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INTRODU CTION

Together with a deeper approach to problems of intraspecific changes, 
together with the development of populational genetics, and particularly  with 
the  study of the mechanisms conditioning the flow of genes, together w ith more 
a tten tion  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 p u t forward so far (e. g. H u x l e y ’s dependent 
and  independent species (1942), zones of prim ary and secondary in tergrada
tion, geographical isolation of M a y r  (1965), etc.), have not given due consi-
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446 M. Józcfik 2

deration to such im portan t m oments as a) tendency of the  species to integrate 
spatially and overcome the lim iting effect of isolation, b) peculiarities of the 
flock structure affected by  the  pressure of intraspecific competition and exter
nal reducing factors, c) variations of isolation forms in the  annual cycle.

In  the  present work the au thor trea ts  isolation in its effects as a) a real 
ecological lim iting factor, b) an  evolutional factor playing a significant role 
in divergent processes. W hen referring to isolation in this first aspect I  have 
in m ind the effect being the result of the  spatial distribution of the  species 
in conditions of an insufficiently high level of group form ation, th a t  is in condi
tions of a weak gregarious effect when a t the  same time distances between se
para te  groups (flocks, micropopulations) are considerable. A t a high pressure 
of reducing factors (predators) its lim iting effect is evidently magnified. Certain 
aspects of these problems have already been discussed in other parts of the  cycle 
(cf. J ó z e f ie :, .1969 a, b, 1970). I  explained and  proved then  th a t  the size of 
breeding sites is negatively correlated with the  degree of spatial isolation, and 
th a t  th is correlation is curvilinear in its character — the  limiting effect of 
isolation is intensified exponentially as it  is arithm etically  increased. I  also 
analysed there  the  mechanisms of oscillations in the  degree of isolation in res
pect of the  num erical fluctuations of the  species. I  recorded th a t  irrespective 
of num erical changes the species m aintains a defined level of density not exceed
ing th e  critical degree of intraspecific isolations. I t  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 prom inent in the  meridian 
cross-section th an  in the  parallel one ( J ó z e f ie :, 1969b, 1970). As a limiting 
factor it  affects, similarly as the  biogeophysical conditions of the  environment, 
the form ation of the  ecological zones of the  range. This problem will be given 
the pride of place in  the  present, fifth, p a rt  of the  cycle devoted to  studies on 
the Squacco Heron.

IN D E X  OF E X IS T EN C E  P R O S P E R IT Y

G e n e r a l  a s s u m p t i o n s
I  have already devoted much a tten tion  to  connections between the degree 

of isolation and the biological situation of the  micropopulation in another p a rt 
of the  cycle ( J ó z e f i e , 1970) when discussing interdependences between the 
size of breeding sites (y ) and distances (x ) to  other sites neighbouring upon 
them . And as y and x  were highly negatively correlated with each other, their 
ra tio  y \x  (below referred to as index Z, when necessary corrections are taken 
into account as index Zpe, and when it is given a logarithm ic 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. A nd th u s :

(i)
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3 Studies on the Squaeeo Heron. Part V 447

The concept “biological s ituation” of the given micropopulation is for our purpose 
much too wide. As we are interested in a specific complex of environm ental factors which 
determ ine 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  un it of area of the  breeding habitat. As I  have pointed out ( J ó z e f i k , 1970) 
the  correlation between these two parem eters 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 varian ts of the 
“ spa tia l” index will undoubtedly tu rn  out to be a useful com parative instrum ent. On the 
other hand, in a cycle of m any years, or even in the annual cycle, when the  size of sites is 
determ ined by the  survival ra te  of the micropopulation in the period of migrations, during 
wintering, etc., their survival depends on the  size of th e  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 d eterm in 
ed sensu lato by the  cum ulative effect of isolation. This does not however mean th a t  in the 
concept of th e  m athem atical expression of index Z  the  effect of local environm ent condi
tions (hab ita t capacity, biocenotic relations, etc.) are pushed into th e  background. They 
are expressed in formula (1) by  y, assuming th a t  y  is not a rectilinear function x  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 es tim a
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 s tructure  of the  species lies mainly in considering in its  “construction” th e  element 
of intraspecific relations being the result of isolation. Only after analysing separate charac 
teristics of index Z  in connection with the history of the  species, with d a ta  bearing on the  
ra te  and character of its changeability, and after comparing it  with th e  ra te  of h ab ita t tra n 
sformation can an a t tem p t be made to discuss the sta te  of the  biological s ituation  of the 
species under consideration.

W hat is then the  essence of index Z  ? W hat is the range of its oscillations ? 
W hat is the usefulness 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 
habita ting  this particular breeding site in the complex of conditions provided 
by  this hab ita t, th a t  is to p u t 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 pa rt, 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.

C e r t a i n  c h a r a c t e r i s t i c s  of  i n d e x  Z
Graph 1 presents, on the basis of d a ta  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 
approxim ating a rectilinear one (cf. deviations from curve C). The correlation
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448 M. Józefik 4

occurring between the size of sites (y ) and index Z  is evidently a very high one 
(ryz =  +0.942). Above this level of 500 pairs the  increase in the value of Z 
gets more rapid  — curve A  forms here an  arc (in Graph 1 it  is shown only 
fragm entarily  in view of the  confinement of scale y to  600 pairs). As there is 
only a small num ber of sites hab ita ted  by more th an  500 pairs (4.2 %), we can 
assum e for the  m om ent th a t , on average, the  value of Z  characteristic for each 
of the  breeding sites determines, more or less proportionally within the limits

Graph 1. Correlation between the  size of 
sites and index Z. y — size of sites expres
sed in breeding pairs, x  — scale of the 
values of index Z;  curves of regression: 
A  — average value of index Z  in respect 
of breeding sites differing in size, B  —- 
average size of sites in respect of the scale 
of index Z; G — deviation from curve A  
when we assume a rectilinear dependence 

of index Z  in the size of sites.

of the  deviation of x and y  known to us (cf. Graph 5), the  degree of existence 
prosperity  of the  m icropopulation hab ita ting  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  w ith the a ttachem ent of the  proper ecological significance to separate 
ranges of index Z  and th e  in troduction of necessary corrections into its calcu
lation  will be discussed when analysing Graph 5.

P aram ete r  y  in expression (1) can theoretically oscillate from the  critical minimum size 
of sites up to th e  m om ent when the  carrying capacity  of the environm ent occuppied is reached. 
Assuming th a t  y  of the  given site is not lim ited in th e  breeding period by environm ent ex tre 
mes and  by th e  environm ent resistance in general, then  its value depends, to a certain  degree, 
inversely proportionate ly  on th e  value of x  (and m ore precisely on x a  — cf. page 18). On the 
other hand  x  can oscillate from 10 to  15 km., i. e. from the m om ent when the  site barely 
reta ins its  autonom y to the critical degree of isolation tolerated by th e  species. Thus, although 
the  correlation between x  and y  is quite  high ( J ó z e f i k ,  1970), as well as the correlation
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5 Studies on the Squacco Heron. Part V 449

between y  and Z, the oscillations of x  and y for the respective values of Z  are wide 
and gradually decreasing when the values of Z  are lowest and highest (cf. Graph 5). Can we 
assume the  degree of existence prosperity to  be equal in the  case of such wide oscillations 
of x  and y for sites characterized by the same value of Z1 The answer will be a t tem pted  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 connected with, for instance, a goneral num eri
cal increase of the  population in a certain p a r t of the  range, th a t  is w ith the se tting  up of 
new sites in the vicinity of the theoretical one, and la ter on with thoir disappearance. Let 
us use for this purpose da ta  obtained with the  help of the  already mentioned equations 
of regression: x  =  560-2.95i/; y =  165-0.24x (cf. J ó z e f i k , 1970). The variability  o f / i s  p res
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: x  =  560-2.95y; y  =  165-0.24*. x  — size of sites expressed in the  num ber of 
breeding pairs, y — scale of th e  values of index Z, A  — 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 A  (increase) and B  (decrease) follows from the specific character 
of the  mechanisms described (cf. J ó z e f i k , 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 im portan t 
points when carrying out the calculations: a) progressive overcrowding of the sites 
whose size is constantly  on the increase, and the  fact th a t  the ir carrying capacity  has been 
reached, are here left out of reckoning, b) the fact th a t  the shortening of distances is nega
tively correlated with the increase in y  only to a certain specified lim it, and when this is 
exceeded th e  correlation between x  and y becomes positive (cf. J ó z e f i k , 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 overcrowding this was reflected in the progressive increase of Z, we seem to  be entitled 
to  p u t 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 situated 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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450 M. Józofik 6

ding. The tendency of curve A  to  deviate to the righ t in Graph 1 when representing large 
sites (more th a n  500 pairs) inclines us to suppose th a t  we have detected signs of overcrow
ding in them. As sites w ith high values of index Z  are rare  in the range, i t  seems worthwhile 
to  devote more a tten tion  to  the ir  certain particu lar features.

And thus of the  to ta l num ber of 211 breeding sites recorded for the las t two centuries 
only 34 (16. 1 %) were characterized by th e  value of Z  h igher than  1.0. In  the  X lX th  century 
there  were 31 (91.2 %) such sites, while in the  X X th  century  th is figure was cu t down to 
18 (52.9 %). Thus 16 (47.1 %) sites having in th e  X lX th  century  Z >  1.0 disappeared in 
th e  present century , while 3 (8.8 %) new sites were set up. Of those 34 sites 7 (20.1 %) were
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G raph 3. D istribution of index Z  in relation to the average num ber of breeding sites. 
x  — logarithm ic scale of th e  values index Z, y  — num ber of sites expressed in °/000, A  — 
sporadic sites, B  — regular sites, Ds — mode of the  distribution of sporadic sites, D rs — 
m ode of the general distribution  of the breeding sites (curve of this distribution has not been 

presented in the  graph), Dr — mode of the  distribution of regular sites.

s ituated  in the  western regions of the Caspian Sea drainage area (sites 22, 26-29, 31, 32 — 
J ó z e f i e , 1969 b) and only 4 of them  still existed in the X X th  century. The remaining sites, 
outside the D niester Delta, are located in  the drainage area of the  Danube. In  the  middle 
reaches of the  D anube 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 -  J ó z e f i k , 1969). Out 
of th is  num ber 4 rem ained un til the  present century  and 2 new sites were set up. In  the lower 
course of the D anube (mainly in the  delta) the situation  is a t  present most favourable for 
th e  species: 7 sites recorded there (sites Nos. 142, 144-149 — J ó z e f i k , 1969) are characteri
zed by  indices which are highest in the entire range (exceeding even the  level recorded for 
them  in the X lX tl i  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 hab ita ted  by A .  ralloides is very wide 
as i t  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, cf. Graph 5, in which the circles indicate the  tu r 
ning points in the variability  of Z  recorded for separate sites (hence the num ber of circles 
exceeds th e  num ber of sites). In  view of this diversity the percentage distribution of the values 
of Z  p resented 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 p lo tted  on the horizontal axis in the logarithm ic scale. In  con
nection w ith 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 °/000. 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 
of index Z  in 

respect of sites:

average
(x)

Mode
(D)

Area of variability Comments

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

In  th e  extrem e 
zone (6) 0.0561 0.0593 (0.0057-0.0650)

In  th e  optimum 
zone (7) 1.8599 - 25.4071

(0.0651-25.4720)

Regular (8) 1.4658 0.0650*) 25.4571
(0.0150-25.4720)

*) w ith the  class 
intervals =  0.01 

(11)

Sporadic (9) 0.0610 0.0081**) 0.4668 (0.0057-0.4725)
**) w ith  th e  class 
intervals =  0.001 

(12)

Taken together (10) 1.0691 0.0150***) 25.4664
(0.0057-25.4720)

***) w ith  the 
class 

intervals =  0.01 
(13)

C r i t i c a l  v a l u e  of  Z

D rs, i. e. the  mode of the  general distribution of sites from both  these 
categories (sporadic and regular), and a t 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 ( J o z e f i k , 1970), which occurs a t the value 
of Z =  0.015, it  m arks 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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(minimum) value of Z  (0.0081) for sporadic sites determ ined by the mode (Ds) 
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 , 
m ark  the highest possible, in the  direction of the lowest (critical) values, 
deviation of Z  from modes Ds, D r, and D ra. I t  ought to be pointed out here 
th a t  the  general distribution of sites (not included in Graph 3), which includes 
mode B rs, was draw n by  plo tting  values of Z  a t  0.01 intervals.

The m ost valuable index for us is mode Drs 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.

C r i t i c a l  v a l u e  of  s p a c i n g

W hen we know the  critical value of the  size of regular sites (which amounts 
to 17.5 pairs, J ó z e f i k . 1970, we can substitu te  it  to formula (1), and then 
we shall have a simple equation 0.015 =  17.5/*, the  solution of which will give 
us the  highest critical value of the  isolation degree tolerated by the  species.
I t  am ounts to  1,160 km.

W ith  the  exception of only one case (site No. 3 reached in the  X X th  cen
tu ry  the  average distance of 1.270 km  when the  num bers were between 20 and 
50 pairs; cf. J ó z e f i k , 1969 a) none of either regular or sporadic sites exceeded 
the  highest degree of isolation tolerated by  the  species, although adm ittedly 
some of them  reached average distances approxim ating this critical value. 
And thus, for instance, sites nos. 167 and 168 exceeded in the X lX th  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 th e  critical indices for 
the  species will be undertaken  in the  ensuing parts  of the  cycle (i. e. parts 
dealing with the  flock structure, migrations, as well as breeding and m ortality  
dynamics).

I n t r o d u c t o r y  a s s u m p t i o n s  f o r  s i n g l i n g  o u t  e c o l o g i c a l  z o n e s
of t h e  r a n g e

The differentiation of the  degree of existence prosperity  for separate micropopula
tions, th e  exponent of which is Z , is connected w ith  the  previously singled out ecological 
zones (cf. J ó z e f i k , 1970) (extrem e and optim um ) of the  palearctic p a r t of th e  range. Then 
th e  num erical level of breeding pairs a t separate  sites was taken to  be the criterium  of the 
estim ate. 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  extrem e zone. Other, 
som ew hat larger sites, which for significant reasons should be covered by the  extrem e zone, 
tu rn ed  ou t to be either in th e  optim um  or in the  suboptim um  zone. As it  follows from the 
d a ta  presented in  Table 2, th e  error (i. e. deviation from th e  average of the  d a ta  calculated 
w ith two other methods) is insignificant and am ounts to 3 %. Applying the characteristics 
of th e  distribution  of index Z  as a criterium  of the  estim ate, we have obtained lower results 
though  they  do no t differ sufficiently from the  correct one to w arran t their rejection. Pro-
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Table 2. P resentation of certain, calculated with different methods, characteristics of the 
extrem e and optim um  zones in the palearctic p a rt of the range of A. ralloides.

\  Zones (2)

Method 
of calculating

Extrem e (3) Optimum (4)

index Z
num ber 
of sites 

(% % )

numbers 
of the 
species 

(% % )

index Z
num ber 
of sites 

(% % )

numbers 
of the 
species 

(% % )

(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 th e  basis of the 
da ta  from the curve 
of concentration 
(JÓZEFIK, 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 m ethod was a laborious analysis of the d a ta  concerned w ith  ecological factors, 
the  degree of isolation, and the history of the growth of all sites providing grounds for appor
tioning them  to the ir respective zones. The results of such an analysis are presented in Table 
2 and they  do no t differ too much from the average value (difference am ounts to  5.7 %). 
Thus similar results wore obtained by using three different methods, and they  enable to 
determine, in per cent, no t only the num ber of breeding sites dispersed in separate zones, 
b u t also to  calculate precisely, also in per cent, the numerical sta te  of A . ralloides habita- 
ting  these zones. Quite natura lly  the  d a ta  mentioned above should be trea ted  as average 
for the  la st two centuries, and thus, to a certain extent, as static; however, they  can be 
considered as being one of the more im portan t 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 th a t  i t  would be most reasonable 
to  use average values obtained from data  being the result of calculating them  w ith three 
different methods when taking them  into account in the  ensuing parts  of the cycle, p a r t i 
cularly in those which deal w ith the ecological aspect.

The assumptions for breaking the range down into zones, p u t forward previously (Jó 
z e f i e , 1970), were no t explained fully enough to render any further elaboration superfluous 
and I would like to add a few more comments now.

The extrem e zone is characterized by a relatively frequent occurrence of lethal am pli
tudes of environm ental factors preventing the  population habitating th e  zone to maintain 
a positive balance between m orta lity  and reproduction over a longer period of time. This 
zone comprises breeding sites whose values of index Z  are lower than  mode D rs, i. e. Z ^  0.065 
(Table 1). 46.42 % of all the  breeding sites are situated in the  conditions of this zone (cf. 
Table 2). W hen we deduce from th is figure sporadic sites (41.55 %), then  we realize th a t  
there  are there also about 5 % of regular sites. A high degree of isolation can be quoted as 
one of the  basic limiting factors.
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The numerical distribution of the species in the  extrem e zone is not less characteristic 
— only 6.72 %  of the to ta l A .  ralloides population are relegated to the  environm ent extremes. 
They determ ine the specific character of the species concentration (cf. J ó z e f i k , 1970). This 
loads to  a different shape of the  curves presenting the  distribution of index Z, no t in relation 
to th e  num ber of sites, as in graph 3, b u t in respect of the  num ber of breeding pairs habita- 
ting  these sites (Graph 4).

