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Epigeic arthropods participate in the regulation of pest populations, the decomposition of organic mat-
ter, and the maintenance of soil structure and quality, thus playing an important role in the functioning of
vineyards. During 20212023, we analysed the spatial dispersion of epigeic arthropods in different types
of vineyard habitats (semi-intensive vineyard, intensive vineyard, abandoned vineyard and meadow).
During the investigation, a total of 56,726 individuals belonging to 23 taxa were recorded. The highest
numbers of taxa were recorded in traps located in the ecotone, while the number of taxa decreased toward
the interior of each of the studied habitats. The redundancy analysis confirmed the significant influence of
habitat type on the spatial distribution of taxa. We confirmed statistically significant differences in the
abundance of individuals between individual seasons and traps in all studied habitats. Linear regression
showed a strong to moderate relationship between the distance of pitfall traps from the field edge and the
abundance of individuals, while we predictied a trend of decreasing numbers of individuals another 20 m
into the field. The results point to the importance of ecotones for epigeic arthropods in the assessment of
biodiversity in agroecosystems.
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Introduction

Epigeic invertebrate communities, especially arthropods, repre-
sent an important component of soil and spatially bound ecosystems
in agrocenoses, where they play a significant ecological role in pro-
cesses such as organic matter decomposition, biological pest control,
nutrient cycling, and sail structure formation (Giller, 1996; Lavelle et
al., 2006). Viticulture as a form of intensive land use can significantly
affect the biodiversity of these groups depending on the intensity of
management, spatial arrangement of the landscape, and seasonal
dynamics (Burel & Baudry, 2003; Curdi¢ & Stankovié, 2011; Altieri
& Nicholls, 2018).

The spatial distribution of epigeic taxa within vineyards is closely
linked to marginal zones and transitional ecotones, which represent
important refuges for many species, especially during adverse seasons
(Duelli & Obrist, 2003). Different types of vineyard habitat — from
intensively managed to extensive or abandoned areas — show diffe-
rences in the composition and abundance of these taxa, which reflects
the ecological stability and quality of the given environment (Tschar-
ntke et al., 2005; Batary et al., 2010). In particular, predator groups
such as Coleoptera or Araneae function as key representatives of bio-
logical protection, whose presence is desirable, especially in organic
and integrated viticulture (Kromp, 1999; Symondson et al., 2002).
Previous research shows that the edge zones of habitats host the
greatest diversity and abundance of individuals, while toward the
interior of the vineyards their numbers decrease due to less favourable
microclimatic conditions and lower structural heterogeneity (Holland
& Luff, 2000; Bennewicz & Barczak 2020).

The seasonal dynamics of epigeic arthropods in agroecosystems,
including vineyards, are significantly influenced by environmental
factors such as temperature, humidity, vegetation cover, and the phe-
nological phase of the stand (Schowalter, 2016). These factors deter-
mine not only the overall activity and migration of species, but also

their spatial distribution and ecological function in a given environ-
ment (Torma et al., 2011). In the case of vineyards, it is confirmed
that the highest activity of epigeic taxa occurs in the summer months,
when conditions are optimal for reproduction, food and shelter (Pétil-
lon et al., 2007; Moreira et al., 2008). Studies show that during spring
and autumn, diversity stabilizes, but the total number of individuals
tends to be lower than in summer, which is related to the reduced me-
tabolic activity of many species due to fluctuating temperatures and
decreasing food availability (Magura et al., 2001). In winter, with a
decrease in temperature and reduced vegetation cover, the activity of
most epigeic arthropods decreases dramatically, and a large part of the
community enters diapause or hibernates in deeper soil layers
(Southwood & Henderson, 2000). In agroecosystems such as vine-
yards, seasonal dynamics are also influenced by practical interven-
tions such as plowing, chemical treatments or mowing, which can
reduce the abundance of some groups in the short term, but in the
longer term, adaptation and repopulation occur (Bianchi et al., 2006).
The spatial configuration of the vineyard also plays a significant role,
where marginal ecotonal zones provide more stable microclimatic
conditions that dampen seasonal fluctuations and serve as refuges for
species during adverse periods (Magura, 2002; Brygadyrenko & Re-
shetniak, 2014; Avtaeva et al., 2021).

