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INTRODUCTION

The aim of the present study, as part of the cycle devoted to Ardeola ral-
loides (Scor.), is to analyse the structure of spatial distribution recorded for
the Squacco Heron, mechanisms integrating the species in space, the effect
of isolation between separate micropopulations on their size and the general
configuratior of the range. Of secondary importance will be problems also
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connected with the main topiec and discussed in the body of the paper, such as:
territorial preference of the micropulation, pulsations of the boundaries of the
range, formation of disjunction, mechanisms of territorial expansion and re-
gression, as well as certain other zoogeographical phenomena. There will also
be a continuation of research after critical values of factors limiting the sprea-
ding of the species.

I have already shown ample evidence that the spatial distribution of the
species is closely dependent on the geographical position of marshland habi-
tats, degree of their transformation, ecological capacity (evidently within the
limits of the gradient of environmental factors proper for the species), and also
on the character of the anthropogenic factor’s effect (JoOzrrik, 1969, 1970).
An answer to the recurrent question whether intraspecific factors (such as
populational organization and a tendency to live in larger communities) also
affect the spatial distribution of the species, beside the sphere of biogeophy-
sical factors mentioned above, will be attempted in the first place.

AGGREGATIONS OF BREEDING SITES

Asgsuming that the distribution of separate micropopulations habitating
breeding sites in their range does not occur in a random way, but that it dis-
plays diverse tendencies, the author has checked with test z* differences between
theoretical and empirical distributions of site occurence in separate squares
of the range*) in order to supply convincing evidence for his thesis. For the sake
of comparison the distribution characteristic for the 2nd half of the XIXth
century, for the 1st half of the XXth century, and for the period 1950-1960
was taken, as well as the respective theoretical distribution according to Pois-
SON’S probability:

Nz~
M‘ (1)
The results are presented in Table 1.

And thus, irrespective of considerable secular numerical oscillations, chan-
ges in the character of environmental factors limiting the species reveal a clear-
-cut tendency to clumped distribution of breeding sites which can be une-
quivoeally interpreted as an attempt to overcome isolation between separate
micropopulations and to maintain the optimum level of density over the area
oceupied.

INTERRELATIONS BETWEEN THE SIZE OF SITES AND THE DEGREE
OF THEIR ISOLATION

When discussing aggregations we are faced, first of all, by the problem of
the isolation of breeding sites in relation to each other. As we are confined to

*) The palearctic part of the range has been broken down into squares with sides of
4° of longitude and 4° of latitude (cf. J6zEFIK, 1969D).
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Table 1. Characteristics of theoretical and empirical distributions of A. ralloides breeding
sites in the palearctic part of the range.

.

Statistical

= [ TR
| { 2
™~ - characteristics i o of the dzi[f(.“.nce
P (2) z oi |  (according between theoreti-
Periods i to Porssox) cal and empiri-
BN e} I cal distributions
() SIS L ()] 1 i Gl el M
XIXth century (7) 1.305 | 6.316 0.01106 | 1817 ‘
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century (8) 1.237 6.525 0.01048 ‘ 2531
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— 1960 (9) 0.589 3.145 0.00108 | 947
l total (10) 1.010 5.296 0.00856 1 1904

the possibility of using an objective and not very complicated measure of the
degree of isolation, the choice of the right parameter is decisive for the course
of further research. However, this choice is limited anyway. We have to reject
straightaway all areal indices (density per unit of area). In the case of a mosaic-
-like pattern of distribution with a tendency to form aggregations it is most
effective to measure distances between separate sites in kilometres. It ought
to be remarked that indices and measures used in phytosociology to determine
the degree of isolation (CLARK, EVANS, 1964; DIcE, 1952; THOMPSON, 1956),
mainly for purposes of determining isolation between individuals, do not seem
particularly useful when applied to studies on animal micropopulations.

The following scheme of calculating the index of isolation for each of the
breeding sites has been used in this paper: a) the area around the given sites
was divided, on a detailed map, into quarters WN, NE, ES, SW; b) within
each quarter distances to the nearest sites were measured along straight lines.
In such a way the so called directed distances were obtained, measured sepa-
rately for the situation of the species in the XIXth and in the XXth century.
In any further operations all counts were calculated on the basis of balanced
means obtained from measurements of distances.

Leaving aside the previously shown tendency to form crowded communi-
ties and assuming that the average site size depends entirely on biogeophysical
factors, we are in a position to accept that distances between them should
not affect their size (it ought to be remembered that in view of the heteroge-
neity of the environment the enormous majority of the sites are isolated in
relation to each other by areas biologically alien for the species). Let us consider
this thesis applying an analysis of the coefficient of correlation ratio:
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which occurs between the size of the site (y) and the distance (2) (Table 2).
The explanation why a curvilinear correlation has been applied here will be
given in the ensuing part of the present paper.

Table 2. Indices of the correlation between the size of breeding sites (y) and distances
between them (z) (XIXth and XXth centuries are considered together).

Correla- Coefficients of the Coefficient Coefficient of
Sites tion (3) correlation ratio of cor- curvilinear reg-
relation ression
Distances Nyz Nay Yoy Niy— T2y
. (1) @ | @ (5) (6) (7) s
Regular and maximum ‘
sporadic toge- (9) 0.776 0.813 —0.274 0.586
ther (8) minimum |
(10) 0.819 0.712 | —0.687 0.035
average
(11) 0.710 0.849 —0.846 0.005
maximum
(13) 0.747 0.718 —0.029 0.515
Sporadie (12) minimum
(14) 0.533 0.586 —0.151 0.321

Distances between both sporadic and regular sites have been treated in
three separate variants: maximum and minimum distances, irrespective of
their direction, have been decided as one of the four measurements charac-
terizing each of the sites, while average distances have been treated as the mean
value for all directed distances which can be measutred for the given site.

Co-efficient 7, for all the three variants is relatively high and it indicates
that the size of the site depends, to a large extent, on the degree of isolation.
Let us consider in turn the correlation and problems connected with it.

POSITION OF THE SITE IN THE AGGREGATION

When we consider that maximum distances, irrespective of their position
in one of the quarters of directed distances, reveal to what an extent the given
site is removed from the community center of other sites, or whether it is
situated at one of such centers, then we can accept the category of distances
as an index of the position of the given site in relation to other sites. In propor-
tion to the increase in maximum distances the given site will be either in an
outlying position, or, inasmuch as the value of maximum distances does not
differ much from average distances, i.e. the resultant values of all the direc-
ted distances, we can be sure that the given site is situated at the center of the
aggregation. Thus an analysis of the correlation between the size of sites and
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the maximum distances will reveal the connection between the size of the
site and its position in relation to other sites. This connection, in the aspect
of the effect of the extreme zone on the distribution and numerical state of
sporadic sites, was already discussed in part III of the cycle (JOzEFIK, 1970).

The little differentiated and relatively high value of the correlation for
regular and sporadic sites considered together (»,, = 0.776), just as the one for
sporadic sites treated separately (#,, = 0.747) indicates not only an increasing
resistance of the habitat outside the centers of aggregations, but it also signals
the tendency of the species to concentrate in aggregations. This is also indica-
ted by the course of the curve presenting maximum distances (graph 1, curve 4)
— the values are highest for small sites of fewer than 20 pairs. In cases of more
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Graph 1. Correlation between the size of A. ralloides breeding sites and the maximum
distances separating them (the XIXth and the XXth centuries are treated together). z —
class limits of maximum distances (in km); y —class limits of the size of breeding sites;
curves of regression: A — average maximum distances characteristic for separate classes
of site size, B — average site size characteristic for separate classes of maximum distances.

than 500 pairs the average for these distances rapidly falls down. The average
size of sites situated at distances shorter than 500 km is also summarily higher
(graph 1, curve B). This is much more evident in the percentage distribution
of maximum distances taken in four ranges within separate classes of site size
(graph 2). And thus sites of more than 10 pairs are characterized by only
209, of cases of distances up to 200 km and slightly more than 40 %, up to 500 km.
Distances up to 500 km in the case of sites of 20 pairs made up more than 50 %,
of the total, while sites of more than 1,000 pairs — 100 9%,.

It follows evidently from graph 1 that the average value of maximum
distances, for the great majority of sites, oscillates between 450 and 600 km.
Sporadic sites fall below this value while above that we have large sites of more
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than 500 pairs. The following conclusion can be drawn on the basis of these
data: the size of a site depends, to a large extent, on its position in relation to
the groups of other sites in the range. The farther is the given site situated from
the center of the aggregation, i. e. the relatively nearer the border of the range,
the smaller is its average size. The majority of sites are concentrated to form
groups of sites.
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Graph 2. Distribution of the size of A. ralloides breeding sites in respect of their maxi-
mum distances separating them (in per cent of the total number of breeding sites in the given
range of distances). @ — class limits of the size of sites; ¥ — number of sites in the given
range of distances in per cent; curves of the distribution in the range: 4 — up to 200 km,
B — 201 — 500 km, ¢ — 501 — 1,000 km, D — 1,001 — 2,000 km.

Specifically characteristic is the reverse dependence of the parameters
discussed (7,,), i. e. dependence between maximum distances and the size of
sites. It seems apparent that this dependence is devoid of any real significance.
None the less, it reveals that at least in a majority of cases we can determine
the maximum degree of isolation at which the given site can function normally.
In order to make this concept more precise the following should be taken into
account: the maximum degree of isolation tolerated by the micropopulation
habitating the given small and isolated site. In relation to separate sites this
can be only partial spatial isolation, i. e. encompassing 90-180° and only ra-
rely 270° of the area around the given site.

Maximum distances can also he treated as an index of isolation between
separate groups of sites, even of a complete isolation within the radius of 360°.

Let us compare indices 7, calculated jointly for regular and sporadic sites,
as well as separately for sporadic ones (Table 2). A considerably higher value
of 7,, (= 0.813) for the former suggests a close correlation between the size
of sites, and the degree of isolation and the spatial distribution of environmen-
tal resources. The higher value of #,, (= 0.718) for sporadic sites is the result
of the effect of various extreme environmental factors clearly discernible here.

http://rcin.org.pl
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What is the character of dependence 7,,? If we went only as far as caleu-
lating the co-efficients of correlation (Table 2), then we should conclude that
the degree of the isolation of sporadic sites remains unaffected by the size
of neighbouring sites (r,, = —0.029), and that there is no correlation in rela-
tion to all the breeding sites in the entire range (r,, = —0.274). In our case
the co-efficients of correlation will help to determine the value of curvilinear
regression:

e 2
LT ').r:y_r.zy' .43

It is unusually high (Table 2) and this inclines us to devote more attention
to the character of this connection.

And thus a wide dispersion of maximum distances is characteristic for se-
parate classes of site size (graph 1). This dispersion is conditioned by the he-
terogeneity of geographical distribution of environmental resourses, a para-
lelly elongated shape of the range which entails the unusual numerical diver-
sification of the species occurrence in the parallel cross-section. And conse-
quently, there is also a very broad dispersion of the size of sites for separate
values of average maximum distances. Judging by the high value of the co-ef-
ficient of curvilinear regression (i, — 7%, = 0.586), in spite of a considerable
dispersion of both the parameters, the effect of the position of the site in the
aggregation, as well as the effect of the degree of isolation, on the size of this
gite increases in the exponential function. This extremely important problem
will be discussed in greater detail in part V of the cycle. There the author will
give the critical value of the degree of isolation. It can be treated as a justi-
fication of the application of the curvilinear correlation index when analysing
connections between the parameters considered for the purposes of the present
study.

Summing up, it should be stressed that the position of the site in relation
to others in the range and its size are interrelated with each other. When we
consider maximum distances as a measure of the degree of isolation and dis-
persion of separate groups of sites, or single sites, then this dependence assu-
mes the character of a negative curvilinear correlation, i. e. an increasing li-
near dispersion is accompanied by a logarithmic decrease in the size of breeding
sites. In comparison with the previously mentioned tendency of the species
to form aggregations of separate micropopulations, i.e. to form more spa-
tially compact groups of breeding sites, this fact assumes a deep general bio-
logical meaning.

CHANCES OF CONTACTS BETWEEN MICROPOPULATIONS

Minimum distances assume a different character. They are a sort of an
index showing what the chances of direct contacts between neighbouring mie-
ropopulations are. Such contacts boil down in the breeding season to an impro-
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vement of the situation in temporarily overcrowded sites. In the case of local
disasters (reeds destroyed by fire, breeding colonies destroyed by poachers,
ete.) at one of the sites Herons can, at least partially, move quickly to one of
the neighbouring sites and then go through another breeding cycle. This sort
of thing happened in 1955 when a heronry and a breeding colony of Cormorants
in the region of Vilkovo in the Danube delta were destroyed by artillery bar-
rage in the course of military manouvres and the birds removed in the same
breeding season to the Dniester delta and successfully carried out the process
of having the .second brood (NAZARENKO, JOZEFIK, 1957). In the post-bree-
ding period individuals from small neighbouring sites often join in common
flocks. As a result close neighbouring of breeding sites provides a larger
chance of survival for the entire population within an aggregation. And thus
both the indices of the correlation of maximum and minimum distances
reflect, in different aspects, one and the same dependence of the size of
a given site on its position in relation to other sites in the area.

It follows from graphs 3 and 4 that the largest sites of more than 1,000
pairs are accompanied by minimum distances not exceeding 20 km. Breeding
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Graph 3. Correlation between the size of sites and their minimum distances separating

them (the XIXth and XXth centuries treated together). # — eclass limits of minimum dist-

ances (in km); y — class limits of the size of sites; curves of regression: 4 — average minimum

distances characteristic for separate classes of site size, B — average size of sites charac-
teristic for separate classes of minimum distances.

sites of 500-1,000 pairs neighbour in 54 9%, of cases upon other sites which are
nearer than 20 km. Minimum distances never exceed 700 km. A large majority
of sites (909%) neighbour upon each other within distances of up to 200 km.
Separated by distances longer than 200 km there are 289, of the smallest sites
(up to 10 pairs), and 69, of sites of 10-20 pairs. None of the sites of more than
50 pairs were characterized by minimum distances shorter than 200 km
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(graph 4). The distribution of the size of sites in separate classes of minimum

distances is very significant here (cf. graph 3). An analysis of these graphs enables
us to draw the following conclusion: separate sites are grouped in the range in
such a way that irrespective of other circumstances micropopulations habi-
tating it could keep up contacts with at least one more other breeding site.
This trend is supported by the characteristics of the dispersion of minimum

distances (cf. Table 6). And thus, leaving aside a small number of exceptions,
all micropopulations within the breeding range are connected by “bridges”
of minimum distances
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Graph 4. Distribution of the size of A. ralloides breeding sites in respect of their mini-

mum distances separating them (in per cent of the total number of breeding sites in the given
range of distances). # — class limits of the size of sites; ¥ — number of sites in the given

range of size in per cent; curves of the distribution in the range: 4 — up to 20 km,
to 50 km, ¢

B — 21
— 51 to 200 km, D — 201 to 700 km.

Coefficient 7, (= 0.819) seems to signal a close correlation between the
size of sites and minimum distances. And really the regression of sites of small
size (graph 3, curve B) in relation to distances is relatively even in its charac-
ter. And thus it is reasonable to remark that, when we assume that the inten-
sity of contacts between neighbouring micropopulations is in proportion to

distances separating them, then it follows that it also depends on the size of
these micropopulations.

http://rcin.org.pl
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The initial section of curve B in graph 3 is extremely interestixig. It indi-
cates that as the distances grow smaller, the size of sites increases only to
a certain limit, and when it is overstepped the correlation is reversed from
negative to positive. This supports statistically the fact that the species dis-
plays a tendency to maitain only optimum minimum distances in separate
aggregations, any shorter distances lead to overcrowding which would prevent
neighbouring micropopulations from inereasing their numbers. Such a situa-
tion can be observed in the case of larger aggregations, individual breeding
sites of which are not separated from each other by larger areas of habitats
alien for the species (e. g. at present the Danube delta, Lenkoran Plain, and
in the XIXth century the region of the mouth of the Teiss, the Drave, ete.).
Judging by the graph mentioned, optimum minimum distances between se-
parate micropopulations of A. ralloides are between 15 and 35 km long.

A considerably lower value of #,, (= 0.533) for sporadic sites indicates
an increasing effect on their size of another type of extreme factors.

TERRITORIAL PREFERENCE

Inasmuch as 7, indicates a functional connection of the values discussed,
then their reverse correlation, i. e. correlation ratio 7, occurring between
minimum distances and the size of sites enables to discover the real biological
significance of this connection. The dependence of the distance on the size
of sites can be interpreted as a territorial preference of newly settled micro-
populations (or flocks) when occupying free breeding areas in relation to the po-
sition and size of already existing sites. Minimum distances between these
latter and newly found breeding sites can be treated as an index of this prefe-
rence in relation to already existing sites.

When discussing preference we have to consider first of all, at least from
a general point of view, what are the possibilities of its realization.

