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Abstract
Wetlands and especially �oodplain forests belong to the most endangered ecosystems in Europe,
characterized by complex dynamics of �ood and dry periods and providing speci�c irreplaceable habitats
for many organisms, including bioindicators. Many rove beetle species, for instance, are well-known
detectors in monitoring ecological change, however, their use in environmental assessment requires to
expand the insu�cient knowledge on ecological environmental particularities of their assemblages.
Therefore, we compared the rove beetle communities in eight habitats of �oodplain forests from 2015 to
2016. Staphylinids were sampled by pitfall trapping. We compared the rove beetle taxocoenoses in the
�oodplain forests and their ecotones alongside three rivers (Danube, Tisa and Begej). We evaluated the
impact of plant diversity and cover of vegetation layers, area, circumference and age of forest stands,
distance to the forest edge, thickness of the litter layer, physical and chemical properties of soil and leaf
litter (conductivity, pH, P, N, H, C) and anthropogenic impact on structure of rove beetle communities. We
recorded signi�cant interactions between total dynamic activity of rove beetles and number of plant
species in shrub vegetation layer. Species richness was signi�cantly positively correlated with number of
plant species in shrub vegetation layer and soil pH, and negatively with relative H content of soil. We did
not �nd any signi�cant correlation between Shannon diversity, but evenness was negatively linked with
species richness of plant communities in shrub layer.

Introduction
The alluvial landscape is characterized by a diverse composition of habitats. Its structure consists of a
mosaic of wetlands, waterways, oxbow lakes, meadows and various types of �oodplain forests. Their
dynamics is predominantly affected by water regime (Kontriš 1981; Vašíček 1985; Michalko et al. 1986;
Ward et al. 1999; Machar 2008; Hughes et al. 2012; Ábrahámová et al. 2014). Floodplain forests are
undisputedly dynamic complexes with a high degree of biodiversity (Hughes 2007). For this reason, they
are considered as priority biotopes in nature conservation.

Management and conservation of European wetlands requires a sound understanding of both
extraordinary species-environment and species-species relationships in the communities, guilds etc.
(Fedor 2004; Derunkov 2007, 2009). Moreover, insects (e.g. King and Brazner 1999; Davis et al. 2006;
Rothenbücher and Schaefer 2006; Dubovský et al. 2010; Zvaríková et al. 2016; Štefánik and Fedor 2020),
including beetles (e.g. Šustek 1994; Dennis et al. 2002; Porhajašová et al. 2008; Skłodowski 2014; Ogai
and Kenta 2016; Litavský et al. 2021a, b) generally offers many bioindicator species for effective
monitoring ecological change, disturbance and environmental impact. Consequentially, rove beetles are
an important component of the terrestrial arthropod communities of wetlands. Species adapted to this
dynamic habitat are highly specialized and stenotopic. This predestines them to be useful indicators with
high susceptibility to natural changes or anthropogenic impact (Schatz 2007). Because of their
worldwide distribution, their ecological signi�cance, and their ecomorphological and behavioural diversity,
rove beetles are nowadays becoming an increasingly investigated insect group in the �elds of ecology
and evolution (Betz et al. 2018).
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Up to now 1,783 species of Staphylinoidea have been reliably known in Slovakian fauna (Zahradník
2017) while in Serbia 883 species have been recorded until now (Stančić 2013; Löbl and Löbl 2015;
Majzlan and Litavský 2017). The Staphylinidae, or rove beetles, belong to the largest and most
biologically diverse beetle families. The world fauna consists of more than 63,495 described species
(Klimaszewski et al. 2018). Representatives of the family are found among euedaphic species in deep
soil layers, on the soil surface, on the vegetation up to the canopy of forests, and from marine habitats in
the eulittoral zone of the sea up to high mountain zones (Thayer 2005). Moreover, the variety of feeding
habits is astonishing (Irmler and Lipkow 2018). Most rove beetles are predatory as adults and larvae,
feeding on other, smaller arthropods. Within the family, however, you’ll �nd rove beetles that specialize on
a diet of fungal spores, others that eat pollen, and still others that feed on the regurgitated food from ants
(Hadley 2020). Because of good knowledge of ecological demands of most Central European species of
rove beetles and their distribution in all semi-natural and man-made habitats, many authors consider
these organisms to be very suitable bioindicators of anthropogenic environmental changes (Boháč 1990,
1999; Michaels 2007; Boháč and Jahnová 2015; Klimaszewski et al. 2018).

