}-^--i-
-f--i--f^^

-l--I--i-
-f--t--f-

-i--f-+
-f--{- -f--i--f- +-f- -f--f--f-

8 I 9 IO 1 1t 12

Key: A - Hog serum absorbed by cells, number B - Fish number
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V.V. Limanskii (1969). We will limit ourselves to a demonstration of only 

one table containing typical results (Table 8) and showing complete corre- 	57 

spondence of the results of reactions of 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 1:8 - 1:16, and during agglutination of cells of the other two groups in 

titers of 1:32 - 1:64 and 1:64 - 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  i.oups of anchovies 

were  discovered  on the basis of the antigenic properties of their eryttyo-

_eytes. 	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  Chat  hog serum is polyspecific in relation to the complex anti-

gen which can be designated as antigen Ai and horse eerum is a reagent to-

ward factor Al' Erythrocytes agglutinated only by hog serum contain the 

subgroup factor A 2 , 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: A I , A2  and A 1A 2 . 	However, in a qualitative 	 58 
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Table 8. Character  of the reactions of three phenogroups of the anchovy 

found in experiments of  normal agglutination with immune rabbit  

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

T  a 6  i  n  u a 8. XapaKTep peataimii Tpex tpenorpynn anmoyca, IthIABOCIIHIAX 
onierax nopma.unoii armoTunannu, c urvenyinion cbinopoTKoil Kpomoca 

(no AnTyxony u Rp. I969a) 

Ilpuon)Kenue Ta6n. 8 

Key: 	A - Number of fish 
serum in dilutions 

B - Normal serum 	C - Immune rabbit 
1 - horse 	2 - hog 

estimate of the reactions we discovered only two phenotypes: A l  (" ++ ") 

and A2 (" + -"). However, 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). 
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Table 9. Agglutination of er throe tes of the anchov b immune rabbit 

serum after absorption (according to Altukhov  et al. 1969a) 

Ta6anua 9. ArraloTnnanun spwrpoffloa atiqoyca nnoynnoil 
xpo.nn•lbefi cbmopontoil nocae a6cop6u,nu 

(no Aaryxony  u  ap., 1969a) 

Homep pm6ig B 

7 4 

A 
14mmyomin 

LI6C0116/IPO- 
lia11111131 RJ1CT• 
Kamm, tiomep 1 3 2 

• 	1 
4 
5 

+—+ 
+-F.+ 

A - Immune serum absorbed by cells, number 	B - Fish number 

Table 10. Variability of reactions of erythrocytes of ancham_of_A2  

(acc. to  first group in experiments  witb  normal antibodies  

AltukhoV et al., 1969a) 

a 

Ta6nuna 10. BapnaGeabnocTb peaxonii spwrpotorron an•loyca 
mud' rpynnbi B onburax c nopmaabinam awrirreaannt 

(no Aaryxony  II )Lp.,  1969a) 

Homep 	B 

cbmopurga 
1 	2 	. 3 	. . 4 	5 	6 

/Mun 1H11651  • • • • +++4- 	+++ 	++++ ++++ 	+++ 	+++ 
Colman 	 ++++ ++++ ++++ ++++ +++ ++++ 

A 
Cunopon(a 

7 

Table 10 (Continued) 
npoRoax;enue T36e.10 

Homep pm6m 

8 	o 	Iiô I 

-I-+ a ,floinaa,unan • 	. • 
b CB1111:111 

++++ 
+++ 

+++ 
+++ 

++1- 
++ ++ 

111■■■ 

Key: A - Serum B . Number of fish 	a - Horse 	b. - Hog 
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Table 11. Agglutination of erythrocytes of the anchovy by absorbed heg

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

T a 6.q it it a 11: Arr,nroTnnaqnsl apurpoqnTOn atlqoyca
aûcopûnpoQanuoü ct;unoü cbtsopoTKOü

(no AnTyxony it 1tp., 1969a)

A
Cmmast ct.t-

nopoTt<a, a6-
cop(ulrot+att-
Ilafl KJICTIta-

lt, nontep

1
11

Cl1ttttan
nopoTKa, aG-
cop6nhonatt-
Itall KncTKa-

eut, uoatcp

:l

5

13

6 1 7

14 15

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

The data presented in Tables 10 and 11 show that erythrocytes of 59

the positive group of the 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 i t turns out that the exhaustion by cells of type 'I++" (No. 11) dis-

poses of the antibodies for erythrocytes [literally "eliminates the anti-

bodies towards the erythroc.vGes"-7 reacting somewhat more strongly with any

single reagent at all (Nos. 9 and l0). At the same time

1

+++

2

+++

Table 11 (Continued)

IlpoAonxcemte Ta6n. 11

10 I 11 I 12!

HoNtep ow6m B

Homep pbtGw B

3 I 4

+T
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Qj 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 i s represented by those blood groups, 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't cells, caused, very

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

AlA2.

The assumed structure of this genetic locus could be proven precisely

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

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

fore only one way remains -- verification of the hypothesis directly on

samples from natural populations.

Regarding the assumed heterozygotes AlA2 of those positive fishes

whose cells weakly agglutinated with horse and hog serums (erythrocytes of 60

types Nos, 9-15 in Table 11), we made corresponding calculations on five

sufficiently representative samples of the Black Sea anchovy, taken at

different times and at different places of its range, and satisfied our-

selves of the absence of any sort of essential divergences between the

gametic and zygotic frequencies expected according to Hardy-Weinberg. Just

such an unequivocal answer, testifying to the validity of the hypothesis of
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the pair of alleles, was obtained in processing the total Black Sea 

catch 	without samples with negative fishes ( 2 .4 3.84; df 	1; 

p). 0.05; Table 12). 
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Table 12.  Verification  of hypothesis of two-allele control of blood 

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

T a 6a  n n a 12. Hponepga ninon:3m o Anyamaeabnom KOHTp0Me rpynn 1(130BM 
gepnomopcicoro affloyea (no Arryxosy n np., 1 069a) 

Table 12 (Continued) 
Ilpeamenue Ta6a. 12 

Key: A Sampling place and date 
a - phenotypical 	b 	genic 
1 - Sochi, 10-13 June 1963 

- Odessa, August 1963 
5 - Tobechik, 12 May 1965  

B - Frequencies 

2 - Batumi, 14-16 June 1963 
4 - Kabuletti, 23 February 1964 
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 A0 ) 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  
• 

T a 6 H t a 13. rpynnbl Kponit enpon—eilaioro angoyca 

Xnpascrep peaaguil c pearewramtr D 

aHTH-A (cnnuan Cbl-
Boporica) 	a  

airru-A /  (Jnotur.Au-
Han cbmopon<a) b 

A iA 2 
 A1a 

A2A2 
A2a 
aa 

Key: A - Allele 	B - Genotype 	C - Phenotype 	D - Character of 
reactions with reagents 	a - anti-A (hog serum) 	b anti-A 1 (horse serum) 

If this scheme is valid, then in the Azov anchovy the A l  group 

must in the intensity of serological reactions be more heterogeneous 

than in the Black Sea anchovy, as the allele A0  is not present in the 

latter (see Table 12). The same should also be expected for the pheno-

type A 2 . 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 A 1A2 , 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 (X, = 2.39; di = 1). 

In five other samples 	the actual frequency of the assumed heterozygotes 

A 1A2 was  much below the 
expected (fluctuations  of '2  from 13.36 to 43.51) 

in the presence of a simultaneous sharp increase for the water body as a 

whole in the concentrations of phenotypes AI  and / 2  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 admissibility of the proposed genetic hypotheses, 

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 grnups of the 

anchovy is demonstrated rigorously enough in a comparison of three suc-

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. 

Electro.horetic Variants of Proteins of Pacific Salmons 

1. Lactate dehydrogenase (KF 1.1.1.27) 1-lactate: NAD.oxydc-reduc-

tase. Henceforth abbreviated Ldh. 

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 keta: 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); U- 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 - masu; 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 A and B are "agar" zymograms for Ldg of muscles 

and blood serum of the keta respectively, and on subsequent OL2S, isozyme 

spectra developed by the method of acrylamide electrophoresis . in  different 

tissues of the keta, and also in some tissues of pink salmon, masu and 

coho. Since the "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 is°. 

zymes : one, negatively charged very little and consisting  of fourCr 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 second group of isozymes is also detected 

in blood serum, and under slightly different 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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0 have been detected by starch-gel electrophoresis in the skeletal muscles

of some representatives of the family Salmonidae, in particular the rain-

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

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

more groups, d and e, have been found in the intestines and the eye (Figure

17). 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. gairdneri. Still

earlier, duplication of genes in loci A and B for the Ldg of Salmonidae

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

Li 0F) ^

f4
^ 4 -

^4 = D4S4

Figure 17. Schematic depiction
of four izoenzymatic groups of
lactate dehydrogenase, revealed
by starch-gel electrophoresis in
different tissues of rainbow
trout. Group a - skeletal muscles;
b - skeletal muscles and heart; d -
intestines; e - isoenzymes specific
for tissues of the eye; three other
groups were also discovered in it
(ace. to Massaro and A?arkert, 196$).

â

Pite. 17.

b d ê

As for the keta, the results of electrophoresis in agar gel permit

considering that we have found in the muscular tissue of that species 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 tissues 

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 

as in the trout. 

In the pink salmon we have investigated in detail the isozyme 

spectra of Ldg 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 it are the sanie  

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 char- 

acter of the Ldg of muscles -- the only tissue investigated so far in that 

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 

dehydrogenase, reflecting their tetraploidy, is 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 one cannot 

draw a conclusion about the numbe'r 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., 1966; 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 which 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 Kuri1 Islands.

Verification of the hypothesis shows precise correspondence of

the actual numbers of genotypes with.that expected from the Hardy-Weinberg

equation (X 2 = 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 phenotypes with respect to 1d g are

low 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 inheritance.

A fish with nine isozymes on the basis of the serum group of.Ldg

has been discovered only once on 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

66
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Table 14.  Distribution of electrophoretic variants of lactate  

dehydrogenase in the Naiba keta population, 
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Cpoan cliopa 
maTepaaaa 

enn MbUllellte rpynnu H30[11CpMCHTOB a 

BDAA 	BBA'A 	BBA'A' 

1 OKTn6pb, 1968 r. 

2 OICT516pb-11osi6pli 1969 r. 

130 
(129,96) 

455 
(451,59) 

14 
(13,68) 

35 
(37,63) 

Key: 

Ilp ameuaaa e. 3,aect, it a nocommumx - auanoruuublx Ta6.nug3x u cuculuax upunoaurca 

A - Sampling dates 
B - Postulated genotypes 

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

C - Gene frequency 
1 - October 1968 	2 - October-November 1969 
Note. 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 

zymogram (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 

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 

C,4; B, 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 between 

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 regarded as heterozygotic (wewill conventionally desig-

nate it as FS) and the two others as the homozygotes FF and SS*. 

Table 15. InheritançeoLtypes of muscular Ldg_in  the keta 
.. • 	 • 

• 
Ta  6.n  s u a .15. liacaeAonalute Till ROD mbune.thoii J1,{tr y KeTia 

reitorunbi pojtetreneft 

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

*From the initial letters of the words "fast" and "slow". 

i 



93

Oj

1J

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 serum, 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 (Altukhov 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 the Kuril Islands, and over 100

coho.

Hereditary variability in the autosomal 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 successfully found in the muscles of the sockeye, as well

as of other Salmonidae.

2. Phosphoglucomutase (alpha-D-glucose-l,6-diphosphate: alpha-D-

glucose-l-phosphate of phosphotransferase; KF 2.7.5.1; henceforth abbre-

viated Pgm).

69
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Figure 18. Electrophoretic variants of proteins in Pacific salmons. 
A - serum lactate dehydrogenase of the sockeye: 1 - homozygote AAB"-B-1 ; 
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 - homozygote 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 (electrophpresis 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 DO resiSectively; 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:

NAD-oYide reductase, KF 1.1.1.41?) has been investigated in the erythro-

cytes of the keta, pink salmon and sockeye (hundreds of individuals) from

differènt populations. In all cases constant heterozygoticity is main-

tained, which permits speaking about a mechanism of duplication similar

to that observed in relation to the locus of Pgm (Figure'18, D).

4. Esterase of blood serum and muscles (henceforth'abbreviated

Es) can be classed in the group of nonspecific enzymes, regarding the

molecular bases of the multiplicity of which almost'nothing is known

(Salmenkova, 1973), although in accordance with the general principles of

biochemical genetics it is logical to treat each zone of activity on the

electrophoregram 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-phosphate: NAD-oxide reductase, KF 1.1.1.8), investigated in the keta,

70
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t
gives on our electrophoregrams at least two groups of fractions of dif-

ferent intensity. If the same scheme "ône gene -- one band on the zymo-

gram" as in the preceding cases is adopted, 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 starch-agar

gel reveals in keta blood serum polymorphism of the fastest

protein fraction, comparable 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

to assume either a two-loci structure of that system (taking into account

that the Pacific salmons are tetraploids) with several 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 rarely 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 C.

*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 or}ce in the Kalininka stock (N - 526 specimens).
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5 
11 
12 
17 
14 
5 

CA • 

2,14 
0,05 
0,02 
2,45 
0,03 
1,17 
7,12 

0,78 
0;42 
1,02 
0,17 
1,48 
0,01 
0,02 

Table 16. Distribution  of genotv'es of albumin in the Naiba •opulation 

Of the keta u on the assumption of panmixia (F = 0) and with  

correction for subdivisibilit (F = 0.114 1- 0.02) 

Ta 6nnua 16 

	

1 	2 	mbcc 	 Juba) 

	

Hemel) 	RaTa 

	

npout 	11351TIIII 	 I VE 	 NE 

	

me) 	Ar o 	 No  
' 	 F=0 	Fr-, 0,11 	 F•,---- 0 	F -..-- 0,11 

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

	

1--6 	20/X-- 	248 	235,22 	247,18 	194 	.219,55 	193,79 
28/X1 

11 p tim  e 't a  itit e. No  - (ber m lecKee ,11(CIR`IlllOCTb rellOT.111011: NE --O.l IIJ. tt'M.t que.,..ita , ,:t;.. 

AmD D 

N. cr. NE 

F==0 	F=0,11 

(1.416(7  
F= 0 F 	0,11 

64 
64 
112 
90 
96 

506 

2,63 
10,57 
12,25 
13,24 
14,40 
3,37 

51,23 

0,8187 
0,5937 
0,5625 
0,6562 
0,6000 
.0,8125 
0,6818 

3,60 
12,26 
13,98 
16,02 
16,73 
4,98 

65,05 

Note. No 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 fami/y analysis -- the 



98 

• 

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, our 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 account 

only types D (slow homozygote), CD (heterozygote) and C (fast homozygote), 

that is, we assume a single-locus two-allele system* (Table 16). 

AS iS evident from Table 16, in none of the investigated samples 

and no phenotypical class are there reliable differences between the theo- 

re-tical and empirical distribution, and so the real picture . does not contra.- 

diet the genetic hypothesis adopted 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 heterozygotes. These facts are 

discussed in detail in the following chapter. 

7. Malate dehydrogenase (L-malate; NAD-octidoreductase; KF 1.1. 

1.37; 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 dis-

cussed above, and with three in the other (zone C being considered common 
to both systems) is in accordance with empirical distributions. 
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Since in other Salmonidae Mdh is a dim'er (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 an 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  

T a 6 Ji H  a a 17. Hacneaotiaaue. ninon ma.naTerigporeitan y germ 

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

Until the genetic structure of the loci of malate dehydrogenase 

is completely deciphered .we will use as a basis the described scheme, 

assuming that at least the genetic nature of this polymorphism is unques - 	
73 

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 regarded as a two-allele

one, finding the frequency of the one most frequent gene by extracting

the square root of the relative number of the 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 aspartate

aminotransferase and tetrazolium oxidase also are monomorphous or extremely

weakly variable in populations of different species of Salmonie.ae, water-

soluble proteins of muscles are myogens, and water-soluble proteins of

the crystalline lens of the eye and hemoglobins are crystallins. It is

clear that i:zvariant characters give nothing for the study of population gene-

tics. On the contrary, analysis of that sort i s accomplishable on the basis

of those genetic systems which have proven to be polymorphous. 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, Geneticall

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 behavior, 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 	74 

exceeding the radius of their activity -- so-called isolation by_disfance 

(Wright, 1943). 

Since a mathematical model reflects a certain general regularity, we 

have the right to expect some uniformity of the population genetic struc-

ture in the_most differing species in nature. And, actually, in field inves- 

tigations corresponding facts ha,., e been obtained, at ieast..with• regard to the 

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

the absence of any geographical barriers 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 Eunummoralis, 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 inmestigtion 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 such 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. Hetero^eneity of

a Separate Stock

Distinctive features of the spatial distribution of the blood group

factor ti2 i n redfish accumulations on the Flemish Cap bank and the New-

foundland Grand Bank are evident from Table 18 and the corresponding

figures. The table was constructed so that it might be possible to form 75

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 samples: in the first case the A2
76

factor i s close to fixation (fluctuations I n individual samples from 0.91
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Table 18.  Frequency of blood group A 2  in samples from accumulations of  

redfish 	on the banks of the Newfoundland re_ion of the 

Atlantic (1965)  

T  Ci :I it It a 18. 	IllacTora rpyrium KpOflht  A2 B  itt,i6opKax 113 ÇK011:1e11115 

mopcicoro otty:ist iia 63111/11X 111,1011KlylIAJICIIACK0r0 paiiona AT:I/WT{1Kit (19 (35 r.) 

A ,, 	B 	 A 	B 

	

i Ico e p 	mntrr a 	 Homep 	jl,a-ra 

	

npoG 	Mel ona 	N 	qii1,. 	npoo 	BLIJI0Iiil 	N 	111A, 

	

1 	3/IX 	40 	0,97 	37 	21/IX 	GO 	0,86 

	

2 	3/IX 	38 	0,51 	38 	22/ 1 X 	40 	0,67 

	

3 	4/1X 	40 	1,00 	39 	23/IX 	40 	0,77 

	

4 	5/1X 	20 	1,00 	40 	24/IX 	40 	• 	0,95 

	

5. 	5/IX 	60 	1,00 	41 	25/IX 	40 	0,95 

	

6 	5/IX 	40 	0,97 	42 	25/IX 	40 	0,89 

	

7 	5/IX 	20 	1,00 	43 	26/IX 	40 	0,59 

	

8 	5/1X 	40 	0,92 	44 	27/IX 	60 	0,63 

	

9 	6/IX 	40 	1,00 	45 	27/1X 	32 	0,71 

	

10 	6/IX 	80 	1,00 	46 	28/1X 	40 	0,50 

	

11 	6/IX - 	GO 	1,00 	47 	28/IX 	60 	0,48 

	

12 	6/IX 	GO 	1,00 	48 	28/IX 	60 	0,45 

	

13 	6/IX 	60 	1,00 	49 	2/X 	60 	0,88 

	

14 	7/1X 	50 	1,00 	50 	3/X 	60 	0,75 

	

15 	7/IX 	80 	1,00 	51 	4/X 	60 	0,71 

	

16 	7/IX 	100 	0,99 	52 	4/X 	GO 	0,73 

	

17 	7/IX 	58 	1,00 	53 	.- 	5/X 	60 	0,61 

	

18 	7/IX 	60 	0,95 	54 	5/X 	60 	0,52 

	

19 	8/IX 	78 	0,99 	SU 	6/X 	60 	0,68 

	

20 	8/IX 	40 	0,97 	56 	6/X 	60 	0,76 

	

21 	9/IX 	40 	1,00 	57 	6/X 	60 	0,77 

	

22 	12/IX 	60 	0,96 	58 	7/X 	60 	0,73 

	

23 	12/1X 	60 	0,91 	59 	7/X 	60 	0,63 

	

24 	13/IX 	60 	0,93 	60 	8/X 	60 	0,77 

	

25 	15/ 1 X 	40 	0,81 	61 	10/X . 	60 	0,73 

	

26 	15/IX 	40 	0,95 	62 	10/X 	60 	0,84 

	

27 	15/IX 	40 	0,87 	63 	10/X 	GO 	0,85 

	

28 	16/1X 	60 	0,89 	64 	11/X 	60 	0,84 

	

29 	16/IX 	60 	0,85 	65 	11/X 	60 	0,84 

	

30 	16/IX 	60 	0,71 	66 	15/X 	. 60 	0,73 

	

31 	16/IX 	60 	0,83 	67 	15/X 	60 	0,89 

	

32 	19/IX 	60 	0,79 	68 	16/X 	GO 	0,89 

	

33 	19/IX 	60 	0,79 	69 	17/X 	60 	0,35 

	

34 	20/IX 	60 	0,71 	70 	17/X 	60 	0,71 

	

35 	20/IX 	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; 	0.95 4. 0.02);-in the second a considerable dispersion of the 

gene frequencies is obserVed (from 0.35 to 0.95; CI-  = 0.73 4. 0.01). If the 

genogeography of the A 2  factor on the Newfoundland bank is presented in 

rather rough and, consequently, reliable frequency intervals, then the 
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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 evident (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 neéessary to paint 

a similar map with only one collr. 

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 population; we will turn to this again, 

but here will point out the good agreement of the immunogenetic data with 
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Figure 20. Spatial localization

of A2 blood group in accumulations

of deepwater redfishes on the Grand

Bank of Newfoundland. Hatching

indicates frequency of occurrence

of gene of blood group A2 as %.

PI3c. 20. IlpocTpaacrneanaa llolta-
m3aIZIISI rpynnLt HpOB11 A2 n
cxonnellnslX x,nlonopbiuoro bxylla
IIa Hb1oqIayHAnelluçxoit 6anxe.
^TpIIXOBKa yxa3bIBaeT HaCTOTy
BCTpe4aehI0CTH reHa rpynnbI xpoBH

A2 B %.

_1 4 B 1Z ;6 ^1? î4 _ 78 32 J-^ LD`44

,iK ;6 JN 30 3P

PHC. 21. Ko.neGnenlocTb IIaCTOTbI rena rpyllllbl xponn Ag B B6I6opKax 133 cxonne-
- IIIIiI olSyna na Bonbnloii H Liol^ayliI4nellucxoïl 6atlKe. • .

Figure 21. Fluctuation of the frequency of the gene of

the A2 blood group in hauls from accumulations of redfish

on the 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).
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the results of morphological and biological investigations of K.P. Yanulov 

with respect to his conclusion about the sharp apartness of the 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 A2 factor in hauls from redfish accumulations it is 

evident that that variability is irregular and comparable in different 

ranges. If one calculates theinumericalYvalues of the character for the 

assumed stock localized in the northern part (samples Nos. 1-9; zones 3K 

and 3L) for the stock on its southwestern slope (samples Nos. 32-48, zones 

30 and 3?) and simultaneously for redfish accumulations in zone 3N (sam-

ples Nos. 20-31), not investigated in detail and almost not discussed at 

ail  by K.P. Yanulov, then the irregularity of that variability becomes 

still more evident. On the basis of the ff,iven 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 21 and 3K through zones 

3L, 3N, 30 and 31) toward zones 4V, 4W and 4X; a slight disruption of the 

wedge, probably caused by randomness of the haul, is noted only in zone 

3N. However, the fiih accumulations on the Flemish Cap bank differ 

sharply with respect to this character. 
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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 series; 2 - theo-
retical curve of normal distribution law. For species.
a: n m 48, X2 = 5.73 and df - 3; for species b: n a 72,
%(2 R 22.38 and d^ = 3.

*0 We present below the average number of vertebrae of fishes in

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

3o11m A CpeArnee vncno no^nocu:ot^ 3om.i A CpejInee 1111cnu noaaom:on B
3dKI{Ad) M ± ni NKHA'U Al t+n

2! 30,54f0,032 30 30,17±0,015

3K 30,62f0,027 3P 30,17±0,034
3L 30,25± 0,015 4V 30,16t0,010
31V1 31,05±0,015 4W 30,11±0,031

3N 30,39f0,019 4X 30,04 --L-0,019

li p it m e v a it it e. 3namenue, xapai<repnoe R.an Gamut (DneMUm-Kan, nomacplaryrU.

Key: A ICNAF zone B Mean number of vertebrae, M+ m

Note: The value characteristic of the Flemish Cap bank is under-

lined.

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, 1955;

79
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Kotthaus, 1961a; Skazkina, 1965; Altukhov And Mikhalev, 1960; 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 i n 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 corresponding data regarding blood

groups, indicates heterogeneity of the studied 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'* :7hich evidently-represents (as has

already been emphasized) an aggregate 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

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. .

80
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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 indirectly. The sharp differences between stocks 

with respect to a number of characters testify above all to this. 

Our own results establish an extremely limited admixture of New-

fouulland 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 redfish with :›3 vertebrae also were caught  from time to time 

and,what is especially important, the females there had stages III, IV 

and V of maturity of the sexual glands, whereas in the remaining parts 

of the Flemish Cap bank the gonads of all the females were in the post- 

spawning stages VI and VII. Thus reproductive isolation between the stocks 

is present also with regard to this basic charactèr. 

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

clusions. 

109 
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1. In accordance with the morphological and biological data, in 

the Newfoundland region of the Northwest Atlantic immunogenetic investi-

gation reveals two reproductively isolated stocks of redfish the Flee. 

ish Cap and the Newfoundland. The A2  blood 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 A
2 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 gen-

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

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

3. The character of variability of the redfish with respect to an 

immunogenetic character and some polygenic morpholôgical features with 

consideration of ecological data permits assuming that the subdivision of 

the stocks does not reflect the gathering together of any sort of hetero-

geneous populations but oCcurs within a single aggregate. 

• Genetic Differences of the Azov and Black Sea  Races  of the Anehovy., 

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

of Azov and the Black Sea 

Ta6nuna 19. 1-burin rpynn nponu n niA6opitax affloyca H3 A3oucKoro n Ilepnbro mo.peii 

	

. 	A 	B 	 C 	
tlacroTm 	D 

Homep 	 ckeooronoveeKme 	a 	renomel 	h 

	

Molle 	 obt6o- 	MCCTO B3SITIISI TIp06 II gaTa 	n 
poK 

A, 	A, 	A, 	P 	P 	r 

	

MOBCKOC 	 1 	khoab, aBryer 1963 r. 	551 	0,5699 	0,1379 	0,2922 	0,3442 	0,1152 	0,5106 
2 	Phooh, cetrrn6pb 1964 r. 	1056 	0,4384 	0,0966 	0,4650 	0,2513 	0,0678 	0,6S09 

	

of 	Azov 	3 	Ulm, 1965 r. 	 848 	3,5993 0,1751 	0,2255 	0,3668 0,1582 	0,4750 
4 	11BryeT 1965 r. 	 810 	0,5234 	0,2383 	0,2383 	0,3097 	0,2021 	0,182 
5 	C.emn6pb 1965 r. 	 736 	0,5636 	0,2856 	0.1508 	0,3396 	0,2721 	0,3883 
6 	A.BryeT 1966 r. 	 1932 	0,7914 	0,1775 	0,0311 	0,5432 	0,2804 	0,1764 

	

14Toro no A3013CKONly 	I otal 	for Sea 	of 	Azov 5936 	0,6157 0,1808 0,2035 0,3940 0,2248 	0,4512 

	

moplo 1963-1966 rr. 	1963-1966 

	

Ilepnoe 	 7 	51.ea, 	 16 	0,8750 0,1250 	-- 	0,6465 0,3535 	-- 

	

Black 	 18 mapTa 1963 r. 
8 	floTn, 	 20 	0,9500 0,0500 	-- 	0,7760 0,2240 	-- 

. 	 12 man 1963 r. 
9 	aurnma, 	 39 	0,9500 0,0500 	-- 	0,7760 0,2240 	-- 

• 23, 25 man 1963 r. 
10 	Cogn, 	 80 	0,9375 0,0625 	- 	0,7500 0,2500 	-- 

10-13 11101151 1963 r. 
11 	BaTymn, 	 65 	0,8461 	0,1539 	- 	0,6077 0,3923 	-- 

. 	 14--16 111011fl 	1963 r. 
12 	Opnna, 	 30 	.0,9000 0,1000 	0,6840 0,3160 	-- 

26--28 MUR 1963 r. 
, 13 	0.11=a, 	 168 	0,9882 0,0118 	- 	0,8909 0,1091 	-- 

aBrycT 1963 r. 
. 

