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Introduction

Abstract. 1. To facilitate effective conservation management of dry-grassland diver-
sity we studied the habitat selection of Carabus hungaricus, the globally declining,
highly endangered, dry-grassland specialist beetle listed in the EU Habitats Directive,
and several co-occurring beetles at a pannonian dry-grassland fragment, the Pouzdr-
any steppe, SE Czech Republic. The beetles were sampled using 186 pitfall traps
from March to November 2006. Number of C. hungaricus captures in each trap was
related to vegetation and abiotic habitat characteristics; captures of all sampled bee-
tles in each trap were related to each other.

2. We found that C. hungaricus prefers relatively humid patches of tall-grass steppe
within the xeric grassland and tall-grass ruderal vegetation nearby. During the breed-
ing period, females preferred drier and warmer sites than males.

3. Its potential competitors, i.e., Carabus spp., Calosoma spp. (Coleoptera: Carabi-
dae), and other species of conservation interest, including Meloe spp. (Coleoptera:
Meloidae), Dorcadion spp. (Coleoptera: Cerambycidae), were associated with vegeta-
tion avoided by C. hungaricus, such as short-grass and bare-soil patches and woody
plants.

4. Vegetation structure within 2.5 m affected C. hungaricus captures more than on
smaller and larger scales. Carabus hungaricus enters unfavoured non-forest habitats
such as arable land, which allows it to spread into suitable habitats within agricul-
tural landscapes. It strictly avoids closed forest; even narrow strips of forest thus
likely act as migration barriers.

5. The preference of C. hungaricus for overgrown steppe and fallow land highlights
that habitats often considered of low conservation value are important to sustain
grassland biodiversity.

Key words. Blaps, Carpathian Basin, continental grassland, longhorn beetle,
Natura 2000, oil beetle, sex-dependent habitat selection.

where grasslands have declined dramatically in extent and qual-
ity due to agricultural intensification or abandonment (Cremene

Temperate grasslands rank among the most threatened biomes et al., 2005; de Bello et al., 2010). In Eastern Central Europe,
on Earth (Hoekstra et al., 2005). This applies also for Europe, grasslands declined most during the communist-era agriculture
collectivisation, when their acreage locally decreased to less than
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of Entomology, Branisovska 31, CZ-370 05 Ceske Budejovice, Productive areas of lowlands were hit particularly hard (e.g.,
Czech Republic. E-mail: lukascizek @ gmail.com Skalos, 2006); most such grasslands were turned to arable land,
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or abandoned and afforested (Woodcock et al., 2008). To make
matters worse, a hands-off conservation approach was fre-
quently applied to the protected sites; conservationists often
hailed the invasion of woody plants as the return of grasslands
to their “natural” state (e.g., Vesely, 2002).

Dry or steppic grasslands are considered regional biodiver-
sity hotspots (Cremene et al., 2005). In Central Europe, they
have been drastically affected by agricultural intensification.
Charismatic steppe vertebrates such as the great bustard (Otis
tarda) and the European ground squirrel (Spermophilus citel-
lus) are highly threatened (Hulova & Sedlacek, 2008; Alonso
et al., 2009) whilst numerous local extinctions have been doc-
umented among invertebrates (Gepp, 1994; Binot et al., 1998,
Farkac et al., 2005). In the Czech Republic, active manage-
ment of protected grasslands started as late as in the 1980s
(Vesely, 2002), and its measures are still insufficient. In paral-
lel, too intensive reserve management may cause homogenisa-
tion and other adverse effects (Konvicka et al., 2008; Marini
et al., 2009). Conservation-efficient grassland management
needs to acknowledge the requirements of the wide spectrum
of endangered grassland inhabitants. Despite the growing
body of knowledge on requirements of such taxa as birds
and butterflies, data on many groups, including numerous
and highly vulnerable flightless arthropods, are scarce or
missing (Leather et al., 2008).

As a typical steppe species, the ground-beetle Carabus hungar-
icus (Fabricius, 1792) represents Pannonian steppe invertebrates
in EU legislation. Its fate mirrors the recent history of its habitat.
The species is declining throughout its range and is near extinc-
tion in many regions (Borodin et al., 1984; Arndt & Trautner,
2004; Bérces et al., 2008). Its basic biology remains poorly
known. To strengthen the information base for effective conser-
vation of grassland diversity, we carried out a detailed survey on
habitat selection of this highly endangered species, and com-
pared its habitat preferences to that of other threatened flightless
grassland beetles, such as oil beetles (Meloe spp.), churchyard
beetle (Blaps lethifera), and longhorn beetles (Dorcadion spp.).

