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Abstract

Langraf V., Petrovi¢ovéa K., David S., Schlarmannova J.: The bioindication importance of the Ca-
rabidae communities of Veporské vrchy and Juhoslovanska kotlina. Ekolégia (Bratislava), Vol. 35,
No. 2, p. 126-135, 2016.

The Carabidae family (Coleoptera) is used frequently for its bioindication potential to detect the
environmental burden. In 2013 and 2014, we studied the correlation of Carabidae on the bioto-
pes of six areas in the Veporské vrchy Mts and the Juhoslovenska kotlina basin by using pitfall
traps, Moricke plates and Bambara beetle traps. Out of 432 recorded specimens of beetles (53
species, 15 families), the Carabidae family were the highest number of species and specimens
represented, with which we confirmed higher anthropogenic interference and disturbance of
ecosystems in the Juhoslovenska kotlina basin. This statistic confirms the presence of the fo-
llowing species typically found on arable land: Anchomenus dorsalis, Calathus fuscipes fuscipes,
Harpalus affinis and Pseudoophonus rufipes. The ecosystems in the Veporské vrchy Mts region
show less disturbance, and the anthropological impact is smaller, indicated by the presence of
the Carabus problematicus species, an important indicator of the conservation of natural forest
ecosystems.
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Introduction

The Veporské vrchy Mts region and the Juhoslovenska kotlina basin belong to little-
researched areas in Slovakia in terms of knowledge of beetles (Coleoptera). We decided
to supplement incomplete coleopterological information with our own research and
contribute to a better understanding of investigated beetle territory. The faunistic data
obtained was analysed from the perspective of discovered species in correlation to their
habitats. The aim being to spread the potential of the bioindication value of carabid
beetles.
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Information about the beetles spreading in the Veporské vrchy Mts, the Juhoslovenska
kotlina basin and the Cerova vrchovina Mts was published by Franc (1995), who focused on
important local species. He conducted his research from 1993 to 1995, at which point the
Carabidae family was represented by 22 species. In nearby Muranska planina Mts, Kleinert
(1985) recorded 75 carabid species. Data about the Carabidae from the Muranska planina
Mts was added by Majzlan (2010), who found 18 species from the Carabidae family during
2003. Vician et al. (2007, 2008, 2010, 2011) explored the different species structure of the
Carabidae community in various agriculturally farmed areas of the Zvolenska kotlina basin
and the Podpolanie region, recording 47 carabid species within 67 species of beetles.

Bioindicators are organisms that react sensitively to changing factors of the environment
and also to the changing structure of phytocenoses (Htirka, Sustek, 1995). For bioindication,
we use species with familiar autecology, which are easy identified and represented in the wide
scale of ecosystems (Steffek et al., 2008, Kalivoda et al., 2010). The Carabidae family is used as
a family of beetles with bioindicator potential, for they are a species that live in different types
of habitats: forests, meadows, fields and peatbogs (Hurka, 1996; Igondova, Majzlan, 2015).
Carabid beetles also react sensitively to toxic substances (herbicides, insecticides), changes
in soil pH and changes in soil humidity (Hurka, 1996; Porhajasova et al., 2011; Burgio et al,,
2015). Topping et al. (2015) evaluated in his research the impact of toxic pesticide on the
landscape with the help of the eurytopic species Bembidion lampros.

Agricultural landscape presents a cultural type of landscape where the progress of mate-
rial and energy processes are changed and influenced by man. According to the intensity of
farming, there is a reduction in the ecosystems* biodiversity on agricultural areas (Vician et
al., 2011). Some of Carabid beetles are well adapted to the regime of farming (L6vei, Sunder-
land, 1996; Vician et al., 2007, 2008). It was discovered using several methods that the inten-
sity of farming influences the species composition of the Carabidae community (Nietupsky
et al., 2015). This bioindication potential of the Carabidae is used to detect different intensi-
ties of landscape use. Vician et al. (2010, 2011) stated that the following species are typically
found on ploughland: Clivina fossor, Calathus fuscipes, Amara aenea, Anchomenus dorsalis,
Harpalus affinis, H. distinguendus and Pseudoophonus rufipes.

