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Abstract
Langraf, V., Petrovičová, K., Krumpálová, Z., Svoradová, A., Schlarmannová, J., 2021. Dispersion of 
the epigeic fauna groups in the agricultural landscape. Folia Oecologica, 48 (2): 147–155.

Changes in the structure of epigeic animal groups indicate ecological stability, which are influenced by ur-
banization, agriculture, and forestry. The aim of the paper was to assess the impact of agrarian land in the 
vicinity of urban and suburban landscape and non-fragmented forest in the vicinity of rural landscape on the 
occurrence of epigeic groups. We recorded the pitfall traps - 19, 676 individuals belonging to 20 taxonomic 
groups at 9 localities representing 7 types of habitat. Our results indicate a year-on-year increase in the num-
ber of individuals of epigeic groups in the city, with surrounding agrarian land. We found a correlation be-
tween eudominant epigeic groups of Aranea and Hymenoptera and rural landscape with the non-fragmented 
surrounding. Coleoptera has shown a link between the conditions of urban and suburban landscape with the 
surrounding developed agriculture. We confirmed a statistically significant effect for luminosity (p = 0.002), 
humidity (p = 0.025) and pH (p = 0.017).
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Introduction 

Agronomy is the most common environmental technology, 
which has positive and negative impacts on the soil. Man-
treated agricultural land has a disrupted course of natural 
processes and poorer biodiversity compared to natural 
ecosystems (pedocompaction and erosion) (Kalivoda et 
al. 2010; Tieman et al., 2015; Vician et al. 2011, 2018). At 
present, the problems of negative anthropogenic influences, 

which have resulted in devastation and degradation of the 
environment, are coming to the fore.

An important part of biocenosis is zooedaphone, 
the presence or absence of which indicates a  burden on 
ecosystems. Soil communities play an important role in the 
decomposition of organic matter, in the cycle of biogenic 
elements of carbon, nitrogen, sulfur, phosphorus, as well 
as in the transformation and degradation of waste and 
toxic substances. Therefore, soil organisms are important 
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in the terms of the sustainability of the soil ecosystem 
(Fazekašová and Bobuľovská, 2012).

Disruption of the environment causes a  biocenosis 
reduction and therefore, serves as a  bioindicator of the 
environment (Porhajašová et al., 2018). Groups of soil 
invertebrates are affected by changes in habitat conditions, 
e.g. spiders or beetles respond quickly to changed 
conditions by adjusting the structure of their assemblages 
(Brussaard et al., 2007; Krumpálova, 2002; Krumpálova 
et al., 2009). Assemblages of Araneae, Carabidae, 
Diplopoda and Julida are sensitive to the application of 
insecticides, pesticides and changes in pH, soil moisture 
(Carcamo and Spence, 1994; Varvara, 2010; Vician et 
al. 2015; Kozak et al., 2020). They are also important 
in the transformation of organic substances (Teofilova, 
2021). The biodiversity of epigeic groups depends on 
abiotic and biotic factors, characteristic of the habitat.

Agrarian land is characterized by a  strong human 
influence such as tillage, inputs of organic and chemical 
fertilizers, cultivation and crop rotation, which leads 
to a  reduction in edaphic groups (Baranová et al., 
2013). In general, faunistic and floristic biodiversity 
is negatively affected in agricultural areas (Bavec and 
Bavec, 2014). Sustainable farming systems should be 
biologically and ecologically balanced, economically 
efficient and technically manageable. Yield increase is 
associated with the application of inorganic, organic 
fertilizers and pesticides in agroecosystems, which 
affects the presence or absence of fauna (Černý et al., 
2019). Anticipating the interactions of biodiversity, the 
complexity of agroecosystems and global change resulting 
from the acceleration and integration of stressed land use 
(Zimmerer, 2010). Abundance and species richness are 
declining, mainly due to human activity (disturbance, 
fragmentation and degradation of the environment, 
global climate change, etc.). In the context of climate 
change, changes affecting agricultural production can be 
expected. Traditional farming systems can help modern 
farming systems withstand climatic extremes more easily. 
The findings of this practice point to the resilience of 
agroecosystems compared to traditional ecosystems. 
Effective diffusion of agro-ecological technologies largely 
determines how well and quickly farmers adapt to climate 
change (Altieri et al., 2015; Eliášová et al., 2019). 
Organic farmers maintain but also improve the vitality of 
the soil, thereby supporting the activity and biodiversity of 
soil organisms. The above factors increase the demand for 
organic farming worldwide. Biodiversity loss has become 
a  global problem, as the reduction of soil biodiversity 
negatively affects the overall performance of ecosystems. 
It is therefore necessary to pay attention to the decline of 
soil biodiversity and soil communities (Yadav et al., 2013; 
Wagg et al., 2014). 

