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Abstract

Orszigh 1., Orszdghovd Z.: Structure of centipede communities (Myriapoda: Chilopoda) in
ouak-hornbeam forests of the Malé Karpaty Mts and Trnavska pahorkatina hills (SW Slovakia).
Ekolégia (Bratislava), Vol. 24, Suppl. 2/2005, p. 124-142.

At 8 sites in the Malé Karpaty Mts and 2 sites in the nearby Trnavskd pahorkatina hills the
taxocoenoses of centipedes (Chilopoda) were studied in the period of 1999 to 2002. The sites
have been covered by 40 to 100 year old oak-hornbeam forests. They are situated at the altitude
of 240-350 m a.s.l. The samples have recorded the occurrence of Cryptops anomalans, Henia
illyrica, Clinopodes flavidus, Geophilus flavus, Strigamia acuminata, S. transsilvanice,
Schendyla nemorensis, Lithobius agilis, L. borealis, L. dentatus, L. erythrocephalus, L.
forficatus, L. lapidicola, L. latro, L. Iucifugus, L. melanops, L. mutabilis, L. muticus, L.
pelidnus, L. piceus, L. aeruginosus, L. austriacus, L. crassipes and L. microps. The highest
species richness refers to the site of LoSonsky hdj grove (17), the lowest diversity was recorded
in Vinosady (10). The specics diversity index (H') and equitability (c) reached their highest
value in the community in  LoSonsky hdj grove. Strigamia acuminata had the abundance
(12.53 ind.m™) at the site of Nahd¢—Katarinka 2. The most abundant taxa have included
Schendyla nemorensis (at Nahié-Katarinka 1-10.16 ind.m™, Horny hdj grove — 9.6 ind.m?)
and Lithobius austriacus (at the site of Naha¢-Kukovainik — 8.45 ind.m?). Schendyla
nemorensis and Lithobius muticus may be classified as cudominant species at all the study
sites, their dominance was in average 40%. In all the dendrograms of cluster analyses the
community at the site of Vinosady is separated from the other ones on the highest level of
dissimilarity. The reason lies in the lowest number of determined species, a unique portion of
Cryptops anomalans, absence of Strigamia acuminata and the lowest number of oblained
specimens per 4 years. As for the species identity the centipede communities at the sites
Lo%onsky hdj grove and Nahdé—Katarinka 1 may be classified as the most similar on the 87%
level of similarity. The communities at Figelka and Horny hdj grove are close to each other
(92% similarity) from the quantitative-qualitative point of view. Most of the recorded species
accured throughout the year. Strigamia acuminata and Lithobius muticus were recorded
continuously from March to November at most of the study sites. Schendyla nemorensis,
present at all the sites, was often excluded from the species richness in the summertime
samples. The typical centipede community in the oak-hornbeam forests of the Malé Karpaty
Mits consists of the species: Schendyla nemarensis, Strigamia acuminata, Lithobins agilis, L.

horealis, L. tapidicola, L. mutabilis, L. muticus, L. austriacus; in more southern drier parts of
the Malé Karpaty Mts Henia illyrica as well.

Key words: Chilopoda, centipedes, species diversily, equitability, dominance, abundance, Malé
Karpaty Mts, Trnavska pahorkatina hills, SW Slovakia

Introduction

Centipedes play a significant role in stabilization of numerous terrestrial ecosystems. In
C. Europe the species of the genus Lithobius have been well analysed from this point of
view. Their ontogeny enables them to react promptly onto changes of environmental
conditions. This actually originates in their continual egg lying, development during the
whole year being proved by a high number of juveniles sampled at the study sites from
March to November, slow ontogeny, late sexual maturation under unsuitable ecological
conditions as well as an ability to starve for a long time. In C. Europe their portion in
energetic flows approximately equals to 13% of predatory arthropods living in a forest
fallen leaf horizon (Albert, 1983). Centipedes may be considered as predatory arthropods
with a long lifespan. As K-strategists they play an important role in final interactions of
trophic chains amongst organisms of oak-hornbeam forest epigeon. They are typical by
low average density of species. According to our results density of the species in the
Malé Karpaty Mts in 1999-2002 only rarely exceeded a value of 12 ind.m™,

The existing data declare that their distribution is determined by soil texture, depth of
a leaf litter layer, ability of soil including a leaf litter layer to keep humidity, quantity of
wood litter and presence of bigger stones on the soil surface. An influence of soil
chemism on centipedes has not been sufficiently known. In fact it has a more significant
effect on hypogeous species (Geophilomorpha) than the species active on the surface
(Lithobiomorpha) (Dunger, 1983, 1993).

