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and rainforests (Lövei & Sunderland, 1996). In various 
countries in different parts of the Pannonian Basin (Cen-
tral Europe), ground beetles are abundant, with 619 species 
recorded in Serbia (Ćurčić et al., 2007, 2018; Guéorguiev, 
2008; Hlaváč & Magrini, 2016; Pavićević et al., 2018), 590 
in Slovakia (Zahradník, 2017; Jászay & Jászayová, 2019) 
and 517 in Hungary (Horvatovich, 1993; Ádám, 1996). 

Various insects, including beetles, are widely used to 
indicate specifi c habitat characteristics (Bishop et al., 
2009), including environmental disturbance (Niemelä et 
al., 2000; Pearson & Cassola, 2005, 2007; Kaiser et al., 
2009; Song et al., 2009; Negro et al., 2010; Vásquez-Vélez 
et al., 2010; Štefánik & Fedor, 2020), effects of manage-
ment (Rushton et al., 1990; Jacobs et al., 2010; Kotze et al., 
2011; Skłodowski, 2014; Ivanič Porhajašová et al., 2019), 
restoration (Rothenbücher & Schaefer, 2006; Babin-Fen-
ske & Anand, 2010; Paoletti et al., 2010; Liu et al., 2013), 
forest fragmentation (Niemelä et al., 1988; Niemelä, 2001; 
Dubovský et al., 2010; Zvaríková et al., 2016) or effects 
on agricultural ecosystems (Basedow, 1990; Kromp, 1999; 
Kagawa & Maeto, 2014; Ivanič Porhajašová et al., 2016). 
Some species of carabids are sensitive indicators of pollu-
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Abstract. We studied assemblages of carabids in eight similar habitats, fi ve in Slovakia and three in Serbia. The ground beetles 
were caught by pitfall traps from February 2015 until November 2016. We compared the incidence of Carabidae in fl oodplain 
forests and ecotones alongside the River Danube in Slovakia and the Rivers Tisza and Begej in Serbia. We determined their as-
sociation with anthropogenic effects,diversity of plants in the different vegetation layers, cover of vegetation layers (herbaceous 
plants, shrubs and trees), area of forest stands, circumference of forest stands, distance to forest edge, age of forest stands, depth 
of leaf litter and physico-chemical properties of soil and leaf litter (conductivity, pH, relative content of H, C, P and N). In total, 2,495 
adult individuals of 110 species of carabids were collected. The total epigeic activity of the carabids was signifi cantly and positively 
associated with the  number of species of plants in E3 vegetation layer and the relative content of N, and negatively with the cover 
of the E1 layer. Species richness was signifi cantly positively associated with the number of species of plants in the E3 layer and the 
pH of leaf litter, but an opposite trend in evenness.

INTRODUCTION

 Currently, there are very few areas of fl oodplain forests 
left in Europe. The vast majority have been destroyed and 
many of the remaining fragments are in a poor condition. 
According to Ábrahámová et al. (2014), they are among 
the most endangered natural ecosystems in Europe. There-
fore, it is important to record the current conditions in 
these habitats over the widest possible area using important 
bioindicators such as Carabidae. This was the main reason 
for studying the alluvial soils of three rivers with analo-
gous habitat characteristics, situated at the same latitude 
and approximately 400 km apart.

Carabidae are a taxonomically stable and well studied 
family, which because of their specifi c life strategies and 
ecological preferences in terms of humidity, temperature, 
shading, soil and vegetation (Migliorini et al., 2002; Rainio 
& Niemelä, 2003; Boháč, 2005; Schwerk, 2008; Vician et 
al., 2018) are frequently used for monitoring habitats. As 
the third largest Coleopteran family (Bouchard et al., 2017), 
with more than 40,000 species globally (Erwin, 1991; 
Lövei & Sunderland, 1996), carabids occur worldwide, 
from Arctic and alpine tundras to coastal areas, deserts 
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S5 – a hardwood fl oodplain forest, with a closed habitat and 
moist microclimate, located near the Biskupické Rameno oxbow 
lake (48°06´8.88˝N, 17°10´29.77˝E, 130 m a.s.l.).

For a better comparison, three locations in Serbia geomorpho-
logically and botanically similar to those monitored in Slovakia 
(Fig. 2) were selected. The Begej River (a tributary of the Tisza) 
is the smallest of the rivers monitored. The mean anuual tempera-
ture in the proximity of Zrenjanin (from 1991 to 2010), which 
is close to these areas, was 11.9°C, the average annual relative 
humidity 73.0% and mean annual total precipitation 607.0 mm 
(Republic Hydrometeorological Service of Serbia, 1999–2010).

Two sites (S6 and S7) on the alluvium of the Tisza River within 
the Ritovi Donjeg Potisja Special Nature Reserve, a protected 
area 5 km from the village of Aradac, close to the town of Zren-
janin, were studied.

S6 – a closed habitat with moist microclimate, close to an 
oxbow lake on the Tisza River (45°22´50.76˝N, 20°13´40.83˝E, 
74 m a.s.l.), which is frequently fl ooded in spring.

S7 – a meadow-wetland ecotone located close to the dyke on 
the Tisza River (45°23´25.07˝N, 20°13´16.15˝E, 71 m a.s.l.).

The third site in Serbia (S8) is located in the protected area Car-
ska Bara Special Nature Reserve, near the village of Belo Blato, 
close to the town of Zrenjanin, approximately 20 km from the 
sites studied along the Tisza River.