The aim of this study was to analyze the dispersion 
of epigeic groups in the urban and suburban landscape 
with surrounding agrarian landscape and in rural 
conditions with the surrounding continuous forest. We 
evaluated the working hypotheses: 1) in more stable rural 
conditions, more epigeic groups will be associated with 
the surrounding continuous forest stand; 2) in unstable 

urban and suburban conditions, fewer epigeic groups will 
be associated with the surrounding use of agrarian land.

Materials and methods

Sampling

Epigeic groups were collected from April to October 
2015–2017 in 9 localities representing 7 types of biotopes, 
classified according to Stanová and Valachovič (2002). 
The following crops were grown in the adjacent area of 
sites 4, 5, 6, 7, 8 and 9: wheat, barley, sunflower, maize 
and rape. In the contact area of sites 1, 2 and 3 were 
nongrown crops. We used pitfall traps (750 ml) (Novák et 
al., 1969) which were arranged at each biotope in a  trap 
line, and each trap line consisted of five pitfall traps (at 
10 m intervals, a total of 50 m), totalling 45 pitfall traps. 
The material was collected in regular three-week intervals. 
As a killing agent, a 4% formalin solution was used. The 
obtained material was determined and modified according 
to the nomenclature of epigeic groups by Majzlan (2009); 
Pokorný (2004).

Study area

The study sites are located in the geomorphological units 
Stolické vrchy and Juhoslovenská kotlina basin (the 
southern part of Central Slovakia). Location data and 
habitat names of the areas are shown in Table 1. 

We selected 9 study sites. The first place (locality 1) was 
on the biotope Culture of Picea abies, and is characterised 
by black berries (Rubus fruticosus agg.) During the year 
2016, a  small number of trees - which the great spruce 
bark beetles (Ips typographus) has attached - were finally 
cut. There were no fields around the habitat. The second 
research plot (locality 2) was on the meadow biotope with 
the predominance of Arrhenatherum elatius, Alopecurus 
pratensis, Trisetum flavescens and Festuca rubra. Mowed 
twice a  year, there were no fields in the vicinity of the 
habitat. The third place (locality 3) was on the nitrophilous 
habitat waterside vegetation characteristic of Carduus in 
the Salix and Tilia undergrowth. Without modification 
of riparian vegetation with an age of 5 years, there were 
no fields in the vicinity of the habitat. The fourth place 
(locality 4) was on the 50–60 years old Carpathian oak-
hornbeam forest. There was a predominance of Carpinus 
betulus, Robinia pseudoacacia, Quercus robur and 
Q. petraea. A  thin shrub layer consisted of Ligustrum 
vulgare, Euonymus europaeus and especially the seedlings 
Carpinus betulus, Robinia pseudoacacia and Quercus 
robur, up to the height of 3 m. There were wheat and maize 
fields around the habitat. The fifth research plot (locality 5) 
was on a biotope pasture with a predominance of Trifolium 
repens, Carex hirta, Cynosurus cristatus and Festuca 
pratensis. Grazed pasture around the habitat was enriched 
by the wheat and maize fields. The sixth place (locality 6) 
was characterized by Gallium sp. in the Salix sp. and Tilia 
sp. undergrowth on the nitrophilous waterside vegetation 
habitat, without modification of riparian vegetation with 
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Table 1. Location data of the study localities 
 

