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1. INTRODUCTION

This study was carried out within a project of the Institute of Zoology, 
Polish Academy of Sciences, called “Influence of urban pressure on the fauna” . 
Changes within a communities of Carabidae due to the process of converting 
a primary forest environment into park areas — differently situated and 
variously utilized — are discussed here. Quantitative and qualitative differences 
in the species composition in communities of carabid beetles of those areas 
and differences in their domination structure are analysed. I t  was the objective 
of this study to  show whether, and if so to  what extent, these beetles can be 
considered as bioindicators of the condition and of changes of an environment 
also in a case where it is transformed and its character becomes garden-like 
or urban. These beetles are a group of organisms of already recognized bio- 
indicatory qualities used for estimating the quality of agricultural and forest 
environments, environments polluted with pesticides and remaining under 
the influence of industrial emission (H e y d e m a n n  1955, D u n g e r  1968, K a b a c i k - 
W a s y l i k  1970, P e t r u ś k a  1971, T o b is c h  and D u n g e r  1973, P u s z k a r  1976, 
L e ś n i a k  1977, M a r t i ś  — unpublished data).

I . l .  Study area

The investigations were carried out in the vicinity of Warsaw and in 
Warsaw. The particular areas of the study constituted a chain determined by
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200 W. Czechowski 2

a gradually increasing anthropogenic pressure on the environment. The first 
element was a hornbeam forest (Tilio-Carpinetum) — an environment only 
slightly influenced by anthropogenic factors and similar to  a primary one. 
The successive elements were two village parks in which the intensity of gar­
dening varied. That chain was completed by a typical urban park. All the 
parks investigated were situated in habitats typical of hornbeam forest ones. 
Here is a description of the particular areas (named after the corresponding 
places).

1. Hamernia. A hornbeam forest of a character of a primary environment. The tree 
stand was not exploited economically; the areas were only slightly penetrated by people 
picking mushrooms. The study site was situated in a large forest complex, about 50 km 
south-west of Warsaw. It was a control environment.

2. Młochów. It was an old neglected manor park situated among fields. There was 
no human interference in the tree-covered parts of the park. The only care taken of lawns 
was in the form of occasional scything (once or twice during a season). Grass cut lay on 
the ground for a long time. The herbaceous plants on the lawns had a large proportion of 
dicotyledonous species and were rich and tall (20-30 cm). The tree-covered part of the park 
was a place where children played and poultry fed. Młochów is about 30 km south-west 
of Warsaw. The degree of the anthropogenic influence on the environment was agreed upon 
as 1.

3. Radziejowice. It was an old manor park situated outside the village, near the 
Hamernia forest complex. The investigations were carried out in the cultivated part of 
the park (a considerable part of the park was wild). The type and frequency of gardening 
were similar to those in urban parks. The lawns were scythed several times during a season 
and grass cut was almost im mediately removed. In the tree-covered parts litter was syste­
m atically raked off. The occupancy intensity of people in the park was low. The degree 
of the anthropogenic influence on the environment was agreed upon as 2.

4. Warsaw. The park at the Cemetery-Mausoleum of Soviet Soldiers. There is a 
housing estate at one side of the park and a complex of urban allotment gardens at another. 
The park adjoins Żwirko and Wigura Ave., one of the main transportation routes in Warsaw. 
It is a typical urban park and it was founded after the Second World War. The tree stand 
is sparse, mainly planted artificially. The lawns were mown every 2-3 weeks and formed 
almost a monoculture. Litter and grass mown were raked off and removed. The degree of 
the anthropogenic influence on the environment was agreed upon as 3.

1 .2 . Time of the studies and methods

The data presented here are the result of two-year investigations carried 
out in 1976 and 1977, with the exception of the park  in Eadziejowice in which 
data were collected during one season only (1977).

Beetles were caught in Barber’s traps, the classic method used in studies 
on Carabidae. Due to  the specific character of the  areas studied small traps 
were the only means of catching beetles. They provided the required amount 
of m aterial and left no distinct marks on the lawns. The glass cylinders used 
as traps had a diameter of 4 cm and a capacity of 120 ml. They were inserted 
into soil by means of an instrum ent for collecting soil samples. % of their 
capacity was filled with ethylene glycol in order to preserve the captured
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3 Communities of carabid beetles 201

insects. Traps were laid out for 14 days each month from April to  October. 
Thus, 7 series of fortnight catches were carried out annually in each area. 
In  Hamernia, Młochów and Badziejowice there were 40 traps in one series — 
20 were laid out in an open area and 20 in a tree-covered one. In  the park in 
Warsaw, where such a differentiation was impossible, traps were laid out on 
two lawns with a different degree of shadiness — 10 traps on each site. Earlier 
tests had revealed th a t such numbers of traps would provide enough represen­
tative material.

The mean number of individuals caught in a given park into 10 traps 
during a fortnight was considered to  he an indicator of the relative abundance 
of Carabidae. An analysis of the data was carried out on the basis of the mean 
values of the abundance of beetles for a given season (from 7 one-month tests).

D ata on the abundance of Carabidae must be treated on the distinct under­
standing th a t Barber’s traps are selective. D ata obtained by means of this 
method depend on the size and activity of individuals, weather conditions, 
density of herbaceous plants etc. ( G e e e n s l a d e  1964). However, since other 
methods are still less reliable, Barber’s traps are considered to  be a method 
most suitable for estimating the abundance of epigean carabid beetles ( G e e e n s ­
l a d e  1964, L e ś n ia k  1975).

2. RESULTS

The collected material consisted of 1174 individuals from 49 Carabidae 
species belonging to  20 genera. A systematic list of the recorded species and 
information on their occurrence and abundance in different areas are presented 
in Table I. The composition of the communities and the percentages of particular 
species in each community are shown in Table H.

Table I. Carabidae species recorded during the investigations and 
their relative abundance in each study area: H — Hamernia; M —
Młochów; R — Radziejowice; W — Warsaw (the seasonal mean 
number of individuals caught into 10 traps during a fortnight was 
considered to be an abundance index; +  — occasional occurrence).

