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INTRODUCTION

Basic assumptions

The present paper is a continuation of studies on the spatial distribution
of the Squacco Heron, Ardeola ralloides (Scop.) in the palearctic part of its
range. In the preceding publication (JOzEFIK, 1969) the author analysed
secular changes in the numbers and spatial distribution as they were affected
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58 M. Jézetik 2

historically by the anthropogenic factor. Less attention was devoted to
structural interrelationships of the species spatial distribution. Here the
author will concentrate on the elementary population habitating a breeding
site, i.e. the micropopulation. By discovering basic interrelationships occur-
ring within the micropopulation (eritical values of the minimal size, mean
size, geographical variability of these parameters, relationships connected
with concentration and dispersion of the species) we shall be able to discern
ecological zones (optimum and extreme) in the range investigated as well
as throw some light on certain microevolutional mechanisms and genetical
diffusion. This obviously will not cover all the problems of spatial distri-
bution, and the basic problem, the structure of the species spatial distribu-
tion, will be discussed in Part IV, while the effect of isolation on the micro-
population size and spatial distribution of the species, together with the
ecological aspects of spatial distribution will be dealt with in Part V.

Characterization of the material, terminology and methodological assump-
tions have already been discussed (JOzEFIK, 1969a, b). Here I shall only men-
tion that the concept ‘‘spatial structure of a species” is here comprised in
measurable interrelationships which: (a) follow from the spatial situation
of elementary populations, (b) are connected with homeostatic mechanisms
forming and integrating the species spatially; (¢) enable to discern general
evolutional trends of the spatial organization of the species. The concept of
the spatial structure of the species includes also the sphere of intraspecific
factors which determine the spatial character of the species.

Both the composition of historical and environmental factors, and the
intraspecific problems (structure of the flock, of the micropopulation, inter-
populational relations) in studies on the spatial distribution of A. ralloides
will be dealt with later, but the ranges of their action will always be dis-
cussed in such a way that their separateness is analysed in the context of
the interdependences. Retaining the idea of functional and historical integ-
rity of the species, all the phenomena and their interrelationships will be
discussed, (a) on the descriptive level — a study of functional connections,
(b) with a view to discover causal relations — an analysis of the mechanisms
displayed by separate phenomena and their interrelationships.

The concept of the spatial structure of the species regarded from the
dynamiec point of view covers quite a wide range of problems. The basic
question seems to be the ‘‘essence of intraspecific organization’” which pro-
vides the species with the best chances, all over its area, in the struggle for
existence. Thus the essence of the organization comprises all the social spatial
adaptations enhancing the chances of survival, mechanisms facilitating
the flow of genes, the maintenance of the species numbers at a level which
can contribute to its stability and resistance in adverse circumstances. We
should include here also mechanisms regulating the spatial distribution of
numbers.
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Review of the history of investigations

As the problem under consideration is closely connected with the question
of the spatial organization of biological units both above the level of species
(polyspecific communities, higher taxonomic units), as well as below that
level (populations, micropopulations), I shall have to take into account both
these aspects when discussing the present state of investigations.

De CanporLE (1855) was the first to point out some structural features of the range —
the relative size of plant ranges, while WALLACE (1876) shed some light on the correlation
between the size of the range and the variability of the species.

Until the populational studies got well under way, and more particularly until the
populational conception of polytypic species strengthened its position in biological investiga-
tions, there had not been much interest displayed, and attention paid, to the problems
of the spatial organization of organism communities. Advances in phytosociology and
classical zoogeography are connected with a more careful and detailed analysis of the spatial
structure of polyspecific communities. At the outset there were mathematical formulas
which determined the relation between the number of species and the size of the study area
(ARRHENIUS, 1921; GrEAsON, 1922, 1925; Wirnrams, 1943; VesTArn, 1949); next the investi-
gators concentrated on the interrelationships between the philogenetic age of the species
and the area occupied (WricHT, 1941). Gradually there came out more general publications
presenting regularities in the distribution of the range sizes of species habitating larger
areas of the globe (HoPkiNs, 1955; TERENTYEV, 1958), in the distribution of numbers within
separate species in polyspecific communities (Fisper, Coreer, Wirriams, 1943; Mac-
ARTHUR, 1957; Grapkov, 1958), in the distribution of the number of species, types eto.,
and the area of their range on the level of the higher taxonomic units, so perfectly and
accurately analysed by PrestoN (1948, 1956, 1960, 1962a, b). He has introduced the
principle of lognormal distribution of separate parameters on the basis of structural
dependences, and he has drawn some fai-reaching conclusions concerned with general
zoogeographic phenomena and the evolution of the animal world.

Inasmuch as studies on the spatial structure of polyspecific communities, the best
synthesis of which has been provided by PresToN (1962b), can have their bearing only on
some aspects of the spatial distribution of the species (e.g. the so called canonical distribu-
tion), then studies on the spatial structure of the population can be used as a starting point
for more comprehensive studies. The crucial point in any investigation carried out on the
level of the population is the structure of the spatial distribution of individuals, while in
the case of studies on the level of the species the basic unit is the micropopulation and the
population.

CoLe (1946) was the first who proved that there is a tendency to spatial integration
of individuals on the population level, and who found out that random occurrence is very
rare. The works of WADLEY (1950), Dice (1952), CLARK and Evans (1954, 1964), THOMPSON
(1956), and TAYLOR (1965) also deal with random occurrence. In a short space of time there
have been published numerous attempts to describe mathematically the spatial structure
of the population, and fo interpret this structure from the point of view of biological func-
tionality (BEKLEMISHEY, 1960; ANDREWARTHA, 1961; MACFADYEN, 1963; Opum, 1963;
KEersHAw, 1964; ErToN, 1966; LEVINS, 1966; MACARTHUR, 1966; MACARTHUR, CONNELL,
1966; NovozuENOV, 1966; PreLowskr, 1966; SouruwooD, 1966; Warr, 1966; Lewis, TAx-
LOR, 1967; Zykov and SAPETIN, 1967). Much new material for the analysis of the spatial
organization of the population has been furnished by works dealing with the essence of
populational phenomena (LACK, 1954, 1966; PoL1vANOV, 1957; DERAMOND, 1959; SOUTHERN,
1959; WYNNE-EDWARDS, 1969; HovarDp, 1960; MEUNIER, 1960; CrRAGG, 1962; SLOBODKIN,
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1962; BREWER, 1965; CLARK, EvaNs, 1964; SavArTs, 1965; DuBININ, 1966; SYROYETSCH-
KOVSKIY, 1966; DuBININ, GLEMBOTSKIY, 1967).

A point of signal importance in the studies on the spatial distribution of the population,
and the species in particular, is the analysis of the structure of the flock and of the micro-
population. The results obtained so far in this field enable us to determine quite precisely
the character of groups below the populational level (Isaxov, 1949, 1957; MikHEYEY, 1950;
WerTH, 1960; VoroNTsoV, 1960; Naumov, 1965; Payusova, 1965; JOzerik, 1962, 1969).

And thus, both above and particularly below the level of the species the structure of
spatial distribution has been analysed relatively sufficiently, especially in relation to verte-
brates. A synthesis of problems connected with the populational and spatial structure of
the species has been put forward by Mayr in his recent work (1963). Although, as it was
stressed by Perrusewicz and TrRoJAN (1964), the conception of polytypic species which
is characterized by spatial measurements is completely dominating at present in various
fields of biology, there has not been done much, especially when considered against the
background of the achievements mentioned above, in the way of clarifying empirically the
interrelations of the species distribution as well as the mechanisms integrating it in space,
so that we could proceed beyond laboratory experiments in these studies, support them
statistically and describe them in mathematical functions. There is no lack of general hypo-
theses in this field. They are known in a variety versions from most of manuals on zoogeo-
graphy (vide — references). ARNoOLDI (1957) put forward a not very optimistic question
in connection with this state of things — how much are our views on the spatial structure
of the species based on factual material? After all this problem is utterly important for
the clarification of basic evolutional questions. But let us go back in time. 30 years ago the
well known zoogeographer HEpTNER (1936) commented not without an undertone of pessi-
mism when discussing the general theory of range: ‘“T'he question of the species distribution
within its area ..... has almost never been approached by investigators.” Twenty years later
the excellent investigator of the structure of distribution within the range mentioned already
above, ArRNoLDI, thus summed up the situation in 1957: “Even at present the deep knowledge
of both the populational structure and the real picture of the distribution of any biological
species within a more or less large area still remains an unattainable ideal.” It should be
pointed out here that ArRNoLDI considered as anideal not the knowledge of the entire range
but only its large section. Discussing further the achievements in this field he stressed that,
“ag a whole, there can be no doubt that the material quoted here marks only the first step
in the necessary direction and the existence of these works does not contradict the pessi-
mistic estimate discussed above and concerned with the state of our knowledge in relation
to one of the most important questions of ecology and speciation.” (ArNorLpr1, 1957). This
quotation characterizes quite clearly the situation prevailing in the fifties. There has been
further progress in the last decade (ANDRUSHKO, 1957; ARNOLDI, 1957; ZAVADSKIY, 1961;
Voroxov, 1963; ArTEMYEV, 1964; JézErik, 1969) and, what is most important — it has
been realized that there is a necessity to fill the gaps, the more so that tendencies to syste-
matize and synthesize the knowledge on the species, in spite of repeated attempts in the
past, are more and more urgently required by the needs of the present age. The problem
of spatial structure not only lies at the base of the theoretical knowledge of the species
but is also a key to the methodological profile of practical problems, such as those concerned
with the organization of the best ecological environment for man and the most rational
utilization of natural resources (hunting, aclimatization, pest control). One of the pressing
evolutional problems requiring a modern approach as pointed out by OrLexov (1961), Er-
vica and Horm (1963), MAYR (1963), SaAvAace (1963), HaxsoN (1966), and Forp (1967),
is the analysis of the mechanism of genetic flow on the interpopulational level. The basic
link which can lead to the explanation of this problem is just the knowledge of the spatial
structure of the species. It must be spatial not only as to the distribution and relations

http://rcin.org.pl



) Studies on the Squacco Heron. Part III 61

within the breeding area but also within the entire range. Some questions have been tersely
and succinetly formulated by Isaxov (1963a, b) and Roxrrskry (1965) in connection with
the need to solve practically a number of economic tasks serving wide social requirements.
Isakov also stressed that in the present stage we should pass from the observations of
frontiers and the area of ranges to detailed studies on their structure. The enormous amount
of material collected enables to venture some general conclusions and should be used to
put through some syntheses. Other weighty arguments, revealing vital connections with
economie utility, have been put forward by Voronov (1858) and many other investigators
of the Soviet school (ArTEMYEYV, 1964; Isakov, 1963a, b; KizvAxkiN, 1963; KOROVITSYN,
1963; LyuBisHTSCHEYV, 1958, and others).

A number of problems faced by the modern knowledge of the species and difficult to
solve in view of the lack of links which would help to learn about mechanisms regulating
its numbers, ensuring the genetic flow, deciding the degree of vagility (ability of the species
to expand in space), affecting the populational structure and interpopulational relations,
producing a differentiated type of isolation, bearing on the history of range alterations,
ete., stressed by numerous authors (ArLer and Scamipr, 1951; ArNorpi, 1957; BEKLE-
MISHEYV, 1960; CrAGG, 1962; DARLINGTON, 19573 DERAMOND, 1959; ForDp, 1964; GLADKOV,
1958; 1960; Isakov 1949, 1957; KaArLera, 1957; KurAzuskovskry, 1957; LAcCk, 1954;
MAYR, 1963; MEUNIER, 1960; PETRUSEWICZ, 1959; PorivaNov, 1957; SLOBODKIN, 1962;
TERENTIEV, 1958; VoroNTSOV, 1964; VoronNov, 1958; WERTH, 1960; WYNNE-EDWARDS,
1959; ZAavapskry, 1961), undoubtedly could be solved satisfactorily, providing we studied
more comprehensively the spatial parameters of the species.

The possibility advocated here, as well as in the ensuing publications of
the series dealing with A. ralloides, of solving certain problems of the spatial
structure of the species investigated will, in the author’s opinion, enable
to supply practical materials for the support of some at least of the questions
mentioned above. Of the conclusions presented in the previous paper (J6zn-
FIK, 1969) the ones quoted below can be taken as premises for building up
the problems which belong to the subject of the present study: 1) the per
cent of regular sites reaches the highest values in the case of the homeostatic
state of the range; 2) the relative increase in the number of sporadic sites
is connected with the numerical regression, or, alternatively, with the ex-
pansion of the species; 3) the smallest secular fluctuations of the numbers
are recorded in the centre of the range, within the area of the highest concen-
tration of the species; 4) numerical fluctuations and changes in the distribu-
tion are more considerable along the parallel axis of the range than along
the meridian one; 5) in the period of the optimum numerical state of the
species northern and southern boundaries of the range fluctnated most,
but when the numbers became gradually reduced these boundaries steadily
stabilized while the eastern and western frontiers started oscillating; 6) sec-
ular changes of the species numbers in one region of the range have some
bearing on the numerical state and distribution in the remaining regions;
7) a decrease in the numbers is accompanied by a territorial regression.
Territorial expansion is preceded, on the other hand, by a certain period
when the numbers increase. This is a cumulative phase which is followed by
the proper expansion of the species.
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I would like to mention in passing that I shall discuss here only the basic
structural point of distribution, namely its characteristics in the first phase
of the breeding period (this concerns, first of all, the measurable features of
the micropopulation). Problems connected with the spatial distribution of
A. ralloides in other periods of the annual cyele will be discussed only margin-
ally, and more space will be devoted to them in the IVth and Vth parts of
the series.

