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1.  Introduction

Carabids belong to common insects almost in all terrestrial ecosystems. 
They show a large biological, ecological and morphological diversity. Due to 
this and also because of their susceptibility to environmental changes, carabids 
occupy an important position on the list of bioindicators of the state of the 
environment (E v e b s  1977). Communities of these beetles are, therefore, an 
object of frequent studies on the faunistic effects of anthropogenic transforma­
tions in the environment (H e y d e m a n n  1955, D u n g e e  1968, T o b is c h  and 
D u n g e e  1973, P u s z k a e  1976, L e ś n ia k  1977, Ma r t iś  1977, Cz e c h o w s k i 1980b). 
The present paper is also concerned with this problem. I t  analyses changes 
in the fauna of carabids caused by urbanization processes. Moreover, the subject 
of the paper is to determine the role of remnant wooded areas within the town, 
as refuges of the primeval fauna that inhabited the whole area now built up. 
The study was carried out on the area of the Vistula escarpment in Warsaw1. 
Eiver escarpments, and in fact their basal parts, are characterized by a parti­
cularly rich fauna as compared with that of the whole landscape (S t e b a e v  
1976).

2. Study area

2.1. General characteristics

The Vistula escarpment as the edge of the river erosive valley running 
paralelly to the Vistula dissects Warsaw in two parts (Fig. 1). Due to such

1 D ata on the fauna of this area can be found in N o w a k o w s k i  (1979), w h o  characterized 
Elateridae, J ę d r y c z k o w s k i  (1980) on Isopoda terrestria, and C z e c h o w s k i  (1979), who 
generally described the communities of epigeic fauna.
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294 W. Czechowski 2

a location, the escarpment crosses different urban zones, transformed to various 
degree and subjected to the anthropogenic pressure of different intensity. The 
parts of the escarpment located mainly on clay and sandy soils (in spots more 
fertile) correspond to the sites of oak-hornbeam forests (like most of the Warsaw 
area).

10 ’
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Pig. 1. Boundaries of Warsaw, the Vistula, and location of the study plots on the Vistula 
escarpment: 1 — Ursynów, 2 — Arkadia, 3 — Królikarnia, 4 — Łazienki, 5 — Sejm, 6 — 
Park Kultury, 7 — Uniwersytet, 8 — Cytadela, 9 — Gdańska, 10 — Kaskada, 11 — Bielany.

In  the period of the town erection and during its subsequent development, 
a substantial part of the escarpment was deforested and covered with secondary 
grassland communities. In preserved parts of wooded areas, now being mostly 
included into urban parks, the tree stand is largely transformed. Only the 
forest communities located on the peripheries of Warsaw, like those in the region 
of Ursynów to the south and Bielany to the north, maintain a relatively natural 
state. The tree stands of the remaining areas are generally deprived of oaks 
(Quercus sp.) and hornbeams (Carpinus betulus L.) originally occurring there.
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3 Carabids of the Vistula escarpment 295

Instead, artificially planted maples (particularly Acer negundo L.), robinia 
(Robinia pseudoacacia L.) and limes (Tilia sp.) have become most important. 
Also the layer of herbaceous plants has been substantially changed. Apart 
from unfavourable effects of the factors strictly related to urbanization, also 
gardening treatments like the raking and removal for litter or even seasonal 
application of herbicides account for a qualitative and quantitative simplifica­
tion of the sward. As a result, some patches of the escarpment are almost com­
pletely deprived of herbaceous vegetation.

The distribution of the intensity of urban pressure within the escarpment 
has been determined from unpublished maps prepared by the Biuro Planowania 
Bozwoju Warszawy (the Office for Planning Warsaw Development) (1976). 
A several-degree synthetic scale of urban pressure on the environment was used, 
in which the following factors were combined:

— demography (density of the population and its pressure on the environ­
ment) ;

— built-up areas (space occupied by buildings and the ratio of firm to 
green surface area);

— communication (intensity of traffic, concentration of combustion gases 
within the range of their influence);

— other than traffic sources of pollution (industrial and energetic);
— climate (conditions of air circulation, and thermal-moisture conditions)l.
The study plots on the escarpment were selected according to the degree 

of urban pressure.
Among the factors of urban pressure listed above, very important to the 

fauna, at least to the carabids, are lacking, namely, the character and inten­
sity of gardening treatments (Cz e c h o w sk i 1980b). Therefore, the pressure 
scale developed by the Biuro Planowania Bozwoju Warszawy has been modified 
for some plots so that they form a gradient ranging from 1 to 5 degrees of the 
urban pressure2.

Of course, the scale of this type, based on the summary results of physical 
measurements of the intensity of selected factors, cannot strictly correspond 
to the susceptibility of the fauna. Particular factors of urban pressure must 
have various effects on animals, and of various intensity. The presence or absence 
of a definite factor can outweigh the total effect of their factors. I t  should be 
expected that a rapid development of the studies on bioindication will contribute 
soon to the development of anthropogenic pressure scales based on an ecological 
analysis. For the time being, however, the “technical” scale is the only one 
available. Thus the analysis in the present paper is carried out from a reverse

1 The scale of the anthropogenic transformation of the environment in Finland i s  
constructed on a similar basis; i t  is prepared for the whole country (M a n s i k k a n i e m i  1974).

* The complete scale for the whole area of Warsaw contains 8 degrees.
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296 W. Czechowski 4

point of view, i.e., a relation between the degree of urbanization measured as 
the impressions of man and the state of the fauna is analysed. Therefore, it 
should be realized tha t these considerations are of a very inadequate character.

2.2. Description of the study plots

The sequence of the study plots on the escarpment stretched from the 
peripheral districts on both ends of Warsaw towards the centre of the town. 
All the plots were more or less wooded. The characteristics given helow are 
mostly based on the paper b y  N o w a k o w sk i  (1979). The plots are listed in the 
order corresponding to their location along the escarpment, from south to 
north (Fig. 1).

1. U rsynów . A relatively little changed oak-hornbeam forest on clay 
soil. At the base of the escarpment wet meadows, and higher up a park. The 
peripheral southern plot, with an urban pressure of 1 degree.

2. A rk ad ia . Covered with maple-hornbeam-ulm tree stands on humic- 
clay soil. Herbaceous plants heavily destroyed. The area of the Arkadia park. 
Urban pressure 5.

3. K ró lik a rn ia . Also located in the Arkadia park, a t the small palace 
called Królikarnia. A similar tree stand but thinned; grassy sward. Urban 
pressure 4.

4. Ł az ien k i. Tree stand with a rich undergrowth and very poor herbaceous 
vegetation; clay-humic soil. The area of the Łazienki park. Urban pressure 5.