Species
Abundance

H M R W

1 Carabus coriaceus L. 0.2
2 Cardbus violaceus L. 0.5
3 Carabus auronitens F a b r . 0.1
4 Carabus convexus F a b r . 0.2
6 Carabus granulatus L. 0.1
6 Carabus arcensis H e r b s t 1.5
7 Carabus nemoralis O . F. M u l l . 0.7 + 0.6
8 Carabus hortensis L. 2.9 0.1
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Tab. I ctd.

Species
Abundance

H M E W

9 Carabus glabratus P a y k . 2.3
10 Cychrus caraboides (L.) 0.3
11 Nebria brevicollis ( F a b r .) 2.2 6.9 0.7
12 Notiophilus aquaticus (L.) 0.1
13 Notiophilus bigiittatus ( F a b r .) 0.1 0.1
14 Notiophilus germinyi F a u v . +
15 Notiophilus palustris ( D u f t .) + +
16 Loricera caerulescens (L.) 0.1 +
17 Clivina fossor (L.) + 0.2
18 Asaphidion flavipes (L.) + +
19 Bembidion lampros ( H e r b s t ) + +
20 Bembidion properans (S t e p h .) +
21 Bembidion ustulalum  (L.) +
22 Epaphius secalis ( P a y k .) o.c
23 Trechoblemus micros ( H e r b s t ) +
24 Patrobws atrorufus (S t r o e m ) +
25 Amara aenea (D e  G e e r ) 0.1 0.2 0.3 0.6
26 Amara communis ( P a n z .) +
27 Am ara fam iliaris  ( D u f t .) + 0.1 0.2
28 Am ara sim ilata  (G y l l .) 0.6
29 Stomis pumicatus ( P a n z .) 0.1
30 Płero8tichus caerulescens (L.) 0.1 0.1
31 Ptero8ticlius vernalis ( P a n z .) + +
32 Ptero8ticlius oblongopunctatus

( F a b r .) 0.8 0.1
33 Ptero8tichus niger (S c h a l l .) 1.4 0.1 0.4 0.1
34 Pterostichus vulgaris (L.) 0.2 0.7 1.2 1.2
35 Calathu8 erralU8 (C. B .  S a h l b .) +
36 Calathus fuscipes (G o e z e ) 0.2 + 0.6
37 Galathus melanocephalus (L.) + +
38 Calathus micropterus ( D u f t .) 0.5
39 Synuchus nivalis ( P a n z .) 0.5 0.2 0.2
40 Agonum assimile ( P a y k .) + 0.4
41 Agonum dorsale ( P o n t .) 0.1
42 Badister bipustulatus ( F a b r .) +
43 Badister lacertosus S t u r m +
44 Anisodactylus binotatus ( F a b r .) 0.2
45 Harpalus punctatulus ( D u f t .) 0.1
46 Harpalus griseus ( P a n z .) 0.1
47 Harpalus rufipes ( D e  G e e r ) 0.8 + 0.3
48 Harpalus affinis (S c h r a n k ) 0.1 +
49 Harpalus latus (L.) 0.1 +

T o ta l 12.8 6.8 10.6 4.6
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5 Communities of carabid beetles 203

Table II. Species composition of the communities and the percentage of particular 
Garabidae species in particular study areas.

Hamernia % Młochów %

1 Oarabus hortensis 22.5 1 Nebria brevicollis 32.5
2 Garabus glabratus 18.0 2 Harpalus rufipes 12.0
3 Garabus arcensis 11.5 3 Pterostichus vulgaris 10.5
4 Pterostichus niger 11.0 4 Amara similata 9.0
5 Pterostichus oblongopunctatus 6.5 5 Agonum assimile 6.0
6 Garabus nemoralis 5.5 6 Galathus fuscipes 3.0
7 Garabus violaceus 4.0 7 Synuchus nivalis 3.0
8 Galathus mdcropterus 4.0 8 Amura aenea 3.0
9 Synuchus nivalis 4.0 9 Garabus hortensis 1.5

10 Cychrus caraboides 2.5 10 Carabus auronitcns 1.5
11 Carabus ooriaceus 1.5 11 Garabus granulatus 1.5
12 Garabus convexus 1.5 12 Pterostichus niger 1.5
13 Pterostichus vulgaris 1.5 13 Pterostichus caerulescens 1.5
14 Pterostichus caerulescens 1.0 14 Pterostichus oblongopunctatus 1.5
15 Harpalus affinis 1.0 15 Harpalus punctatulus 1.5
16 Harpalus latus 1.0 16 Amara fam iliaris 1.5
17 Amara aenea 1.0 17 Stomis pumicatus 1.5
18 Notiophilus aguaticus 1.0 18 Loricera caerulescens 1.5
19 Agonum assimile 0.5 19 Agonum dorsale 1.5
20 Galathus erratus 0.5 20 Notiophilus biguttatus 1.5
21 Amara communis 0.5 21 Harpalus latus 0.5
22 Amara fam iliaris 0.5 22 Harpalus affinis 0.5
23 Notiophilus germinyi 0.5 23 Pterostichus vernalis 0.5

Radziejowice %
24
25

Clivina fossor 
Galathus melanocephalus

0.5
0.5

1 Nebria brevicollis 65.0
26
27

Notiophilus palustris 
Asaphidion flavipes

0.5
0.5

2 Pterostichus vulgaris 11.5 28 Bembidion ustulatum 0.5
3 Epaphius secalis 5.5 29 Bembidion lampros 0.5
4
5

Pterostichus niger 
Amara aenea

4.0
3.0 Warszawa %

6
7

Synuchus nivalis 
Amara fam iliaris

2.0
2.0 1 Pterostichus vulgaris 26.0

8 Clivina fossor 2.0 2 Nebria brevicollis 15.5
9 Notiophilus biguttatus 1.0 3 Garabus nemoralis 13.0

10 Garabus nemoralis 0.5 4 Galathus fuscipes 13.0
11 Harpalus rufipes 0,5 5 Amara aenea 13.0
12 Galathus fuscipes 0.5 6 Harpalus rufipes 6.5
13 Patrobus atrorufus 0.5 7 Anisodactylus binotatus 4.5
14 Pterostichus vernalis 0.5 8 Harpalus griseus 2.5
15 Galathus melanocephalus 0.5 9 Pterostichus niger 2.0
16 Loricera caerulescens 0.5 10 Badister bipustulalus 1.0
17 Badister lacertosus 0.5 11 Notiophilus palustris 1.0
18 Trechoblemus micros 0.5 12 Asaphidion flavipes 1.0
19 Bembidion lampros 0.5 13 Bembidion properans 1.0
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2.1. Number of species in the communities

In  an environment almost untouched by man, i.e. in the Tilio-Carpi- 
netum forest in Hamernia, the Garabidae community consisted of 23 species 
(9 genera). In  areas under certain anthropogenic pressure there usually occurred 
significant variations from th a t number. The value and direction of those 
variations depended on the character and intensity of th a t pressure. In  the 
park in Młochów there were 29 species of carabid beetles (14 genera), in Radzie­
jowice — 19 species (15 genera) and in Warsaw — 13 species (11 genera).