GEOGRAPHICAL VARIABILITY IN THE MICROPOPULATION SIZE

Distribution of breeding sites

A study of geographical variability in the micropopulation size (breeding
site) of A. ralloides is a key problem in this third part of the series. Before
I attack this problem, I shall discuss general characteristic types of the
distribution of site sizes, and both sporadic and regular sites will be taken
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Graph 1. Distribution of the size of A. ralloides breeding sites expressed in per cent. z — class

intervals of the size of sites; y — per cent of sites in relation to their total number (scale

for curves 4, B, 0); z — the same as y (scale for curve F); A — XIXth century; B — XXth

century; 0 — resultant for the XIXth and XXth centuries; D — mode of curve 0; F — ogive
of the cumulative series (XIXth and XXth centuries together).
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7 Studies on the Squacco Heron. Part III 63

together. The distribution mentioned for the XIXth century is represented
in graph 1 by curve 4, and for the XXth century by curve B. Curve C is the
resultant of the two previous curves. The course of curves B and 4 is closely
intercorrelated although the secular changes discussed previously (JOZEFIK,
1969) for low as well as high values of classes are here stressed. Curve C
is here a characteristic parameter of the species. Thus the general distribu-
tion is decidedly right-skewed (skewness +0.59) with mode = 17.5 pairs,
average — 108 4-10.6, ¢ = 154. It is evident that for this type of distribu-
tion the indices quoted give an incomplete picture. This also concerns the
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Graph 2. Curve of A. ralloides concentration in the palearctic part of the range (XIXth and
XXth centuries together). 2 — number of sites expressed in per cent; y — number of
breeding pairs expressed in per cent.

course of curve ¢ which also apparently falsifies the picture in the conditions
of an increase in the values of class intervals. Apart from the difficulties
of characterization in the case of treating the frequency distribution as a
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normal distribution, the mode is the most valuable index*). As it will be
shown later its value in comparison with the course of curve € and the course
of the curve presenting the concentration of the species numbers (graph 2)
provides the most objective estimate of dispersion.

Let us characterize briefly the curve of concentration (graph 2). It gives
quite objective information which does not depend on the increasing values
of the class intervals of the distribution discussed above. Thus only 1.02°/,
of the species numbers concentrate in sites including up to 10 breeding pairs.
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Graph 3. Distribution of the size of regular and sporadic sites of A. ralloides expressed in

per cent (classes from 1 to 100 breeding pairs were taken into account; XIXth and XXth

centuries together). # — class intervals of the size of sites; ¥ — number of breeding sites

(scale for curves B and C); # — the same as y (scale for curve 4); A — distribution of regular

and sporadic sites together; B — distribution of sporadic sites; ¢ — distribution of regular
gites; D — mode of curve A.

*) As a matter of fact, it is the so called “lognormal curve”, i.e. the normal Gaussian
distribution with the logarythmic scale on the abscissa which, as it was proved by PRESTON
(1948, 1958, 1962a, b), enables to characterize a number of phenomena in zoogeography.
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Sites of such size mostly belong to the category of sporadic sites (curve
B — graph 3). The value of the mode exceeds only 5.3°/, of the total numbers
of the species. As it will be shown later, it is a very significant statement.
More than half of all the sites are habitated by only 6.06°/, of the species
numbers; in 80°/, of the sites approximately 20°/, are concentrated, while
509/, of the total number occupy as many as 95°/, of all the sites. This suggests
a conclusion that seems to have significant practical importance — such
a type of social species as A. ralloides is concentrated only in a few (!) main
centers of its enormous palearctic range (cf. also — J6zrrik, 1969). For
the purposes of control and rational use of natural resources this has great
and far-reaching consequences.

The degree of concentration expressed by the right co-efficient, for this
type of curve (curve of Lorenz), can be treated as a parameter characterizing
the species, not less important than for example taxonomic features. For the
Squacco Heron the index of concentration n = 0.72.

Critical size of sites

For such a high index of concentration particularly important becomes
the value of the mode. In order to understand its biological meaning, let
us compare the distribution of the size of regular and sporadie sites presented
in graph 3 (curves B and () expressed in per cent in relation to their total
number within the classes 1—10 and 50 —100. The curves are clearly shifted
in relation to each other by phases, while we are interested in the point of
their intersection, i.e. the point at which both the curves attain the same

values.

This point falls on the abscissa for the value 17.5, or in other words, sites including
fewer than 17-18 pairs are predominantly sporadie, and conversly — more numerous sifes
are mostly regular. It should also be added that the terminal value of the class, 20, is just
beyond the point of intersection. Graph 3 shows how the per cent of sporadic sites falls down
from this place towards an increase in the value of the class intervals, while the per cent
of regular sites goes down towards a decrease. As it was stressed before (J6zEFIik, 1969)
the class intervals in view of the character of the material could not be narrower from those
accepted for the purposes of the study. Even by a simple interpolation, the shifting of the
limit of the class down from 20 to 17.5 will result in a sudden drop towards the right and
a more gradual increase towards the left of sporadic sites and away from the regular ones.
This means that regular sites including fewer than 17-18 pairs lose their character and become

sporadic, or disappear altogether.

Thus an important conelusion can be drawn: the critical size of regular
sites of A. ralloides is 17—18 pairs (17.5). This value occurs here naturally
as an average calculated on the basis of materials for the last two centuries
and covering the entire range investigated.

It is evident even at the first glance that the point at which the curves
presenting the distribution of sporadic (B) and regular (C) sites intersect is
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de facto the mode of the general distribution of their values (cf. graph 3).
This provides ground for another conclusion with practical implications:
the surest way of determining the critical size of breeding sites habitated by
social species distributed in an island-like pattern is to calculate the mode
of the general distribution of their values. This mode calculated in relation
to the given part or to the entire range, is the value needed. As I have shown
earlier the same result can be obtained in a more graphic way, i.e. like in the
case of curves ¢ and D in graph 3 by plotting on the same grid the distribu-
tion of sporadic and regular sites. The point at which the two curves have
the same value determines the critical value, as well as the mode of the
general distribution. To clear the thing up, I shall add that by the minimum
critical size of sites (micropopulation) within the area studied I understand
such a size below which their existence, or more precisely their ability to
reproduce, will be disturbed (regular sites become sporadic, or even disappear
altogether).

The size of sites in the parallel cross-section

The elementary rules of the cross-section analysis of the range were
presented in the IInd part of the series dealing with A. ralloides (J OZEFIK,
1969). I discussed then secular oscillations in the number of sites and in the
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Graph 4. Size of sites in the parallel cross-section. » — geographical longitude; y — size
of sites expressed by the number of breeding pairs; 4 — 2nd half of the XIXth century;
B — 1st half of the XXth century; O — period 1950-1960.

number of breeding pairs in both parallel and meridian cross-section, as well
as relations recorded between sporadic and regular sites. The statistical cha-
racteristics presented there (cf. page 63) seemed to indicate a considerable
variability in the size of sites. And indeed, graphs 4 and 5 which presented
the average site size in the two types of cross-section characteristic for
second half of the XIXth century (curves A), for the first half of the XXth
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century (B), and for the years 1950—60 (C), suggested that the value
underwent considerable fluctuations in time, and moreover changes as to
the geographical position.

As compared with the second half of the XIXth century, with the ex-
ception of the northern Black Sea center, the average site size in the present
century in the parallel cross-section displayed a general decrease (graph 4).
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Graph 5. Size of sites in the meridian cross-section. z — geographical latitude; y — size
of sites expressed by the number of breeding pairs; 4 — 2nd half of the XIXth century;
B — 1st half of the XXth century; ¢ — period 1950-1960.

This decrease was particularly evident in the middle Danube and the Caspian
centers, i.e. in those regions where until the Ist World War the landscape had
been exceptionally intensively transformed, while the population habitating
these areas had not been able to synanthropize. This is also valid in the case
of the North Italian cenfer.

In the entire range the average size of sites after 1950, as compared with
the twenties and the thirties of the present century is higher. The only ex-
ception is here the North Italian center. This seems to be closely connected
with the termination of direct destruction carried out on a mass scale by man
(J6zuFIK, 1969). When the vogue for egret feathers reached its culmination
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(beginning of the XXth century) the species became dispersed all over the
entire range, with the exception of the Caspian center, and the size of sites
did not exceed, on average, 50 —75 pairs. Only owing to the fact that there
was carried out a simultaneous and not less intensive reduction of the natural
enemies of A. ralloides, such as for example birds of prey, the situation did
not turn out to be disastrous for the entire species. At present the highest
average size of sites can be recorded in the northern Black Sea center (mainly
the Danube Delta) and in the Caspian one (Lenkorania, cf. JOzEFIK, 1969).

Changes in the average site size in the parallel cross-cestion undoubtedly
reflect the previously analysed (JOzrrIk, 1969) effect of the anthropogenic
factor (cf. also page 73), and besides they can give indirectly an idea of
the ecological capacity of a breeding area in the given geographical longitude.

A simultaneous analysis of average and critical site sizes (data for the
XIXth and the XXth century will be discussed jointly) will help to explain
a number of extremely important interrelations affecting eastern and western
boundaries of the range, and it will also help to determine and calculate the
effect of the anthropogenic factor on the biological situation of the species in
separate regions.

Graph 6 presents the parallel distribution of the average site size (curve
A) and the distribution of the critical sizes of regular sites (B). It is clearly
seen that the critical values increase considerably from west to east in the
curvilinear function. This phenomenon is quite interesting and it merits
further investigation. As it will be proved in the Vth part of the series, the
critical value of the site depends, to a considerable degree, on its spatial
isolation in relation to the neighbouring sites, and on the closely correlated
with it temporal isolation. This temporal isolation in the post-breeding period
(i.e. the chances which small flocks from neighbouring sites stand of joining
together) decides the amount of reduction the given micropopulation under-
goes, and thus it affects decidedly the size of the site. Let us consider now:
what are the factors affecting indirectly the reduction of passing flocks and
those carrying out nomadic movements. I shall take here into account the
effect of birds of prey and the intensification of the anthropogenic factor.
Both these factors eliminate in the course of migration a considerable part
of migrating birds, but their effect is completely different (man can notice
and reduce as a rule individuals staying in large and easily spotted flocks,
while birds of prey attack usually either small flocks or single individuals).
As it was pointed out by FErGUsoN-Lers (1963), in the last 100 years 26
species of European birds of prey, out of the total number of 37, were reduced
due to the action of man. Thus it is evident that the gradient of the reducing
effect of the anthropogenic factor, measured in absolute values, remains
inversly proportional to the gradient of the effect of birds of prey. The action
of man in the pre- and post-breeding periods is relatively most intensive
in the western parts of the range and it displays a tendency to a decrease
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13 Studies on the Squacco Heron. Part III 69

towards the east and then it is taken over by birds of prey. The course of
curve B in graph 6 supports indirectly this conclusion and at the same time
indicates the adaptability of the species as to the spatial distribution and
the intensity of the factors discussed. We have to take here into account also

Xy Xg X% X...p Xg0

)\

{Y) 100

90

80

-

\

70

60 et

|

50 { X /
S 7 1\
|
[
i
|

|t

40

30

2 0 /‘, -4

10 =44 =

0 | -

2 A SR 2 LA0E 2B kw02 60 68
(x)
Graph 6. Variability of the eritical size of regular breeding sites and the average size of all
the sites in the parallel cross-section of the range (XIXth and XXth centuries together;
movable average values). # — geographical longitude; y — size of sites in absolute figures;
A — average size of sites; B — critical size of regular sites; P — area between curves 4
and B = V (index of ecological vitality).

the period of the absolute isolation of separate micropopulations which in-
creases considerably towards the east. The winter ranges of A. ralloides in-
clude also the tropical part of Africa. Ample evidence will be presented in
the ensuing parts of the series to show that migration routes of western
populations are shorter and much ‘“safer’” than those of eastern populations.
As a result, low critical site sizes in western regions enable the species to
habitate even smaller water bodies and marshy stretches, and the further
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we go towards the east, the larger is the area of breeding spaces. Thus smaller
breeding areas are occupied there only sporadically by the species, or even
never at all.

Summing up I should say that one of the most important structural
parametrs of the spatial distribution — critical sizes of regular sites determin-
ing the parallel distribution of the species — are limited by the gradient
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Graph 7. Anthropogenic stress in the parallel cross-section (XIXth and XXth centuries
together). @ — geographical latitude; y — logarithmic scale of index S,.

12° 42

and the character of limiting factors which affect strongly the species in the
postbreeding period (temporal isolation between the micropopulations).
Among these factors the following are particularly important: man (hunting,
poaching) and predators.

The size of sites in the meridian cross-section

Functional interrelations of the parameters discussed, although they are
analogous to those in the parallel cross-section analysis, in many cases acquire
different qualitative features. And thus, for example, in the paralle cross-
-section the level of the curve presenting the size of sites reflected in the first
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place the effect of the anthropogenic factor, while here it was evident in the
“southern” section of the curve (graph 8). The largest sites are grouped
along the latitude of their highest concentration, i.e. between 44° and 48°
of northern latitude, which becomes particularly obvious when we take into
account the resultant for the last two centuries (curve A — graph 8). This

(y) 100

80

NS
A
40
B _‘_,/"‘
20 Vz’i———’-—
”~

0 |
284 32 3640kl 48 - 52"
(x)

Graph 8. Variability of the critical size of regular sites and of the average size of all the sites

in the meridian crosssection of the range (XIXth and XXth centuries together). # — geogra-

phical latitude; y — size of sites in absolute figures; 4 — average size of sites; B — critical
size of regular sites.
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can lead to certain reflections connected with the gradient of environmental
factors and ecological requirements of A. ralloides.

Thus the left-sk ewed distribution is undoubtedly caused here by the lack of sufficiently
capacious breed ing habitats in the southern regions of the palearctic part of the range. It
should also be mentioned here that the northern border of the range is limited only directly
by the thermal gradient (the highest concentration of the species takes place just in the
vicinity of the northern boundaries of the range). This gradient has some effect on the phe-
nology of development and the size of leaves of floating plants (Nymphaea, Trapa) forming
the basis of the feeding ground of the Squacco Heron — the size and connected with it
the lift of leaves of these plants along the 48° line of northern latitude is too small, even
in June, to enable Squacco Herons to stay on them while feeding. The further southward,
the lower is the average site size. It is sufficient to compare the course of curve A4 with the
physical and geographical relief of the range to understand the fall of the curve. Thus the
characteristic breaking down of the curve between 40° and 44° of northern latitude is the
result of a number of mountain ranges there (the Pyrenees, the Apenines, the Balkans,
the Dinaric Alps, the Caucasus), while further southward in the region of deserts and semi-
-deserts the size of sites and their distribution depend on the amount of precipitation and
intensity of evaporation. There is an acute deficit of fresh water there, and that, as it has
already been mentioned, enhances the limiting effect of the anthropogenic factor.

