
Introduction

Urbanization as a main form of anthropogenic activities

is an increasingly important force shaping the landscape by

creating patchworks of modified land types. Urbanization as-

sociated with changes in the temperature (Hawkins et al.

2004), pollution (Conti et al. 2004) and the area and the qual-

ity of natural habitat (Bolger et al. 2000, McIntyre et al. 2001,

Gibb and Hochuli 2002) results in a densely populated, built-

up, developed and often highly disturbed urban area (city

centre) which is surrounded by areas of decreasing develop-

ment and habitation with moderate (suburban area) or light

disturbance (rural area) level (Dickinson 1996). Such urban-

rural gradients representing decreasing intensity of human

influence exhibit similar patterns throughout the world. De-

spite the prevalence and acceleration of urbanization and that

urbanization is considered as one of the primary causes for

biodiversity loss, little is known on whether or not changes

caused by urbanization affect biodiversity in similar way

across the globe (Niemelä et al. 2000).

In 1998, an international research project, the “Globenet”

project (Global Network for Monitoring Landscape Change),

to search for generalizations in urbanization impacts on bio-

diversity was initiated (Niemelä and Kotze 2000, Niemelä et

al. 2000). As the effects of urbanization on biodiversity can

be explored most effectively through investigations along ur-

ban-to-rural gradients (McDonnell et al. 1997), the Globenet

project also employs this gradient approach. During field sur-

vey, the Globenet project uses a common, standardized

methodology (pitfall trapping) for ground dwelling arthro-

pods (like carabid beetles, spiders and terrestrial isopods). In

the frame of the Globenet project, several papers investigat-

ing carabid assemblages were published (Alaruikka et al.

2002, Niemelä et al. 2002, Ishitani et al. 2003, Venn et al.

2003, Magura et al. 2004, 2005, 2006, 2008, Gaublomme et

al. 2005, Tóthmérész and Magura 2005, Sadler et al. 2006,

Elek and Lövei 2007). Studies analyzing other target arthro-

pod assemblages along the urbanization gradient are very

limited (for spiders: Alaruikka et al. 2002). Terrestrial

isopods (Isopoda: Oniscidea) are considered reliable biologi-

cal indicator organisms of environmental stress both at the

assemblage and species level (Dallinger et al. 1992, Jones

and Hopkin 1998, Paoletti and Hassall 1999). Therefore, ter-

restrial isopods are potential targets for studying the effect of

urbanization.

Traditionally, urbanization is considered as a form of dis-

turbance (Rebele 1994). Several hypotheses were put for-

ward to explain the effects of disturbance on biotic commu-

nities. Species with different ecological characteristics may

respond differently to urbanization (Magura et al. 2004): for-

est specialist species may suffer, while species associated

with the altered urban habitat may benefit from the distur-

bance and habitat alteration caused by urbanization. There-

fore, analyzing the overall species abundance along the gra-
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tested two hypotheses regarding the response of species: (i) habitat specialist hypothesis, according to which the abundance of

the forest specialists would increase, while the abundance of the urban environment specialist isopods would decrease along

the urban-rural gradient, and (ii) opportunistic species hypothesis (abundance of the generalist species would increase by

increasing level of urbanization). The abundance of the forest specialist isopod Trachelipus ratzeburgii increased significantly

along the studied gradient. An opposite tendency was observed for the abundance of the urban environment specialist isopod

Porcellio scaber, as it was significantly higher in the urban area than in the suburban and rural sites. One generalist species

(Trachelipus rathkii) gained dominance in the urban area, while other two generalists (Armadillidium vulgare and Porcellium

collicola) showed no significant changes in abundance along the gradient.
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dient may be misleading and may disguise basic ecological

rules (Magura et al. 2004). In an earlier paper (Hornung et al.

2007), we tested the Intermediate Disturbance Hypothesis

and the Increasing Disturbance Hypothesis on isopods.

Trends in the total number of individuals, number of spe-

cies, and three diversity indices (Shannon, Simpson, and

Berger-Parker) were evaluated. We did not find significant

differences in these parameters between the studied sites (ur-

ban, suburban, and rural). These findings gave rise to the idea

that groups of species with different ecological charac-

teristics (forest specialists, urban environment specialists,

generalists) should be tested as their reactions to urbanization

could be different and could cancel each other out when

evaluated together. Since increasing disturbance by urbani-

zation affects primarily the habitat specialist species, we hy-

pothesized that abundance of the forest specialist isopods

should increase, while abundance of the urban environment

specialist isopods (or synanthropic species) should decrease

from the urban area to the rural one (habitat specialist hy-

pothesis, Magura et al. 2004). Moreover, we hypothesized

that the abundance of the generalist species should be higher

in the urban area, as predicted by the opportunistic species

hypothesis (Gray 1989).