Geomorphological unit Localities C.a. m asl Landscape Biotope 

Stolické vrchy 

1 Lichovo Utekáč 518 Rural Culture of Picea abies 
2 Lichovo Utekáč 556 Rural Meadow 

3 Farkaška Utekáč 446 Rural Nitrophilous waterside 
vegetation 

Juhoslovenská kotlina 
basin 

4 Kúpna hora Poltár 300 Suburban Carpathian 
oak-hornbeam forest 

5 Prievranka Poltár 272 Suburban Pasture 

6 Pažiť Poltár 218 Suburban Nitrophilous waterside 
vegetation 

7 pri Ľadove Lučenec 258 Urban Carpathian turkey oak 
forest 

8 Zajačie brehy Lučenec 208 Urban Fallow field 

9 Ľadovo Lučenec 207 Urban Nitrophilous waterside 
vegetation 

 
C. a., Cadastral area; m asl, metres above sea level. 
 
 
 
 
 
 
 
 
 
 

Table 1. Location data of the study localities

C. a., Cadastral area; m asl, metres above sea level.

an age of 10 years. There were wheat and rape fields in the 
vicinity of the habitat. The seventh place (locality 7) is the 
Carpathian turkey oak forest, which is 80–100 years old. 
This tree zone is represented by species of Acer campestre, 
Carpinus betulus, Quercus cerris, Q. robur. Dentaria 
bulbifera, Corydalis spp. and Galium aparine which 
dominate in the herb zone. Intensive forest tree cutting 
took place during the years 2016 and 2017. Wheat, barley, 
sunflower, maize and rape fields were located around the 
habitat. The eighth place (locality 8) was on a fallow field 
habitat with a predominance of Arrhenatherion elatioris 
and Festuca pratensis. Without vegetation modification, 
with an age of 5 years, there were wheat, barley, sunflower, 
maize and rape fields around the habitat. The ninth place 
(locality 9) was characteristic of Gallium sp. in the Salix 
sp. and Tilia sp. undergrowth on the nitrophilous waterside 
vegetation habitat. Without modification of riparian 
vegetation with an age of 10 years, there were wheat, 
barley, sunflower, maize and rape fields in the vicinity of 
the habitat.

Database quality 

The data quality of the obtained research data was ensured 
by a  Microsoft SQL Server 2017 database (Express 
Edition), consisting of frequency tables for collections, 
measured environmental variables (pH, humidity, 
luminosity). The database also consisted of code tables 
for localities and their variables (habitat, locality name, 
cadastral area, altitude, coordinates of localities), species 
and their bioindication characteristics. Matrices for 
statistical calculations were programmed using Microsoft 
SQL Server Management (SSMS).

Statistical analyses

Spatial modelling was performed by multivariate analysis 
Redundancy Analysis (RDA, SD = 1.20 was on the 1st 
ordination axis), with which we look for dependencies 

between 1) objects (epigeic groups) and rural, suburban, 
urban landscape, 2) objects (epigeic groups) and 
environmental variables (pH, moisture, luminous 
intensity) between the years 2015–2017. We tested the 
statistical significance with the Monte Carlo permutation 
test (permutation 499) in the Canoco program5 (Ter 
Brak and Šmilauer, 2012). The analysis in the statistical 
program Statistica Cz. Ver. 7.0 was focused on Shapiro-
Wilks W test, which the normality of data distribution 
(number of individuals epigeic group) was tested. 
Friedman test (ANOVA) and Turkey’s-HSD test (post-
hoc) to test the differences in the number of individuals 
epigeic group between years 2015–2017 and areas (rural, 
suburban, urban landscape) was used.

Results 

In total, we recorded 19,676 individuals belonging to 
20 taxonomic groups in the studied area. In the rural 
environment, we obtained 6,504 individuals belonging 
to 19 taxonomic groups. Coleoptera (42.65%), Araneae 
(19.03%) and Hymenoptera (18.34%) were eudominant. 
The suburban environment was represented by 7,695 
individuals and 20 taxonomic groups. The following 
taxonomic groups Coleoptera (47.89%), Araneae (21.07%) 
and Orthoptera (17.65%) were eudominant. In the urban 
environment, we recorded 5.477 individuals belonging to 
18 taxonomic groups. Coleoptera (56.31%), Hymenoptera 
(17.73%) and Araneae (10.19%) were eudominantly 
represented (Table 2). 