In Tact the centipedes of the Malé Karpaty Mts have not been studied in detail yet.
The oldest record refers to Attems (1895), who mentioned the species Geophilus
longicornis var. austriaca |= Geophilus flavus (D e Geer, 1778)] from the Kamzik hill
(Bratislava, southern part of the Malé Karpaty Mts). Data on Scutigera coleoptrata from
the southern part of the Malé Karpaty Mts were published by plenty of authors in the first
half of the 20th century, the knowledge on distribution of this species in Slovakia have
been summarized by Orszagh (2001). Dobroruka (1966) published records on
Pachymerium tristanicum [?7 = Geophilus flavus (D e G e e r, 1778)] from Sviity Jur.
The species Strigamia acuminata (Zbojnicka jaskyha cave) and Lithobius forficaius
(Cachtickd jaskyita cave) were captured in caves, respectively in the Malé Karpaty Mits
(Orszigh et al. 1994). The more complex information on centipede diversity in the
northern part of the Malé Karpaty Mts have appeared in the paper by Orszigh (2002).
Drdul (1997) analysed changing density of soil macrofauna during the vegetation period
in the oak forests rounding the Nuclear Power Station Mochovce, on east from the Malé
Karpaty Mts.



Study area

In 1976 the Malé Karpaty Mts were established as a Protected Landscape Area covering
a total of 65,504 ha. They are situated in the western part of Slovakia lining from
Bratislava towards the town of Nové Mesto nad Vihom on NE at the total length of 100
km. Its maximum broadness (16 km) appears between Lozorno and Sv. Jur near
Bratislava, the minimum one (3 km) in the section of Cachtice — Pradnik. The altitude
ranges from 132 m a.s.l. (near the Danube river) to 768 m a.s.l. (the Zaruby Mount). The
main range of the mountains grows up to the altitude of 450-650 m a.s.l. the
Malokarpatsky kras karst is a specific area of these mountains, covering approx. 180
km®.

The Malé Karpaty Mts belong to the gently warm climatic zone with an mean annual
temperature of 7-9 °C. At the altitudes of over 400 m the temperature declines under
8 °C. In average the vegetation period (average daily temperature 10 °C) takes 180 days,
at the higher altitudes under 160 days. The annual precipitations (in the Malé Karpaty
Mts) reach 650-900 mm, in lowlands they decline onto 600-650 mm.

From the phytogeographic point of view the mountains belong to the area of the
West Carpathian flora with dominating forest stands, which have been replaced by
vineyards on SE and NW and by bushy pastures, orchards and farmland on N. From the
zoogeographic point of view the mountains have been classified into the Subcarpathian
district of the deciduous forest province in the Eurosibirian subprovince. The province of
steppes of the Pannonian district partially appears rounding the study area. The
mountains are inhabited by colinous and submountainous elements, communities of
forests, woody steppes and rocky biotopes. Thermophilous species infiltrate from
lowlands into the S and SE slopes. The species diversity has been significantly
influenced by warm Hungarian lowland.

Study sites

The study sites are located in forest stands (Zlinskd et al., 2005, Fig. 1). The sites Cajla
(CA); Vinosady (VI); Figelka (FU); LoSonec—lom quarry (LL); LoSonsky hdj grove
(LH): Nahi¢—Kukovaénik (NA); Nahi¢-Katarinka 1, young forest (NKI) and
Nahdé—Katarinka 2, old forest (NK2) are situated in the zone of oak-hornbeam forests on
SE slopes of the Malé Karpaty Mts. The sites Lindava (LI) and Horny hdj grove (HH)
are located in the boundary zone of the Malé Karpaty Mts and Trnavskd pahorkatina hills
in the zone of oak and oak-hornbeam forests with diverse degree of anthropogenous
impact (deforestation, forest tracks, presence of heavy mechanisms, tractors, etc.). The
altitude varies between 240 to 350 m a.s.l. The soils may be considered as acid with pH
values of 3.8=5.0. However the sites LoSonec—lom quarry (L) and Nahd¢—Katarinka 2
old forest (NK2) have a gently acid reaction, or rather neutral (pH 6.47-6.75). The
distance between the first site — Cajla (CA) and the last and most northern one —
Nahi¢—Katarinka 1, young forest (NK1) is 30 km (through the air line). The sites are