5. Sejm . Tree stand with maple, lime and robinia; herb layer comple­
tely destroyed in spots; clay-humic soil. The area of the “Culture and Leisure” 
park in the Powiśle district, behind the Sejm building. Urban pressure 3.

6. P a rk  K u ltu ry . Also located in the “Culture and Leisure” park. Tree 
stand much thinned, grassy sward. Urban pressure 4. (This plot has a little 
different location than that described under the same name by N o w a k o w s k i).

7. U n iw e rsy te t. Tree stand with maple, lime and robinia; poor 
undergrowth and largely transformed herb cover; clay-humic soil. At the base 
a large area of open lawns, higher up buildings of the University of Warsaw. 
Urban pressure 5.

8. C y tad e la . Tree stand with maple and liine; rich undergrowth and 
relatively poor herbage. Humus-clay soil with a high content of rubble. The 
only stand beyond the true escarpment, located on the artificial embankment 
of the Warsaw Citadel, adjoining the Vistula escarpment. Urban pressure 3.

9. G dańska . Bather thin tree stand of old oaks mixed with hornbeams, 
limes and maples; well developed undergrowth and luxuriant herbs. Sandy 
soil. Urban pressure 2.
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Carabids of the Vistula escarpment 297

10. K ask ad a . Habitat conditions similar to those on the preceding plot. 
The difference is that the tree layer is more closed and in this relation the herb 
layer less developed. Located in the Kaskada park. Urban pressure 2.

11. B ie lany . Oak-hornbeam forest on sandy soil in the “Las Bielański” 
reserve. Peripheral northern plot. Urban pressure 1.

3. Method*

The study was carried out in 1976-1977. Barber’s pitfall traps were mainly 
used to catch insects. In  1976 samples were taken in 4 plots (Ursynów, Łazienki, 
Park Kultury, Bielany) while in 1977 all the 11 plots were sampled. Glass 
cylinders 4 cm in diameter and about 10 cm deep were used as traps. They 
were put into hollows made with a soil sampler. The traps were filled with 
ethylene glycol by 1/a °f their volume. Samples were taken for 14 days each 
month over the growing season, i.e. from April through October. On each plot, 
except for Bielany, a monthly series of samples contained the material from 
10 traps. On the Bielany plot, where the habitat was most diversified, samples 
were taken at three points with 10-20 traps each. During the two years of the 
study 1330 traps were controlled and more than 1000 samples were taken 
(some traps being destroyed).

The collected materials have been complemented with the data on Cara- 
bidae from soil samples taken on the escarpment by E. N o w a k o w sk i in 1976. 
Using the two methods, about 2000 adult carabids were collected.

In the present paper also some unpublished data are used on the carabids 
inhabiting habitats typical of managed urban green areas such as lawns in the 
parks. These additional materials were collected from the same number of 
plots as on the escarpment, using the same methods and in the same period1. 
In  most cases (8 per 11) the lawns compared with the escarpment were located 
in the same parks. Particularly important here is similarity in the location of the 
peripheral plots (Ursynów and Bielany) of the two categories. They are fully 
comparable.

4. Species composition

A total of 53 carabid species were recorded in the whole area of the Vistula 
escarpment under study, while 43 species in the compared lawns of urban parks. 
The tree stands of the escarpment were dominated by the polytopic forest 
species such as Nebrida brevicollis (E a b r .) and Carabus nemoralis O. F . M u l l ,

1 Studies on the carabid fauna in natural and semi-natural tree stands of the Vistula 
escarpment were also carried out to complement a larger contribution to the occurrence 
of these beetles in different urban habitats of Warsaw, being prepared now.
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Table I. Occurrence, numbers and percentage proportions of carabids on the Vistula escarpment in Warsaw (the index of numbers (n)
is the number of specimens caught in 10 traps over a period of 14 days; H sporadic occurence; x -  the species found only

in soil samples; percentage proportions of particular species are given to the nearest 0.1%)
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1 2 3 4 5 6 7 8 9 10 11 n %1 Carabus auronitens F a b r . 7.1 0.6
0.1
0.2
1.3
0.6
+
+
+
+

2.6
0.1
+

0.1

5.7 
0.9 
1.9

12.3
5.7 
0.1 
0.2 
0.5 
0.1

24.5
0.9
0.2
0.9
0.1
0.9

2
3
4
5
6
7
8 
9

10
11
12
13
14

Carabus convexus F a b r .
Carabus cancellatus III .
Carabus nemoralis 0 . F . M u l l . 
Carabus hortensis L.
Carabus glabratus P a y k . 
Cychrus caraboides (L.)
Leistus ferrugineus (L.)
Leistus rufescens (F a b r .)
Nebria brevicollis (F a b r .) 
Notiophilus biguttatus ( F a b r .) 
Notiophilus palustris (D u f t .) 
Elaphrus aureus P h . M u l l . 
Loricera caerulescens (L.)

3.2
3.8
0.1
0.2
0.2
0.1
0.4

0.1

0.5

0.4

0.1

0.7
X

X

X
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8.5

1.8
0.3

2.7

0.2

1.5
X
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0.9

0.3

0.1

2.6

2.3
0.1

2.0

10.3
0.4

0.6
0.1

1.0
3.1

1.6
0.1
0.1
0.1

15
16

Broscus cephalote8 (L.) 
Bembidion velox (L.) X

0.4 0.4 0 .1

17
1 8

19
2 0  
21

Bembidion ustulatum  (L.) 
E paph iw  secalis ( P a t h .) 
Patrobus atrorufus (S t r o e m ) 
Amara aenea (D e  G e e r ) 
Am ara fam iliaris (D u f t .)