Spatial modelling of studied localities of the epigeic 
group, during the years 2015– 2017 based on the number 
of individuals, was determined by redundancy analysis 
(RDA, SD = 1.20 was on the 1st ordination axis). The 
values of the explained cumulative variability of species 
data were 25.2% on the 1st ordination axis and 39.1% 
on the 2nd ordination axis. The cumulative variability of 
the species set explained by environment variables was 
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Table 2. Distribution of the epigeic groups in the study sites 
 

Epigeic groups 
Rural Suburban Urban Total 

ind. D (%) ind. D (%) ind. D (%) ∑ ind. D (%) 

Arachnida         
Acarina      34   0.52      12   0.16   12  0.22       58   0.29 

Araneae 1,238 19.03 1,621 21.07 558 10.19  3,417 17.37 

Opilionidea      66   1.01      92   1.20 239  4.36     397   2.02 

Crustacea         
Collembola     19   0.29      16   0.21 –  0.00       35   0.18 

Isopoda     63   0.97       4   0.05 –  0.00       67   0.34 

Diplopoda         
Julida    117   1.80      76   0.99    80  1.46     273   1.39 

Polydesmida    279   4.29      13   0.17    20  0.37     312   1.59 

Chilopoda         
Lithobiomorpha     40   0.62      33   0.43    49  0.89     122   0.62 

Insecta         
Coleoptera 2,774 42.65 3,685 47.89 3,084 56.31  9,543 48.50 

Dermaptera      51   0.78      23   0.30      38  0.69     112   0.57 

Diptera    219   3.37    126    1.64    153  2.79     498   2.53 

Hemiptera        1   0.02       5   0.06        1  0.02        7   0.04 

Hymenoptera 1,193 18.34   557   7.24    971 17.73  2,721 13.83 

Lepidoptera –   0.00       1   0.01        3  0.05        4   0.02 

Orthoptera     261   4.01 1,358 17.65    184  3.36  1,803   9.16 

Annelida         
Haplotaxida      84   1.29       4   0.05      13  0.24     101   0.51 

Gastropoda         
Stylommatophora     11   0.17       6   0.08      10  0.18      27   0.14 

Mammalia         
Anura        2   0.03      38   0.49      19  0.35       59   0.30 

Insectivora      26   0.40     10   0.13      14  0.26       50   0.25 

Rodentia      26   0.40     15   0.19      29  0.53       70   0.36 
∑ individuals 6,504 100 7,695 100 5,477 100 19,676 100 

 
ind., individuals. 
 

 

 

ind., individuals.

Table 2. Distribution of the epigeic groups in the study sites

represented in the first ordination axis 57.2% and in the 
2nd axis 88.8%. We identified a  statistically significant 
effect of rural (p-value = 0.0126), suburban (p-value = 
0.0144), urban (p-value = 0.0374) landscape, for the 
epigeic groups of the localization under examination. 
The selected environment variables were not mutually 
correlated with the maximum value of the inflation factor 
= 2.9464. The significance test of all axes was p-value = 
0.0196. The ordination graph (triplot) contained epigeic 
groups ordered into 2 clusters (Fig. 1). 

The first cluster formed the epigeic groups Acarina, 
Dermaptera, Diptera, Haplotaxida, Hymenoptera, Insecti-

vora, Isopoda, Polydesmida and Rodentia, preferring rural 
landscape conditions. The landscape was characterized by 
the surrounding continuous forest.

The second cluster consisted of Anura, Hemiptera, 
Lepidoptera, Lithobiomorpha, Opilionidae and Stylo-
matophora correlated with urban landscape and su-
rrounding agricultural land.

The third cluster consisted of Araneae, Coleoptera, 
Collembola, Julida, Orthoptera correlated with suburban 
landscape and surrounding agricultural land.

Spatial modelling of study localities of the epigeic 
group, during the years 2015–2017 based on the number of  
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Fig. 1. RDA analysis of epigeic groups of researched sites.
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Fig. 2. RDA analysis of epigeic groups and environment variables  
(luminous intensity, moisture, pH). lum int, luminous intensity.
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Fig. 3. Analysis of variance (Friedman test (ANOVA)) of average number of individuals values.

individuals, was determined by RDA analysis. The values 
of the explained cumulative variability of species data are 
39.8% on the 1st ordination axis and 52.7% on the 2nd 
ordination axis. The cumulative variability of the species 
set explained by environment variables is represented in 
the 1st ordination axis 64.3% and in the 2nd axis 85.2%. 
We identified a statistically significant effect of luminous 
intensity (p-value = 0.002), moisture (p-value = 0.025) 
and pH (p-value = 0.017), for the epigeic groups of the 
localitions under examination. The selected environment 
variables were not mutually correlated with the maximum 
value of the inflation factor = 1.1353. The significance 
test of all axes is p-value = 0.006. The ordination graph 
(triplot) contains epigeic groups ordered into 3 clusters 
(Fig. 2).