situated in the zone of oak and oak-hornbeam forests with diverse degree of

anthropogenous impact.
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Fig. 1. flic1‘zlrchical classification of centipede communities in the forest epigacon at the
study 51tc§ according to their species presence/absence similarity (Sgrensen’s index,
complete linkage). Vertical axis = dissimilarity, abbreviations of study sites see lext.

Cajla (CA) [Databank of the Slovak Fauna 7669c¢ grid reference number] — 80 to 100
year gld oak-hornbeam foresl at the altitude of 260-280 m, with S exposition.

V_mnsady (V1) [7669d] - 60 to 80 year old oak-hornbeam forest at the altitude of 280
m, with NW exposition.

Fugcl}ﬁa (FU) [7669b] — 80 to 100 year old oak-hornbeam forest at the altitude of
350 m, with S exposition.

Lmdalva (’]_J) [7670a] - 80_ to 100 old oak forest in lowland at the altitude of 240 m.

lHorny haj grove (HH) [7570b] — 60 to 80 year old oak-hornbeam forest at the

altitude of 240 m, with SW exposition.

_Losmlf:c—lom quarry (LL) [7570a] — 80 to 100 year old oak-hornbeam forest at the
f"tltEwFie of 340 m, with SW exposition. The site is regularly impacted by limestone dust
imissions close to the quarry.

_Losonsky haj grove (LH) [7570b] — 80 to 100 year old oak-hornbeam forest at the
altltudel of 260 m, with N exposition and with a 15-20 cm deep fallen leaf horizon at
many sites. Under the leaf litter the soil has a lumpy texture being humid in a dry year
period too.

.Nahaé—l{ukova_énﬂ( ENA) [7471c] — 40 to 60 year old oak-hornbeam forest at the
altitude of 300 m, ’Wl{’h NE exposition. The forest is completely surrounded by farmland.

Naha¢-Katarinka 1, young forest (NK1) [7471a] - 40 to 60 year old oak-hornbeam
forest at the altitude of 340 m, with NW exposition.

. Nahédcé-Katarinka 2, old forest (NK2) [7471a] — 80 ta 100 year old oak forest with
lindens and maple trees at the altitude of 320 m, with SE exposition.



The map with the study sites and the more detailed pcdo!ogif_:ul uqd botanical
analyses of the study sites as well as the climatic conditions in the period of 1999-2002
are given in the paper Zlinskd et al. (2005). The site Naha¢—Katarinka 2 (NK2) has been
characterized in detail in the paper by Drdulovd, ZlatoSovd (1980).

Material and methods

The centipede sampling refers to the years of 1999-2002 at 9 study sites, at the. site Horny hdj grove (Hl_—I) it
has included 3 years (2000-2002). At all the sites the samples were collected in the month'ly intervals form
March till October, resp. November. The January samples 2000-2002 were ex?luded {rmn the general
evaluation. They served to confirm presence of juveniles and imagines in the winter period. In total the
material includes 8,303 centipedes. 6,154 individuals of them have been determined (Table 1). Thc..: analyses
exclude the damaged specimens. 1,843 juveniles and 306 damaged specil?'lens were nul‘determvmcd.. Thc
material is deposed at the Department of Zeology, Faculty of Natural Sciences, Comenius University in
Bratislava.

Tahle L. Survey of the centipedes (Chilopoda) recorded.