In forest ecosystems, carabid beetles react to changes that are derived from the character
of the tree layer. The structure of the Carabidae community can change according to the
intensity of forest harvesting (Steffek et al., 2008). Forest harvesting dramatically changes
the microclimate and light conditions of the habitat and also the species composition and
phenology of the herbaceous community (Halpern et al., 2005). The composition, creation
of overlaying humus and amount of dead wood are also changing (Freedman et al., 1996).
Destruction of particular microhabitats as a consequence of forest harvesting leads to losing
specific forest carabids and their being replaced by eurytopic species (Finch, 2005). Steffek et
al. (2008) considered these changes as a demonstration of ecological degradation of ecosys-
tems, which are connected to anthropogenic activities in the country.

The aim of the paper is faunistic-ecological research into the beetle community in the
Veporské vrchy Mts and the Juhoslovenska kotlina Basin. Anthropogenic activity (agricul-
ture, forest harvesting) in the studied area is evaluated by the bioindication of the identified
species of the Carabidae family.

127



Material and methods

Beetle research took place in six localities at two-week intervals, totalling 25 times from April until the end of Octo-
ber in years 2013 and 2014. We used pitfall traps (750 ml), Moricke plates (1,500 ml) (Novék et al., 1969) and Bam-
bara beetle trap (1,000 ml) (Hulcr, Mccoy, 2015). We determined the types of biotopes in the localities that accorded
to Ruzickovd et al. (1996). Pitfall traps were arranged at each biotope in a trap line, and each trap line consisted of
five pitfall traps (at 5 m intervals). As a fixation fluid, we used 4% saline. We determined the obtained material on the
basis of identification keys: Balthasar (1957) and Hiirka (1996). Terminology and systematic order of the families,
according to Holecova and Franc (2001). Calculation of dominance (D) and frequency (F) and the classification of
species into appropriate categories were performed according to Losos et al. (1984). Diversity and equitability was
calculated with the program Past 3.5 (Hammer, 2015) using the natural logarithm (In). We verified the correlation
of the species to the biotopes by applying canonical correspondence analysis (CCA) using correlation matrix (*.log
file), and statistical significance was tested in the Canoco program using the Monte Carlo permutation test (Ter
Brak, Smilauer, 2002). According to the importance p, < 0.05, we tested the statistic importance of correlation of
the biotops and the species by Spearman’s non-parametric correlation coefficient in program Statistika.cz (StatSoft,
2009). The bioindication rating of carabid beetles according to Buchar (1893) is the following:

. Group R - relics, stenotopic species with narrow ecological valence. Mostly rare and endangered species of
the natural ecosystems least affected by human activity. Types of peatlands and native forests in arctic-alpine,
boreo-alpine and boreo-montane zones,

«  Group A - adaptable species inhabiting areas moderately affected by human activity, occurring in secondary,
well-regenerated habitats and ecotones. The largest species group of cultural forests, meadows, pastures and
non-regulated and natural riparian vegetation,

. Group E - eurytopic species without special demands to the character and the quality of the environment.
They occur in fragile and changing biotopes with strong anthropogenic influence such as deforested and open
agricultural cultivated landscape as well as urbanised ecosystems. This group also includes expansive species
that extend their area or are irregular migrants.

Study area

The study areas are located in the southern part of Slovakia in the geomorphological unit Veporské vrchy Mts and
the Juhoslovenska kotlina basin. Location data and biotope characteristics of the localities are presented in Table 1.

Table 1. Location data of the study localities and their biotope characteristics.

