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Abstrakt 
 

Předkládaná diplomová práce se skládá ze dvou samostatných manuskriptů, 
prezentujících část širšího výzkumu prováděného ve městech Olomouci, Jičíně a 
Hodoníně. 

První manuskript se zabývá výskytem suchozemských stejnonožců a 
mnohonožek ve městě Olomouci. Studovaní živočichové byli získáváni od dubna do 
prosince 2006 pomocí zemních pastí rozmístěných na 30 lokalitách. Na každé 
lokalitě byly vyhodnoceny základní environmentální charakteristiky. Tepelná 
extrakce půdních vzorků a individuální sběr byly použity jako doplňkové metody. 
Celkem bylo zaznamenáno 17 druhů suchozemských stejnonožců (7 719 jedinců) a 
19 druhů mnohonožek (3 488 jedinců). Nejdůležitějším faktorem pro obě skupiny 
byla umělost, jejíž vliv byl většinou negativní. Nejzajímavějšími faunistickými 
výsledky byly nález stejnonožce Armadillidium nasatum (mediteránní druh nalezený 
ve skleníku Botanické zahrady), Androniscus roseus, Haplophtalmus danicus (druhá 
známá lokalita na Moravě) a mnohonožka Oxidus gracilis (exotický druh pocházející 
pravděpodobně z Japonska, v Olomouci i mimo skleníky). 

Druhý příspěvek je věnován fauně stonožek a mnohonožek Jičína a Hodonína. 
Živočichové byli získáváni metodou zemních pastí, tepelnou extrakcí z půdních 
vzorků a individuálním sběrem po dobu 12 měsíců (2006-07). Hodnocenými 
environmentálními faktory byly množství opadu, bylinný pokryv, stromový zápoj, 
půdní struktura, umělost, pH a množství humusu a vápníku v půdě. Celkem jsme 
získali 1 056 stonožek (20 druhů) a 1 890 mnohonožek (24 druhů). Mnohorozměrné 
techniky, provedené na datovém souboru z odchytů zemních pastí, potvrdily jako 
nejdůležitější faktory obsah humusu v půdě a množství opadu. Nejzajímavějšími 
faunistickými výsledky byl první nález stonožky Henia vesuviana v České republice 
a nové lokality druhů Schendyla montana, Geophilus pygmaeus, Geophilus oligopus, 
Allajulus nitidus a jedinců jeskynního rodu Brachychaeteuma.  
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Abstract 

  

The submitted thesis is composed of two individual manuscripts. They present a part 
of a wider research project, conducted in cities of Olomouc, Jičín and Hodonín.  

The first manuscript deals with distribution of terrestrial isopods and millipedes 
in the city of Olomouc. Studied animals were obtained by pitfall trapping from April 
to December 2006 in 30 localities. In each locality basic environmental 
characteristics were evaluated. Heat extraction of soil samples and individual hand 
collection were used as additional methods. A total of 17 species of terrestrial 
isopods (7,719 ind.) and 19 species of millipedes (3,488 ind.) were recorded. The 
most important factor for both groups appears to be artificiality; the response 
is mostly negative. The most interesting faunistical records from Olomouc were 
isopods Armadillidium nasatum (Mediterranean species found in the greenhouses of 
the Botanical Garden), Androniscus roseus, Haplophtalmus danicus (only the second 
known locality from Moravia) and the millipede species Oxidus gracilis (exotic 
species probably originating from Japan, in Olomouc recorded also outside the 
greenhouse). 

The second manuscript is devoted to centipede and millipede faunas of Jičín 
and Hodonín. Animals were collected using pitfall traps, heat extraction of soil 
samples and individual hand collecting during 12 months (2006-07). The evaluated 
environmental characteristics were amount of litter, herbal coverage, canopy 
coverage, soil structure, artificiality, pH, amount of humus and amount of calcium. In 
total 1,056 individuals of centipedes (20 species) and 1,890 individuals of millipedes 
(24 species) were caught. Multivariate techniques that were made on data set from 
pitfall traps revealed that amount of humus and leaf litter were the most important 
factors for distribution of myriapods. The most interesting faunistic results were the 
first record of centipede Henia vesuviana in the Czech Republic and new localities of 
species Schendyla montana, Geophilus pygmaeus, Geophilus oligopus, Allajulus 
nitidus and individuals of the cave genus Brachychaeteuma.  
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1  Introduction 
 
The submitted thesis is composed of two individual manuscripts. The first 

manuscript deals with distribution of terrestrial isopods and millipedes in the city. 

The second manuscript is devoted to millipede and centipede faunas of two towns: 

Jičín and Hodonín. The aim of both studies was to contribute to the knowledge about 

how these animals respond to urbanisation and what conditions they prefer in urban 

area, and no least to investigate the species spectrum of three mentioned cities.  

Centipedes (Chilopoda), millipedes (Diplopoda) and terrestrial isopods 

(Isopoda: Oniscidea) are small invertebrate groups. Altogether, 65 species of 

millipedes, 80 species of millipedes and 42 species of isopods are known from the 

Czech Republic (Tuf and Tufová in press). Centipedes and millipedes belong to the 

class Myriapoda. Centipedes are carnivores while millipedes feed on plant material 

and fragments of decaying vegetation. Terrestrial isopods are macrophytophagous 

(primary decomposers), consuming freshly fallen leaves. Moreover, as 

saprophytophages, they can feed on overwintered leaves already been degraded by 

microorganisms (Eisenbeis et Wichard 1987). Representatives all three groups are 

found in similar conditions, mostly in habitats with low insulation, higher humidity 

and stable temperatures, e.g. under stones, bark, fallen branches, in leaf litter or 

directly in soil (Lee, 2006, Oliver and Meechan, 1993). 

 

Urban ecosystem 

City is generally recognized as area profoundly and constantly affected by local 

human activity (McIntyre et al. 2001). Urban ecosystems are created by the process 

termed urbanization. This process entails conversion of indigenous natural habitat to 

various forms of anthropogenic habitats, fragmentation and isolation areas of 

indigenous habitat and increase in local human population density. The area 

dynamically changes and becomes a spatially heterogeneous mosaic of residential, 

industrial and commercial zones, along with more or less unaffected localities 

(Parlange 1998, McIntyre et al. 2001).  

The areas under human activity differ from previous conditions in many 

respects. Urban ecosystems are affected by atmospheric and aquatic pollution, excess 

of light and noise (McIntyre et al. 2001). Further features of space under human 
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activities are greater presence of impervious surfaces caused by soil compaction and 

paving, absence of a litter layer in the majority of areas and frequent mowing of the 

vegetation (Schaefer 1989). 

The typical factor of all the towns and cities is the wide variety of 

environmental conditions. Mosaic of habitats includes open sites with high relative 

irradiance as well as very dark habitats such as collectors, sewerage, underground 

piping and tunnels are the contrary extreme. Man-made underground spaces are 

termed „artificial caves“. Sites vary also in water conditions. Habitats differ 

significantly from dry to wet, although dry sites are included more often in urban 

ecosystem (Rebele 1994). With respect to degree of human activities (past or recent), 

urban area consists of various habitats from heavily man-influenced to more or less 

unaffected. The most impacted ecosystems are connected with industrial zones, rail 

and road system (embankments) and partially with residential zones. The human 

activity in such areas changes available resources, substrate availability or the 

physical environment (Moss and Hassall 2004).  

Urban soils may be basically divided in two types: relict soils and manmade 

soils (Kühnelt 1989). Soils can be very poor in nutrients, or highly enriched. Some 

substrates have been also introduced and are alien to original states. The introduced 

substrates can be both natural substrates from other regions, or artificial, or a mixture 

of artificial and natural substrates (Rebele 1994). Original soil profiles can be 

substantially altered due to excavation, mixing and compaction. Recently created 

urban soils often have restricted aeration and water infiltration and support limited 

plant growth (Smetak et al. 2007). A lot of places are also affected by toxicity, due to 

deposits of toxic substances or as a result of atmospheric and water solution (Rebele 

1994).  

Areas in towns and cities that support vegetation and have better permeable 

surfaces are generally termed „green spaces“. Remnants of indigenous vegetation are 

regarded to be the least impacted areas of the city. However, the major component of 

urban green spaces occur primarily as public parks, green road-verges, gardens, 

allotments, sport fields, churchy yards and cemeteries (Blume 1989, Smith et al. 

2006). In such areas management practices are often implemented, including mulch-

mowing, irrigation, and fertilization (Blume 1989, Smetak et al. 2007). 

Unsurprisingly, in cities an orderly city landscape is preferred and thus 

undecomposed leaf litter is often removed. The typical feature of urban green spaces 
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are then well-groomed trees and trimmed hedges with bare earth beneath and park 

grass in between. The plants are mostly not planted or retained for ecological reasons 

to simulate the balance of nature but often just for optical effect (Weigman 1989). 

Urbanization causes transformation of the local environment also through its 

impact upon climate. Urban areas are generally warmer than adjacent rural areas. 

The phenomenon is termed „effect of urban hot island“ and is directly linked with 

cities (Smith et al. 2006). The reason is particularly replacing natural vegetation with 

a dry impervious surface such as buildings and roads and thus the high percentage of 

stone, concrete and asphalt surfaces. These materials have higher conductivity in 

comparison with vegetation or soil. Unlike vegetation cover, which cools the 

surrounding air by reflecting sunlight and evaporating water, artificial surfaces 

absorb and reradiate the sun's heat. This alters the exchange of energy and moisture 

between the surface and atmosphere and modifies the meteorology of the local 

climate (Jin et al. 2005, Hough 2004). The difference of the mean annual temperature 

can be 0.5 to 2°C and the result is also higher soil temperature (Blume 1989). The 

warming is also supported by energy consumption connected with almost all human 

activities and by high content of dust particles and other pollution substances in the 

atmosphere. Moreover, high aerodynamic roughness of urban surfaces decreases 

airing (Hough 2004).  

