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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 (JÓZEFIK, 1969) the author analysed 
secular changes in the numbers and spatial distribution as they were affected 
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58 M. Józefik 2 

historically by the anthropogenic factor. Less attention was devoted to 
struct,ural 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 (critical 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 (JÓZEFIE, 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; (c) 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. Eetaining 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 
dynamic 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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3 Studies on the Squacco Heron. Part III 59 

Eeview of the history of inTestigations 

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 CANDOLLE (1855) waa 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 formidas 
which determined the relation between the number of species and the size of the study area 
(AEBHENIUS, 1921; GTLEASON, 1022, 1925; WILIAMS, 1943; VESTAL, 1949); next the investi
gators concentrated on the interrelationships between the philogenetic age of the species 
and the area occupied (WRIGHT, 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; TERENTTEV, 1958), in the distribution of numbers within 
separate species in polyspecific communities (FISHER, CORBET, WILLIAMS, 1943; MAC-
ARTHUE, 1957; GLADKOV, 1958), in the distribution of the number of species, types etc., 
and the area of their range on the level of the higher taxonomic units, so perfectly and 
accurately analysed by PHESTON (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 
Zoogeographie 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, whUe 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 to interpret this structure from the point of view of biological func
tionality (BEKLEMISHEV, 1960; ANDREWARTHA, 1961; MACPADYEN, 1963; ODUM, 1963; 
KERSHAW, 1964; ELTON, 1966; LEVINS, 1966; MACARTHUR, 1966; MACARTHUR, CONNELL, 
1966; NOVOZHENOV, 1966; PIELOWSKI, 1966; SOUTHWOOD, 1966; WATT, 1966; LEWIS, TAY
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; POLIVANOV, 1957; DERAMOND, 1959; SOUTHERN, 
1959; WYNNE-EDWARDS, 1959; HOVARD, 1960; MEUNIEK, 1960; CRAGG, 1962; SLOBODKIN, 
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1962; BKEWEE, 1965; CLARK, EVANS, 1964; SHVARTS, 1965; DUBININ, 1966; STROTETSCH-
KOVSKIT, 1966; DUBININ, GLEMBOTSKIT, 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 (ISAKOV, 1949, 1957; MIKHETEV, 1950; 
WERTH, 1960; VORONTSOV, 1960; NAUMOV, 1965; PAYUSOVA, 1965; JÓZEFIE, 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 MATB in Ms recent work (1963). Although, as it was 
stressed by PETRUSEWICZ and TROJAN (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). ARNOLDI (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: "The 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, ARNOLDI, 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 ARNOLDI considered as an ideal not the knowledge of the entire range 
but only its large section. Discussing further the achievements in this field he stressed that, 
"as 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." (ARNOLDI, 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; ZAVADSKIT, 1961; 
VORONOV, 1963; ARTEMTEV, 1964; JÓZEFIK, 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 OLENOV (1961), ER-
LICH and HOLM (1963), MATE (1963), SAVAGE (1963), HANSON (1966), and FORD (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 
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within the breeding area hut also within the entire range. Some questions have heen tersely 
and succinctly formulated by ISAKOV (1963a, b) and ROKITSKIT (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 
economic utility, have been put forward by VOBONOV (1858) and many other investigators 
of the Soviet school (ARTEMYEV, 1964; ISAKOV, 1963a, b; KIZYAKIN, 1963; KOKOVITSYN, 
1963; LYUBISHTSCHEV, 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, 
etc., stressed by numerous authors (ALLEE and SCHMIDT, 1951; ARNOLDI, 1957; BEKLE-
MISHEV, 1960; CRAGG, 1962; DARLINGTON, 1957; DERAMOND, 1959; FORD, 1964; GLADKOV, 
1958; 1960; ISAKOV 1949, 1957; KALELA, 1957; KURAZHSKOVSKIY, 1957; LACK, 1954; 
MAYR, 1963; MEXJNIER, 1960; PETRUSEWICZ, 1959; POLIVANOV, 1957; SLOBODKIN, 1962; 
TERENTIEV, 1958; VORONTSOV, 1964; VORONOV, 1958; WERTH, 1960; WYNNE-EDWARDS, 
1959; ZAVADSKIY, 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 Ä. 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 (JÓZE-
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 fluctuated 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 cycle will be discussed only margin
ally, and more space will be devoted to them in the IVth and Vth parts of 
the series. 

aEOGRAPHICAL 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 

fyJ^O i100(z} 

1000 <1000 
( x )  

Graph 1. Distribution of th.e size of Ä. ralloides breeding sites expressed in per cent, x — class 
intervals of the size of sites; y — per cent of sites in relation to their total number (scale 
for curves A, B, 0); z — the same as y (scale for curve E)-, A — XlXth century; B — XXth 
century; 0 — resultant for the XlXth and XXth centuries; D — mode of curve C; E — ogive 

of the cumulative series (XlXth and XXth centuries together). 
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together. The distribution mentioned for the XlXth century is represented 
in graph 1 by curve A, and for the XXth century by curve B. Curve C is the 
resultant of the two previous ciirves. The course of curves B and A is closely 
intercorrelated although the secular changes discussed previously (JÓZEPIK, 
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+10.6, a = 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 Ä. ralloides concentration in the palearctic part of the range (XlXth and 
XXth centuries together), x — number of sites expressed in per cent; y — number of 

breeding pairs expressed in per cent. 

course of curve C 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 G 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 1.020/0 
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; XlXth and XXth 
centuries together), x — class intervals of the size of sites; y — number of breeding sites 
(scale for curves B and 0)-, z — the same as y (scale for curve A); A — distribution of regular 
and sporadic sites together; B — distribution of sporadic sites; G — distribution of regular 

sites; 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"/o 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 e.OG^/o of the species 
numbers; in SO^/o of the sites approximately 20"/o are concentrated, while 
ÖO^/o of the total number occupy as many as 95®/o 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 — JÓZEPIK, 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 r] = 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 sporadic sites presented 
in graph 3 (curves B and G) 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 sporadic, and conversly — more numerous sites 
are mostly regulai. 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 (JÓZEFIE, 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 wiU 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 conclusion 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 (0) 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 G 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 Ilnd part of the series dealing with A. ralloides (JÓZEFIK, 
1969). I discussed then secular oscillations in the number of sites and in the 
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Graph 4. Size of sites in tŁe parallel cross-section, x — geographical longitude; y — size size Size Graph 
of sites expressed by the number of breeding pairs; A — 2nd half of the XlXth century; 

4, 

B — 1st half of the XXth century; 0 — 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 XlXth century (curves A), for the first half of the XXth 
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11 Studies on the Squacco Heron. Part III 67 

century ( B ) ,  and for the years 1950—60 ( G ) ,  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 XlXth 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, x — geographical latitude; y — size 
of sites expressed by the number of breeding pairs; A — 2nd half of the XlXth century; 

B — Ist half of the XXth century; 0 — period 1950-1960. 

This decrease was particularly evident in the middle Danube and the Caspian 
centers, i.e. in those regions where until the 1st 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 Iłforth Italian center. 

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 
(JózEFiK, 1969). When the vogue for egret feathers reached its culmination 
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(beginning of the XXth centtiry) 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 tuxn 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. JÓZEFIK, 1969). 

Changes in the average site size in the parallel cross-cestion undoubtedly 
reflect the previously analysed (JÓZEFIK, 1969) effect of the anthropogenic 
factor (of. 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 
XlXth 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 neighboiu'ing 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-LEES (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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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 

•a ( y )  1 0 0  
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Graph 6. Variability of the critical size of regular breeding sites and the average size of all 
the sites in the parallel cross-section of the range (XlXth and XXth centuries together; 
movable average values), x — geographical longitude; y — size of Bites in absolute figures; 
Ä — average size of sites; B — critical size of regular sites; P — area between curves Ä 

and j? = y (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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GrapŁ 7. Anthropogenic stress in the parallel cross-section (XlXth and XXth centuries 

together), x — geographical latitude; y — logarithmic scale of index 8a-

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 (himting, 
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 
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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 (XlXth and XXth centuries together), x — geogra
phical latitude; y — size of sites in absolute figures; A — 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 breeding 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 A 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 fo\u* degrees of either 
longitude or latitude). Even at the first glance the coiirse 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 (gra,ph 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 rediiction during 
nomadic movements and migration flights in the annual cycle (the distance 
covered is about 1,800 km.). 

