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Carabid beetle (Coleoptera: Carabidae) communities
in a woodland habitat in Hungary
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Carabid communities were investigated in a woodland area within the long-term
framework of the MAB project in Hungary, in 1985-86 and in 1993-94, using
pitfall trapping. The structural characteristics of the carabid communitites and the
habitat preferences of the most abundant species were studied in a beech wood,
an oak forest, a transition zone and an ecotone. Altogether 7,636 carabid individ-
uals were collected, representing 39 species. The value of Shannon diversity and
the equitability consistently peaked in the transition zone. Further statistical anal-
ysis showed that the studied habitats were remarkably differentiated from each
other.
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1. Introduction

In 1982, the Man and the Biosphere (MAB) pro-
ject was initiated in the Pilis Biosphere Reserve
(PBR), a woodland region in northern Hungary.
This project combined general ecological, coeno-
logical and faunistical studies among others, in-
cluding several studies on arthropods (Berczik
1984). The examination of carabid species at dif-
ferent spatial and temporal scales was also carried
out.

Carabids respond to habitat-related differ-
ences at several ecological spatial scales, and rel-
atively distinct carabid assemblages characterize
forest communities (Niemeld ez al. 1992). Kadar
and Sz¢l (1999) studied ground bectle assem-
blages at 15 topographically different sites of the
PBR at landscape scale and showed that the ma-

jority of the most abundant species were found
only in one or two forest habitats during each
study year. Thus, at macrohabitat scale, the forest
is a patchy environment for carabids (Niemel4 et
al. 1992). At a smaller scale, such as the micro-
habitat scale (within trapping grids), the occur-
rence of ground beetles has also been shown to be
aggregated (Niemeld et al. 1986). Other studies
also suggest that habitat fragmentation at a small
spatial scale may lead to aggregated distributions
of ground beetles within patches of similar habitat
(Luff 1986, Niemeld et al. 1986, 1992, Henge-
veld 1987).

The aim of the present study was to determine
whether the composition of ground beetle com-
munities and the abundance of the most abundant
carabid species vary among different woodland
habitats in the short-term (one or two years)
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and/or in the long-term (eight and nine years)
temporal scales. We also studied the habitat pref-
erences of the most abundant carabid species. We
examined the differences in composition and di-
versity of the ground beetle communities in dif-
ferent habitats at the macro-habitat scale. To as-
sess the relationships between species and their
habitats, we investigated the presence/absence of
species and/or their relative densities within the
different habitats. Thus, we were mainly inter-
ested in how distinctive habitat associations dif-
ferent species showed, based on their abundance
in pitfall catches.

2. Material and methods
2.1. Study area and sampling

The study arca was located in the PBR, near the
Danube river, about 50 km from Budapest, north-
ern Hungary (47°59°N, 18°54°E; 267 m a.s.l.).
The study was done in the following four sites,
treated as macro-habitats:

(1) Beech wood (Melittio-Fagetum). Associated
plant species were the tree Carpinus betulus
and, in within-stand patches, the herb
Impatiens noli-tangere;

(2) Oak forest (Querco petreae-Carpinetum) sit-
uated on the other side of the stream from the
beech forest; the altitude was approximately
the same in both forests.

(3) Transition zone that was about 40 m x 8 m, sit-
uated between the previously mentioned two
habitats, i.e., bordered on one side by beech
wood and on the other side by an oak forest,
and dominated by Asarum europaeum,
Urtica dioica, Fragaria vesca and nitrofil
weeds. A deep ditch with periodic water-flow
separated the transition zone and the oak for-
est. The shrub layer was absent, and the can-
opy layer was open.

(4) Ecotone with area-wise dimensions similar to
the transition zone, located between the tran-
sition zone and the beech wood. The charac-
teristic plant was Carex pilosa, and the other
associated plants were the same as in the adja-
cent habitats. The shrub layer was moderate,
dominated by saplings of Carpinus betulus.
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The canopy layer was slightly open. This hab-
itat type was not sampled during 1985-86.