Given the climatic and environmental challenges of modern agri-
cultural production, the study of these groups and their ecological
links is essential for the design of measures to support biodiversity in
agricultural landscapes (Bengtsson et al., 2005; Bavec & Bavec,
2015).

In this study, therefore, we analyze the spatial distribution and
seasonal dynamics of epigeic arthropods in vineyard habitats of vary-
ing degrees of intensity of management, focusing on the influence of
ecotonal zones and habitat types on the composition of taxa and
abundance of individuals.
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Materials and methods

During the years 2021 to 2023, we conducted research in eight
study areas. The studied area has a warm, temperate to humid climate
and mild winters, the soil type is predominantly brown earth. Geo-
morphologically, it falls under the Danube upland. The description of
the study areas is as follows:

S1 — overgrown, abandoned vineyard, the vines are overgrown
with Prunus spinosa and Rosa rubiginosa species; it is located 282 m
above sea level; geographic coordinates: 48°25’15” N 18°26°27” E;

S2 — meadow, originally a vineyard 50 years ago, was mowed
twice a year; it is located at an altitude of 282 m above sea level; geo-
graphic coordinates: 48°25°15.8” N 18°26°27.6” E;

S3 — meadow, originally a vineyard 50 years ago, mowed twice a
year; it is located at an altitude of 284 m above sea level; geographic
coordinates: 48°25°16.9” N 18°26°29.5” E;

S4 — overgrown, abandoned vineyard, the vines are overgrown
with Prunus spinosa and Rosa rubiginosa species; it is located 281 m
above sea level; geographic coordinates: 48°25°17.8” N 18°26°32.4” E;

S5 — intensive vineyard, once a year the grass is mowed, the old
vines are removed, and new ones are planted; it is located 262 m
above sea level; geographic coordinates: 48°25°31.6” N 18°26°46.0” E;

S6 — semi-intensive vineyard, once a year the grass is cut and the
vines are pruned; the old vines are removed and no new ones are
planted; it is located 280 m above sea level; geographic coordinates:
48°2535.2” N 18°26°48.8” E;

S7 — semi-intensive vineyard, once a year the grass is cut and the
vines are pruned; the old vines are removed and no new ones are
planted; it is located 278 m above sea level; geographic coordinates:
48°2536.0” N 18°26°49.7” E;

S8 — intensive vineyard, once a year the grass is mowed, the old
vines are removed, and new ones are planted; it is located 274 m
above sea level; geographic coordinates: 48°25°41.5” N 18°26°54.2” E.

During the years 2021 to 2023 from April to October, we collect-
ed epigeic arthropods at regular monthly intervals. We used the pitfall
traps method, in each study area we placed five pitfall traps in a line
and used formalin (4%) as a fixative. The distance between the traps
is 10 m, so the total distance between all traps is 40 m. We deter-
mined the study material into orders according to Schierwater &
DeSalle (2021).

The association of taxa with vineyard biotopes (intensive vine-
yard, semi-intensive vineyard, overgrown, meadow) and pitfall traps
(1-5) during the seasons was analysed by Redundancy Analysis
(RDA). Statistical significance was tested by the Monte Carlo permu-
tation test in the Canoco5 program (Ter Braak & Smilauer, 2012).

We tested the normality of the distribution of the number of indi-
viduals using the Shapiro-Wilks test. We tested the difference in the
number of individuals between pitfall traps (1-5) between seasons
using the Friedman test. We predicted the number of individuals in
pitfall traps 7 using linear regression, which represents 60 m from the
edge of the habitat. We performed the analyses in Python 3.12 (2023).

Results

During our research, we recorded a total of 56,726 individuals.
We recorded the most individuals in the meadow habitat, 17,522
individuals belonging to 21 taxa. We confirmed the lowest number of
taxa in the overgrown habitat, 12,082 individuals belonging to 19
taxa. The Coleoptera and Hymenoptera taxa were eudominant
(> 10%) in all habitats. Araneida had eudominant representation only
in two habitat types, intensive vineyard and overgrown. The highest
number of individuals in all habitats was recorded in pitfall traps 1,
totalling 30.6%. The number of individuals decreased toward the
interior of the field in the pitfall traps 2 (23.5%), pitfall traps 3
(16.9%), pitfall traps 4 (14.9%) and pitfall traps 5 (14.0%, Table 1).