Our study investigated: (i) effect of vegetation characteristics
on C. hungaricus captures at three different spatial scales, (ii)
effect of abiotic characteristics on C. hungaricus captures, (iii)
sex-dependent patterns in habitat selection of C. hungaricus, and
(iv) habitat selection of C. hungaricus in relation to its co-occur-
ring potential competitors and/or grassland specialists of con-
servation interest.

Materials and methods
Study species

Carabus (Pachystus) hungaricus (Fabricius, 1792) is a poly-
typic species distributed from Central Europe to Eastern Siberia
(Bousquet et al., 2003), or confined only to Europe, depending
on the status of its easternmost subspecies (Turin et al., 2003).
The nominotypic subspecies, C. hungaricus hungaricus is
restricted to the Carpathian Basin and Bulgaria (Guéorguiev &
Guéorguiev, 1995; Bousquet et al., 2003; Turin et al., 2003; Bér-
ces et al., 2008).

This thermophilous beetle inhabits dry calcareous, loess, and
sand grasslands from lowlands up to nearly 600 m a.s.l. in the
Carpathian Basin (Thiele, 1977, Hurka, 1996; Bérces et al.,
2008). Adults are active from early spring to late fall with a lower
peak of activity in May and June, and the main peak, represent-
ing the breeding period, from mid-August to September/Octo-
ber. Larvae hatch in late fall and pupate in the spring. Adults
hatch from June to mid-July. Most adults overwinter and
undergo aestivation dormancy (Bérces ef al., 2007; Pokluda
et al., 2007).

Carabus hungaricus is listed in Annexes II and IV of the EU
Habitats Directive and is protected and/or red-listed in most
countries of occurrence (Borodin et al., 1984; Shcherbak, 1994;
Farkac et al., 2005; Bérces et al., 2008). It is near extinction in
the Czech Republic, Slovakia (D. Catlo§, pers. comm.), and
Austria (Arndt & Trautner, 2004). In the SE Czech Republic,
for example, it was widely distributed in the first half of the 20th
century, whereas just two localities are occupied at present
(D. Hauck, P. Pokluda & L. Cizek, unpubl. data). Hungary,
where C. hungaricus has recently been documented from numer-
ous sites, represents the stronghold of the species in Central
Europe. Even there, though, its populations are fragmented and
isolated (Bérces et al., 2008).

Study site

The study site was Pouzdrany steppe and its vicinity
(48°56"18"—48°56"54"N;  16°38'12”-16°38'49”E;  200-300 m
a.s.l.) in SE Czech Republic. This National Nature Reserve and
Site of Community Importance (total area: 180.8 ha), with
C. hungaricus as one of its target species, represents one of the
largest remnants of subcontinental steppic grasslands in the
region. It is partly overgrown with shrubs and trees due to aban-
donment and hands-off conservation approach. Active manage-
ment, consisting of grazing and mowing, was partly
reestablished after 1989. In between, occasional fires together
with numerous European rabbits (Oryctolagus cuniculus) pre-
vented successional overgrowth of the steppe. The steppe is sur-
rounded by agricultural land (arable fields, vineyards, orchards)
and deciduous forests (Fig. 1). The topography is rugged with
the bedrock consisting of claystone and sandstone, partly cov-
ered by loess. Mean annual temperature is 9.2 °C and mean
annual rainfall nearly 500 mm (Mackov¢in et al., 2007).

Sampling

Beetles were sampled using a capture-and-release approach
with beer-baited pitfall traps. The bait was used to increase trap-
ping efficiency (Fernandez-Fernandez & Salgado-Costas, 2004).
The trap consisted of three plastic cups and a plastic rain shelter.
The first cup (0.5 1; 9 cm diameter; 14 cm deep) was perma-
nently placed in the ground and a second identical cup was
inserted into the first one and served as a bait reservoir (about
10 ml of beer). Beetles were caught into the third cup (0.3 |;
8 cm diameter; 11 cm deep) that was inserted into the bait con-
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Fig. 1. Map of the Pouzdrany steppe and its vicinity, Czech
Republic, showing distribution of major vegetation types and pit-
fall traps.

taining cup. The third cup was perforated on side, so the bait
aroma could permeate.

A total of 186 traps were positioned across the steppe and in
its vicinity, distributed at various distances. The minimum dis-
tance between neighbouring traps was 5 m (mean: 18.65 m; SD:
17.74). Sampling focused on grasslands, but covered a wide
range of habitats and vegetation types, including (roughly classi-
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fied): arable field (seven traps), fallow (10), shortgrass steppe
(19), tallgrass steppe and forest steppe (123), shrubby vegetation
on the steppe (16), forest edge (05 m from the edge into the for-
est, 4), and closed-canopy forest interior (> 5 m from the edge,
7) (Fig. 1). Trapping covered the whole period of C. hungaricus
activity, March 26th to November 6th, 2006. Traps were
inspected, and the bait was replaced 1-2 times a week, summing
45 inspections in total. Beetles were released 2 m from the
respective trap.

