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Abstract. Using the community index of the ground beetles (IKS) the quality status of 4 habitat types in
6 localities of, Stolické vrchy and Juhoslovenska kotlina basin (The Southern Part Of Central Slovakia)
were evaluated. In the 2015-2017 period we noticed 2,379 individuals (1,030 &, 1,349 Q) belonging to 52
species. Friedman's test showed a significant difference in IKS values in years 2015-2017 between study
areas. By calculating IKS we found a greater number of adaptable species in areas with lower habitat
disturbance (quality class I11) compared to higher disturbance (quality class 1), where eurytopic species
predominated. We predicted an increase in IKS values for 2020 and 2022 for the habitats including
meadow (area 1), nitrophilous waterside vegetation (areas 2, 6) and a decrease for pasture habitat (area 3),
nitrophilous waterside vegetation (area 4) and fallow field (area 5) using the regression polynomial and
exponential distribution models.

Keywords: Carabidae, Stolické vrchy, Juhoslovenskd kotlina, assessment of habitats quality,
bioindication classes (A,E,R)

Introduction

For the bioindication and monitoring changes in the quality of the environment, the
Carabidae family (Coleoptera) is the most commonly used (Nietupski et al., 2015;
Burgio et al., 2015). Carabidae inhabit different habitat types, especially meadow, field
and forest habitats (Heydeman, 1955; Hirka, 1996). Most species have a narrow
ecological valence and therefore 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. Bioindicative use is
based on assessing the impact of human economic activities (Cardamo and Spence,
1994; Porhajasova et al., 2008, 2009).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(1):1197-1210.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1801_11971210
© 2020, ALOKI Kft., Budapest, Hungary



Langraf et al.: Prediction of ecological importance of Carabidae biotopes using community index of the ground beetles (IKS)
- 1198 -

We have already conducted similar faunistic research, the results of which can be
found in the following references: Langraf et al., 2016b, 2018a. We processed data of
54 species (N = 4,675 individuals) serving as an input dataset for the calculation of
indexes for ellipsoid biovolume (EV), flight ability and community index of the ground
beetles (IKS). Pilot results (Langraf et al., 2016a) confirm a negative anthropogenic
impact on the forest ecosystem, which means the worsening of living conditions for
adaptable and relict species. We found out the prevalence of eurytopic species (IKS -
bioindication group E) in intensively influenced forest and meadow habitats of the
Juhoslovenska kotlina basin. Langraf et al. (2017, 2018b) assessed the elipsoid
biovolume (EV) and flight ability indices on 5 habitat types (forest, fallow field,
meadow, pasture, nitrophilic waterside vegetation). The results confirm a decrease in
EV index values and an increase in the number of flight ability (eurytopic) species on
habitats with higher anthropogenic disturbance. On the contrary, with decreasing
anthropic intervention, the value of the EV index and thus the number of apteric and
brachypterous species increases. In the last study (Langraf et al., 2019) we evaluated all
3 bioindication methods in forest ecosystems. We confirmed the correlation of the
decrease of IKS, EV index values and increase of eurytopic species due to
anthropogenic disturbance of forest ecosystems by cutting.

Monitoring of gradual successive changes and the impact of management on
agricultural land is also important for bioindicative evaluation. Compared to natural
ecosystems, biodiversity is reduced in agricultural areas. Typical Carabidae bound to
arable land reported Vician et al. (2010, 2011) as follows: Amara aenea, Anchomenus
dorsalis, Calathus fuscipes, Clivina fossor, Harpalus affinis, H. distinguendus and
Pseudoophonus rufipes. Stastnd and Bezdék (2004), Purchart and Kula (2005),
Baranova et al. (2013), Lemic et al. (2017) recorded the predominance of eurytopic
species over adaptable (terminology used in IKS assessment) in the agricultural areas of
the family Carabidae as a consequence of habitat disturbance. The species represented
by a high number of individuals were: Anchomenus dorsalis, Poecilus cupreus,
Pseudoophonus rufipes and Pterostichus melanarius. Igondova and Majzlan (2015)
confirmed the lowest IKS values at the field-meadow edge and the meadow playground.
The highest IKS values were recorded in forest areas and peatbogs. The prevalence of
eurytopic species over adaptable to Permanent grassland has been reported by
Jad'ud'ova et al. (2016). Stluka (2013) investigated the Carabidae on three habitats:
spruce forest, spruce nursery and glade.