14 	Flœopoccu6eK, 	. 	 90 	0,7111 	0,0111 	0,2778 	0,4620 	0,0100 	0,5280 
• 27--29 cpeBpaan 1964 r. 

15 	Ka6yoeTn, 	 40 	0,9750 0,0250 	- 	0,8419 0,1581 	-- 
23 gleBpaan 1964 r. 

16 	BaoaxaaBa, 	 45 	1,000 	-- 	-- 	- 	- 	-- 

• 6 aBryeTa 1964 r. 
17 	Oecca, 	 108 	0,8148 0,0555 	0,1297 	0,5697 	0,0701 	0,3602 

21--27 MUR 1964 r. 
18 	l'oelniK, 	 40 	0,9750 	0,0250 	- 	0,8419 	0,1581 	-- 

12 man 	1965 	r. 	..• 

19 	H0130 pocc i di c K , 	 20 	1,000 	- 	 - 	 - ' 	- 	 - 

• 13 man 1965 r. 	
' 20 	Houbtil Acpon, 	 40 	1,000 	.-- 	- 	- 	- 	-- 

19 man 1965 r. 
21 	Cou, 	 80 . 	0,5625 	0,3250 	0,1125 	0,3385 	0,3261 	0.335-1 

9 ReKa6pn 1965 r. 
22- 	Cbqn, 	 67 	0,9552 	0,0149 	0,0299 	0,7883 	0,0388 	0,172 

8-16 cern6pa 1966 r. 
23 	lIonopocenficK. 	 20 	0,9092 	0,0451 	0,0454 	0,6972 	0,0895 	0,213 :  

17--18 owrn6pn 1966 r. 
24 	bible Talm.lb, 	 30 	1,000 	- 	 - 	 - 	 - 	 - 

20 0Kint5pn 1966 r.  

Total for Black Sea 

	

H Tor() 	no Ilepuomy 	 998 	0,8890 	0,0600 	0,0510 0,6668 	0,1074 	0,225 

	

mom1963-1966 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 snd 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 - O1'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, 6 August '964
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 Dec:..nber 1965
22 - Sochi, 8-16 October 1966
23 - Novorossiisk, 17-18 October 1966
24 -Cape Takil', 20 October 1966

The gene.frequency was determined from.the formulas:

r = j^t1e: -i-Jo-j Ao: P= (4 E r)•

geographical races (= subspecies), there is a substantial difference (see

Table 19). Especially important is the fact that besides purely quanti-

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 only in a limited experiment (see Chapter IV) give

weighty bases for considering a reality the complete absence in the. Black

Sea anchovy of the A0 blood group, constantly encountered in the Sea of

Azov. This phenotype is found.in the Black Sea mainly in the winter (hauls
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Table 20. rrequency of the gene of blood group An in hauls from

accumulations of the Azov anchovy"(Jûne 1965)

T a 6,n it it a 20. 11acro: a rena rpyrwl.r xponll Ao n uuldopxax
113 CKOn0Cil:1{t a30nCKorO an4oyC8

(lion, 1965 r.)

Sample
Houep npo6
number

Date
,qara

^arre'
1 I It1oHn
I1 111o11H

12 InOIIA

12 }noxR
12 Ittona
12 11101151
12 11101151
13 1r:orcn
13 11101151
14 mollit
14 11101131
14 Inonst
15 moltsi
15 t11oNa
19 1110118

19 1rioFIA

19 ulolln
19 ulollr
20 n:onst
20 ulolui
21 luo:in

•21n1oKa-
21 111o1+st
21 Ittona
21 IUo}IA
21 molur
22 }uollx
22 11101131
22 1110H51

Fishfng squar
2'N 1 qAo

ts 56
g^^ ch 60
33x kh 58
34y u 40
37T t 40
38p r 40

32p, 33o r 100
37o, 3611 o 80

4011 n 40
39n 1 56 ^
361s k 32

^3n, 34x 1 1 k
8
76
231n

34e 34
27x 58
24H• n 32
273 z 42
21K 52

18o, 17x o n 46
10.R 1 28

811 P 80
5p7y8(p r u 160

12x kh 36
32p . r 80
11.x n• 80
12p r 60
8u t s 80

17y u 40
23T 28

0,707
0,516
0,491
0,224
0,224
0,316
0,245
0,274
0,00
0,00
0,00
0,283
0,412
0,245
0,454
0,249
0,219
0,332
0,548
0,374
0,612
0,742
0,574
0,689
0,224
0,316
0,725
0,548
0,654

Nos. 14 and 21) or autumn (Nos. 22 and 23), and close to precisely those

sections of the coast of the Caucasus which are known as the places of

wintering of the anchovy of the Azov race. Only once, in the period of

reproduction in the region of Odessa, were fishes taken which inc3.uded

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

Ilpo^tbicnonltc
oanpar
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Pile. 24. relloreorpadnin cpawropa rpynnm nponn Ao awcoyca D A3013CKOM mope  
73 moue 1965 r. (no B. B. J1wmanenomy). OnonTypenm paaangnme tlaCTOTb1 rpynnu 

}Tenn Ao B %. 

Figure 24. Genogeography of the An  blood group factor 
of the anchovy in the Sea of Azov In June 1965 (acc. 
to V.V. Limanskii). Different frequencies of blood 
group Ao  as a % are outlined. 

population. Of the other Black Sea hauls of the same - type, only Nos. 14 and 

21 belong most probably to the Azov race; in hauls Nos. 22 and 23, gorup A
0  is 

contained as an insignificant admixture. Other samples taken in the Black 

S-.a are represented by only two phenotypes: A l  and A2  with an average fre- 	84 

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 A l  

frequenCy close to 100 7.  and witha frequency of about 85% (compare samples 

Nos. 7 and 11 with the rest). 

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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Pnc. 25. renoreorpaqmn (1)aKTopa rpyrum nponn Ao antioyca 13 A3013CKO• M ope  
anrycTe 1965 r. (no nannbim B. B. J-Inmanciçoro); ycnonnme o6oanagenna Te >ice, 

tiTo H Ha pile. 24. 

Figure 25. Genogeography of the An  blood group factor 
of the anchovy in the Sea of Azov In August 19 65 (ace. 
to data of V.V. Limanskii); symbols as in Figure 24. 

Pnc. 26. renorcorpadmn (lIaKTopa rpynnm !Qom! /10 aincoyca  n  A3011CKOM mope 
cenTa6pe 1965 r. (no Jununat B. B. J1nmancxoro). YCJIOBIIMO o6o3natiennn 

Te >KC, 11TO H na pue.  24. 

Figure 26. Genogeography of the An  blood group factor 
of the anchovy in the Sea of Azov In September 1965  (ace. 
to data of V.V. Limanskii). Symbols as in Figure 24. 
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1 é 5 4 5 ti'if ° 4911.12 iJ1qô17 '•`UZGj•'1[13 7•^ :iZ^

Pne. 27. rlpoCTpaIICTBeIIIlaSi ti3nICI141IBOCTb 4aCTOTbI retta rpynnbt apOSx Ap
B nb16opiCax 113 clcon.nenttii a3onclcoro anaoyca s moue 1965 r.

Figure 27. Spatial variability of the frequency of the
blood group gene A in hauls from accumulations of the

0
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-

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 localization 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 includes

the results of analysis of 36 trawling catches, more or less uniformly

distributed over the area of the Sea of Azov.

^aauw,^`.±!'!1!.»r,►±e^s.;:F.;, R^'^?+^R'F^_sMG!TPR°RRt,.,.^*i?r*'^S"°I!'?irJM^±rxrrr.^r^r;^^*lz• .....^?!-'c.. . . ^

85

-11



1.17 

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 re-

actions. Correspondingly the gene frequency is determined for the presuma-

bly recessive Ao  factor by extracting the square root of the relative num-

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 Ao  down to its absence (samples Nos. 9-11). But such a feature is 

characteristic of the Black Sea race and, consequently, the question arises 

of whether those hauls reflect the presence of the Black Sea anchovy in the 

Sea of Azov. 

To answer the posed question let us 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 A0  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 Figure 26). That we are dealing here with 

one and the same fish is proven by coincidence of the frequency of the 

phenotype A l . In June it was 72 7. (N 	64), in August 75 7.  (N = 83) and in 

September again . 72% (N 	54). 
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On the remaining area accumulations of fishes of the Azov race 

were localized, represented by all three blood groups; the variegation of 

the spatial distribution of the gene Ao  in them is just as demonstrative 

(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 investigate 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 

have no guarantee that some genotypes will not prove to be more represented 

in our material than 	others -- anchovy accumulations are characterized 

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. If a two-year cycle of replacement of generations is adopted, 

• and such an assumption can be made on the basis of the data on the biology 

of the anchovy, then, if we compare the materials of adjacent years we 

are not guaranteed either against artificial increase or decrease of the 

frequencies of individual phenotypes and genes. 

same spawning-sfattening season we 
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If these considerations are taken into account, for a precise im-

munogenetic characterization of the Azov anchovy proper, one

should use the data of the July 1963, June 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 charac-

teristic of the Azov race properly speaking*.

But already in August 1966 striking changes are revealed in the

spatial localization of the anchovy of different groups in the Sea of Azov: 89

a considerable part of th^ range proves to be occupied by accumulations

represented only by blood groups A1 and A2, and only on the periphery, in

the west and in the east, are fishes with the AD blood group outlined (Fig-

ure 28). Characteristic of the sea as a whole is a sharp increase in the

concentration of the phenotype A1 and just as sharp a drop in the concen-

tration of the phenotype A0 (see Table 19).

It is improbable that such sharp changes.in the genetic structure

of the enormous population of tho Azov race by i966 (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-

tion of the Black Sea anchoyy 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).

I
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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)  

Ta  6 i ii n. 	21. (1)eno -runwiccnne 	renume ‘I a CT011.1 A-C IICTCN1111 rpynn Kponn 
Tpcx nocneRoteriCe111 ■ 111.1X 110K0J1e1111  SIX  a3oucKnii pacta nn ■ loyea 

(no Amundm B. B. .TInmancnoro) 

- Continuation of Table 21 

IlpoÂomnenne Ta6.1. 21 

Key: A - Generations 	B Frequencies 	a - phenotypical 	b - gene 

The frequency of the gene pA l  for it is 0.8013 (see Table 12), 

and in the accumulation which occupied the central part of the Sea of 

AZOV it is 0.72 (N = 980). For the water body as a whole pA l  = 0.5432 

(see Table 19). Consequently, if  we  take into account the corresponding 

mean frequency in the Azov race (pA I  = 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 formula 

qn— qd 
— 

c d 	qc — qz 
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Pnc. 28. I'enoreorpa4miss Q)at.Topa rpynnt)t r.poun Ao anuoyca IIA3onCK0\t nsope
B anrycTe 1966 r. (no uantmtm B. B. JInniancHoro). Yc.normvte o6o3nmennn Te

)Ke, 9TO It na puc. 24.

Figure 28. 'Genogeography of the blood group factor A0
of the anchovy in the Sea of Azov in August 1966 (acc.
to data of V.V. Limanskii). Symbols as in Figure 24.

where q11 is the definitive gene frequency in the mixed population;

qc is the gene frequency in the Black Sea population;

qd is the gene frequency in the Azov population; -

c and d are the corresponding shares in the mixed population.

The result bbtained 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 A0 factor, not represented at all in the Black Sea race; the result

proves to be similar (about 40%).
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Of course the calculation made does 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 of Azov. The authors showed that similar migrations 

also occurred in past years, for example, in 1933, 1937, 1947, 1951 and 

1958, but no regularity of such  incursion  i was successfully established 

and, consequently, there are no conditions 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. It is especially important that besides 

quantitative differences in the frequencies of common genes there also 

is a qualitative .difference, expressed in the genetically closed state of the 

Black Sea race -- the absence of the gene Ao  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 subdivision

into smaller, genetically different population unitse Thus, in spite of

the extreme mobility of the anchovy, the same picture appears as with

bottom redfish leading a clearly expressed settled form of lifa.

The heterogeneity of the Black Ses race of the anchovy is poorly

detected on the basis of the studied markers, although reliable differences

among some samples have been discovered. This agrees with the opinion of a

number of authors (see Chapter II) Who are inclined to subdivide the Black Sea

race into several local stocks. However, here we will not discuss this

question, which requires further i nvestigations.

It is important to emphasize once more the fact of 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.
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Reproductive  Isolation and Genetic -flétérbgenelty --  -i 	• 	_ 

of Local  Stocks of Pacific Sa lion ._,• 

-Due to difficulties in breeding heterozygotic - individtials of : the red. 

fish And Anchovy we have been able to make an immuncilegical analYsia of - 

	

--; 	 -•- the  variability of populations and their interactians only on'the basis -

of compArison of phenotypical or, at best, 	 gene- freqüenciesi - 
Dr. 

11019gYer, with the transition to the genetic and bioChèMfeal 

'-"----• 
mestigation , which permits detecting Co-dominantiy inherfted - eleotr&- : ' 

-• 	- - 	- 	-- 

	

phoretic variants of proteins, the possibilities of' a. mare-  rigerous- 	' 
- 	 . . 	- 	 - 	-'-- lation genetics approach are opened up. These possibifftfea are'algo .  

- - 
gxpanded because the genet£e variability of populitians can naw be esti-' 

7:-  - 
mated at once on the basis of an aggregate of several . indepèndent gene 

)4■0». 

- 
On the basis of the frequencies of all the pà yMorp ous gene 

markers A comparison was made of the keta fiopulakiOnè - otenumber 

of rivers of Sakhalin, the Wiril Islands and Kamchatka (Tables 22-25). 

It is evident from the presented materials that in the genes of muscle 
.„ 

big the Kuril populations reliably differ from one another and at the 

same time are considerably different from  al]. the Sakhalin populations, 

whie Are practically indistinguishable on the basis of that character. 

In the presence of genotYpical equilibriOm in Weft Separate case, 
_ 

in the total haul a heterozygote deficit which is considerable on the 
- 

third level is observed. With respect to the regulater  gène  Of âerum Ldg 

the Kamchatka and Tym' keta, investigated in September  1968, di *ffer very 

erongly from all the others. In the remaining 'cases small differences 
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Table 22. Distribution .of genotypes and genes of serum albumin

in different keta populations.^..,^

T a 6 y it n a 22. Pacnpencaeuue r('uoTnnoa It renon cbInopoTOVnoro am,Gynntna n pa3.1n4Hbtx nonyanunas Berbt

1

2

3
4

5

6

7

8

9

8

0

n p n M e q 3 n n e. 3;;ecb H Ha noc.leAyfon(H7C Ta6JIHt[ax s cKoGKax yha3ana o?K111aeNa5i 4nclleitnOCrb fl)enoTnno9 (113 ypaEtietnln
Xapan-IIetlH6epra).

A B IlocTyvtpoeanHwe rcuoTHnbi LIacroTa rena
',)K1oK3inHa npoG

(pe^a) BPents c6opa nTarcPnana N ^x
AIbCC A16CD AibDD pAlbC qAlbD

1i:A63 a OKTn6pb - Hon6pb 506 248 194 64 7,12 0,6818 0,3182

b
1969 r. (235,22) (219,55) (51,23)

CeHTnGpb - Hosa6pb 522 75 190 257 13.70 C,3257 0,6743
1970 r. (55,38) (229,26) (23 7 , 3 6)

6)OKTKGpb - HOnGpb 257 44 . 59 154 49,23 0.2860 0,7140

•FI.- H
1971 r. (21,0) (105,0) (131,0)battKa a CeHTnupb - oKTa6pb 352 4

•
82 266 0,704 0,1280 0,8720

b
1970 r. (5,75) (78,47) (267,78)

CenTHdpb - oKTnvpb 176 9 24 143 22,471 0,1170 0,8830

i"ub a
1971 r. (2,41) (36,36) (137,22)

CcuTAfipb - oKTnGpb 280 5 91 184 2,76 0,1804 0,8196

:- 1 97 0 r. (9,11) (82,80) (188,09)^•^zt•ncKnc npoGm,, 1970 1154 84 366 704 13,53 0,2314 0,.7686`? uüa ito
p (61,79) (410,49) (631,72)

1971r. 433 53 83 297 83,16 0,2182 0,7818
fj•d^uva a OKTnGpb 1970 r. 60

(20,62)
44

(147,73)
16

(264,65)
- 1 425 0 8667 13330

(0•9 11Typyn)
b

(45,07) (13,86) (1,07)
, , ,

OKTaGpb 1971 r. 45 18 15 12 4,724 0,567 0,433
ay'H•va OKTnGpb 1970 r.

95 (14
)14 (21142

(8.4)
39 0 238 0 3684 0 6316(o•u 1;Typyn)

b
(12,89) (44,21)• (37,90)

, , ,

OKTAGpb - HOAGpb 98 16 30 52 8,379 0,3163 0,6837

'ypHitChne npoGst,
1971 r.

1970r. 155
(9,80)

58
(42.39)

58
(45,81)

39 8 94 0 5613 43870cyuuapHO (4;;83) (76,33) (29,83)
, , ,

1971r. 143 34 45 64 16,70 0,3951 0,6049

2:c n;^btt, cyustaptio 1970r. 1309
(22,32)

142
(68.36)
424

(52,32)
743 42,02 0,2704 0,7296

71)(95 (516,49)9) (6 11 6
0)1971 r. 576 8

b 1 102,67 0,2621 0,7379
,axyaTKa a 10 oKTAGpH 1970 r. 32

(30177) (22Î4 0)8 (313,163)
0,86 0,7500 0,2500

.ce npoGw, cyncuapuo 1969- 1971 rr. 2423
8
94^)(14 (1^500) 11720) 251,4 0,3601 0,6399

(314,02) (1116,52) (992,460)

Key; A - Sampling place (river) B - Sampling time
C - Postulated genotypes D - Gene frequency

1 - Naiba

2 - Kalininka

3 - Tym'
4 - Sakhalin samples, total
5 - Reidovaya (island of

a - October-November 196')
b - September-November 1970
C - October-November 1971
a - September-October 1970
b - September-October 1971
a - September-October 1970

Iturup a - October 1970
b - October 1971

6 - Kurilka (island of Iturup)

a - October 1970
b - October-November 1971

7 - Kuril samples, total
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Table 22  (Continued) 

Key: 	8 - All samples, total 	9 - Kamchatka 	a - 10 October 1970 
Note. Here and in the following tables the expected numbers of phenotypes 
(from the Hardy-Weinberg equation) are shown in parentheses. 

Table 23. Distribution_ofmnot  pes and genes of serum lactate 
dehydrogenase in different keta po ulations 

.'T a  6,nuità .  23. Picripege.nome fellOTHTIOn 11 reHOB Chirt0p0T0 11110ii „nawramenutporenzum  n  palrapinbix 11011yaSIMISIX KeThi 

A 	 . 	

. 	nommgponamibte rellOTIMbl C 	 %non min D 

0 010A13ag1n upo6 (pema) 	Bmin c6opa maTepitama ' 	1,1 	 X' 

LdhFF 	LdhFS 	LdhSS 	 pLdhF 	edhS 
, 

Hare 	 a 	Clicru6pb 1968 r. 	'115 	• 	88 	26 	1 	0,47 	0,95 	- 0,05 
(87,04) 	(26,02) 	(1,94) 

b Oierepb -Hon6pb 1969 r. 	291 	213 	71 	7 	0,285 	0,96 	0,04 
(210,25) 	(74,20) 	(6,55) 

C Ce1Irn5p1,--uom5pi, 1970 r. 	528 	400 	100 	28 	32,49 	0,8523 	0,1477 
(383,54) 	(132,95) 	(11,51) 

d 0,m6pb--uou6pb 1971 r. 	277 	213 	51 	13 	14,57 	0,8600 	0,1400 
(204,87) 	(66,70) 	(5,43) 

IWIIIIIIHKa 	 a 	Cliern6pb 1969 r. 	80 	65 	13 	2 	1,63 	0,893 	0,107 
(63,80) 	(15,29) 	(0,92) 

b 	Ceirryffipb--oKTept, 	401 	300 	88 	13 	4,03 	0,856 	0,144 

	

1970 r. 	 (293,83) 	(94,48) 	(8,00) 
C 	CCUT16111,--OKTR6pb 	145 	.115 	24 	5 	5,57 	0,884 	0,1I 6 

	

1971 r. 	 (112,10) 	(30,80) 	(2,10) 
liAmb 	--- 	a 	.CellTepl, 1968 r. 	67 	33 	33 	1 	4,78 	0,7018 	0,2982 

•
(33,00) 	(28,83) 	(6,03) 

. 	b 	OKT5I6pb 1970 r. 	288 	243 	42 	3 	0,605 	0 , 91 7 	0 , 083 
(242,18) 	(43,84) 	(1,98) 

C 	GeuTsi6ph 1971 r. 	87 	81 	5 	1 	5,71 	0,96 	0,04 
(80,18) 	(6,68) 	(0,14) 

Caxamuciine npo6m, 	cri- 	1960 r. 	371 	278 	84 	9 	0,67 	0,8625 	0,1875 
mapuo 	 . 	(274,54) 	(89,04) 	(7,42) 

, 	 1970i. 	1217 	943 	230 	44 	25,9 	0,8696 	0,1304 
(912,75) 	(279,91) 	(24,34) 

Caxmaucime npo6m, 	cym- 	1971 r. 	509 	410 	80 	19 	13,9 	0,8841 	0,1159 
(397,02) 	(101,80) 	(10,18) 

Peruoma 	 a 	chrro6F., 1970 r. 	78 	62 	16 	0 	1,02 . 	0,8974 	0,1026 
(62,81) 	(14,37) 	(0,82) 

b 	OKT516pb 1971 r. 	47 	40 	6 	1 	1,48 	0,911 	0,086 
(39,26) 	(7,39) 	(0,35) 

1Cypu.ma 	 a 	Ci1asi6pb 1970 r. 	100 	85 	7 	8 	46,18 	0,89 	0,11 
(79,21) 	(19,58) 	(1,22) 

b 	Celli6pb 1971 r. 	100 	88 	11 	1 	0,914 	0,935 	0,065 
(87,42) 	(12,15) 	(0,42) 

a 	floil6m, 1971 r. 	47 	41 	6 	0 	0,22 	0,935 	0,065 
. 	(41,0) 	(5,8) 	(0,3) 

Kypitabcime npo6u, cym- 	1970 r. 	 178 	117 	23 	8 	26,3 	0,8904 	0,1096 
maim 	 (140,62) 	(35,60) 	(1,78) 

	

1071 r. 	 194 	169 	-' 	23 	2 	0,23 	.0,9304 	0,0696 
(166,84) 	(25,22) 	(1,94) 

Cax.a.mino-Kypuntemse 	 1970 r. 	1395 	1090 	253 	52 	31,11 	0,8720 	0,1280 
npofti, cymmapuo 	 (1060,2) 	(306,9) 	(27,9) 

	

1971 r. 	 703 	579 	103 	21 	32,53 	0,8969 	0,1031 
(559,43) 	(126,54) 	(7,03) 

1(amiima . (o3. IrluKouclioe) a 	CIRTn6pi, 1970 r. 	42 	25 	14 	3 	0,31 	0,7619 	0,2381 
(24,38) 	(15,42) 	(2,28) 

Pee upew, eymmapuo 	1968--197I rr. 	2693 	2093 	513 	87 	32,05 	0,8721 	0,1276 
(2046,58) 	(592,45) 	(53,86) 



602 
466 
281 
201 
349 
187 
200 
263 
106 

1003 
1078 
574 

97 
50 
95 
81 
47 

192 
178 

3025 

542 
396 
246 
124 
238 
130 
198 
258 
105 
864 
892 
481 

92 
44 
87 
76 
44 

179 
164 

2580 

1970 r. 
1971 r. 

D 
a 

d 
a 

a 

a 

a 

a 

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

2 - Kalininka 

3 - Tym' 

4 - Sakhalin samples, total 
5 - Reidovka 

6 - Kurilka 

7 - Glush' 
8 - Kuril samples, total 
9 - Sakhalin-Kuril samples, 

total 
10 - Kamchatka (Lake Ushkov-

skoe) 
11 - All samples, total  

- Sampling time 
- Gene frequency 
- October. 1968 
- October-November 1969 
- September-November 1970 
- October-November 1971 
- October 1969 
- September-October 1970 
- September-October 1971 
- September 1968 
- October 1970 
- October 1971 

- October 1970 
- October 1971 
- October 1970 
- October 1971 
- November 1971 

a - October 1970 

127 

Table 24. Distributions  of phenot es of malate dehydrogenase in  
different keta populations  

T a 6.n u  ii. a 24. PacapeRe.nenna cbetioranon maaaTRera,aporeaaabt B pasaaliabix nonyanwanx KeTIA 

A 

.11ona.nu3anun npo6 (Ilona) Aara c.6opa maTepnama 

Phenotypes 
ilacroTa renon D 

4 213 9B pA 

r . 
33 
21 

4 
1 

2 
2 
1 

39 

10 
5 
6. 
8 
5 
3 

13 
14 

100 

25 
49 
25 
72 

110 
57 

3 

97 
162 
82 

341 

2 

1 
1 

3 

2 

4 

1 Haii6a 

2 Kaaliamaia 

3 Unit> 

4 Casa:lam:awl i1p0614, cymmapuô 

5 Peii,lona 

6 Kypnaha 

Z l'oymb 
0  KypaalicKae apo6m, cymmapao 

11 Bee npo6hi, cymmapno 

Oct. - Nov. 1969 r. 
Sept.-Nov. 	1970 
(Jct. -Nov. 	1971 r. 
Oct. 	1969  
Sept.-Oct. 
Sept.-Oct. 
Oct. 	1969 r.  
Oct 	1970 r. 
Sept 	1971 r. 
1069 r. 
1970 r. 
1971 r. 
Oct 	1970 1% 
Oct . 	1971 r. 
Oct . 	 1970 r. 
Oct. -NOV. 	1071 r. 
Nov. 	.971 r. 
1970 r. 
1971 r. 
1968-1971 Fr. 

0,9188 0,0512 
0,9210 0,0790 
0,9354 0,0616 
0,81 0,19 
0,8410 0,1500 
0,8476 0,1524 
0,995 0,005 
0,9005 0,0095 
0,9953 0,00.17 
0,9281 0,0710 
0,0097 0,0003 
0,9154 0,08-16 
0,9742 0,0258 
0,94 00 0,0000 
0,9580 0,0.120 

	

0,0601 	0,03(0 

	

0,9681 	0,0310 
0,9656 0,03.14 
0,9598 0,0102 
0,9235 0,0765 



144 

641 

101 

276 

146 

161 

250 

• 64 

1037 

501 

96 

48 

100 

87 

49 

196 

184 

297 

685 

100 

2263 

1 Hail6a 

2 K3aHHHHU 

3 Tumb 

4 GwanucKne npotibt, • CyNI. 
maim? 

5 Pefiaotwa 

5 Peruoun 

6 1■,unma 

7 nnymb 

8 Kypunbcxne npo6bt, cym• 
mapno 

11 Bee npo6bL cymmapno 

10 Kam4arKa, o3. YrmoncKoe 

11 Bce npo6m, cymmapno 
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Table 25.  Distribution of genotypes and genes of muscle lactate  
drogenase in different keta populations 

i'a 6.1 itua 23. PacnpeAeacuan rellornnou H MOB MbHUMOrt AnKraTnernnpolelia3m n palnimubm nonynnumnx•Kerm 

deh 

A .1locry.nupocatundc reucerunm C  tiacTora rcua D 

:luuaauaiuun npo6 (pcua) Aura c6opa At arepnana 

BReA . BBAA pA 

Oct. 
OKTn6pb 1968 r. 

Nov. 
ObIn6pb--1ton6pb 1969 r. 

.Flon6pb 1970 r. 

Onn6pb--non6pb 1971 r. 

Clwrepb 1969 r. . 

Ceneel:oKin6pb 
1971 r. 

Chirepb 1969 r. 

OKTn6pb 1971«r. 

• 1969 

1971 r. 

Ofcrepb 1970 r. 

- 0x-rn6pb 1971 r. 

OKT516pb 1970 r. 

C1Tn6pb--1!on6pb 1971 r. 

lion6pb 1971 . r. 

1970 r. 	. 

1971 r. 

1970 r. 

1971 r. 

a Owrept, 1970 r. 

1968--1971 rr. 

130 
(129,96) 

591 
(591,48) 

88 
(87,49) 
256 

(252,77) 
137 

(137,14) 
156 

(155,92) 
220 

(220,90) 
58 

(58,16) 
948 

(949,68) 
470 

(469,48) 
53 

(51,77) 

29 
(27,0) 
73 

(71,40) 
58 

(57,0) 
35 

(35,20) 
126 

(122,57) 
122 

(119,03) 
214 

(208,76) 
592 

(584,96) 
89 

(88,36) 
1973 

(1958,90) 

14 
(13.68) 

50 
(48,05) 

12 
(13,03) 

19 
(22,72) 

9 
(8,72) 

5 
'(4,94) 

30 
(28,20) 

6 
(5,70) 
89 

(85,45) 
30 

(31,01) 
35 

(37,46) 

14 
(18,0) 
23 

(26,20) 
25 

(26,85) 
13 

(12,70) 
58 

(64,85) 
52 

(57,92) 
70 

(80,49) 
89  

(96,09) 
10 

(11,28) 
265 

(293,15) 

0 
(0,30 ) 

0 
0,97) 

1 
(0,48) 

1 
(0,51) 

0 
OUID 

(0,M) 

(0,90) 

,s1),14) 

(1,87) 
1 

(0,51) 
8 

(6,77) 

5 
( 3 , 0) 
4 

(2,40) 
4 

(3,15) 
1 

(1,14) 
1 9  

(8,58) 
10 

(7,05) 
13 

(7,75) 
11 

(3,95) • 
1 

(0,36) 
25 

(10,95) 

0,36 

1,05 

0,65 

1,12 

0.15 

0,04 

1,02 

0,15 - 

 2,02 

0,50 

0,41 

2,37 

1,49 

0,37 

0,025 

2,18 

1,91 

4,93 

14,73' 

2,28 

20,58 

0,95 

0,961 

0,9307 

9,957. 