Together with sex and trap position of each trapped C. hun-
garicus individual, captures of 15 beetle species that are potential
competitors (i.e., large carabids), and/or typical steppe dwellers
of conservation interest were recorded (see Table 1). Habitat
and vegetation characteristics were collected or estimated by an
experienced botanist.

Variables

The following beetle, vegetation, and abiotic variables were
used:

Beetle variables. (1) number of captures of C. hungaricus —
total number of captures of C. hungaricus in each trap over the
whole study period, and (ii) relative number of females — ratio of
female captures to all C. hungaricus captures in each trap; (ili—
xvii) number of captures of the 15 other beetle species — total
number of captures of a given beetle species in each trap over the
whole study period.

Vegetation variables. Percentage covers of the following veg-
etation types and selected indicative or otherwise noteworthy
plants were estimated on three spatial scales (0.5 m, 2.5 m, and
5 m, within circles of the respective radius with trap in the cen-
tre): (i) total vegetation, (i) herbs and grasses, (iii) broad-leaved
herbs, (iv) short grass (<20 cm), (v) tall grass (>20 cm), (vi)
short dicots (<20 cm), (vii) tall dicots (>20 cm), (viii) tussock
grasses, (ix) non-tussock grasses, (x) litter, (xi) mown — grass-
lands targeted by conservation management (mainly mowing);
(xii) closed forest; (xiii) solitary woody plants (trees and shrubs
taller than 50 cm), (xiv) short shrubs (< 50 cm), (xv) arable land,
(xvi) feather grasses (Stipa spp.) — a dominant steppic grass,
(xvii) liquorice (Glycyrrhiza glabra) — an exotic invasive species,
and (xviii) wood small-reed (Calamagrostis epigejos) — a native
species invading grasslands. Variables vi-ix lack 5 m scale since
their estimation is reliable on short distances only. Nominal vari-
able habitat (xix) reflects location of traps (see above).

Abiotic variables. (i) temperature, (i) humidity, (iii) soil reac-
tion, (iv) soil nitrogen content, (v) light, (vi) salinity, and (vii) gra-
dient of slope (in degrees). Values of variables i-vi were
estimated using plant-species data from plots around each trap
(circle, 1 m diameter). The dataset contained 201 plant species in
total. The variables were obtained using ordinal plant indicator
values (Ellenberg et al., 1992) that describe the ecological
requirements of Central European vascular plants and correlate
well with measured values (Schaffers & Sykora, 2000). We used
values given by Borhidi (1995) for the Hungarian flora, summar-
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Table 1. Number of captures (n) and conservation status (CS) of
beetle species sampled using pitfall traps on the Pouzdrany steppe
and its vicinity, Czech Republic between March and November
2006.

Beetle species n CS*

Darkling beetle (Tenebrionidae)

Blaps lethifera (Marsham, 1802) 105
Ground-beetles (Carabidae)

Broscus cephalotes (Linnaeus, 1758) 5

Calosoma auropunctatum (Herbst, 1784) 5 VU

Calosoma inquisitor (Linnaeus, 1758) 8

Carabus coriaceus (Linnaeus, 1758) 235

Carabus hortensis (Linnaeus, 1758) 21

Carabus hungaricus (Fabricius, 1792) 3896 vu

Carabus nemoralis (O. F. Miiller, 1764) 62

Carabus ullrichi (Germar, 1824) 1340
Longhorn beetles (Cerambycidae)

Dorcadion fulvum (Scopoli, 1763) 25 D

Dorcadion pedestre (Poda, 1761) 25 D
Oil beetles (Meloidae)

Meloe decorus (Brandt et Erichson, 1832) 45

Meloe proscarabaeus (Linnaeus, 1758) 61 EN

Meloe scabriusculus (Brandt et Erichson, 1832) 16 NT

Meloe uralensis (Pallas, 1777) 60 CR

Meloe violaceus (Marsham, 1802) 5 vu

*Status follows Farkac er al. (2005) (CR, critically endangered;
EN, endangered; VU, vulnerable; NT, nearly threatened) or spe-
cies considered to be declining (D, cf. Slama, 1998).

ised by Horvath et al. (1995). The values are relative, ranging
from 1 to 9 for all variables except for humidity (1-12) and
salinity (0-9). The higher the Borhidi value, the higher the level
of a given characteristic; the values for dry-grassland types of the
region, including the study site, are given in Dubravkova et al.
(2010). The value of each abiotic variable for each trap was cal-
culated as an arithmetic mean of indicator values of all plant spe-
cies recorded from a plot as recommended by Kifer and Witte
(2004).