The first cluster formed the epigeic groups Araneae, 
Hymenoptera, Julida, Lepidoptera, Orthoptera and Stylo-
matophora, which affects luminous intensities.

The second cluster are represented by epigeic groups 
influenced by pH or monsture. The following advice are 
Acarina, Anura, Coleoptera, Collembola, Hemiptera, 
Lithobiomorpha and Opilionidae.

The third cluster consisted of Dermaptera, Diptera, 
Haplotaxida, Insectivora, Isopoda, Polydesmida and Ro- 
dentia, which are not affected by the variables pH, 
luminous intensity and monsture.

The normality data distribution (EV) was viola-
tion (p-value = 0.00), based on the fact we used 
a  nonparametric Friedmanov test (ANOVA) to confirm 

the statistically significant difference (p-value = 0.0244) 
(Fig. 3) of individuals, between rural, suburban and urban 
landscape during the years 2015–2017. Using a post-hoc 
test (Turkey’s-HSD), we identified which landscapes 
(rural, suburban, urban) differed between 2015 and 2017 
at the level of statistical significance p = 0.05 (Table 3). 
The results showed an increase in the average value of 
individuals in rural and suburban conditions for 2016 and 
a subsequent decline for 2017. In the urban landscape, we 
found an increase between 2015 and 2016 and maintained 
a similar average value for 2017. Based on the above, it 
can be concluded that with the increase in intensive usage 
of the surrounding agricultural landscape, the average 
number of epigeic groups in the urban and suburban 
landscape is also growing.

Discussion

Epigeic groups living in anthropogenic landscape have 
a  wider tolerance than the epigeic group of natural 
habitats. They also achieve high local density due to 
agriculture and urbanization (Alberti et al., 2017; 
Magura et al., 2020). We recorded the total eudominant 
representation in the epigeic groups Araneae, Coleoptera 
and Hymenoptera. The high abundance of these groups 
influences the maintenance of the natural balance and 
substance cycle of the biogenic elements carbon, nitrogen, 
sulfur and phosphorus, in ecosystems; Peterková (2004). 
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Table 3. Results of Post hoc test in P-level

1, rural in the year 2015; 2, rural in the year 2016; 3, rural in the year 2017; 3, suburban in the year 2015; 4, suburban in the year 
2016; 5, suburban in the year 2017; 7, urban in the year 2015; 8, urban in the year 2016; 9, urban in the year 2017.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 3. Results of Post hoc test 
 

 1 2 3 4 5 6 7 8 9 
1 – 0.018 0.874 0.258 0.005 0.013 0.702 0.437 0.487 
2 0.018 – 0.462 0.752 0.201 0.661 0.011 0.672 0.697 
3 0.874 0.462 – 0.590 0.048 0.315 0.699 0.699 0.715 
4 0.258 0.752 0.590 – 0.049 0.477 0.015 0.875 0.885 
5 0.005 0.201 0.048 0.049 – 0.546 0.003 0.010 0.013 
6 0.013 0.661 0.315 0.477 0.546 – 0.085 0.440 0.466 
7 0.702 0.011 0.699 0.015 0.003 0.085 – 0.294 0.344 
8 0.437 0.672 0.699 0.875 0.010 0.440 0.294 – 0.999 
9 0.487 0.697 0.715 0.885 0.013 0.466 0.344 0.999 – 
          

1, rural in the year 2015; 2, rural in the year 2016; 3, rural in the year 2017; 3, suburban in the year 2015; 4, suburban in the 
year 2016; 5, suburban in the year 2017; 7, urban in the year 2015; 8, urban in the year 2016; 9, urban in the year 2017. 
 