Geomorphological Locality Cadastral | m.a.s.l. Biotope Geographic
unit area coordinates
1 | Farkaska Utekac 570 Culture of Picea abies 48°36'31"N
) 19°47'38"E
Veporské vrchy Mts - "
2 | Lichovo Utekac 556 pasture 48°36'30"N
19°48'35"E
3 | Kapna hora | Poltar 300 Carpathian oak-hornbeam forest | 48°26'09"N
19°49'27"E
4 | Prievranka | Poltar 272 pasture 48°25'52"N
Juhoslovenska 19°49'08"E
kotlina basin 5| Ladovo Lucenec | 258 Carpathian turkey oak forest 48°19'08"N
19°37'48"E
6 | Vinohradnd | Lucenec | 208 fallow field 48°19'017"N
rovina 19°39'05"E

Explanatory notes: m.a.s.1. - metres above sea level.
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Results and discussion

In the study area, we recorded 432 specimens of beetles belonging to 53 species and 14 fami-
lies. The highest number of species and specimens that was represented by bioindication was
the Carabidae family (Table 2), the species that was represented at the highest frequency class
of all biotopes. It is a prerequisite of bioindication to use Carabidae families to determine
the quality of the environment. The dominance of the Carabidae family was confirmed by
Baranovd and Jaszay (2010), during their research of epigeic beetles in the mountain forests
of Cergov Mts. They recorded 22 families of Coleoptera order, the Carabidae family having
the highest species richness (29 in total). During 2002—-2004, Porhajasova (2009) found on
spring and winter barley fields near the town of Nitra that out of 16 families of beetles discov-
ered, the Carabidae tamily was the most dominantly represented.

We registered 150 specimens of beetles belonging to 10 families and 23 species in locali-
ties 1 and 2 (the Veporské vrchy Mts, Uteka¢ village). Eudominant species of the Veporské

Table 2. Systematic review of recorded species of Carabid beetles (Carabidae).

, 1 [ 2] 3 [ 4a]5]c6s

Species .
Number of specimen

Abax parallelepipedus (PILLER & MITTEPACHER,1783) 18 - 2 - 1 -
Anchomenus dorsalis (PONTOPPIDAN, 1763) - - - - - 4
Brachinus crepitans (LINNAEUS,1758) - - - - - 2
Brachinus explodens DUFT, 1812 - - - 4 - -
Calathus fuscipes (GOEZER, 1777) - - - 2 - 25
Calathus melanocephalus (LINNAEUS,1758) - - - 3 - -
Carabus convexus FABRICIUS, 1775 2 - - - - -
Carabus coriaceus LINNAEUS,1758 1 - 3 5 10 -
Carabus hortensis LINNAEUS,1758 31 - 26 - 4 -
Carabus nemoralis O. . MULLER, 1764 12 - - - - -
Carabus problematicus HERBST, 1786 1 - - - - -
Carabus scheidleri PANZER, 1799 - - - - - 2
Carabus violaceus LINNAEUS,1758 25 - 1 1 - 4
Drypta dentata (ROSSI,1790) - - - 1 - 1
Harpalus affinis (SCHRANK, 1781) - - - 1 - 2
Harpalus tenebrosus DEJEAN, 1829 - - - - - 1
Leistus ferrugineus (LINNAEUS,1758) - - - 10 - 1
Poecilus cupreus (LINNAEUS, 1758) - 2 - 2 - 5
Pseudoophonus rufipes (DE GEER, 1774) - 5 - 17 - -
Pterostichus ovoideus (STURM, 1824) - - - 1 - -
Y specimens 90 7 32 47 15 47
Y species 7 2 4 11 3 10

Explanatory notes: locality/biotope: Uteka¢: 1, Farkaska (culture of Picea abies); 2, Lichovo (pastures); Poltar: 3,
Kupna hora (Carpathian oak-hornbeam forest); 4, Prievranka (pastures); 5,Ladovo (Carpathian turkey oak forest);
6, Vinohradna rovina (fallow field).

129



vrchy Mts biotopes with II or III frequency class are Abax parallelepipedus (D = 12%, F =
73.3%), Carabus hortensis (D = 20.6%, F = 73.3%) and C. violaceus (D = 16.6%, F = 73.3%)
belonging to the Carabidae family. These species are linked to all types of forest biotopes,
from lowlands to mountain level, yet whilst C. violaceus prefers forest biotopes, it also occurs
in open habitats. Diversity and equitability of beetles in the studied localities were H = 1.829,
e =0.736 in locality 1 and H = 1.917, e = 0.747 in locality 2.