Indices characteristic for the  optim um  zone are presented in Tables 1 and 2. This zone 
is th e  proper area of the  species existence.
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Graph 4. D istribution of index Z  in  relation to  th e  average numerical level of the  spe
cies. x  — logarithm ic scale of the  values of index Z, y  — num bers of the species expressed 
in th e  num ber of breeding pairs and presented in % 00, A  — num bers of the  species habita- 

ting sporadic sites, B  — num bers of the  species hab ita ting  regular sites.

IN T E R D E P E N D E N C E  OF T H E  BASIC PA R A M ETER S OF TH E 
SPATIAL D IS T R IB U T IO N

Practical uses of index Z  can only be appreciated when considering the 
interdependence of th e  more im portan t structural param eters of the  d istri
bu tion  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  maxim um  
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 trea ted  as a  basis for fu rther studies on spatial isolation and  the  index 
of existence prosperity.

The construction of the  g raph is based on four scales. The size of breeding sites expressed 
in the  num ber of pairs is given on logarithmic scale y. Curves A ,  B , G, D, and E  should be 
read against th is scale. Irrespective of th a t ,  class limits of th e  site size are marked with 
continous horizontal lines on scale y, which is closely connected with the  distribution of 
the tu rn ing  points of Z  variation  for separate sites (such points are marked w ith small circles) 
and w ith  the  construction of curve F  based on average values for separate class intervals.

Logarithm ic scale x  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 m arked by broken horizontal lines can be applied only to curves J  and K ,  and 
i t  determ ines the percentage relation between the num ber of breeding sites and the numbers 
of the  species in separate class intervals of average distances.

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

As I  have mentioned before (cf. 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 num ber of sites. However, inasmuch as Z  variation for separate breeding sites 
fluctuated  within a small range, then  their value is p lo tted  in the graph in only two v a r ia n ts : 
a) characteristic for the X lX th  century, b) characteristic for the X X th  century. The ope
ration  m entioned 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 ca te 
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 o1( b1, c1( and c2) were drawn graphi
cally, and thus the ir values are no t the result of extrapolation calculations. In  spite of this 
simplification they will still be useful in our considerations.

Curves A  and B  represent the  d istributions of average values of index Z  in the optimum 
zone (A)  and of regular sites (B), and a t th e  same tim e they  are regression line sof the  aver
age site size in relation to  the scale of distances (x). Curve 0  has a similar double signifi
cance as it  shows the  distribution of index Z  and the  regression of all the breeding sites 
trea ted  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 inform ation 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 a t 10-kilometer intervals. Analogously, curve K  presents the 
distribution  of the  num ber of breeding pairs. The curves mentioned are movable means.

Curves bounding the area of Z  variation represent the  critical values of th e  ratio  of its 
param eters (yfx) which depend on the  environm ent conditions and the  degree of isolation. 
And thus curve a1 system atically determines the critical values of ratio  y /x  which depend 
on the environm ent capacity  and the  degree of density, while the  section of this curve marked 
w ith a double line and w ith symbol o2 marks the absolute maximum value of Z, and a t the 
same tim e it  reveals the area of overcrowding. Curve bl determines th e  critical values of the 
m axim um  spacing of the species in the range and a t the same time it  also determines the 
critical value of the  absolute minimum values of Z. Line b2 indicates schematically the lo
west critical level of Z  in respect of the  existence of regular sites. Curves c, and c2 have a t r a n 
sitory character. The border values of the param eters of index Z, a t which the autonom y of 
separate sites can be m aintained, are indicated by curve elt while curve c, reveals the critical 
effect of the mixed character of the environm ent capacity and isolation on ratio ylx.

The area of Z  variation has been divided, according to the  ecological analysis of separa
te  breeding sites, into two zones — optimum (E)  (circles with triangles) and extrem e (I) 
(circles w ithout triangles). The do tted  section indicates th e  transitory  zone (G) between 
the  optim um  and the extreme ones — circles with triangles a t the bottom . This transitory  
section has also been marked out on the basis of the ecological analysis of each of the  sites.

L e t us pass now to a more detailed analysis of certain problems connected w ith 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.

http://rcin.org.pl



(y) 2000 456
M

. 
Józefik

12

http://rcin.org.pl



13 Studies on the Squaooo Heron. Part V 457

Graph 5. Outline of the area within which the variability of index Z  is calculated and 
interdependences of more im portan t param eters concerning the structure of tho palearctic 
p a rt of A . ralloides breeding range, y — size of sites (number of pairs), x  — average distances 
degree of isolation (in kilometers), z — percentage relation between tho num ber 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 optim um  zone, B  — regular 
sites, C — sporadic and regular sites together, I) — sites of the extreme zone, E  — sporadic 
s ites; theoretical curves presenting the critical values of ratio y : x — curves enclosing the 
area of tho variability  of index Z:  a, — critical values of index Z  in relation to  the envi
ronm ent capacity and tho degree of species density, a2 — section of maximum values of 
index Z  indicating the area where the species density is highest, b1 — section of minimum 
values of index Z  and critical values of the maximum dispersion of the species, b2 — the 
lowest critical level of index Z  for tho existence of regular sites, c1 — critical values of the 
param eters of index Z  with a mixed im pact of the environm ent capacity and isolation; 
the remaining symbols: F  — curve presenting the average degree of sito isolation according 
to separate class intervals, 0  — area of the variability of index Z  in the transitional zone 
between the optim um  and extrem e zones, I I  — area of the variability of index Z  in tho 
optim um  zone, I  — area of the variability of indox Z  in the extreme zone, J  — curve pres
enting the  percentage distribution of the num ber of sites in relation to the degree of isolation 
(size of tho class interval =  10 km.), K  — curve presenting the distribution of the species 
numbers in relation to the degree of isolation (size of tho 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 X lX th  century, (D — regular sites in the X X th  century, #  — sporadic sites in tho 
X lX th  century, ( J  — sporadic sites in tho X X th  contury, circle with triangle a t the top 
indicates the position of tho site in tho optimum zone, with triangle a t tho bottom  — in the 

transitional zono, w ith no triangle — in the extreme zone.
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458 M. Józefik 14

BIOLOGICAL MECHANISMS OP T H E  ISO LATION  E FF E C T

As it can. be seen from graph 5 discussed above, sites having the same v a 
lues of index Z  are no t 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 G, the  configuration 
of the  critical values of index Z, and it also follows from  the specifical regres
sion of the  param eters of index Z  in  respect of each other. Let us consider now 
the  composition of the  transito ry  zone (G), or ra ther the  boundaries between 
this zone and the optim um  (E)  and extreme (I) ones, assuming th a t  the  degree 
of existence prosperity of breeding sites situated along each of these bounda
ries is very similar or even identical. This assum ption is based on the following 
premises:

1) The degree of the  m icropopulation stabilization over a longer period 
of tim e can be considered to  be a com parative scale of the degree of existence 
prosperity for the  given micropopulation. This stability, in tu rn , depends on 
the  size of the  micropopulation, or strictly speaking on the range of its num eri
cal oscillations. On the  basis of the  working m aterial I  can conclude th a t  the 
m ost intensive num erical oscillations can be recorded in the  case of small sites, 
and  th a t  the  frequency and range of am plitudes are negatively correlated with 
the  size of sites (this vast problem  has no t been yet comprehensively discussed 
in this cycle devoted to  A. ralloides). This dependence has considerable causal 
connections ( tha t is why I  have accepted the size of sites as one of the p a ra 
m eters of index Z).

2) The site is, to a certain ex ten t, affected by the  environm ent capacity, 
or more precisely, its volume and the final balance of reproduction and m orta 
lity  ra te  of the  micropopulation hab ita ting  it. Eeproduction rate , or rather 
its effect, i. e. population increase, depends on the biocenotic composition 
of the  environm ent, its capacity, and abiotic factors. The factors mentioned 
affect also m ortality  ra te  in the breeding period. However, the species remains 
in the  breeding range for only one th ird  of the  annual cycle, hence the value of 
m ortality  ra te  during the rem aining eight m onths 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) I t  has been proved experim entally th a t  w ithin 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 ( P o n u g a y e v a , 1950). In  the  post-breeding period 
young individuals form, as a rule, separate flocks, while the  survival ra te  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, w ithout risking m uch and in a simplified form, th a t  the  period
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15 Studies on the Squacco Heron. Part V 459

of absolute isolation of the flock after leaving the breeding site is proportional 
to  the  average distance between the sites. N aturally we are concerned here 
with th e  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 bu t situated a t a long distance from each other 
(cf. J o z e f i k , 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 a ttem pt to solve m athem atically this 
problem will be undertaken in the ensuing parts  of the cycle). 1 have touched 
here only upon the  problem of autum n migrations. M ortality 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 ra te  of the 
flock (micropopulation) during its absolute isolation in the  post-breeding 
period determines the m aximum spacing of the species in the  breeding range 
(cf. curve b1 — graph 5). I t  should be explained here th a t  the survival rate  
of adult individuals increases considerably in the breeding period. Two dis
tinc t 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 m utuant) 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  th is 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 a t more d istan t 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 m oment 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 m igra
tions habita ts 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 tem poral isola
tion, the  stability  of sites and the maintenance of the homeostatic s ta te  within 
the given p a rt of the range. Hence the ecologically equally valuable degree of stab i
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 ultim ately reach 
the critical value determined by the limiting effect of the environm ent capacity 
(rarer cases), or by the  combination of two factors, isolation and the environ-
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m ent capacity (cf. curve c2, graph 5). This combination consists in the  limiting 
effect of the  environm ent capacity only when the  m icropopulation reaches 
its highest numerical level, and  besides in the  effect of isolation on the  ampli
tudes of oscillations.

W hen 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 num erical 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 a t  which the  Squacco Heron nested altogether 
longer th an  the period when there were no Squacco Herons there. After de
ciphering the  basic mechanisms of isolation, I  have high hopes th a t  the  ecological 
assum ption p u t forward on page 3 and concerned with the sameness of 
index 7i (i.e. the  same degree of existence prosperity along the boundaries 
of th e  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 blf i. e. 
the  boundary of the m axim um  spacing of the  species in the  range.

W hen discussing the  mechanisms of isolation, I  would also like to  stress 
quite an im portan t m om ent: index Z  indicates the existence prosperity of the 
given m icropopulation not only in the  breeding period bu t also in the entire 
annual cycle and treating  i t  differently would be unjustified. If  we are to single 
out an index covering only the breeding period and reflecting the environm ent 
conditions of the  site, then  the most obvious and reasonable one seems to be 
the  average num ber of fledglings leaving one nest.

E X PO N E N T IA L  IN C REA SE OF T H E  ISOLATION E FFE C T

A completely different problem  is the  character of the functional in terde
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 )  
assum ed a t 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 bx) testify  th a t  this function is m uch more complicated when 
we apply successively different formulas for different levels of index Z. Let us 
now analyse the character of this function transform ing the values of Z p a ra 
meters from  the  boundaries of the  transitional zone and  from  curve by on the 
logarithm ic scale of graph 5 to  the  semilogarithmic scale (Graph 6, curves blf 
G—I, H —G). We m ake sure staightaw ay th a t  we are dealing here with expo
nential curves whose equations are of the following type:

y  =  klx.

And thus the exponential equation of curve bx can be expressed as follows:

y =  2.655 • 1.00231*,
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1.00063 ‘

Graph 6. Interdependence between the  size of sites and average distances when the 
im pact of isolation has an exponential character, x  — average distances, y — size of sites; 
th in  lines — rectilinear interdependence for the initial (working) concept of index Z  (equa
tions of th e  type : y = ax)-, th ick lines — real curvilinear interdependence revealed (which 
can be expressed by  exponential equations of the type: y  =  klx) (in the  graph th e  equations

of separate curves are presented).

while for curve 0 —I  it will assume the  following form:

y =  4.845- 1.00231*, 

and another one for curve G—H:

y  =  11.9-1.00433*.

I  have proved th a t  as distances between breeding sites get longer, the  same 
level of existence prosperity (or speaking more graphically — the  standard 
of the  ecological situation) a ttained by the micropopulation habita ting these sites 
can be m aintained only in the conditions of the  growth of sites in size according 
to an  exponential function. N aturally  the expression of this function varies 
for different levels of index Z. And thus when we w ant to express it  in a more 
general way, i. e. to present it  in a mean form and by th a t  characterize generally 
the  effect of isolation on the degree of existence prosperity, the simplest and
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surest way seems to be to analyse the d istribution of average values of index 
7j in  separate distance intervals, fulfilling a t tlie same tim e the following condi
tion : values of index Z  for separate breeding sites should be corrected accord
ing to  the  above discussed phenom enon of an increase in y in an  exponential 
function. L et us pass now to an  extrem ely im portan t, in the  context of our 
s tudy, problem of correcting index Z.

As, in order to  fulfil th e  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  denem inator of form ula (1) m ultiplier a which reflects this effect, and then 
form ula (1) will assume the  following form:

(In  order to  differentiate the  index w ith the  correction introduced we shall 
use as its symbol Zpe).

In  order to be able to calculate a, we should find the  equation of one or 
two higher levels of index Z  in the  optim um  zone, beside the three equations 
of levels blt O -I  and G-H  (cf. graph 6). This has been carried out w ith the help 
of the  extrapolation m ethod by using the function of the  increase in the angle 
a t which the  curves already known are set to axis x. On the  basis of these data  
we have set up a table of corrections for calculating Zpe (see Appendix I). From  
this table a was calculated according to  the  following form ula:

a — b± Z c  (3)

where, a =  coefficient of the  curvilinear effect of isolation on the degree of
existence prosperity, b =  coefficient of the  curvilinear effect of isolation a t
th e  given level of index Z, c =  interpolational correction for calculating b, 
Z  =  previous uncorrected index of existence prosperity  calculated according 
to form ula (1).

Substitu ting  form ula (3) to  equation (2) we shall have the corrected formula 
for calculating Zpe:

Vzve = ---------  .  (4)
pe x(b± Zc)  1 '

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

According to the  assum ption p u t forward on page 3, the general d istri
bu tion  of index Zpe has been constructed in relation to  the scale of distances. 
This d istribution is presented in graph 7 — the  curve falls logarithmically and 
its equation assumes the  following form:

z ve =  6.7 — 1. 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 rem ain unchanged the  size of sites would have to increase ex
ponentially, then  it is reasonable to assume th a t  the  spatial isolation, as a  li
m iting factor, affects the  relative survival ra te  and the numbers of the  species 
in an  exponential way. In  order to define this conclusion more generally and 
to expand it a t  the same tim e so th a t  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 pe in relation to the degree of isolation, x  — 
average distances (km.) — degree of isolation, y — logarithmic scale of index Zpe (the graph 

includes th e  equation of the  distribution curve).

to present it  in a slightly modified way: any social species habita ting  the breed
ing range in an  island-like p a tte rn  is decisively affected by  spatial isolation, 
which is then  one of the  more im portant limiting factors. The mechanism of 
its effect realized in the  post-breeding period assumes the form of tem poral 
isolation. The increase of the spatial isolation in an arithm etical progress coin
cides w ith the growth of its effect in an exponential function.

This is one of the most im portant conclusions of the present paper which 
enables, among others, to provide reasons for the  previously explained (cf. 
J ó z e f i e , 1970) integrating tendency of the species. The equation presented 
above (Zve =  6.7 — x\g  1.006642) is a general m athem atical support of A l l e e ’s 

rule when applied to A. ralloides. I t  also belongs to one of the m ost signifi
cant characteristic features of the species.
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EX IST EN C E  P R O S P E R IT Y  -  SURVIVAL -  EN V IRO N M EN T RESISTANCE

The problem  of confronting the  newly introduced concept of „existence p rosperity” 
w ith  the  more widely used ecological term s seems im portan t enough to w arran t a brief 
explanation . The te rm  „existence p rosperity” can be applied exclusively to micropopula- 
tions hab ita ting  the given breeding site, or alternatively to a group of sites in any p art of 
th e  range b u t  then  in its m ean form. As soon as we assume th a t  there is no individual 
exchange between separate sites, i. e. the  sort of ro ta tion  described previously (cf. J ó z e f i k , 

1969a), and accordingly the  survival of separate individuals determ ined by  tho environm ent 
conditions contributes to the  general effect of the micropopulation survival rate , then there 
is no need to introduce any  new term . However, as the  size of sites depends not only on the 
degree of survival displayed by the micropopulation hab ita ting  this site, b u t i t  also deci
sively affects this survival, and moreover i t  depends on the  balance of the inflow and outflow 
of individuals, or even en tire  flocks, th en  it  seems perfectly reasonable and useful to in tro 
duce a wider, and a t  the  sam e tim e more accurate, concept. I t  would be quite  possible to 
quote here a  num ber of w eighty argumonts showing the  necessity of introducing th is new 
concept, as for instance the  fact th a t  i t  defines precisely the effect of isolation on the course 
of biological processes of th e  in tegrated  group of organisms. For this reason there are no 
grounds for mixing up existence prosperity  w ith survival, although the  former term  covers 
in  its  m eaning the essence of the  la tte r, b u t a t  the  same tim e it  includes qualitatively other 
elem ents as well. Operating w ith the  concept of size ( =  size of the micropopulation) we have 
n o t analysed, in greater detail, the relation: survival — exchange. The p a tte rn  of this re la 
tion , inasm uch as this is connected w ith  the  scope of our considerations, is quite evident 
( J ó z e f i k , 1969). I t  will be sufficient to  rem ind it  briefly supplementing certain points with 
new ly-acquired values.