Assuming, in order to simplify the problem, that the resources of habitats suitable for
the species are limited and that their total amounts = 1009, then we shall take the numbers
of the species as 1009, when it reaches the highest carrying capacity of the resources mentio-
ned. In the case of such an assumption any numerical level expressed in per cent would
coincide with the same per cent of the occupied habitat which means that a rectilinear
correlation would occur (graph 5, straight 12). The ratio of the area of the occupied habitat

(a) to the reserves (b) could then be expressed by the course of curve F along a vertical axis

plotted in the logarithmic scale. And thus # = ;;' Leaving aside the degree of environment

resistance encountered by each individual settling in the reserve part of the environment
resources, co-efficient # indicates the degree of possibility to choose the breeding site between
occupied and free habitats which would be enjoyed by each of newly arriving flocks, or each
of newly arriving individuals. And if the numbers of 209, coincide with the possibility of
choosing between an occupied or a free habitat in the ratio of 1: 4, then an increase in the
numbers to 609, alters the possibility of preference to 1 : 0.66, while at 909 it rapidly decre-
ases (B = 1:0.11).°

http://rcin.org.pl
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On the basis of long field observations and an analysis of materials derived
from the literature on the subject (JOzerik, 1957, 1969) the author has
found out that the choice of place for setting up a new colony (or a site) is li-
mited in a large number of cases to settling in a most suitable for the species
habitat in the close neighbourhood for the existing sites. The power of social
attraction, a tendency to territorial integration contribute to the fact that
territorial preferences of separate micropopulations are motivated by the intra-
specific factors mentioned to at least the same extent as by the ecological
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Graph 5. A simplified pattern of relating the possibilities of territorial preference to the

numerical increase of the species. # — area of habitat resources (breeding habitat); y — 100°

logarithmic scale of co-efficient E; 2 — numerical state of the species in per cent; A — car-

rying capacity of the habitat, D — edrve presenting the increase in the species numbers,
E — curve presenting the coefficient of preference possibility.

attractiveness of the given habitat. And here we have sufficient evidence for
explaining the fact, so far not explained satisfactorily either by zoogeography
or by applied biology (particularly evident in protective activities, hunting,
and acclimatization), that in spite of the existence, in certain parts of the
range, of a relatively artificial production of considerable, ecologically at-
tractive habitat resources, they were not properly used up by the species.
The existence of unused habitat reserves has been proved by a drastic increase
in the numbers of A. ralloides in the years 1960-1968 in the palearctic part
of the range (JOzEFIK, 1969).
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Judging by the relatively high value of #,, (= 0.712), the possibility of
choosing from the entire range was quite considerable, although there were
also evident influences of other environmental factors (probably the biocenotic
composition of breeding mutuants).

NUMERICAL OSCILLATIONS AND THE DEGREE OF ISOLATION

Concluding from the distribution of data in the preparatory correlative
table, the dispersion of the parameters discussed is quite moderate, and this,
when coupled with the fact of a low value of the coefficient of curvilinear reg-
ression (Table 2), will enable to use the equations of regressions for making
several important remarks. Using the equations of regression:

y = 159.19-0.6422 and a2 = 178.77-0.871y,

where y — size of the site, # — minimum distance (cf. also Table 3), we can
conclude that together with an increase in minimum distances by each kilo-
meter, the average size of sites decreases by 0.54 pair. On the other hand when
the site is enlarged by one pair this is accompanied by a shortening of minimum
distances by 0.87 km. Obviously we can not take into account here the initial
and final sections of the line of regression. This apparent ,arithmetical paradox”
will be easily explained when we take into account the mechanism of numerical
changes in the numbers of the species in larger aggregations of breeding sites.

Table 3. Indices of regression in the size of gsites (y) and in distances between them (z)
(XIXth and XXth centuries treated together).

Coefficients of regression

Category of distance Ty Az (y) Ay(z)

(1) (2) (3) y (4)
Maximum (5) —0.274 —1.874 —0.055
Minimum (6) —0.687 —0.871 —0.542
Average (7) —0.846 —2.958 —0.243

I shall start from the second case, i.e. from the increase in the numbers of the species
in the group of sites in the sphere affected tby the factor contributing to this phenomenon.
Theoretically this increase is possible only to the limit of the habitat carrying capacity
within the given site. Observations ought to be started at the moment when the numbers
of the sites are sufficiéntly high (we are to observe not the formation of aggregations but
their growth). Only when the numbers constantly increase can there occur an overcrowding
in the aggregation leading to the setting up of a new breeding site, while the distances remain
intact. After the new site has been founded its position is, as a rule, fixed in the outlying
parts of the grouping and thus it only insignicantly affects the average value of minimum
distances (this average value could be more seriously affected only in the case of locating
the newly founded sites inside the aggregation). Hence, a considerable numerical increase
can be accompanied by a twice smaller deerease in minimum distances.

A reverse process, i.e. a general decrease in the number of breeding pairs in the aggrega-
tion and a disappearance of breeding sites occur somewhat differently. I shall discuss here

http://rcin.org.pl
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a theoretical variant of situations typical for the Squacco Heron in the last few decades.
A disappearance of a site (cf. Jézrrix, 1969; 1970) is not necessarily connected with a gra-
dual decrease in the number of breeding pairs and it need not take place centripetally inside
the aggregation. It is predominantly caused by destructive activities of man and it includes,
as a rule, sites in the center of the aggregation. A disappearance of even one single gite in the
center is connected with a sudden increase in the average value of minimum distances, while
there is no certainty that the numbers start decreasing straightaway — the birds can remove
to the remaining sites or they can form a new site at the edge of the aggregation. Hence
a slow decrease in the numbers is accompanied by a more drastic decrease in the average
value of minimum distances. The pattern drawn above is directly connected with human
activities limiting the species. In cases when other factors affecting the situation of the spe-
cies oceur (e.g. climatic changes), the mechanism would have a different character but its
effect would remain more or less the same.

Both the mechanisms when referred to the lines of regression act according
to the pattern described only along the middle sections of these lines. It can
be briefly stated as follows: an increase in the numbers of the species is accom-
panied by a slow decrease in minimum distances (there occurs a spatial over-
crowding). A reverse process is connected with a more rapid lengthening of
these distances (cf. Table 6). As we shall see later this will be important for
explaining certain problems connected with pulsations of the borders of the
range (cf. page 21).

As in a definitive balance numerical oscillations have to correspond with
the setting up and disappearance of sites, i. e. with shortening or lengthening
of minimum distances, the regression of the parameters discussed here throws
some light on the time aspect of the mechanisms mentioned. And thus, when
almost each decrease in the numbers of the species is accompanied by an ade-
quate disappearance of breeding sites and lengthening of minimum distances,
then a numerical increase, providing it does not reach a certain level, will have
no effect on the setting up of new sites, and consequently on the shortening
of minimum distances. This level is exceeded when the ecological carrying
capacity of sepaate sites is reached. This is followed by a relatively intensive
territorial expansion, i. e. the setting up of new breeding sites and changes
in the composition of minimum distances. As expansion here consists not
only in an increase in the area of the range, but mainly in an increase in the
number of sites within the aggregation, this has ist bearing on a general
decrease in minimum distances.

The mechanisms discussed enable us to learn more about the essence of
sporadic sites. Obviously I am not referring here to sites which appeared as
a result of the removal of a given micropopulation caused by the persecution of
the birds. Each culminating numerical increase in the eycle of long (many years)
oscillations and the territorial expansion of the species are connected with
the formation of numerous small dependent sites situated in the outlying
regions of larger aggregations and in the border zone of the range. The ensuing,
up to the next culmination, case of a decrease in the numbers of the species
is connected with the disappearance of these sites. A few years long periods
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of the functioning of those sites are quite characteristic, as well as breaks last-
ing many years.

Considering the problem from the point of view of secular changes in the
numbers and taking into accout the fact that they were very considerable
(JOzEFIK, 1969), we come to the conclusion that there are no statistically signi-
ficant differences either between average values of separate categories of
distances calculated only for the XIXth century and then for the X Xth century,
or between standard deviations characteristic for these average values
(Table 4). A similar conclusion follows from the comparison of the distribution of

these distances set up separately for the XIXth and the XXth centuries (graphs
6 and 7).
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Summing up, it should be stressed that irrespective of considerable secular
changes and ecyclic numerical oscillations, the species maintains the same,
not exceeded (in the meaning of the highest tolerated dispersion) density within
the range. As the acceptance of a given degree of isolation depends on the size
of separate micropopulations (cf. page 3), a drop in the numbers of the spe-
cies is always connected with the disappearance of small sites (sporadic ones),
and moreover it is connected with territorial regression.
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Table 4. Characteristic features of distances between breeding sites of A. ralloides (in km).

Statistical cha-
racteristics Century n z t of the o3 t of the
(2) difference difference D
Distances
syt il [N dladaent alnagyoi] o @ | o
Maximum (10) XIX 176 518 0.451 384 0.034 183
XX 160 499 383 280
Minimum (11) XIX 176 86 0.168 1056 0.948 29
XX 160 88 113 = 124
Average (12) XIX 176 243 — 396 0.418 131
XX 160 243 409 123
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Graph 7. Distribution of minimum, maximum, and average distances between 4. ral-

loides breeding sites in the XXth century irrespective of their direction. # — distance (in

km); y — number of sites in per cent within each category of distances; curves of distribu-
tion: A4 — minimum distances, B — maximum distances, ¢ — average distances.
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SPATIAL INTEGRATION OF THE SPECIES

Trrespective of the evidence discussed above and concerned with the spa-
tial integration of the species (tendency to combine groups in aggregations,
dependence of the size of micropopulations on the degree of their isolation,
mechanisms realizing the territorial preference of the species, maintenance of
certain density in the range irrespective of numerical changes), we are still
‘faced with certain doubts. And thus, if a relatively high value of 7,, (minimum
distances) indicates the tendency of the species to reach its optimum density
and shows the existence of considerable possibilities to realize the territorial
preference of the species, then how this is connected with the eventual correla-
tion of the size (meaning by that rather area) of marsh-land habitats unevenly
distributed in the range, occupied by A. ralloides or still unoccupied, and mini-
mum distances separating those habitats? Are we to look for the causes of
correlation 7,, just here? Is co-efficient 7,, a reflection of the dependence of
the size of marsh-land habitats on the gradient of minimum distances separa-
ting these habitats and is the fact of the reverse correlative relationship 7,,
only statistically formal? Is not, in view of all that, the territorial preference
of the species connected with the tendency of A. ralloides to spatial integra-
tion only fictional? Would not then the setting up of new sites occur at random?

Although most of these questions have already been answered (even if
only partially), the basic thesis concerned with the spatial integration requires
fuller, more comprehensive, and more direct prepatory materials. It should
also be pointed out that the tendency to realize spatial integration on the
populational level has already been supported with convincing evidence and
has been prominently given much space in the literature on the subject (e. g.
ANDREWARTHA, 1961: BEKLEMISHEV, 1960; COLE, 1946; Evron, 1966; Lz-
wis, TAYLOR, 1967; MACARTHUR, 1966; MACARTHUR, (CONNELL, 1966; MACFA-
DYEN, 1963; PIELOWSKI, 1966; SOUTHWO0OD, 1966; TAYLOR, 1965; WATT,
1966), it still reqires further elaboration on the level of the species. Thus it
will be purposeful to provide more evidence.

1 shall start from the problem of an eventual correlation between the amount
of marsh-land habitat resources and distances separating them. Judging by
a high probability of the distribution of habitat size (ef. JOzZEFIK, 1970) and
the distribution of minimum distances (graph 8) we could expect the correlation
to occur. I have already mentioned the difficulties connected with calculating
this correlation (JO0zEFIK, 1970). And thus I assume hypothetically that the
correlation is equal to the value of 7,, (= 0.712). Even if this figure is too
high, this will only “positively” reflect on the results of further considerations.
As 7, differs only insignificantly from 7,, (ef. Table 2), in further calculations
I shall use the multiple correlation, it will be more convinient to operate only
with coefficient r. T shall only mention that the evidence is based on the measu-
rement of minimum distances between separate sites.
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According to the hypothetically assumed equality of the correlation between
distances () and the size of sites (y), and the amount of habitat resources
at separate points of the range (¢) we shall have: r,, = r, = —0.687 (cf.
Table 2).
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Graph 8. Distribution of minimum, maximum, and average distances between A. ral-

loides breeding sites (the XIXth and the XXth centuries are treated together). z — distance

(in km); ¥ — numbers of sites in per cent within each category of distances; curves of dis-

tribution: A — minimum distances, B — maximum distances, O — average distances
(moving mean of directed distances calculated for separate sites).

I shall still assume that if there is a significant correlation between the dis-
tances and the size of sites, as well as the amount of habitat resources, and
inasmuch as the value of r,, is determined by the value of 7., then the correla-
tion between the amount of habitat resources and the size of sites, i.e. 7,
ought not to be smaller than r,, and 7,,. If, on the other hand, r,, really differs
from r,, and r,,, then the thesis assuming the dependence of the structure of
spatial distribution of the species only on the structure of the distribution
of marsh-land habitats, (i. e.) the heterogeneity of the environment, will not
be proved without a significant effect of intraspecific factors.

And thus:

¥y = —0.678; r,, = —0.678; r,, = +0.378

The last value has been arrived at in the following way: on the basis of data
from the literature on the subject (JOzEFIK, 1969), and on the basis of precise
maps I have caleulated the area of marshland habitats in square kilometres
of 45 breeding sites. These sites were chosen with the help of the table of ran-
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dom numbers out of the number of 211 sites recorded in the palearctic part
of the range (ef. JOzrrIk, 1969). These values were taken for caleulating the
value of »,.

The low value of r,, indicates that the thesis rejecting the effect of intra-
specific factors on spatial organization is not supported here as the previously
hypothetically assumed equality »,, = r,, is indicated here only to a certain
small extent.

A low positive correlation between the size of sites and the area of habitats should be
interpreted (this is only a digression) as: a) an indication of a considerable differentiation
of marshland habitats within the range; b) an indication of a low density of separate miero-
populations within the areas habitated by them, and consequently the existence of habitat
reserves and considerable chances of territorial preference with an eventual further increase
in the numbers of the species: ¢) an indication of a considerable effect of factors limiting
the species.

In the aspect of the multiple correlation (Table 5), the connection between
minimum distances and the size of sites, irrespective of the effect of the area
of habitats, is only insignificantly smaller and this proves that the species
under consideration is really characterized by a tendency to integration in the
scale of the entire range. The area of marshland habitats occupied by A. ral-
loides affects only to an insignificant degree the size of sites (lack of any cor-
relation — 7,,., = —0.178). The causes of this phenomenon ought to be looked
for in the point mentioned above, and more specifically in human activity com-
prehensively limiting the species (cf. JOzerIk, 1969; 1970).

Table 5. Multiple correlation between minimum distances (x), the size of sites (y) and the
area of marshland habitats (2) on which the sites are situated.

Correlation of

Coefficients of correlation (2) ‘

features (1) total (3) |  partial (4)
| a()—y(2) ¥ii= =0.687" [ rigpi=-—0.688 ‘
L 2(1)—2(3) ris= —0.686 | 7r,.,= —0.635
| y(2)—2(3) ’ Tss = +0.378 Tagn = —0.178 |

There is no satisfactory answer to the question in what specific relation
(e. g. a relation expressed by a definite function) remain to each other: size
of sites, degree of isolation (or intensity of contacts between micropopulations),
and the specific spatial composition of habitat resources. The problem seems
to be quite complicated as we have to take into account also other biogeophy-
sical factors determining the size of sites and which are normally not very pro-
minent when we operate with calculations of the total correlation. This connec-
tion can be discussed in a more detailed way when we include in the course
of our considerations also data on basic environmental factors, when having
at our disposal characteristic features of their changeability (particularly in
space) we shall be able to obtain seaparate characteristics of their partial cor-
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relation. As this will be realized only in the ensuing parts of the cycle, I shall
have to restrict myself here to draw only some conclusions based on less ac-
curate premises which will lead only to an initial presentation of the tenden-
cies and connections revealed.

OPTIMUM DENSITY OF THE SPECIES

The arguments quoted here and concerned with the spatial integration
of the species testify that A. ralloides displays a tendency to try and reach
the optimum density (optimum in the meaning of overcoming the effects of
isolation between micropopulations). Theoretically it would be such a density
at which the combined effects of intraspecific competition and isolation would
reach their lowest values. This is well illustrated by the curves of regression
for minimum distances presented in graph 3, and for average distances in
graph 9. It follows from these graphs that for excessive densities the correla-
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Graph 9. Correlation between the size of sites and average distances separating them

(the XIXth and the XXth centuries are treated together). 2 — class limits of average dis-

tances; y — class limits of the size of sites; curves of regression: 4 — mean values of average

distances characteristic for separate classes of the size of sites, B — average site size cha-
racteristic for separate classes of average distances.

tion between the size of sites and distances between them is changed from
a negative to a positive one. Obviously when considering overcrowding I use
not a direct index of the number of pairs per square kilometer, but an indirect
one — distances between sites, as in the case of an irregular, mosaic-like pat-
tern of the occurrence of marshland habitats, and especially in the case of their
considerable ecological diversification, a direct index would not reflect spatial
relations between micropopulations.
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As to minimum distances the problem of optimum density has already
been discussed (ef. page 10) and I have stated that optimum distances turned
out to be between 15 and 35 km. Average distances, those representing a more
proper relation of density in the range, are, judging by graph 9, distances bet-
ween 30 and 50 km, although even sites situated at a distance of 130 km often
reach considerable size. For dissipating any possible doubts I want to stress
once again that the criterium of an optimum density is to be looked for in the
highest values of site size occurring together with the shortest distances between

them.

