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INTRODUCTION

Together with a deeper approach to problems of intraspecific changes,
together with the development of populational geneties, and particularly with
the study of the mechanisms conditioning the flow of genes, together with more
attention being devoted to conditions under which speciation processes take
place and to the working out of such concepts as the evolutional destiny of the
species, studies on the spatial structure of the species have acquired consi-
derable importance. The key problem is here the question of intraspecific
isolation. The descriptions of the phenomenon and effects of isolation in its
various aspects which have been put forward so far (e. g. HUXLEY’s dependent
and independent species (1942), zones of primary and secondary intergrada-
tion, geographical isolation of MAYR (1965), ete.), have not given due consi-
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446 M. Joézefik 2

deration to such important moments as a) tendency of the species to integrate
spatially and overcome the limiting effect of isolation, b) peculiarities of the
flock structure affected by the pressure of intraspecific competition and exter-
nal reducing factors, ¢) variations of isolation forms in the annual cyecle.

In the present work the author treats isolation in its effects as a) a real
ecological limiting factor, b) an evolutional factor playing a significant role
in divergent processes. When referring to isolation in this first aspect I have
in mind the effect being the result of the spatial distribution of the species
in conditions of an insufficiently high level of group formation, that is in condi-
tions of a weak gregarious effect when at the same time distances between se-
parate groups (flocks, micropopulations) are considerable. At a high pressure
of reducing factors (predators) its limiting effect is evidently magnified. Certain
aspects of these problems have already been discussed in other parts of the cycle
(cf. JOzZEFIK, 1969 a, b, 1970). T explained and proved then that the size of
breeding sites is negatively correlated with the degree of spatial isolation, and
that this correlation is curvilinear in its character — the limiting effect of
isolation is intensified exponentially as it is arithmetically increased. I also
analysed there the mechanisms of oscillations in the degree of isolation in res-
pect of the numerical fluctuations of the species. I recorded that irrespective
of numerical changes the species maintains a defined level of density not exceed-
ing the critical degree of intraspecific isolations. It is only the synanthropi-
zation of the species which enables the birds to exist in the conditions of larger
dispersion. The limiting effect of isolation is more prominent in the meridian
cross-section than in the parallel one (JOzEFIK, 1969b, 1970). As a limiting
factor it affects, similarly as the biogeophysical conditions of the environment,
the formation of the ecological zones of the range. This problem will be given
the pride of place in the present, fifth, part of the ecycle devoted to studies on
the Squacco Heron.

INDEX OF EXISTENCE PROSPERITY

General assumptions

I have already devoted much attention to connections between the degree
of isolation and the biological situation of the micropopulation in another part
of the cycle (JOzEFIK, 1970) when discussing interdependences between the
size of breeding sites (y) and distances (z) to other sites neighbouring upon
them. And as y and 2 were highly negatively correlated with each other, their
ratio y /@ (below referred to as index Z, when necessary corrections are taken
into account as index Z,,, and when it is given a logarithmic form it is termed
as an index of existence success expressed in “prexes”) will determine in a suffi-
cient degree the biological situation of the given micropopulation. And thus:
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3 Studies on the Squacco Heron. Part V 447

The conecept “biological situation” of the given micropopulation is for our purpose
much too wide. As we are interested in a specific complex of environmental factors which
determine the existence success (or ecological prosperity) of the micropopulation habitating
the given site, a good pointer to such a prosperity would be, for instance, the size of sites
in relation to the unit of area of the breeding habitat. As I have pointed out (Jézerik, 1970)
the correlation between these two paremeters is very low as the size of sites is very much
affected by the degree of isolation. And thus if the degree of existence prosperity is consider-
ed only for the breeding period, i. e. in a narrow ecological aspect, different variants of the
“gpatial” index will undoubtedly turn out to be a useful comparative instrument. On the
other hand, in a ¢yele of many years, or even in the annual cycle, when the size of sites is
determined by the survival rate of the micropopulation in the period of migrations, during
wintering, ete., their survival depends on the size of the flock, the period of its absolute iso-
lation in relation to other micropopulations (distances covered during migrations and the
degree of danger threatening the birds while migrating), the existence prosperity is determin-
ed sensu lato by the cumulative effect of isolation. This does not however mean that in the
concept of the mathematical expression of index Z the effect of local environment condi-
tions (habitat capacity, biocenotic relations, ete.) are pushed into the background. They
are expressed in formula (1) by y, assuming that y is not a rectilinear function z for different
levels of Z (there only occurs a high correlation between them). Hence in zoogeographic
investigations the above suggested index Z seems to be the most convinient way of estima-
ting the degree of existence success when it is treated dynamically, or, as in our case, taken
as an average value. The reason for the introduction of index Z into the studies on the spa-
tial structure of the species lies mainly in considering in its “construction” the element
of intraspecific relations being the result of isolation. Only after analysing separate charac-
teristies of index Z in connection with the history of the species, with data bearing on the
rate and character of its changeability, and after comparing it with the rate of habitat tran-
sformation can an attempt be made to discuss the state of the biological situation of the
species under consideration.

What is then the essence of index Z? What is the range of its oscillations?
What is the usefullness of this index in zoogeographical investigations?

As far as the first question is concerned the answer can be presented thus:
Z is a general, relative (as its value is comparable only within one single species)
and indirectly determining index of the degree of stabilization and of a final
balance indicating the course of life occurrences of a given micropopulation
habitating this particular breeding site in the complex of conditions provided
by this habitat, that is to put it more tersely, it is an index of existence covering
a longer period of time. The second problem will be discussed in the ensuing
chapters of this part, while the answer to the last question is left to be dealt
with by the reader. Let us pass now to certain characteristics of index Z.

Certain characteristics of index Z

Graph 1 presents, on the basis of data calculated for the two last centuries
jointly, the curves of regression: a) average value of Z in relation to separate
classes of site size (curve A), and b) average size of sites in respect of separate
limits of the value of Z (curve B). Practically, the course of curve A from the
lowest values of the co-ordinates until the level of 500 pairs, can be assumed as
approximating & rectilinear one (cf. deviations from curve C). The correlation
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448 M. Joézefik 4

occurring between the size of sites (y) and index Z is evidently a very high one
(rys = +0.942). Above this level of 500 pairs the increase in the value of Z
gets more rapid — curve A forms here an are (in Graph 1 it is shown only
fragmentarily in view of the confinement of scale ¥ to 600 pairs). As there is
only a small number of sites habitated by more than 500 pairs (4.2 %), we can
assume for the moment that, on average, the value of Z characteristic for each
of the breeding sites determines, more or less proportionally within the limits
(v) 600

I’I
i/
J I’
/ A
500 A I
Rl
/
/
400
4
/ 8
/) /,//
300 o ;,,I
g
f' ," Graph 1. Correlation between the size of
200 ¥4 sites and index Z. y — size of sites expres-
,// sed in breeding pairs, @ — scale of the
// / values of index Z; curves of regression:
vl e A — average value of index Z in respect
o 17 of breeding sites differing in size, B —
,/’ /’ average size of sites in respect of the scale
~Z1A / of index Z; 0 — deviation from curve A
when we assume a rectilinear dependence
) 04 08 ©2 5 20 @

(e) of index Z in the size of sites.

of the deviation of # and y known to us (cf. Graph 5), the degree of existence
prosperity of the micropopulation habitating the given breeding site (correc-
tions which have been taken into consideration are presented on page 18).
This is also indicated by the regression of the average site size in respect of
the scale composition of index Z (curve B — Graph 1). And thus the higher
is the value of Z, the higher and the more stabilized is the degree of ,biologi-
cal flourishing” displayed by the given micropopulation. The gradient connec-
ted with the attachement of the proper ecological significance to separate
ranges of index Z and the introduction of necessary corrections into its calcu-
lation will be discussed when analysing Graph 5.

Parameter y in expression (1) can theoretically oscillate from the critical minimum size
of sites up to the moment when the carrying capacity of the environment occuppied is reached.
Assuming that y of the given site is not limited in the breeding period by environment extre-
mes and by the environment resistance in general, then its value depends, to a certain degree,
inversely proportionately on the value of # (and more precisely on za — cf. page 18). On the
other hand « can oscillate from 10 to 15 km., i. e. from the moment when the site barely
retains its autonomy to the eritical degree of isolation tolerated by the species. Thus, although
the correlation between z and y is quite high (Jézerix, 1970), as well as the correlation
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53 Studies on the Squacco Heron. Part V 449

between y and Z, the oscillations of @ and y for the respective values of Z are wide
and gradually decreasing when the values of Z are lowest and highest (ef. Graph 5). Can we
assume the degree of existence prosperity to be equal in the case of such wide oscillations
of # and y for sites characterized by the same value of Z1 The answer will be attempted when
analysing Graph 5.

Let us consider now a theoretical case of the variability of Z for a single site, assuming
first its increase and then its decrease conmected with, for instance, a general numeri-
cal increase of the population in a certain part of the range, that is with the setting up of
new sites in the vicinity of the theoretical one, and later on with their disappearance. Let
us use for this purpose data obtained with the help of the already mentioned equations
of regression: z = 560-2.95y; y = 165-0.24x (cf. J6zEFIK, 1970). The variability of Z is pres-
ented in the form of curves in Graph 2.
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Graph 2. Theoretical variability of index Z in the course of a gradual increase and

decrease in the size of sites (according to the regularities following from the equations of

regression: 2 = 560-2.95y; y = 165-0.24z. x — size of sites expressed in the number of

breeding pairs, y — scale of the values of index Z, 4 — curve presenting the variability

of index Z when the size of a site is on the increase (at the initial distance of 600 km.), B —

curve presenting the variability of index Z when a site declines numerically (at the initial
distance of 70 km.).

The divergence of curves 4 (inerease) and B (decrease) follows from the specific character
of the mechanisms described (cf. J6zerik, 1970), and their course assumes the form of a
hyperbola. When comparing Graphs 1 and 2 we can record certain common features in the
course of the curves, i. e. above certain values of y these curves form an arc. In the theore-
tical curve the progressive increase in the value of Z is a result of neglecting two important
points when earrying out the calculations: a) progressive overcrowding of the sites
whose size is constantly on the increase, and the fact that their carrying eapacity has been
reached, are here left out of reckoning, b) the fact that the shortening of distances is nega-
tively correlated with the increase in y only to a certain specified limit, and when this is
exceeded the correlation between z and y becomes positive (cf. JozerIK, 1970) (equations of
regression can be used here in the case of situations when there is no overcrowding and when
the birds are considerably dispersed). And as for the theoretically assumed infinitely increa-
sing overerowding this was reflected in the progressive increase of Z, we seem to be entitled
to put forward the following conclusion: in the case of sites whose value of index Z differs
considerably from the level of the curve presenting the dependence of this co-efficient on
the size of sites (e. g. breeding sites gituated above the levels of curves A and B in Graph 5)
we can reasonably expect, beside a perfect ecological prosperity, definite signs of overcrow-
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ding. The tendency of curve 4 to deviate to the right in Graph 1 when representing large
sites (more than 500 pairs) inclines us to suppose that we have detected signs of overcrow-
ding in them. As sites with high values of index Z are rare in the range, it seems worthwhile
to devote more attention to their certain particular features.

And thus of the total number of 211 breeding sites recorded for the last two centuries
only 34 (16. 1 9) were characterized by the value of Z higher than 1.0. In the XIXth century
there were 31 (91.2 %) such sites, while in the XXth century this figure was cut down to
18 (52.9 %). Thus 16 (47.1 %) sites having in the XIXth century Z > 1.0 disappeared in
the present century, while 3 (8.8 %) new sites were set up. Of these 34 sites 7 (20.1 %) were
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Graph 3. Distribution of index Z in relation to the average number of breeding sites.
@ — logarithmic scale of the values index Z, y — number of sites expressed in °/y, 4 —
sporadic sites, B — regular sites, Dy — mode of the distribution of sporadic sites, D, —
mode of the general distribution of the breeding sites (curve of this distribution has not been
presented in the graph), D, — mode of the distribution of regular sites.

situated in the western regions of the Caspian Sea drainage area (sites 22, 26-29, 31, 32 —
J6zEFIK, 1969 b) and only 4 of them still existed in the XXth century. The remaining sites,
outside the Dniester Delta, are located in the drainage area of the Danube. In the middle
reaches of the Danube and its drainage area (higher from the Iron Gate) 19 sites were rec-
orded (sites 77, 81, 82, 84-88, 90, 97, 103, 109-112, 124-126, 130 — JOzEFIK, 1969). Out
of this number 4 remained until the present century and 2 new sites were set up. In the lower
course of the Danube (mainly in the delta) the situation is at present most favourable for
the species: 7 sites recorded there (sites Nos. 142, 144-149 — J6zEFIK, 1969) are characteri-
zed by indices which are highest in the entire range (exceeding even the level recorded for
them in the XIXth century). Clear signs of overcrowding have been recorded there in recent
years.
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The range of the variability of Z within the area habitated by A. ralloides is very wide
as it is between 0.0057 and 25.4721. Quite naturally this concerns only average values of
Z for separate breeding sites (e. g. in certain periods of the species prosperity some of the
sites reached even higher values of index Z, ¢f. Graph 5, in which the cireles indicate the tur-
ning points in the variability of Z recorded for separate sites (hence the number of circles
exceeds the number of sites). In view of this diversity the percentage distribution of the values
of Z presented in Graph 3 in the form of curve A for sporadic sites and in the form of curve
B for regular ones had to be plotted on the horizontal axis in the logarithmic scale. In con-
nection with this, in order to read correctly the course of curve A, calculated for each 0.001,
and when the curve exceeds 0.01 its value should be multiplied by 10, while after 0.1 it
should be multiplied by 100. Curve B is calculated for each 0.01 (distances are ten times
larger), and analogously when the curve exceeds 0.1 its value should be multipied by 10,
and when it exceeds 1.0 by 100. The axis has a scale expressed in °/,,. Analysing the graph
we ought to bear in mind the points mentioned. Thus the distributions are clearly asym-
metrical and similar in shape. Numerical characteristics is presented in Table 1.

Table 1. Characteristics of index Z.

Characteristics
M
of index Z in ety i Area of variability Comments
- (@) (D)
respect of sites:

(1) (2) (3) (4) (5)

In the extreme

zone (6) 0.0561 - 0.0593 (0.0057-0.0650)
In the optimum
zone (7) 1.8599 - 25.4071
(0.0651-25.4720)
Regular (8) 1.4658 0.0650%) 25.4571 *) with the class
(0.0150-25.4720) intervals = 0.01
(11)
*#*) with the class
Sporadic (9) 0.0610 0.0081**) | 0.4668 (0.0057-0.4725) | intervals = 0.001
(12)
*%%) with the
class
Taken together (10) 1.0691 0.0150**%)| 25.4664 intervals = 0.01
(0.0057-25.4720) (13)

Critical value of Z

D,,, i.e. the mode of the general distribution of sites from both these
categories (sporadic and regular), and at the same time the point of intersec-
tion of curves A and B, (Graph 3), similarly as it was already discussed in the
case of the distribution of site sizes (JOzEFIK, 1970), which occurs at the value
of Z = 0.015, it marks the critical (minimum) level of Z below which only
sporadic sites can exist. This value does not differ much from the critical
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452 M. Jézefik 8

(minimum) value of Z (0.0081) for sporadic sites determined by the mode (D,)
of their distribution. In the two distributions the initial steep sections of the
curves, so characteristic for social species occurring in an island-like pattern,
mark the highest possible, in the direction of the lowest (critical) values,
deviation of Z from modes D,, D,, and D,,. It ought to be pointed out here
that the general distribution of sites (not included in Graph 3), which includes
mode D,,, was drawn by plotting values of Z at 0.01 intervals.

The most valuable index for us is mode D,, of the general distribution,
i. e. the critical (minimum) value of Z, below which regular sites lose their
character and either become sporadic or disappear completely.

Critical value of spacing

When we know the critical value of the size of regular sites (which amounts
to 17.5 pairs, JOzZEFIK. 1970, we can substitute it to formula (1), and then
we shall have a simple equation 0.015 = 17.5/x, the solution of which will give
us the highest critical value of the isolation degree tolerated by the species.
It amounts to 1,160 km.

With the exception of only one case (site No. 3 reached in the XXth cen-
tury the average distance of 1.270 km when the numbers were between 20 and
50 pairs; cf. JOZEFIK, 1969 a) none of either regular or sporadic sites exceeded
the highest degree of isolation tolerated by the species, although admittedly
some of them reached average distances approximating this critical value.
And thus, for instance, sites nos. 167 and 168 exceeded in the XIXth century
the distance of 850 km, sites nos. 166 and 173 exceeded in the present century
distances of 870 and 830 km. An ecological analysis of the critical indices for
the species will be undertaken in the ensuing parts of the cyecle (i. e. parts
dealing with the flock structure, migrations, as well as breeding and mortality
dynamies).

Introductory assumptions for singling out ecological zones
of the range

The differentiation of the degree of existence prosperity for separate micropopula-
tions, the exponent of which is Z, is connected with the previously singled out ecological
zones (cf. JOzeFIK, 1970) (extreme and optimum) of the palearctic part of the range. Then
the numerical level of breeding pairs at separate sites was taken to be the eriterium of the
estimate. Hence all small dependent sites (up to 20 breeding pairs), although they could
be characterized by a relatively high index of Z, were placed in the extreme zone. Other,
somewhat larger sites, which for significant reasons should be covered by the extreme zone,
turned out to be either in the optimum or in the suboptimum zone. As it follows from the
data presented in Table 2, the error (i. e. deviation from the average of the data calculated
with two other methods) is insignificant and amounts to 3 %. Applying the characteristics
of the distribution of index Z as a criterium of the estimate, we have obtained lower results
though they do not differ sufficiently from the correct one to warrant their rejection. Pro-
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Table 2. Presentation of certain, calculated with different methods, characteristics of the
extreme and optimum zones in the palearctic part of the range of A. ralloides.

\ Extreme (3) Optimum (4)
Zones (2) b
number nufmt s number numbers
Method index Z of sites soe ?:: index Z | of sites ;)f t’!“:
3 peci pecie
of calculating (% %) (%9%) (% %) (% %)
(1) (5) (6) (7) (8) (9) (10)
On the basis of the
ecological analysis of
separate sites (11) 0.0809 52.19 8.28 2.0969 47.81 91.72
On the basis of the
data from the curve
of concentration
(J6zEFIK, 1970) (12) — 49.50 6.06 — 50.50 93.94
On the basis of the
distribution of index
Z (13) 0.0312 37.56 5.83 1.6229 62.44 94.17
Average (14) 0.0561 46.42 6.72 1.8599 53.58 93.28

bably the best method was a laborious analysis of the data concerned with ecological factors,
the degree of isolation, and the history of the growth of all sites providing grounds for appor-
tioning them to their respective zones. The results of such an analysis are presented in Table
2 and they do not differ too much from the average value (difference amounts to 5.7 %).
Thus similar results were obtained by using three different methods, and they enable to
determine, in per cent, not only the number of breeding sites dispersed in separate zones,
but also to calculate precisely, also in per cent, the numerical state of A. ralloides habita-
ting these zones. Quite naturally the data mentioned above should be treated as average
for the last two centuries, and thus, to a certain extent, as static; however, they can be
considered as being one of the more important characteristic features of the species.

As each of the discussed methods for calculating revealed a tendency to yield either
lower or higher results, I have come to the conclusion that it would be most reasonable
to use average values obtained from data being the result of calculating them with three
different methods when taking them into account in the ensuing parts of the cycle, parti-
cularly in those which deal with the ecological aspect.

The assumptions for breaking the range down into zones, put forward previously (J6-
ZEFIK, 1970), were not explained fully enough to render any further elaboration superfluous
and I would like to add a few more comments now.

