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The distribution of ground beetle assemblages along an elevation gradient in the Bieszczady
National Park (East Carpathians) was investigated. A principal component analysis of the
spatial patterns of ground beetle assemblages clearly differentiated groups of species from
various elevation zones. Forward selection of explanatory variables in redundancy analysis
also indicated that the majority of the variation of species can be described by elevation and
presence of vegetation zones (beech wood and alpine meadow). The close relationship between
the empirical species richness and those predicted from a mid-domain effect proved the fit to
the geometric null model, explaining 73% of the species variance.
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INTRODUCTION
The potential influence of climate changes on
terrestrial ecosystems has been recently taken
into consideration by scientists (Walker & Steffen
1999). Temperature and precipitation have been
shown to relate directly to soil organic matter
content (Dai & Huang 2006), so this parameter is

regarded as a good indicator of warming trends
(Franz 1990). The dynamic of the soil carbon
storage depends on the intensity of carbon input
to soil by net primary production and carbon flow
out by soil organic matter decomposition. A good
model system reflecting the outcome of multiple
interacting environmental factors combined in
one local system, where the temperature and
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precipitation decrease simultaneously, is the
elevation gradient (Gartenet al. 1999, Körner
2000).
Together with climatic changes, elevation
diversity patterns can be distinguished (Lawton
1999, Whittacker et al. 2001). In one group of
studies, the species richness declines along the
elevational gradient (MacArthur 1972, Lawton
et al. 1987, Stevens 1992, Rahbek 2005). However,
hump-shaped distributions with the species
richness peak at mid-elevations are pointed out
as more common (Colwell & Less 2000, Zapata et
al. 2003).

populated (no more than 2 people per sq km)
with very well developed climatic zones.
Moreover, in this region many endemic and relict
species are concentrated (Rizun & Pawłowski
1998).
The aim of the presented study is to test
community responses to habitat heterogeneity
in a mountain landscape. We will try to extract
environmental factors accounting for the
distribution of particular species as well as
community structure indices.

MATERIAL AND METHODS
There are many mechanism responsible for such
a distribution (for reviews see McCoy, 1990;
Rahbek 1995, 2005, Sanders 2002), but climate
and productivity (Grytnes 2003, Wang et al.
2009), area (Rahbek 1995, Sanders 2002, Bachman
et al. 2004, Herzog et al. 2005) and geometric
constraints (Sanders 2002, Bachman et al. 2004,)
are the most important.
Hodkinson & Jackson (2005) suggested that
terrestrial invertebrates are good tools for
monitoring environmental changes in mountain
ecosystems. Among them ground beetles play a
very important role (Hodkinson 2005). They are
usually regarded as bioindicators of broad scale
of environmental changes (Rainio & Niemela
2003) and important elements of terrestrial
ecosystems (Thiele 1977). There is however still
literature concerning the altitudinal gradients of
ground beetle diversity patterns. Climatic
variables and altitude appear to be poor
predictors of carabid distribution (Eyre et al.
2005). In alpine zones, species richness poorly
described the deglaciated areas and the species
composition depended indirectly on the age of
the habitat (Gobbi et al. 2007).
However, first of all we must answer the question
which factors and how they determinate ground
beetle distribution under natural conditions. A
good example of such an investigation may be
the carabid assemblages occurring in the
Bieszczady Mts (East Carpathians). This territory
in the middle of Central Europe is very sparsely
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Eight localities, differing in soil and vegetation
properties were selected (table 1) along a transect
between Mt Wielka Rawka and Mt Połonina
Caryńska in the Bieszczadzki National Park
(South-Eastern Poland) (fig. 1). The investigated
transect lies within two climatic belts: the moderately cool one with the MAT between +6 oC and
+ 4 oC and the cool belt with the MAT from + 4 oC
to + 2 oC (Hess 1965). The vegetation of the area
also shows vertical variability connected with
the climatic belts, though in many places its natural character has been significantly disturbed by
human activity. To an altitude of 1150-1200 m a.s.l.
grow lower mountain beech forests Dentario
glandulosae-Fagetum and Luzulo nemorosaeFagetum, above which the characteristic low
shrubs of green alder (Alnus viridis) occur.
Above, to an altitude of 1200-1220 m a.s.l., extend high-mountain meadows (połoninas) dominated by grass communities of Calamagrostion
and blueberry communities of Vaccinietum
myrtylli gentianetosum. In certain places, due to
long-term human activity, (e.g. around
Wyżniański Wierch) the former lower montane
forest was transformed into arable land, now being a pastureland (Campanulo serrataeAgrostietum capillaris).
Soil properties (Table 1) were analyzed using
common pedological methods. pH (in 1 M KCl)
was determined on air-dried samples of fine earth
using a soil/solution ratio of 1 : 2.5. The concentration of organic carbon (%C) was determined
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Ectohumus class

Altitude m a.s.l.