S8 – a hardwood fl oodplain forest located near the Begej River 
(45°16´41.60˝N, 20°24´58.56˝E, 73 m a.s.l.) close to the Stari 
Begej oxbow lake.

tion (García et al., 2010; Ito et al., 2010) and are used in 
studies on urban ecology (Eyre & Luff, 1990; Venn, 2003) 
and in ecological assessment.

A number of endangered ground beetles, particularly 
species of Abax Bonelli, 1810, Badister Clairville, 1806, 
Calosoma Weber, 1801, Carabus Linnaeus, 1758, Har-
palus Latreille, 1802, Leistus Frölich, 1799, Platynus 
Bonelli, 1810, Pterostichus Bonelli, 1810) and Trechus 
Clairville, 1806 are associated with natural forests (Boháč, 
2005), which is an important factor when considering their 
conservation. There are a lot of studies on ground beetles 
in fl oodplain forests (Šustek, 1994a, c; Antvogel & Bonn, 
2001; Bonn & Schröder, 2001; Günther & Assmann, 2005; 
De Vaate et al., 2007; Porhajašová et al., 2010; Porhajašová 
& Šustek, 2011; Majzlan & Litavský, 2015, 2017; Paill et 
al., 2018), however, there are no comparisons of the situ-
ations in different countries and fl oodplains, or of their 
specifi c ecological variables (area of forest, age of trees, 
structure of vegetation, anthropogenic effects, content of 
nutrients in soil, pH, etc.).

The aim of this study is to determine the specifi cities of 
carabid communities in alluvial forests and the main eco-
logical and environmental factors associated with their 
diversity and dynamics. For these reasons, we compared 
similar types of habitats on the alluvial soils of three riv-
ers (the Danube in Slovakia and the Tisza and the Begej 
in Serbia) in different geographical regions, by analysing 
environmental parameters, such as anthropogenic effect, 
plant species diversity and cover of herbaceous plant layer 
(E1), shrub layer (E2) and tree layer (E3), size of area, edge 
of area, circumference of area, age of trees, depth of leaf 
litter, pH of the soil and leaf litter, conductivity, content of 
P, N, C, H in the soil and leaf litter and their association 
with particular ground beetle communities.

MATERIAL AND METHODS
Sites studied

This research was conducted at eight sites located on the al-
luvial soils of three rivers: the Danube in Slovakia and the Begej 
and the Tisza in Serbia. Of these, fi ve sites (S1–S5) are situated 
on the outskirts of Bratislava in Slovakia (Fig. 1). The mean an-
nual temperature in the area of Bratislava (from 1991 to 2015) 
was 10.2°C, average annual relative humidity 72.2% and mean 
annual total precipitation 676.2 mm (Lapin et al., 2019).

S1 – located near the overpass at Bajkalská Street (48°8´22.31˝N, 
17°8´57.03˝E, 138 m a.s.l.) is a fragment of fl oodplain forest of 
the Salici-Populetum association, with a semi-open habitat and a 
slightly moist microclimate.

S2 – located in the settlement Malé Pálenisko (48°8´11.54˝N, 
17°9´14.45˝E, 132 m a.s.l.) is a semi-open habitat with a moist 
microclimate, situated near an old arm of the Danube River, with 
a fl uctuating water level.

S3 – a shrub-meadow ecotone located in the Dunajské Luhy 
Protected Landscape Area (48°06´21.13˝N, 17°10´10.57˝E, 131 
m a.s.l.) is at the edge of a fl oodplain forest, with a medium-deep 
soil (30–60 cm).

S4 – is near the waste incinerator in Bratislava (48°6´24.12˝N, 
17°10´9.68˝E, 132 m a.s.l.) and is a semi-open xerothermic habi-
tat on a gravel bar, with a shallow layer of soil (up to 30 cm).

Fig. 1. Aerial photograph and map showing the areas studied in the 
Danube River fl oodplain forests in Bratislava (Slovakia): S1–S5 – 
sites studied; AT – Austria; CZ – Czech Republic; HU – Hungary; 
PL – Poland; UA – Ukraine.

Fig. 2. Aerial photograph and map showing the areas studied in the 
fl oodplain forests near the Begej and Tisza Rivers (Serbia): S6–S8 
– sites studied; AL – Albania; BA – Bosnia and Herzegovina; BG 
– Bulgaria; HR – Croatia; HU – Hungary; ME – Montenegro; MK – 
Republic of North Macedonia; RO – Romania.
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More detailed information on the vegetation at these sites is 
presented in Litavský et al. (2018, 2021).

Methods
This research was carried out from February 2015 until No-

vember 2016. Ground beetles were captured using pitfall traps 
(Stašiov, 2015) consisting of plastic cups (diameter of opening 9 
cm and volume 0.5 l) containing 1% formaldehyde as a fi xative. 
At each site, fi ve traps were set in a line at a distance of 5 m from 
each other. The traps were operational from February 2015 to 
November 2016 and emptied and refi lled approximately at half-
monthly intervals. The contents of the fi ve traps at each site were 
pooled, which formed the sample for that date. The samples were 
sorted in the laboratory and the ground beetles subsequently iden-
tifi ed to species according to Trautner & Geigenmüller (1987), 
Hůrka (1996) and Müller-Motzfeld (2004). Specimens were fi xed 
in 75% ethyl alcohol and deposited in the collection of the Facul-
ty of Natural Sciences of the Comenius University in Bratislava. 
A list of species was drawn up following Lorenz (2019). In Table 
1, for each species, we added its ecological characteristics. Farkač 
et al. (2006) classify carabids into three groups: relict (R), adapt-
able (A) and eurytopic (E), based on their ecological valence and 
association with a particular habitat. Following Šustek (2000, 
2004a, 2010, 2012), the humidity preferences of ground beetles 
were classifi ed as either; 1 – strongly xerophilous, 2–3 – interme-
diate between strongly xerophilous and mesohygrophilous, 4–5 – 
mesohygrophilous, 6–7 – intermediate between mesohygrophil-
ous and strongly hygrophilous, or 8 – strongly hygrophilous. In 
terms of dispersal ability, species were divided into three groups: 
(i) non-fl ying, (ii) fl ying and (iii) brachypterous, which occasion-
ally fl y (Hůrka, 1992, 1996; Matalin, 2003; Šustek, 2012).