Carabids were collected using pitfall traps (plas-
tic jars of 80 mm diameter, 300 ml volume) con-
taining 4% formaldehyde as a killing and preserv-
ing agent, and having a metal lid above the traps.
The traps were emptied weekly from the end of
April to carly September in two consccutive
years, in 1985 and 1986 and in 1993 and 1994.
Five traps placed at least 5 m apart were placed in
arow within each area at the same sites each year.
In 1985 and in 1986, trapping was conducted only
at the first three sites.

2.2, Statistical analyses

Following species identifications, the quantita-
tive carabid data were analysed using hicrarchical
classification method to explore differences
among the studied habitat types, using Ward’s
method with Manhattan distances (Podani 1997).
Species diversity in cach habitat was estimated
using Shannon-Wiener index (A’) (Magurran
1988). The average number of individuals, the
mean number of species, the mean values of the
Shannon-Wiener indices, and the mean values of
the equitabilities of A" among the different habi-
tats were tested using Kruskal-Wallis test and
subsequent Mann-Whitney Utest (Sokal & Rohlf
1981). The Statistica program package was used
for statistical calculations (StatSoft 2000).

3. Results
3.1. Species composition

Altogether 7636 individuals were caught during
the four years, representing 39 species (Table 1).
The most common species were large or medium
large, whereas most of the rare species were small
to medium large. The most abundant carabid spe-
cies was Aptinus bombarda (>37% of all carabids
caught during the four years), being about four
times more abundantly caught than the second
and third most abundant species Abax parallele-
pipedus and Pterostichus melanarius. The fol-
lowing four most abundant species were repre-
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Table 1. Data on the carabid community structure in 1985-86 and in 1993-94 in the Pilis Biosphere Reserve,
Hungary.

Variable 1985 1986 1993 1994 Total
Number of species 32 35 26 23 39
Mean+SE 10.4+0.92 11.87+0.76 12.25+0.64 12.4+0.68

Number of individuals 1,169 1,249 3,034 2,184 7,636
Mean+SE 77.93+11.43 83.2719.34 1561.7£14.94 109.2+12.46

Diversity (H')+SE 1.42+0.18 1.59+0.12 1.61£0.10 1.96+0.07

Equitability+SE 0.61+0.06 0.650.04 0.6510.04 0.79£0.02

Table 2. Ground beetle species collected in the Pilis Biosphere Reserve, Hungary, in 1985-86 and in 1993-94

(see also footnote). Frequency = mean relative frequency.

Species Frequency (%) Total catch
Aptinus bombarda (llliger, 1800) 37.32 2,850
Abax parallelepipedus (Piller et Mitterpacher, 1783) 8.00 611
Pterostichus melanarius (llliger, 1789) 7.89 603
Pterostichus melas (Creutzer, 1799) 7.67 586
Platynus assimilis (Paykull, 1790) 7.58 579
Carabus ullrichi Germar, 1824 7.23 552
Carabus scheidleri Panzer, 1799 6.06 463
Pterostichus oblongopunctatus (Fabricius, 1787) 3.84 294
Abax carinatus (Duftschmid, 1812) 3.82 292
Carabus nemoralis Mliller, 1764 2.38 182
Carabus coriaceus Linnaeus, 1758 1.83 140
Trechus pilisensis Csiki, 1918 1.17 89