Exposure

Gradient of
exposure

Slope (o)

pH (H2O) in A

pH (KCl) in A

C/N in horizon A

% C org in horizon
A

Decomposition rate

2

2

1300

(N)

1

0

3,8

3,2

14

8,93

29,95

Epileptic Folic Cambisol Vaccinietum myrtylli
(Alumic, Humic, Skeletic) gentianetosum

3

3

1300

(N)

1

0

3,9

3,4

n.a.

4,4

32,43

3

Endoleptic Cambisol
(Humic, Orthodystric,
Skeletic)

Luzulo nemorosaeFagetum vaccinietosum

4

1

930

(N)

1

5

3,6

2,9

15

17,9

21,78

4

Endoleptic Cambisol
(Humic, Epidystric,
Skeletic)

Campanulo serrataeAgrostietum capillaris

1

2

910

(E)

2

5

4,7

3,9

11

2,64

91,77

5

Umbric Gleysol (Humic,
Orthoeutric)

Dentario glandulosaeFagetum allietosum

4

1

1025

(S)

3

15

4,8

3,9

5

3,5

92,93

6

Endoleptic Cambisol
Dentario glandulosae(Alumic, Humic, Skeletic) Fagetum typicum

4

1

1050

(S)

3

30

4,0

3,3

10

4,3

26,46

7

Endoleptic Cambisol
Calamagrostion with
(Alumic, Humic, Skeletic) Calamagrostis villosa

2

2

1230

(S)

3

35

3,9

3,5

10

6,66

58,8

8

Umbric Leptosol (Humic, Vaccinietum myrtylli
Hyperdystric)
gentianetosum

3

3

1250

(S)

3

10

4,2

3,8

9

7,93

30,6

Locality

Succession stage

Table 1. Habitat characteristics of the investigated localities

Soil unit

1

Endoleptic Cambisol
(Humic, Orthodystric,
Skeletic)

2

Vegetation

Calamagrostion with
Calamagrostis villosa

using rapid dichromate oxidation techniques.
Nitrogen determinations from samples were made
using the Kjeldahl method (Bremner 1996). The
measurements of the annual rate of cellulose decomposition were conducted using the cellulose
filter method (Unger 1960 and Bieńkowski 1990).
Cellulose filters were inserted vertically into the
humus horizon at a depth of 0-8 cm. The measurements were conducted on cellulose filters (ø7
cm). The filters were boiled for 3 h in 2% KOH
solution and rinsed to pH 7.0, dried at 105 °C,
weighed and set on both sides of a glass plate in
a bag made of polyethylene net mesh ø1 mm.
After been taken out of the soil, the filters were
boiled for 3 h in 2% KOH solution, rinsed to pH
7.0, dried at 105 °C, and weighed. Then the amount
of ash was determined through combustion. The
amount of decomposed cellulose was calculated
from the difference between the net weight of
the filter before insertion into soil and the filter
net weight (ash considered) after the measurement (Drewnik 2006).

In the studied area, the soil cover (fig. 1) shows
characteristics typical of mountain areas (Skiba
et al. 1998), being controlled by bedrock as well
as the vertical diversity of climate and vegetation. At the investigated localities soil profiles
were exposed in pits and classified according to
the WRB (IUSS Working Group WRB 2006).
Sampling was carried out during the vegetation
season from May till September in 1999. Because
of non-harm effect of collection in protected areas, on each locality a minimum number of pitfall
traps (five cups, 10 cm deep, 6 cm diameter) filled
with ethylene glycol was established in one row
at regular 5 meter intervals (Thiele 1977). Pitfalls
were emptied monthly, and the collected beetles
were preserved in ethylene alcohol. On each locality six samples were taken.
Patterns in the distribution of ground beetle assemblages among the sites were analysed using
indirect ordination (principal component analysis). Subsequently, a redundancy analysis was
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performed to explain the pattern of variability of
ground beetle abundance in environmental gradients. Forward selection of explanatory variables in the RDA (ter Braak & Prentice, 1988) was
used to determine the relative importance of particular environmental parameters.