A considerable enrichment (of about 26 %) of the Garabidae community 
in the neglected village park  in Młochów in relation to  a community typical 
of a prim ary environment was undoubtedly due to  a greater environmental 
differentiation in th a t park  in comparison with the control site. The tree- 
covered areas of the park maintained a relatively natural character, bu t the 
lawns — introduced mosaieally on part of the area — had once constituted 
new complexes of herbaceous plants. Those lawns had not been cultivated 
for years and, as a result of spontaneous succession, grew similar to meadow 
complexes. The proportion of ecotonal parts in th a t area increased simulta­
neously. Such a situation created favourable conditions for a qualitative en­
richment of the  fauna of th a t area. The variety of species was probably also 
influenced by the fact th a t the park was situated among fields. That situation 
made it possible for field Garabidae to  visit the area while the local forest species 
remained there.

In  the cultivated village park in Radziejowice the number of species of 
carabid beetles was slightly lower than  th a t in the forests in Hamernia. However, 
th a t value might have been lower due to  a period of investigations shorter 
than  in other areas (only one season). The actual number of species occurring 
there was most certainly similar to  the number of species in Hamernia (Fig. 1). 
This opinion is based on results of previous studies which revealed th a t in 
such types of environment during the second season of investigations a few 
accessory species were added to the list of recorded Garabidae (the author’s 
own unpublished data). The number of species in Radziejowice was only slightly 
changed in relation to  the value for a prim ary environment. I t  was probably 
a result of the influence of two contradictory tendencies: 1 — environmental 
differentiation (introduction of lawns and ecotonal parts) resulting in greater 
variety of species; 2 — intensity of gardening (removal of grass mown and 
raking off of litter) which limited the occurrence of certain species. The park 
in Radziejowice was surrounded mainly by forests and bushes; there were 
no fields in its immediate vicinity. Due to a  lack of th a t type of environmental 
base the ecological niches left by forest species incapable of living in a park 
could have remained em pty longer than  those in the park in Młochów which 
was situated among fields.

The number of species recorded in the park in Warsaw was considerably 
lower (over 43 % lower in relation to  the Garabidae community in Hamernia).
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7 Communities of carabid beetles 205

I t  was undoubtedly influenced by a number of factors constituting the two 
main types of the anthropogenic influence there: gardenizing pressure and 
urban pressure in its wider meaning. Gardening activities in urban parks arc 
greatly varied and unduely frequent. Herbicides, chemical substances for plant 
protection and fertilizers are used. At the same time, urban green areas arc 
influenced by all negative aspects of urbanization. For the flora and fauna 
the most im portant are air and soil pollution with toxic compounds — results 
of motorization and industry, soil salinity, vibration of the ground etc.

In  the light of the above observation it is possible to  state th a t a moderate 
anthropogenic pressure resulting in an environmental diversity has a positive 
influence on the specifical variety of Carabidae communities in a given area. 
But the number of species of carabid beetles decreased rapidly when the inten­
sity of the pressure exceeded the critical value; the diversity of the changing 
environment was smaller and, a t the same time, it became entirely different 
from the primary environment (Fig. 1).

2 .2 . Population density of the com m unities

Out of all the investigated areas the highest index of the abundance of 
Carabidae was in the control environment (Hamernia). In Hamernia it was 
12.8, in Młochów — 6.8, in Radziejowice — 10.6, in Warsaw — 4.6. Thus, an 
increase in the anthropogenic pressure resulted in a considerable quantitative 
reduction of a community (Fig. 1). In  the extreme case (the urban park) th a t 
reduction even reached 64%. The abundance of carabid beetles in Mlochów 
was lower than in Radziejowice, an area of more intensive gardening, and it 
was probably due to factors secondary to the influence of the basic kind of 
pressure. Such an interpretation is justified by data on the distribution of 
the abundance of Carabidae in the two areas — in their lawn and tree-covered 
parts. On the lawns in Młochów the index of the abundance of carabid beetles 
was about 8, whereas in the forest part of the park it was about 5. In  Radziejo­
wice it was only about 3 on the lawns and as high as about 18 in the tree-covered 
parts. Theoretically, therefore, in relation to the situation in Radziejowice 
the abundance of the carabid community in the forest part in Młochów should 
have been higher. I t  was lower probably as a result of the presence of a nu­
merous flock of hens feeding there and constantly stirring the litter. The lawns, 
possibly thanks to  their rich vegetation, were left almost untouched by hens. 
In  the park in Radziejowice there were no hens at all and th a t made it possible 
for local communities of Carabidae to reach an abundance higher than  their 
to tal abundance in Młochów — in spite of the tendency created by gardening 
pressure. That is why in Fig. 1 only the mean value of the abundance index 
for the village parks was marked (point “M /R” ).
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Fig. 1. Changes in the number of species and the abundance of individuals in the Garabidae 
communities under the influence of anthropogenic pressure: N — number of species; n — 
abundance index; a — anthropogenic pressure; H — Hamernia; M — Młochów; M /E — 
village parks on average; E — Eadziojowice; W  — Warsaw; 1 — changes in the number 
of species; 2 — supposed change in the number of species (see the explanation in the paper);

3 — abundance changes.

2 .3 . Dom ination structure of the com m unities

The domination structure within faunistic communities typical of natural 
environments is usually characterized by slow transitions between gradually 
decreasing values of the percentage of particular species (O d u m  1977). Such 
an “ideal” structure was recorded for the Garabidae of the hornbeam forest 
in Hamernia (Table n, Fig. 2).