Further species collected: Carabus convexus Fabricius, 1775, Molops piceus (Panzer, 1793), Abax ovalis (Duftschmid, 1812), Pterostichus niger
(Schaller, 1783), Leistus rufomarginatus (Duftschmid, 1812), Pterostichus ovoideus (Sturm, 1824), Notiophilus rufipes Curtis, 1829, Abax parallelus
(Duftschmid, 1812), Harpalus rufipes (De Geer, 1774), Harpalus marginellus Dejean, 1828, Harpalus atratus Latreille, 1804, Cychrus caraboides
(Linnaeus, 1758), Amara saphyrea Dejean, 1828, Stomis pumicatus (Panzer, 1796), Platynus dorsalis (Pontoppidan, 1763), Synuchus vivalis (llliger,
1789), Nebria brevicollis (Fabricius, 1792), Carabus intricatus Linnaeus, 1761, Pterostichus strenuus (Panzer, 1797), Calosoma inquisitor (Linnaeus,
1758), Platyderus rufus (Duftschmid, 1812), Bembidion lampros (Herbst, 1784), Licinus hoffmannseggi (Panzer, 1797), Harpalus pumilus Sturm, 1818,
Brachinus explodens Duftschmid, 1812, Carabus violaceus Linnaeus, 1758, Amara convexior Stephens, 1828.

sented in almost the same number of individuals
(6-7%): P. melas, Platynus assimilis, Carabus
ullrichi and C. scheidleri. The mean relative fre-
quency and the total number of individuals of the
more frequent twelve species are given in Table
2. Twenty-two common species occurred during
the four examined years.

In 1985-86, A. parallelepipedus was only the
sixth (1985) and seventh (1986) most abundant
species with about 40 individuals in each year. In
1993-94, it was the second (1993) and the fourth
(1994) most abundant species (227 and 307 indi-
viduals, respectively). In 1986, C. scheidleri was
collected in high numbers (332 individuals). In
contrast, during the other three years this species
occurred only in low numbers. While C. ullrichi

was hardly represented in the 1985-86 samples, it
was the second most abundant carabid species in
1994, and the fourth one in 1993, with more than
200 individuals.

3.2. Hierarchical classification

The results of the cluster analysis for the pitfall
trap catches are given in Figs. 1-2. The clusters
formed three groups of habitat; these were well
separated from each other at macro-scale in 1985
(Fig. 1). However, in 1993, the oak forest and
beech wood formed isolated groups, and little
overlap occurred between the transition zone and
the ecotone at a smaller scale (Fig. 2).
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Fig. 1. The 15 traps in three sites in the Pilis Bio-
sphere Reserve, Hungary, clustered according to the
distances of their carabid communities (data from
1985; Ward’s method, Manhattan distances). b1-b5:
beech wood, t1-t5: transition zone, 01-05: oak for-
est).
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Fig. 2. The 20 traps in four sites in the Pilis Biosphere
Reserve, Hungary, clustered according to the dis-
tances of their carabid communities (data from 1993;
Ward’s method, Manhattan distances). b1-b5: beech
wood, t1-t5: transition zone, 01-05: oak forest, e1—
e5: ecotone).

3.3. Community structural indices

The Kruskal-Wallis test indicated significant dif-
ferences among the different habitats in structural
indices of each community over the four years
(Table 3). There was a significant difference
among the number of species of the three studied
habitats during 1985-86. The number of individ-
uals of the different habitats did not vary signifi-
cantly in 1985 or in 1993-94; indeed, there was a
detectable significant difference only in 1986.
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The Shannon-Wiener diversity index for differ-
ent habitats varied significantly among habitats in
1985-86, and also in 1993-94. Moreover, there
was a significant difference among the equita-
bilities of the different habitats in 1985-86 and in
1993, but not in 1994,

The changes in the structural indices for the
communities in time are shown in Table 1. The
number of species of each habitat decreased to
1993-94, but otherwise the mean number of spe-
cies slightly increased. The mean number of indi-
viduals, on the other hand, was higher in 1993-94
and peaked in 1993. The diversity index and the
equitability increased during the four years, and
peaked in 1994,