0.1 X X' 0.2 1.6
X

0.1

0.3

0.5
1.4
5 .8
0.1

0.1
0.1
0.5
0.2

0.9
0 .9
4.7
1 .9
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2 2 Amara similata  ( G y l l . ) 0 .1 0 .5 X 0 .1 0 .9
2 3 Amara bifrons ( G y l l . ) 0 .1 0 .3 + 0 .4
2 4 Amara consularis ( D u f t . ) 0 .1 + 0 .1
2 5 Amara aulica ( P a n z . ) 0 .1 0 .1 + 0 .2
2 6 Stomis pumicatus ( P a n z . ) + + +
2 7 Pterostichus virens ( 0 .  F .  M u l l . ) 0 .1 + 0 .1
2 8 Pterostichws oblongopunctatus ( F a b r . ) 1 .4 0 .3 6 .2 0 .7 6 .6
2 9 Pterostichws niger ( S c h a l l . ) 0 .3 0 .2 0 .4 0 .3 0 .1 0 .9
3 0 Pterostichus vulgaris ( L .) 0 .6 0 .3 1 .4 0 .1 2 .4 0 .1 1 .1 1 .6 0 .7 6 .6
31 Pterostichws nigrita  ( F a b r . ) + + +
3 2 Pterostichws strenuws ( P a n z . ) 0 .1 0 .9 0 .1 0 .9
3 3 Calathws erratws (C. L .  S a h l b . ) 1 .1 0 .1 0 .1 0 .9
3 4 Calathus fuscipes ( G o e z e ) 0 .1 0 .4 0 .1 0 .4 0 .4 0 .3 0 .2 1 .9
3 5 Calathws melanocephalws ( L .) 0 .1 0 .1 + 0 .2
3 6 Synuchus nivalis ( P a n z . ) 0 .5 0 .1 0 .1 0 .9
3 7 Agonwm assimile ( P a y k . ) 0 .1 0 .1 0 .5 0 .1 0 .1 1 .8 0 .2 1 .9
3 8 Agonwm obscurum ( H e r b s t ) + + +
3 0 Agonwm dorsale ( P o n t . ) 0 .6 0 .2 0 .1 0 .9
4 0 Badister bipustwlatus ( F a b r . ) X X 0 .4 + + 0 .4
41 Badister kineli M a k . 0 .2 + + 0 .2
4 2 Licinws depressws ( P a y k . ) 1 .8 0 .2 1 .9
4 3 Anisodactylus binotatus ( F a b r .) 0.1 + 0.1
44 Harpalus punctatwlws (D u f t .) 0.9 0.1 0.1 0.9
45 Harpalus seladon S c h a u b . 0.2 1.4 0.2 0.2 1.9
46 Earpalws rufipes (D e  G e e r ) 0.1 0.2 0.2 + + 0.5
47 Harpalws affinis (S c h r a n k ) 0.1 0.5 0.1 0.9
48 Harpalus latws ( L .) 0.1 1.4 0.3 0.2 1.9
49 Harpalus qwadripunctatws D e j . 0.1 + 0.1
50 Harpalus smaragdinus (D u f t .) 0.3 + 0.3
51 Harpalws tardus ( P a n z .) 0.1 0.1 0.1 0.6 0.1 + 0.1 0.9
52 Harpalws winkleri S c h a u b . 0.6 0.6 0.1 0.6 0.8 0.4 0.4 0.3 2.8
53 Bradycellws collaris ( P a y k .) X

Total 9.7 1.9 2.4 0.7 18.4 5.6 6.4 5.2 8.2 18.4 25.5 10.2
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300 W. Czechowski 8

In  the lawns an ubiquitous species Calathus fuscipes (G o e z e ) and a poly topic 
field species Pterostichus vulgaris (L.) were most abundant.

The communities of carabids inhabiting different plots of the escarpment 
were more diversified than those living in particular lawn plots. On the escarp­
ment 8 carabid species predominated in different plots. These were: Nebria 
brevicollis (F a b r .) (dominant in 3 plots), Pterostichus oblongopunctatus (F a b r .) 
(in 2 plots), and Carabus auronitens F a b r ., G. nemoralis O. F . M u l l . ,  Licinus 
depressus (P a y k .,)  Pterostichus vulgaris (L.,) Calathus erratus (C. E. S a h l b .), and 
llarpalus winkleri S c iia u b . (dominant in one plot each). In the lawn plots the 
same number of communities included only 5 dominants: Pterostichus vulgaris. (L.) 
(4 plots), Calathus fuscipes (G o e z e ) (3 plots), Nebria brevicollis (F a b r .) (2 plots), 
and Amara aenea ( D e  G e e r ) and A. bifrons (G y l l .) (1 plot each).

Detailed data on the occurrence of carabids in all the escarpment plots, 
their relative number, and percentage proportions of particular species are 
set lip in Tables I  and II. The average number of individuals caught in 10 traps 
during a 14-day period is considered as an index of numbers.

Among the species recorded on the escarpment, Licinus depressus (P a y k . ) 
merits special attention. I t  occurred and even dominated in the Cytadela plot. 
This is a xerothermophilous species, very rarely and usually singly noted in 
Poland (B u r a k o w s k i , M r o c z k o w sk i and S t e f a ń s k a  1974). Tree stands of 
the Cytadela are its only site within a closely built-up area in Warsaw where 
this species has been recorded so far (Cz e c h o w s k i 1980a).

5. Zoogeograpliical analysis

Carabids with large geographical ranges are least susceptible to the urban 
pressure. The proportion of Holarctic, Palaearctic and Eurosiberian species 
increases with urban pressure. At the same time, the proportion of species with 
small ranges, including the European element, drops (Cz e c h o w s k i 1980). 
Such a tendency, as compared with nonurban habitats of the Mazovian lowland, 
can also be observed in the carabid communities of the Vistula escarpment. 
Transition from non-urbanized habitats of Mazovia to urban tree stands on the 
escarpment is associated with substantial changes in the proportion of the main 
geographical elements of carabids. The proportion of Holarctic species increased 
almost two times. The proportion of Palaearctic species increased insignificantly, 
and that of Eurosiberian species almost 1.5 times, while the proportion of 
European forms decreased 1.5 times (Tab. III).

Among the species with relatively small geographical ranges (southern- 
Eurosiberian, Subpontic, Submediterranean, Subatlantic, boreal and mountain)1,

1 Zoogeograpliical elements are distinguished on the basis of the criteria worked out 
by the Centre of Faunistic Documentation of the Institute of Zoology, PAS, in Warsaw 
(C z e c h o w s k i  and M i k o ł a j c z y k  1980).
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9 Carabids of the Vistula esoarpment 301

which account for 12% of the carabid fauna in the Mazovian lowland (Cz e ­
c h o w sk i 1980a), on the Vistula escarpment in Warsaw there was only one species, 
boreal-mountain Cardbus auronitens F a b r . (1.9%). This species occurs locally 
in lowlands (B u r a k o w s k i , Mr o c z k o w sk i and S t e f a ń s k a  1973). On the Vistula 
escarpment within the boundaries of the town, C. auronitens was recorded in 
only one plot, located in the southern periphery (Ursynów), but it was the do­
minant there (Tab. II).

These tendencies were still better pronounced in the carabid fauna of the 
park lawns, which were more transformed by the anthropogenic pressure than 
the urban tree stands of the escarpment.