.0,9682 

0,984 

0,94 

0,957 

0,957 

0,968 

0,7344 

0,75 

0,845 

0,810 

0,847 

0,7908 

0,8043 

0,8384 

0,9241 

0,94 

0,9304 

0,05 

0,039 

0,0593 

0,043 

0,0308 

0,016 

0,06 

0,043 

0,043 

0,032 

0,2656 

0,25 

0,155 

0,190 

0,153 

0,2092 

0,1957 

0,1616 

0,0759 

0,06 

0,0696 

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 with Tym'

and Kalininka) or considerable uniformity of the gene frequencies. Also

visible are changes i n the genetic-structure of separate populations: in

196$-1969 the Naiba stock was in equilibrium, but in 1970-1971 it had a

severe shortage 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

9t►ortage of S-gene homozygotes was observed,. However, serious

importance can hardly be attributed to that fact, as the deviations of the

exp^,cted values from the actual fall in the:rare•st phenotypical class,

which can be connected either with error of the sample or error in the

classification of the electrophoretic variants. Let us also recall that

a rare mutation of one of the structural C !^nes responsible for the synthesis

of serum Ldg 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 characteristio on 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

orserved 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.

99
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The deficit of heterozygotes in the albumin system, noted earlier 

when separate samples were combined which had been taken at different times 

of the spawning run in a single river (see Table 16), is still more clearly 

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 (Serebrov-

skii, 1970) we show the Interpopulationdifferences 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 

0generalized  distances" (Rychkov, 1969) in determining D as the mean dif-

ference between the populations with respect to alleles of each locus 

>IPi— Pi IP  D 	
S- f 

wherepi andare the gene frequencies in the .compared populations i p. are 	
4 

and j; 

- — 
S is the mean-square error of the gene frequency p in the total 

Sakhalin-Kuril aggregate of populations; 

1 is the number of genes, equal to the number of alleles in the 

system  minus  one. 

A graphic interpretation 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 the 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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e
os

Ldh

Figure 29. Graphic depiction
of keta populations character-
ized by a l le les of four gene-
tic loci (see designations of
vectors): 1 - Naiba stock,

1969; 2 and 3 - the same for
1970 and 1971; 4 - stock of
Iturup island, maintainod by
the Reidovka fish hatchery,
1970 and 1971; 5 -
stock of Tym' River, 1970; 6 -
stock of Kalininka River, 1970;
7 - the same, 1971.

Figure 30. Generalized distances
between stocks of keta in relation
to the Kalininka stock (designated
by black'circles) : 1, 2 and 3 -
Naiba stock in 1969, 1970 and 1971
respectively; 4 - Tyml River stock;
5 - Reidovka River stock; 6 - Kuril-
ka River stock.

._....___,._...^

of 'the equilateral triangle at the zero values of the co-ordinates; the

positions for the other populations are found similarly.

Besides obvious interpopulation differences,it i s especially

important that the Kalininka population, investigated on all loci twice

(1970 and 1971) and with respect to genes of malate dehydrogenase three

times (1969-1971), is characterized by stability, whereas the Naiba popu-

lation does not have such 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 f rom the Kalininka to the Sokolovskii
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fish hatchery respectively and 24 and 21 million eggs respectively "of their 

own9 were also set out for incubation. 

ConSequently, it can be stated that the homing instinct of the 

keta has an epigenetic nature, although its acclimatization quickly suc-

ceeds beyond the limits of its natural range. However, we now obtain the 

possibility of giving a quantitative estimate of the success of such ac-

climatization when we have determined the percentage of the Kalininka keta 

in the Naiba population. A corresponding calcuation, based on data for 

the allele AlbC  of the albumin locus* can be accomplished just as in the 

case of the anchovy: the percentage of the Kalininka fish in the Naiba 

River is about 39%. 

To estimate the success of such transfert; we will determine the 

coefficients of  commercial return ( -1 ,.= n
1
/n

2
, where n1 is the number of 

adult fishes which have returned and n2 
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 return coefficients grouped around 

the mean level characteristic of the stock as a whole has been noted for 

the Kalininka population in recent years, the population of the Naiba keta 

has no such stability; nevertheless the mean return still is higher in the 	102 

Naiba stock; 

2) with transfers of the Kalininka keta to the Sokolovskil 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; 

101 

*There are grounds for considering this locus as selectively neutral, 
which is essential for such calculations. 
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Figure 31. Fluctuation of the
coefficient of commercial return
(1i as %) for non-overlapping
year-classes of the Kalininka
keta, maintained by the Kmli-
ninka fish hatchery, in
relation to the mean level (^)
(breken line).
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Figure 32. Fluctuation of the
coefficients of commercial return
(-qi as %) for a number of non-
overlapping year classes of the
Naiba keta, maintained by the So-
kolovskii and Bereznyakovskii fish
hateheries. Transfers of eggs
of the Kalininka keta are marked
with a brace: 1- tota'
coefficients of return, calculated

without reference to transfers-of Kalininka keta; 2 - coefficients of re-
turn calculated on the assumption of lack of success of acclimatizG::ion
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 percetitage of actually acclimatized Kalininka keta; nl, n 2 and n3 -

mean coefficients of return for the three situations just indicated.

3) If the corresponding coefficients have been calculated separ-

ately for the Naiba and Kalininka populations one can readily satisfy

oneself of the low age of the Kalininka keta in the Naiba ( 11, a 0.1% in

1970 and 0.05% in 1971), which is below the mean level characteristic of

the Kalininka population in its own river ('q, - 0.4%). 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-c/ass. Probably 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 Bereznyakov-

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 à small return 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 succuss of the ac-

climatization of the keta even within the limits of the species range. This 

conclusion is also confirmed by still another important fact -- 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-Tymovskii and Kuril fish hatcheries• 	Since there never 

was a transfer of eggs from the broods of those stocks to the Kalfninka 

fish hatchery, 	the data obtained by us testify to an absence of any 

sort of noticeable natural exchange between the stocks of the different 

rivers. We can thus consider those stocks as genetically independent, 

reproductively isolated populations. 

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 103 

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 A1bC

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 (x = 41.5 at d= = 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 the Kalininka

population during investigations of gene frequencies in loci of albumin

and serum Ldg (see Tables 22 and 23).

A shortage of heterozygotes can 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 a;;ree 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 inbreeciing 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°

where He is the heterozygotes frequency expected 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 

sanie 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 "ele-

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 Arregates 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 isolation of these groupings is incomplete and exchange 

between them through marginal variants of physiological similarity at times 

reaches 30 7. (Lebedev, 1967). However, as special investigations have shown 

(Lebedev, 1946; Chubunova, 1951, etc.), including with the use of radioactive 
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fb tagging ( Payusova, 1965; Lebedev, 1967), elementary 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 i s, in a generation) only by 24-29%. The regrouping of composi-

tion in elementary populations of the kilka does not exceed 10% 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, however, at the places of birth of the young

fishes (Payusova, 1962, 1965, 1967).

Thus the ecological data suggest that.the genetic role of elementary

populations can be a dual one. Firstly, differentiation of the gene stocks

of the larger populations (races or stocks), formed of elementary populations, 105

must occur. Secondly, the genetic integrity of the races, which finds re-

flection i n a higher level of their stability in both time and space, must

be maintained, which has already been partially demonstratèd 'in the pre-

ceding chapter.

However, until recently the genetics of elementary populations of

fishes remained unstudied and in the view of thèir biological importance the

evaluation of such groups as non-hereditary communities predominated, which

themselves "do not reproduce but conclude their existence'"in ontogenesis..._

The followin^eneration of each elementary population is of varying quality

and therefore falls into very different newly arisin elementary populations"

(Lebedev, 1967, p. 197; our emphasis, Yu.A.). •
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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 between elementary populations, 

regarding which the material of the preceding chapter and the just-cited 

ecological observations 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 Cap bank served as the basic material for the present 

section. 

Elementary populations were divided on the bas'7.s of the results of the 

biological analysis of catches more or less uniformly distributed over the 

commercial fishing area along the continental slope of the depths. 

The redfish does not make considerable horizontal migrations, but 

limits itself toverticalmovements(.Templeman, 1959; Poulsen, 1962; Travin and 

Pechenik, 1962). The catches were analyzed directly in the sea, and the 

analyses consisted of individual measurements of fishes and determinations 

of their sexual composition. Of all the characters used to cltermine 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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• Our experience shows that the average size of fishes, as a charac- - 

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 populations. 

At the same time that admixture is readily detected even during visual 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 identificattlon 

of populations we gave more attention precisely 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- 	107 

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 range the boundaries between . separate populations. 

• What 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. 
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Figure 33. Absence of correlation
between the sex ratio (%
of males) and the modal frequency

of the body length of the fish (MO)

in samples from elementary popula-

tions of the redfish located on the

Newfoundland Grand Bank.

Figure 34. Distribution curves of
the linear dimensions of fishes in
samples from accumulations of Lhc

redfish related to elementary popu-
lations Nos. 1, 6, 10, 14, 16-and
22 on the Newtoundland 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.



141

Table 26. Biolo^ical characteristics of redfish populations on the

Newfoundland Grand Bank in 1965

T a G n x it a 26. fitionorFriecxue oco6cEnlocTlt nony.naiptrt.oKynn tta 6oni>moil HhlocjtaytlA-
-neltncscoii ôatlKe n 1965 r.

10

A B C D E coornomenile 1

Hoatep Homep
rnYGil-

AtoRans-
nonoo, ^ô

nonY• LLIGO P• AaTa na, m n lmlt l KJIaCC, M±111

J19ui1i1 Nil CSI
cam(.hl

y

CBbIKné

1 19 cenTS16p5h 500 257 34 36,2 48 52

1
2 19.ceaT516pn 300 149 34 35,3 54 46
3 20 ceHTR6pA 525 408 34 35,0 51 49
4 20 cexTS16p9 305 88 34 35,2 53 47

a
Cpeuuee ....... 424 962 34 35,3±0,08 51 49

6 6 28 cexTSl6ps 425 299 37-40 38,4 24 76
2 I28 ce}ITS15psI 420 188 37-40 39,2 19 81

a
.Cpepülee . . . . . . . 422 487 37-40 38,7_;,0,16 22 78

1 22 xlonaC 300 34 1 31-34 34,3 23 77
2 22 xlorlsl 335 442 31-34 32,9 32 68

.
10 3 22 )!.')Hg 270 249 31-34 33,3 23 77

4 24 liioilA 262 359 31-34 32,1 23 77
5 24 }Iloxa 265 609 31-34 33,7 26 74

CpeAxeé ..... 293 2000 31-34 32,7 29 71

1 27 uwrln C 265 201 25 28,9 58 42.
2 15 o::Tn6psl 28f'i 209 25 27,8 43 57

14 3 16 oKTSIÛpn 285 123 25 27,2 55 45

4 17 oKTSt6pn 250 282 25 27,6 44 56

a
CpeAHee ....... 271 815 25 27,9 49 51

16
1 10 oxTnGpsl 122 191 22 24,0 60 40

2 ( 11 oKTnGpn 255 180 22 23,7 51 49

CpeAueé . . . . . . . ?88 371 22 24,0±0,16 56 44

1 2 oKTSiGpsld 3*10 233 28, 34 31,1 62 38
22 2 2 oKTSIGps 280 30 28,34 32,0 63 37

3 4 ohTSlGpn 375 199 28,34 30,1 72 28

a
CpeRnee ........ I 331 462 28,34 31,8±0,27 65 35

Key: A - Number of population B; Number of haul C - Date
D - Depth, meters E - Modal class, cm F - Sex ratio, 7.
1 - males 2 - females
a - Mean b September c- 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 fluc-

tuations, but 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 seX 

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 

fluct..lations 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 same thing is alsocharacteristic of two sémples(hauls)from the aggregates 

designated Nos. 10 and 14. At the same time, within the limits of each group 

the variability of even such an apparently unreliabla character as the average 

fish size is incomparably less ,  than on the level of the groups as a whole, 

which reliably differ from one another (Table 27). 

But it is especially important that, besides 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 redfich 

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  • ot successfully drawn everywhere between them. For example, in cases 

where fishes from neighboring catches differ in biological characters, the 109 



a 
Homep nony.tim- 

gem . 

Homep lionynnum I a 

10 	.1 	14 	I 	16 	22 6 

12,4 
22,3 
3,3 

14,2 
• 24,8 

. 19,0 78,3 
64,-4 
82,3 

63,7 
64,9 
54,3 
23,2 

6 
10 
14 
16 

30,4 
36,8 
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Table 27. Values of the criterion t d  for differences in the average fish  

size between aggregates of biologicall homogeneous samples  

TaCianna 27. 3naucuull upuTepun fil Ran pa:ammû no cpeauemy pa3mepy 1)146 
meemy cououynuocTnmu 6110aoruuecim cffleaRUmx upo6 

Key: a - Number of population 

boundary drawn in the middle between those catches can be considered more 

precise than the boundaries turned in the direction of greater 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 of the southwest-

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 territory (1965 

data) the populations occupy different horizons which differ in depth by 100 
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o vlopo;utoci'Llo.

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 char-
acterized by maximum biological homogeneity•
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Table 28. 	 populations of 	on the Newfoundland Grand 

Bank 

T a 6.ri  u u a 28. anemenTapubte nonyanumn o .Kynn na 601bW05 IlmotpayujoensseKoil 6aince 

	

,è..A 	 B 	C 	 D 	re 	COOTI:OLIICMIC I 	1;3  11NIC11 ,111130C1% 01'0,11!Ta 	1 / d 	I 	qaCTOT:1 al:Ti ,  

0 	 Mop,anblIbiti 	cpe;iiiim gall- 	::  	G 	
Fen A , 

r. 	
''' 	110:1011, 	0/9„  

SpeNin c6opa marepuaea 	I:, 	n 	Knacc tallitua 	' na 411-2.ni 	... 	- 	
H 

	

.:: 	 ‘,..., 	Te.na), 	nt  
bi-l-ni 	0 	A, 

	

-: 
	

L. 	 ija 	Eib , 

	

1 	29 zinrycTa-21 	onn6- 	297 	904 	34 	36+0,16 	52 	48 	51 	1,56+0,01 	0,10 	- 
pa 	1964 	r. 	 . 

19-20 cenTn6pn 	424 	962 	• 	34 	35,3+0,08 	51 	49 	- 	- 	- 	. 320 	0,78 
1965 r. 

•  

	

2 	28--31 anrycTa 1964 r. 	336 	1695 	31-34,40 	34,7+0,26 	49 	51 	73 	1,543+0,01 	0,11 	- 	- 
22 cell -n-14n 1965 r. 	315 	305 	31-34,40 	35,8+0,25 	49 	51 	 40 	0,67 

	

3 	28 anrycra 1964 r. 	, 	345 	716 	31-34 	33,4+0,15 	46 	54 	20 	1,57+0,02 	0,11 	180 
15 monsi-22 	centn6pn 	285 	619 	31-34 	33,4+0,17 	. 76 	24 	20 	1,54±0,02 	0,08 	0,88 

	

1965 r. 	 - 

	

4 	17-18 cenTn6pn 	415 	163 	-37 	39,7+0,14 	41 	59 	- 	- 	- 
1964 r. 

23 eel-11. 516pm 1965 r. 	515 	204 	37 	39,7+0,23 	48 	52 	 40 	0,77 

	

5 	27 anrycra-17 	cen- 	3 .-;:, 	1317 	34 	35,7+0,08 	69 	31 	 - 	- 	-- 	- 
TE6pn 1964 r. 

15L--46 cenTn6p: 	237 	831 	34 	35,2±0,11 	76 	24 	30 	1,62+0,02 	.0,12 	180 	0,83 
1965 r. 

' 	 . 

	

6 	28 cell -n-16K( 1965 r. 	422 	487 	34-38-40 	38,7±0,16 	22 	78 	45 	1,53+0,01 	0,10 	120 	0,50 
......... 	...... 	. 	. 	• 	 __ 	. 	.. 	... 	. 	.. 

 

-- 22 anpe.in 	1965 r. 	326 	873 	25,31-34 	32,9+0,07 	50 ' 	50 	- 	- 	- 	60. 	0,71 
, 	 

	

i 	G numn.---28 	CeliTepR 	370 	999 	34,40 	38,5+0,14 	30 	70 	20 	1,54+0,02 	0,10 	40 	0,50 

	

1965 r. 	- 

I 

I 	 34,7±0,26 	74 	26 	40 	1,53 ±0,P1 	0,11 	80 	0,90.  

	

9 	25-26 ceurn6pn 	. 	275 	266 	. 34 
1955 r. 

	

10 	5-6 anrycra 1964 r. 	371 	705 	31-34 	34,2-1: 0,15 	52 	48 	20 	1,55+0,02 	0,10 	- 	- 
• 22-24 monn 1965 r. 	993 	2000 	31-34 	32,7-i-0,03 	29 	71 	15 	1,62±0,;2 	0,10 	- 	- 

1 	 - 	60 	0,68 

	

11 	17 ol;Tn6pn 	1965 r. 	330 	333 	19,25 ' 	25,2 +0,49 	49 	51 	..,-- 

- 	  

	

12 	'2 7 MOHR, 	1 	cenTOpn 	308 	1159 	25-28 	29,1+0,03 	26 	74 	20 	1,56±0,02 	0,10 	38 	0,51 
1965 	r. 	 .... 

1 

-....  	 _ 

	

13 	5 anrycra 1964 r. 	405 	300 	31-34,40 	38,8±0,26 	27 	73 	- 	- 	-- 	60 	0,63 

	

22 !noun, 27 centepn 327 	916 	31-34 	32,5-i- 0,05 	20 	80 	- 	_ 	-_ 

1965 	r. 

	

14 	27 woun, 	15-17 	cm:- 	271 	815 	25 	27,9±0,05 	- 49 	51 	- 	-, 
	

- 	240 	0,74-  
in6pn 1965 r. 

.....____  	..__ 

	

15 	6.-29 auryeTa 	1964 r. 	332 	1091 	28,3-1 	32,2 ± 0 ;11 	26 	74 	37;!,1,64 4-0,02 . 1 	0,12 	- 	--: 
0 11-.15 oKTn6pn 1965 r. 	402 	335 	28,34 	32,4+0,21 	57 	43 	-- 	- 	' 	- 	120 	0, 70 

	

IG 	10--11 oxrn61In 1965 r. 	188 	371 	22 	21,0±0,16 	56 	44 	- 	- 	- 	180 	0,78 

\
-- 	

. 
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Table 28  (Continued) 

-•••• 

rIpop,o.meinte raO.n. 28 

A 	 B 	C 	 a 	E 	Coonmme.F 	 G e., 	 U 	 mie n0A0B, 	143MCH4HDOCTI, OTOM 	
„

ITa Ibi 	slacTora aHTI' 
tc:i 	 reo 	.-1, % Cpegosi 9 	J e 	 j 	 MoAanbudi 	

.111,1" 	  

	

ripest% empa maremium 	.:-: 	n 	}mace (Amum 	„, en ±m  . 	_ 
Te.18),CM 	 â 	P 

'): 	
ç 	 0 	0 	

n 	M±m 	0 	N 	qi  
ua 	ub  

17 	8 aurycIa, 	17 oKrn6pn 307 	1367 	25 	• 	28,8±0,09 	46 	54 	29 	1,57+0,01 	0,06  J 	— 	— 
1964 r. 

7-10 ox-repa 	1965 r. 346 	489 	25 	28,4±0,03  J 52 	48 	— 	— 	— 	420 	0,73 

18 	9 aBrycra 1964 r. 	376 	478 	28-31,34 	30,6±0,15 	59 	41 	20 	1,57±0,02 	0,08 	— 
4 oicrepn 1965 r. 	122 	176 	28-31,34 	30,2±0,51 	23 	77 	— 	— 	— 	— 

19 	10 owrn6psi 1964 r. 	362 	797 	31 	28,1±0,11 	33 	67 	20 	1,55+0,02 	0,11 	— 	— - 

20 	5 owrsi6pn 1965 r. 	240 	156 	19 	20,9±0,23 	60 	40 	15 	1,50-4- 0,02 	0,10 	60 	0,60 

21 	9 anrycn 1964 r. 	356 	342 	31-34 	33,4±0,18 	21 	79 	60 	1,68+0,01 	0,13 	— 	— 
9 owrsi6pn 1965 r. 	280 	30 	31-34 	32,4+0,61 	53 	47 	19 	1,565+0,02 	0,08 	60 	0,73 

22 	2-4 owrsi6psi 1965 r. 	331 	462 	28,34 	31,8±0,27 	65 	35 	43 	1,62±0,02 	0,15 	180 	0,59 

Total 	1964 r. 	 10 242 	— 	32,57±0,05 	48 	52 	597 	1,57+0,005 	0,11 	— 
Total 	1965 r. 	 13 340 	— 	33,45±0,05 	46 	54 	— 	 — 	2478 .  0,73 

A - Number of population B - Sampling time C - Depth, meters 
D - Modal class (body length), cm E - Mean length, Mi-m F - 
Sex ratio, % G - Variability of otolith 1/d H - FreCiuency of 
antigen A

2
; a - males; b - females. 

Key: 

1 - 29 August-21 October 1964 
19-20 September 1965 

2 - 28-31 August 1964 
22 September 1965 

3 - 28 August 1964 
15 June - 22 September 1965 

4 - 17-18 September 1964 
23 September 1965 

5 - 27 August - 17 September 
15-16 September 1965 

6 - 28 September 1965 
7 - 15-22 April 1965 

8 - 6 July - 28 September 1965 
9 - 25-26 September 1965 
10 - 5-6 August 1964 

22-24 June 1965 
11 - 17 October 1965 
12 - 27 June, 1 September 1965 
13 - 5 August 1964 

22 June, 27 September 1965 
1964 

14 - 27 June, 15-17 October 1965 
15 - 6-29 August 1964 

11-15 October 1965 
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10

Table 28. (Continued)

16 - 10-11 October 1965
17 - 8 August, 17 October 1964

7-10 October 1965
18 - 9 August 1964

4 October 1965

19 - 10 October 1964
20 - 5 October 1965
21 - 9 August 1964

4 October 1965
22 - 2-4 October 1965

meters or more, for example, populations 5 and 7, 6 and 8, 3 and 14, 15 and

16, and 17 and 18. The distribution of redfish of different sizes by depths

has also been pointed out by other authors (Travin and Pechenik, 1962; Hen-

nemuth and Brown, 1964; Sidorenko, 1967).

It is evident from the data of Table 28 that there often are coin-

Cidences 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. An answer can be obtained by comparing

the results of repeated trawlings within the limits 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 No. 5 during 1964 and

1965. Three observations were made annually at different times.

In 1964 the first observation was made by us in August-September on the

"Sevastopol"' expeditionary vessel, the second i n October and the third

by co-workers of the PINRO on the "Zapad", "Novorossiisk" and "Pobeda" in

November. In June-Ju1y 1965 the first observation was also made by PINRO

co-workers on the "Sever", and the second and third on different days of

September by us on the "Sevastopol"'.
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Pnc. 36. Kpnnbie pacnpene.nennn Ronnbi pbt6 n nonynsuen  N9  5 Ha Bombinoil 
libio(baymmenAcKoil 6anke: 

a —13146opKit 1965 r.; 6— abi6oplat 1964 r. Hymepaitim COOTEICTCMCT nrmiinToit n 'radii. 29. 

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 separate periods of observations and for years. 

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 

from 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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Table 29. Stability of2opulation No. 5 in time

T a 6 n tt n a 29. YCT0111innOCTb nonynstünn Xe 5 uo npcMenn

1964 r.

vB
0

V

Ô

1
2
3
4

Aara

,.D
c^

10

S -.
F.

27 ânr^^â 296
28 anrYcTa 292

10 cenTSt6pn 425
17 cenTSt6pn 330

Sept* -.

Cpeanee . F. . . . . 336

-Oet-o
12 ohTSt6psi
13 or.Tl6psi
13 oxTfl6pn
16 osTa6pst
17 oriTSt6pn

315
270
377
330
345

n

300
190
377
450

1317

158
502
358
155
91

36,6
35,0
36,2
35,4

35,7-t-0,08

35,6
35,7
35,4
36,7
35,3

coornowcIEe
ttonon, %

^
La
u

Ÿ

rb

62
72
75
67

69

54
48
48
42

Cpcanec F. ..... I 327 112641.35.6±0,10 I 47

Novemb r
1 5 ttoa6pst 2G7 470
2 5 noncipn 262 299

111 3 5 nonopa 272 102
4' 7 nox6pn 292 331
5 9 nosa6pR 267 191
6 9 11os16pn 245 110

-,-,3414-
35,1
36,3
36,2
35,4
36,6

88
91
85
64
71
75

38
28
25
33

31

41
46
52
52
58

53

12
9
15
36
29
25

1965 r.

A

S

w

;B
ô
a

a
^
ô

1
2
3
4

I

5 I

Aara

`Tinôt e30
i nto.va
2 n1o.nn
4 ntona
July

8 ntonn

Cpe;kxee F . . . .

1 5 Ce[IT^^

2 15 cenTn6pn
II 3 15 cenTa6pn

4 16 cexTn6pn
5 16 cenra6pn

.217
300
270

267

n

357
200
394
328

252

Cpeanee F . . . .I237

1
2
3

5

111

-S-eptem'
22 cenTa6pst
22 cenTa6pst
23 cexTg6pn
23 ccnTn6pn
24 cenTnSpn

Cpclnee F. ..... I 267 I 150G I 35,6t0,08 1 80 I 20 I Cpexnee ^. ..

Key t

35,5

35,3
36

_
,f

36,1
35,4

26
e-TL-

3I1531I 35,8 f0,11 40

238
238
230
238
238

er
255
250
240
233
252

252
159
20l
1.13
76

Ritm

35,9
36,3
36,4
35,4

36,7

36,6
35,7
36,5
35 ,1
35,5

831 I 36,2 ÿ0,11 76

66
63
79
147
288

2451643

cooTno:nr13
nue no: on,

o"

b

38 I 62
39 61
37 63
49 51

40 GO

60

35.7±0,12 80

A - Observations B - Number of sample C Date D - Depth,

meters E - Sex ratio, % F - Mean; a- 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).

Comparison of samples(hauls) 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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Table 30.  Examples of identification of e1ementary populations  
on the Flemish Cap bank  

T a 6.1 H a a 30. npilmepla ugeurncintKawni anemeuTapmax Honyanutiii 	6anNe (Paemuw-K an 
-- 1961 r. 	 1963 r 

	

C 	--1Y 	 t 	A --"F 	L 	if 	 E ,..... 	 , 	. 

	

N umilmweime 	:, 	 0.101110MelMe e 	 nog 	 n on, % 	5. 	 no.lao, r-: ›. 	si,, 	. 	1-.- 	n 	Al' 	 a'.. 	''-è 	n 	i%1 
,,- 	gara . 	 Ei 	c.. 	gala 

t.: 	 ,, 	 :: 	e  
n. 	 E 	 , 	_ .c... 

c, 	:, 	 ‘,D 	 e 	:,.• 	z, 	z, 	 0 	 Fi- 	2 e., 	 ›.- 	 ›, 
o 

 `e. 	rti à 	0  b 	2 	= 	 L 	c-, 	- 
_ 	 v a 	c b 

	

June 	 Septemb r 
21 	1 	15 111011fl 	600 	487 	34,9 	60 	40 	24 	1 	3 ce1TH6pg 	517 	216 	33,6 	64 	36 

2 	3 Alebe 	455 	979 	34,4 	88 	12 	 2 	5 ceHT516pn 	545 	151 	34,2 	77 	93 
Deàember 	 . 

3 	2 gena6pa 	392 	543 	34,3 	74 	26 	 3 	5 cemm6pa 	525 	315 	33,5 	62 	38 

4 	2 gexaCipsi 	525 	1127 	34.5 	62 	38 	 4 	7 CCHTACTR 	502 	353 	33,8 	66 	34 
Octobe 

5 	18 ONTepg 	360 	130 	33,7 	74 	26 
-- 	- 	 . 

	

Cpeguee . E 	. 	493 	2436 	34,2 	67 	33 	 CpegHee .F. 	. 	489 	1165 	33,7 	57 	33  

	

t 	
August 

25 	1 	21 Ce 	390 	202 	35,5 	52 	48 	25 	1. 	22 anrycTa 	392 	306 	35;2 	46 	54 
Septem /I)er  2 	2 ceHT516pa 	250 	262 	34,6 	46 	54 	2 	23 aerycTa 	685 	298 	36,2 	49 	51 	. 