3.4. Habitat preference

The different habitats were clearly separated by
abundance among the most frequent species
(Figs. 3-5). Aptinus bombarda was associated
with the beech forest (Fig. 3), and Kruskal-Wallis
test indicated a significant abundance difference
of A. bombarda among the studied habitats in
1985-86. There was also a significant difference
among the four habitats based on the abundance
in 1993-94.
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b - transition zone

ab I:I oak forest
ab 2] ecotone

w
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Fig. 3. The habitat associations of Aptinus bombarda
in the Pilis Biosphere Reserve, Hungary, based on
mean (+SE) abundance data. Different letters indicate
significant differences within the given years by Mann-
Whitney U test (p<0.05). Kruskal-Wallis test; 1985:
H,=9.57, p<0.05, n=15; 1986: H,=9.61, p<0.05, n=15;
1993: H,=8.17, p<0.05, n=20; 1994: H,=8.68, p<0.05,
n=20.



ENTOMOL. FENNICA Vol. 17 « Woodland carabid communities in Hungary

225

Table 3. Data on community structure of carabids of different habitats in 1985 and 1986 (upper part) and in 1993 and 1994
(lower part) in the Pilis Biosphere Reserve, Hungary (mean + SE; lower-case letters indicate significant (p<0.05) differences by
Mann-Whitney U test). The Ecotone habitat was not sampled in 1985-86. Beech = beech forest; Transition = transition zone;
Oak = oak forest; Ecotone = ecotone habitat; K-W test = Kruskal-Wallis test (with H2 and p values).

1985 1986
Beech Transition Oak (Ecotone) K-W test Beech Transition Oak (Ecotone) K-W test
Mean no. species 9 14 8.2 H2=8.96; 10.8 15 9.8 H2=9.34;
+0.84a £1.05b +1.46a p=0.011 +0.86a +0.95b 10.73 a p=0.009
Mean no. individuals 1152 67.2 51.4 H2=5.46; 76 120.4 53.4 H2=10.52;
+24.05b £11.94 +9.91a p=0.065 +5.29a £14.44b +9.94 a p=0.005
ab
Diversity (H') 0.71 2.22 1.31 H2=11.58; 1.06 1.95 1.78 H2=9.92;
+0.12a +0.06 ¢ +0.17 b p=0.003 +0.08a +0.09b 10.13b p=0.007
Equitability 0.32 0.85 0.66 H2=12.52; 0.45 0.72 0.78 H2=10.82;
+0.05a +0.02¢c +0.05b p=0.002 +0.04a +0.02b 0.04b p=0.004
1993 1994
Beech Transition Oak Ecotone K-W test Beech Transition Oak Ecotone  K-W test
Mean no. species 12 15 9.4 12.6 H2=12.83; 1 14.8 8.8 15 H2=14.49;
+0.77b £1.52b +0.6a 10.68b p=0.005 +0.89a +0.2b 10.49a 0.95b p=0.002
Mean no. individuals 1944 126.4 110 176 H2=4.83; 83.2 95.4 77.6 180.6 H2=7.72;
+28.85 a +22.62 a £13.29 a +38.99 a p=0.185 +11.3a £15.22a +7.86a +28.02b p=0.052
Diversity (H') 1.07 2.09 1.46 1.81 H2=15.79; 1.75 2.25 1.65 2.18 H2=13.19;
+0.19a +0.05¢c +0.07a %0.09b p=0.001 +0.11a 10.1b +0.05a +0.05b p=0.004
Equitability 0.43 0.78 0.66 0.72 H2=12.41; 0.74 0.84 0.76 0.81 H2=6.79;

+0.08 a x0.02¢

+0.08 b £0.03bc p=0.006

+0.04 a +0.04b +0.01ab x0.02ab p=0.079

Pterostichus melanarius was mainly found in
the transition zone and in the ecotone during the
four years (Fig. 4), as was P. oblongopunctatus.
The abundance of P. melanarius in the studied
habitats differed significantly in 1985-86. Based
on abundance, there was also a significant differ-
ence among the four habitats in 1993-94.