It will be interesting to compare the curves presenting the critical size
of regular sites (curves B — graphs 6,8) in both the types of cross-section.
Inasmuch as in the parallel cross-section the range of the fluctuations of
critical sizes was within the limit of 10-67 pairs, then the meridian variabi-
lity oscillated within the limit of 15-28 pairs (it should be remembered that
these are average values for the areas lying within four degrees of either
longitude or latitude). Even at the first glance the course of curve B (graph 8)
enables to conclude that the further northward the given population habi-
tates, the more it is reduced in the course of its migration. This phenomenon
has been signalled in the ornithological literature only indirectly by recording
a larger number of eggs in the broods of northern populations (LAck, 1954).
This time it is supported (graph 8) by direct evidence.

Judging by the course of curve B (graph 8) the intensity of predation
and other factors of direct reduction are evenly balanced at each place in
the meridian cross-section. The difference between the northern and southern
sections (13 pairs) gives a good idea of the rate of this reduction during
nomadic movements and migration flights in the annual cycle (the distance
covered is about 1,800 km.).

Inasmuch as in the parallel cross-section the gradients of the anthropo-
genic factor and of the reducing effect of predators were inversely proportion-
al to each other, then the picture looked differently in the meridian cross-
-section: the intensity of predation does change only insignificantly, while
the effect of the anthropogenic factor, with the exception of the phase of
direct reduction at the turn of the century (JOzerIk, 1969), gradually in-
creases southward while the deficit of fresh water supplies gets more acute
(¢f. eurve B — graph 5). The combined limiting effect of these two factors
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in the region of deserts and semi-deserts resulted in the occurrence of a
wide disjunction between the palearctic and Ethiopian parts of the range of
A. ralloides. However the progressing synanthropisation of the Squacco
Heron in the south across the Nile valley seems to diminish gradually this

disjunction.

THE EFFECT OF THE ANTHROPOGENIC FACTOR ON SPATIAL DISTRIBUTION
Ecological vitality of the species and its distribution

The course of curves A — the average site size within each four degrees,
and the course of curves B — the average critical size of regular sites within
each four degrees, presented in graph 6 (parallel cross-section) and in graph 8
(meridian cross-section) is one of the most significant structural moments
of distribution and at the same time it gives a fair idea of the biological
situation of the species in a given region of the breeding range. Let us consider
a) how the biological situation of the species would be in various circum-
stances of variations between values A and B; b) which environmental fac-
tors and in what form decide the combination of A and B.

As to the first point, it seems pretty obvious, and it follows from the
general characteristics of the two curves, that in order that the species could
exist in the given region of the range the average site size has to exceed per-
menently its eritical size, i.e. the condition A > B has to be fulfilled. In
the case of A = B the species would undoubtedly die out. Such a situation
was recorded in the eastern Asiatic part of the range between the 60° and 68°
lines of eastern latitude at the turn of the century just when the species was
undergoing a severe regression (JOzrrik, 1969). The wider is the difference
between A and B at a given point, the better grounded is the certainty of
a stabilized and optimum biological situation of the species. Theoretically
it would be advantageous for the species if B (critical size) equalled 2
(i.e. one breeding pair) at each point of the range and if A (average size)
could assume the highest values. Considering the question in the long run, the
widening difference between A4 and B would enhance the chances of a
successful and stabilized existence of the species in the future. In a word,
the species would remain in a state approaching the optimum one and would
be ‘“secure” and “immune” against any dangers (natural), such as freaks
of weather, epizootic diseases, climatic extremes, etc. The complex of such
features can be described as ecological vitality of the species. From the point
of view of nature protection, applied ecology, etc., the determination of the
index of ecological vitality, which would reflect on the stability or dangers
threatening the species, would be extremely practical, and this explains
why I have devoted so much space to it although it is only a digression in
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relation to the basic subject of the paper. In the case of the Squacco Heron
the degree of ecological vitality (V) can be relatively determined by the
area within a given class (#, —a;) of geographical longitude contained between
the respective sections of curves A and B (graph 6). And thus:

Zp
1
V= i [f , (@) —p (@)] da, $))

where: z, and @, restrict the area of the range investigated and for which
value V, i.e. the index of ecological vitality, is calculated; » = number of
geographical degrees; f4 () and fg(2) are integral functions of curves 4 and B;
dx is component of the integral equation. V calculated for the entire range is
a relatively stable parameter characterizing the species. For A. ralloides
V = 34.09. In the case of more complicated functions of both the curves
it is possible to introduce a somewhat simplified version of index V (cf.
page 76).

Let us have a look at graph 6. The critical size of sites (B) increases very
regularly (at an exponential rate) from west to east. It is easy to conclude
that it is just this parameter which restricts the spreading of the species in
the east. The average site size (4) increases in a more complicated function.
The points where the two curves intersect determine the eastern and western
boundaries of the range. In their region the ecological vitality of the species
is lowest. It reaches the highest values in the central parts of the range.
The biological situation of the western population is not very favourable —
their ecological vitality there is very low indeed.

When we know the distribution of ¥ in the parallel cross-section
(graph 7), it is not difficult to draw practical, and very weighty, conclu-
sions concerned with attempts at protective measures and generally based
on the scientific principles of the utilization of natural resources. It is a truism
to state that if we had at our disposal, at the right time, the distribution
of the degree of vitality and other materials of the type analysed here above
(although the way to obtain them may be a hard one) then undoubtedly we
were able to keep a number of species from dying out, to say nothing of a
sensible solution provided for other problems which are a result of the so
far unbalanced relation: man — nature.

Anthropogenic stress

Let us state precisely the effect of the anthropogenic factor on the character
of the parallel distribution. The level of curve B is affected, beside the already
analysed direct numerical reduction (JO0zErik, 1969), by the reduction of
the Squacco Heron’s natural enemies carried out by man (cf. page 68) as
well as by protective measures. Thus we can record the effect twofold in
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its character: a) negative, restraining the spreading of the species by forcing
it to increase the critical size of the micropopulation and rendering impos-
sible the use of habitats with a low ecological capacity, b) positive, leading
to a decrease in the minimum eritical size of the micropopulation which en-
ables the use of habitats with a low ecological capacity, and thus it renders
possible wide spreading of the species. The relation of the two types of effect
in their historical aspect has already been discussed (JOzZEFIK, 1969), and I
would like to point out here that in the last two phases of the action of the
anthropogenic factor on the critical size of the micropopulation (B) positive
elements gain the upper hand. Only by the restriction of natural enemies of
A. ralloides and by specific protection did the critical size of regular sites
decreased in the western parts of the palearctic range (ef. graph 6), and this
enabled the species to exist there when the habitat had been transformed.
Generally, it can be accepted that a decrease in B is connected with a bene-
ficial influence of man.

The level of curve A (average micropopulation size) also depends on the
factors determining the eritical size, although the anthropogenic factor
acts here differently — reduction and transformation of breeding habitats.
The average value of curve A within separate sectors of the range situated
between meridian lines indicates the capacity of the sites being at the disposal
of the species. In western regions of the range the capacity is lowest and
it gradually increases towards the center, while it decreases sharply in the
east. Assuming that a) in the prehistoric times the ecological capacity of sites
along the parallel axis of the range was little differentiated, b) resources of
breeding habitats in relation to the general area of separate parts of the range
before man entered the ecological arena had been maintined in permanent
proportions (e.g. enormous marshes in the middle courses of the Danube,
in the Caucases, in northern Africa, ete., in former times), ¢) western and
eastern reaches of the range were formed by the gradient of environment
resistance without interference of civilization — the present, differentitated
from west to east, size of sites (c¢f. curve 4, graph 6) should be accepted as
restrained by the effect of man and his historical influence. This effect is
undoubtedly negative and only insufficiently set off by the synanthropiza-
tion of the species. Thus the anthropogenic stress increases together with
a decrease in the value of 4. I shall reiterate here that the intensive reduction
of primary habitats in the zone of Khara-Kum (the Tedzhen, the Murghab,
and other rivers) carried out at the beginning of the present century, with
the simultaneous high level of the critical size of sites, inevitably led to
regression — the frontier of the range was shifted westward by about 1,200
km (JoOzerik, 1969).

On the basis of the arguments given above, we can express the effect
of the anthropogenic factor on the parallel distribution by the ratio 4 /B,
and when the absolute value of the ratio goes down, the anthropogenic
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: A : ! : ;
stress increases. In the case of B > 1 the species disappears in the given

region. Theoretically, in the conditions of a complete mastery of man over
nature (in the sense of a complete control of biocenotic relations) the species

A
could exist even in the case of SRR 1, i. e. in a situation when the degree
of ecological vitality (V) would be insignificantly small. The application
A
of the formula 7 could be useful in the case of a necessity to determine

without delay the effect of man on the biological situation of the species.
This formula can also be a simplified index of the ecological vitality of the
species (cf. page 74).

As the effect of man within the boundaries of the potential range is a
dominating factor limiting the numbers and distribution of the species, the
relative value of this effect is at the same time an index of the anthropogenic
stress. The ecological vitality of the species is invertly proportional to the
value of stress, i.e. an intensification of stress results in a decrease in the
ecological vitality and in consequence it leads to the disappearance of the
species, or to its synanthropization. Let us present the dependency discussed
in the form of the following formula:

8a =V, (2)

where 8, = index of anthropogenic stress, V = ecological vitality of
the species (cf. formula (1) on page 74). It follows from the depen-
dency above that when V ~ 0, then S,~ 1, and thus when the spe-
cies disappears from the area the stress reaches the highest maximum
relative intensity = 1. Caleulating S, for a certain part of the range (obvio-
usly in the aspect of the cross-section analysis), formula (2) will be
transformed:

n
8g =

<
YAl
“a

’

(3)

where: n = number of geographical degrees between x, and z, (cf. graph 6),
zzo' V = ecological vitality of the species in a given area of the range.
x

Graph 7 presents distribution S, in the parallel cross-section. It is in
a surprising agreement with the degree of transformation of marshland habi-
tats by man in prehistoric times. In the areas where there is an acute
shortage of fresh water (north-western parts of Africa, the Iberian peninsula,
the Transcaspian areas) index S, approaches 1. The density of population
and the degree of transformation of the primary landscape also seem to be
well correlated with the course of the curve discussed above. As I have
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already mentioned (cf. page 67) the intensification of the anthropogenic
stress corresponds, on the basis of counteraction, with an increase in the
processes of A. ralloides synanthropization. It should be stated gene-
rally that processes of synanthropization spread particularly early over
the western regions of the area (JOzrFIK, 1969). Only recently has
this phenomenon been recorded in the eastern regions. It is responsi-
ble for the restitution of the species in the Transcaspian part of the range
(cf. page 75).

Interpreting the course of curve (graph 7) we should remember that
the degree of S, is relative, i.e. it is expressed mainly by the results of the
action of the anthropogenic factor. This means that if its effect could be
expressed by any absolute measure, then the same type of action and of the
same intensity (e.g. equally intensive measures of land reclamation, the
same number of individuals reduced, ete.) carried out in different parts of
the range would vary considerably in their effects. And thus, for example,
the reduction of the same area, proportionally to the existing resources
of breeding areas in the outlying eastern parts of the range, where the critical
size of sites is largest, and in the central regions, will turn out to be disastrous
for the eastern population while in the center it will cause only insignificant
changes in the biological situation of the species. It should also be taken
into consideration that the relative value of S, depends, to a considerable ex-
tent, on the intensity of the anthropogenic factor along the migration routes
and in the winter ranges #s well. This problem will be discussed in greater
detail in one the ensuing publications belonging to the present series.

*
¥ *

The index of ecological vitality (V) acquires a different significance when
it is analysed in the meridian cross-section as compared with the parallel
approach. If, for example, we accept the distance which the range stretches
along a meridian (16° of latitude) as a certain proof of the species adapta-
tion and tolerance in relation to the climatic gradient, index V will not only
give us an idea of the potential abilities of the species to resist the anthropo-
genic stress and predation, but it can also reveal the potential possibilities
of existence in the conditions of the given geographical latitude.

Similarly as in the parallel cross-section (graphs 6 and 7), also in the case
of parameters presented in graph 8 we can draw certain practical conclusions
with the view to strengthen protective measures. For example, it is evident
straightaway that protective measures in the east should include in the
first place restitution and protection of the habitat (mainly an increase in
the ecological capacity — level of curve A ought to be raised), and not only
specific protection (the lowering of the level of curve B).
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CONCENTRATION OF THE SPECIES AND ITS RANGE ZONES

Extrapolation of the species numbers

Let us consider which of the structural elements of the distribution are of a permanent
character being the non-oscillating feature of the species. If we assumed the relative perma-
nence of such elements, we could use them to carry out specified extrapolations which
might shed some light on the history of the species. We can not include here the critical
and average size of sites analysed in the two types of cross-section. On the other hand, the
general distribution of the size of sites, and consequently the curve of concentration, are
more constant. As I have proved earlier, in spite of considerable numerical differences of
the species in the XIXth and XXth centuries (J6zEFIK, 1969), we can detect striking simi-
larities when the distributions for the two centuries are compared (cf. graph 1). The perma-
nense is definitely not accidental.

Below I shall present evidence, based on analogy, which indicates that in the case of
small secular changes in the numbers the distribution of micropopulation size corresponds
with (and in certain cases is also formed by) a general regularity in the distribution of geogra-
phical units, such as flowing waters, bodies of standing water, ete.

If we classified resources of marshland habitats within the range according to the
increasing size (area in hectares) then we would probably arrive at the distribution skewed
to the right monotonically decreasing in the right-hand side part (probably approaching
lognormal or binomial) which, except the initial section, would be correlated with the course
of curve O in graph 1, the one presenting the general distribution of the size of breeding
gites, Obviously the drawing of such a distribution was impossible for the author in view
of the lack of a sufficient amount of data®. Thus we have to limit ourselves to a hypo-
thetic model (curve 4 — graph 9), and mainly to be restrained to the use of premises
based on direct field observations, data from the literature on the subject, and on detail-
ed analyses of maps. Thus within the breeding range there are mostly small, isolated water
bodies and marshes, ponds and flood waters, usually seasonal in character and rarely
exceeding 10 hectares in area. As a rule, they are used only in the course of migrations and
while carrying out nomadic movements. A much smaller part is made up of water bodies
medium in size such as lakes, old river beds, and complexes of marshes 500-1,000 hecta-
res in area. There were fewer water bodies and deltas of medium size rivers approaching
the area of 50,000 hectares, and there was only a very small per cent of marshland habitats
between 100 and 200 thousand hectares.