Material and methods

Study area and sampling design

Following the Globenet sampling protocol, terrestrial

isopods were studied along an urban-suburban-rural gradient

in Debrecen (Eastern-Hungary), the second largest city of the

country (Magura et al. 2004). The urban, suburban and rural

sampling areas were situated in once continuous patches of

old forest (Convallario-Quercetum forest association; 100

yrs) dominated by English oak (Quercus robur). These forest

patches covered an area of at least 6 ha. The distinction of

sampling areas (urban, suburban and rural) was based on the

ratio of built-up area to natural habitats measured by the Ar-

cView GIS program using an aerial photograph in a square

of 1km
�

size around the sampling area. Buildings, roads and

asphalt covered paths were regarded as built-up area. In the

urban area, the built-up part exceeded 60%, in the suburban

area it was approximately 30%, while in the rural one there

was no built-up area. The forest patches in the urban area be-

long to an urban park with several asphalt covered paths and

strongly thinned shrub layer. In the suburban area fallen trees

were removed, while in the rural area forest management was

only occasional at a low-intensity level. Distances between

the sampling areas (urban, suburban, rural) were at least 1-1

km, as prescribed by the general methodology of the

Globenet project (Niemelä et al. 2000). Four sites, at least 50

m from each other (in order to achieve independency, see

Digweed et al. 1995), were selected within each sampling

area. Terrestrial isopods were collected at each of the 4 sites

of the 3 sampling areas using unbaited pitfall traps, consist-

ing of plastic cups (diameter 65 mm, volume 250 ml) con-

taining 75% ethylene glycol as a killing-preserving solution

from the end of March to the end of November, 2001. Traps

were emptied fortnightly. Ten traps were placed randomly at

least 10 m apart at each site. This resulted in a total of 120

traps scattered along the urban-rural gradient (3 area × 4 sites

× 10 traps). Each pitfall trap was at least 50 m from the near-

est forest edge, in order to avoid edge effects (Molnár et al.

2001). The traps were covered with bark pieces to protect

them from litter and rain (Spence and Niemelä 1994). For

analysis, catches from each trap were pooled for the whole

year. Of course, other sampling methods (e.g. hand sorting,

Tullgren funnel extraction, litter sieving) could enhance the

possibility to catch rare and/or small sized, soil dwelling spe-

cies.

Data analyses

To test differences in the overall isopod abundance, and

in the abundance of the trapped isopod species among the

three sampling areas (urban, suburban and rural) and among

the 12 sites, nested analyses of variance (ANOVA) were per-

formed. Data of individual traps were used (sites nested

within the sampling areas). Normal distribution of the data

was achieved by log(x+1) transformation (Sokal and Rohlf

1995). Ecological characteristics (forest specialists, urban

environment specialists, generalists) of the terrestrial isopod

species caught were based on the literature (Schmalfuss

2003). The urban environment specialist species are fre-

quently non-native, but mainly invasive and/or established

introduced ones (Vilisics et al. 2007b). When ANOVA re-

vealed a significant difference between the means, the Tukey

test was performed for multiple comparisons among means.

Results

The total isopod catch consisted of 9115 individuals rep-

resenting 6 species. 3548 individuals belonging to 6 species

were captured in the urban, 5 species and 2720 individuals in

the suburban, and 4 species and 2847 individuals in the rural

area. The most abundant species was Armadillidium vulgare,

which made up 72% of the total catch. Out of the trapped 6

species, there were three generalist species (Armadillidium

vulgare, Porcellium collicola and Trachelipus rathkii), one

forest specialist (Trachelipus ratzeburgii) and two urban en-

vironment specialists, as established introduced species

(Cylisticus convexus and Porcellio scaber) (Table 1).