— CA| VI|FU| LI [HH|LH | LL | NA INK1|NK2

HReRics a a i a aa | a a a i a
Cryprops anomalans Ne wport, 1844 0 3 0 0 0 0 0 0 0 0
Henia illyrica (M einert, 1870) 0 8 0 0 0 0 0 0 4] 9
Clinopodes flavidus C. L. Ko ¢ h, 1847 3 3 2 5 7 1 0 9 5 3
Geophilus flavus (De Geer, 1778) 0 0 (26| 2 0 4 [ 34 ] 0 0 0
Strigamia acuminata (L e ac h, 1814) 94 | 0 [120| 47 | 22| 96 | 46 | 165 | 104 | 401
Strigamia transsilvanica (V erhoeff, 1928) 3 0 2 0 5 4 8 0 . 2 4.
Schendvla nemorensis (C. L. Ko ¢ h, 1836) 84 | 82 | 90 | 130 | 144 [ 151|223 | 154 | 325 | 96
Lithobius agilis C. L. Koc h, 1847 6 0 |39 0 17 | 30 | 29 | 40 | 49 | 102
Lithobius borealis Meinert, 1868 4 0 8 14 0 8 1 0 3 0
Lithobius dentatus C. L. Ko ¢ h, 1844 0 0 0 0 0 4] 0 1 0 2
Lithobius ervthrocephalus C. L. Ko ch, 1847| 0 2 3 33 0 12 [ 13 | 15 6 I
Lithobius forrfr'cums (Linnacus, 1758) 4 0 6 3 2 27 5 7 18 4
Lithobius lapidicolaM einert, 1872 12 1 8 6 0|13 | 14} 4 7 9
Lithobius latro M einert, 1872 0 9 2 3 0 0 0 4 0 0
Lithobius lucifugus L. Koc h, 1862 2 0 0 0 0 0 0 0 0 0
Lithobius melanops New port, 1845 0 0 0 0 0 3 0 - 0 1
Lithobius mutabilis L. Ko ¢ h, 1862 10 1 | 110] 25| 25| 33 | 51 |91 [137) 72
Lithobius muticus C. L. Ko c h, 1847 165 | 78 | 121 | 164 | 101 | 114 | 99 | 148 | 246 | 128
Lithobius pelidnus Haase, 1880 1 0 0 0 ) 5 1 5 0 0
Lithebius piceus L. Ko ¢ h, 1862 0 0 0 0 0 0 0 0 2 0
Lithobius aeruginosus L. Ko ¢ h, 1862 0 3 0 0 6 0 0 0 0 0
Lithobius austriacus (Verhoe (f, 1937) 3 0 0 202 20| 36 0 | 279|150 | 85
Lithobius erassipes 1. Ko c h, 1862 3 0 0 28 1 12 | 0 5 31 2
Lithobius microps M einert, 1868 0 0 0 0 0 | 1 0 2 0
Lithobius sp. juven. 78 | 34 | 214 | 336 | 45 | 155 | 117 | 363 | 286 | 215
Lithobius sp. damaged 16| 9 | 56|29 |23 |33 [23 )47 |44 326
Total 488 | 233 | 807 [1027] 438 | 727 | 665 |1341]1417] 1160

Abbreviations of study sites (CA — NK 2) see chapter "Study sites”; a - total of the specimens recorded in
1099-2002; aa — a total number of the specimens recorded in 2000-2002
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F'or collection of the samples of centipedes as well as mesostigmatid mites (Fend’a, Cicekovd, 2005),
pseudoscorpiones (Christophoryovd, Krumpal, 2003), beetles of Curculionoidea (Holecova at al., 2005) a
square method was used. The leaf litter was sicved from a total area of 1 m* (16 squares of 25x25 e¢m). The
samples were transported in the textile pockets into the laboratory. The centipedes were extracted in the
Moczarski-Winkler's eclectors (Holdhaus, 1910; Balogh, 1958) and have been preserved in 75% ethylalcohol.
Generally 285 samples have been obtained (Table 2). Occasionally for a more detailed analysis of diagnostic
characters the temporal slides were made in 40 % butyric acid. Five degrees have been used for dominance
evaluation: eudominant, dominant, subdominant, recedent, subrecedent (Schwerdtfeger, 1975). Species
diversity (diversity of communities) have been calculated according to the Shannon index (Odum, 1971;
Spellerberg, Fedor, 2003). All the pairs of diversily values have been compared by the t-test (Poole, 1974). The
cluster analysis of the centipede community refers to the NCLAS program (Podani, 1993). The cluster method
of complete linkage have been based on Strensen’s and Wishart's indices.