6. Ecological analysis

As it has already been mentioned, Carabidae belong to insects of a high 
bioindicatory value, susceptible to environmental modifications of different 
types. In  the case of industrial effects on forests, transformations in the carabid 
communities occur in several stages. Environmental pollution is firstly followed 
by changes in the so-called structure of frequency within the community. As 
a result, the proportion of common species increases a t the expense of rarer 
species, inhabiting few sites. In the next stage, proceeding at a higher pollution 
rate, the dominance structure of the communities is changed. Namely the dispro­
portion in the contribution of dominant and accessory species to the total 
number of individuals in the community increases. Subsequently, the number 
of individuals in the community drops and, finally, its ecological characteristics 
are changed (L e ś n ia k  1977).

The value of carabids as bioindicators is also revealed in the case of “garde­
ning-urban” transformations of the environment (C z e c h o w sk i 1980b). The 
town considered as an environment of living creatures is subjected not only 
to industrial pollution but also to many other complex anthropogenic factors, 
the intensity of which is higher than in any other habitat. As a result, changes 
in the urban communities of carabids are so deep that it is impossible to distin­
guish the stages characteristic of the forests. All features of carabid communities 
are modified at the same time, and only depending on the intensity of urban 
pressure this modification is more or less pronounced. I t  should be noted, 
however, that having richer materials and conducting more extensive study, 
it would be possible to recognize a definite sequence of changes.

The analysis of the effect of urban pressure on ecological properties of 
carabid communities of the Vistula escarpment is based on the scale of anthropo­
genic pressure already described. Such properties were examinedjas the number 
of species and individuals in carabid communities, proportions of particular 
species with a definite frequency, dominance structure, as well as the proportion 
of definite ecological, phenological and morphological elements. For most of 
these features their relation can be found to the urban pressure of a definite
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302 W. Czechowski 10

Table II. Species composition and percentage proportions of species in carabid communities 
on particular plots of the Vistula escarpment in Warsaw ( x — species found only in soil 

samples; proportions are calculated to the nearest 0.1%)

No. Ursynów % No. Królikarnia 0//o
1 Carabus auronitens 36.0 1 Calathus erratus 45.8
2 Garabus hortensis 19.3 2 Nebria brevicollis 29.2
3 Carabus nemoralis 16.2 3 Oarabus nemoralis 4.2
4
6
6
7
8

Pterostichus oblongopunctatus 
Harpalus punclatulus 
Pterostichus vulgaris 
Harpalus winkleri 
Nebria brevicollis

7.1
4.9
3.0
3.0
2.0

4
5
6
7
8

Amara bifrons 
Galathus fuscipes 
Harpalus punctatulus 
Harpalus affinis 
Harpalus winkleri

4.2
4.2
4.2
4.2
4.2

9 Pterostichus niger 1.5 9 Notiophilu8 biguttatus X
10
11
12
13
14
15
16 
17

Cychrus caraboides 
Leistus ferrugineus 
Harpalus seladon 
Carabus glabratus 
Leistus rufe8cen8 
Notiophilu8 palustri8 
Amara aenea 
Amara aulica

1.0
1.0
1.0
0.5
0.5
0.5
0.5
0.5

No. Łazienki %
1
2
3
4
5

Pterostichus oblongopunctatus 
Badister kineli 
Am ara similata 
Agonum assimile 
Nebria brevicollis

42.9
28.5
14.3
14.3

X
6 Notiophilus palustris X

18 Pterostichus strenuus 0.5 No. P. Kultury o//o
19 Agonum assimile 0.5 1 Nebria brevicollis 48.2
20 Harpalus tardus 0.5 2 Carabus cancellatus 32.1
21 Bembidion velox X 3 Carabus nemoralis 5.4
No. Sejm 1 % 4 Pterostichus niger 3.6

1
2
3
4
5
6
7
8

Nebria brevicollis 
Garabus nemoralis 
Pterostichus vulgaris 
Harpalus seladon 
Agonum dorsale 
Harpalus winkleri 
Amara sim ilata  
Agonum assimile

46.2
20.1

7.6
7.6
3.3
3.3
2.7
2.7

5
6
7
8 
9

10
11
12

Agonum dorsale 
Pterostichus vulgaris 
Calathus fuscipes 
Agonum assimile 
Harpalus rufipes 
Am ara aenea 
Amara similata 
Badister bipustulatus

3.6
1.8
1.8
1.8
1.8
X
X
X

9 Harpalus affinis 2.7 No. Gdańska 0//o
10
11
12
13

Galathus fuscipes 
Harpalus smaragdinus 
Am ara aenea 
Badister bipustulatus

2.2
1.6
X
X

1
2
3
4

Carabus nemoralis 
Nebria brevicollis 
Amara aenea 
Harpalus tardus

31.7
28.1
19.5
7.3

No. Cytadela °//o 5 Calathus fuscipes 4.9
1
2

Licinm  depressus 
Carabus nemoralis

34.6
17.3

6
7

Notiophilus biguttatus 
Am ara consularis

1.2
1.2

3 Carabus convexus 15.4 8 Pterostichus vulgaris 1.2
4 Harpalus winkleri 15.4 9 Calathus melanocephalus 1.2
5
6 
7

Badister bipustulatus 
Leistus ferrugineus 
Nebria brevicollis

7.7
5.8
1.9

10
11
12

Synuchus nivalis 
Agonum assimile 
Harpalus latus

1.2
1.2
1.2

8 Harpalus tardus 1.9 13 Am ara fam iliaris X
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Table II. Continued

No. Uniwersytet %
No. Arkadia 0//o

1 Harpalus winkleri 31.6
1 Pterostichus vulgaris 37.5 2 Carabus nemoralis 26.3
2 Nebria brevicollis 23.4 3 Nebria brevicollis 21.0
3 Synuchus nivalis 7.8 4 Pterostichus vulgaris 15.8
4 Broscus cephalotes 

Oalathu8 fuscipes
6.3
6.3

5 Harpalus tardus 5.3
5 No. Bielany %6 Amara bifrons 4.7

Pterostichus oblongopunctatus7 Oarabus nemoralis 3.1 1 24.0

8 Am ara aenea 3.1 2 Patrobus atrorufus 22.5

9 Harpalus seladon 3.1 3 Carabus hortensis 12.0

10
11
12

Harpalus rufipes 
Galathus melanocephalus 
Notiophilus biguttatu8

3.1
1.6
X

4
5
6 
7

Agonum assimile 
Nebria brevicollis 
Pterostichus vulgaris 
Epaphius secalis

7.0
6.2
6.2
5.4

No. Kaskada 0/ 8 Cardbus nemoralis 3.9
9 Pterostichus strenuus 3.5

1 Nebria brevicollis 56.0 10 Bembidion ustulatum 1.9
2 Carabus nemoralis 10.9 11 Harpalus winlkeri 1.6
3 Harpalus latus 7.6 12 Pterostichus niger 1.2
4 Pterostichus vulgaris 6.0 13 Harpalus latus 1.2
5 Elaphrus aureus 3.3 14 Notiophilus palustris 0.4
6 Notiophilus biguttatus 2.2 15 Elaphrus aureus 0.4
7 Broscus cephalotes 2.2 16 Amara aenea 0.4
8 Pterostichus niger 2.2 17 Amara aulica 0.4
9 Harpalus winkleri 2.2 18 Notiophilus biguttatus 0.4