 

City as an environment for organisms  

As said above, fragmentation is a characteristic feature of urbanization. The division 

of continuous habitat into smaller isolated areas results in a loss of species through a 

reduction in remnant area, an increase in remnant isolation and decrease in habitat 

connectivity. The equilibrium theory of island biogeography was formerly used to 

explain this phenomenon. It predicts that the species diversity will be greater on the 

mainland than on the islands. However, it seems to be not enough satisfactory (Gibb 

and Hochuli 2002). The remnant habitats are different from oceanic islands as they 

are surrounded by an anthropogenic habitat which mostly does not create as 

fundamental barrier as water. The urban matrix comprises besides green spaces and 

various inhospitable anthropogenic areas also corridors that enable communication 

between patches. Such corridors can be formed by grassy road edge or other 

seemingly non-valuable sites (Smith 2006b). When the human-modified matrix is 



  4 

 

impermeable to dispersal it may result in relaxation, or even faunal collapse in the 

case of zero recolonization. (Bolger et al. 2000). According to the theory of island 

biogeography, islands should have a natural turnover of species. The main processes 

that adjust the equilibrium and determine number of species on oceanic islands are 

immigration and extinction. However, in urban islands the processes underlying the 

turnover of species are not determined solely by the ability of species to disperse and 

by interactions between them. The main factors are introduction, dispersal and local 

extermination by human activity. There is not a balance of species richness in cities. 

The number of species can either increase or decrease (Rebele 1994). A further 

difference from the oceanic islands is that there is generally no evident mainland to 

serve as a species source for the fragments (Yamaguchi 2005). 

The proportion of successfully established introduced species is in cities 

generally higher than in natural habitats. Various human activities enable to 

eliminate biographical barriers and the result is that species migrate widely even 

between continents and islands. Anthrpochorous dispersal causes meeting of species 

that could otherwise never encounter. Thus it is common in cities to find 

communities consisting of species without a common evolution that have not 

previously been found elsewhere in such combination. Not only geographical 

barriers but also ecological barriers can be overcome this way. In such case species 

that had been separated by ecological demands meet on the new site created by 

human. Besides introduced species, also native species can be very abundant and 

successful colonizers. A typical feature of such species is their ability to regenerate 

themselves after disturbances or to settle new gaps. For example species from 

naturally disturbed areas, e.g. river banks, settle open habitats. Open sites are very 

common in cities due to the creation of new habitats and the disturbances (Rebele 

1994). The first colonizers are often generalist species that extend their ranges 

disproportionately. The species richness within fragments then often increase, 

however, in regional level it can decrease (Gibb and Hochuli 2002).  

 

Research on urban soil fauna  

Until recently, urban areas were perceived to be just replacements of natural habitats 

and were overlooked (McIntyre et al. 2001). First studies conducted in urban settings 

were focused on presence animals in houses (Backer 1920, Back 1942), that 
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generally disrupt the contentment of any home, and on outbreaks of pests and their 

invasion into houses (Stojalowska 1949). Recently it has become apparent that urban 

areas should be considered as individual ecosystems with feedback loops among both 

natural and anthropogenic forms of the physical and biological setting. The 

assessment of effects of urbanization on biotic communities is now starting to be an 

objective of many studies (McIntyre et al. 2001). Knowledge about interaction 

between communities and urban environment can help in planning future urban 

development that will minimize the negative effects. 

Arthropods comprise the most diverse taxa in most ecosystems and play mostly 

important roles in ecosystem processes (Bolger et al. 2000). Although they are 

ubiquitous, surprisingly little is known about how they respond to urbanization 

(McIntyre 2001). However, urbanization has been unequivocally identified as one of 

the leading causes of declines in arthropod diversity and abundance (Davis 1978). 

Arthropods are assumed to have following pre-adaptations to life in the cities: 

euryecy and minor body size (as pre-adaptation to various stress factors), high 

vagility, high dispersal capacity and preference of vegetation layer. It also seems to 

be probable that periods of reproduction, parameters of life cycle and population may 

be correlated with urban factors. Thermophilism seems to be advantageous feature 

too because thermophilous species are mostly favoured by urban environments 

(Schaefer 1989). Many species occur even more often in anthropogenic ecotopes 

than in natural ecotopes. They can be characterized as cultural followers or 

synantropic species (Weigman 1989).  

There are many studies only from last decades that deal with arthropod 

communities, mostly from European and North American cities. Although 

distribution and ecology of some groups is relatively well known (e.g. Carabidae, 

Araneida), others have been almost completely neglected (Schaefer 1989, Keplin 

1995). Species-lists on the centipede and millipede fauna were published for 

Copenhagen (Enghoff 1973), Sofia (Stoev 2004) and Vienna (Christian and 

Szeptycki 2004). Studies focused on the centipede fauna concerns Gothenburg 

(Anderson 1983), Warsaw (Wytwer 1995, 1996), Poznan (Lesniewska 1996), Rome 

(Zapparoli 1997), and Eskişehir (Misirlioğlu 2003). Isopod communities were 

studied e.g. in Sorø (Vilisics et al. 2007) and Debrecen (Hornung 2007). The studies 

from Budapest (Korsós et al. 2002), Košice (Palkovičová and Mock 2008) and 
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Bucharest (Giurginca 2006) deal with both millipede and isopod fauna. All three 

groups were examined in Kiel (Tischler 1980) and Vienna (Christian 1998). 

The first records for three mentioned groups from urban setting in the Czech 

Republic were published already around the turn of 19th and 20th century (Uličný 

1883, Vališ 1902, 1904). However, the majority of studies arose recently (Samšiňák 

1981, Frouz 1991, Tajovský 1996, Tuf 2001, Dvořák 2002, Kocourek 2001, 2004, 

Riedel et al. in press).  
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Abstract 

This is the first ecological attempt at studying terrestrial isopods (Oniscidea) and 

millipedes (Diplopoda) in urban environments in the city of Olomouc. Studied 

animals were obtained by pitfall trapping from April to December 2006 in 30 

localities, subsuming city parks, built up areas, yards and ruderal grounds. Additional 

methods included soil sampling and hand collecting. Basic environmental 

characteristics of localities were evaluated: amount of litter, coverage by herbal and 

canopy layer, structure of soil and rate of artificiality of locality. A total of 17 species 

of terrestrial isopods (7,719 ind.) and 19 species of millipedes (3,488 ind.) were 

sampled. The most abundant species were Armadillidium versicolor and 

Brachydesmus superus. Mediterranean isopod species Armadillidium nasatum and 

Androniscus roseus and millipede Oxidus gracilis, these belong to interesting 

faunistic records. After evaluation of distribution of animals, depending on 

characteristics of localities, the rate of artificiality of biotope was the most important 

factor for both groups; the response was mostly negative. 

 

Keywords: urban ecosystem, soil macrofauna, pitfall traps, distribution pattern 

 

Introduction 

Terrestrial isopods (Isopoda: Oniscidea) and millipedes (Diplopoda) are important 

primary decomposers, feeding on plant residues. They are found in similar habitats: 

under stones, bark, fallen branches, layers of leaf litter or directly in soil – i.e. in 

habitats with low insulation, higher humidity and stable temperatures (Lee, 2006, 

Oliver and Meechan, 1993). Microhabitat diversity potential of the city is extended 
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with stacks of building materials, dilapidated houses, various walls, compost piles 

and garbage piles etc.  

The town ecosystem is under constant pressure from human activities. This 

changes natural habitats into various artificial areas, therethrough the relics of the 

original habitats are fragmented and isolated. As a result, the area becomes a mosaic 

of residental, industrial and commercial zones, along with more or less unaffected 

localities. It forms spatially and time heterogeneous environment (Schaefer, 1989, 

McIntyre et al., 2001). 

It is widely known that the proportion of introduced species is higher in urban 

areas than in the surrounding landscape. Non-native species come, for example, from 

planting exotic, non-native species of plants in city and suburban parks; unique 

synantropic invertebrate communities are created. It could never occur elsewhere 

(Rebele, 1994, Smith et al., 2006) and it is dirrectly tied to human activity. It doesn´t 

have an unilaterally negative effect on soil fauna; quite the contrary, in many cases it 

could have a positive impact as creation of suitanable biotopes for uncommon 

species. 

We have had two aims: a) to recognize species diversity and community 

structure of Oniscidea and Diplopoda occupying middle-size Central European city 

and b) to explain pattern of their distribution in urban environment.  

 

Material and methods 

The city of Olomouc, Central Moravia (49°45´N, 17°15´E, 219 m a.s.l.) is the fifth 

biggest Czech city with about 103,000 inhabitants. Its climate is characterized by 8.7 

°C mean temperature and 570 mm of mean year precipitation. Olomouc is a historic 

city, this location has been settled for the past 6,000 years. Therefore the present 

status and composition of its intravilan localities represents a mosaic of 

historicalbuilds wth old gardens, well developed parks, modern urban settlements, 

fabrics and brownfields. 

Animals were obtained by pitfall trapping from April to December 2006. 

Simple pitfall traps (diameter 6 cm, with natural cover as wood pieces or stones) 

were filled with a 4% water solution of formaldehyde. They were emptied every 

fourteen days. Totally 90 pitfall traps were installed at 30 localities (Fig. 1) in the 

residential area, including parks, built up areas, yards, railway and road 
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embankments etc. Localities were classified into three categories: parks (= managed 

sites, PARK), ruderals (= abandoned sites, RUDE) and nature (= rests of natural 

sites, NATU). Basic environmental characteristics of localities were evaluated; these 

parameters were ranked at scale from 1 to 4 according to quantity or quality of 

selected parameter and were observed within 1 m diameter round the trap. Amount 

of litter – 1 indicates a site without leaf litter, 4 indicates a site with litter covering in 

a thick layer over the entire surface around the trap; coverage by herbal layer and by 

canopy layer – 1 indicates a coverage from 0 to 25 %, 2 means 25 – 50 % etc.; soil 

structure – 1 indicates a clay soil, 2 indicates a loamy soil, 3 indicates a sandy soil 

and 4 indicates a soil with stones; artificiality – 1 indicates a site with a natural soil 

profile, 4 indicates completely artificial soil substrates (e.g. railway embankment) 

and 2 and 3 indicates a different level of man-made soils (displaced soils at 

residential areas etc.). Distribution patterns and evaluation of importance of 

individual environmental factors were evaluated by Canonical Correspondence 

Analysis in CANOCO for Windows 4.5© (Ter Braak and Šmilauer, 1998), 

logarithms of numbers of caught animals were used. Significance of relationships 

between species and environmental data was calculated using Monte-Carlo 

permutation test (499 repetitions). 