Table 2. Number of elaborated samples at individual study sites in 1999-2002.

CA VI FU LI HH LH |.,LL NA | NK1 | NK2 | Total
1999 T 4 7 8 0 8 7 8 8 8 65
2000 6 6 8 5 4 8 7 8 8 8 68
2001 7 7 8 8 6 4 9 8 8 8 73
2002 8 6 10 9 5 8 8 9 8 8 79
Total 28 23 33 30 15 28 31 33 32 32 285

Abbreviations of study sites (CA — NK 2) see text

The values of species data used in the cluster analysis (Wishart similarity ratio) were transformed with
log-trans-formation Y' = log(Y+1), which increase the relative rate of rare species that are mostly good
indicators.

Results and discussion
Species diversity, equitability and species diversity test

In the period 1999-2002 the method of leaf litter sieving at 10 sites in the Malé Karpaty
Mts led to record 24 centipede species (Table 1) of the families Cryptopidac,
Dignathodontidae, Geophilidae, Linotaeniidae, Schendylidae and Lithobiidae. The
family of Lithobiidae (17 of the total 24 taxa) may be classified as the most represented.
The same fact was published by StaSiov (2002) from the Kremnické vrchy Mis, the
Kovidcovskd dolina valley (15 lithobiid species of the total 27 taxa); by Tajovsky (2000)
from the Krkonoe Mts, the Czech Republic (in total 15, Lithobiidae 11); by Wytwer
(1990) from the Mazovian lowland, Poland (in total 17, Lithobiidae 12); and by Karafiat
(1970) from the surroundings of Darmstadt, Germany (in total 15, Lithobiidae 8). In the
southern "parts of Europe the portion of Lithobiidae appears to be lower; Loksa (1966)
presented 13 species (6 of them Lithobiidae) from the Biikk Mts, Hungary; Minelli
(1982) recorded 23 species (9 of them Lithobiidae) from northeast Italy, and Zapparoli
(1992) 22 taxa (9 of them Lithobiidae) from Central Italy.

Mean number of species per one study site in the Malé Karpaty Mts grows up to 13.7,
A higher value (16.75) was declared by StaSiov (2002) in the forest community of
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Table 3. Species diversity test (Poole, 1974) and main coenological variables of the centipede communities at the study sites in 1999-2002.
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Abbreviations of study sites (CA — NK 2) see text;

onificance levels: ##% = P < 0.001; ¥* = 0.001 <P < 0.01; *

Sig

orees of freedom above diagonal.

t-test values under the diagonal, de;

0.05 < P (non-significant).

0.01 <P<0.05;ns=

ecies; MA [ind.m?] — mean abundance; ¢ — Pielou's index of equitability;

No. sp. — total number of sp

H’ — Shannon's index of species diversity

¢ — Simpson's index of species dominance;

Eu-Fagenion. Wytwer (1990) recorded in average 6 species per site in the forest stand
Tilio-Carpinetum and 5.33 species in Potentillo albae-Quercetum. Moreover there have
been published some more data on this matter, c.g. Karafiat (1970) mentioned 9 specics
per site in a mixed pine-deciduous forest, Loksa (1966) 12.7 in the community ol
Ceraso-Quercetum clematidetosum, Zapparoli (1992) on average 6.4 in an oak forest
stand (Quercetea ilicis) and 6.16 in a beech community (Fagetalia sylvaticae). 'T'he
comparisons mentioned above emphasise a relatively high species diversity of centipedes
in the Malé Karpaty Mts, despite different sampling methods as well as lorest
communities.

The highest species richness (17) in Malé Karpaty Mts refers to the site of Logonsky
hdj grove (LH). This is the 80-100 year old oak-hornbeam forest commonly wilh i
15-20 cm deep leaf litter horizon. The specimens have been represented with a high
value of equitability (0.731) and were involved 3 eudominant, 4 dominant and

subdominant species with the lowest value of Simpson’s index of dominance (0.170)
(Tables 3, 4).

Table 4. Mean dominance (%) of the centipede species at the study sites in 1999-2002.