B oth survival ra te  and  the  in tensity  of exchange depend on the action of isolation. 
However, w hen the two phenom ena are taken  together they  form a com pensating mechanism 
which is capable of overcoming effectively the  environm ent resistance. This mechanism 
can be presented in a simplified form th u s : tho high survival ra te  of large sites leads to over
crowding w hich is relieved by  the  outflow of superfluous individuals. This excess makes 
up  for the low survival r a te  of exposed breeding sites adversely affected by  environm ent 
extremes, as a  rule small ones. The index of existence prosperity  presents the effects of 
th is  co-operation as a m easurable rela tive gradient. As we can see, one term  can not be 
substitu ted  for tho other, particu larly  in the case of the qualita tively different stress of 
the phenomenon. On the  o ther hand, as we use the  expression “ existence p rosperity” when 
referring to the  species as an in tegrated  biological unit, then it  loses its  meaning because, 
leaving aside the  known sporadic, and ra th e r  pathological, cases, we know of no facts which 
would indicate tho interspecific (genetic) exchange. A be tte r  expression seems to 
be here “ survival ra te  of the  species”, b u t even here it  is differently coloured. P robably  
tho  best expression here would be the  “biological situation of the  species” .

I t  m ight be useful to compare here the  expression proposed by the  author with the 
one widely used and easily applied which has beon in troduced by  C h a p m a n  (1928), namely 
„environm ent resistance” . Broadly speaking, these two notions originate from two contras
ting  assumptions. The measure of environm ent resistance is the  difference between the h igh 
est possible po ten tia l ability  of the species to increase numerically and the real increase 
recorded. This concept assumes an increase in the infinite environm ent, and th a t  one of 
th e  param eters can be determ ined only theoretically, and even then only after overcoming 
serious difficulties. The concept “existence p rosperity” takes as its  sta rting  point an em piri
cal (and so fa r  only indirect) determ ination of tho level of tho complex of environm ental 
factors (critical values of th e  param eters of index Zpe) a t  which the possibility of the  micropo- 
pu la tion ’s existence approaches zero. Index  Z pe presents on a relative scale a t which level,
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above these critical values, the  given micropopulation can exist. In  both  cases wo are con
cerned with the determ ination of the „balance” being tho result of the following relation: 
micropopulation, population — environm ent. 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 tho la tte r  case (environment resistance) no clear-cut picturo is obtained. 
We could cite here also some other parallels b u t this might exceed the scope of tho present 
p a r t of tho cycle. Leaving aside a num ber of subtleties, it is possible to assume th a t  both 
these concepts supplem ent 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
v ironm ent resistance and existence prosperity to a common comparable scale, which seems 
to bo possible only in an empirical way. However we shall re turn  to this problem a t tho right 
mom ent.

Oil)M  10
a - ~ - - - D  -  -

db eca
—  (x)

Graph 8. A simplified scheme of interdependences between existence prosperity and 
th e  environm ent resistance, x — (temporal)-spatial scale of tho micropopulation existence 
(of the  population or of the  species), y — scale of the relative dependence between Zpe and 
the  po ten tia l realized, z — relative fiducial scale of the environm ent resistance, A — (tempo- 
ral)-spatial variability of the relative values of index Zpe and the difference: biotic po 
tentia l-potential realized and (temporal)-spatial variability of the  environm ent resis
tance, B  — to ta l im pact of all the factors limiting of environm ent, 0  — effectiveness of 

the  fight for survival, D  — level of biotic potential.

ECOLOGICAL GRADATION OF LEVELS OF IN D E X  Z pe

I t  is very im portant 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 Zpe which would reflect
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the  gradation of the ir absolute values. As it has been shown in the  previous 
chapter, th e  correlation ratio  betw een th e  size of sites and average distances, 
presented as r}xy and ijyx is bilaterally connected causally, or to  p u t it  different
ly, the  degree of isolation affects not only the  size of sites, b u t  also the size 
of a  site, in its tu rn , as overcrowding is intensified there, leads to the setting 
up  of new sites in  the  nearest vicinity, as m uch as the  topographical condi
tions render it  possible, which invariably brings about some shortening of 
distances betw een separate breeding sites J ó z e f i k , 1970). As I  do not want 
to  m ake th e  course of the  argum ent too cumbersome by  illustrating it  m athe
m atically, I  shall confine myself to  assuming only as the  starting point the

500
60

200

100
20

800200 600 1000
(*)

G raph 9. Regression in th e  species num bers (expressed in per cent) and of th e  degree of 
isolation, x  — average distances (km.) — degree of isolation, y  — num bers of the  species 
in  percentage relation, z  — num bers of the  species according to  the groups of concentration 
(size of sites), A  — regression of th e  degree of isolation according to  th e  groups of 
num erical concentration, B  — num erical regression in  relation to  the degree of isolation.

discovered regularity  in the  logaritm ic decrease of the  degree of existence 
prosperity  under the  effect of the  arithm etically increasing isolation, and then 
it  will no t be difficult to  reconstruct (naturally  with certain approximation) 
th e  mechanism determ ining the way in which y  affects x, and in which x  affects 
y, in  respect of their interdependence expressed by the value of index Z.

Let us consider now correlation ratio  which reflects the  effect of isola
tion  on the size of sites. This effect can also assume an  exponential character, 
i. e. a t  high and  highest values of index Z  th is effect is reduced almost to zero, 
while a t the  lowest param eters of Z th is  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. r)yx) 
is lessened logarithmically as distances are lengthened arithmetically, and 
vice versa, th a t  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 Zpe (naturally an  average one) a t which the effect of y  on x 
would be reduced to zero. Having th a t  object in mind, let us analyse the  num e
rical regression of the  species and the  degree of isolation presented in graph 
9. F o r 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

(Ś)

uo

30

20

10

0
1 10 20 50 100 200 500 1000 <1000

(*)

Graph 10. D istribution of the size of A . ralloides breeding sites in relation to average dis
tances between them  (in per cent of the  to ta l num ber of breeding sites w ithin the  given 
range of distances), x  — class intervals of the size of sites, y — num ber of breeding sites 
w ithin the  given range of distances in per cent, curves of distribution within the range: A  — 
up to  50 km., B  — between 50 and 200 km., G — 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 y  on x  can be recorded, as the rapidly increasing degree of isolation clearly 
indicates th a t  no more dependent sites are set up in their vicinity. The fall 
of curve A  along the section presenting the  groups smaller th an  200 pairs is 
very characteristic and it indicates th a t  we come up here against quite a large 
group of “dependent” sites dispersed around large breeding sites. Let us assume 
th a t  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  alm ost 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, w ithin the lim it of 200 km . Let us now closely scrutinize 
curve A  (graph 9) — it shows th a t  such distances represent groups of up to 
400 pairs which comprise more th an  42 % of all the  Squacco Herons in the area. 
This indicates in tu rn  th a t  42 % of the  to ta l num bers are concentrated in 
groups w ith the  populations where the b irth  ra te  exceeds perm anently the 
m ortality  rate. Obviously this conclusion has to be trea ted  with a large degree 
of scepticism. Most probably this per cent is even higher, especially when we

(y) 100

20 50 100 200 500 1000 <1000
(x)

Graph 11. Diagram  presenting th e  percentage relation of average distances w ithin separate 
class in tervals  of the  size of breeding sites, x  — size of sites, y  — num ber 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 ., c — between 200 and 500 km ., d — over 500 km.

consider th a t  the  surplus of individuals leads not only to  the formationTof 
new „dependent” sites b u t it also moves to  m any parts of the range charac
terized by  a considerable dispersion of breeding sites. This level (y =  400, 
x =  200) corresponds to index Zpe =  6.3700, b u t 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), th a t  in all 
sites w ith index ZV(. >  5 the  b irth  ra te  (population increase) exceeds the  m orta 
lity  ra te , and this leads to  the  outflow of the  surplus of individuals from such 
sites to those with lower Zpe. Below the level of Zpe =  5 we can record the 
effect of the size of sites on the degree of isolation.
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We still have to determ ine the range of Zpe values a t 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  m ortality  
rate . As in the  previous case, we are here after the  determ ination of reference 
levels. The upper lim it of such a range is index Zpe =  5. The bottom  limit 
of the  range has been determ ined on the  basis of an  ecological analysis of all 
the  sites. This lim it is form ed by the  boundary (G -H ) between the optimum 
and transito ry  zones a t the  value of Zpe =  0.5750 already known from graph 5. 
The following premises have been taken  into consideration when accepting 
boundary  G-H  as the bottom  level a t  which the m ortality  ra te  and b irth  rate  
counterbalance each other: a) num ber of regular sites characterized by in ten 
sive numerical oscillations, as well as short-lived and a t the  same tim e small 
breeding sites, were apportioned to the  transitory  zone, beside a large num ber 
of sporadic sites; b) the  lack of stabilization displayed by  such sites indicates 
invariably  th a t  their existence depends on the  steady inflow of m aterials from 
outside. Hence, beside other causes already discussed (.Jó z e f i e , 1969, 1970), 
even small falls in the  numbers of the  species (cyclical fluctuations) lead to 
drastic  qualitative changes.

The bo ttom  level of index Zpe =  0.5750 has been determined as a  mean 
value for the  last two centuries. However, as it  is already known ( J ó z e f i e ,

1969), th e  biological situation of A . ralloides has deteriorated in the  present 
cen tury  (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 Zpe characteristic for the  X lX th  century are lower than  those for the 
present century when expressed absolutely. W e should also take into account 
the  upper deviation from  the  average exceeding in the  region of the  critical 
values of y and x Zrx =  1. This inclines us to  suppose th a t  it  will be more rea 
sonable and safer to  determ ine the  bo ttom  lim it of the  range characteristic 
for sites w ith the  b irth  and  m ortality  ra te  as Zpe =  1 when applying Zpe grada
tion  la te r on in practice.

A nd thus we have determ ined the  following ranges of the values of Zpe 
corresponding to  the  relation b irth  ra te  — m ortality  ra te  for separate sites:

a) Zpe >  5 — b irth  ra te  >  m ortality  ra te  (from such sites some individuals 
constantly  move out to  sites w ith lower levels of index Zpe as a result of the 
sta te  of overcrowding — the  optim um  zone;

b) 1 <  Zpc <  5 — m ortality  ra te  ^  b irth  ra te  (the outflow and inflow 
of individuals cancel out each other) — the  optim um  zone;

c) Zpe <  1 — birth  ra te  <  m ortality  ra te  (such sites can exist only in the 
conditions of a constant inflow of th e  new m aterial from  sites characterized 
by  higher levels of index Zpe) — th e  suboptim um  (transitional) and the extre
me zones.

F or any further more accurate definitions of Zpe ranges we can use the 
characteristics of Zpe d istribution of breeding sites broken down, according to
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the  ecological analysis (cf. graph 12, table 3), into the following groups: 
A — ephemeral sporadic sites; B — stabilized sporadic s ites; C — regular 
sites w ith intensive numerical oscillations having short periods of prospe
r ity ; D — regular sites w ith m oderate oscillations and relatively well 
stabilized in the course of longer periods of tim e; E  — large regular sites with 
insignificant numerical oscillations in favourable environment conditions; 
F  — 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 Zpe cited below correspond with 
the  following ecological characteristics of breeding sites:

a) 0.01-0.03 — exclusively ephemeral sporadic sites mainly distributed 
a t the ends of the  range. Param eters y and x do not differ much from the criti
cal values. Environm ent extremes probably also reach critical values.

b) 0.03-0.05 — ephemeral and sporadic sites numerically counterbalance 
stabilized sites. Begular sites displaying intensive oscillations realize here 
critical values of y  and x. The existence prosperity depends, to a larger extent, 
on the degree of isolation than  on the limiting effect of environm ent extremes.

c) 0.05-0.1 — Sporadic sites are in the  minority, while ephemeral ones are 
transform ed into stabilized sites. Begular sites displaying high indices of oscilla
tion  are drastically transform ed 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  
ra te  — m ortality  ra te  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  th e  course of curves B, G and D  (Graph 12), the concept of the 
equality of the degree of existence prosperity recorded for different breeding 
sites having the same indices Zpe 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. 
I t  should be born in  mind th a t  the  concept is based on the ecological gradation 
of the value of index Zpe as a mean — deviations from the average values are 
a normal phenomenon. The apportioning of sites to one of the  groups was 
on m aterials incomplete to such a degree th a t  it rendered the classification 
far from  being perfect. And thus, for instance, the  separation of stabilized spo
radic sites from regular ones w ith high numerical oscillations has not been 
free from subjectivism. However this is not im portant for the m ain point of our 
consideration — jointly they can be referred to the category of sites w ith a low 
degree of stabilization.

However it has been m an who has played the most im portant pa rt in enhan-
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cing the  heterogenious character of sites w ith values of index Zpe within the 
range of 0.03-1. The d a ta  presented in graph 12 comprise the  last two centu
ries — i. e. the  period of a very  intensive expansion of m an in respect of nature. 
A large per cent of small and medium-size breeding sites standing a fair and 
na tu ra l 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 no t so easy 
to  destroy larger sites — cf. the  situation of Ardeidae in the  D anube Delta 
in the  fifties of the present century — J ó z e f i k , 1969b). B ut for this circum stan
ce, sporadic sites would m ost probably  comprise (judging by the  course of 
curve D ) the range of index Zvc between 0.01 and 0.1, and not, as it  is illustra
ted  by  curve B, the  range up to 0.7. A lthough the  destructive effect of man 
in m any fields of ecology ought to  be trea ted  as a na tu ra l action of the limiting 
factor (or a complex of factors), in our particular case, in view of its rapid 
ra te  (cf. J ó z e f i k , 1969b, 1970), there  are good reasons for treating this action 
as a pathological phenomenon.

Table 3. S tatistical characteristics of the  distribution of index Z ve according to the
ecological gradient.

In tervals  of Z pe 
(2)

Category of sites ( 1 ) ^ ' \ ^ ^

Percentage distributions in re la 
tion  to separate  class in tervals (3) pe

1

0.01 0.1

1

5 1C 50 X ° x

ephem eral sporadic (A) 50.7 1.5 _ _ _ 0.0236 0.0168
stabilized sporadic (B ) 14.5 15.9 1.9 — — 0.2093 0.1866
regular w ith considerable
num erical oscillations (O) 20.3 14.7 — — — 0.1803 0.1976
regular w ith  m oderate
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 w ith excellent
ecological prosperity,
overcrowded (F) — — — 30.0 100.0 17.8754 9.3436

sites in the  extrem e zone (4) 85.5 32.4 1.9 — — 0.0983 0.3898
sites in the  transito ry  zone
(5) 39.1 73.6 5.7 — 0.3013 0.3091
sites in th e  optim um  zone (6) 14.5 67.7 98.1 100.0 I n i i . i l 3.5728 6.3660

We have obtained the gradation of Zve in  an indirect way, and it characte
rizes generally the  sta te  of environm ent 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 hab ita t will be discussed a t large in the  pa rts  dealing with 
the  autecology of the species. The situation seems to be less favourable as far 
as the da ta  referring to  environm ent 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 a ttem pts to systhematize the m aterial.