Acquired species of the Carabidae family were divided according to Buchar (1893) into
two bioindication groups. Group A (78% of the species) was represented by the highest
number of species (Abax parallelepipedus, Carabus convexus, C. coriaceus, C. hortensis, C.
nemoralis nemoralis, C. problematicus and C. violaceus. Group E (22% of the species) was
represented by the species Poecilus cupreus cupreus and Pseudoophonus rufipes. P. rufipes pre-
fers arable land. In our material, this was represented by a small number of specimens (Table
1). It follows that these species are adaptable, inhabiting natural biotopes or biotopes that are
close to a natural state.

We registered 138 specimens of beetles belonging to 28 species and 7 families in localities
3 and 4 (the Juhoslovenska kotlina Basin, Poltar town). Eudominant species with II or III
class frequency are P. rufipes (family Carabidae) (D = 12.3%, F = 40%) and Carabus hortensis
(family Carabidae) (D = 18.7%, F = 46.6%). Pseudoophonus rufipes remains in open and dry
and also in humid fields and ruderal meadows, at the edge of the forest in the lowlands, up
to mountain level. The Carabus hortensis is linked to the forest biotopes of all types, from
lowlands to mountain level. Diversity and equitability of beetles were H = 1.568, e = 0.713 in
locality 3 and H = 2.725, e = 0.857 in locality 4. Group E (69% of the species) was represented
by the highest number of species (Buchar, 1893): stenotopic species Brachinus explodens,
Calathus fuscipes fuscipes, C. melanocephalus, Drypta dentata, Harpalus affinis, Leistus ferrug-
ineus, Poecilus cupreus cupreus, Pseudoophonus rufipes, Pterostichus ovoideus. Group A was
represented by four eurytopic species (31% of the species): Abax parallelepipedus, Carabus
coriaceus, C. hortensis, C. violaceus. It was also recorded that these three species — Calathus
fuscipes fuscipes, Harpalus affinis and Pseudoophonus rufipes — prefer arable land (Vician et
al,, 2010, 2011).

We registered 144 specimens of beetles belonging to 24 species and 11 families in locali-
ties 5 and 6 (the Juhoslovenska kotlina basin, Lu¢enec town). One species of the Carabidae
tamily (Calathus fuscipes fuscipes, D = 17.36%, F = 20%) belong amongst eudominant species
with I or II class frequency. The C. fuscipes fuscipes prefers dry habitats without shade, such
as meadows and fields in lowlands to mountain level. Diversity and equitability of beetles
in the studied localities were H = 1.096, e = 0.681 in locality 5 and H = 2.516, e = 0.854 in
locality 6. We included seven species to the group E (54% of the species) (Anchomenus dor-
salis, Brachinus crepitans, Calathus fuscipes fuscipes, Drypta dentata, Harpalus affinis, Leistus
ferrugineus, Poecilus cupreus cupreus) and six species to the group A (46% of the species)
(Abax parallelepipedus, Carabus coriaceus, C. hortensis, C. scheidleri, C. violaceus, Harpalus
tenebrosus,). Almost all of them were eurytopic. We recorded three species that prefer arable
land: Anchomenus dorsalis, Calathus fuscipes fuscipes and Harpalus affinis.