Species CA VI FU LI HH LH LL NA | NK | [ NK2
Cryptops anomalans 1.58
Henia ilfyrica 4.21 0,98
Clinopodes flavidus 0.76 | 1.58 | 0.37 | 0.76 | 1.89 [ 0.18 097 | 046 | 0.4
Geophilus flavus 4.84 | 0.30 0.74 | 648
Strigamia acuminata 23.86 2235 7.12 | 595 | 17.81 | 8.76 [ 17.72 | 9.57 | 416}
Strigamia transsilvanica 0.76 0.37 1.35 | 0.74 | 1.52 0.8 | 0.4
Schendyla nemorensis 21.32 | 43.16 | 16.76 | 19.70 | 38.92 | 28.01 | 42.48 | 16.54 | 29.90 | 1014
Lithobius agilis 1.52 7.62 459 | 556 | 5.52 | 430 | 4.51 [ 1101
Lithobius borealis 1.01 1.49 | 2.12 1.48 | 0.19 0.28
Lithobius dentatus 0.11 0.22
Lithobius erythrocephalus 1.05 | 0.56 | 5.00 223 | 248 | 1.61 | 0.55 [ 011
Lithobius forficatus 1.01 112 | 045 | 054 | 501 | 095 | 0.75 | 1.66 | 0.1
Lithabius lapidicola 305 | 053 | 149 | 091 241 | 267 | 043 ] 0.64 | 0,98
Lithobius latro 474 | 037 | 045 0.43
Lithobius lucifugus 0.51
Lithobius melanops 0.56 0.43 011
Lithobius murabilis 2.54 | 0.53 [ 2048 3.79 | 6.76 | 6.12 | 9.71 | 9.77 | 12.60 [ 7.8}
Lithobius muticus 41.88 | 41.05[22.53 | 24.85|27.30 | 21.15| 18.86 | 15.90 | 22.63 | 139}
Lithobius pelidnus 0.25 243 |1 093 | 0.19 | 0.54
Lithobius piceus 0.18
Lithobius aeruginosus 1.58 1.62
Lithobius austriacus 0.76 30.61 | 540 | 6.68 29.97 | 13.80 | 9.25
Lithobius crassipes 0.76 4.24 | 324 | 0.18 054 | 2.85 | 0.22
Lithobius microps 0.18 | 0.19 0.18

Abbreviations of study sites (CA — NK 2) see text

On the contrary the maximum value of the dominance index refers to the centipede
coenosis at the site of Vinosady (VI) (¢ = 0.360). The community was represented by 10
species, including two thermophilous centipedes, Cryptops anomalans and Henia
illyrica. Low equitability (0.567) in the species structure at Vinosady (VI) hints at the
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fact, that most of the collected specimens (160) belong to 2 eudominant centipedes,
Schendyla nemorensis and Lithobius muticus. Schendyla nemorensis (more than 43%)
(Table 4) may be classified as the most dominant species in the taxocoenosis.

Apart from the determined species the samples at each site included juveniles and
damaged specimens of the genus Lithobius (Table 1) excluded from the analyses.
Juveniles occurred in the samples throughout the period of observation
(March—November) and their abundance varied between | and 40, usually with a value
of 5 to 15 specimens per sample. An exceptional abundance of 79 juveniles appeared at
the site Nahac—Kukovaénik (NA) on July 6, 2000.

Generally continual occurrence reflects in egg lying and juvenile ontogeny
throughout the year. Regular oscillation in abundance of juveniles throughout the year
was not recorded. There were less damaged specimens in the samples. Their abundance
varied from [ to 18, usually 2 to 5 specimens per sample. In the 4-year long research
(1999-2002) the juveniles were absent only occasionally, for instance in the sample from
November 8, 2002 (site NKI, air temperature 0 to -1 °C). However the sample from
November 11, 2000 at the same site {air temperature 4-5 °C) contained 4 juveniles.

The t-test values clearly declare that the sites Cajla (CA) and Vinosady (VI) are the
most different from the other (Table 3). The species diversity index (H') hints at high
species richness at the sites. The highest diversity (2.072) refers to the community at
Losonsky hdj grove (LH), on the contrary the lowest value (1.306) appears at Vinosady
(VI) with 10 species being recorded by the sieving method. The study site Vinosady is
warm, however considerably drier during most of the year.