Analyses

In all analyses, traps represented samples characterised by
captures of sampled beetle species, surrounding vegetation, and
abiotic factors.

The effect of habitat on C. hungaricus captures (log.-trans-
formed) was investigated using one-way aNova, followed by Tu-
key’s HSD test for unequal N.

The effect of vegetation on C. hungaricus captures was investi-
gated using Generalised Linear Models (GLM). To establish
spatial scale of the vegetation variables with the highest effect on
C. hungaricus captures, full models (quasipoisson distribution of
residual variability, log link function, explanatory variables log.-
transformed) were separately fitted for the vegetation variables
on the three spatial scales (0.5 m, 2.5 m, 5 m). Only the vegeta-
tion variables (i-v), (x), and (xii—xviii), estimated for all the three
spatial scales, were used as explanatory variables. The models

were compared using the model deviance information (=
explained variability) and Mallows’ Cp statistic. After selecting
the spatial scale with the best explanatory power, all the vegeta-
tion variables estimated for that scale entered further analyses.
Their independent (marginal) effects on C. hungaricus captures
were assessed using F-test. The effects of the vegetation variables
on C. hungaricus captures were illustrated using a constrained
linear ordination method, the redundancy analysis (RDA). The
vegetation variables affecting C. hungaricus captures according
to the above regression analyses were then used as response vari-
ables whilst the number of C. hungaricus captures acted as an
explanatory variable (i.e., the vegetation variables were used as
species data, number of C. hungaricus captures as an environ-
mental variable). Variable mown, used as supplementary vari-
able, did not enter the analysis, but was depicted to illustrate
vegetation targeted by management. All variables were log.-
transformed. Scaling focused on inter-species correlations, spe-
cies scores were divided by standard deviations and species data
were centred. Samples were neither centred nor standardised.

Independent effects of the abiotic variables on C. hungaricus
captures were investigated using F-test (GLM, quasipoisson dis-
tribution of residual variability, log link function). Traps from
closed-canopy forest interior and edge were omitted in all these
analyses since these habitats are inappropriate for C. hungaricus
as detected by the foregoing analyses.

Differences in habitat use as to the abiotic factors between
sexes of C. hungaricus were ascertained using F-test (GLM,
quasibinomial distribution of residual variability, logit link func-
tion). Relative number of females weighted by total number of
captures acted as a dependent variable with abiotic variables as
explanatory variables in separate analyses. To test the hypothe-
ses that female habitat preferences do not differ during and out-
side the breeding period, the analyses were rerun separately with
data from the whole season of activity except for the breeding
period (March 26th-August 8th, 2006) and from the breeding
period itself (August 9th—November 6th, 2006).

Distribution of all sampled beetle species in relation to each
other was investigated using an unconstrained linear ordination,
the principal component analysis (PCA). Captures of each spe-
cies were square-root transformed. Scaling focused on inter-spe-
cies correlations, species scores were divided by standard
deviations and species data were centred. Samples were neither
centred nor standardised.

Since independent effects of a high number of variables were
investigated in GLM, significance level adjustment using Bonfer-
roni correction was used. P-values between 0.05 and the
adjusted value were considered marginally significant. Analyses
were carried out using R 2.7.2 (Maindonald & Braun, 2003),
Canoco for Windows 4.5 (Leps & émilauer, 2003), and Statistica
8.0 StatSoft, Inc., (Hill & Lewicki, 2006).

Results

In total, 3896 captures of C. hungaricus (1792 male and 2100
female captures, sex not assessed in four cases) and 2018 cap-
tures of the 15 other beetle species were recorded (see Table 1).
The mean number of C. hungaricus captures per trap was 20.9
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Fig. 2. Captures of Carabus hungaricus per trap in various habi-
tats on the Pouzdrany steppe and its vicinity, Czech Republic,
during 226 sampling days between March and November 2006.
Letters indicate differences among habitats in number of C. hun-
garicus captures at pitfall traps placed in respective habitat
(P < 0.01; Tukey Unequal N HSD test; data log.-transformed).

(SD: 22.8) from a total sampling effort of 42 036 trap-days
(number of traps times number of sampling days). In a given
habitat, mean number of C. hungaricus captures per trap and
sampling effort (in trap-days) was as follows: arable fields
(mean: 9.7; SD: 15.1; 1 582 trap-days), fallows (45.1; 43.7; 2
260), shortgrass steppe (11.6; 7.7; 4 294), tallgrass steppe and for-

Table 2. Effect of vegetation on captures
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est steppe (23.6; 22.1; 27 798), shrubby vegetation on the steppe
(15.2; 12.1; 3 616), forest edge (2.3; 1.3; 904), and forest interior
(0; 0; 1582). Habitat type had a strong effect on number of
C. hungaricus captures (Fg, 170 = 16.93; P < 1071 see Fig. 2
for details).