P B E X  -  IN D E X  OF T H E  BIOLOGICAL SITUATION OF TH E
SPECIES

The application of absolute values of index Zpe, particularly in the  case 
of a com parative estim ate of Zpe for separate breeding sites, is quite difficult 
as the size of class intervals of Zpe increases logarithmically (cf. graph 12). 
Hence i t  would be more rational to use the logarithm  of index Zpe. The upper 
p a rt  of graph 12 presents a nomogram tranform ing the absolute values of 
index Zpe into their logarithms, and in order to avoid logarithms with nega
tive m antissa the transform ations were carried out by multiplying Zpe by 100, 
and  th a t  is why the final form of the transform ation was as follows:

lg^pe +  2 •

The new scale obtained in this way has a num ber of useful applications 
and positive qualities: the  initial p a rt of the scale corresponding to  the  criti
cal values of index Zpe has the  value of zero; the  lowest values of stabilized 
sporadic sites and regular ones characterized by  intensive oscillations s ta rt 
from 0.5; from the value of 1 an  intensive increase of sites with m oderate oscil
lations is in itia ted ; value 2 forms a boundary between the sites with a negative 
balance b irth  ra te  — m ortality  ra te  and those sites w ith a levelled off or even 
positive balance; the  highest values of lg Zpe-\-2 reach up to 3.6; neither in the 
past nor in  the fu ture  (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 lg Zpe-\-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 L atin  ^r(osperitas) 
ex (istentiae)) as a unit for measuring the degree of existence prosperity in the 
case of separate micropopulations. And thus 1 prex =  lg Zpe 0 .1 + 2 , and the 
general formula of the transform ation can be presented in the  following way:

nprex — l&mZpe~t~% >

where n is the  num ber of prexes, while m is the value of index Zpe.

(5
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Realizing th a t  theoretically in ecological sciences the transform ation from 
the  level of indices to the level of units of m easurem ents is enormously compli
cated  and often completely impossible, particularly  when we have to  deal 
w ith the  possibility to measure a phenom enon which is the  result of a m utual 
effect of the practically imm easurable num ber of factors, I  am  not going to 
a tte m p t to  give a definition of one prex (it is undoubtedly  a unit of relative 
reference). A nd th a t  is w hy I  have left the  theoretical expounding of the  basis 
of this problem  as an  open and  debatable point.

ECOLOGICAL ZONES OF T H E  RANGE

I z o p r e x e s

I  have determ ined previously (cf. page 9), w ith the help of three different 
m ethods, the  proportion betw een the  num ber 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 Zpe (Table 3). Taking into account 
the  reduction of the values of index Zpe to  prexes, the characteristic features 
of the  extrem e and optim um  zones together w ith the  transitional area (subop
tim um  zone) can be presented in  the  following w a y :

Table 4. Characteristic features of the ecological zones of 
A . ralloides range according to th e  gradation of the  index 

of existence prosperity  (Zpe) expressed in prexes (in brackets 
ranges of index Zpe in their non-transform ed form).

Zones
Ranges of Z pe 

in prexes

Index  ZpR 
non-transfor- 

med
~xZpe (prex)

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

extrem e (5) 0-1.7 (0.01-0.5) 0.993
transitional
(subopti
mum) (6) 1.7-2.0

©1to©

1.479
optim um  (7) 2.0-4.0 (1.0 -100.0) 2.804

Using the scale of prexes I  have m arked in  m ap 1 the  so-called izoprex-areas, 
i. e. those indicating the  composition of the optim um  (symbols 1-2), suboptimum 
(symbol 3), and  extreme (symbols 4-5) zones. Obviously, as the m ap is based 
on m aterials covering the  last two centuries, it can not represent the  actual 
composition of the  ecological zones. As it is quite clear from the m ap, the  opti
m um  zone covers only a relatively small area although it is hab ita ted  by  over 
90 % of all A . ralloides individuals in  the  range. The extreme zone comprises, 
on the  other hand, m ore th an  45 % of breeding sites (I have not included in 
these calculations the suboptim um  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 — extrem e 

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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Z o n e s  in  t h e  p a r a l l e l  c r o s s - s e c t io n  of t h e  r a n g e

The biological situation of the species estim ated 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 p a rt  it  comprises over 
60 % of all the  sites. Also in the  west we can observe the  widest differences,

80

60

20

(*)

G raph 13. Percentage distribution of breeding sites situated  in different ecological zones 
— th e  parallel cross-section (the X lX th  and the  X X th  centuries trea ted  jo in tly ; movable 
means), x  — geographical longitude, y — num ber of sites in per cent within separate classes 
of geographical longitude, A  — breeding sites in th e  optim um  zone, B  — sites in the  transi

tional (suboptim um) zone, 0  — sites in the  extrem e zone.

as far as ecological aspectsi are concerned, between separate sites — the transi
tional zone (suboptimum) does no t comprise there even 10 % of sites, while 
the optim um  zone reached up  to 40 %. 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  transform ed environm ent it m aintained itself 
on a stabilized level, particularly  recently. A high per cent recorded in the  ex
trem e zone indicates intensive transform ation of the environm ent by  man. 
The process of transform ation is spread out in tim e and occurs quite specifi
cally — the crux of the  m atte r  seems to be here the  balance of relations in 
the  new biocenosis, form ation of the  trophic base, etc. In  this transitional pe 
riod the  species can not display tra its  of stabilization while getting adapted 
to new possibilities.
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Inside the  range the optim um  and suboptim um  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  optim um  zone reaches its peak and comprises nearly 
50 % of all the  breeding sites.

The percentage relation of sites in separate zones a t the eastern end of the 
range is very  characteristic. The optim um  zone there is gradually overtaken 
by  the suboptim um  one, while the  latter suffers the encroachments of the  extre-

3.5

3.5 3.0

30 2.5

2.5

2.0

0.5

0.5

G raph 14. Degree of the  species existence prosperity  in the parallel cross-section of the range 
(the X lX th  and the  X X th  centuries trea ted  jointly), x  — geographical longitude, y  — scale 
of index Z pe in prexes, z — scale of index Zpe in prexes corrected in relation to geographical 
longitude, A  — distribution of Z pe in relation to the species numbers, B  — distribution 
of Z pe in relation to breeding sites. C — distribution of Zpe in relation to the ir m axim um  de

viations, D  — distribution of Zpe 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 optim um  to pessimum condi
tions. As I  have shown previously ( J o z e f i k , 1969b) the species regressed in 
this respect a t the tu rn  of the century. And thus the course of curves presenting 
the percentage relation of breeding sites in separate zones, beside giving a s ta t 
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  environm ent 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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lu stra ted  by  graph 14. The m ovable m ean of the  m inimum  values of index Zpe 
expressed in prexes (curve D) rises gradually from  west to  east. This is connec
ted  w ith  an increase in the  critical values of not only regular sites (cf. J ó z e f ik ,

1970), bu t also of sporadic ones. I  have determ ined previously (cf. page 29) 
the  level of O prex as the  critical value of index Zpe. As curve D  (graph 14) 
is a m ovable mean, its value m ust reach above the  level of O prex. A general 
increase in its value tow ards 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 hab ita ting  a t  different geograph
ical longitudes. Before we can pass to  this problem, we shall have to analyse 
the reasons of this inadequacy, ra th e r  insignificant this time.

I have assumed previously for working purposes (of. page 15), and w ithout an analy 
tical approach, th a t  th e  spatia l isolation of separate micropopulations corresponds approxi
m ately  to  the  proportional degree of tem poral isolation. W ithou t having a t  m y disposal 
any properly worked out and processed ecological m ateria l I am no t able to  determ ine the 
functional aspect of this dependence. I have also assumed th a t  th e  tem poral isolation cor
responds w ith th e  proportional degree of n a tu ra l reduction suffered by flocks in the  course 
of nom adic m ovem ents and migrations. The problem has been discussed in a general way for 
the  en tire  area. I  have discussed differences in the  effect of reducing factors in relation to 
the  degree of geographical longitude when analysing problems of synanthropization ( J ó z e f i k ,  

1970). This differentiation, clearly stressed by the  rise of curve D  (graph 14) consists in the 
increasing eastw ard effect of reducing factors (beasts of prey, poaching — we are mainly 
concerned here w ith desert areas in w estern regions of Asia). And thus, irrespective of w heth 
er the  degree of spatial isolation increases absolutely in the  easterly direction ( J ó z e f i k  1970), 
the qualita tive character of th is isolation is also changed and its lim iting action is augm ented 
as th e  geographical longitude progresses. Thus, i t  is no wonder th a t  the increase in the  c r it i
cal values of regular sites assumes the  form  of a curvilinear function which has already been 
discussed a t large ( J ó z e f i k ,  1970).

A num ber of im portan t conclusions can now be draw n: a) the  limiting 
action of the  environm ent capacity  and of the  degree of isolation are clearly 
differentiated in the  parallel cross-section. The environm ent capacity acquires 
dom inating im portance in its  lim iting action in western regions of the  range, 
while the  im pact of the  degree of isolation is more m arked as a lim iting force 
in eastern regions, b) The levelling off of the  lim iting im pact 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 m ost probably in the process 
of searching for new breeding sites (G e r o u d e t , 1958, 1960, 1961). This pheno
menon would confirm all along the  conclusions p u t forward above. A more 
rem ote and indirect proof of this regularity  is the  existence of isolated sites 
of Platalea leucorodia L. and  Nycticorax nycticorax (L.) in Holland (Voous, 
1960). c) The levelling off of the  lim iting im pact 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  m an, 
it  will be possible to m aintain even small isolated populations of m igratory 
species. W hat the  consequences are bound to  be, we can foresee, to a certain 
extent, even now (e. g. sharp intensification of diveregency processes).

Correction Zpe in the parallel cross-section should thus include a qualitative 
differentiation of the limiting im pact of spatial isolation. The difference between 
the critical value of index Zve a t  the  western end and a t the eastern one am ounts 
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 bu t also practical significance. I t  would assume 
more im portance if we analysed the degree of existence prosperity in the  actual 
situation of the  species, i. e. w ith  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 w ith this scale.

The degree of existence prosperity (movable mean) is represented along 
the  parallel axis of the range by  further three curves {A, B, and  G — graph 14). 
Curve A  illustrates the  distribution of index Zve in respect of the numerical 
s ta te  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, bu t 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. JÓZEFIK, 1970) index Zpe of the species numbers should exceed the  level 
of Zpe characteristic for the  average breeding site, obviously w ithin the  same 
intervals of geographical longitude (curve B). Curve G represents the  average 
of the m axim um  values of index ZVR. Divergences in the values of the  curves 
discussed in separate geographical intervals indicate indirectly and relatively 
the level of the degree of concentration (cf. J ó z e f ik , 1970).

We can also assume th a t  the  character of the  distribution of curves A, B, 
and G is sufficiently evident and we shall not discuss it here a t large. However 
we should concentrate our a tten tion  on the divergence between curves A, B, 
and G, on the one hand, and curve D  on the other, as it gives an idea of the po 
ten tia l possibility of the species existence in the  case of a perm anent deterio
ration  of conditions under which this species exists. These possibilities are 
more lim ited in the eastern regions of the  range.

The level of index Zpe =  2 prexes forms a lim it below which the balance 
b irth  ra te  — m ortality  ra te  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  i t  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  X X th  century. This fact requires no commen

taries.
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Z o n e s  in  t h e  m e r i d i a n  c r o s s - s e c t io n  o f t h e  r a n g e

The composition of ecological zones in  the  m eridian crosssection of the  range (Graph 
15) does no t require any fu rthe r explanations. The com pensation of the  optim um  zone by 
th e  transitional one is m ost effective in m outainous and highland areas. The vertical d istri
bu tion  of the  species is here highly d ifferentiated (e. g. certain breeding sites in the  T rans
caucasian region are situated  a t  an a ltitude higher than  1,000 m eters above sea level). At 
th e  southern  as well as a t  th e  northern  ends of th e  range there occurs a classical and very 
sudden disappearance of th e  optim um  and  transitional zones (suboptim um) under the 
im pact of the  encroachm ents of th e  extrem e zone. The meridian distribution of index Zpe 
(G raph 16) is also so simple and evident th a t  I  shall lim it here myself to a discussion concern-

(y) 100

80

60

i0

20

0
28' 32’ 36’ *.0’ U ’ i f f  52’

(*)

Graph 15. P ercentage d istribu tion  of breeding sites situated  in different ecological zones — 
th e  m eridian cross-section (the X lX th  and th e X X th  centuries trea ted  jointly), x  — geograph
ical la titude, y  — num ber of sites in per cent w ithin separate classes of geographical la ti 
tude, A  — sites in the  optim um  zone, B  — sites in the  transitional (suboptimum) zone,

O — sites in  the extrem e zone.

ing  th e  average value of index Z pe for the  critical values of all the  breeding sites in the range 
(curve D). Along a long section it  does no t differ m uch from the  zero level (28°-40°). Curve 
T) rises m axim ally up to 0.2 prex  in the  be lt of th e  m axim um  concentration of the  species. 
A t such small differences the  problem  of th e  m eridian correction of index Zpe has no practical 
significance — the  character of isolation im pact is very uniform in th e  meridian cross-sec
tion. W e should also take  in to  account th a t  average values of index Zpe calculated separately 
for th e  species num bers (curve A ), and separately  for breeding sites (curve B), and the  avera
ge m axim um  values of index Z ve calculated for the  la titudes of 36°—40° are very high. 
A comparison w ith  the  previously discussed graphs inclines us to  suppose th a t  the  envi
ronm ent capacity  assumes particu la r significance in the  southern  regions of the  range. 
This capacity  is, in tu rn , strongly lim ited by  the  im pact of hum an activ ity  (cf. J ó z e f i e ,  

1970). This m ight suggest a p ractical conclusion th a t  the  species under investigation requires 
a t p resen t th a t  energetic p ro tec tive activities are undertaken  a t th e  southern end of the
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palearotic p a r t of the  range which would have as their purpose to p ro tec t its environm ent 
and the species itself over the  entire annual circle. Most probably the  species is still being 
reduced by man, particu larly  so in regions outside the boundaries of Europe which ought 
to be considered as a main stum bling block on the w ay to its successful synanthropization. 
The in itia tion  of protective activities in Turkey has already taken place. Let us earnestly 
hope th a t  the  same will soon happen in  Tunisia, Algieria and Morocco in the nearest fu ture .

2.0

0.5

32' 36' UT 52’
M

Graph 16. Degree of the  species existence prosperity  in the meridian cross-section (the X lX th  
and the  X X th  centuries trea ted  jointly), x  — geographical la titude, y  — scale of index Z pe 
in prexes, A  — d istribution of Z pe in relation to the species numbers, B  — distribution 
of Z ve in relation to  breeding sites, 0  — in relation to m axim um  values of Z pe, D  — in re 

lation to minimum values of Z pe.

CONCLUSIONS

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

2) Spatial isolation, as one the  more im portant limiting factors, exerts its 
im pact on the  social species distributed in an island-like pa tte rn  over the  range. 
The mechanism of the im pact effected in the post breeding period assumes 
the form of tem poral isolation. An increase in spatial isolation in an arithm etic 
progress coincides with an  increase in its im pact according to  an exponential 
function.

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 lim it the spatial d istribu
tion  of the  species. An index of the degree of existence prosperity can be the
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ratio  betw een 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) U nder the  im pact of the  arithm etliically increasing isolation, the  degree 
of existence prosperity  enjoyed by  separate micropopulations is lowered in 
a  logarithm ical function.

5) The mode of the  distribution of indices Zpe (existence prosperity) for 
regular and sporadic sites determines the  critical degree of the m axim um  dis
persion the  species can to lerate in the  range.

6) The m axim um  dispersion of the  species in the  range is lim ited by  the 
survival ra te  of separate flocks or micropopulations in the course of their abso
lu te  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 b irth  ra te  — m ortality  
ra te , can be used for m arking out the  ecological zones of the  range.

8) The largest percentage of the  area is covered by the  extreme zone a t
the  outskirts of the range, while in the  center the  optim um  zone is dominating.

9) The lim iting im pact of the  environm ent capacity  and the  degree of 
isolation in the  parallel cross-section are clearly differentiated. The environment 
capacity  assumes a dom inating significance in the  western regions, while in 
the  east a greater lim iting effect can be recorded for intraspecific isolation.

10) Such factors as synantliropization of the  species, specific protection, 
reduction of predators, counteract the  lim iting im pact of isolation, lower the 
critical values of the  param eters of the  distribution structure.

11) The lim iting im pact of isolation in  the  m eridian cross-section of the
range is more prom inent in the  northern  regions. In  the  south the environment 
capacity  assumes the role of the  more lim iting factor.
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Appendix I.
Table of corrections for calculating index Zve according to formula (4) (explanations cf. page 18).
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Appendix I I .
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 
Z pe for the last two centuries treated jointly (the upper number in prexes, in parenthesis one — nonlogarithmic form of Zpe).
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STRESZCZENI E

W  części Y cyklu poświęconego badaniom  nad  s truk tu rą  rozmieszczenia 
przestrzennego czapli modronosej, Ardeola ralloides (S c o p .) autor koncentruje 
uwagę na kluczowym zagadnieniu tego problem u — m echanizm ach oddzia
ływ ania izolacji w ew nątrzgatunkowej (międzymikropopulacyjnej) i jej ekolo- 
giczno-ewolucyjnych konsekwencjach. Izolacja w ew nątrzgatunkowa jest więc 
trak tow ana jako: a) realny ekologiczny czynnik ograniczający i wpływający 
na kształtow anie się stref ekologicznych zasięgu, b) czynnik ewolucyjny odgry
w ający isto tną  rolę w procesach dywergencyjnych.