Dominant species in the centipede communities in the Malé Karpaty Mts

In accordance with the average values of dominance, only Schendyla nemorensis
and Lithobius muticus belonged to the eudominant species at all study sites. Their
dominance varied between 10 and 40% (Table 4). Mean abundance of Schendyla
nemorensis had the values from 3 to 10 ind.m?, with the maximum of 10.16 ind.m? at the
site of Nahac—Katarinka 1 (NK1) (Table 5). The site has been covered by 40-60 year old
oak and hornbeam forest with a suitable soil texture and humidity as well as a rich litter
horizon, providing suitable shelters. Lithobius muticus, the second dominant species, at
all study sites had a dominance 15 to 40%, with an average value of 3 to 8 ind.m?. The
species Strigamia acuminata was eudominant at 5 sites (CA, FU, LH, NA, NK2),
Lithobius austriacus at 3 sites (L1, NA, NK1) and L. mutabilis at 2 sites (FU, NK1) only.

Similar data on abundance of centipedes were proved by numerous authors from
various areas of Slovakia and other European countries. Stasiov (2002) published, that L.
mutabilis was the most abundant in the forest community of Ewu-Fagenion. In
Querceto-Fagetum resp. Fagetum quercino-abietinum, the species Lithobius forficatus
was the most common one (Stadiov, MarSalek, 1998). Tajovsky (2000) presented the
subspecies L. mutabilis sudeticus as the most frequent and most distributed centipede in
the Krkonose National Park, occurring up to the highest altitudes (over 1500 m a.s.L).
Wytwer (1990) considered L. mutabilis as the most abundant species in the forest stands
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of Potentillo albae-Quercetum and Tilio-Carpinetum. In the Biikk Mis (study site BEIKkG)
Loksa (1966) recorded Lithobius muticus as the most common with ;11511:1Ll1111cc of 17.6
to 43.2 ind.m” in summertime. L. calcaratus and Schendyla nemorensis were (he mosl
frequent centipedes in the pine-deciduous forests on wind-flown sands in (he
stlrl‘oundings of Darmstadt (Karafiat, 1970). In relation to our fauna there are the
interesting Zapparoli’s (1992) records of Strigamia acuminata in Central Italy in beech
fc]n:es;s only. In the Malé Karpaty this species commonly occurred in oak stands at lowe
altitudes.

Table 5 Mean abundance (ind.1m?) of the centipede species at the study sites in 1999-2002.

Species CA| VI | FU | LI | HH [ LH [ LL | NA [NKI|NK?
Cryptops anomalans 0.13
Henia illyrica 0.35 0.28
Clinopodes flavidus 011 | 0.3 | 0.06 | 0.17 | 0.47 | 0.04 0.27 | .16 | 0.09
Geophilus flavus 0.79 | 0.07 0.14 | 1.10
Strigamia acuminata 3.36 3.64 | 1.57 | 1.47 | 343 | 1.48 | 5.00 | 3.25 | 1253
Strigamia transsilvanica 0.11 0.06 0.33 | 0.14 | 0.26 0.06 | 0.1
Schendyla nemorensis 3.00 | 356 | 273 | 433 | 9.60 | 5.39 | 7.19 | 4.67 | 10.16] Y00
Lithobius agilis 0.21 1.18 L13 [ 1.O7 | 0.93 | 1.21 | 1.53 | LK
Lithobius borealis 0.14 0.24 | 0.47 0.29 | 0.03 0.09
Lithobius dentatus 0.03 0.06
Lithobius erythrocephalus 0.09 [ 0.09 | 1.10 043 | 042 1 045 | 0.19 | 0.03
Lithobius forficatus 0.14 0.18 1 0,10 | 0.13 [ 096 | 0.16 | 0.21 | 0.56 | 0.1
Lithobius lapidicola 043 1043 |1 0.24 | 0.20 046 [ 045 | 0.12 | 0.22 | 08
Lithobius latro 039 [ 0.06 | 0.10 0.12
Lithobius lucifugus 0.07
Lithobius melanops 0.11 0.12 0,04
Lithobius mutabilis 0.36 [ 0.04 | 333 | 0.83 | 1.67 | 1.18 | 1.64 | 2.76 | 4.28 | 2.2
Lithobius muticus 5.89 | 339 | 3.67 | 547 | 6.73 | 4.07 | 3.19 | 4.48 | 7.69 | 4.00
Lithobius pelidnus 0.04 0.60 | 0.18 | 0.03 | 0.15
Lithobius piceus 0.06
Lithobius aeruginosus 0.13 0.40
Lithobius austriacus 0.11 6.73 | 1.33 | 1.29 845 | 4.09 | 2.00
Lithobius crassipes 0.11 0.93 | 0.80 | 0.04 0.15 | 0.97 | 0.06
Lithobius microps 0.04 | 0.03 0.06