3 	2 cell-1116pH 	260 	319 	35,3 	45 	55 	 3 . 	25 anrycTa 	320 	244 	34,9 	52 	48 
Septem er 

4 	29 ceirrm6pa 	430 	430 	35,5 	49 	51 	4 	6 ceHTH6po 	555 	248 	34,4 	49 	51 

5 	16 ceHTH6pn 	365 	216 	34,8 	46 	54 

	

CpegHee .F. 	. 	339 	1213 	35,0 	48 	52 	 CpegHee .F. 	. 	451 	1265 	35,1 	49 	51 

August 
28 	1 	3 mwt 	440 	916 	37,4 	40 	60 	98 	1 	22 anrycTa 	635 	234 	37,3 	43 	57 

2 	21 anrycTa 	350 	70 	36,2 	36 	64 	2 	25 aarycTa 	327 	: 192 	36,3 	42 	58 

3 	31  geRepit 	490 	423 	36,1 	48 	52 	• 	3 	27 aniyeTa 	707 	239 	37,5 	36 	54 

	

Cpeguee. e , 	426 	709 	36,1 	45 	55 	 CpegHee.F. 	. 	556 	665 	37,1 	40 	60 

	

Septem 	cr 
31 	1 	13 anrycTa 	420 	530 	32,5 	54 	46 	31 	1 	7 ceHTa5pn 	510 	425 	32,1 	58 	42 

2 	21 anrycTa 	432 	437 	33,0 	43 	57 	2 	8 ceHTH5pn 	387 	208 	32,2 	63 	37 

3 	21 anrycTa 	570 	315 	33,3 	51. 	49 
Septenber 

4 	1 	cemac5pa 	305 	101 	33,9 	54 	46  

	

CpegHee . F . 	432 	1383 	32,9 	50 	50 	 Cpeamee .F. 	. 	449 	633 	32,2 	60 	40 	 - 
Decemb r I 31 	1 	1 geKa6pn 	342 	570 	30,1 	59 	41 	34 	1 	9 ceHTH5pn 	317 	406 	29,0 	51 	à49 

2 	31 geFa6pn 	320 	351 	29,6 	55 	44 1 
Februa#y 

3 	1 6  qwnpan 	1 	315 	487 	28,3 	56 	44 

CpegHee . 	F. 	328 1 1408 1 29,3 1 	57 	1 	43 	I I 	I 

0-  
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Table 30  (Continued) 

A - Population number B - Sample number 	C - Date 	D - 
Depth, meters 	E - Sex ratio, % 	F - Mean 	a - males 
b - females 
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Key: 

Pnc. 37. Deemer:nimble nony.nnana (man  na a1noe (Paemilla-Kan. "Hymepaaaa 
cooTsenTayer npaanToil II Ta6e. 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 redfishest 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). 
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a

zs ^ 4

I 2
16 7° 18 34 40 46

Length, cm
a

31

25
34

Z 1 31

J C --- 34
16 22 ?8 34 46° 46

Length, cm
b

Pnc. 38. KpFIBLte pacnpcAenetiiisi A.nnnLi p616 B 11CIi0TOpb1:t 3JIC11TCIiTap11LIX IIOII}/"

nslullax, 111teuTocjll:uwpoaaBFiLix 1 ► a 6alnce cWieniniu_I(an B, 1964 (a) Ii 1965 (6) ri,.
I'1y11Ié:paUJI51 COOTBCTCTByCT np1I1IflTOt[ B Ta6JI. 30.

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 A2 factor and, consequently, one can

24

25

4

--^^ 33 •

Z ^28
49 3
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Table 31.  Elementary populations of redfish on  Flemish Cap bank  

Ta  6 .11 u a a 31. 3aemeirrepribre nonyaansaa OKH ita 61rrxe rDaerdaur - 1(an 

_ 

'-;e111 	 B 	C 	 L',' 	D E 	cOOTHOMeillIC F 	113MCIIMIDOCTI, ninwnea. 	//d G 	nacryrn an. 11 
. 	 • 	no.wri, 	% 	 Tilrella A 2  X •—• 

X 	 Ce 
 c z 	 13pcmo c6opa 	 n 	::, g  ,,, 	CreAnsisi Ann- ° 	 - marepna.na 	 2. 	 ,-",.: '-' 	na,  M ± ni 

n 	M±m 	a 	N 	1;1  

ea 	el) 

23 	21 anrycra — 6 can- 	415 	1757 	31-34 	34,2+0,08 	49 	51 	— 	— 	— 	100 	1,00 

	

rn6pn 1965 r. 	 u 

23 	1 anryc-ra, 30 Re- 	381 	3480 	31--34 	33,9+0,05 	47 	53 	57 	1,686+0,01 	0,11 	— 	— 
Ka6p51 1964 r. 

24 	3 cenrn6pn — 	489 	1165 	31-34. 	33,7 :1-0,07 	67 	33 	— 	
_. 	

— 	282 	0,94 
18 mrepn 

1965 r. 
24 	15 worm —2 Re-. 	493 	2436 	31-34 	33,2+0,05 	67 	33 	18 	1,755±0,02 	0,08 	— 	-- 

Ka6psi 	1964 r. 
25 	22 anrycra— 	451 	1265 	34 	35,1±0,08 	49 	51 	— 	 60 	1,00  

16 cenrepn 
1965 r. 

25 	21 anrycra — 	339 	1213 	34 	35,0 +0 ,09 	48 	52 	58 . I ,703 ± 0 , 01 	0,105 	— 	-- 
29 cenrn6pn 

1964 r. 
26 	26 anrycra— 	521 	2003 	34 	35,5±0,04 	77 	23 	— 	— 	• 	— 	60 	0,96 

-13 ceurn6p5l 
1965 r. 

26 	30 Man-5 11101-1)1 	465 	2302 	34 	34,4+0,07 	61 	39 	— 	— 	— 	— 	— 
1964 r. 

27 	23 antycra 1965 r. 	670 	441 	34 	36,5+0,11 	38 	62 	— 	-- 	,-- 	— 	— 
27 	28  m- 2  an- 	489 	1384 	34 	35,1+0,08 	39 	61 	10 	1,659+0,03 	0,010 	— 

• 
	

rycra 1964 r. 
28 	22-27 anrycra 	556 	665 	34-37 	37,1±0,11 	40 	60 	 — 	— 	-- 	— 

1965 r; 

-28 	3 anrycra — 	426 	709 	34-37 	36,1 ± 0,13 	45 	55 	20 	1 ,714 ±6, 02 	0,10 	— 	— 
31 Rena6pn 

1964 r. 

29 	26 anrycra 1965 r. 	715 	198 	37 	39,2±0,19 	66 	34 	— 	— 	— 	— 	— 

29 	10 111011A —2 Re. 	318 	954 	37 	37,8±0,12 	38 	62 	20 	1,584+0,01 	0,07 	— 	— 
Ka6pn.1964 r. 

30 	9 centepn 	305 	274 	.37-40 	39,3+0,25 	78 	22 	— 	— 	— 	100 	0,98 
. 	1965 r. 	. 

31 	7-8 cenrepn 	449 	633 	31 	32,2+0,12 	60 	10 	— 	— 	— 	100 	0,99 
_ 

1905 	r. 	
, ..... 

31 	13 aurycra — 	432 	1383 	31 	32,9+0,08 	50 	50 	80 	1,703±0,01 	0,09 	— 	— 
1 	ceurn6pn 

. 	1964 	r. 	' 
' ' 	32 	5-7 cetrrepn 	416 	797 19,31-34 32,4+0,16 	56 	44 	— 	 — 	278 	0,97 

1965 r. 

. 	 32 	20 aniycra 1964r. 	450 	332 	19,31-34 	32,6±0,33 	57 	43 	20 	1,697±0,01 	0,08 	— 	— 

. 	33 	6 c. eirrn6pn 1965 r. 	477 	351 	19-22, 	31,6±0,26 	37 	63 	19 	1,760:1:0,02 	0,12 	60 	1,00 
31-34 
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Table 31  (Continued) 

- 	- 	- 

‘. A 	 B 	C 1-.', 	D 	• 	E 	• couriloweinieF 	/13 „,,,,,,,Boc .i. b  Hue,ca  ihiG 	qacTora  an-' 
x..--.. 	 no.non, 	0,1, 	 mireila .4, 	. 

e›.0. 	. 
apemn c6ona 	. 	. 	n 	',7,. ,;P" 	. 	 Cpe.nunsi glut- 

maTepna:la 	 ;1: ,- 	Ha, M ± nt 

û 	
= 	

n 	111±nt 	a 	N 	qi  › 	 ›, 
A 	 rt2, 	

9.tk 	 ga 	gb 

34 	9 celest6pn 	317 	406 	25-28 	29,0+0,27 	51 	49 	— 	— 	— 	— 	-- 
1965 r. 

34 	1 exa6pn 	328 	1408 	25-28 	29,3±0,11 	57 	43 	30 	1,653+0,02 	0,12 	— 	— 
1964 r. — 	 . 
16 (peapùg 

35 	23 anrycTa— 	385 	987 	19-22,34 	26,4±0,22 	53 	47 	29 	1,670±0,02 	0,14 	60 	0,97 
5 ceuTepn 
1965 r. 

• . 	 • 
36 	7-13 ceirrepm 	315 	414 	22,28,34 29,3+0,29 	60 	40 	21 	1,626±0,02 	0,10 	120 	0,94 

1965 r. 

37 	9 ceuTn6p51 	338 	526 	28,34 	32,6±0,20 	46 	54. 	— 	— 	— 	— 	— 
1965 r. 	 . 

38 	7-26 cemn6p1 	303 	1186 	31,37 	35,2±0,11 	44 	56 	— 	— 	— 	— 	— 
1964 r. 

Dtal )1.964 r. 	. 	. 	. 	. 	— 	11916 	33,55±0,04 	51 	49 	420 	1,689+0,05 	0,11 	1220 	0,975 

otal 	1965 r. 	. . . . 	— 	16788 	— 	34,09+0,03 	56 	44 	— 
• . 	

• 

Key: 	A - Population number 	B- Sampling time 	C - Depth, meters 
D - Modal class (body length), cm 	E - Mean length, >WI 
F - Sex ratio, % 	G - Variability of index 1/d 	H - Frequency 
of antigen A2  a - males 	b - females 

23 - 21 August - 6 September 1965 
23 - 1 August, 30 December 1964 
24 - 3 September - 18 October 1965 
24 - 15 June - 2 December 1964 
25- 22 August - 16 September 1965 
25 - 21 August - 29 September 1964 
26 - 26 August - 13 September 1965 
26 - 30 May - 5 June 1964 
27 - 23 August 1965 
27 - 28 May - 2 August 1964 
28 - 22-27 August 1965 
28 - 3 August - 31 December . 1964 
29 - 26 August 1965 

29 - 10 June . 2 December 1964 
30 - 9 September 1965 
31 - 7-8 September 1965 
31 - 13 .August - 1 September 1964 
32 - 5-7 September 1965 
32 - 20 August 1964 
33 - 6 September 1965 
34 - 9 September 1965 
34 - 1 December 1964 - 16 February 
35 - 23 August - 5 September 1965 
36 - 7-13 September 1965 
37 - 9 September 1965 
29 - 7-26 September 1964 
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0

fa;

considér demonstrated the genetic nature of these groups, which actually 123

reflect the not further decomposable, biologically elementary level of

the population structure of the investigated local stock.

Cn the Flemish Cap bank the gene A2 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 possible 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

populations of the redfishes permits proceeding without additional ex-

planations to an examination of the biological features of-elementary popu-

lations of the anchovy, for which, just as::for redfishes, i t 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 partially included.

in Table 32 it i s shown that the fish from.different trawling

catches can be united i nto 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 i s observed also in the case of four samples from population No. 4
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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. 
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Figure 40. 	Distribution curves 
of body length of fishes of three 
anchovy populations. The numera-
tion corresponds to that adopted 
in Table 22. 
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Table 32.  Elementary anchovy populations in the Sea of Azov (August 1966) 

Ta 6 a it na 32. anemewrapHme nonymmult amyca B MOBCKOM mope 
(aurycT 1966 r.) 

. A 	. 	n 	C 	. 	Buo.noruccecnan xapanrepucrnica 	D 	ilactora rpyruc Eposn, % 

.1" 	 4 	a 	": b 	, 	c 	Coornowenne nonon, d . 	. 	, 	% 	 : 	. 
.§.. 	Jlowmi3inuoinpo6 	 re; . 	8 	., 	 - 

	

,!ara 	 . 	F.. :3 	(111)0Mble/I0Blal nnzi,ipar) 	 ›. 	8 :..., 0 	 • 	 ri 	A t 	11 2 	V o lk 	n 

:7. 	
• 	

_ 	

g 	,.--- 5 	r.„ 	e 	D  • c... 
X 

	

c., 
t5. 	'e.g.' 	f.i 	1 	ri 2 	.-_-1,3 

1 	 14 - (I) 	18 	91,8 	7,85 	1,01 	60 	40 	-- 	66 	60 	40 	-- 	30 

	

20-x 	18 	91,7 	7,87 	1,02 	59 	41 	-- 	51 	59 	41 	-- 	27 
Cpeffle Mean. 	91,75±0,65 	7,86 	1,02 	60 	40 	-- 	117 	60 	40 	. -- 	57 

2 	' 	 10-n 	19 	89,8.. 	7,48 	1,03 	90 	10 	-- 	30 	90 	10 	30 

	

11-q 	19 	89,9 	7,77 	1,07 	83 	17 	-- 	30 	87 	13 	-- 	30 

	

CpeAllue Mean. 	89;85+0,77 7,63 	1,05 	80 	20 	-- 	60 	92 	8 	-- 	60 
3 	. 	 9-4 	19 	87,5 	7,29 	1,09 	83 	7. 	10 	68 	87 	13 	-- 	30 

' 	13 - 11, 	22 	87,9 - 	6,62 	0,97 	57 	43 	-- 	87 	83 	13 	4 ' 	30 

	

CpeAllue  Menk 	87,75:E0,53 	6,96 	,03 	70 	25 	5 	155 	85 	13 	2 	60 
4 	 9 - y 	23 	90,8 	8,35 	,12 	73 	. 27 	-- 	91 	67 	30 	3 	30 

	

10-T 	23 	90,2 	8,37 	,14 	80 	20 	-- 	106 	67 	30 	3 	30 

	

10-4) 	23 	90,4 	7,94 	,07 	90 	10 	-- 	.45 	67 	30 	3 	30 

	

12-T 	23 	90,8 	8,89 	,19 	60 	40 	-- 	89 	67 	33 	-- 	30 
5 	CpeAHue Ile£.1 11 	90,50±0,31 	8,38 	,13 	73 	27 	-- 	331 	67 	31 	2 	120 

	

7-c 	23 	87,9 	7,51 	,11 	90 	10 	-- 	51 	80 	20 	-- 	30 

	

5-c 	24 	87,8 	7,71 	, 1 4 	75 	25 	-- 	81 	84 	8 	8 	26 
6 	. 	Cpeene  Men, 	87,85+0,77 7,61 	,12 	76 	24 	-- 	132 	82 	14 	4 	56 

	

8-p 1 	23 	88,3 	8,84 	,28 	57 	30 	13 	58 	77 	20 	3 	30 

	

6-p 	24 	88,9 	7,98 	,14 	63 	30 	7 	38 	77 	16 	7 	30 
7 	 CpeAnne Mean. 	88,40+0,52 	8,13 	,18 	60 	30 	10 	96 	77 	18 	5 	60 	' 

	

3-c 	24 	92,6 	7,92 	,00 	75 	25 	-- 	92 	53 	47 	-- 	30 

	

4 -r 	24 	92,0 	8,47 	,09 	70 	30 	-- 	75 	57 	43 	-- 	30 

	

CpeAltue Wan. 	92,45 -I- 0,52 8,19 	,04 	72 	28 	- 	167 	55 	45 	- 	60 .... 	. 	.. 	. 
8 	 11 - 0 	25 	91,0 	7,89 	,05 	60 	30 	10 	88 	83 	10 	.7 	30 

	

11 - p 	25 	91,2 	7,86 	,04 	60 	40 	-- 	198 	80 	20 	-- 	30 

	

1 2-m 	30 	91,4 	8,62 	,13 	53 	47 	-- 	80 	90 	10 	-- 	30 

	

17-m 	30 	91,2 	8,50 	,12 	' 	63 	33 	4 	59 	83 	17 	-- 	30 

	

CeAHue  Mer % 	91,45+0,23 	8,11 	,13 	59 	37 	4 	425 	84 	14 	2 	120 

	

9 •14 : p 	25 	92,2 	7,96 	,01 	43 	57 	-- 	97 	(_; 7 	13 	. 	-- 	30 

	

16T 	27 	92,5 	8,64 	,09 	47 	53 	-- 	76 	'93 	7 	-- 	30 

	

18- p 	28 	92,6 	-- 	-- 	57 	43 	-- 	45 	93 	7 	-- 	30 

	

22 • p 	28 	92,1 	8,26 	,06 	CO 	40 	-- 	121 	90 	10 	-- 	30 

	

16-o 	30 	92,8 	8,13 	,02 	53 	47 	-- 	91 	87 	13 	-- 	30 

	

21 -hl 	30 	92,6 	e 	8,87 	,I2 	57 	43 	-- 	49 	97 	3 	-- 	30 

	

24- 0 	30 	92,5 	8,21 	,04 	57 	43 	-- 	86 	100 	-- 	-- 	30 

	

21,- 0 	31 	92,2 	8,52 	,08 	53 	47 	-- 49 	87 	13 	-- 30  

	

CpeAHue 1'1e:11? 	92,49+0,21 	8,39 	,06 	52 	48 	-- 	614 	92 	8 	-- 	210 
tO 	 22-4) - 	27 	90,6 	8,01 	,07 	60 	30 	10 	82 	93 	7 	-- 	30 

•24-4) 	27 	90,8 	8,00 	,07 	57 - 	37 	6 	33 	97 	3 	-- 	30 

	

26-41 	27 	90,4 	7,52 	,02 	50 	30 	.20 	72 	97 	3 	-- 	30 

	

.CpeAulle Meg n, 	90,60±0,45 	7,84 	,05 	55 	32 	13 	.187 	96 	4 	-- 	90 
11 	 20-T 	28 	94,7 	8,98 	,06 	58 	42 	-- 	117 	90 	10 	-- 	30 

	

28 	94,5 	9,06 	,07 	56 	44 	 30 	90 	10 	-- 30  

	

CpeAtuiele 	
-- 	

Mn 	94, 70 ± 0, 47 9,02 	,06 	57 	43 	- 	147 	90 	10 	- 	60 

t  4 11 H  u e. Bbutenennue uiplicbrom nucbpw 03na4ator 0614Ce 4HC.90 phi6 B KBX.CAOrt nia6oPKe. 

Key: 	A - Sample number 	B - Sampling places (fishery square) 	C - Date 
D - Biological characterization 	E - Blood group frequency, % 
a - Average size, mm 	b - average mass, g 	c - Fulton's condition factor 
d - Sex ratio, % 	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 the coef-

ficient of condition, but the distribution curves are characterized by 

different modes and means (92.49+0.21 and 94.70+0.47 respectively; P 

0.001). Males predominate in sample No. 4, and it also differs in the 

average size of individuals (90.5+0.31) and the coefficient of condition. 

All the biologically homogeneous samples were clearly conjugated 

in space (Figure 41). 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 

ratio (Nos. 3 and 4; 6 and 8) or the coefficient of condition (Nos.' 1 and 

3; 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 data can also be detected in its eastern region, as was shown 

later by V.V. Limanskii and A.N. Payusova (1969). 

Let us now turn to the part of Table 32 where the results of analysis 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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Gepc7xHC^^ ' .
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--T,aganrog
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Pt+c. 41. I1poCTpaIiCTDCI1I1a9 :IO)ia.ill3allilSl snealcuTaplll,lx nonyitnüFtii attvoyca
Is Aiollcxoàl atope:

o- anrycT 19G6 r.: 6 - nroui. lof; r.: o- ceuniG;u. I!h;:i r. TPCYroai.uuuamnt ofio^na tcu auvoYc
vcpaontopcicoil pacw; epyNCnnrtu-aaoncicoü Paci.t (uo A.'ITV.'^oErY u AV.. 191196; J1u^taucxo+tY

Il I latocouotl. 190).

Figure 41. Spatial localization of elementary anchovy
populations in the Sea of Azovi a - August 1966; b -
June 1965; c - September 1965. Anchovies of the Black
Sea race are designated by triangles and those of the
Azov race by circles (ace. to Altukhov et al., 1969b;
Limanskii and Payusova, 1969).
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their serological differences are evident: whereas No. 9 is represented

by phenotypes A1 and A2, No. 4 contains still more A0 i ndividuals and in

addition differs reliably in the frequency of the A 1 and A 2 blood groups. It is

clearly evident that the range of variation of the frequency characteris-

tics of individual samples i s just as insignificant as with respect to

biological characters, and is not at all comparable with the interpopu-

lation variability.

Table 33 has been compiled for all 11 populations and contains a

statistical evaluation of their differentiation with respect to the fre-

quency of phenotype A1.

;.^ ._..._

•

Table 33. Character of differentiation of elementary pr;pulations of

et al., 1969 )
tF•a anchovx by frequency of phenotype A, (acc. to Altukhov

T a 6.71 n il a 33. XapaKTep Atscj;^hepenqttpoa.tn s,aenrenTapnIx nonynlaqnit
anyoyca no ';.SCTOTC cljenoT;tna Al

(no AalTyxouy Il Ap., 1969)

BLIGop11aA BCj1OAT1IOCTt. Itj(etiTII411OCTft DLIÛOpOK B m `

a b
^

0.

$â.
0,500 0,400 0.200 0,100 0,050 0,020 0,010 0,005 0,002 0,001

O 0 V
O 7

Ô
N ^

I1 Ag )I( I
I

E J^ B, 3 B, I'I, K, JI 57
2 h B I1, .1i K 1 B J^, 3 E 1', ){( 60
3 B C 3 E, JI A, 11 IC I' }It GO
4 I' D E jIC 11 3 14, K, JI 120

3 I-i K - )I( 56
G E F

^
)h,N K GO

7 )1<G 3, 11, K, JI 70
8 3H .^I Ii K 120
9 IiT. I( 210

• 10 KJ ,1l 90
11 J1K 60

Key; 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.

^ 4=r)I:3v5^.JS^S)'-w^:.v0.R rZ"'t^'5.±3:45a.n:-a.'u.
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Table 34. Biological and immunogenetic  characteristics of the anchovy 

migrating through Kerchl  Strait (ace. to Altukhov  et al., 1969) 

- 	- 	• - 	 • 
Ta6.1111tn al. nunanrimecKau H ummynoreueTnnecKan xapaxTepummu almoye41, 

Nutrpqmomero ■ Iepe3 KereucKliii nponun (no  Aiiy xony fl Jtp., -1969) 

A 	B 	. 	C 
el 	 rinonorwiecKan xapawrepucTuna 	D 	nenT°Ta rUHE 

Kpotut„ 0  

,. 	. 	
a 	',3, b 	4, .,c 	....),61  

0 	° 	Ana 	 n 
a 	0 	mmon,% 
c 	ç c., 	 e •.%- 	 c 5,  	A, 	A, 	Au 
c, 	, 	

'ex- 	r»"Î" 	l'E,  x 	0 1, 
ÊF.. 	 n 	:5'1§ 	u 	liJ 	.zi, 	32;  

1 	23-n 	21 oliTepn 	81,3 	5,28 	0,98 	26 	74 	-- 	68 	25 	7 	40 
1963 r. 

2 	22-u 	27 oliTepn 	87,5 	6,42 	0,96 	20 	80 	-- 	25 	17 	58 	40 
1903 r. 

3. 	22-u 	3 itoepsi 	93,2 	8,69 	1,07 	63 	37 	-- 	37 	43 	20 	40 
1963 r. 

4 	23-4 	12 uon6pn 	76,5 	3,55 	0,79 	62 	38 	-- 	13 	47 	40 	;)0 
1963 r. 

5 	23-q 	23 oran6pn 	66,1 	2,40 	0,83 	50 	48 	2 	50 	16 	34 	50 
1965 r. 

6 	23-q 	24 owrn6p0 	79,4 	4,74 	0,95 	52 	44 	4 	66 	22 	12 	50 
. 	1965 	r. 	- 

7 	23-4 	1 uoepsi 	67,9 	2,14 	0,68 	72 	20 	8 	22 - 28 	50 	50 
1965 r. 

8 	23-m 	2 Hoo6pn 	69,9 	2,12 	0,62 	71 	25 	4 	25 	29 	46 	24 

	

1965 r. 	 , 

•  Key: 	A - Sample number 	B - Fishery square 	C - Date 	D - Bio- 
logical characteristics 	a - mean size, mm 	b - mean mass, g 
C  - Fulton's condition factor 	d - sex ratio 	1 - males 	2 - 
females 3 - juveniles 	E - Blood group frequeney,.% 

1 - 23-ts - 21 October 1963 
2 - 22-ts - 27 October 1963 
3 -  22-Cs - 3 November 1963 
4 - 23-ch - 12 November 1963 

5 - 23-ch - 23 October 1965 
6 - 23-ch - 24 October 1965 
7 - 23-ch - 1 November 1965 
8 - 23-ch - 2 November 1965 

The results of analysis of the anchovy during the wintering migra-

tion through KercOStrait 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 (68%) in individuals with blood group A1 
predominated 

the sampie, with comparatively rare occurrence of A0 (7%) but after six 
days the 



Figure 42. Distribution curves 
of linear dimensions of the an-
chovy migrating through Kerchi  
Strait from the Sea of Azov into 
the Black Sea. See table 34 for 
sample numbers. 
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the picture had changed to the reverse: the A I  frequency had decreased to 

25% and the A0  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. 

	 ■•■■■■•■■■■•11.1 

42 

5: 	75 55 25 ;r5 7/5 

LengLii, cm 
Pue.  42. Ipnnble. pacnpeRcae- 
luin J11111a111+1x. 	paamepon au- 
moyca, mnrpnpylomero 	mcpc3 
1(cpmench:uft npumin 113 A301)- 
0101'0 MOI)11 n Ilepnoc. Homepa 

111) 06. cm. Ta61. 34. 
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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 Augûst 1966 were in the Sea of Azov and had been found there still

earlier in a genogeographical analysis.

In such a comparison i t is evident that within the limits of the

range occupied by the Black Sea race (sQe Figure 41) (triangles) four

populations disposed as neighbors are distinguished, 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 population No.

7, localized at the Tongue of Arabat. The two populations represented only

by phenotypes Al and A2 are similar to the group(grouping) traced in a

genogeographic investigation in June,-Augrzst 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 expressed 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 of the old concepts of the taxonomic i nterrela-

tions of races, i t 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 presence 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 proven. The

isolation mechanism also i s clear. It is temporary i solation caused by the

lengthiness of spawning of the anchovy in time.
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Table 35. Distribution of phenot_ypes and genes of blood groups of the
A-system in elementary-populations of the Azov race of anchovy,
June 1965

T a C,a u it a 35. Pacnpr,lchculle 111euoTnnoll it rcllou rpynn xpo ►sii A-cltereniia
R DaCMC111-i1PULlx nunynsntl+nx a:wucKoü pacla anvuyca, l+lum, 19U:> r.

•

,A ^ ^.
1HC:IC11110CTfl qICIIOTIIIIOB LIBCTOTa I•(•ROII

o

0

!l

-
ô G A, AIAT As Ao P. q.

1

J.

+ n

1 35 3 G lfi 59 932
0,437 0,079 0,48-1

(36,57) (4,05) (4,85) (13,83) ,

2 42 8 6 4 60 0 58
0,570 0,130 0,300

(40,04) (8,85) (5,66) (5,42)
,

3 21 - 1 1 23 822
0,729 0,023 0,248

((20,50) (0,76) 0,26) (1,42)
,

4 56- 11 13 7 87 (• 0 58 0,533 I0,151 0,31'3(5
(53,18) (11,92) (14,37) (8,26 ) ,

5 54 1 1 20 10 95 1 • 83 0, 153 0,186 I 0,361
(49,78) (15,20) (16,45) (12,30)

6 39 1 3 7 50 1 76 0,561 0,041 0,398
(38,10) (2,24) 1% (7,92) ,

7 45 4 12 '10 71 3 96
0,456 0,127 I.,0,417

(41,39) (7,67) (8,52) (12,49)
,

•

8 4 4 8 7 23
002 0,142 0,309 0,549

(3,99) (2,00) (9,92) (7,00) ,

10 34 5 23 36 98
0 28

0,229 0,162 0,609
(32,10) (6,96) (21,Ï56) (36,00) ,

11 ' 16
(16,72)

3
(2,40)

10
•(9,50)

31
(31,00)

60 0,172 0,1150,23 0,713

:^ 3•lG 50 102 128 626 6,32 0,395 0,132 0,473
(333,03) ((i5,10) (90,21 1) (13ti,^3i)

• 'l.:.TUrla. pa c^un..nvl.l: c :rr.I^,.,1.n,A G•qvnur,lina.