Samples of soil and leaf litter for chemical analyses were 
collected on June 8th 2016. More detailed information on the 
methods of analysis of the soil and leaf litter samples is given in 
Litavský et al. (2018, 2021). 

We defi ned four levels of anthropogenic effect on the study 
area: level 1 – with minimum disturbance; level 2 – with grazing; 
level 3 – with infrequent movement of vehicles and minor solid 
waste pollution; level 4 – with solid waste pollution, frequent 
mowing and cutting and building activities. 

Of the environmental factors that could affect the composition 
of carabid communities we recorded species richness in indi-
vidual layers, stand canopy of individual layers, anthropogenic 
effect, area of fragment, distance from another fragment (edge), 
length of the periphery of the fragment, age of trees at the sites 
and average depth of leaf litter, which are presented in Litavský 
et al. (2018, 2021).

During the vegetation period, we recorded plant species diver-
sity in three vegetation layers (E1, E2, E3), as well as the covers 
of the tree, shrub and herbaceous plant layers, in both countries 
and within sites of constant size (400 m2). More information on 
the method of investigation of the vegetation is given in Litavský 
et al. (2021).

Data analysis
We calculated the diversity of the carabid communities in 

terms of species richness, Shannon diversity (Spellerberg & 
Fedor, 2003) and evenness (Jost, 2006; Tuomisto, 2012; Fedor & 
Zvaríková, 2018). Species epigeic activity was the mean number 
of individuals caught per trap per day. Carabid community com-
position is summarized in the species-by-site matrix of epigeic 
activities.

Due to the relatively low number of sites sampled and the high 
number of environmental variables, we did not build models de-
scribing diversity and species composition, but adopted an ex-

ploratory approach and investigated all species-environment as-
sociations.

In order to investigate the diversity characteristics of commu-
nities (total epigeic activity, species richness, Shannon diversity 
and evenness), we produced a matrix of pairwise Spearman’s 
correlation coeffi cients between environmental variables and the 
diversity characteristics. 

Non-metric multidimensional scaling (NMDS) based on Bray-
Curtis distance was used to visualize similarities in the composi-
tion of carabid communities. The vectors of environmental vari-
ables were projected onto ordinations in the directions of their 
maximum correlations with the confi guration of sites. The statis-
tical signifi cance of fi tted environmental vectors was evaluated 
using permutation tests (10,000 permutations). 

This exploratory approach allowed us to investigate all species-
environment associations without the risk of missing any impor-
tant information caused, e.g., by the removal of highly correlated 
variables. Indeed, the results of such a heuristic analysis should 
be considered carefully and regarded as a process for generating 
hypotheses rather than a generalization to wider populations.

The analyses were performed in R (R Core Team, 2016) using 
the Hmisc (Harrell, 2016) and the Vegan libraries (Oksanen et 
al., 2016).

RESULTS AND DISCUSSION

During this research, a total of 2,495 adult carabids be-
longing to 22 tribes, 48 genera and 110 species were re-
corded. Seventy-nine species of ground beetles are record-
ed at the sites in Slovakia and 58 species at those in Serbia 
(Majzlan & Litavský, 2017), with 27 of the species occur-
ring in both countries. The values of the total epigeic ac-
tivity of ground beetles captured at individual sites during 
this research are shown in Table 1. The most abundant spe-
cies was Agonum fuliginosum (Panzer, 1809) (487 adults 
recorded), which was recorded most abundantly near the 
oxbow lake on the Danube River (Biskupické Rameno) 
(S5). The other dominant species were Nebria brevicol-
lis (Fabricius, 1792) (247 adults), Abax parallelepipedus 
(Piller & Mitterpacher, 1783) (185 adults), Carabus gran-
ulatus Linnaeus, 1758 (125 adults), Pterostichus niger 
(Schaller, 1783) (117 adults), Patrobus atrorufus (Strøm, 
1768) (114 adults), Pterostichus melanarius (Illiger, 1798) 
(108 adults), Carabus coriaceus Linnaeus, 1758 (105 
adults) and Agonum micans (Nicolai, 1822) (102 adults). 
No species was recorded at all the sites studied. The largest 
number of adult individuals was recorded at site S2 (967), 
which is a semi-open habitat with a moist microclimate 
and where the highest species richness of ground beetles 
was recorded (38 species). The lowest species richness of 
carabids was recorded at S4, which is a semi-open xero-
thermic habitat (23 species). In addition, we divided the 
ground beetles into different groups according to several 
criteria (Table 1). Based on their ecological valence and 
association with a particular habitat, we recorded 10 relict, 
38 eurytopic and 62 adaptable species of carabids. In terms 
of their humidity preferences 24 were strongly xerophil-
ous, 39 mesohygrophilous and 47 strongly hygrophilous 
species. With regard to their ability to fl y, we recorded 20 
brachypterous species that occasionally fl y, 20 non-fl ying 
species and 70 species of ground beetles capable of fl ying.
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Table 1. A list of the species of carabids collected, the total numbers of specimens and species, diversity measures of carabid communi-
ties recorded at the sites studied and their division according to ecological characteristics: Abbr.  – abbreviations; * – published in Majzlan 
& Litavský (2017); EV – ecological valence of carabids and their association with habitats: R (relict), A (adaptable), E (eurytopic); HP 
– humidity preferences of carabids recorded: 1 – strongly xerophilous, 2–3 – intermediate between strongly xerophilous and mesohygro-
philous, 4–5 – mesohygrophilous, 6–7 – intermediate between mesohygrophilous and strongly hygrophilous, 8 – strongly hygrophilous; 
FL – ability to fl y: F (fl ying), N (non-fl ying), B (brachypterous, occasionally able to fl y).