By redundancy analysis (SD = 0.8 on the first ordination axis) we
determined the influence of habitats (semi-intensive vineyard, inten-
sive vineyard, abandoned vineyard, meadow) on the spatial distribu-
tion of epigeic groups during the seasons and pitfall traps. The values
of the explained cumulative variability of the species data were 45.7%

2

on the first ordination axis and 61.2% on the second ordination axis.
Due to the influence of land use, the variability on the 1st ordination
axis increased to 69.9%, and on the second cumulative axis there was
an increase to 93.7%. A significant influence on the spatial distribu-
tion of epigeic arthropods was confirmed in semi-intensive vineyards
(P = 0.002), intensive vineyards (P = 0.002), pastures (P = 0.0002)
and overgrown (P = 0.006).

Table 1
Representation of arthropods in pitfall traps (1-5)

Biotopes / arthropods 1 2P ifall 'Iéraps 7 5 ¥ individuals
Meadow
Acarina 1 5 2 0 0 8
Araneida 579 397 250 231 188 1645
Auchenorrhyncha 0 0 0 0 2 2
Blattodea 0 2 0 1 1 4
Coleoptera 1187 1097 436 470 690 3880
Collembola 295 44 71 109 147 666
Dermaptera 42 12 15 15 8 92
Geophilomorpha 1 0 1 0 0 2
Glomerida 326 222 305 221 234 1308
Hemiptera 149 65 97 75 93 479
Hymenoptera 2067 1420 833 960 560 5840
Isopoda 256 173 164 208 188 989
Julida 378 204 149 110 159 1000
Lithobiomorpha 40 25 22 22 22 131
Lumbricida 38 21 9 8 15 91
Mantodea 0 1 0 0 0 1
Opilionida 100 37 36 55 56 284
Orthoptera 288 150 202 236 217 1093
Polydesmida 2 0 0 0 0 2
Pseudoscorpiones 0 2 0 0 0 2
Zygentoma 2 1 0 0 0 3
Semi-intensive vineyard
Acarina 4 0 0 0 0 4
Araneida 485 230 159 19 228 1298
Coleoptera 634 354 283 320 267 1858
Collembola 53 0 0 0 0 53
Dermaptera 19 16 25 21 36 117
Geophilomorpha 1 2 2 1 1 7
Glomerida 143 106 111 80 107 547
Hemiptera 90 54 45 42 39 270
Hymenoptera 1229 2879 1748 618 944 7418
Chordeumatida 1 0 0 0 0 1
Isopoda 150 72 85 61 76 444
Julida 97 63 95 93 89 437
Lithobiomorpha 19 5 9 5 7 45
Lumbricida 25 11 15 10 15 76
Opilionida 69 62 42 16 23 212
Orthoptera 72 73 69 48 41 303
Zygentoma 1 0 0 0 0 1
Intensive vineyard
Araneida 533 275 365 333 299 1805
Auchenorrhyncha 0 6 2 5 1 14
Coleoptera 955 490 495 367 548 2855
Collembola 128 43 0 0 0 171
Dermaptera 32 16 55 37 72 212
Geophilomorpha 2 0 6 10 12 40
Glomerida 194 142 143 149 108 736
Hemiptera 156 101 86 100 73 516
Hymenoptera 1639 1092 811 895 485 4922
Isopoda 314 212 136 128 146 936
Julida 186 157 146 124 137 750
Lithobiomorpha 29 14 5 11 21 80
Lumbricida 27 5 17 14 11 84
Opilionida 99 48 59 29 49 284
Orthoptera 150 107 144 109 105 615
Polydesmida 1 0 1 5 0 7
Pseudoscorpiones 0 1 0 0 0 1
Zygentoma 0 2 1 0 0 3
Overgrown
Acarina 0 0 0 1 0 1
Araneida 616 388 250 311 260 1825
Blattodea 0 0 0 2 0 2
Coleoptera 693 402 276 261 307 1939
Collembola 289 0 21 52 19 381
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Biotopes / arthropods 1 2P |tfaII'I:;)raps 7 5 > individuals
Dermaptera 22 14 15 17 7 75
Ensifera 3 0 0 0 0 3
Geophilomorpha 2 1 0 0 0 3
Glomerida 341 188 129 153 119 930
Hemiptera 116 54 61 54 70 355
Hymenoptera 1351 1458 748 830 329 4716
Chordeumatida 0 0 1 0 0 1
Isopoda 237 98 154 116 159 764
Julida 189 129 83 43 68 517
Lithobiomorpha 26 7 14 14 15 76
Lumbricida 33 17 5 8 9 72
Opilionida 78 44 42 31 46 241
Orthoptera 53 26 50 26 25 180
Zygentoma 0 0 0 0 1 1
> individuals 17337 13352 9616 8467 7954 56726