10 Amara aenea 1.6 19 Harpalus quadripunctatus 0.4
11 Calathus fuscipes 1.6 20 Stomis pumicatus 0.1
12 Harpalus rufipes 1-1 21 Pterostichus nigrita 0.1
13 Loricera caerulescens 0.5 22 Agonum obscurum 0.1
14 Bembidion ustulatum 0.5 23 Badister bipustulatus 0.1
15 Pterostichus virens 0.5 24 Badister kineli 0.1
16 Calathus erratus 0.5 25 Harpalus rufipes 0.1
17 Anisodactylus binotatus 0.5 26 Harpalus tardus 0.1
18 Harpalus tardus 0.5 27 Bradycellus collaris X

Table III. Percentage proportions of particular geographical elements 
in the carabid fauna of the Mazovian lowland, Vistula escarpment and 

park lawns in Warsaw (the number of species in parentheses)1

Zoogeographical
elements

Mazovian
lowland

Warsaw
Vistula

escarpment
Park
lawns

Holarctic 6 (19) 11 (6) 9 (4)
Palaearctic 30 (98) 32 (17) 35 (15)
Eurosiberian 29 (93) 40 (21) 42 (18)
European 23 (74) 15 (8) 9 (4)
Others 12 (40) 2 (1) 5 (2)

1 Data for the Mazovian lowland after C z e c h o w s k i  (1980a).
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degree. Only some features there was not such a distinct relation. But even 
in this case there was a difference between the values obtained for the communi­
ties occupying least transformed plots (pressure 1) and those in more urbanized 
plots (pressure >  1). In  such cases the peripheral plots were regarded as control. 
The peripheral plots can be opposed to all the other plots on the Vistula escarp­
ment. Although the total intensity of urban pressure changed gently on this 
transition, the peripheral plots were not subjected to any gardening treatments 
carried out in the other plots, this being an important factor limiting the oc­
currence of carabids (Cz e c h o w s k i 1980b).

6.1. Urbanization and the number of species in carabid communities
*•

On the Vistula escarpment there were 13 carabid species, on the average, 
with a range of 5-27 species, while 9 species, on the average, with a range of 
2-18 species, in the park lawns. The S|udent t  test showed, however, that the 
difference was not statistically significant at the confidence level 0.95. The 
number of species in the carabid communities markedly dropped with increasing 
urban pressure. In  the peripheral plots of the escarpment in Warsaw, where 
tree stands largely preserved their original character, carabid communities

Fig. 2. Urban pressure and the number of species in carabid communities of the Vistula 
escarpment in Warsaw: N — number of species, P — degree of urban pressure; U — Ursy­
nów, A — Arkadia, K — Królikarnia, Ł — Łazienki, S — Sejm, Ku — Park Kultury, 

Un — Uniwersytet, C — Cytadela, G — Gdańska, Ka — Kaskada, B — Bielany.

U A K Ł S Kalin C G Ka B
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13 Carabids of the Vistula escarpment 305

were made up of 24 species, on the average (21 and 27 species). For the remaining 
plots the average value was 11 (5-18 species). Simplification of the species 
composition was proportional to the intensity of urban pressure. The relationship 
between the urban pressure and the number of species was generally well pro­
nounced (Figs 2 and 7). An increase in the urban pressure by one degree was 
usually followed by almost 1.5 times decrease in the number of species in the 
community.

6.2. Urbanization and the number of individuals in carabid communities

There were considerable differences in carabid numbers among the habitats 
subjected to the urban-gardening pressure of various degrees (Cz e c h o w sk i 
1980b). For the tree stands of the escarpment in Warsaw the index of the re­
lative number of carabids was 10.2, on the average, which is a rather high 
value, taking into account that the corresponding figure for a natural oak-horn- 
beam forest located near Warsaw was 15.3. But the number of individuals in 
the carabid communities of the escarpment varied largely between 0.7 and 
25.5(!) from one plot to another. The number of carabids in the park lawns 
in Warsaw was 6.0, on the average, and also largely varied (0.7-22.4) from 
plot to plot. Because of this marked variability in the results, there are not

U A K Ł S KuUn C G Ka B
Fig. 3. Urban pressure and the number of individuals in carabid communities of the Vistula 
escarpment: n — index of numbers, P — degree of urban pressure (plots denoted as in

Fig. 2).
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statistically significant differences in the average values of this index between 
the escarpment and the lawns (Student t  test, confidence level 0.95).

Increasing urbanization of the habitat considerably limits the number 
of individuals in carabid communities. The average index of their numbers was 
22.6 (19.7 and 25.5) in the peripheral plots of the escarpment, while only 7.5 
(0.7-18.4) in the other plots. There is a well defined relationship between the 
intensity of urban pressure and community numbers (Figs 3 and 7). An increase 
in the pressure by one degree lowered carabid numbers 1.8 times.

6.3. Urbanization and the structure of frequency in carabid communities

According to L e ś n ia k  (1 9 7 7 ), relative proportions of species of particular 
frequency classes of the forest carabid communities are most susceptible of all 
their features to industrial pollution of the environment. Under urban conditions 
changes in the frequency arc rather important but it seems that their possible 
role as bioindicators is less considerable. In the carabid communities on different 
plots of the Vistula escarpment a general tendency was observed towards 
a gradual replacing of locally occurring species (that is, found only in a limited 
number of plots) by still more common species (that is, occurring in many plots) 
when the urban pressure increased. Among carabids inhabiting the plots subjec­
ted to the smallest pressure (1-2 degrees) there were mostly local species. In 
the plots under moderate pressure (3-4 degrees) the contribution of all frequency 
groups to the species composition of the community was more or less even. 
Only in three cases in most urbanized plots this tendency was disturbed. In 
the Królikarnia plot (pressure 4) and the University and Łazienki plots (pres­
sure 5) carabid communities were predominated by local species. But in the 
Arkadia plot (pressure 5) only more or less common species occurred (Fig. 4).