Species Abbr. EV HP FL Sites Σ 
specimensS1 S2 S3 S4 S5 S6* S7* S8*

Abax carinatus (Duftschmid, 1812) Abca A 5 N 0 0 0 0 0 3 0 0 3
Abax ovalis (Duftschmid, 1812) Abov A 6 N 6 5 0 0 4 0 0 0 15
Abax parallelepipedus (Piller & Mitterpacher, 1783) Abpa A 3 N 45 2 12 0 124 2 0 0 185
Acupalpus fl avicollis (Sturm, 1825) Acfl A 6 F 0 0 0 0 0 17 0 0 17
Acupalpus meridianus (Linnaeus, 1760) Acme E 6 F 0 0 1 0 1 0 0 0 2
Agonum duftschmidi Schmidt, 1994 Agdu A 8 F 0 4 0 0 4 0 0 0 8
Agonum fuliginosum (Panzer, 1809) Agfu A 8 F 0 316 0 0 16 155 0 0 487
Agonum lugens (Duftschmid, 1812) Aglu R 8 F 0 21 0 0 0 0 0 0 21
Agonum marginatum (Linnaeus, 1758) Agma A 8 F 1 2 0 0 0 0 0 0 3
Agonum micans (Nicolai, 1822) Agmi A 7 F 0 102 0 0 0 0 0 0 102
Agonum nigrum Dejean, 1828 Agni R 5 F 0 5 0 0 0 0 0 0 5
Agonum piceum (Linnaeus, 1758) Agpi A 8 F 0 0 0 0 0 13 0 1 14
Agonum sexpunctatum (Linnaeus, 1758) Agse A 5 F 0 7 0 0 0 0 0 0 7
Amara aenea (De Geer, 1774) Amae E 3 F 0 0 1 0 5 0 0 0 6
Amara aulica (Panzer, 1796) Amau E 3 F 0 0 0 0 0 0 2 0 2
Amara eurynota (Panzer, 1796) Ameu E 3 F 0 0 0 0 0 0 4 0 4
Amara ovata (Fabricius, 1792) Amov E 3 F 0 0 1 0 0 0 1 0 2
Amara saphyrea Dejean, 1828 Amsa A 3 F 0 0 0 2 1 0 0 0 3
Anchomenus dorsalis (Pontoppidan, 1763) Ando E 3 F 0 3 1 0 0 1 0 0 5
Anisodactylus signatus (Panzer, 1796) Ansi E 5 F 0 0 0 1 1 0 0 0 2
Asaphidion austriacum Schweiger, 1975 Asau A 6 F 0 3 0 0 0 0 0 0 3
Asaphidion fl avipes (Linnaeus, 1761) Asfl E 6 F 0 2 0 0 0 0 0 0 2
Badister bullatus (Schrank, 1798) Babu A 5 F 0 0 0 0 0 1 0 0 1
Badister dorsiger (Duftschmid, 1812) Bado R 6 F 0 0 0 0 0 2 0 0 2
Badister lacertosus Sturm, 1815 Bala A 6 F 0 0 0 0 0 1 12 1 14
Badister sodalis (Duftschmid, 1812) Baso A 7 F 0 0 0 2 0 0 0 0 2
Bembidion dentellum (Thunberg, 1787) Bede A 8 F 0 2 0 0 2 0 0 0 4
Bembidion femoratum Sturm, 1825 Befe E 7 F 3 0 0 0 1 0 0 0 4
Bembidion lampros (Herbst, 1784) Bela E 3 B 0 2 0 0 0 0 0 0 2
Bembidion litorale (Olivier, 1790) Beli R 6 F 1 0 0 0 0 0 0 0 1
Bembidion semipunctatum (Donovan, 1806) Bese A 8 F 0 0 0 0 0 1 0 0 1
Bembidion varium (Olivier, 1795) Beva E 8 F 0 1 0 0 0 0 0 2 3
Blemus discus (Fabricius, 1792) Bldi A 6 F 0 2 0 0 0 0 0 1 3
Bradycellus caucasicus (Chaudoir, 1846) Brca A 3 N 0 0 1 0 0 0 0 0 1
Bradycellus rufi collis (Stephens, 1828) Brru R 7 F 0 0 0 0 0 0 1 0 1
Brachinus crepitans (Linnaeus, 1758) Brcr E 3 F 0 0 1 0 0 0 0 0 1
Brachinus explodens Duftschmid, 1812 Brex E 3 F 0 0 0 0 0 0 1 0 1
Broscus cephalotes (Linnaeus, 1758) Brce A 3 F 0 0 0 1 0 0 0 0 1
Calathus erratus (Sahlberg, 1827) Caer A 4 B 4 0 6 6 5 0 0 0 21
Calathus fuscipes (Goeze, 1777) Cafu E 4 B 0 0 2 0 8 0 5 0 15
Calathus melanocephalus (Linnaeus, 1758) Came E 3 B 0 2 1 5 6 5 6 3 28
Calosoma auropunctatum (Herbst, 1784) Caau A 3 F 0 0 0 0 1 0 0 0 1
Callistus lunatus (Fabricius, 1775) Calu A 3 F 0 0 0 0 0 1 0 0 1
Carabus cancellatus Illiger, 1798 Caca A 4 N 0 0 3 4 18 31 2 1 59
Carabus clathratus Linnaeus, 1760 Cacl R 8 N 0 0 0 0 0 0 0 5 5
Carabus convexus Fabricius, 1775 Cacon A 4 N 0 0 0 0 0 0 1 0 1
Carabus coriaceus Linnaeus, 1758 Caco A 5 N 4 0 17 10 20 11 35 8 105
Carabus granulatus Linnaeus, 1758 Cagr E 7 B 0 0 0 0 0 123 2 0 125
Carabus hortensis Linnaeus, 1758 Caho A 4 N 2 0 0 0 0 0 0 0 2
Carabus intricatus Linnaeus, 1760 Cain A 4 N 3 0 0 0 0 0 0 0 3
Carabus scheidleri Panzer, 1799 Casc A 5 N 0 0 0 0 1 0 0 0 1
Carabus ullrichii Germar, 1824 Caul A 4 N 0 0 2 3 38 0 0 0 43
Carabus violaceus Linnaeus, 1758 Cavi A 4 N 0 0 3 3 32 2 9 4 53
Chlaenius festivus (Panzer, 1796) Chfe A 7 F 0 0 0 0 0 0 0 1 1
Chlaenius tristis (Schaller, 1783) Chtr A 8 F 0 0 0 0 0 0 4 0 4
Cicindela germanica Linnaeus, 1758 Cige A 3 F 0 0 0 0 0 0 2 0 2
Clivina collaris (Herbst, 1784) Clco E 6 F 0 1 0 0 0 0 0 0 1
Clivina fossor (Linnaeus, 1758) Clfo E 6 B 0 0 0 0 0 12 0 0 12
Demetrias atricapillus (Linnaeus, 1758) Deat E 4 F 1 0 0 0 0 0 0 0 1
Diachromus germanus (Linnaeus, 1758) Dige A 7 F 0 0 0 0 2 0 0 1 3
Dromius agilis (Fabricius, 1787) Drag A 5 F 0 0 0 1 0 0 0 0 1
Dromius quadrimaculatus (Linnaeus, 1758) Drqu A 4 F 0 0 0 0 0 0 0 1 1
Drypta dentata (Rossi, 1790) Drde E 4 F 0 0 0 1 0 0 0 0 1
Dyschirius globosus (Herbst, 1784) Dygl E 8 B 0 1 0 0 0 33 0 0 34
Elaphrus riparius (Linnaeus, 1758) Elri E 8 F 0 2 0 0 0 0 0 0 2
Elaphrus uliginosus Fabricius, 1792 Elul A 8 F 0 0 0 0 0 1 0 2 3
Epaphius secalis (Paykull, 1790) Epse A 6 N 0 0 3 2 0 0 0 0 5
Epaphius rivularis (Gyllenhal, 1810) Epri R 8 N 0 0 0 0 0 0 0 3 3
Harpalus affi nis (Schrank, 1781) Haaf E 3 F 0 0 0 0 0 0 1 0 1
Harpalus albanicus Reitter, 1900 Haal R 2 F 0 0 2 1 0 0 0 0 3
Harpalus distinguendus (Duftschmid, 1812) Hadi E 3 F 0 0 0 0 0 2 0 0 2
Harpalus griseus (Panzer, 1796) Hagr E 5 F 0 0 0 0 0 0 0 1 1
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The associations between diversity characteristics and 
environmental variables were evaluated using correlation 
analysis. The total epigeic activity of carabids was signifi -
cantly and positively associated with the number of spe-
cies of plants in the E3 vegetation layer and the relative 
content of N in leaf litter, and negatively with the cover of 
the E1 layer (Table 2). Species richness was signifi cantly 
positively associated with the number of species of plants 
in the E3 layer and the pH of the leaf litter, while the trend 
in evenness was exactly the opposite.