The IKS index in the glade found a strong anthropogenic impact with a
predominance of group E (see chapter Methodology) and the lowest in the spruce forest
with a predominance of group A species. It is clear that the intensity of management
influences the biodiversity of the forest ecosystem. Rajova (2007) found in 10 localities
of Klanovice forest in 2000 and 2001 a higher proportion of adaptable species compared
to eurytopic, but significant decrease of stenotopic (relict) species. This fact points to
anthropogenic influence of forest and worsening of living conditions of stenotope
(relict) species. The lowest value of IKS was recorded by the author at 2 marginal forest
localities the remaining forest areas had higher IKS values.

The destruction of the microorganism environment due to forest cutting leads to the
loss of specific forest species of Carabidae and their replacement by eurytopic species,
which are typically found in open habitats, ruderal habitats and fields (Elek et al., 2001,
Finch, 2005; Wiezik et al., 2007). According to Niemeld et al. (2002), urbanization
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causes a decrease in the biodiversity of Carabidae species and in most cases increases
the number of small species belonging to bioindication group E towards the city center.

In this study we continue with the bioindicative evaluation of the Carabidae obtained
during the years 2015-2017 in Stolické vrchy and Juhoslovenska kotlina basin for
prediction models.

The aim of the paper is to set habitat quality using IKS on 6 study areas representing
4 habitat types with different intensity of anthropogenic activity (habitat management).
We evaluated the working hypotheses: (1) IKS value decreases in the direction from
anthropically less disturbed habitats to anthropically more disturbed; (2) in unstable
habitats disturbed by anthropic activity, there is a predominance of species from
bioindication group E; (3) in more stable habitats less disturbed by anthropic activity,
the predominance of species from bioindication group A is predominant.

Material and methods

Ground beetles were collected from April to October 2015-2017 in 6 localities
(Fig. 1) representing 4 types of biotopes, classified according to Ruzickova et al.
(1996). The following crops were grown in the contact area of sites 4, 5 and 6: wheat,
barley, sunflower, maize and rape. We used pitfall traps (750 ml), yellow pan trap
(1,500 ml) (Novék 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). The material was
collected in eat regular three-week intervals. As a killing agent, 4% saline solution was
used.

e

Figure 1. Study localities (1 — 6) (photos: Langraf, 2015)
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Study area

The study localities are located in the geomorphological units Stolické vrchy and
Juhoslovenska kotlina basin (The Southern Part Of Central Slovakia) (Fig. 2). Location
data and habitat characteristics of the areas are shown in Table 1.

Figure 2. A map indicating the location of sampling sites

Table 1. Location data of the study localities

Geomorphological unit| Study area | C. a. a.r:.L biotope G.C.
1 Lichovo [Uteka¢| 556 meadow 48:36:30,’,,8
Stolickeé vrehy nitrophilous waterside 1198":2%3"\8]
2 Farkaska [Utekac| 446 vegetation 19°47'52"V
3 Prievranka | Poltar | 272 pasture fg:ig,gé,,\sl
Juhoslovenska kotlina 4 Pazit | Poltér | 218 nitropcgg;;,i\;ar:emide fgjig’,g;:\sf
basin 5 bzfgﬁ)‘;le -uoenel 20 fallow field sy
6 adovo Luiene 207 nitrop\i:(ialgéjts{,71 mar':erside ilg:?;),’éé"’\sl

C. a. — Cadastral area; m a.s.l. — metres above sea level; G.C. - geographic coordinates
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Computation community index of the ground beetles (IKS)

Ground beetles we divided into three bioindication classes according to Farkac 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 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.