W ychodząc z udokum entow anych w poprzednich częściach cyklu współza
leżności stopnia izolacji oraz wielkości i stopnia ustabilizowania mikropopulacji, 
dla określenia jej sy tuacji biologicznej, a ściślej ekologicznego prosperity, 
au to r wprowadza tzw. „wskaźnik powodzenia egzystencji” Zpe (wzory (l)-(5) 
na  stronach: 2, 18, 29). Precyzując jego definicję, określa go au to r jako 
ogólny względny, w sensie porównywalności jego wartości w obrębie jednego 
ty lko  gatunku, m iernik stopnia ustabilizowania i ostatecznego bilansu prze
biegu wszelkich przejawów życiowych określonej m ikropopulacji zasiedlającej 
dane stanowisko lęgowe w układzie warunków oferowanych przez środowisko. 
W skaźnik ten , po wprowadzeniu popraw ki na krzywoliniowość współzależności 
jego elementów składowych (str. 18, appendix I) i przetransponowaniu 
go w postać logarytm iczną proponuje au to r stosować jako dogodny miernik 
stopnia powodzenia egzystencji poszczególnych mikropopulacji w aspekcie 
badań  porównawczych różnych części zasięgu. Podstaw ową jednostką miernika 
jest 1 prex (od łac. (pr) osperitas (ea?)istentiae). Dokonyw ana przy jego zasto 
sowaniu ocena sytuacji biologicznej m ikropopulacji, populacji czy większej 
części gatunku  uwzględniać musi co najm niej roczne lub kilkuletnie odcinki 
czasu.

W  dalszej części p racy  au to r analizuje zmienność param etrów  składowych 
Zpe, teoretyczny model oscylacji jego wartości, jak  również dokonuje ekolo
gicznej oceny zakresu jego zmienności. W yznacza też wartość progową Zpe, 
k tó rą  stanowi dom inanta rozkładu ogólnego tego wskaźnika. N a podstawie 
znanych wartości progowych wielkości m ikropopulacji oraz wskaźnika Zpe 
au to r oblicza wartość progową m aksym alnie tolerowanego przez gatunek 
stopnia izolacji, tj. próg m aksym alnego w zasięgu lęgowym rozproszenia.

N a podstaw ie danych: a) wstępnego ekologicznego wartościowania roz
k ładu  Zpe, b) analizy krzywej koncentracji gatunku, c) analizy ekologicznej 
poszczególnych stanowisk lęgowych w palearktycznej części zasięgu autor 
oblicza niektóre charak terystyk i strefy  ekstrem alnej i optym alnej zasięgu 
A. ralloides. W  strefie ekstrem alnej rozmieszczonych jest średnio 53,58% s ta 
nowisk lęgowych (głównie sporadycznych i nieustabilizowanych) oraz tylko 
6,72 % liczebności gatunku.

http://rcin.org.pl



51 Studies on the Squacco Heron. Part V 495

Isto tnym  m omentem  omawianym w kolejnym  rozdziale jest analiza współ
zależności podstawowych param etrów  rozmieszczenia przestrzennego gatunku, 
rozkłady których zestawiono na zbiorczym wykresie (wykr. 5). Podane są 
też obszary krytycznych wartości niektórych param etrów  rozmieszczenia.

W  rozdziale dotyczącym  biologicznych mechanizmów oddziaływania izo
lacji au to r omawia zagadnienie stopnia redukcji poszczególnych mikropopu- 
lacji w zależności od wielkości ich izolacji względem siebie — redukcja (ograni
czający wpływ izolacji) w zrasta wykładniczo w stosunku do arytm etycznego 
zwiększania się stopnia izolacji. In tegracja  małych stad  z odległych względem 
siebie stanowisk w okresie pozalęgowym ma więc dla przeżywalności gatunku  
znaczenie pierwszorzędne. Szanse łączenia się m ałych stad, bądź pojedynczych 
osobników, w m iarę w zrastania dystansów między stanowiskami lęgowymi 
gwałtownie m aleją. M aksymalne rozproszenie gatunku  w zasięgu, lim itowane 
jest więc przez przeżywalność poszczególnych stad  względnie mikropopulacji 
podczas ich absolutnej izolacji w okresie pozalęgowym. Pod wpływem ary tm e
tycznie narastającej izolacji obniża się w funkcji logarytmicznej stopień powo
dzenia egzystencji poszczególnych mikropopulacji. Przedstawione zależności 
au to r u jm uje w postać równań wykładniczych.

W  osobnym rozdziale przeprowadza autor dyskusję konfrontując pojęcia: 
„powodzenie egzystencji”, „przeżywalność”, „opór środowiska”. W prowadze
nie term inu  „powodzenie egzystencji” podyktowane zostało koniecznością 
uwzględnienia, prócz sfery „klasycznych” środowiskowych czynników ogra
niczających, nowo odkrytego czynnika — ograniczającego wykładniczo wpływu 
izolacji m iędzymikropopulacyjnej (wewnątrzgatunkowej), a k tó ry  jak  udo 
wadnia autor, w znacznej mierze kształtu je  wymiar przestrzenny gatunku.

W  rozdziale poświęconym gradacji ekologicznej poszczególnych poziomów 
wskaźnika Zpe au to r omawiając relację: rozrodczość — śmiertelność podkreś
la, że wpływ izolacji na  wielkość mikropopulacji przy wysokich wartościach 
tego wskaźnika sprowadza się niemal do zera. P rzy niskich wartościach wpływ 
ten  potężniejąc u rasta  do rozmiarów bariery ekologicznej. Autor udokum entował 
że: a) w m ikropopulacjach charakteryzujących się Zpe>  5 rozrodczość znacz
nie przewyższa śmiertelność, pod wpływem przegęszczenia odpływa z nich 
stale część osobników do stanowisk o niższych wartościach Zpe; b) przy 
1  <  Z pe  ^  5 rozrodczość — śmiertelność u trzym ują się w stanie równowagi dyna
micznej, odpływ — przypływ osobników równoważą się; c) przy Zpe<  1 b i
lans: rozrodczość — śmiertelność jest stale ujem ny, stanowiska rozmieszczone 
w znacznej mierze w strefie ekstremalnej mogą utrzym ywać się jedynie w w a
runkach stałego dopływu nowych osobników ze strefy optymalnej (przegęsz- 
czenie).

Posługując się wskaźnikiem Zpe w przetransponowanej, logarytmicznej 
postaci, au to r dokonuje charakterystyki stref ekologicznych zasięgu. Strefę 
ekstrem alną charakteryzuje zakres Zpe =  0-1,7 prex, strefę przejściową (subopty- 
malną) =  1,7-2,0 prex, strefę optym alną =  2,0-4,0 prex. Posługując się skalą
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496 M. Józefik 52

prex'öv? wyznaczył on w obrębie zasięgu tzw. obszary izoprexow (mapa 1), 
k tó re  dają obraz ekologicznej charakterystyki poszczególnych stref w ich 
układzie geograficznym.

JTa podstawie profilowej analizy rozkładów Zpe au tor stwierdza, że w zacho
dnich regionach zasięgu strefa ekstrem alna obejmuje większość stanowisk, 
tam  też najintensyw niej przebiega przekształcanie przez człowieka środowiska
i najbardziej zaawansowany jest proces synantropizacji czapli modronosej. 
Dom inującym  czynnikiem ograniczającym  na zachodzie jest wydolność śro
dowiska. W  kierunku wschodnim coraz większego znaczenia, jako czynnik 
lim itujący, nabiera izolacja m iędzym ikropopulaeyjna. W raz z postępującą 
synantropizacją ograniczający wpływ izolacji znacznie maleje. W edług progno
styk  au tora, w przyszłości w w arunkach znacznego zredukowania przez człowie
ka ograniczającego wpływu izolacji (ograniczenie wrogów naturalnych, ochrona, 
synantropizacja) możliwe będzie u trzym anie naw et m ałych izolowanych popu
lacji socjalnych gatunków  wędrownych. Ewolucyjne konsekwencje tego stanu 
znajdą odbicie w intensyfikacji procesów dywergencyjnych. W śród gatunków 
socjalnych zaniknie prawdopodobnie instynk t stadny — nastąpi gnieżdżenie 
się w pojedynczych parach, znacznie zmaleje wartość progowa rozproszenia, 
rozszerzą się zasięgi geograficzne.

W  profilu południkowym  oddziaływanie izolacji m a charakter bardziej 
wyrównany, jakkolwiek w północnych regionach jest ono bardziej uwidocznione, 
niż w południowych, gdzie z kolei wyraźnie w zrasta ograniczający wpływ wydol
ności środowiska.

W  części V I rozpatryw ane będą wszelkie ty p y  przemieszczeń (migracje, 
dyspersje itd.) w cyklu rocznym  i wieloletnim z punk tu  widzenia zmian s truk 
tu ry  przestrzennej gatunku  w okresie pozalęgowym.

O bjaśnienia do m ap, wykresów i tabel:
M apa 1. S trefy ekologiczne palearktycznej części zasięgu A .  ralłoides — obszary izo- 

p rex ’ow. 1 — strefa  optym alna, izoprex’y w  zakresie 3.0-4.0; 2 — strefa optym alna, zakres 
1.7-3.0 p r e x ; 3 — strefa przejściowa (suboptym alna), zakres 1.0-1.7 p re x ; 4 — strefa ekstre
m alna, zakres 0.5-1.0 p rex ; 5 — strefa ekstrem alna, zakres 0.0-0.5 p rex ; 6 — granice 
zasięgu.

W ykr. 1. K orelacja wielkości stanow isk i w skaźnika Z. y  — wielkość stanowiska wyrażona 
w  p ara ch  lęgowych, x  — skala wartości w skaźnika Z, krzywe regresji: — przeciętnej w ar
tości Z  względem stanowisk różnej wielkości, B  — przeciętnej wielkości stanowisk wzglę
dem skali w skaźnika Z; C — odchylenie od krzywej A ,  jeśli p rzyjąć prostoliniową za
leżność Z  od wielkości stanowisk.

W ykr. 2. Teoretyczna zmienność wskaźnika Z  podczas stopniowego w zrastania i obni
żania się wielkości stanow iska (zgodnie z prawidłowościami w ynikającym i z równań regresji: 
x  =  560-2,95y; y  — 165-0,24®). x  — wielkość stanow iska w yrażona w liczbie p a r  lęgowych, 
y  — skala  w artości Z, A  — krzyw a zmienności Z  przy  w zrastan iu  wielkości stanowiska 
(przy początkowej odległości 600 km), B  — krzyw a zmienności Z  p rzy  obniżaniu się wielkości 
stanow iska (przy początkowej odległości 70 km).

W ykr. 3. E ozkład  w skaźnika Z  w odniesieniu do przeciętnej liczby stanowisk lęgowych. 
x  — logary tm iczna skala wartości Z, y  — liczba stanowisk w yrażona w 0/000» A  — stanowiska
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sporadyczne, B  — stanowiska regularne, D s — dom inanta rozkładu stanowisk spo ra 
dycznych, D rs — dom inanta rozkładu ogólnego wszystkich stanowisk (krzywą tego rozkładu 
nie uwidoczniono n a  wykresie), D r — dom inanta rozkładu stanowisk regularnych.

W ykr. 4. Eozkład wskaźnika Z  w odniesieniu do przeciętnego poziomu liczebności 
gatunku . x  — logarytm iczna skala wartości Z, y — liczebność gatunku  wyrażona w liczbie 
pa r  lęgowych przedstaw iona w °/000, -A — liczebność gatunku  zasiedlająca stanowiska spo
radyczne, jB — liczebność gatunku  zasiedlająca stanowiska regularne.

W ykr. 5. Schem at obszaru zmionności wskaźnika Z  oraz współzależności ważniejszych 
param etrów  s tru k tu ry  palearktycznej części zasięgu lęgowego A . ralloides. y  — wielkość 
stanowisk (liczba par), x  — odległości przeciętne — stopień izolacji (km), z — procentowy 
stosunek liczebności stanowisk lęgowych i liczebności gatunku  w poszczególnych przedzia
łach klasowych odległości przeciętnych; krzywe średnich wartości wskaźnika Z\ A  — s ta 
nowisk strefy  optym alnej, B  — stanowisk regularnych, O — stanowisk sporadycznych 
i regularnych łącznie, D  — stanowisk strefy ekstremalnej, E  — stanowisk sporadycznych; 
teoretyczne krzywe progowych wartości stosunku y : x  — krzywe zam ykające obszar zmion
ności Z: a1 — progowe wartości Z  uzależnione od wydolności środowiska i stopnia zagęsz
czenia gatunku , a, — odcinek m aksym alnych wartości Z  ukazujący obszar maksymalnego 
zagęszczenia gatunku , b1 — odcinek minimalnych wartości Z  oraz progowych wartości 
m aksym alnego rozproszenia gatunku , &2 — najniższy kry tyczny  poziom Z  egzystencji s ta 
nowisk regularnych, c± — progowe wartości param etrów  Z , przy których może być zachowa
n a  autonom ia stanowisk, c2 — krzyw a progowych wartości param etrów  Z  przy mieszanym 
wpływie wydolności środowiska i izolacji; pozostałe symbole: F  — krzywa przeciętnego 
stopnia izolacji stanowisk wg poszczególnych klas wielkości, O — obszar zmienności Z  w s tre 
fie przejściowej między optym alną a strefą ekstrem alną, R  — obszar zmienności Z  w s tre 
fie optym alnej, I  — obszar zmienności Z  w strefie ekstremalnej, J  — krzywa procentowego 
rozkładu liczebności stanowisk w zależności od stopnia izolacji (wielkość przedziału klaso
wego =  10 km), K  — krzyw a rozkładu liczebności gatunku  w zależności od stopnia izolacji 
(wielkość przedziału klasowego =  10 km);  linie ukośne określają odpowiednie poziomy 
w artości Z, kółeczkami oznakowano m om enty przełomowe zmionności Z  poszczególnych 
stanow isk, oto ich sym bole: O  — stanowiska regularne w X IX  wieku, ©  — stanow iska 
regularne w X X  wieku, %  — stanow iska sporadyczne w  X IX  w., 3  — stanow iska spo ra 
dyczne w  X X  wieku, kółko z trójkącikiem  u  góry oznacza uplasowanie stanow iska w strefie 
optym alnej, z trójkącikiem  u dołu — w strefie przejściowej, nie oznaczone trójkącikiem
— w strefie ekstrem alnej.

W ykr. 6. Współzależność wielkości stanowiska i odległości przeciętnych przy w ykład 
niczym wpływie izolacji. x  — odległości przeciętne, y  — wielkość stanow iska; linie cieńsze
— współzależność prostoliniowa przy pierwotnej (roboczej) koncepcji wskaźnika Z  (równa
nia ty p u : y  =  ax) ; linie grubsze — w ykry ta  rzeczywista współzależność krzywoliniowa 
(wyrażająca się równaniam i wykładniczymi ty p u : y — klx) (na wykresio przedstawiono 
rów nania poszczególnych krzywych).

W ykr. 7. Ogólny rozkład wskaźnika Zpe w zależności od stopnia izolacji. x  — odległości 
przeciętne (km) — stopień izolacji, y  — logarytm iczna skala Z pe (na wykresie podano rów na
nie krzywej rozkładu).

W ykr. 8. Uproszczony schem at współzależności powodzenia egzystencji i oporu środowi
ska. x  — skala (czasowo)-przestrzenna egzystencji mikropopulacji (populacji, g a tu n 
ku), y  — skala względnego odniesienia Z ve i potencjału realizowanego, z — skala względnego 
odniesienia oporu środowiska, A  — (czasowo)-przestrzenna zmienność względnych 
wartości Z ve oraz różnicy: potencjał biotyczny — potencjał realizowany oraz (czasowo)- 
p rzestrzenna zmienność oporu środowiska, B  — sumaryczne oddziaływanie wszystkich 
czynników ograniczających środowiska, C — efektywność walki o by t, D  — poziom p o ten 
cjału  biotycznego.
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W ykr. 9. Regresja liczebności g a tunku  (ujęta procentowo) i s topnia izolacji. x  — odleg
łości przeciętne (km) — stopień izolacji, y  — liczebność ga tunku  w stosunku procentowym, 
z  — liczebność g a tu n k u  według ugrupow ań koncentracji (wielkości stanowisk), A  — reg
resja  stopnia izolacji względem ugrupow ań koncentracji liczebności B  — regresja liczebności 
względem stopn ia  izolacji.

W ykr. 10. Rozkład wielkości stanow isk lęgowych A . ralloides w zależności od ich prze
ciętnych odległości względem siebie (w stosunku  procentow ym  do ogólnej liczby stanowisk 
w danym  zakresie odległości). x  — przedziały klasowe wielkości stanowisk, y  — liczba 
stanow isk w danym  zakresie odległości w % % , krzywe rozkładu w zakresie: A  — do 50 km, 
B  — 50 — 200 km , G — 200 — 500 km , D  — <  500 km.