For further analysis two extreme classes were strictly distinguished: 
common species, occurring at least in 70% of the plots, and local species, oc­
curring at most in 30 % of the plots, and then a comparison was made for the 
escarpment and the park lawns. I t  turned out that the carabids of the common 
group were more abundant in the lawns than in the tree stands of the escarp­
ment. Both the number of species (1ST) and the number of individuals (n) were 
higher. In the case of local forms there were only slight differences (Tab. IV).

Bather considerable differences were observed in the contribution of these 
classes to the carabid fauna of particular more or less urbanized plots. Parti­
cularly pronounced differences occurred between the communities from the 
peripheral plots (Ursynów, Bielany) and the communities of the other escarp­
ment plots, considered jointly. The average contribution of the common forms 
(species and individuals) and the average contribution of local forms differed 
about two times (Tab. IV). With an increase in the urban pressure by one degree, 
the proportion of common species increased 1.3 times, on the average (apart 
from the exceptions noted above). At the same time the proportion of local 
species decreased 1.2 times, on the average (Fig. 5).
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Fig. 4. Frequency structure of carabid communities in particular plots of the Vistula escarp­
ment in Warsaw: P — degree of urban pressure, S — plots, Ns — number of plots, 1-6 — 
percentage contributions of the species recorded from a definite number of plots (Ng) (i.e. 
only in one, only in two, only in three, etc. plots) to the total number of species in particular 
communities: 1 — 0%, 2 — 1-10%, 3 — 11-20%, 4 — 21-30%, 5 — 31—40%, 6 — 41-50% .

Ursynów

Kaskada

G|d.anska

Cytadela

Kultury P.

K rólikarnia

University

5 Lazienk

A rk ad ia

6 0

5 0

4 0

3 0

Fig. 5. The effect of urban pressure on the frequency structure of carabid communities on 
the Vistula escarpment in Warsaw: % — average proportion of the species from a given 
frequency class to the total number of species in the community, P — degree of urban pres­

sure, 1 — common species, 2 — local species.
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6 .4 . Urbanization and the dominance structure of carabid communities

The dominance structure of fauna communities in undisturbed, natural 
habitats is generally regular, characterized by gentle transitions between 
gradually decreasing contributions of particular species. In the habitats subjected 
to a heavy pressure of an anthropogenic factor, the dominant species of local 
communities (adapted to these particular conditions) reach a considerable 
numerical preponderance over other species. The limiting effect of a given 
factor on most species is followed by a decrease in their numbers, and even 
eliminates from the community most susceptible forms (O d u m  197 7 ). Therefore, 
the precentage proportion of the dominant species in the community can indi­
cate the degree of ahthropogenic transformation of a given habitat.

[ In  a Mazovian natural oak-hornbeam forest, the dominant species, Garabus 
hortensis L., accounts for 27.5% of the total carabid community. In the tree 
stands of the Vistula escarpment in Warsaw the dominant species accounted 
for as much as 40 % of the total community, on the average. In particular plots 
of the escarpment the proportion of dominants varied from 24 to 56 %. In the 
park lawns they were a little higher, reaching from 24 to 61 %  or on the average 
41 % per plot.

The increase in the proportion of dominants in the communities on the 
escarpment was not proportional to the degree of urban pressure (at least if 
considered totally). I t  is probable that the percentage contribution of the domi­
nant depends on the diversity of the factors of anthropogenic pressure rather 
than on the total intensity of this pressure. The diversity of factors, even harmful 
but acting in a multisided way on the fauna, discourages a distinct increase 
in the number of anyone species in the community (Cz e c h o w sk i 1980b). There 
was, however, a clear difference in the average proportion of the dominant 
between the peripheral and the other habitats of the escarpment. The respective 
values were 30 % (24 and 36 %) and 42 % (32-56 %).

6.5. Urbanization and the proportion of forest and field species in carabid
communities

To determine the numerical preponderance of a given ecological component 
the carabid species recorded were classified into four groups, according to their 
habitat requiremants: forest species (without paying attention to the type 
of the forest they prefer), field species (characteristic of open areas and, at the 
same time, frequent in crop fields), ubiquitous species, and other species not 
belonging to any of the three groups.

The carabid communities of the Vistula escarpment were predominated by 
the group of forest species, in both the number of species (N) and the number 
of individuals (n). The proportion of field species was here 1.7 times as low as 
forest ones and the contribution of individuals of the field species to the total 
number of individuals in the community was 3.5 times as low as forest forms.
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17 Carabids of the Vistula escarpment 309

A reversed situation was observed in the park lawns. The proportion of the 
field species (A) was only slightly higher than forest ones, but the number of 
individuals (n) of the field species was more than 5 times of that of the forest 
species. Also the number of ubiquitous species was considerably higher in the 
lawns. The number of species (N) of this group was 1.5 times as high as on the 
escarpment, and the number of individuals (n) as much as 7 times higher! 
(Tab. IY).

U A K Ł S KuUn C  G K a B

□
L..J4

Fig. 6. Urban pressure and proportion of particular ecological elements in oarabid com­
munities of the Vistula escarpment in Warsaw: % — proportion of individuals of a parti­
cular ecological element to the total number of individuals in the community, P  — degree 
of urban pressure, 1 — forest element, 2 — ubiquitous element, 3 — field element, 4 — other 

species (plots denoted as in Fig. 2).

With increasing urban pressure, the forest forms of carabids were replaced 
by the field forms. This is particularly well pronounced when the proportion
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of individuals (n) of each form to the total number of individuals is analysed 
(Tab. IY). Even in the case when some plots on the escarpment did not show 
this tendency, these deviations were usually compensated by changes in the 
proportion of ubiquitous forms (Fig. 6). An increase in the urban pressure by 
one degree lowered the proportion of forest species 1.2 times, on the average, 
and increased the proportion of the field species almost 1.9 times (Fig. 8).
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Figs 7-8. The effect of urban pressure on the number of species, number of individuals in 
a community, and proportions of ecological elements in the carrabid communities of the 
Vistula escarpment in Warsaw. Fig. 7. N — average number of species, n — average index 
of the number of individuals, P  — degree of urban pressure. Fig. 8. % — average proportion 
of particular elements in the community, P — degree of urban pressure, 1 — individuals 

of forest species, 2 — individuals of field species, 3 — forest species, 4 — field species.