As a social species having a distinet eritical micropopulation size, A. ralloides can hab-
itat only areas which exceed a certain specified ecological capacity. This critical area probably
varies for different parts of the range. And thus there remains an enormous per cent of
smaller water bodies not used in the breeding period, or only habitated sporadically. Jud-
ging by the hypothetic distribution of habitats (graph 9) the per cent of larger areas
suitable for the species decreases although not as sharply as in the initial section of
the curve (we have to take into account the logarythmic scale). If there were a possibility
to plot, in adequate proportions, the distribution of the size of sites and a real (and not

* By the analogy with the distribution of the size (in km) of flowing waters from the
smallest streams to large rivers within the given geaographical unit, we could build a hypo-
thetic model of the distribution of standing waters characterized by the suitable, for 4.
ralloides, habitat formation. A simplified model of such a eurve would have the shape of
a hyperbola whose asymptots would be co-ordinates x and y, while the centre of symmetry
would be the point where the co-ordinates intersect — point 0 (the equation would look
as follows: 2 Bay = F). It is not excluded that it could also be a binomial distribution.
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hypothetic like in graph 9) distribution of breeding habitat areas, on a grid, then we would
most probably arrive at two well correlated curves (or even possibly covering each other).
This correlation would reach the point determined by the mode of the distribution of the
size of sites (critical size). This point would also determine the critical area (e.g. in hectares)
of marshland habitats below which the functioning of a regular site, and consequently the
existence of the micropopulation, could not be stabilized (cf. graph 9).

As the structural features of the distribution of habitats are a result of
the physical and geographical properties of the countryside, they are stable
and have a bearing (at least to a certain extent) on the general distribution
of the size of sites. It should be assumed that the concentration of the
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Graph 9. Hipothetical distribution of the amount of resources recorded in the breeding

habitats of 4. ralloides against the distribution of the size of breeding sites. # — class inter-

vals of the size of breeding sites and the relative amount of resources in the breeding habitats;

y — number of sites expressed in per cent and the ralative number of sites in the breeding

habitats; A — hypothetic distribution of resources in the breeding habitats; B — distri-
bution of the size of breeding sites.

species (graph 2) is one of its constant properties (cf. page 65). Hence the
curve of concentration can serve to extrapolate the numbers of the species
in the past, forecast for the future, as well as it helps to model certain situa-
tions of the species. It should also be added that the effect of the anthropo-
genice factor on the structure of the concentration curve can, up till now,
be reflected in its initial section (change in the critical size), and also in the
final section (considerable reduction of the species).

Summing up, the percentage relation of separate classes of micropopula-
tion size and the corresponding ratio of the species numbers, disregarding
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here the absolute state, is relatively constant (Table 1). As we shall see later
this is possible down to a certain limit when the absolute numbers of the spe-
cies steadily decline, but below this limit the proportions will be very seri-
ously affected.

Without going into details I suggest the following equations for the extrapolation of
the numbers of sites (zg) at a given level of the number of breeding pairs:

2yb Pn
100 (tn+Tn_3) @

and for the extrapolation of the level of species numbers (y,) at a given (or known) number
of breeding sites:

Tst =

3 st Gn (lu"\"ln— 1)
oo ®

where xst — numbers of sites in the breeding range,

yu = numerical state of breeding pairs in the range,

pn = percentage of the numbers of breeding pairs corresponding to the given class of sites,

ln = the highest limit size in the given class of sites,

lp—1 = the minimum limit size in the given class of sites,

qn = percentage of the numbers of sites corresponding to the given class of their size.

If y» < ln+ly—1, formula (4) should be altered*.

Formulas (4) and (5) can also be used in the extrapolation of the numbers of other
social species, providing we know their curve of concentration. For example, if we know
the number of sites in the range, we can caleulate the average numbers of the entire species,
or a specified large population. Reconstructing, for example, the numbers of sites on the
basis of the historical data, or other indirect methods, we could calculate, relatively accura-
tely, the numbers of the species in quite distant times. And lastly, formula (4), similarly as
in the case of the formula on the index of secular oscillation in the numbers of the species
(JOzEFIK, 1969), can be used for purely practical purposes to determine the number of sites
and their size which ought to be maintained if we want to retain the species (population)
within the given area.

Starting from the charcteristics of concentration (Table 1) and using
formula (5), let us now analyse how the numbers of the species will increase
theoretically together with an increase in the number of sites (graph 10).

* This alteration boils down to the neccessity to accept as 100 such a value of the cu-
mulative series pn, which is in the class with a sum of its limiting values I,--%,_; smaller
than ¥, and on this basis a corresponding recalculation of all p, values in the lower classes,
however together with the class whose value of the cumulative series was accepted as 100
(Table 1). A correction has to be introduced into formula (5) if #sz < 100. This consists in:

100
a) picking in series gn such a value which divided by = would give a quotient within
st

1—2; b) in a class in which this condition is met, the value of the cumulative series is accepted
as 100, and similarly as in the correction to formula (4) we have to recalculate all the values
of gn from the beginning of the series to the class whose value of the cumulative series was
accepted as 100. The new values of ¢, will be inserted into formula (5). It is obyious that in
both these cases X includes only the left side of the series from the class in which values
Pn or gp of cumulative series were accepted as 100.
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This extrapolation is important for the determination of certain momentous
periods in the history of the species (e.g. knowing the numerical level we
can conclude on the rate of genetic flow, role of the species in the paleobio-
cenoses, possibilites of spreading, ete.), and thus it is possible to obtain some
premises as to the evolution of the species studied.
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Graph 10. Theoretical interrelationship between the numbers of the species and the number
of breeding sites. # — numerical state of the species; y — numerical state of breeding pairs_

The course of the curve in graph 10 plainly indicates that A. ralloides
has not been in the past, and most probably is not going to be, in the future
a very numerous species, for example not having hundreds of thousands of
individuals. Even assuming that the number of sites in the Palearctic excee-
ded 1,000 in the so called climatic maximum after the latest freeze-up,
while the total numbers of the species, providing that it did not differ sub-
stantially in its biological aspect from the present state, were probably main-
tained at a level of 100-120 thousand pairs.

Graph 11 presents a theoretical interrelationship of a decrease or an
increase in the number of sites and of breeding pairs in the range. Only above
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the level of 5,000 pairs the proportions of the two parameters are stabilized
which is particularly well borne out by graph 12. It illustrates the theoretical
variability of the percentage proportions of the two parameters. A numerical
decline of the species below the level of 5,000 pairs disturbs the structure
of the concentration of the species, and this in turn sparks off changes in
the mechanism of numerical regulation and disturbes the structure of
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Graph 11. Theoretical interrelationship between an inecrease in the number of sites (4) and
in the number of breeding pairs (B). # — relative units of time; y — numerical state of
breeding pairs; # — numerical state of breeding sites.

genetical exchange, interpopulational relations, and it also frees the
self-protective mechanisms of the species. Before I touch upon some
of these, I shall discuss the micropopulational ecological zone system
of the range which is connected with the concentration of the species
and its structure.
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Table 1. Numerical concentration of A. ralloides breeding pairs according to the number
of breeding sites and their size (calculated for the palearctic part of range on the basis of
data for the last 100 years)

Class intervals

of site size 1-10 | 11-20 | 21-50 | 51-100 | 101-200 | 201-500 [501-1000 1009
(1) (2000)
ntln1 11 31 71 151 301 701 1501 3000

Pa (per cent of

breeding pairs) 1.02 5.04 8.49 9.10 14.02 16.81 22.75 | (22.75)
(2)

cumulative

series of py 1.02 6.06 | 14.55 23.65 36.67 53.48 76.23 98.98
(3) -

qn (per cent of
breeding sites) | 18.7 30.8 22.2 11.1 8.6 4.4 2.8 (1.4)
(4)
cumulative
series of g, (5) | 18.7 | 49.5 | 71.7 82.8 91.4 95.8 98.6 (100.0)

(95 T ;
. \\
3 \\\ \
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—1
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0
0 100 200 500 1000 2000 5000 10000 50000 100000 ——=
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Graph 12. Theoretical variability of percantage proportions in the number of sites and the

numerical state of A. ralloides breeding pairs in relation to the numerical level of the species.

z — number of breeding pairs; ¥ — quotient of percentage proportions in the number of
sites and in the number of pairs.

Ecological zones of the range

The map presenting the numerical distribution of sites and breeding
pairs, which was included in Part II of the present series (JOzerik, 1969),
showed clearly that the size of sites is smallest in the outlying parts of the
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range. They are mostly sporadic sites, or alternativelly smaller regular
ones, but undergoing considerable numerical oscillations. This lack of stability
is a result, beside intraspecific reasons, of habitat extremes limiting the spread-
ing of the species. The distribution of this type of sites can be used to determine
the extreme zone (ecological pessimum) of the range. The ecological criteria
of this zone will be determined more precisely in the ensuing parts of the
series, here we shall use the critical size mainly as a simplified indirect index.
I have used the expression ‘‘mainly’” because in the case of considerable
oscillations displayed by regular sites they will also determine the extreme
zone. Generally, sites of more than 20 pairs should be treated as signalling
an extreme area. I shall put off the discussion of the criteria of suboptimum
and optimum zones for the moment — they will be given much space in
Part V of the present series, and here I shall call tentatively all the parts
of the range with the distribution of larger and stabilized sites as an “optimum
zone”.

The curve of concentration (graph 2) indicates that when we take the
average numerical state for the last 100 years, more than 6°/, of the general
population stayed in the extreme area and nearly half of the total amount
of sites (48°/,) were situated there.

Numerical oscillations and microevolutional changes

As the species underwent considerable numerical oscillations in its history
(cf. page 86), there must have been various proportions between the part
habitating the extreme zone and the rest of the range. A theoretical varia-
bility of these proportions is illustrated by graph 13. Their analysis, as well
as the secular changes in the numbers mentioned in the previous part (Jo-
ZEFIK, 1969), will serve as a basis for a discussion of certain moments of the
biological situation of the species. '

As it follows from graph 13, a significant n'i'qm,ent here is a considerable
numerical oscillation especially in the direction of a decrease, which changes
not only the structure of spatial distribution but also the basic features
of the species as a whole. It is well known in this respect the connection
between numerical changes and the rate of genetical flow and the progres
of evolution (ForD, 1967; MACFADYEN, 1963; Wricnr, 1948). Causal rela-
tions between the spatial structure and microevolutional processes are
feedback as it will be shown later.

Judging by the characteristics of sites, the balance of fertility and reduction
in the extreme zone is permanently negative — this area is constantly sup-
plied from the centre. The genetical flow towards the central parts is probably
negligible, although the population habitating the extreme zone being quite
exposed to the habitat pessimum suffers the most intensive selection, however
it also displays the highest degree of adaptation which is not fixed genetic-
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ally in view of the negative balance mentioned above. This state is character-
istic for the stabilized situation of the species (homeostasis). The 6°/, of the
general population habitating the extreme zone remains at a more or less
stable level. In the case of the parameters extrapolated here (graph 13),
such a state would theoretically correspond with the numbers of the general
population in the region of 5,000 breeding pairs, i.e. until the moment when
the proportions between the exfreme and optimum zones are disturbed.
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Graph 13. Theoretical variability of the proportion of the number of sites and breeding pairs
in the extreme and optimum zones of the range for various numerical levels of the species.
2z — number of breeding pairs; y — number of breeding sites in the extreme zone in percent-
age relation to their total number in the range; # — number of sites in the optimum zone
in percentage relation to their total number in the range; 4 — curve of the percentage
relations of sites in the two zones; B — curve of the percentage relations of breeding pairs
in the two zones.

This would theoretically be the result of any further decrease in the numbers.
In the situation when the numbers increase the proportions would change
very little (within a few per mille — ef. graph 13). The following conclusion
can be drawn: at the homeostatic state of the species the extreme zone is
habitated by a permanent per cent of individuals. And then genetical material
only insignificantly penetrates inside the range, and the rate of microevolu-
tional changes is very small in the scale of the entire species. It should be
remembered that A. ralloides never achieved the homeostatic state in the
period under consideration (cf. JOzZEFIK, 1969).

Let us consider now changes occurring in the conditions of a consider-
able decrease in the numbers of the species. We are mainly concerned with

http://rcin.org.pl



36 M. Jézefik 30

the problem of how the self-protective mechanisms, potentially concealed
in the part of the species habitating the extreme zone and bearing in con-
sequence on the situation of the entire species, really work.

Such a situation was analysed (mainly in the aspect of functional connec-
tions) when discussing the crisis of the Squacco Heron in the years 1900-
1920 (JOzEFIK, 1969). The effect of human civilization was considered as
a factor disturbing the state of homeostasis — the extreme zone began to
increase relatively. In graph 13 such a situation is illustrated by a section
of curve B to the left from the value of 5,000. When the numbers decrease
theoretically from 5,000 down to 0 the per cent of individuals in the extre-
me zone would increase drastically almost in the exponential function.
Inasmuch as differences in the level of B in the right-hand side of the graph
in the case of an increase from 5,000 to 50,000 were expressed in per mille,
then in the section from 2,000 to 5,000 this difference increased to 1.5%/,,
between 1,000 and 2,000 to 3.5°/,, between 500 and 1,000 to 4°/,, and lastly
between 100 and 500 it reached 26°/,. It should be reminded that during
this period of crisis the numbers of A. ralloides, as compared with the state
for the 2nd half of the XIXth century, decreased by about 84°/, reaching
the lowest in the history of the species level of about 4,000 breeding pairs.
Thus the stability of theoretical proportions of the ecological zones of the
range was upset. Let us dwell a little longer on this somewhat hypothetically
considered situation.

With the numbers increasing relatively in the extreme zone and a si-
multaneous absolute decrease in the total numbers of the species, the chances
of a genetical diffusion from the extreme zone towards the centre of the
the range become more and more pronounced. Theoretically, the degree of
diffusion would increase even at a small drop in the absolute numbers of
the species (exponential dependence). We are not able to express this rela-
tionship in mathematical terms although it would be of prime importance.
Consequently I am going to devote more attention to the mechanism of
exchange between the zones (rotation — cf. JOzEFIK, 1969) in the condi-
tion of a danger threatening the species (crisis in the years 1900-1920) which
can have a bearing on the dependence mentioned.