We found variability of species data (gradient length of the 1st ordination axis = 4.258)
by detrended correspondence analysis (DCA). Spatial analysis of species and localities was
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Fig. 1. Triplot DCA, types of biotopes are passive (supplementary) variables
Explanatory notes: locality/biotope: Utekac: loc 1 — Farkaska (culture of Picea abies), loc 2 — Lichovo (pastures);

Poltar: loc 3 — Kapna hora (Carpathian oak-hornbeam forest), loc 4 — Prievranka (pastures), loc 5 - Ladovo (Car-
pathian turkey oak forest), loc 6 — Vinohradna rovina (fallow field).

shown by DCA (Fig. 1). Environmental variables (biotopes) were used as additional (sup-
plementary) variables. We investigated the correlation of the Carabidae family species to the
types of biotopes by canonical correspondence analysis (CCA). With forest biotops (locality
1 Farkaska (culture of Picea abies); locality 3 Kapna hora (Carpathian oak-hornbeam for-
est) and locality 5 Ladovo (Carpathian turkey oak forest)), correlate the species Abax par-
allelepipedus, Carabus convexus, C. coriaceus, C. hortensis, C. nemoralis, C. problematicus
and C. violaceus. With biotops of the open areas (locality 2 Lichovo (pastures); locality 4
Prievranka (pastures) and locality 6 Vinohradnd rovina (fallow field)), correlate the species
Anchomenus dorsalis, Brachinus crepitans, B. explodens, Calathus fuscipes, C. melanocepha-
lus, Carabus scheidleri, Drypta dentata, Harpalus affinis, H. tenebrosus, Leistus ferrugineus,
Poecilus cupreus, Pseudoophonus rufipes and Pterostichus ovoideus. Characteristic species of
arable land according to the classification of Vician et al. (2010, 2011) were recorded in a
fallow field (locality 6 Vinohradna rovina Flatland) - Anchomenus dorsalis, Calathus fuscipes
fuscipes and Harpalus affinis — and in pastures (locality 2 Lichovo; locality 4 Prievranka) —
Calathus fuscipes fuscipes, Harpalus affinis and Pseudoophonus rufipes. These types confirm
agricultural land use at the locality of the Vinohradnd rovina and its contact area. We proved
statistically important correlation (Spearman, p_ = 0.05) amongst the species characteristic
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Table 3. Statistically important correlation of the species (Spearman r coefficient, p_ < 0.05).

Calathus fuscipes Drypta dentata Harpalus affinis
Calathus fuscipes -
Drypta dentata 0.979 -
Harpalus affinis - 0.979 -
Leistus ferrugineus 0.920 0.979 0.920
Poecilus cupreus 0.821 - 0.821

for arable soil. (Table 3). Carabus problematicus is rated as an important indicator of natural
preservation of the forest ecosystems. Its occurrence was recorded in the locality 1 Farkaska.
DCA shows high values of explained species variability. The gradient represented by the 1st
axis explains 43.9% of total species variability. Similarly, some species variability explained
by environment varijables is high (49.5%). It should be mentioned that the total ‘represented’
by the ordination model is only 1.85%. We confirmed that fallow field (p-value = 0.038) is a
statistically important type of biotope (p = 0.05) and pasture biotope had a p-value of 0.06.
We found statistically important correlation (Spearman, p_ = 0.05) amongst biotops, Car-
pathian oak-hornbeam forest and Carpathian turkey oak forest according to the importance
r = 0.885, the maximum inflation factor = 1.35. The statistical significance of other types of
biotopes has not been confirmed, which was expected. We assume that this was due to the
lower amount of species richness that was captured.

In the study localities, the Carabidae family was represented mostly by species that prefer
open habitats, namely, macropterous and brachypterous species. Species inhabiting stable
ecosystems (forests) have lost their flight ability unlike species inhabiting ecosystems that are
exposed to cyclic oscillation of some factors of the environment, or directly to stress. In this
case, flight ability is essential for the success of the species (Porhajagovd, Sustek, 2011). We
recorded the most airworthy species in the following localities: Vinohradnicka rovina field
(Juhoslovenska kotlina basin) and Prievranka - pastures (of Juhoslovenska kotlina basin).
The domination of these species indicates instability of the monitored ecosystems as an out-
come of increased antropogenic intervention in these area.