 
 
 

Holecova et al. (2003) confirmed that the Hymenoptera 
(Formicidae) group is dominant. Their activities accelerate 
the decomposition of plant residues, aerate the soil and 
improve soil structure and quality. The epigeic groups 
Araneae, Coleoptera and Orthoptera were represented 
by eudominants in rural and urban conditions with the 
surrounding agricultural land. Lenoir and Lennartsson 
(2010) found the same fact in agrarian land. Coleoptera 
represent the dominant group of soil macrofauna, reacting 
rapidly to anthropogenic activities Boháč et al. (2015). 
The Carabidae family from the Coleoptera family is most 
often used as a  bioindicative. They are also sensitive to 
insecticides, pesticides, pH, soil moisture and to the 
excessive use of artificial fertilizers (Carcamo and 
Spence, 1994; Lövei and Sunderland, 1996; Vician et 
al., 2015; Tieman et al., 2015). In spatial modelling, we 
noted the correlation of Coleoptera on the conditions of 
the suburban landscape with the surrounding agrarian 
landscape and also the statistically significant effect of 
moisture on this group. 

Subdominant representation related to rural landscape 
(continuous forest in the vicinity) was recorded in the 
groups Acarina, Dermaptera, Diptera, Insectivora, 
Isopoda, Julida, Polydesmida and Rodentia. Subdominant 
and subrecedent representation with correlation to urban 
and suburban conditions (intensively used agricultural 
land in the vicinity) was confirmed in Anura, Collembola, 
Haplotaxida, Hemiptera, Lepidoptera, Lithobiomorpha, 
Opilionidea and Stylommatophora. Despite the low 
presence of these groups, their importance in the 
ecosystem is irreplaceable. They not only contribute to 
the biodiversity of agrarian land, but also to ecological 
stability. The intensively used agrarian landscape 
provides a different spectrum of fauna, which represents 
a diversified component of the soil fauna. These epigeic 
groups are characterized by different adaptations to the 
soil environment and sensitivity to stress. The abundance 
and biodiversity of these epigeic groups supports the 
natural conditions of ecosystems (Swaminathan, 2014; 
Fazekašová and Bobuľovská, 2012). Litavský et al. 
(2018) confirmed that the presence of epigeic groups in 

different types of ecosystems is related to trophic preference 
and is linked to habitat conditions. Gormsen et al. (2006) 
confirmed that the termination of agricultural treatments 
is associated with an increase of the Acarina population. 
From our results, we also confirmed the connection of 
Acarina to the rural landscape without the surrounding 
agrarian land. Collembola populations are affected by 
vegetation, soil conditions and organic fertilizers which 
have a positive effect on population growth (Jasinski et al., 
2016). From the results, we proved the link to the suburban 
and urban landscape with the surrounding agricultural land 
and confirmed the effect of pH and moisture on this group. 
Based on the above, we can conclude that the fields in the 
agricultural landscape (suburban area, urban) are fertilized 
organically.

The increase in the average value of an individual for 
2016 and 2017 in the conditions of an urban landscape with 
the surrounding agriculturally used landscape is probably 
related to suitable climatic conditions and a sufficient food 
supply. Porhajašová (2017) pointed out the same fact in 
the conditions of agroecosystems.

Conclusion

Spatial modelling revealed the connection of eudominant 
epigeic groups Araneae (17.37%) and Hymenoptera 
(13.83%) to the conditions of the rural landscape with 
the surrounding continuous forest. Coleoptera (48.50%) 
correlated to suburban and urban landscape with the 
surrounding intensively used agricultural landscape. 
Based on the above facts, it can be concluded that the 
some species of epigeic groups Araneae, Hymenoptera 
and Coleoptera are suitable for a bioindicative assessment 
of the state of the landscape. A  statistically significant 
effect was confirmed at luminous intensity (p-value = 
0.002) on the eudominant lines Araneae, Hymenoptera and 
moisture (p-value = 0.025), pH (p-value = 0.017) acting 
on the Coleoptera dispersion. Year-on-year changes point 
to an increase in the average number of epigeic groups 
in the conditions of the agrarian landscape and suburban 
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landscape. Epigeic groups may be used for landscape 
planning documents, which is something the study will 
look into in the future.
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