NMDS ordination revealed that the composition of car-
abid communities was signifi cantly associated with the 
number of species of plants in the E3 layer and pH of the 
leaf litter (Fig. 3). Among the most active carabid species, 
Trechus quadristriatus (Schrank, 1781), Ophonus azureus 
(Fabricius, 1775), Calathus melanocephalus (Linnaeus, 
1758) and C. coriaceus were typical of stands with low 
leaf litter pHs. Agonum micans, A. fuliginosum, Platynus 
assimilis (Paykull, 1790), Acupalpus fl avicollis (Sturm, 
1825), Dyschirius globosus (Herbst, 1784) P. atrorufus, 
Platyderus rufus (Duftschmid, 1812) and N. brevicollis 
preferred fragments with high number of species of plants 
in the E3 vegetation layer.

The results of our two-year research indicate that the 
fl oodplain forests and their ecotones alongside the Dan-
ube, the Tisza and the Begej Rivers provided appropriate 
conditions for ground beetle communities, based on their 
high species richness. Šustek (1994b) states that about 
25–35 species of carabids are usually present at any one 
time at one locality under natural conditions, but in the 
best conserved fl oodplain forests the number of carabid 
species exceeds 40. We recorded the highest number of 
carabid species at S2 (38 species), S5 (36 species) and S6 
(34 species) (typical fl oodplain forests near oxbow lakes), 
indicating that they are high quality habitats for carabids. 
In total, we recorded 110 species of ground beetles dur-
ing this study. For comparison, Šustek (2004b) records 
60 species of carabids using pitfall trapping in the Jurský 
Šúr Nature Reserve close to Bratislava. A survey of bee-
tles in the Litovelské Pomoraví Protected Landscape Area, 
within the fl oodplain forests on the Morava River, Nak-
ládal (2008) revealed 93 species of ground beetles at six 
sites in 2006. Nakládal’s (2008) objective was to record 
as many species as possible and therefore he used a vari-
ety collecting methods, such as beating trees and shrubs, 
individual sampling, sweeping, pitfall trapping, examina-

Table 1 (continued).