The Index of Community of ground beetles (IKS) is calculated according to Nenadal
(1998) based on the division of the Carabidae into bioindication groups (A, E, R). We
use the following formula:

IKS = 100 — (SE + 0.5 x TA) (Eq.1)

where E = percentage of individuals in group E (E%), A = percentage of individuals in
group A (%).

The IKS index includes the values ranging from zero to 100. In cases where the index
value is close to zero, we identified mostly species of group E. Conversely, when the
value of index is close to 100; there are mostly species from group R. The final values
included five classes according to the Nenadal’s (1998) classification scale of human
influence on habitat: I (0—15) strongly influenced, II (10—35) significantly influenced, 111
(30—50) influenced, IV (45—65) marginally influenced and V (65—100) not influenced.

Data analyses

Statistical analysis of IKS data on the study areas in years 2015-2017 using the
programs Statistica Cz. Ver. 7.0 (StatSoft, 2004; Ter Brak and Smilauer, 2002),
CanoDraw 4.5 (Ter Brak and Smilauer, 2002) and the Excel 2016 Analysis Program
(Barrila et al., 2016) were evaluated.

For data assessment Detrended Correspondence Analysis (DCA), Redundancy
Analysis (RDA), normality distribution (Shapiro-Willksov W test), testing of variance
from mean values Friedman test (ANOVA), testing of selected correlation relations
(polynomial regression, exponential distribution) were used. Statistical significance of
the environment (luminance, humidity and pH) was tested by the Monte Carlo
permutation test.

Results

In the study area of Stolické vrchy and Juhoslovenska kotlina basin using both
methods (pitfall traps, yellow pan trap) we recorded 2,379 individuals (1,030 &,
1,349 Q) belonging to 52 species. Based on the division of the Carabidae into
bioindication groups (A, E, R) to tolerate anthropogenic effects, we calculated the
Carabidae IKS for each area examined. We recorded the highest species distribution in
the localities in group A (31 species; 66.62%). To a lesser extent, group E species (18
species; 32.45%) were represented. Group R was represented by 3 species (0.92%)
(Table 2).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(1):1197-1210.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1801_11971210
© 2020, ALOKI Kft., Budapest, Hungary



Langraf et al.: Prediction of ecological importance of Carabidae biotopes using community index of the ground beetles (IKS)
- 1202 -

Table 2. Distribution of the Carabids based on bioindication groups in the study areas