W ykr. 11. D iagram  procentowego stosunku  przeciętnych odległości w obrębie poszcze
gólnych przedziałów klasowych wielkości stanowisk. x  — wielkość stanowisk, y  =  liczba 
stanow isk w poszczególnych zakresach odległości w yrażona w % % , zakresy odległości: 
a — do 50 km , b — 50 — 200 km , o — 200 — 500 km , d — <  500 km.

W ykr. 12. Rozkłady Z pe stanow isk różnych kategorii. x — logarytm iczna skala w ar
tości Z pe, y — liczba stanowisk, A  — stanow iska sporadyczne efemeryczne, B  — spora
dyczne ustabilizowane, O — regularne ze znaczną oscylacją liczebności, D  — regularne 
o um iarkow anym  stopniu  oscylacji, E  — regularne o dodatnim  bilansie rozrodczość —
— śm iertelność, o dobrym  prosperity  ekologicznym, F  — regularne o dodatnim  bilansie 
rozrodczość — śmiertelność, o doskonałym  prosperity  ekologicznym, przegęszczone. W  gór
nej części w ykresu zamieszczono nom ogram  przełożenia bezwzględnych wartości Z pe na 
skalę prexów.

W ykr. 13. Rozkład procentow y stanow isk lęgowych rozmieszczonych w  poszczegól
nych  strefach ekologicznych — profil równoleżnikowy (X IX  i X X  wiek łącznie; średnie 
ruchom e). x  — długość geograficzna, y — liczba stanow isk w stosunku procentowym  w po
szczególnych przedziałach długości geograficznej, A  — stanow iska w strefie optym alnej, 
B  — w  strefie przejściowej (suboptym alnej), O — w strefie ekstrem alnej.

W ykr. 14. Stopień powodzonia egzystencji g a tunku  w profilu równoleżnikowym za 
sięgu (X IX  i X X  wiek łącznie). x  — długość geograficzna, y — skala Z pe w  p rex’ach, z — 
skorygow ana względem długości geograficznej skala Z pe w p rex ’ach, A  — rozkład Zpe w od
niesieniu do liczebności gatunku , B  — rozkład Z pe w odniesieniu do stanowisk lęgowych, 
O —- rozkład  Zpe w odniesieniu do m aksym alnych ich odchyleń, I) — rozkład Z pe w odniesie
n iu  do m inim alnych w artości tego wskaźnika.

W ykr. 15. Rozkład procentow y stanow isk lęgowych rozmieszczonych w poszczegól
nych strefach ekologicznych w profilu południkowym  (X IX  i X X  wiek łącznie). x  — sze
rokość geograficzna, y — liczba stanow isk w stosunku procentow ym  w poszczególnych 
przedziałach szerokości geograficznej, A  — stanow iska w strefie optym alnej, B  — w strefie 
przejściowej (suboptym alnej), O — w strefie ekstrem alnej.

W ykr. 16. Stopień powodzenia egzystencji w profilu południkowym  (X IX  i X X  
wiek łącznie). x  — szerokość geograficzna, y  — skala Z pe w p rex ’ach, A  — rozkład Z pe w od
niesieniu do liczebności B  — w odniesieniu do stanowisk lęgowych, O — w odniesieniu do 
m aksym alnych w artości Z pe, B  — w odniesieniu do m inim alnych w artości Z pe.

T abela 1. C harak terystyka s ta ty s ty czn a  wskaźnika Z pe. (1) — charak terys tyka Z  
w odniesieniu do stanowisk, (2) — średnia, (3) — dom inanta, (4) — zakres zmienności, 
(5) — uwagi, (6) — w strefie ekstrem alnej, (7) — w strefie optym alnej, (8) — regularne,
(9) — sporadyczne, (10) — rozpatryw ane łącznie, (11) — przedziały klasowe =  0,01, (12)
— przedziały  klasowe =  0,001, (13) — przedziały klasowe =  0,01.

T ab e la  2. Zestawienie obliczonych różnym i m etodam i niektórych charak terystyk  
s trefy  ekstrem alnej i optym alnej palearktycznej części zasięgu Ardeola ralloides. (1) — m eto 
da obliczeń, (2) — strefy, (3) — ekstrem alna, (4) — optym alna, (5) — wskaźnik Z, (6) — 
liczba stanow isk, (7) — liczebność gatunku , (8) — wskaźnik Z, (9) — liczba stanowisk, (10)
— liczebność g a tunku , (11) — na podstaw ie ekologicznej analizy poszczególnych stanow isk,
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(12) na podstaw ie danych krzywej koncentracji (Jó z e fie ,  1970), (13) — n a  podstaw ie roz 
kładu wskaźnika Z, (14) — średnio.

Tabela 3. C harakterystyki sta tystyczne rozkładu wskaźnika Zpe w zależności od ekolo
gicznej gradacji. (1) kategoria stanowisk, (2) — przedziały klasowe Zpe, (13) — rozkład 
procentow y w stosunku do poszczególnych przedziałów klasowych, (4) — stanowiska w s tre 
fie ekstrem alnej, (5) — stanowiska w  strefie przejściowej, (6) — stanowiska w strefie o p ty 
m alnej, (A) — efemeryczne, sporadyczne, (B) — ustabilizowane, sporadyczne, (C) — regularne 
ze znaczną oscylacją liczebności, (D) — regularne o umiarkowanej oscylacji, (E) — regular
ne, o dobrym  prosperity  ekologicznym, (F) — regularne o doskonałym prosperity  ekolo
gicznym, przegęszczone.

Tabela 4. C harakterystyka stref ekologicznych zasięgu A . ralloides w zależności od g ra 
dacji w skaźnika powodzenia egzystencji (Zpe) wyrażonego w preksach (w nawiasach podano 
zakresy Z pe w nieprzetransponowanej postaci). (1) — strefy, (2) — zakresy Zpe w preksach, 
(3) — wskaźnik Zpe w nieprzetransponowanej postaci, średnia (x ) Zpe w preksach, (5) — 
ekstrem alna, (6) — przejściowa (suboptym alna), (7) — optym alna.

Appendix I. Tabela poprawek dla obliczania wskaźnika Zpe według wzoru (4) (str. 18). 
x  — wielkość stanowisk (przedziały klasowe), b — -współczynnik krzywoliniowości wpływu 
izolacji p rzy  danym  poziomie wskaźnika Z, c — popraw ka interpolacyjna dla obliczenia 
6, Z  — poprzedni niepoprawiony wskaźnik powodzenia egzystencji obliczany według wzoru 
(1) (str. 2).

Appendix I I . C harakterystyka niektórych cech zasięgu lęgowego A. ralloides (pale- 
ark tyczna część). Objaśnienia: 1 — nazwa regionu zasięgu, 2 — 5 — dystanse ukierunko
wane, 6 — przeciętne dystanse w poszczególnych stuleciach, 7 — przeciętna wielkość s ta 
nowisk, 8 — średnia dystansów  przeciętnych dla obydwu ostatnich stuleci, 9 — średnia 
wskaźnika Zpe dla obydwu ostatnich stuleci (dolna liczba podaje wartość w preksach), w n a 
wiasach — niezlogarytm owana postać wskaźnika Zpe, „cen tu ry” — stulecie.

PE3KDME

B V  'm era  HHKJia nocB jnuem ioro HccjieflOBaimaM n o  npocTpaHCTBenHoił CTpyKType 

apeajia aceJiToa uamiH aB T o p  cocpeflOTOHHBaeTcn Ha ochobhom  Bonpoce s t o h  n p o 6jieMM—  

MexaHH3Max B03fleöcTBHa BHyTpHBHflOBofi (MC'/KMMKpononyjiauHoinioH) M30JianMH H ee  

3KOJIOrO-3BOJIK>HHOHHbIX nOCJieflCTBHHX. TaKHM 06p a30M, BHVTpHBH/IOByjO K30J1H- 

m « o  cjie^yeT paccMaTpHBaTb Kaie: a) ßeöcTBHTejibHo B03aeńcTByi0mHH orpaHHHHBaioinHH 

4>aKTOp, BJIH5HOIHHH Ha (})OpMHpOBaHMe 3KOJIOrHHeCKMX 30H  apeajia, 6) 3BOJHOU,HOHHbIH 

(J)aKTop HrpaiomHH cymecTBcHnyio pojib b flWBepreminoHHMX npoueccax.

H a  OCHOBaHHH flOKyMeHTMpOBaHHblX B HpĈ blAyiHMX HaCTHX HHKJia flaHHbIX no B3aMMO- 

3aBHCHMOCTH CTeneHH H30JMHHH, BeJIHHHHbl H CTeneHH CTa6HJIH3aUHH MHKpononyjia- 

HHH, c ncjibTO onpefleJieHHH ee ÖHOJiormecKOH cjiTyannu, a 6oJiee to h h o , SKOJiornnecKoro 

npouBeTaHHH, aBTOpoM npeflJiaraeTca TaK Ha3biBaeMbiił „hh/ickc ycnexa cyuiccTBOBanna”  

(4>opMyjibi ( 1 ) — ( 5 )  cTp. 2 , 1 8 , 2 9 ) .  A b to p  yrom aH  (jiopMyiwpoBKy sT oro HHfleKca, onp e- 

flejmeT ero  Kaie oö in n n , oTHOcHTeJibHbrii (b cm łicjic bosm ożkhocth cpaBireiiHH ero TOCJien- 

Hbix noKa3aHHił b npeaejiax oßH oro TOJibKo BH.ua) noKa3aTeJib CTeneHH cTa6HJiH3aHHH 

H 0K0HliaxejibH0r0 6anaHca Bcex xroHeHHbix nponeccoB flaHHoił MHxpononyjiHUHH, 3a- 

cejiaromeH onpeflejiem ioe M ecro raesflOBaHUa, b ycJioBHflX co3,naHHbix BHeuiHen cpefloił.
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Ilocjie BBefleHMH nonpaBKH Ha KpHBojnmenHbiH xapaKTep B3aHM03aBHCHM0CTH cocTaB- 

HBix 3JieMCHTOB 3Toro noKa3aTejia (cTp. 18, anneHflHKc I), h nepcBe^cHH» öro B Jiora- 

pH(j)MHHecKyio (})opMy, aBTopoM AaeicH npe/iJiO/KCHHe npKMCHHTb s t o t  noKa3aTejib 

B KäliccTBe M3MepiiTCJi5E BejiHHHHM ycnexa cymecTBoBama c o o t b c t c t b c h h m x  MHKpono- 

nyjiamrii B acneKTe cpaBHHTejibHbix HccJie,n;oBaHHH b pasjiHHHLix nacTax apeajia. Ociiob- 

Hoii eflHHHiieö 3Toro H3MepHTejiH HBJiHeTCJt 1 n p e K c  (o t uaTHHCKoro coKpcUneHHH ( p r ) o s p e -  

ritas (ex)istcntiae). IIpoH3BoflHMaH npii ero Hcn0Jn>30BaHHH oueiiKa ÓHOJiorHHecKofi 

cHTyau.HH MHKpononyjwuHH, nonyjiauHH h j ih  >kx 6ojiee 3HaHHTenbHoM nacra BH^a, aojiac- 

Ha oxBaTbisaTb no KpaBHeß Mepe oflHoroflHHHbie h j ih  MHorojieTHHe oTpe3KH BpoMCHH.

B nocjicvjyioinHX nacTsix paöoTbi aBTopoM flaexor aHajiro him chm hbocth cocTaBHbix 

napaMeTpoB noKa3aTeJia Zpe, paccMaTpHBaeTca Teopenm ecK aa Moaejib ochhjiji»hhh  

ero  BeJiHHHHbi, a  TaKxe np0H3B0flHTGH SKOJiormecKaa oueinca flHana30Ha ero M3Memn- 

b o c th . A b to p  onpe/ieJiaeT TaKvKe K pm m ecK yio B ejim im y Zpe, KOTopoö hbjihctch M oaa 

o 6 in er o  pacnpcfleueHHa 3Toro noica3aTeJia. Ha ocHOBaHHH H3BecTHbix, HMeioinHXCH 

KpHTiraecKHx h h cjiob h x  flaHHbix n o  B cjim m ie MHKpononyjiauHH n noKasarejiK Zpe aBTop 

BbWHCJiaeT KpHTHHecKyK) BeJiHHHHy MaKCHMaJibHo TepnHMoro BHAOM pacceHT(MH o co6en  

B npe/ieJiax apeajia t .  e. KpHTHHecKoro n o p o ra  H3ojihdjih.

H cx o a h  M3 cjie^yiomHX ^arnibix: a) npeABapHTejibHOH SKOJiorHiecKOH oiienkh pac- 

npeflejieHHH Zpe, 6) aH ajnoa kphboh KOHueiiTpanHH BHfla, b) SKOJiornnecKoro aHajima 

cooTBeTCTBeHHbix rHe3flOBOK B naJieapKTHHecKoii nacTH apeajia aceJiTon nanjin, aBTop 

BbiHHcJiHeT HexoTopbie xapaKTepncTHKH sKCTpeMajibHofi H onTHMajibHOH 30HH ee apeaua. 

B 3KCTpeMaJibHon 30H e HMeeTCH B cpe^HCM 53,58% Bcex MecT me3,noBaHHH (rjiaBHbiM 

06pa30M  cnopa/im ecK H x h  c HeycToüHHBOH hh cjich h octm o) n  TOJibKo JiHinb 6,72% hhc- 

JieHHOCTH BHfla.

CymecTBeHHbiM BonpocoM, paccMarpKBaCMbiM b onepeaHon rjiaBe hbjihctch aHaJiH3 

OCHOBHMX napaMeTpoB pacnpocTpancHHa BHfla. PacnpeflejieHHs sthx napaMeTpoB co- 

nocTaBHJi aBTop na cboahom rpacjnoce (rpa<j>. 5), rfle TaicKe y^HTbiBaioTCH kphthmcckhc 

BeJiHHHHbi HeKOTOpbix napaMeTpoB.

B rjiaBe Kacaioinencn 6HOJiorHHecKHX MexaHH3MOB B03fleHCTBHs h 3 o jm h h h ,  aBTopoM 

paccMaTpHBaeTCH Bonpoc CTeneHH pcflyKiiKH oTflejibHbix MHKpononyjiauHH b  3aBHcn- 

MOCTH OT paCCTOtfHHK MOKfly HHMH. OrpauHHHBafOmee BJIHHHHC H30JISU,HH (peflyKHHfl) 

no oTHomeHBio k ee apHcjjMCTHHccKCMy yBeJiMHBamno B03pacTaeT 3KcnoHeHnnaJibHo. 

06i>eAHHeHHe Majibix CTafl, npoHcxoflamHX H3 onenb o t flajieHHbix flpyr o t  flpyra MecT 

rae3flOBaHHH, b  H0CJierHe3fl0B0M nepnofle HMeeT fljia Bbi*HBaeMocTH BHaa cymecTBeHHoe 

3HaHeHHe. IIIaHCbi coe/imreHHH Majibix ci'a/i, h j ih  oT^eJibHbix oco6eö, no Mepe B03pacTa- 

HHa paccToHHHH Mexcfly THe3AOBKaMH, oTCHb pe3Ko yMeHbniaioTCH. MaKCHMaJibim 

AHccnepcHa BH^a no apeajiy jiHMHTHpyeTCK Bbi>KHBaeMocTbio oT/jejibHbix CTa  ̂ h j ih  m h-  

KpononyjiHHHH b  nepno/i h x  aöcomoTHoß H 3 o j ia h h h  b  TeneuHe nocjieriie3floBoro ne- 

pHOfla. ÜOfl BJIHHHHeM apH(})MeTHHeCKH HapaCTaiOmeH H30J15IHHH CHH/KaeTCH jiorapH({jMH- 

necKH CTeneHb ycnexa cymecTBoBaroia CooTBeTCTBeHHbix MHKpononyjianHH. Bbimjien- 

Hbie CBA3H aBTop npeflCTaBJiaeT b  (j)opMC SKcnoHeHHHajibHbix ypaBireuHH.

B oTAeJibHOH rjiaBe aBTopoM hpoh3Boahtc£ o6cy*fleHHe TepMHHOB: „ycnex cyme- 

cTBOBaHHa” , „BbiacHBaeMocTb” , „conpoTHBJieHHe BftciuncH cpe^bi” . BBC^enHe H o ß o r o
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TepMHHa „ycnex cymecTBOBaHHa” oGycAOBAHBaeTca HeoGxoAHMOCTbio ync-Ta, KpoMe 
„KJiacciraecKHx” orpaHHMHBaiomHX (})aKTopoB, o6Hapy>KeHHoro aBTopoM HOBoro (})aK- 
Topa — orpaHHMHBaiomero 3kc noileii ipiajibHO bjihhhhh MexMincpononyjiaHHOHHOH 
(BHyTpHBHflOBOH) H30JMUHM. KaK flOKa3bIBaeT aBTOp, 3TOT <j)aKTOp B 3HaHHTejIbHOH CTe- 
neHH CKasbiBaeTCH Ha npocTpancibchjioh KapTHHe BHfla.