Except of traps two additional collecting methods were used. Soil samples 

were taken from the 30 main localities (1/30 m2, depth 10 cm, November 2006 and 

February 2007). They were heat extracted for 10 days using a Tullgren funnel. 

Animals were collected individually by hand also in areas where pitfall trapping was 

not viable. 

 

Results  

Terrestrial isopods 

A total of 7,719 terrestrial isopods representing 17 different species were obtained, 

5,987 individuals of 15 different species of them were captured by pitfall trapping 

(Tab. 1). The species missing in pitfall traps were: Armadillidium nasatum (Budde-

Lund, 1885) hand collected in the greenhouses of Botanical Garden, and Androniscus 

roseus (C.L. Koch, 1838) collected at locality PARK22 (moist biotope) and heat 

extracted from soil at NATU23 (near part of Botanical Garden). 
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The most abundant species were Armadillidium versicolor (33 % of the trapped 

isopods), Porcellio scaber (21 %), and Porcellium collicola (17 %). The highest 

mean number of trapped isopods was in ruderals (324 ± 89.7 ind./3 traps/8 months), 

the lowest mean number was in natural sites (125 ± 27.6 ind./3 traps/8 months). 

More than half of individuals of A. versicolor were captured in just one locality 

(PARK26).  

The highest average value of the Shannon-Weaver index was reached in 

natural sites (1.8) followed by parks (1.7) and ruderals (1.5). There were differences 

in species spectrum according to categories of habitats too. The most abundant 

species of parks as well as of ruderals were A. versicolor and P. scaber. In natural 

localities there were diverse community compositions, where the most abundant 

species was P. collicola followed by A. versicolor, whereas P. scaber represented on 

average only 3% of communities. Mainly endogenous species Haplophthalmus 

danicus, Haplophthalmus mengii and Platyarthrus hoffmannseggii were caught only 

in parks, whereas Ligidium hypnorum inhabited exclusively natural sites. Other 

species were present in all three categories of sites. 

The CCA plot (Fig. 2) was used to evaluate the pattern of isopod distribution at 

these localities. The model was significant (F = 12.872, p = 0.002), the sum of all 

canonical eigenvalues was 0.488 %, all four canonical axes explain 7.6 % of 

variability in species variability. The most important factor for their distribution was 

artificiality (Tab. 2). A. versicolor and Porcellionides pruinosus seem to be the 

species that prefer the man-made localities. Most of the other species preferred sites 

with a higher amount of litter and dense herbal layer. 

 

Millipedes 

During our research, 3,488 specimens of 19 millipede species were collected, 2,005 

individuals of 13 species of them were obtained by pitfall traps (Tab. 3). Five species 

were collected individually: Enantiulus nanus (Latzel, 1884) was collected at one 

natural site (NATU23) and Cylindroiulus latestriatus (Curtis, 1845) was found in 

greenhouse of Botanical Garden. At these two localities, Oxidus gracilis (C.L.Koch, 

1847) was found too. Choneiulus palmatus (Němec, 1895) was collected at grass plot 

(PARK14). Millipede Melogona broelemanni (Verhoeff, 1897) was collected at three 

park sites (PARK19, PARK20 and near Faculty of Law PU Olomouc). The sixth 



  15 

 

species, Geoglomeris subterranea Verhoeff, 1908, was heat-extracted from soil 

substrate at railway embankment (RUDE10). 

The most frequently trapped species were Brachydesmus superus (66 %) and 

Cylindroiulus caeruleocinctus (19 %). The highest mean number of millipedes were 

obtained in natural sites (122 ± 65.8 ind./3 traps/8 months), especially due to B. 

superus, detected in 71 % of individuals at only 3 natural localities. The lowest 

number was detected in ruderal sites (29 ± 10.3 ind./3 traps/8 months). At 6 

localities, representing all 3 categories, no millipedes (or only one species) were 

obtained, so there is zero diversity. The highest values of Shannon-Weaver diversity 

index were reached in ruderal site RUDE28 (2.4), the low indexes were generally at 

natural sites. The most abundant species recorded in parks were B. superus followed 

by C. caeruleocinctus. These two species were the most dominant in ruderals, in 

reverse order. In natural sites B. superus was also dominant. C. caeruleocinctus also 

participated here, but much less frequently (5 %). 

The CCA plot (Fig. 3) was used for evaluation of millipede pattern distribution 

at various localities. The model was significant (F = 6.382, p = 0.002), the sum of all 

canonical eigenvalues was 0.542, all four canonical axes explain 6.8 % of variability 

in species variability. As well as for isopods, the most important factor for millipede 

distribution was artificiality (Tab. 4), Brachyiulus bagnalli, Kryphyoiulus occultus, 

Proteroiulus fuscus, C. caeruleocinctus and both species of Polydesmus appeared to 

be the species that favour artificial localities. Most of other species preferred sites 

with a higher amount of litter and the presence of trees and shrubs (i.e. canopy 

layer). 

 

Discussion 

Evaluations of species after their relation to naturalness of habitats (Tuf and Tufová, 

in press) show that in both groups the major part of species spectrum was represented 

by adaptable species (56% and 58% respectively), whereas eurytopic species 

represented 44% and 37% respectively. Only one relic species, G. subterranea, was 

found in the City of Olomouc.  
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Terrestrial isopods 

In total 17 species captured represent 40 % of Czech terrestrial isopod fauna 

(Flasarová, 2000). The relatively high number of species is comparable with 18 

species known from the Budapest City (Korsós et al., 2002), 14 species known from 

Bucharest (Giurginca, 2006), or 11 species known from Kiel (Tischler, 1980). The 

typical mean number of species found in Central European woods is approximately 

5-9 (Tajovský, 1998, Farkas et al., 1999, Tuf, 2003) only. 

In the Czech Republic, for example in Prague, Teplice, Ústí nad Labem, Brno, 

or in the city of Olomouc, the Mediterranean species A. nasatum was found almost 

exclusively in the greenhouses of the Botanical Garden (Mišurcová, 2007). Its 

presence is likely related to the exotic plants. The first report about its presence in 

Olomouc greenhouse was done already by Frankenberger (1959). Another rare 

species, A. roseus, is an inhabitant of deeper soil layers. Only two specimens were 

found, although the species was recorded in the nearby forests in the Litovelské 

Pomoraví Protected Landscape Area (Tuf, 2003). To date, the presence of a well 

developed population of small soil species H. danicus (extracted from soil samples in 

high numbers at several sites in Olomouc) represents the second known locality of 

this species from Moravia (Tajovský, 1998). 

The size of populations of isopods in parks, ruderal and natural sites differed 

markedly, however, the species spectrum was very similar. It appears that human 

activity impacts the community structure, but doesn’t affect species spectrum. A 

similar species spectrum, from localities differing in urbanisation, was also found in 

Sorø, Denmark (Vilisics et al., 2007) and Debrecen, Hungary (Hornung et al., 2007). 

The likely reason is that most of them are synanthropic or eurytopic. The similar 

species composition was also detected in other European cities, for example in 

Budapest (Korsós et al., 2002).  

Nevertheless, it appears that higher species richness is reached at less 

cultivated localities. The most important factor for isopods appears to be artificiality, 

the response is mostly negative. Both species that reacted positively, P. pruinosus 

and A. versicolor, are thermophile isopods from Mediterranean or Eastern Europe 

(Schmalfuss, 2003). They were present at several localities, but the highest densities 

were reached in artificial localities (railway and road embankments), with similar 

conditions as at a limestone hillside in the Pálava Protected Landscape Area 

(Tajovský, 1998). 
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Millipedes 

In total we obtained 19 species of millipedes that comprises 24 % of Czech millipede 

fauna (Tuf and Tufová, in press). This is a relatively high number compared to the up 

today mentioned 14 species in Sofia (Stoev, 2004) or 15 species known from Kiel 

(Tischler, 1980), but low compared to the 23 species detected in Copenhagen 

(Enghoff, 1973), the 26 species known in Budapest (Korsós et al., 2002) or the 50 

species found in Prague (Kocourek, 2004). 

From common species, C. caeruleocinctus is the most interesting one. This 

Atlantic species is frequently collected at anthropogenic habitats in whole Europe 

(Kime, 1999), where it invades a human residences also (Samšiňák, 1981; Mock, 

2006). This species was alone at 4 from 6 sites with zero Shannon-Weaver index of 

diversity. Only two specimens of O. gracilis were found in Olomouc, one at an 

outdoor locality near Rosarium and one in a greenhouse. It originally comes from 

Japan probably (Lewis, 2003) but it was diffused by humans throughout the world. 

Its distribution is connected with greenhouses and gardens with compost heaps in 

higher latitudes, although the northernmost outdoor occurrence is known from the 

Northern Norway at 69°16´N (Bergersen et al., 2006).  

The abundance of millipede species in parks, ruderal and natural sites differ 

markedly. Most of the species were detected in parks, only some of them in natural 

sites. This was probably caused by higher presence of synantropic species in parks, 

for example Blaniulus guttulatus prefers cultivated land (Lee, 2006). The lowest 

average diversity value in natural sites was evidently influenced by high dominance 

of B. superus at these localities. This species has short lifespan and tends to be very 

abundant in suitable habitats (Blower, 1985).  

The most important factor for millipede distribution was artificiality. 