Species Abbr. EV HP FL Sites Σ 
specimensS1 S2 S3 S4 S5 S6* S7* S8*

Harpalus latus (Linnaeus, 1758) Hala A 4 F 1 1 6 4 8 0 0 0 20
Harpalus rufi pes (De Geer, 1774) Haru E 4 F 1 0 2 3 37 3 5 0 51
Laemostenus punctatus (Dejean, 1828) Latepu A 4 N 0 0 0 0 12 0 3 0 15
Leistus ferrugineus (Linnaeus, 1758) Lefe E 4 F 0 0 1 0 4 0 3 0 8
Leistus piceus Frölich, 1799 Lepi A 6 B 0 0 0 0 0 1 1 3 5
Leistus rufomarginatus (Duftschmid, 1812) Leru R 5 F 0 0 0 0 1 0 0 0 1
Loricera pilicornis (Fabricius, 1775) Lopi E 4 F 1 2 0 0 0 0 0 5 8
Microlestes maurus (Sturm, 1827) Mima E 2 B 0 0 0 0 2 0 0 0 2
Molops piceus (Panzer, 1793) Mopi A 4 N 0 1 0 0 0 0 0 1 2
Nebria brevicollis  (Fabricius, 1792) Nebr A 6 F 3 218 0 0 15 5 0 6 247
Notiophilus biguttatus (Fabricius, 1779) Nobi A 4 B 1 3 2 0 3 0 0 0 9
Notiophilus palustris (Duftschmid, 1812) Nopa E 4 B 0 0 0 0 0 2 0 0 2
Oodes helopioides (Fabricius, 1792) Oohe A 8 F 0 2 0 0 0 1 0 0 3
Ophonus azureus (Fabricius, 1775) Opaz E 2 F 0 0 0 0 0 1 37 0 38
Ophonus puncticollis (Paykull, 1798) Oppu A 2 F 0 0 0 2 0 0 0 0 2
Oxypselaphus obscurus (Herbst, 1784) Oxob A 7 B 4 1 4 2 5 42 0 0 58
Paradromius linearis (Olivier, 1795) Pali E 2 B 1 0 1 0 1 0 0 0 3
Patrobus atrorufus (Strøm, 1768) Paat A 7 B 0 85 3 0 0 20 6 0 114
Platyderus rufus (Duftschmid, 1812) Plru A 3 N 1 37 0 3 2 8 0 0 51
Platynus assimilis (Paykull, 1790) Plas A 7 F 2 14 0 0 0 46 0 0 62
Platynus livens (Gyllenhal, 1810) Plli R 8 F 0 1 0 0 0 0 0 0 1
Poecilus cupreus (Linnaeus, 1758) Pocu E 4 F 0 6 0 12 0 0 0 0 18
Pterostichus anthracinus (Illiger, 1798) Ptan A 8 B 0 2 0 0 0 0 0 0 2
Pterostichus macer (Marsham, 1802) Ptma A 4 F 0 0 0 0 0 0 0 1 1
Pterostichus melanarius (Illiger, 1798) Ptme E 5 B 11 59 5 0 4 28 1 0 108
Pterostichus niger (Schaller, 1783) Ptni A 6 F 14 42 0 0 30 30 0 1 117
Pterostichus nigrita (Paykull, 1790) Ptnigr E 8 B 5 0 0 0 21 0 0 0 26
Pterostichus oblongopunctatus (Fabricius, 1787) Ptob A 5 N 0 3 0 0 0 0 0 0 3
Pterostichus strenuus (Panzer, 1796) Ptst E 7 B 0 0 2 0 0 0 0 0 2
Pterostichus vernalis (Panzer, 1796) Ptve A 8 F 0 0 1 1 0 0 0 0 2
Stenolophus mixtus (Herbst, 1784) Stmi A 8 F 0 0 0 0 0 2 0 1 3
Stenolophus skrimshiranus Stephens, 1828 Stsk A 4 F 0 0 0 0 0 0 0 1 1
Syntomus obscuroguttatus (Duftschmid, 1812) Syob A 5 F 0 1 0 1 0 0 0 0 2
Syntomus pallipes Dejean, 1825 Sypa A 5 B 0 0 0 2 0 0 0 0 2
Tachys bistriatus (Duftschmid, 1812) Tabi A 8 F 0 0 0 0 1 0 0 0 1
Trechus austriacus Dejean, 1831 Trau E 5 B 0 0 0 0 1 0 0 0 1
Trechus pulchellus Putzeys, 1845 Trpu A 5 N 1 0 0 0 0 0 0 0 1
Trechus quadristriatus (Schrank, 1781) Trqu E 4 F 0 4 0 0 0 3 5 7 19
Σ specimens 116 967 84 72 437 609 149 61 2,495
Σ species 23 38 26 23 36 34 24 24 110
Shannon diversity index 2.316 2.165 2.829 2.829 2.711 2.516 2.477 2.876
Evenness 0.739 0.595 0.868 0.902 0.756 0.714 0.779 0.905
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tion of excrement and carrion, night sampling from trees 
and sifting organic substrates. During a two-year research 
of ground beetle communities in three types of habitats in 
fl oodplain forests along the Vistula River, located near the 
city of Bydgoszcz, Lik (2010) recorded 79 species of car-
abids using pitfall trapping at 18 sites. During three-years 
of research on the carabid fauna in a spacious pasture on 
the left bank of the Tisza River, near the village of Ku-
mane (northern Serbia), Tallósi & Sekulić (1989) recorded 
55 species of Carabidae using pitfall trapping. At approxi-
mately 25 km from that site, Majzlan & Litavský (2017) 
recorded 46 species of ground beetles in fl oodplain forests 
along the Tisza River (our sites S6 and S7) and 24 spe-
cies of carabids in fl oodplain forests along the Begej River 
(site S8) in Serbia. About 70 km from our study areas in 
Serbia, Ćurčić & Stanković (2011) recorded 72 species 
of Carabidae in fl oodplain forests along the Sava and the 
Drina Rivers within the Zasavica Special Nature Reserve 
(northwestern Serbia). Ćurčić & Stojanović (2011) studied 
the carabids in the Fruška Gora National Park (northern 
Serbia) near the River Danube (approximately 45 km from 
our S6–S8 sites). They recorded 64 species of Carabidae 
at 26 locations. Although we used only pitfall traps to col-
lect carabids at only eight sites, it is clear from the above 
that we recorded a higher total species richness of carabid 
beetles in our study.