RESULTS
During the field studies a total of 1314 specimens of carabid beetles belonging to 21 species
were collected (table 2).
The Principal Component Analysis of the ground
beetle communities described 65% of the total
variance for the first two axes (Fig. 2). The first
factor of the PCA explained 36.5% of environmental variance. It clearly separates the assemblages along the altitude gradient, from those of
seminatural subalpine meadows (Loc_4),
beechwood assemblages (Loc_3, Loc_5, Loc_6)
towards assemblages above the timberline
(Loc_1, Loc_2, Loc_7, Loc_8). Close relationships between assemblages of particular habitat
type, even from opposite slopes of the valley,
indicate that its spatial distributions don’t affect
composition patterns. Habitat type is in that case
more influential. The second factor explained 29%
of variance, separating assemblages along a succession gradient from natural beechwood stands
towards open seminatural alpine meadows.

The multivariate analyses applied in the study
were performed with the software Canoco for
Windows Version 4.52 (ter Braak & Šmilauer,
2003).
The mid-domain effect (MDE) of empirical ground
beetle distribution along the elevation gradient
was compared with a null model generated in the
RangeModel 5.0 program (1000 simulations)
(Colwell 2006). A significant correlation between
these two sets of distributions of species richness will indicate a similarity in patterns.

Table 2. Ground beetle occurrences in the investigated gradient in the Bieszczady National Park.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
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Species/Locality
Abax parallelepipedus
Carabus linnei
Carabus auronitens
Carabus cancellatus
Carabus glabratus
Carabus obsoletus
Carabus violaceus
Cychrus caraboides
Cychrus attenuatus
Harpalus latus
Pseudoophonus rufipes
Molops piceus
Pterostichus fossulatus
Pterostichus foveolatus
Pterostichus jurinei
Pterostichus melanarius
Pterostichus burmeisteri
Pterostichus unctulatus
Amara lunicollis
Amara famelica
Trichotichnus laevicollis

Abbreviation
A_parall
C_linnei
C_auron
C_cancel
C_glab
C_obsole
C_violac
Cy_carab
Cy_atten
H_latus
Ps_rufi
Mol_pice
Pt_fossul
Pt_foveol
Pt_jurin
Pt_melan
Pt_burm
Pt_unctu
A_lunico
A_fameli
Tri_laev

1

2

X

X

X
X
X
X

X
X
X
X

3
X
X
X
X

4

X
X
X

X
X
X
X

5
X
X
X

6
X
X
X

X
X
X
X

X
X
X
X

7

8

X

X

X
X
X
X
X

X
X
X
X

X

X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X

X
X

X
X
X
X
X

X
X
X

X
X
X

X

X
X

X

X

X
X
X

Total
14
119
47
2
22
147
43
37
1
5
1
10
183
522
52
2
6
58
36
1
6
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Fig. 1. Location, land use structure and transect line of study area in the Bieszczadzki
National Park (Source: based on Skiba et al. 1998, Drewnik et al. 1999).
A redundancy analysis was subsequently used
to determine the explanation of variation in the
species distribution and environmental variables
(Fig. 3). While all the variables characterising
habitat conditions along the elevation gradient
were considered in the analysis, the statistical
procedure eliminated the former as having no
significant influence on the observed variation

of dependent variables. Forward selection of explanatory variables in the RDA identified three
environmental factors that were significant in
explaining a portion of the variation in species
data. Namely, altitude (λ = 0.29), succession stage
(λ = 0.27) and gradient of exposure (λ= 0.15), in
consecutive three steps explained significantly
72% of species variance. The first ordination axis
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Fig. 2. Data attribute plot of ground beetle assemblages in respect to elevation ordinated by principal
component analysis

Fig. 3. Biplot of redundancy analysis with forward selection of explanatory variables , indicating the
distribution of particular species along significant environmental factors (abbreviations of species
names as in table 2)
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Fig. 4. Relationship between species richness, the mid-domain effect and elevation. Open
circle and solid line show the number of species located in the domain, open squares and
broken line show the expected number of species by the mid-domain effect.