Ina,smuch 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 (JÓZEFIK, 1969), gradually in
creases southward while the deficit of fresh water supplies gets more acute 
(cf. curve B — graph 5). The combined limiting effect of these two factors 
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i a 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 critical size, i.e. the condition A > B has to be fulfilled. In 
the case ot 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 (JÓZEFIK, 1969). The wider is the difference 
between A and £ 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 A 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 (7) can be relatively determined by the 
area within a given class (Xa—Xi,) of geographical longitude contained between 
the respective sections of curves A and B (graph 6). And thus: 

where: and Xi, restrict the area of the range investigated and for which 
value V, i.e. the index of ecological vitality, is calculated; n = number of 
geographical degrees;/^ («) and fßix) are integral functions of curves and£; 
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 (J.) 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 V 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 cuive B is affected, beside the already 
analysed direct numerical reduction (JÓZEFIK, 1969), by the reduction of 
the Squacco Heron's natural enemies carried oat by man (cf. page 68) as 
well as by protective measures. Thus we can record the effect twofold in 

(1) 
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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 critical 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 (JÓZEPIK, 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 (cf. 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 critical 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, etc., in former times), c) 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 (cf. cxirve A, 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 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 (JÓZEFIK, 1969). 

On the basis of the arguments given above, we can express the effect 
o f  t h e  a n t h r o p o g e n i c  f a c t o r  o n  t h e  p a r a l l e l  d i s t r i b u t i o n  b y  t h e  r a t i o  A j B ,  
and when the absolute vahie of the ratio goes down, the anthropogenic 
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A 
stress increases. In the case of — > 1 the species disappears in the given 

B 
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 — =1, i. e. in a situation when the degree 

B 
of ecological vitality (F) would be insignificantly small. The application 

A 
of the formula — 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: 

Sa = V-\ (2) 

where 8a = 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 F pa 0, then 8a ^ 1, and thus when the spe
cies disappears from the area the stress reaches the highest maximum 
relative intensity = 1. Calculating 8a for a certain part of the range (obvio
usly in the aspect of the cross-section analysis), formula (2) will be 
transformed: 

n 
Sa = 

I? y (3) 

where: n = number of geographical degrees between Xa and ocf, (cf. graph 6), 

^ V = ecological vitality of the species in a given area of the range. 

Graph 7 presents distribution 8a 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 8a 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 Ä. ralloides synanthropization. It should be stated gene
rally that processes of synanthropization spread particularly early over 
the western regions of the area (JÓZEPIK, 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 8a 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 
game number of individuals reduced, etc.) 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 8a depends, to a considerable ex
tent, on the intensity of the anthropogenic factor along the migration routes 
and in the winter ranges as 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). 

http://rcin.org.pl



78 M. Józefik 22 

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 heing 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 typos 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 XlXth and XXth centuries (JÓZEFIK, 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, etc. 

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 0 in graph 1, the one presenting the general distribution of the size of breeding 
sites. 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 Ä — 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 distinct critical 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 A. 
ralloides, habitat formation. A simplified model of such a curve 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 Bxy = 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 stabüized (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 A. ralloides against the distribution of the size of breeding sites, x — 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
genic 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 (xsi) at a given level of the number of breeding pairs: 

and for the extrapolation of the level of species numbers (j/b) at a given (or known) number 
of breeding sites: 

where Xsi = numbers of sites in the breeding range, 
j/ft = numerical state of breeding pairs in the range, 

= percentage of the numbers of breeding pairs corresponding to the given class of sites. 
In = the highest limit size in the given class of sites, 
In-i = the minimum limit size in the given class of sites, 

= percentage of the numbers of sites corresponding to the given class of their size. 
If 2/6 < In+ln-i, 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 calculate 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 
(JÓZEFIE, 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 In+^n-i smaller 
than 1/6, and on this basis a corresponding recalculation of all pn 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 Xsi < 100. This consists in: 

100 
a) picking in series qn such a value which divided by would give a quotient within 

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 qn from the beginning of the series to the class whose value of the cumulative series was 
accepted as 100. The new values of qn will be inserted into formula (5). It is obvious that in 
both these cases 27 includes only the left side of the series from the class in which values 
Pn or qn of cumulative series were accepted as 100. 

(4) 

(5) 
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This extrapolation is important for the determination of certain momentons 
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, etc.), 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, x — 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 mimerous 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 increase in the number of sites { A )  and 
in the number of breeding pairs (B). x — 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 palearotio part of range on the basis of 

data for the last 100 years) 

Class intervals 
of site size 

(1) 
1-10 11-20 21-50 51-100 101-200 201-500 501-1000 <1000 

(2000) 

+ In— 1 11 31 71 151 301 701 1501 3000 

Pn (per cent of 
breeding pairs) 

(2) 
1.02 5.04 8.49 9.10 14.02 16.81 22.75 (22.75) 

cumulative 
series of pn 

(3) 
1.02 6.06 14.55 23.65 36.67 53.48 76.23 98.98 

qn (per cent of 
breeding sites) 

(4) 
18.7 30.8 22.2 11.1 8.6 4.4 2.8 (1.4) 

cumulative 
ser i e s  o f  qn{5 )  18.7 49.5 71.7 82.8 91.4 95.8 98.6 (100.0) 
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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. 
X — number of breeding pairs; y — 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 (JÓZEFIK, 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®/o of the general 
population stayed in the extreme area and nearly half of the total amount 
of sites (48°/o) were situated there. 

Numerical oscillations and micro evolutional changes 

As the species imderwent considerable numerical oscillations in its history 
(cf. page 86), there must have been varioiis 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 (JÓ
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 ni(pipnt 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 (FOBD, 1967; MACFADYEN, 1963; WEIGHT, 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"/o 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 extreme 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. 
X — number of breeding pairs; y — number of breeding sites in the extreme zone in percent
age relation to their total number in the range; z — number of sites in the optimum zone 
in percentage relation to their total number in the range; A — 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 — cf. 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 Ä. ralloides never achieved the homeostatic state in the 
period under consideration (cf. JÓZEFIE, 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 
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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. 

8\ich 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 (JÓZEFIK, 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"/o. It should be reminded that during 
this period of crisis the numbers of A. ralloides, as compared with the state 
f o r  t h e  2 n d  h a l f  o f  t h e  X l X t h  c e n t u r y ,  d e c r e a s e d  b y  a b o u t  8 4 ' ^ r e a c h i n g  
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-
multaneotis 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 althoiigh it would be of prime importance. 
Consequently I am going to devote more attention to the mechanism of 
exchange between the zones (rotation — cf. JÓZEFIK, 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 (JÓZEFIK, 1969) two 
phases of regression connected with the anthropogenic 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''/o (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 occxirred in a natural 
way (JÓZEFIE, 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®/o, c) 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 prodiicts 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 — JÓZEFIK, 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 
(cf. 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 critical 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 rediicing 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 cycle 
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 dynamics 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 (?j = 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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STEESZCZENIE 

W rozdziale wstępnym autor definiuje ogólną koncepcję badań nad struk
turą przestrzenną gatunku, która na przykładzie rozmieszczenia Ardeola 
ralloides (SOOP.) W palearktycznej części zasięgu będzie przedmiotem analizy 
w częściach III-V kontynuowanego cyklu. W krótkim zarysie uwypukla 
autor poważne luki w badaniach nad przestrzenną strukturą gatunku, za
znacza, iż na tle badań nad strukturą przestrzenną populacji (przeważnie 
owadzich) dziedzina ta ledwie została zapoczątkowana, chociaż znaczenie 
jej dla rozwoju teorii ewolucji, a szczególnie zastosowania w gospodarce 
zasobami przyrody ma pierwszorzędne znaczenie. Część III dotyczy zmien
ności wielkości progowej (krytycznej) i przeciętnej populacji elementarnych 
(mikropopulacji) zasiedlających poszczególne stanowiska lęgowe. Autor 
koncentruje się więc na wyjawianiu: a) podstawowych prawidłowości warun
kujących zmienność geograficzną wspomnianych parametrów, b) wpływu 
na nie czynnika antropogenicznego oraz c) ich współzależności z innymi 
cechami struktury przestrzennej. 