From the three spatial scales investigated, vegetation charac-
teristics on the 2.5 m scale exhibited the strongest explanatory
power on number of C. hungaricus captures (Model deviance
MD = 1935.5; Mallows’ Cp = 1921.5; d.f. = 13, 172; null
model: Cp = 3576.5;d.f. = 185), while explanatory powers on
0.5m (MD = 1831.4; Cp = 2025.5; d.f. = 13, 172) and 5 m
scales (MD = 1794.5; Cp = 2062.5; d.f. = 13, 172) were
weaker. At the 2.5 m scale, the number of C. hungaricus captures
was positively affected by covers of herbs and grasses, tall grass,
tall dicots, litter, and wood small-reed. Short dicots, closed for-
est, and feather grasses exhibited negative effects. The positive
effects of total vegetation, broad-leaved herbs, and non-tussock
grasses and the negative effect of solitary woody plants on num-
ber of C. hungaricus captures were marginally significant
(Table 2; Fig. 3). Among the abiotic habitat characteristics,
humidity and soil nitrogen affected number of C. hungaricus
captures positively, while temperature, pH, light, and inclination
had negative effects; salinity had no effect (Table 3). Humidity
was strongly correlated with all other abiotic variables (separate
rank correlations: temperature r, = —0.70; P < 107% pH
ry = =0.71; P < 107 soil nitrogen r, = 0.86; P < 107 light
re = =0.58; P < 107 inclination r, = =0.35; P < 107,
except for salinity (r;, = —0.06; P = 0.4).

Compared to males, C. hungaricus females preferred warmer,
drier sites with more alkaline soil reaction and lower soil nitro-
gen content, and their proportion increased with inclination.
The habitat selection between sexes differed only after start of

of Carabus hungaricus at pitfall traps on Regression Residual ~ Model

the Pouzdrany steppe and its vicinity, Model coefficient b d.f. deviance  deviance F P

Czech Republic. Independent .effects of Null 185 3555.0

the percent cover of vegetation types o) vegetation 0.79 1,184  3387.0 168.0 713 *

in trap surroundings (within circle of = Herbs and grasses 1.01 1,184 29466  608.4 2778 wewes

2.5 m radius) on number of C. hungaricus  Broad-leaved herbs 0.30 1, 184  3400.5 154.4 642  *

captures, as  returned by  F-test Short grass -0.03 1,184  3549.5 5.5 022 NS

(Generalised Linear Models, quasipoisson  Tall grass 0.53 1, 184  3023.7 531.3 23.92 kA

distribution of residual variability, log link ~ Short dicots -0.31 1,184 32817 273.3 1235 **

function, explanatory variables log.-  Tall dicots 0.28 1,184 32828 272.1 1238 *xx

transformed, n = 186). Tussock grasses —-0.09 1,184  3511.6 43.4 1.78 NS
Non-tussock grasses 0.16 1, 184  3416.5 138.5 542 %
Litter 1.78 1,184 30434 511.6 2513 ek
Closed forest -0.78 1, 184 3157.9 397.0 17.72 oAk
Solitary woody plants —-0.18 1,184 34124 142.6 5.97 *
Short shrubs 0.08 1, 184 3515.5 39.5 1.56 NS
Arable land —-0.20 1,184  3478.6 76.3 3.12 NS
Stipa spp. -0.22 1, 184 3277.2 277.8 13.74 ok
Glycyrrhiza glabra -0.35 1, 184  3470.9 84.1 3.51 NS
Calamagrostis epigejos 0.24 1, 184 31555 399.5 19.01 ok

P values after Bonferroni correction for 24 vegetation and abiotic variables: NS: P > 0.05;
0.05 > *P > 0.0021; 0.0021 > **P > 0.001; ***P < 0.001; ****P < 0.0001;

REEEP < 0.00001.
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Fig. 3. Effect of vegetation on captures of Carabus hungaricus
at pitfall traps on the Pouzdrany steppe and its vicinity,
Czech Republic. Illustrated using constrained ordination (redun-
dancy analysis, Ist and 2nd ordination axes) and vegetation
characteristics of trap surroundings within a circle of 2.5 m
radius. Depicted variables affected C. hungaricus captures as
returned by F-test, Generalised Linear Models (see Table 2).
For the purpose of this illustration, the number of C. hungari-
cus captures at traps (grey arrow) acted as an explanatory vari-
able, vegetation (black arrows) as response variables, and
variable mown (blank arrow) as a supplementary variable.
Canonical ordination axis accounted for 10.3% of the total
variability (eigenvalue = 0.103; F=21.19; P < 0.001).
0.05 > *P > 0.0021; 0.0021 > **P > 0.001; ***P < 0.001;
wREP < 0.0001; *HFEFFP < 0.00001.

the breeding period, but not during the rest of the season
(Table 4).