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 their specific characteristics under conditions of surprising 

uniformity of the external environment over the entire course of the spawn- 

ing range of the anchovy must, therefore, be regarded as derivatives of 

the population gene pools. 

On 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 

A
1
A
2 

by 	dose effect, we obtained a correspondence of the actual numbers 

of phenotypes expected from the Hardy-Weinberg equation in populations described 

immunogenetically rather completely (Table 35). 

Thus the assumption of a three-allele structure of the A-locus of 	132 

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  Salmon s  

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 their ecolo- 

gy, is directly observable. However, as far as we know, this structure has been 

investigated 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 corre» 

spond in their biological features precisely to the elementary populations 

of other species of fishes. The only differences are that, firstly, the 

numbers of those groups are measured not in tens or'hundreds of thousands 

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 Isolated*, which frees the inves-

tigator from labor-consuming work on outlining them. 

There are no fundamental differences in all the rest. The elementary 

sockeye populations are clearly , Clisconnected in Space (see Figure 10), dif-

fer in their linear dimensions (Figure 43) and  sex ratios, and are charac-

terized by specific gene pools (Table 36). 

In this case the genetic 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 chapter .  However, in spite of such uniformity, reliable 

differences are still detected between some elementary populations; the 

v2 corresponding tests for homogeneity give values ofA_ of 87.23 and 33.08 

Of - 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 aenotypes and frequency of genes of lactate
dehydro;enase (Idh) and 2hosphoglucomutase Dom) in the system
of isplated populations of the sockeye of Lake Azabach'e

I a G.t H H a 36, p:iC1IpCJ1CJICHIfn reHOntnon H qaCTOTbI renon JIIIKTaTjCrHJ(pOrCH131,1 (Ldh) H 4)oC(;)or7lOgoMyia361 (P(;At)

B CHCTCMC 1130Anp0nlHnla nonydlAlkHf1 t1epKH o3epa A3aGa9bCro

A Ldh Pgm

'
BB

I
B'B B'B'

I
N

I

qB
(

pB'

I
xs AA

I
AB BB

(
N qA

I

PB ^

1 49 61 16 126 0,6309 0,3691 0,20 70 - 38 5 113 .0,7876 0,2124 0,00

2
(50,1)

3G
(58,7)

39
(17,2)

13 88 0,6306 0,3694
•

0,21
(70,1) (37,8) (5,1)

53 26 6 85 0,7765 0,2235 1,15

3
(35,0)

35
(41,0)

44
(12,0)

16 95 0,6000 0,4000 0,12
(51,2) (29,5) (4,3)

66 27 3 96 0,8281 0,1719 0,02

-1
(3.1,2)

45
(45,6)

52
(15,2)
25 122 0,5819 0,4181 1,43

(65,8) (27,4) (2,8)
84 40 3 127 0,8189 0,1811 0,51

5
(-11,3)

39
(59.4)

49
(21,3)

29 117 0,5427 0,4573 2,87
(85,2) (37,6). (4,2)

61 41 3 105 0,7762 0,2238 1,6G

6
(3-1,4)

38
(58,1)

35
(24,5)

17 90 0,6166 0,3834 2,87
(63,3) (36,4) (5,3)
49 43 3 95 0,7421 0,2579 3.13

7
(34,2)

20
(42,F)

21
(13,2)

8 49 0,6224 0,3776 0,37
(52,3) (36,4) (6,3)

32 17 1 50 0,8100 0,1900 0,5-1

S
(19.0)
30

(23,0)
38

(7,0)
9 77 0,6363 0,3637 0,35

(32,8) (15,4) (1,8)
48 35 4 87 . 0,7529 0,2471 0,56

9
(31,2)1

12
(35,6)

13
(10,2)

3 28 0,6607 0,3393 0,20
(49,3) (32,4) (5,3)

22 13 0 35 0,3143 0,1857 1,80

10
(12,2)

17
(12,G)

30
(3,2)
18 65 0,4924 0,5076 0,38

(23,2) (10,6) (1,2)
43 24 3 70 0,7357 0,2143 0,02

il
(15,8)

Ifi
(32,5)

21
(16,7)

9 46 0,5760 0,4240 0.,20
(43,2) (23,6) (3,2)

24 20 2 46 0,7391 0 ,2G09 1 0,ï-1

12
(15,2)

12
(22,5)

20
(8,3)

3 35 62850 0 3715 1 69
(25,1) (17,7) (3,1)

24 16 2 42 0,7619 0,2381 0,12

13
(13,8)

23
(16:4).

19
(4.8)

8 50

,

0,6500

,

0,3500

,

1,39
(24,4) (15,2) -(2,4)

28 21 1 50 0,7700 0,2300 1,63

+.21,1) (28) (6,1) (29,6) (17,7) (2,6) . .-•_ .

14 11 20 9 40 U,5250 0*, 4750 0,00 23 13 3' 39 0,7564 0,2-1315 0,37

(1i,0)
22

(°0 0)
37

(9 0)
11 70

-

57850 0 4215 0,47
(22,3) (14,4) (2,3)

39 25 5 69 0,7463 0,2537 ^,1-1
15

(23,4) (34•2) (12 , -Q
10 72

,

62500

,

37500 0 00
(38,4) (26,2) (4,'1)
50 24 4 78 - 0,79-18 0,205..̂ 0,24

16 28
(28,1)

3-1
(33,8) (10,1)

, ,

22680

,

140
(49,3) (25,4) (3,3)

59 34 2 95 0,8000 0,2000 ;,1,33
17 52

(51,4)
29

(30 , 21)
5

j 0,1)
86 0,7732 , .,

(60,8) (30,4) (3,8)
64 16 2 82 87800 0,1220 0,69

18 46 31 6 83 0,7410 0,2590 0,05
2) (17,6) (1,2)(63

,

19
(=15,6)

r2
(3I8S)

61
(5,6)
il 14-1 0,7118 0,'?882 0,16

,
65 42 6 113 0,7611 0,2389 0,0û

20
( 1̂3,0)

34
(59,0)

58
(12,0)

23 115 0,5-178 0,4522 0,03
(65,4) (41,1) (6,5)
56 51 9 116 0,7026 0,2974 0,30

(31,^i)
1O

(57,0)
36

('?3,;i)
' G 82 0 7073 29?70 0,28

(57,5) (48,5) (10,2)
-13 37 -1 89 0,7471 0,2529 0,91

21

' ' '

-
(11,0) (3-1,0) (7,0)

2 17

,

73530

,

26170 990

(49,7) (33,6) (b,7)
10 6 1 17 0,7647 ^0,2353 0,02
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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 Azabachte 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 popu-

lations. But the fact that sèparate 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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0

within the individual stock. For if their isolation is less complete, the I

grounds for which are already in the ecological data, then those groups(groupings)

fall uiider the definition of combined pbpulations. The population aggregate

itself i s transformed i nto a certain population system, within the framework

of which each elementary population has independent value only 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 re-

quires a more complete analysis -- comparison of the natural picture with

a mathematical model of the subdivided population. This analysis can be

accomplished most reliably if we turn zo the local sockeye stock of Lake

Azabachte.

Chapter VII. Local Stocks as Population Systems 136

Of the population structure models known to us the greatest interest

is presented by the"insular 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 cited in favor of such a selection.

1. The unity of the stock 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,
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Figure 44. Island model of the 
, structure represented by an ag- 
. gregate of subpopulations (hier- 
i archic level II) interacting 
w5th each other by gene exchange 
within the framework of the boun-
daries of isolate (hierarchic 
level I). 

Figure 45. Average age of brood 
stock of sockeye in separate ele-
mentary'populations (lines with . 
confidence ranges) in 1971 and 
in the stock as a whole (light 
.circles) fo: two year-classes. 

in separate subpopulations a substantial variability of that character is 

observed (Figure 45). It should also be pointed out that in many subpopu- 	137 

lations there is no complete set of age groups characteristic of the stock. 

3. Experiments for many years in the tagging and analysis of para-

sites as natural tags have shown the practically complete isolation of local 

st3cks 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)  andsex_Emioinpopu- 
lations of local sockeye stock of Lake Azabach'e  

Taunnua 37. ihtc.nemloCTI. Hp0113D0,1111eacii (D HIT.) H CoOTHOH1CHDC 110.11011 

H0llya3111,usiX DOKanbuDro c•raDa  II  •pDH 03. A3a0a.H.cro 

1970 r. 	 1971 r. 

reuerit -E 
geclot 

9t11q , 01.1- 1111- 
11619 061,01 

B 	Cl 	D 
116C0/110111a:1 	 C81,111,1,1, 

41ICJICIVIOCTb, 	 °h. 

B1 	C 
aucomo T. 	 camixhi,  

:e1„1„,<T„,. Han 	 % 	11, 

„bat 	Hoer!, urr.I 

Key: A - Population number 	B - Absolute numbers, fishes 	C - Females, 
D - Males, % 	E 	Genetically effective volume 

Note. 1. Dashes indicate absence of precise data. 
2 - At a certain sex ratio. 

N 	(4N males N females)/(N males 	N females) (Li, 1966). 
3. Te  genetically effective volume of population, found as the 

harmonic mean, is 226 individuals. 
4. The sex ratio for the stock as a whole according to the most com-. 

plete data for 1971 is 46 7. males and 54% females. 

4. The subdivision of the stock into separate subpopulations is 

self-evident. 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 Ne  can be found as the harmonic mean. With a correction for the sex • 
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ratio in the subisolates the mean value of Ne proves 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 reproducibi•lity

in.year-classes,.as was evident even from the example of the Azov race of

anchovy 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 46).
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Figure 46. Frequency of genes of
phosphoglucomutase (b) and lactate
dehydrogenase (a) in sockeye sub-
populations investigated in 1971
(1) and 1972 (2). Each point is
a gene frequency in a separate
subpopulation: the arrows indicate
the mean frequencies for the stock
as a whole. Visual differences of
the means and dispersions are sta-
tistically unimportant.

*The biological material for 1972 has not been taken into account here as there
are data i ndicating that the structure of the corresponding year-classes
was destroyed by the pressure of Japanese fishing.
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ilk Stability of the Spatial Distribution of Gene .F2requencies in the Azabachte 

Sockeye Stock. Random Drift of Genes, Migration and Selection  

as Factors of Stability 

The fact that among most species of fishes spatial disconneetion 

is especially characteristic of sockeye populations is of fundamental impor-

tance in 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 more obvious for species experiencing a stronger pressure 	139 

of isolation. 

Under conditions of complete isolation the spatial distuibution of 

the frequencies of neutral or almost neutral genes* has a U-shaped form, 

according to the models of S. Wright. However, this is not so in the cases 

under consideration -- the hisnograms 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 P 

these regulatory factors when we compare empirical distributions of the 

gene frequencies with the steady theoreticaliâistributiond, representine 

for the variant of the "island" model beta-functionsof 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 -5  (Kimura, 1968). 

opulation we may estimate 
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PFtc, 47.

Figure 47. Distributions of frequencies of genes of lactate

dehydrogenase (a and c^ and phosphoglucomutase (b and d) in

sockeye populations. Histograms -- empirical distributions;

curves -- theoretical:
1 - ^!^(^)-Cq4Nm4-1 ( ^_.Q)4NmP-1. 2 - U'(q) =• C(!t)2.V ,4Nmy-1 (I_._9)4Nmp-1.

Remaining explanations i n the text.

1) on the assumption of equalization of isolation by the pressure 140

of migrations,

c?' `^9 q!dn

a a

(q) C(( eVnen,-1 q^4Nmp-

where p and q are the frequencies of alleles in the subpopulations;

p and q 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

is equal to 1;

curve
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2) on the assuription of the combined effect of isolation, migra- 

tion and selection 
(q) 	C (f17)2N (74 Arin(7.... 1  ( 1 	g)iNin 77 1 

— 
where all the symbols are the same as in the preceding case and W is the 

mean adaptation of the population within the locus 

AA p2 	2pq 117„a2 . 

For construction of theoretical curves of the gene frequency dis- 
- 

tribution it is necessary to have at our disposal values of N, q 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 Ilartmann and 

Raleigh (1964), who studied the intensity of the mieation exchange between 

subisolates of the sockeye in nature and arrived at the conclusion that the 

exchange betwen them in the spawning period hardly exceeds 2-3%. 

At m = 0.02 for the lactate dehydrogenase locus a correspondence 

of the empirical distributions of the allele frequencies with the expected 

steady distribution is established (see Figure 47a), but in the case of 

phosphoglucomutase there is no agreement (12 = 26.33>X 2 	of . 3) = 
0.01 

= 11.34; see Figure 47b). It is most logical to explain disagreement of 

this sort between the real picturn 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 balanced polymorphism: 

in spite of the small sizes of the populations and 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 

(2) 

(3) 



values: W AA  = 0,9265; 
WAB 1 0613. 	• 
W BB = 0,8209. 
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only drift and migration ( 0"
2
= 0.0091) proves to be much larger than the 

actual dispersion of 0.0014 
I-645  > F0.01 

(ca, 22) = 2.31]. 

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 

Wim WAn 
P (A) — 	 

• (WBB WAn) -- I -  (WAA WAR) 

If we solve equation of steadiness (2)* we can find the correspond- 

ing values of W, which for the . genotypes of Pgm have the following absolute 

(4) 

If we assume the adaptation of the heterozygote to be 1, we get: 

W AA  0,926; 

"AB 	1,000 ; 	• 
WBB  0,774, • 

If we substitute these values in expression (4) we get an equilibrium 

frequency of 0.755, which 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 theoretical, which presupposes 

steadiness as a result of mutual equalization of the processes of random 

drift of genes, migration and selection ()(:a ri 5.43<)( 2 	(df=3) 	7.81; 
0.05 

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. 
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after introduction into the model of the selection factor (1n1BB = 0.9832;

WBB' = 1.0000 and WBB' ¢ 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 of polymorphism*.

. If 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

curve for the distribution of frequencies of the alleles of Pgm. Non-cor-

respondence of the distributions in this case can be 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 p= 0.765, which is still closer to-the actual

0.778 (see Figure 47d, 2).

And so the derived estimates, as was èxpected, indicate a considerably

greater range of adaptation of genotypes precisely in the locus of phosgluco-

mutase. In addition, in both cases greater 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* G. 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 local stock of  sockeye  of Lake  

of the spatial disconnection of the populations composing it, represents a  

can be regarded as independent urli.s  only to the decree to which each of  

them makes its own special contribution to the genetic_u2Lty of the stock 

as a whole. 
1■11111M■ 

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 c;f 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 pro.pl_a_t_i_.onsstel... .penercIl l..... 	 143 

Regardless of whether this structure is caused by "isolation by dis-

tance" or the "island model", with a large central population surrounded by 

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 

nucleus in the zone of the ecological optimum. On the level of the subdi-

vided population 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 vari-

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 higher 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, follows from 

analysis of genetic dispersion in a subdivided population, as was demon- 

strated at one time from the example  of the annual Linanthus Parryae by S. Wright 

(19 )4 3) and by us (Altukhov and Rychkov, 1970) in a comparison of variability on 

the level of population systems and their structural components in a number 

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 

Variabilit ,  of the Components Formin 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 having especially mentioned methods of

analyzing genetic variability on the level of population systems with

supplements 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 numbers of the

separate subpopulâtions. However, this often cannôt be accomplished in

practice: for most species direct data on numbers of populations cannot be

obt^ir_ed at all and, moreover, the volume of populations can undergo sub-

stanl-ial fluctuations in successive generations -- the well-known "waves

of life" of S.S. ChetYerikov (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 fluctua-

tions of the absolute numbers of populations their genetically effective

volumes remain contant both in time and in space, 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 a1., 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
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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 

of numeroUs year-classes of the pink salmon the brood stock which arrived 

later from the sea dilg 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 N.P. Dubinin and D.D. Romashov (1921), who 

showed a situation of that sort by a very graphic scheme (Figure 48). From 	145 

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 
between quantity of coded 
/literally "producee/ 
gametes (b), the absolute 
numbers of a population 
(c) and its reproductively 
effective volume (a) (ace.  
to Dubinin and Glembotskii, 
1967). 

Figure 49. Assumed correlations between absolute 
numbers and reproductively effective volumes of 
populations of different species similar in their 
biological characteristics to: (a) salmons, (h) 
redfish and (c) anchovy. In spite of sharp 
difference and fluctuation(dispersion)of the absolute 
numbers, similarity of the genetically effective 
volumes of the populations is postulated. 

1972; Kirpichnikov, 1972) and, consequently, commensurability of the values 	14 

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 a structured population in Which preference 

is given precisely to the mean gene frequency ((7), calculated from frequency 

values in individual subpopulationF (q;), is not an arbitrary method dictated • 

 only by an absence in the theory of population genetics of adequate 

*If one assumes a mutation rate similar for species with an ifentical DNA 
content and most of the allele variations of proteins and iscenzymes 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  eu 
He  —. 

4Areu —I— 1 ' 

where H is the mean heterozygosity of the individual, and 
u is the mutation rate. 

(IIIP .tzei 
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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 immunological and biochemical genetics. 

But even in cases where formally statistical requirements can be 

observed the essence of the matter does not change in the least. For ex-

ample, the mean frequences of the genes of lactate dehydrogenase and phos-

phoglucomutase in the investigated sockeye stock are 0.63 and 0.79 respec-

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—isolate as the sum of the intra-

and interpopulation variability; for steady distributions of gene frequen-

cies the val-es of the mean and dispersion must remain unchanged in a num-

ber of generations. 

The corresponding data for all the populations 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), procesEed by us, 

which reflect the variability of the frequency of the allele of transferrin 

in hauls from the localities of sprat living along the coast of Norway. We 

see that the differences between the systems either prove ,  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 TP, and the redfish 

stock, with respect to the gene of the blood group A 2 . The example with the 
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Table 38. Statistical parameters of the £requenc__y distribution of genes
on the level of population systems in space and in time

T:1 Û A]l il a 38. CTRTIICTn4eCKUe napaM1ti'.TpLT pacnpeE lellCt11i11 -11CTOT rC1i0II na YpOtiliC IIOT1YVi511l110111n,iX CitCTC61

B upOCTpanCTBC il Bo nOenSelut

2

3

A
OfiLesT

B
;[onynslqnnttnan cucres+a

ca;eROnalw^lüCü
c

1

71 N I
-
4 (

m-
q

a-
4 I

lIl
U, a.anea^norp I ^

a
D1opcKoi'i oiq^nb Seba- 3oxhlI1 K1-1:1<h3K ^-•31.I I'p}'tuia icponn A2 7 134 0,730 0,01-1

1
0,'127 0,01

sfes ntentella Ttavin 3onsilll^fl.ld)30- 3P » » » 6 170 0,703 0,014 0,450 0,01
3011t,11-IK11:\(I) 31V I » » y 5 96 0,694 0,020 0,441 0,01-1

Hept:a Oncorhyulurs
a

«Bccelnlast paca» LdItB . 9 96 0,6203 0,017 0,484 0,012
rierka \Vald. 03. A3aG.1ni.ero, 1971 r. Pgm'l 9 98 0,7811 0,014 0,412 10,010

b JIeriisisi pacav LdlcB 5 124 0,7161 0,018 0,439 0,012

o3. Asa6aytero, 1971 r. PgnaA 5 122 0,8142 0,015 0,383 0,011

a
b

EBponeïlcKTTii aut;o}'c A3oucxaB paca, llio.-ii, fpy:ma TcpoBn A, I l 70 0,4703 0.0170 0,4712 0,0120
Engrau(Is encrasi- 1963 r.
cliolus Liane GA30BCI.a5t paca, nloub u » » 26 62 0,4426 0,0114 0,4568 0,0081

1965 r.
dr%30BCKaA paca,ceuTSiGpn i> -n 18 72 0,4508 0,0129 0,4667 0,0091

1965 r.

Kcra Oncorhynchus CTaAo P. I(almüiiiKn, hldlcB 3 130 0,1669 0,0187 0,3677 I 0,0132
xeta \Vald. 1969 r.

CTaAo P. Kanniilitiitn, RQdhB 4 176 . 0,1718 0,0143 0,3771 0,0101
1970 r.

Albc 4 152 0,1345 0,0118 0,3140 0,00^1

LdkF 4 200 0,0856 0,0119 0,3382 0,00341

:CTaao p. Kannintiixit, NIdf1A 4 92 0,8360 0,0189 0,3652 0,0133

1971 MdIIB 4 92 0,1640 0,0189 0,3652 0.0133

, Albc 4 88 0,1397 0,0170 0,3197 0,0120

Ldli^ 3 96 0,8850 0,0180 0,3059 0,0127

b CTaRo p. liaî161.1, , Albc 6 170 0,6716 0,0144 0,4594 0,0102

1969 r. MdhB 7 186 0,0388 0,0052 0,1892 0,0037

LdhF 5 92 0,9162 0,0128 0,2731 0,0091

CTa,^o P. I-laiiGi,T,' Albc 10 104 0,3500 0,0139 0,4199 0,009S

1970 r. Md/LB 8 116 0,0510 0,0073 0,2210 0,00 52

LdIIF 10 106 0,8502 0,0104 0,3393 0,007•1

CTa7o p. 11aiiGi>i, A/bc 5 104 0,2900 0,0196 0,44-1•1 I0,01:39

1971 r. AqdllB 5 112 0,0555 0,0095 0,2263 0,00`15

LdliF 5 110 0,8594 0,014•1 0,339!
I

O,U103
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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 A2

2 - Sockeye OncorhXnchus nerka Wald.
a - "Spring race" of Lake Azabach'e, 1971
b - "Summer race" of Lake Azabach'e, 1971
Anchovy Engraulis encrasicholus Linne

a - Azov race, July 1963; b - Blood group A0; c -Azov race, June 1965;

d - Azov race, September 1965

2

4 - Keta Oncorhynchus keta Wald.
a - Stock of Kalininka River b - Stock of Naiba River

Note: n - the number of _investigated samples (hauls); N -._the mean number of genes

in a sample(haul); q- the mean gene frequency; ln^ - error of the mean;

6^- root-mean-square deviation; ^q - error of the root-mean-square

deviation.

perch p3rmits simultaneously accomplishing a"transition"._to a practically

independent population system localized on the Flemish Cap bank. However,

no "effect of averaging" is obtained, for the direction of variability here

is completely different -- the gene of the blood group is close to fixation.

If it is taken into account that a drop in variability i s 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 regarding genetic variability in time,

having turned to three successive generations of the Azov race of the anchovy.

As was pointed out in Chapter IV9 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 unchanged

in the i nvestigated interval of generations. The same is also discovered
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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 separately 

(Figure 53) and together (Figure 54, see also Table 38). 

Of course, two or three year-classes is not such a large time in-

terval, but in this case too the investigated locality behaves not as a 

collection of heterogeneous elements of  son e sort but as an integral system, 

an integral feature of which -- genetic stability in year-classes -- is ob-

viously not derived from the properties of the variable components forming 

its structure. Examples of longer steady states of other populations with 
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Pue. 51. rIpoeTpaucruelman u3MCIP-111110eTh MaCTOT renou B nonyminnux oxyun 
umpoTa: 

Figure 51. Spatial variability of gene frequencies in popu-
lations of redfish and sprat: a - spatial variability of 
frequency of the gene A2  on the level of local stocks of red» 
fish on the Newfoundland Grand Bank (light circles) in com-
parison with the variability in separate elementary popula-
tions.comprising the structure of those stocks (lines with 
confidence intervals). Populations Nos , 1-7: Stock of zones 
3K and 314 Nos. 15-17 and 20-22: stock of zones 30 and 3P; 
populations Nos. 8, 9 and 11-14: zone 3N (see Figures 5 and 
34); b 	spatial variability of the gene frequency of trans- 
ferrin in localities of the sprat Sprattus serattus (ace.  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-
classes of the Azov race as a whole on the background of
fluctuations of gene frequencies of the Ao factor with
respect to components: L-1 - provisional first year-class
(1963); t2 and t3 - second (1965, spawning fishes) and
third (19^i5, juveniles). Light circles represent mean
values of the gene frequency for the system as a whole
(separated by braces); lines with confidence intervals are

gene frequencies in samples from separate populations.

Figure 53. Genetic stability of adjacent year-
classes of the Kalininka local stock as a whole
(separated by braces) given simul-
taneous variability on the level of very simple
population units (^eparate samples (hauls)):a-.frequen-
oies of allele Alb ; b the same, for serum lac-
tate dehydrogenase; c the same, for muscle mal-
ate dehydrogenase.

Gi^f:^l ^i`i 51 .f-• •1

Pnc. 53.

,.. ^. . .. . .. -.. '•4
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Figure 54. Genetic stability of two year-
classes of the Kalininka keta stock as a 
whole (Nos. 4 & 9) given simul- 
taneous variability on the level of separate 
samples. Nos. 1-3: 1970 samples of 23 Sep-
tember and 6 and 14 October respectively; 
Nos. 5-8: 1971 samples of 23 September, 1, 
5 and 12 October respectively. 

• 
The article of S.S. Shvarts 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 s7..ress 

the functional unity of population systems which, from their point of view, 

is evident from the data of ecological observations. It should be empha-

sized, however, that such unity can be strictly proven only when there 

is  a quantitative evaluation, and ;he 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, permits designating a single principle of inves-

tigation of any biological features of populations, 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 

and the average numbdrs -- 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. 
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0

Naturally, the question is asked, with what is such stabilization

achieved? Unly 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 feature 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; Kubantsev, 1972).

The number of such examples can be increased, but it should be

pointed out that i n 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 f ramework of which elementary populati.ons.-

also interact with one another. -

It is precisely on this level of investigation that the above-

mentioned important fact i s.discovered: in spite of fluctuations disL,2r.-

sion of the sex ratio in sub porulations, for the system as a whole th

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

its effective reproductive portion which transfers the gene pool to the

f ol lowing generation.
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: Butin  such case the posing of the following question is appro-

priate: 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 

through it, the "allowable" dispersion of biologically important characters 

and properties characterizing populations? 

The reply to this 	luestion 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. 

Unfortunately, this line of analysis became evident only when the 

present work 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 A2  blood group and the index 

"1/d" (Figure 55). It is evident that the elementary populations in which 

the sex ratio deviates maximally from equilibrium also differ greatly, as 
\ 

a rule, from the mean values with respect to the two characters. 

The fact that this connection has a presumed biological meaning 

and is not a fortunate accident evidently,is proven by the population genet-

ics data analyzed above. They can be supplemented by still another arRu-

ment: if one considers as a single aggregate all the populations localized 

on both the Grand Bank and the 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. 
% 
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Figure 55. Correlation between deviations from a sex 
ratio in equilibrium (p males = p females = 0.5) and 
the mean values of the 4 gene freqnency (a) (r = 
= 0.715; p < 0.001) and the index 1/d of the otolith 
(b) (r = 0.591; p G 0.01) in the system of elementary 
populations of the deepwater redfish on the Grand_ 
Bank. 

The following aspect however, remains incomprehensible (see Table 

28): in populations with an excess of males the frequency of thc A2 
gene 

has a tendency to deviate from the mean in the direction of increase, 

whereas in populations with an excess of females the sign changes to the 

reverse. At the same time, it was noted earlier that the A2  factor behaves 

as if it were autosomal! It ' is difficult to say what causes such a tendency. If the 

poor genetic determination of sex which is characteristic of many fish species 

(Yurovitskii,'1966; 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,thetype of inheritance is autosomal but the directions 

of selection are different for males and females. Moreover, the very fact 



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 regulation of other

biological parameters of the systemp regulation all the more evident the

more strongly 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 manner; in several cases, at least, a dependence has been proven between

the sex ratio in the population and its density (Novozhanov, 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 the conditions of population systems

with a clearly expressed internal structure a special 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 deter-

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

subpopulations if the 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 produpes 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 

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 imiliigrants. 

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 suppreàsors localized on other chromosomes. 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 of earlier isolated populations 

• caused by the intervention of man. 

Still'another example. In the mosquito Aedes mgypti  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.) 

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 tile 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 à population on a quantitative genetic basis. 

But if one returns precisely to these facts, one should acknow-

ledge the possibility in principle o_fdistin : uist 

merdless of their ecologu_wo_leyels of opulation organization. Firstl 

population systems', to  a considerable degree independent, subdivided popu-

lations  and,  msondly, connected more elementar populations which are 

structural  components  of such sys!ms and formally, and at times also in 

essence, correspond to the "Mendelian populaions" of Sewell Wright (Al-

tukhov, 1969). 

The inevitability 6f 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, hybridization.' 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 eenetic stability on the upper hierarchic levels. 

Evidently, only on such a basis can a 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. 
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subpopulations are parts of such systems, their structural, at times very 158

variable components.

Such an organization of populations with its attendant picture of

-genetic variabilitv and stabilitv 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 systemati.c

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 f rom reality, then we see that

closest of all to a population system is the stock in the understanding

of K.-P. Yânulov and, perhaps, the "large population" of M. Gordon. But

the races of F. H.eincke, 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 designatd

a system one should use such interchangeable terms as "stock", "race",

"population" and "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 population structure of. species in the monograph of N.P.