Significant influence of human arrangements of habitats on the millipede species 

spectrum was also observed in Budapest (Korsós et al., 2002). C. caeruleocinctus 

and K. occultus were the species with the highest preferences of artificial 

environment. Both they are closely associated with cultivated land. In Britain and 

Poland it was found that they more prefer urban environments than natural sites (Lee, 

2006, Stojałowska, 1961). 
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Tab. 1: Presence of terrestrial isopods in Olomouc town (material from pitfall traps 

only), their dominance of activity in groups of sites (D, %) and sizes and indices of 

species diversity of those communities 
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PARKS (195 ± 72.3 ind.)              
PARK01 - + - + - - + + + + - + - - + 52 8 2.3
PARK02 - - - - - + + - + + + + - - + 78 7 2.2
PARK03 - + - - - - + + + + - + - - - 205 6 1.6
PARK05 - + - - - - - - + + - + - - + 82 5 1.9
PARK06 - + - - - - - - + + - + - + + 49 6 1.9
PARK07 - + - - - - - - + + - + - + + 504 6 1.1
PARK09 - + - + - + - + + + + + - - + 88 9 2.1
PARK14 - - - - - - - - + + - - + - + 59 4 1.5
PARK17 - - - - - - - + + + - + - + + 47 6 1.8
PARK18 - + - - - - - - + + - + + - + 89 6 2.0
PARK19 - + + - - - - - + + - + + - + 157 7 2.1
PARK20 - + - - - + - - + + - + - + + 276 7 1.7
PARK22 - + + - - - + - + + - + - - - 65 6 2.0
PARK26 - - - - - - - + - + + + - + + 1106 6 0.2
PARK30 - - - - + - - - + + - + - - - 65 4 0.4
D 0.0 5.3 0.5 0.1 0.0 0.3 1.0 5.1 8.0 7.6 0.3 23.2 0.1 37.2 11.3       
RUDERAL SITES (324 ± 89.7 ind.)            
RUDE04 - + + - - - - - + + - + - - + 318 6 1.0
RUDE10 - + - - - - - - + + - + - + + 174 6 1.7
RUDE12 - + - - - - + + + + + + - + + 624 9 1.9
RUDE15 - + - - - - + - + + + + + + + 541 9 1.3
RUDE27 - + - - - - - - + + - + - - - 53 4 1.0
RUDE28 - + + - - - + + + + - + + + + 234 10 2.0
D 0.0 3.2 0.2 0.0 0.0 0.0 1.1 0.3 4.2 19.5 0.8 29.1 0.6 32.7 8.5       
NATURAL SITES (125 ± 27.6 ind.)            
NATU08 - - - - - - - - + + - + - - + 85 4 1.5
NATU11 - + - - - - - - + + - + - + - 298 5 1.7
NATU13 - + - - - - - - + + - + - + + 114 6 1.8
NATU16 - + - - - - - + + + - - - + + 183 6 1.8
NATU21 + + - - - - + - + + - + + + - 57 8 2.0
NATU23 - + + - - - + - + + - + + + + 177 9 1.6
NATU24 - + - - - - - - + + + + - - + 26 6 2.1
NATU25 - + + - - - + - + + + + - + + 80 9 2.3
NATU29 - + - - - - + - + + - - + - + 101 6 1.6
D 0.2 13.5 0.3 0.0 0.0 0.0 2.2 0.1 8.0 38.3 0.3 3.0 0.4 22.5 11.2      
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Tab. 2: Significance of environmental variables for terrestrial isopod distribution (F-

test and p-value by CCA in CANOCO) 

 

Variable  F  P  

artificiality 26.92 0.002

amount of litter 12.7 0.002

canopy layer 9.6 0.002

soil structure 8.59 0.002

herbal layer 4.92 0.002
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Tab. 3: Presence of millipedes in Olomouc town (material from pitfall traps only), 

their dominance of activity in groups of sites (D, %) and sizes and indices of species 

diversity of those communities 

lo
ca

lit
y 

Po
ly

xe
nu

s l
ag

ur
us

 (L
in

na
eu

s, 
17

58
) 

M
el

og
on

a 
vo

ig
ti 

(V
er

ho
ef

f, 
18

99
) 

Bl
an

iu
lu

s g
ut

tu
la

tu
s (

Fa
br

ic
iu

s, 
17

98
) 

Pr
ot

er
oi

ul
us

 fu
sc

us
 (A

m
 S

te
in

, 1
85

7)
 

Br
ac

hy
iu

lu
ls

 b
ag

na
lli

 (C
ur

tis
, 1

84
5)

 

C
yl

in
dr

oi
ul

us
 c

ae
ru

le
oc

in
ct

us
 (W

oo
d,

 1
86

4)
 

C
yl

in
dr

oi
ul

us
 n

iti
du

s V
er

ho
ef

f, 
18

91
 

K
ry

ph
io

iu
lu

s o
cc

ul
tu

s (
C

.L
.K

oc
h,

 1
84

7)
 

O
ph

yi
ul

us
 p

ilo
su

s (
N

ew
po

rt,
 1

84
2)

 

U
nc

ig
er

 fo
et

id
us

 (C
.L

.K
oc

h,
 1

83
8)

 

Br
ac

hy
de

sm
us

 su
pe

ru
s L

at
ze

l, 
18

84
 

Po
ly

de
sm

us
 c

om
pl

an
at

us
 (L

in
na

eu
s, 

17
61

) 

Po
ly

de
sm

us
 in

co
ns

ta
ns

 L
at

ze
l, 

18
84

 

nu
m

be
r o

f c
ou

gh
t a

ni
m

al
s 

nu
m

be
r o

f s
pe

ci
es

 

Sh
an

on
-W

ea
ve

r i
nd

ex
 

PARKS (49 ± 10.6 ind.)             
PARK01 - - - + - + - - - - + - - 38 3 1.1 
PARK02 - + + - - + - + + - + - - 57 6 1.9 
PARK03 - + + - - + - - - - + - - 80 4 1.3 
PARK05 - - - - - + - - - - - - - 72 1 0.0 
PARK06 - - - - - + - - - - - - - 13 1 0.0 
PARK07 - - - - - + - - - - - - - 5 1 0.0 
PARK09 - - - - - + - - - - + - - 44 2 1.0 
PARK14 - + + + + + - + - + + - + 75 9 2.1 
PARK17 - - - - - + - - - - + - - 7 2 0.9 
PARK18 - - + - + - - - - + + - - 170 4 0.3 
PARK19 + + - - + + + - + - + - - 46 7 2.2 
PARK20 - - + + + + - - - - + - + 41 6 2.2 
PARK22 - + - - - - - - - + + - + 11 4 1.5 
PARK26 - - - + + + - - - - + - - 31 4 1.4 
PARK30 - - - - - + - - - + - - - 39 2 0.2 
D 0.1 3.3 1.0 3.0 4.1 36.9 0.1 0.4 4.1 1.0 43.6 0.0 2.3       
RUDERAL SITES (29 ± 10.3 ind.)           
RUDE04 - + - - - - - - - - - - - 3 1 0.0 
RUDE10 - - + + + + - - - - + - - 52 5 1.8 
RUDE12 - - - - - + - - - - - - + 18 2 0.3 
RUDE15 - - - - + + - + - - + + + 47 6 1.9 
RUDE27 - - - - - - - - - - - - - 0 0 0.0 
RUDE28 - + - + + + - - + + + - - 56 7 2.4 
D 0.0 2.3 1.7 1.7 22.7 32.4 0.0 4.0 5.1 2.8 25.0 0.6 1.7       
NATURAL SITES (122 ± 65.8 ind.)          
NATU08 - - - + + + - + - - - - - 25 4 0.9 
NATU11 - - - - - + - - - - - - - 2 1 0.0 
NATU13 - - - - + + - - - - - - - 21 2 0.8 
NATU16 - + - - - + - - - + + - + 231 5 0.3 
NATU21 - + - - - + - - - + + - - 608 4 0.3 
NATU23 - + - - - + + - + + + - - 57 6 1.2 
NATU24 - + - - + + - - - - + - + 137 5 0.5 
NATU25 - - - - - + - - - - + - - 16 2 0.3 
NATU29 - - - + - - - - + - - - - 3 2 0.9 
D 0.0 1.5 0.0 0.3 0.8 4.8 0.2 0.2 4.1 1.0 86.8 0.0 0.4     
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 Tab. 4: Significance of environmental variables for millipede distribution (F-test and 

p-value by CCA in CANOCO) 

 

Variable  F  P  

artificiality  15.96  0.002  

amount of litter  6.42  0.002 

canopy layer  5.77  0.002 

herbal layer  1.93  0.024 

soil structure 1.31 0.198 
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Fig. 1: Distribution of studied localities in city of Olomouc. Numbers are codes of 

localities, circles are parks, squares are ruderal sites and triangles are natural sites. 
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Fig. 2: CCA plot of distribution of terrestrial isopods in relation to environmental 

variables 
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Fig. 3: CCA plot of distribution of millipedes in relation to environmental variables 
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Abstract 

The communities of millipedes and centipedes were studied in two towns of similar 

size located in different parts of the Czech Republic: Jičín (East Bohemia) and 

Hodonín (South Moravia). Studied animals were obtained using pitfall traps, heat 

extraction of soil samples and hand collecting. In total 45 pitfall traps were installed 

in each town in 15 localities including parks, built up areas and abandoned ruderal 

sites. Localities were classified into three categories: parks, ruderals and nature. 

Basic environmental characteristics of each locality were evaluated: artificiality, 

coverage by leaf litter, by herbal and canopy layer, structure and pH of the soil and 

amount of humus and calcium in soil. The hand collecting was used to get more 

complete knowledge of the species spectrum since the animals were collected in 

areas where pitfall trapping was not viable too. 

. In total 20 species of centipedes (1,056 ind.) and 24 species of millipedes 

(1,890 ind.) were recorded which is 30 % of known Czech centipede and millipede 

fauna. It confirms a high diversity of these communities in urban ecosystem. In both 

groups the major part of species spectrum was represented by adaptable or eurytopic 

species whereas only one species fell into category relic. Multivarite technics that 

were used for data set from pitfall traps revealed that the amount of humus and leaf 

litter are the most important factors for distribution of myriapods.  

The most interesting faunistic result was the first recorded finding of the 

centipede Henia vesuviana in the Czech Republic and new localities of rare species 

Schendyla montana and Geophilus pygmaeus (listed in Hodonín). Further interesting 

results are the occurrence of Geophilus oligopus, Allajulus nitidus and individuals of 

the cave genus Brachychaeteuma in Jičín. 