PCA separated woodland beetles from dwellers of non-
wooded habitats and C. hungaricus from all other grassland spe-
cies (Fig. 4). The first (horizontal) axis separated species of
non-wooded habitats from woodland dwellers, i.e., caterpillar
hunter Calosoma inquisitor and ground-beetles of genus Carabus
(except for C. hungaricus). The second (vertical) axis separated
Carabus hungaricus from other grassland dwellers, i.e., longhorn
beetles (Dorcadion spp.), caterpillar hunter Calosoma auropunct-

atum, oil beetles (Meloe spp.), and churchyard beetle Blaps lethif-
era. The first axis thus describes a gradient from grasslands to
woodland, whereas the second axis represents a gradient of
moisture or herb cover.

Discussion
Habitat preferences of Carabus hungaricus

Although a steppic grassland specialist, C. hungaricus prefers
taller-vegetation patches with litter. It is most common in rela-
tively humid parts of the steppe as well as in patches of taller
vegetation at steppe margins, including fallows, field edges, and
slopes of vineyard terraces. Thus, contrary to many species pre-
ferring short grass or even bare soil, it requires temporarily
ungrazed/unmown, abandoned conditions. Both short-turf/-
bare-soil patches and any woody structures, including solitary
trees and shrubs, are avoided. Habitats of C. hungaricus thus
should be managed to promote more advanced successional
stages, with tall vegetation and accumulation of litter, but with-
out woody vegetation.

Carabus hungaricus strictly avoids closed forests. Even narrow
strips of closed woody vegetation likely form effective migration
barriers. Invasion of woody plants into grasslands thus increases
the extinction risk of C. hungaricus not only via direct habitat
loss, but also due to population fragmentation. This is a serious
concern in many C. hungaricus localities, where woody plants
expand following management cessation. Records of C. hungari-
cus that appear to be from forests (Romania: Lie, 1995; Serbia:
Pavicevi¢ & Mesaros, 1997) contradict our findings and proba-
bly represent sampling artefacts (S. Bérces, pers. comm.).

The vegetation and abiotic variables revealed an identical pat-
tern of preference for relatively humid conditions within steppes.
The abiotic characteristics within the site are interconnected and
affected by topography and vegetation. Thicker vegetation and
litter (occurring mostly on flat sites and in depressions) slows
evaporation, lowers solar radiation, and contributes to higher
nutrient content. Such sites then host fewer xerophilous plants,
which in turn promote lower temperature. The soil reaction is a
marginal factor for ground-beetles (Thiele, 1977), and C. hungar-
icus inhabits localities with both acidic and basic reaction (Bérces
et al., 2008). We therefore infer that moisture is the key factor

Table 3. Effect of abiotic characteristics on

Regression Residual Model captures of Carabus hungaricus at pitfall
Model coefficient b d.f. deviance deviance F P traps on the Pouzdrany steppe and its
Null 174 31372 vicinity, Czech Republic. Independent
Temperature 137 1,173 24477 69.4 46.10 sxsss  cffects of the abiotic characteristics of trap
Humidity 0.61 1,173 2801.6 335.6 18.08 sk surroundings (circle of 1 m diameter) on
Soil reaction -0.73 1,173 2853.5 283.6 14.55 ks number of C. hungaricus captures, as
Soil nitrogen content 0.26 1,173 2939.5 197.7 9.81 ik returned by F-test (Generalised Linear
Light -0.87 1,173 2891.3 245.8 12.65 o Models, quasipoisson distribution of
Salinity 0.06 1,173 3136.9 0.3 0.01 NS residual variability, log link function). Traps
Degree of slope —-0.03 1,173 2913.5 223.7 11.03 o from closed-canopy forest interior and edge

P values after Bonferroni correction for 24 vegetation and abiotic variables: NS: P > 0.05;
0.05 > *P > 0.0021; 0.0021 > **P > 0.001; ***P < 0.001; ****P < 0.0001;

FEEEEP < 0.00001.

were omitted (n = 175).