Several authors have studied rove beetles in the wetland biotopes (Irmler 1979; Greenwood et al. 1991;
Majzlan and Jászay 1997; Šustek 2003, 2006; Boháč and Bezděk 2004; Derunkov 2004, 2007, 2009;
Schatz 2007; Gutiérrez-Chacón et al. 2009; Shepherd 2013; Babenko et al. 2015; Kolesnikova et al. 2016;
Irmler and Lipkow 2018). Their research revealed the in�uence of several factors on the abundance and
structure of rove beetle communities in this type of environment (e.g. moisture, temperature and pH of
soil, canopy cover, amount of dead biomass on soil surface, forest stand area and its circuit, habitat type,
vegetation composition, fragmentation of landscape, �ood characteristics, anthropogenic impact and
others). However, the results of some studies contradict each other, and the signi�cance of the in�uence
of individual factors on the formation of rove beetle communities, which was found by various authors, is
also different. Therefore, we decided to test the impact of some controversial factors, as well as hitherto
unexplored environmental parameters on the structure of rove beetle communities in �oodplain forests.

Parallel analyses of staphylinid taxocoenoses in two similar ecosystems in different regions have
inspired us to evaluate the impact of a wide range of environmental characteristics on their structure.
Therefore, we compared the similar types of habitats in alluvia of three rivers, Danube (Slovakia), Tisa
and Begej (Serbia), using 24 different parameters (Table 2) and their in�uence on staphylinid
communities.

Materials And Methods

Study area
The research was carried out at eight sites situated in the alluvium of the three rivers: the Danube in
Slovakia (S1–S5) and the Tisa (S6, S7) and the Begej in Serbia (S8).

S1 – a fragment of �oodplain forest Salici-Populetum.
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S2 – a semi-open habitat along the old arm of the Danube River.

S3 – a semi-open xerothermic habitat at the gravel bar with a shallow layer of soil.

S4 – a shrub-meadow ecotone, located in the �oodplain forest Biskupické luhy.

S5 – a hardwood �oodplain forest located next to the oxbow lake Biskupické rameno.

S6 – a softwood �oodplain forest located in the proximity of the oxbow lake of the Tisa River in the
inundation area.

S7 – a meadow-wetland ecotone, located on the border of the SNR “Ritovi donjeg Potisja”.

S8 – a hardwood �oodplain forest located within the SNR "Carska bara" in the alluvium of the Begej River.

Additional details on the study area are provided in Litavský et al. (2021b).

Sampling
The research was performed from February 2015 until November 2016. The rove beetles were captured
by pitfall trapping (Stašiov 2015), using 0.5 l plastic cups (9 cm in opening diameter) with and 1%
formaldehyde as a �xation �uid (approximately one third of the volume). At each study site, �ve traps
were installed in a line in the distances of 5 m between neighbouring cups. These transects were placed
in the middle of monitored sites. Traps were emptied and re�lled approximately in half-month intervals.
The contents of �ve traps at each site and date were put together to represent a composite sample. The
material was sorted in the laboratory and the rove beetles subsequently identi�ed to the species level
according to Lohse (1964, 1989), Assing and Schülke (2012). Specimens were �xed in 75% ethyl alcohol
and deposited at the Faculty of Natural Sciences of the Comenius University in Bratislava. A list of
species is organized in accordance with (Newton 2019).

Concerning environmental properties, we decided to monitor the characteristics that could in�uence the
composition of staphylinid communities. Results about these attributes that we recorded, such as stand
canopy of individual layers, species richness of individual layers, anthropogenic impact (four levels),
fragment’s size in which we placed pitfall traps, distance of located traps from another different fragment
(edge), circuit of this fragment, age of trees at study sites and average thickness of leaf litter layer, were
presented in Litavský et al. (2018, 2021b).

At the study sites we estimated the cover of tree, shrub and herb layers and sampled species occurring in
individual layers, all in a sampling area of 400 m2. More information on the method of investigation of
the vegetation is given in Litavský et al. (2021b).

Samples of soil and leaf litter for chemical analyses were taken on the 8th of June 2016. More detailed
information about the methods of analysis of the soil and leaf litter samples, as well as the results of
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these analyses is given in Litavský et al. (2018, 2020b).

Statistical analysis
Diversity of rove beetle communities was quantified as species richness and by the Shannon diversity
(Spellerberg and Fedor 2003; Jost 2006) and evenness (Tuomisto 2012). Dynamic activity of each
species was calculated as mean number of individuals caught per trap per day. Composition of rove
beetle communities was summarized in the species-by-site matrix of dynamic activities.

Due to relatively low number of sampling sites and high number of environmental variables, we did not
build parsimonious models describing diversity and composition patterns, but we adopted an exploratory
approach and investigated all species-environment relationships.

In order to investigate patterns of summary community characteristics (total dynamic activity, species
richness, Shannon diversity and evenness), we calculated the matrix of pairwise Spearman correlation
coe�cients between environmental variables and community characteristics.