In  environments under a strong pressure of a definite anthropogenic 
factor there was recorded a distinct disproportion between the percentages 
of particular species within the communities occurring there. One or several 
dominant species, adapted to  the specific conditions of a given habitat had 
a considerable quantitative advantage over other species, simply because of
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9 Communities of carabid beetles 207

the influence of the factor selective for the community was favourable for 
them. The limiting effect of that factor on other species reduced their abundance 
or even excluded the most sensitive species from the community (Odum 1977).

n

s
Figs. 2 and 3. Structure of the Oarabidae communities in the hornbeam forest in Hamernia 
(2) and in the park in Młochów (3): n — abundance index; s — species (for other explanations

see Figs. 4 and 5).

In  Mlochów, Radziejowice and Warsaw, in the parks subjected to anthro­
pogenic pressure, human interference was more or less reflected in the domi­
nation structure of the communities of carabid beetles. And the deviations 
from the proper structure of a community were the more distinct the more 
one-sided was the influence of the anthropogenic factor (Table II , Figs. 3, 4, 5).

In  the Garabidae community in Hamernia the group of dominants consisted 
of two species — Garabus hortensis — 22.5%  and G. glabratus — 18.0%. Thus, 
the to tal percentage of dominants in th a t community was 40.5 %. In  the com­
munities of all the other areas only one species was definitely dominant. In  
Młochów and Radziejowice it wms Nebria brevicollis — 32.5 % and 65.0 % 
respectively, in Warsaw it was Pterostichus vulgaris — 26.0 % of the total 
abundance of the community. Both species were obviously favoured by the 
described type of environmental anthropogenization. In  the carabid beetle 
community of the hornbeam forest in Hamernia N . brevicollis was never recorded
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and P. vulgaris was one of the less numerous accessory species. Up to a certain 
point the increasing anthropogenization of the environment was favourable 
to both species simultaneously, though N . brevicollis — a stenothermic, polytopic 
forest species profited more a t the beginning. The park management, by main-

n
65

15

1

05

□

B O hOEBus.

n
1

05 II Dm—u

Figs. 4 and 5. Structure of the Garabidae communities in the parks in Radziejowice (4) and 
in Warsaw (5): n — abundance index; s — species; 1 — forest species; 2 — field species;

3 — other species.

taining clearance spaces among trees resulted in increasing the temperature 
of the area, bu t there still were parts densely covered by trees (Młochów and 
Radziejowice) and they determined the advantage of th a t species. However, 
along with the process of destroying trees converting the environment into 
areas fairly open and covered with specifically poor herbaceous plants (thus 
making them similar to fields) the eurythermic, poly topic field species — P.
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11 Communities of carabid beetles 209

vulgaris become a more and more favoured one. In  respect of abundance th a t 
species occupied only the thirteenth position in the community in Hamernia 
(1.5 % of the whole community). In  the neglected park in Mlochów it was 
the third (10.5 %), in the well-kept park in Radziejowice — the second (11.5%), 
becoming the absolute dominant among the Carabidae in the urban park in 
Warsaw. In  Warsaw N . brevicollis occupied the second position (Table II).

The fairly regular domination structure of the community of carabid 
beetles in Warsaw was interesting (Table H , Pig. 5). I t  might have been the 
result of the fact th a t the fauna of the whole community was under a many- 
-sided influence of various strong elements of the anthropogenic pressure con­
nected with the specific character of the city as an environment. The diversity 
of the elements influencing the fauna of the urban park made it impossible 
for any particular species to become a definite dominant, which was quite 
opposite to the effects of the influence of only one factor on the environment 
of a village park. The neighbourhood of the area was also of some importance. 
The park a t the Cemetery-Mausoleum of Soviet Soldiers is surrounded by far- 
-reaching, interconnected parts of the urban green areas of a homogeneous 
character, stabilized for years. Therefore, the biocoenosis of the park may be 
treated as a fragment of a larger, relatively homogeneous and stabilized bio­
coenosis of urban vegetation. The situation was quite different in the village 
parks the biocoenoses of which might be characterized by non-stability resulting 
from their insular situation among areas of entirely different character.

Considerable changes, usually reductions, were recorded for the number 
of accessory species and for their proportions in the communities of particular 
areas. Though not playing any significant role in the actual functioning of 
the  faunistical communities those not very numerous species determined, to 
a great extent, their homeostatic abilities. When the agreed upon, three-degree 
scale of domination (dominants, influents, accessory species) was used the 
number of accessory Carabidae species in Hamernia could be defined as 19. 
I t  constituted 83 % of the total number of species in the community. In  Młochów 
there were 24 — also 83% , in Radziejowice 17 — 89% , in Warsaw 8 — 62%. 
The approximate percentage of individuals of those species in the to tal abun­
dance of the communities was 37% , 30% , 25% and 20% respectively.

A considerable proportion of accessory species in the village parks (particular­
ly in Młochów) might have been connected with a greater environmental diversity 
of those areas. In  the urban park the environment was less diversified and unfa­
vourable to most animal forms. There survived only a few resistant species, for 
the anthropogenic pressure created possibilities for getting rid of their competitors.

2 .4 . Similarity of the communities

The degree of the qualitative similarity of particular Carabidae species 
of the studied areas was calculated on the basis of the percentage version of 
the  S o r e n s e n  formula (1948).
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The values of the similarity indices of each pair of the communities cor­
responded to the values of the differences in the intensity of the anthropogenic 
pressure influencing particular areas (Table III). The similarity between the 
Garabidae communities of the areas differing by one degree of pressure (Ha­
mernia — Młochów; Młochów — Radziejowice; Radziejowice — Warsaw) was

Table III. Similarity i n d e x  (S o r e n s e n ’s number) 
between Garabidae communities in particular 
s t u d y  areas: H — Hamernia; M — Młochów; K —

Radziejowice; W — Warsaw.

\ II M R W

H \ 42 29 22

M 42 \ 54 38

R 29 54 44

W 22 38 44 \
47 % on average. For the areas differing by two degrees of pressure (Hamernia — 
Radziejowice; Młochów — Warsaw) th a t value was only 34% , and for the 
areas differing by three degrees (Hamernia — Warsaw) — merely 22 %.

