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GROUND BEETLES (CARABIDAE) IN INUNDATION AREA OF THE RIVER DANUBE
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GROUND BEETLES (CARABIDAE) IN INUNDATION AREA 
OF THE RIVER DANUBE

Changes in the structure of ground beetle communities indicate environmental stability or instability 
influenced by e.g., urbanization, agriculture, and forestry. Over the course of the year 2021, we used 
pitfall traps to record 504 individuals (185 ♂; 319 ♀) belonging to 26 species at ten localities. The 
predominance of macropterous species indicating the higher anthropogenic intervention was recorded 
in the habitats of meadows and pastures. We found an even representation of apterous, brachypterous 
and macropterous species in the habitat of forest stands, wetland reed communities,  restored poplar 
forest with continued succession.
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Introduction 
There are only few floodplain forests in Europe, 

the majority is destroyed and of the remaining frag-
ments are in a poor condition. They are among the 
most endangered natural ecosystems in Europe, there-
fore, it is important to record the current conditions in 
these habitats using bioindicators (Ábrahámová et al., 
2014). For the needs of Bratislava Regional Conser-
vation Association (BROZ), monitoring of Carabidae 
was performed in selected localities of the Danube 
floodplain. Floodplain forests have an irreplaceable 
self-regulatory role in the country function. If  ceased 
to fulfill their bioregulatory function, it would mean 
the loss of not only some functions in the country, but 
also, for example, the potential loss of territory.

The research of beetles (Coleoptera) in that area 
intensified in the early 1990s in connection with 
the construction of the Gabčíkovo waterworks. The 
monitoring of the area was focused on the family of 
Curculionidae, where in 1991‒1996 Majzlan (1995, 
1997) found the occurrence of 136 species of bee-
tles. Šustek (1995) studied the Carabidae of flood-
plain forests around the Danube River in 1986‒1992, 
the Chrysomelidae of the Danube floodplain were 
mapped by Muránsky (1999). In the section of the 
Danube near Dobrohošť, they studied the family 
Chrysomelidae Lisický & Mucha (2003), where in 
1993–1996 they recorded 168 species of hazelnuts 
in six localities. In the section of the projected R7 
highway, Majzlan & Litavský (2015) recorded 150 
species of beetles in five study areas in 2014.

For the bioindication and monitoring the quality 
of the environment, the Carabidae family (Coleop-

tera) is the most commonly used (Burgio et al., 2015). 
Carabidae inhabit different habitat types, respond 
sensitively to changes in habitat conditions (pH, soil 
moisture changes) as well as the presence of toxic 
substances including herbicides and insecticides. 
Changes in the species structure of the short-lived 
communities reflect various long-term environmental 
changes (Porhajašová et al., 2015, 2018; Langraf et 
al., 2020a, 2020b; Avtaeva et al., 2021; Brygadyren-
ko et al., 2021).

The aim of our monitoring is to evaluate the bio-
indicative family carabidae in selected localities of 
the Danube floodplain (solved within the LIFE proj-
ect ‒ Danube meadows).

Material and methods
Ground beetles were sampled in 2021 in 10 local-

ities representing 6 types of biotopes, classified ac-
cording to Ružičková et al. (1996) (tab. 1). 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). 
As a killing agent, 4% formaldehyde solution was 
used. We identified the collected material according 
to Hůrka (1996). The study areas were located in the 
Podunajská nížina lowland.

Ground beetles were divided into three 
bioindication classes according to Farkač et al. 
(2006):

Group R – relicts, stenotopic species, narrow 
ecological valence – mostly rare   and endangered 
species of natural ecosystems;

Group A – adaptable species which colonize 
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Table 1. Location data of the study localities

semi-natural habitats, they occur in secondary, good 
regenerating biotopes and its ecotones;

Group E – eurytopic species without special 
requirements on the character and quality of 
environment. They occur in unstable and changing 
biotopes with strong anthropogenic influence.

Database quality 
The data obtained by the research has been saved 

in Microsoft SQL Server 2017 database program 
(Express Edition), including frequency tables for 
collections, measured environmental variables. The 
database also consisted of code tables for study sites 
and their variables (habitat, locality name, cadastral 
area, altitude, coordinates of localities). Matrices for 
statistical calculations were programmed.

Statistical analyses
Multivariate analysis (Cannonical 

Correspondence Analysis ‒ CCA) to determine 
the  dependencies between objects (Carabidae and 
enviromental variables) was used. We tested the 
statistical significance of forest stands, meadows 
and pastures, restored poplar forest, wetland reed 
communities using the Monte Carlo permutation test 
in the Canoco5 program (Ter Braak, Šmilauer, 2012).