An important indicator of natural preservation of forest ecosystems is the species C. prob-
lematicus, which is listed in the Red list of Slovakian beetles (Holecovd, Franc, 2001) in the
group LR: cd (dependent on protection). The species inhabits much of Europe - though
predominantly Western Europe. In the north, it extends to the Arctic Circle and is abundant
throughout the British Isles (England, Wales, Scotland and Ireland). It prevails from June to
September in mostly dry and open coniferous forests. It is absent in the lowlands. Its local
occurrence in Slovakia was recorded in the Mala Fatra Mts, Stre¢no village, Ponitrie-Sokolec
Mits, the Ziar nad Hronom town (Majzlan, 1999) and the Velk4 Fatra Mts (Franc, 2002).

Conclusion
In the forest localities, we recorded the highest value of beetle diversity (H = 1.829) in the

Farkaska locality, which is least affected by human activity. We recorded the lowest value of
diversity (H = 1.096) in the Lichovo locality because of ongoing intensive logging. Equitabil-

132



ity was in the range from e = 0 to e = 1, balanced communities were close to 1. The highest
value of equitability was in the Farkaska locality (e = 0.736) with eudominant species C.
hortensis and C. violaceus, the lowest was in the Ladovo locality (e = 0.681).

In open spaces, we recorded the highest value of beetle diversity (H = 2.725) in the Priev-
anka locality. This locality is affected by agricultural activity (cultivated land) with the fol-
lowing confirmed species that are related to cultivated land: Anchomenus dorsalis, Calathus
fuscipes fuscipes, Harpalus. affinis and Pseudoophonus rufipes. The lowest value of diversity
(H = 1.917) was recorded in the Lichovo locality. This locality was affected by cattle grazing
and degradation of vegetation cover to which herbivore beetle species are linked. The highest
value of equitability was in the Prievranka locality (e = 0.857) represented by the eudominant
species P, rufipes, whilst the lowest was in the Lichovo locality (e = 0.747).

From the Carabidae family, we recorded a predominance of eurytopic species, unstable
species, and changing habitats in the Juhoslovenska kotlina Basin. Adaptive species living
in natural habitats or habitats that are similar to natural habitats were predominant in the
Veporské vrchy Mts. These included species inhabiting areas that are moderately influenced
by human activity, mostly species in cultural forests and also species in unregulated, un-
touched river banks. Agriculture is not developed in the Veporské vrchy Mts region, but
in nearby forests, there is ongoing forest harvesting. Typical species of arable lands from
the Carabidae family were Anchomenus dorsalis, Calathus fuscipes fuscipes, Harpalus affinis
and Pseudoophonus rufipes, occurring mainly in the Juhoslovenska kotlina basin. There was
only one species — P, rufipes — in the Veporské vrchy Mts region, which was represented by a
small number of specimens. This species prefers arable land, but it also inhabits open habitats
(meadows, ruderals, forest edges).

In the Juhoslovenska kotlina basin, the Carabidae family was represented mainly by
macropterous species. Their presence points to unstable changing ecosystems in the study
areas as a result of developed agriculture. In the Veporské vrchy Mts region, there was a pre-
dominance of adaptable species, which points to less disturbed ecosystems in the study area,
which also confirms the presence of the Carabus problematicus species, which is an impor-
tant indicator of the natural preservation of forest ecosystems.
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Appendix

The explanation of the Carabidae species used in detrended coordinated coordination ana-
lyse (DCA): Abax par, Abax parallelepipedus; Anch dors, Anchomenus dorsalis; Brach cr,
Brachinus crepitans; Brach ex, Brachinus explodens; Cala fus, Calathus fuscipes; Cala mel,
Calathus melanocephalus; Car conv, Carabus convexus; Car cori, Carabus coriaceus; Car
hort, Carabus hortensis; Car nemo, Carabus nemoralis; Car prob, Carabus problematicus;
Car schre, Carabus scheidleri; Car viol, Carabus violaceus; Dryp den, Drypta dentata; Harp
aff, Harpalus affinis; Harp ten, Harpalus tenebrosus; Lesi fer, Leistus ferrugineus; Poe cupr,
Poecilus cupreus; Pse rufi, Pseudoophonus rufipes; Pter ovo, Pterostichus ovoideus.
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