Principal coordinate analysis (PCoA) based on Bray-Curtis distance was used to visualize similarities in
composition of rove beetle communities. The vectors of environmental variables were projected into
ordinations in the directions of their maximal correlations with the con�guration of sites. Statistical
signi�cance of �tted environmental vectors was assessed using permutation tests (10,000
permutations).

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

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

Results
During the whole research, a total of 1,283 rove beetle specimens of 130 species were recorded, including
109 species from Slovakian sites and 35 species from Serbian sites, while 14 species occurred in both
countries. The values of total dynamic activity of rove beetles recorded at individual study sites during
the research are shown in Table 1. The most abundant species were Ocypus (Pseudocypus) mus (292
captured individuals) and Ocypus (Ocypus) olens (206 captured individuals), both of them were captured
only in the Danube River �oodplain forests (with no records from Serbia) as well as Staphylinus
caesareus (80 ind. captured at 2 Slovakian and 1 Serbian sites). Species such as Drusilla (Drusilla)
canaliculata, Ocypus (Angulephallus) brunnipes, Ocypus (Pseudocypus) mus, Ocypus (Matidus) nitens,
Ocypus (Ocypus) olens, Philonthus (Philonthus) spinipes and Tasgius (Rayacheila) melanarius were
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recorded at a maximum of 5 sites. Apart from the Drusilla (Drusilla) canaliculata, Tasgius (Rayacheila)
melanarius and Philonthus (Philonthus) spinipes, the most frequented species were recorded only at the
Slovak sites. Species Omalium caesum, Oxyporus maxillosus (only in Slovakia) and Staphylinus
caesareus (in Slovakia and in Serbia) were recorded at four sites. Sixty-eight (56 from Slovakian and 14
from Serbian sites) of rove beetles were recorded on one site only for the entire period of research, of
which 37 were represented by one individual only. The largest number of individuals refers to the study
site S1 (265 ind.) and site S5 (252 ind.), the highest species richness appeared at S5 (40 species) and S3
(39 species). The least individuals as well as species were caught on all Serbian sites.

The highest value of the Shannon's index of rove beetle communities was calculated for the site S2 (3.05)
and the highest value of equitability index refers to the site S8 (0.80). The lowest values of Shannon
index as well as equitability index of rove beetle communities were recorded at site S1 (2.34/0.30) (Table
1).

The relationships between community characteristics and environmental variables were evaluated using
non-parametric correlation analysis. Total dynamic activity of staphylinids showed signi�cant positive
relationship with number of plant species in E2 vegetation layer (Table 2). Species richness was
signi�cantly positively correlated with number of plant species in E2 and soil pH, and negatively with
relative H content of soil. We did not �nd any signi�cant correlation between Shannon diversity, but
evenness was negatively linked with number of plant species in E2.

PCoA and associated permutation test revealed that composition of rove beetle communities was
signi�cantly related to soil pH (r2 = 0.80, p = 0.019), soil relative H content (r2 = 0.76, p = 0.038) and
diversity of E1 layer (r2 = 0.75, p = 0.043). Ocypus (Ocypus) olens (Ocol) and Ocypus (Pseudocypus) mus
(Ocmu) preferred fragments with higher soil pH (Fig. 1).

Discussion
The results of our research showed that the wetland habitats of the Danube, Begej and Tisa Rivers could
provide suitable conditions for rove beetle communities with high species richness. Also, according to
Kolesnikova et al. (2016), rove beetles are characterized by high species diversity in wetlands and alluvial
forest. According to Derunkov (2009), wetland ecosystems in general, especially �oodplain forests are
key habitats for many rare species, including postglacial relicts. According to this author, the staphylinid
community composition in �oodplain forests is de�ned by the eurytopic forest species. This opinion is
also supported by the dominant occurrence of Ocypus mus and O. olens recorded at studied sites (38.8%
from all caught rove beetles), because both species are typical for the moderately humid or dry forests
(Šustek 1992; Massolo et al. 2006).

Similarly, high biodiversity of rove beetle communities in wetlands has been con�rmed by several other
authors. For instance, Derunkov (2007) recorded in the �oodplains of Neman River and its right tributary
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– Shchara River (Belarus) 83 staphylinid species. Majzlan and Jászay (1997) observed 224 staphylinid
species in the wetlands along the Morava River (Southwestern Slovakia).