The extreme zone is characterized by a relatively frequent occurrence of lethal ampli-
tudes of environmental factors preventing the population habitating the zone to maintain
a positive balance between mortality and reproduction over a longer period of time. This
zone comprises breeding sites whose values of index Z are lower than mode Dy, i. e. Z< 0.065
(Table 1). 46.42 9, of all the breeding sites are situated in the conditions of this zone (cf.
Table 2). When we deduce from this figure sporadic sites (41.55 %), then we realize that
there are there also about 5 9%, of regular sites. A high degree of isolation can be quoted as
one of the basic limiting factors.
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454 M. Jézefik 10

The numerical distribution of the species in the extreme zone is not less characteristie
— only 6.72 %, of the total /. ralloides population are relegated to the environment extremes.
They determine the specific character of the species concentration (ef. Jézrrix, 1970). This
leads to a different shape of the curves presenting the distribution of index Z, not in relation
to the number of sites, as in graph 3, but in respect of the number of breeding pairs habita-
ting these sites (Graph 4).

Indices characteristic for the optimum zone are presented in Tables 1 and 2. This zone
is the proper area of the species existence.
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Graph 4. Distribution of index Z in relation to the average numerical level of the spe-

cies. # — logarithmic scale of the values of index Z, ¥y — numbers of the species expressed

in the number of breeding pairs and presented in °/y,, 4 — numbers of the species habita-
ting sporadic sites, B — numbers of the species habitating regular sites.
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INTERDEPENDENCE OF THE BASIC PARAMETERS OF THE
SPATIAL DISTRIBUTION

Practical uses of index Z can only be appreciated when considering the
interdependence of the more important structural parameters of the distri-
bution presented in graph 5. This graph presents synthetically the dependence
of the site size on the degree of isolation, it gives a good idea of the maximum
degree of the species overcrowding and spacing, it reveals connections occur-
ring between regular and sporadic sites, and besides enables us to consider
more comprehensively the biological situation of the species. This graph can
also be treated as a basis for further studies on spatial isolation and the index
of existence prosperity.

The construction of the graph is based on four scales. The size of breeding sites expressed
in the number of pairs is given on logarithmic scale y. Curves 4, B, 0, D, and E should be
read against this scale. Irrespective of that, class limits of the site size are marked with
continous horizontal lines on scale y, which is closely connected with the distribution of
the turning points of Z variation for separate sites (such points are marked with small circles)
and with the construction of curve F based on average values for separate class intervals.

Logarithmic scale z reflects the degree of isolation which is expressed in average dis-
tances between separate breeding sites (in km.).
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11 Studies on the Squacco Heron. Part V 455

Scale z marked by broken horizontal lines can be applied only to curves J and K, and
it determines the percentage relation between the number of breeding sites and the numbers
of the species in separate class intervals of average distances.

The fourth successive scale is formed by slanting lines representing the respective le-
vels of the value of index Z. The remaining elements of the graph, with the exception of
F, J, and K, should be read against these lines.

As I have mentioned before (ef. page 7), the turning points of Z variation for separate
breeding sites are marked with small circles, and hence the number of circles exceeds consi-
derably the number of sites. However, inasmuch as Z variation for separate breeding sites
fluetuated within a small range, then their value is plotted in the graph in only two variants:
a) characteristic for the XIXth century, b) characteristic for the XXth century. The ope-
ration mentioned was carried out in order to mark out the area of Z variation, and hence
separate curves representing average values of this index, characteristic for separate cate-
gories of sites or zones, can not be the resultant values plotted on the diagram
of points. These curves (movable means) were calculated from the working correlation
tables.

The boundaries of the area of Z variation (curves a,, b,, ¢,, and ¢,) were drawn graphi-
cally, and thus their values are not the result of extrapolation caleulations. In spite of this
simplification they will still be useful in our considerations.

Curves 4 and B represent the distributions of average values of index Z in the optimum
zone (A) and of regular sites (B), and at the same time they are regression line sof the aver-
age site size in relation to the scale of distances (x). Curve ¢ has a similar double signifi-
cance as it shows the distribution of index Z and the regression of all the breeding sites
treated jointly.

The distributions of index Z and the regression of breeding sites within the extreme
zone are illustrated by curve D, while curve E represents sporadic sites.

Curve F presents the distribution of average distances characteristic for separate classes
of site size, and thus it supplies information on the regression of average distances in respect
of the scale of site size.

Curve J presents the percentage distribution of the size of sites in relation to the degree
of isolation, and it is given at 10-kilometer intervals. Analogously, curve K presents the
distribution of the number of breeding pairs. The curves mentioned are movable means.

Curves bounding the area of Z variation represent the critical values of the ratio of its
parameters (y/») which depend on the environment conditions and the degree of isolation.
And thus curve a, systematically determines the eritical values of ratio y/x which depend
on the environment capacity and the degree of density, while the section of this curve marked
with a double line and with symbol a, marks the absolute maximum value of Z, and at the
same time it reveals the area of overcrowding. Curve b, determines the critical values of the
maximum spacing of the species in the range and at the same time it also determines the
eritical value of the absolute minimum values of Z. Line b, indicates schematically the lo-
west critical level of Z in respect of the existence of regular sites. Curves ¢, and ¢, have a tran-
sitory character. The border values of the parameters of index Z, at which the autonomy of
separate sites can be maintained, are indicated by curve ¢,, while curve ¢, reveals the critical
effect of the mixed character of the environment capacity and isolation on ratio y/x.

The area of Z variation has been divided, according to the ecological analysis of separa-
te breeding sites, into two zones — optimum (H) (circles with triangles) and extreme (I)
(circles without triangles). The dotted section indicates the transitory zome (G) between
the optimum and the extreme ones — circles with triangles at the bottom. This transitory
section has also been marked out on the basis of the ecological analysis of each of the sites.

Let us pass now to a more detailed analysis of certain problems connected with index
Z. Problems dealing with other aspects of the species distribution within the breeding area,
although they are to a large extent illustrated by graph 5, will be discussed later.
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13 Studies on the Squacco Heron. Part V 457

Graph 5. Outline of the area within which the variability of index Z is calculated and
interdependences of more important parameters concerning the structure of the palearctic
part of A. ralloides breeding range. y — size of sites (number of pairs), # — average distances
degree of isolation (in kilometers), z — percentage relation between the number of breeding
sites and the species numbers within separate class intervals of average distances; curves
presenting the average values of index Z: A — sites in the optimum zone, B — regular
sites, O — sporadic and regular sites together, D — sites of the extreme zone, £ — sporadic
sites; theoretical curves presenting the critical values of ratio y : # — curves enclosing the
area of the variability of index Z: a, — critical values of index Z in relation to the envi-
ronment capacity and the degree of species density, a, — section of maximum values of
index Z indicating the area where the species density is highest, b, — section of minimum
values of index Z and critical values of the maximum dispersion of the species, b, — the
lowest critical level of index Z for the existence of regular sites, ¢, — critical values of the
parameters of index Z with a mixed impact of the environment capacity and isolation;
the remaining symbols: F — curve presenting the average degree of site isolation according
to separate class intervals, G — area of the variability of index Z in the transitional zone
between the optimum and extreme zones, H — area of the variability of index Z in the
optimum zone, I — area of the variability of index Z in the extreme zone, J — curve pres-
enting the percentage distribution of the number of sites in relation to the degree of isolation
(size of the class interval = 10 km.), K — curve presenting the distribution of the species
numbers in relation to the degree of isolation (size of the class interval = 10 km.); skew
lines indicate the respective levels of the value of index Z, circles mark the turning points
in the variability of index Z for separate sites, here are their symbols: O — regular sites
in the XIXth century, (D — regular sites in the XXth century, @ — sporadic sites in the
XIXth century, (B — sporadic sites in the XXth century, circle with triangle at the top
indicates the position of the site in the optimum zone, with triangle at the bottom — in the

transitional zone, with no triangle — in the extreme zone.
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BIOLOGICAL MECHANISMS OF THE ISOLATION EFFECT

As it can be seen from graph 5 discussed above, sites having the same va-
lues of index Z are not in the identical situation as far as the degree of existence
prosperity is concerned, as it was initially assumed in the second chapter.
This is indicated by the composition of transitory zone @, the configuration
of the critical values of index Z, and it also follows from the specifical regres-
sion of the parameters of index Z in respect of each other. Let us consider now
the composition of the transitory zone (G), or rather the boundaries between
this zone and the optimum (H) and extreme (I) ones, assuming that the degree
of existence prosperity of breeding sites situated along each of these bounda-
ries is very similar or even identical. This assumption is based on the following
premises:

1) The degree of the micropopulation stabilization over a longer period
of time can be considered to be a comparative scale of the degree of existence
prosperity for the given micropopulation. This stability, in turn, depends on
the size of the micropopulation, or strictly speaking on the range of its numeri-
cal oscillations. On the basis of the working material I can conclude that the
most intensive numerical oscillations can be recorded in the case of small sites,
and that the frequency and range of amplitudes are negatively correlated with
the size of sites (this vast problem has not been yet comprehensively discussed
in this eycle devoted to A. ralloides). This dependence has considerable causal
connections (that is why I have accepted the size of sites as one of the para-
meters of index Z).

2) The site is, to a certain extent, affected by the environment capacity,
or more precisely, its volume and the final balance of reproduction and morta-
lity rate of the micropopulation habitating it. Reproduction rate, or rather
its effect, i. e. population increase, depends on the biocenotic composition
of the environment, its capacity, and abiotic factors. The factors mentioned
affect also mortality rate in the breeding period. However, the species remains
in the breeding range for only one third of the annual cycle, hence the value of
mortality rate during the remaining eight months affect decisively the size
of sites. Here is the crux of the causal connection between the degree of isola-
tion and the size of sites.

3) It has been proved experimentally that within specified limits there
is a correlation between individual survival and the flock size, while separate
individuals within the flock lose much less life energy than those outside it,
the so-called flock effect (PoNuGAYEVA, 1950). In the post-breeding period
young individuals form, as a rule, separate flocks, while the survival rate of
A. ralloides in the first year of life, calculated from ringing recoveries, amounts
to 54.7 %, and in the first two years even exceeds 80 %. Thus the biological
sense displayed by small flocks joining in larger ones is quite evident. Let
us also assume, without risking much and in a simplified form, that the period
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of absolute isolation of the flock after leaving the breeding site is proportional
to the average distance between the sites. Naturally we are concerned here
with the moment when two or more flocks join together in the period of post-
-breeding nomadic movements or migrations, coming from two or more sites
neighbouring upon each other but situated at a long distance from each other
(ef. JOzEFIK, 1970). The probability of flocks encountering each other and
joining together decreases as distances between sites get longer, and probably
there is no rectilinear function here (an attempt to solve mathematically this
problem will be undertaken in the ensuing parts of the cycle). I have touched
here only upon the problem of autumn migrations. Mortality rate in the course
of spring migrations, after disintegration, also remains, to a considerable extent,
dependent on the route covered by the flock in order to reach their breeding
site. Hence the following conclusion can be drawn: the survival rate of the
flock (micropopulation) during its absolute isolation in the post-breeding
period determines the maximum spacing of the species in the breeding range
(ef. eurve b, — graph 5). It should be explained here that the survival rate
of adult individuals increases considerably in the breeding period. Two dis-
tinet points are here decisive: a) A. ralloides is perfectly adapted to the bree-
ding emvironment, b) it assumes the role of a commensal (or even more fre-
quently of a mutuant) in respect of other species habitating together in the
breeding colonies. And thus, inasmuch as the degree of isolation in the breeding
period does not affect negatively, in any direct way, on the effectiveness of
the breeding cycle, then this isolation assumes considerable importance in
the post-breeding period as a limiting factor. This explains the high correlation
between the size of sites and average distances on the one side and the lack
of overcrowding at more distant breeding sites on the other, which leads in
effect to increasing oscillations of the size of sites towards the edges of the range,
the extreme case of which are sporadic sites, and this moment conveniently
reveals the reasons for pulsations in the area boundaries.

4) An increased degree of isolation is connected, as a rule, with the necessity,
for separate flocks (micropopulations), to overcome in the course of migra-
tions habitats biologically alien to the species. This prolongs the period when
they are exposed to conditions not infrequently disastrous in their effects
particularly in the case of alien habitats. Most probably it is here we can find
one of the basic reasons contributing to intensive reductions, which lead in
consequence to considerable oscillations in the size of sites. And thus an increas-
ing degree of spatial isolation affects destructively, through temporal isola-
tion, the stability of sites and the maintenance of the homeostatic state within
the given part of the range. Hence the ecologically equally valuable degree of stabi-
lization, the measure of which we have accepted index Z, will cover gradually
larger sites, as the degree of isolation is increased, and it will ultimately reach
the critical value determined by the limiting effect of the environment capacity
(rarer cases), or by the combination of two factors, isolation and the environ-
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ment capacity (cf. curve ¢,, graph 5). This combination consists in the limiting
effect of the environment capacity only when the micropopulation reaches
its highest numerical level, and besides in the effect of isolation on the ampli-
tudes of oscillations.

When carrying out the ecological analysis of each of the sites and apportio-
ning them to one of the zones, we have taken into account, first of all, the degree
of stabilization displayed by each of the sites. Thus regular sites displaying
intensive numerical fluctuations were accredited to the transistory zone, as
well as sites whose period of existence was not very long (up to 20-30 years),
and moreover sporadic sites at which the Squacco Heron nested altogether
longer than the period when there were no Squacco Herons there. After de-
ciphering the basic mechanisms of isolation, I have high hopes that the ecological
assumption put forward on page 3 and concerned with the sameness of
index Z (i.e. the same degree of existence prosperity along the boundaries
of the transitory zone) will be accepted by the reader as reasonable and well
grounded. The same can be applied to the value of index Z along curve b,, i. e.
the boundary of the maximum spacing of the species in the range.

When discussing the mechanisms of isolation, I would also like to stress
quite an important moment: index Z indicates the existence prosperity of the
given micropopulation not only in the breeding period but also in the entire
annual eycle and treating it differently would be unjustified. If we are to single
out an index covering only the breeding period and reflecting the environment
conditions of the site, then the most obvious and reasonable one seems to be
the average number of fledglings leaving one nest.

EXPONENTIAL INCREASE OF THE ISOLATION EFFECT

A completely different problem is the character of the functional interde-
pendence between ecologically identical levels of index Z, the degree of isola-
tion, and the size of sites. The rectilinear character of formula Z = f(y/x)
assumed at the beginning of this chapter, had working purposes in mind, while
the data from graph 5 (i. e. the above discussed boundaries of the transitory
zone and curve b,) testify that this function is much more complicated when
we apply successively different formulas for different levels of index Z. Let us
now analyse the character of this function transforming the values of Z para-
meters from the boundaries of the transitional zone and from curve b, on the
logarithmic scale of graph 5 to the semilogarithmic scale (Graph 6, curves b,,
G—I, H—@G). We make sure staightaway that we are dealing here with expo-
nential curves whose equations are of the following type:

y = kiI*.
And thus the exponential equation of curve b, can be expressed as follows:

y = 2.655-1.00231%,
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Graph 6. Interdependence between the size of sites and average distances when the

impact of isolation has an exponential character. # — average distances, y — size of sites;

thin lines — rectilinear interdependence for the initial (working) concept of index Z (equa-

tions of the type: y = ax); thick lines — real curvilinear interdependence revealed (which

can be expressed by exponential equations of the type: ¥ = k%) (in the graph the equations
of separate curves are presented).

while for curve ¢ —1 it will assume the following form:
y = 4.845-1.00231%,

and another one for curve G—H:
y = 11.9-1.004337,

I have proved that as distances between breeding sites get longer, the same
level of existence prosperity (or speaking more graphically — the standard
of the ecological situation) attained by the micropopulation habitating these sites
can be maintained only in the conditions of the growth of sites in size according
to an exponential function. Naturally the expression of this function varies
for different levels of index Z. And thus when we want to express it in a more
general way, i. e. to present it in a mean form and by that characterize generally
the effect of isolation on the degree of existence prosperity, the simplest and

2
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surest way seems to be to analyse the distribution of average values of index
Z in separate distance intervals, fulfilling at the same time the following condi-
tion: values of index Z for separate breeding sites should be corrected accord-
ing to the above discussed phenomenon of an increase in ¥ in an exponential
function. Let us pass now to an extremely important, in the context of our
study, problem of correcting index Z.

As, in order to fulfil the condition of a real representation of the degree
of existence prosperity by the absolute values of index Z, y has to increase in
an exponential way under the effect of isolation, then we have to insert to
the deneminator of formula (1) multiplier a which reflects this effect, and then
formula (1) will assume the following form:

Y
Zipe = oy (2)
(In order to differentiate the index with the correction introduced we shall
use as its symbol Z,,).

In order to be able to calculate a, we should find the equation of one or
two higher levels of index Z in the optimum zone, beside the three equations
of levels b,, G-I and G-H (cf. graph 6). This has been carried out with the help
of the extrapolation method by using the function of the increase in the angle
at which the curves already known are set to axis . On the basis of these data
we have set up a table of corrections for caleulating Z,, (see Appendix I). From
this table @ was calculated according to the following formula:

a = b+Zec (3)

where, a = coefficient of the curvilinear effect of isolation on the degree of
existence prosperity, b = coefficient of the curvilinear effect of isolation at
the given level of index Z, ¢ = interpolational correction for calculating b,
Z = previous uncorrected index of existence prosperity calculated according
to formula (1).

Substituting formula (3) to equation (2) we shall have the corrected formula
for calculating Z,,:

y
RelarTE=s) =

The use of formula (4) and of the table of corrections facilitates our task
as it helps to do away with complicated calculations connected with correc-
ting Z.

According to the assumption put forward on page 3, the general distri-
bution of index Z,, has been constructed in relation to the scale of distances.
This distribution is presented in graph 7 — the curve falls logarithmically and
its equation assumes the following form:

Zpe = 6.7T—2lg1.006642.
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The following conclusion, based on the dependences presented in graphs
6 and 7, can be drawn: as under the influence of the arithmetically increasing
isolation the degree of existence prosperity falls logarithmically, and as for
this degree to remain unchanged the size of sites would have to increase ex-
ponentially, then it is reasonable to assume that the spatial isolation, as a li-
miting factor, affects the relative survival rate and the numbers of the species
in an exponential way. In order to define this conclusion more generally and
to expand it at the same time so that it would cover species having their bio-
logy similar to A. ralloides (and there are quite a number of them), we have
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Graph 7. General distribution of index Z,, in relation to the degree of isolation. » —
average distances (km.) — degree of isolation, y — logarithmic scale of index Z,, (the graph
includes the equation of the distribution curve).

to present it in a slightly modified way: any social species habitating the breed-
ing range in an island-like pattern is decisively affected by spatial isolation,
which is then one of the more important limiting factors. The mechanism of
its effect realized in the post-breeding period assumes the form of temporal
isolation. The increase of the spatial isolation in an arithmetical progress coin-
cides with the growth of its effect in an exponential function.

This is one of the most important conclusions of the present paper which
enables, among others, to provide reasons for the previously explained (ef.
JOzZEFIK, 1970) integrating tendency of the species. The equation presented
above (Z,, = 6.7 — x1g 1.006642) is a general mathematical support of ALLEE’S
rule when applied to A. ralloides. 1t also belongs to one of the most signifi-
cant characteristic features of the species.
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EXISTENCE PROSPERITY — SURVIVAL — ENVIRONMENT RESISTANCE

The problem of confronting the newly introduced concept of ,existence prosperity”
with the more widely used ecological terms seems important enough to warrant a brief
explanation. The term ,existence prosperity” can be applied execlusively to micropopula-
tions habitating the given breeding site, or alternatively to a group of sites in any part of
the range but then in its mean form. As soon as we assume that there is no individual
exchange between separate sites, i. e. the sort of rotation deseribed previously (cf. J6zEFIK,
1969a), and accordingly the survival of separate individuals determined by the environment
conditions contributes to the general effect of the micropopulation survival rate, then there
is 1o need to introduce any new term. However, as the size of sites depends not only on the
degree of survival displayed by the micropopulation habitating this site, but it also deeci-
sively affects this survival, and moreover it depends on the balance of the inflow and outflow
of individuals, or even entire flocks, then it seems perfectly reasonable and useful to intro-
duce a wider, and at the same time more accurate, concept. It would be quite possible to
quote here a number of weighty arguments showing the necessity of introducing this new
concept, as for instance the fact that it defines precisely the effect of isolation on the course
of biological processes of the integrated group of organisms. For this reason there are no
grounds for mixing up existence prosperity with survival, although the former term covers
in its meaning the essence of the latter, but at the same time it includes qualitatively other
elements as well. Operating with the concept of size (= size of the micropopulation) we have
not analysed, in greater detail, the relation: survival — exchange. The pattern of this rela-
tion, inasmuch as this is connected with the scope of our considerations, is quite evident
(J6zEFIK, 1969). It will be sufficient to remind it briefly supplementing certain points with
newly-acquired values.