 

Key words: Chilopoda, Diplopoda, Jičín, Olomouc, pitfall traps, soil macrofauna, 

urban ecosystem 
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Introduction 

Although urban ecosystems have many characteristic features, they have been 

neglected in ecological research for a long time. The process of urbanization entails 

conversion of indigenous natural habitat to various forms of anthropogenic habitats, 

fragmentation and isolation areas of indigenous habitat. Cities then represent 

diversified areas with the mosaic of remaining natural sites, various artificial sites, 

abandoned ruderal areas and nature-like sites as parks, lawns and graveyards 

(Parlange 1998, McIntyre et al. 2001). Additionally, mesoclimatic conditions in 

cities are distinct from environs by higher temperature and faster precipitation runoff. 

The city fauna is often enriched with introduced species; their proportion is generally 

higher than in other areas. Non-native species come from horticultural planting and 

many other human activities (Rebele 1994, Smith et al. 2006) and together with 

indigenous fauna create unique synantropic communities. 

Centipedes and millipedes belong to the class Myriapoda. Centipedes are 

carnivores while millipedes feed on plant material and fragments of decaying 

vegetation. Representatives of both groups are found in similar conditions, mostly in 

habitats with low insulation, higher humidity and stable temperatures, e.g. under 

stones, bark, fallen branches, in leaf litter or directly in soil (Eisenbeis et Wichard 

1987). Urban areas extend common microhabitat potential with stacks of building 

materials, dilapidated houses, various walls, compost piles and garbage piles etc.  

This study deals with distribution of centipedes and millipedes in two towns of 

similar size located in different parts of the Czech Republic: Jičín and Hodonín. It 

has two aspects – ecological and faunistical. The first goal of the study is to find 

which of tested variables influence distribution and abundance of these animals, and, 

generally speaking, to contribute to the knowledge about how Myriapoda respond to 

urbanisation. The faunistical aspect of the study is investigates the millipede and 

centipede species spectrum of both cities. 

 

Methods 

Study sites 

Hodonín is located in the southern Moravia, in the southern part of Dolnomoravský 

úval Graben (48°50′56.17″N 17°7′56″E). It is situated on Morava river in a flatland 

plain at an altitude of about 200 m, covering 63.78 km2. Geological setting is 

http://tools.wikimedia.de/%7Emagnus/geo/geohack.php?pagename=Hodon%C3%ADn&params=48_50_56.17_N_17_7_56_E_type:landmark
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composed of Quaternary sandy and gravely sandy sediments overlaid by loamy 

sandy flood soil formation. The average annual temperature is 9.5 °C and annual 

rainfall reaches 585 mm. Hodonín has population of 22,200. 

Jičín is located in North-East Bohemia in the undulating country on Cidlina 

river (50°26′12″N 15°21′6″E). It is situated at the altitude of 287 m, covering 24.93 

km2. Geological setting is composed partially of cretaceous formation and partially 

of Quaternary eolian sediments; the soils include brown earths and loess soil. 

Average annual temperatures range around 7–8 °C, the annual rainfall is 650-

700 mm. The town has 16,400 inhabitants.  

 

Sampling methods 

Three standard sampling methods were used for collecting both millipedes and 

centipedes. Pitfall traps were used particularly to trap ground dwelling species. 45 

simple pitfall traps were placed in 15 localities in each city. The sampling sites were 

selected with regard to various habitat types, subsuming urban greens like parks, 

built up areas, yards and ruderal grounds. Pitfall traps were half-filled with a 4 % 

water solution of formaldehyde and emptied once every two weeks from April 2006 

to March 2007. Soil samples were taken using sample rings (1/30 m2, depth 10 cm) 

at the same localities where the pitfall traps were used. Two samples were taken from 

each of 30 localities (November 2006 and March 2007) and were heat extracted for 

10 days using a Tullgren funnel. Individual hand collecting was used with the 

purpose to describe the species spectrum as exhaustively as possible. It was 

conducted also in areas where pitfall trapping was not viable, continuously from 

April 2006 to March 2007. A combination of these three methods is generally used to 

describe both occurrence and biology of various groups of soil fauna (Czechowski 

and Mikoljaczyk 1981). 

Localities were classified into three categories: parks (= managed sites), 

ruderals (= abandoned sites) and nature (= rests of natural sites). In each locality 

environmental conditions were evaluated. The following parameters were evaluated 

on a scale from 1 to 4 according to quantity or quality and were sampled within 1 m 

of the trap: amount of litter – 1 indicates no leaf litter, 4 indicates leaf litter covering 

the whole area in a thick layer; coverage by herbal layer and by canopy layer – 1 

indicates a coverage from 0 to 25 %, 2 means 25 – 50 % etc.; soil structure – 1 

indicates a clayey soil, 2 indicates a loamy soil, 3 indicates a sandy soil and 4 

http://tools.wikimedia.de/%7Emagnus/geo/geohack.php?pagename=Ji%C4%8D%C3%ADn&params=50_26_12_N_15_21_6_E_type:landmark
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indicates a stony soil; artificiality – 1 indicates a site with a natural soil profile, 4 

indicates completely artificial soils. Furthermore content of calcium, humus and pH 

were evaluated. These factors were measured by laboratory analysis and actual 

values were used. Distribution patterns and impact of environmental factors were 

evaluated by Canonical Correspondence Analysis in CANOCO for Windows 4.5© 

(Ter Braak and Šmilauer, 1998), logarithms of numbers of caught animals were used. 

Significance of relationships between species and environmental data were 

calculated using Monte-Carlo permutation test (499 repetitions). Additionally, 

localities were classified using Ward's clustering method. 

 

Results 

Centipedes 

In total we captured 1,056 centipedes of 20 species in both cities, including 9 species 

belonging to Lithobiomorpha and 11 to Geophilomorpha. In Jičín we recorded 414 

centipedes of 15 species (Tab. 1), 642 centipedes of 13 species were captured in 

Hodonín (Tab. 2). In total 8 species were found in both towns. The most abundant 

species obtained by pitfall traps were L. forficatus (Jičín: 50 %, Hodonín: 67 %) and 

L. microps (Jičín: 32 %, Hodonín: 19 %). The most dominant species in soil were L. 

microps (Jičín: 50 %, Hodonín: 58 %) and S. nemorensis (Jičín: 29 %, 

Hodonín: 37 %). Sequence of the most dominant species did not change among 

parks, ruderals and natural sites analogous to numbers of species per locality (parks: 

4.5 ± 0.5; ruderals: 4.3 ± 0.4; natural sites: 4.0 ± 0.3). 

 

Millipedes 

In total 1,890 millipedes of 24 species were captured in Jičín and Hodonín. Four of 

them belong to order Chordeumatida, 14 to Julida and 5 to Polydesmida. 750 

specimens collected in Jičín represented 14 species,  1137 specimens of 18 species 

we recorded in Hodonín. Only 9 species were common for both cities. The most 

abundant species obtained by pitfall trapping in Jičín were P. inconstans (35 %), O. 

pilosus (15 %) and B. superus (15 %) whereas P. complanatus (29 %), C. 

caeruleocinctus (24 %) and B. bagnalli (21 %) were the most abundant millipedes 

recorded using pitfall traps in Hodonín. The most dominant species in soil samples in 

Jičín were O. pilosus (26 %), A. nitidus (22 %) and B. gutullatus (21 %). The most 
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abundant soil-dwelling millipedes of Hodonín were: K. occultus (44 %), B. bagnalli 

(24 %) and C. caeruleocinctus (16 %). There were some differences in millipede 

species spectrum between parks, ruderals and natural sites. For example P. 

inconstans, which was the most dominant species in parks and ruderal sites of Jičín 

(30 % and 50 % respectively), reached only 1.4 % in natural sites. J. scandinavius 

was the second most abundant species in natural sites of Jičín (21 %) but reached 

only 7 % in parks and 1 % in ruderal sites. The clearly dominant species of natural 

sites of Jičín O. pilosus (39 %) reached only 11 % in ruderals and 7 % in parks. In 

Hodonín we found the obvious difference in occurrence of B. bagnalli between 

parks, ruderals and natural sites. Although it was dominant in parks and ruderals (23 

and 21 %), it has not been found in natural sites at all. The average numbers of 

species per locality were 5.4 ± 0.7 in ruderals, 5.2 ± 0.7 in parks, and 4.6 ± 0.7 at 

natural sites only. 

 

Environmental conditions and characteristic of habitats 

The highest mean catch (ind. / 3 traps / 12 months) of centipede specimens in pitfall 

traps was reached in parks (21.4 ± 6.3), followed by ruderals (21.0 ± 5.0), whereas 

mean catch at natural sites was relatively low (12.4 ± 4.2). For millipedes the largest 

value was reached in ruderals (68.7 ± 14.5), followed by parks (30.6 ± 12.5) and 

natural sites (17.8 ± 3.7). The myriapod communities were the most diverse at 

natural sites (S-W index of biodiversity = 2.25), followed by parks (2.24) and 

ruderals (2.05).  

The CCA plot (Fig. 1) was used to evaluate the pattern of myriapod 

distribution at investigated localities. The model was significant (F = 6.957, 

p = 0.002), the sum of all canonical eigenvalues was 1.737; all four canonical axes 

explained 72.5 % of variability in species variability. The largest proportion of the 

variability was explained by factor amount of humus (F = 12.77, p = 0.02), the 

second most important factor was artificiality (F = 10.23, p = 0.02). Canopy layer 

seemed to be the least important factor (F = 3.36, p = 0.02). However, all the tested 

factors were significant (Tab. 3).  

In total 28 of 34 species showed significant relation to amount of humus (Fig. 

2) and 26 species to amount of litter (Fig. 3). The strong positive relationship to 

amount of humus and litter was found for millipedes A. nitidus, M. stigmatosum, O. 

pilosus, J. scandinavius and M. voigti. Two polydesmids P. inconstans and B. 
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superus tend to settle artificial habitats with high amount of humus and low amount 

of litter. C. caeruleocinctus, B. bagnalli and C. palmatus preferred artificial localities 

with low amount both humus and litter. From centipedes L. melanops and L. 

macilentus seem to be the species most preferring artificial habitats and low amount 

of litter. To the contrary, G. flavus and C. flavidus tend to settle natural sites. 

A classification using Ward distance was carried out for pitfall traps in all 30 

localities (Fig. 4). The dendrogram shows that there are some localities obviously 

separated from the rest and on the other hand also similar localities forming clusters. 