The ordination plot shows that the highest number of taxa occur-
red during the summer months in all types of vineyard habitats. It was
also confirmed for all seasons that the strongest taxa preference was
recorded for pitfall traps 1 and 2 located in the ecotone. Toward the

interior of the habitat (pitfall traps 3-5), the number of taxa decreased
(Fig. 1).

The Shapiro-Wilks test confirmed the broken normality of the
distribution of individuals in all habitat types. The results are as fol-
lows: semi-intensive vineyard (P = 0.0001), intensive vineyard (P =
0.0001), meadow (P = 0.001) and overgrown (P = 0.00001). Based
on the broken normality of the data distribution, we used the non-
parametric Friedman test, which tested the difference in the number
of individuals between seasons and pitfall traps (1-5). We confirmed
a significant difference in all types of vineyard habitat: semi-intensive
vineyard (P = 0.0229, Fig. 2), intensive vineyard (P = 0.0062, Fig. 3),
pasture (P = 0.0123, Fig. 4) and overgrown (P =0.0031, Fig. 5).

From the results of the analysis we can say that during all seasons
we confirmed a decrease in individuals from the ecotone (pitfall traps
1-2) to the interior of each studied habitat (pitfall traps 3-5). We fo-
und this trend in all investigated vineyard habitats (semi-intensive
vineyard, intensive vineyard, overgrown meadow). We confirmed
that the greatest number of individuals in all pitfall traps occurred
during the summer, while in spring and autumn the number of indi-
viduals was lower than in summer and balanced between spring and
autumn.

o
o
® Araneida
© | 1_spring Geophilm
o 3
Lumbricd Overgrown
4—5"5'{‘9 Glomerid SZ Hymenopt
< | B aoh
= - Acarina Lithobio
= @
3 Coleoptr
2_sprin 3_3 #
N B FZ-:-: ¢
=4 3_spring skt >
N = emi-intensive vineyard
$ Julida Chordeu —
(=} - y= » Meadow
:(( Q] ———— Blunode Hemipter
[m] > Collembl
o - Intensive vineyard
N o  2-summer 1_summer]
= Polvdesm B Dermaptr
5_autumn
Mantodea Pseudosc Zygentom
< Ensifera
< 4_autumn 1_autumn
2_autumn Opiliond
3_autumn
©
<@ Auchenor Hopede
«
< 1 Orthoptr
-0.6 -0.4 -0.2 -0.0 0.2 0.4 0.6 0.8 1.0
RDA Axis 1
habitat = taxa —
pitfall traps and season: spring f_,;' summer autumn
Fig. 1. RDA analysis of taxa in habitats during seasons and pitfall traps
700 - T season
[ spring
600 @ autumn
E summer
w
= 200 1
=
=
=
= 400 ~
£
. o
& 300 A
=
£
= o
= 200 A
B o
100 { E3 E % E % j % % E
o
0 -
T T T T T
1 2 3 4 5