2 .5 . Percentage of forest and field forms

In  order to  establish the quantitative advantage of a definite ecological 
type of carabid beetles in the communities of particular areas all the recorded 
species were divided into three groups, their hab itat requirements being the 
criteria of the division. In to  group I  were included typically forest species 
(irrespective of the type of forest they most readily inhabited) — e.g. the 
majority of species from the genus Carabus L., and also Nebria brevicollis, 
Pterostichus oblongopunctatus, P. niger and others. Group I I  comprised forms 
typical of open areas, often occurring in fields — among others were species 
from the genus Amara B o n .,  Pterostichus vulgaris, Harpalus rufipes and II. 
affinis. A differentiation between forest and field species was the basis for 
a further analysis. Group I I I  comprised all the remaining species not falling
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13 Communities of carabid beetles 211

into the first two groups. In it were both ubiquistic forms (e.g. species from 
the genus Calathus B on. and species typical of environments other than forests 
and fields (e.g. Garabus convexus).

A typical characteristic of many forest species is a preference for relatively 
low temperatures, considerable humidity and shadiness, contrary to field 
species preferring higher temperatures, lower humidity and exposure to the 
sun (Tischler 1971).

In  the Garabidae community in the forest environment in Hamernia forest 
species dominated distinctly (Fig. 2) both in respect of the number of species — 
52 % and the to tal abundance of individuals — 86 %. The respective values 
for field forms were 26 % and 6 % (all the field species belonged to the accessory 
group).

A gradually increasing intensity of the park management, in the critical 
area (the park in Warsaw) supplemented by the influence of urban pressure, 
resulted in a very distinct increase in the percentage of individuals belonging 
to field species and a decrease in th a t of forest species (Figs. 3, 4, 5). That 
phenomenon was accompanied by a noticeable process of disappearing of 
forest species which were mainly substituted by forms called “ others” (species 
from group H I). The changes in the percentage of field species in the compo­
sition of particular communities were insignificant — most frequently only 
their abundance increased (Fig. 6). The regularity of those processes was slightly 
disturbed by the different situations of the parks in Młochów and Badziejowice.
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Fig. 6. Changes in the percentage of forest and [field forms in the Oarabidae communities 
under anthropogenic pressure: a — anthropogenic pressure; H — Hamernia; M/R —
village parks; W — Warsaw; 1 — percentage of forest species; 2 — percentage of field 
species; 3 — percentage of indyviduals of forest species; 4 — percentage of indyviduals of

field species.
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That is why the values for those areas were calculated as means and thus the 
general data for the village parks were obtained (Fig. 6 — point “M /E ” ).

In  the Carabidae communities of the village parks the percentage of forest 
species was on average 31% and individuals belonging to  those species con­
stituted 60% of the  to ta l abundance of those communities. For field forms 
those values were 25% and 29% respectively.

In  the urban park forest species also constituted 31% of the qualitative 
composition of the community, bu t their abundance was only 34% of the 
total. For field forms those values were: 31% (proportion of species) and 48% 
(proportion of individuals).

2 .6 . Percentage of form s of different body sizes

The species caught during the investigations were divided into 3 classes, 
the size of particular individuals being the criterion of the division. Species 
with individuals over 20 mm long were considered as big forms, from 10 —20 mm — 
medium and below 10 mm — small. The class of big forms comprised 7 species 
from the genus Cardbus L. The class of medium forms comprised 16 species 
from those of a size of Harpalus affinis to those of a size of Carabus arcensis. 
The class of small forms comprised 26 species among which were members 
of genera such as Notiophilus D u m ., Amara B o n .,  Bembidion L a t e .  Only the 
to tal percentages of the members of a given class in the to tal abundance of 
the communities (and not the percentages of the species) were analysed.

I t  was found out th a t gardening activities in the parks influenced the 
diversity of particular Carabidae communities, differently affecting big, small 
and medium beetles. The percentages of each size class changed considerably 
when one way of utilizing an area was substituted by another. The greatest 
changeability was recorded for big and medium individuals, with changes 
in the percentage of members of each class in the  community inversely pro­
portional to each other (Fig. 7). I t  was a general tendency accompanying the 
increasing intensity of gardening th a t big carabid beetles (from the genus 
Carabus L.) were substituted by medium Carabidae (most species from the 
genera Pterostichus B o n .  and Calathus B o n .,  species Nebria brevicollis, Harpalus 
rufipes and others).

The only investigated area where big beetles had a quantitative advantage 
was the control environment — the Tilio-Carpinetum forest in Hamernia. 
The percentage of big beetles in the Carabidae community there was about 
52% , of medium ones was 35% and the remaining were small forms. The 
quotient of those two values was about 1.5 and it was an index of the dispro­
portion between the abundance of big and medium carabid beetles in the com­
munity. For the other areas th a t index was fractional, which meant a quanti­
ta tive advantage of small individuals.

In  Młochów the percentage of big forms was only about 5 %, but of medium
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ones 68%. The value of the disproportion index was 0.07. Thus, not only were 
the quantitative proportions between the size classes reversed, bu t the absolute 
disproportion between them  increased considerably as well.
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Fig. 7. Changes within the Carabidae communities in the percentage of individuals of different 
body sizes resulting from anthropogenic pressure: a — anthropogenic pressure; H — H a­
mernia; M — Młochów; R — Radziejowice; W — Warsaw; 1 — percentage of big indi­

viduals; 2 — percentage of medium individuals; 3 — percentage of small individuals.

In  Eadziejowice those differences were even greater. The percentage of 
big forms was 0.5% of the abundance of the community, of medium forms 
it was about 82% . The value of the disproportion index was 0.006 (!).

In the Warsaw park the disproportion between the percentage of big 
and medium Carabidae was slightly lower. Big forms constituted 13% of the 
community, medium ones — 70%. The disproportion index between them 
was about 0.2. I t  was undoubtedly due to the fact th a t the park was surrounded 
by allotment gardens from which big carabid beetles migrated to the park. 
In  one of the study sites in the park traps were placed about 30 m from the 
border of the allotment gardens. Most individuals of Cardbus nemoralis — 
the only species belonging to the class of big Carabidae occurring in the park 
were caught in the above-mentioned site. Other investigations (the author’s 
own unpublished data) revealed th a t allotment gardens were a refuge area 
for tha t species. In  other parks in Warsaw beetles from the genus Carabus L. 
did not occur a t all or only very seldom.