W rozdziale drugim podana jest charakterystyka statystyczna rozkładu 
w"ielkości mikropopulacji. Krzywe charakteryzujące rozkłady dla XIX i XX 
wieku (wykr. 1) są ściśle skorelowane, stąd rozkład ten autor uznaje za 
względnie stałą cechę gatunku, jak również pozostającą w zależności od niego 
krzywą koncentracji gatunku (wykr. 2) oraz wskaźnik koncentracji (t] = 0,72). 

Koncentracja liczebności A. ralloides jest bardzo wysoka — główny jej 
potencjał w stosunku do olbrzymiej powierzchni zasięgu skupia się w kilku
nastu dużych stanowiskach. Większość więc stanowią w zasięgu małe stano
wiska (np. ponad SO^/o stanowisk skupia zaledwie liczebności gatunku). 

ITakładając na siebie rozkłady wielkości stanowisk regularnych i spora
dycznych (wykr. 3), autor udowadnia, iż punkt przecięcia się obydwu krzywych 
pokrywa się z dominantą rozkładu ogólnego, a równocześnie wyznacza próg-
minimum wielkości stanowiska regularnego. Progiem minimum (wielkością 
krytyczną) określa on taką wielkość stanowiska, poniżej której zdolność 
samoreprodukcji zasiedlającej go mikropopulacji istotnie zostaje zakłócona — 
stanowisko regularne przeistacza się w sporadyczne, bądź zanika. Praktycz
nym sposobem wyznaczania progu-minimum jest obliczenie dominanty 
rozkładu ogólnego wielkości stanowisk. 

Analizując w profilu równoleżnikowym przeciętną wielkość stanowiska 
autor stwierdza, w odróżnieniu od stałości rozkładu ogólnego, znaczną (uj
mowaną dynamicznie) zmienność geograficzną. W I połowie XX wieku uległa 
ona w porównaniu z XIX wiekiem oglónemu obniżeniu (wykr. 4), zaś w okre
sie 1950-1960 znowu się zwiększyła, co pozostaje w ścisłym związku z charak
terem oddziaływania czynnika antropogenicznego. 

Wielkość progowa stanowisk wypośrodkowana dla obydwu stuleci (wykr. 
6) wzrasta z zachodu na wschód w funkcji krzywoliniowej. Wartość progu-
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-minimum uwarunkowana jest izolacją czaso-przestrzenną poszczególnych 
mikropopulacji względem siebie, wielkością i charakterem ich redukcji w o-
kresie pozalęgowym (koczowiska, wędrówki, zimowiska). Ka redukcję w pro
filu równoleżnikowym składają się pozostające względem siebie w stosunku 
odwrotnie proporcjonalnym działanie drapieżników — większe na wschodzie 
— i odstrzał (łowiectwo, kłusownictwo) — przeważający na zachodzie. Okres 
izolacji między mikropopulacjami jest większy na wschodzie, dłuższa i bar
dziej niebezpieczna jest też trasa wędrówek mikropopulacji wschodnich. 
Stąd różnica wartości progowych wielkości stanowisk między krańcem 
wschodnim a zachodnim jest bardzo znaczna (ponad 50 par), stąd też we 
wschodnich regionach zasięgu zasiedlone są tylko większe kompleksy bioto
pów wodno-błotnych o znacznej pojemności ekologicznej. 

O rozmieszczeniu w profilu pułiidnikowym liczebności gatunku gradient 
termiczny decyduje pośrednio — największe stanowiska koncentrują się 
w pobliżu granicy północnej zasięgu (wykr. 8). W kierimku południowym, 
wraz z deficytem zasobów słodkowodnych, wzmaga się ograniczający wpływ 
człowieka. Progowa wielkość stanowisk wzrasta ku północnej granicy (róż
nica 13 par). Daje to pogląd o wielkości redukcji mikropopulacji podczas 
koczowisk i przelotów w cyklu rocznym na odcinku trasy między północnymi 
a poliidniowymi regionami zasięgu (odległość około 1800 km). 

W kolejnym rozdziale analizowany jest wjilyw czynnika antropogenicznego 
na wielkość rozpatrywanych parametrów. Układ krzywych progu-minimum 
i wielkości przeciętnej stanowiska (wykresy: 6, 8), według autora, jest jednym 
z bardziej istotnych momentów struktury rozmieszczenia, dającym pogląd 
na ogólną sytuację biologiczną gatunku. Im bowiem wyższą wartość w danym 
punkcie zasięgu w profilu równoleżnikowym osiąga różnica między tymi krzy
wymi, tym większa jest szansa dalszej ustabilizowanej, niezagrożonej egzy
stencji gatunku, tym większa jest jego odporność na klęski losoWe, tym większa 
witalność ekologiczna charakteryzuje gatunek. Ze zmniejszeniem się różnicy 
do zera (krzyżowanie się krzyvs'ych A, B na zachodnim i wschodnim krańcu 
zasięgu) obniża się również witalność i gatunek w danym regionie zanika. 
Sytuacja taka została opisana wcześniej w zakaspijskiej części zasięgu (JÓ
ZEFIK, 1969), gdzie zanik tamtejszej populacji spowodował przesunięcie się gra
nicy wschodniej kii zachodowi o ok. 1200 km. 

Autor proponuje przyjęcie powierzchni pola zawartego między krzywymi 
A, B jako wskaźnika witalności ekologicznej gatunku (F) — patrz wzór (1) 
str. 74, porównaj wykr. 6. Uproszczonym wskaźnikiem V może też być stosunek 
przeciętnej (J.) do progowej wielkości {B). ISTastępnie analizuje on historycznie 
wpływ na poziom i przebieg obydwu krzywych czynnika antropogenicznego, 
ujawniając jego złożony charakter. Autor udowadnia, iż obniżanie się przecięt
nej wielkości stanowisk jest wyrazem negatywnego oddziaływania tego czynnika, 
natomiast obniżanie się progowej wielkości jest efektem korzystnego dla ga
tunku wpływu człowieka. Stąd stosunek AjB przyjąć można jako ogólny wy
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raz wpływu wspomnianego czynnika. Wraz z obniżaniem się wartości A j B  
maleje witalność i narasta stress antropogeniczny. Autor udowadnia, iż od
wrotność wyrażenia (1), tj. przyjąć można jako wskaźnik stressu antropo
genicznego {8a) — patrz wyrażenie (2) str. 76. Stąd wyprowadza on ogólny 
wzór na obliczenie 8a w stosunku do danego w profilu równoleżnikowym sektora 
zasięgu — patrz wyrażenie (3) str. 76. !N"asilenie stressu antropogenicznego 
we wspomnianym profilu (wykr. 7) jest najwyższe na krańcach zasięgu {Sa ^ 1). 

W przedostatnim z rozdziałów autor dowodzi, iż lewostronna asymetria 
rozkładu ogólnego wielkości mikropopulacji oraz zarys krzywej koncentracji 
w pewnej mierze są odbiciem ogólnych, prawidłowości rozkładu poszczególnych 
kategorii biotopów w przyrodzie. Stąd, mimo oscylującej w określonych gra
nicach liczebności gatunku obydwa parametry są dość ustabilizowane i posłu
żyć mogą do ekstrapolacji liczebności gatunku w przeszłości, jak również 
teoretycznego modelowania niektórych sytuacji. W tym celu autor posłu
gując się tabelarycznym zestawieniem (tab. 1) koncentracji gatunku oraz wzo
rami na ekstrapolację liczebności par lęgowycli (wyrażenie (4)) oraz stanowisk 
(wyrażenie (5)), dochodzi do wniosku, iż A. ralloides nawet przy przypuszczal
nym zajmowaniu w przeszłości do 1000 stanowisk nie mogła być gatunkiem 
dość licznym (wykr. 10). Proporcje między liczbą stanowisk a liczebnością 
par lęgowych są dość stałe (wykresy: 11, 12); ulegają one przesunięciu po ob
niżeniu się liczebności poniżej 5000 par. 