Both survival rate and the intensity of exchange depend on the action of isolation.
However, when the two phenomena are taken together they form a compensating mechanism
which is capable of overcoming effectively the environment resistance. This mechanism
can be presented in a simplified form thus: the high survival rate of large sites leads to over-
erowding which is relieved by the outflow of superfluous individuals. This excess makes
up for the low survival rate of exposed breeding sites adversely affected by environment
extremes, as a rule small ones. The index of existence prosperity presents the effects of
this co-operation as a measurable relative gradient. As we can see, one term can not be
substituted for the other, particularly in the case of the gualitatively different stress of
the phenomenon. On the other hand, as we use the expression “existence prosperity” when
referring to the species as an integrated biological unit, then it loses its meaning because,
leaving aside the known sporadic, and rather pathological, cases, we know of no facts which
would indicate the interspecific (genetic) exchange. A better expression seems to
be here “survival rate of the species”, but even here it is differently coloured. Probably
the best expression here would be the “biological situation of the species”.

It might be useful to compare here the expression proposed by the author with the
one widely used and easily applied which has been introduced by Cmapmax (1928), namely
senvironment resistance”. Broadly speaking, these two notions originate from two contras-
ting assumptions. The measure of environment resistance is the difference between the high-
est possible potential ability of the species to inerease numerically and the real increase
recorded. This concept assumes an increase in the infinite environment, and that one of
the parameters can be determined only theoretically, and even then only after overcoming
serious difficulties. The concept “existence prosperity” takes as its starting point an empiri-
cal (and so far only indirect) determination of the level of the complex of environmental
factors (critical values of the parameters of index Z,,) at which the possibility of the micropo-
pulation’s existence approaches zero. Index Z,, presents on a relative scale at which level,

http://rcin.org.pl



21 Studies on the Squacco Heron. Part V 465

above these critical values, the given micropopulation can exist. In both cases we are con-
cerned with the determination of the ,balance” being the result of the following relation:
micropopulation, population — environment. In the former case (existence prosperity)
the result of the integrated group’s co-operation in the fight for survival is quite clearly
stressed, while in the latter case (environment resistance) no clear-cut picture is obtained.
We could cite here also some other parallels but this might exceed the scope of the present
part of the cycle. Leaving aside a number of subtleties, it is possible to assume that hoth
these concepts supplement each other which is well illustrated by the small scheme enclosed
(graph 8). I have naturally assumed here the possibility of reducing the indices of en-
vironment resistance and existence prosperity to a common comparable scale, which secms
to be possible only in an empirical way. However we shall return to this problem at the right

moment.
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Graph 8. A simplified scheme of interdependences between existence prosperity and
the environment resistance. z — (temporal)-spatial scale of the micropopulation existence
(of the population or of the species), y — scale of the relative dependence between Z,,, and
the potential realized, z — relative fiducial scale of the environment resistance, 4 — (tempo-
ral)-spatial variability of the relative values of index Z,, and the difference: biotic po-
tential-potential realized and (temporal)-spatial variability of the environment resis-
tance, B — total impact of all the factors limiting of environment, 0 — effectiveness of
the fight for survival, D — level of biotic potential.

ECOLOGICAL GRADATION OF LEVELS OF INDEX Z,,

It is very important from the point of view of the ecological classification
of the range zones to analyse the problems connected with attaching a speci-
fied ecological significance to respective levels of index Z,, which would reflect
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the gradation of their absolute values. As it has been shown in the previous
chapter, the correlation ratio between the size of sites and average distances,
presented as 7,, and 7, is bilaterally connected causally, or to put it different-
ly, the degree of isolation affects not only the size of sites, but also the size
of a site, in its turn, as overcrowding is intensified there, leads to the setting
up of new sites in the nearest vicinity, as much as the topographical condi-
tions render it possible, which invariably brings about some shortening of
distances between separate breeding sites JOzErIk, 1970). As I do not want
to make the course of the argument too cumbersome by illustrating it mathe-
matically, I shall confine myself to assuming only as the starting point the

(z)

(v) 100

(x)

Graph 9. Regression in the species numbers (expressed in per cent) and of the degree of
isolation. # — average distances (km.) — degree of isolation, ¥ — numbers of the species
in percentage relation, # — numbers of the species according to the groups of concentration
(size of sites), A — regression of the degree of isolation according to the groups of
numerical concentration, B — numerical regression in relation to the degree of isolation.

discovered regularity in the logaritmic decrease of the degree of existence
prosperity under the effect of the arithmetically increasing isolation, and then
it will not be difficult to reconstruct (naturally with certain approximation)
the mechanism determining the way in which y affects z, and in which z affects
y, in respect of their interdependence expressed by the value of index Z.

Let us consider now correlation ratio 7,, which reflects the effect of isola-
tion on the size of sites. This effect can also assume an exponential character,
i. e. at high and highest values of index Z this effect is reduced almost to zero,
while at the lowest parameters of Z this effect is intensified up to the point
of becoming the biological barrier (critical values of index Z).
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The effect of the size of sites on the increase in the degree of isolation (i. e. 7,,,)
is lessened logarithmically as distances are lengthened arithmetically, and
vice versa, that is this effect is intensified exponentially as the degree of isola-
tion declines arithmetically.

A significant moment of our further research would be to find out such
a value of index Z,, (naturally an average one) at which the effect of y on @
would be reduced to zero. Having that object in mind, let us analyse the nume-
rical regression of the species and the degree of isolation presented in graph
9. For the largest groups of birds down to those comprising 500 pairs the decrea-
se in the degree of isolation is slow. Below the level of 500 pairs (down to 200
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Graph 10. Distribution of the size of A. ralloides breeding sites in relation to average dis-

tances between them (in per cent of the total number of breeding sites within the given

range of distances). # — class intervals of the size of sites, ¥ — number of breeding sites

within the given range of distances in per cent, curves of distribution within the range: 4 —

up to 50 km., B — between 50 and 200 km., ¢ — between 200 and 500 km., D — over
500 km.

pairs) the isolation is gradually intensified. Most probably groups of breeding
sites bracketed between 500 and 200 pairs are the last ones for which the effect
of ¥ on # can be recorded, as the rapidly increasing degree of isolation clearly
indicates that no more dependent sites are set up in their vicinity. The fall
of curve A along the section presenting the groups smaller than 200 pairs is
very characteristic and it indicates that we come up here against quite a large
group of “dependent” sites dispersed around large breeding sites. Let us assume
that average distances between large sites and their “satellites” do not display
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any significant differences (cf. graphs 10 and 11). And as the average distances
of small breeding sites were reduced down to almost 200 km (the bend in curve
A, graph 9), the effect of large sites on the setting up of “satellites” can be
recorded, on average, within the limit of 200 km. Let us now closely scrutinize
curve A (graph 9) — it shows that such distances represent groups of up to
400 pairs which comprise more than 42 9%, of all the Squacco Herons in the area.
This indicates in turn that 42 9 of the total numbers are concentrated in
groups with the populations where the birth rate exceeds permanently the
mortality rate. Obviously this conclusion has to be treated with a large degree
of scepticism. Most probably this per cent is even higher, especially when we
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Graph 11. Diagram presenting the percentage relation of average distances within separate

class intervals of the size of breeding sites. » — size of sites, ¥ — number of sites within

separate ranges of distances expressed in per cent, ranges of distances: a — up to 50 km.,
b — between 50 and 200 km., ¢ — between 200 and 500 km., d — over 500 km.

consider that the surplus of individuals leads not only to the formation"of
new ,dependent” sites but it also moves to many parts of the range charac-
terized by a considerable dispersion of breeding sites. This level (y = 400,
@ = 200) corresponds to index Z,, = 6.3700, but when we take into account
the reservation mentioned above, the index ought to be lowered. And thus
we shall assume, with only a small risk involved, (cf. graph 12), that in all
sites with index Z,, > 5 the birth rate (population increase) exceeds the morta-
lity rate, and this leads to the outflow of the surplus of individuals from such
sites to those with lower Z,,. Below the level of Z,, =5 we can record the
effect of the size of sites on the degree of isolation.
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Graph 12. Distributions of index Z, for sites in different categories. # — logarithmic scale of the values of index Zpe, y — number

of sites, A — ephemeral sporadic sites, B — stabilized sporadic sites, 0 — regular sites with considerable numerical oscillations,

D — regular sites with a moderate degree of oscillations, E — regular sites with a positive balance birth rate — mortality rate, and

with a good ecological prosperity, F' — regular sites with a positive balance birth rate — mortality rate, and with an excellent ecolo-

gical prosperity, overcrowded. In the upper part of the graph there is a nomogram of the transformation of absolute values of index
Zpe into the scale of prexes.
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We still have to determine the range of Z,, values at which the population
increase of separate micropopulations in the course of a longer period of time
is generally counterbalanced (with only minor deviations) by the mortality
rate. As in the previous case, we are here after the determination of reference
levels. The upper limit of such a range is index Z,, = 5. The bottom limit
of the range has been determined on the basis of an ecological analysis of all
the sites. This limit is formed by the boundary (G—H) between the optimum
and transitory zones at the value of Z,,, = 0.5750 already known from graph 5.
The following premises have been taken into consideration when accepting
boundary G—H as the bottom level at which the mortality rate and birth rate
counterbalance each other: a) number of regular sites characterized by inten-
sive numerical oscillations, as well as short-lived and at the same time small
breeding sites, were apportioned to the transitory zone, beside a large number
of sporadic sites; b) the lack of stabilization displayed by such sites indicates
invariably that their existence depends on the steady inflow of materials from
outside. Hence, beside other causes already discussed (JOzEFIK, 1969, 1970),
even small falls in the numbers of the species (eyclical fluctuations) lead to
drastic qualitative changes.

The bottom level of index Z,, = 0.5750 has been determined as a mean
value for the last two centuries. However, as it is already known (JOZEFIK,
1969), the biological situation of A. ralloides has deteriorated in the present
century (at least in the period up to 1960), and the oscillations of even larger
breeding sites have been on the increase. Thus the ecologically equal values
of index Z,, characteristic for the XIXth century are lower than those for the
present century when expressed absolutely. We should also take into account
the upper deviation from the average exceeding in the region of the critical
values of y and @ Z,, = 1. This inclines us to suppose that it will be more rea-
sonable and safer to determine the bottom limit of the range characteristic
for sites with the birth and mortality rate as Z,, = 1 when applying Z,,, grada-
tion later on in practice.

And thus we have determined the following ranges of the values of Z,,
corresponding to the relation birth rate — mortality rate for separate sites:

a) Z,, > b — birth rate > mortality rate (from such sites some individuals
constantly move out to sites with lower levels of index Z,, as a result of the
state of overcrowding — the optimum zone;

b) 1<Z, <5 — mortality rate ~ birth rate (the outflow and inflow
of individuals cancel out each other) — the optimum zone;

¢) Z,,< 1 — birth rate < mortality rate (such sites can exist only in the
conditions of a constant inflow of the new material from sites characterized
by higher levels of index Z,,) — the suboptimum (transitional) and the extre-
me zones.

For any further more accurate definitions of Z, ranges we can use the
characteristics of Z,,, distribution of breeding sites broken down, according to

http://rcin.org.pl



27 Studies on the Squacco Heron. Part V 471

the ecological analysis (cf. graph 12, table 3), into the following groups:
A — ephemeral sporadic sites; B — stabilized sporadic sites; C — regular
sites with intensive numerical oscillations having short periods of prospe-
rity; D — regular sites with moderate oscillations and relatively well
stabilized in the course of longer periods of time; E — large regular sites with
insignificant numerical oscillations in favourable environment conditions;
I — very large sites enjoing excellent ecological prosperity and making up,
as a rule, centers of groups of sites in separate parts of the range.

The ranges of absolute values of index Z,, cited below correspond with
the following ecological characteristics of breeding sites:

a) 0.01-0.03 — exclusively ephemeral sporadic sites mainly distributed
at the ends of the range. Parameters ¥ and # do not differ much from the criti-
cal values. Environment extremes probably also reach critical values.

b) 0.03-0.05 — ephemeral and sporadiec sites numerically counterbalance
stabilized sites. Regular sites displaying intensive oscillations realize here
critical values of ¥ and «. The existence prosperity depends, to a larger extent,
on the degree of isolation than on the limiting effect of environment extremes.

¢) 0.05-0.1 — Sporadic sites are in the minority, while ephemeral ones are
transformed into stabilized sites. Regular sites displaying high indices of oscilla-
tion are drastically transformed to the category of sites with moderate fluctua-
tions, The effect of the limiting environment extremes is clearly visible here.

d) 0.1-0.5 — the participation of sporadic sites in this group is even more
drastically reduced, and the same holds true in the case of regular sites with
intensive oscillations. Sites with moderate fluctuations dominate here.

e) 0.5-1 — the participation of sites displaying a negative balance birth
rate — mortality rate is more and more reduced in favour of sites with the
balance more or less levelled off.

The ranges of the higher order are already known to us. As it follows
from the course of curves B, C and D (Graph 12), the concept of the
equality of the degree of existence prosperity recorded for different breeding
sites having the same indices Z,, could be here found fault with. For instance,
the same values between 0.05-0.07 can be recorded in the case of four groups
of breeding sites. The explanation of this problem seems to be worth-while.
It should be born in mind that the concept is based on the ecological gradation
of the value of index Z,, as a mean — deviations from the average values are
a normal phenomenon. The apportioning of sites to one of the groups was
on materials incomplete to such a degree that it rendered the classification
far from being perfect. And thus, for instance, the separation of stabilized spo-
radic sites from regular ones with high numerical oscillations has not been
free from subjectivism. However this is not important for the main point of our
consideration — jointly they can be referred to the category of sites with a low
degree of stabilization.

However it has been man who has played the most important part in enhan-
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cing the heterogenious character of sites with values of index Z,, within the
range of 0.03-1. The data presented in graph 12 comprise the last two centu-
ries — i. e. the period of a very intensive expansion of man in respect of nature.
A large per cent of small and medium-size breeding sites standing a fair and
natural chance of a stabilized prosperity in the course of tens of years have
been, and still are, destroyed in certain regions of the range (it is not so easy
to destroy larger sites — cf. the situation of Ardeidae in the Danube Delta
in the fifties of the present century — JOzEFIK, 1969b). But for this circumstan-
ce, sporadic sites would most probably comprise (judging by the course of
curve D) the range of index Z,, between 0.01 and 0.1, and not, as it is illustra-
ted by curve B, the range up to 0.7. Although the destructive effect of man
in many fields of ecology ought to be treated as a natural action of the limiting
factor (or a complex of factors), in our particular case, in view of its rapid
rate (cf. JOzEFIK, 1969b, 1970), there are good reasons for treating this action
as & pathological phenomenon.

Table 3. Statistical characteristics of the distribution of index Z,, according to the
ecological gradient.

Intervals of Z,, Percentage distributions in rela- p
(2) tion to separate class intervals (3) e
I I l |
0.01 0.1 1 5 10 50| = 0z
Category of sites (1) | ! l I
ephemeral sporadic (A) 50.7 1.5 - — — 0.0236 | 0.0168
stabilized sporadic (B) 14.5 15.9 1.9 — - 0.2093 | 0.1866
regular with considerable
numerical oscillations (C) 20.3 14.7 — — — 0.1803 | 0.1976
regular with moderate
oscillations (D) 14.5 62.3 13.2 — - 0.5010 | 0.4244
regular ecologically
prosperous (E) — 4.4 84.9 70.0 —_ 3.2011 | 1.7492
regular with excellent
ecological prosperity,
overcrowded (F) — — - 30.0 | 100.0 |17.8754 | 9.3436
sites in the extreme zone (4) 85.5 32.4 1.9 — — 0.0983 | 0.3898
sites in the transitory zone
(5) 39.1 73.6 5.7 - — 0.3013 | 0.3091
sites in the optimum zone (6) | 14.5 67.7 98.1 100.0 | 100.0 | 3.5728 | 6.3660

We have obtained the gradation of Z,, in an indirect way, and it characte-
rizes generally the state of environment conditions under which each of the
micropopulations can exist in the annual cycle. The gradient of the factors
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of the breeding habitat will be discussed at large in the parts dealing with
the autecology of the species. The situation seems to be less favourable as far
as the data referring to environment conditions under which the species has
to live in the post-breeding period are concerned. However, also in this case
it will be necessary to undertake attempts to systhematize the material.

PREX — INDEX OF THE BIOLOGICAL SITUATION OF THE
SPECIES

The application of absolute values of index Z,, particularly in the case
of a comparative estimate of Z,, for separate breeding sites, is quite difficult
as the size of class intervals of Z,, increases logarithmically (cf. graph 12).
Hence it would be more rational to use the logarithm of index Z,,. The upper
part of graph 12 presents a nomogram tranforming the absolute values of
index Z,, into their logarithms, and in order to avoid logarithms with nega-
tive mantissa the transformations were carried out by multiplying Z,, by 100,
and that is why the final form of the transformation was as follows:

187 pe+2.

The new scale obtained in this way has a number of useful applications
and positive qualities: the initial part of the scale corresponding to the criti-
cal values of index Z,, has the value of zero; the lowest values of stabilized
sporadic sites and regular ones characterized by intensive oscillations start
from 0.5; from the value of 1 an intensive increase of sites with moderate oscil-
lations is initiated; value 2 forms a boundary between the sites with a negative
balance birth rate — mortality rate and those sites with a levelled off or even
positive balance; the highest values of 1g Z,,+2 reach up to 3.6; neither in the
past nor in the future (even more so) did the species or will it, exceed value
4 — this figure can be thus accepted as the final one in the scale. However
the greatest asset of the new scale is an uncomparably greater adequacy of
its absolute values in respect of the gradient of factors determining the degree
of existence prosperity displayed by the given micropopulation. This enables
to use the values of 1g Z,,+2 in specified circumstances (e. g. for comparisons)
as a sort of absolute units measuring existence prosperity. Bearing in mind
the practical aspect I suggest accepting 1 prex (from Latin pr(osperitas)
ex (istentiae)) as a unit for measuring the degree of existence prosperity in the
case of separate micropopulations. And thus 1 prer =1g Z,, 0.1+42, and the
general formula of the transformation can be presented in the following way:

Nprez = lgmzm+2, (5

where # is the number of prexes, while m is the value of index Z,,.
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Realizing that theoretically in ecological sciences the transformation from
the level of indices to the level of units of measurements is enormously compli-
cated and often completely impossible, particularly when we have to deal
with the possibility to measure a phenomenon which is the result of a mutual
effect of the practically immeasurable number of factors, I am not going to
attempt to give a definition of one prex (it is undoubtedly a unit of relative
reference). And that is why I have left the theoretical expounding of the basis
of this problem as an open and debatable point.