A decrease in the percentage of big forms of Carabidae accompanying 
an increase in the intensity of gardening in the areas inhabited by them  was 
due to several reasons. I t  seemed th a t the most im portant was a limitation 
of the possibilities of their occurrence caused by reducing the siez of areas
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covered with trees or dense bushes (all the recorded species considered big 
forms were typically forest species). Their situation grew worse as a result of 
raking off of litte r in the parks in Radziejowice and Warsaw. Predaceous 
larvae of carabid beetles from the genus Carabus L. live mainly on the surface 
o f the ground ( S a r o v a  1960). Most probably during gardening activities big 
Gardbidae (larvae and imagines) are destroyed more often than  smaller indi­
viduals. In  the green areas of Warsaw there occur big field Garabidae as well, 
e.g. Garabus cancellatus I I I . ,  bu t they are rarely recorded in parks (the author’s 
own unpublished data).

There is still left the problem of insignificant, and of no definite tendency, 
fluctuations of the percentage of small Garabidae species in particular commu­
nities (Pig. 7). One might suppose th a t small forms should be prefferred by 
gardenizing pressure. That was true, however, only up to  a certain point. The 
percentage of small Garabidae in the community in the Hamernia forest was 
about 13% . In  the neglected park in Młochów it increased to  27% . Prom 
th a t moment th a t value decreased again, bu t it was always higher than at 
the initial point: in Radziejowice it was 19% , in Warsaw — 17%. Raking 
off of litter and frequent mowing and removing grass mown were those factors 
of anthropogenic pressure which appeared with great intensity in Radziejowice 
and Warsaw (in th e  Warsaw park the intensity was greater). This gave ground 
for a supposition th a t very small insects of low speed were particularly exposed 
to  constant removal from the park together with litter and hay (on very hot 
days the Garabidae were found under heaps of drying grass). If so, it is clear 
why the percentage of medium individuals in the communities of carabid 
beetles increased along with an increasing intensity of gardenizing pressure.

2 .7 . Percentage of form s of a definite phenological type

Two basic phenological types are distinguished among Garabidae. They 
are spring and autum n species ( L a r s s o n  1939, L i n d r o t h  1945). Individuals 
belonging to  spring species winter as imagines, reproduce in spring and finish 
their metamorphosis cycle in autumn. Autumn species winter as larvae, their 
transformation occurs in summer and their reproductive period occurs in 
autum n. I t  has been found out th a t spring species are generally characterized 
by a wider tolerance for environmental conditions. To these belong most Gara­
bidae inhabiting fields ( T i s c h l e r  1971). When they occur in forests, spring 
species inhabit areas with soils poor in organic substances more readily than 
autum n species ( S z y s z k o  1974). Therefore, it could be expected th a t an ana­
lysis of the composition of the studied communities of carabid beetles would 
reveal th a t autum n forms were gradually substituted by spring forms along 
with an increasing anthropogenic pressure on particular areas. Specially arran­
ged study sites there differed, in their character, from forest areas and, a t 
the same time, were more and more similar to  agricultural areas. I t  was sus­
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pected th a t the amount of organic m atter in the soil decreased proportionally 
to  the intensity of removing litter and grass mown from the parks.

I t  appeared, however, th a t the supposed tendency did occur, bu t not 
very distinctly, and tha t was why it was indistinguishable when some additional 
factors influenced an area. The proportions of the spring species to autumn 
ones were as follows: for Hamernia — 43% : 57 %; for Młochów — 62 % : .38%; 
for Eadziejowice — 53% : 47%; for Warsaw — 54 %: 46 %. The percentage 
of the spring species in Młochów, which was higher than  in other areas, could 
have been due to  the mid-field situation of the park there. Many accessory 
species in the Carabidae community there belonged to  field spring forms (Ptero- 
stichus caerulescens, Amara familiaris, Agonum dorsale, Harpalus rufipes and 
others).

In  respect of the percentage of individuals of each phenological type in 
the total abundance of communities the differentiation was not considerable 
either. In  tha t case the proportions of the spring and autum n forms were: 
in Hamernia — 28 %: 72 %; in Młochów — 32 % : 68 %; in Eadziejowice — 
10% : 90% (!); in Warsaw — 34% : 66%. In  relation to other parks the re­
gularity of substituting autum n individuals by spring ones was significantly 
different in the park in Eadziejowice. That fact was connected with a peculiar 
structure of the Carabidae community in th a t park. The majority of the com­
munity (65 %) consisted of individuals of one species — Nebria brevicollis — 
belonging to  the autum n developmental type. Thus the high value of the pro­
portion of individuals of the autum n forms in the community in the Eadziejo­
wice park was a result of the specifical homogeneity of th a t community. But 
it must be remembered tha t although N. brevicollis is a species of the autum n 
developmental type, it belongs to  the forms of a high ecological plasticity. 
Some populations of th a t species also demonstrate deviations from the 
typically autum n phenological cycle (L indkoth  1945, Jorum 1976).

3. CONCLUSIONS

The above results support the opinion tha t carabid beetles are useful 
as bioindicators of the condition of an environment. Their bioindicatory value 
is not diminished by some deviations from the general tendencies in community 
transformations under the influence of anthropogenic pressure. On the contrary, 
those deviations, caused by secondary factors and easy to be rightly inter­
preted, seem to stress the significance of Carabidae. The obtained results may 
be a basis for further detailed investigations on the influence of urban anthro­
pogenic pressure on communities of carabid beetles.
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STEESZCZENIE

[Tytuł: Wpływ sposobu zagospodarowania i położenia terenów parkowych 
na ukształtowanie zgrupowań chrząszczy biegaczowatych (Coleoptera, Carabidae)]