In the situation of a natural deterioration of habitat conditions (e.g.
climatic factors), an increase in the extreme zone, as it should be expected,
would be a concentric one. If, on the other hand, the anthropogenic factor
is the limiting factor, the zone, beside its natural place in the outlying parts
of the range, spreads in a mosaic-like pattern into the centre of the range.
The problem is complicated by the fact that the differentiated character of
the natural part of this zone and the one formed by man has, as a con-
sequence, a different effect on the mechanisms of diffusion.

We have now to refer to the previously discussed (JOzerik, 1969) two
phases of regression connected with the anthropogeniec factor: a) until 1920 —
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the phase of a direct reduction of the species, b) period between 1921 and
1940 — the phase of an indirect reduction characterized by the transformation
of the habitat.

In the first of the two phases as a result of a strong dispersion of the
species an inflow of micropopulations from the outlying districts to the
central regions of the range could be expected. As the destruction of the
species assumed a regular character in the regions where the concentration
of breeding sites was highest, the effect was reversed. Once there were formed
larger groupings of sites in the marginal area, they were instantly discov-
ered and destroyed by man. Except certain sections the rotation covered
the entire range and it could, from the point of view of microevolutional
changes, result in a rapid development of anthropophobia. However the rate
of reduction was too rapid to be able to contribute to it, and thus the future
of the species was in an extreme danger. When we take into account that in
the course of 50-60 years the numbers of A. ralloides decreased by more
than 84°/, (cf. page 76), and the extreme zone covered an enormous part
of the range, in the sense of the effect of the anthropogenic factor, then it
should not be expected that there would be any chances of the occurrence
of mechanisms which would enable to “work out’ and fix “suitable” adapta-
tions, in spite of a considerable genetical diffusion.

In the second phase (reduction of the resources of the breeding habitat
and its transformation) the marginal sections formed in the depths of the
range were similar in character to habitat changes which occurred in a natural
way (JOzEFIK, 1969). Thus the density of population increased in separate
centres, and the outflow of some individuals to transformed habitats was
constantly intensified. As most of the habitat resources became modified,
the balance of rotation could not remain onesidedly positive or negative,
the diffusion of genetical material from the extreme zone (transformed
habitat) most probably intensified its rate especially that until the fourties
the numerical level of the species remained low. The result, and at the same
time the evidence, of this state of things is: a) the occupation of some of the
transformed habitats (rice cultures, fish-ponds, land-reclamation canals),
b) a general increase in the years 1941-1960 in the numbers of the species
by more than 30°/,, ¢) the occurrence of certain expansive tendencies in the
western, and recently in the eastern, regions of the range, which were ren-
dered possible only when new abilities to adapt to the tranformed habitat
had been acquired, d) changes (genetically, to a certain extent, already
fixed) in a number of ethological features contributed to the possibility
of existing in the habitat (including those already transformed) in the nearest
proximity to human settlements and the products of civilization encroach-
ments, i.e. synanthropization.

Microevolutional changes, among which synanthropization should be inclu-
ded, have not taken the species to the optimum state (homeostasis) and pro-
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bably, in view of the increasing rate of civilization progress, it will never be
reached. The extreme zone, in its various variations, will make up a considera-
ble per cent of living space within the range. Even if the unchanged reserves
are retained, it will probably be impossible to keep the Squacco Heron in its
“primeval” state, together with the species which do not easily yield to synan-
thropization. In view of that the course of the curves in graph 13, calculated as
derivatives of the curve of concentration, can only supply us with approxima-
te information on the future of the species and even that only in respect of
short periods of time. Taking into account the numerical state of the species
in the years 1941-1960 (about 10,000 breeding pairs — JO6zEFIk, 1969), while
now (1968) it far exceeds 100,000 pairs (!), and relating it to the course of cur-
ve B, we could expect a stabilized situation of the species. Whether this wil
be supported by facts only future studies can answer.

Thus here there is some additional evidence in support of the theory
(ef. page 84) which correlates the rate of genetical flow and microevolu-
tional changes with the general numerical state of the species. Only a thesis
should be added here (treated hypothetically) that the rate of these changes
increases probably logistically in relation to the decrease in the numbers,
which however does not exceed a certain specified critical level.

This phenomenon can be treated as one of the more important self-
-preservation and compensating mechanisms of the species in the periods
of considerable secular oscillations in the numbers. Probably at one of the
points of decent of curve B there exists a ‘““zone of the critical level” within
which the general effects of individual variability (mutations) and selection
coupled with the rate of genetical exchange and of fixing the newly acquired
features enable the species to get out of the crisis in a relatively short time. De-
pending on the character and intensity of the limiting factor (group of factors),
the “critical zone” can be exceeded and even if the effectiveness of this factor
is considerably reduced, the species may be faced with total destruction. In the
case of A. ralloides the ‘“critical zone’ (as well as the critical size of the gene-
ral population) lies probably below the level of 1,000 breeding pairs.

CONCLUSIONS

1. The point where the curves presenting the distribution of the size of
sporadic and regular sites intersect, coincides with the mode of the general
distribution of the size of sites — they determine the ecritical size of
regular sites.

2. The citrical size of sites in the parallel cross-section of the range increases
from west to east in a curvilinear function. This increase is determined by
an intensification of isolation in time and space, towards the eastern ends
of the range, between micropopulations in the post-breeding period and the
gradient of the effect of reducing factors (beasts of prey, hunting).
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3. In the meridian cross-section the critical size of sites increases from
south to north which can give us an idea of the average rate of reduction
in the period of nomadic movements and migrations in the annual ecycle
along the route between northern and southern regions of the range.

4. The distribution of the critical and average size of sites in the parallel
cross-section provides ground for concluding on the ecological vitality of the
species. This distribution depends to a large extent on the effect of the an-
thropogenic factor. The anthropogenic stress and ecological vitality are in-
tercorrelated with each other — it is an inversly proportional correlation.

5. The average size of sites in the cross-section analysis considered from
the point of view of dynamies displayed a considerable geographical varia-
bility.

6. The general distribution of the size of sites and the curve of concentra-
tion show considerable stability as compared with the secular oscillations
in the numbers of the species. They are a reflection of general regularities
of the distribution of separate categories of habitats in nature. They can
help to carry out the extrapolation of the species numbers in the past.

7. The numerical concentration of A. ralloides is very high (5 = 0.72),
while its main potential in the Palearctic range is concentrated in several
large sites which make up only a small per cent of the total number of breed-
ing sites in the entire range.

8. In the case of the homeostatic state of the range the extreme zone is
habitated by a very small per cent of individuals. The diffusion of genetical
material towards the centre of the range is minimal, and the same is true
about the rate of microevolutional changes.

9. When there occurs a considerable (critical) decrease in the numbers
of the species, the stucture of the species concentration becomes disturbed,
the per cent of individuals in the extreme zone increases at exponential
rate, the genetical flow is intensified towards the centre, and the rate of
microevolutional changes increases as well.
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STRESZCZENIE

W rozdziale wstepnym autor definiuje ogélna koncepcje badan nad struk-
turg przestrzenng gatunku, ktora na przykladzie rozmieszezenia Ardeola
ralloides (Scor.) w palearktyeznej czeSci zasiegu bedzie przedmiotem analizy
w czeSciach IIL-V kontynuowanego cyklu. W krétkim zarysie uwypukla
autor powazne luki w badaniach nad przestrzenna struktura gatunku, za-
znacza, iz na tle badan nad struktura przestrzenna populacji (przewaznie
owadzich) dziedzina ta ledwie zostala zapoczatkowana, chociaz znaczenie
jej dla rozwoju teorii ewolucji, a szczegélnie zastosowania w gospodarce
zasobami przyrody ma pierwszorzedne znaczenie. Cze§é 111 dotyezy zmien-
nosci wielkosei progowej (krytyecznej) i przecietnej populacji elementarnych
(mikropopulacji) zasiedlajacych poszezegdlne stanowiska legowe. Autor
koncentruje sie¢ wiec na wyjawianiu: a) podstawowych prawidtowosei warun-
kujaeych zmienno§é geograficzng wspomnianych parametréow, b) wplywu
na nie czynnika antropogenicznego oraz c¢) ich wspoélzaleznosei z innymi
cechami struktury przestrzennej.

W rozdziale drugim podana jest charakterystyka statystyczna rozkladu
wielko§ei mikropopulacji. Krzywe charakteryzujace rozklady dla XIX i XX
wieku (wykr. 1) sa Scifle skorelowane, stad rozklad ten autor uznaje za
wzglednie stalg ceche gatunku, jak réwniez pozostajaca w zaleznodei od niego
krzywa koneentracji gatunku (wykr. 2) oraz wskaznik koncentracji (n = 0,72).

Koncentracja liczebnodci A. ralloides jest bardzo wysoka — gtéwny jej
potencjatl w stosunku do olbrzymiej powierzehni zasiegu skupia sie w kilku-
nastu duzych stanowiskach. Wiekszo$é wiee stanowia w zasiegu mate stano-
wiska (np. ponad 50°/, stanowisk skupia zaledwie 6°/, liczebnogei gatunku).

Nakladajac na siebie rozklady wielko§ei stanowisk regularnych i spora-
dyeznych (wykr. 3), autor udowadnia, iz punkt przeciecia si¢ obydwu krzywych
pokrywa si¢ z dominantg rozkladu ogélnego, a réwnoczesnie wyznacza prog-
minimum wielko§ci stanowiska regularnego. Progiem minimum (wielko$ecig
krytyezna) okre§la on taka wielko§¢é stanowiska, ponizej ktorej zdolnosé
samoreprodukeji zasiedlajacej go mikropopulacji istotnie zostaje zaklécona —
stanowisko regularne przeistacza si¢ w sporadyczne, badz zanika. Praktycz-
nym sposobem wyznaczania progu-minimum jest obliczenie dominanty
rozkladu ogélnego wielkosei stanowisk.

Analizujae w profilu réwnoleznikowym przecietng wielko$é stanowiska
autor stwierdza, w odréznieniu od statofei rozkladu ogélnego, znaczng (uj-
mowang dynamicznie) zmienno§é geograficzna. W I polowie XX wieku ulegla
ona w poréwnaniu z XIX wiekiem oglénemu obnizeniu (wykr. 4), za§ w okre-
gie 1950-1960 znowu sie zwiekszyla, co pozostaje w §cistym zwigzku z charak-
terem oddzialywania czynnika antropogenicznego.

Wielko§é progowa stanowisk wypos§rodkowana dla obydwu stuleci (wykr.
6) wzrasta z zachodu na wschéd w funkeji krzywoliniowej. Warto§é progu-
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-minimum uwarunkowana jest izolacja czaso-przestrzenna poszezegdlnych
mikropopulacji wzgledem siebie, wielko$eia i charakterem ich redukeji w o-
kresie pozalegowym (koczowiska, wedrowki, zimowiska). Na redukeje w pro-
filu rownoleznikowym skladaja sie pozostajace wzgledem siebie w stosunku
odwrotnie proporcjonalnym dziatanie drapieznikéw — wieksze na wschodzie
— i odstrzal (lowiectwo, klusownictwo) — przewazajacy na zachodzie. Okres
izolacji miedzy mikropopulacjami jest wiekszy na wschodzie, dluzsza i bar-
dziej niebezpieczna jest tez trasa wedréwek mikropopulacji wschodnich.
Stad roéznica wartodei progowych wielkogei stanowisk miedzy krancem
wschodnim a zachodnim jest bardzo znaczna (ponad 50 par), stad tez we
wschodnich regionach zasiegu zasiedlone sg tylko wieksze kompleksy bioto-
péw wodno-blotnyeh o znacznej pojemnosei ekologicznej.

O rozmieszezeniu w profilu puludnikowym liezebno$ci gatunku gradient
termiczny decyduje posrednio — najwieksze stanowiska koncentruja sie
w poblizu granicy poélnocnej zasiegu (wykr. 8). W kierunku poludniowym,
wraz z deficytem zasob6éw stodkowodnych, wzmaga sie ograniczajacy wplyw
czlowieka. Progowa wielko$§é stanowisk wzrasta ku poélnocnej granicy (réz-
nica 13 par). Daje to poglad o wielkoSei redukeji mikropopulacji podezas
koczowisk i przelotéw w eyklu rocznym na odeinku trasy miedzy p6éloenymi
a poludniowymi regionami zasiegu (odleglosé okolo 1800 km).

W kolejnym rozdziale analizowany jest wplyw czynnika antropogenicznego
na wielko§é rozpatrywanych parametréw. Uklad krzywyech progu-minimum
i wielkoéci przecietnej stanowiska (wykresy: 6, 8), wedlug autora, jest jednym
z bardziej istotnych momentéw struktury rozmieszezenia, dajacym poglad
na ogdlna sytuacje biologiczna gatunku. Im bowiem wyzsza warto§é w danym
punkeie zasiegu w profilu réwnoleznikowym osigga réznica miedzy tymi krzy-
wymi, tym wieksza jest szansa dalszej ustabilizowanej, niezagrozonej egzy-
stencji gatunku, tym wieksza jest jego odpornosé na kleski losowe, tym wieksza
witalno$é ekologiczna charakteryzuje gatunek. Ze zmniejszeniem sie¢ réznicy
do zera (krzyzowanie si¢ krzywych A, B na zachodnim i wschodnim kraneu
zasiegu) obniza si¢ réwniez witalno§é i gatunek w danym regionie zanika.
Sytuacja taka zostala opisana wezesniej w zakaspijskiej czesei zasiegu (JO-
ZEFIK, 1969), gdzie zanik tamtejszej populacji spowodowal przesuniecie si¢ gra-
nicy wschodniej ku zachodowi o ok. 1200 km.