ECOLOGICAL ZONES OF THE RANGE

Izoprexes

I have determined previously (cf. page 9), with the help of three different
methods, the proportion between the number of sites and the numerical state
of the species in separate ecological zones, as well as giving characteristics of
these zones according to the levels of index Z,, (Table 3). Taking into account
the reduction of the values of index Z,, to prewes, the characteristic features
of the extreme and optimum zones together with the transitional area (subop-
timum zone) can be presented in the following way:

Table 4. Characteristic features of the ecological zones of
A. ralloides range according to the gradation of the index
of existence prosperity (Z,,) expressed in prexes (in brackets
ranges of index Z,, in their non-transformed form).

Ranges of Z,, Index 7y, ]
Zones in preses non-transfor- e s (prex)
med
(1) (2) (3) (4)

extreme (5) 0-1.7 (0.01-0.5) 0.993
transitional

(subopti-

mum) (6) 1.7-2.0 (0.5 -1.0) 1.479
optimum (7) 2.0-4.0 (1.0 -100.0) 2.804

Using the scale of prexzes I have marked in map 1 the so-called izoprex-areas,
i. e. those indicating the composition of the optimum (symbols 1-2), suboptimum
(symbol 3), and extreme (symbols 4-5) zones. Obviously, as the map is based
on materials covering the last two centuries, it can not represent the actual
composition of the ecological zones. As it is quite clear from the map, the opti-
mum zone covers only a relatively small area although it is habitated by over
90 9, of all A. ralloides individuals in the range. The extreme zone comprises,
on the other hand, more than 45 9% of breeding sites (I have not included in
these calculations the suboptimum zone).
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Map 1. Ecological zones in the palearctic part of A. ralloides range — areas of izoprexes. 1 — optimum zone, izoprexes within the
range 3.0-4.0; 2 — optimum zone, range 1.7-3.0 prexes; 3 — transitional zone (suboptimum), range 1.0-1.7 prexes; 4 — extreme

zone, range 0.5-1.0 prex; 5 — extreme zone, range 0.0-0.5 prex; 6 — boundaries of the range.
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Zomnes in the parallel cross-section of the range

The biological situation of the species estimated for the last two centuries
jointly is illustrated by graphs 13 and 14. The percentage distribution of breed-
ing sites dispersed over separate ecological zones of the range (cf. graph 13)
is very characteristic. The highest per cent was recorded in the extreme zone
near the boundaries of the range, and in the western part it comprises over
60 9 of all the sites. Also in the west we can observe the widest differences,
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Graph 13. Percentage distribution of breeding sites situated in different ecological zones

— the parallel cross-section (the XIXth and the XXth centuries treated jointly; movable

means). # — geographical longitude, ¥ — number of sites in per cent within separate classes

of geographical longitude, 4 — breeding sites in the optimum zone, B — sites in the transi-
tional (suboptimum) zone, ¢ — sites in the extreme zone.

as far as ecological aspects are concerned, between separate sites — the transi-
tional zone (suboptimum) does not comprise there even 10 % of sites, while
the optimum zone reached up to 40 9%. This can be explained by the specific
character of the species synanthropization. In the case of sites where the spe-
cies was well adapted to the transformed environment it maintained itself
on a stabilized level, particularly recently. A high per cent recorded in the ex-
treme zone indicates intensive transformation of the environment by man.
The process of transformation is spread out in time and occurs quite specifi-
cally — the crux of the matter seems to be here the balance of relations in
the new biocenosis, formation of the trophic base, etc. In this transitional pe-
riod the species can not display traits of stabilization while getting adapted
to new possibilities.
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Inside the range the optimum and suboptimum zones exceed considerably
the level of the extreme zone and depending on the local situation they compen-
sate each other. In the center of the range (between the lines of 24° and 32° of
eastern longitude) the optimum zone reaches its peak and comprises nearly
50 % of all the breeding sites.

The percentage relation of sites in separate zones at the eastern end of the
range is very characteristic. The optimum zone there is gradually overtaken
by the suboptimum one, while the latter suffers the encroachments of the extre-
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Graph 14. Degree of the species existence prosperity in the parallel cross-section of the range
(the XIXth and the XXth centuries treated jointly). # — geographical longitude, ¥ — scale
of index Z,, in prexes, # — scale of index Z,,, in prexes corrected in relation to geographical
longitude, A — distribution of Z,, in relation to the species numbers, B — distribution
of Zpe in relation to breeding sites. ¢ — distribution of Z,, in relation to their maximum de-
viations, D — distribution of Z,, in relation to minimum values of this index.

me zone. This indicates the presence of a gradual and directionally fixed ecol-
ogical degradation of the environment from the optimum to pessimum condi-
tions. As I have shown previously (JOzEFIK, 1969b) the species regressed in
this respect at the turn of the century. And thus the course of curves presenting
the percentage relation of breeding sites in separate zones, beside giving a stat-
ical picture of the species situation along the parallel axis of the range, reveals
also dynamical processes connected with changes in the biocentic composition
of the environment and with the adaptative plasticity of the Squacco Heron.

The existence prosperity of A. ralloides in the parallel cross-section is il-
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lustrated by graph 14. The movable mean of the minimum values of index Z,,
expressed in prexes (curve D) rises gradually from west to east. This is connec-
ted with an increase in the critical values of not only regular sites (cf. J6zEFIK,
1970), but also of sporadic ones. I have determined previously (cf. page 29)
the level of O prex as the critical value of index Z,,. As curve D (graph 14)
is a movable mean, its value must reach above the level of O prex. A general
increase in its value towards the east forces us again (cf. page 33) to
reasses the adequacy of the absolute value of the prex scale in respect of the
real ecological situation of micropopulations habitating at different geograph-
ical longitudes. Before we can pass to this problem, we shall have to analyse
the reasons of this inadequacy, rather insignificant this time.

I have assumed previously for working purposes (cf. page 15), and without an analy-
tical approach, that the spatial isolation of separate micropopulations corresponds approxi-
mately to the proportional degree of temporal isolation. Without having at my disposal
any properly worked out and processed ecological material I am not able to determine the
functional aspect of this dependence. I have also assumed that the temporal isolation cor-
responds with the proportional degree of natural reduction suffered by flocks in the course
of nomadic movements and migrations. The problem has been discussed in a general way for
the entire area. I have discussed differences in the effect of reducing factors in relation to
the degree of geographical longitude when analysing problems of synanthropization (J6zEFIK,
1970). This differentiation, clearly stressed by the rise of curve D (graph 14) consists in the
increasing eastward effect of reducing factors (beasts of prey, poaching — we are mainly
concerned here with desert areas in western regions of Asia). And thus, irrespective of wheth-
er the degree of spatial isolation increases absolutely in the easterly direction (J6zeFIK 1970),
the qualitative character of this isolation is also changed and its limiting action is augmented
as the geographical longitude progresses. Thus, it is no wonder that the increase in the criti-
cal values of regular sites assumes the form of a curvilinear function which has already been

discussed at large (JézEFIK, 1970).

A number of important conclusions can now be drawn: a) the limiting
action of the environment capacity and of the degree of isolation are clearly
differentiated in the parallel cross-section. The environment capacity acquires
dominating importance in its limiting action in western regions of the range,
while the impact of the degree of isolation is more marked as a limiting force
in eastern regions. b) The levelling off of the limiting impact of isolation is
a result of the positive action of the anthropogenic factor (specific protection
over the entire annual cycle). In recent decades all over western Europe, and
particularly in the valley of the Rhone in the region of Swiss lakes, the observers
recorded in late spring separate A. ralloides flocks most probably in the process
of searching for new breeding sites (GEROUDET, 1958, 1960, 1961). This pheno-
menon would confirm all along the conclusions put forward above. A more
remote and indirect proof of this regularity is the existence of isolated sites
of Platalea leucorodia L. and Nycticorax mycticorar (L.) in Holland (Voous,
1960). ¢) The levelling off of the limiting impact of isolation is one of the indis-
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pensable conditions for the occurrence of synanthropization. In future, in the
conditions of a complete elimination of the limiting action of isolation by man,
it will be possible to maintain even small isolated populations of migratory
species. What the consequences are bound to be, we can foresee, to a certain
extent, even now (e.g. sharp intensification of diveregency processes).

Correction Z,, in the parallel cross-section should thus include a qualitative
differentiation of the limiting impact of spatial isolation. The difference between
the critical value of index Z,, at the western end and at the eastern one amounts
to 0.7 prex (in the west to 0.1 prex, while in the east to 0.8 prex). Thus the cor-
rection has not only theoretical but also practical significance. It would assume
more importance if we analysed the degree of existence prosperity in the actual
situation of the species, i. e. with the impact of isolation in the western regions
neutralized by protective undertakings in the last decade. A nomogram of this
correction has been taken into account in graph 14 — scale z and skew lines
connected with this scale.

The degree of existence prosperity (movable mean) is represented along
the parallel axis of the range by further three curves (4, B, and ¢ — graph 14).
Curve A illustrates the distribution of index Z,, in respect of the numerical
state of the species, i. e. it indicates the average level of this measure not in
relation to separate breeding sites as it has been applied so far, but in relation
to the average breeding pair within the given interval of geographical longi-
tude. Concluding on the basis of the character of the curve of concentration
(cf. JOzEFIK, 1970) index Z,, of the species numbers should exceed the level
of Z,, characteristic for the average breeding site, obviously within the same
intervals of geographical longitude (curve B). Curve C represents the average
of the maximum values of index Z,. Divergences in the values of the curves
discussed in separate geographical intervals indicate indirectly and relatively
the level of the degree of concentration (cf. JOzerIk, 1970).

We can also assume that the character of the distribution of curves 4, B,
and (O is sufficiently evident and we shall not discuss it here at large. However
we should concentrate our attention on the divergence between curves 4, B,
and C, on the one hand, and curve D on the other, as it gives an idea of the po-
tential possibility of the species existence in the case of a permanent deterio-
ration of conditions under which this species exists. These possibilities are
more limited in the eastern regions of the range.

The level of index Z, = 2 prexes forms a limit below which the balance
birth rate — mortality rate becomes negative. This level (after taking into
account the correction) comprises western, central, and some eastern regions
of the range. Following the level of curve B it reaches the 52° line of eastern
longitude, i. e. almost exactly up to the meridian marking out the eastern
boundary of the range in the XXth century. This fact requires no commen-

taries.
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Zones in the meridian cross-section of the range

The composition of ecological zones in the meridian crosssection of the range (Graph
15) does not require any further explanations. The compensation of the optimum zone by
the transitional one is most effective in moutainous and highland areas. The vertical distri-
bution of the species is here highly differentiated (e. g. certain breeding sites in the Trans-
caucasian region are situated at an altitude higher than 1,000 meters above sea level). At
the southern as well as at the northern ends of the range there occurs a classical and very
sudden disappearance of the optimum and transitional zones (suboptimum) under the
impact of the encroachments of the extreme zone. The meridian distribution of index Z,,
(Graph 16) is also so simple and evident that I shall limit here myself to a discussion concern-
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Graph 15. Percentage distribution of breeding sites situated in different ecological zones —
the meridian cross-section (the XIXth and the XXth centuries treated jointly).z — geograph-
ical latitude, ¥ — number of sites in per cent within separate classes of geographical lati-
tude, 4 — sites in the optimum zone, B — sites in the transitional (suboptimum) zone,
O — sites in the extreme zone.

ing the average value of index Z,, for the critical values of all the breeding sites in the range
(curve D). Along a long section it does not differ much from the zero level (28°-40°). Curve
D rises maximally up to 0.2 prez in the belt of the maximum concentration of the species.
At such small differences the problem of the meridian correction of index Z,, has no practical
significance — the character of isolation impact is very uniform in the meridian cross-sec-
tion. We should also take into account that average values of index Z,, calculated separately
for the species numbers (curve 4), and separately for breeding sites (curve B), and the avera-
ge maximum values of index Z,, calculated for the latitudes of 36°—40° are very high.
A comparison with the previously discussed graphs inclines us to suppose that the envi-
ronment capacity assumes particular significance in the southern regions of the range.
This capacity is, in turn, strongly limited by the impact of human activity (cf. JOzEFIK,
1970). This might suggest a practical conclusion that the species under investigation requires
at present that energetic protective activities are undertaken at the southern end of the
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palearctic part of the range which would have as their purpose to protect its environment
and the species itself over the entire annual circle. Most probably the species is still being
reduced by man, particularly so in regions outside the boundaries of Europe which ought
to be considered as a main stumbling block on the way to its successful synanthropization.
The initiation of protective activities in Turkey has already taken place. Let us earnestly
hope that the same will soon happen in Tunisia, Algieria and Morocco in the nearest future.
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Graph 16. Degree of the species existence prosperity in the meridian cross-section (the XIXth

and the XXth centuries treated jointly). # — geographical latitude, ¥ — scale of index Zpe

in prexes, A — distribution of Z,, in relation to the species numbers, B — distribution

of Z,, in relation to breeding sites, ¢ — in relation to maximum values of Z,,, D — in re-
lation to minimum values of Z,,.

CONCLUSIONS

1) Intraspecific isolation (temporal-spatial isolation between separate
flocks, micropopulations), beside its speciational aspect, ought to be treated
as one of real ecological factors, limiting in their character, affect decisively
the formation of ecological zones as well as the area (its shape) of the range.

2) Spatial isolation, as one the more important limiting factors, exerts its
impact on the social species distributed in an island-like pattern over the range.
The mechanism of the impaect effected in the post breeding period assumes
the form of temporal isolation. An increase in spatial isolation in an arithmetic
progress coincides with an increase in its impact according to an exponential
funection.

3) The existence prosperity of a given micropopulation, outside the combi-
nation of local ecological conditions, depends on the degree of isolation. The
critical values of the degree of existence prosperity limit the spatial distribu-
tion of the species. An index of the degree of existence prosperity can be the
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ratio between the size of breeding sites (micropopulations) and the degree
of their isolation in respect of other breeding sites in the nearest vicinity (ave-
rage distances).

4) Under the impact of the arithmethically increasing isolation, the degree
of existence prosperity enjoyed by separate micropopulations is lowered in
a logarithmical function.

5) The mode of the distribution of indices Z,, (existence prosperity) for
regular and sporadic sites determines the critical degree of the maximum dis-
persion the species can tolerate in the range.

6) The maximum dispersion of the species in the range is limited by the
survival rate of separate flocks or micropopulations in the course of their abso-
lute isolation in the post-breeding period.

7) Izolines of separate ranges for the index of existence prosperity, the
so-called izoprexes, which take into account the relation birth rate — mortality
rate, can be used for marking out the ecological zones of the range.

8) The largest percentage of the area is covered by the extreme zone at
the outskirts of the range, while in the center the optimum zone is dominating.

9) The limiting impact of the environment capacity and the degree of
isolation in the parallel cross-section are clearly differentiated. The environment
capacity assumes a dominating significance in the western regions, while in
the east a greater limiting effect can be recorded for intraspecific isolation.

10) Such factors as synanthropization of the species, specific protection,
reduction of predators, counteract the limiting impact of isolation, lower the
critical values of the parameters of the distribution structure.

11) The limiting impact of isolation in the meridian cross-section of the
range is more prominent in the northern regions. In the south the environment
capacity assumes the role of the more limiting factor.
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Appendix I.

Table of corrections for calculating index Z,, according to formula (4) (explanations cf. page 18).
z |10 20 30 40 50 60 70 80 90 100 200 300 400 500 600 700 800 900 1000\ z
b| 072 | 0.66 | 0.60 [ 0.57 | 0.56 | 0.57 | 0.57 | 0.58 | 0.68 | 0.97 | 1.42 | 1.17 10.00
¢ [+0.003] 0.006( 0.009] 0.010| 0.012| 0.015 0.016 0.017| 0.025 0.040| 0.061| 0.075
.......................................................................................................................................................................................................... 580
b| 069 | 060| 051 | 047 | 0.44 | 042 | 041 | 0.41 | 043 | 0.57 | 0.81 | 1.02| 1.13
¢ [+0.026] 0.028) 0.032] 0.040 0.038 0.038/ 0.040| 0.042 | 0.050| 0.082] 0.132| o0.172| 0.186
ausdifs sosapannassl besadseavanaliseabeanrsantisarinessigads | sy sk cse Laseesnsasalllnnssesssne iz vonsse ot fARIREU TRV b S s nn it ai P e se prtn o fhn s o rvi ot sn rontas e s s ) e e i et ¥ e et B Ry 1.00
b 0.56 0.46 0.35 0.27 0.25 0.21 0.20 0.18 0.16 0.15 0.16 0.20 0.28 0.59 0.97
c —0.69 |—0.58 |—0.53 | —0.47 | —0.43 (—0.39 |—0.36 |—0.32 [—0.25 |—0.18 [—0.14 |—0.10 [—0.02 | +0.27 | +0.60
...................................................................................................................................................................................................................... 0.10
b 1.15 | 0.93 | 0.80 | 0.72 | 0.66 | 0.60 | 0.56 | 0.50 | 0.41 | 0.33 [ 0.30 | 0.30 | 0.30 | 0.32 | 0.37 | 0.46 | 0.81
¢ —52.4 (—43.4 |—38.0 | —82.1 |—27.9 [—22.2 [—13.9 |—-8.0 (—5.6 |—41 |—3.4 |-28 |-22 |-09 |+06
........................................................................................................................................................................................................................ 5
b 6.04 | 5.06| 4.46 | 3.81 335 | 2.72 | 1.79| 1.13| 0.86 | 0.71 | 0.64 | 0.60 | 0.59 | 0.55 | 0.87
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Appendix II.
Characteristics of certain features of A. ralloides breeding range (Palearctic part).
Explanations: 1 — name of the region of the range, 2—5 — directed distances, 6 — average distances in separate centuries, 7 — ave-
rage size of sites, 8 — mean value of average distances for the last two centuries treated jointly, 9 — average value of index
Zpe for the last two centuries treated jointly (the upper number in prexes, in parenthesis one — nonlogarithmic form of Z,,).