And here are certain facts from the history of A. ralloides in the light of the regularities
presented. As I have mentioned already (Jézerix, 1969) the numerical level of sites in the
range continued decreasing in the period 1940-1960 in spite of an absolute increase in the
number of breeding pairs. This apparent contradiction will be easily explained when we
consider the numerical dynamies of the species and the sites in which it occurs from the point
of view which takes into account the fact that the species displays a tendency to form ag-
gregation with optimum density and when we know the factors limiting the species. And
thus in certain regions of the Transcaspian area or of the Hungarian Plain where small sites
were dispersed, the disappearance of even a few of them (land-reclamation) resulted in the
extinetion of many others in these areas, as this led to overstepping the critical value of the
highest dispersion of the species. In the same period there also occurred a relaxation in direct
persecution and reduction of the Squacco Heron in the region of larger sites or even in entire
aggregations, and this evidently led to an absolute increase in the numbers up to the full
use of the ecological capacity of the habitats there and the occurrence of overcrowding
(ef. Jozefik, 1970). Thus there was an increase in the number of breeding pairs in the scale of
the entire range with a simultanous decrease in the number of breeding sites.

In the period mentioned there was also a transformation of a large part of the area of
habitats typical for A. ralloides, but mostly within the limits enabling the species to adapt
themselves to the altered conditions. And here we are faced with a very important problem
necessary for understanding the mechanisms of changes in the range of most species habita-
ting in colonies distributed in a mosaic-like pattern. I have assumed, to simplify the problem,
that the habitat transformation as far as the numerical state of the population is concerned,
oceurred proportionally within the entire range. Thus in regions characterized by a low
density of breeding sites or points in habitats typical for the species, the lengthening of ave-
rage distances between micropopulations when certain such points are done away with
(a high degree of transformation) is much more intensive than in the case of areas with
a high level of density. The process of getting adapted to moderately transformed habitats
is accompanied by a general decrease in the numbers (ef. JézerFik, 1970) which in regions
with a low level of density is connected with overstepping the critical value of the highest
possible dispersion by the population habitating there and leading in c¢dnsequence to the
disappearence of the species. In the regions where there is a considerable concentration of habi-
tat resources all the aboriginal habitats are occupied in which the increasing intraspecific and
interspeeific competition acquires great importance and this forces part of the individuals to
adapt themselves to the transformed habitat and this enables the population to maintain
a level of density approximating the optimum one. Social attractiveness stimulates this
process and prevents the formation of ¢onsiderably isolated new sites, as well as hampers
the use of non-transformed but dispersed resources of breeding habitats. We can easily
imagine that social connections, forcing separate micropopulations to maintain the neces-
sary density in the range, leave the species no other way but to adapt themselves to the tran-
sformed habitat in the area of larger groups of sites, and thus they intensify the process of
the synanthropization of the speecies.
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PULSATION MECHANISMS OF THE BOUNDARIES OF THE RANGE

On the basis of the equations of regression:
y =165—0.2432 and @ = 560—2.954y

we can detect, similarly as in the case of minimum distances (cf. page 12),
the phenomenon of a more rapid lengthening of average distances when the
size of sites decreases as compared with the shortening of these distances when
the sites become larger (¢f. Table 6). Differences in the rate of changes are here,
however, smaller — distances lengthen 2.13 times faster, together with a decrease
in the size of gsites, in comparison with the rate of shortening when the
size of sites increases, which could be observed in relation to minimum distan-
ces, but still it amounts to 1.41 (Table 6). How will the regularity described
reflect on the pulsation mechanism of the boundaries of the range (cf. J6zE-
FIK, 1969)?

When the numbers of the species start increasing, distances between sites
are shortened more slowly — there comes the phase of numerical cumulation.
The borders of the range remain in this period intact. An increase in the size
of sites can proceed until the limits of the ecological capacity of the given breed-
ing area are reached. When this limit is overstepped, the intraspecific com-
petition is drasically intensified and its pressure forces part of the micropo-
pulation to resettle outside the boundaries of the range. Thus there ocecurs
a restitution of the species in the regions of the previous regression (e. g. the
present situation of A. ralloides in the Transcaspian part of the range).

When there is a further eventual increase in the numbers of the species
and the habitat reserves are exhausted, the vagility of separate populations
is intensified. If even in more distant regions far from the initial range there are
habitat sthe occupation of which will not be connected with considerable adapta-
tive efforts, or which will depend on the overcoming of a natural geographical
barrier, a territorial expansion connected with population explosion of the spe-
cies will follow (a classicial example of this phenomenon is at present the world-
-wide expansion of Ardeola ibis). Cases of the latter type, far exceeding the
usual, in the case of many years long cycles, pulsations of boundaries of the
range, belong to relatively rare phenomena.

The phase of numerical cumulation, which is followed by a relatively rapid
changes in the boundaries and an increase in the area of the range (phase of
expansion), is characterized generally by a disproportion between the rapid
rate of numerical increase and a gradual shortening of distances between separa-
te sites. In the phase of expansion, when around the larger overcrowded sites
we can record the appearance of numerous small dependent sites (mainly spo-
radic), such distances are drastically shortened, although only in the central
parts of the range as the border distances will be lengthened due to the appea-
rance of new sporadic sites.

The second possibility, i. e. a decrease in the numbers of the species, as
it follows from Table 6 (set up the basis of the equations of regression)
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is connected with an unproportionally more intensive, as compared with
this numerical decrease, lengthening of distances between breeding sites. This
phenomenon indicates that even when the numbers of the species decrease
only insignificantly in the depth of the range, the pressure of intraspecific
competition will be relieved. This will spark off a sudden outflow from the
extreme zone in the outlying districts of the range of a part of mieropopula-
tions into the central regions until the competitional tension is levelled off.
Thus most of small sites will disappear, and consequently distances between
larger ones will automatically increase. This will be additionally accompanied
by a limiting effect of the increased degree of isolation. Inasmuch as in certain
regions the density of sites was not very high, then they will probably disap-
pear there completely in a relatively short period of time, while the area of
the range will shrink.

Recapitulating, an increase in the area of the range as part of the pulsations
of its boundaries and also the expansion of the species is preceded by the phase
of numerical cumulation. And thus not each apogee of numerical oscillations
(cyclical fluctuations) is connected in time with an adequate increase in the
area of the range, while each numerical drop results in a clear-cut retraction
of the boudaries of the range. Hence the centrifugal shifting of the boun-
daries is much more drastic and sudden, while the centripetal one takes place
more slowly and gradually. It can be supposed that the course of the curves
presenting numerical oscillations and pulsations of the range (meaning here
the size of the its area), although they can be similar, can coincide in time only
in the phase of falling down.

Table 6. Average interrelationship between the size of A. ralloides breeding sites and dis-
tances between them.

" 3o ot | e b, ad b B ) R RATA 1NN
| [ Changes 1 the :12e | Differences in
| | of sites (2) o | the rate of
Distances (1) increase by ... f decrease by ... changes mf tthlf
(number of (number of ’sl;l)l:;x ?:l:d di: '
] . 3 | . 4 © 3 -
’ pairs) (3) ‘ pairs) (4) SN D)
y — v
Minimum (6) | 1.00—0.87 | 1.00—1.85 2‘1*3
[ S T6—1.00" W [« 5905451100 e
Average (7) 1.00—2.95 |  1.00—4.16 e
0.34—1.00 0.24—1.00 , (_
Tk N t
decrease by ...| increase by ...
(number of km) (number of km)
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Changes in distances between breeding sites (10)
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To what an extent this dependence is close in the case of A. ralloides is
impossible to determine at present in view of the lack of sufficienfly accurate
materials. This problem has been touched upon here because changes in the
boundaries used to be connected, in a simplified way, predominantly with
numerical oscillations and the effect of external factors determining this oscil-
lation. The pattern described here, although based on indirect premises, indi-
cates that the mechanism of changes in the boundaries of the range is closely .
connected, among others, with the social peculiarities of the species, with its
tendency to maintain their optimum density.

MECHANISM OF DISJUNCTION FORMATION

There is still relatively little information on various conditions contribu-
ting to the formation of disjunction, and because of that it might be useful to
devote more attention to this problem, at least within the limits of the corre-
lation discussed above (cf. page 4). I have stated before, when discussing 7,,,,
that newly settled flocks limit their choice of breeding site to places in the nea-
rest neighbourhood of the existing sites. And thus increasing ranges are, as
a rule, compact. I have also discussed previously (cf. page 22) the mechanism
connected with a decrease in the numbers of the species and the retraction
of the boundaries of the range — the tendency of the species to form aggrega-
tions prevents the occurrence of disjunetion. A classical example here is the
withdrawal of A. ralloides from its sites in the drainage area of the Aral Sea,
Persian Gulf, and some other regions in the Middle East in the period of regres-
sion between 1830 and 1920 when the eastern boundary of the range was shifted,
on average, by about 1,200 km to the west (JOzrrik, 1969). The disappearance
of the species investigated within the area mentioned was undoubtedly cansed
by a numerical decrease in its central regions (JO0zrrik, 1969), and it can not
be explained by either the stepping up of human interference or climatic chan-
ges, or even by the pressure of other factors, as just in this part of the range
the factors mentioned were relatively stable at the turn of the century. If the
Transcaspian population had previously been so numerous and if it had reached
a suitable level of density so that irrespective of a drop in the numbers of the
Caspiana nd Caucasian populations it could maintain itself independently in
its winter ranges outside the breeding period, then it would have had chances
to realize a classical disjunction. Most probably then not only a geographical
isolation but also genetical one would follow in its turn.

It is important to clear up the problem of a “directional” revealment of the
features integrating the species in order to gain a more comprehensive un-
derstanding of the spatial structure, and consequently of the conditions condu-
cive to the formation of disjuctions. The term “directional” revealment should
be here interpreted in the following two aspects: 1) as an interrelationship
of the previously considered pecularities of micropopulations neighbouring
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upon each other in the parallel cross-section, i. e. in direction W — J; 2) of
micropopulations neighbouring upon each other in the meridian cross-section,
i. e. in direction S — N. We are concerned here with the problem to what an
extent, in connection with the spreading of the range in the parallel direction,
separate micropopulations can maintain autonomy in respect of changes taking
place in their surrounding at the sites neighbouring upon them to the east
and to the west, and also those situated to the north and the south.

If the average distances are an exponent of the combined effect of the
geographical distribution of habitat resources, the degree of isolation, and
the territorial preference of separate micropopulations, then the correlation
of these distances calculated separately for the parallel cross-section of the
range and its meridian profile in respect of: a) average number of sites (7,,),
b) average size of sites (r,), ¢) average numerical state of the species (r,.),
will enable to determine directionally the dependences mentioned.

Table 7. Correlation of average distances between breed-
ing sites (z) in respecet of the average number of sites
(a), average size of sites (b), average numerical state of
the species (¢) in the parallel and meridian cross-section
of the range (material calculated for the XIXth and
the XXth centuries jointly; the value of class limits
in the two cross-sections = 4° of latitude and longitude).

Cross-section of the range
Coefficient of meridian parallel
correlation (1) (N—S8) (W—E)
(2) (3)
fod —0.572 —0.648
ab —0.647 —0.384
T2e —0.533 —0.533

The data for the parameters mentioned were calculated here for each part of the range
encompassed in a square 4° of latitude by 4° of longitude. Thus in the parallel cross-section
the squares include breeding sites between parallels separated by 4° of longitude, while
in the meridian cross-section they include sites between meridians separated by 4° of latitude.
It should be mentioned that the palearctic part of the range of the Squacco Heron stretches
from east to west along 80° of longitude (on average 6,500 km), while from south to north
along 20° (on average 2,200 km) (J6zEFIK, 1969).

The correlation between average distances and values a, b, ¢ is obviously
negative and not very high. The low values of » are the result of the curvilinear
character of the correlation (cf. page 4), here they are only for the sake of

comparison.
In the case of r,, the highest correlation is in the parallel cross-section
(r,s = —0.648) and somewhat lower in the meridian cross-section (r,, = —0.572)
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— the difference is statistically significant. This indicates that the number
of sites in the given region depends, to a larger extent, on the presence of other
sites neighbouring upon them to the west and to the east, than on the presence of
sites to the south or to the north. And thus the possibility of the formation
of disjunction largely depends on the parallel density of breeding sites. The
Sahara disjunction, levelled off in recent years by the settling of the Squacco
Heron in the valley of the Lower Nile, forms here an obvious exception*).

What determines in the two cross-sections the average size of sites? Coef-
ficient 7,, reaches its highest value in the meridian cross-section (—0.647)
and is almost twice as high as 7, in the parallel cross-section (—0.384). It is
known to what extent the size of sites is connected with distances between
them (cf. page 7). Distances along the line of W — E are considerably longer
than along the line of N — S, and consequently in the cases of overcrowding
it is most probably eased meridionally, i.e. in the direction of migrations,
although the birds are provided with better chances of preference parallelly.
It should also be remarked that the preference is realized in the final phase
of spring migrations and thus there are more chances that, for instance,
young birds will seftle in a new breeding area more to the north or to
the south in respect of their primary breeding site, than to the east or to the
west. The trek of A. ralloides in western or eastern directions is well known
but only along such sections of the range where the spatial distribution of ha-
bitat resources prevents any other movements (e.g. recent situation along
the northern coast of the Black Sea). Only at a very low index of the possibi-
lity of territorial preference (probably when FE < 0.5-0.2; graph 5) the re-
settling is carried out not in the direction of migrations but parallelly and
is expansive in its character.

In the latter case (r,), when we take into account the hierarchy of interrlationships,
then the size of sites depends on environmental factors and on the social structure of the spe-
cies, while the number of breeding sites partly depends on their size, while the numbers
of the species are indirectly determined by these two parameters. In consequence, the cor-
relation between average distances and the numbers of the species, i.e. 7., is only indirect
and functionally determined. From a logical point of view, it should be expressed in more
or less the same way in the two cross-sections, and this is really so as the value of 7, is the
same in the two cases (it amounts to —0.533; cf. Table 7).

*) Formally, as it has been pointed out the majority of faunistic works, that this disjunc-
tion stretched over the area of about 2,000 km, while de facto, starting from the 40° line of nort-
hern latitude, it amounted, up to the sixties of the present century, to 2,600 km. Although
the palearctic and central African populations contact with each other in the course of winter,
we have at our disposal no facts which would indicate the occurrence of a genetical exchange
between them. As it will be shown in the ensuing parts of the cyele, the two populations
are isolated not only phenologically but they also differ ecologlcally It is not excluded that
they can form two separate subspecies. A taxonomical processing of materials from the two
parts of the range belongs to the nearest future. At present the most interesting seems the
population occupying the lower courses of the Nile.
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Thus we are in a position to put forward an important conclusion: con-
nections integrating the species are much more prominent in the meridian di-
rection, i. e. in the direction of the most intensive physical contacts between
separate micropopulations. Parallelly separate micropopulations maintain more
autonomy which probably disappears with the occurrence of overcrowding
(ef. Table 8). This autonomy ought to be treated as a potential possibility
of disjunction. This enables to draw several conclusions, partly hypothetical
in their nature, and concerned with causal connections occurring between the
structure of the spatial distribution of the species and its evolutional destiny:

1) In the conditions of the optimum environment the numbers of the spe-
cies increase and the parallel autonomy of the pepulation disappears. The
genetical flow is intensified, while the chances of fixing the directed variability
of separate populations are decreased; the rate of microevolutional changes
is a minimum one. This state, characteristic for the cumulative phase, is chan-
ged when the species enters its expansive phase.

2) In the case of a tendencious deterioration of environmental conditions
over the entire range (c. g. pressure of the anthropogenic factor, ef. JOzEFIK,
1969) when the numbers of the species considerable decrease, the autonomy
of separate populations or micropopulations increases parallelly (they still
remain closely integrated in the meridian cross-section), which leads, as the
numbers of the species continue to fall down, to disjunction and genetical
isolation between some of them. The deepening stress of the environment
leads to the critical numerical state, increases mutability and sharpens selec-
tion. New features spread more quickly when numbers of the population are
low. The rate of microevolutional processes is increased. The populations which
survived are characterized by the divergence of features — these are the initial
stages of speciation.

Ant thus the processes of speciation can oceur more intensively not only
as a result of an increase in the numbers of the species, its expansiveness over
the new areas, and in consequence of geographical isolation and the formation
of divergent forms. It seems that this phenomenon occurs more often in the
conditions of profound environmental changes connected with the formation
of the ecological pessimum according to the pattern described above.