Among other factors, the rove beetles are also related to the quality of leaf litter and soil. An important
property of soil is the content of N and P. Our research revealed that the largest number of individuals
were recorded at the site S1 (265 ind.) and site S5 (252 ind.) (Table 1). They were characterized by a
relatively high content of these nutrients in soil (N (S1) – 0.29% weighted, P (S1) – 36.0 mg.kg-1; N (S5) –
0.29 % weighted, P (S5) – 25.8 mg.kg-1) in comparison with other studied sites (within the overall range
N: 0.15–0.36% weighted, P: 5.2–84.3 mg.kg-1). The content of these nutrients in soil and in the litter
probably also had an effect on equitability of rove beetle communities, because the highest values
equitability index was also recorded at site S8 (0.80) (Table 1) with the highest P content in the soil (84.3
mg.kg-1) and also in the litter layer (407 mg.kg-1; within the overall range 85–407 mg.kg-1) and with the
second highest N content in the soil (0.31% weighted) within the studied sites. The content of N and P in
soil may have an indirect impact (through food resources of rove beetles – e.g. fungi, saprophagous) on
the food available for rove beetles. Soil humus rich in nitrogen and phosphorus is an attractive source for
fungi and saprophagous organisms. Therefore, such material is decomposed by activity of decomposers
and saprophagous species more quickly (Wittich 1942, 1943). The importance of nitrogen and
phosphorus as the main elements determining the animal production and food resources for
invertebrates, including rove beetles, has been reported by Dunger (1958). During the same research, we
con�rmed at the same study sites that the total dynamic activity of harvestmen showed signi�cant
positive relationship with proportion of N in the leaf litter, while the community equitability was negatively
related to the H content of the soil (Litavský et al. 2018). As for the weevils, total dynamic activity of
weevils showed a signi�cant positive relationship with relative content of H in soil, while the species
richness was negatively related to relative content of H and N in soil (Litavský et al. 2021b).

An important property of the soil is also its pH. We found that pH was signi�cantly positively correlated
with species richness of rove beetle communities (Table 2). Soil pH probably had a positive effect on
species richness of rove beetle communities, because the highest species richness appeared at the sites
S5 (40 species) and S3 (39 species) (Table 1), on which the highest (S3 – 7.7) and the second highest pH
of the soil (S5 – 7.6) (within the overall range 5.9–7.7) was recorded. The pH of soil and the leaf litter
probably also had a positive effect on the Shannon's index of rove beetle communities, because its
highest value was calculated for the site S2 (3.05) that was characterized by the highest pH of the leaf
litter (6.4; within the overall range 5.3–6.4) and the second highest pH of the soil (7.6). Moreover,
according to Irmler and Lipkow (2018), the acidity of substrate also plays a role in the distribution of
staphylinid species.

In terms of vegetation properties, the number of plant species in shrub vegetation layer had the most
signi�cant effect on rove beetle communities. This property was signi�cantly positively correlated with
the total dynamic activity and species richness of rove beetle communities and negatively linked with
evenness of these communities (Table 2). Rove beetle communities were probably also affected by the
number of plant species in herb and tree layer, as well as stand canopy cover of shrub vegetation layer.
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This assumption suggests the �nding that the highest values of the Shannon's index of rove beetle
communities (3.05) (Table 1) was calculated for the site S2 with the highest number of plant species in
tree vegetation layer (6 spp; within the overall range 0–6 spp). On the other hand, the second lowest
number of plant species in herb vegetation layer (18 spp; within the overall range 16–32 spp) was found
at the already mentioned sites S1 and S5 with the largest number of recorded individuals of staphylinids.
In addition, the site S1 was characterised also by lowest stand canopy of shrub vegetation layer (7%;
within the overall range 7–65%). So, plant species richness of E1 had the opposite effect on the rove
beetle communities than plant species richness of E2 and E3. It remains questionable whether the high
total dynamic activity of rove beetle communities at the S1 site was signi�cantly affected by the low
number of plant species in E1 or the low canopy cover of E2. The in�uence of vegetation structure on rove
beetle communities was also pointed out by other authors. For example, Klimaszewski et al. (2018) claim
that broadleaved and mixed forests provide for staphylinids richer and moister ground litter, which is a
more suitable habitat for these beetles. According to Rose (2001) and Klimaszewski et al. (2018), canopy
cover is the most important factor in�uencing the structure of rove beetle communities. During the same
investigation, we found out that the total dynamic activity of weevils showed a signi�cant positive
relationship with number of plant species in shrub vegetation layer, while the species richness of weevils
was signi�cantly positively related to the number of plant species in herb and negatively to stand canopy
of tree vegetation layers (Litavský et al. 2021b). We also found that, the harvestmen community
equitability was positively related with species richness of plant communities in shrub layer (Litavský et
al. 2018).