Pterostichus melas was caught almost exclu-
sively in the oak forest each year (Fig. 5). There
were significant differences among the abun-
dances of P. melas in the studied habitats in
198586, and the abundance also significantly
varied among the four habitats in 1993-94.

Abax parallelepipedus was collected in a
higher number in 1993-94 (534 individuals), and
only 34 individuals were found in the oak forest.

Many more individuals of P. assimilis were
collected in 1993-94 (479) than in 1985-86
(100), and mainly from the ecotone and the tran-

sition zone. A similar pattern was found for C.
ullrichi that had fewer individuals collected in the
beech forest. Out of the 332 collected C.
scheidleri individuals, 248 were collected in the
transition zone.

4. Discussion
4.1. Variation within ecological scales

In the only published investigation on ground
beetle communities of this area (Kadar & Sz¢l
1999), the composition and the occurrence of ca-
rabid species were examined between 1982 and
1984 at the landscape scale. At the scale of forest
habitat patches, such as at the macro-habitat
scale, soil moisture appears an important determi-
nant of carabid distribution (Thiele 1977, Epstein
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Fig. 4. The habitat associations of Pterostichus
melanarius in the Pilis Biosphere Reserve, Hungary,
based on mean (+SE) abundance data. Different let-
ters indicate significant differences within the given
years by Mann-Whitney U test (p<0.05). Kruskal-
Wallis test; 1985: H,=6.66, p<0.05, n=15; 1986:
H,=11.26, p<0.05, n=15; 1993: H,=14.80, p<0.05,
n=20; 1994: H;=14.91, p<0.05, n=20.
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& Kulman 1990). Forest carabid species are asso-
ciated with micro-sites with a particular kind of
environment heterogeneity, such as favourable
microclimate (soil temperature, ground air tem-
perature, relative air moisture), the presence of
dead and decaying trees, and the cover of leaf lit-
ter, shrubs and herbs (Desender et al. 1999).
Other biotic and abiotic ecological factors also in-
fluence the composition of the carabid assem-
blages and distribution, such as soil pH, soil com-
pactness, CaCO, content, and the amount of prey
items (Magura et al. 2002).

According to our results, the studied habitat
types were segregated (Figs. 1-2). We suggest
that the main cause of this segregation was soil
moisture. This environmental factor influences
e.g. egg and larval development (Thiele 1977).

4.2. Community differences
among the compared habitats

The number of species and individuals of the less
humid habitat, viz. oak forest, was much lower
than those of more humid sites (Table 3). In the
oak forest, diversity and equitability of the assem-
blages of the beech forest were always the lowest,
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Fig. 5. The habitat associations of Pterostichus melas
in the Pilis Biosphere Reserve, Hungary, based on
mean (+SE) abundance data. Different letters indicate
significant differences within the given years by Mann-
Whitney U test (p<0.05). Kruskal-Wallis test; 1985:
H,=10.37, p<0.05, n=15; 1986: H,=11.18, p<0.05,
n=15; 1993: H,=12.63, p<0.05, n=20; 1994: H,=12.84,
p<0.05, n=20.

whereas in the transition zone they were always
the highest, except in 1986 (Table 3). This zone is
occupied by species characteristic of both adja-
cent habitats; this “adjacency effect” explains the
species richness of this site. Ground beetles prob-
ably use these habitats during dispersal, hibernat-
ing and reproduction periods (Bommarco &
Fagan 2002). The community structural indices
of the ecotone showed the supposed compo-
sitional and structural similarities to the adjacent
habitats in 1993-94; ecotones often contain rela-
tively high biodiversity (Murcia 1995, Risser
1995). Small-scale movements of carabids be-
tween habitats may modify ground beetle assem-
blages of neighbouring habitat patches (Niemeld
& Halme 1992). That is why the number of spe-
cies increases and their relative abundances
change in the adjacent habitats. The transition
zones and the ecotones can contribute to the
maintenance of the diversity of carabid commu-
nities.