Na podstawie rozmieszczenia stanowisk małych z nie ustabilizowanymi 
mikropopulacjami (sporadyczne, ze znacznie oscylującą liczebnością) autor 
wydziela w zasięgu obok strefy optymalnej, strefę ekstremalną (pessimum 
ekologiczne). Przy homeostatycznym stanie zasięgu strefę tę zasiedla minimal
ny stały odsetek osobników (B^/o populacji generalnej). 

W dalszej części pracy, w oparciu o modele teoretyczne (wykresy 10-13) 
i materiał dotyczący sekularnych oscylacji liczebności przedstawiono hipote
tycznie mechanizmy przepływu genetycznego i przebieg niektórych procesów 
mikroewolucyjnych. Przy ustabilizowanym stanie zasięgu minimalne jest 
przenikanie ze strefy ekstremalnej materiału genetycznego w głąb zasięgu, 
minimalne jest też tempo zachodzących zmian m'kroewolucyjnych (np. proce
sów synantropizacji). Przy znacznym obniżeniu się liczebności odsetek osobni
ków w strefie ekstremalnej zwiększa się wykładniczo, następuje też intensyw
niejsza wymiana genetyczna, co w zmniejszonej populacji generalnej w wa
runkach ostrej selekcji ułatwia szybkie rozprowadzenie korzystnych mutacji. 
Autor analizuje następnie sytuację kryzysową A. ralloides w latach 1900-1920 
i stwierdza, że wobec znacznego tempa obniżania się liczebności gatunku ge
netyczne utrwalenie odpowiednich adaptacji było niemożliwe. Dopiero w ostat
nich dziesięcioleciach ujawniła się wyraźniej synantropizacja, będąca wyrazem 
zmian mikroewolucyjnych, pozwalających opanować przekształcone środowisko, 
zwiększyć liczebność oraz zrestytuować populacje w regionach poprzedniej 
regresji. 

http://rcin.org.pl



96 M. Józefik 40 

W zakończeniu autor wysuwa hipotezę, iż tempo przepływu genetycznego 
i zmian mikroewolucyjnych w stosunku do pewnego odcinka obniżania się 
liczebności gatunku (strefa krytyczna) wzrasta w funkcji logistycznej. Faza 
logarytmiczna tego wzrastania jest prawdopodobnie najistotniejszym mecha
nizmem samozachowawczym w sytuacjach krytycznych u progu totalnego 
wyginięcia gatunku. 

Objasnienia do wykresów i tabeli: 

Wykr. 1. Kozklad wielkości stanowisk lęgowych A. ralloides w ujęciu procentowym. 
X — przedziały klasowe wielkości stanowisk, y — odsetek stanowisk w stosunku do ich 
ogólnej liczby (skala dla krzywych A, B, O), z — znaczenie — jak y (skala dla krzywej E), 
A — XIX wiek, B — XX wiek, O — wypadkowa dla XIX i XX wieku, D — dominanta 
krzywej O, E — ogniwa szeregu kumulacyjnego (XIX i XX wiek łącznie). 

Wykr. 2. Krzywa koncentracji A. ralloides w palearktycznej części zasięgu (XIX i XX 
wiek łącznie). x — liczebność stanowisk w ujęciu procentowym, y — liczebność par lę
gowych w ujęciu procentowym. 

Wykr. 3. Kozklad wielkości stanowisk regularnych i sporadycznych A. ralloides w 
ujęciu procentowym (pod uwagę wzięto klasy od 1 do 100 par; XIX i XX wiek łącznie). 
X — przedziały klasowe wielkości stanowisk, y — liczebność stanowisk (skala dla krzywych 
B, O), z — znaczenie — jak y (skala dla krzywej A), A — rozkład stanowisk regularnych 
i sporadycznych łącznie, B — rozkład stanowisk sporadycznych, O — rozkład stanowisk 
regularnych, D — dominanta krzywej A. 

Wykr. 4. Wielkość stanowiska w profilu równoleżnikowym. x — długość geografi
czna, y — wielkość stanowiska wyrażona liczbą par lęgowych, A — 11 polowa XIX 
wieku, B — 1 połowa XX wieku, O — okres 1950-1960. 

Wykr. 5. Wielkość stanowiska w profilu południkowym. x — szerokość geograficzna, 
y — wielkość stanowiska wyrażona liczbą par lęgowych, A — 11 połowa XIX wieku, B — 1 
połowa XX wieku, O — okres 1950-1960. 

Wykr. 6. Zmienność wielkości progowych stanowisk regularnych i przeciętnych wiel
kości wszystkich stanowisk w profilu równoleżnikowym zasięgu (XIX i XX wiek łącznie; 
średnie ruchome). x — długość geograficzna, y — wielkość stanowisk w liczbach bez
względnych, A — przeciętna wielkość stanowisk, B — wielkość progowa stanowisk regular
nych, P — pole między krzywymi A, B = V — wskaźnik witalności ekologicznej. 

Wykr. 7. Stress antropogeniczny w profilu równoleżnikowym (XIX i XX wiek 
łącznie). x — długość geograficzna, y — logarytmiczna skala wskaźnika Sa-

Wykr. 8. Zmienność wielkości progowych stanowisk regularnych i przeciętnych wiel
kości ogółu stanowisk w profilu południkowym zasięgu (XIX i XX wiek łącznie). x — sze
rokość geograficzna, y — wielkość stanowisk w liczbach bezwzględnych, A — przeciętna 
wielkość stanowisk, B — wielkość progowa stanowisk regularnych. 

Wykr. 9. Hipotetyczny rozkład wielkości zasobów biotopów lęgowych A. ralloides na 
tle rozkładu wielkości jej stanowisk lęgowych. x — przedziały klasowe wielkości stanowisk 
lęgowych. X — przedziały łdasowe wielkości stanowisk lęgowych oraz względnej wielkości 
zasobów biotopów lęgowych, y — liczebność stanowisk w ujęciu procentowym oraz względna 
liczebność stanowisk biotopów lęgowych, A — hipotetyczny rozkład zasobów biotopów 
lęgowych, B — rozkład wielkości stanowisk lęgowych. 

Wykr. 10. Teoretyczna zależność liczebności gatunku od liczby stanowisk lęgowych. 
X — liczebność stanowisk, y — liczebność par lęgowych. 
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Wykr. 11. Teoretyczna współzależność wzrastania liczby stanowisk (4) i liczebności 
par lęgowycl. (B). x — względne jednostki czasu, y — liczebność par lęgowych, z — li
czebność stanowisk lęgowych. 

Wykr. 12. Teoretyczna zmienność procentowych proporcji liczby stanowisk i licze
bności par lęgowych A. ralloides w zależności od poziomu liczebności gatunku. x 
— liczebność par lęgowych, y — iloraz procentowych proporcji liczby stanowisk i 
liczebności par. 

Wykr. 13. Teoretyczna zmienność proporcji liczebności stanowisk i liczebności par 
lęgowych w ekstremalnej i optymalnej strefie zasięgu przy różnym poziomie liczebności 
gatunku, x — liczebność par lęgowych, y — liczebność stanowisk w stiefie ekstremalnej w 
stosunku procentowym do ogólnej ich liczby w zasięgu, z — liczebność stanowisk w strefie 
optymalnej w stosunku procentowym do ogólnej ich liczby w zasięgu, A — krzywa stosunku 
procentowego stanowisk w obydwu strefach, B — krzywa stosunku procentowego liczeb
ności par lęgowych w obydwu strefach. 