. Study areas
Species IKS 1 > 3 n 5 6
Abax ovalis (Duftschmid, 1812) A 1 1 - - - 1
Abax parallelepipedus (Pill. & Mitt.,1783) A 15 28 1 44 1 139
Abax parallelus (Duftschmid, 1812) A 20 43 - 3 - 73
Agonum viduum (Panzer, 1797) A - - - - - 1
Amara aenea (DeGeer, 1774) A 1 - 2 - 2 -
Amara aulica (Panzer, 1797) A - 2 - -
Amara erratica (Duftschmid, 1812) R 8 - - - - -
Amara familiaris (Duftschmid, 1812) E - - 6 - - 1
Amara saphyrea (Dejean, 1828) A - - - - - 2
Amara similata (Gyllenhal, 1810) E - - 1 - - 1
Anchomenus dorsalis (Pontopp, 1763) E - - 3 1 2 0
Brachinus crepitans (Linnaeus, 1758) E - - 6 1 2 -
Brachinus explodens (Duftschmid, 1812) E - - 1 - -
Calathus fuscipes (Goeze, 1777) E 7 - 12 - -
Calathus melanocephalus (Linnaeus, 1758) E - 2 - - -
Callistus lunatus (Fabricius, 1775) A - - - 3
Carabus cancellatus (llliger, 1798) A 28 36 - - - -
Carabus convexus (Fabricius, 1775) A 4 9 - - - -
Carabus coriaceus (Linnaeus, 1758) A - 3 5 11 2 9
Carabus glabratus (Paykull, 1790) A 6 10 - 1 -
Carabus granulatus (Linnaeus, 1758) E 1 29 - - - 9
Carabus hortensis (Linnaeus, 1758) A 2 20 - - - 2
Carabus intricatus (Linnaeus, 1761) A - 4 - - - 6
Carabus nemoralis (O.F.Miiller, 1764) A 36 4 - - 1 -
Carabus scheidleri (Panzer, 1799) A 2 - 3 5 255 1
Carabus ullrichi (Germar, 1824) A - 39 - 46 -
Carabus violaceus (Linnaeus, 1758) A 81 4 12 - 98 16
Cicindela germanica (Linnaeus, 1758) A - - 9 - 17
Cychrus caraboides (Linnaeus, 1758) A - 1 - - -
Cymindis humeralis (Fourcroy, 1785) A - - - 1 2
Drypta dentata (Rossi, 1790) E - - 3 - 3 -
Elaphrus aureus (P. Miiller, 1821) R - - 3 - 5
Harpalus affinis (Schrank, 1781) E 6 - 350 - 4 -
Harpalus froelichi (Sturm, 1818) A - - - 7 - -
Harpalus rubripes (Duftschmid, 1812) E 39 5 3 1
Lebia chlorocephala (Hoffm. a kol., 1803) A 2 - 1 - - -
Leistus rufomarginatus (Duftschmid, 1812) R - - - - - 6
Molops piceus (Fabricius, 1801) A 9 3 - - - -
Nebria brevicollis (Fabricius, 1792) A 6 9 17 1 94
Notiophilus biguttatus (Fabricius, 1799) A - - - 1 - -
Ophonus azureus (Fabricius, 1775) E - - - - 3 -
Ophonus nitidulus (Stephens, 1828) A 2 - - - -
Platynus assimilis (Paykull, 1790) A - 16 - 74 - 109
Poecilus cupreus (Linnaeus, 1758) E 13 1 36 - 34 -
Poecilus versicolor (Sturm, 1824) E - 2 - - -
Pseudoophonus rufipes (DeGeer, 1774) E 11 - 58 34 28 4
Pterostichus melanarius (llliger, 1798) E - 17 - 13 2 4
Pterostichus melas (Creutzer, 1799) A 1 - - - - -
Pterostichus niger (Schaller, 1783) A 9 1 - 11 3 5
Pterostichus nigrita (Paykull, 1790) E - - - 2 - -
Pterostichus oblongopunctatus (Fab., 1787) A - 19 - 7 3 1
Zabrus tenebrioides (Goeze, 1777) E - 1 - - -
> individuals - 308 301 518 238 513 501
> species IKS -A - 16 20 7 10 14 15
> species IKS -E - 6 3 13 7 9 6
> species IKS -R - 1 - - 1 - 2
IKS 2015 - 34,21 42,31 3,795 40,19 45,77 46,94
IKS 2016 - 40,64 41,5 4,715 | 39,785 39,455 | 47,045
IKS 2017 - 41,385 50 0 34,21 42,16 50,275
Total value IKS for years 2015 - 2017 - 38,8 42,195 | 3,185 | 39,075 42,3 48,2
Class/quality of habitat - 11 11 | 111 111 11

Class I (0-15) very influenced, Class Il (10-35) heavily influenced, Class Il (30-50) influenced, Class
IV (45-65) not influenced, Class V (65-100) not affected
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The lowest value of IKS was observed in the area of 3 (pastures), which shows the
highest anthropogenic interference in the study areas. There were 4 species preferring
arable land find in the area 1: Amara aenea, Calathus fuscipes, Harpalus affinis and
Pseudoophonus rufipes, which were represented by a low number of individuals. The
arable land (areas 3 and 5) species were represented by a higher number of individuals
Amara aenea, Anchomenus dorsalis, Calathus fuscipes, Harpalus affinis and
Pseudoophonus rufipes. Indeed, the intensive agricultural use of the landscape prevails
around areas 3 and 5. Fallow field of the watercourses of the locality had different IKS
values. The lowest value was recorded in area 4, where 2 species Anchomenus dorsalis
and Pseudoophonus rufipes favoring arable land. Areas 2 and 6 were connected with
forest fields, therefore adaptable species predominated and IKS values were higher than
in area 4.