number of pitfall traps

Fig. 2. Difference in the number of individuals between pitfall traps (1-5) and season in intensive vineyard habitat
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We expressed the relationship between the number of individuals
and the pitfall traps (1-5) using linear regression and subsequently
predicted the development of pitfall traps 7. The highest variability of
97.6% (R? = 0.9662), high relationship (high dependence) between
the investigated variables, was confirmed in the semi-intensive vine-
yard habitat, the lowest 58.4% (R? = 0. 5839) in the intensive vine-
yard habitat. We recorded a moderately strong relationship in the
meadow (75.1%, R? = 0.7511) and overgrown habitats (69.0%, R? =
0.6900). We also predicted the number of individuals in pitfall traps 7,
which represents 60 m from the edge of the habitat. In all habitats, we
recorded a decrease in the number of individuals towards pitfall traps 7.
The highest value was in the intensive habitat vineyard (1,047 indi-
viduals in pitfall traps 7, Fig. 6). The decrease in predicted values was
followed by the meadow (623 individuals in pitfall traps 7, Fig. 7),
semi-intensive vineyard (538 individuals in pitfall traps 7, Fig. 8) and
the lowest in the overgrown habitat (463 individuals in pitfall traps 7,
Fig. 9).
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Fig. 6. Linear regression with prediction for 7 pitfall traps
in the intensive vineyard habitat
Discussion

The results of our research confirm significant spatial and seaso-
nal differences in the abundance and composition of epigeic arthro-
pods in vineyard habitats of different management intensities, inclu-
ding the reference meadow habitat. The greatest number of individu-
als was recorded in the meadow habitat, which corresponds to
previous studies indicating that natural or extensively managed habi-
tats exhibit greater diversity and abundance of soil invertebrates com-
pared to intensively used agroecosystems (Bengtsson et al., 2005; Ba-
tary etal., 2010).
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Fig. 7. Linear regression with prediction for 7 pitfall traps
on meadow habitat

The strong dominance of Coleoptera and Hymenoptera taxa in all
habitats, as well as the local eudominant representation of Araneae,

points to the ecological plasticity of these groups and their ability to
adapt to different environmental conditions. From an ecological point
of view, the occurrence of predators such as Carabidae and spiders is
important for the functioning of ecosystems, as these groups partici-
pate in the natural regulation of pest populations (Kromp, 1999; Sy-
mondson et al., 2002).
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Fig. 9. Linear regression with prediction for 7 pitfall traps
on overgrown vineyard habitat

In terms of spatial arrangement, the highest abundance of taxa
was recorded in traps located in ecotonal zones (pitfall traps 1 and 2),
while the number of taxa decreased significantly towards the interior
of the habitats. This trend was repeatedly confirmed in all habitat
types and corresponds to the assumptions of the so-called "edge ef-
fect", i.e., increased activity or accumulation of species in transition
zones between two environments (Magura, 2002; Duelli & Obrist,
2003). Ecotones in agroecosystems often provide more stable micro-
climatic conditions, higher food availability, and greater structural
complexity, which makes them preferred locations for many epigeic
species (Tormaet al., 2011).

By redundancy analysis, we confirmed the significant influence
of different vineyard managements on the spatial distribution of
epigeic groups, indicating a strong effect of anthropogenic manage-
ment on the composition of soil communities. These findings are
consistent with studies that have shown that intensity of management,
including the use and mechanical cultivation, has a major impact on
the biodiversity of epigeic groups in agricultural systems (Bianchi et
al., 2006; Altieri & Nicholls, 2018).

In terms of seasonality, the highest number of individuals was
recorded during the summer months. This phenomenon is typical for
most communities of epigeic groups, which show increased activity
at higher temperatures and during the period of maximum vegetation
(Pétillon et al., 2007; Moreira et al., 2008). On the contrary, during
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spring and fall, the number of individuals was significantly lower and
stabilised. This seasonal course of activity was also statistically con-
firmed by the Friedman test, which revealed significant differences
between seasons in all habitats studied. The seasonal dynamics of
communities are also influenced by the microclimate, the phenologi-
cal development of vegetation, and the life cycle of specific taxa
(Southwood & Henderson, 2000; Schowalter, 2016).

Linear regression analysis confirmed a strong relationship bet-
ween the distance of pitfall traps from the edge of the habitat and the
abundance of individuals, most significantly in the semi-intensive
vineyard (R? = 0.9762). This strong correlation points to the spatial
structure of epigeic taxa populations and their connection to land-
scape-ecological interfaces. The prediction of the number of individu-
als per seventh pitfall trap (60 m from the edge) showed a general
downward trend, most significantly in the abandoned vineyard. These
results point to the importance of protecting the marginal and less
disturbed parts of vineyards as biodiversity refuges (Burel & Baudry,
2003; Tscharntke et al., 2005; Chao et al., 2014).