Analyzing the trap-level data by nested ANOVA we

found that there were no statistically significant differences

in the overall abundance of isopods across the urban-rural

gradient (F= 0.4859; d.f.=2, 9; p>0.05). The abundance of

the forest specialist isopod Trachelipus ratzeburgii increased

significantly from the urban area toward the rural one

(F=14.3469; d.f.=2, 9; p<0.01; Fig. 1A).

An opposite tendency was observed regarding the abun-

dance of Porcellio scaber (urban environment specialist

isopod), which was significantly higher in the urban area

than in the suburban and rural ones (F=6.1014; d.f.=2, 9;

p<0.05; Fig. 1B). Cylisticus convexus, the other urban envi-
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ronment specialist species was excluded from the analysis

because of its low catches (only 3 individuals were caught).

The abundance of Trachelipus rathkii, a generalist spe-

cies, was significantly higher in the urban area compared to

the suburban and rural ones (F=9.4200; d.f.=2, 9; p<0.01;

Fig. 1C). The other two generalist species (Armadillidium

vulgare and Porcellium collicola) showed no significant

changes in abundance along the gradient (F=0.3632; d.f.=2,

9; p<0.05; and F=0.5999; d.f.=2, 9; p>0.05; respectively).

Discussion

Overall isopod abundance

Several previous papers have emphasized that terrestrial

isopods respond predictably to disturbance and that distur-

bance causing habitat alteration impacted assemblage com-

position, leading to significant changes in the abundance and

species richness (Kalisz and Powell 2004, Pitzalis et al. 2005,

Tsukamoto and Sabang 2005). In contrast, we did not find
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any significant difference in the abundance of isopods across

the city wide gradient.

The lack of significant difference in the overall abun-

dance may be caused by the dissimilar response of isopods

with different habitat affinity to disturbance. Forest special-

ists may suffer, while generalists and urban environment spe-

cialist may benefit from the disturbance and habitat alteration

caused by urbanization (Magura et al. 2004).

Abundance of forest specialist, urban environment

specialist and generalist isopods

Contrary to the overall terrestrial isopod assemblages,

the forest specialist and the urban environment specialist spe-

cies responded significantly to the changes in habitat condi-

tions caused by the urbanization. Our findings illustrated that

forest specialist species suffer, while urban environment spe-

cialist species benefit from the disturbance and habitat altera-

tion. Our results indicate that urbanization has a very strong

effect on the forest specialist isopod species Trachelipus

ratzeburgii. This forest species is more stenotopic, demand-

ing microsites with favorable microclimate, the presence of

dead and decaying trees, and significant cover of coarse

woody debris, leaf litter, shrubs and herbs, together forming

an undisturbed habitat (Korsós et al. 2002). Habitat alteration

caused by urbanization appears to eliminate favorable mi-

crosites for forest species and therefore contributes to their

decline of abundance at the disturbed areas. Along the stud-

ied urbanization gradient, disturbance was the highest in the

urban area (paved paths, thinned shrub layer), it was moder-

ate in the suburban area (fallen trees removed), and was low-

est in the rural one. This decreasing disturbance was also ex-

pressed by the increasing abundance of the forest specialist

isopod species. Judas and Hauser (1998) studying the distri-

bution patterns of isopods in beech forests emphasized that

Trachelipus ratzeburgii was the most abundant in the habitat

patches with dead wood material. Jabin et al. (2004) also

showed that coarse woody debris was a significant positive

predictor for the abundance of the terrestrial isopod species

in a forested habitat. In the same forest patches sampled in

this study, Hornung et al. (2007) evaluated the relationships

between the abundance of isopod species and environmental

factors. Their results proved that the abundance of Tra-

chelipus ratzeburgii increased with the amount of the decay-

ing wood material. Moreover, there was negative correlation

between the abundance of Trachelipus ratzeburgii and the

ground and air temperature indicating that this species pre-

fers closely natural habitats, which are usually characterized

by lower ground and air temperature (Hornung et al. 2007).

Our findings show that the urban park is the most favor-

able habitat for the urban environment specialist Porcellio

scaber. Its abundance was significantly higher there com-

pared to the suburban and rural area. The exclusive appear-

ance of Porcellio scaber in the urban park is in accordance

with its habitat preference. Contrary to some other European

countries with Atlantic climate influence, in Hungary this

species can be found only in human settlements, in and

around houses because of the heat island effect and moist

shelters (Schmalfuss 2003). The preference of Porcellio sca-

ber for higher temperatures was shown by Hornung et al.