The only important deviation from this regularity occurred in Łazienki 
(pressure 5) where the carabid community was made up mainly of the forest 
species. Łazienki is a very old park established on the forest areas not changed 
before. Due to this some terrains of the park and, in particular, the escarpment 
preserved the tree stand similar to primeval one. Hence, a considerable contri­
bution of forest forms in the carabid fauna. At the same time very intense 
gardening treatments (particularly, frequent raking of this litter) and proximity 
of a street with much traffic contribute to a high pressure on this plot. As a result, 
on the escarpment in Łazienki the number of species is small as well as the number 
of individuals. http://rcin.org.pl
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6.6. Urbanization and the trophic structure of carabid communities

Though carabids belong to the suborder Adephaga (predatory beetles), 
their food requirements are rather diversified. Apart from zoophages, there 
are many omnivorous species and even phytophages. For the purpose of the 
present analysis, the carabids recorded in this study have been divided into 
two groups: zoophages and pantophages.

The ratio of zoophages to pantophages varied for particular plots of the 
escarpment. Although there was no straight relation of this ratio to the degree 
of urban pressure, there were rather important differences between the peripheral 
plots and all the other plots, with the urban pressure higher than one, considered 
jointly. The replacement of zoophages by pantophages was particularly pro­
nounced in relation to the number of individuals (n) in the two groups. An ave­
rage proportion of pantophagous species in the communities subjected to a hig­
her pressure was more than 2.5 of that in the communities occupying least 
transformed plots (Tab. IV).

6.7. Urbanization and the phenology of carabid communities

Carabidae belong to two main phenological groups: spring species and 
autumn species (L a r s s o n  1939, L in d r o t h  1945). Spring species are usually 
characterized by a wider range of ecological tolerance. Most of the field carabids 
originate from this group (T is c h l e r  1971). Therefore, it should be expected 
that the proportion of spring forms in carabid communities will increase with 
growing urban pressure. However, it has been found (Cz e c h o w s k i 1980b) 
that when the gardening-urban pressure is involved (rural parks — urban parks), 
this tendency is rather feeble so, in addition, more easily overshadowed by the 
effect of side factors.

A similar situation is in the case of the present study, although the domina­
tion of spring over autumn forms in heavily urbanized areas was a little better 
marked. There were still not significant differences in the proportion of particular 
species (N) of the two phenological groups between the Vistula escarpment 
and the park lawns. But the proportion of individuals (n) of the spring forms 
was considerably higher (almost two times) in the lawns (Tab. IV). Noticeable 
differences in the proportion of spring and autumn forms (both species — N and 
individuals — n) occurred between the peripheral escarpment plots and the other 
escarpment plots (Tab. IV).

6.8. Urbanization and the proportion of forms with different body sizes in
carabid communities

The carabids occurring in the study plots have been classified into three 
size groups: large forms (more than 20 mm long), medium forms (10-20 mm) 
and small forms (less than 10 mm). The same classification was used in thehttp://rcin.org.pl



312 W. Czechowski 20

Table IV. Percentage proportions of particular ecological, phenological, and morphological 
elements in the carabid fauna of the Vistula escarpment and park lawns in Warsaw (average 
values per plot). P — urban pressure; %N — proportion in the number of species; %n — 

proportion in the total number of individuals

Criterium of 
classification

Vistula escarpment Park
Elements Total P =  1 P >  1 lawns

%N %n %N %n %N %n %N %n

Frequency
Common 6 45 13 19 26 49 10 51
Local 77 44 61 73 37 33 79 43

Forest 40 57 53 85 36 51 22 9
Environment Ubiquitous 10 5 4 + 16 10 15 35

Field 24 17 10 10 28 20 24 49

Trophic group
Zoophagous
Pantopha-

68 02 71 93 67 82 65 66

gous 32 8 29 7 33 18 35 34

Phenology
Spring forms 
Autumn

54 41 56 37 61 49 58 23

forms 46 59 44 63 30 51 42 77

Large forms 
Medium

11 24 13 44 12 19 5 2

Body size forms 34 54 36 33 42 59 35 58
Small forms 55 22 51 23 46 22 60 40

paper analysing changes in the carabid communities subjected to the garde­
ning-urban pressure (Cz e c h o w s k i 1 9 8 0 b ). I t  was found then that the anthropo­
genic pressure of this kind was followed by disappearance of large carabids, 
which were mostly replaced by forms of medium length.

A similar tendency was found when the wooded escarpment plots were 
compared with more or less opened lawn plots. The proportion of species (N) 
of large forms, which were poorest in species, decreased almost two times in 
the lawns, while the proportion of individuals (n) of this group to the total 
number of individuals in the carabid community decreased 1 2  times (!). The 
proportion of medium forms, however, increased insignificantly. Large forms 
were mainly replaced by small carabids, particularly, as far as their numbers (n) 
are concerned. Their proportions in the lawns were almost twice as high as on 
the escarpment (Tab. IV).

The changes occurring in the fauna of carabids within the escarpment 
were of a slightly different character. They did not depend directly on the inten­
sity of urban pressure. I t  seems that the degree of the closeness of tree canopy 
on particular plots is the main factor. Nevertheless, the comparison between 
the plots subjected to the lowest pressure (Ursynów, Bielany), thus most re­
sembling primeval tree stands, and the other plots, under heavier anthropogenic 
pressure, is interesting. Changes in the proportion of species (N) representing

(
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particular forms were relatively small. But there were distinct differences in the 
number of individuals (n) of different body size. In the communities inhabiting 
more urbanized plots, the proportion of large individuals was 2.3 times lower 
than in those occupying the peripheral plots. The proportion of medium indi­
viduals increased 1.8 times with increasing urbanization. At the same time the 
proportion of small individuals slightly dropped (Tab. TV).

The decrease in the number and proportion of large carabids with increasing 
anthropogenic pressure may be caused by several factors. I t  seems that mostly 
the reduction in the surface of wooded areas or, at least covered with dense 
shrubs, is responsible for the limitation of the occurrence of these mobile insects, 
mainly belonging to forest forms. The situation is additionally aggravated by 
the raking and removing of litter, since the larvae of carabids firstly dwell 
on the soil surface (S a r o v a  1960). I t  is also possible that during such treatments 
large carabids are more frequently destroyed mechanically, as compared with 
smaller forms.

7. Final remarks

An increasing urbanization of the environment accounts for large changes 
in the fauna of carabids. Since the factors of urban pressure are complex, the 
modifications in carabid communities go in many directions and involve a num­
ber of structural features of these communities. In most cases a degree of the 
changes depends on the intensity of anthropogenic pressure. This confirms the 
view that carabid beetles are useful bioindicators of the state of the environ­
ment.