157

Century | XIXth XXth | XIXth XXth | XIXth XXth

1 12°W Iberian Peninsula 8°W | 8°W Iberian Peninsula 4°W | 4°W Iberian Peninsula 0°
40° N (Portugal) 40°N | 40°N (Spain) 40°N | 40°N (Spain) 40° N

2 — (WN) — — (WN) 325 — (WN) —

3 — (NE) 1145 1290 (NE) 375 — (NE) 525

4 - (ES) 335 260 (ES) 195 — (ES) 915

5 — (SW) — 370 (SW) 370 — (SW) 375

6 - 740 640 316 — 605

7 - 5 35 75 — 5

8 - 473 —

9 12°W 0.0569 prew W /| 8°W 1.6439 prex 4°W | 4°W 0.1398 prex 0°
36°N (0.0114) 36°N | 36°N (0.4405) 36°N | 36°N (0.0138) 36° N

1 8°W North Western Africa 4°W | 4°E Northern Africa 8°E 4°E Northern Africa 8°E
36° N (Morocco) 36°N | 40°N (Algeria) 40°N | 36°N (Algeria) 36°N

2 265 (WN) 230 1160 (WN) 480 610 (WN) 485

3 105 (NE) 240 205 (NE) 205 150 (NE) 120

4 = (ES) 1080 140 (ES) 140 230 (ES) 1610

5 140 (SW) 100 120 (SW) 120 1120 (SW) 1115

6 149 253 406 236 528 832

7 75 32 150 75 55 15

8 201 321 680

9 8°W 2.1408 prex 4#°W | 4°E 2.1781 prex 8°E 4°E 1.0314 prex 8°E
32°N (1.3852) 32°N | 86°N (1.5075) 36°N | 32°N (0.1075) 32°N
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(appendix II)

Centuryi XIXth XXth | XIXth XXth | XIXth XXth
1 8°E Northern Africa 12°E 8°E Northern Africa 12°E 0° Balearic Isles 4°E
40°N (T'unesia) 40°N | 36°N (Tunesia) 36°N | 40°N (Malloreca) 40°N
2 265 (WN) 377 110 (WN) 120 — (WN) =
3 475 (NE) 185 932 (NE) 330 = (NE) 415
4 127 (ES) 127 1090 (ES) 2310 e (ES) 490
5 152 (SW) 152 347 (SW) 305 - (SW) 535
6 254 210 617 766 —_ 480
7 75 45 40 25 - 5
8 235 693 =
9 8°E 2.1370 prex 12°E 8°E 1.2081 prex 12°E 0° 0.2355 prex 4°E
36°N (1.3713) 36°N | 32°N (0.1615) 32°N | 36°N (0.0172) 36°N
1 8°E Sardinia 12°E | 12°E Sicily 16°E | 24°E Crete 28°E
44°N 44°N | 40°N 40°N | 36°N 36°N
2 455 (WN) - — (WN) 460 k3 (WN) 500
3 425 (NE) — — (NE) 640 — (NE) 320
4 395 (ES) - - (ES) 1140 - (ES) 905
5 440 (SW) — — (SW) 290 (SW) 1410
6 429 — — 632 784
7 5 o — 5 — 5
8 = = iy
9 8°E 0.2455 prex 12°E | 12°E 0.1205 prex 16°E | 24°E 0.0334 prex  28°E
40°N (0.0176) 40°N | 36°N (0.0132) 36°N | 32°N (0.0108) 32°N
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(appendix II)

Century | XIXth XXth | XIXth XXth | XIXth XXth

1 4°E France 8°E 4°E France 8°E 8°E Apenine Peninsula 12°E
48°N 48°N | 44°N 44°N | 48°N (Northern Italy) 48°N

2 = (WN) o - (WN) 240 308 (WN) 111

3 e (NE) 910 -4 (NE) 290 196 (NE) 214

4 = (ES) 240 - (ES) 645 127 (ES) 115

5 L (SW) 225 = (SW) 420 228 (SW) 153

6 = 458 = 399 215 148

T — 5 = 20 1l 12

8 — = 180

9 4°E 0.2148 prex 8°E 4°E 0.9370 prex 8°E 8°E 1.3334 prex 12°E
44°N (0.0164) 44°N | 40°N (0.0865) 40°N | 44°N (0.2155) 44°N

1 12°E Apenine Peninsula 16°E | 16°E Hungary, Yugoslavia 20°E | 16°E Yugoslavia, Albania 20°E
44°N (Central Italy) 44°N | 48°N 48°N | 44°N 44°N

2 2 (WN) 260 86 (WN) 67 98 (WN) 225

3 = (NE) 385 89 (NE) 87 244 (NE) 175

4 - (ES) 730 69 (ES) 67 125 (ES) 137

5 = (SW) 460 186 (SW) 221 827 (SW) 597

6 — 459 111 117 323 308

7 - 15 222 70 35 52

8 — 109 303

9 12°E 0.5658 prex 16°E | 16°E 3.0951 prex 20°E | 16°E 1.8808 prex 20°E
40°N (0.0568) 40°N | 44°N (12.4505) 44°N | 40°N (0.7605) 40°N
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(appendix IT)

Century | XIXth XXth | XIXth XXth | XIXth XX th

1 20°E Hungary 24°E | 20°E Hungary, Roumunia, 24°E | 20°E Yugoslavia, Bulgaria 24°E
52°N 52°N | 48°N Yugoslavia 48°N | 44°N 44°N

2 - (WN) — 61 (WN) 66 125 (WN) 169

3 420 (NE) 700 117 (NE) 128 223 (NE) 231

4 70 (ES) 70 89 (ES) 94 227 (ES) 186

5 30 (SW) 75 79 (SW) 94 275 (SW) 262

6 173 282 87 92 237 223

7 15 15 64 25 80 45

8 227 90 212

9 20°E 1.0406 prex 24°E | 20°E 3.1010 prex 24°E | 20°E 2.1872 prex 24°E
48°N (0.1098) 48°N | 44°N (12.6217) 44°N | 40°N (1.5397) 40°N

1 20°E Greece 24°E | 24°E Roumunia, Bulgaria  28°E | 24°E Bulgaria 28°E
40°N 40°N | 48°N 48°N | 44°N 44°N

2 305 (WN) 305 198 (WN) 174 110 (WN) 154

3 280 (NE) 280 54 (NE) 41 80 (NE) 217

4 620 (ES) 500 292 (ES) 112 560 (ES) 182

5 1040 (SW) 760 58 (SW) 62 410 (SW) 265

6 561 461 150 97 290 512

% 15 15 45 35 30 13

8 511 124 247

9 20°E 0.7348 prex 24°E | 24°E 2.2748 prex 28°E | 24°E 1.1789 prex 28°E
36°N (0.0543) 36°N | 44°N (1.8838) 44°N | 40°N (0.1515) 40°N
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(appendix II)

Century | XIXth XXth | XIXth XXth | XIXth XXth

1 24°E USSR 28°E | 28°E USSR 32°E | 32°E USSR 36°E
52°N (the Ukraine) 52°N | 562°N (the Ukraine) 52°N | 52°N (the Ukraine) 52°N

2 637 (WN) = = (WN) = 165 (WN) =

3 410 (NE) = e (NE) = 1420 (NE) =

4 270 (ES) = 105 (ES) 355 267 (ES) e

5 520 (SW) — 350 (SW) 350 222 (SW) -

6 480 — 227 352 518 —

7 5 — 5 5 10 —

8 — 290 —

9 24°E 0.2121 prex 28°E | 28°E 0.2405 prex 32°E | 32°E 0.6483 prex 36°E
48°N (0.0163) 48°N | 48°N (0.0174) 48°N | 48°N (0.0445) 48°N

1 28°E USSR (the Ukraine, 32°E | 32°E USSR 36°E | 36°E USSR 40°E
48°N Moldavia), Roumania 48°N | 48°N (the Ukraine) 48°N | 48°N (Krasnodar Region) 48°N

2 116 (WN) 198 275 (WN) 318 324 (WN) 323

3 128 (NE) 104 159 (NE) 170 204 (NE) 118

4 186 (ES) 148 344 (ES) 344 432 (ES) 538

5 74 (SW) 61 210 (SW) 210 457 (SW) 553

6 128 155 232 268 389 374

o 306 152 111 96 59 55

8 127 253 379

9 28°E 3.1701 prex 32°E | 32°E 2.3872 prex 36°E | 36°E 1.9044 prex 40°E
44°N (15.1447) 44°N | 44°N (2.4393) 44°N | 44°N (0.8025) 44°N
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(appendix IT)

Century | XIXth XXth | XIXth XXth | XIXth XXth

1 28°E Turkey 32°E | 24°E Turkey 28°E | 32°E Turkey 36°E
44°N 44°N | 40°N 40°N | 40°N 40°N

2 490 (WN) 275 357 (WN) - (WN) 215

3 1145 (NE) 1145 332 (NE) > 539 (NE) 541

4 325 (ES) 325 347 (ES) = 261 (ES) 261

5 215 (SW) 820 1130 (SW) - 589 (SW) 598

6 544 640 544 — 401 403

7 200 150 25 — 15 11

8 592 — 402

9 28°E 1.9340 prex 32°E | 24° E 1.3729 prex 28°E | 32°E 0.7986 prex 36°N
40°N (0.8591) 40°N | 36°N (0.2360) 36°N | 36°N (0.0629) 36°N

1 36°E Turkey 40°E | 32°E Israel 36°E | 32°E Israel 36°E
40°N 40°N | 36°N 36°N | 32°N 32°N

2 90 (WN) 90 535 (WN) 535 530 (WN) 530

3 720 (NE) 720 350 (NE) 350 60 (NE) 60

4 760 (ES) 760 1140 (ES) 1140 1150 (ES) 1150

5 100 (SW) 100 120 (SW) 120 630 (SW) 1750

6 417 417 536 536 592 872

i 75 75 5 5 15 15

8 417 536 732

9 36°E 1.8032 prex 40°E | 32°E 0.1643 prex 36°E | 32°E 0.5751 prex 36°E
36°N (0.6357) 40°E | 32°E (0.0146) 32°N | 28°N (0.0376) 28°N
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(appendix IT)

Century | XIXth XXth | XIXth XXth | XIXth XXth
1 40°E USSR 44°E | 44°E USSR 48°E | 48°E USSR 52°E
48°N  (Krasnodar Region) 48°N | 48°N (Caspian Plain) 48°N | 48°N (Caspian Plain) 48°N
2 115 (WN) 450 445 (WN) 1080 110 (WN) 215
3 330 (NE) 1030 300 (NE) 50 358 (NE) 358
+ 590 (EB) 590 332 (ES) 750 750 (ES) 750
5 255 (SW) 255 333 (SW) 230 53 (SW) 53
6 322 581 363 527 317 344
7 100 75 233 100 233 66
8 451 441 331
9 40°E 1.7994 prex 44°E | 44°E 2.6207 prex 48°E | 48°E 2.4795 prex 52°E
44°N (0.6392) 44°N | 44°N (4.1766) 44°N | 44°N (3.0173) 44°N
1 52°E USSR 56°E | 40°E USSR 44°E | 44°E USSR 48°E
48°N (Caspian Plain) 48°N | 44°N (Transcaucasian 44°N | 44°N (Dagestan, Transcau-  44°N
region), Turkey casian region)
2 305 (WN) 1720 427 (WN) 427 152 (WN) 174
3 — (NE) — 187 (NE) 187 223 (NE) 205
4 370 (ES) 790 128 (ES) 128 106 (ES) 100
5 615 (SW) 270 670 (SW) 670 241 (SW) 221
6 328 926 358 358 180 176
% 212 100 18 18 117 70
8 678 358 178
9 52°E 2.0492 prex 56°E | 40°E 1.4255 prex 44°E | 44°E 2.6101 prex 48°E
44°N (1.1200) 44°N | 44°N (0.2664) 44°N | 40°N (4.0750) 40°N
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(appendix IT)

Century | XIXth XXth | XIXth XXth | XIXth XXth
1 48°E USSR 52°E | 44°E USSR 48°E | 48°E USSR 52°E
44°N (Transcaucasian 44°N | 40°N (Transcaucasian 40°N | 40°N (Transcaucasian 40°N
region) region), Iran region), Iran
2 97 (WN) 97 35 (WN) 35 65 (WN) 65
3 360 (NE) 360 95 (NE) 95 224 (NE) 256
4 55 (ES) 62 192 (ES) 192 288 (ES) 347
5 162 (SW) 162 1100 (SW) 1100 463 (SW) 534
6 169 170 355 355 264 305
74 100 80 100 92 434 147
8 169 355 280
9 48°E 2.2815 prex 52°E | 44°E 2.1232 prex 48°E | 48°E 2.8535 prex 52°E
40°N (1.9578) 40°N | 36°N (1.3286) 36°N | 36°N (7.1387) 36°N
1 52°FE USSR 56°E | 44°E Iraq 48°E | 44°E Iraq, Kuwait 48°E
40°N (Turkmenia) 40°N | 36°N 36°N | 32°N 32°N
2 977 (WN) 1015 605 (WN) 605 180 (WN) 180
3 367 (NE) 367 625 (NE) 625 576 (NE) 576
4 522 (ES) 977 240 (ES) 240 165 (ES) 165
5 495 (SW) 495 875 (SW) 875 1160 (SW) 1160
6 590 713 586 586 559 559
7 15 15 5 5 5 5
8 652 586 559
9 52°E 0.6532 prex 56°E | 44°E 0.1238 prex 48°E | 44°E 0.0969 prex 48°E
36°N (0.0450) 36°N | 32°N (0.0133) 32°N | 28°N (0.0125) 28°N
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(appendix II)
Century | XIXth XXth | XIXth XXth | XIXth XXth
1 56°E USSR 60°E | 60°E USSR 64°E | 60°E USSR 64°E
44°N (Uzbekistan) 44°N | 40°N (Turkmenia) 40°N | 36°N (Turkmenia) 36°N
2 355 (WN) 790 407 (WN) = 135 (WN) =
3 552 (NE) 585 104 (NE) = 280 (NE) =
4 250 (ES) 430 166 (ES) = = (ES) —
5 615 (SW) 595 603 (SW) — 1475 (SW) —
6 443 600 319 — 472 =
7 20 5 40 — 15 =
8 600 = -
9 56°E 1.2271 prex 60°E | 60°E 1.8190 prex 64°E | 60°E 0.7379 prex 64°E
40°N (0.1687) 40°N | 36°N (0.6592) 36°N 32°N (0.0547) 32°N
1 64°E USSR 68°E | 64°E USSR 68°E
48°N (Kazachstan) 48°N | 40°N (Turkmenia, 40°N
Uzbekistan)
2 975 (WN) 1065 258 (WN) 595
3 o (NE) s 622 (NE) 565
4 = (ES) = 177 (ES) 350
5 520 (SW) 585 187 (SW) 1267
6 747 825 288 897
7 15 15 28 25
8 786 502
9 64°E 0.5403 prex 68°E | 64°E 1.3306 prex 68°E
44°N (0.0347) 44°N | 36°N (0.2141) 36°N
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494 M. Jbzefik 50

STRESZCZENIE

W czeSei V eyklu poSwieconego badaniom nad strukturg rozmieszczenia
przestrzennego czapli modronosej, Ardeola ralloides (Scop.) autor koncentruje
uwage na kluczowym zagadnieniu tego problemu — mechanizmach oddzia-
lywania izolacji wewngtrzgatunkowej (miedzymikropopulacyjnej) i jej ekolo-
giczno-ewolucyjnych konsekwencjach. Izolacja wewnatrzgatunkowa jest wiee
traktowana jako: a) realny ekologiczny czynnik ograniczajacy i wplywajacy
na ksztaltowanie sie stref ekologicznych zasiegu, b) czynnik ewolucyjny odgry-
wajgey istotng role w procesach dywergencyjnych.

Wychodzae z udokumentowanych w poprzednich czefciach eyklu wspélza-
leznodei stopnia izolacji oraz wielkosei i stopnia ustabilizowania mikropopulacji,
dla okreslenia jej sytuacji biologicznej, a Scilej ekologicznego prosperity,
autor wprowadza tzw. ,wskaznik powodzenia egzystencji” Z,, (wzory (1)—(5)
na stronach: 2, 18, 29). Precyzujac jego definicje, okrefla go autor jako
og6lny wzgledny, w sensie poréwnywalno$ci jego wartoci w obrebie jednego
tylko gatunku, miernik stopnia ustabilizowania i ostatecznego bilansu prze-
biegu wszelkich przejawéw zyciowych okre§lonej mikropopulacji zasiedlajacej
dane stanowisko legowe w ukladzie warunkéw oferowanych przez Srodowisko.
Wskaznik ten, po wprowadzeniu poprawki na krzywoliniowo$é wspoélzaleznosci
jego elementéow skladowych (str. 18, appendix I) i przetransponowaniu
go w postaé logarytmiczna proponuje autor stosowaé jako dogodny miernik
stopnia powodzenia egzystencji poszczegélnych mikropopulacji w aspekcie
badan poréwnawezych réznych czeci zasiegu. Podstawowa jednostks miernika
jest 1 prex (od lac. (pr) osperitas (ex)istentiae). Dokonywana przy jego zasto-
sowaniu ocena sytuacji biologicznej mikropopulacji, populacji czy wiekszej
czefei gatunku uwzglednia¢ musi co najmniej roczne lub kilkuletnie odcinki
czasu.

W dalszej czesei pracy autor analizuje zmiennofé parametréw skladowych
Z,,, teoretyczny model oscylacji jego wartosci, jak réwniez dokonuje ekolo-
gicznej oceny zakresu jego zmiennofei. Wyznacza tez wartosé progowa Z,,,
ktéra stanowi dominanta rozkladu ogélnego tego wskaznika. Na podstawie
znanych wartoSei progowych wielkosei mikropopulacji oraz wskaZnika Z,,
autor oblicza warto§é progows maksymalnie tolerowanego przez gatunek
stopnia izolacji, tj. prég maksymalnego w zasiegu legowym rozproszenia.

Na podstawie danych: a) wstepnego ekologicznego warto§ciowania roz-
kladu Z,, b) analizy krzywej koncentracji gatunku, ¢) analizy ekologicznej
poszezegblnyeh stanowisk legowych w palearktycznej czeSei zasiegu autor
oblicza niektére charakterystyki strefy ekstremalnej i optymalnej zasiegu
A. ralloides. W strefie ekstremalnej rozmieszezonych jest §rednio 53,58 %, sta-
nowisk legowych (gléwnie sporadycznych i nieustabilizowanych) oraz tylko
6,72 9% liczebnofci gatunku.
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Istotnym momentem omawianym w kolejnym rozdziale jest analiza wsp6l-
zaleznofei podstawowych parametrow rozmieszezenia przestrzennego gatunku,
rozklady ktorych zestawiono na zbiorczym wykresie (wykr. 5). Podane sa
tez obszary krytycznych wartofei niektérych parametréw rozmieszezenia,

W rozdziale dotyczacym biologicznych mechanizméw oddziatywania izo-
lacji autor omawia zagadnienie stopnia redukeji poszezegélnych mikropopu-
lacji w zaleznoSci od wielkoSci ich izolacji wzgledem siebie — redukeja (ograni-
czajacy wplyw izolacji) wzrasta wykladniczo w stosunku do arytmetycznego
zwiekszania sie stopnia izolacji. Integracja matych stad z odleglych wzgledem
siebie stanowisk w okresie pozalegowym ma wige dla przezywalnodei gatunku
znaczenie pierwszorzedne. Szanse tgczenia sie malych stad, badZ pojedynczych
osobnikéw, w miare wzrastania dystanséw miedzy stanowiskami legowymi
gwaltownie maleja. Maksymalne rozproszenie gatunku w zasiegu, limitowane
jest wiec przez przezywalnosé poszezegélnych stad wzglednie mikropopulacji
podezas ich absolutnej izolacji w okresie pozalegowym. Pod wplywem arytme-
tyeznie narastajacej izolacji obniza si¢ w funkeji logarytmicznej stopien powo-
dzenia egzystencji poszezegélnych mikropopulacji. Przedstawione zaleznosci
autor ujmuje w postaé¢ réwnan wykladniczych.

W osobnym rozdziale przeprowadza autor dyskusje konfrontujgc pojecia:
spowodzenie egzystencji”, ,przezywalno$é”, ,opoér Srodowiska”. Wprowadze-
nie terminu ,powodzenie egzystencji” podyktowane zostalo koniecznodcig
uwzglednienia, précz sfery ,klasyeznych” frodowiskowych czynnikéw ogra-
niczajacych, nowo odkrytego ezynnika — ograniczajacego wykladniczo wpltywu
izolacji miedzymikropopulacyjnej (wewnatrzgatunkowej), a ktéry jak udo-
wadnia autor, w znacznej mierze ksztaltuje wymiar przestrzenny gatunku.

W rozdziale poS$wieconym gradacji ekologicznej poszezegélnych pozioméw
wskaznika Z,, autor omawiajac relacje: rozrodezo$é — SmiertelnoSé podkres-
la, ze wplyw izolacji na wielko§é mikropopulacji przy wysokich warto§ciach
tego wskaznika sprowadza sie niemal do zera. Przy niskich warto§ciach wplyw
ten potezniejac urasta do rozmiaréw bariery ekologicznej. Autor ndokumentowat
ze: a) w mikropopulacjach charakteryzujgcych sie Z,, > b rozrodezosé znacz-
nie przewyzsza $miertelnosé, pod wplywem przegeszezenia odplywa z nich
stale cze$é osobnikéw do stanowisk o nizszych wartoSciach Z,; b) pray
1 < Z,, < b rozrodczo$¢ — §miertelno§é utrzymujg si¢ w stanie réwnowagi dyna-
micznej, odplyw — przypltyw osobnikéw réwnowazy sie; ¢) przy Z, <1 bi-
lans: rozrodczo§é — $miertelno$é jest stale ujemny, stanowiska rozmieszczone
w znacznej mierze w strefie ekstremalnej mogg utrzymywaé sie jedynie w wa-
runkach stalego doplywu nowych osobnikéw ze strefy optymalnej (przegesz-
czenie).