To put it more generally, all profound secular changes in the numbers of
the species, that is the state of imbalance in the homeostasis of the species,
lead to the intensification of microevolutional processes, which has been pro-
ved in the case of A. ralloides, taking as an example synanthropization, in
the previous part of the cycle (JOzEFIK, 1969).

SPATIAL ISOLATION IN THE CROSS-SECTION ANALYSIS

T have used so far the concept of complete isolation, i. e. when the site is
isolated in the radius of 360°. The measure of this type of isolation were ave-
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rage distances, as average values of directed distances, which can play
a certain role in the determination of directions for postbreeding noma-
dic movements. Late summer nomadic movements, and later on migra-
tions which are specifically directed, play a considerable role in the joining
of flocks in larger groups, the birds of which are derived from various small
breeding sites. Postbreeding nomadic movements form an extremely important
period for the species in their annual cycle. Separate flocks look for each other
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Graph 10. Distribution of directed distances between breeding sites in the parallel
cross-section (the XIXth century). # — geographical longitude; y — distance (in km);
A — directed distances WN, B — NE, ¢ — SE, D — SW,

very actively in this period, and they take up the most “economical” direction
of flight. As it follows from graphs 10—13 the shortest distances both in the
previous and in the present century were WN. And really this direction of no-
madic movements, not only in the case of A. ralloides but also among other
Heron species, has been very popular. Migrations in the south-western di-
rection are particularly preferred by populations occupying the central regions
of the range (cf. curves D in graphs 10 and 11). In the period of spring migrations
distances NE assume particular importance. They also belong to the relatively
shortest distances (curves B in graphs 10 and 11). I shall return to the problems
only touched upon here in one of the next parts of the cycle which will be de-
voted to migrations.

http://rcin.org.pl



420 M. Jozefik : 28

The fact that directed distances are balanced is characteristic for the area of
the highest concentration of the species. This is particularly evident in the
meridian cross-section (graphs 12 and 13). It is easy to realize how the situa-
tion of the species changed in the last 100 years in the western and eastern
regions of the range when we consider separate directed distances. In the pre-
sent century, all the directed distances, except those in the central part of
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Graph 11. Distribution of directed distances between breeding sites in the parallel
cross-section (the XXth century). = — geographical longitude; % — distances (in km);
A — distances in direction NW, B — NE, ¢ — SE, D — SW.

the range, were considerably lengthened, particularly in the eastern parts.
This is clearly seen in graph 14 which represents the distribution of average
distances calculated separately for the XIXth century (curve A4) and separa-
tely for the present century (curve B). The course of the two curves charac-
“terizes the degree of site dispersion in the range. Inasmuch as this dispersion,
analysed in the parallel cross-section, was altered only insignificantly in the
central parts of the range, and even decreased in the western outlying distriets
in the XXth century, then the eastern distances were lengthened, on average,
by 200-40) km.

The degree of site dispersion in the meridian cross-section is presented in
graph 15. It remained almost unchanged in the zone of highest concentration,
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while it increased quite considerably along the northern boundary, and, to
a lesser extent, along the southern one. Both these graphs support once again,
proved already at other levels, the tendency of the species to reach the
optimum concentration of breeding sites.

Beside those directed ditances, it is very important to analyse other para-
meters considered in the meridian or parallel cross-section (graphs 16 and 17).
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Graph 14. Distribution of average distances between breeding sites in the parallel cross-
section (degree of site dispersion in the parallel cross-section). # — geographical longitude;
y — distance (in km); 4 — the XIXth century; B — the XXth century.

Correlations between them will enable to reveal new dependences. Thus I have
taken into account the degree of isolation (balanced means of average distan-
ces — curves A), the average numbers of sites (curves B), the average size
of sites (curves C), and the average numbers of the species (curves D). The
distributions presented include data calculated for the two centuries together.
Graph 16 presents the parallel cross-section, graph 17 the meridian one.

The correlation between the degree of isolation and the size of sites, and
the numbers of the species have already been discussed here previously in certain
aspects (cf. page 24). It should only be added now that it does not reach in
both the cross-sections such considerable values as correlations of other para-
meters (Table 8). Analysing graph 16 we can instantly find out that, for instance,
the degree of isolation and size of sites (r,,) in the parallel cross-section are
the least correlated ones in the western regions of the range. It follows, as I
have proved earlier (JOzrrik, 1970) from the fact that the anthropogenic
factor neutralize the limiting effect of izolation and that the correlation
has a curvilinear character.

We can observe the lowest correlation between curves 4 and € in the meri-
dian cross-section (graph 17) only between the 36° and 40° lines of northern
latitude (cf. page 33). It is also purposeful to point out that as the synanthrop-
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ization of the species gets gradually more complete, the value of »,. will
undoubtedly be lowered yet again. The same can be applied to the correla-
tion between the degree of isolation and other parameters.

As the numerical state of sites, the degree of isolation, and the size of sites
are closely connected with each other, the correlation between the numerical
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Graph 15. Distribution of average distances between breeding sites in. the meridian
cross-section (degree of site dispersion in the meridian cross-section). # — geographica
latitude; the remaining explanations as for Graph 14).

state of sites and their size (rp.) assumes the same character as r ,, (obviously
taking into account here the change of algebraic sign) (cf. page. 34). In the
parallel cross-section 7+ is considerably lower than in the meridian one, and
this onee again indicates the higher autonomy of separate micropopulations
along the parallel (cf. page 25) and testifies to a higher density of the species
in the meridian cross-section.

The numbers of the species in the parallel cross-section depend in an almost
equal measure, on the size of sites (rop = -+0.825) and on their numerical
state (rzp, = +0.801). In the two cases the dependence is relatively consi-
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derable. Differences between the values of 75, and of ry, are significant in
the meridian cross-section (Table 8). And thus at 75, = +40.997 the dependence
is almost linear, while at 75, = +0.767 the correlation is lower and the differ-
ence is statistically significant. This undoubtedly indicates a higher density
of the species along the meridians, which is also evident for the reasons discuss-
ed below.
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Graph 16. Dependences between certain parameters of the spatial structure of A. ral-
loides distribution in the parallel cross-section of the range (the XIXth and the XXth centu-
ries are treated together). @ — geographical longitude; y — distance (in km) (scale for
curve A); v — number of breeding sites (scale for curye B); w — size of sites expressed in
the number of breeding pairs (scale for curve 0); # — numerical state of the species expressed
in the number of breeding pairs (scale for curve D); A — average distances; B — distri-
bution of the numerical state of sites; 0 — distribution of the average size of sites; D — dis-
tribution of the numerical state of the species.

In the zone of the species concentration, in view of the fact that there are

a large number of dependent breeding sites”there, i. e. small in reality, the
average site size remains relatively insignificant and only in a small degree
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Graph 17. Dependences between certain parameters of the spatial structure of A. ral-

loides distribution in the meridian cross-section (the XIXth and the XXth centuries are

treated together). @ — geographical latitude; y — distance (in km) (scale for curve A);

» — number of sites and average size of sites (scale for curves B and €); = — numbers of

the species expressed in the number of breeding pairs (scale for curve D); 4 — distribution

of average distances; B — distribution of the numerical state of sites; (' — distribution
of the average size of sites; I — distribution of the numerical state of the species.

it exceeds the averege size between the 36° and 40° lines of northern latitude.
The numerical state of sites, in its turn, between the parallels mentioned, is
relatively limited, but as I have mentioned before (J0zEFIK, 1969) those sites
are relatively large. Hence, not each class of geographical latitude in respect
of the size of sites is characterized by the proportional numbers of the species,
while 7, is lower than 75, (Table 8). The lack of overcrowding within the area
of separate micropopulations prevents the occurrence of dependent sites betwe-
en the 36° and 40° lines of northern latitude, and this is caused by an excessive
degree of isolation and an unusually intensified effect of the anthropogenic
factor (JozurIk, 1969). It should also be stressed here that sites along the latitude
discussed here, even in the meridian cross-section, due to their relatively consi-

derable size, retain certain autonomy.
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Table 8. Correlation of certain parameters of A. ralloides spatial distribution in the palearc-
tic part of the range in the cross-section analysis (the XIXth and the XXth centuries are
treated together).

Cross-section Co-efficient of . B — numerical | € — size D~ num:
of the range correlation »r state of sites | of sites bers of
(1) ) | (6) St Whspe:
] cies (8)
| | degree of isolation — | ’ |
4 () —0.648 | —0384 | —0.533
Parallel (2) numerical state of ’
sites — B (6) ? — | +0.467 | -0.801
| size of sites — C (7) | - - +0.825
| |
degree of isolation — | | | ;
‘ A (5) ] —0.572 L —0.647 —0.533 |
Meridian (3) numerical state of ‘ |
| sites — B (6) = 1+0.764 +.0.997 ;
' | size of sites — O (7) — - +0.767 |

ZOOGEOGRAPHICAL ASPECT OF ALLEE’S RULE

In a general conclusion following from the materials analysed the following
points can be stressed: 1) Spatial distribution of the species in the breeding
range depends on: a) geographical composition of the habitat resources pro-
per for the species, b) its numerical state, ¢) tendency to maintain the optimum
density over the maximum area of-the range. 2) Degree of integrational ten-
dency to form aggregations, i. e. to overcome isolation, is revealed more inten-
sively when the species is threatened and its numbers low, although there are
still unused reserves of the habitats (cf. JOzerik, 1970). 3) As the numbers
of the species gradually increase the tendencies to form aggregations are to.
a large extent levelled off (although not hindered), in the proximity of the
upper limit of the carrying capacity of the habitat, by the effect of the incre-
asing intraspecific competition whose consequence is dispersion and expansi-
veness.

From the point of view of ALLEE’S rule (ALLEE, EMERSON et all., 1958),
worked out on the basis of studies on interrelationships between the degree
of clumping and the survival of populations, the biological meaning of the ten-
dency to integration displayed by the species as a biological unit is identical.
The species reveals its tendency to reach such a relation between the pressure
of intraspecific competition and its efforts to form aggregations (the overcom-
ing of isolation and attempts to reach the maximum effect of gregariousness)
which can ensure the maximum degree of survival in the long run (e. g. an-
nual eycle). In our case ALLEE’S rule has been statistically proved on the basis
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of historical materials, and although only in respect of one species, even
that fact imparted it with a wide zoogeographical significance. ;

Also other consequences following from the fact that the species tends to form optimum
groupings deserve more attention. Beside providing more chances for survival, aggrega-
tions secure better conditions for intensive genetical exchange, which has in its turn quite
an effect on the rate of speciation as well as on the evolutional direction of the species as
a whole. Judging on the basis of materials presented previously (Jézerik, 1970), it seems
reasonable to put forward a thesis that chances of the species to maintain a uniform
genetical structure and definitely directed microevolutional changes increase proportionally
to the degree of the spatial integration of the species and they remain inversly proportional
to the possibility of forming interpopulational isolation, leading in its turn to further
divergencies. Taking into account that a large number of species, mainly social in their
character, have enormous ranges stretching parallely, whose differences between the
extremes are enormous, we can easily imagine how impossible it would be for them to
preserve a relatively uniform genetical strueture, how often disjunctions would be formed
in their ranges, and how rapidly divergence would proceed, but for the social connections not
only within the structure of flocks, populations, but just being visible on a large seale of the
entire species.

Together with the elimination of factors reducing the species (birds and beasts of prey)
by man, factors foreing the species to maintain spatial integration and social connections,
the critical size of micropopulations will be considerably decreased (ef. Jozerix, 1970),
the possibilities to form isolates will be enhanced, the rate of speciational processes will
be rendered faster. All this I shall endeavour to prove in one of the ensning parts of the
eycle.

CHANGES IN THE DISTRIBUTION STRUCTURE AS AFFECTED
BY THE ANTHROPOGENIC FACTOR

As I have proved previously in the case of A. ralloides synanthropization,
we can discuss the effect of the anthropogenic factor on the species investiga-
ted when comparing individual parameters calculated separately for periods
singled out in the history of the species under consideration. I shall remind
here that both the 2nd half of the XIXth century and the 1st half of the X Xth
century ought to be treated as periods of direct and indirect reduction in the
numbers of the Squacco Heron, while the period after 1950 has been charac-
terized, to a large extent, by a favourable effect of the anthropogenic factor,
which can be presented in a simplified way thus: a) A. ralloides is now under
specific protection, b) a pattern of natural reserves has been set up, ¢) new trans-
formed habitats are available for the Squacco Heron (rice fields in Europe,
water canals, retentional reservoirs), d) natural enemies of A. ralloides have
been considerably reduced (JOzerik, 1969). The positive effect of this factor
increases from east to west and that found its reflection, even before 1950,
in a considerable decrease in the critical size of micropopulations in the western
parts of the range and in a general synanthropization of the species. After
1960 it had its bearing on the sudden increase in the numbers of the species
in the central and eastern regions of the range (JOzZEFIK, 1969).
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I have proved earlier that irrespective of considerable secular oscillations
in the numbers of the species, the density of sites in the XIXth century and
in the 1st half of the XXth century did not reveal any significant differences
(cf. Table 1). Judging by the character of the effect of limiting factors the
species was forced to keep up close spatial integration, i. e. close social con-
nections. After 1950, the character of previous limiting factors has changed
completely — the species can now exist even in the form of even small miecro-
populations (ef. Jozurik, 1969), and thus it can use more fully its habitat re-
sources. Judging by the data presented in Table 1 (z and of) the species can
now maintain in the range a lower density of breeding sites.

In order to make sure whether changes in the effect of the anthropogenic
factor have significantly influenced the so far permanent structural features
of the distribution (cf. page 3), and in the first place the density of breeding
sites in the range, I have tested with y* empirical distribution of the numerical
state of sites in squares 4° of geographical longitude by 4° of geographical la-
titude characteristic for the 2nd half of the XIXth century, the 1st half of
the XXth century, and the period after 1950 (Table 9).

Table 9. Secular changes in the density of . ralloides breeding sites
in the palearctic part of the range.

#* of differences between | !

Periods empirical distributions of P(df — 5)
compared | the numbers of sites in | (3)
(1) squares 4° of longitude '

I ‘ by 4° of latitude (2)

2nd half of the XIXth ‘ i

and 1st half of the XXth ‘
| cent. (4) [ 4.58 0.52 |
2nd half of the XIXth ‘ | |
cent. — state after 1950 ‘
(5) 14.77 0.02
1st half of the XXth cent. |

| — state after 1950 (6) 13.05 0.02

As it follows from Table 9, there are no significant diferences between the
2nd half of the XIXth century and the 1st half of the XXth century, although,
as it is well known (JOzEFIK, 1969), numerical changes of the species reached
859, in this period. Significant are here differences between the periods men-
tioned and the state after 1950 which is a period with a different effect of
the anthropogenic factor.

And thus the final thesis from the previous chapter (cf. page 34) can
be accepted now as a conclusion with sufficient evidence to support it.
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CONCLUSIONS

1. The distribution of A. ralloides breeding sites in the range is not a random
one but it reveals, irrespective of considerable secular oscillations of the species
and a change in the effect of limiting factors, a decisive tendency to form ag-
gregations.

2. The species as a whole reveals a tendency to attempt at spatial integra-
tion, i. e. it shows a tendency to overcome any excessive isolation between
micropopulations and to maintain such a level of density in the range which
would not exceed a definite critical value.

3. Separate breeding sites are grouped in the range in such a way that, irres-
pective of other circumstances, micropulations habitating them can get in
touch with each other, each site with at least one more site. Thus there are
formed “bridges” of minimum distances connecting, with only a small number
of exceptions, all the micropopulations within the breeding range.

4. The species endeavours to maintain only optimum minimum distances in
separate aggregations below which overcowding occurs which prevents any
further increase in the size of micropopulations closely neighboring upon
each other. It should be interpreted as an attempt to reach such a relation
between the pressure of intraspecific competition and the overcoming of iso-
lation and reaching the highest social effect which would ensure the highest
degree of survival in the annual cycle.

5. The force of social attraction and the tendency to realize territorial in-
tegration contribute to the fact that the preference of a breeding habitat at
a given point of the range displayed by separate flocks and micropopulations
is motivated by these factors not less than by the ecological attractiveness
of the habitat at this point.

6. Irrespective of considerable historical secular changes and ecyelic oseil-
lations of the numbers of the species, it maintained up to 1950 the same, not
exceeded (in the meaning of the highest tolerated dispersion), density within
the breéding range.

7. The tendency to form aggregations is diplayed more intensively when
the species is threatened, when it is reduced, and when its numbers are low.
Together with the elimination, or at least with the curtailment by man, of
the reducing factors and with the protection of the species (the period after
1950) the connections integrating the species became loose and the critical
gize of micropopulations was lowered, as well as the occurrence of significant
changes characteristics of basic parameters of the spatial structure (e.g. the
maximum critical value of dispersion is lowered). This leads to an increase
in the possibility of the frequent formation of isolates and of an intensified
rate of the process of speciation.