© 2011 The Authors
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Table 4. Sex-based differences in habitat
use of Carabus hungaricus on the Pouzdrany
steppe and its vicinity, Czech Republic.
Independent effects of abiotic characteristics
of trap surroundings (circle of 1 m diameter)
on C. hungaricus female captures as a
proportion of all C. hungaricus captures, as
returned by F-test (Generalised Linear
Models, quasibinomial
residual variability, logit link function,
n = 176). Three datasets of captures were
used in separate analyses: (i) whole sampling
period, (ii) before the start of breeding
period, and (iii) from the start of breeding
period onwards.

distribution  of

Importance of marginal grasslands 33

Regression Residual ~ Model
Model coefficient b d.f. deviance  deviance F P
Whole sampling period
Null 175 295.0
Temperature 0.34 1,174 2833 11.7 7.81 **
Humidity -0.32 1,174 2715 23.5 16.41  xxk*
Soil reaction 0.37 1,174  277.0 17.9 1230  ***
Soil nitrogen content -0.18 1, 174 271.3 23.7 16.60 Hk
Light 0.21 1,174 292.0 3.0 195 NS
Salinity 0.21 1,174 2943 0.7 046 NS
Degree of slope 0.02 1,174  276.7 18.2 12.53  ***
Before breeding
Null 131 159.9
Temperature 0.26 1, 130 158.7 1.2 1.17 NS
Humidity -0.12 1,130 1594 0.5 0.53 NS
Soil reaction 0.21 1, 130 159.1 0.8 0.81 NS
Soil nitrogen content ~ —0.14 1,130 1583 1.6 1.61 NS
Light 0.14 1,130  159.6 0.3 0.26 NS
Salinity —-0.14 1,130  159.8 0.1 0.06 NS
Degree of slope 0.01 1, 130 158.5 1.4 1.40 NS
Breeding period
Null 173 3049
Temperature 0.36 1,172 2938 11.1 7.17 *
Humidity -0.34 1,172 2834 21.5 14.43
Soil reaction 0.38 1,172 2894 15.5 10.16  **
Soil nitrogen content ~ —0.17 1,172 287.1 17.8 11.80  ***
Light 0.25 1,172 301.6 3.3 2.09 NS
Salinity 0.27 1,172 304.0 0.9 0.58 NS
Degree of slope 0.02 1,172 283.7 21.2 14.20 HHE

P values after Bonferroni correction for seven abiotic variables: NS: P > 0.05;
0.05 > *P > 0.0071; 0.0071 > **P > 0.001; ***P < 0.001; ****P < 0.0001.

o
-
Carabus hungaricus
Carabus ullrichi
C. coriaceus
C. nemoralis
. inquisitor
arabus hoﬂegsis
Meloe decorus
Blaps lethifera J
Dorcadion fulvum Dorcadion pedestre
< Meloe uralensis Calosoma auropunctatum
o
|

-0.8

1.0

Fig. 4. Principal component analysis ordination comparing habi-
tat preferences of beetles sampled by pitfall traps on the Pouzdr-
any steppe and its vicinity, Czech Republic. The first axis
accounted for 54% and first two axes for 84% of the total vari-
ability (eigenvalues of first to fourth axes: 0.540; 0.299; 0.036;
0.027). Beetles with minimum fit = 2 are depicted. A clear sepa-
ration of grassland and woodland species (horizontal axis), and
Carabus hungaricus from all other grassland species (vertical axis)

is apparent.

© 2011 The Authors

affecting local C. hungaricus distribution. Soil nutrient content
indicating dense vegetation is also notable.

Habitat requirements of C. hungaricus differ from those of
co-occurring large carabids. Ground-beetles of genus Carabus
and the caterpillar hunter Calosoma inquisitor are associated
mainly with woody vegetation, Broscus cephalotes with bare soil,
and Calosoma auropunctatum with field/steppe (Hutrka, 1996).
Carabus hungaricus apparently reaches high abundances at the
study site, and likely lacks any closely related food competitors.

The preferences of C. hungaricus adults for overgrown
steppic vegetation seemingly do not correspond with its over-
all distribution pattern. While its preferred habitats are rela-
tively common, this originally rather widespread species is
now surviving only on some of the largest, best preserved,
and most heterogenous remnants of Pannonian steppes in the
region. The area of habitat is likely to be an important factor
for long-term survival of this large, flightless beetle (but see
Matern et al., 2008). Habitat requirements may also be
affected by factors not covered by our study, such as larval
habitat selection or diet (see below).

As C. hungaricus prefers taller-grass patches, the pattern of its
distribution under traditional farming warrants explanation.
Sites such as Pouzdrany steppe were originally used as grazing
commons and thus were unlikely to offer suitable conditions.
Instead, such conditions were likely found at field margins, fal-
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lows and even mesic steppes, which used to alternate with arable
lands even in the intensively farmed lowland region. As this
network succumbed to intensification, species of marginal farm-
land biotopes retreated to formerly grazed and gradually over-
growing protected grasslands (cf. Fartmann, 2006).