Epigeic arthropods represent sensitive bioindicators of the ecolo-
gical quality of vineyard habitats and at the same time play an irre-
placeable role in maintaining their ecological functions. Managing the
spatial structure of vineyards, supporting ecotonal elements and redu-
cing the intensity of chemical management represent effective
measures to support biodiversity and ecological stability of these
agroecosystems (Litavsky et al., 2021; PorhajaSova & Babosova,
2022; Putchkov & Brygadyrenko, 2022).

Conclusions

The research results showed that the abundance and diversity of
epigeic arthropods significantly depend on the type of vineyard use,
the season, and the spatial position with respect to the ecotone. There
was a clear decrease in abundance from the ecotone to the interior of
the habitat, with the greatest activity and occurrence of taxa concen-
trated near traps placed at the interface of habitats. These findings
point to the high ecological value of ecotone zones, which represent
key microhabitats that support biodiversity in agriculturally used
landscapes. At the same time, it was confirmed that the intensity of
vineyard management significantly affects the distribution and occur-
rence of epigeic fauna, with semi-intensive and meadow habitats
creating more favourable conditions for the development of diversi-
fied communities. From a practical point of view, this knowledge
represents an important tool for agroecological planning. An appro-
priate management measure is the preservation or restoration of eco-
tone structures, as well as the establishment of boundaries, flower
belts, and unmowed edges of vineyards. These elements can serve as
stable refugia for soil fauna, thus supporting natural pest regulation,
improving soil quality, and strengthening the ecological stability of
agrosystems. Integrating these measures into regular viticultural prac-
tices can significantly contribute to sustainable land use and biodiver-
sity conservation.

This research was supported by the grants VEGA 1/0603/25 data integration
(big data) for spatial modeling of biodiversity in different ecosystem conditions,
KEGA No. 010UKF-4/2025 data science for biology and No. 037SPU-4/2024
data integrity in biological and ecological databases.

References

Altieri, M., & Nicholls, C. (2018). Biodiversity and pest management in agro-
ecosystems. CRC Press, Boca Raton.

Avtaeva, T., Petrovicova, K., Langraf, V., & Brygadyrenko, V. (2021). Poten-
tial bioclimatic ranges of crop pests Zabrus tenebrioides and Harpalus ru-
fipes during climate change conditions. Diversity, 13, 559.

Batary, P., Baldi, A., Kleijn, D., & Tscharntke, T. (2010). Landscape-modera-
ted biodiversity effects of agri-environmental management: A meta-analy-
sis. Proceedings of the Royal Society B: Biological Sciences, 278(1713),
1894-1902.

Bavec, M., & Bavec, F. (2015). Impact of organic farming on biodiversity. In:
Lo, Y.-H,, Blanco, J. A, & Roy, S. (Eds.). Biodiversity in ecosystems —
linking structure and function. InTech.

Bengtsson, J., Ahnstrém, J., & Weibull, A. (2005). The effects of organic agri-
culture on biodiversity and abundance: A meta-analysis. Journal of Ap-
plied Ecology, 42(2), 261-269.

Bennewicz, J., & Barczak, T. (2020). Ground beetles (Carabidae) of field mar-
gin habitats. Biologia, 75(10), 1631-1641.

Bianchi, F. J. J. A., Booij, C. J. H., & Tscharntke, T. (2006). Sustainable pest
regulation in agricultural landscapes: A review on landscape composition,
biodiversity and natural pest control. Proceedings of the Royal Society B:
Biological Sciences, 273(1595), 1715-1727.

Brygadyrenko, V. V., & Reshetniak, D. Y. (2014). Trophic preferences of Har-
palus rufipes (Coleoptera, Carabidae) with regard to seeds of agricultural
crops in conditions of laboratory experiment. Baltic Journal of Cole-
opterology, 14(2), 179-190.

Burel, F., & Baudry, J. (2003). Landscape ecology: Concepts, methods, and ap-
plications. Science Publishers, CRC Press, Endfield, Plymonth.