Within majority of clusters localities of Jičín and Hodonín are represented about 

equally, thus the city factor doesn’t seem to be the most important. 

 

Discussion 

Centipedes 

Finding of 20 species in both cities represent roughly 30 % of Czech centipede fauna 

(Tuf and Tufová in press). We recorded 15 species of centipedes in Jičín and 13 

species in Hodonín. These numbers are similar to that ones recorded in other 

European cities. In total12 species were found in Warsaw (Wytwer 1996), 15 species 

in Copenhagen (Enghoff 1973), 16 species in Sofia (Stoev 2004) and 18 species 

representing 33 % of Polish centipede fauna were recorded in Poznan (Lesniewska 

1996). Only 4 species were found during research in the Eskhir, Turkey (Misirlioğlu 

2003); 34 species detected in Roma (Zapparoli 1992) is the divergent extreme. Pitfall 

trapping was the most successful method; however, additional methods broadened 

the species spectrum with 5 species in Jičín (33 % of all recorded species) and 4 

species in Hodonín (38 %).  

The average numbers of species 4.0 to 4.5 per locality is lower value than 5-10 

species generally recorded in Central European forest communities (Albert 1979, 

Becker 1982, Wytwer 1990, 1992). Wytwer (1996) found on average 5.8 species in 

wooded areas, 5.0 in park lawns and 4.5 species in street lawns during the research of 

urban greens in Warsaw. 

In total 9 species were found in both cities; except Lithobius melanops and 

Henia illyrica all of them were found in great numbers and can be considered as 

common. Geophilus electricus was relatively abundant species too. It was found only 

in Jičín but then it was recorded from almost all the investigated localities. After 
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Lesniewska (1996), it is a eurytopic species that tends to be numerous in urban 

localities. Other species were found in less than 10 specimens and may be thus 

considered as rare. According to Tuf and Tufová (in press) the species may be 

divided in three categories after their habitat requirements. 55 % of species recorded 

in Jičín and Hodonín then come under category 'adaptable' (able to colonize both 

undisturbed and moderately disturbed habitats), 35 % belong to 'eurytopic' 

(colonizing different biotopes include heavily anthropically disturbed sites) and only 

2 species L. burzenlandicus and G. oligopus (10 %) come under the category 'relic' 

(restricted to natural, undisturbed habitats). This ratio is evidently different from total 

Czech centipede fauna where 40 % of species are classified as relic, 45 % as 

adaptable and 15 % as eurytopic. It shows on high proportion of synantropical and 

intruduced species in both cities. This feature was also found in other European 

cities. The most abundant species of both Jičín and Hodonín as well as other 

researched cities were Lithobius forficatus and Lithobius microps (Enghoff 1973, 

Lesniewska 1996, Wytwer 1996).  

Henia vesuviana is the most interesting faunistical result in Jičín. It is the first 

recorded finding in the Czech Republic. However, it was also found in Olomouc 

during the simultaneous sampling as a part of the same extensive research of urban 

areas. H. vesuviana is a Mediterranean species; however, it occurs naturally in 

France and Germany. In east Germany it is found only in cities (Munich, Jena, 

Leipzig) and its possible synantropic occurrence in Czech cities was predicted 

(Lindner 2007). Findings in Jičín and Olomouc confirm a tendency of this species to 

spread. It is an animal of disturbed soils often found in urban settings (Barber and 

Keay 1988) with a high tendency to colonize new biotopes (Spelda 2005). G. 

oligopus is another interesting representative of centipede fauna of Jičín. This species 

has an Alpin-Dinarian distribution area; recently it was recorded also from 

Carpathians (Romania) (Dányi 2007). The finding in Jičín is thus very surprising; 

probably it was spread by human. G. pygmaeus is the most interesting faunistical 

record from Hodonín. It is only the second record for the Czech Republic, after 100 

years. For the first time it was recorded from Boskovice, southern Moravia; Vališ 

(1902), collected one female. S. montana is another interesting representative of 

Geophilomorpha; Hodonín is the third known location of its occurrence in the Czech 

Republic, until today it was known only from Podyjí National Park and Labské 

Pískovce Protected Landscape Area (Tajovský 1998a, 1998b). Lithobius 
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burzenlandicus is the most interesting representative of Lithobiomorpha. The natural 

range of this Balkan species (Matic 1966) reaches south Moravia. All the specimens 

found in Hodonín were captured in the sites lying alongside the railway corridor 

connecting the town with South European destinations. The corridor may be 

considered likely route into the town. 

 

Millipedes 

In total we recorded 24 species of millipedes which amount to roughly 30 % of 

species known in the Czech Republic (Tuf and Tufová in press). Numbers from 

investigated cities (Jičín: 14, Hodonín: 18) are not fundamentally different from 14 

species identified in Sofia (Stoev 2004) and 15 species from Kiel (Tischler 1980). 

Much higher millipede richness was found in Copenhagen (23 species, Enghoff 

1973), Budapest (26 species, Korsós et al. 2002) and in Prague, where 50 species 

were recorded (Kocourek 2004). However, biotope settled with more than 10 

millipedes can be termed rich (Kocourek 2004). 

The millipede faunas of Jičín and Hodonín are not as similar as faunas of 

centipedes. The lists of most abundant species of Jičín and Hodonín differ 

completely not only between each other but also from other European cities. The 

most dominant species of pitfall traps in Jičín were absent or very rare in Hodonín, 

and vice-versa. Data from soil samples indicate a similar divergence. K. occultus and 

B. superus were the only species found in relatively large numbers in both cities. 

Allajulus nitidus recorded in Jičín may be considered as interesting record; it is 

generally assumed to be rare (Kocourek 2001) and it is only the 3rd record for the 

Czech Republic. However, the population recorded in the area of the Botanical 

Garden of Charles University in Prague was also very abundant (Kocourek 2001), 

and high abundances in the areas of its occurrence are realized in England (Blower 

1985).  

As in the case of centipedes, also millipede fauna of Jičín and Hodonín consists 

of adaptable and eurytopic species. Specifically 50 % of species are included in 

category adaptable, 42 % in eurytopic and only two species (C. transsilvanicum and 

Brachychaeteuma sp.) represent the category relic. Within the millipedes known 

from the Czech Republic, 31 % are categorized as relic, 49 % as adaptable and 20 % 

as eurytopic. The obvious difference, as well as in foregoing case of centipedes, thus 
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confirms a general dissimilarity in species spectrum between urban and natural 

habitats.  

Detection of specimens of the genus Brachychaeteuma is the most interesting 

faunistical result of sampling in Jičín. We have found only one female; for 

identification to species level male specimens will have to be obtained. Up today in 

Czech Republic species Brachychaeteuma bradeae was recorded only from caves 

(Tajovský and Mlejnek 2007). However, in UK its non-cave occurrence is common 

(Lee 2006). Cylindroiulus britanicus is one of the few species recorded during 

previous studies in Jičín (Kocourek 2006). Its occurrence is not surprising, this 

synantropic species is known e.g. from Prague (Kocourek 2004). However, the 

current inventory failed to trace it within the city boundaries. M. bosniensis, C. 

transsilvanicum, C. boleti and U. transsilvanicus are representatives of Southeast 

European fauna. They were found only in Hodonín; only U. transsilvanicus was 

found in Jičín as well, even in higher numbers than in Hodonín. However, the species 

was recorded also from the Arba Nature Reserve in Bohemian Switzerland National 

Park which represents the north-westernmost occurrence of this species in Europe 

(Tajovský 2002). 

 

Environmental conditions and characteristic of habitats 

Although in natural sites we recorded the lowest both numbers of individuals and 

species richness, the diversity there was the highest. This was caused by generally 

low abundances of synantropic and eurytopic species in natural localities. That 

species reached high abundances in ruderal and park sites and decreased their 

diversity. Although the impacts of all the tested environmental factors were 

significant, some of them were not essential, such as canopy layer, all the site type 

categories and surprisingly also artificiality which was the most important in 

Olomouc (Riedel et al. in press). A low significance of the amount of calcium in soil 

is another unexpected result. Millipedes require large amounts of calcium to produce 

calcified exoskeletons (Hopkin and Read 1992). There is a positive relation between 

increasing calcium in soil and millipede abundance (Kalisz and Powell 2003). 

Generally the most important factor seems to be the amount of humus followed by 

the amount of litter. A strong dependence on both these factors was identified 

especially in distribution of millipede species. It is in accordance with ecological 

requirements of millipedes as organisms feeding primarily on decaying plant 
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material (Eason 1964). Dunxiao et al. (1999) found a positive correlation with soil 

organic matter content in urban areas..  

Distribution of C. caeruleocinctus has its peak in sites with a low amount of 

humus in soil and a low amount of litter. The sites were also distinguished with the 

absence of a canopy layer, with recent soil disturbances and a high degree of 

artificiality. Owing to these characteristics and its considerable dominance at ruderal 

sites in Hodonín, C. caeruleocinctus seems to be a typical representative of species 

settling man-made sites. This Atlantic species was not recorded until 1954 in the 

Czech Republic (Kocourek 2004) and until recently in Slovakia (Mock 2006). Its 

occurrence at synantropic sites is common (Kocourek 2004). It is also known as a 

human residence’s invader (Samšiňák 1981). 

Although P. inconstans and B. superus significantly prefered humic soil, sites 

of its occurrence were distinguished by a low amount of litter on the ground. It is 

hard to pinpoint the cause of this pattern. More than 50 % of specimens were 

captured in just one locality that meets these conditions. Impact of values of 

environmental factors collected in this one locality is likely excessive and the 

established pattern may apparent, because of other ecological factors or even by 

coincidence. Tischler (1980) found a causeless absence of P. inconstans in some 

habitats and considered it as a consequence of the island character of urban habitats. 

A. nitidus seems to be a species strongly preferring high amounts of both humus and 

litter which is in accord with requirements published for this species. Its positive 

relationship to deciduous forests and generally to natural habitats (Kocourek 2001, 

Blower 1985) was not found because more than 77 % of individuals were captured in 

one locality categorized as park locality with relatively high degree of artificiality.  