Tab. 1. Koncentracja liczebności par lęgowych A. ralloides w zależności od liczeb
ności stanowisk lęgowych i ich wielkości (obliczone dla palearktycznej części zasięgu na 
podstawie 100-letnich danych). (1) — przedziały klasowe wielkości stanowisk, (2) — pn odse
tek liczebności par lęgowych, (3) — szereg kumulacyjny pn, (4) — qn odsetek liczebności 

stanowisk, (5) — szereg kumulacyjny qn-

PE3K)ME 

Bo BCTynHTCJiLHOH rnaBe asropoM (^opMyjinpyexca o6maa KOHixenuHH HCCJieao-
BEHHH no npocTpaHCTBeHHoił CTpyKxype BHAE, KOTopyio Ha npHMepe pacnpocxpaHCHHa 
>KEJITOH iianjiH, Ardeola ralloides (Scop.) B najieapKTHHecKoń nacra ee apeajia Gy^ex OH 

aHajiH3HpoBaxb B III-V lacxax npo;ioJi»caeMoro iiHKjia. B KpaxKOM onepKe anxop, 
YKASBIBAA na anaHHxejibHbie npoöejibi B HccjieflOBaHHsx no npocxpancxBeHHOH cxpyKxy-

pe BHAa, nofliepKHBaex, MXO no cpaBHCHHio c HayHCHHeM npocxpaHCXBCHHOH cxpyKxypbi 

nonyjiauHH (rjiaBHbiM oöpasoM naceKOMbie) 3xa oGjiacxb e^Ba naiaxa, xoxa ee anaHenne 

FLJIH paSBHXHH XeOpHH 3B0.JIK)nHH H OCOÖCHHO AJIH npHMeHeHHH 66 B npaKXHKe npHpO-

floxosHHCXBeHHbix M6ponpHaxHH HMeex nepBocxeneHHoe anaHeHHC. Hacxoamaa III nacxb 
iIHKjia oxBaxbiBaex Bonpocbi HSMeHiHBOcxn KPHXHHCCKOH H cpeaneń BejiniHHbi 3Jie-

MeHxapHbix nonyjiHUHH (MHKpononyjiaiiHH) sacenaiomHX cooxBcxcxBeHHwe Mecxa rne-
sflOBanna. Aßxop cocpcAoxanHBaexca na cjieflyioiuHx Bonpocax: a) ocHOBHwe saKOHO-
MepHocxH oGycuaBjiHBaiomHe reoxpacjjHiecKyio HSMeniHBocxb paccMaxpnBaeMbix na-

paMexpoB, 6) BosflcncxBHa na HHX anxponoxeHHoro (J)aKxopa, B) HX B3AHM03ABHCHM0CXH 

c flpyrHMH napaMcxpaMH npocxpaHCXBCHHOH cxpyKxypw. 

Bo BXopoH xjiaBe aBxopoM noAaexca cxaxHcxHHecKaa xapaKxepncxHKa pacnpe^ejie-
HHH BejiHHHHbi MHKpononynanHH. KpHBbie xapaKxepnayiomHe pacnpeaejieHHe B XIX 
H XX BCKC (rpacj). 1) cxporo Meac^y CO6OH Koppejinpyiox, no3xoMy aBxop cnnxaex HX 

oxHOCHxe.iibHO nocxoaHHbiM npnanaKOM BH^a xaK, KaK H nocxpoennyio HenocpeACTBCHHO 

Ha HX OCHOBC KpHByio KOHncHxpauHH BHAa (rpa(J). 2) H K03(J)(J)HnHeHX KOHuenxpanHH 

(V = 0,72). 
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KoHueHxpauHH HHCjieHHOcTH »cejiTOH EianjiH BecbMa anaHHTCJibHa — no OTHOIUCHHK) 

K orpoMHOH noBepxHOCTH THesAOBoro apeajia KOHiieHTpapyexcH ona HHIUL B HCCKOJIŁ-

KHx 6ojibm0x Mecrax rneaAOBaHHsi. TaKHM 06pa30M GOJIBUIHHCTBO pasöpocanHbix no 

apeaJiy MCCT RNCAFLOBANNA 3TO neGojibmne rnes^ioBbfl — B CBbime 50 % MCCT rnesflOBaHna 
CKonjiaexcH jiHuib TOJibKo 6 % HHCireHHocTH HccjieflycMoro Bnaa. 

ConocxaBJiaa BMCCTC pacnpeAeneHne Bejinnnnbi peryjiapnbix H cnopaflnnecKHX MCCT 

rHesflOBanna (rpa(J). 3) aBTop yflOKyMeHxnpoBaji, HXO B XOHKC nepeceieHHa oGenx KPHBWX 

HaxoflHXCfl xaKace MO^a o6mexo pacnpeACJienna BEJIMNHBI MCCX XHesflOBannfl, a xaKsce 
3XOX nyHKx onpe^ejiaex KpnxHHecKyio BeJiHHHHy perynapnoro Mecxa rHesAOBanna. 
KpnxHHecKOH BejiHHHHoii (nopor-MHHHMyM) nasbiBaex aBXop xaKOH HHCJieHHbin ypoBCHb 

onpeAeJicHHoro Mecxa rHea/ioBanna, nnace Koxoporo aacejiaioiaaa 3xo MCCXO MHKPO-

nonyjiaijHfl yxpaHHBaex cnocoGnocxb K caMOBocnponsBeaeHHio; peryjiapHoe Mecxo 
rnesAOBanHH nepexoflnx K paapaAy cnopaAnnecKHx hjih nojinocxbio Hcneaaex. IlpaKXH-
HecKHM cnoco6oM onpeAeJieHHH KPHXHHCCKOH BejinnnHbi MHKpononyjiaqnH aBjiflexca 
BBIHHCJIEHHE MOFLBI o6mexo pacnpeaejicnna SEJIHHHHBI MCCX rnesflOBanHH. 

ABXOP, anajiHSHpyji B mnpoxHOM paapese apeana cpeAHioio BennHnny MCCX rnesflo-
BaHHH, npaxoflHx K BbiBOfly, MXO B OXHHHHH OX nocxoHHHOxo xapaKxepa oGmero pacnpe-
fleneHHH 3XOXO napaMexpa, xapaKxepnsyexca ona (paccMaxpHsaeMaa AHHaManecKH) 
SHaHHxenbHOH reorpa(J)HHecKOH HSMeHHHBOcxbio. B nepBon nojioBHne XX seKa, no cpaa-
neHHio c XIX cxojiexHCM, noflBcprjiacb ona B o6mHM Mamxaöe CHnacenHio (rpa(J). 4), 

a B xenenne 1950-1960 rr. ona onaxb Bospacna, HXO xecHbiM oGpasoM ówjio csaaano 
c xapaKxepoM BoaaeHcxBH« anxponorenHoro 4>aKxopa. 

KpHXHHCCKaa BCJiHHHHa MHKpononyjiau;HH, paccMaxpHsaeMan B cpeflHCM fljia O5OHX 

cxojiexHH (xpa(J). 6), Bospacxaex B KpHBOJiHHefiHOH (J)yHKiiHH c aanaaa na BOCXOK. Ee ypo-

BCHb o6ycjiaBiiHBaexca paccMaxpHBaeMoii BO BPCMCHH h B npocxpancxBe HsojiauHCH 

oxACJibHbix MHKpononyjiauHH no oxnomenHK) flpyr K Apyry, cxenenbK) H xapaKxepoM 

pcAyKUHH 3XHX MHKpononyjiailHH B nernesAOBoe Bpeina (npea- h nocJiesflOBOii nepnofl, 

KOHCBKH, nepnoA MHxpaiiHH H 3HMOBOK). B lUHpoxHOM pa3pe3e apeajia na peAyKunio BHfla 

cKJiaflbiBaioxca (J)aKxopbi ocxaiouiHeca no oxHomeHHio ^pyr K flpyxy B oSpaxHOH nponop-