8. A general increase in the numbers of the species is accompanied by
a slower decrease in the degree of isolation between separate micropopulations.
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This is characteristic for the cumulative phase which is followed by the
expansive one connected with an increase in the area of the range and a simul-
taneous decrease in the degree of isolation (the appearance of a larger number
of dependent and sporadic sites). When the numbers of the species decrease,
the increase in the degree of isolation between separate sites is relatively intensi-
fied (the disappearance of small dependent and sporadic sites as well as the
territorial regression). Not each apogee in numerical oscillations is accompanied
by an adequate, in time, increase in the area of the range, while each decrease
in the numbers of the species leads to the retraction of its boundaries. Hence
the centrifugal progress (pulsation of the boundaries) is carried out by leaps
and bounds while the centripetal one is gradual.

9. The possibility of disjunctions to occur (in the case of A. ralloides) is
determined by the parallel crowding of sites in the range. Connections cement-
ing the species are more prominent in the southern direction, i. e. in the di-
rection of the most intensive contacts between separate micropopulations.
They preserve greater autonomy along the parallels, i. e. they are less susceptible
to the limiting effect of spatial isolation. This autonomy, being the potential
initiation of eventual disjunctions, is deepened together with a decrease
in the numerical state of the species.

10. All the profound secular changes in the numbers of the species (lack of
homeostasis) contribute to the intensification of microevolutional processes.
It seems that the processes of speciation occur more rapidly in the conditions
of ecological pessimum connected with a considerable decrease in the numbers
of the species and the formation of diverging isolates, than in the case of a num-
erical increase, and in consequence its expansiveness and a delayed formation
of populations which are also isolated.

11. The size of the micropopulation habitating a given breeding site is
correlated with the degree of spatial isolation in respect of other sites in the
closest neighbourhood. This correlation has a curvilinear character. The further
is a site situated from the center of the aggregation, the larger is the micro-
population habitating this site. The smallest sites are in the outlying parts
of the breeding range and also near the borders separating individual ag-
gregations. The effect of the degree of isolation on the size of micropopulations
increases in an exponential function, i.e. the increasing linear dispersion is
accompanied by a logarithmic decrease in the size of micropopulations.
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STRESZCZENIE

(zeéé IV eyklu stanowi kontynuacje prac dotyeczacych struktury rozmiesz-
czenia przestrzennego Ardeola ralloides (Scop.) w palearktycznej czeSci zasiegu
i po$wiecona jest badaniom nad organizacja przestrzenng i mechanizmami
integrujacymi gatunek.

Autor udokumentowuje teze, iz rozmieszczenie stanowisk legowych w za-
siegu nie jest losowe, a poza sfera czynnikéw biogeofizycznych na uksztaltowa-
nie przestrzenne gatunku w znacznej mierze wplywaja tez czynniki wewngtrz-
gatunkowe. W tym celu przebadano testem y* réznice rozkladéw teoretycznych
wedlug prawdopodobienistwa PoISSONA i empirycznych wystepowania sta-
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nowisk legowych w poszezegélnych kwadratach zasiegu o boku 4° szerokofeci
i 4° dlugodei geograficznej ujmowanych w trzech wariantach: a) oddzielnie dla
IT polowy XIX wieku, b) I polowy XX wieku, ¢) dla okresu 1950-1960 (tab. 1).
Niezaleznie od znacznych sekularnych wahan ilo§ciowych, zmiany charakteru
oddzialywania $rodowiskowych czynnikéw ograniczajacych gatunek, jako
calo§é, wykazuje zdecydowang tendencje do tworzenia skupisk (agregacje
stanowisk legowych), tj. pokonywania nadmiernej izolacji miedzy poszcze-
gélnymi mikropopulacjami i utrzymywania w zasiegu zageszczenia nie prze-
kraczajacego okreflonej wartosei krytyecznej. Jako miernika izolacji stosuje
autor mierzenie tzw. odleglosei kierunkowyech, tj. dystansow dzielacych dane
stanowisko od innych najblizszych, lezgcych w kierunkach NW, NE, SW, SE.
Badajae za pomocg wspélezynnikéw stosunkun korelacyjnego 7, i 7,, wspolza-
lezno§é miedzy wielkodcig stanowiska legowego (wielko$eia mikropopulacji)
(y — liezba par legowych zasiedlajacych dane stanowisko) a stopniem izolacji
(z — odleglogé w km) wyrazonym jako: a) kierunkowe odleglo$ci maksymalne,
b) minimalne oraz c) przecietne (wypadkowa wszystkich odleglosei kierunko-
wych) (tab. 2) autor dochodzi do wniosku, ze wielkosé¢ mikropopulacji zasiedla-
jacej dane stanowisko skorelowana jest ze stopniem izolacji przestrzennej
wzgledem innych najblizszych w zasiegu stanowisk. Korelacja ta ma charakter
krzywoliniowy. Im dane stanowisko polozone jest blizej centrum agregacji,
tym wielko§é zasiedlajacej go mikropopulacji jest wieksza. Stanowiska w stre-
fie peryferyjnej zasiegu a takze na pograniczach agregacji sg najmniejsze.
Whplyw stopnia izolacji na wielko§é mikropopulacji wzrasta w funkeji wyklad-
niczej, tj. wzrastajacemu liniowo rozproszeniu towarzyszy logarytmiczne
zmniejszanie si¢ wielko§ei mikropopulacji.

Badajac korelacje odleglo§ei minimalnych i wielkodei stanowisk, autor
stwierdza, iz poszezegélne stanowiska grupuja sie w zasiegu w taki sposéb,
aby niezaleznie od innych okoliczno§ci mikropopulacje je zasiedlajace mogly
kontaktowadé sie kazda przynajmniej z jednym innym stanowiskiem legowym.
“Pomosty” dystanséw minimalnych wiazg w ten sposéb prawie wszystkie
populacje w obrebie zasiegu legowego. W miare zmniejszania sig odleglosei
minimalnych miedzy stanowiskami ich wielko§é wzrasta tylko do okreflonej
granicy (15-35 km), po przekroczeniu ktérej korelacja z ujemnej przechodzi
na dodatnig. Jest to dowodem zmierzania gatunku do utrzymywania jedynie
optymalnych dystanséw minimalnych w poszezegélnych agregacjach stano-
wisk, ponizej ktérych nastepuje przegeszezenie ograniczajace dalsze wzrastanie
blisko sasiadujacych mikropopulacji.

Interpretujac 7,, dla dystanséw minimalnych autor wysnuwa nastepujacy
wniosek: sila socjalnego przyciagania i dazno§é do integracji terytorialnej
sprawiaja, iz preferencja biotopu legowego nowo osiedlajacych si¢ stad w okres-
lonym punkcie zasiggu motywowana jest tymi czynnikami w stopniu prawdo-
podobnie nie mniejszym, niz atrakeyjnoscia ekologiczng Srodowiska tego punk-
tu. Wspomniane czynniki wewnatrzgatunkowe zmuszaja niektére populacje
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do przystosowywania si¢ do Srodowiska przeksztalconego i bynajmniej nie
optymalnego ekologicznie oraz przySpieszaja synantropizacje gatunku.

Poslugujac sie réwnaniami regresji autor dochodzi do przekonania, ze
ogbélnemu zwiekszaniu sie liczebnos$ei gatunku towarzyszy wolniejsze obnizanie
sie stopnia izolacji miedzy mikropopulacjami. Charakterystyczne to jest dla
fazy kumulacyjnej, po ktérej moze dopiero nastapié faza ekspansywna zwig-
zana ze zwiekszeniem sie powierzchni zasieggu i réwnoczesnie zmniejszaniem
stopnia izolacji (powstawanie wiekszej liczby stanowisk satelitarnych i spora-
dycznych). Przy spadku liczebnosci gatunku, zwiekszanie si¢ stopnia izolacji
miedzy stanowiskami w stosunku wzglednym odbywa si¢ szybeiej (zanik drob-
nych stanowisk satelitarnych i sporadycznych oraz regresja terytorialna).
Autor omawia tez mechanizmy: kumulacyjnej fazy wzrastania liczebnosci
gatunku w zasiegu, jego ekspansji i regresji terytorialnej, tworzenia sie i zaniku
sporadyeznych stanowisk legowych. Niezaleznie od znacznych historycznych
zmian sekularnych oraz krétszych cyklieznych wahan liczebnodei gatunek
utrzymywal jednakowe, nieprzekraczalne (w sensie maksymalnie tolerowanego
rozproszenia) zageszezenie w obrebie zasiegu. Dopiero po znacznym zsynantro-
pizowaniu sie wiekszosei populacji ezapli modronosej w ostatnich dwéch dzie-
siecioleciach, gatunek ten mogl egzystowaé juz w warunkach zwiekszonego
ToZproszenia.

Préez poprzednio przytoczonych dowodéw dazenia gatunkn do integracji
przestrzennej (grupowanie sie stanowisk legowych w agregacje, zaleznosé wiel-
- ko§ei mikropopulacji od stopnia jej izolacji, mechanizmy preferencji teryto-
rialnej, utrzymywanie niezaleznie od znacznych wahar sekularnych liezebnoSei
okre§lonego zageszezenia w zasiegu) autor udokumentowuje teze, iz struktura
rozmieszczenia przestrzennego gatunku w slabym stopniu skorelowana jest
z przestrzennym rozmieszcezeniem biotopéw wodno-blotnyeh i w znacznej
mierze zalezy od czynnikéw wewnatrzgatunkowych, scalajacych gatunek jako
realng jednostke biologiczna. Gatunek zmierza do takiego zageszczenia w za-
siegu, przy ktérym sumujace si¢ negatywne wplywy konkurenc]l wewnatrz-
gatunkowej oraz izolacji osiagaja najnizsze wartosei.

W dalszej czeSei pracy autor analizuje mechanizmy pulsacji granic zasiegu
A. ralloides. Zwiekszanie powierzchni zasiegu poprzedzane jest przez faze ku-
mulacji liczebnosei. Nie kazdemu przeto szezytowi wzrostu liczebnosei, zwlasz-
cza gdy chodzi o kilkuletnie fluktuacje, towarzyszg adekwatne przesuniecia
granicy zasiggu. Natomiast kazdy spadek liczebnodci powoduje cofanie sig
jego granicy. Stad odérodkowe przesuwanie sie (pulsacja granicy) nastepuje
gwaltowniej wiegkszymi skokami, dogrodkowe odbywa sie stopniowo i lagodnie.

W kolejnym rozdziale rozwazany jest mechanizm tworzenia si¢ dysjunkeji
w zasiegu. W przypadku A. ralloides, jak ndowadnia autor, o mozliwoéei wytwo-
rzenia sie dysjunkeji decyduje rownoleznikowe zageszezenie stanowisk w zasiegu.
Wiezi scalajace gatunek sa bardziej uwydatnione w kierunku poludnikowym,
tj. w kierunku najbardziej intensywnych bezposrednich kontaktéw miedzy
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poszezegélnymi mikropopulacjami. Réwnoleznikowo zachowuja one wieksza
autonomie, tzn. sg mniej podatne na ograniczajacy wplyw izolacji przestrzen-
nej. Autonomia ta, bedac potencjalnym zaczatkiem ewentualnych dysjunke;ji,
poglebia sie miedzy agregacjami wraz ze spadkiem ilo§ciowym gatunku. Autor
jest tez zdania, ze wszelkie glebokie zmiany sekularne liczebnofei (zachwianie
homeostazy gatunku) powoduja intensyfikacje proceséw mikroewolucyjnych.
Wydaje sie, iz procesy specjacyjne przebiegaja prawdopodobnie znacznie
czefeiej i szybeiej w warunkach pessimum ekologicznego, polaczonego ze znacz-
nym obnizeniem sie liczebnogci gatunku i wytworzeniem si¢ dywergujacych izo-
latéw, niz w przypadku wzrastania liczebnofei a w konsekwencji jego ekspan-
sywnofci i pézniejszego wytworzenia si¢ réwniez izolowanych populacji.

W kolejnym rozdziale omawia autor izolacje przestrzenna w ujeciu profilo-
wej analizy zasiegu.

Rozpatrujac w zoogeograficznym aspekeie prawidlowosei przestrzennej
organizacji gatunku autor podkrefla, iz sens tendencji integracyjnych gatunku
jako jednostki biologicznej jest identyczny z wykrytym przez ALLEEGO w od-
niesieniu do populacji (skupiskowo§é — przezywalno§é). Gatunek zmierza
do osiggniecia takiej relacji miedzy parciem konkurencji wewngtrzgatunkowej
a daznofcia do skupiskowosei (pokonanie izolacji i osiagniecie maksymalnego
efektu stadnego), ktéra to relacja z perspektywy dluzszego czasu zapewni mu
maksymalny stopieni przezywalnoei. W oparciu o przyklad A. ralloides autor
nadaje zasadzie ALLEEGO szersze ramy reguly zoogeograficznej. Na podstawie
przeanalizowanych materialéw wysuwa teze, iz dazno$é gatunku do okreslo-
nej optymalnej skupiskowosei, poza wieksza szansa przezycia, stwarza lepsze
warunki do bardziej wzmozonej wymiany genetycznej, co nie moze pozostawaé
bez wplywu na tempo proceséw specjacyjnych, jak réwniez ukierunkowane
ewoluowanie gatunku jako calofci. Autor sadzi, iz proporejonalnie do stopnia in-
tegracji przestrzennej gatunku wzrastaja jego szanse do zachowania jednolitej
struktury genetycznej i S$cifle ukierunkowanych zmian mikroewolucyjnych.

W koricowym rozdziale autor omawia wplyw czynnika antropogenicznego
na zmiany struktury rozmieszezenia. Dochodzi do konkluzji, iz dazno§é do
tworzenia skupisk przejawia sie intensywniej, gdy gatunek jest bardziej zagro-
zony i redukowany, a jego liczebno§é niska. Wraz z wyeliminowaniem, badz
znacznym ograniczeniem przez czlowieka czynnikéw redukujacych i objeciem
gatunku ochrong (okres po 1950 roku) rozluzZnily si¢ wiezi integrujace gatunek
przestrzennie, obnizyla si¢ wielko§é progowa mikropopulacji, jak réwniez
zaszly istotne zmiany w charakterystykach podstawowych parametréow struk-
tury przestrzennej (np. obnizenie si¢ progu maksymalnie tolerowanego rozpro-
szenia gatunku). Zwiekszyly si¢ w zwiazku z tym mozliwosei czestszego tworze-
nia si¢ izolatéw oraz przyS$pieszenia proceséw specjacyjnych.

Oze§é V cyklu poswiecona bedzie analizie stref ekologicznych zasiegu
z punktu widzenia badan nad struktura przestrzenng gatunku.
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Objaénienia do wykreséw i tabel:

Wykres 1. Korelacja wielkoSci stanowisk legowych A. ralloides i ich maksymalnych
wzgledem siebie odleglofei (XIX i XX wiek lacznie). @ — przedzialy klasowe odleglodci
maksymalnych (km); y — przedzialy klasowe wiclkodci stanowisk legowych; krzywe reg-
resji: A — Srednie maksymalnych odleglodci charakterystyezne dla poszezegélnych klas
wielkosci stanowisk, B — &rednie wielkodci stanowisk wladciwe dla poszezegdlnych klas
odleglosei maksymalnych.

Wykres 2. Rozklad wielkoSei stanowisk legowyeh A. ralloides w zaleznoéei od ich maksy-
malnych odlegloSci wzgledem siebie (w stosunku procentowym do ogélnej liczby stanowisk
w danym zakresie odleglosci). # — przedzialy klasowe wielkosei stanowisk; y — liczba sta-
nowisk w danym zakresie odlegloei w % %; krzywe rozkladu w zakresie: 4 — do 200 km,
B — 201-500 km, O — 501-1000 km, D — 1001-2000 km.

Wykres 3. Korelacja wielkosei stanowisk i ich minimalnych odlegloéei wzgledem siebie
(XIX i XX wiek lgeznie). # — przedzialy klasowe odleglo$ei minimalnych (km); y — prze-
dzialy klasowe wielko&ci stanowisk; krzywe regresji: A — érednie minimalnych odlegloci
charakterystyczne dla poszezegbélnyeh klas wielkoSei stanowisk, G — érednie wielkoSei
stanowisk wladciwe dla poszezegblnych klas odleglo$ci minimalnych.

Wykres 4. Rozklad wielko&ci stanowisk legowych A. ralloides w zaleznoéci od ich mi-
nimalnych odleglodei wzgledem siebie (w stosunkn procentowym do ogélnej liczby stano-
wisk w danym zakresie odlegloSci). # — przedzialy klasowe wielkoéei stanowisk; y — liczba
stanowisk w danym zakresie wielkoSei w 9% % ; krzywe rozkladu w zakresie: 4 — do 20 km,
B — 21-50 km, ¢ — 51-200 km, D-201-700 km.