Cluster analysis showed a high dissimilarity among localities. One of the most 

substantial reasons is probably the distinct geographical location of Jičín and 

Hodonín. As mentioned above, fauna of Hodonín is enriched with Southeast 

European species (in particular millipedes) and Jičín has a lot of specific species as 

well. However, localities are not strictly separated in this respect. 

Ruderal localities H02 and H14 differ from the others due to high abundance of 

L. mutabilis and millipedes O. sabulosus, K. occultus and chiefly due to presence of 

M. bosniensis. Both these localities are characterized by high amount of litter, low 

artificiality, and sandy soil which is typical surroundings for O. sabulosus (hence the 

trivial name) (Blower 1985). Ecology of this xerophilic species has been objective of 
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many studies (conducted also in urban areas); its mass occurrences and migrations 

have been frequently observed throughout Europe and other regions of the world. It 

is known for its tendency to invade cities and even houses, and thus considered a pest 

and exterminated (Kania and Tracz 2005). Localities J02 and J13 seem to be the 

reverse of the two previously mentioned. They represent highly artificial localities, 

with low amounts of litter and loamy soil. An interesting factor of both these 

localities is the presence of L. melanops and L. macilentus. Surprisingly, the latter 

mentioned species is generally considered as a woodland species (Eason 1964). Park 

locality H12 differs from the others due to uncommon centipede species 

composition: very high abundance of L. forficatus (61 ind.) and a really low 

abundance of L. microps (1 ind.). To the contrary, the generally higher abundance of 

L. microps in comparison with L. forficatus is characteristic for localities J15, H10, 

J04, H08, H11, H13, J10 and J12 combined in one large cluster. These localities are 

predominately various grassy sites with some non-native or self-seeding trees and 

shrubs or without woody plants. A decrease of L. forficatus and its replacement by L. 

microps in such sites is in accord with Wytwer (1996). Ruderal localities H4, H15, 

H06 and H09 represent sites where soil was recently disturbed in various ways. Thus, 

it is not surprising that C. caeruleocinctus, which generally prefers cultivated land 

(Blower 1985), was very abundant at these places. The relationship between 

localities J06 and J07 is due to similar conditions (high amount o litter, clayey soil, 

and a well developed canopy layer) and possibly also due to their proximity. Both 

localities are settled by millipedes O. pilosus, A. nitidus and J. scandinavius. These 

are considered woody species (Kocourek 2001, Blower 1985) and were not abundant 

in other localities in Jičín. 

 

Soil fauna and urban planning 

In both cities we found high species richness which is similar to results published for 

other cities. For example, Enghoff (1973) investigated millipede fauna of heavily 

man-influenced localities in Copenhagen and he stated that fauna in Denmark 

reaches its peak of species diversity in the type of biotopes covered by that 

investigation. Thus the changing of environment connected with urbanization is not 

always detrimental to diversity of the fauna. Similarly for abundances, the highest 

densities of soil invertebrates can be found at the most un-naturalized biotopes 

(Vilisics et al. 2007). However, urbanization has been unequivocally identified as 
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one of the leading causes of declines in arthropod diversity and abundance (Davis 

and Jones 1978). According to other studies, millipede and centipede faunas 

obviously reflect various degrees of human disturbance. Urban influences and 

urbanization seem to be stressors (Zapparoli 1992, Korsós et al. 2002). An 

explanation of the high species richness is the extreme heterogeneity of the urban 

landscape. A majority of the urban sites is formed by eurytopic species that are at 

least neutral to synantropic habitats; however, fragmented semi-natural habitats may 

still support populations of native species. Moreover, the species spectrum is often 

enriched with exotic species. 

Thus the most important rule for urban ecosystem management seems to be to 

maintain habitats in conditions of high spatial diversity. The most important habitat 

factors for the distribution of centipedes and millipedes in Jičín and Hodonín were 

the amount of humus and leaf litter. Unsurprisingly, in cities, an orderly city 

landscape is often preferred and thus undecomposed leaf litter is often removed. For 

a large majority of myriapods this has a negative effect (Poser 1990). Urban green 

spaces should be created and managed using ecologically sensitive methods in order 

to simulate the balance of nature, not just for aesthetics (Weigman 1989). Another 

self-evident basic rule for urban management is to reduce, to the extent feasible, the 

chemical and mechanical stresses (Schaeffer 1989).  
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Tab. 1: List of centipede and millipede species in Jičín. Presence of species 

(localities 01-15, data from pitfall traps and soil samples). Number of individuals 

(pitfall traps / soil samples / individual collecting). D – dominance ( %; pitfall traps / 

soil samples) 

 
Number

CENTIPEDES 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 of ind.
Lithobius agilis  L.Koch, 1847 - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Lithobius burzenlandicus Verhoeff, 1934 - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Lithobius crassipes L.Koch, 1862 - - - - - - - - - - - - - - 0 / 0 / 1 0.0 / 0.0
Lithobius erythrocephalus C.L.Koch, 1847 - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Lithobius forficatus Linnaeus, 1758 + + + - + + + - + + + + + + + 67 / 0 / 49 50.0 / 0.0
Lithobius macilentus L.Koch, 1862 - + - - - - - - - - - - + - - 2 / 0 / 0 1.5 / 0.0
Lithobius melanops Newport, 1845 - + - - - - - - - - - - + - - 2 / 0 / 1 1.5 / 0.0
Lithobius microps Meinert, 1868 - + + + + + + + + + + + + + + 43 / 77 / 19 32.1 / 50.0
Lithobius mutabilis L.Koch, 1862 - - - - - - - - - - - - - + - 1 / 0 / 0 0.7 / 0.0
Schendyla montana (Attems, 1895) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Schendyla nemorensis (C.L.Koch, 1836) - + + + + + - + + + + + + + + 6 / 45 / 2 4.5 / 29.2
Clinopodes flavidus C.L.Koch, 1847 - - - + - + - - - - - - - - - 2 / 0 / 23 1.5 / 0.0
Geophilus electricus (Linnaeus, 1758) + - + - + - - + + - + + + - + 4 / 15 / 10 3.0 / 9.7
Geophilus flavus (DeGeer, 1778) - - + + + - - + + - - + + - - 6 / 12 / 19 4.5 / 7.8
Geophilus insculptus  Attems 1895 - - + - - + + - - - + - - - - 0 / 4 / 0 0.0 / 2.6
Geophilus oligopus (Attems, 1895) - - + - - - - - - - - - - - - 0 / 1 / 0 0.0 / 0.6
Geophilus pygmaeus Latzel, 1880 - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Henia illyrica (Meinert, 1870) - - - - - - - - - - - - - - - 0 / 0 / 1 0.0 / 0.0
Henia vesuviana (Newport, 1845) - - + - - - - - - - - - - - - 1 / 0 / 0 0.7 / 0.0
Strigamia transsilvanica (Verhoeff, 1928) - - - - - - - - - - - - - - - 0 / 0 / 1 0.0 / 0.0
Sum of individuals 3 15 19 12 28 19 5 17 18 25 45 27 16 29 10
Number of species 2 5 8 4 5 5 3 4 5 3 5 5 7 4 4

MILLIPEDES
Mastigona bosniensis  (Verhoeff, 1897) - - - - - - - - - - - - - - -  0 / 0 / 0 0.0 / 0.0
Craspedosoma transsilvanicum  (Verhoeff, 1897) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Melogona voigti  (Verhoeff, 1899) - - + + + + + - + + - + - - - 10 / 5 / 3 2.6 / 4.2
Blaniulus guttulatus (Fabricius, 1798) + + + + + - - + - + - + - + + 10 / 25 / 43 2.1 / 20.8
Choneiulus palmatus  (Němec, 1895) + + - - + + - - - - - - + - - 10 / 3 / 28 2.6 / 2.5
Proteroiulus fuscus  (Am Stein, 1857) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Brachyiululs bagnalli  (Curtis, 1845) - - - - + - + - - - - - - - - 2 / 0 / 3 0.5 / 0.0
Cylindroiulus boleti  (C.L.Koch, 1847) - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Cylindroiulus caeruleocinctus  (Wood, 1864) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Cylindroiulus latestriatus  (Curtis, 1845) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Allajulus nitidus  (Verhoeff, 1891) + - - + - + + + - - + - - - - 35 / 26 / 15 9.0 / 21.7
Julus scandinavius  Latzel, 1884 - - + + - + + - - - + - - + - 24 / 0 / 1 6.2 / 0.0
Kryphioiulus occultus (C.L.Koch, 1847) - - - + + - - - - - - - - - - 15 / 8 / 17 3.8 / 6.7
Megaphyllum unilineatum  (C.L.Koch, 1838) - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Ommatoiulus sabulosus  (Linnaeus, 1758) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Ophyiulus pilosus  (Newport, 1842) + - + + - + + + - + + - - + - 57 / 31 / 42 14.6 / 25.8
Unciger foetidus (C.L.Koch, 1838) - - - - + - - - + + - - - + - 13 / 0 / 3 3.3 / 0.0
Unciger transsilvanicus  (Verhoeff, 1899) + - + - - - - + + - - + + + - 18 / 0 / 0 4.6 / 0.0
Strongylosoma stigmatosum (Eichwald, 1830) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Brachydesmus superus  Latzel, 1884 - - + + + + + - + + + + + + - 57 / 18 / 37 14.6 / 15.0
Polydesmus complanatus  (Linnaeus, 1761) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Polydesmus denticulatus  C.L.Koch, 1847 - - + - + - - - - - - - - - - 3 / 0 / 1 0.8 / 0.0
Polydesmus inconstans  Latzel, 1884 - + + + + - - - + + + + + - + 138 / 4 / 47 35.4 / 3.3
Sum of individuals 5 17 33 36 38 41 51 52 26 28 21 20 11 29 2
Number of species 5 3 8 8 9 6 6 4 5 6 5 5 4 6 2

Shannon-Weaver index of species diversity 2.5 2.5 3.2 2.6 3.0 2.1 2.1 1.3 2.0 2.5 2.5 2.2 1.5 2.7 1.8

D
localities J
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Tab. 2: List of centipede and millipede species recorded in Hodonín. Presence of 

species (localities 01-15, data from pitfall traps and soil samples). Number of 

individuals (pitfall traps / soil samples / individual collecting). D – dominance ( %; 

pitfall traps / soil samples) 