Dubinin (1966, see also Altukhov et al., 1969b)o

But in the line of analysis selected here questions 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
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encompassment of the entire population heterogeheity 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 represents 

a natural result of the process of successive differentiation in time and 

space of the gene pool of ane or several ancestral populations. This pos-

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".2 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 

of the essence of the matter if, following L. von Bertallanfi, we define a 

system as an isolated aggregate  of interacting elements. 

It is clear 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 approaches to 
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the economic use of natural populations and alao correlation of new facts 

with the traditional interpretation of the biological importance of pro-

cesses of intraspecies genetic divergence. 

Chapter VIII.  Practical and Theoretical Consequences of the Existence 	159 

of 122221_.ati on  Systems  in Nature 

Population S stems and a Rational Fishing Industr 

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: 'is it with a variable elementary group(grcuping) whose 

behavior it is difficult to predict on accpunt 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 pampered with catastrophes in nature are not taken into account, 

then to achieve long stability the need to approach the syStem as a whole 

with consideration of all its internal diversity becomes evident. 

Let us consider 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 weir -- our suggestion has proven to be valid (Figure 56). 

The presented material, ,aalyzable by year-classes predominant in 

the spawning part of the stock, reveals sharp changes in the percentage of 

males also in the process of the spawning run. In accordance with long- 	161 

known distinctive features of the biology of the keta, in most of the . 

illustrations an excess of males is observed at the start of the spawning 

migration; in the middle the ratio is equalized, and 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 of  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 Kalininka 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 (11e)9 
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Figure 56. Changes in the sex ratio in time in four suc-
cessive year-classes (a-d) of the Kalininka stock of keta. 
On the x-axis 	 are times of fulfilment of the 
production plan for the given year by the fish hatchery: 
1 - frequency of males by ten-day periods; 2 - frequency 
of males for stock as a whole. 
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considering i t as a generalized i ndicator of the adaptation of the year-

classes. Simple calculations for loci of albumin and lactate and malate

dehydrogenases show a tendency of the value of He to increase together with

equalization of the sex ratio. - "

For example, in 1970 the values of He were as follows: 0.19 (72%

males) on 17 September, 0.28 ( 56`/, males) on 6 October and 0.35 (50% males)

on 14 October. For the following season the biological data are more frag-

mentary, but the maximum level of heterozygosity (He = 0.24), 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 heterogenec-as 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 quantitatively 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 prominent variability of that character in time. This will make it

possible to determine the volumes of the gatherings of eggs in the first and

second halves (September and October respectively) of the spawning run. The

following picture emerges (Table 39). Undoubtedly it roughly reflects

the natural situation, but the general tendency is still 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

Ta6.1<aua 39

It

Mecnq
1957 r. 1 1959 r.

Ïlohonetmsl (roA po>KAemisl) B

cannl a, cofpanuon IcanK(ota
%

P61. %
M1t

1IK
It. 111T.

1 Ccura6pb

2 OKTS16pb

62

51

4,9

35,5

58

49

coGpauuMi
m<pt.l,

rfml. ll1T.

24,3

48,9

19G5 r.

canutoû,
0ô

59

52

coG;muu,oYl
NKi)bi

esml. wT.

60,5

112,1

Key:. A - Month B - Year-classes (year of birth)
a - males, % b - e;gs gathered, millions
1 - September 2 - October

19G6 r.

a I coGpamloicannton.
% IIKII6I.

1,1:111. 111T.

57

52

57,1

76,4

Thus, in gathering sexual products for hatchery purposes with simul-

taneous monitoring of the sex ratio in the samples(haul^), 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 three roughly divided parts of the

stock has its own internal subpopulation structure, as evidently it actually

does. This also 9.s indicated by the data for the anchovy, in which among

11 separated elementary popùlations five had an approximately equal sex

ratio (see Table 32), and also similar,material obtained on Lie 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 organization 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 

• . 	• 
0,55 F- 

45 b 

• 

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 

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 

equilibrium 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 (or 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 6f its rectilinearity proves to be +0.56 with reliability 

• on the second level (Figure 57). 

Oirul  
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imeToTwmi emmil cpcRu npo- 
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1“1111031 I1):ty 	(1: 1 )] 	twero 
xaammumoro craDm cumm ne-
mpe nma 	[(id (F2)1; r 

=0,5625; p <0,0 I. 

Figure 57. Correlation between the 
frequencies of males among the adult 
fishes whose sexual products were 
used for hatchery purposes in the 
given year rq 0"" (F 1  ,7 and the en-
tire Kalininka stoe after four 
years 2:q le (F

2
) : r 	0.5625; p.e.. 0.01. 
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The discovered connection is of moderate 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 mechanism 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 start of the hatchery's activity had an equal sex ratio 

or a shortage of males'in separate year-classes, now an excess of them is 

observed which reaches 10% on the average for the last four year-classes 

(Figure 58). But an excess of one sel: 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 year-class. It 

is clear that the performed calculation  &s  only hyperbole, and in fact 

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 

stock. 

*Fourth -year fishes [age 34] 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 adja-
cent year-classes (b) forming the 
return structure of the spawning 
part of the Kalininka keta stock 
before the start of the hatchery 
(1951, t 1 ) and after (t 2 	t5): 
1 - 1947 year-class; 2 - 1948 year-
class; 3 - 1949 year-class; 4 - 
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 tu us. Destruction of the population 

structure of the Naiba keta was especially evident for the 1967 year-class, 

when only the rear-guard part of the stock, consisting two-thirds of females 

and 40 7.  cf fishes of the Kalininka 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 matter 

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 fish-

ing, which does not take into account the genetic characteristics of popu-

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 adaptation. Simple loci cught primarily to react unequivô.^.ally to

such pressure and, very probably, the uniformity of gene frequencies in

the locus of muscle lactate dehydrogenase i n the Sakhalin region-already

serves as an illustration of this phenomenon.

Meanwhile, as the experience of the Kalininka hatchery shows, the

production possibilities of an i solated population are revealed most com-

pletely when natural spawning is replaced by the hatchery process, if it

even unconsciously but unswervingly follows the genetic structure of

the stock.

- This confirms the validi".y of hypotheses suggestions based on population

genetics data. On the basis of corresponding facts which evidently are of universal

biological importance it is possible to recommend a single principle of

management of a rational fishery: distribute efforts over all the elementary

o ulation units makin u the structure of the stocks to be maintained.

This principle, if the population gene pools prove to be distri-

buted over even partially i solated subpopulations, must be effective in

the fishing industry, fish managementror culturejand attem-pts at acclimatization to
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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;a different evaluation of the same popu-

lation genetics 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 biological habit of natural popu-

lations in a direction desirable for mân. -- 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 to nature can prove 166

to be only short-term and turn into harm for future generations*.

Our opponents, 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 ideas that the so-called biological or synthetic 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.



Population Systems and the Biological Concept of Species 

The contemporary concept of species and species formation, which 

has been systematically discussed in many works, including widely known 

monographs (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 genetic, as 

it is precisely within its framework that a synthesis of Darwin's theory 

of natural selection and the achievements of population genetics is accom-

plished. 

Since all those works have become  chrestomathie for biologists of 

our generation, it suffices to mention the main postulates. 

1. Population is the basic unit of the evolutionary process. 

2. Hereditary polymorphism is the material 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 contradiction 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 

without prospects for evolution, but evolutionary factors constantly active 

in nature (natural selection, the process of mutation, isolation and gene 

208 
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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 unchanged. In that system 

of views the population remains the evolving unit, true, the most adapted 

to evolutionary transformation, and now it is mmt the large or small isolated 

group which is considered, but the population, which is broken down into a 

number of partially isolated subunits, scattered 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, during 

change of the adaptive landscape, at least some subdivisions prove to be 

better adapted to the new conditions, thereby assuring the pos- 

sibility of phyletic evolution -- transformation of the species as a whole. 

It is generally acknowledged that the same processes are also the 

basis of so-called "true species formation" - 

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. 

•segregation of the initial 
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Figure 59. Schematic depiction of the .0 

6 	e 	segregation of the initial species (A)  .ere 
into two (B and C) in time (arrow). 
The separate, more or less interwoven 
branches are "Mendelian populations" 
(ace. to Dobzhansky, 1955). 
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Such a result is postulated by the models of stationary distribu-

tions of gene frequencies themselves, and study of populations in nature 

does not contradict it. Moreover, ecological data indicate the possibility 

of existence also of special regulatory mechanisms in population systems. 

Actually, population genetics data inevitably lead to the concept 

of stability, and we have only to move frdm the study of the simplest 

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 uroc212111 

pseudoobscura  and arrived at the conclusion of micro-evolutionary shifts 

in the gene pools of the studied populations. However, if that analysis 
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Figure 60. Variability of the frequency of Standard
chromosome inversion in provisional first (tl, 1939)
and approximately the ten:-h (t10,.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 designa:.ions are the same as in Figure 50
(constructed on the basis of data of Dobzhansky,
1943).

is svipplemented by the concept of the dwellinain nature of naturally iso-

latèd population systems and the primary data are organized in a certain

way, then a different conclusion can be drawn.

The first example (Figura 60) corresponds to ten successive gen-

erations of Droso hp ila 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 (tl, 1957)
and approximately the seventieth (t70, 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).
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Since the frequency of the Standard inversion selected by us fluc-

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 hie-,--archy of that population structure, which

has been subjected to maximal genetic variability. Smaller differences

were successfully registered for stations within the limits of the local-

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 169

gene frequency in the investigated interval of generations. The values of

the root-mean-square deviation indicate also invariability of the frequency

distribution.
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The second example (Figure 61), corresponding to an interval of 70 

generations of an aggregate of populations of Drosophila  localized on the 

entire territory of California, is interesting 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 1955 

alone 17432 tons of various toxic chemicals were used on the territory of 

California, and during the entire investigated period one fifth of all the 

pesticides used in the United States were employed by California. 

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 of the Standard inversion° 

These facts, which testify to the stability of a population system 

in a time measured in tens of generations, can be supplemented 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 

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-

sponding 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 
Pribaikal'erthe Baikal area7: a-j-- 
various presently living populations 
(ace.  to Rychkov and Movseyan, 1972, 

.with modification). 
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In conclusion we will examine the results of an analysis of con-

temporary and fossil populations of the gastropod Littorina squalida  in 

the isolated Busse Lagoon on Southern Sakhalin which is being completed 

by B.A. Kalabushkin and us at the present time. 

This species has a well—expressed polymorphism of the coloration 

of the shell, interpreted as a manifestation of a two-allele system with 

incomplete 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 

their distribution in samples from now living and old populations, divided 

by at least 2000 generations, which have replaced one another every three 

years 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). 

lj? 
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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. 
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Figure 64. Variability of the frequency 

	

, 	qA 
. 	 1.0 , of the gene A (I) in provisional first 

e42s2 

	

.0,2Ste 	ai 	(t
1
; N = 479, 'iî = 0.293+0.015) and ap- 

es  proximately two-thousancith (t 20n0 ; N = - 

= 1252 specimens; ?1" = 0.28« - 	' +0.01) 

[ 

i e4  generations of the population  syjem of 
112  the gastropod Littorina squalida  in Busse 

t7000 

n 	laannn -- c.,-.4-1. 	Ce0.1,m141, ne• nnmnnrnA o 	-Lagoon on Southern Sakhalin as compared 
I 2 3 	with the variability by separate stations 

(II) . 

' 

It must be emphasized that the clearest example of long stability 

of polymorphism from the Pleistocene 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 that 

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 C. hortensis -- Yu. A.) from strata

near Goodwood... 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 found eve ► tmday' (Diver, 1929; p. 183; emphasis

ours -- Yu. A.).

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 benetics of natural populations of

different species except man (Rychkov, 1965; 1968; 1969 a and b) has not

introduced any corrections into the traditional general.izations: 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, 1954; 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 pools 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.

Meanwhile,the detection in nature of population systems as histori-

cally formed subdivided populations and the corresponding genetic analysis
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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 

stabilizing forms of selection, including that which is frequency-dependent(see 

Rychkov et al., 1973; survey in Kirpichnikov, 1972). 

But the effects of stabilization must be especially strong on the 

edges of ranges, which together with the uniting effect of migrations (or 

even in its absence) will keep sepopulations 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 formed are so conserva- . 

tive and unique that 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 

within 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 the dispersion in the system remain 
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invariant in relatiori 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 organizarion 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 adaptatiôn achieved hy.;t requires external effects such as

it cannot endure. But if one remains within the framework of the geological

theories 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 origin 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

sbrt of additional data. -

For this purpose we will turn to the very last stage in the devel-

opment of genetics, one directly connected with the molecular aspects of

the organization of the genome 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.
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 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 (1966; 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- one of natural populations' polymorphism is revealed by up 

to 30% or more of the investigated genetic loci, and a certain average 

individual can be heterozygotic in relation 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 works 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 correlation 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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ways discovered in each  of the  examined populations under identical methodi-

cal conditions.  

Probably because such characters do not permit studying the genetic 

divergence 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 us 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 

ofveriationsinothers.Thu.sthelocusIIIin the cod is polymorphous, 

whereas there is no variability in the locus Hb II; the same is character-

istic of muscle lactate dehydrogenase (Ldh II) of the keta. But at times 

entire 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 sur-

lt prising uniformity of protein electrophoregrams reflects a real natural 
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Pile. 65. (Porociumn 3.1eicrpotpopen1tieum monomopcimbtx 6ennon TuxooKeancKnx 
zococeii, necaegonammx iia ()Rue n Ton we onroreneTngeeKoft eTaRnn: 

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 kesa. 	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 several 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'of 7-8 dif-
ferent subunits in them (Wilkins, 1970; Tsuifuki and Roland, 1970); E - 
Water-soluble proteins of the crystalline lens of the eye in the keta. 
Electrophorcsis in agar gel. A connection of this multiplicity with gene 
duplication has not yet proven, but can be postulated. 
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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 Scien-

ces has invest;igated by various electrophoretic methods 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 anode 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 electrophoregramsi which could be interpreted as mutational 177

and not as a result of rare natural or artificial hybridization with the

masu 0. masu -- still another 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 Ocean 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 interacti!on 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

r9sults of electrophoretic analysis of the hemoglobins of Pacific Ocean Sal-

monidae (Figure 66) and also datL-on several groups of genetically mono-

morphous proteins in other species of animals (Figure 67). In 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 14; also see Altukhov, 1969b). Moreover, 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-

t"ers behave as integral genetic units, showing a simple summation of paren-

tal types, the formation of hybrid products or even dominance-recessive-

ness ratios (Figure 68; see Figure 66).

Consequently, in such cases even one individual carries species

genetic information, 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 data which establish the
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Pue. 66. Cnemulunmoen ita nuRouom u pou,onom yponnux mnoweeneunbix remo- 
r.no6uuou y 1)1)16 cm. Salmonidae: 

Figure 66. Specificity on the species and generic levels 
of multiple hemoglobins of fishes of the family Salmon-
idae: A: 1-3 and 5-12 -- Oncorhynchus  keta, 4 -- O. 
kisutch. (Electrophoresis in agar gel); B: 1«5 -- Salve-
linus leucomaenis;  6 and 7 -- O. gorbuscha  (E1ectropho-
resis in starch gel; C: 1 - O. gorbuscha;  2 - hybrid 

(F1' 
?)* 3-5 -- O. masu (Electrophoresis in agar gel); D: 

1 and 2 -- O. keta; 3 and 4 -- O.çforbuscha'
5 
E: 1 and 2 

Salvelinus leucomaenis;  3 - 7 -- O. keta (Electro- 
phoresis in starch 
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Figure 67. Interspecies variability of monomorphous 
proteins: A - Myogens of two species of molluscs of 
the genus Unio: 1 - U. tumidus,  2 - U. pistorum (elec-
trophoresis in starch gel); B 	esterases of two 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 hungerfordi;  3 - 
P. hardwicki;  4 - Metapenaeus  matatus; 5 - M. stridu-
lans; 6 - M. barbata;  7 - Penaeus monodon;  8 - P. 
semiculatus; E - hemoglobins of lizards: 1-4 -- 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 (ace. to Altukhov and 
Rychkov, 1972). 
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Figure 68. Electrophoregrams of species-specific proteins
of interspecies hybrids as compared with the starting spe-

cies: A - anode zones of leaf peroxidase: 1 - Nicotiana
sylvestris; 2 - N. tomentosiformis; 3 - Hybrid F1 (^1éc-
tropharesis in polyacrylamide gel ; B - fish myogens: 1 -
Richardsonius balteatus; 5 - Mylocheil us caurinum; 3 -
hybrids F; 2& 4 - corresponding backcrosss (électro-
phoresis in starch gel); C - lactate dehydrogenase of
myocardium of lizards of the genus Cnemidophorus: 1- C.

ul^ aris, a bisexual species; 2 - C. tesselatus, a par-

thenogenic species; 3 C. ti Q̂,ris, a bisexual species

(electrophoresis in starch gel); D - hemoglobins of birds:

1 Coturnix coturnix; 3 - Gallus allu^s; 2 - hybrid F1

(electrôphoresis in starch gel); E - globin chains of

hemoglobin: 1- ass; 2 - mule; 3 - hinny; 4 - horse (elec-
trophoresis in starch gel). The different hatching re-

flects variations in intensity of fractions on original

electrophore^rams (acc. to Altukhov and Rychkov, 1972).
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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  taxonomie  levels distinguished still earlier in accord-

ance with the principles of typological systematics. For example, among 

several tens of species belonging to 14-15 families of seven orders, only 

in 207e 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 investigates to successfully solve complex questions of systematics 

where the population approach is  impotent.  A bright example is the recent 

cycle of genetic-biochemical and taxonomie  works of Westrheim and Tsuyuki, 

1967, 1)71; Tsuyuki and Westrheim, 1970), who discovered several new species of 

redfish of the family Scorpaenidae in the Northeast 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., 

1966; 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 such 

homological hereditary variability (in the meaning of N.I. 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 proteins: A- genotypes with respect
to locus of serum esterase of three species of tuna:
a - Thunnus maccoxii, b - T. obesus, c - T. alba-
cares (electrophoresis in starch gel) (acca- to Sprague, -

1967); B - genotypes of serum albumin of ocean,pèrch
of the genus Sebastes: 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 - 0. &or»
buscha, c - 0. keta (electrophôresis 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 saine alleles in corresponding loci, whereas the tuna Thunnus masso yii

has the allele Es4, not found in two other species, T. obesus and T. albacares*.

3'*Situations in which a qualitative interspecies difference (for example, in
the mobility of molecules) is noted with respect to a polymorphic protein

s:,r system as a whole represent only a particular case in the interspecies
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 illustrates the previouàly 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 toward the status of new species are successfully 

revealed. Actually, in the light of the examined data the difference between 

a species and a variety on the basis of these characters is quantitative, for 
- 

they are polymorphous, that is, geographically.  variable. 

But how is it in such case with genetically monomorphouà eharac-. 

 ters which have not been subjected to geographical variability and at the 

same time del!mit 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 :,ource of information about species in nature, 

and invariant 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-

duals. 

But if genetic monomorphism isa real natural phenomenon, then the. 

mere acknowledgment of this fact with consideration of distinctive features 

of interspecies variability of monomorphous properties gives the possibility •  

,eerrenn.r.,,,..urreetere. 
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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 properties must 

be specialiZed for the performance of such vitally important 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, 1970a 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 in favor of the proposed treatment is the fact of principal im-

portance that multiple proteins code_db 

as a rule, to be the most monomorphous(Altukhov et al., 1972). But just as quali- 

tative interspecies differences are traced 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 reproductive 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 polymorphism.

Among the large number of works devoted to these problems a special

place belongs to the investigations of Suzum Ohno et al. ( Ohrio, 1970 a and -

b; Ohno et al., 1968) which presented numerous evidence that tetraploidization

played'an important integrating role in the evolution of vertebrates. With

respect to at least two of the now known polyploid groups of animals -- three

families of the order Clupeiformes and two genera of the Cyprinidae family --

it is possible to speak with confidence of their amphidiploid origin (Bender

and Ohno, 1968; Wilkins, 1970; Altukhov et al., 1972), whereas the tetraploid

and octap!.oid South American frogs of the family Ceratophrididae are autopoly-

ploids (Becak, M., et a1., 1966; W. Becak et a1., 1967)_

A hybrid nature has been demonstrated for parthenogenetic species of

lizards of the genera Cnemidophorus (Neaves, 1969; NeAves and Gerald, 1968)

and Lacerta (Darevskii and Kulikova, 1964; Darevskii and Danielyan, 1969)

and for several gynogenetic species of fishes of the family Poeciliidae

(Rasch et al., 1965, 1970; Rasch and Prehn, 1969;. Prehn and Rasch, 1969;

Abramoff et al., 1968; Schultz, 1961, 1966, 1967, 1969; Schultz and Kallman,

1968). It is assumed that in the evolution of animals hybridization, par-

thenogenesis (gynogenesis) and polyploidy are connected (Astaurov, 1969;

Schultz, 1969). As for the evolutionary role of chromosome mutations not

leading to intraspecies polyformism, 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

184
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borrowed by us from the work of Britten and Davidson (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 series of 

cases the eye is struck by a surprising variability of the investigated 

character, one caused, as we now know thanks to the work of Ohnots 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 or 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 reorganizations of this sort in the 

evolution of zo2logical species will be obtained. 

The most important biological meaning of these reorganizations is 

that they suddenly . transfer all the genes.in a genome or some of them 

into a constantly heterozygotic state and, consequently, provide individuals 

with the advantages of a qualitatively different adaptative 

the future population of the load of less adapteà genotypes; at the same 

time this means increase of the reliability of storage and transmission of 

information about vitally important functions, reflecting the . uniqueness 

of the new 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 

*Obviously, 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. Beçak et al., 1970). 

level, freeing 
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0 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. "Polÿmorphism generates

still greater polymorphism"(Ohno, 1970b; Watt, 1972) and in that case such

combinations of genes can be accomplished as would have been çonsidered "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 186

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 we11 as to the idea of the fundamentally

different biological importance of genetically monomorphous 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 possibilities of the

species.

In such a treatment genetic polymorphism:in populations is not material

for the action of evolutionary forces but a universal strategy of nature, one

assuring preservation of integrity of the species on the basis of continuous

interaction of hereditary 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 fundamentally important that in the corresponding material
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hot 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 presented here have something in common.with the. ideas of the 

geneticists G. de Fries (1904, 1912), R. Goldschmidt, 1940, 1948, 1952, 1955) 

and the physiologist B.P. Ushakov (1958, 1959a and b). In all these works 

there were discussions of the problem of duality (structural or functional) 

in the organization of the inlividual and, consequently, with a given degree 

of loical 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. Ln any case it must be emphasized once more 

that genetic monomor'phismis 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 eVolutionary transformation and 

the adaptive stabilization of species. 

Conclusion  

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 the heritability . of 

racial characteristics does not at all mean their invariability in time and 

space: mirations, isolation and selection, acting separately or jointly, 

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. 

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 depends not 

only on the inadmissibility of its direct destruction but also on the implementation 

of a 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.

Wide realization that there is such a strategy evidently is inevit-

able, and then an independent scientific discipline, population biola^v, will be

separated from the sphere of biology. This tendency is already perceptible

but still predominant in it is the analytical stage, which 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 possibilities are actually being opened up on a genetic basis for uni-

fication of the efforts of biologists of different specialties to work out

a universal strategy of rational economic use of biological resources. Pre-

servation of the genetic stability of still surviving population systems,

restoration of those whose'structure has already been destroyed and, finally,

the creation of new systems - - these are the main tasks, the solution of

which evidently i s 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 i s 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 to future, more 

basic research, which appears vitally necessary. 

We can now sum up everything presented above, 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 loCal stocks 

of fishes represent reproductively isolated communities with a characteristic 	189 

internal heterogeneity. 

2. The heterogeneity of stocks, observable irrespective of the eco-

logical characteristics of the studied species, finds reflection in their 

subdivision into more elementary population units. They differ in their gene 

frequencies and, consequently, also are reproductiyely isolated 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 structural components of such sys-

tems. Traditional biological investigations support this conclusion.

5. Since the biologically important properties 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, regarding them as an adaptive strategy which permits the species

to remain itself in normally fluctuating environmental conditions.

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 continuous process proceed-

ing on the population level, but as a result of qualitative reorganizations

of the genome conjugated with the reproductive isolation of separate individuals.



A 
011, >7.4' 

Clupeiforrnes 

— in 

** abs 

.-ecen't 	ph 
de 

App2ndix 1.  Systems of genetic polymorphism of erythrocytic antigens and various proteins of fishes  

p 	oat cline I. CiicTembi renerfnecicoro nontimopeimama 	91: 13  I poil ■ I iapiltAX int I 1:1 eitiM  II pa taletal.o. Ge:a..oa y 

	

3 `. C 	 F I kC01ta ; dun 	5 	 E 	,.r.,:cerga..1 	(.1 ewirsi:12.:). 	 1 Cemeeicrr.o 	BI:;,, 	 Kilicm a.nze.leti 	 m 	 Mel 0,1 

	

■ 	fo70,rinlii :10xyc 	 luli,.1,1MIJoitt::).1.*:nx 	 1 

	

 	I  

-e 

	

jlait-rargeriutpore- 	
-. 
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11 
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B-cncTema rpynn 
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ca a cbtaopoTKe 	J10Kyce 

	

3 ..noicyca  s Nu,nnuax 	rlo 413111111 

	

14 	zoicycax. 

(Denornme  ne o6o3nagenb1 1** 	To -itce 

Sardinops 
caerulea 

2 

3 B, BI, I, Bi, 

Cj, Sprague a. Vrooman, 
1962 

Hopma.nbnan cams! CLIBO-
punça , ammyunan 

pomia uunneaKa 

1,1mmynnble C1,1130pOTICH 
xpynuoro poraToro cxoTa, 

yTKH a .  ubulnemca 

Vrooman, 1964 

Sprattus 
sprattus 

2 

remorzo6ss 

Tpancd)eppna 18 

1 HbI-1, HbI-2, HbI-3, 	i 9/(1) a araposom re.ne  
Hbl-1-2; 1-1b1-2-3, HbI-1-3 

TfAA, TfAB, TfBB 

Naevdal., 1967, 1968, 
1970 

Te xne * To >ice * 

CLIaopoToimaa 19 

scTepaaa 

Salmonidae Salvelinus 
alpinus 

Salvelinus 
fontinalis 

.TIalcTaeragpoz-
renaaa, 5 .nonycoa 

Cbmopozoima 
S crepa3 a . 

2 

2 

3  B .noxyce B 

2 a .noxyce A 
2 B noicyce C 

E:.„SiSi , Es  S1  S2 ,  EsS2S2 b 9/(1) s xpaxma.nbno -ara- 
poaom rule 

FF, FS, SS 	a3/4) s xpaxmanbuom re.ne 

I3B, BB', B' B', B" B", 
B' B", BD" 

 AA, AA" 
CC, CC' 

Naevdal, 1967, 1969 

Goldberg, 1966; Morri- 
son a. Wright, 1066: 

Wright a. Atherton, 1963, 
1970; Wright a. Atherton, 

1970 

j 9/4) a axpazamanuom 
xpax MaJlbHOM reite 

Nyman, 1967 

3 

Salrno gaird- 
nerii 

3  B .noxyce 1, 
2 a .noxyce II 

	 21 
CbleopoToimmil 
Tpzuïccpc-ppuu 

Texco3o-6-c1)occpaT- 
p. ,era,aporeaa 3a 

TeTp330,/llieBa31 
ov.cugaaa, 3 .noxyca 

AA, AB, BB, CC, AC, BC 

* 16 (penoTanos 
phenot ypes 

AA, AB,  BD, AC 
ff, fs, ss 

9/cp a axpu.namagnom rene 

To Hce * 

a am) B xpaxmaztaom re.ne 

Wright a. Atherton, 1970 

Stegman a. Goldberg, 
1971, 1972 

Utter, 1971 Utter a. 
Hodgins, 1972; Cederbaum 

a.  Joshidd, 1972 

7 

2.4 
jialcTaTaerp..apo- 

renaaa 
2 a itoxyce C 

(negeah) 
(liver) 

CC, CC', C' C' To  »ce * Williscroft a. Tsuyuki, 
1970; Northcote et al., 

1970 

Clupeiformes 
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P,po^oaa.^ I:xe n, stro)K. 1

Orpr•„ BcexeAc..sa

SalmonidaeClupeiformes

BeA YccncAoaassstA noKyc

ManaTuempo? 5
rella3a, 2 noxyca

tI.tcr.o annencA

2 s noxyce B

Occ#rnloxouyra3a, 2 B oRsotis noxyce
3 noxyca in one locu

R-cxcTeaia rpynn 3
xpoBlr

Tpa:Iccpepp.Ili Z
Ci>SEOpOTxit XpOBH

29
a- rn NüepO#C4) aT-

Aerllaporenasa,
3 noxyca

.2

no 2 B JIOxycax
Aii C

KpeaTl3Elx;111asâ 2 B noxyce S•
3 noxyca

.51
i/IsouKTpaTAerxnpo- 2 s noxyce M
. reliasa, 3 noxyca 4 s noxyce S

Cop61.TOnu^erxllpo- 2
rena3a

Salmo trutta Cop6xTonuerxzpô^ 2 s noxyce A
rettasa, 2 noxyca

a-I'n:tuepo(^oce?a'e- 2 B ncxyce B
rerHa[)orelia3a,

3 noxyca 34
B-cxcTen,a rpynn 3

xposx

Salmo salar

Salvelinus
malma

T paHccpeppi.x 18 2
!