Fig. 5. Relationship between species richness predicted from mid-domain effect and actual species
richness
explained 44.1% of variance of species-environment relationship, meanwhile the second one
36.1%. Altitude correlated significantly with the
first axis (r = -0.77), and succession stage, reflecting woody habitats correlated with the second one (r = 0.78). Three groups of species could

be distinguished (Fig. 3). The first one consisted
of species from the highest elevations, mostly
east carpathian endemits (Carabus obsoletus,
Pterostichus jurinei), the second consisted
mostly of woodland species from genus Carabus
and Pterostichus with broader geographic dis-
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tribution, the third one consisted of three species preferring open seminatural conditions (Pt.
melanarius, Pseudoophonus rufipes and
Carabus cancelatus). Surprisingly there wasn’t
any soil parameter which could significantly describe the ground beetle distribution.
The altitudinal gradient of species richness is
typically hump-like. The interpolated line of empirical species richness distribution showed the
maximum at mid-domain level (solid line) and explained 71% of species distribution variance (Fig.
4). The predicted species richness under the assumption of random range placement (mid-domain effect) showed a similar pattern of distribution (broken line). The close relationship between
the empirical species richness and those predicted from a mid-domain effect proved the fit to
the geometric null model, explaining 73% of the
variance (Fig. 5).

DISCUSSION
The spatial pattern of species richness along an
elevation gradient has long been known and is
typical for many terrestrial taxa (Stevens 1992,
Mc Coy 1990, Rahbek 1995, Fleishmann et al.
2000, Stevens 1992, Brehm et al. 2006, Colwell et
al. 2009). Most frequent is a tendency for species richness to reach the maximum at mid-elevation (Colwell, Less 2000, Rahbek 2005). In the
present study , a similar pattern of ground beetle
distribution is visible (Fig. 4). The mid-domain
effect is deffined as an increasing species ranges
overlap towards the center of an elevation domain. Each domain has limits which can be
physiographical or biological. In the present
study the biological limits of two climatic belts
reflecting a tree line zonation can be distinguished. These zones reflect quaternary glacialinterglacial cycles and dynamic of various biomes
migration to this territory (Ralska-Jasiewiczowa
et al. 206). The pollen analyses from
theBieszczady Mts, show the phases of meadows created one group of assemblages. If the
distribution of ground beetles will be gradual with
decline of some species towards the top, we will
have two patterns of elevations from different
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slopes. This thesis is also supported by forward
selection of redundancy analysis (Fig. 3). The
significant influence of altitude and succession
stage, which reflects climatic changes from colder
towards warmer climate and colonization by
beech wood, explains the presence of different
species groups. The species which are positively
correlated with altitude (e.g. Carabus obsoletus
or Pterostichus jurinei) are mostly endemic for
alpine meadows located above the timber line
(Rizun & Pawłowski 1998). They are relics of
former colder climates which were pushed up by
new colonizers from warmer periods (e.g. typical
forest species as Carabus linnei or Carabus
auronitens). If the amplitude of climatic changes
will be higher, the forest species will colonize also
the tops of the ridges.
The importance of the amplitude of climatic oscillations was emphasized by Dynesius & Janson
(2000). They indicated that the amplitude of climatic changes, which depends also on latitude,
is a main force of latitudinal gradients of diversity. The areas of higher amplitude have a higher
rate of extinctions and more recent colonizers,
however lower variation in the amplitude of climatic changes causes higher numbers of rangerestricted endemic species (Jansson 2003). We
also may expect that, if the climate will change
and the temperature will increase, the forest line
will also increase and entirely cover the summits.
It will cause the extinction of alpine species preferring open habitats.
Recent stochastic models for species range shifts
along elevation gradients are linked with climatic
cycles and various rates of extinctions (Colwell
& Rangel 2010). Mountain top extinctions during interglacials and lowland extinctions at glacial maxima favor mid-elevation lineages and the
mid-domain effects becomes more realistic.

REFERENCES
Bachman S., Backer W.J., Brummitt N., Dransfield
J., Moad J. 2004. Elevational gradients, area
and tropical island diversity: an example from
the palms of New Guinea. Ecography 27: 299310.

Soil and habitat preferences of ground beetles (Coleoptera, Carabidae) in natural mountain landscape