There was a statistically signifi cant negative associa-
tion between total epigeic activity of ground beetles and 
the cover of the herbaceous plant layer (E1). This can be 
explained by the fact that density of vegetation, especially 
that of the herbaceous plant layer, can affect predator ac-
tivity (the majority of carabids), by making it diffi cult for 
them to move on the surface of the soil. The decrease in 
epigeic activity of soil-dwelling beetles with increase in 
the density of vegetation is also reported by Heydemann 
(1957), Honek (1988), Humphrey et al. (1999) and Thomas 
et al. (2006). For example, Honek (1988) reports that some 
staphylinids and most species of carabids prefer sparse 
rather than dense stands. Zou et al. (2013), however, report 
that the density of herbaceous plants had little effect on the 
beetle activity in the Changbai Mountains.

The signifi cant positive association between both total 
epigeic activity and species richness of ground beetles, and 
plant species richness in the E3 vegetation layer is prob-
ably due to the longer period of shading (earlier budding 
of different species of trees and late leaf fall), which en-
sure more stable and humid microclimatic conditions for 
a longer period, as well as a greater food supply as a high 
tree diversity results in a richer leaf litter. Pearce et al. 
(2003) also point out that some ground beetles may also 
benefi t from increased tree species richness. Vehviläinen 
et al. (2008) confi rm that carabids differ signifi cantly in 
their preferences for stands composed of particular, yet dif-
ferent, species of trees. During a study of the effects of 
river and fl oodplain restoration on riparian ground bee-
tles, Januschke & Verdonschot (2016) revealed that the 

Fig. 3. Two-dimensional component of a non-metric multidimen-
sional scaling (NMDS) of carabid communities recorded at the sites 
studied in Slovakia and Serbia, based on Bray-Curtis distances of 
epigeic activities. The vectors of signifi cant environmental varia-
bles are fi tted onto the ordination in the direction of their maximum 
correlation with site scores. The scores of the most active species 
were added as the weighted averages of site scores. Final stress 
value is displayed. S1–S8 – sites studied; Σ species (E3) – number 
of species of plants in E3 vegetation layer; pHH20/l – acidityof the 
supernatant of a suspension of leaf litter and H2O (ratio 1 : 2.5). For 
abbreviations of species names see Table 1.

Table 2. Matrix of Spearman correlation coeffi cients between sum 
of the diversity characteristics of carabid communities and envi-
ronmental variables recorded at the sites studied in Slovakia and 
Serbia: s – soil; l – leaf litter; E1, E2, E3 [%] – canopy of individual 
vegetation layers; Σ species (E1, E2, E3) – species richness of in-
dividual vegetation layers; pHH2O – acidity of the supernatant of a 
suspension of soil and H2O (ratio 1 : 2.5); k [mS.cm–1] – conductiv-
ity of H2O extract (P – phosphorus; N – nitrogen; C – carbon; H 
– hydrogen. Statistically signifi cant correlations (α = 5%) are high-
lighted in bold.

Environmental 
variable

Epigeic 
activity

Species 
richness

Shannon 
diversity 

index
Evenness

Anthropological effect 0.01 –0.19 –0.59 –0.26
E1 [%] –0.75 –0.55 0.12 0.51
E2 [%] 0.61 0.69 –0.25 –0.51
E3 [%] 0.25 0.07 –0.05 –0.22
Σ species (E1) –0.49 –0.12 0.23 0.42
Σ species (E2) –0.54 –0.32 0.02 0.02
Σ species (E3) 0.84 0.82 –0.33 –0.71
Area [m2] 0.14 0.06 0.19 0.05
Edge of area [m] –0.17 –0.22 0.38 0.19
Circuit of area [m] 0.12 –0.17 0.12 0.17
Age [year] 0.66 0.40 –0.56 –0.66
Leaf litter depth [cm] 0.60 0.42 –0.16 –0.49
pHH2O/s –0.27 0.16 –0.10 –0.05
pHH2O/l 0.56 0.75 –0.44 –0.73
k [mS.cm–1]/s 0.48 0.28 –0.26 –0.21
k [mS.cm–1]/l 0.05 –0.27 –0.17 0.26
P [mg.kg–1]/s 0.07 –0.14 –0.10 0.14
P [mg.kg–1]/l –0.06 –0.48 0.00 0.38
N [%]/s 0.54 0.19 –0.06 –0.30
N [%]/l 0.71 0.60 –0.38 –0.52
C [%]/s 0.60 0.53 –0.45 –0.69
C [%]/l –0.21 –0.58 –0.10 0.14
H [%]/s 0.62 0.16 –0.19 –0.24
H [%]/l 0.00 –0.31 0.14 0.14
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encroachment of woody vegetation results in a decrease 
in species richness of carabid beetles. According to Šustek 
(2005), carabid communities in forest ecosystems consist 
of heliophobic species that prefer areas shaded by trees or 
at least by dense shrub vegetation. It is cooler in the shade, 
which slows down the drying out of the surface of the soils 
and leaf litter, reduces evaporation and improves the water 
balance in the stand. For this reason, the association of in-
dividual species with the presence of tree cover are to some 
extent positively associated directly with the species’ mois-
ture requirements.