Tpaxc^epp;IS 18
C:>tEOpoTOHHble

anb6yvxxt,I 35

4
2

aa

2 3

2Teô^cc^^a

C>CItOTHI11.1 (re)to7tttfN). F

itat3Rcttt;s,1c u nonynsru•xstx

AA, AB, BB, BB',
AB', B', B'

CC, BC, BB .

R-1, R-2, R-1-2, R-0

AA, AB, BB

AA, AB, BB
AA, AA', CC, CG', C' C'

3 d)esorxna
3 phenotypes

AB, ABB', AN
9 , (Dexoznnos

9 penotVpes
AAAA, AAAA', AN,

A' A

AB, AA' B, X B

BB, BY, B' B'

B-1; B-2; B-1, 2; B-0

AA, AC, CC

(^ellori• oE

F, FS, SS

FF. FS. SS

!'
McTO1 licroRr•six

a9J4) s xpazMan&n01f rene

10 .

Bniley et al., 1969;
Utter a. 1-Icdgins, 1972;

Nurnachi, 1972

To me * Roberts et al., 1969;
Utter a. Hcdgins, 1972

k I^l^.ulyxnl,Ie cI>IEOporxs Sanders a. Wright, 1962
xponxxa

I

a9/4) B xpaxuazlr,soM rene ^ Utter a. Hodgins, 1972

To xce*
:

Te :{:e *
Engel et al., 1971a

>

a
q

s

Perriard et al., 1972

Wolf et al., 1970
To me

Engel et al.; 1970

} Te me *

3 Engel et al., 1971a

bIranryllxl>Ie cI>IBOpoTxn
xpon;sxa

Sanders a. Wright, 1962

b3/c^ s xpaxhla..b:,o-ara- Môller, 1970
poBO:,a rene

^
9/cp a xpaxrr,anaxoH rene

a/c^ B arapono:4s rene
Payne et al., 1971

f CaJIMCiiKoIIa ri 130nOXOH-

cxax,1973

9/cp r '6xpWla?.1II;TIIoAt Te :No *
^ rene
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D 
Be{ 	Licc.re,qonanuLA noicyc cemenc7no 

B 
,D0::‘,rntna 

inieurnnne n Many:union( 

G 1 
NirT0,1, 

BB,. B' B', BB' t 9/4) a xpaxmanbnom rem 1 Hodgins et al., 1969 

To n<e * 
•	  

1 Hopmanbnan cannan 
CblBopoua  

Utter a. Hodgins, 1970 

Ridgway et al., 1959 

• AA, AB, BB: 

AA, Aa, aa; 

rene akpunamnaHom 

Tpauccimppnn, 
1 zoKyc 
	 26 
_Ooc4or,aloKomyra3a 
• * 

Bailey et al., 1969 

H , 	A 
0-rpsig WreHMK a.rmenen 

2 Clupeiformes Salmonidae 	Salvelinus 
leucomaenis 

CuLupo-rognufl 
a.rib6ymini 

C, CD, DD i 311 n ara'ponom rene Payne et. al., 1971 
f Ca.iNic.miona  n Bo:loxon-

cuan, 1973 

2 
- 23 Terpaaongenan 

oxcluzaaa 
FF, FS, SS, • 	9/47  a akinuiamniwom rem 	Te ;Ke* 

Z4 .TlaicTar,acratzpo- 
renasa 

2 13 zoxyce Oncorhyn-
chus nerka 

26 
(DoccparvilogomyTam 

36 
A-cacrema rpynn 

xponn 

2 

2 

Oncorhvn- 
chus lieta 

M, AA', A' 4' 
FF, FS,.SS: 

in 'regulatory lod4s 
r serum Ldg 

M, AB, AC 
locus of S — Mdg 

AA, AB, BB; 

9/(1) B anki.namiutiom re.nent AJITyX013 n r,p, 1969, a,6; 
1970 

Te ›xee: 

„TlaKTaT,E,erHApo- 
renasa, 8 noxycon 

8 loci 

5 Manazzerupo 4  
renasa 

a-FolluepocloocaT- 
Aenuporeidaaa. 

2 :Iolzyca 

2 13 .71oxyce A 

2 B pery.ISITOpHOM 
zoxyce zuta T1,11,1- 2 

cmnopo-rx.n f 

2 B oz,nom noxyce 

3  B .noxyce 
s-Aizr 3 in 

9/4)  a arapoaom reze 

1 .3 /1(1)  B 

-To 	e ac 
J'. 

 

. 

 

n CJIIMMHO, 1971 
Nurru:chl, 1972 

tnAzryxon H xp. , 1972 

Oncorhyn- 
chus 

gorbuscha 

IlaaTaTaern.apu-
renaaa cbmoponni 

25 
MazaTzternpo- 

renasa 29_ 
cz-r.rmnepoci)occbaT-

Zern,aporenasa  

2 B perymTopnom 	FF, FS, SS. 
zonrce 2  ii  regulatory lbcus 

. 	. 
AA, AB, AC, 

FF, FS, SS; 

3/(1) B arapoaom rem 

a 	9/4)  . aKpmaarinur,,nom 
rule 

• To me * 
• 

A.rrryxon  a p., 1969a, 
1970 

n Cilblabli0. , 1971 

n CobilibKO, 1972 

3  5  zoxyce S 

2 

3 Oncorhyn- 
chus 

kisutsch 

M, AB, BB, ACi BC; 
CC 

AA, AB, BB •  

9/4) B xpaxmannom reae I 	Utter et al., 1970 

f Carimelikoaa H BOJI0X0H-
CICHH, 1973 

. To bKe *  • 
.• 

2 

ManaTeeru-mpo-
rearm, 3 .noy.yea 

Oncorhyn- 
chus tscha- 

wytscha 

2 a :Ioxyce 
s-m,Era- 

2 in locus 

M, .4/3, 1313, B' B' AB', 
BB' 	• 

of S—Mcig 

• • 
• • 
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A 	B 	C 	 D 	 E 	 F 1 
Orp 	CencTo 	B :IA 	men HA 	licc:;cAonalaue noxyc 	tli tc.no aAzenerf 	4)eilOTISTILI ( re 110T1 t f 114). 

	

IteelAennwe rs notlyAnwisix 	 Mew A 	 Ilcronylui; 

24 
Clu.pelformes 	Coregonidae 	Coregor.us 	.1-latc-raTeermano- 	2 8 .nozyce H 	FF, FS, SS 	a SAP B xpaxmaahnom re.-te . 	Clayton a. Franzin, 1970 

clupeaformis 	reliasa, 4 zonyca 
..58 

Cozeg,onus 	rolezepoz-3-#c4ar- 	2 13 .n.oxyce A a 	14 4)enoTunoa 	 To >ice * 	Clayton et al., 1973 
lavaretus 	.uerporelia3 -a, 	3 B zoKyce B 	14 phenotypes 

3 .noxyca 

	

39 	,.., 

	

AcnapTaTamano- 	z 13 oAnom .noxyce 	2 (pelleruna 	 » 	 Schimdtke a. Engel, 

	

Tpanc(pepaaa, 	 2 phenotypes 	 1972 
• 2 .zoKyca 	 one 

	

Cop5uTo.I.Qeruitpo- 	• 	2 	AAAA, AAAA', AAA' A' 	 » 	
. 	

Engel et al., 1970 
1-01123a 

	

41 	  

	

Osmeridae 	Hypomesus 	3cTepa3a Dpwrpo- 	 4 	 :...; 6enoi anoa 	3/4) 13 aupu.namkutuom reze fCartmenkoria u Bo.rioxou- 
' olidus 	unToP. 	 5 paenotypes 	 emu, 1973 

	

42 	 -, 	 4 

f 0 

	

3CTCpa3a 1,.11,11.11LZ, 	4 13 I .noxyce 	6 6 giCHOT1,111013 	 To WC* 	 Te zte* 

	

3 ,louycaio, • 	2 13 /1/ eoxyce 	5 5 4)enoTunoa f ' 	 » 	 » 

	

26 	  

	

(DoccpormonomyTasa 	2 	 AA, AB, BB 	 » 	 » 

24 

	

J12.1(Tauermapo - 	2 s zoxyce B 	BB, BB', B' B' 	I 	 » 	I » 
. 	 rena3a, 2 zouyea 	 j 	 • 

. 	 29 

	

cz-n-tuu,epocpoccpaT- 	3 	 AA, AA', A' A', M" 	 » 	 » 

	

Aera,uporena3a 	 , \  —23  

	

ManaTerepo- 	2 	 AA, AB, BD  \ 	» 	 , 
renasa 

. 	 1 

	

6-cipocd?ormoKoaalr- 	3 	• 	FF, FM, MM, FS 	I 	 , 	 » 

	

Ane.porefta3a 	. 	 • u 

	

z3 	 - 	 t 	
\  

• TeTpasomienau 	2 	. 	AA, AA' 	I 	 » 	 » 
oKcuaa3a 1  - 	 43 

Hypomesus 	1430tu1rpaueraapo- 	2 B aoicyce S Par : 	FF,FS,SS 	a 3/4) s xpaxma.nbuom re.rie 	Quiroz—Guttierrez a. 
pretiosus 	rena3a, 2 noxyca 	2 in locus 	: 	 Ohno, 1970 

of S-Idg 	 I . 

	

, 	29 
. 	 Osmerus 	a-Dituleporpoc(par- 	no 2 8 xmizaom 	' AABC, AA' BC ABB' C, 	 To ›Keee 	Engel et al., 1971, 6 

eperlanus 	uerne,poreira3a, 	noxyce 	 A B Cél 

	

3 .nolcyca 	2 in each 
• locus . 	 . - 	 . 	 . 
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Clupei:orrnes

Cyprinifor-
m. es

CeaierfcT a ^

Engraulidae

Catostomidae

Cyprinidae

C Dl
B;i;x l IdccneFona:lHlilil nosyc ^ idlic,no anne.nciY

Engraulis JIaKTaTAcrxApô i
mordax rcila3a,and

1 cioxyca A H B

i Engraulis
encrasicholus

Catostomus
catoston-lus

Catostor.)us
commersoni

A-crcTe.a rpynn
xposH

AhlorcHtii I 2

CLn.'Op t[ 1 ÎiÎ
Tpaucc^x ppall

Catostornus CblaopoTOtlHasl
clrskii I 3cTepa3a

.ictiobus
cyprinellus

s 21ne To x<e

6-0o4orJ11oK013aT-
Aer;lAporei i a3a

ACnapTaTiv7HIi.OTp3 ^HC-
c^lcpa3a, 2 noKyca

S H Ivl

C;I,llsopoTOVHblo-t
Tpa::csjtc;)pnx

Ecrepa3a c>,tBojio9TKxl
I

Alburnus CU7BOpoTOllHasl
lucidus ec•repa3a

Leuciscus
rulilils
(Rutilis
rutilus)

and

Tinca tinca

n

i?-cxcTenla rpyl̂ n
xpoaH

Cop6HToRAerxApo-
rella3a 40

HAZ[0-I1301X}STpaT-

j1,erFiApOrClla3a,

4 noxyca

Cop6aTozlAcrsApo-
rclia3a

2 s nolcyce A

3

2

2

2

2

2

3

3 s noxyce,S

3

(i)enOTnnId (renOTnnld),^
lc.^.17Acmwlc n nonyail4nllx

McTO;3

A- 7Jq7. n xpaxnlanbHOal reneAl Al, Al- Az, A2

Al, A1,2, A.,, Ao ^ oHopuanvHVle notuaAIniar
11 C13Hlla8 CbI1;OpOTKII,

Ifi7YyfIHaA ClilnOpOTKa
1{I)On^tiCa

AA, AB, BB B xpaxrvlanvllom renej'aE/c1

AA, AB, BB
Besmish a. Tsuyuki,To xtc 'r ,

1971

EsI-a, Esl-b, EsI-ab n Koehn a. Rasmussen,
1967

Tja, TfaG, Tfb Ia0/(j) II xpax;,lanbHo,rt iene Koehn a. Johnson, Ivoi

Esll-a, EsII-ab, EsII-b

FF, FS, SS

I SCTO'nn7K ri

ï Klose et al., 1968

Ohno et al., 1968

p ilnTyxOii, JI1LSanCK11H

x Ap. , 1969 a

Tsuyuki et al., 1967

Nyman, 1965, 1966

FF, FS1 SS I n ,^ TOT Xx^

1970;
A, A', A" n Klose a. Wolf,

AA", A', A"
Klose et al., 1969

AA,AA',A'A', AA"

To ;xe ^

p Schmidtlce a. Engel, 197

R^ ^ R 9. OxcTpaxr cc,asIH
Vici-+ faba L.

AA, AA', AA° OIcp B KpaxN!dnbHOM renc

2 c^ellor.^na

2 phenotypes

To }xe*

A'.-I'. AA"

r BanaxllxH li f^.oranos,
1963

Engel et al., 19716

Te :ice
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I 1.; ,0,10.1".K."1 ::t• 	H.1.),K. 

071):1Z 	 CC MC ■•.C7 
Al 	B 

B .10hycl 	t co ,.ve.cft  1: , >7::14 (rci,o7;p :m). 
"if I 

rtan;Lci ■ eitte le 110:1y.111n1151X 

e. 
Mc'roA 

Cyprinifor- 
mes 

Cyprinidae 
39 

	

Tinca tinca 	Acna nTaTaNIiii10- 	2 B Zoxyce S 	 AA, Ail' 	a 9/4) B xpaxmanbuom re.le 	Schmidtke 	a. Engel, 

	

rpancepaaa, .naa 	 1972 
.aoxyca S H M 

i'J • 	  

	

Abrarns 	CLIB01)01.0411;12 	 2 	- 	 SS, FS I 	To )xele 	 Nyman, 19 139 
blicca 	acTepasa 

Barbus 	6-(1)ocd)onnioxonar- 	3 	 AA, BB, CC, AC, BC 	 » 	 Bender a. Ohno, 1968 

	

tetrazona 	ii  . Rerwtporenaaa 

Barbus 	HALI,(13-n30unrpar- 	2 a .noxyce S 	 2 4)cm-ulna 	 » 	 En,gel et al., 19716 
barbus 	Aeriutporenaaa, • . 	2 phenotypes 

4 .noxyca 

I 

	

Carassius 	6-0occDonaloxoli
1 

 ar- 	3 B noxyce B 	AB 3IAB 3 , AB 2IAB 2 	 Te -,Ke 
auratus 	ecriuporenasa, 	 ABLIAB 2 , ABIIAB 3 , 

	

2 .TioNyca—A it B 	 AB 21A3 3  
loci 	and 	 \  

40 

	

CopCinrazzern.a.po- 	2 	 SALS A , S A LS B  eLSB 	 »' 	. Chyi-chyang Lin et al., 
renaaa 	 1969 

HA,i1,(1)-nadmrpar- 	2 B moxyce 	JDH-2 aa, 3DH-2 ab, 	 » 	 Quiroz-Gutierrez a. 

	

aerozporeiraaa, 	S-JDH-2 	 JD1-I-2-bb 	 . 	 Ohna, 1970 
• 4 .noxyca 

• . 
45 

	

Cncrema rpynn 	Her zanxiblx 	Iliecrb (penorpyrin, au- 	s Plaommynnan cumporta 	Hildemann, 	1956 
- 	Hp013H 	 No data 	xs.uslemmx nyrem a6cop6unn 

	

46 	 S 4 >:  phenotypes detarriinPd by absorpti-rm 	  
Cyprinus 	Cb1B0pOTOglib1e 	 3 	1:6 tHOTHROB 	a 3/4) B xpaxmazbuom re.ne 	Creyssel et al., 1964, 

carpi() 	rpanc( 	lm 

	

Deppm 	 6 p enotypes . 	 1966 

	

44 	 - 
FIA)1(1)-usou,wrpaT- 	3 a .noxyce 	 To 	xe'''e 	Quiroz-Gutierrez a. Ohno, 

	

RenaporeHa3a, 	S-3DH-I 	 1970 
4 .noxyca 	2 a .noxyce 

	

S-JDH-1I 	• 	-- 	.. -. . 	• 
Acnapraramnno- - 	3 B .noxyce A 	Tim c enouna AB, AA' B, 	 » 	 Schmidt ke, Engel, 1972 

	

rpanc(pepaaa, 	 .AA"B 
2 .noxyca A li B 

8,-nd. 	  

	

24 	
. 

	

Rhinichthys 	Ilaxrarn.ern;tpo- 	2 a .noxyce M :, 	MM, MM' 	 » 	 Clayton a. Gee, 	1969 
cataractae 	renaaa, 2 zoxyca 	 . 

M M  11 10C j. 

	

. 	.. 	 and 	 . 	 . 



2 B".noxyce A 

2 
.3  

H 
1 4•T0M11 11( 

Numachi, 1972 6 

Callegarini., 1966 
Cushing a. 

.Durall, 1957 

A, B, C, AB, BC, AC, b 3/4)  i3  xpaxmanbuo-ara-
AD, BD, CD, C1 C 	 ponom raze 

\ Mailer, 1966a, '1,1511er a :  
Naevdal, 1967a, b 

Nyman, 1965166 
nated by author 

( 3, , ,•uo .rana, iie o6oatra- Ia 3/(1.)  n  upaxmam,uom remA 
tleuublo awropom 3 p enotypes riot clesi tcrumbio :111Topom 3  plhencitypes  not clesignatee 
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al10:10.M1O1111C Bp1 1 :10•11,:. 1 

A 
• or;»1,7. 	cemenri 30 

Cyprinlior- 
rnes 

Arniuridae 

Pseudorasbo- 
ra parva 

Ictalurus 
nebulosus 

	

D 	 . 	E 

	

Ncc.negonanniall zoicyc 	tinc.no annenefl 

• 24 
natn-ar,zernApore-

Hasa, 2 zoKyca 
/ Famor,no6uu 

CacTema rpynn 
xpoau 45 

- 

(DellOTHRM (rcnorunO. F I 
nnMennue n nonymumgx 1 

N, 1, E 

3—pherge-types 
3 4)eno.14na 

1; 2; 1-2; « —»  

G 
1,.1(rroa 

a 3/4)  13  Kpaxmanbuom rem 

, To 3Ke 
1430BIT/1101- 1111aL1,1151 

Cyprinidae 

Characinidae 

Anguillidae 
• 

Astyanax 
mexicanus 

Anguilla 
anguilla 

Characini- 
formes 

- Anguillifor- 
mes 

cc-r.anuepoiDoc(Da'r- 	4 
Rern,aporena3a 

Ilerrrua,a341 	2 
6- (DoccI)or.nromouaT- 	2 

Rcrimoreila3a 4 
(boccpor.niomomy-ra3aa6 	6 
cl)oc(Dorexcoào333o- L9 3 B zoKyce / 
mepaaa, 2 .noxyca 	6 B .73oxyce // 

AcnapTaTanumo-  9 3 B zoxyce 1 
Tpauccpepasa ' j 	4 13 zoxyce 2 

acTepasa, 3•Jioxyca43 2 B eoxyce 1 
4 B .noKyce 2 
7 B .noxyce 3 

Maga.r,rzerun,po- 2 5 2 B .noxyce 1 
reuasa, 2 iloKyca 
Il3ouuTpanerua.po-1 1 	3 

reuasa 
flawranuenupo- g4 3 33 

reua3a, 2 .aoxyca I 	2 

Cbruoporymblii 4 
TpauccDeppuu 

He yxasaubi 
Not indicated 

» 	• 

A, 13, AB, AC, BC 

3/4)  13 xpaxmanbuom rene 

TO xce* 

a 3/4)  B xpaxmansnom re.ne 

Avise a. Selander, 1972 

Te >foe et 

a 

Fine et al., 1964 

.noxyce 1 
zoxyce 2 

6 	3 

4 

3c-repan 13 	2 ' 	(Deucyrunbt HC o6o3natzenbt 
designated 

7 cpclionmos  u3/4)  na  6yniare 1.1 B Kpax- 
maabliom reze 

a 3/4) B xpaxmazbuom reae 

Drilhon et al., 1966; 
Fine et al., 1966 

Pantelouris a. Payne, 
1968 

Gadiformes 

Anguilla 
rostrata 

Gadus 
inorhua 

remor.ncànu . 117 

remoriuAin, 17 2 B 
2 .1 oxyca 

2 	 " 	3 cpelio -rana 
' 3 phenotypes 

.noKyce / 	HbI-1, Hb1-2, HbI-1-2 

Ji 3/4) arapouom rem 

To ,Kele 

Sick et al., 1967 

S-ick, 1961 

CLABopo -rolnimit 4 
TpauccDeppun 

CblBopoTe.1 13111.4 4.1 
a.lb6yNum 

6 	5 

5 

2 

3 2 

JO a' 	13 nr:Iponc•M re.le 	I 	 196S 

Gadidae 
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D E
ç

L QICIIOT11111.1 (rcICQT1InW) , F
OTPnA ^ Ce:+:eiuTeo EaR IdccneRonamuult noxyc f LIslcno a,^nenefi =Ia1^»,clumlc n nonynaçnnx

50
Gadiformes Csadidae Gadus

Inorhua
raeTCx 5 noxycon

npe.TinOJlaraCTCA

3 '-1oxyca

Gadus
pollachius

Ciadüs
virens

Claûils

nierlangus

Ciadus
aeglefinus

Ga dus
potassoL'

Molva }
molva

Brcsrne
brosme

Molva
byrkelang

.llaKTaT1(erii,:Lpo-
renasa, npeAnoza-

CLIIIOpOTOtnfbtH

Tpa I Ic^)cp plix

renror,Io6InI 17

realorrlo61iI117

CblpoiiOTOtISiblli

Tpanajleppali46

CbIII0pOT0qIIbIH

TpaIiC4)eppflti

1'easorllo6liil 17

re,Iorzo6n=I 17 }

Cb?L'OpOTO'iIlbTki

Tpatic(1)eppnx

4 s jioxyce B

2 B noxyce H
(COOTIIeTCTSyeT B)

2

2

2

2

2

2

3

rc-,Iorno61IH 17 2

» 2

2

Merlu.^_cius JiaxTaTAerx;l pô 2 s,aoxyce B
büinearis reiiasa !

Meriuccius
productus 5ame

To ixe 2 s .nohyce A

BB, B' B', BB', BB"
BB"'

FF, FS, SS
-(corresponds to)

AA, AB, T3B

HbI-1, HbI-1-2

IHbI-1, 1-IbI-1-2

AA, AB, AA'

A, I3, AB

HbI-1, HbI-1-2, HbI-2

Hbi-1, HbI-1-2

IV, III, II, II-III,
fi-IV, Ill-IV

Hbi-2, HbI-1-2

HbI-1, I-ibI-1-2, HbI-2

a8/(p a xpaxn+anbuom re.ne Markert a. Faulhaber,
1965

AA, A' A', A' A To }ICe Utter a. 1•Iodgins, 1969a

Cb1UOpOTO4nbIkt 4 i313. AB, AC, BC, Utter, 1969

Tpaacd)eppxx AD

i^ihorell>^I 12 2 ç t}, :il,, ^}!3 7

+ôi

9/c^ B xpax,ta.nbaoK mie Odense et al.{ 1969

To ;xe

b 9/c? ri xpaxntazlbllo-ara-
ponont rezle

i 3/cb Is arapo3ou rene

'rTo zœ

1 b 8/(p n icpax^sanbno-ara-
ponom reze

To x{e*

i 9/4) B arapoaoat relie

Müller et al., 1•966; .

MôlIer a. Naevdal, 1968

Te :I.e"

Môlier et al., 1966;
M511er a. Naevdal, 1966 B

Müller et ai., 1966;

Sick, 1961

To Hœ *
1

Môller a. Naevdal, 1968

{b 3/qI n xpaxrr,albxo-ara- Môiler et al., 1966
poao.m reJie

13/cP s arapososl relie Môller a. Naevdal, 1968

To .i:e °

To ixe* » • '

MeTOR

Ilpo^onxcrnnc ^Ip^sr.o^x. 1

IiCT041tNK

Te •:;ce

A p D

BB, BB'

Lush, 1970

U t tvr a. I Iud=;ins, 1969
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llpoao.rnxeune npu.ao)x. 1 

. 	A _ .. 	B 	C 	 D 	 ' 	E 	D (emotimb i 	(I:eit,yrillit,i), F 	 H 
OT141,/ 	CeS.CileT110 	BnA 	PlecneAonannbia noxyc 	qIrcno =acne 	wiflAennt.se n nonynnumnx 	 Mel-on 	 1 ICTO'll III g 1 

13 
Gadiformes 	Gadidae 	Merluccius 	3cTe;.a3a, 3 .noxyca 	2 a Es! 	. 	, Esl-b, EsI-cl, Esl-bd 	a 3/4)  B Kpantaasnom ran 	Utter et al., 1970 

	

productus 	 2 13 EsIII 	 • 	To >xe 	 » 	 » 
5 ts  Es!! 	- 	bb, dd, cc, bd, bc, cd, » 	 » 

ab, ad, ae, be, de 

2  . 	  
Beloniformes 	Scombere- 	Cololabis 	.Manemerlutpo

5
- 	. 	2 B JI0Kyœ B 	 N, S, NS 	 » 	 Numachi, 1970 

• socidae 	saira 	retinal., , 2 moxyca- 
• A II B 

Perciformes 	PerZ'idae 	Acerina 	CsmopoTotntax19 	2 	 FF, FS, SS 	 » 	 Nyman, 1965, 1966, 1969 

	

cernua 	acTepasa 

Stizosteclion 	Meoreum 	12 	2 	 A, B, AB 	 » 	 lithe et al., 1966 
•

_ 
vitreus 

2.7 

	

Mana-riterimporena- 	3 5 noxyce C 	cn. CI ,  GI Cl,  CI C3 ,  Cl Cl, 	 » 	 Ciayto et al., 1971 

	

sa, 3 zoxyca 	 Ca  Ca, Ca Ca 

• Goblidae 	GobitIS 	reMOr.1106M117 	 3 	 6 (pew:mam 	 » a 	 i Raunich et al., 1966a; 
• jozo 	 6 phen.otypes 	 Raunich et al., 1967 

•

• 

Cybiidae 	Snrda 	Tpancipeppani. 8 	2. 	 FF, GG, FG 	 » 	 Barret a. 
• chiliensis Williams, 	1967 

	 3.) 

	

Scorpaenidae 	Sebastes 	CbluopoTatnibt 11 	 2 	 AA, AB, BB 	9/(1) B arapoeom re.ne 	Altukhov a. 

	

mentella 	anb6ymmi 	 Nefyudov, 1967 

:- 

	

CmuopoTonnblii,71 	 3 	 A, AB, B, 0 	3/4) 13 xpaxmaohnom  cane 	Nefyodov, 1971 
rauTonnoilm 

•
7 	  

	

A-cucTema rpyrm 	2 	 At , A2 	 < 	Mmmyulime chmopouu 	Sindermann, 1961a 

	

KpoBB 	 KpOJIIIKa 

- 	 Sebastes 	Cutaopowntibtit 	 2 	 AA, AB, BD 	' 	3/4) B arapoaom re.ne 	Altukhov a. 

	

marinus 	anb6r.atu 	 j 	 Nefvodov, 1967 ..- 
.71. 

	

Cuaopo-rontibm 	 3 	 A, AB, B, 0 	9/4)  B xpaxma.nbuom rene 	Nefyodov, 1971 
ranTonno6mi 

	

. 	
• 

	

Sebastodes 	rCh101-00611H 17 	2 	 A, B, AB: 	 To .-ixe 	 Westrheim a. 

	

crarneri 	 • 	 Tsuyuld, 1967 

• 
•

. 	 _ 	. 

	

Anoplopomi- 	Anoplopoma 	Mnorenbt 	12 	, 	2 	 A, B, AB 	 D 	 Tsuyuld a. Roberts, 1969 
dae 	fimbria 

, 	 • 	 . 	. 