Results and discussion
In the study area of the Podunajská nížina 

lowland we recorded 504 individuals (185 ♂; 319 
♀) belonging to 26 species. The species of Carabus 

granulatus Linnaeus, 1758 (36.71%), Nebria 
brevicollis (Fabricius, 1792) (14.88%), Calathus 
fuscipes (Goeze, 1777) (12.9%), Pterostichus 
niger (Schaller, 1783) (11.9%) had a eudominant 
representation of individuals (tab. 2). Based on the 
division of the Carabidae into flight ability (A, B, M), 
we recorded the highest species distribution in the 
localities in group M species (18 species; 69.23%). 
To a lesser extent, groups A (4 species; 15.38%) were 
represented B (4 species; 15.38%).

Multivariate analysis of the Carabidae in 2021 was 
determined using the Cannonical Correspondence 
Analysis (CCA, SD = 4 on the first ordination axis). 
The explained variability of taxonomic data values 
was 54.12% on the first ordination axis and 61.01% on 
the second cumulative ordination axis. The variability 
of the species set explained by environment variables 
was represented in the first ordination axis 73.05% 
and in the 2nd cumulative axis 89.41%. Using the 
Monte Carlo permutation test, we identified the 
statistically significant effect of forest stands (p-value 
= 0.034), meadows and pastures (p-value = 0.041), 
restored poplar forest (p-value = 0.014) and wetland 
reed communities (p-value = 0.037). The selected 
variables were not mutually correlated with the 
maximum value of the inflation factor = 3.5187. 

The ordination graph of the (biplot) analysis 
has species ordained into 4 clusters (fig.). The first 
cluster (I) consisted of apterous, brachypterous 

Localities C. a.* Biotope m.a.s.l G.C.

1 Dobrohošť Wetland reed communities (Phragmition) 121 47°58'42.8"N 
17°22'02.4"E

2 Dobrohošť Regenerated forest (poplar) 121 47°58'21.9"N 
17°22'19.2"E

3 Baka Willow-poplar lowland floodplain forest 114 47°53'32.6"N 
17°30'27.5"E

4 Baka Willow-poplar lowland floodplain forest 114 47°53'36.7"N 
17°30'32.0"E

5 Baka Willow-poplar lowland floodplain forest 114 47°53'41.6"N 
17°29'10.4"E

6 Bodíky Pasture 119 47°54'33.5"N 
17°27'52.9"E

7 Bodíky Regenerated forest (poplar) 118 47°53'52.3"N 
17°27'23.0"E

8 Kľúčovec Lowland meadow 110 47°47'07.2"N 
17°44'11.4"E

9 Veľký Lél Alluvial meadow 108 47°44'60.0"N 
17°56'09.9"E

10 Veľký Lél Regenerated forest (poplar) 108 47°44'48.3"N 
17°55'20.2"E

* C. a. – Cadastral area; m a.s.l. – metres above sea level; G.C. - geographic coordinates
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and macropterous species with a connection to 
reed and forest stands. The presence of apterous 
and brachypterous species indicated a more stable 
environment with lower anthropogenic intervention. 
The second cluster (II) was mainly represented by 
apterous and brachypterous species, indicating a 
more stable environment and pointing to increasing 
succession in the renewed poplar forest. The third 
cluster (III) consisted only of macropterous species 
correlating with meadows and pastures. Macropterous 
species indicated an unstable environment exposed 
to cyclical changes and higher anthropogenic 
intervention. The fourth cluster (IV) also had a 

predominance of macropterous species indicating 
environmental instability and high anthropogenic 
intervention, but brachypterous species indicated 
a more stable environment with low anthropogenic 
intervention are also present. The fourth cluster 
was between cluster I (forest stands) and cluster III 
(meadows and pastures) due to the occurrence of 
brachypterous species found in forest stands.

Ground beetles living in anthropogenic 
environments have a wider environmental tolerance 
than species of natural habitats (Kotze et al., 2011). 
They achieve high local density due to anthropogenic 
activities such as urbanization, forestry, or agriculture 