UHonajibHocxH — flOMHHHpyiomee na 3aHaAe BJinaHHe anxponorcHHoro (JjaKxopa (oxox-
HHKH, 6paK0Hepbi) K BocxoKy nocxeneHHo 3aMenłaexca oxpanHHHBaiomHM B03fleHCXBHeM 
xHuiHHKOB, Koxopwx HHCneHHocxb K BocxoKy B03pacxaex. KaK yKasbiBaex aBXop, npo-
aojiacHxejibHocxb BpeMCHHOH HsojiauHH Meacfly MHKpononyjiaunaMH, na BOCXOKB 6ojib-
uie, a xaicace 6ojiee fljiHHHbie h öojiee onacHbie MHxpaixHonnwe nyxn BOCXOHHHX MHKPO-

nonyjiai^HH. n03X0My pasnnna MexcAy KPHXHHCCKOH BejTHHHHoii MHKpononyjiauHH na 

sanaAe h BOCXOKC ^ocxaxaex csbiuie 50 nap, BCJieflcxBne nexo B BOCXOHHWX panonax 

apeajia xejixaa nanjia sacejiaex eAHHCXBenno 6ojiee snaMHxeJibHbie no nosepxnocxH 

KOMnJieKCbl BOflHO-ÖOJIOXHblX ÖHOXOnOB o 60JIbm0H SKOJIOFHHeCKOił BMeCXHTejIbHOCXH. 
o pacnpeACJieHHH HHCJICHHOCXH BH^a B MepHAnannoM pa3pe3e xepMHiecKHÖ rpa-

flnenx nrpaex nocpeAcxBennyio pojn. — nanöojiee Kpynnbie Mecxa rHe3flOBaHHa BHfla 

CKonjiaioxca B noöjinsocxH ceBepnoH rpannithi apeana (rpa(|). 8). K lory, COBMCCXHO C na-

pacxaHHCM Ae(J)Hu,Hxa npecHOBOAHbix pecypcoB ycHJinsaexca oxpanniHBaiomee BUHanne 

MCJiOBCKa. KpnxHHecKaa BejiHMHHa MHKpononyjiaiiHH Bospacxaex K ceBepy (pa3HHD:a 
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13 nap), HTO o5pa3yeT NARJIHAHO, B KAKOH cxeneHH NOFLBCPRAIOTCH pe^iyKUHH BO BPCMH 

KOIEBOK H MHrpaiiHOHHbix nepejiexoB B roflHHHOM iiHKjie MHKpononyjiauHH na nyxH 
Mexcfly CEBEPHBIMH H IOXCHBIMH oKpanHaMH apeana (paccxoHHHe OKOJIO 1800 KM). 

B onepeflHOH rjiase aaxopoM aHajiHsnpyexca BJinaHHe Ha BenHHHHy paccMaxpHsaeMwx 
napaMexpoB anxponoreHHoro (jiaKXopa. CooxHomcHHe KpnBbix KPHXHHCCKOH H cpeflHeii 
BenHHHHbi MHKpononyjrsiaHH (rpa(})HKH 6,8), KaK noflnepKHBaex aBxop, HBjiaexca OAHHM 

H3 6oJiee cymecxBeHHbix MOMBHXOB npocxpaHCXBCHHOH cxpyKxypbi pacnpeAencHHa BHfla 
BHyxpn apeajia. 3xo cooxHomeHHe nosBOJiaex c^ejiaxb o6myio oiicHKy GnojiorHHecKOH 
CHxyaiiHH BHFLA. MCM 6ojiee BbicoKyio pasHHuy B flannoM nyHKxe apeajia aocxHrnyx 3XH 

KpHBbie, XCM Gonbiue mane Ha aanbHeHiuyio, cxaÖHJiHSHpoBaHHyio, Gesonacnyio npo-

flOJiacHxejibHOCXb cymecxBOBanHa BH^a, xeM 6ojibme ero ycxoMHHBOcxb npoxHB CXH-

XHHHbix GeflcxBHH, XCM Gojibiue ero aKOJioranecKaH BHxajibHocxb. OflHOBpeMeHHO c yMCH-

meHHCM 3X0H pa3HHLi:bi H CHHaceHHeM ee K nyjiio (nepecencHHe Kpaabix A, B na sanaAHbix 

H BocxoHHbix OKpaHHax apcajia — CM. rpa(j). 6) noABeprnexca xaK>Ke CHH^KCHHIO SKOJIO-

THHECKAA BHxanbHocxb BHga, KoxopbiH B flannoM paftone MOKCX fla^KC nojiHocxbio HC-

He3Hyxb. TaKoro pofla CHxyauHH öbiJia paHbuie onHcana aBXopoM no oxHomennK) K sa-

KacHHHCKOH HacxH apeajia (JÓZEFIK, 1969), R/IE HCHesHOBCHHe MCCXHOH nonyjumnH (xep-
pHxopnaJibHaH perpeccHa) SbiJio npHHHHOH nepe/;BHaceHHH rpannubi apeajia na OKOJIO 

1200 KM K aanaay. 

ABXOP npefljiaraex CHHxaxb noBcpxHOCXb nojia Meac/iy KPHBHMH A, B b KaiecxBe 
noKasaxera 3K0.ii0rHHecK0H BHxajibHocxH BH^a (V)—CM. (|)opMyiiy (1) cxp. 74, rpa^). 6. 
ynpomcHHbiM noKa3axeJieM V Moacex 6bixb xaKace nacxHoe US A : B (cooxnomeHne cpe-
flHeił BeHHHHHbl K KpHXHHeCKOH BejIHHHHe MHKpOnonyjIHI^HIl). ABXOpOM HCXOpHHeCKH 
anajiHSHpyexca BJinaHHe na ypoBenb o6eHx kphbhx anxponoreHHoro 4'aKxopa, BCKpbi-
Baexca ero cjioacennocxb. OH flOKasbiBaex, HXO CHHaccHHe cpeflHeił BCjiHHHHbi MHKpo-
nonyjian;HH nacxynaex BCJie^cxBHe oxpH^axeJIbHoro BosaeficxBHa sxoro (|)aKxopa, B XO 

BpeMa KaK CHHXceHHe KPHXHHCCKOH Be.nHiHHbi MHKpononyjiauHH aBjiaexca pesyjibxa-
A 

xoM önaronpHaxHoro fljia BH^a EJinanaa LEJIOSEKA. OxcioAa cooxHomenHe — MOKHO 
B 

CHHxaxb oöuxHM noKasaxcjieM B03fleHcxBHa anxponoreHHoro 4»aKxopa. OflHOBpeMenHo, co 

A 
cHHacenneM BejiH4HHbi — yMenmaexca 3K0Ji0rHHecKaa BHxajibnocxb BH^a n yBenHHHBaex-

ca flaBJieHHe (stress) anxponorenHoro 4)aKxopa. ABXOPOM A0Ka3biBaexca, HXO oGpaxnoe 
HHCJio BbipaaceHHa (1), x. e. MOXCHO npHHaxb B KaiecxBe noKasaxeJia cxenenn aaBJie-
HHa anxponorennoro (j)aKxopa (8a) — CM. 4)opMyiiy (2) cxp. 76. Oxciofla BBIBOAHX OH O6-
myio (J)opMy.iiy fljia BbiHHCJienna Bennnnnbi 8a no oxHomenHio K aannoMy ceKxopy apeajia 
paccMaxpHBaeMoro B mnpoxnoM pa3pe3e — CM. (J)opMyjiy (3) cxp. 76. BejiHinna AaBjie-
HHa aHxponorennoro 4)aKxopa B mnpoxHOM paspese apeajia (rpacj). 7) Hanóojiee BCJiHKa 
Ha sanaflHbix H BOCXOHHHX pyöeacax apeajia {8a 1). 