Poshugujac si¢ wskaznikiem Z, w przetransponowanej, logarytmicznej
postaci, antor dokonuje charakterystyki stref ekologicznych zasiegu. Strefe
ekstremalng charakteryzuje zakres Z,, = 0-1,7 prez, strefe przejéciowg (subopty-
malng) = 1,7-2,0 prex, strefe optymalng = 2,0-4,0 prexz. Poslugujac si¢ skalg
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prex’éw wyznaczyl on w obrebie zasieggu tzw. obszary izoprexéw (mapa 1),
ktére daja obraz ekologicznej charakterystyki poszezegélnych stref w ich
ukladzie geograficznym.

Na podstawie profilowej analizy rozkladéw Z,, autor stwierdza, ze w zacho-
dnich regionach zasiegu strefa ekstremalna obejmuje wiekszo§é stanowisk,
tam tez najintensywniej przebiega przeksztalcanie przez czlowieka Srodowiska
i najbardziej zaawansowany jest proces synantropizacji czapli modronosej.
Dominujgeym eczynnikiem ograniczajacym na zachodzie jest wydolno$é sro-
dowiska. W kierunku wschodnim coraz wigkszego znaczenia, jako czynnik
limitujgcy, nabiera izolacja miedzymikropopulacyjna. Wraz z postepujacsy
synantropizacja ograniczajacy wplyw izolacji znacznie maleje. Wedlug progno-
styk autora, w przyszio$ci w warunkach znacznego zredukowania przez czlowie-
ka ograniczajacego wplywu izolacji (ograniczenie wrogéw naturalnych, ochrona,
synantropizacja) mozliwe bedzie utrzymanie nawet malych izolowanych popu-
lacji socjalnych gatunkéw wedrownych. Ewolueyjne konsekwencje tego stanu
znajda odbicie w intensyfikacji proceséw dywergencyjnych. Weréd gatunkow
socjalnych zaniknie prawdopodobnie instynkt stadny — nastgpi gniezdzenie
sie w pojedyneczych parach, znacznie zmaleje warto$é progowa rozproszenia,
rozszerza sie zasiegi geograficzne.

W profilu poludnikowym oddzialywanie izolacji ma charakter bardziej
wyréwnany, jakkolwiek w pélmocnych regionach jest ono bardziej uwidocznione,
niz w poludniowych, gdzie z kolei wyraznie wzrasta ograniczajacy wplyw wydol-
nosci §rodowiska.

W czedei VI rozpatrywane beda wszelkie typy przemieszezeri (migracje,
dyspersje itd.) w cyklu roeznym i wieloletnim z punktu widzenia zmian struk-
tury przestrzennej gatunku w okresie pozalegowym.

Objasnienia do map, wykreséw i tabel:

Mapa 1. Strefy ekologiczne palearktyczne] czesci zasiegu A. ralloides — obszary izo-
prex’éw. 1 — strefa optymalna, izoprex’y w zakresie 3.0-4.0; 2 — strefa optymalna, zakres
1.7-3.0 prex; 3 — strefa przejéciowa (suboptymalna), zakres 1.0-1.7 prex; 4 — strefa ekstre-
malna, zakres 0.5-1.0 prex; 5 — strefa ekstremalna, zakres 0.0-0.5 prex; 6 — granice
zasiegu.

Wiykr. 1. Korelacja wielkoéei stanowisk i wskaznika Z. y — wielkos¢é stanowiska wyrazona
w parach legowych, @ — skala wartoéci wskaznika Z, krzywe regresji: — przecigtnej war-
todei Z wzgledem stanowisk réznej wielkogei, B — przecigtnej wielkoei stanowisk wzgle-
dem skali wskaznika Z; € — odchylenie od krzywej A, jeSli przyjaé prostoliniowsa za-
leznodé Z od wielkoei stanowisk.

Wykr. 2. Teoretyczna zmiennoéé wskaznika Z podezas stopniowego wzrastania i obni-
zania sie wielkoéci stanowiska (zgodnie z prawidlowosciami wynikajacymi z réwnan regresji:
z = 560-2,95y; y = 165-0,242). # — wielko$¢ stanowiska wyrazona w liezbie par legowych,
y — skala wartodei Z, A — krzywa zmiennofei Z przy wzrastaniu wielkofei stanowiska
(przy poczatkowej odlegloéei 600 km), B — krzywa zmienno&ei Z przy obnizaniu si¢ wielkogei
stanowiska (przy poczatkowej odlegloei 70 km).

Wykr. 3. Rozklad wskaznika Z w odniesieniu do przecietnej liczby stanowisk legowych.
# — logarytmiczna skala wartoei Z, y — liczba stanowisk wyrazona w /o0, 4 — stanowiska
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sporadyczne, B — stanowiska regularne, D; — dominanta rozkladu stanowisk spora-
dyeznych, D,; — dominanta rozkladu ogélnego wszystkich stanowisk (krzywa tego rozkladu
nie uwidoczniono na wykresie), D, — dominanta rozkladu stanowisk regularnych.

Wykr. 4. Rozklad wskaZnika Z w odniesieniu do przecigtnego poziomu liczebnoSei
gatunku. # — logarytmiczna skala wartosei Z, y — liczebno8é gatunku wyrazona w liczbie
par legowych przedstawiona w /ey, A — liczebno&é gatunku zasiedlajaca stanowiska spo-
radyczne, B — liczebno&¢ gatunku zasiedlajaca stanowiska regularne.

Wykr. 5. Schemat obszaru zmiennoei wskaznika Z oraz wspélzaleznoSei wazniejszych
parametréw struktury palearktycznej czefci zasiegu legowego A. ralloides. y — wielko&é
stanowisk (liczba par), @ — odleglodei przecigtne — stopien izolacji (km), 2 — procentowy
stosunek liczebnoci stanowisk legowyceh i liczebnoei gatunku w poszezegélnych przedzia-
lach klasowych odlegloéei przecietnych; krzywe &rednich wartosei wskaznika Z: A — sta-
nowisk strefy optymalnej, B — stanowisk regularnych, € — stanowisk sporadycznych
i regularnych lacznie, D — stanowisk strefy ekstremalnej, F — stanowisk sporadycznych;
teoretyczne krzywe progowych wartoSei stosunku y : # — krzywe zamykajace obszar zmien-
noéei Z: a, — progowe wartodei Z uzaleznione od wydolnoéei érodowiska i stopnia zagesz-
czenia gatunku, a, — odeinek maksymalnych wartoéei Z ukazujacy obszar maksymalnego
zageszezenia gatunku, b, — odeinek minimalnych wartosei Z oraz progowych wartosei
maksymalnego rozproszenia gatunku, b, — najnizszy krytyczny poziom Z egzystencji sta-
nowisk regularnych, ¢, — progowe wartosci parametréw Z, przy ktérych moze byé zachowa-
na autonomia stanowisk, ¢, — krzywa progowych warto$ci parametréw Z przy mieszanym
wplywie wydolno$ci Srodowiska i izolacji; pozostale symbole: I’ — krzywa przecigtnego
stopnia izolacji stanowisk wg poszezegélnych klas wielko&ei, ¢ — obszar zmiennoseci Z w stre-
fie przejéciowej miedzy optymalng a strefa ekstremalna, H — obszar zmiennosci Z w stre-
fie optymalnej, I — obszar zmiennoéci Z w strefie ekstremalnej, J — krzywa procentowego
rozkladu liezebnoéei stanowisk w zaleznofei od stopnia izolacji (wielko$é przedzialu klaso-
wego = 10 km), K — krzywa rozkladu liczebnosei gatunku w zaleznoei od stopnia izolacji
(wielko§é przedzialu klasowego = 10 km); linie ukoéne okreélaja odpowiednie poziomy
wartosei Z, koéleczkami oznakowano momenty przelomowe zmiennoéei Z poszezegélnych
stanowisk, oto ich symbole: O — stanowiska regularne w XIX wieku, () — stanowiska
regularne w XX wieku, @ — stanowiska sporadyczne w XIX w., (D — stanowiska spora-
dyczne w XX wieku, koélko z tréjkacikiem u goéry oznacza uplasowanie stanowiska w strefie
optymalnej, z tréjkacikiem u dolu — w strefie przejéciowej, nie oznaczone tréjkacikiem
— w strefie ekstremalnej.

Wykr. 6. Wspélzaleznodé wielkodei stanowiska i odlegloéei przecigtnych przy wyklad-
niczym wplywie izolacji. « — odlegloSci przecigtne, y — wielko&é stanowiska: linie ciensze
— wspo6lzalezno&é prostoliniowa przy pierwotnej (roboezej) koncepcji wskaznika Z (réwna-
nia typu: y = az); linie grubsze — wykryta rzeczywista wspélzalezno$é krzywoliniowa
(wyrazajaca si¢ réwnaniami wykladniezymi typu: y = kl®) (na wykresio przedstawiono
réwnania poszezegélnych krzywych).

Wykr. 7. Ogélny rozklad wskaznika Z,, w zaleznoSei od stopnia izolacji. # — odleglodci
przecigtne (km) — stopien izolacji, y — logarytmiczna skala Z,, (na wykresie podano réwna-
nie krzywej rozkladu).

Wiykr. 8. Uproszezony schemat wspélzalezno$ei powodzenia egzystencji i oporu &rodowi-
ska. @ — skala (czasowo)-przestrzenna egzystencji mikropopulacji (populacji, gatun-
ku), y — skala wzglednego odniesienia Z,, i potencjalu realizowanego, z — skala wzglednego
odniesienia oporu Srodowiska, A — (czasowo)-przestrzenna zmienno$é wzglednych
wartodci Z,, oraz réznicy: potencjal biotyezny — potencjal realizowany oraz (czasowo)-
przestrzenna zmienno$é oporu $rodowiska, B — sumaryczne oddzialywanie wszystkich
czynnik6w ograniczajacych Srodowiska, 0 — efektywnosé walki o byt, D — poziom poten-
cjalu biotyeznego.
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Wykr. 9. Regresja liczebnoéei gatunku (ujeta procentowo) i stopnia izolacji. # — odleg-
loéei przecigtne (km) — stopien izolacji, y — liczebno$é gatunku w stosunku procentowym,
¢ — liczebno&é gatunku wedlug ugrupowan koncentracji (wielkofei stanowisk), 4 — reg-
resja stopnia izolacji wzgledem ugrupowan koncentracji liczebnodei B — regresja liczebnofei
wzgledem stopnia izolacji.

Wykr. 10. Rozklad wielkosei stanowisk legowych A. ralloides w zalezno§ci od ich prze-
cigtnych odleglodei wzgledem siebie (w stosunku procentowym do ogélnej Jiczby stanowisk
w danym zakresie odlegloéci). = — przedzialy klasowe wielkoéci stanowisk, y — liczba
stanowisk w danym zakresie odleglosei w 9% %, krzywe rozkladu w zakresie: 4 — do 50 km,
B — 50 — 200 km, ¢ — 200 — 500 km, D — < 500 km.

Wykr. 11. Diagram procentowego stosunku przecietnych odleglosci w obrebie poszeze-
gblnyeh przedzialéw klasowych wielkodei stanowisk. @ — wielkodé stanowisk, y = liczba
stanowisk w poszezegélnych zakresach odleglo§ei wyrazona w %%, zakresy odleglodei:
a — do 50 km, b — 50 — 200 km, ¢ — 200 — 500 km, d — < 500 km.

Wykr. 12. Rozklady Z,, stanowisk réznych kategorii. @ — logarytmiczna skala war-
toSci Zpe, y — liczba stanowisk, A — stanowiska sporadyezne efemeryczne, B — spora-
dyczne ustabilizowane, C — regularne ze znaczna oscylacja liczebnosei, D — regularne
o umiarkowanym stopniu oscylacji, E — regularne o dodatnim bilansie rozrodeczo$é —
— &miertelno&é, o dobrym prosperity ekologicznym, F — regularne o dodatnim bilansie
rozrodezo$é — &miertelnosé, o doskonalym prosperity ekologicznym, przegeszezone. W gor-
nej czeSci wykresu zamieszezono nomogram przelozenia bezwzglednych wartosei Z,, na
skale prexéw.

Wykr. 13. Rozklad procentowy stanowisk legowych rozmieszezonych w poszezegél-
nych strefach ekologicznych — profil réwnoleznikowy (XIX i XX wiek lacznie; érednie
ruchome). # — dlugodé geograficzna, y — liczba stanowisk w stosunku procentowym w po-
szezegélnych przedzialach dlugodei geograficznej, A — stanowiska w strefie optymalnej,
B — w strefie przejéciowej (suboptymalnej), 0 — w strefie ekstremalnej.

Wykr. 14. Stopieni powodzenia egzystencji gatunku w profilu réwnoleznikowym za-
siggu (XIX i XX wiek lacznie). z — dlugoéé geograficzna, y — skala Zp,, w prex’ach, z —
skorygowana wzgledem dlugosci geograficznej skala Z,, w prex’ach, 4 — rozklad Z,, w od-
niesieniu do liczebnoéei gatunku, B — rozklad Z,, w odniesieniu do stanowisk legowych,
0 — rozklad Zp, w odniesieniu do maksymalnych ich odchyleri, D — rozklad Z,, w odniesie-
niu do minimalnych wartosei tego wskaZnika.

Wykr. 15. Rozklad procentowy stanowisk legowych rozmieszezonych w poszczegél-
nych strefach ekologicznych w profilu poludnikowym (XIX i XX wiek 1acznie). z — sze-
rokoéé geograficzna, y — liczba stanowisk w stosunku procentowym w poszezegélnych
przedzialach szerokoSci geograficznej, A — stanowiska w strefie optymalnej, B — w strefie
przejéciowej (suboptymalnej), O — w strefie ekstremalnej.

Wykr. 16. Stopien powodzenia egzystencji w profilu poludnikowym (XIX i XX
wiek 1acznie).  — szeroko&é geograficzna, y — skala Z,, w prex’ach, 4 — rozklad Z,, w od-
niesieniu do liczebnoéei B — w odniesieniu do stanowisk legowych, 0 — w odniesieniu do
maksymalnych wartoéei Z,,, D — w odniesieniu do minimalnych wartosei Z,,.

Tabela 1. Charakterystyka statystyczna wskaZnika Z,,. (1) — charakterystyka Z
w odniesieniu do stanowisk, (2) — érednia, (3) — dominanta, (4) — zakres zmiennodei,
(6) — uwagi, (6) — w strefie ekstremalnej, (7) — w strefie optymalnej, (8) — regularne,
(9) — sporadyczne, (10) — rozpatrywane lacznie, (11) — przedzialy klasowe = 0,01, (12)
— przedzialy klasowe = 0,001, (13) — przedzialy klasowe = 0,01.

Tabela 2. Zestawienie obliczonych r6éznymi metodami niektérych charakterystyk
strefy ekstremalnej i optymalnej palearktycznej czedci zasiegu Ardeola ralloides. (1) — meto-
da obliczen, (2) — strefy, (3) — ekstremalna, (4) — optymalna, (5) — wskaznik Z, (6) —
liczba stanowisk, (7) — liczebnoé&é gatunku, (8) — wskaznik Z, (9) — liczba stanowisk, (10)
— liczebnoéé gatunku, (11) — na podstawie ekologicznej analizy poszczegélnych stanowisk,
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(12) na podstawie danych krzywej koncentracji (Jézrrik, 1970), (13) — na podstawie roz-
kladu wskaznika Z, (14) — §rednio.

Tabela 3. Charakterystyki statystyczne rozkladu wskaznika Z,, w zaleznosci od ekolo-
gicznej gradacji. (1) kategoria stanowisk, (2) — przedzialy klasowe Zp., (13) — rozklad
procentowy w stosunku do poszezeg6lnych przedzialow klasowych, (4) — stanowiska w stre-
fie ekstremalnej, (5) — stanowiska w strefie przejsciowej, (6) — stanowiska w strefie opty-
malnej, (A) — efemeryeczne, sporadyczne, (B) — ustabilizowane, sporadyeczne, (C) — regularne
ze znaczng oscylacja liczebnoSei, (D) — regularne o umiarkowanej oscylacji, (E) — regular-
ne, o dobrym prosperity ekologicznym, (F') — regularne o doskonalym prosperity ekolo-
gicznym, przegeszezone.

Tabela 4. Charakterystyka stref ekologicznych zasiegu A. ralloides w zaleznoéci od gra-
dacji wskaznika powodzenia egzystencji (Z,,) wyrazonego w preksach (w nawiasach podano
zakresy Z,, w nieprzetransponowanej postaci). (1) — strefy, (2) — zakresy Z,, w preksach,
(3) — wskaznik Z,, w nieprzetransponowanej postaci, §rednia (%) Zp, w preksach, (5) —
ekstremalna, (6) — przejSciowa (suboptymalna), (7) — optymalna.

Appendix I. Tabela poprawek dla obliczania wskaznika Z,, wedlug wzoru (4) (str. 18).
z — wielko&é stanowisk (przedzialy klasowe), b — wspélezynnik krzywoliniowo$ei wpltywu
izolacji przy danym poziomie wskaZnika Z, ¢ — poprawka interpolacyjna dla obliczenia
b, Z — poprzedni niepoprawiony wskaznik powodzenia egzystencji obliczany wedlug wzoru
(1) (str. 2).

Appendix II. Charakterystyka niektérych cech zasiegu legowego A. ralloides (pale-
arktyezna cze§é). Objadnienia: 1 — nazwa regionu zasiegu, 2 — 5 — dystanse ukierunko-
wane, 6 — przecietne dystanse w poszezegélnych stuleciach, 7 — przecigtna wielkosé sta-
nowisk, 8 — #rednia dystanséw przecietnych dla obydwu ostatnich stuleci, 9 — &rednia
wskaznika Z,, dla obydwu ostatnich stuleci (dolna liezba podaje wartoéé w preksach), w na-
wiasach — niezlogarytmowana postaé wskaznika Z,,, ,century” — stulecie.

PE3IOME

B V wactn 1mKia MOCBSIIEHHOTO MCCIEIOBAHUSAM IO NMPOCTPAHCTBEHHON CTPYKTYpe
apeajia JKeJTO! HATUTH aBTOP COCPEIOTOYUBACTCS HA OCHOBHOM BOTIPOCE 3TOH NpobieMsr —
MEXaHW3MAaX BO3ACHCTBUS BHYTPHBHIOBOH (MEXMUKPOTIOMYJISUMOHHON) H30JAIUK U €€
3KOJIOr0-3BOJIIONHOHHBIX TMOCHeACTBUAX. TakxuMm o00pa3oM, BHYTPHBHIOBYIO H30JIs-
VIO CIIEIYeT PACCMATPHUBATH KakK: a) ACHCTBUTEIILHO BO3AEHCTBYIOUIMI OrpaHMYUBAIOIITH
(daxTop, BiHsroUMi Ha GOopMUpOBaHHE SKOJIOTHYECKUX 30H apeaya, 6) 5BONIONMOHHBIN
(hakTOp MIrparollMii CYIIECTBSHHYIO POJb B JAMBEPreHIMOHHBIX MpoIeccax.