Garabidae są grupą owadów o znacznych walorach bioindykacyjnych. 
Coraz powszechniej wykorzystywane są do oceny stanu i zmian środowisk, 
podlegających różnego rodzaju wpływom antropogenicznym. Niniejsze opra­
cowanie jest wstępną analizą przekształceń zachodzących w obrębie zgrupowań 
tych chrząszczy w wyniku oddziaływania presji antropogenicznej o charakterze 
ogrodniczo-urbanizacyjnym. Obiekty badawcze — różnie położone i w różnym 
stopniu zagospodarowane parki — uszeregowano w ciąg, odpowiadający stop­
niowemu przekształcaniu środowiska lasu grądowego. Obiektem kontrolnym 
był las typu Tilio-Carpinetum (środowisko o cechach pierwotnych) w pobliżu 
miejscowości Hamernia (woj. skierniewickie). Obiekty badawcze to  2 parki 
wiejskie: stary, zaniedbany park w Młochowie (woj. warszawskie) — położony 
wśród pól uprawnych i stary, uprawiany park pałacowy w Eadziejowicach 
(woj. skierniewickie) — leżący w pobliżu kompleksu leśnego oraz typowy 
wielkomiejski park w Warszawie. Wszystkie badane obiekty położone są w pro­
mieniu 30 km i są potencjalnymi środowiskami lasu grądowego.

Analizując zmiany w obrębie zgupowania Carabidae każdego z obiektów, 
zwrócono uwagę na takie param etry tych zgrupowań, jak liczba gatunków, 
liczebność, struktura dominacji, udział form leśnych i polnych, udział form 
o różnych rozmiarach ciała oraz udział form o określonym typie fenologicznym 
(wiosennych i jesiennych). Stwierdzono następujące zależności:

1. Umiarkowana presja antropogeniczna, powodująca urozmaicenie śro­
dowiska (wprowadzenie trawników i zwiększenie partii ekotonowych, przy 
zachowaniu znacznych jeszcze obszarów w stanie mało zmienionym) wpływa 
korzystnie na bogactwo gatunkowe zgrupowań Carabidae. Po przekroczeniu 
jednak krytycznej wartości nasilenia presji, kiedy znów zmniejsza się zróżnicowa­
nie środowiska, liczba gatunków raptownie maleje.

2. Zwiększanie intensywności parkowych zabiegów ogrodniczych oraz 
nasilająca się presja urbanizacyjna powodują wyraźne ograniczanie liczebności 
zgrupowań.

3. Zmiany struktury dominacyjnej zgrupowań Carabidae wyrażają się 
rosnącą dysproporcją między udziałem gatunków dominujących a udziałem 
pozostałych gatunków. Odkształcenia od prawidłowej struktury, właściwej 
zgrupowaniu ze środowiska naturalnego, są tym  poważniejsze, im bardziej 
jednostronne jest oddziaływanie czynnika antropogenicznego.

4. W zrastające stopniowo nasilenie gospodarki ogrodniczej, uzupełnione 
w krytycznym punkcie (park miejski) wpływem presji urbanizacyjnej powoduje 
bardzo wyraźne zwiększanie się udziału osobników z gatunków polnych, kosztem 
udziału osobników z gatunków leśnych. Zjawisku temu towarzyszy także 
wyraźny proces zanikania gatunków leśnych.
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5. Zabiegi ogrodnicze wpływają, w istotny sposób na zróżnicowanie zgupowań 
Garabidae, w różny sposób oddziałując na chrząszcze duże, średnie i małe. 
Największej zmienności podlega udział osobników dużych (zmniejsza się wraz 
ze zwiększeniem presji) i średnich (zwiększa się). Zmiany udziału osobników 
małych są nieznaczne.

6. Zmiany udziałów w zgrupowaniach Garabidae gatunków i osobników nale­
żących do wiosennego i jesiennego typu rozwojowego są najmniej wyraźno 
spośród cech analizowanych. Zaznacza się jednak pewna preferencja form 
wiosennych w środowiskach zantropogonizowanycli.

PE3IOME

[3arjiaBne: Bjihhhhc cnocoóa ycrpoficTBa h nonoacemia TeppuTopaił napKOB Ha (JiopMH 
poBaHHe cooómecTB acyacenun (Coleoptera, Carabidae)]

Carabidae flBjiHJOTCfl r p y n n o i ł ,  o ó n a n a io m e H  3H aH H TenbH biM H  ÓHOHHnHKaTopHbiM H 

CBOHCTBaMH. O h h  B ee  n a m e  H e n o n b 3 y io T C H  n n n  o h c h k h  c o c t o h h h h  h  H3M eHeHHH c p e f lb i , 

n o A f l e p r a m m e i ł c a  p a s n u H i i o r o  p o n a  a H T p o n o re H H b iM  b jt h h h h h m . H a c T o a m a a  p a ó o r a  

H B jiaeT ca  n p e ą B a p H T e jib H b iM  a H a n r o o M  H 3M eH eH H ił, n p o H c x o f l a m a x  b  c o o 6 m e c T B a x  

3 t h x  acyKOB b  p e 3 y j ib x a T e  n e ń c T B H a  a H T p o n o re H H o ro  n p e c c a  b  4> °P Me y p ó a H H 3 a n n n  

h  y c rp o id C T B a  3 e n e H b ix  H aca x cn eH H ii. O ó beK T O M  H C C jie n o B a im u  n o c j iy a a u iH  n a p r a ,  p a 3 -  

jm a a io iU H e c a  n o  C B oeM y n o n o a c e H H io  h  CTeneH H  y c r p o i łc T B a ,  K O T opbie a B T o p  p a c n o -  

jio a c H ji b  p a n ,  cooT B eT C T B yiom H H  CTeneH H  n p e o 6 p a 3 0 B a H H a  y cn o B H H  c p e n w  n e c a  T H n a  

r p y n a .  B K a H e c ra e  k o h t p o j ih  cny acH Ji n e c  r a n a  Tilio-Carpinetum ( ó h o t o h  c  n e p B o -  

H aaaJibH biM H  C B O H craaM H ), p a c n o n o a c e H H b iH  b 6 j ih 3 h  M e c r a o c r a  F a M e p H n a  (C K e p H e B n n -  

K oe B o e B o n c T B o ). B K an ecT B e o ó b e K T a  n c c n e n o B a H H ń  n o c n y a c n n n  n s a  C T ap b ix  cenbC K H x 

n a p x a :  C T apbiH , 3 a n y m e H H b in  n a p ie  b  M n o x o B e  ( B a p m a B c x o e  B o e B o n c T B o ) —  n e a e a m n n  

c p e n n  B 0 3 n e Jib iB aeM b ix  n o j i e i i ,  n  c T a p b iń ,  y x o aceH H b iit n B o p n o B b iń  n a p x  b  P a n 3 e e B H n a x  

(C K epH eB H U K oe B o e B o n c T B o ), n e a c a m n u  b 6 j ih 3 h  n e c H o r o  K O M irjieK ca; a  Taieace r a m o iH b m  

ro p o n c K O H  n a p K  b  B a p m a B e .  B c e  n c c jie n o B a H H b ie  o ó b e K T b i n e a c a T  b  p a n n y c e  30 k m  h  aB Jia - 

io t c h  n o T eH n H an b H b iM H  Ó H O T onaM H  r a n a  r p y n a .