We evaluated the difference in representation of bioindication groups A, E, R and
IKS values between areas from 2015 to 2017 by RDA analysis (the highest value of
lengths of gradient = 2.51). The RDA analysis has values of explained variability of
species data of the first ordination axis (45.3%) and the second ordination axis (68.4%).
The variability of the species set explained by environmental variables represent by the
ordinal axis is 46.3%, while the second axis represents 70.5% (Fig. 3).
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Figure 3. Representation of groups A, E, R and IKS values 2015 - 2017. Explanatory notes: A -
Group A, E - Group E, R - Group R, IKS — Carabidae Community Index

Ordination graph showed correlation between the group A species with the
nitrophilous waterside vegetation (area 2) with their highest representation. Vectors
showing individual years (2015-2017) for this group did not differ significantly,
suggesting only small variations in the number of species for group A. Open spaced
areas 3 and 5 were abundantly represented by group E species, as illustrated by the
correlation of this group over the years 2015-2017. Vectors did not differ significantly
between 2015-2016, until 2017 indicating a change in the number of group E species.
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The following fact indicates an intensification of agricultural land use. Area 1 (meadow)
is ordained away from the vectors, indicating a slight variation in the proportion of
bioindication groups and IKS values. Group R species correlated in 2015 with areas 4
and 6 (nitrophilic herbaceous vegetation) where they were recorded. In 2016 and 2017
there was a significant delay in vectors, which was influenced by the occurrence of R
group species also in area 1. The vectors for IKS values did not significantly diverge in
years 2015-2017. The following fact shows that there have been minor changes in IKS
values over the years 2015-2017. The correlation with forest areas 2 and 6 was
influenced by high IKS values during all 3 years.

For normality distribution in years 2015-2017 for all areas the Shapiro-Wilks W-test
was used. We tested the hypothesis Ho: random selection comes from a set with normal
distribution, if p>pa => we do not reject Ho at the level of selected statistical
significance pa = 0.05. As a result, the normal distribution of IKS data across all areas
in 2015-2017 was disrupted (p-value = 0.00).

A non-parametric Friedman test for testing Ho hypothesis was used because of
distribution normality data disruption, which verified the Ho hypothesis: IKS values do
not differ in areas in 2015-2017. This means if p> pa => do not reject Ho at the level of
statistical significance chosen by us pa = 0.05. The result of the testing is the rejection
of the Ho hypothesis (p=0.00), which means that IKS values are significantly different
in all areas in 2015-2017 (Fig. 4). The gradual increase in the IKS value caused by the
succession and non-mowed meadow was recorded. The same increase in IKS was also
observed in area 6, where waterside vegetation was not treated for 3 years and naturally
overgrown with trees. Species of group R were found in the study areas, their presence
indicates a low anthropic interference in the environment. In 2016, the waterside
vegetation of area 2 was modified by tree and shrubs cutting and therefore the value of
IKS decreased. No changes were made in the following year and the area was
overgrown, which also affected the increase in the IKS value for 2017. The same
progress was also recorded in the area 5, where shrubs were removed and frequent
mowing during 2016 and subsequent succession in 2017. Area 3 was grazed by cattle,
which was more intense in 2017 reflected in IKS 0. The waterside vegetation of area 4
was treated during all 3 years by removing shrubs and trees causing annual IKS values
to fall.