Table 2. Distribution of the Carabids based on flight ability in the study areas

Species Flight 
ability 

Localities
∑ individuals 

1 2 3 4 5 6 7 8 9 10

Carabus granulatus Linnaeus, 1758 B 1 5 1 1 5 - 163 1 6 2 185

Nebria brevicollis (Fabricius, 1792) M 30 1 - 11 12 2 16 - 1 2 75

Calathus fuscipes (Goeze, 1777) M - - - 4 7 8 - 46 - - 65

Pterostichus niger (Schaller, 1783) M 7 5 8 - 8 4 13 3 11 1 60

Anchomenus dorsalis (Pontoppidan, 1763) M - - - 4 1 - 16 1 2 1 25

Pseudoophonus rufipes (DeGeer, 1774) M 3 - - 1 5 8 - - - - 17

Brachinus crepitans (Linnaeus, 1758) M - - - 1 - 11 - - - - 12

Poecilus versicolor (Sturm, 1824) M - - - 1 1 6 1 - - 2 11

Carabus coriaceus Linnaeus, 1758 A 2 - 7 - - - - - - - 9

Platynus assimilis Paykull, 1790 M 1 2 - 1 - - 1 - - - 5

Amara aenea (De Geer, 1774) M - - 1 3 1 - - - - - 5

Cychrus caraboides (Linnaeus, 1758) A - 1 - - - - - - 4 - 5

Harpalus affinis (Schrank, 1781) M - - - 1 - 4 - - - - 5

Platyderus rufus (Duftschmid, 1812 ) B - - - - - - - - - 3 3

Brachinus explodens Duftschmid, 1812 M - - - - 1 1 1 - - - 3

Amara saphyrea Dejean, 1828 M - - - 1 - - - - - - 1

Poecilus cupreus (Linnaeus, 1758) M - - - 3 - - - - - - 3

Carabus ullrichi Germar, 1824 A - - - - - - - 3 - - 3

Harpalus rubripes (Duftschmid, 1812) M 2 - - - - - - - - - 2

Abax parallelus (Duftschmid, 1812) B 2 - - - - - - - - - 2

Callistus lunatus (Fabricius, 1775) M - - 1 - - 1 - - - - 2

Chlaenius nigricornis (Fabricius, 1787) M - - - - - - 2 - - - 2

Carabus cancellatus Illiger, 1798 A - - - - - - - 1 - - 1

Calathus melanocephalus (Linnaeus, 1758) B - - - 1 - - - - - - 1

Drypta dentata (Rossi, 1790) M - - - - - - 1 - - - 1

Cicindela germanica Linnaeus, 1758 M - - - 1 - - - - - - 1

∑ individuals - 48 14 18 34 41 45 214 55 24 11 504
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(Vician et al., 2011). Several works (Turin, 2000; 
Gelashvili et al., 2011; Shibuya et al., 2014; Rouabah 
et al., 2015) reported the predominance of apterous 
and brachypterous species in less frequently disturbed 
ecosystems. Macropterous species are predominant 
in ecosystems exposed to cyclical changes, 
which indicates instability. The less frequently 
disturbed environment can be identified based on 
the predominance of apterous and brachypterous 
species. The rural landscape is characterized by cover 
forestry and with a predominance of apterous and 
brachypterous species (Gobbi et al., 2007). During 
forest development, the number of apterous species 
increased (Gaublomme et al., 2008). Those species 
were characterized by lower dispersing ability, and 
their presence indicated the less frequent disruption 
of the habitat (Den Boer et al., 1990). On the contrary, 
the macropterous species showed high dispersion 
in the settlement of anthropogenically disturbed 
habitats. Studies (Jelaska, Durbešić, 2009) confirmed 
the decrease in apterous and brachypterous species 
with increasing habitat disturbance and an increase 
in the number of macropterous species.

Conclusions
In order to preserve European important forest 

biotopes, it is necessary to know the ecological 
niches between species and biotopes, with the help 
of spatial distribution appliction. An appropriately 
used bioindicator group is the Carabidae family, 

which points to significant anthropic disturbance, 
and thus we can set the management of forests for 
their preservation according to it. Our data confirmed 
previous studies where the presence of certain groups 
of carabids pointed to anthropogenic disturbance. 
And multivariate scaling tecknique contributed into 
that task greatly.

This research was supported by the grants VEGA 
1/0604/20 Environmental assessment of specific 
habitats in the Danube Plain. KEGA No. 002UKF-
4/2022 Metaanalyzes in biology and ecology 
(databases and statistical data analysis).
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Ланграф В., Петровикова К., Жларманнова 
Дж. Структура сообществ жужелиц (Carabi-
dae) в пойменных биотопах р. Дунай.

Изменения в структуре сообществ жужелиц 
указывают на стабильность или нестабильность 
среды обитания, на которую оказывают влияние 
урбанизация, сельское и лесное хозяйство. В те-
чение 2021 г. в затапливаемых биотопах поймы 
р. Дунай с использованием ловушек Барбера на 
десяти участках получена выборка жужелиц из 
504 особей ((185 ♂; 319 ♀), принадлежащих 26 
видам. На лугах и пастбищах доминировали ма-
кроптеры, что свидетельствует о повышенном ан-
тропогенном прессе. В лесных биотопах, трост-
никовых зарослях и сукцессионном тополевнике 
были зарегистрированы бескрылые виды, брахи-
оптеры и макроптеры. 

Ключевые слова: Carabidae; жужелицы; фауна; 
биоиндикаторы; пойма; Дунай.
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