Wykres. 5. Uproszezony schemat uzaleznienia mozliwoéei preferencji terytorialnej
od wzrostu liczebnosci gatunku. # — powierzchnia zasobéw Srodowiska (biotopu legowego);
y — 100-stopniowa logarytmiczna skala wspélezynnika E; 2 — liczebno$é gatunku w % %;
A — asymptota wydolnofei &rodowiska; D — krzywa wazrastania liczebnodei gatunku;
B — krzywa wspoélezynnika mozliwoéei “preferencji.

Wykres 6. Rozklad minimalnych, maksymalnych, i przecietnych odlegloSei miedzy
stanowiskami legowymi A. ralloides w XIX wieku niezaleznie od ich ukierunkowania. & —
odlegloié (km); y — liczba stanowisk w stosunku procentowym w obrebie kazdej kategorii
odleglofei; krzywe rozkladu: A4 — odleglo$ci minimalne, B — maksymalne, ' — przeci¢tne.

Wykres 7. Rozklad minimalnych, maksymalnyech i przecigtnych odleglo$ei miedzy
stanowiskami legowymi A. ralloides w XX wiecku niezaleznie od ich ukierunkowania. # —
odleglosé (km); y — liczba stanowisk w stosunku procentowym w obrebie kazdej kategorii
odlegloSei; krzywe rozkladu: 4 — odleglofci minimalne, B — maksymalne, 0 — przecietne.

Wykres 8. Rozklad minimalnych, maksymalnych i przecigtnych odlegloéei miedzy
stanowiskami legowymi A. ralloides (XIX i XX wiek lacznie). # — odleglodé (km); y — licz-
ba stanowisk w stosunku procentowym w obrebie kazdej kategorii odleglodei; krzywe roz-
kladu: A — odleglo$ci minimalne, B — maksymalne, ¢ — przecietne (frednia ruchoma
wypadkowych odleglodci kierunkowych obliczanych dla poszezegélnych stanowisk).

Wykres 9. Korelacja wielkoSei stanowisk i ich przecietnych wzgledem siebie odlegloéei
(XIX i XX wiek lacznie). # — przedzialy klasowe przecietnych odleglosci; y — przedzialy
klasowe wielkofei stanowisk; krzywe regresji: A —érednie przecigtnyeh odlegloécei charak-
terystyczne dla poszezegblnych klas wielkoéei stanowisk, B — érednie wielkodei stanowisk
wlasciwe dla poszezegblnych klas odlegloéei przecigtnych.

Wykres 10. Rozklady ukierunkowanych odlegloéci miedzy stanowiskami w profilu
réwnoleznikowym (XIX wiek). z — dlugo&é geograficzna; y — odleglosé (km); 4 — odleg-
losci kierunkowe WN; B — NE; 0 — SE; D — SW.

Wykres 11. Rozklady ukierunkowanych odlegloSci miedzy stanowiskami w profilu
réwnoleznikowym (XX wiek). z — dlugo$é geograficzna; y — odleglo§é (km); A4 — odleg-
loSci w kierunku NW; B — NE; 0 — SE; D — SW,
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Wykres 12. Rozklady ukierunkowanych odlegloSei miedzy stanowiskami w profilu
poludnikowym (XIX wiek). @ — szeroko&é geograficzna (pozostale oznaczenia — jak na
wykr. 11).

Wykres 13. Rozklady ukierunkowanych odleglosei miedzy stanowiskami w profilu
poludnikowym (XX wiek), (oznaczenia — jak na wykr. 11).

Wykres 14. Rozklady odleglodei przecigtnych miedzy stanowiskami legowymi w pro-
filu réwnoleznikowym (stopienn rozproszenia stanowisk w profilu réwnoleznikowym). z —
dlugoéé geograficzna; y — odlegloé&é (km); 4 — XIX wiek; B — XX wiek.

Wykres 15. Rozklady odlegloéei przecigtnych miedzy stanowiskami legowymi w pro-
filu poludnikowym (stopien rozproszenia stanowisk w profilu poludnikowym) @ — szeroko$é
geograficzna (pozostale oznaczenia — jak na wykr. 14).

Wykres 16. ZaleznoSei miedzy niektérymi parametrami struktury przestrzennej roz-
mieszezenia A. ralloides w profilu réwnoleznikowym zasiegu (XIX i XX wiek lgeznie).
@ — dlugo§é geograficzna; y — odleglodé (km) (skala dla krzywej 4); v — liezba stanowisk
legowych (skala dla krzywej B); w — wielko&é stanowisk wyrazona w liczbie par legowych
(skala dla krzywej 0); 2 — liczebno&é gatunku wyrazona w liczbie par legowych (skala dla
krzywej D); A — odlegloSei przecigtne; B — rozklad liczebnofci stanowisk; ¢ — rozklad
przecigtnej wielko&ei stanowisk; D — rozklad liczebnodei gatunku.

Wykres 17. ZaleznoSei miedzy niektérymi parametrami struktury przestrzennej roz-
mieszezenia A. ralloides w profilu poludnikowym zasiegu (XIX i XX wiek 1acznie).  — sze-
roko&é geograficzna; y — odleglodé (km) (skala dla krzywej A); » — liczba stanowisk i prze-
cigtna wiekos¢é stanowisk (skala dla krzywych B, 0); z—liczebnoéé gatunku wyrazona w licz-
bie par legowych (skala dla krzywej D); A — rozklad odlegloSei przecigtnych; B — rozklad
liczebno&ei stanowisk; 0 — rozklad przecietnej wielkoSci stanowisk; D — rozklad liczebnodei
gatunku.

Tabela 1. Charakterystyka rozkladéw teoretycznych i empiryeznych rozmieszezenia
stanowisk legowych A. ralloides w palearktycznej czeSci zasiegu. (1) — okresy, (2) — cha-
rakterystyka statystyczna, (3) — érednia #, (4) — wariancja a;, (5) — prawdopodobien-
stwo (wedlug Poissona), (6) — 2? réznicy rozkladéw teoretycznych i empiryeznych, (7) —
XIX wiek, (8) — I polowa XX wiekn, (9) — okres 1959-1960, (10) — ogélnie.

Tabela 2. Wegkazniki stosunku korelacyjnego miedzy wielkodcig stanowisk legowych
(y) a odleglofcig miedzy nimi (z) (XIX i XX wiek lacznie). (1) — kategoria stanowiska,
(2) — odlegloSei, (3) — korelacja, (4) wspélezynnik stosunku korelacyjnego 7z, (5) —wspol-
czynnik stosunku korelacyjnego 7gy, (6) — wspélezynnik korelacji 74y, (7) — wspélezynnik
krzywoliniowoSci regresji 72,—r%,, (8) — regularne i sporadyczne lacznie, (9) — (13) —
maksymalne, (10) — (14) — minimalne, (11) — przecigtne, (12) — sporadyezne.

Tabela 3. Wskazniki regresji wielko&ci stanowisk (y) i odlegloéei miedzy nimi (2) (XIX

XX wiek lacznie). (1) — kategoria odlegloSci, (2) — wspélezynnik korelacji 7z, (3) —
wspélezynnik regresji azy), (4) — wspélezynnik regresji ay,q,, (5) — maksymalne, (6) —
minimalne, (7) — przecigtne.

Tabela 4. Charakterystyka odlegloéci miedzy stanowiskami legowymi A. ralloides
(w km). (1) — odlegloéei, (2) — charakterystyka statystyczna, (3) — stulecie, (4) — liczba
pomiaréw n, (5) — érednia #, (6) — ¢ rbéznicy, (7) — odchylenie standardowe oz, (8) —
t réznicy, (9) — dominanta D, (10) — maksymalne, (11) — minimalne, (12) — przecigtne.

Tabela 5. Korelacja wieloraka odleglo§ei minimalnych (z), wielkoSci stanowisk (y)
i wielko&ci biotopéw wodno-blotnych (2), na ktérych te stanowiska sa usytuowane. (1) —
korelacja cech, (2) — wspélezynnik korelacji, (3) — calkowitej, (4) — czastkowej.

Tabela 6. Wspolzalezno&é wielkoéei stanowisk legowych 4. ralloides i odleglo§ei migdzy
nimi. (1) — odlegloéé, (2) — zmiany wielkofei stanowisk, (3) — wzrost o... liczbe par,
(4) — spadek o liezbe ... par, (5) — réznice tempa postepujacych zmian liczebnosei gatun-
ku i odleglosei, (6) — minimalne, przecietne, (7) — spadek o liczbe ... km, (8) — wzrost
o liczbg ... km, (9) — zmiany odleglosci miedzy stanowiskami.
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Tabela 7. Korelacja przecietnych odlegloéei miedzy stanowiskami (z) wzgledem: prze-
cigtnej liczby stanowisk (a), przecigtnej wielkofei stanowisk (b), przecigtnej liczebnoéei
gatunku (¢) w profilu poludnikowym i réwnoleznikowym zasiegu (materiat wyposrodkowany
dla XIX i XX wieku lacznie; wielko&é przedzialow klasowych w obydwu profilach
= 4° dlugofei i 4° szerokofei geograficznej). (1) — wspoélezynnik korelacji, (2) — profil
poludnikowy zasiegu (N — 8), (3) — profil réwnoleznikowy zasiggu (W — E).

Tabela 8. Korelacja niektérych parametréw struktury rozmieszezenia przestrzennego
A. ralloides w palearktycznej czeSci zasiegu w ujeciu analizy profilowej (XIX i XX wiek
1aeznie). (1) — profil zasiegu, (2) — réwnoleznikowy, (3) — poludnikowy, (4) — wspodlezyn-
nik korelacji r, (5) — stopien izolacji — A, (6) — liczebno$é stanowisk — B, (7) — wielko&é
stanowisk — 0, (8) — liczebno&é gatunku — D.

Tabela 9. Zmiany sekularne zageszezenia stanowisk legowych A. ralloides w paleark-
tyeznej czeSci zasiegu. (1) — por6wnywane okresy, (2) — x* réznic rozkladéw empiryeznych
lieczby stanowisk w kwadratach 4° dlug. geogr. x 4° szer. geograficznej, (3) — P(as-s5)
prawdopodobieristwo przy 5 stopniach swobody, (4) — II polowa XIX wieku — I polowa
XX wieku, (5) — II polowa XIX wieku — stan po 1950 r., (6) — I polowa XX wieku —
stan po 1950 r.

PE3IOME

YerepTasi 4acTh LHMKJIA SBISETCS MPOJOJIKEHHEM HCCJIEIOBAHMIA 1O CTPYKTYpe Ipo-
CTPAHCTBEHHOTO PACTIPE/IC/ICHHS JKENTOMH IalId B MaJeapKTHIeCKoi yacTH apeasa. B va-
CTHOCTH IOCBSIIIAETCS OHA M3YYEHHIO MPOCTPAHCTBEHHON OpPraHu3alii BHIA M MEXaHH3-
MaM 00ycIaBIMBAIONIAM €r0 MHTErPalHIo.

ABTOp ZI0Ka3bIBACT, YTO pacnpe/IeeHHe MECT THe3/I0BAHNS JIHIICHO YePT CIYYaHHOCTH.
Pacnpenesnienue MecT rHe3zioBanus B apeaie, kpome (axtopos Guoreodusnyeckoro xa-
pakTepa, B 3HAYATEJILHON Mepe 3aBHCHT OT BHYTPHBHIOBHIX (PAKTOPOB ONpEAEIAFOLIMX
NPOCTPAHCTBEHHBIE MApaMeTpbl BHAA. DTOT TE3HC NPOBEPSETCSs aBTOPOM KpUTEpHEM
%% — 1O 3TOMY KPHTEPHIO CPAaBHUBAJINCH TEOPETHYECKHE PACHPE/ICICHHs BEPOATHOCTEH
1o TEVYACCOHY M 3MIMpPHYECKHE PACHpPE/IC/ICHNS BCTPEYAEMOCTH MeCT THE3JI0BAHHS XKeJl-
TOM IAnIM B KBaJpaTax I'He3J0Boro apeana o 6okax 4° reorpaduyeckoifl mmpoTsr u 4°
reorpaduyeckoit goyrorsl. CpaBHUBAIHCH pAcrpe/ieeHds B TPEX BAPHAHTAX: 4) Xapak-
Tepuble i 11 nososuner XIX Beka, 6) I mososuubr XX cTONETHS, B) XapaKTepHbIe IS
nepuoja 1950-1960 rr. (ta6. 1). HesaBHCHMMO OT 3HAYHTEJBHBIX BEKOBBIX KoJeOGamuii
YHCIEHHOCTH BMJA, HE3aBHCHMO OT XapakTepa BIHSHHA OrpaHHYMBAIOIMX (haKTOPOB
BHEIUHEH Cpelbl, B Kak I1eJoe MPOSBISET PELINTEJbHO TEHICHIHIO K 06pa3oBaHmio
CKOIUICHMI (arrperauuu MecT rueszjaoBauus). Cienyer 3TO NMOHHMATh, KaK CTpeMJICHHE
K IPEOIOJIEHAIO YPe3MEPHOI H3OJIALMU MEK/Y OTACAbHLIMH MHKPOIIONYIAHAMH H yep-
KHBaHHs 110 BCEMY apeajly IUIOTHOCTH HE MEPEeXOAAlIed Onpe/eeHHON KPUTHYECKOH Be~
JMYHHBL. B kayecTBe M3MEpHTElNIs CTENeHH H30JALUHH ABTOPOM NPHMEHACTCS H3MepeHHe
TaK HA3BIBAEMBIX HANPABIAIOMIMX JUCTAHIHM, T. €. PACCTOAHHH MEXKIY COOTBETCTBEHHBI-
MH MECTaMH THE3JI0BOK H3MEPAEMBIX B YeThIPEX BAPHAHTAX COIJIACHO YETBEPTAM PO3EBI
serpoB (NW, NE, SW, SE). IToab3ysich koa(hpdpuimeHTaMi KOppeIsHOHHOTO OTHOLIe-
HHSA 7], M 7],, ABTOPOM HM3y4aJIach B3AHMO3ABHCHMOCTh MEK/Ly BEIMYMHON MecTa rHe3/0-
BaHUs (BEJHYMHOW MUKDOIOMYJIAUMM 3ace/sioieil ONpEeICHHOe MECTO THE3/I0BAHHU)
BBIPAXKEHHOH YHCJIOM THE3/J0BBIX map (y) M CTeNeHIO U30UALUMH (PAcCTOAHHE B KHJIOMEs
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Tpax — X). PaccMaTpuBasich 3 BapHaHTa: MaKCHMAJIbHBIE HATIPABISIONINE JAUCTAHINH,
MHHHMAJIbHBIE JHCTAHIMH W JMCTAHUHMH B CPeJHeM (Cpeaiee YHCIIO 4-X MPOMEpoB Ha-
NPaBJISIONINX JUCTAHIMH) — CM. Tabauua 2. ABTOp NPUXOMMT K BBIBOAY, YTO BEIHYHHA
MUKPOTIONYJIAIMA 3aCeJIAIONINX OTACIbHbIE MECTa THE3/I0BOK KOPPEIHPYET CO CTENEHIO
NPOCTPAHCTBEHHON M30JSAUMH MEXTy O9THMHM MHKpononyssuuamMu (OTpulaTebHas,
KpHBOJIMHEHHAS Koppessuns). Yem Gimke K HEHTPY arrperaldd HaXOAUTCS OIpeesieH-
HOE MECTO THe3/IoBaHMs, TeM OoJiblle BeIMYHHA 3ACENIAIOUICH ero MHKpPOMOMYISIHH.
MecTa rue3/I0BOK pacroJIoXeHHbIe B nepudepHifHoN YacTH apeasa, a TakkKe Ha OKpaHHax
OoJiee KpYNHBIX arrperaumi XapakTepU3yOTCS CAMBIMH HE3HAYHTEJbHBIMH BEJIHYHHA~
MH. BiusiHue H30J50HM HA BEJIHYHHY MHUKPOTNYJIAIMH BO3PACTACT B IOKA3aTEABHON (yHK-
U4, T. €. BO3pACTAIOUIEMY B JIMHEHHON (DYHKIMM PacCEMBAHMIO BHIA COOTBETCTBYET
YMEHbBIIICHHE BEJTHYAHBI MHUKPONOMYJISALUA B JorapuMudeckoi (yHkumm.