The obtained results also indicate the in�uence of other evaluated factors on rove beetle communities.
For example, thickness of litter layer probably had a positive effect on the total dynamic activity as well
as the species richness of the staphylinids. This is indicated by the fact that the already mentioned pair
of sites S1 and S5, with the largest number of recorded individuals (Table 1) also had the thickest (S5 –
4.2 cm) and the second thickest litter layer (S1 – 3.5 cm) within all studied sites (within the overall range
1.0–4.2 cm). At the site S5, with the thickest litter layer, we recorded most species of rove beetles (Table
1). The in�uence of the litter layer on rove beetle communities was also pointed out by other authors.
According to Klimaszewski et al. (2018), moist litter is a very important habitat for most rove beetles,
because their small bodies are prone to desiccation. Removal of the litter layer and exposure of mineral
soil likely reduce soil moisture and habitat suitability for staphylinids. Irmler and Lipkow (2018) pointed
that litter type is the most important factor determining the distribution of rove beetles. According to these
authors, several staphylinid species responded positively to high amounts of litter fall. The mentioned
highest value of the Shannon's index of rove beetle communities, recorded at the site S2 may also point
to the effect of stand age on these communities. In addition to the highest number of plant species in the
tree vegetation layer, this site was also characterized by the oldest vegetation in tree layer (70 years;
within the overall range 10–70 years). According to Pohl et al. (2008), many staphylinid species require
continuous, mature, or old growth stands. Another important factor that probably shaped the structure of
studied rove beetle communities was anthropogenic impact. Namely, the sites S3 and S5 with recorded
highest species richness (Table 1), in addition to the relatively high pH values of the soil, were also
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characterised by the least anthropogenic impact (degree 1) within all studied sites (within the overall
range degrees 1–4). The in�uence of anthropogenic impact on rove beetle communities was pointed out
by several authors. For example, Pohl et al. (2008) pointed out that their species assemblages effectively
re�ect the extent of natural or human impact upon forest ecosystems. According to Klimaszewski et al.
(2018), in many cases rove beetle species can be characterized as forest specialists with strong a�nity
for intact forest stands that have not been recently disturbed by forest management. Marcelino et al.
(2016) studied the distribution and genetic variability of rove beetles in anthropogenically in�uenced
insular landscapes. They found that rove beetle richness was associated with anthropogenic in�uence
and habitat type, increasing from less to more anthropogenic impacted habitats.

Our research has revealed that wetland ecosystems in general, especially �oodplain forests provide
suitable conditions for staphylinid taxocoenoses with high species diversity. This diversity is conditioned
by the fact that most species prefer moist habitats (Babenko et al. 2015; Irmler and Lipkow 2018;
Klimaszewski et al. 2018) and also by diverse structure of microhabitats that �oodplain forests provide to
the rove beetles. The conservation and protection of these habitats is therefore important not only in
terms of preserving rove beetle communities, but also in terms of maintaining high biodiversity and
ecological stability in the landscape.

Conclusions
In summary, we examined how rove beetle communities vary across different habitats of river wetlands.
During our investigation in the different stands of �oodplain forests in Slovakia and Serbia, we found out
that the total dynamic activity increased with species richness of shrub vegetation layer and the number
of rove beetles was positively linked with the number of plant species in E2 and soil pH. We also found
that Ocypus (Ocypus) olens and Ocypus (Pseudocypus) mus preferred stands with higher soil pH and
that these species could be used as suitable bioindicators to assess changes in landscape structure
caused by human activity resulting in soil acidi�cation. Therefore, more information about the
importance of these relationships might be helpful in further elucidation of how rove beetle community
metrics respond functionally to soil, vegetation, and microclimatic conditions, and how these conditions
vary across various types of wetland habitats.
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Taxon Abbr.       Sites         Σ

    S1 S2 S3 S4 S5 S6 S7 S8  

Acidota crenata
(Fabricius, 1792)

Accr 1               1

Acrulia in�ata
(Gyllenhal, 1813)

Acin   1     1       2

Aleochara
(Aleochara) curtula
(Goeze, 1777)

Alcu 4               4

Aleochara
(Xenochara)
haemoptera Kraatz,
1856

Alha 3 3             6

Aleochara
(Aleochara) lata
Gravenhorst, 1802

Alla   5   4       2 11

Aleochara
(Ceranota) ru�cornis
Gravenhorst, 1802

Alru       1         1

Aleochara
(Xenochara) sparsa
Heer, 1839

Alsp           15 17 3 35

Aleochara
(Xenochara) tristis
Gravenhorst, 1806

Altr   4     12       16

Amischa analis
(Gravenhorst, 1802)

Aman     2 4     1   7

Amphichroum
canaliculatum
(Erichson, 1840)

Amca   1             1

Anthobium
atrocephalum
(Gyllenhal, 1827)

Anat 4 5     6       15

Anthobium unicolor
(Marsham, 1802)

Anun 1 3             4

Anthophagus
(Phaganthus)
caraboides
(Linnaeus, 1758)