(2007), as its abundance increased as the ground and the air

temperature on the surface increased. Moreover, this urban

environment specialist species may tolerate heavy metals

originated from air pollution by accumulating them in ves-

icles in the hepatopancreas (Paoletti and Hassall 1999). Thus,

they can also survive in the polluted habitats, although their

body size can decline significantly (Jones and Hopkin 1998).

Our result partly supported the prediction of the oppor-

tunistic species hypothesis, as one of the generalist species,

Trachelipus rathkii gained dominance in the disturbed urban

area. Hornung et al. (2007) showed that the generalist Tra-

chelipus rathkii preferred the urban site, which usually can

be characterized by higher average temperature (heat islands

effect). The other two generalist species (Armadillidium vul-

gare and Porcellium collicola), however, showed no signifi-

cant changes in abundance along the gradient. These facts in-

dicate that there is no clear, unique pattern along the

urban-rural gradient for generalist species, because their

abundance pattern is controlled by their autecological char-

acteristics in complex interaction with the environmental

variables, and urbanization/disturbance level. Nevertheless,

previous studies on ground beetles (Niemelä et al. 2002 for

the Canadian and Finnish Globenet sites, Ishitani et al. 2003,

Magura et al. 2004, Sadler et al. 2006, Elek and Lövei 2007)

and on ants (Vepsäläinen et al. 2008) confirmed the oppor-

tunistic species hypothesis.

Urban forests and biodiversity

We trapped six terrestrial isopod species in the studied

urban park. This species richness is in accordance with the

overall isopod diversity of natural forests in Hungary where

the average isopod species richness in natural or semi-natural

deciduous forests is around 5-6 (Loksa 1966). However, the

present study also stressed that habitat modification caused

by urbanization altered remarkably the terrestrial isopod as-

semblages, as the abundance of the forest specialist isopods

decreased, while that of the urban environment specialist

isopods and partly generalist isopods increased with the in-

creasing disturbance level. Thus, urbanization could be one

of the leading reasons of alteration in indigenous arthropod

assemblages as well (Davis 1978). On the other hand, urban

parks and other urban green areas created by the rising ur-

banization have a vital recreational importance and increase

the quality of urban life. Therefore, there is a growing need

for appropriate management strategies which consider simul-

taneously recreational, economic and conservation criteria

(Gilbert 1989). We propose that extensive modification of

habitats should be avoided, as these alterations are accompa-

nied by unfavorable changes in the microclimatic, abiotic

and biotic conditions of the area. Positive effects of soft man-

agement (the cut grass, plant material, trimmed branches and

litter were returned to the urban forest patches) on isopod di-
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versity and abundance was proved in an urban park of Sorø,

Denmark (Vilisics et al. 2007a).

Acknowledgments. Research was supported by the grants of

the Hungarian Scientific Research Fund (OTKA research

grant nos. F61651 (to TM) and T043508 (to EH)). TM is

grateful for the support of Bolyai Fellowship. We wish to

express our thanks to T. Molnár, F. Vilisics and Z. Elek for

their help in field and laboratory works.

References

Alaruikka, D.M., D.J. Kotze, K. Matveinen and J. Niemelä. 2002.
Carabid and spider assemblages along an urban to rural gradient
in Southern Finland. J. Insect Conserv. 6: 195-206.

Bolger, D.T., A.V. Suarez, K.R. Crooks, S.A. Morrison and T.J.
Case. 2000. Arthropods in urban habitat fragments in southern
California: Area, age, and edge effects. Ecol. Appl. 10: 1230-
1248.

Conti, M.E., M. Tudino, J. Stripeikis and G. Cecchetti. 2004. Heavy
metal accumulation in the lichen Evernia prunastri transplanted
at urban, rural and industrial sites in central Italy. J. Atmospheric
Chem. 49: 83-94.

Dallinger, R., B. Berger and S. Birkel. 1992. Terrestrial Isopods -
useful biological indicators of urban metal pollution. Oecologia
89: 32-41.

Davis, B.N.K. 1978. Urbanisation and the diversity of insects. In:
L.A.Mound and N. Waloff (eds), Diversity of Insect Faunas.
Blackwell, London. pp. 126-138.

Dickinson, R.E. 1996. The process of urbanization. In: F.F. Darling
and J.P. Milton (eds), Future Environments of North America.
Natural History Press Garden City. pp. 463-478.