4.3. Changes of the communities in time

One year prior to our sampling, the forests were
selectively thinned, which may have influenced
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the composition of the carabid assemblages we
found, for example by increasing the diversity
and the equitability during the ten years in each
habitat (Table 3). For example, 4. parallele-
pipedus increased in 1993-94 probably because
of the cessation of the forest management. There
were also more individuals in the beech forest
during these two years, but this is an ambiguous
consequence because of the lack of continuous
survey between the periods 1985-86 and 1993—
94. The “natural” fluctuation of 4. parallele-
pipedus population could be another reason be-
hind this phenomenon. This common species is
well adapted to many environmental conditions,
but its distribution might change at a larger scale,
for example following large-scale forest harvest-
ing (Loreau & Nolf 1994). Such changes might
have taken place in our study site, too. Carabus
scheidleri is associated with disturbed, human-
modified areas (Andorko et al. 2003), which may
explain why this species was found in high num-
bers in 1985-86 but was missing in 1993-94,
Carabus ullrichi occurs in more stable forests,
possibly explaining its distribution in 1993-94.

4.4. Habitat associations

All the abundant species showed associations 1o
particular habitats. The distribution of the most
abundant species, A. bombarda, is well known
(Brandmayr 1974, Casale & Vigna Taglianti
1983, Pravisani & Torossi 1987, Fazekas et al.
1992). This species has been found only in the
Seslerio—Quercetum patch with an extremely
high dominance value (Brandmayr et al. 1980). It
is a typical forest-dwelling species in Hungary
(Kadar & Sz¢€l 1993). In our study it was most
abundant in the beech forest, similarly to Magura
et al. (2002). The second most abundant species
in our study, 4. parallelepipedus, was also among
the most abundant species captured by Kadar and
Sz€1(1993, 1999), and Magura et al. (2002). This
carabid is typically an opportunistic species and
has a good adaptation ability to various habitat
types (Kadar & Sz¢l 1993). That is why it is a
dominant species in different habitats (Chemini
& Werth 1982, Contarini 1986, Pravislani &
Torossi 1987).

In our study, P. melanarius was associated
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with the transition zone and the ecotone, i.¢., hab-
itats with high level of soil moisture and dense
shrub vegetation. It can be found in relatively
high numbers in quite different habitats, too; for
example, it is common in agricultural landscapes
(Thiele 1977) and riverside woodlands (Baguette
1993). Pterostichus melanarius has also occurred
in high numbers in various other environment
types, such as ficlds, pastures, abandoned fields,
and in forests in Finland (Niemeld and Halme
1992). Although this species is favoured by hu-
man activity, our study and that of Niemeld and
Spence (1991} also showed that it was not solely
restricted to disturbed habitats.

Prerostichus melas also showed a clear habi-
tat association, as it was found mainly in the oak
forest every year. It is characteristic for different
kinds of oak forests such as Querco—Ostryetum
(Contarini 1986) and Querceto—petraeae cerris
(Fazckas et al. 1992). Platynus assimilis was only
occasionally found in the PBR between 1982 and
1984 (Kadar & Sz¢l 1999), whereas in our study
itwas commonly caught. Similarly to our study, it
isreported to occur in wet, shady forests (Kleinert
1983). In the present study, Carabus ullrichi was
captured from each habitat. It has also been col-
lected in the PBR between 1982 and 1984, but in
low numbers (Kadar & Sz¢l 1999). It occurs in
wet and shady but also in dry and light forests in
Slovakia (Kleinert 1983). Carabus scheidleri is
common in lowlands and hills in mixed forests,
and is associated with fields, meadows, gardens,
hedges, watersides and various types of forests
(Harka 1996). It has also been found in an aban-
doned agricultural field (Andorko et al. 2003).

Our results emphasize that carabids are ap-
propriate organisms for ecological studics both at
macro-scale and landscape levels. We conclude
that carabid beetles are good indicators of site
type, quality and conservation status (Eyre &
Rushton 1989).
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