D 
EccneAonalimeil .noxyc tincno amen*: 

Thunnidae 

2 • 

pbf pbf 	phi 	pfri 

pbf 	pbf 

Perciforrnes 

Tpanapeppini 11 
3cTepa3a Cb1130pOTKIII 

2 

2 ' 

9 

2 

2 cpenornna 
2 Faarlat3fpgs  

EY BY 2-2 ,  2-3 

Appendix I  (Page 11) 

nititsp.invitite ripar.uc. 1 

A 
• Orpg;.; MCTOA 1 le.ronstnu CeNtefirrao Ben (Deuurnribt (Ionornme). F 

elailAeuellise.te,  nonynsIgusix 

Cottidae b1yoxocepha-
lus quadricor- 

nis  

•  

rlepoxclumaa •
52 

F, S, FS « a 3/(1) a xpaxmanbuom rene Nyman a. Westin, 1968 2 

6 Scombridae Scornber 
scomber 

Cbraoporolmas: 19, 
scTepaaa 

24 cpenornna 
24 phenotypes 

V 3/4) II xpaxmanbnom 
xpaxmanbuo.arapoaom 

ren  

Jamieson et al., 1971 

1 1 , 1 14-2 , 1 2 	a 3/4) a xpaxmanbaom rene I 	Iljorth, 1971 
1 1 +3 	1 2+3  

lrrvt:rpes nOt. desianated 
3crepaaa, 3 noxyc-a-  2 (3) / noKyce, 	ceeiloTunbt lIC ouoaliaeubi 

2 BO II noxyce 	
_ _ _ 

oDoccr.ormoKo1yra3a2,1 3 I 
3 noKyca 	

noxyce Zoarcidae Zoarces 
viviparus 

.1-1, 1-2, 2.-2 
To we * • Simonsen, Frvdonberg, 

19-7 

Thunnus 
obesus 

3crepa3a Cb130- 
pOTIO1 

To we 

Ee Ee  Ee 	Ee  —1-2,  2-2' 	' 3-3' 
Ét 

Ebb 1--1, Ebb 1  --2  

Sprague, 1967 

Fujino a Kai-1g, 1968a 

3 
ABO—cncTema 
rpynn Epoan 

A, B, AB, 0 W HOp1aJ11,111:1C Cb1130pOTKII 
ABO—cucrembi rpynn 

KpOBSI qe,a0Belta  

Sprague et al., 1962 

4 .Thunnus 
maccoyii 

3CTCpa3a CB1130pOTIOI a 3/(1) B apaxmanbuom rene Sprague, 1967 

To we* 	Fujino  a. Kang, 1968É • 

Tpaitecpeppua la 	2 	•• 	AA, BB, AB 

e, 	 ut: oCh.)31ta- 
eteliu 

designated 

5 chenommos 
9 pli'eryli-ypos 

3 (1)euoruna 
3 plienro-ypms 

FF, FS, SS 
- 
FF, FS, SS 

Thunnus 
albacares 

Thunnus 
thynnus 

Thunnus 
alalunga 

To we 	 3 

(3-rno6ynan. 

TeTpa3a1neaan23 
oKcy.ga3a 

Tpanc4)epplin 18 	3 

Sprague, 1967; 
Fujino a. Kang, 1968a 

Barrett a. Tsuyuki, 
1967 

Fujino a. Kang, 1968a 

Sprague a. Fujino, 196E 

I Edmunds a«. Sim-  rnons, 
1971 

1 Barett a. Tsuyuki, 1967 
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0

^C I^n1dIyIIIIaR cb113opoTKa
xponuKa

111,0..nJ[)KC7mr npI•I.Rox{. I

A 1 BI C
OTprA CesieficTno BaA

Perci;o :•r.es Thunnidae Thunnus
alalunga

Paratunnus
mebachii

Katsuwonus
pelamis

D
IiccnenonamfwR noKyc

DcTepa3a CblBOpoTh1̂9

Tg-ci3cTCma rpynn
KpoBn 55

E
Tiscno anncnefi

2 in Pacific
2 B IlauacJ;Ilxe
3 B ATJIaIITI:Ke

in iânt-i-

Tg-cxcTe%ia rpynn 3
Kpoax 55

X-cncTema rpynn
KpOBIi 56

9CTCpa3a CbIBOpOrKN

19

2r11on:ma (rcuOTnnia), F
lfa6AC1111mc n nony.nsfüfls%X

1-2, 2, 2-3

G*
hÎeTO;j y:CT0R111ffC

a 9/(p a xpaxn+anbno+t rcnc

Tg-1, Tg-2, Tg-1-2, I'IDI6tyIi11blC CbIBOFOTKH
Tg-0, Tg-1-3, Tg-1-2-3 Kponxxa, sKCTpaKTbl Cca+sn

Lablab vulgaris, Virgiria
divaricata, Gingkobiloba,

GIicinc max
Hopm,.^.LIILIe cbulopoTKIi
pbt6 Eumakaria nigra,

Marlina marlina

4 4)eIloTlma
4 phenotypes

AeaslTb cpeaorpynn
9 phenotypes

Esy, Es y, E3y- Es-2

El-3 'E^-3
sy ' sy

L]

Fujino a. Kang, 1968a

Suzuki, 1961, 1962, 1968,
1967

Suzuki et al., 1959

Suzuki, 1961, 1962•

jy 9KCTpaKTbt ce^+Snl Lablab

vulgarls, Vencrupissemi-
dccuscata

HopAtanblibie CbILOpOTKK'

Eumakaria nigra, Marlina
marlina

ci E)/(^ B xpaxtiiaJlbIiOi rene

P-I'ao6yiIm 54 2 3 dleaoTxna To x{e'.e Sprague a. Fujino, 1965
^ nf,^nnY3tpe?c

Tpall4eppnll 181 3 (. CC, DD, EE, CD, CE, DE ^ I Barrett a. Tsuyuki, 1967

To }xe

3CTCpa3a CbIBOpOTKii,

19
3 noxyca

IIoima.ne.nbnasl

3

3

7
(I IIyJt eaoii) B sI0%y-

ce EIb
4 â ,Iioxyce EIII

48i
6-^OC(^lorJISOKOIIaT- I 4

AerxAporena3a

a-I'^Ixuep ocjloc^ 29 "
AcrnAporc:Ia3a

AA, AB, AC, AD

3 .4A, AIS, AC .

T1 T2 T3 TI-2sJ• si, si, Si P

Ts^ 3P T2J 3
s

Her Aanablx
No data

EIII-1, EIII-2, EIII-3,
EIII-4

0

I

Suzuki, 1961, 1962, 1967

Fujino a. Kang, 1968b

Fujino a. Kang, 1968a

Mc Cabe a. Dean, 1970

x ^ Mc Cabe et al., 1970
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1 
_ _ 

	

A 	B 	C 	 D 	 r., 	 F 	 G 	' 
Orpyt,-, 	CemeCTISO 	 Bstz 	Iiccr=onamtun noxyc 	timcno aene.nerl 	 t:".110Tilnia (rvinimula).  

MeTe.,:z 	 1 luitlAcintue is pcnly:Isit.uniX. 	 irm.ting K 

16 

	

Perciformes 	Thunnidae 	Katsuwonus 	B-cucrema rpyrm 	E, 	 E+, E— 	zpacTpawrCeMSIII Virgiria 	Sprague a. Holloway, 
pelamis 	apoza 	 Kt,  1<2 	 Kl., K2 e----) 	sp., ammynnan cbmoporza 	1962 

IS parniKa 
57  

	

y-cacrema rpynn 	rioamanneabna 	15 1:1)enoranoa 	 To weee 	' 	Fujino a. Kazama, 1 968 
xpoan 	Polyallele 	15 phenotypes  

24 

	

Cyprinodon- 	Cyprinodon- 	Fundulus 	JlanTaTRentapore- 	2 E .noxyce E, 	E, EE1—,una rpenorma, ne a9/(1) a xpaxmazbnom re.ne 	Whitt, 1970a; Massaro a. 
tiformes 	tidae 	heteroclitus 	Hasa, 3 .noxyca 	2 a .nonrce B, 2 a.n- 	o6o3nane11ibte awropom, 	2 phenotypes not 	Booke, 1972 .  

A, B, E 	.ne.na a .noliyce A 	BD,  BB', B' B', AA, AA' desia ated by author 
Maza-raermorenasa 	2 anneez 	 3 (penoruna 	 To .-‘ae ec 	 Whitt, 1970a 

3 	p1,41.--..J.Lot.ips 
•acTepaaa1 3 	3 z .noxyce Es2 	 10 )ice sr 	 » 	 Holmes a. Whitt, 1970 

	

24 	  
Poeciliidae 	Poeciliopsis 	.Tlaxra-r,uerriaporena- I 	2 13 .11oxyce E 	EE, EE', E' E' 	 » 	 Vrijenhoek, 1972 

monacha 	sa, 3 .noxyca 

Poeciliopsis 	To :ace 	 To xte 	 EE, EE", E" E" 	 » 	 To )1;e 
lucida 	 - 

	 1;8 	  

	

Pleuronecti- 	Pleuronecti- 	Pleuronectes 	rIza3Meallaa 	nOJIHame.nblibift 	H,L, HL, LO, HO, CL, 	 » 	 de Ligr.y, 1968 
formes 	dae 	flesus 	screpasa 	 CL, CH Polyal efkce loc 's  

Pleuronectes 	To nce* 	 To  ne  er 	 TN, TN, CL 	 » 	 To .zte* 
platessa 

	

Li. 	 de Ligny, 1966 

	

CLIBOporotmee 	 » 	 F, S, M, FS, FM, SM 	 » 

	

Tpauccpeppunbt 	 • 

Hypogicssus 	To  ace * 	 4 	 AA, BB, CC, AB, AC 	 » 	 Tsuyuki et al., 1969 
stenolepis 	 BC, AD, BD 

	

Seiachiffor- 	Squalidae 	Squalus 	S-cacrema rpynn 	- 3 	 -i, S-2, S-1-2, S-0 .-la 	1.43oarrnionmatuin, 	Sindermann a. Main, 
mes 	 acanthias 	KpOBH 	 - 	 limmyanan cbmopoTaa . 	 1961 

xpanaza 	 . 	• 
• 

Rajidae 	Raja ocel- 	SK-cac-rema enn 	3 	 SKa, SKb,  5K0 	bb 	lisoarr.rnonuraturn 	Sindermann a. Honey, 
lata 	 Kpom . 	 1964 
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Appendix 1. Ea

A - Order 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 dehydragenase, 2 loci -- A and B
2 - Liver aspartate aminotransf:erase, 2 loci -- M and S

3- Blood serum esterase, 4 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 dehydrbgenase, 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 loci
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(s)
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-isocitrate dehydrogenase, 4 loci
45 - Blood group system
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Appendix 1. Key (Continued)

46 - Serum transferrins
47 - Pentidase
48 - 6-Phosphogluconate dehydrogenase
49 - Phosphohexose i somera;se, 2 loci
50 - Lactate dehydrogenase, 5 loci assumed, 3 loci assumed (corresponds

to H)
51 - Serum haptoglobin
52 - Peroxidase
53 - ABO system of blood groups
54 - beta-Globulin
55 - Tg system of blood groups
56 - X system of blood groups
57 - y system of blood groups
58 - Plasma esterase
59 - S system of blood groups
60 - SK system of blood groups

a - Starch-gel electrophoresis
b - SL•arch-agar-gel 11

e- Hemagglutination with normal and immune antibodies

d - Altukhov, Truveller et al., 1968

e - Acrylamide-gel electrc,phoresis
f - Salmenkova and Volokhonskaya
g- Normal sheep serum and immune chick serum
h Immune serums of cattle, duck and chick
i - Agar-gel electrophoresis
j Acrylamide-gel and starch-gel electrophoresis
k - Immune rabbit serums
1 - Normal hog serum
m - l:ltukhov et al.,
n -. Slynko,
o Normal horse and hog serums, immune rabbit serum
p- Altukhov, Limanskii et al.,
q - [:xtract of seeds of Vicia faba L.
r - Balakhnin and l'otapov,
s - Immune Z-literall,y "isommune",% serum
t - Isoagglutination
u- Paper and starch-gel electrophoresis
v- Starch- and starch-agar gel electrophoresis
w - Normal serums of ABO system of blood groups of man

x- Immune rabbit serums, extracts of seeds of Lablab vul-aris, Virgiria

divaricata, GinQko biloba and Glicine max. Normal serums of the

fishes t?umakaria nigra and Marlina marlina

y - Extracts of seeds of Lahlab vulçaris and Verierupis semidecuscata.

Normal serums of Eumakaria nigra and Marlina marlina

z - Extract of seeds of Virgiriasp., immune rabbit serum
aa - Zsoanglutination, i mmune rabbit serum

bb - Isoagglutination
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Appendix 2.  Genetic nnorn  in  jat.nizop.21.2t1222...21 

different species 

fl  p  u n owenne 2. renemvecnnii monomoenam n npuponwoc nony.ruumnx pa3aw11b11x, Bunn ....... 

	

a 	L 	b 	reorpndfflecKan nonann3ae 	11"-a° necn eel 	 f 

	

Licc.nelmeaunble BHAbi 	Mccn 	u 

	

eRonanne Guinn 	 u,nn npc6 	 Ronannux 	J 	Mero,q 	i 	14CTO4IIIIK 
ocn6eii 

HaCeKONItote 	ro1oKo3o-64occ1mT- 	(I).varcTark) (Amona); 	43 /111111111 110 1 	SneKTpocloope3 B 	Hubby a. Lewontin 

	

Drosophila pseudo- 	,Aern,uporena3a; 	,Masep, Bno.apoy3, bepnan 	15-20 oco- I Kpaxmaabnom rene 	1966; Lewontin a. obscura 	a-ranuepocfloccpa -r- 	(Kaanclopunn); kumappon 	6e 6  113 	J 	 Hubby, 	1°66 
Aem1pona3a H Ap. 	(1(ompa,uo); BoroTa 	KawAwl 

(Koaymünn) 

lgonfocKn 	l'emorno6ne 	Flo6epewbe AncTpaann 	1224 	9.nenTpocpope3 13 	Nicol a. O'Gower, 

	

Anadara trapezia 	 ; 7 nonyannuii, yAaa(1111b1x 	 ile.natono3no-augrar- 	1967; O'Gower a. 
• gpyr oT Apyra na COT1111 	 mix mem6panax 	Nicol, 1968 

1■111711, 	 . 

Unio pictorum 	I■in orelibl 	PCKII: Ona, Poway', 	217 	DoenTpol)ope3 B 	.71ornmenno n 

	

I4cTpa, Kawnpna, Merle- 	 Kpaxmaabnom n 	Komnoaa, 1971 a, ( 

	

Anna, ,flisnenp 	 nonnaKpnaammwom 
. 	 rennx 

	 -- 
Unto tutniclus 	To 	ne 	 To  ne 	I- 	232 	 To we 	 Owl we 

	

Anodonta piscinalis 	D 	 p 	 265 	 i same 	 same 	' 

PaKoo6pamb1e 	DeTepa3a 	Rna o3epa B Illneluni 	430 	Daewrpo4ope3 a 	J Fürst a. Nyman. 
Mysis rel icta 	 npaxmn,vbnom reae 	1969 - 

Phi6b1 	remorao6me 	Buhl .Eltannn, 1.11neann, 	1514 	9.1enTpocpope3 	Sick et al., 1962,. 
Anguilla 

	

	 l'pennn; mime ZOKailb• 	 a araponom reae 	1967 
nocTll B Ceaepnoik 

Amepnne 

	

. 	.. . 	_ 	.. 	. 	 . 
' 

 Oncor iechus 	JMnorenbi, remo- 	Domee 25 aonaahnocTeil 	>1000 	3aen-rpocP 	Ridgway, 19-'$ 1 ;ope3 a 
nerka 	 rao6nnbl 	113 pa3nbix peK Cenepnoil 	 araponom n Kpax- 	Tsuyuki a. Rob...r. 

	

Amepunn H .A31111. BK:no- 	 Ma:11,110M re.iinx 	1966, 	Tsuyuki et 

van noanocTmo H3o.upo- al., 	1965a,n; 	196 ,-.•;; 
• Yamanaka 	el al. Bumble nonyanusna; 

• npanTwiecnn .BCCb 	apeaa 	 1965a,' 11; 	1947. 

. 	" 	 Hawn Aamy anAa s' e  

. 	
-• 	 - 	

- 	 -  

Oncorh yn rims 	Femorao6mibt 	' 11011y5S111,1111 pen Caxaan- 	>1000 	3.venTpo4Jope3 B 	Hawn aalniba• 

gorbuscha 	 . 	Ha, KamvaTnn, Kypn.ib- 	 _ 	arapoaom, nppx- 	Tsuvuki et al.. 

. 	 51 	 maabnom n anpu,..a- 	1965a.a: . 	 CKI1X OCTF013013, 	110Milt- 

	

HpaKIIBICCRII BCCb apeaa 	 muAnom reanx 	Tsuvuki a. Rc,b..q ..s. 

.... 	_ 	 nuAa 	 1966;• Yarnar.a'sa ct 
• • 	 al., 	1965a, n; 	i9..«,:. 

• 

	

JlanTaTAcru,apo. 	liony.131111ill pen Caxamna, 	>900 	3aenTpa4tope3 B 	A.TIVX011 11  • 1 p • ,  

rena3a cimopoTnn 	KamtiaTnn, kypnabcnux 	 araponom u anpu.-w- 1970 

Kronn 2 	 oc -rponoa 	 mnAnom re.inx 	 —.. 	 

l'emorootinti 	Ilonynnunu pen Caxaanna, 	>1000 	9:1CKTp0:1101)C3 U 	Ilawn :will:ble, 

KaWBITKII, 	Ky1111.1bCti1lX 

	

00:11311011, 	51110111111, Cersep- 
O  ncorhunchus 	 11091109 Ameinum—npan -rwtecnn 

/zeta 	 Beeb 	apeaa.nuAa 	
maar:NitbliPlia,t°°:317Iill' rael<1:11P)anilxx-1-3- 	i1 . 11' '''.1s):11.:15i..1. ilt11;1'1‘91;11:i;,..e7?..1.: :11'.'.. 11;1.,  

' 	 >3000 	To 	we 	111111111  Anton.' e 

	

.flani a rAtrnApo- 	lionyantunt pen Caxanuna 

	

rena3a chwopo mu 	Ka mmaTnn , Ky pnabcKnx 	
• 

	

Kponn2 	 oc -rpopon • 	 . 

' 	 . 
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Appendix 2. (Page 2)

r

10

11

12

13

14

....,^ ..

15

17

TIpoAonxcentte npllno;(. 2

Ilec.'IC,ToullfufLle nlfjl,i^d Ilcene;lOf3aSSIfWe ÜC:IFa^
ÎCOr, ^Iltuvecl<as3 :IO1:8:IiS3A-

113131 111)06 A008113ILI\

e
%1CTOj1

f-
IICTOq31111C •

ocoGcii

Gadus t)torll(!a re\f01'.no6ltnl necflTKU nUn^.nfli(ü{i B >10000 D.nCKTpO'Ope3 S ick, 1965a, B;

CPBepnOVi f^TAaül'nKe- ararORo^t l'eaeB I'rydenber;; et at.,
npaKTlS9CCKn BCCb apeaa_ 1965; n1611er, 1968;

1111,1a de Ligny, 1969

Catostortias insignis, ScTepa3a'l ChIBO• 11 TOSCa?IbS10CTell R CüA- 1lCCKO.1bK0 91SCKTpOqlDpC3 Koetln a. Rasmus-
C. bernardin j, C. poTlcu la'oBtl 3amlb(S it pa30CllSlelnmlX CoTCIt B Kpa\-ma7bll0m reine sen, 1967

laripirulis, C. Mime- npiSTOKaX CSICTCNlb1 p.

nsls, C. macrohcilus; Konopalo
C. ardens

Amlpli6mt A1b6y\SSSn KpoRU, 27 noKanbuocTeA n Ce- 392 To xce Dessatler a. Nevo,
Ac.ris crepitans remomo6tul, mo- Bepnorl A\leplixe 299 1969

GLInORblii nozilnen-
Tllll ,^^0- 4

. . . . ... . ._ . _. . . . . . .

Desrnognatus, I'emor:lo61B 15 AOi:a761f0CTe3f R Ce- 190 p SOlontZ, 1968
4eTblpe Bu;1a ca.7a- BePnoïi AmepnKe ' t

e!anAp

PenTU.ann JIaliTaTa,er117p0- 9 OcTpOBOR s Kaplt6cxo>1 281 » Gorman a. De.,-
HeCKo:IbKU BII?(oll refla3a 3piSTpO11,11- mope, AuTlt:lbcr.ue ocTpona, sauer, 1965, 1966

ceal, lguanidae ToB, rCmor,aoGnu lox(rlasl llacTb CeBepuoü
• AillepllKll, 10x:liaA A9tetlSlKa

1lTllll,bl. Flpe2CTaB1(• l^pnCTa7: SSIIW, \IlSO- HCT IIaIISIbSX4 Her Jjaanbl^ 2)JLeKTpoC^Upe3 n G,:sels, 1963; .̂ (atl-

Tc.nupa3nblaorps1Ao11 reabl, re:lorno6nu, arapoBoNt lt Kpax
hla bnUm e 11C

^^ell et it., 196:3;
i\lilsonIiecknlana.nht)}^Inubl Jl r Ji , ,

1965

ATChOil1[TalUtllnC 6-q)oC(1lDr.TS01i01Ii11'- HeT aallllblX >1000 9.'feKTr-0*ope3 B 01111o, 1970

Mus inusculus, 23
Rfhcl Tclv^llts Mb!-

;terwillorCUa3a
I-eator.noOun

'
boace 60 TotteK apca,Ta >200

KphS>ta.lhliU>I reae
3,neKTpotjlope3 B :tititchill, 1970;

:::dl Ccm. i:mtlallo• Kpaxva.•lbno^l re.ae; ^Samvell a. I^crst,
r;u; idac. \atalidac, cpnurepnp(mT 1965

Ilil^'I ioslomalidac
xap.

flo:no sapil•rts Kap6oatu'ttapa3a Pa3uble nony,naüuil I-IecKa1bxo E:IeKTp4,ope3 B Tascllian et al..
11 3ptlTpotttiro13 eRFoneouzoR It uerpon- CoTCIt IcpasMa ,1b}lo\t re:te 1968, Brewcr a.

S ing, 11169.A013

Ijnaljlopa3a 3ptlTpo- To xce To xce To xce Brewer et at.. 1967

1tIrTOR I3reü•Cr .1. Sil:(;.

1969.

reKCUS:1Süa3T x >J x Caton et ;SI.. I9"jfi

13rC1\'Cr et al., l^lti7
3p{tTp01^IlTOü Brewer a. Sin;;.

191^.!

1 Rrol'oii ;IUK}'c no.ilu!ollj,cu.

= 11:IC:no,larrca ttoan^ol'1(n13^1 no rctly-per}':ISITOpy (:1:1T}^aR tt tp., 1970).

3 1\l4tl'Tall'111U IIO^,.1epiKSllSal'TCfI l'e111)TISI1, TUi1C1l'C1BCllllblil l'CTl`t10311rUTl' 1l 6.Tll3KOpU.1CTBeilllO\I I10.111UOp11!II0\1 B1I•10.

j iŸ 3TIIX pZIÛOTa\ }•Ka3:11SNSl lla 01'CVTCTISIiI` SIIIailllll;t\'a;161lbIX 13al3llallllii CO;LepiKaTCSS :It11116 B TCKCTe.
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Appendix 2. Kez 

a - Investigated species 	b - Investigated proteins 	c - Geographical 
localization of samples 	d - Number of investigated individuals 	e - 
Method 	f - Source 

la - Insects 	lb - Glucose-6-phosphate dehydrogenase; alpha-âlycerophosphate 
dehydrogenase, etc. 	le - Flagstaff, Arizona; Maser, Wildrose and Berkeley, 
California; Cimarron, Colorado; Bogota, Colombia 	id - 43 lines.on 15-20 in- 
dividuals from each 	le - Starch-gel electrophoresis 

2a - Molluscs 	2b - Hemoglobin (second locus is polymorphous) 	2c - Coast 
of Australia, 7 populations hundreds of miles apart 	2d - Cellulose-acetate 
membrane electrophoresis 

3b - Myogens 	3c - Rivers: Oka, Rozhaya, Istra, Kashirka, Medveditsa and _ 
Dnepr 	3e - Starch- and polyacrylamide-gel electrophoresis 	3f - Logvin- 
enko and Kodolova 

5a - Crustacea 	5b Esterase 
gel electrophoresis 

Sc - TWO lakes in Sweden 	5e - Starch- 

6a - Fishes 	6b 	Hemoglobin (second -locus is polymorphous) 	- 6c - Waters 
of Denmark,:Sweden and Greece; various localities in Norh America 	63 - 
Agar-gel electrophoresis 

7b Myogens and hemoglobins 	7e - 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 -  Population;  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 	9e - Populations of rivers of Sakhalin, Kamchatka, the 
Kuril Islands, Japàn and North America -- practically all the range of the 
species 	9e - Agar-, starch- and acrylamide-gel electrophoresis 	9f - 
First line: our data 

Second entry: 9b - Blood serum lactate dehydrogenase(Polymorphism with respect 
to the regulator gene is observed -- Altukhov et al., 1970) 	9e - Populations • 
of rivers of Sakhalin, Kamchatka and the Kuril Islands 	9e - Ditto 	9f - 

Our data 



258 

AmmiLLIt  Key (Continued) 

10b - Hemoglobin (second locus is polymorphous) 	10c - Tens of populations 
in North America -- practically all the range of the species 	10 e - Agar- 
gel electrophoresis 

llb - Serum esterase (A genotype identical to the heterozygote in a closely 
related polymorphous species is constantly maintained) 	lic - 11 localities 
in connected and disconnected tributaries of the Colorado River system 
lld - Several hundred 	lle - Starch-gel electrophoresis 

12a - Amphibia 	12b - Blood albumin, hemoglobin and globin polypeptide No. 4 
12e - 27 localities in North America 	12 e - Ditto 

13a - Desmognatus, four species of salamander 	13b - Hemoglobin 	13C - 15 
localities in North America 

14a- Reptiles. Several species of the family Iguanidae 	14b - Erythrocytic 
lactate dehydrogenase.and hemoglobin 	14e - 9 islands in the Carribean Sea, 
the Antilles, southern part of North America and South America. 

15a - Birds. 	Representatives of various orders 	15b 	Crystallins, myo- 
gens, hemoglobin and albumins 	15c - No data (In these works indications 
of an absence of individual variations are contained only in the text) ,15d - 
No data 	15e - Agar- and Starch-gel electrophoresis 

16a - Mammals Mus musculus,  23 species of bats of the families Emballonuridae, 
Natalidae, Phyllostomatidae, etc. 	16b - 6-Phosphogluconate dehydrogenase. 
16e - No data 	16e - Starch-gel electrophoresis 	- Second entry: 16b - 
Hemoglobin 	16e - More than 60 points of the range 	16 e - Starch-gel 
electrophoresis; fingerprint 

17b - Carbonic anhydrase of II erythrocyes 17 c - Various populations of 
Europeoids and Negroids 	17d - Several hundred 	17e - Starch-gel electro- 
phoresis 	Second entry: 17b - Erythrocytic diaphorase 	17e, 17d and 17e 
- Ditto 	Third entry: 17b - Erythrocytic hexosinase 
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SuthIllary 

I.  (It'llull0 appro.', h to the pniblent of populdtion oiganization of species in 
at di e  Ivil  of to,.:11 stochs or  r at e'. • lias  permitted to detect systems 

of biocheini‘•al pol ■ inorplikni and on this basis to carry unit a broad geno-
geographical analysis of various species. It  lias  been fouinl that local stocks 
of fishes are reproductively isolated communities With a characteristic inner 
heterogcneity. 

2. The heterogineity of stocks observed  irrespect Ive  Of ecological features of 
the species under investigation mat ifests itself in their subdivision into more 
elementary population units. They are characteri .4ed by gene frequences and 
therefore are also reproductively isolated groupings, corresponding formally 
to the model of «Mendelian population». 

3. During genetic investigation of the stock as a whole the correspondence of 
natural picture to mathematical model of subdivided population is detected. 

• It is shown that such a community is stable both in time and in space de- 
spite the simulIanedis variability of elementary populations composing it. 

4. This new quality of popttlation totality which cannot be deduced from pro-
perties of its structural components let us regard local stocks as genetically 
stable population systems in contrast to elementary populations — variable 
structural cotnponents of such systems. Traditional biological investigations 
support this conclusion. 

5. Since biologically significant properties of populations are derivatives of 
their historically formed gene pools, the obtained data on qualitative diffe-
rences of genetic stability of different levels of population hierarchy make it 

- possible to formulate a uniform principle of management of rational fishing 
industry based on the approach to the population system as a whole— to 
distribute the appropriate efforts among all components of its structure. 

6. The existence of population systems in nature makes it possible to estimate 
in a hew fashion to biological significance of processes of intraspecific ge-
netic divergence regarding them as an adaptiVe strate;ty enabling the spe-
cies to remain as it is in normally varying environmental conditions. 

7. t-lts4...eeko Cin the basis of the real existence in species not only of polymorphic 
but also of genetically monomorphic properties the possibility is argued to 
treat the speciation not as a continious .process on a .population level 
but as a result of qualitative rearrangements of the genome correlated 
with the reproductive isolation of separate individuals. • 