Autor proponuje przyjecie powierzehni pola zawartego miedzy krzywymi
A, B jako wskaznika witalnosci ekologicznej gatunku (V) — patrz wzoér (1)
str. 74, poréwnaj wykr. 6. Uproszezonym wskaznikiem V moze tez by¢ stosunek
przecigtnej (A) do progowej wielkosei (B). Nastepnie analizuje on historyeznie
wplyw na poziom i przebieg obydwu krzywych czynnika antropogenicznego,
ujawniajac jego zlozony charakter. Autor udowadnia, iz obnizanie si¢ przeciet-
nej wielkosei stanowisk jest wyrazem negatywnego oddzialywania tego czynnika,
natomiast obnizanie sie progowej wielkosei jest efektem korzystnego dla ga-
tunku wplywu czlowieka. Stad stosunek A /B przyja¢ mozna jako ogélny wy-
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raz wplywu wspomnianego czynnika. Wraz z obnizaniem sie¢ wartosei A /B
maleje witalno§é i narasta stress antropogeniczny. Autor udowadniz, iz od-
wrotno§é wyrazenia (1), tj. V-1, przyja¢ mozna jako wskaznik stressu antropo-
genicznego (8,) — patrz wyrazenie (2) str. 76. Stad wyprowadza on ogdlny
wzOr na obliczenie S, w stosunku do danego w profilu réwnoleznikowym sektora
zasiegu — patrz wyrazenie (3) str. 76. Nasilenie stressu antropogenicznego
we wspomnianym profilu (wykr. 7) jest najwyzsze na krancach zasiegu (S, ~ 1).

W przedostatnim z rozdzialéw autor dowodzi, iz lewostronna asymetria
rozkladu ogélnego wielkosei mikropopulacji oraz zarys krzywej koncentracji
W pewnej mierze 83 odbiciem ogélnych prawidlowosei rozkladu poszezegolnych
kategorii biotopéw w przyrodzie. Stad, mimo oscylujacej w okre§lonych gra-
nicach liczebnosei gatunku obydwa parametry sa do$é ustabilizowane i poshu-
zy¢é mogg do ekstrapolacji liczebnosei gatunku w przeszlosei, jak rowniez
teoretyeznego modelowania niektorych sytuacji. W tym celu autor poshi-
gujac sie tabelarycznym zestawieniem (tab. 1) koneentracji gatunku oraz wzo-
rami na ekstrapolacje liczebnogei par legowyeh (wyrazenie (4)) oraz stanowisk
(wyrazenie (b)), dochodzi do wniosku, iz A. ralloides nawet przy przypuszezal-
nym zajmowaniu w przeszlosci do 1000 stanowisk nie mogla byé gatunkiem
dogé liecznym (wykr. 10). Proporcje miedzy liczba stanowisk a liczebnoseia
par legowyech sa do§é stale (wykresy: 11, 12); ulegaja one przesunieciu po ob-
nizeniu sie liczebnosci ponizej 5000 par.

Na podstawie rozmieszezenia stanowisk malych z nie ustabilizowanymi
mikropopulacjami (sporadyezne, ze znacznie oscylujaca liczebnoseig) autor
wydziela w zasiegu obok strefy optymalnej, strefe ekstremalna (pessimum
ekologiczne). Przy homeostatyeznym stanie zasiegu strefe te zasiedla minimal-
ny staly odsetek osobnikéw (6°/, populacji generalnej).

W dalszej czefci pracy, w oparciu o modele teoretyczne (wykresy 10-13)
i material dotyczacy sekularnych oscylacji liczebnodei przedstawiono hipote-
tycznie mechanizmy przeplywu genetycznego i przebieg niektorych procesow
mikroewolucyjnych. Przy ustabilizowanym stanie zasiggu minimalne jest
przenikanie ze strefy ekstremalnej materialu genetycznego w glab zasiegu,
minimalne jest tez tempo zachodzgeych zmian mikroewolucyjnych (np. proce-
séw synantropizacji). Przy znacznym obnizeniu si¢ liczebnosei odsetek osobni-
kéw w strefie ekstremalnej zwieksza si¢ wykladniczo, nastepuje tez intensyw-
niejsza wymiana genetyczna, co w zmniejszonej populacji generalnej w wa-
runkach ostrej selekeji ulatwia szybkie rozprowadzenie korzystnych mutacji.
Autor analizuje nastepnie sytuacje kryzysowa A. ralloides w latach 1900-1920
i stwierdza, Ze wobec znacznego tempa obnizania sie liczebnosei gatunku ge-
netyezne utrwalenie odpowiednich adaptacji bylo niemozliwe. Dopiero w ostat-
nich dziesiecioleciach ujawnila si¢ wyrazniej synantropizacja, bedaca wyrazem
zmian mikroewolucyjnych, pozwalajacych opanowaé przeksztalcone srodowisko,
zwiekszyé liczebnodé oraz zrestytuowaé populacje w regionach poprzedniej

regresji.
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W zakoriczeniu autor wysuwa hipoteze, iz tempo przeplywu genetycznego
i zmian mikroewolucyjnych w stosunku do pewnego odecinka obnizania sie
liczebnogei gatunku (strefa krytyczna) wzrasta w funkeji logistyeznej. Faza
logarytmiczna tego wzrastania jest prawdopodobnie najistotniejszym mecha-
nizmem samozachowawezym w sytuacjach krytyeznych u progu totalnego
wyginiecia gatunku.

Objaénienia do wykreséw i tabeli:

Wykr. 1. Rozklad wielkoSci stanowisk legowych A. ralloides w ujeciu procentowym.
z — przedzialy klasowe wielko§ei stanowisk, y — odsetek stanowisk w stosunku do ich
og6lnej liczby (skala dla krzywych 4, B, 0), 2 — znaczenie — jak y (skala dla krzywej E),
A — XIX wiek, B — XX wiek, 0 — wypadkowa dla XIX i XX wieku, D — dominanta
krzywej O, E — ogniwa szeregu kumulacyjnego (XIX i XX wiek lacznie).

Wykr. 2. Krzywa koncentracji A. ralloides w palearktycznej czeSci zasiegu (XIX i XX
wiek lacznie). @ — liczebno$é stanowisk w ujeciu procentowym, y — liczebnosé par le-
gowych w ujeciu procentowym.

Wykr. 3. Rozklad wielkosci stanowisk regularnych i sporadycznych A. ralloides w
ujeciu procentowym (pod uwage wzigto klasy od 1 do 100 par; XIX i XX wiek lacznie).
@ — przedzialy klasowe wielkosei stanowisk, y — liczebno$é stanowisk (skala dla krzywych
B, 0), z — znaczenie — jak y (skala dla krzywej A), A — rozklad stanowisk regularnych
i sporadycznych lacznie, B — rozklad stanowisk sporadyeznych, O — rozklad stanowisk
regularnych, D — dominanta krzywej A.

Wykr. 4. Wielko$é stanowiska w profilu réwnoleznikowym. z — dlugo$é geografi-
ozna, y — wielko§é stanowiska wyrazona liczba par legowych, 4 — II polowa XIX
wieku, B — I polowa XX wieku, ¢ — okres 1950-1960.

Wykr. 5. Wielkoié stanowiska w profilu poludnikowym. @ — szerokofé geograficzna,
y — wielkoéé stanowiska wyrazona liezba par legowych, 4 — II polowa XIX wieku, B — I
polowa XX wieku, C — okres 1950-1960.

Wykr. 6. Zmienno&é wielkosci progowych stanowisk regularnych i przecigtnych wiel-
koéci wszystkich stanowisk w profilu réwnoleznikowym zasiegu (XIX i XX wiek lacznie;
§rednie ruchome). @ — dlugo§é geograficzna, y — wielko§é stanowisk w liczbach bez-
wzglednych, A — przecigtna wielkosé stanowisk, B — wielko§é progowa stanowisk regular-
nych, P — pole miedzy krzywymi A, B = ¥V — wskaZnik witalnofci ekologicznej.

Wykr. 7. Stress antropogeniczny w profilu réwnoleznikowym (XIX i XX wiek
lacznie). @ — dlugo§é geograficzna, y — logarytmiczna skala wskaZnika Sg.

Wykr. 8. Zmienno&é wielkosei progowych stanowisk regularnych i przecigtnych wiel-
koéei ogblu stanowisk w profilu poludnikowym zasiegu (XIX i XX wiek lacznie). » — sze-
roko§é geograficzna, y — wielkosé stanowisk w liczbach bezwzglednych, 4 — przecigtna
wielko$é stanowisk, B — wielko§é progowa stanowisk regularnych.

Wykr. 9. Hipotetyczny rozklad wielkoSci zasobéw biotopéw legowych A. ralloides na
tle rozkladu wielkoéci jej stanowisk legowych. z — przedzialy klasowe wielkoSci stanowisk
legowych. z — przedzialy klasowe wielkosci stanowisk legowych oraz wzglednej wielkoSci
zasobow biotop6éw legowych, y — liczebnofd stanowisk w ujeciu procentowym oraz wzgledna
liczebnoéé stanowisk biotopéw legowych, A — hipotetyczny rozklad zasobéw biotopéw
legowych, B — rozklad wielko§ci stanowisk legowych.

Wykr. 10. Teoretyczna zalezno&é liczebnosei gatunku od liezby stanowisk legowych.
@ — liczebnoéé stanowisk, y — liczebnoéé par legowych.
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Wykr. 11. Teoretyczna wspélzalezno$é wzrastania liczby stanowisk (4) i liczebnofei
par legowych (B). # — wzgledne jednostki czasu, y — liczebno$é par legowych, z — li-
czebnosé stanowisk legowych.

Wykr. 12. Teoretyczna zmienno§é procentowych proporeji liezby stanowisk i licze-
bnoéei par legowych A. ralloides w zalezno$ei od poziomu liczebnodei gatunku.
— liczebno$é par legowych, y — iloraz procentowyeh proporeji liczby stanowisk i
liczebnoéci par.

Wykr. 13. Teoretyczna zmienno$é proporeji liczebnogei stanowisk i liczebnosei par
legowych w ekstremalnej i optymalnej strefie zasiegu przy réznym poziomie liczebnodei
gatunku, @ — liczebnosé par legowych, y — liczebno$é stanowisk w stiefie ekstremalnej w
stosunku procentowym do ogélnej ich liczby w zasiegu, ¢ — liczebnoéé stanowisk w strefie
optymalnej w stosunku procentowym do ogélnej ich liczby w zasiegu, 4 — krzywa stosunku
procentowego stanowisk w obydwu strefach, B — krzywa stosunku procentowego liczeb-
nosci par legowych w obydwu strefach.

Tab. 1. Koncentracja liczebnofei par legowych A. ralloides w zaleznosei od liczeb-
nosci stanowisk legowych i ich wielkogci (obliczone dla palearktycznej czeéci zasiegu na
podstawie 100-letnich danych). (1) — przedzialy klasowe wielkoéci stanowisk, (2) — pn odse-
tek liczebnodei par legowych, (3) — szereg kumulacyjny pn, (4) — ¢n odsetek liczebnosei

stanowisk, (5) — szereg kumulacyjny ¢n.

PE3IOME

Bo BCcTynuTeNbHOM IJIaBe aBTOPOM (OPMYJHpYeTCsi oOuias KOHNENIMsS HCCieno-
BaHHWI IO MPOCTPAHCTBEHHOH CTPYKTYpe BHJA, KOTOPYIO Ha MPUMEpEe paclpoCTpaHEHHs
xentoit nar, Ardeola ralloides (Scop.) B maneapkTuyeckoii yacTu ee apeana 6yaer oH
a"anusupoBath B III-V wacTax mpomoikaeMoro mukia. B KpaTkomM ouepke aBTop,
yKa3piBasi HA 3HAYATENbHBIC MPOOEIBI B MCCIEOBAHMAX 1O NMPOCTPAHCTBEHHOM CTPYKTY-
pe Bhza, NOAYEPKUBAET, YTO 1O CPABHEHHUIO C H3yYEHHEM TPOCTPAHCTBEHHOMN CTPYKTYpBbI
NOMyJIsAUKMK (IJaBHBIM 00pa3oM HaceKoMble) aTa 06JacTh eaBa HaYaTa, XOTs ee 3HA4YCHHE
JUISL PAQ3BATHS TEOPHH OBOJIIOLMH M OCOGEHHO JUIsi MPHMEHEHHsI ee B IPAKTHKE IPHPO-
JIOXO3IMCTBEHHBIX MEPOIPHUATHH HMEET IepBocTenennoe 3navenne. Hacrosmas 111 gacTe
LKA OXBATHIBAET BONPOCHI W3MEHYHBOCTH KPHTHYECKOM M CpeIHeil BeJHYHHBI 3JIe-
MEHTApHBIX MOMyJIANMA (MHKPONONYJISIAN) 3aCesSIOUMX COOTBETCTBEHHBIE MeCTa THe-
3/10BaHMs. ABTOP COCPEIOTAYMBACTCS HA CJEYIOIIMX BONpPOCAX: a) OCHOBHBIE 3aKOHO-
MEPHOCTH O00yClIaBIMBaIOLINe Treorpaduyeckylo M3MEHYMBOCTh pPacCMaTpPHBAEMBIX Ma-
pameTpos, 6) BO3JEHCTBAA Ha HUX AHTPONOIEHHOTO (haKTOpa, B) UX B3aHMO3aBHCHMOCTH
C ApYrMMH TlapaMeTpamMH MPOCTPAHCTBEHHON CTPYKTYPBI.

Bo BTOpOIi IjaBe aBTOPOM IIOJAETCHA CTATHCTHYECKAasi XapaKTepHCTHKA pacrpezee-
HHS BeJMYMHBI MHKponomymsuuu. Kpupbie Xapaktepusyrommue pacnpeneienne B XIX
u XX Beke (rpad. 1) cTporo Mexay coboii KOppenHpyroT, MOITOMY aBTOP CYHTAET HX
OTHOCHTEIHHO MOCTOSHHBIM NPU3HAKOM BH/A TakK, KAK M MOCTPOEHHYIO HEMOCPEICTBEHHO
Ha MX OCHOBE KPHBYIO KOHIEHTpauuH Bujaa (rpad. 2) m kodp(pHUUHEHT KOHUEHTpAIUH

(n = 0,72).
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KonueHTpauys YMCIACHHOCTH JKeJTOM LAIUIN BEChbMAa 3HAYATEIbHA — IO OTHOIICHUIO
K OrpOMHOI NOBEPXHOCTH IHE3/I0OBOTO apeajia KOHLEHTPUPYETCS OHA JIMIIb B HECKOJIb-
kux Oosplnmx Mectax rue3foBanusi. Takum o6paszom OGONBIIMHCTBO pa3dpOCAHHBIX IO
apeajly MECT THE3JJ0BaHUs 3TO HeOOIbIIHAE IHE3/10Bbsi — B CBbIIE 50 9%, MECT rHe310BAHHA
CKOIUIAIETCS JIMIIB TOJIbKO 69, YHCIICHHOCTH MCCIIe/lyeMOro BHJA.