Chao, A., Chiu, C.-H., & Jost, L. (2014). Unifying species diversity, phyloge-
netic diversity, functional diversity, and related similarity and differentiati-
on measures through hill numbers. Annual Review of Ecology, Evolution,
and Systematics, 45(1), 297-324.

Curti¢, S., & Stankovié, M. (2011). The ground beetles (Coleoptera: Cara-
bidae) of the Zasavica Special Nature Reserve (Serbia). Acta Entomologi-
ca Serbica, 16(1-2), 61-79.

Duelli, P., & Obrist, M. K. (2003). Regional biodiversity in an agricultural
landscape: The contribution of seminatural habitat islands. Basic and Ap-
plied Ecology, 4(2), 129-138.

Fournier, E., & Loreau, M. (2002). Foraging activity of the carabid beetle
Pterostichus melanarius Ill. in field margin habitats. Agriculture, Ecosys-
tems and Environment, 89(3), 253-259.

Giller, P. S. (1996). The diversity of soil communities, the *poor man’s tropical
rainforest’. Biodiversity and Conservation, 5(2), 135-168.

Holland, J. M., & Luff, M. L. (2000). The effects of agricultural practices on
Carabidae in temperate agroecosystems. Integrated Pest Management Re-
views, 5(2), 109-129.

Kromp, B. (1999). Carabid beetles in sustainable agriculture: a review on pest
control efficacy, cultivation impacts and enhancement. Agriculture, Eco-
systems and Environment, 74(1-3), 187-228.

Lavelle, P., Decaéns, T., Aubert, M., Barot, S., Blouin, M., Bureau, F., Marger-
ie, P., Mora, P., & Rossi, J.-P. (2006). Soil invertebrates and ecosystem
services. European Journal of Soil Biology, 42, S3-S15.

Litavsky, J., Majzlan, O., Stasiov, S., Svitok, M., & Fedor, P. (2021). The asso-
ciations between ground beetle (Coleoptera: Carabidae) communities and
environmental condition in floodplain forests in the Pannonian Basin. Eu-
ropean Journal of Entomology, 118, 14-23.

Luff, M. L. (2002). Carabid assemblage organization and species composition.
Agriculture, Ecosystems and Environment, 89(1-2), 239-254.

Magura, T. (2002). Carabids and forest edge: Spatial pattern and edge effect.
Forest Ecology and Management, 157(1-3), 23-37.

Moreira, F., Louvres, C., & Pinto, M. J. (2008). Influence of temporal and spa-
tial variation of management on ground beetle diversity in annual crops.
Agriculture, Ecosystems and Environment, 124(3-4), 225-231.

Pétillon, J., Georges, A., Canard, A., & Ysnel, F. (2007). Impact of cutting and
sheep grazing on ground-active spiders and carabids in intertidal salt
marshes (Western France). Animal Biodiversity and Conservation, 30(2),
201-209.

Porhajasova, J. L., & Babo$ova, M. (2022). Impact of arable farming manage-
ment on the biodiversity of Carabidae (Coleoptera). Saudi Journal of Bio-
logical Sciences, 29(9), 103371.

Putchkov, A. V., & Brygadyrenko, V. V. (2022). Rare species of Carabidae
and Cicindelidae in Dnipropetrovsk Region, Ukraine. Biosystems Diversi-
ty, 30(3), 310-337.

Python version 3.12. (2023). Python Software Foundation Legal Statements
Privacy Notice.

Schowalter, T. D. (2016). Insect ecology: An ecosystem approach. 4th ed. Aca-
demic Press, Oxford, London, New York.

Southwood, T. R. E., & Henderson, P. A. (2000). Ecological methods. 3rd ed.
Blackwell Science, New York.

Symondson, W. O. C., Sunderland, K. D., & Greenstone, M. H. (2002). Can
generalist predators be effective biocontrol agents? Annual Review of En-
tomology, 47(1), 561-594.

Ter Braak, C. J. F., Smilauer, P. (2012). Canoco reference manual and user’s
guide: Software for ordination, version 5.0. Microcomputer Power, Ithaca.