Ha ocHoBaHMHA JJOKYMEHTHPOBAHHBIX B MPEABIAYIINX YaCTAX UK JAHHBIX 110 B3aUMO~
3aBHCHMOCTH CTEMEHHW HM30JIAIUH, BEJMYMHBI M CTENECHW CTACHIM3AIMM MHKDOMOIYJIs-
LMK, C TEeJIbIO ONpe/IeiCHUs ee GHOIOTHYECKOH CHTYalH, a 00Jiee TOTHO, SKOJOTHYECKOTO
TIPOLBETAHNAS, ABTOPOM IPE/UIATACTCS TaK Ha3hIBAEMBIN ,,HH/ICKC yCmeXa CyniecTBOBaHuA"
(popmyier (1) —(5) cTp. 2, 18, 29). ATOp yTouHsA HOPMYTHPOBKY ITOrO MHJAECKCA, OIpE-
JIENSET ero Kax oOuimif, OTHOCHTENLALIN (B CMBICIIE BO3MOKHOCTH CPABHEHWS €0 YHCJICH-
HBIX ITOKa3aHMH B TIpeZesiaX OJHOrO TOJBKO BH/A) IMOKA3aTelb CTENeHH CTaOWMIM3anuu
¥ OKOHYATENBHOrOo Oajanca BCeX JKM3HEHHBLIX NMPONECCOB JAHHOW MUKPOIOINYJIALMH, 3a-
CeJISFOILEN OTpeIeICHHOe MECTO THE3I0OBAHMS, B YCIOBMSX CO3JaHHBIX BHELIHEH Cpesoi.
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ITocne BBeneHWS NONPABKM HA KPUBOJMHEHHBIA XapaKTep B3aMMO3aBHCHMOCTH COCTAB-
HBEIX 2JIEMEHTOB 3TOro Ioxasateis (ctp. 18, anmenmuxc I), u mepeBejieHust ¢ro B Jora-
pudmmueckyro (opMmy, aBTOPOM JaeTcs HpPeIOKEHHEe NIPUMEHATH 3TOT IOKA3aTelb
B KaveCTBE M3MEPHUTEJST BEJMYMHBI yClieXa CYLIECTBOBAHUS COOTBETCTBEHHBIX MHKPOINO-
NyJISNAA B aCIeKTe CPABHUTENBHBIX MCCIECIOBAHMI B PA3JIMYHBIX 4acTiX apeaya. OCHOB-
HO¥ eTMHUIEH 9TOTO H3MEpUTENs sBysieTcst 1 npexe (OT JATHHCKOTO CoKpaiienust (pr)ospe-
ritas (ex)istentiac). IIpow3BogMMasi IPH €ro WMCIOJB30BAHWM OIEHKA OMONOTHYECKO
CHTYalMH MUKPOIIOIYJIALNHE, MOMYJISUUA MK XKe 0oJiee 3HAMUTEIbHON YaCTH BH/IA, JOJIK-
HA OXBATHIBATH IO KpailHeH Mepe OJHOTOAMYHbIC MIM MHOTOJETHHE OTPE3KH BPEMEHH.

B mocnenyronmux yacTax paboTHl aBTOPOM JAETCS AHANM3 M3MEHYUBOCTH COCTABHBIX
napaMeTpoB MOKasaTens Z,,, PaccCMaTPHBACTCS TEOPETHYECKAS MOJeNb OCHMILISLHH
€ro BEJIMYMHBI, & TaKXkKe NPOU3BOIUTCS IKOJIOIMYCCKAsi OLCHKA AMANA30HA €ro M3MEHYH-
BOCTH. ABTOP ONPEJENSET TAKKE KPUTHYECKYIO BEJHIHHY Z,,, KOTOPOI SABJIAETCS MOJa
ofiero pacnpefieyienust 3Toro Iokaszartens. Ha OCHOBAaHHM WM3BECTHBIX, HMMEIOLIUXCS
KPUTHYECKHUX THCJIOBBIX JAHHBIX 11O BEIMYHHE MUKPOTIONYJIAUAA 1 MoKasaTens Z,, aBTop
BBIYHCIISET XPHTHYCCKYIO BEJIMUMHY MAKCHMAJBHO TEPIAMOTO BUIOM DACCESHUS 0coOei
B Ipejenax apeaja T. €. KPHTHYCCKOTO IOPOTa H3OJISILHA.

HMcxons M3 CIeAyIOIMX JAHHBIX: &) NpPeABapUTEeNbHOM SKOJIOTHYECKOH OLEHKH pac-
npenenenns Z,,, 6) ananusa XpuBOi KOHUEHTPAUMM BH/A, B) SKOJOTMYECKOTO AHAJIN3A
COOTBETCTBEHHBIX THE3/I0BOK B NAYICAPKTHYCCKOM YaCTH apealia XeNTOM AU, aBTOp
BBIMUCIISIET HEKOTOPBIC XapaKTEPUCTHKA SKCTPEMAJILHOM M ONTHMAJILHOM 30HBI ee apeara.
B sxcTpeManbHOM 30He MMeeTcsl B cpeaneM 53,58%, BceX MeCT THe3A0BaHMS (TJIABHBIM
00pa3oM CHOpaJHYecKHX ¥ C HEYCTOHYMBOM YHCIICHHOCTBIO) M TOJIbKO JIHLIL 6,729, wuc-
JICHHOCTH BHUJA.

Cy1ecTBeHHBIM BONIPOCOM, PACCMATPHBACMBIM B OYEpEJHOM TIiiaBe sSBISETCS aAHAIN3
OCHOBHBIX IapaMETPOB pPACTIPOCTpaHeHMs BHAA. PacnpelesieHHst 3THX TApaMETPOB CO-
IOCTaBIJI aBTOP HA cBOAHOM Ipaduke (rpad. 5), rae Taxke YUHTBHIBAIOTCS KPHUTHYECKHE
BEJIMYMHBI HEKOTOPBIX IMapamMeTPOB.

B riaBe kacaroueiicss 6MOTOrMYECKUX MEXAHU3MOB BO3/CHCTBUSL U3OJISILMH, ABTOPOM
PaccCMATPHBAETCSL BOIPOC CTENEHH DPEAYKIWH OTAEIbHBIX MHKPOTONYJISIIHA B 3aBHCH-
MOCTH OT PacCTOSIHMN Mexay HuMH. OrpaHuuMBarollee BIMSHWE M3OJSAIWH (peayKips)
0 OTHOLIEHMIO K €€ apH(PMeTHYECKOMY YBeJMYUBAHHIO BO3PACTAET SKCHOHCHIMAIIBHO.
O6beauHEHNE MAJbIX CTAJl, IPOUCXOISMIINX N3 OYSHb OTAAJICHHBIX APYr OT JApyra MecT
THE3/I0BaHWs, B TIOCNErHE3/J0BOM IIEPHOIE HMEET JUIsl BBDKHBAEMOCTH BHAA CYLIECTBEHHOE
3Havenue. lllaHChl coeqMHEHNs MaJbIX CTakd, WIH OTALJIBHBIX 0coOel, o Mepe Bo3pacTa-
HHUS PACCTOSIHMIT MEXIy THE30BKAMM, OYEHb PE3KO YMEHbHIAIOTCH. MakcuMalbHast
JIACCTIEPCHA BHAA TO apeajry JMMHTHPYETCS BBDKHBAEMOCTBIO OTAECJBHBIX CTA[ MM MH-
KpPOTOMYJISIIKA B NEepHOL MX abCOJIOTHOW M30JSLIMH B TEYEHHE IIOCJIETHE30BOrO Iie-
puoja. ITox BnusHueM apuMETHUECKH HAPACTAIOLIEH M30JISIMA CHIDKAETCS JIorapumu-
YeCKH CTENeHb YCHeXa CYIIECTBOBAHWS COOTBETCTBEHHBIX MHKPOIONYJsMid. BbisBieH-
HBIE CBSI3W ABTOP NpPEACTaBliseT B (OpMe SKCHOHCHIMAIBHBIX YPABHEHMIA.

B oTxenbHOM IJIaBe aBTOPOM IPOM3BOAMTCS OOCYXIEHME TEPMHHOB: ,,yCHeX Cyle-
CTBOBAHMSA ’, ,,BBIKHBAEMOCTL”’, ,,CONPOTHBJICHUE BHEIIHEH cpelbl”. BBeseHwe HOBOIO
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TePMHHA ,,YCTIEX CYILECTBOBAHMS' O0OYyCIOBIMBACTCS HEOOXOAMMOCTBIO YYETa, KpOMe
,.Kiaccmieckux’’ orpaHnuMBaromux (Gaxropo, oOHAPYKEHHOrO aBTOPOM HOBOIC (hax-
TOpa — OTPAHAYHBAIOIIETO OSKCIOHEHIHAILHO BIMSHHS MEXMUKPOIONYIISIHOHHON
(BHYTpUBHIOBOM) M3oysmy. Kak 0Ka3bBacT aBTOP, 3TOT (AKTOP B 3HAYATEILHOU CTe-
TIEHH CKa3bIBAETCS HA NPOCTPAHCTBCHHOM KapTHHE BHIA.

B r1iaBe IOCBSILEHHON 3KOJIOTHYECKOH TIpajalMi COOTBETCBEHHBIX YPOBHEM IOKa-
sarens Z,,, aBTOPOM AHANM3HPYCTCS COOTHOLICHME: DPA3MHOXAEMOCTh — CMEPTHOCTb.
OH MO/MEPKMBACT, YTO IPH BBICOKHX IOKA3AHUAX Z,,, BIMSAHUE H3OJISALUMHK NAAET IOYTH
K HYJIIO, HO TIPH HE3HAYNTEJbHBIX IO¥A3aHUSIX 3TOTO IOKa3aTelsis, OHO YCHWJINBAsCh, IIPH-
HHMaeT pa3Mepbl 9KOJIOTHYECKOro Gapbepa. ABTOPOM JIOKa3bIBAETCS, YTO: &) B MHKDPO-
HONYNALMAX XapPaKTEPHU3YIOWMXCS Z,,, > 5 PasMHOKAEMOCTh 3HAYMTENBHO IIPEBBILIACT
CMEPTHOCTh, B YCJIOBHSX TIEPEHACEJICHHOCTH TOCTOSIHHO YXOJMT M3 HHMX 4acTh ocobeit
K MecTaM THE3/I0BOK 0 Goyiee HM3KMX mokasaumsix Z,; 06) npu 1 < Z,, <5 pasmuo-
KAEMOCTh — CMEPTHOCTh YPABHOBEILMBAIOTCS AMHAMUYECKH, NPHIUIBIB — OTJIUB OCO-
Geit ynepXHMBAIOTCA HAa OJHOM YpPOBHE; B) NpH Z, < 1 Gajanc pa3sMHOXKaeMOCTb —
CMEPTHOCTH TMOCTOSIHHO OTPHIATENBHBIIH, MECTA THe3/I0BOK B 3HAUMTENILHOM CTENEeHH pac-
TOJIOKEHBI B 3KCTPEMAaJIbHOM 30HE MOTYT YIACPKHBATHCA €JIMHCTBEHHO B YCIOBUAX TIO-
CTOSIHHOTO TIPHTOKA HOBBIX 0COOEH M3 ONTHMANBHON 30HBI apeaiya (T/ie CyIIeCcTBYeT Ie-
PEHACEJIEHHOCTBD).

ITonb3ysch moxasareneM Z,, B ero jorapudpmmieckoi popme, aBTop AacT Xapaxre-
PHCTHKY 3KOJIOTMYECKHX 30H apeaia. st 9KCTPEeMAJbHON 30HBI XapaKTEPHBIM SABJISICTCS
Z,, B npeaenax 0-1,7 npexcos, mepexonHyIo (cybonTHManbHyi0) 30HY XapakTepH3yeT
Z,, B rpamuuax 1,7-2,0 npexcer, ontumanbuyio 3ony — 2,040 npexcol. Ilosb3ysce
LIKAJOM IIPEKCOB, ABTOP IMOAPA3AE/IMI MAJCAPKTHYSCKYIO YacTh apeajla Ha TaK Ha3bl-
BaeMble ITUIOIIAAM M30TpeKkcoB (kapra 1), KOTOpBIS CKIaAbIBAIOCA HA IKOJIOTMUYECKYIO
XapaKTEPHCTHKY COOTBETCTBEHHBIX 30H B MX IeorpaMueckoM pacrioIOKEHHH.

Ha ocnoBanum npodmibHOTO aHaiu3a pacupeiesienui Z,, aBTOp KOHCTATHDPYET,
YTO B 3alaJHBIX YACTSAX apeayia 3KCTpeMasibHas 30HA OXBATHIBACT OOJIBIIMHCTBO THE3/0-
BHii, TAM € NPOUCXONUT HambOJIee MHTEHCUBHOE NpPeoOpa3oBaHUE €CTCCTBEHHBIX OHO-
TONOB NPOM3BOAMMOE YEJIOBEKOM, & TAXKe HandoJiee MHTEHCUBHO IIPOTEKAIOT MPOLECCHI
CHHAHTPOWIN3AIMY JKEITOH LA, I'OCMOJCTBYIONIAM, OTPAHHUMBAIOIMM (hakxTOpOM
B 3amaZHBIX PErMOHAaX apeaya SBISETCS 3KOJOTMYCCKAs BMECTUTEIBHOCTH OuoTOMNa,
B TO BPEMs KaK IO HATPABIEHUIO K BOCTOKY Bce OOJIbILIE B 3TOM OTHOLIEHHH BO3PACTAET
POJIb MEXMHUKPOIONYJIAIHOHHON H30AuuH. COBMECTHO C IPOIPECCHPYIOLICH CHHAH-
TPONM3AaUMEN BUAA OTPAHMMMBAOLICE BIVISTHHC W30JSUMM 3HAYMTENILHO YMEHBILAECTCS.
CorJiacHO BHIABHTAEMOMY aBTOPOM TIPOTHO3Yy, B OyjylieM, B YCIOBMAX 3HAYUTEIHHOM,
TIPOU3BOAMMOMN HENOBEKOM DPEeAYKLUHE OTPAHWYMBAIOLICTO BIMSAHHUSA M30JAIMK (OrpaHu-
YeHHE XWIIHWKOB, OXPAHUTEIBHBIC MEPONPHATHS, CHHAHTPONHM3AIMSA), OyJeT BO3MOX-
HBIM CYLIECTBOBAHME [JaXKe HE3HAYATEIBbHBIX KOJMYECTBEHHO, M30JMPOBAHHBIX IOMYJls-
OMA CPea KOJOHHAJBHO TIHE3SIIMXCS MHUIPAHTHBIX BHIOB. DBOJIOUMOHHBIC IOCIE/-
CTBHS TAKOTO POZA 0OCTOATEILCTB HANUIYT CBOE OTpakeHHe B 60Jiee HHTEHCHBHOM INPO/IBH-
xerm  popMooOpazoBaTeNbHBIX TpoueccoB. Cpein KOJCHHAIBHBIX BHIOB M3YE3HET,
1O BCEH BEPOSTHOCTH, CTAJHBIM MHCTHHKT — OHM CTAHYT IHE3MTHCA OT/CIBHBIMH Ia-
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PAMU, 3HAYUTEIbHO TOHM3ATHCS KPUTHYECKHEe BEJIMYMHBI MAKCHMAllbHOM MO apeay auc-
e pCHH, BO3PACTET MOBEPXHOCTH Teorpa(uIeckux apeasios.

B MepuamonanbHOM pespese apeayia (MpoMMIbHBIN aAHAIH3) BIMSHHC H30JISIIAA HMEET
Gonee BHIPOBHEHHBI XapakTep, XOTs B CEBEPHBIX PErHOHAX OHO MPOsBIseTcs 6oliee YeTKO
HeM Ha Iore, IZic B CBOIO OYepellb BO3PACTAET OrPAHUYMBAIOLICE BIMAHUE 3KOJIOTHIECKOM
BMECTHTEJILHOCTH OHOTOMNOB.

B VI wacti aBTOp npeAHaAMEPeH AHAIM3HPOBATH PA3IMYHBIC THIBI NPOCTPAHCTBCH-
HBIX Tepe/iBIKeHHi (MHIPALMH, IUCTIePCHs MT/.) PACCMATPHBAEMbIE B ACIEKTE M3MEHe-
HYI NIPOCTPAHCTBEHHOM CTPYKTYPHI BHAA C YY€TOM OHOTOAWHBIX H MHOTOJIETHHX ITHKJIOB.

OO6psicHenus K Kapre, rpadukam u Tabranam:

Kapra 1. Dxosora¥eckue 30HbI NaJeapKTHYECKOH YacTH apealia JKeJITOH LA — paioHbI M30MpPeK-
coB. 1 — onTEMayibHAs 30HA, H30NpPeKChl B npeaenax 3,0-4,0; 2 — onTuMabHas 308a, H3onpekcer 1,7-3,0;
3 — nepexoanas 30Ha (cybonTumansuas), npeaenst 1,0-1,7 npexcos; 4 — 3KCTpeMaibHas 30Ha, H3OMPEKChHI
B npeaenax 0,5-1,0 npekcos; 6 — sKcTpemanbHas 30Ha, npepens: 0,0-0,5 npekcos; 6— rpauuibl apeaa.

I'padux 1. Koppensuus BeTHYHWHLI THE3JOBOK H mokalzarenss Z. y — BEIWYHHA THE3ZIOBKH BhIpa-
KAOMAACSH KOJIHYECTBOM THE3IOBBIX Map, X — IIKaJia nokas3aTens Z, KpHBLIC perpeccun: A — Cpeausis
BEJIMYHMHA Z I10 BEJIMYMHE THE3JIOBOK, B — cpeaHei BeJHYHHbLI FHE30BOK 110 BEIHYHHE IoKasatens Z;
C — OTKJIOHEHHE OT KPHBOH A, €Cild NPHHATH NPAMOJIHHEHHYIO 3aBHCHMOCTH OT BEJHYMHBI THE3I0BOK.

I'padux 2. Teoperndeckas HM3IMEHYHMBOCTH MOKazaTelst Z NpH Bo3pacTaiomeil W OOHMKaIomeHcs
BEJIMYMHE THE3MAOBOK (COTJIACHO MPAaBHIAM BHITCKAIOIIMM M3 YpaBHEHHH perpecHn: x = 560-295y; y =
= 165-0,24x). x — BeJIMYHHA THE3OBOK BHIPAXKCHHAS KOJIMYECTBOM THE3/IOBBIX Nap, y — nokasareib Z,
A — KXpHBas W3MECHYMBOCTH Z NPH BO3PACTAHHM BEIMMMMHBI THE3OBKH (IPH NEPBOHAYAIBHOM PACCTOS-
Hum 600 kM), B — U3MEHYHBOCTh Z NPH CHWKCHHH BEJIMYHHbBI THE3/10BKH (NPH NEPBOHAYAIBLHOM PacCcTOs-
Han 70 xm).

I'paduk 3. Pacnpenesienne BeIuYHHbI okazatens Z, x — jorapudmudeckas mxana Z, y — YHCICH-
HOCTb THE3OBOK B °/g0, A — CHOpANUYECKHEe IHE3IOBKH, B — peryisipubie rue3nosku, Dy — Moaa pac-
npefesIeHHst CropanauiecKuX TrHe3I0BOK, Dys — MOAa OOIIEro pacrpesie/ICHHsi BCEX MECT IHe3I0BaHHA
(KpHBasi 9TOTO pachpeieicHHss HEe yYHThIBaeTcss Ha rpadmuke), D, — MOJa pacnpeieneHHs pPeryasipHBIX
MECT THE30BaHHSA.

I'paduk 4. Pacnpenenenne nokasaresis Z 1no OTHOMICHHIO K CPEAHEMY YPOBHIO YHCIICHHOCTH BHA.
X — norapudmudeckas wKaja noxasarens Z, y — YHCICHHOCTh BH/A BLIPAKCHHAS KOTHYECTBOM THE3/I0-
BeiX map (B8 °/ooo), A — HUHCICHHOCTH BHAA B CHOPAJMYECKHX MECTaX THE3NOBAHMA, B — YHCICHHOCTH
BHAQ B PEryJISipHBIX MECTaX THE3NOBAHHMS.