Sex-based differences in habitat preferences

Females of C. hungaricus prefer warmer and drier sites than
males during the breeding period. The sex-dependent differences
in habitat use of ground-beetles are usually attributed to oviposi-
tion-site selection, as female habitat preferences change after
copulation in some species (Thiele, 1977; Huk & Kiihne, 1999).
Limited mobility of preimaginal stages forces females to oviposit
in habitat suitable for their offspring (Lovei & Sunderland,
1996). This explanation likely holds true also for C. hungaricus.
Its larvae are active in cold and wet period of the year (Bérces
et al.,2007; Pokluda et al., 2007) when temperature, rather than
humidity, is the limiting factor. They thus may prefer drier/war-
mer parts of the steppe than summer-active, humidity-limited
adults. The observed pattern can also be related to the larval
need to escape predation by adults, or to unequal distribution of
food supply (e.g., Kagawa & Maeto, 2009). The differences in
habitat selection by adult sexes, and probably also by preimagin-
al stages, may broaden the range of habitats needed for survival
of local populations (cf. Kagawa & Maeto, 2009), and this war-
rants further investigation.

Contrasting needs of grassland dwellers

A majority of the sampled grassland/steppe beetle species are
threatened or declining (Table 1), but their habitat use differs
from that of C. hungaricus. Although not yet studied in detail,
our results indicate that these species avoid overgrown tall-grass
steppe, preferring other vegetation phases instead: patches with
short-turf, as in the cases of Dorcadion fulvum and D. pedestre,
or patches of bare soil on paths, near burrows, on molehills,
among tussocks, and within shortgrass vegetation, as in the cases
of Blaps lethifera, Meloe decorus or M. uralensis.

These contrasting requirements highlight the necessity of spa-
tially and temporarily diversified site management, which would
support both species of short-turf and tall-grass. It has been
repeatedly demonstrated that insects inhabiting apparently uni-
form habitat, such as dry grasslands, may differ in finer-level
habitat requirements, which makes managing isolated insular
remnants of rare habitats particularly challenging (Balmer &
Erhardt, 2000; Bourn & Thomas, 2002; WallisDeVries et al.,
2002).

Management recommendations

Overgrown, tall-grass with thick litter, and eutrophic steppe
habitats are generally considered of lower conservation value
than appropriately managed short-sward steppes (e.g., Stefane-
scu et al., 2009). Conservationists hence either strive to restore

shorter-sward conditions or leave such sites to succession when
resources for management are insufficient. The case of C. hun-
garicus demonstrates that even such habitats host their share of
highly endangered grassland biodiversity.

On the other hand, C. hungaricus is not the only species whose
needs have to be accommodated by the site management. Most
lowland grasslands in intensively farmed Central Europe exist as
islands within inhospitable landscapes, thus hosting isolated
invertebrate populations, which cannot be replenished in case of
local extinction (Wenzel et al., 2006). As with all species-rich
grassland reserves (Morris, 2000), sites with C. hungaricus must
be managed to support diverse arrays of species with differing
requirements for vegetation height, humidity, presence or
absence of bare soil, and other factors. To preserve the diverse
conditions, sites must be managed in a patchy manner, with
alternating areas in various successional stages (Balmer &
Erhardt, 2000; Kruess & Tscharntke, 2002; WallisDeVries et al.,
2002; Poyry et al., 2004). For the study site, we recommend tem-
porarily varying rotational grazing accompanied by mowing.
Sizeable proportions of the locality should be left unmanaged
for 5-10 years, to allow for regeneration of tall-grass conditions
with accumulation of litter, but to prevent succession towards
scrub. Invasive woody species should be removed without excep-
tion, with indigenous species removed selectively, leaving solitary
individuals or small groups untouched.

The ability of C. hungaricus to occupy fallows, and to cross
hundreds of metres of unfavoured non-forest habitats (e.g., ara-
ble land; P. Pokluda, D. Hauck & L. Cizek, unpubl. data), offer
a chance to return the species to the wider environs of current
localities within an intensively used agricultural landscape. Such
a return requires restoring a system of small steppe enclaves,
grassland strips, and fallow patches. It would sustain long-term
survival of C. hungaricus, increase biodiversity in arable systems
and support species of economic value, e.g., pollinators and
game (Balmer & Erhardt, 2000; Thomas et al., 2001; Biackman
& Tiainen, 2002; Noordijk et al., 2009).
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