Torma, A., Horvéth, R., Mérton, M., & Szinetér, C. (2011). Effects of landsca-
pe and local habitat characteristics on spider diversity in Hungarian vine-
yards. Agriculture, Ecosystems and Environment, 140(1-2), 37-41.

Tschamntke, T., Klein, A. M., Kruess, A., Steffan-Dewenter, I., & Thies, C.
(2005). Landscape perspectives on agricultural intensification and biodi-
versity — ecosystem service management. Ecology Letters, 8(8), 857-874.

Biosystems Diversity, 2025, 33(3), €2539


http://doi.org/10.1201/9781482277937
http://doi.org/10.1201/9781482277937
http://doi.org/10.3390/d13110559
http://doi.org/10.3390/d13110559
http://doi.org/10.3390/d13110559
http://doi.org/10.1098/rspb.2010.1923
http://doi.org/10.1098/rspb.2010.1923
http://doi.org/10.1098/rspb.2010.1923
http://doi.org/10.1098/rspb.2010.1923
http://doi.org/10.5772/58974
http://doi.org/10.5772/58974
http://doi.org/10.5772/58974
http://doi.org/10.1111/j.1365-2664.2005.01005.x
http://doi.org/10.1111/j.1365-2664.2005.01005.x
http://doi.org/10.1111/j.1365-2664.2005.01005.x
http://doi.org/10.2478/s11756-020-00424-y
http://doi.org/10.2478/s11756-020-00424-y
http://doi.org/10.1098/rspb.2006.3530
http://doi.org/10.1098/rspb.2006.3530
http://doi.org/10.1098/rspb.2006.3530
http://doi.org/10.1098/rspb.2006.3530
http://doi.org/10.1146/annurev-ecolsys-120213-091540
http://doi.org/10.1146/annurev-ecolsys-120213-091540
http://doi.org/10.1146/annurev-ecolsys-120213-091540
http://doi.org/10.1146/annurev-ecolsys-120213-091540
http://doi.org/10.1078/1439-1791-00140
http://doi.org/10.1078/1439-1791-00140
http://doi.org/10.1078/1439-1791-00140
http://doi.org/10.1016/s0167-8809(01)00216-x
http://doi.org/10.1016/s0167-8809(01)00216-x
http://doi.org/10.1016/s0167-8809(01)00216-x
http://doi.org/10.1007/bf00055827
http://doi.org/10.1007/bf00055827
http://doi.org/10.1023/a:1009619309424
http://doi.org/10.1023/a:1009619309424
http://doi.org/10.1023/a:1009619309424
http://doi.org/10.1016/s0167-8809(99)00037-7
http://doi.org/10.1016/s0167-8809(99)00037-7
http://doi.org/10.1016/s0167-8809(99)00037-7
http://doi.org/10.1016/j.ejsobi.2006.10.002
http://doi.org/10.1016/j.ejsobi.2006.10.002
http://doi.org/10.1016/j.ejsobi.2006.10.002
http://doi.org/10.14411/eje.2021.002
http://doi.org/10.14411/eje.2021.002
http://doi.org/10.14411/eje.2021.002
http://doi.org/10.14411/eje.2021.002
http://doi.org/10.1016/s0378-1127(00)00654-x
http://doi.org/10.1016/s0378-1127(00)00654-x
http://doi.org/10.32800/abc.2007.30.0201
http://doi.org/10.32800/abc.2007.30.0201
http://doi.org/10.32800/abc.2007.30.0201
http://doi.org/10.32800/abc.2007.30.0201
http://doi.org/10.1016/j.sjbs.2022.103371
http://doi.org/10.1016/j.sjbs.2022.103371
http://doi.org/10.1016/j.sjbs.2022.103371
http://doi.org/10.15421/012233
http://doi.org/10.15421/012233
http://doi.org/10.15421/012233
http://doi.org/10.1146/annurev.ento.47.091201.145240
http://doi.org/10.1146/annurev.ento.47.091201.145240
http://doi.org/10.1146/annurev.ento.47.091201.145240
http://doi.org/10.1111/j.1461-0248.2005.00782.x
http://doi.org/10.1111/j.1461-0248.2005.00782.x
http://doi.org/10.1111/j.1461-0248.2005.00782.x