In addition to the effect of plants, ground beetle com-
munities are also affected by properties of the soil and leaf 
litter. Nitrogen is an essential element for organisms. This 
is supported by the statistically signifi cant positive associa-
tions between the total epigeic activity of carabids and the 
nitrogen content of leaf litter. The nitrogen content of the 
leaf litter may indirectly affect (through saprophagous prey 
of ground beetles) the food supply of carabid beetles. Leaf 
litter rich in N is an attractive food for saprophages that use 
the nitrogen in their own physiological processes (Vician 
et al., 2018). Therefore, this material decomposes more 
rapidly due to the activity of saprophages (Wittich, 1942, 
1943). Dunger (1958) stresses the importance of nitrogen 
as the main element determining animal production and 
sources of food for invertebrates, including ground beetles. 
Vician et al. (2018) also report statistically signifi cant asso-
ciations between the content of N in the leaf litter and spe-
cies richness, Shannon diversity and species composition 
of carabid beetle communities at nine stands in the Borová 
Hora Arboretum (Central Slovakia).

The composition of carabid beetle communities was 
also associated with the pH of the leaf litter, with a sig-
nifi cant positive association between species richness of 
ground beetles and leaf litter pH, but the opposie trend in 
species evenness (Table 2). Vician et al. (2018) note that a 
fl oodplain forest in which leaf litter had a high pH also had 
a high species richness of ground beetles. Magura et al. 
(2003) also point out that leaf litter has a positive effect on 
carabid species richness.

Most studies on marshes and fl oodplain forests record 
mainly hygrophilous and mesohygrophilous species of 
ground beetles (Šustek, 1994a, c, 2004b; Šejnohová, 2006; 
Lik, 2010; Igondová & Majzlan, 2015). In the current 
study, there was also a predominance of hygrophilous and 
mesohygrophilous over xerophilous species of ground bee-
tles, with hygrophilous species making up 42.7%, mesohy-
grophilous 35.5% and xerophilous 21.8%, i.e., a ratio of 
2 : 1.6 : 1, respectively.

In terms of the carabids’ ecological valence and their 
association with a particular habitat, most (62) (56.4%) 
were adaptable, 38 (34.5%) were eurytopic and 10 (9.1%) 
were relict species. Relict species of carabid were mostly 
recorded near the oxbow lakes on the Danube (S5), the 
Tisza (S6) and the Begej Rivers (S8). This indicates these 
forest stands are ecologically stable. In comparison, Ig-
ondová & Majzlan (2015) did not record any relict spe-
cies of ground beetles in the carabid communities during 

a one-year study of the Šuja peat bog (northern Slovakia). 
In relation to their ability to fl y, of the species of carabid 
recorded (70) (63.6%) were able to fl y, 20 (18.2%) were 
brachypterous and occasionally fl y, and 20 (18.2%) were 
non-fl ying. Arndt & Hielscher (2007) conclude that most 
species of forest ground beetles are unable to fl y or do not 
regularly fl y. Šustek (2012) state that species of carabids 
that inhabit unstable riparian habitats are able to fl y and 
successfully colonize anthropogenic ecosystems, such as 
arable land or vegetation in human settlements. Neverthe-
less, up to 70% of the species we recorded were able to fl y 
and were present in closed forest stands that were mostly 
little or unaffected by human activity.

We determined how ground beetle communities vary in 
the different habitats in fl oodplain forests in Serbia and Slo-
vakia and found that the total epigeic activity of carabids 
was signifi cantly positively associated with the number of 
species of plants in the tree layer and the relative content 
of N in the leaf litter, and negatively with the cover of the 
herbaceous plant layer. Species richness was signifi cantly 
positively associated with the number of species of plants 
in the tree layer and pH of the leaf litter, while evenness 
showed the opposite trend. Based on these results (Fig. 3), 
we selected several species of carabids, which can serve 
as bioindicators. We conclude that A. micans, A. fuligino-
sum, P. assimilis, A. fl avicollis, D. globosus, P. atrorufus, 
P. rufus and N. brevicollis, which prefer forest stands with 
a high number of species of plants in the tree layer, can be 
used as bioindicators of the presence of high tree species 
richness in fl oodplain forests. We also found that T. quad-
ristriatus, O. azureus, C. melanocephalus and C. coriaceus 
preferred stands in which the pH of the leaf litter is low 
and could be used as bioindicators for assessing changes 
in landscape structure caused by human activity resulting 
in soil acidifi cation. Therefore, more information on these 
associations might be helpful in further elucidating how 
carabids respond to vegetation, soil and microclimatic con-
ditions, and how these conditions vary in the various types 
of fl oodplain forests.
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