B niaBe nocBHmeHHOH SKOJiormecKoił rpa/ianiiH cooTBeTCBeHHbix ypoBHeö noxa- 

3aTeJia Zpe, aBTopoM anajiHiHpycica cooTHomeHHe: pa3M HO>KaeM OCTb —  cMepTHocTb. 

Oh noflHepKHBaeT, h to  npH bhcokhx ncmmiiHJix Zpe bjihhi(He h3ojihhhh na^acx nonra  

K Hyjiio, ho npH He3HaHHTenbHbix noFasaHMKX 3Toro noKa3aTejia, oho ycHJiHBaacb, npn- 
HHMaeT pa3Mepu sKOJiormecKoro Gapbcpa. A btopom  AOKa3biBaeTca, hto: a) b MHKpo- 

nonyjiannax xapaKTepH3yiomHXCH Zpe >  5 pa3MHo>KaeMocTb 3HawrejibHO npeBbiuiaex 

cMepraocTb, B ycjioBMHX nepeHaceAeHHOcTH nocT oam o yxoflHT H3 hhx nacTb oco6eH 

K MecTaM rne3AOBOK o Gojiee hH3kkx noKa3aHHax Zpe; 6) npH 1 <  Zp(, <  5 pa3MHo- 

>KaeMOCTb — CMepTHOCTb ypaBHOBeiUHBaiOTCfl AHHaMHHeCKH, npanJIblB — otjihb oco- 

6eił yaepacHBaioTca Ha oahom ypoBHe; b) npH Zpe <  1 öajiaitc pa3MHOHcaeMOCTb —  

CMepTHOCTb noCTOHHHO OTpHHaTeJIbHblH, MeCTa THe3flOBOK B 3HaWTC;ibHOH CTeneHH pac- 

noJioaceHW B SKCTpeMaJibHOÖ 30He MoryT yaep>KHBaTbca cahhctbchho b ycjioBHax no- 

cToaHHoro npHTOKa HOBbDc oco6eił H3 ormtMajibHOM 30Hbi apeajia (r^e cymccTBycT ne- 

peHaCCJICHHOCTb).
IIoJib3yacb noKa3aTeJieM Zpe b ero norapwfiMHHecKOH (J)opMe, aBTOp AaeT xapaKTe- 

pncTHKy 3KOJiorHHecKHX 30H apeajia. ,3,jia SKCTpcMajibHoii 30hbi xapaKTepHbiM aBJiaeTca 
Zpe B npeflejiax 0-1,7 npexcoe, nepexo/myK) (cyßonTHMajibHyio) 30Hy xapaKTepH3yeT 
Z]K B rpaHHHax 1,7-2,0 npeKCbi, onTHMaJibHyio sony — 2,0-4,0 npexcbi. Ilojib3yacb 
ujKajioH npeKcoB, aBTop noflpa3flejiaji najieapKTOTecKyio micTb apeajia Ha Tax Ha3bi- 
BaeMbie iuiomaaH H3onpeKcoB (KapTa 1), Ko'ropue CKjiaAtiBaioca Ha 3Ko.no rmecKy to 
xapaKTepHCTHKy cootbctctbctihbix 30H b hx rcorpa(|)HliecKOM pacnoJioaceHHH.

Ha ocHOBaHHH npoijttuibHoro aH ajnm  pacnpeAeJieHHH Zpe aBTop KOHCTarapyeT, 

HTo B 3anaflHbix nacTax apeajia 3KCTpeMajn.ua« 30Ha oxBaTbiBaeT SojibuiracTBo nte3flo- 

BHH, TaM ace npoHcxoAHT HanSoJiee HHTeHCHBHoe npeo6pa30BaHHe ecTecTBeHHbix 6ho- 

TonoB npoH3BO/|HMoc HeJioBeKOM, a TaKace naHoo.nce HHTeHCHBHO upoTeKaioT nponeccbi 

CHHaHTpoHn3am«i vKc.itoh uanjiH. FocnoACTByioinHM, orpaiiHMMBaKtmHM cj)aKT0p0M 

B 3ana,mibix perHOHax apeana aBJiaeTca SKOJiormecKaa BMecTHTeJibHocTb ßwoxona, 

B t o  BpeMa KaK n o  HanpaBJiemiio k B0CT0Ky Bee 6ojibm e b s to m  oTHouieHHH B03pacTaeT 

pOJIb MeaCMHKpOnonyJIHHHOHHOH H30JMIIHH. CoBMecTHo C npOTpeCCHpyiOIHCH CHHaH- 

TponH3aHHeli BHAa orpaHMHiroaiomee BJinaHHe joojm iih h  3HaMMrrejibiio yMeHbiuaeTca. 

CorjiacHo BbiABHraeMOMy aBTOpoM np0rH03y, B GyaymeM, b ycjioBHax 3HaHHTejibHoft, 

npOH3BOAHMOH HeJIOBCKOM peflyKHHH OrpaHHHHBaiO U lero BUHaHHa H30JiaiIHH (orpaHH- 

neHHe XHiuHHKoB, oxpaHHTejibHbic McponpHaTiiH, cHHaHTponH3anHa), 6y;ier bo3mo>k- 

HbiM cymecTBOBaHHe Aa>KC He3HawreJibHbix kojihhcctbcioio , H30.iHp0Baimbix nonyjia- 

HHH CpeflH KOJIOHHaJIbHO n[e3/iaiHHXCH MHrpaHTHbIX BHflOB. 3BOJIK>UHOHHble nocjieA- 

cTBHa TaKoro poAa oßcToaTeJibCTB m ä a y T  cBoe oTpaaceHHe b Gojiee hhtch ch bhom  npoABH- 

JKeHHH 4)0PM006pa30BaTejIbHbIX npOHCCCOB. C peA H  KOJIOHHa.'IbHbIX BHAOB H3Me3HCT, 

no B c eii B e p oaTHOcTH, cTaAHbiii h h c t h h k t  —  o h h  cTäHyT rne3AHTbca OTAenbHbiMH na-
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paMH, 3HaiiHTCJibHO noHH3HTbCH KpHTOTecKHe BCJiHHHHbi MaKCHMajibHOH no  apeajiy flHC- 

nepcHH, B03pacTeT noBepxHOCTb reorpa(j)H’rccKHX apeajioB.

B MepHAHOHajibHOM pe3pe3e apeana  (npocJ)HJibHbiH aH am o) bjihhuhc h30jikhhh HMeeT 

öojiee BbipoBHeHHbiH xapa.KTep, xoth b ceBepHbix pernoH ax oho npoHBJiaeTCH ßojiee hctko 

neM Ha rore, r/ie b cboio onepeflb B03pacTaeT orpanHHHBaroinee BJiHHHHe 3K0Ji0rmecK0H 

BMCCTHTejlbHOCTH ÖHOTOnOB.

B VI nacTH aBTOp npexmaMepeH aHajnoupoBaTb pa3JiHHHbie THnti npocTpaHCTBCH- 

Hbix nepeflBHHceiiHH (MHrpanHH, ancnepcHH h ta .) paccMaTpHBaeMbie b acneKTe H3MeHe- 

HHH npOCTpaHCTBeHHOH CTpyKTypbl BHfla C yneTOM OflHOrOAHIHblX H MHOrOJieTHHX HHKJIOB.

OöbHciieHH« K KapTe, rpacJwKaM h  TaöjTnaaM:

K apT a 1. SKOjrorHHecKHe 30Hbr najieapKTHHecKoä n a c ra  ap ean a  »ejiT oft u a iu ra  —  p a tio iiu  raonpeK - 

COB. 1 —  onTHMajTLiiaa 30Ha, H3onpeKCbi b npe.ge.nax 3 ,0 -4 ,0 ; 2 —  oniHM abHaa 30Ha, H3onpeKCbi 1 ,7-3 ,0 ; 

3 —  n ep ex o g n aa  30Ha (cy6onTHM anbHaa), npeflenbi 1 ,0-1,7 npeiccoB; 4  —  3KCTpeMam>Haa 30Ha, H3onpeKCbi 

B npCACJiax 0 ,5 -1 ,0  npeiccoB; 6 —  SKcrpeMajibHaa 30Ha, npcacjib i 0 ,0 -0 ,5  npeKCOB; 6—  rpaHHUbi apeana .

rpa(|>HK 1. K o p p e n a n n a  sejiKwuHbi rueiflOBOK h  noKa3aTena Z. y  —  BeJimHHa rne)flOBKH Bbipa- 

acaiom aaca KOJiHHecTBOM rHe3flOBbix n a p , x  —  lUKajra noKasaTc.riH Z , xpHBbie perpeccm j: A —  cpeaiina 

BejiHHHHa Z  n o  BejiHHHne rHe3flOBOK, B  —  cpeAHeii bcjthhmi-ihi rHC3AOBOK n o  bcjihhhhc noKa3aTena Z ; 

C —  OTKJIOHeHHe OT KpHBOił A, eCJIH npHHHTb npHMOJMHefiHyiO 3aBHCHMOCTb OT BejIHWHbl THe3flOBOK.

rpacfiHK 2. TcopeTHwecKaa H3MeH4HBOCTb rroKaiaTejia Z  npH BoipacTaram cS h  o o m raa io m efic a  

BejiHHHne me^flOBOK (corjiacHO npaBHJiaM BbiTeKaiomHM H3 ypaBHeHHH perpecm i: x  =  560-2 ,95y; y  =  
— 165-0,24.*). x —  BCjiHMHna rne3flOBOK BbipałKeiinaa ko jihhcctbom  rHe3flOBbix n ap , y  —  noKa3aTejib Z , 

A —  KpHBaa H3MCHMHBOCTH Z  npH B03paCTaHHH BCjIH4HHHbI THe3flOBKH (npH nepBOHaHaJIbHOM paCCTOH- 

HHH 600 km), B —  H3MeHHHBOCTb Z  npH CHHHCeHHH BeJIHHHKbl DieiflOBK'H (npH nepBOHaHajIbHOM paCCTO«- 

HHH 70 km).

rpacjw K  3. PacnpeflejieHHe Benhhhiibi noK aiaT ena Z. x  —  jiorapH(J>MHHecKaa uiKana Z , y  —  hhcjtch- 

HOCTb THe3flOBOK B ° /0o. A —  cnopanHHecKMe riie3flOBKn, B —  perynnpH bie rHe3nooKH, Ds —  MO«a pac- 

npeflejieHHH cnopagHHecKHX riie3.a0B0K, D rs —  M ona o 6 m e ro  pacnpejjeJieHHa Bcex MecT rne3ziOBaHHH 

(K p m aa  3T oro  pacnpegeJieiiHst He yiHTbiBaeTca Ha rpac|>HKe), Dr —  Mo/ia pacnpeflenem ia perynapHbix 

MecT rHe3flOBaHHH.

Fpa([)HK 4. Pacnpe/iejreHHe noKa3aTeJia Z  n o  o rn o n ie n m o  k cpeflHeMy ypoBHio h h c jk h h o c th  BH/ja. 

x  —  norapH(j)MHHecKaa uiKajia noKa3aTe/ia Z , y  —  HHCJienHOCTb BH/ja BbipajKeHHaa ko jthhcctbom  rnc3flO- 

Bbix n a p  (b °/ooo), A —  h h c jich h o c tb  BHfla b cnopa^HMecKHX MecTax rnesflO Banna, B —  HHcneHHOCTb 

BHfla B peryjrapH bix MecTax rHe3aOBanna.

T pa(j)HK 5. CBOflHbiß rpa(J)HK h 3 m c h h h b o c t h  noKa3aTejia Z  h  B3aHM03aBHCHM0CTH 6onee cymecrBeH- 

Hbix napaM eTpoB CTpyKTypu naneapKTHHecKoił wacTH ap e a n a  »cejiTOH nanjiH. y  —  BejnHHHa MecT rne3^o- 

B a H tif l  ( k o j t h h c c t b o  r H e 3 f lO B b ix  n ap), x —  c p e f l H n e  p a c c T o a H n a  —  C T e n e H b  H30.iannH ( k m ) ,  z —  n p o n e i i T i i o e  

cooTHomeHHe HHCjrennocTH r n e 3 f lO B O K  h  h h c j i c h h o c t h  BHaa b  n p e^ en ax  cooTBeTcrBeHHbix K J ia c c o B  no 

cpejiiiHM paccToaHHaM; KpHBbie cpeflHHX b c j t h m m h  noKa3aTejia Z: A — rHesjioBKH onTHMajibHOH 30Hbi, 

B —  p e r y j i a p H b i e  rHe3flOBKH, C —  c o b m c c t h o  cnopaflHwecKHe h  peryjiapH bie t h c s z i o b k u ,  D  —  THe3^oBKn 

3KCTpeMajibHoö 3 0 H b i ,  E —  cnopaflHHecKHe FHe3flOBKn; T e o p e T H ie c K H e  K p H B b ie  k p h t h i c c k h x  B ejiH H H H  

cooTHOLueHHa y  : x ■— KpHBbie oxsaTbiBaiomHe npeaejrw  h 3 m c h ii h b o c t h  noK asaTena Z: — K p H T H H ecK H e

BeJlHHHHbl Z  B 3aBHCHMOCTH OT SKOJIOTHHeCKOH BMeCTHTeJIbHOCTH ÖHOTOna H CTeneHH ryCTOTbl 3acejie- 

HHa BHaa, a2 — 0Tpe30K MaKCHMajibHbix BejiHHHH Z  yKa3biBaiomnH npeaejib i MaKCHMajibHOH nep>eHa- 

C eJieH H O C T H  B H /ia ,  bl — 0Tpe30K M H H H M a jIb H b IX  BeJTHHHH Z  a  TaOCe K pHTHM eCKHX BejIH H H H  M aK C H M ajH >H OÖ  

flHcnepcHH Buna, b2 —  H an6onee h h3khh  k p h th h cck h h  ypoBeHb Z  cymecTBOsaiiHa peryjiapH bix nieszio-

BOK, Cj ----  KpHTHMeCKMC BeJ.’HHHHbl COCTaBHBIX napaMeTpOB Z , npH KOTOpOM M05KeT eUie yflepXCHBaTbCa

a B T O H O M H a  M e c T  m e 3 f l O B a H H a ,  c2 —  K p H B b ie  k p k t m m c c k h x  B e jiH T O H  c o c T a B H b ix  n a p a M e T p o B  Z  n p H  C M e-  

m a H H O M  B JiH aH H H  S K O J io r i iH e c K o f t  B M e c T H T e j ib H o c T i i  Ö H O T O n a  H  H 3 0 J ia u H H ;  o c T a j i b H b i e  o 6 o 3 H a lie H H a :  

F —  K p i ! B a a  c p e f l H e n  B ejiH H H H b i H 3 0 J ia u H H  M e jK fly  r i ie 3 A O B K a M H  n o  O T ^ e j ib H b iM  K J ia c c a M  h x  B e n H H H H b i,
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G — npeflenbi h3mch4mboctm Z  b npoMeacyToiHofi (cy6onTHManbHofl) 30He, H  —• npeflejibi h3mchhh- 
bocth Z  B onTHManbHOH 30He, I  — npeflejibi h3mchhhbocth Z  b SKcrpeMajibHOH 30He, J  — npoiieimioc 
pacnpeflejieHHe hhcjtchiiocth M e c T  r u e s f lO B a i iH a  b 3aBH CHM O CTH o t  CTenenH h30jmijhh (BejiHHHHa K jia c -  

coBbix npe/iejTOB =  10 km), K — pacnpejiejieHHe hhcjichhocth bh/m b 3aBHCHMOCTH o t ctctchh h30jihiihh 
(KJiaccoBbie npeflenbi =  10 km); jihhhh no nnaronajin o6o3naliaiox cooTBeTCTBeHHbie ypoBHH Z, Kpy*- 
K3MH o6o3Ha4CHbI nepejTOMHbie MOMeHTbl H3MeHTOBOCTH Z  COOTBeTCTBeHHbIX MecT rne3flOBaHHH a HX 
chmbojim cjTCflyiomne: O  —  perynapHbie MecTa rHe3flOBOK b X IX  BeKe, ©  —  perynapHbie MecTa rne3flo- 
BOK B X X  BeKe, •  —  cnopaflHiecKne MecTa rae3flOBOK b X IX  BeKe, 3  —  cnopanHHecKHe b X X  BeKe, Kpy- 
jkohkh c TpnyrojibHHKOM B Bepxnefi Hac'Tif o6o3HaiaioT pacnonovKenne b onTHMajibHOii 30He, c TpwyroJib- 
HHKaMH BHH3y —  B nepexoflHOii (cyöonTHMajibHOö) 30He, 6e3 Tpiiy rojibHMKOB —  b 3KCTpeMajibHOfi 30He.