B npeflnocJieAHen rjiaBe axopoM KOHCxaxnpyexca, HXO JieBocxoponnaa acHMMexpna 

oömero pacnpeACJienna cpeAHeii sejiHHHHbi MHKpononyjiaiiHH, a xaKace xoa KPHBOH KOH-

ueHxpanHH oxo6paacaiox B H3BecxH0H Mepe oömne npaBHjia pacnpeaejienHH cooxsex-
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CTBCHHWX THnOB ÓHOTOnOB B npHpOfle. OTCIO/ia, HeaaBHCHMO OT KOJieÓaHHH HHCHeHHOCTH 
BHfla o6a napaMerpa xapaKxepHsyioTca aoBOJibHO xopoiuo Bbipa^enHoił cxaÖHjibHOCTbio 

H MOaCHO HMH BOCnOJIbSOBaTbCH 3KCTpanOJIHIlHH HHCJieHHOCTH HCCJICflyeMOFO BHJia 

B npouiJioM, a TaK»ce ąjisi xeopeTHHecKoro MOflCJiHpoBaHHH HeKoxopbix CHxyaiiHH B ero 
HCXOpHH. C 3X0H UCJIbK) aBXOp, nOJIbSyHCb XaÖJIHHHbIM COnOCXaBJICHHeM AaHHblX KOH-

ueHxpauHH BH^a (xa6. 1) H (|)opMy;iaMH SKCxpanoiumHH HHCneHHocxH rHes^OBbix nap 

((J)opMyjia (4)) H HHCJieHHOCTH MecT rnesflOBaHHa ((|)opMyjia (5)) npnxo/iHX K BbiBOfly, 

HXO JKCJixaa ijaniia, ecjiH npeAnojio»CHXb, HXO B npoiujiOM sacenana flo 1000 MCCX 

THea^oBaHHa, xo 0;iHaK0 ne Morjia ona 6bixb oneHb MHoroHHCJieHHUM BH/IOM (rpa4). 
10). IlponopuHH MCHCfly HHCJieHHocxbK) Mecx FHesAOBaHHa H HHCJioM THea/ioBbix nap 

aBJiaioxca flOBOJibHO nocxcannbiMH (rpa(J). 11, 12); aaMexHbie CABHFH nacxynioax nocjie 

CHHaceHHa HHCJienHocxH BHfla HHace 5000 nap. 

ABXOP npHHHMaa aa ocHOBy pacnpeACnenHe no apeany Manbix MCCX rneaflOBaHHa 
c HeypaBHOBemeHHbiMH KOJIEÖAHHAMH HHCJICHHOCXH sacejiaiomnx nx MHKpononyjiannH 

(CNOPAFLHHECKHC Mecxa rnesflOBanna), KpoMe onxninajibnoH SKOJiorHHecKH SOHM BWAC-

jiaex B npeflejiax apeana 30Hy SKoiiorHHecKoro neccHMyM (3KcxpeMajibHaa sona). Ilpn 

flHHaMHHecKH ypaBHOBeuieHHOM cocToaHHH HHCJICHHOCXH BHiia B apeajie (xoMcocxasHc) 

30Hy SKOJIOXHHECKOXO neccHMyM aacejiaex MHHHMajibHbifi H nocxoaHHbm npouenx HH

CJICHHOCXH BHAA (6% OGMEŃ HHCJICHHOCXH). 

B nocjicflyiomHX nacxax paöoxbi, ocHOBbiBaacb na xeopexHHCCKHx MoaeJiax (xpac}). 

10-13) H Ha flaHHbix Kacaiomnxca BCKOBMX KOJieGannił HHCJICHHOCXH aBxopoM npcACxa-
BJiaioxca rHHOxcTHHecKHC MCxaHHSMbi rcHCXHHCCKoro noxoKa H xofla HCKOxopbix npo-
HCCCOB MHKp03B0JlK)nHH. IIpH flHHaMHHCCKH ypaBHOBCUieHHOM COCXOaHHH apcana H HH

CJICHHOCXH BHAa flH4)(ł)y3Ha rcHCXHHCCKoro MaxcpnaJia HB SOHM SKOJioxHHecKoro nec-
CHMyM BXjiyöb apeajia aBJiaexca OHCHb HcsHannxejibHOH, B MHHHMajibHOM XCMHC npo-

xo^ax XaKHCe MHKpOSBOJiroilHOHHbie HSMCHCHHA BHfla (HanpHMCp MHHHMajIbHOC npOA-

BHACCHHC npOHCCCOB CHHaHXpOHHSaUHH). B CJiyHaC 3HaHHXCJIbHOrO CHHaceHHH HHCHCHHO-

cxH Bnaa npoucHX OCOGCH saccjiaiomHX aony SKOJIOXHHCCKOXO neccHMyM Boapacxaxex 

SKcnoHCHHHajibHO, ycHjiHBacxca snaHHXcjibHO rcHexHHCCKHH OGMCH Mcacay sonaMH, 

HXO B yCJlOBHaX OÖmCH HH3K0H HHCJICHHOCXH BHfla, H npH OCXpOM CCXCCXBCHHOM 0x50pC 

GjiaxonpnaxcxByex 6bicxpoMy pacnpocxpancHHio nojiesHbix Myxau,HH. ABXopoM ananH-

3Hpyexca KpHSHcnaa CHxyauna BH^a B ncpnofl 1900-1920 rr. — npn xorAaiuHCM CHH-

3KCHHH HHCJICHHOCXH BHfla H 0C06CHH0 npH BHaHHXCJlbHblX XCMHaX 3X0X0 CHHXCeHHH FCHC-

XHHCCKOC SaKpCHJICHHC COOXBCXCXBCHHblX aAaHXaUHH HC HpCflCXaBJiaJIOCb B03M03KHblM. 

TojIbKO B ncpHOA HOCJICflHHX flCCaXHJICXHH HCXKO OnpCflCJlHJIHCb HpHSHaKH CBHaaHHblC 

c CHHaHxponHsauHCH BHfla, 6jiaroAapa Koxopoii accjixaa uaniia CMorjia npncnocoGnxb-

ca K npco5pa30BaHHbiM ÖHOXonaM, 3HaHHxejibH0 yBcnnnnxb CBOK) HHCJICHHOCXB H BOC-

cxaHOBHXb cc B paöoHax, rflc npc2</ie Hcnesjia. 
B 3aKJlK)HCHHH aBTOpOM BbWBHXaCXCa XHHOXCaa, HXO CKOpOXCb XCHCXHHCCKOXO HO-

TOKa H XCMHbl MHKp03B0JIK)IIH0HHbIX HSMCHCHHH HO OTHOinCHHK) K OHpCflCJieHHblM Xpa-
HHUaM CHHaCCHHa HHCJICHHOCXH BHfla (Ha KpHBOH CHHaCCHHa HHCJICHHOCXH KpHXHHCCKHÖ 
oxpcaoK) Bospacxaiox B JIOXHCXHHCCKOH ^'yHKUHH. JIorapH(|)MHHecKaa 4)a3a 3xoro BO3-
pacxaHHa, xaK npcflnojiaraex aBxop, asjiaexca OÄHHM H3 ÖOJICC cymecxBCHHbix McxaHH-
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3M0B caMOCoxpaneHHa BHfla, Koxopbifi naxo^acb B KPHTHHCCKOH CHxyaiiHH, OKaaajica 
Ha rpaHH xoxajibHoro BtiMnpaHHa. 

OÖMCHeHHH K rpa^HKaM H TaSmme: 

rpa4). 1. PacnpefleJiemie BejiHHHHH MHKpononyjiauHH acenToä ijanjiH B npoueHTHMX cooTHomeHHax. 
X — KJiaccBi no Bejurmne MHKpononyjwuHH, y — npoaenT MBCT rHesflOBaraa no oTKoraenHK) K o6meMy 
Hx HHCJiy (nncana fljw KPHBBIX A, B, C), z — 3HaieHHe, Kax y (niKajia fln* E); A — XIX BCK, B — XX BBK, 
C — cpe/pwH fljia XIX h XX CTOJIBTHH, D — MOfla KPHBOH C, E — ornBa KyMyjiHTHBHoro paaa (XIX 
H XX BBK BMeCTC). 

rpa$. 2. KpHBafl KonaeHTpauHH MCJIEHHOCXH ACEJITOH iianjiH B naJieapTHnecKoft lacTH apeajia. 
X — HHCJieHHocTŁ MBCT THESFLOBAHM B npoixcHTax, y — iHCJieHHOCTb rHesflOBwx nap B npoqeHiax. 