Anca 1       1       2

Arpedium quadrum
(Gravenhorst, 1806)

Arqu   1     1       2

Astenus (Astenus)
lyonessius (Joy,

Asly   2             2
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y ( y
1908)

Batrisodes
(Batrisodes)
adnexus (Hampe, C.,
1863)

Baad 1               1

Batrisodes
(Batrisodes)
venustus
(Reichenbach, 1816)

Bave         1       1

Bisnius �metarius
(Gravenhorst, 1802)

Bi�           10 2 5 17

Bledius (Bledius)
tricornis (Herbst,
1784)

Bltr   1             1

Bolitobius
castaneus
(Stephens, 1832)

Boca     1 1         2

Brachygluta
(Brachygluta)
haematica
(Reichenbach, 1816)

Brha 1         1     2

Bryaxis carinula
(Rey, 1888)

Brca 2               2

Chevrolatia egregia
Reitter, 1881

Cheg       1         1

Cilea exilis
(Boheman, 1848)

Ciex             2   2

Claviger (Claviger)
testaceus Preyssler,
1790

Clte     1           1

Cypha longicornis
(Paykull, 1800)

Cylo           2 3   5

Dasycerus sulcatus
Brongniart, 1800

Dasu       1         1

Dinothenarus
(Parabemus) fossor
(Scopoli, 1771)

Difo             1   1

Domene (Domene)
scabricollis
(Erichson, 1840)

Dosc           5 2 4 11

Drusilla (Drusilla)
canaliculata
(Fabricius, 1787)

Drca   2   3   14 8 5 32
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Euconnus
(Tetramelus)
pubicollis (Müller, P.
W. J. & Kunze, 1822)

Eupu 2               2

Eusphalerum
(Eusphalerum)
longipenne
(Erichson, 1839)

Eulo 2       4       6

Eusphalerum
(Eusphalerum)
luteum (Marsham,
1802)

Eulu 3       1       4

Eusphalerum
(Eusphalerum)
signatum (Märkel,
1857)

Eusi   1             1

Falagria caesa
Erichson, 1837

Faca 5       1       6

Geostiba (Geostiba)
circellaris
(Gravenhorst, 1806)

Geci         2       2

Gyrohypnus
angustatus
Stephens, 1833

Gyan             2   2

Phyllodrepa �oralis
(Paykull, 1789)

Ph� 2       1       3

Phyllodrepa nigra
(Gravenhorst, 1806)

Phni 4               4

Lathrobium
(Lathrobium)
brunnipes
(Fabricius, 1792)

Labr           1   2 3

Lathrobium
(Lathrobium)
elongatum
(Linnaeus, 1767)

Lael         5       5

Lathrobium
(Lathrobium)
longulum
Gravenhorst, 1802

Lalo   3             3

Leptacinus
formicetorum
Märkel, 1841

Lefo       1         1

Lesteva (Lestevidia)
punctata Erichson,
1839

Lepu     2           2
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Lordithon exoletus
(Erichson, 1839)

Loex 2   2 1         5

Lordithon lunulatus
(Linnaeus, 1767)

Lolu         4       4

Meotica �liformis
(Motschulsky, 1860)

Me�         1       1

Megarthrus
hemipterus (Illiger,
1794)

Mehe     1           1

Metopsia clypeata
(Müller, P. W. J.,
1821)

Mecl     4           4

Micropeplus
porcatus (Paykull,
1789)

Mipo         1       1

Mycetoporus
clavicornis
(Stephens, 1832)

Mycl         4       4

Mycetoporus
longulus
Mannerheim, 1830

Mylo       1         1

Neuraphes
(Neuraphes)
carinatus (Mulsant
& Rey, 1861)

Neca     2           2

Neuraphes
(Neuraphes)
elongatulus (Müller,
P. W. J. & Kunze,
1822)

Neel     1   1       2

Nudobius lentus
(Gravenhorst, 1806)

Nule         1     4 5

Ocalea (Ocalea)
badia Erichson,
1837

Ocba     2 2         4

Ocypus
(Angulephallus)
brunnipes Fabricius,
1781

Ocbr 10 9 2 6 8       35

Ocypus
(Pseudocypus)
fulvipennis
Erichson, 1840

Ocfu     1           1

Ocypus
(Pseudocypus) mus

Ocmu 103 26 27 35 101       292
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Brullé, 1832

Ocypus (Matidus)
nitens (Schrank,
1781)

Ocni 8 8 8 18 3       45

Ocypus (Ocypus)
olens Müller, O. F.,
1764

Ocol 26 4 67 75 34       206

Ocypus (Ocypus)
ophthalmicus
(Scopoli, 1763)