I'paduk 5. Coaubii rpaduk H3MEHYHBOCTH MOKa3aTens Z W B3aNMO3aBHCHMOCTH Gosiee CylecTBeH-
HBIX TIAPAMETPOB CTPYKTYPhI NaJIeapKTHYECKON YacTH apeasia ®eJATOM HAIUIH. Y — BEIHYMHA MECT IHE310-
BaHUs (KOJIHYECTBO FHE3A0BBIX HAap), X — CPEAHHE PACCTOSHHUA — CTEeNeHb H30MALNH (KM), Z — IPOLEHTHOES
COOTHOILUECHHE YHCICHHOCTH THE3J0BOK M YHCJICHHOCTH BHIA B MpelesiaX COOTBETCTBEHHBIX KJIACCOB MO
CPE/THAM DPACCTOSHHSM; KPHBbIE CPEIHHMX BEHYMH mnokaszatens Z: A — THE3JI0BKH ONTHMAIILHOM 30HBI,
B — perynspuble rHe37108KH, C — COBMECTHO CHOPAJAMYECKAE W PEryJISAPHBIC THE30BKH, D — rHE3IOBKH
IKCTpEeMabHON 30HBI, £ — CHOpajnyecKHe THe3JOBKH; TCOPETHYECKHE KPHBLIC KPHTHYCCKHX BEIHYHMH
COOTHOLLCHHS Y : X — KPHBbIC OXBATHIBAIOIIAE IPeAe/Ibl H3MEHYHBOCTH NOKa3aTens Z: a; — KPHTHYECKHE
BEJIHYMHBL Z B 3aBHCHMOCTH OT 9KOJOTHYECKOH BMECTHTEILHOCTH OMOTONA M CTEMEHH TyCTOTHI 3aceje-
HHS BHIQ, @; — OTPE30K MAKCHMAJIbHBIX BEJMYHH Z YKa3bIBAIOUIHH NMpeaesibl MaKCHMAIbHOM nepeHa-
CeJICHHOCTH BHAA, by — OTPE30K MHHHMAJIBHBIX BEJIMYHH Z 4 TAKKE KPHTHYECKHX BETHYNH MAKCHMAJIbHOM
ZAACTIepCHH BHIA, b, — Haubosiee HU3KMIT KPHTHYECKHIT YPOBCHb Z CyIIECTBOBAHHS DPEry/IsApPHBIX THE3IO-
BOK, ¢; — KPHTHYECKHE BEIHYHHBI COCTABHBIX NAapaMerpoB Z, NPH KOTOPOM MOXKET elle YAepKHBaThCA
ABTOHOMHS MECT FHE30BAHMS, C; — KPHBbIC KPHTHYCCKHX BEJIMYHH COCTABHBIX MapamMeTpoB Z NpH cCMe-
NIAHHOM BJIMSIHHA 9KOJIOTHYECKOM BMECTHTEILHOCTH OHOTONA M M3OJAUMH; OCTalbHBIC OOO3HAYCHHSA:
F — xpuBasi cpejHell BETHYHHBI H3OAUMA MEXKAY THE3[0BKAMH MO OTACNLHBIM KJAcCaM MX BE/THYHHBI,
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G — npefensl H3MEHYUBOCTH Z B NPOMEXKYTOUHOH (cyGonTumanbHON) 30He, H — nipeiessl u3MeHYn-
BOCTH Z B ONTHMAJILHOM! 30He, ] — Tpe/iesibl H3MEHYHBOCTH Z B 9KCTPEMAbHON 30HE, J — IPOIEHTHOES
pacnpeneneHue YHCICHHOCTH MECT THe3/I0BAHMA B 3aBHCHMOCTH OT CTEHCHM H30MsumH (BE/MYMHA KJjac-
coBbIX npeaenos = 10 kM), K — pacnpejesieHne YACACHHOCTH BHAA B 3aBHCHMOCTH OT CTEICHH H30JISLHA
(xmaccopie mpenensl = 10 KM); JIHHHH MO AWATOHAIH O0O3HAYAIOT COOTBETCTBEHHBIC YPOBHH Z, KDY~
KaMu 0003HAYEHBI NEPESIOMHBIE MOMEHTHI M3MEHYHBOCTH Z COOTBETCTBEHHBIX MECT THE3JOBAHHA a MX
CHMBOJTBI crieyromme: O — peryispHeie MecTa rae3nosok B XIX sexe, () — perynspusie mecra ruesmo-
BOK B XX Beke, @ — cnopaguyeckue Mecra rue3iook B XIX Beke, - crnopanuieckue B XX Bexe, Kpy-
KOYUKH C TPHYTOJIBHHKOM B BEPXHEil 4acTH 0003HAYAIOT PACHOIOKEHHE B ONITHMANIBHOM 30HE, C TPHYTONb-
HHKAMH BHH3Y — B IepexoaHoi (cybontumansHoMi) 30He, 6e3 TPHYTrOJIbHHKOB — B 3KCTPEMAasbHO| 30He.

T'padux 6. B3anMO3aBHCHMOCTE BCJIMYHHBI THE3/JIOBOK M CPE/IHHX MHCTAHIMH [PH SKCNIOHEHIIMANb-
HOM BJIHSIHHM M3OJISIIMH. X — CPEJHHE NUCTaHUWH, Y — BEJIWYHHA THE3NI0BOK; TOHKOH ymHucl o6o3Haye-
Ha NpAMOJITHHEHHAS B3aUMO3aBHCHMOCTD NIPH NEpBOHAYATBHOM (paboyeit) konuenmuu nokasartens Z (ypas-
HEHHsl THIIA: Y = @X); KUPHOU nuHueH 0603HaYeHa nelCTRATENbHAs, OOHAPYKEHHAS ABTOPOM KPHBOJIH-
HelfHas B3aMMO3aBHCHMOCTS (YpaBHenue THna: y = k/%), na rpadmxe 0603HaYeHBI KPHBELIC COOTBETCTBEH-
HBIX YpPaBHEHHH.

I'padux 7. OBmee pacnpeneienue nokasatens Zy,, B 3aBUCAMOCTH OT CTCNEHH M30JIALHH. X — Cpe-
QHAE JHCTAHUMH (KM) — CTENCHb M30NAUMH, y — Jorapubmuyeckas mkana Zy, (na rpadmke oGosnave-
Hbl YPaBHEHHsI KPHMBOH pacHpe/ie/ieHus).

T'padux 8. VipomeHHasA cXeMa B3aMMO3aBHCHMOCTH YCMEXa CYIIECTBOBAHMS M CONPOTHBISEMOCTH
BHEIIHEH Cpefbl. X — INKaJa IO BPEMEHHH MPOCTPAHCTBY CYILECTBOBAHHSA MHKPONONYIAUHH (MOMmysis-
OAW, BUJA), ¥ — OTHOCHTE/IbHAS LIKAja NOKa3aTeNis Zp, H PealH30BaHHOTO NMOTEHIAANa, 7 — OTHOCH-
TeJIbHAA IIKAJA CONPOTHBIIAEMOCTH BHEINHEH cpenbl, A — H3MEHYHBOCTH BO BPEMEHHM M IIPOCTPAHCTBE
OTHOCHTENLHEIX BEMIHH Zp,, 4 TakxKe PasHALbI: OHOTHYECKMH MOTEHUMAT — DPEaM30BAHHBIA ITOTEH-
Lat, KpuBas A MOKa3bIBACT TAKXKE H3MEHYHBOCTH BO BPEMEHH H MPOCTPAHCTBE CONPOTHBIAEMOCTH BHEIII-
Heil cpesl, B — CyMMapHOE BO3JICHCTBHE BCeX orpaHmdmBarommx ¢akropos B 6uouenose, C — sdpex-
THBHOCTH GOpB6BI 3a cymiecTBoBanwe, D — YpPOBEHb OHOTHYECKOTO MOTEHIIHANA,

I'padux 9. Perpeccusi YACICHHOCTH BHAA (B TNPONEHTHBIX COOTHOINCHWAX) M CTENCHH H3OJIALMHH.
X — CpeHue NUCTaHUMH (KM) — CTeNeHb H3O0JIALMH, ¥ — YHCICHHOCTh BHAA B MPOLEHTHHIX COOTHOLIE-
HHSX, Z — YHCJICHHOCTh BHIA B aCIeKTe IPYNIHPOBOK KOHUEHTPALHH (BEIHYHHBI THE3/I0BOK), 4 — perpec-
CHSI CTENEHH M3O0JISLMH TI0 IPYIIHPOBKAM KOHUCHTPALMH YHCICHHOCTH BHIA, B — perpeccus YHCICHHOCTH
BHIA 1O CTENCHH H3OJIALHAH.

I'padux 10. Pacnpenesienue BeIHYHHBI MECT THE3JOBAHMSA JKEJITOM LAIUIH B 3aBHCHMOCTH OT PaccTosi-
HEM Mexay HAMH (B NPOLEHTHLIX COOTHOIICHHSIX K OOLIEMY YHCITy THE3IOBHM B JIAHHOM KJIACCE PacCTOs-
HHM). X — KJIACCOBBIE MHTEPBAIHI MO BEJIMYHHE THE3NO0BOK, ¥ — YHCIEHHOCTH (B MPOUEHTAX) THE3I0BOK
B JJAHHOM KJIACCE PACCTOSIHMM, PACHpe/Ie/ICHHE BeTHYHH THE3I0BOK B nipenenax: A — a0 50 xm, B — 50—
200 kM, C — 200-500 kM, D — {500 xm.

I'papux 11. J{uarpaMma TPOLEHTHLIX COOTHOIICHMI CPEOHMX DPACCTOSHWII B Mpeiesnax COOTBET-
CTBEHHBIX KJIACCOBBIX MPOMEKYTKOB IO BEJIMYHHE THE3OBOK. X — BEJIMYHHA THE3I0BOK, ¥ — YHCIIEHHOCTH
THE310BOK (B MPONEHTAX) B COOTBETCTBEHHBIX KATCTOPHAX PACCTOSIHMI, KATErOPHHM pPACCTOSHHI: a —
1o 50 kM, b — 50-200 xm, ¢ — 200-500 kM, d — 500 kM.

I'padux 12. Pacnpenenenust Zy, THE3NOBOK PaCIHYHBIX KATCrOpHH. X — Jjorapudmudeckas mkaia
Zpe, ¥ — YHACIIO THE3NOBOK, A — CropajuYeckue d(emMepHbIC MeCTa THE3N0Banus, B — cropagniecKne
crabumusnposanibie, C — pPeryJisipHbIE XapaKTepH3YIOIIHECS 3HAYHTENIBHOMN OCLMILIALNEH YHCICHHOCTH,
D — peryispHsie C YMEPEHHO BBIPAKEHHON OCHMIUIALMEH, £ — peryspHbie C IMOJOKHTEIbHbIM Ganan-
COM Pa3sMHOXAEMOCTb — CMEPTHOCTb, XapakKTepH3YIOIHecs 0JaronpHATHON IKOJIOTHYecKoi 06CcTaHOB-
KoM, F — peryJsipusie C TOJIOKHTETbHBIM 0anaHcoM Pa3MHOKAEMOCTh — CMEPTHOCTh, IKOJIOTHYECKH
npoUBeTAIOIIHE C MPH3HAKAMH IepeHAceIeHHOCTH. B BepxHeif YacTu rpaduka momeniaerca HoMorpaMma
Tpanchopmanmy abGCOMOTHLIX BETHIHH TOKA3aTeNsi Zy, HA BEIHYMHBI BBIDAKCHHBIC B NpPEKCax.

I'padux 13. TIpouenTHBIE pacnpesiesieHHs MECT THE3/I0BAHHS COTJIACHO MX PACTIONIOXKEHHIO B COOTBET-
CTBEHHBIX KOJIOIHYECKHX 30HAX — B MapaviensHoM paspese apeana (XIX u XX Bek COBMECTHO; MOABHK-~
HbIE CPEITHUE). ¥ — YHCICHHOCTh THE3N0BOK (B MPOLEHTAX) B COOTBETCTBEHHbIX KJaccax reorpadpuyeckoit
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JONTOThL, X — reorpaduieckas 10arora, A — rHe3JOBKH B ONTHMAJILHON! 30He, B — B nepexoanoif (cy6-
onTuMaJibHOM) 30He, C — B IKCTPEMAJILHOM 30HE.

I'paduk 14. Crenenb ycrmexa CymecTBOBaHMS B NapajuteibHOM paspe3de apeana (XIX m XX Bex
COBMECTHO). X — reorpadmuyeckas 0/roTa, y — wKana Zy,, B NPeKcax, z — NPOKOPPEKTHPOBAHHAS 110
OTHOMICHHIO K reorpaduyeckoii nonrore mkana Zy, B npekcax, A — pacnpeenenne Zp, M0 OTHOIEHHIO
K YHCIICHHOCTH BH/A, B — pacnpenenenue Z;, N0 OTHOIEHHIO K YHCIIEHHOCTH MECT THe30BOK, C — pac-
Ope/e/ICHHe MAKCHMAIbHBIX BEMYHH Z,, D — pacupe/ieicHie MHHUMAJIBHbIX BETHYHH Zpe.

I'padux 15. IlpouenTHOE pacmpeie/eHne YMCICHHOCTH MECT THE3J0BaHHMs DPaCHOJIOKEHHBIX B CO-
OTBECTBEHHBIX IKOJIOTHYECKHX 30HAX B MEPHAHOHAJIBHOM pa3pese apeana (XIX um XX B2k COBMECTHO),
X — reorpaduyeckas mWMpOTa, ¥ — YHCICHHOCTb THE3NOBOK (B MPOLUEHTHBIX COOTHOLIEHHSX) B COOTRET-
CTBEHHBIX Tpefiesiax reorpapuyeckoif mMupoTsl, 4 — IHE3IOBKH B ONTHMAIBHON 30He, B — nepexomHo
(cybonTumansnoii) 3one, C — B 3KCTPEMAJILHON 30HE.

I'paduk 16. Crenenb ycmexa CyIECTBOBAHHA B MEPHAMOHAIBLHOM pa3spese apeana (XIX u XX pex
COBMECTHO). X — reorpaduieckas WUpPOTa, y — IIKana, Z;,, B Npekcax, 4 — pacnpesieneHue Zpe IO OTHO-
IIEHAIO K YMCIICHHOCTH BHAA, B — MO OTHOIIEHUIO K YHUCICHHOCTH MECT He310BOK, C — IO OTHOLICHHIO
K MakCHMAJIbHBIM BETHIMHAM Z, D — 1O OTHOWCHHIO K MHHMMAILHBIM BETHIHHAM Z),.

Tabmuua 1. CraTHCTHYECKAs XapAKTEPHCTHKA NOKasaTens Zy,. (1) — XapakrepucTuka Z mo OTHO-
LIEHHIO K THe30BKaM, (2) — cpeanee 4ucio, (3) — Moza, (4) — npeaensl H3MEHYHBOCTH, (5) — 3ameda-
Hus, (6) — B KCTPEMaBHOIM 30He, (7) — B ONTHMAIBLHOM 30HE, (8) — perynsipubie, (9) — cnopagmyeckue,
(10) — paccmarpuBaembie coBMecTHO, (11) — knaccossie maTepBaibl = 0,01, (12) — kiaccoBbie HHTEP-
Basbl = 0,001, (13) — knaccosbie muTepBagsr = 0,01,

Tabnuua 2. ConocraBieHHe BBIYHCICHHBIX PpA3IAYHLIMH METOAAMH HEKOTOPHIX XapaKTEePHCTHK
KCTPEMAJILHONH M ONTHMAJILHOH 30HBI B NaJeapKTHYECKOH ¥acTh apeana xenroit uamm. (1) — meron
noxacyera, (2) — 30HbI, (3) — 3kcTpemansHas, (4) — ontumaneHas, (5) — nokasarens Z, (6) — 4ucIO
THe3/10BOK, (7) — uYucneHHoCTh BHAA, (8) — moxazarens Z, (9) — 4YHCIO THE3A0BOK, (10) — YHCIEHHOCTH
Buga, (11) — HAa OCHOBAaHHH JKOJIOTHYECKOrO AHAJM3a COOTBETCTBEHHBIX MeCT rHe3zopanus, (12) — Ha
OCHOBAHHMM NAHHBLIX KPHBOM KoHueHTpauuu (JOZEFIK, 1970), (13) — Ha OCHOBAHMM DACTIPEAC/ICHHS MOKA-
3arens Z, (14) — B cpemueMm.

Tabmuua 3. CTaTHCTHYECKHE XAPAKTEPHCTHKH pachpejeliends nokasareis Zp, B 3aBHCHMOCTH OT
9KOJIOrHYeCKOl rpanauun. (1) — KaTeropus rHE3N0BOK, (2) — KJIACCOBbIC MHTEPBAIBI Zpe, (3) — npo-
LEHTHOE PACIpe/iesieHHe MO OTHOMICHHIO K OTACIBHLIM KJIACCOBBIM IPOMEXYTKaM, (4) — MecTa rue3uo-
BOK B 3KCTpPeMaJIbHOMN 30He, (5) — IrHe310BKH B nepexoaHoi (cybonTumanbHO#M) 30He, (6) — IHE3I0BKH
B ONTHMAJIGHOI 30HE, (A) — ademepHsie, cnopanuieckue, (B) — crabHIM3HpOBaHHbIC, CIOPAIMYECKHE,
(C) — peryisipibie CO 3HAYHTEILHON OCUMJUISALACH YHCIeHHOCTH, (D) — peryisipHble C YMEPEHHO BHIpa-
#eHHoit ocumusiumedi, (E) — peryasipuele, sxoormdecks npouseratomue, (F) — peryispHbie Xapakre-
PH3YIOLIHECS MPEBOCXOAHOM IKOJIOTHYECKHM COCTOSIHHEM, TepeHACe/ICHHBIC.

Tabmuua 4. XapakTepHCTHKA 3KOJOTHYECKHX 30H apeajia JKelTOH LAd B 3aBHCHMOCTH OT Tpa-
JAUMM TIOKA3aTesis ycrexa CymiecTBoBaums (Zp.) BBIDAXEHHOrO B mpekcax (B ckoGkax mopaloTes mpe-
nenst Zy, B Henorapudmudeckoit Gopme). (1) — 30msl1, (2) — npeaenst Zp, B npekcax, (3) — noxasatens
Zpe B BENOTapUGMHIECKOH GOpMe, cpeaHee YHCIO (x) Zpe B 1mIpexcax, (5) — akcrpemanshas, (6) — ne-
pexonnas (cybonrumanbuas), (7) — onTuMalbHAs,

Amnenmuke I, Tabmuua nonpasok UL BHMHCICHHA mokasatens Zpe no dopmyne (4) (crp. 18).
X — BEJIMMHHA MECT THe30BaHHs (KJIACCOBBbIC MPOMEKYTKH, b — KOIDOHUHEHT KPHBOJIMHEHHOCTH 203-
JICHCTBHS W30JISAUMH NIPH JAHHOM YPOBHE Iokasartelis Z, ¢ — HHTepPHOJIALHOHHAS MIONpaBKa Ul mozacye-
Ta b, Z — npexuuii 63 KOPPEeKTHBLI MOKA3aTeNIb YCIeXa CyLIeCTBOBAHMS BHIYHCIISAEMBIH CONracHo Gopmy-
e (1) (crp. 2).

Ammenauke II. XapakTepucTHka HEKOTOPBIX NPH3HAKOB THE3OBOTO apeaja XeJTod uammm (ma-
JneapkThyeckas 4Yacth). O6o3Havenns: 1 — Ha3BaHWE perHoHA apeasna, 2-5 — HanpaBjIeHHBIE PACC] OSIHHSA,
6 — CpeaHHe PAcCTOSHHS B COOTBETCTBEHHBIX CTONETHAX, 7 — BEJIHMYHHA THE3NOBOK B cpeaneM, 8 —
Cpe/IHee YHCIIO CPeAHHX PACCTOAHMI XapaKTePHbIX U151 IBYX HOC/ISAHAX CTOJIETHH, 9 — CcpemHee YHCI0 MoKa-
3aTenst Zp, XapakTepROE AU ABYX MOCICAHHX CTONETHI (HHKHEE MAC/IO BBIPAXAETCS B MPEKcax, B CKOG-
Kax IOjaeTcsl BeJIMYHHA MoKasareis Z,. B Helxorapupmmueckoit dopme, ,.century” — croserue.
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