Tpa^i. 3. PacnpefleneHHe BejiHiHH peryjiapHbix h cnopa^iHecKHX Mecx raesflOBaHHa B npouenTHbix 
cooTHomeHHJix (npHHHMaJTHCb BO BHHMame KJiaccbi 1 flo 100 nap; XIX h XX Bex BMecre). x — KJiaccM 
no BCjfflHHHe MecT ruesflOBamia, y — ^HcneHHOcxb MCCT rHe3fl;oBaHHa (mKajia NNN KPHBWX B, C), Z — 
3Ha«ieHHe, xax y (inKajia fljw A), A •— pacnpeflejieHHe peryjiapHLix H cnopaflmecKHX MCCT rnesflOBaHiw, 
B — pacnpeaejiCHHe cnopaflHiecKHX rHe3fl;0B0K, C — peryjiKpHbix, D •— Mo^a kphboä A. 

rpa(J). 4. BejiHHHHa MBCT RHE3^ĘOBAHHA B niHpoTHOM paspese apeajia. x — reorp. ^(ojiroTa, y — Be-
jiOTHHa MecT RAESAOBAHHA (MHKpononyjwuHH) B napax, A — II nojioBHHa XIX BeKa, B — 1 noJioBHHa 
XX BCKa, C — 1950—1960 rr. 

Fpa^). 5. BejiHiHHa MBCT rHesaoBaniM B MepHflHOHantHOM paspese apeajia. x —• reorp. nmpoxa, 
y — BejiHlHHa MCCT raesflOBaHM (MHKpononyjiHUHH) BbipajKena HHCJIOM rHeaaoBbix nap, A — II nono-
BHHa XIX BeKa, B — I nojioBHHa XX sexa, C — 1950—1960 rr. 

rpa4). 6. H3MeHHHBocTb KpHTHiecKOH BBMHHHŁi peryjwpHbix MecT rnesflOBaHHa H cpeflHeli Bem-
•DiHbi Bcex rHe3flOBOK B niHpoTHOM pa3pe3e apeajia (XIX H XX Bex BMCCTC). X — reorp. flomoTa, y — Be-
nHHHHa MecT rHesflOBamia (MHKpononyjianHH) Bbipaacena IHCHOM rHe3H0Bbix nap, A — cpeflnaa seJiHiH-
Ha rnesflOBOK, B — KpHTHiecKaa BenH'nffla peryjiaproix rHe3flOBOK, P — nojie Meatfly KpHBbiMH A, B — 
V — noKasaxenb SKOJioraiecKoń BHxaJibHocTH BHfla. 

Fpa^. 7. flaBJieHHe anTponoreHHoro (})aKTopa B nrapoTHOM pa3pe3e apeajia (XIX H XX BCK BMecre). 
X — reorp. flonrora, y — jiorapH^MHHecKafl imcajia noKasareJW Sa. 

rpa$. 8. H3MeHHHBocTb KpHTHHecKOÄ BejiOTHHbi peryjwpHbix Mecr rHe3flOBaHHa h cpeflnen Bejm-
•iHHbi Bcex rnesflOBOK B MepHflHonajaHOM pa3pe3e apeana (XIX H XX sex BMecre). x — reorp. nrapora, 
y — BenHWHa MCCT rHesflosainia Bbipaacena HHCJIOM raesflOBbix nap, A — cpeflHJW BejnraiHa raesflo-
BOK, B — KpHTHHecKaa Bejrarana peryjwpHbix rHe3fl0B0K. 

rpa4>. 9. FimoTeTOTecKoe pacnpefleneime BenHiHnw pecypcoB rHe3flOBbix GnoronoB acenroń nannn 
B conocraBJieHHH c oSnqiM pacnpeflejienneM BCJDIHHHŁI MOOT rnesflOBaHHa. x — Knaccbi no BejuiHHHe 
MecT rHe3flOBaHHa a raxace no oTHocnTejn.HoÄ BejnwHHe pecypcoB rHe3fl0Bbix ÖHOTonoB, y — HHCJICH-
HOCTB MecT rnesflOBaiffla B npoueHTHbix cooraonieHHax n oxHOCHTenbnaa mcjieHHOCTb MBCT naxoacfle-
HHa raesflOBbix ÖHOTOHOB, A — rnnoTerHiecKoe pasnpefleneHne pecypcoB rnesflOBbix ÖHOXonoB, B — 
pacnpeflejieHHe BejnmiHbi Mecx rHe3flOBaHHa. 

rpa$. 10. TeopexHiecKaa sasHCHMocxb HHCJieHHOcxH BHfla ox «tHCiia Mecx rHe3flOBaHHa. x — HHCJIO 
Mecx rHe3flOBaHHa, y — HHCJienHocxb rnesflOBbix nap. 

rpa(J). 11. TeopexH^ecKaa B3aHM03aBHCHM0cxb yseiiHHeHHa TOCJICHHOCXH Mecx raesflOBaHna (A) 
H HHCJia rHe3flOBbix nap (B). x — oxHOcXHxejibHLie eflninmbi BpeMenn, y — TOCJIO rnesflOBbix nap, z — 
iHCJieHHOcxb Mecx rHesflOBaHHa. 

Fpa^). 12. TeopexiwecKaa HSMeHiHBocxb nponenxHbix cooxHomemiK iHcna Mecx raesflOBaHHH 
H HHCJieHHOcxH THesflOBbix nap acejixoH ijaium B saBHCHMOcxH ox iHCJiennoro ypoBna BHfla. x — ^cneH-
HOcXb raesfloBbix nap, y — lacxHoe H3 npoqeHXHwx cooxHomenHH "mcjieiiHocxH Mecx rHe3flOBaHHa 
H HHCJia rnesflOBbix nap. 
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Tpa^). 13. TeopenwecKaa HSMCHTOBOCTB nponopiiHH iHCJieHHOCTH MCCT raeaflOBaHHa H iHCJia 
raesflOBLix nap B sonę SKonormecKoro neccHMyM H onTHinyM apeajia npa pasjiHTOOM TOcneHHOM ypo-
BHH BHfla. X — iHCJieHHocTB THesflOBbix nap, y — HHCJio MCCT rneaflOBaHHK B 30He aKOJioranecKoro nec-
CHMyM B npoiieHTHOM cooTHomeHHH K o5meH Hx HHCJieHHOCTH no BceMy apeajiy, z — HHCJieHHOCTŁ MCCT 
RAESFLOBAHHA B 30He 3K0JiormecKoro onniMyM B npoiieHTHOM cooTHouieHHH K oömeiny HX HHCJiy B ape-
ajie, A — KPHBAA npoiieHTHbix cooTHomeHKä MBCT rHesflOBasaa B oSenx sonax, B — KPHBAA npoiieHTHbix 
COOTHOMEMNI TOCTCHHOCTH rnesflOBbix nap B oöenx sonax. 

Ta6. 1. KoHueHTpaqna racjieHHOCTH raesflOBbix nap acejiTOH ijanjui B SABHCHMOCTH OT iHCJieHHoro 

ypoBHH MCCT rHesfloBaHHH H HX BCJiHTOHbi (BejHTfflHbi MHKpoHonyjMnHH), (flaHHbie BbnrHcneHHbie ;];jia 
naJieapKTHHecKoS HacxH apeajia na ocHOBaHHH MarepHaJioB H3 XIX H XX CTOJieTna). (1) — KJiaccbi no 
BEJIHTOHE MecT rHe3flOBaHHa (no BenHinne MHKpononyjiaiłHH), (2) — pn nponenx no oTHOmenHio K HHC-
JieHHocTH rHe3fl0Bbix nap, (3) — KyMyjiaTHBHWH pji/( />N> (4) — GN nponenx no OTHomeHHio K »mcjiy 
MecT raesfloBaHHH, (5) — KyMyjiflTHBHWH pafl gn-
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