AHAIM3UPYS KOPPEJIANHIO MEXKAY MUHUMAILHBIMA JHCTAHUMSIMHE H BEJIMYMHON MeCT
THE3/I0BOK aBTOP KOHCTATHPYET, YTO OTJEJIbHbIe MHKPOIONYJISALHH IPYNIHPYIOTCS B ape-
ayje TakuM oOpa3om, YTOOBI HE3aBUCHMO OT BCEX APYIMX OOCTOSTENHLCTB OHM MOTJIH
Mex 1y co60if HMMeTh KOHTAKT 110 KpaitHei Mepe XoTs Obl ¢ 0/1HOM cTOpoHBI. Bo3uuKaioT,
TakuM 00pa3oM, CBS3BIBAIONIHE 3BEHbS MUHUMAJIbHBIX AUCTAHLMI CBS3BIBAIOIIKE B IIpe-
JieJlax THE3Z0BOrO apeaja MOYTH BCe MHKPONOMYJIsiui. B Mepy yMEHbIIEHHS MUHAMAIIb=
HBIX JUCTAHIMH BEIHYMHA MHUKPOIOMYJISAUMH BO3PACTAET TOJBKO [0 ONPEAeIeHHOTO
npeaena (15-35 xm), 3aTeM npH JanbHEHIEM COKpALIEHHH AMCTAHIHH KOPpeIsuus C OT-
PHLATELHOM CTAHOBHTCSI TOJOXHTEJIBHOM, 4TO CBHJIETEIbCTBYET O CTPEMJICHHH BHIA
K TOJICPKABAHUIO €/IMHCTBEHHO ONTHMAJIbHBIX PACCTOSHUI MEXy TIHE3ISUIHMUCT MH-
KPONIONYJIAIMAMH CPEIH COOTBETCTBEHHBIX Aarrperauu MecT rHe3zoBanus. CiauimkoMm
OJIH3KOE COCEACTBO MEXIy MHKPONOMYJISIUSIMH OrPAHHYHBACT MX JaJIbHEHIIEe BO3pac-
TaHHE — CO3JAETCH KapTHHA NEPEHACEICHHOCTH.

WurepnpeTHpys BEJHYHHY 7)., MHHUMAIBHBIX JHCTAHIMA aBTOP NPHXOAUT K BBIBOJY,
YTO CHJIa COLNHAJILHOIO MPUTATHBAHHA W CTPEMJICHHE BHAA K TEPPHTOPHAJILHOM HHTE-
rpaluy SBJISIOTCS HE MEHee CyLIeCTBeHHBIM (haKTOpoM B npedepHpPOBAHMH OINpeesieH-
HBIX TEPPUTOPHH HOBOTIOCEJSFOIMMHCS CTAJaMH YeM 5KOJOIHYecKasi aTpaKIMOHHOCTb
fuoTOna B Ipejeiax 3TOH TEPPUTOpPHH. DTOT BHYTPHBHIOBOM (hakTOp 3acTaBisieT He-
KOTOpPbIE MHUKPOIOMYJISIIHH IPHCIOCAOIHBATLECS K BHIOH3MEHEHHBIM YEJIOBEKOM H OT-
HIOZb B 9KOJOIMYECKOM OTHOILUCHHH HE ONTHMAJILHBIM OHOTONMAM M YCKOPSIeT MpPOLECCHI
CHHAHTPOIH3AIHA BH/A.

ITonp3ysick ypaBHEHHSMH DPErpecCHH aBTOP NPUXOAMT K BBIBOAY, 4YTO BO3pACTaHHE
YHCJIEHHOCTH BHAA COMPOBOXIAECTCS MEUICHHBIM CHHXXEHHEM CTEeNeHH M3OJISIHH MEXAy
MHKPOTIIONYJISAHIMH. DTO SBJCHHE CIEAYeT CYMTATh XapaKTEePHBIM I KyMYJISATHBHOM
Ga3pl, mociae KOTOPOM MOXeT cieaoBaTh (ha3a ISKCIAHCHBHAS, CONPOBOXKJAOLIAACH
yBEJTMYEHHEM TIOBEPXHOCTH apeaja W OJHOBPEMEHHO YMEHBIICHWEM CTENCHH H3OJIAIHH
(BO3HUKHOBEHHE 3HAYMTEIBHOTO YHC/IA CIIOPA/JIMYECKMX MECT IHe3l0BOK). B ciyuae ma-
JIeHHsI YHCJICHHOCTH BH/IAa YBEJHYCHHE CTENEHH H3OJAIHMH MEXAy MHKPONOMYJISIHAMHI
npoucxoaut 6Gosiee ObicTpo (KOHEYHO B OTHOCHTENbHBIX Maciiatabax). VMmeer Torma
MECTO MCYE3HOBEHHE CATEUTMTAPHBIX M CTIOPAJAHYECKUX MECT THE3/10BaHUs, & TAKKe TeppH-
TOpHAJIbHAS PerpeccHs BuAA. ABTOPOM PAacCMATPHBAIOTCA MEXAHH3MBI KyMyJIATHBHOM
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(da3p! BO3pacTaHusl YHCICHHOCTH BUJIA, €rO HSKCHAHCHH M PErpeccHH, BOZHUKAHUS H HCYe-
3aHMA CIOPAJMYECKUX MeCT rHe3/ioBanus. He3aBHCHMO OT 3HAYMTELHBIX HCTOPHYECKHX
BEKOBBIX M3MEHEHHI, a Taxke 0ojiee KOPOTKHX MEPHOJAMYECKHX KoJaeOaHuit YHCIIEHHOCTH,
BHJ B IIEJIOM, y/Iep)KHBAET B NpejiesiaX CBOEro apeayia OJHHAKOBYIO, B CMBICIIE JOITYCTHMO
TOJIEPAHTHOM, TYCTOTYy 3acesenus. TONBKO MoOcC/ie CHHAHTPONH3AUMK OOJBIIMHCTBA IO~
MYJISIMK JKENTOU LAIUIA B TEYEHHE ABYX TIOCIE/HHUX NECATHJICTHH HCCIICAYEeMblif BHI MOT
NpPOXKHBATH B YCIOBHSX Gojiee 3HAYATENLHOM JUCIEPCHH.

KpoMme BbIllle TIPHBEICHHBIX 0KA3aTEIbCTB CTPEMJICHHSI BHAA K IPOCTPAHCTBEHHOM
HHTerpauuy (CpynnupoBKa rHe3/I0BOK B 0oJiee KpPyNHBIE arrperaiuy, 3aBHCHMOCTb BEJTH=
YHHBI MUKPOTIONYJIAILMA OT CTENEHH M30JISINH, MEXaHW3MbIl TEPPHTOPHAIILHOM npedepeH-
1LHH, yIePKUBAHNE B apeaje He3aBHCHMO OT 3HAYHTE/LHBEIX BEKOBBIX KOJEOaHHil YHCIEH-
HOCTH OTNPENEICHHON TIOTHOCTH 3aCe/IeHHs), aBTOPOM JOKA3BIBACTCS TE3HC, YTO CTPYK~
Typa NPOCTPAHCTBEHHOIO paCHpe/eJIcHAs BH/A JIMIIL B HE3HAYATENBHON CTENEHH KOp-
pENHpYET C NPOCTPAHCTBEHHBIM pacnpesieieHHeM 60J0THBIX 6HOTONOB, X B 3HAYATEILHON
Mepe 3aBHCHT OT BHYTPHMBHJOBBIX (DAKTOPOB, MHTEIPHPYIOUIMX BHJ KaK €CTECTBEHHYIO
GuoNOrHYeCcKyro enMHuIy. Bua nmposBiseT CTpeMJEHHME JIHMLIL K TaKO# IUIOTHOCTH 3a-
celleHust MO apeajry, IpH KOTOPOif CYMMHPYIOIIEECs OTPHUATEILHOE BIHSHUE BHYTPHBH=
JIOBOW KOHKYPEHIHH M M30JIALHH MEX/1y MHUKPOMONYJIALMAMYU JOCTHTAIOT CaMbIX He3Ha-
YHTEIbHBIX BEJIMYHH.

B nocnenyroureit yactd paboThl aBTOPOM aHATH3MPYIOTCS MEXaAHH3MBL IIYJIbCALUH
IPAHMIl apeayia KeITON AT, YBEJHYECHHIO TOBEPXHOCTH apeaja mpeaulecTByer (asa
KyMyJISIAH YHCIeHHOCTH. [103TOMY HE BCAKOMY anoreio BO3pacTaHUs YHCIEHHOCTH CO-
OTBETCTBYET aJEeKBATHOE Tepe/IBIKEHHE I'PAHHUIIBI apeaia U OCOOEHHO, KOrja pevb HIeT
0 KoneGaHMAX, OXBATHIBAIOIIMX KOPOTKHE MEPHOIbI BpeMeHH (HANpHMep, HECKOJIbKO
ner). OHAKO BCSKOE CHIKEHHE YHCICHHOCTH BeJIeT 3a CO00# OTCTYIUICH!Ee BH/IA U3 OKpauH
apeasia X ero mentpy. OTcro/ia HeHTPOOEKHOE Tepe/IBIKEHHE I'PaHHI] apeajia HacTyrnaer
GobIINMH cKaykaMHu ¥ Gosice OBICTPO, B TO BpeMs, KaK LEHTPOCTPEMHTENLHO I'PAHUIIBI
TIepeBUTAIOTCS TIOCTENeHHO M Gosiee MATKO.

B ouepennoii riaBe aBTOPOM pPACCMATPHBAETCS MEXaHM3M BO3HMKHOBEHHs B apeaje
paspeiBa. MiMesi B BHAY TIpUMEp apeasia XeJaToM NAIiy, aBTop MOJIaraeT, 4To O BO3MOXK~
HOCTH BO3HMKHOBEHWS pa3pbiBa peIUAeT IUIOTHOCTh PACHOJIOKEHUS MECT TIHE3/I0BOK
B apaJuleJbHOM pa3pese apeana. Cpssu 00beHsIONHE BUL 60JIee 3aMETHO TIPOSBIIAIOT-
¢Sl B MEPHIMOHAILHOM HalpaBJeHuH, T. €. COTJIACHO ¢ HanpaBieHneM Hauboiee HHTEHCHB-
HBIX HENOCPE/CTBEHHBIX CBA3€H MeXk/Iy OTIeJbHBIMA MuKponomysiuamu. ITo mepe
KOJIMYECTBEHHOTO CHIDKEHMSI YHCJIEHHOCTH BHAA NposiBisieTcs Oojiee 4eTKO aBTOHOMMS
OT/ICJILHBIX MHKPOIOMNYJISILUH, KOTOpas SABIACTCS 3aYaTKOM YBEIHYMBAIOIIETOCs MOTOM
pa3o0LIeHNsT MEXIAY OT/ACJbHBIMH arrperalusiMH MECT THE3/I0BOK. ABTOD CYMTAET, 4TO
BCSIKHE I1yGOKHE BEKOBbIC H3MEHEHHs YHCICHHOCTH M HAPYIICHHE rOMeocTas’a BH/d NpPH-
BOJAT K YCHJIEHHIO MHKDPOIBOJIIOLMOHHBIX mpolieccoB. PopmMoobpa3oBaHue OCyLIECTBIIs~
eTcs, N BCeil BepoATHOCTH, B 6oJiee YacThIX Cydasx u B 6osiee OBICTPBIX TEMIIaX HMEHHO
TOrJa, KOrjla BHJ, HAXO/sCh B IECCHMAJIbHbIX KOJOTHMYECCKUX YCJIIOBHUSX, IPETEpreBacT
3HAYUTEJIHOE CHHIKGHUE YMCJAEHHOCTH, a B Npe/esiax ero apeaja BO3HHKAIOT reorpadgmu-
YeCKHM pa3o0LIeHHbIE H30JATHL. B NPOTHBONOJIOKHBIX Ciydasx (TEpPHTOPHAIbHAS IKCIAH=
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CHSl M BO3HHKHOBEHME H30JIMPOBAHHBIX TOMYJSILMHA BHE INPEIEIOB INPEXHEro apeasa)
(hopmoobpazoBanue NPOXOANT, OBITH MOXKET, HE TaK OBICTPO.

B cnenyromeii riaBe aBTOpOM pacCMaTPHBAETCS BONPOC MPOCTPAHCTBEHHOM H30JIsd-
UMK B acnexkTe npoduabHoro ananusa apeasa. C TOYKM 3peHHsi 300reorpaduyeckux 3a-
KOHOB NPOCTPAHCTBEHHOW OPraHM3alldii BWJa, OHOJIOTMYECKHH CMBICI €ro HalpaBJieH-
HOCTH K MHTEIPALMH TOT XK€, 4To M oOHapyxenHas AiuM (ALLEE) IO OTHOLUEHHIO K I10=
NyJIAUUN TeHACHIUS K 06pa30BaHHIO BCAKOTO THNA TPYMIIMPOBOK M CKOIUIEHHM obecme-
YyuBarolMX GoJiee BLICOKMIT ypOBEeHb NepexuBaeMOCTH. 1o aBTOpY, BHI B 1IEJIOM CTpe-
MHTCSI JOCTHYb TAKOrO COOTHOLUCHHS MEX/ly HANOpPOM BHYTPUBHIOBOM KOHKYpPEHLHH
M YCTPEMJICHHOCTBIO K HMHTErpanuu (NMpeojIosieHHe M3O0JSALHHA U OCYLIECTBICHHE MAaKCH-
MaJbHOTO cTajaHoro s¢dexra), KOTopoe B mepcnekTuBe GoJiee MPOXOIKHTEILHOTO Bpe-
MEHH CMOXeT obecneunTh Haubosiee BBICOKHH ypOBeHb TNepekuBaeMocTH. OCHOBBIBASCH
Ha MaTepuaie KacaroleMcs XKeJITON LAy, aBTop NpHIaeT npaBwiy Asum Gosiee mupo-
Koe 3HayeHHe 30oreorpaduueckoro sakona. OH yTBEpXKIAeT, 4TO YCTPEMIIEHHOCTH BH/A
K 00pa30BaHMIO CKOIUICHHM XapaKTepH3YIOLIMXCS ONpeesIeHHON (ONTHMAJIbHOM) IUIOT-
HOCTBIO 3aceICHHs, KPOME ITOTEHIHAIBLHON BO3MOXHOCTH GoJiee 3HAYHTEIIBLHOM NepexH-
BaeMOCTH, obecrieunBaeT Buay GoJiee 6aronpusTCTBYIOLIHE YCIOBHS U1l TEHETHYECKOTO
obmMena. OToT (hakT B CBOIO OYepe/ib HE MOXKET HE OKa3bIBATh BIMSAHUS HA XO MPOIECCOB
BUZI000pa30BaHys a TakkKe HANPABJICHHOCTH BOJIOLMH BUAA B IeJIOM. ABTOpP MOJIAraer,
4TO NPONOPIHOHAILHO CTENEHH NPOCTPAKCTBEHHOH HMHTErpallii BHIA BO3PACTAIOT €ro
LIAHCBI yJepXaTh ONHOPOAHYIO I'€HETHYECKYIO CTPYKTYpY, a TaKkKe COXpaHATb Onpeje-
JICHHYIO HANpaBJICHHOCTh MHKPOIBOJIOMHOHHBIX M3MEHEHW.

B mnocienHeii riaBe aBTOPOM aHAJU3WPYETCs BIHMSHHE AHTPONOreHHOro (axTopa
HA CTPYKTYPY NPOCTPAHCTBEHHOTO PACIpEeeeHUs BHAA. Y CTPEeMIEHHOCTh BHAA K 00pa-
30BaHUIO CKOIUIEHHH TposiBisieTcss Gojee SpKO B MOMEHTAX, KOrJa OH HAXOJIUTCS MO
YIpO30if, a ero YHCJIEHHOCTh Pe3ko CHukaeTcs. OJHOBPEMEHHO C YCTPAHEHHEM MM XKe
3HAYUTEJBHBIM OTPAHHYCHHEM 4YeJIOBEKOM peAyHHPYIOUMX (akTOPOB H NMPHHATHEM MEp
oxpanbl BuAa (nepuox mocie 1950 ropma), cramu ocnabGeBaTh CBA3H NPOCTpPAHCTBEHHOIM
WHTErpaluMH BHAA, CHH3MJIACH KPHTHYCCKAs BEIMYMHA MHMKPOMOMYJISIAM, a Takxke Obun
OTMEYEHBI CyLIECTBEHHbIC H3MEHEHHUSI B XaPaKTEPHCTHKE OCHOBHBIX APAMETPOB NPOCTpaH-
CTBCHHOM CTPYKTYpbl BuAA (HampuMep CHIDKCHHE IMOpOra MaKCHMaJIbHO TOJIEPAHTHOM
aucnepcuy Buaa). ITo To# e mpHYHHE BO3POCHH IUAHCHI Gosilee YCKOPEHHOr0 BO3HHKHO-
BEHHSA reorpaduyeckux u3onaToB u Gosee 6ICTPOro xoza GopmMoodpa3oBaTEILHBIX IPO-
L[ECCOB.

B msaroit wactu mukia Oyaer paccMaTpHBATHCS BONPOC IKOJOTHYECKHX 30H apeala
B acnekTe HMCCJEJ0BaHMI MO NPOCTPAHCTBEHHOM CTPYKpype BHIA.