 
Number

CENTIPEDES 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 of ind.
Lithobius agilis  L.Koch, 1847 - - - - - - - - - - - - - - - 0 / 0 / 1 0.0 / 0.0
Lithobius burzenlandicus Verhoeff, 1934 - - - + + - - - - - - - - - - 0 / 3 / 0 0.0 / 3.0
Lithobius crassipes L.Koch, 1862 - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Lithobius erythrocephalus C.L.Koch, 1847 - + - - - - - - - - - - - - - 3 / 0 / 0 0.7 / 0.0
Lithobius forficatus Linnaeus, 1758 + + + + + + + + + + - + + + + 306 / 0 / 45 66.7 / 0.0
Lithobius macilentus L.Koch, 1862 - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Lithobius melanops Newport, 1845 - - - - - - - - - - - - - - - 0 / 0 / 1 0.0 / 0.0
Lithobius microps Meinert, 1868 + + + + + + + + + + + + + + + 89 / 57 / 8 19.4 / 57.6
Lithobius mutabilis L.Koch, 1862 - + + + + - - - - - - + + + + 35 / 0 / 0 7.6 / 0.0
Schendyla montana (Attems, 1895) - - - - - - - - - - - + - - - 1 / 0 / 0 0.2 / 0.0
Schendyla nemorensis (C.L.Koch, 1836) + - + + + + + + + + + + - - - 15 / 37 / 1 3.3 / 37.4
Clinopodes flavidus C.L.Koch, 1847 + + - - + - - + + + - - - + - 8.2.2019 1.7 / 2.0
Geophilus electricus (Linnaeus, 1758) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Geophilus flavus (DeGeer, 1778) - - - - - - - - - + - - - - - 1 / 0 / 0 0.2 / 0.0
Geophilus insculptus  Attems 1895 - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Geophilus oligopus (Attems, 1895) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Geophilus pygmaeus Latzel, 1880 - - - - + - - - - - - - - - - 1 / 0 / 0 0.2 / 0.0
Henia illyrica (Meinert, 1870) - - - - - - - - - - - - - - - 0 / 0 / 9 0.0 / 0.0
Henia vesuviana (Newport, 1845) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Strigamia transsilvanica (Verhoeff, 1928) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Sum of individuals 68 42 37 72 63 15 13 18 52 9 30 79 15 34 11
Number of species 6 6 4 6 8 3 3 4 4 5 2 5 3 5 3

MILLIPEDES
Mastigona bosniensis  (Verhoeff, 1897) + + - + + - - - - - - - - + - 44 / 0 / 0 4.6 / 0.0
Craspedosoma transsilvanicum  (Verhoeff, 1897) + - - - - - - - - - - - - - - 2 / 0 / 0 0.2 / 0.0
Melogona voigti  (Verhoeff, 1899) - - - - - - - - - - - + - - - 3 / 2 / 0 0.3 / 4.0
Blaniulus guttulatus (Fabricius, 1798) + - - - - - - - - - - - - - - 1 / 0 / 0 0.1 / 0.0
Choneiulus palmatus  (Němec, 1895) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Proteroiulus fuscus  (Am Stein, 1857) + - - + - - - - + - - - + + + 24 / 2 / 0 2.5 / 4.0
Brachyiululs bagnalli  (Curtis, 1845) + - - - - + - - + + + - + + + 200 / 12 / 0 20.9 / 24.0
Cylindroiulus boleti  (C.L.Koch, 1847) - - - - - - - - - - - - - - - 0 / 0 / 2 0.0 / 0.0
Cylindroiulus caeruleocinctus  (Wood, 1864) + + - + + + + + + + - + - + + 226 / 8 / 110 23.6 / 16.0
Cylindroiulus latestriatus  (Curtis, 1845) - + - - - - - - - - - - - + - 6 / 0 / 0 0.6 / 0.0
Allajulus nitidus  (Verhoeff, 1891) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Julus scandinavius  Latzel, 1884 - + - - - - - - - - - - - + - 2 / 0 / 0 0.2 / 0.0
Kryphioiulus occultus (C.L.Koch, 1847) + + + + - - - - + - + - - + - 57 / 22 / 11 5.9 / 44.0
Megaphyllum unilineatum  (C.L.Koch, 1838) - - - - - - - - - - - - - - - 0 / 0 / 1 0.0 / 0.0
Ommatoiulus sabulosus  (Linnaeus, 1758) - + + + - - - - - - - - - + - 97 / 0 / 0 10.1 / 0.0
Ophyiulus pilosus  (Newport, 1842) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Unciger foetidus (C.L.Koch, 1838) - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Unciger transsilvanicus  (Verhoeff, 1899) + + - - - - - - - - - - - - - 2 / 0 / 0 0.2 / 0.0
Strongylosoma stigmatosum (Eichwald, 1830) - - + - - - - - - - - - - - - 1 / 0 / 0 0.1 / 0.0
Brachydesmus superus  Latzel, 1884 + - - + - - - - + + - + - + + 17 / 4 / 2 1.8 / 8.0
Polydesmus complanatus  (Linnaeus, 1761) + + + + - + - + + + + + + + + 276 / 0 / 2 28.8 / 0.0
Polydesmus denticulatus  C.L.Koch, 1847 - - - - - - - - - - - - - - - 0 / 0 / 0 0.0 / 0.0
Polydesmus inconstans  Latzel, 1884 + - - - - - - - - - - - - - - 1 / 0 / 0 0.1 / 0.0
Sum of individuals 179 138 20 96 10 109 2 6 80 25 5 35 20 167 117
Number of species 9 7 4 6 1 3 1 2 6 4 3 4 3 9 5

Shannon-Weaver index of species diversity 2.3 2.8 2 2.2 2.3 0.8 2 2 2.6 2.5 1.3 1.7 2.1 2.8 1.2

localities H
D
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Tab. 3: Significance of environmental variables for centipede and millipede 

distribution (F-test and p-value by CCA in CANOCO) 

 

Variable  F  P  

amount of humus 12.77 

amount of litter 10.23 

0.002 

0.002 

pH 7.51 0.002 

Ca 7.61 0.002 

herbal layer 6.35 0.002 

ruderal site 6.24 0.002 

soil structure 5.13 0.002 

artificiality 4.56 0.002 

park 3.55 0.002 

canopy layer 3.36 0.002 
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Fig. 1: CCA plot of distribution of centipedes and millipedes in relation to 

environmental variables (data from pitfall traps) 
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Fig. 2: Generalized additive model (GAM) for millipede species and the variable 

amount of humus 

 

 



  50 

 

Fig. 3: Generalized additive model (GAM) for millipede species and the variable 

amount of litter 
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Fig. 4: Dendrogram of localities classified according to catches of centipede and 

millipede species trapped using pitfall traps ( J – Jičín, H – Hodonín;  park locality, 

ruderal locality,  natural locality).  
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4  Summary 
 

The submitted thesis presents a part of a wider research project, conducted in three 

Czech cities lying in different parts of the Czech Republic: Olomouc, Jičín and 

Hodonín. The objects of research were communities of centipedes, millipedes and 

terrestrial isopods. The aim of the study was contribution to knowledge about how 

these animals respond to urbanization and what conditions and habitats they prefer in 

urban area. The benefit of the research is also knowledge of species spectrum of 

investigated cities. 

Individuals were obtained using pitfall traps, heat extraction and individually 

collected by hand. Totally 90 traps were installed in Olomouc, 45 in Jičín and 45 in 

Hodonín in various localities, subsuming parks, built up areas and ruderal grounds. 

Basic environmental characteristics of these localities were evaluated. 

The first manuscript (accepted for publication in Contributions to Soil Zoology 

in Central Europe) deals with distribution of terrestrial isopods and millipedes in the 

city of Olomouc. Studied animals were collected during 9 months (2006). 

Environmental conditions were evaluated using following variables: amount of litter, 

coverage by herbal and canopy layer, structure of soil and rate of artificiality of 

locality. 

The highest mean number of trapped isopods was in ruderals; the lowest in 

natural sites. Quite the contrary, the highest values of Shannon-Weaver index of 

biodiversity were reached in natural sites and the lowest in ruderal sites. Distribution 

of millipedes showed the exactly converse pattern; millipedes were the most 

abundant in natural sites where the diversity was the lowest. The most important 

factor for both groups appears to be artificiality; the response is mostly negative.  

The most interesting faunistical records from Olomouc were Armadillidium 

nasatum (Mediterranean species found in the greenhouses of the Botanical Garden), 

Androniscus roseus and Haplophtalmus danicus (the second known locality from 

Moravia). The most interesting millipede species was Oxidus gracilis (exotic species 

probably originating from Japan, in Olomouc recorded also outside the greenhouse). 

The second manuscript is devoted to centipede and millipede faunas of Jičín 

and Hodonín, medium-sized settlements in Central European conditions. Animals 

were collected during 12 months (2006-07). The evaluated environmental 
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characteristics were amount of litter, herbal coverage, canopy coverage, pH, amount 

of humus, amount of calcium, soil structure, and artificiality.  

Centipedes were the most ground-active in parks and the highest mean catches 

of millipedes were typical at ruderal sites; while the highest abundances in soil were 

found at natural sites for both groups. The communities were the most diverse at 

natural sites (S-W index of biodiversity), followed by parks and ruderals. Evaluation 

of myriapods obtained using pitfall traps showed that the amount of humus in soil 

and amount of litter were the most important environmental factors predicting their 

distribution. 

The most interesting faunistical records from Jičín were Henia vesuviana (the 

first record for the Czech Republic) and specimens of genus Brachychaeteuma (the 

first record in CR out of caves). From Hodonín we recorded Geophilus pygmaeus 

(the second record in CR after more than 100 years) and Schendyla montana (the 

first record for Moravia). Other interesting species were Craspedosoma 

transsilvanicum, Allajulus nitidus, Geophilus oligopus, and Lithobius 

burzenlandicus. 

Results from all three cities show that urban areas are occupied chiefly by 

adaptable or eurytopic species, only few species may by considered as relics, i.e. 

inhabitants of undisturbed areas. On the other hand, city ecosystem is also often 

enriched with exotic species and thus affords a chance for interesting faunistic 

records. 