Tpa4>HK 6. B3aHM03aBHCHM0CTb BCJIHIHIIbl THe3flOBOK H Cpe/IHHX flHCTaHIIHH npH SKCIlOHeHIIHajIb- 

HOM BJIHHHHH H30JMIIHH. X —  CpeflHHe flHCTaHIIHH, y  —  BejIHHHIia rHe3flOBOK; TOHKOH JIHHHeit 0603HaHe- 

Ha npHMo;iHiieHHaa B3aHM03aBHCHM0CTb n p n  nepB0Ha>iajibH0ił (paöonen) KoimemtHH noKa3aTejia Z  (ypaB- 

Henna Trnia: y  =  ax); acnpHofl m nm eit o6o3uaH ena fleficTBHTejibHaa, o6HapyvKeniiaa aBTopoM kphbojih - 

HeHHaa B3aHM03aBHCHM0CTb (ypaBHeHHe THna: y  = klx), Ha rpaijmKe oöoTHaTOHbi KpnBbie cooTBeTCTBeH- 

Hbix ypaBHeHHH.

rp a tfm «  7. 0 6 m e e  pacnpeflenein ie  noKasaTe.isi Z pe b 3aBHCHM0CTH o t  cTeneHH hso jihuhh . x  —  cpe- 

flHHe flHCTaHUHH (km) -— CTeneHb h30jih ijhh , y  —  jTorapjicfiMMMecKaa niKajia Z pe (Ha rpa<J)HKe o6o3HaHe- 

Hbi ypaBHeHHH kphboh: pacnpeflejieHHa).

rpatjiHK 8. y n p o in e m ia a  cxeMa B3aHM03aBHCHM0CTH ycnexa cymecTBOBaiwa h  conpoTHbjim cvtocth 

BHeuiHeii cpeflbi. x  —  niK ana n o  bpcm chhh npocTpaHCTBy cymecTBOBaima MHKpononyjiauHH (nonyjia- 

UHH, BHfla), y  — OTHOCHTC.ibnaH niKajia noKa3aTe.ua Z pe h  peanH30BaHHoro noTeminajia, z  — o th o c h -  

TejibHaa m Kajia conpoTHBJiaeMOCTH BHemneił cpeflbi, A —■ H3MeH*iHB0cn> bo BpeMeHH h  npocTpaiicTBe 

OTHOCHTejibHbix BCJ1H4HH Z ve a  Taicsce pa3HHHbi: ÖKOTmecKHH noTeHimajT —  peajiH30BaHHbiit noTeH- 

nnajT, KpHBaa A noKa3biBaeT Tarace h sm ciw hboctb  bo  BpeMenn h  npocTpancTBe ConpoTHBJiaeMOCTH BHera- 

Heń cpeflbi, B  —  cyMMapHoe B03fleitcTBHe Bcex o rp am rn iB aiom ira  (j)aKTopoB b 6H0aeH03e, C —■ 3(J)(J)eK- 

THBHOCTb 6opb6bi 3a cymecTBOBaHHe, D —  ypoBeHb ÖHOTHHecKoro noT enunana.

Tpa<J)HK 9. P erp eccn a  h h c jich h o c th  BHfla (b nponeHTHMx cooTHomeHHax) h  c ren e im  h3ojm uhh. 

x  —  cpeflHHe flHCTaHflHH (km) —  CTeneHb h30Jm iihh, y  —  wcjieHHOCTb BHfla b npoiieHTHbix c o o ra o n ie -  

h hhx , z —  HHCJieHHOCTb BHfla B acneKTe rpyrarapoBOK KOHiieHTpaqHH (BejiHiHHbi rHe3flOBOK), A —  perpec- 

c n a  CTeneHH n30JumHH n o  rpymmpoBKaM KOHiieHTpantiH h h c jich h o c th  BHfla, B  —  perpeccHH h h c jic h h o c th  

BHfla n o  CTeneHH raoM iiH H .

Tpa(J)HK 10. PacnpcflejieiiHe BejiHHHHbi MecT rae3flOBaHHa »enT o ii uanjiH b 3aBHCHM0CTH o t  paccToa- 

HHfi Meatfly h hm h  (b npouenT in.ix  cootHOineHHax k o6meM y HHCJiy niesaoBHH b flaHHOM KJiacce paccToa- 

hhh ). x  —  KJiaccoBbie HHTepBajibi n o  nenHTOHe THe3flOBOK, y  —  HHCJieHHOCTb (b n p o n e m a x )  THe3flOBOK 

b flaHHOM KJiacce paccToannK, pacnpefleneim e BenHHHH rnes/ioBOK b npeflenax: A —  flo 50 km, B  —  5 0 - 

200 km, C —  20 0 -5 0 0  km, D —  <500 km.

rpaiJ)HK 11. /JnarpaM M a nponeHTHbix cooTHOineHHH cpe/iHHX paccToaHHii b npeflejiax cooTBeT- 

CTBeHHbix KJiaccoBbix npoMeacyTKOB n o  BejnwHHe rHe3flOBOK. x  —  BenniHHa rHe3flOBOK, y  —  MHCiiennocTb 

THe3flOBOK (b n p o u e m a x )  b COOTBeTCTBeHHbIX KaTeropnax paccToaHHii, KaTeropHH paccroaaH H : a —  

AO 50 km, b —  50-200 km, c —  200-500  km, d  —  500 km.

rpa(J)HK 12. PacnpeflejieHHH Z VR rne3flOBOK pacJiOTHbix KaTeropHH. x  —■ jiorapH(J)MHHecKaa niKajia 
Zpe> y  —  hhcjio rHC3flOBOK, A —  cnopaflHMecKHe scjieMepm.ie MecTa rHe3flOBaHHa, B —  cnopaflH iecK ne 

CTa6nnH3HpoBaHHbie, C — perynapH bie xapaKTepH3yiomHeca SHawrejibHOił ociiHJiJiauHeft h h c jich h o c th , 

D —  peryjTapHbie c  yM epem io BbipaaceHHOÖ ocuHJUiaiiHeii, E  —  peryjiapHbie c  noJioacHTejibHWM 6ajiaH- 

com  pasMHO/KaeMOCTb —  cM epraocTb, xapaKTepH3yiomHeca GjiaronpnaTHoK SKOnornnecKOH oöcranoB - 

KOH, F  —  perynapH bie c  noJioacHTenbHbiM 6ajiancoM  pasMHOiKaeMOCTb —  cMepTHOCTb, aKOJiorniecKH 

npouBeTaiom He c  npH3HaKaMH nepeHaceneHHOCTH. B BCpxHeii nac™  rpacjjHKa noM emaeTca HOMorpaMMa 
TpaHC(J)opMannH aöcojnoTHbix bc.ihhhh  HOKa3aTCJia Z,pK n a  Be.iHMHHbi BbipasceHHbie b npeKcax.

Tpa(J)HK 13. ripouenTH bie pacripeneneH.na MecT rHe3flOBaiiHa co rjiacn o  hx  pacnonoaceHHio b cooTBeT- 

CTBeHHbix 3KOJiorHMecKHX 30Hax —  B napajuiejibHOM pa3pe3e ap e a n a  (X IX  h  X X  BeK coBMecTHO; noflBHJK- 

Hbie cpeflHHe). y  —  WHCJieitHOCTb rHe3flOBOK (b npoaeHTax) b COOTBeTCTBeHHbIX Kjiaccax reorpa<j>H>iecKOH
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flOJiTOTbi, x  —  reorpa(J)HwecKaH flOJiroTa, A  —  r a e 3flOBKH b onTHMajibHofl 3 0 He, B —  b n ep exo /w oH  (c y 6 -  

onTHMajibHOfi) 3 0 He, C  —  b SKCTpeMajibHOH 3 0 He.

rpac[)HK 1 4 . C Tenenb y cn ex a  cymecTBOBaHH« b napajuiejibHOM p a 3p e3e  ap ean a  (X I X  h  X X  BeK 

c o b m g c th o ) . x  —  reorpaiJiHHecKaa jioJiroTa, y  —  uiKajia Z pe  b npeK cax, z —  npoKoppeKTHpoBaHHaa n o  

OTHomeHHio K reorpatjiHHecKOM ^ on roT e  luKana Z pe  b n p ex ca x , A  —  pacnpe/ie/TeHwe Z pe  n o  OTHomeHHio 

K HHCneHHOCTH BHfla, B  —  p a c n p ea e jie im e  Z pe  n o  o th o ih c h h io  k m h cjich hocth  MecT rn e 3/iOBOK, C  —  pac- 

npeflejieHHC MaKCHManbHbix bcjih hhh  Z p e , D  —  pacnpefleJieHHe MHHHMajibHbix bcjihhhh Z p e .

Tpa(J)HK 15. riponeHTHoe pacnpe^ejierene h h c jk h h o c th  MecT rneyiOBaRHa pacnoJioaceHHbix b co- 

OTBecTBeHHbix 3KonormecKHX 30Hax B MepHflHOHajibHOM pa3pe3e ap e a n a  (X I X  h  X X  bsk  coBMecTuo), 

x  —  reorpa(j)HHecKan rnnpoT a, y  —  M ucnennocTb rne3flOBOK (b npouCHTHbix cooT uom ennax) b c o o tb c t-  

CTBeHHbix npen e .iax  reorpaijwiecKOM mwpoTbi, A  —  rueiflOBKH b onTHMajibHofl 30He, B —  nepexoflHoü 

(cyóonTHMajibHoił) 30He, C  —  b SKCTpeMajibHOit 30He.

Tpa(J)HK 16 . CTeneHb ycnexa cymccTBOBaHHa b MepHflHOHajibHOM pa3pe3e ap ea n a  (X I X  h  X X  BeK 

coBMecTHo). x  —  reorpa(j)M4ecKaH nm poT a, y  —  uiKajia, Z v e  b npencax , A  —  pacnpe/iencHHe Z pe  n o  o th o -  

meHHK) K HHCneHHOCTH BHfla, B —  n o  OTiiouieHino k h h c jtc h h o c th  MecT rHe3flOBOK, C  —  n o  o th o ih c h h io  

K MaKCHMaJIbHbIM BejIHHHHaM Z p e , D  ---  n o  OTHOmeHHK) K MHHHMa.'IbUblM BCJTHHHHaM Z,[ ) t .

TaÖJimia 1 . CTaTHCTHHecKaa xapaKTepHcrmca nOKasaTejia Z p e . ( 1)  —  xapaKTcpncTHKa Z  n o  o th o -  

ineHHio K rn c3Ä0 BKaM, (2) —  cpeflH ee h h cjio , (3)  —  MOfla, (4 ) —  npeflejibi H3m ch h h b octh , (5) —  saM cna- 

HHH, (6 ) —  B SKCTpeMajibiioft 30 He, (7)  —  B onTHMaJibHOH 30 He, (8)  —  peryjiapH bie, (9 )  —  cnopaflHHecKHe,

( 10) —  paccMaTpHBaeMbie c o b m c c th o , ( 11)  —  KjiaccoBbie HHTepBajiLi =  0 ,0 1 , ( 12) —  KJiaccoBbie HHTep- 

Bajibi =  0 ,0 0 1 , ( 13)  —  KjiaccoBbie m m p B a jib i =  0 ,0 1 .

T a 6 nHHa 2 . C onocraB Jienn e BbiHHCJieHHbix pasjiHHiibiMH MeToaaMH HeKOTopbix xapaKTepHCTMK 

3KCTpeMajibHOH H OnTHMaJibHOH 3 0 HH B najieapKTHHecKoK nacTH ap eajia  » c j i t o h  uan jin . ( 1)  —  MeTOfl 

n oflcn exa , (2) —  3 0 Hbi, (3 ) —  3KCTpcMajibnaa, (4 )  —  onTHMajibHaa, ( 5)  -—  noica3aTejib Z , (6 ) —  hhcjio  

r n e 3AOBOK, (7 ) —  MHCJrcHnocTb BHfla, (8)  —  noKa3aTejib Z ,  (9 )  —  hh cjio  th c s a o b o k , ( 10) —  HHCJieHHOCTb 

BHfla, ( 11) —  Ha ocHOBaHHH SKOJiorHHecKoro aHajiH3a  cooTBeTCTBeHHbix MecT rHe3flOBaiiHH, ( 12) —  Ha 

ocHOBaHHH flaHHbix KpHBOH KOHneHTpanHH ( J ó z e f ik , 1970 ), ( 13 ) -—  Ha OcHOBaHHH pacnpe,aejieHHH nOKa- 

3aTCj'ifl Z, ( 14) —  B cpeflHOM.

Ta6jiHua 3. CraTHcraHecKHe xapaKTepHCTHKH pacnpefleneHH a noica3aTejM Zpe b 3aBHCHMOCTH ot 

SKOJioi HMecKoti rpa/iauHH. ( 1) —  icaTeropna rueiflOBOK, (2 ) —  KjiaccoBbie HHTepBajibi Zpe, (3) —  npo- 
uenTHoe pacripeaejTeHHe no othouichhio  k OTflejiŁHŁiM KJiaccoBbiM npOMOKyTKaM, (4 ) —- MecTa THe3flO- 

BOK B 3KCTpeMajIbHOH 30He, (5) —  THe3flOBKH B nepeXOJIHOH (cyÖOnTHMaUbHOfl) 30He, (6) —  THe3flOBKH 

B OnTHMaJibHOH 30He, (A) —  3<J)eMepHbie, cnopaflH H ecrae, (B) —  CTa6HJiH3HpoBaHHbie, cnopaflHiecKHe, 

(C ) —  peryjw pH bie co  3HaMHTejibHOił ocuHJUiauHeH HHCJiemiocTH, (D ) —  perynapH bie c yMepeHHO Bbipa- 

yKeHHOH ocuHJMHUHeö, (E ) —  peryjTflpHbie, SKonoraiecKH n p oiiB eT aioin ne, (F )  —  peryjiapH bie xapaKTe- 
pH3yK)inHecH npcBOCxo/iHOM 3K0Ji0THHecKHM COCTOHUHCM, nepeHaceneHHbie.

T a 6 jia q a  4 . XapaKTepHCTHKa sk o jio th h c ck h x  30 H a p ea jia  acejiTOH uanJiH b 3aBHCHMOCTH o t  rpa- 

fl'iuHH noKa3aTc;ia y cn e x a  cymecTBOßanna (Zpe) BbipaaceHHoro b npeKcax (b CKoÖKax n o /ia ioT ca  n p e-  

flenbi Zpg b HejiorapH(J)MHiecKoił 4>op.Me). ( 1) —  3 0 Hbi, (2 ) —  n p eflen b i Z pe b n p ex ca x , ( 3 ) —  noKaaaTenb 

Zpe b HCJiorapH(J)MHHCCKOK (jiopMe, cpeaH ee mhcjio (x) Z pe b npeKcax, (5)  —  3KCTpeMajibHaa, (6 ) —  ne- 

pexoflH aa (cyöonTHM anbHaa), (7 )  —  oiiTHMajibnaa.

AnneiwiiK C I . TaÖJTHiia n on p asoK  AJia BbiHHCJieHHH noKa3aTejia Z p e  n o  tjiopMyjie (4 ) (cTp. 18 ). 

x  —  BeJiHHHHa MecT THe3flOBaHHa (KjiaccoBbie npoMeacyTKH, b  —  K0 3 (J)(t)HiiHeiiT k p h b o jih h c h h o c th  s o 3- 

fleöcTBHa HSOJiaiiHH npH jiaHHOM ypoBHe noKa3aT ena Z ,  c  —  HHTepiiojiamiOHiiaa nonpaBKa fljia noflcn e- 

Ta b , Z  —  npe*HHÄ 6 e3 KoppeKTHBbi noK a3aTejib y c n ex a  cymecTBOBanna BbiMHCuacMbiß cojiracHO (JiopMy- 

Jie (1) (cTp. 2).

AniieiuiHKX II. XapaKTepHCTHKa HeKOTopbix npH3HaKOB THe3flOBoro a p e a n a  jKejiToä uarijiH (n a- 

jieapKTHHecKaa aacTb). 0 6 o 3HaaeHHa: 1 —  Ha3BBHHe peraoH a ap eajia , 2 - 5  —  HanpaBJieHHbie p a c c io a iin a ,  

6  —  cpeAHne paccT oaim a b cooTBeTCTBeHHbix CTonernax, 7  —  BeJiHiHHa THeijiOBOK b cpe^HOM, 8  —  

cpeflHee hh cjio  cpeflHHX paccToaHHH xapaKTepiibix fljia  AByx nocneflHHX CTOJieTHÖ, 9  — cp e /ju ee  hhcjio  noKa- 

3aTeJia Z pe  xapaKTepHoe flJia ÄByx nocjieflHHX c t o j k t h h  (HH>KHee hh cjio  B b ip a^ aerca  b npeK cax, b c k o 6 - 

Kax noflaeT ca  BeJiHHHHa noKa3aT ena Z pe  b  HeJiorapn^MHHecKoö (JiopMe, „ cen tu r y ”  —  c to j ic th c .
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