ConocTaBiisiss BMECTE PaclpelesieHHe BeJTHYHHBI PEryJISPHBIX M CIHOPaJHYECKUX MECT
raesnoBauus (rpad. 3) aBTOp YAOKYMEHTHPOBAJI, YTO B TOYKE NepeceyeHust 0OeHX KPHBBIX
HaXOAMTCA TakXke Moza o0liero pacnpelesieHns BeJHYMHBI MECT THE3J0BAHHS, a TaKkKe
3TOT MYHKT OINpEIeNseT KPUTHYECKYIO BEJIHYHMHY PpEryJISpHOrO MeCTa THe3ZI0BaHHS.
Kpurudeckoii BeTMYHHON (IOPOr-MHHAMYM) Ha3bIBaeT aBTOP TAKOM YMCIIEHHBIH ypOBEHb
ONpeNesIeHHOT0 MeCTa THE3/I0BAHWS, HHXKE KOTOPOrO 3acesisiolasi 3T0 MEeCTO MHKpO-
NONyJISALHMST YyTPAYMBaeT CHoCOOHOCTE K CaMOBOCHPOM3BEICHHIO; PEryJsipHOe MecTo
THE3/I0BAHMS NEPEXOMUT K pa3psly CHOpPaJMYecKuX HMJIM NOJIHOCTHIO Hcye3aerT. IIpaxT-
YeCKHM Croco60M OnpefeSeHnus: KPUTHYECKOH BEJIUYMHBI MHKPONOMYJIAILHH SBIACTCS
BBIYHCJIEHHE MOJIbI OOIIEro pacrnpezeeHusi BeJUYHMHBI MeCT I'He3OBaHMS.

ABTOp, aHANHM3HPYsl B LUMPOTHOM paspese apeajia CPeHIOI0 BEJIHYHHY MECT THE3/10-
BaHMs, TPHXOJUT K BBIBOAY, YTO B OTJHYHH OT IOCTOSHHOTO XapakTepa obiiero pacrnpe-
JIeJIeHHAsT 3TOrO Iapamerpa, XapakTepusyeTcss OHa (paccMaTpuBaeMasi JUHAMHYECKH)
3HAYATEILHOM reorpaduueckoif n3MeHIHBOCTHIO. B mepBoii nmosioBuHe XX Beka, o Cpas-
nenuio ¢ XIX cronerneM, moasepriack ona B obmuM Mamrtabe cHmwkenuro (rpad. 4),
a B Teuenue 1950-1960 rr. oHa OmATH BO3pacia, 4TO TECHHIM 0Opa3oM ObLIO CBS3aHO
C XapakTepoM BO3JEHCTBHSI aHTPONOIeHHOro (hakropa.

KpuTuyeckas BeIMYHHA MHKPOIIOIYJISIHHA, pacCMaTpHBaeMasi B CpeiHeM Juls 06oux
cronerun (rpad. 6), BozpacraeT B KpHBOJMHEHHOH (pyHKIHHM ¢ 3amana Ha BocToK. Ee ypo-
BEHb OO0YCIaBIMBAETCs PACCMATPHBAEMOW BO BPEMEHH H B IPOCTPAHCTBE M30JsIMEH
OT/IEJIbHBIX MHKPOIONYJIALHA 110 OTHOILEHUIO APYr K ApPYrYy, CTENEHbIO M XapaKTepoM
PEAYKIMH 3THX MHKPOIOINY/ISUAA B HETHE3J0BOe BpeMs (Tpei- H IOCIe3T0BOH MEpHOJ,
KOYEBKH, IEPUO/I MATPALIHi ¥ 3UMOBOK). B IIMPOTHOM pa3pese apeajia Ha PeAyKIHIO BHA
CKJ1abIBArOTCs (DAKTOPBI OCTAIOIIMECS 10 OTHOLICHHUIO JPYT K APYry B 06paTHOM mpomop-
LMOHATBHOCTH — JOMMHHMPYIOIIEe Ha 3aHaje BIMSHUE aHTPOIOreHHoro (dakropa (oxor-
HYKH, 6pakoHepsl) K BOCTOKY MOCTENEHHO 3aMeIaeTcs OrpaHHYHBAIONIMM BO3ICHCTBHEM
XHIIHAKOB, KOTOPBIX YMCIEHHOCTh K BOCTOKY Bo3pacraeT. Kak ykaseiBaeT aBTOp, Ipo-
JOJKMTEILHOCTh BPEMEHHOM H30JISIUH MEX/y MHKDONOMYJISAIHIMH, Ha BOCTOKe 60Ib-
e, a Takke Gojee JumMHHBIE ¥ 00Jiee OMACHbIE MHIPANMOHHBIC ITyTH BOCTOYHBIX MUKpPO-
nonyysuai. [ToaToMy pasHuI@ MeXAy KPHTHYECKOH BEJIMYHHOW MHKpPONOIYJISIMH HA
3amajie ¥ BOCTOKE jocTuraer cseime 50 map, BCIEACTBHE Yero B BOCTOYHBIX paHoOHax
apeaja KejTasi LIS 3aceiseT eJMHCTBEHHO OoJjiee 3HAYUTENBHBIE IO TNOBEPXHOCTH
KOMILIEKCHI BOJHO-00J0THEIX OHOTONOB O OOJBIIONH 3KOJIOrHYECKOH BMECTHTEIHLHOCTH.

" O pacnpene/ieHHH YHCIEHHOCTH BHIA B MEPHIHAHHOM pa3pe3e TepMHYECKHH rpa-
JIMEHT WIPaeT TOCPEACTBEHHYIO POJbh — HamboJsiee KpYyMHBIE MeCTa IHE3/(OBAaHHS BHIA
CKOILTAIOTCS B TIOOJIM30CTH CeBEPHOM IpaHulE! apeana (rpad. 8). K rory, coBMecTHO ¢ Ha-
pactanueM AeduIuTa MPECHOBOIAHBIX PECYPCOB YCHIMBAETCS OTPaHHYHBAIOINEE BIHAHHE
yesiopeka. KpHTHYeCKas BeJHYHHA MHKPOIONYJIAIMHW BO3pacTaeT K ceBepy (pasHuua
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13 map), uto ob6pa3syer HarJIsgHO, B KaKOif CTENeHH MOIBEPraloTCs PEAYKIHH BO BpeMs
KOYEBOK H MHUIPALHOHHBIX HEPEJETOB B TIOJAUYHOM IHUKJIEC MHUKPONONYJSILHH HA IYTH
MEXy CeBEpHBIMM M FOKHBIMH OKpaumHamu apeajia (paccrosinue okoso 1800 km).

B ovepeaHOI Iy1aBe aBTOPOM aHAM3UPYETCS BINSHUE HA BEJHYMHY pAcCMaTPHBAEMbIX
napamMeTrpoB autpornoreHnoro (akropa. CoOTHOIICHHE KPUBBIX KPHTHYECKON M CpeHeit
BEJIMYHHBI MHKpononyasnun (rpaduku 6,8), Kak MOJYEpKHABACT aBTOP, SBIACTCS OIHHM
u3 GoJiee CyUIECTBEHHBIX MOMEHTOB NPOCTPAHCTBEHHOM CTPYKTYpPhI pacnpeieieHus Buaa
BHYTPH apeajla. 9TO COOTHOIIEHHE IO3BOJSET CHENaTh OOLIYIO OLEHKY OHOJIOrHYecKoi
CHTyaluu BHIa. Yem Gosiee BHICOKYIO pasHHIly B JAHHOM INYHKTE apeajia JOCTHTHYT 3TH
KpHBble, TeM OGojblle MIAHC HA JaJbHEHIlyIo, CTaOmIn3upoBaHHYI0, GE30MaCHY0 NpO-
JIOJDKHTENBHOCTh CyIECTBOBaHHWS BHJAA, TeM Oouiblle €ro yCTOMYMBOCTH INMPOTHB CTH-
XUifHBIX 6e1CcTBHIf, TeM GOoJIbIIe €ro HKOJIOrHYecKas BUTAIbHOCT. OIHOBPEMEHHO C YMEH-
LIIEHHEM 3TOM PAa3HHIBI M CHHKEHHEM ee K HyJIo (nepecevenne KpuBbix 4, B Ha 3amaHbIX
M BOCTOYHBIX OKpaMHax apeajia — cM. rpad. 6) moaBeprueTcsi TakkKe CHUXKEHUIO KOJIO-
ruyeckasi BUTAJbHOCTh BU/A, KOTOPBIH B JAHHOM pailOHE MOXET Jaxe IOJHOCTHIO HC-
4e3HyTh. Takoro poja cutyaius Obula paHblle ONKCAHA aBTOPOM [0 OTHOLICHHIO K 3a-
kacnmiickoit yactu apeana (JOZEFIK, 1969), rae ucye3HOBeHHE MECTHOM momyJisiuun (Tep-
pUTOpHasbHasi perpeccus) ObUIO NMPHYMHON NEPEeJBHKCHHS TPAHHUIBI apeajia HAa OKOJIO
1200 xm k 3anany.

ABTOp Npe/uaraeT CYHTaTh TMOBEPXHOCTb TOJIS MEXAY KpHBBIMH A, B B KauyecTse
rmoxasaTelisl 9KoJormyeckor ButanbHocTH Buaa (V) —ceMm. dopmyny (1) crp. 74, rpad. 6.
VipoueHHsIM MoKazaTeseM V' MoxeT GBITh Takxke 4yacTHoe u3 A4 : B (cooTHoLIeHHE cpe-
JIHEH BEJIMYMHBI K KPUTHYECKOM BeINYHMHE MHKPONOMYJSIHK). ABTOPOM HCTOPHYECKH
AHAJU3APYETCs BIUSHAE HA YPOBEHb 00EMX KPHBBIX AHTPOMOreHHOro (akropa, BCKpbI-
BaeTCA €ro CJ0XeHHOCTh. OH J0Ka3bIBAeT, YTO CHIKEHHE CpeIHEeil BEJIMYHHBI MHKPO-
MOMYJISIMA HACTYIAET BCJEACTBHE OTPUUATEIBHOrO BO3JEHCTBHUS 3TOro (hakropa, B TO
BpeMsi KaK CHHKEHHWE KPHUTHYCCKOH BETHYHHBI MHKPONONYJIAUAM SBJIACTCA pe3yJibTa-

A
TOM GHUOHPHﬂTHOI'O Uil BUAA BiOWsiHUSL 4enoBeka. OTClofa COOTHOLIEHHE —B- MOXHO

CYMTATH OOLIHM ITOKa3aTesIeM BO3/ICHCTBHSA AHTPOMNOICHHOI O (bakropa. OJIHOBPEMCHHO, Cco

A
CHHXXECHHEM BCJIHYHHBI E- YMEHLIACTCA KOJIOrHYEeCKast BUTAJIbHOCTD BUAA M YBEIIHYUBACT-

cst nassienne (stress) anrponoreHHoro (aktopa. ABTOpPOM J0Ka3bIBaeTCs, 4TO 0OpaTHOE
uncio Beipaxkenus (1), T. e. V' MOXHO NPHHATH B Ka4ecTBe MOKA3aTelisi CTENCHH JaBiie-
uus antponorennoro gakropa (8,) — cm. Gopmyay (2) crp. 76. OTcioga BEIBOAMT OH 06-
11yto opMyJty IS BBIYHCIICHHS BEJIHIHHBL S, 10 OTHOLICHHIO K IJAHHOMY CEKTOPY apeaJa
paccMaTpUBAEMOro B LIMPOTHOM pa3spese — cM. dopmyay (3) cTp. 76. Benmuuna gasiie-
HHSl aHTPONOTeHHOro (pakTopa B IIHPOTHOM pa3pese apeana (rpad. 7) maubosee Beauka
HA 3amajHbBIX M BOCTOYHBIX pybexax apeana (S, ~ 1).

B npeanociejneii IjaBe aTopoM KOHCTATHPYETCS, YTO JIEBOCTOPOHHSAS aCHMMETPHS
obimero pacnpejieieHHs Cpe/IHeil BEIMYHHbI MHKPOTIONYJIALHMH, & TAKKE XOJ KPHBOW KOH-
UEHTpanan OTOOPaXaloT B M3BECTHOH Mepe oOI(He NpaBHJIa PaCHpe/eseHuii COOTBET-
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CTBEHHBIX THIOB OHOTONOB B npupoze. OTcIo/1a, HE3aBUCHMO OT KOJeOaumil YHCIEHHOCTH
BuIa 06a mapamerpa XapaKTepH3yrOTCs AOBOJLHO XOPOIIO BBIPAXKEHHOMN CTAOUIBHOCTHIO
¥ MOXHO WMH BOCHOJIB30BATHCS JUIS KCTPANOJISIUMA YUCICHHOCTH MCCIEAYEMOro BHIA
B TIPOLIJIOM, @ TaKXKe /Ul TEOPETHYECKOTO MOJEIMPOBAHUA HEKOTOPHIX CATYAIlHH B €ro
ucropun. C 3TOH 1EIbIO ABTOP, MOJb3YSCh TAOMMYHBIM COMOCTABICHHEM JIAHHBIX KOH-
uenTpauun Buaa (tab. 1) m GopmyramMH 9KCTPANOJISIMUKA YHCIEHHOCTH THE30BBIX Tap
(bopmyna (4)) u yHcneHHOCTH MecT rue3noBanus (popmyna (5)) IPUXOAMT K BBIBOAY,
YTO JKeJaTasl NAIuls, €cIM MpeANoJOXHThb, YTO B mpouuioM 3acemssia o 1000 mecr
rHE3710BaHMs, TO OJIHAKO HE MOrJia OHa OBITh OYEHb MHOIOMHCJICHHBIM BHAOM (rpad.
10). Tlpomopuuu MekIy YHCICHHOCTBIO MECT THe3/(0BAaHHS M YHCJIOM THE30BBIX Iap
ABJISIFOTCSL OBOJIBHO MOCTOsiHHBIME (rpad. 11, 12); 3aMeTHBIE CABHTM HACTYNIOAT MOCI]E
CHMXKEHHsS YMCIIeHHOCTH Buaa Hike S000 map.