Ob6bsacuenus x rpadukam u Tabauuam:

I'padux 1. Koppensiuus BeTHYHHBI THE3NOBHIA JXENTOMN LAIIA ¥ MAKCHMAJILHBIX PACCTOSHMH MEKLY
numu (XIX n Xx:cmne'mn paccCMaTPHBAIOTCH COBMECTHO). X — KJIACCOBBIE HHTEPBA/Ibl MAKCHMAJIBHLIX
paccTosuuii (KM)] ¥ — KJIACCOBBIE MHTEPBA/bl BEJHYMNBI THE3I0OBHI; KPHBbIE perpeccuu: A — cpenHas
PErpeccHsi MakKCHMAlIbHBIX PACCTOSIHMMN 110 OTHOLIEHHIO K BE/IHYHHE THE3A0BHI, B — PErpeccus Be/IHYHHBI
THE3/JOBOK IO MAaKCHMAJIbHBIM PacCTOSHHAM,



49 Studies on the Squacco Heron. Part IV 441

T'paduk 2. Pacnpenesienue BETHIHHLI THE3M0BHI XKEJITON HAIUIH B 3aBHCHAMOCTH OT MaKCHMAJIBHBIX
paccTosHHN MeXay HAMH (B mpoueHTax K oOliemMy 4HCiy THe3JOBMHl MAHHOH KATErOPHH PaccTOSHMI).
X — KJAcCOBBIC HHTEPBANbI BEJHYHHBI THE3JOBHIA; ¥ — YHCIEHHOCTH rHe3nosuit B 9%%; pacnpeneienue
paccrosnmii B npeaenax g10: A — 200 xm, B — 201-500 xm, C — 501-1000 xm, D — 1001-2000 kM.

T'padux 3. Koppensiuusi BelIHYHHBI THE3NOBHH M MHHHMANBHBIX paccrosauii Mexny mama (XIX
u XX BEK COBMECTHO). X — KJIACCOBHIE HHTEPBAJIBI MAHMMAJIbHBIX PACCTOSHMI (KM); ¥ — KJIACCOBBIE HH-
TepBalibl BEIHYHHBI THE3A0BHIH; KPHBBIE perpeccHu: A — perpeccHss MHHHMAJIBHBIX PACCTOSHHN 1O BeJIH-
YHHE THE3/I0BHif, B — perpeccusi Be/IHMYHAHBI THE3/IOBHH MO MHHAMAJBLHLIM PAaCCTOAHUAM.

I'padux 4. Pacnpenesienne BeJMYHHbI THE3/IOBHI KENTON HAIUTH B 3aBHCHMOCTH OT MHHHMAJIbHBIX
PAcCTOSHMN MeXy HHMH (B NPOLEHTHBIX COOTHOIICHHSX B Tpe/eNax NaHHOH KATErOpHH PAacCTOAHMI).
X — KJIACCOBBIC HHTEPBAJIE! BEJIAYHHBI THE3OBHIA; ¥ — YHCIEHHOCTH THE310BHI B %% ; KpUBbIE pacnpene-
nennsi: A — 10 20 kM, B — 21-50 xm, C — 51-200 kv, D — 201-700 xm.

I'padux 5. Vupomennas cxema 06yC/IOBICHHOCTH TEPPHTOPHAILHOM NPEedEPEHIHH OT KOTHICCTBEH -
HOTO BO3PACTaHHs BHIA, X — IOBEPXHOCTH PECypCOB IHE3/10BOro 6noTona; y — 100-6ansHas sorapudmu-
yeckas mkana koahduuuenta E; z — IMCICHHOCTh BHAA B NPOLEHTAX; A — acCHMNTOTA BMECTHTE/ILHOCTH
9KOJIOTHYECKO# cpebl; D — KpuBas YMCIEHHOrO Bo3pactanns Buga; E — kpupas KoddduumenTta mancos
npedepenun.

I'padux 6. Pacnpenenenne MHAMMAJBHLIX, MAKCHMAIBHBIX H CPEIHEH BE/MYAHHBI JHCTAHIMHE MEKLY
MeCTaMM THe3/[0BaHus XKenToi pam B XIX Beke HE3aBHCHMO OT MX HANPABJICHHOCTH, X — PacCTOSHHE
(KkM); ¥ — YHCICHHOCTH THE3JOBHH B NPOLCHTAX B NpPEACIax KaX[A0i KaTeropHH PacCTOAHHH; KpUBbIC
pacnpenenenns: A — MHHAMAJIbHBIC PAacCTOAHHA, B — MakcuMaibhbie, C — B CpeIHEM.

I'padux 7. Pacnpenenenne MHHHMAILHBIX, MAKCHMAIBHBIX H CPEIHHX PACCTOAHMI MEXAY THE3J0B-
Kamu xenToif nammi B XX BeKe HE3aBHCHMO OT HX HAMPABJIEHHOCTH. X — paccTrosiaue (KM); y — YHCIIO
THE3NOBHH B NPOLEHTAX B Npeaenax Kak[oi KaTeropud pacCTOsHMi; Kpusbie: A — MHHMMAJBHBIC
paccrosaus, B — maxkcuManbHbie, C — B CPEIHEM.

I'padux 8. Pacnpenesnensie MHHUMAJbHbBIX, MAKCHMAIBHBIX H CPEJIHHX DACCTOAHHNA MEKIY THE3/10B-
xamu xenrtoit namm (XIX 1 XX BeK paccMaTpHBAeTCA COBMECTHO). X — PAacCTOfHUA (KM), ¥ — YHCIICH-
HOCTH THE3I0BOK B MPOLEHTAaX B Ipejenax KaxI0i KaTeropuu paccTofHmil; Kpusblie: A — MHHHMAJIBHbIC
paccrosnusi, B — MakcaMaiibable, C — B CpejineM (NMOABHKHAA CPEAHSAA BCEX HANPABJICHHBIX AMCTAHLAA
BBICYHTHIBAEMBIX UIS KAXAOr0 MECTa I'HE3/0BOK).

I'padux 9. Koppensuus MeXIy BeJIMYHHOM THE3ZI0BOK M CPEAHMX MExXAy HuMH paccrosinmii (XIX
H XX BeK COBMECTHO). X — PaccTOsiHus (KM); ¥ — KJIACCOBBIC HHTEPBA/IbI BEIHYHHBLI THE3I0OBOK; KPUBLIE
perpeccHn: A — perpeccusi CpeIHUX PACCTOAHMI 110 BEJIMYHHE THE30BOK, B — perpeccs BeTHYHHbBI FHE3-
JIOBOK II0 CPEIHHM PAacCTOSHHAM.

I'padux 10. Pacnpesenenne HANPABICHHBIX PACCTOAHMI MEXAY FHE3[0BKAMH B MapayUie/IbHOM pa3-
pese apeana (XIX Bek). x — reorpaguueckas aonrora; y — paccrosuue (km); A — mucranmus WN ;
B — NE; C — SE; D — SW.

I'padux 11. PacnpenesieHns HAPABICHHBIX PACCTOAHMI MEXK/Ly THE3JOBKAMH XKeJITOH Larliy B napas-
JeNTBHOM pa3pese apeana (XX Bek). x — reorpauyeckas 10aroTa; y — paccrosHue (km); A — AUCTaHIUsA
NW; B — NE; C — SE; D — SW.

I'padpux 12. Pacnpenenenns HANPABICHHLIX PACCTONHAI MEXAYr HE3JOBKAMH KeJITOH LAMIM B Me-
PHIMOHATBEHOM paspese apeana (XIX Bek). x — reorpadudeckas wupora (ocTanbHbie 0603HAYCAHT —
Kak Ha rpaduxe 11).

I'padux 13. Pacupe/esieHne HANPABJICHHBIX DACCTOSHHH MEXAY MECTAMH THE3ZIOBOK B MEPHIHO-
HANBHOM paspese apeana (XX Bek). Bce oGosmauenus — kaxk Ha rpaguke 11.

I'padux 14. PacupenesneHd CpeJHHX PACCTOSHHM MEXIy MECTAMH IHE3/IOBAHHS B IIMPOTHOM pa3-
pese apeana (CTeNeHb JAMCCTIEPCHHM THE3[IOBOK). X — reorpaduyeckas A0irora; y — paccrosiaue (km);
A — XIX Bex; B — XX Bex.

I'padux 15. Pacnpenesnenue cpeaHuX PAcCTOAHMI MEKIY MECTAMH THE30BOK B MEPHIHOHAILHOM
pa3spese apeana (CTemeHb MMCCHEPCHH THE3JOBOK). X — reorpamyeckas mmpora (ocrajnsibie 0603Ha-
YeHHsi — Kak Ha rpaduke 14).
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T'padux 16. B3auM03aBHCHMOCTE MEXIy HEKOTOPHIMH NapamMeTpaMH MpPOCTPAHCTBEHHOM CTPYKTY-
PBI PACHPOCTPAHEHHUA KEITOMH LAIUIH B IIMPOTHOM pa3spese apeana (XIX u XX Bek COBMECTHO). X — reo-
rpaduyeckas A0JroTa; y — paccrosmue (kM) (mKana a1 KpuBoit A); v — YHCIO0 MeCT rHe3AoBanus (mKana
ans B); w — BEIMYHHA I'HE3/I0BOK BBIPaKeHHAs! KOJIMYECTBOM THE3ZOBLIX map (wkana ais kpusoit C);
z — YHCJICHHOCTh BH/IA BBIPAKCHHAN YHCJIOM THe3/10BbIX map (wkana ans D); A — cpeHAe pacCTOAHNS;
B — pacnpe/e/ieHHe YHCICHHOCTH THe310BOK; C — pacnpeiienieHue cpejHeil BeNHYHHbl THE310BOK; D —
pacrpeneeHne YHCJICHHOCTH BHJA.

I'padux 17. B3aumM03aBHCHMOCTE MEKIY HEKOTOPHIMHA NApaMeTPaMH TPOCTPAHCTBEHHOM CTPYKTYpBI
PacnpoCTPaHEHHs! XKEJITOH LAUIA B MEPHIHOHAILHOM pazpese apeana (XIX u XX Bek cOBMECTHO). x — re-
orpadmyeckas IHPOTA; ¥ — paccTosuus (kM) (Kana jyisi KpHBOM A4); v — YHCIIO THE3I0BOK M CPEHAN
BEJIMYMHA MeCTa THe3jioBanus (mKana st KpusbiX B, C); z — YHCIEHHOCTH BHAA BBIPAKCHHAS YHCIOM
rae3nosbix nap (mkana wis D); A — pacnpezesieHne CpefiHuX paccTosHumii; B — pacnpeesieHue YucieH-
HOCTH rHE3/10BOK: C' — pacnpeaesieHie cpejiHeil BeJIMYHHBI THE3A0BOK; D — pacnpejeneHue YHCIEHHOCTH
BHAA.

Tabmmua 1. XapakTepucTHKa TEOPETHUECKMX M 3MIHMPHYECKHX paclpeiesienuil pacrpocTpaHenns
THE3/I0OBOK JKEeJTON LAIUIM B NaJCapKTHYECKOH yacTH apeasa. (1) — nepuos, (2) — craTHCTHYECKas Xapak-
TEepUCTHKA, (3) — B cpeaneM, (4) — nucnepcus, (5) — sepoarHoctH (no ITyaccony), (6) — %2 pasHuus!
MeXAy TeOPEeTHYCCKHMH W SMIHpHYeckuMH pacnpenesnennsavu, (7) — XIX sek, (8) — I monosmna XX
Beka, (9) — nmepuon 1951 — 1960 rr. (10) — B o6mem.

Tabmana 2. KoadduuuenTsl KOPPEIsSUMOHHbLIX OTHOIICHHI MEXAy BeIHYHHOM THE3M0BOK () u pac-
crosusaMA Mexay HavH (x), (XIX u XX Bek coBmecTHO). (1) — xaTeropusi rue3oBku, (2) — paccros-
aus, (3) — xoppemsiumas, (4) — K03hDUUHEHT KOPPEIAUMOHHOTO OTHOWICHHS 7y, (5) — Kodbdumment
KOPPEIALHOHHOr0 OTHOWICHHSA 7).y, (6) — KOIDDHUHEHT KOPPEIAUMH Ty, (7) — K0IDDHIHEHT KPHBOIH-
HEHHOCTH PErpecCHH 7,2 — Iy, (8) — COBMECTHO pery/isipHbie H cnopanuyeckue, (9)—(13) — makcamarns-
usle, (10)-(14) — munnmanehsie, (11) — B cpennem, (12) — cnopaau4ecKue.

Tabmua 3. KoahduuneHTsl perpeccun no BeJIHYHHE THE3ZO0BOK (y) M PACCTOAHHAM MEKAY HHMH
(x) (XIX 1 XX Bek coBmecTHO). (1) — KaTeropusi paccrosiuuii, (2) — KO3(QGHUHEHT KOPPEIALUHH Iy,
(3) — KOIDOULHEHT PETPECCHH Ay y), (4) — KOIQDHUMERT PErPeCCHH ay(x), (5) — MakcuManbusble, (6) —
muREManbHbie, (7) — B cpeiHeMm.

Tabmaua 4. XapakTepHCTHKA PACCTOSHHI MEX1y THE3I0BKaMH keiToi nammd (km). (1) — paccros-
Husi, (2) — CTATHCTHYECKasi XapakTepHcTHKa, (3) — cronerne, (4) — umcio npomepos n, (5) — cpenuss
BesHAHA, (6) — ¢ pasuuipl, (7) — CTAHAAPTHOE OTK/IOHEHHE, (8) — f pasumupl, (9) — Mona, (10) — MakcH-
Masbeble, (11) — mMuaaMansabe, (12) — B cpeauem.

Tabmaua 5. MHOXeCTBEHHAS KOPPeJIALWHA MO MHHHMAJIBHBIM PAcCTOSHHAM (), BeMYAHE THE30-
BOK () ¥ BesimauHe GOJIOTHBIX OHOTONOB (z) B mpeaenax KOTOPHIX OHH pacnosiokensl. (1) — Koppensus
OpH3HAKOB, (2) — koadpduumenT xoppensuud, (3) — nonHoM, (4) — 4aCTHOIL.

Tabnuua 6. 3aBHCHMOCTb MEXAY BEIHYHHON THE3I0BOK M PAaCCTOSHHSMH Mexay HuMmH. (1) — pac-
CTOSIRNE, (2) — H3MEHEHMS BEIHYHHBI THE3J0BOK, (3) — yBeJHYEHHE HA .., YHCJIO THE3J0BHIX map, (4) —
CHIDKEHHE HA... YHCJIO THE3HOBEIX nap, (5) — pa3HHuA TeMIOB MPOHCXOAAIINX H3MEHEHHI 110 YHCIICHHOCTH
BHIA M PACCTOSHHAM MEX/Y IHE30BKaMH, (6) — MHHHMAJIbHbIC, B cpeaneM, (7) — CHIKCHHE Ha YHCIIO. ..
KM, (8) — yBenMueHHE HA HHCIO ... KM, (9) — HM3MEHEHHS PACCTOSHMI MEXAY THE3OBKAMH.

Tabmuua 7. Koppensiums CpeAHHX PACCTOSHHN MEXAY IHE3ZOBKAMH H MX YHCICHHOCTBIO (@), BENIH-
YHHOM I'He3/10BOK (b), YHCIICHHOCTBIO BH/A (¢) pacCMAaTPHBAEMOM B IIHPOTHOM H MEPHIHOHAJILHOM pa3pese
apeana (maunmsie u3 XIX 1 XX Beka paccMaTpHBAIOTCS COBMECTHO; BEIHYHHA KJIACCOBBIX MPOMEKYTKOB
B 000mX pa3pe3ax pasHa 4° reorpaduueckoit 40aroTsl 1 4° reorp. wHPOTHI). (1) — K03 dHUHSHT KOppes-
umH, (2) — MepHaHMOHANBHBIN pa3pe3 apeana (N—S), (3) — mmporHbii pa3spes apeana (W—E).

Tabmaua 8. Koppensuus HEKOTOPHIX NapaMeTpoB CTPYKTYPhl PACOpOCTPAHEHHs KEITOH wUanid
B NaJieapKTHYECKOM YacTH apeasa B acnekre npoduasHoro amammsa (XIX m XX Bex cosmectno). (1)—
pa3spes apeasa, (2) — mupoTHLIH, (3) — MepuAHOHANbHBIH, (4) —K0o3hduunenT KoppesnuH, (5)—cre-
neHsb H30JsHA A, (6) — YHCIICHHOCTH THE31080K B, (7) — BenmyuHa rHe310BOK C, (8) — YHC/IEHHOCTH BH-
na D.
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Ta6muua 9. BekoBble W3MEHEHHs PACHpEAC/ICHHS THE3JOBOK JKEATOH UAIUIM B NadeapKTHYECKOH
yacTy apeana. (1) — cpaBHMBaeMble NEPHOABI, (2) — %2 pasHHLBI MEXAY Pacrnpe/ie/ICHHsIMH ISMIHpHYEC-
KHMH YHCJICHHOCTH THE3[IOBOK B KBajgpaTax apeana 4’ reorp. AoIroTsl X 4° reorp. mmpHubl, (3) —-PW_ 5)
BEPOATHOCTD, (4) — II monosnna XIX Beka — I nososuna XX Bexa, (5) — II nonosuna XIX Beka — ne-
paon 1950-1960 rr., (6) — I nonosusa XX seka — nepuox 1950-1960 rr.
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