Ocop           19 9 9 37

Oligota granaria
Erichson, 1837

Olgr         1       1

Olophrum consimile
(Gyllenhal, 1810)

Olco       1         1

Olophrum
puncticolle
Eppelsheim, 1881

Olpu 1       4       5

Omalium caesum
Gravenhorst, 1806

Omca   10 1 1 5       17

Omalium
oxyacanthae
Gravenhorst, 1806

Omox   4             4

Omalium rivulare
(Paykull, 1789)

Omri           10     10

Ontholestes haroldi
(Eppelsheim, 1884)

Onha             5   5

Othius subuliformis
Stephens, 1833

Otsu             2   2

Ontholestes
tessellatus
(Geoffroy, 1785)

Onte           3   12 15

Oxyporus
maxillosus
Fabricius, 1792

Oxma 2 1 2   3       8

Oxytelus
sculpturatus
(Gravenhorst, 1806)

Oxsc   2             2

Paederus
(Paederus)
balcanicus Koch,
1938

Paba 4           2   6

Paederus
(Poederomorphus)

Pali 1 2             3
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littoralis
Gravenhorst, 1802

Philonthus
(Philonthus)
carbonarius
(Gravenhorst, 1802)

Phca         1       1

Philonthus
(Philonthus)
cognatus Stephens,
1832

Phco     1 1 1       3

Philonthus
(Philonthus)
concinnus
(Gravenhorst, 1802)

Phco     2 1         3

Philonthus
(Philonthus) jurgans
Tottenham, 1937

Phju       1         1

Philonthus
(Onychophilonthus)
marginatus (Müller,
O. F., 1764)

Phma             3   3

Philonthus
(Philonthus)
parvicornis
(Gravenhorst, 1802)

Phpa     4           4

Philonthus
(Philonthus)
spinipes Sharp,
1874

Phsp 2   4 1 5     13 25

Phloeonomus
(Phloeonomus)
pusillus
(Gravenhorst, 1806)

Phpu 1               1

Platydracus
(Platydracus)
fulvipes (Scopoli,
1763)

Plfu     2 12   5     19

Platydracus
(Platydracus)
chalcocephalus
(Fabricius, 1801)

Plch 4             1 5

Platydracus
(Platydracus)
stercorarius (Olivier,
1795)

Plst 1         1     2

Platystethus
arenarius (Geoffroy,

Plar     1           1
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1785)

Proteinus
brachypterus
(Fabricius, 1792)

Prbr     1 1         2

Proteinus crenulatus
Pandellé, 1867

Prcr   1             1

Proteinus laevigatus
Hochhuth, 1872

Prla 2 1             3

Pselaphus heisei
Herbst, 1791

Pshe     3 2         5

Quedius (Quedius)
balticus Korge, 1960

Quba               5 5

Quedius (Raphirus)
boops (Gravenhorst,
1802)

Qubo               3 3

Quedius
(Microsaurus) brevis
Erichson, 1840

Qubr   1             1

Quedius
(Microsaurus)
cruentus (Olivier, A.
G., 1795)

Qucr   1 1 3         5

Quedius
(Microsaurus)
infuscatus Erichson,
1840

Quin     1 2 2       5

Quedius (Quedius)
levicollis (Brullé,
1832)

Qule     2           2

Quedius (Raphirus)
maurorufus
(Gravenhorst, 1806)

Quma   3             3

Quedius
(Microsaurus)
xanthopus Erichson,
1839

Quxa   2             2

Rugilus (Rugilus)
erichsoni (Fauvel,
1867)

Ruer     1           1

Rybaxis longicornis
(Leach, 1817)

Rylo     1           1

Scaphium
immaculatum
(Olivier, A.G., 1790)

Scim       1         1
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Scaphidium
quadrimaculatum
Olivier, A. G., 1790

Scqa 2       5       7

Scydmaenus
(Cholerus) hellwigii
(Herbst, 1791)

Sche 1   1           2

Siagonium
quadricorne Kirby et
Spence, 1815

Siqu       1         1

Staphylinus
caesareus
Cederhjelm, 1798

Stca 45     21 9 5     80

Stenichnus
(Stenichnus) bicolor
(Denny, 1825)

Stbi       2         2

Stenichnus
(Stenichnus) collaris
(Müller, P. W. J. &
Kunze, 1822)

Stco         2       2

Stenichnus
(Stenichnus) godarti
(Latreille, 1806)

Stgo           1     1

Stenus
(Metatesnus)
binotatus Ljugh,
1804

Stbi           1     1

Stenus (Stenus)
clavicornis (Scopoli,
1763)

Stcl   4             4

Stenus
(Metatesnus)
�avipes Stephens,
1833

St�               2 2

Stenus (Stenus)
juno (Paykull, 1789)