A H a n H 3 H p y a  H 3M eH eH na b  n p e n e n a x  c o o 6 in e c T B a  Carabidae b  K aacnoM  H3 oóbeK T O B , 

a B T o p  o ó p a m a e T  BHHM aHHe H a  T a r a e  n a p a M e T p w  3 r a x  c o o ó m e c T B , x a x  h h c jio  B H noB , 

HHcneH HOCTb, c T p y K T y p a  n o M H H u p o B a H H a , c o n e p a c e H H e  n e c H b ix  h  n o n e B b ix  (JiopM , c o -  

n e p a e a H H e  4>opM  c  p a 3 n H H H o ii BejiHHHHOH T e j ia , a  TaKaee cjiopM , x ap a K T e p H 3 y K > in n x c a  

o n p e n e n e H H b iM  T H n o M  ( j ie H o n o r a n  (B eceH H H x h  o c c h h h x ) . K oH C T aT H poB aH bi c j i e n y io m n e  

3aB H C H M oera:

1. Y M epeH H biH  a H T p o n o re H H b iii  n p e c c ,  c n o c o ó c T B y io m H H  ó o n b u ie M y  p a 3 H o o 6 p a 3 H io  

c p e n b i  (B B eneH H e r a 3 0 H 0 B  h  yB C JinH eH ne 3KOTOHOBbix T e p p n T o p H H  n p n  c o x p a H  h h h  

3 H a T O re jib H b ix  M a n o  e r n e  B H non3M eH eH H bix  n p o c T p a H C T s)  n o n o a c H T e n b H o  B Jin aeT  H a 

G oraT C T B o B n n o B o r o  c o c T a B a  c o o ó in e c T B a  Carabidae. O n H a x o , n p n  n e p e c e n e H H H  k p h -
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t h t c c k o h  BejiHHHHBi cH Jibi npecca, Kor^a pa3HOo6pa3He ycjiOBHii cpeaw CHOBa yM eH b - 

rnaeTCH, h h c j io  BHflOB pe3Ko nanaex.
2 . I Io B b im e H H e  HHxeHciiBHocxH Meponpnaxnii no y x o n y  3 a  3 e jie H b to  n yBejinHH- 

Baiomniłca ypGammnHOHHbrii npecc nexico orpaHHMHBaex ancjieHHocxb coo6mecxB.
3 . M3MeneHHa crpyKTypbi flOMHHnpoBaHHa cooGmecxB Carabidae npoaBjiaexca b yBe- 

jiHHeHHH nncnponopann Meacny conepacamieM aoMHHnpyiomHX bhaob no oxHomeHHio 
k ocTajibHbiM BnnaM. /lecfjopManHa HopMaJibHon cxpyicxypbi, xapaKTepHoii fljia cooG- 
mecTB H3 npnpoflHbix 6noxonoB, TeM cepbe3Hee, aeM nencTBHe aHxponoxeHHbix (Jmkxo- 
poB HMeeT Gojiee onHocxpoHHee nanpaBjieHne.

4 . IlocTeneHHaa HnTencn(}mKanna pa6oT no ycTpoiicTBy napxoB, nonojmeHHaa b  xpn- 
THHecKOM nyHKTe (roponcKoii napx) BJinaHneM yp6aHH3annoHHoro npecca, Bbi3biBaeT 
onenb aexxoe yBejndaeHHe conepacamia ocoGeii H3 nojieBbix bh^ob 3a cLieT ocoGeii H3 
jiecHbix BHflOB. ConyTCTByeT 3TOMy h b j ic h h k )  xaxace h c t k h h  nponecc HCHe3HOBeHna 
jiecHbix BHflOB BooGme.

5 . Y x o f l  3 a  napK O M  cy in ecxB eH H biM  o 6 p a 3 0 M  bjisih c x  H a n m jjfJ je p e H n H a n n io  c o o G -  

u jecT B  Carabidae, B 0 3 fle iicT B y a  n o -p a 3 H O M y  n a  acyjKH K p y n n b ie , c p e a n n e  h  M enK ne. H a n -  

G o jib m e n  h s m c h h h b o c t n  n o z iB e p ra e x c a  c o f le p a c a tw e  K p y iiH b ix  o c o G e ii  ( y M e n b in a e x c a  

BM ecTe c  po cT O M  n p e c c a )  n  c p e n H n x  ( n o B b u n a e x c a ) .  M aM C H en n a  c o f le p a c a n n a  m c jik h x  

o c o G e ii  H e3H aH nxejibH b i.

6 . M 3M eH eH n a c o n e p a c a H H a  b  c o o G i n e c T B a x  Carabidae b im o b  m o c o 6 e i i ,  n p n H a n j i e -  

x a i n n x  k  B e c e H H e M y  n  o c e H H e M y  T n r i y  p a 3 B H T n a ,  M e n e e  B c e r o  o 6 o 3 H a im K > x c a  n o  c p a B H e -  

h h k )  c  A p y r H M H  a H a n H 3 n p o B a H H b i M H  n p H 3 n a K a M H  c o o G m e c T B .  0 6 o 3 n a M a e x c a  x o j i b K o  

H e x o T o p o e  n p e ^ e p n p o B a H n e  B e c e H H i i x  < J > o p M  b  y p 6 a H H 3 n p o B a H H b i x  6 n o T o n a x .
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