Bieńkowski P. 1990. Cellulose decomposition as
bioenergetic indicator of soil degradation.
Pol. Ecol. Stud. 16: 235– 244.
Björkman L., Feurdean A., Wohlfarth B. 2003. Lateglacial and Holocene forest dynamics at
Steregoiu in the Gutaiului Mountains, Northwest Romania. Rev. Palaeobot. Palynol. 124:
79–111.
Brady N.C., Weil R.R. 1999. The Nature and Properties of Soils, Prentice Hall Upper Saddle
River, New Jersey.
Brehm G., Colwell R.K., Kluge J. 2007. The role of
environment and mid-domain effect on moth
species richness along a tropical elevational
gradient. Global Ecology & Biogeography
16: 205-219.
Bremner, J.M., 1996. Nitrogen—total. In: Sparks
D.L., et al., (eds.): Method of Soil Analysis:
Part 3. Chemical Methods, (Number 5) in the
Soil Sci. Soc. of Am. Book Ser. Soil Science
Society of America, Inc., American Society
of Agronomy, Inc., Madison, Wisconsin,
USA, pp. 1085– 1121
Colwell R. K., Lees D.C. 2000. The mid-domain
effect: geometric constraints on the geography of species richness. Trends Ecol. Evol.
15: 70–76.
Colwell R.K. 2006. RangeModel. A Monte Carlo
simulation tool for assessing geometric constraints on species richness. Version 5. User’s Guide and application published at: http:/
/viceroy.eeb.uconn.edu/rangemodel.
Colwell R.K., Rangel T.F. 2010. A stochastic, evolutionary model for range shifts and richness on tropical elevational gradients under
Quaternary glacial cycles. Philosophical
Transactions of the Royal Society B 365:
3695-3707.
Colwell R.K., Gotelli N.J., Rahbek C., Entsminger
G.L., Farell C., Graves G.R. 2009. Peaks, plateaus, canyons, and craters: The complex
geometry of simple mid-domain effect mod-

els. Evolutionary Ecology Research 11: 355370.
Dai W.H., Huang Y. 2006. Relation of soil organic
matter concentration to climate and altitude
in zonal soils of China. Catena 65: 87–94.
Drewnik M. 2006. The effect of environmental
conditions on the decomposition rate of cellulose in mountain soils. Geoderma 132: 116130.
Dynesius M., Jansson R. 2000. Evolutionary consequences of changes in species’ geographical distributions driven by
Milankovitch climate oscillations. Proc Natl
Acad. Sci. U S A. 97: 9115-20.
Eyre M.D., Rushton S.P., Luff M.L., Telfer, M.G
2005. Investigating the relationships between the distribution of British ground beetle species (Coleoptera, Carabidae) and temperature, precipitation and altitude. Journal
of Biogeography 32: 973 – 983.
Fleishman E., Austin G.T., Weiss A.D. 1998. An
empirical test of Rapoport’s rule: elevational
gradients in montane butterfly communities.
Ecology 79: 2482–2493.
Franz, E.H., 1990. Potential influence of climatic
change on soil organic matter and tropical
agroforestry. In: Scharpenseel H.W.,
Schomaker M., Ayoub A. (eds.): Soils on a
Warmer Earth: Effects of Expected Climate
Change on Soil Processes, with Emphasis
on the Ttropics and Sub-Tropics, Developments in Soil Science, vol. 20. Elsevier, New
York, pp. 108–120.
Garten C.T., Post III W.M., Hanson P.J., Cooper
L.W., 1999. Forest carbon inventories and
dynamics along a elevation gradient in the
southern Appalachian Mountains. Biogeochemistry 45: 115–145.
Gobbi M., Rosario B., Water A., De Bernardi F.,
Pelfini M., Brandmayr P. 2007. Environmental features influencing Carabid beetle

113

Skalski T., Kędzior R., Maciejowski W., Kacprzak A.

(Coleoptera) assemblages along a recently
deglaciated area in the Alpine region. Ecological Entomology, 32: 682–689.
Grytnes J. A. 2003. Species–richness patterns of
vascular plants along seven altitudinal
transects in Norway. Ecography 26: 291–300.
Hess M. 1965. Vertical climatic zones in the Polish
Western Carpathians. ZN UJ. Prace
Geograficzne 33. (in Polish)
Hodkinson I. D. 2005. Terrestrial insects along
elevation gradients: species and community
responses to altitude. Biol. Rev. 80: 489–513.
Hodkinson I.D., Jackson J.K. 2005. Terrestrial and
aquatic invertebrates as bioindicators for
environmental monitoring, with particular
reference to mountain ecosystems. Environmental Management 35: 649–666.
IUSS Working Group WRB, 2006. World reference base for soil resources. World Soil Resources Reports No. 103. FAO, Rome.
Jansson R. 2003. Global patterns in endemism
explained by past climatic change. Proc Biol
Sci. 270: 583-590.
Jasiewicz A. 1965. The vascular plants of the
Western Bieszczady Mts. (East Carpathians)
(in Polish with English summary).
Monographiae Botanicae 20:1–338.
Keddy P. A. 1992. Assembly and response rules:
two goals for predictive community ecology.
Journal of Vegetation Science 3: 157–164.
Körner C. 2000. Why are there global gradients
in species richness? Mountains might hold
the answer. Trends Ecol. Evol. 15: 513-514.
Lawton J.H., MacGarvin M., Heads, P. A. 1987.
Effects of altitude on the abundance and
species richness of insect herbivores on
bracken. J. Anim. Ecol. 56: 147-160.,