ABTOp TpHHMMAs 3a OCHOBY pacHpelesieHHe IO apeajly MajbIX MECT IHe30BaHHs
C HEeypaBHOBELUEHHBIMH KOJICOAHMSMHU YHCIEHHOCTH 3acCelsIOLNX MX MHKPOMOMYJIALHH
(criopajnyeckue Mecta THE3J0BaHHS), KPOME ONTHMAJBHOH 3KOJOTHYECKH 30HBI BbIjle-
JISeT B Ipelelax apeayia 30HY 3KOJIOTHYECKOro reccuMmyM (skcTpemalibHas 30Ha). [lpu
JIMHAMMYECKH YPABHOBEILEHHOM COCTOSIHMM YHCJICHHOCTH BHMJa B apeaje (roMeocTasnc)
30HY 9KOJIOTHYECKOI0 TMECCHMYM 3acessieT MHHUMAJbHbI ¥ NOCTOAHHBIA NPOLEHT 4u-
cienHocTH BuAa (69, oOmieif YHCICHHOCTH).

B mocienyromux yacTsx paboThl, OCHOBLIBASICH HA TEOPETHUYECKUX MoJensx (rpad.
10-13)  Ha JaHHBIX KACAIOLIMXCS BEKOBBIX KOJEOaHMM YHCIEHHOCTH aBTOPOM IpeCcTa-
BJISIIOTCS THIIOTETHYECKHE MEXaHHW3MBI I€HETHYECKOrO IOTOKAa M XOJa HEKOTOPBIX Ipo-
LEeCCOB MHUKpPO3BOJIIONUH. IIpH AMHAMHYECKH ypaBHOBELIEHHOM COCTOSHHM apeaja W 4u-
cieHHOCTH BHza an(dy3us IeHeTHYecKoro MaTepuana M3 30HbI 3KOJIOTMYECKOIO Iiec-
CHMYM BriyOb apeajia SIBJISIETCS OYEHb HE3HAYMTEJIBHOM, B MHHHMAJIbHOM TEMIIE Ipo-
XOIAT TakXe MHKPOAIBOJIONMOHHBIE M3MEHeHHs BHAA (HampuMep MHHHMAJIbHOE TPO/JI-
BHJKCHHE TPOLIECCOB CHHAHTPOMHU3aluH). B cliyyae 3HAYUTEIBLHOTO CHHXEHHs YHCICHHO-
CTH BHIA NPOLEHT ocoOeif 3acessIFOUIHX 30HY 9KOJIOIHYECKOrO MeCCHMyM BO3pacTaTer
HKCINOHEHIMAJIBHO, YCHINBACTCA 3HAYMTEIBHO ICHETHYECKHH OOMEH MeX/1y 30HaMH,
YTO B YCJOBAAX OOLIEH HU3KOH YHCICHHOCTH BHJA, U NPH OCTPOM €CTECTBEHHOM O0TOOpe
6J1arOnpHATCTBYeT OBICTPOMY PAacHpOCTPAHEHUIO ITIOJIE3HBIX MyTaluH. ABTOPOM aHaju-
3UpYeTCs KpU3MCHasi cHTyauus Bujaa B mepuox 1900-1920 rr. — npH TOrJaluiHeM CHH-
KEHUH YHCJICHHOCTH BUA U OCOOEHHO MPH 3HAYHTENBHBIX TEMIaxX 3TOr0 CHHXXEHHS reHe-
THYECKOE 3aKperuleHWe COOTBETCTBEHHBIX aJaNnTalMd HE NpPeJCTaBIIAIOCh BO3MOKHBIM.
TOJNBKO B IEPHOJ TOCIEAHUX MCCATHICTHH YeTKO ONPEJeMINCh NMPU3HAKH CBA3AHHBIC
C CHHAHTpONM3auMed BHAA, OGiarojaps KOTOPOM JKeaTas LA CMOIJIa MPHCIOCOOHTh-
csi K mpeoOpa3oBaHHBIM OHOTONAM, 3HAYMUTENBHO YBEJIHYHTH CBOXO YHCIIEHHOCTH M BOC-
CTAHOBHTH €¢ B paifoHaX, /e NpeKae ucyesna.

B 3akiIi0¥eHMH aBTOPOM BBIJIBUTAGTCS THIIOTE3a, YTO CKOPOTChH I€HEeTHYECKOro IO-
TOKA M TeMIIbI MUKPOIBOJIFOIHOHHBIX H3MEHEHHI 10 OTHOLICHHIO K ONpE/esICHHBIM Ipa-
HUIIAM CHIDKEHHS YHCIEHHOCTH BHJa (Ha KPHBOM CHWKEHWSI YHCICHHOCTH KPUTHYECKHM
OTpE30K) BO3pacTaroT B Jormcruyeckor ¢ynknuu. Jlorapudpmuyeckas dasa sToro Bos-
pacTaHus, KaK IpeAnojaraeT aBTop, ABIACTCA OAHMM M3 OoJiee CyNIECTBEHHBIX MEXaHH-
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3MOB CaMOCOXpaHCHHsI BHIQA, KOTOprﬁ Haxonascb B Kpu‘mqecxoii CHUTyallHH, OKasaJiCsa
Ha TpaHH TOTAJILHOI'O BBIMHPAaHHS.

O6wsicnennst K rpaduxkam u Tabimue:

I'pad. 1. Pacnpenesienne BeJIMYHHBI MAKPOIONYJISLAH KEJITON LAIIH B MPONEHTHBIX COOTHOIIEHHSAX,
2 — KJIACCHI 110 BEJIHYMHE MUKPOIOIMYJISILHMH, ¥ — MPOLEHT MECT IHE3/I0BAHKS N0 OTHOILICHHIO K 00memy
ux yrcny (mkana s kpuebix A, B, C), z — 3nauenue, kak y (wkana xns E); A — XIX pek, B — XX Bek,
C — cpemmsast i XIX u XX cronerus, D — moxa kpuBoit C, E — orupa KymyJisiTuBHOro psma (XIX
H XX BeK BMeCTe).

I'pad. 2. KpuBas KOHUEGHTPAUMH YHCIEHHOCTH JKEJITOM LA B NajeapTHIECKOH dYacTH apeasa.
& — YUCIEHHOCTh MECT I'HE3/I0BAHMS B MPOLEHTAX, Y — YHCIEHHOCTH THE3/I0BBIX Map B NPOLEHTAaX.

I'pad. 3. Pacnpenenenne Be/IMYAH PEry/IsAPHBIX M CIOPAJHYECKHX MECT THE3J0BAHMS B IMPOLCHTHBIX
COOTHOIICHUSIX (MPHHEMAIMCH BO BHUMaHue Kinaccel 1 xo 100 map; XIX u XX Bex BMeECTE). & — KJIACCHI
[0 BEJHYHHE MECT THE3[[0BaHMsl, ¥ — YHCJIEHHOCTh MecT rHeszoBamms (mkana mis kpuseix B, C), z —
3HavYeHue, Kak y (mwkana st A), A — pacnupefesieHHe PeryJspHbIX H CIOPaNHYEeCKHX MECT THE3/[OBAHMS,
B — pacnpeiesieHue CriopaaMyecknx THe3MoBok, C — peryisipueiX, D — Moza KpuBoii A.

I'pad. 4. BenuyuHa MeCT THE30BAaHHA B IIMPOTHOM paspe3e apeaya. & — reorp. HOarora, y — Be-
JIMYAHA MECT rHe3foBanus (Muxkponony/siiuu) B napax, 4 — Il mososuna XIX Beka, B — I monoBuna
XX Beka, C — 1950—1960 rr.

I'pad. 5. BenuunHa MecCT IHE3ZXOBAHHS B MCPHIAMOHAILHOM pa3pes3e apeaja. # — Ieorp. IIHPOTa,
¥ — BEIMYHHA MECT THe370BaHus (MHKPONOIYJISLMH) BhIPAKEHA YMCJIOM THe310BbIX nap, A — II moso-
pura XIX Beka, B — I nonosuna XX Beka, C — 1950—1960 rr.

I'pad. 6. U3MEHYHBOCTE KPHUTHYECKON BEJIMYHHBLI PEryJIPHBIX MECT IHE3/I0BAHUS M CPEAHEH BeH-
YHHBI BCEX THE3/(0BOK B IIMPOTHOM paspese apeana (XIX m XX Bek BMeCTe). & — reorp. J0Jrora, y — Be-
JIMYHHA MECT THe3/10BaHus (MHKPOIOIYJISALMH) BLIPAKEHA YHCIIOM THEe30BbIX map, A — CpeqHss BeJYH-
HA THE3J0BOK, B — KpUTHYECKas BEIMYHHA PEryJiipHBIX THE3/IOBOK, P — I0Jie MeKAY KpuBbIMH A, B =
V' — mokazarellb 9KOJIOrHYECKOH BHTAIBHOCTH BHIA.

T'pad. 7. [Jdasienue anTponoreHHoro (akropa B IMpoTHOM pa3pese apeana (XIX u XX Bek BMecTe).
& — Treorp. A0Irora, y — norapupmMuveckas mkaga nokasatens Sq.

I'pad. 8. U3MEHMMBOCTH KPHTHYECKOM BEJIHYHHbLI PEryJIsipHBIX MECT THE3/I0BAHWS M CpEIHed Beiu-
YHHBI BCEX THE3[I0BOK B MEPHIMOHAILHOM pa3spese apeana (XIX u XX Bek BMecTe). & — Treorp. LIMpOTa,
Y — BeIMYMHA MECT THE3J0OBAHMS BBIPAXEHA YHCIOM THE3NOBBIX map, A — CpeJHssA BEIHYMHA THE30-
BOK, B — KpHMTHYECKasi BEJIMYMHA DPEryJISIPHBIX THE30OBOK.

I'pad. 9. I'nmoreTnyeckoe pacnpenesieHne BeIMYHHBI PECYPCOB IHE3/0BbIX OHOTONOB KeATOM Larim
B COINOCTABJICHHH C OOLIMM pachpe/eieHHeM BeIMYHHBI MECT THE30OBAHHS. & — KJACCHI IO BEJIHYMHE
MECT THE3[OBAHHS A TAKXKE IO OTHOCHTEILHON BEITHYMHE PECypCOB IHE3[OBBIX OHOTONOB, y — YHCIIEH-
HOCTh MECT T'HE3[0BAHMS B MPOLCHTHHIX COOTHOIICHUSIX M OTHOCHTE/IbHAS YHCIICHHOCTH MECT HaXOoxkiIe-
HHSl THE3MOBBIX OGHOTONOB, A — THIIOTETHYECKOE paslpeie/icHHe PeCypcoB THE3I0BBIX OmoTonoB, B —
pacrpezie/ieHie BeJIMYMHBI MECT THE3/(OBAaHHS.

I'pad. 10. Teoperndyeckasi 3aBUCHMOCTD YHCIICHHOCTH BHA OT YHCJIA MECT THE3JI0BAHMA. & — YHCIIO
MECT THe3/IOBAHHS, Y — YHCJIEHHOCTh THE3JOBBLIX IIap.

I'pad. 11. Teopernyeckass B3aHMO3ABHCHMOCTh YBE/IMYCHHS YHCICHHOCTH MeCT THe3zopaHus (A)
M YHCJIA THE3H0BLIX Hap (B). & — OTHOCTHTENHHBIC ¢AHHHUIIBI BPEMEHH, ¥ — YHCIIO THE3/(0OBBIX map, z —
YUCIJICHHOCTH MECT T'HE3IOBAHMS.

I'pad. 12. Teopernyeckasis H3MEHYHBOCTH NPOLEHTHBIX COOTHOLICHHI YHCITA MECT THE3JOBAHHS
M YHCJICHHOCTH T'HE3/I0BBIX HAp KEeJITOH LM B 3aBHCHMOCTH OT YHCIIEHHOTO YPOBHS BHAA. & — YHCJICH-
HOCTH THE3OBBIX IIAP, Y — YaCTHOE M3 IPOLEHTHBIX COOTHOINCHHI YHCIICHHOCTH MECT THE3IOBAHUSA
M YHCJIA THE3HOBBIX Iap.

http://rcin.org.pl



102 M. Jézetik 46

I'pad. 13. Teopernyeckass A3MEHYMBOCTH IPOMOPLMH YHCICHHOCTH MECT THE3JOBAHMSA W YHCIA
THE3/IOBBIX Nap B 30HE JKOJIOTHYECKOTO MECCAMYM M ONTHMYM apeajia IpH Pa3iHYHOM YHCICHHOM YpO-
BHY BAZA. & — YHCJICHHOCTH THE3J0BBIX MAp, ¥ — YHCAO MECT IHE3Z0BaHHs B 30HE 3KOJIOTHYECKOro Iec-
CHMYM B IIPOLICHTHOM COOTHOIICHHH K OOLIEH MX YHCIICHHOCTH IO BCEMY apeaily, Z — YHCIEHHOCTh MECT
THE3/{OBAHUS B 30HE HKOJIOTHYECKOTO ONTUMYM B IPOLEHTHOM COOTHOLIEHHH K OOIeMy MX YHCIIY B ape-
ane, A — KpuBasi NPOLEHTHBIX COOTHOIICHHI MECT rHe30BaHusA B 00SHX 30HaX, B — KpHBas NPOLEHTHBIX
COOTHOIICHHH YHCICHHOCTH THE3HOBHIX map B OOCHX 30HAX.

Ta6. 1. KoHueHTpalunsa YHCIEHHOCTH IHE3J0BbIX Nap JKeJATOH LAIUIA B 3aBHCHMOCTH OT YHCIEHHOIO
YPOBHSI MECT THE3JOBaHMS W HMX BeIHYMHLI (BETMYHMHBI MHUKPONOMY/ISIHK), (MaHHLIC BBIYHCICHHBIC IS
naJjieapKTHYecKOH YacTH apeasia Ha ocHoBanuu MartepuanoB u3 XIX u XX cromerns). (1) — xiaccer no
BE/IHYMHE MECT rHe30BaHusl (N0 BeJMYHHE MHKPONOMYJISiuK), (2) — py NPOLEHT O OTHOIIEHHIO K YHC-
JICHHOCTH THE3HOBBIX Hap, (3) — KyMyJaSTHBHBIA DX py, (4) — gn TPOLEHT IO OTHOIICHHIO K YHCIY
MECT rHe310Banud, (5) — KyMyJATHBHBIA DAX (n.
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