Digweed, S.C., C.R. Currie, H.A. Cárcamo, and J.R. Spence. 1995.
Digging out the digging-in effect of pitfall traps: influences of
depletion and disturbance on catches of ground beetles (Coleop-
tera: Carabidae). Pedobiol. 39: 561-576.

Elek, Z. and G.L. Lövei. 2007. Patterns in ground beetle (Coleoptera:
Carabidae) assemblages along an urbanisation gradient in Den-
mark. Acta Oecologica 32: 104-111.

Gaublomme, E., H. Dhuyvetter, P. Verdyck and K. Desender. 2005.
Effects of urbanisation on carabid beetles in old beech forests.
DIAS Report 114: 111-123.

Gibb, H. and D.F. Hochuli. 2002. Habitat fragmentation in an urban
environment: large and small fragments support different arthro-
pod assemblages. Biol. Conserv. 106: 91-100.

Gilbert, O.L. 1989. The Ecology of Urban Habitats. Chapman and
Hall, London.

Gray, J.S. 1989. Effects of environmental stress on species rich as-
semblages. Biol. J. Linnean Soc. 37: 19-32.

Hawkins, T.W., A.J. Brazel, W.L. Stefanov, W. Bigler and E.M. Saf-
fell. 2004. The role of rural variability in urban heat island de-
termination for Phoenix, Arizona. J. Appl. Meteorol. 43:
476-486.

Hornung E., B. Tóthmérész, T. Magura and F. Vilisics.  2007.
Changes of isopod assemblages along an urban-suburban-rural
gradient in Hungary. Eur. J. Soil Biol. 43: 158-165.

Ishitani M., D.J. Kotze and J. Niemelä. 2003. Changes in carabid
beetle assemblages across an urban-rural gradient in Japan.
Ecography 26: 481-489.

Jabin M., D. Mohr, H. Kappes and W. Topp 2004. Influence of dead-
wood on density of soil macro-arthropods in a managed oak-
beech forest. Forest Ecol Manage.194: 61-69.

Jones, D.T. and S.P. Hopkin. 1998. Reduced survival and body size
in the terrestrial isopod Porcellio scaber from a metal-polluted
environment. Environmental Pollution 99: 215-223.

Judas M. and H. Hauser. 1998. Patterns of isopod distribution: From
small to large scale. Israel J. Zool. 44: 333-343.

Kalisz, P.J. and J.E. Powel. 2004. Exotic isopods (Crustacea:
Isopoda) in disturbed and undisturbed forest soils on the Cum-
berland Plateau of Kentucky, USA. Natural Areas Journal 24:
54-56.

Korsós, Z., E. Hornung, K. Szlávecz and J. Kontschán. 2002.
Isopoda and Diplopoda of urban habitats: New data to the fauna
of Budapest. Annales Historico-Naturales Musei Nationalis
Hungarici 94: 45-51.

Loksa, I. 1966. Die Bodenzoozönologischen Verhältnisse der
Flaumeichen-Buschwälder Südostmitteleuropas. Akadémiai
Kiadó, Budapest.

Magura, T., B. Tóthmérész and G.L. Lövei. 2006. Body size inequal-
ity of carabids along an urbanisation gradient. Basic and Appl.
Ecol. 7: 472-482.

Magura, T., B. Tóthmérész and T. Molnár. 2004. Changes in carabid
beetle assemblages along an urbanisation gradient in the city of
Debrecen, Hungary. Landsc. Ecol. 19: 747-759.

Magura, T., B. Tóthmérész and T. Molnár. 2005. Species richness of
carabids along a forested urban-rural gradient in eastern Hun-
gary. DIAS Report 114: 209-217.

Magura, T., B. Tóthmérész and T. Molnár. 2008. A species-level
comparison of occurrence patterns in carabids along an urbani-
sation gradient. Landsc. Urban Planning 86: 134-140.

McDonnell, M.J., S.T.A. Pickett, P. Groffman, P. Bohlen, R.V.
Pouyat, W.C. Zipperer, R.W. Parmelee, M.M. Carreiro and K.
Medley. 1997. Ecosystem processes along an urban-to-rural gra-
dient. Urban Ecosystems 1: 21-36.

McIntyre, N.E., J. Rango, W.F. Fagan and S.H. Faeth. 2001. Ground
arthropod community structure in a heterogeneous urban envi-
ronment. Landsc. Urban Planning 52: 257-274.