Stju     1 6         7

Stenus
(Hemistenus)
ochropus
Kiesenwetter, 1858

Stoc     7           7

Stenus
(Hemistenus)
pallipes
Gravenhorst, 1802

Stpa   2   2         4

Tachinus (Tachinus)
bipustulatus
(Fabricius, 1792)

Tabi       1         1
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Tachinus (Tachinus)
�metarius
Gravenhorst, 1802

Ta�     5   4   2   11

Tachinus (Tachinus)
humeralis
Gravenhorst, 1802

Tahu   1             1

Tachinus (Tachinus)
pallipes
(Gravenhorst, 1806)

Tapa       1 2       3

Tachyporus
(Tachyporus)
abdominalis
(Fabricius, 1782)

Taab     2   2       4

Tachyporus
hypnorum
(Fabricius, 1775)

Tahy     2           2

Tasgius
(Rayacheila)
globulifer (Geoffroy,
1785)

Tagl   2 5   7       14

Tasgius
(Rayacheila)
melanarius (Heer,
1839)

Tame 1 9 3     13   3 29

Tetartopeus
quadratus (Paykull,
1789)

Tequ   1     1   1   3

Trimium brevicorne
(Reichenbach, 1816)

Trbr     2 4 3       9

Tyrus mucronatus
(Panzer, 1803)

Tymu         1       1

Xantholinus
(Xantholinus)
linearis (Olivier, A.
G., 1795)

Xali 1               1

Xantholinus
(Xantholinus)
longiventris Heer,
1839

Xalo             1   1

Zyras (Zyras)
collaris (Olivier,
1795)

Zyco           1     1

Zyras (Zyras)
haworthi (Stephens,
1832)

Zyha 12               12
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Σ ex.   265 126 178 219 252 107 63 73 1283

Σ spp.   35 34 39 35 40 17 17 15 130

Shannon diversity   2.34 3.05 2.61 2.44 2.54 2.41 2.41 2.48  

Evenness   0.30 0.62 0.35 0.33 0.32 0.66 0.66 0.80  

 

Table 2

Matrix of Spearman correlation coe�cients between community characteristics and environmental
variables: soil (s), leaf litter (l), stand canopy of individual vegetation layers (E1, E2, E3 [%]), species

richness of individual layers (E1, E2, E3 species) and the acidity measured in the supernatant suspension

of a 1:2.5 soil:H2O (pHH2O), conductivity in H2O extract (κ [μS.cm−1]), phosphorus (P), nitrogen (N), carbon
(C), hydrogen (H), %weighted (%W). Statistically signi�cant correlations (α = 5%) are highlighted in bold
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Environmental parameters Dynamic activity Species richness Shannon diversity Evenness

Anthropic impact -0.06 0.01 -0.01 -0.28

E1 [%] 0.04 0.22 0.06 -0.16

E2 [%] -0.42 0.18 0.31 0.13

E3 [%] 0.25 -0.19 -0.47 0.00

E1 species -0.16 0.22 0.59 0.04

E2 species 0.78 0.77 -0.04 -0.90

E3 species -0.22 -0.15 0.29 0.17

Area [m2] 0.14 -0.34 -0.21 0.24

Edge [m] 0.31 -0.25 -0.40 0.07

Circuit [m] -0.12 -0.61 -0.50 0.48

Age [year] -0.06 -0.27 -0.04 -0.01

Litter depth [cm] 0.14 -0.12 -0.24 0.00

pHH2O/s 0.51 0.78 0.56 -0.63

pHH2O/l 0.20 0.43 0.49 -0.39

k [mS.cm-1]/s -0.07 -0.22 0.31 0.10

k [mS.cm-1]/l -0.38 -0.51 0.00 0.40

P [mg.kg-1]/s 0.19 -0.20 0.07 0.00

P [mg.kg-1]/l -0.17 -0.60 -0.29 0.36

N [%]/s 0.01 -0.47 -0.40 0.23

N [%]/l -0.64 -0.22 0.02 0.43

C [%]/s 0.26 0.20 0.21 -0.38

C [%]/l 0.10 -0.06 -0.67 -0.17

H [%]/s -0.57 -0.87 -0.38 0.69

H [%]/l -0.24 -0.31 -0.52 0.24

Figures
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Figure 1

Ordination plot of PCoA showing similarity of rove beetle communities based on Bray-Curtis distances of
epigeic activities. The vectors of signi�cant environmental variables are �tted onto the ordination in
direction of their maximal correlation. Scores of the species (in red) with the best �t to signi�cant
environmental variables were added as weighted averages of site scores. Proportion of variation
accounted for the ordination axes is displayed in parentheses. For abbreviations of species names see
table 1