Friedman test F(10)=34,11111 p =,00000
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Figure 4. Analysis of IKS variation of individual ares by Friedman test (ANOVA) from 2015 to
2017
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Polynomial regression (quadratic distribution) for evaluation of IKS change in
2015-2017 was used. Using the regression model we expressed the relationship
(correlation) between IKS at the areas to the harvest years. The value of the correlation
coefficient for area 1 is (r = 0.90), which indicates an almost perfect relationship. For
areas 2 (r =0.81), 3(r=0.75), 4 (r =0.89) and 6 (r = 0.87) the relationship is very large.
For area 5 (r = 0.56) the relationship is large. The overall suitability of the regression
model is statistically significant for all areas. The results are as follow: area 1
(p-value = 0.02), 2 (p-value = 0.03), 3 (p-value = 0.04), 4 (p-value = 0.02), 5
(p-value = 0.01) and 6 (p-value = 0.03) thus confirms the effect of years on the IKS
values of the study areas. Based on the regression equations shown in Fig. 5 we can
predict the IKS value of individual areas for year 2020: for area 1 (IKS = 53), area 2
(IKS = 59), area 3 (IKS = 0), area 4 (IKS = 26), area 5 (IKS = 35) and area 6
(IKS =54). The predicted results may be fulfilled in areas 1, 2 and 6 in the case of
continued spontaneous succession in which the areas are overgrown by vegetation
(areas not managed). For areas 3, 4 and 5 the trend will be reversed and areas will be
modified by anthropogenic activity. From the above results we can conclude, that the
quality of habitats and class will change as follows. Areas 1, 2 and 6 rise from Class Il
(affected) to Class IV (little affected). For area 3 the quality and habitat class will
remain unchanged | (very strongly affected). In areas 4 and 5 there will be a decline
from Class Il (affected) to Class Il (heavily affected).

rok:IKS lok.1: = 0,9094; p = 0,0231; y = -7193,655 + 3,5875*
rok:IKS lok.2: = 0,8196; p = 0,0384; y = -7706,9167 + 3,845%
rok:IKS lok.3: 1= 0,7592; p = 0,0412; y = 3828,1967 - 1,8975*
rok:IKS lok.4: 1= 0,8947; p = 0,0247; y = 6065,9017 - 2,99*
rok:IKS Iok.5: 1= 0,5697; p = 0,0141; y = 3681,3417 - 1,805
rok:IKS lok.6: r=0,8795; p = 0,0317; y = -3313,5933 + 1,6675'% |
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Figure 5. Polynomial regression of IKS values 2015 - 2019

Using the exponential distribution we predicted that IKS = 70 would be 5 years later
(with 99% probability) in areas 1, 2 and 6. In the same way we predicted IKS = 10 by 5
years (with 57% probability) in areas 4 and 5.

The correlation of luminous intensity, moisture, pH was determined by redundancy
analysis (RDA), which points out on values of explained variability of species data of
the first ordination axis 43.7% and on the second ordination axis 64.5%. The variability
of the species set explained by the environmental variables captured by the first ordinate
axis 57%, the second axis captured by 84.2%. Carabidae are ordained into 4 clusters
(Fig. 6), the first cluster (I) consisted of species correlating with luminous intensity. The
second cluster (I1) was represented by pH-binding species. The third (I11) cluster was
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represented by species correlating with moisture. The last cluster (IV) consisted of
species that were not ordained in any cluster and are not influenced by the investigated
factors (luminous intensity, moisture and pH). The Monte Carlo permutation test
verified the HO hypothesis: environmental factors (luminous intensity, moisture and pH)
did not affect the species of the Carabidae family, if p> pa => do not reject HO at the
stated level of statistical significance pa = 0.05. As statistically significant factor
(p-value = 0.002) we confirmed luminous intensity, in others we did not confirm
statistical significance: moisture (p-value = 0.378) and pH (p-value = 0.268). Factors
were not correlated with each other, maximum inflation factor = 4.247.
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Figure 6. RDA analysis of ground beetles and environment variables (luminous intensity,
moisture, pH). Explanatory notes: lum int - luminous intensity

Discussion

Our research evaluated the anthropogenic effect (agriculture, treatment of waterside
vegetation, mowing meadows) on the Carabidae cenosis. The species were divided into
bioindication groups according to Farkac et al. (2006) and the subsequently calculated
Index of the Carabidae IKS according to Nenadal (1998).