Molnár, T., T. Magura, B. Tóthmérész and Z. Elek. 2001. Ground
beetles (Carabidae) and edge effect in oak-hornbeam forest and
grassland transects. Eur. J. Soil Biol. 37: 297-300.

Niemelä, J. and D.J. Kotze. 2000. GLOBENET: the search for com-
mon anthropogenic impacts on biodiversity using carabids. In:
P. Brandmayr, G.L. Lövei , T.Z. Brandmayr, A. Casale and A.V.
Taglianti (eds), Natural History and Applied Ecology of
Carabid Beetles. Pensoft Publisher, Sofia, Bulgaria. pp. 241-
246.

Niemelä, J., J. Kotze, A. Ashworth, P. Brandmayr, K. Desender, T.
New, L. Penev, M. Samways and J. Spence. 2000. The search
for common anthropogenic impacts on biodiversity: a global
network. J. Insect Conserv. 4: 3-9.

Niemelä, J., J. D. Kotze, S. Venn, L. Penev, I. Stoyanov, J. Spence,
D. Hartley and E. Montes de Oca. 2002. Carabid beetle assem-
blages (Coleoptera, Carabidae) across urban-rural gradients: an
international comparison. Landsc. Ecol. 17: 387-401.

Paoletti, M.G. and M. Hassall. 1999. Woodlice (Isopoda: Onis-
cidea): their potential for assessing sustainability and use as
bioindicators. Agriculture Ecosystems and Environment 74:
157-165.

Pitzalis, M., S. Fattorini, E. Trucchi and M.A. Bologna. 2005. Com-
parative analysis of species diversity of Isopoda Oniscidea and

Isopods along an urbanization gradient 119



Collembola communities in burnt and unburnt habitats in central
Italy. Ital. J. Zool. 72: 127-140.

Rebele, F. 1994. Urban ecology and special features of urban ecosys-
tems. Global Ecol. Biogeogr. 4: 173-187.

Sadler, J.P., E.C. Small, H. Fiszpan, M.G. Telfer and J. Niemelä.
2006. Investigating environmental variation and landscape char-
acteristics of an urban-rural gradient using woodland carabid as-
semblages. J. Biogeogr. 33: 1126-1138.

Schmalfuss, H. 2003. World catalog of terrestrial isopods (Isopoda:
Oniscidea). Stuttgarter Beiträge zur Naturkunde Serie A 654:
1-341.

Sokal, R.R. and F.J. Rohlf. 1995. Biometry. Freeman, New York.

Spence, J.R. and J. Niemelä. 1994. Sampling carabid assemblages
with pitfall traps: the madness and the method. The Canadian
Entomol. 126: 881-894.

Tsukamoto, J. and J. Sabang. 2005. Soil macro-fauna in an Acacia
mangium plantation in comparison to that in a primary mixed
dipterocarp forest in the lowlands of Sarawak, Malaysia. Pedo-
biol. 49: 69-80.

Tóthmérész, B. and T. Magura. 2005. Affinity indices for environ-
mental assessment using carabids. DIAS Report 114: 345-352.

Venn, S.J., D.J. Kotze and J. Niemelä. 2003. Urbanization effects on
carabid diversity in boreal forests. Eur. J. Entomol. 100: 73-80.

Vepsäläinen, K., H. Ikonen and M.J. Koivula. 2008. The structure of
ant assemblages in an urban area of Helsinki, southern Finland.
Ann. Zool. Fenn. 45: 109-127.

Vilisics, F., Z. Elek, G.L. Lövei and E. Hornung. 2007a. Composi-
tion of terrestrial isopod assemblages along an urbanisation gra-
dient in Denmark. Pedobiol. 51: 45-53.

Vilisics, F., P. Sólymos and E. Hornung. 2007b. A preliminary study
on habitat features and associated terrestrial isopod species. In:
K. Tajovsky, J. Schlaghamersky and V. Pizl (eds), Contribu-
tions to Soil Zoology in Central Europe II. Institute of Soil Bi-
ology, Biology Centre, Academy of Sci. of the Czech Republic,

��ké ����������� pp. 195-199.

�������� ��� ��� 	

�
������� �� � 	
� 	

�

!���"#�� �� � 	�� 	

�

120 Magura et al.