A comprehensive comparison of the carabid fauna inhabiting wooded 
areas of the Vistula escarpment in Warsaw with that inhabiting nearby managed 
park lawns showed that the fragments of natural or paranatural wooded areas 
preserved within the town are both quantitative (at least in less changed patches) 
and, particularly, qualitative refuges of the forest fauna originally occupying 
the whole terrain built up now. Thus, these habitats should be an object of 
particularly careful protection (and not of “shaping” as it is in fashion now). 
We may expect then that due to inevitable random migrations they will be 
a source of new components for heavily transformed or even degraded habitats 
of cultivated urban green areas. This will increase their self-regulatory ability, 
and will make more efficient the functioning of urban ecosystems.
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STRESZCZENIE

[Tytuł: Biegaczowate (Coleoptera, Carabidae) skarpy wiślanej w Warszawie]

Chrząszcze biegaczowate są grupą owadów o znacznych walorach bio­
indykacyjnych. Powszechnie wykorzystywane są do oceny stanu i zmian środo­
wisk podlegających różnego rodzaju wpływom antropogenicznym. W niniejszym 
opracowaniu przeanalizowano zmiany, jakie następują w zgrupowaniach Cara­
bidae, zasiedlających naturalne i półnaturalne zadrzewienia skarpy wiślanej 
w Warszawie. W środowiskach tych stwierdzono występowanie 53 gatunków 
biegaczowatych. Najliczniejsze są tam politopowe gatunki leśne: Nebria brevi- 
collis (F a b r . ) i Cardbus nemoralis O. F . M u l l , [na odkrytych trawnikach w par­
kach dominują: Calathus fuscipes (G o e z e ) — gatunek ubikwistyczny i Pterostichus 
vulgaris (L.) — politopowy gatunek polny]. W porównaniu z karabidofauną poza­
miejskich środowisk Niziny Mazowieckiej na skarpie w Warszawie większy jest 
udział gatunków o szerokich zasięgach geograficznych: holarktycznych, pale- 
arktycznych i eurosyberyjskich. Wzrastająca presja urbanizacyjna wyraźnie 
wpływa na skład gatunkowy, liczebność i strukturę zgrupowań biegaczowatych, 
zasiedlających różnie położone stanowiska na skarpie. Liczba gatunków i liczeb­
ność zgrupowań obniża się. Zwiększa się udział gatunków powszechnych kosztem 
rzadziej występujących. Zwiększa się dysproporcja między liczebnością gatun­
ków dominujących, a liczebnością pozostałych gatunków w zgrupowaniach. 
Formy leśne zastępowane są przez polne i ubikwistyczne. Zoofagi ustępują panto- 
fagom. Wzrasta udział form wiosennych kosztem jesiennych. Obniża się udział 
dużych i małych biegaczowatych, zastępowanych przez chrząszcze o średnich 
rozmiarach ciała.

Przeprowadzona analiza ekologiczna wykazała, że zachowane w obrębie 
Warszawy fragmenty dawnych zadrzewień pełnią rolę ostoi dla karabidofauny 
leśnej, pierwotnie zasiedlającej obszar zajęty obecnie przez miasto.

PE3IOME

[3arjiaBHe: UCyacejranw (Coleoptera, Carabidae) OTKoca B hcjibi b B apm aB e]

^KyacejIHUbl OÓJiaflaiOT 3HaHHTeJIbHbIMH flOCTOHHCTBaMH KaK ÓHOHHflHKaTOpH. H x  
noBceMecTHO Hcnojn>3yiOT h jih  oneHKH c o c to s h h h  h  H3MeHeHHH cpe,zn>i n o #  b jihhhhcm  
p a 3 n o ro  po ,ąa  aHTponoreHHbix <j>aKTOPOB- B H acToam efi c raT be  npoaHaJiH3HpoBaHbi 
Te H3MeHeHHH, KOTopbie npoH30iiiJiH b  coo6m ecTB ax acyxcejmu;, HacejiaiomHX n p n p o fl-  
Hbie a nojiynpH poflH bie £peBOHacaacneHHH OTKoca B h c jih  b  B apm aB e. B o th x  óuoneH O- 
3ax  HaiłueHo 53 BHfla acyacemm. H au S o jiee  MHorouHCJieHbi t j t t  h o jih to n H b ie  J i e c r a e  
BUflbi: Nebria brevicollis ( F a b r . )  h  Carabus nemoralis O . F . M u l l .  [Ha OTKpbiTbix ra30H ax 
a b n a p x a x  AOMHHHpyeT yÓHKBHCT Calathus fuscipes (G o e z e )  h  Pterostichus vulgaris (L.) — 
BBpHTOnHblH nOJKBOH BHfl]. I l o  CpaBHCHHK) C <|>ayHOH XCyaCejIHU BHeropOflCKHX G h o to -http://rcin.org.pl
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jiob  Ma30BeijK0H HH3MeHHocTH Ha oTKOce B hcjim  b B apuiaB e BLicmee npopeHTHoe co - 
aepacaHHe h m c io t  BHflbi c  ih h po k h m  reorpacjmnecicHM  apeanoM  (rojiapK Tm ecK He, n a -  
jieapKTunecKHe h  eBponeHCKo-cH6HpCKHe). Bo3pacTaK>m nń ypSaHHsapHOHHLift npecc  
hctko BJiHaeT Ha BHflOBoił co c raB , HHCJieHHOCTb h  crpyK Typy coo6m ecTB  acyacejiHU, 
HaCeJIHIOHPCC pa3JIHHHbie 6HOTOnbI BHCJIHHCKOrO OTKOCa. KojIHHeCTBO BHflOB H HHCJieH- 
HOCTb coo6m ecTB  na^aeT , a  yBejiHHHBaeTca coflepacam ie o6 hh h m x  bhaob 3a c n e r  6o jiee 
peflKHX. YBejiHMHBaeTca flH cn p o n o p im a  Meac/iy HucjieHHocTbio flOMHHHpyjonmx h  Bcex 
ocTajibHbix BHflOB b coo6m ecT B ax. JlecHbie BHflbi 3aM em aioT ca nojieBbiMH h  y6nKBHC- 
TaMH. 3oo4>arH y c ry n a io T  naHTo<}>araM. B o3pacTaeT  coflepHcamie BeceHHHx (J)opM 3a 
cneT oceHHHX. CHHacaeTca coAepacaHHe xpynH bix h  m cjikhx xcyacejiHU, a  noaB jiaeTca 
6 o jib u ie  acyxoB cpefljieS  BejraaaHbi.

3KOJiornHecKHH aHanH3 noK a3aji, hto  coxpanH B uraeca b rpaH H pax B apm aB bi c})par- 
MeHTbi 6bi.nbix flpeBOCToeB n rp a io T  p o jib  npHCTaHHipa ^Jia jiecH oii Kapa6Hflcxj)ayHbi, 
naccjia iom eH  nepBOHaaajibHo T eppH T opm o, Hcnojib30BaHHyio n o a  3acTpoHKy ropow a.
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