The lowest IKS value was recorded in area 3 (IKS = 0) with the prevalence of
eurytopic species (IKS) over adaptable (IKS). This fact confirms a very strong
disruption of the area (habitat quality class I). The same fact was pointed out by Langraf
et al. (2016), Igondova and Majzlan (2015), Stastna and Bezdék (2004), Purchart and
Kula (2005), Baranova et al. (2013) and Lemic et al. (2017) whose in their work have
noticed the prevalence of eurytopic species (IKS) over adaptable (IKS) in agricultural
areas and Jad'udova et al. (2016) in permanent grassland. Other areas had a habitat
quality class 1Il, indicating a moderate disturbance with adaptable species
predominating over eurytopic species. The same fact was noted in their works Stluka
(2013), and Rajova (2007).

A gradual increase in IKS over 3 years was observed in areas 1 and 6, which was
influenced by succession. Area 1 (meadow) was not mowed and area 6 (nitrophilic
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waterside) had no treated waterside vegetation. Species from group R were also
recorded in the areas. The decrease in IKS values over the study period was found in the
areas 3 and 4 in which significant anthropic activity took place. A higher number of E
group species was also recorded. Area 3 (pasture) was grazed by cattle and area 4
(nitrophilic waterside vegetation) had trimmed waterside vegetation by cutting trees and
shrubs. Areas 2 (nitrophilic waterside vegetation) and 5 (fallow field) had a decrease in
IKS values and an increase in group E species during 2016, in the following 2017 IKS
values increased. With increasing anthropic intervention IKS values decreased and the
number of eurytopic species that replaced adaptable increased. As a result of decreasing
interventions 1KS values increased and the number of group A and R species increased
as well. The same was found by Langraf et al. (2019), Niemel et al. (2002), Elek et al.
(2001), Finch (2005) and Wiezik et al. (2007).

Polynomial regression models assume the continuing trend of succession (areal, 2
and 6), where we predicted by exponential distribution 99% probability of IKS increase
to 70 in 2022. For areas 3, 4 and 5 we predicted a higher impact of anthropogenic
activity. Exponential distribution predicted 57% probability of reducing IKS to 10 for
2022.

Vician et al. (2010, 2011) cited as typical species mainly associated with arable land
Clivina fossor, Calathus fuscipes, Amara aenea, Anchomenus dorsalis, Harpalus
affinis, H. distinguendus and Pseudoophonus rufipes. The presence of these species
with a higher number of individuals was recorded in areas 3 and 5 adjacent to the
farmed land.

Conclusion

The different intensity of anthropogenic impacts (developed agriculture, treatment of
waterside vegetation, mowing meadows) on Carabidae species in six study areas
representing 4 habitat types was evaluated.

We confirmed statistically significant changes in values in years 2015-2017 for all
study areas using the IKS index. We found a low IKS value = 0 with a predominance of
eurytopic species on habitat quality class 3 = I, indicating a very strong disturbance.
Other areas had habitat quality class Ill, indicating moderate disturbance with the
prevalence of adaptable species. The above facts have confirmed our first working
hypothesis.

Significant differences in the number of bioindicating species (groups A, E, R) were
observed for eurytopic species in years 2016-2017, indicating a more intensive
agricultural use of the landscape (cattle grazing, expansion of fields at area 5).
Bioindication group R also increased in years 2016-2017, which was influenced by the
spread of group R species to area 1. Species belonging to group A showed year-on-year
changes, but not so significant. It follows from the above that the second and third
working hypotheses are confirmed. The arable land species were represented by a
higher number of individuals: Amara aenea, Anchomenus dorsalis, Calathus fuscipes,
Harpalus affinis and Pseudoophonus rufipes on areas 3 and 5.

The regression models predicted the continuation of succession on areas 1, 2 and 6,
where we predict a 99% probability of IKS to rise to 70 in 2022 at exponential
distribution. The above facts confirm the reduction of anthropic activity in these
localities. We predicted a higher impact of anthropogenic activity and a decrease in IKS
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values by the regression polynomial model on areas 3, 4 and 5. We also pointed on the
57% probability of reducing IKS with a value of 10 in 2022 by exponential distribution.

In order to maintain the original biodiversity of the carabidae family, it is possible to
adjust the management and management of the investigated sites. Verification of the
success of the introduced changes during the continuation of the results in the years
referring to the forecast.
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