114

Lawton J. H. 1999. Are there general laws in ecology? Oikos 84: 177-192.
MacArthur R.H. 1972. Geographical ecology.
Princeton University Press, Princeton, N.J.
McCoy E.D. 1990. The distribution of insects
along elevational gradients. Oikos 58: 313–
332.
Rahbek C. 1995. The elevational gradient of species richness – a uniform pattern. –
Ecography 18: 200–205.
Rahbek C. 2005. The role of spatial scale and the
perception of large-scale species–richness
patterns. Ecol. Lett. 8: 224–239.
Rainio J, Niemela J 2003. Ground beetles
(Coleoptera: Carabidae) as bioindicators.
Biodiversity and Conservation 12: 487–506.
Ralska-Jasiewiczowa M., Madeyska E.,
Mierzeńska M. 2006. Vegetational changes
in the montane grassland zone of the High
Bieszczady mountains (southeast Poland)
during the last millennium—pollen records
from deposits in hanging peat-bogs. Veget
Hist Archaeobot 15: 391–401.
Rizun W., Pawłowski J. 1998. Preliminary investigations on the ground-beetles (Coleoptera,
Carabidae) in the Czyvczyn Mts. (Ukrainian
Eastern Carpathians), Roczniki Bieszczadzkie
6: 185-194. (in Polish)
Sanders N.J. 2002. Elevational gradients in ant
species richness: area, geometry, and
Rapoport’s rule. Ecography 25: 25–32.
Skiba S., Drewnik M., Szmuc R. 1998. Soil map of
the Bieszczady National Park, In: Skiba S.,
Drewnik M., Prędki R., Szmuc R. (eds.): Soils
of the Bieszczady National Park, Monografie
Bieszczadzkie 2. (in Polish)
Stevens G.C. 1992. The elevational gradient in
altitudinal range—an extension of Rapoport

Soil and habitat preferences of ground beetles (Coleoptera, Carabidae) in natural mountain landscape

latitudinal rule to altitude. Am Nat 140:893–
911.
ter Braak C.J.F., Prentice I.C. 1988. A theory of
gradient analysis. Adv. Ecol. Res. 18: 271317.
ter Braak C.J.F., Šmilauer P. 1998. CANOCO Reference Manual and User’s Guide to Canoco
for Windows: Software for Canonical Community Ordination (vers. 4). Microcomputer
Power (Ithaca, NY USA).\
Thiele H.U. 1977. Carabid Beetles in Their Environments, Springer Verlag, Berlin.
Townsend C. R., Hildrew A. G. 1994. Species traits
in relation to a habitat templet for river systems. Freshwater Biology 31:265–275.
Unger H. 1960. Der Zellulosetest, eine Methode
zur Ermittlung der zellulolytischen Aktivita¨t
des Bodes in Freilandversuchen. Z.
Pflanzenernahr. Dung. Bodenk. 91: 44– 52.
Walker B., Steffen W., 1999. The nature of global
change. In: Walker B., Steffen W., Canadell

J.G., Ingram J. eds, International GeosphereBiosphere Programme Book Series, vol. 4.
Cambridge University Press, New York, pp.
1–18.
Wang X. P., Fang J., Sanders N.J., White P.S.,
Tang Z. 2009. Relative importance of climate
vs local factors in shaping the regional patterns of forest plant richness across northeast China. Ecography 32: 133–142.
Whittaker, R.J., Willis K.J., Field R. 2001. Scale
and species richness: towards a general, hierarchical theory of species diversity. J.
Biogeogr. 28: 453: 470.
Zapata F.A., Gaston K.J., Chown S.L. 2003.
Middomain models of species richness gradients: assumptions, methods, and evidence. Journal of Animal Ecology 72: 677–
690.

Received: 01.12.2011.
Accepted: 27.12.2011.

115

Welcome to amazing world of

Ground-Beetles
(Carabidae, Coleoptera)!

www.carabidae.pro