Abbreviations of study sites (CA — NK 2) see text

The biggest portion of subrecendent species with their dominance under 1% was
represented at the sites of NA — 8 species, NK1 — 7 species, NK2 — 9 species (Tablc ).
Generally regular occurrence of the hygrophilous species Lithobius agilis at most of the
sites, its eudominant position at NK2, dominant at FU, LH and LL and subdominant al
HH, NA and NKI corresponds with a relatively high degree of humidity in leaf litter
during the whole year in central as well as northern part of the Malé Karpaty Mts. A lack
of L. agilis at the sites Vinosady (VI) and Lindava (LI) indicates a drier and warmer
character of oak-hornbeam forests in the southern part of the Malé Karpaty Mts and
Trnavska pahorkatina hills.
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Seasonal occurrence of centipedes at the study sites in the Malé Karpaty Mts

‘ \ . . . gl BS Slim - — P
The months of occurrence of the species at 10 study sites are presented in the Table 6. z| 1% & s i gh W o R
Most of the determined species were recorded throughout the whole sampling period b o
from March to November 1999-2002. Lithobius dentatus and L. aeruginosus are the . S - o W s -
only species, recorded in several specimens in spring months (March, May) and at the = & Tl TTe 5o 3 ) 2 i L =
beginning of autumn (September). Some of the species were found at different sites in R A i
spring and the autumnal months: Clinopodes flavidus occurred at the sites Lindava (LI) & - -z
and LoSonsky hdj grove (LH) just in April and May and at Fagelka (FU) in October and s = = oD nd 2 Doy O = B o 5
November only. The other species, Strigamia acuminate and Lithobius muticus were + @ j ¥ it : = o w T e
confirmed at most of the sites continuously from March to November. Schendyla o -
nemorensis, the species occurring at all the study sites, was often absent in the samples E el B =} EI = = — E
from the summer months (June, July, August) (CA absence in June; HH, NA in July; LI, = +49de™ g & =2 g &= 4w
LH in August; NK2 in June-July) . The analyses of the centipede assemblages in the - = -
Malé Karpaty Mts in the period of 1999-2002 declare, that most of the recorded species o = S P - i 3 ~ it
occur throughout the year, even in wintertime, as being proved by the background ) TEAII2IL =TT LT o 129713
samples from January 2000-2002 (excluded from the analyses). -+ &7 ' ch
= 2 12313 Tzs .72 =3
= o B Tas n 2T ar~a 7o
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Hierarchical classification of the centipede communities (S¢rensen’s index, complete A3 gk Sl - = s =
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“ 23315 4 % Fes= &5 31 33
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The classification of the ten centipede communities according to their species diversity is o = _ ¥
shown in the dendrogram (Fig. 1). The dendrogram is split out into the community at o= _o-o 2 -d wy :I
Vinosady (VI) and a cluster of the other 9 communities on the similarity level of 42%. 4 E SdL~ddn THOT e ) o
The reason of this separated position lies in a low number of species (10), the occurrence @ ‘) o -
of Cryptops anomalans, which was not recorded at the other sites and (on the contrary a) 3 _— = - - )
the lack of Strigamia acuminata, occurring at all the sites except for VI e 5|7 ? & o vl o+ 0 - T :I
The communities of 9 sites are differentiated on the similarity level of 64% into 2 s e o + N =
clusters — CA-LL-NA-NK2 and HH-FU-LI-LH-NKI determined by a different numbers £ = i — =
of mutual species. The first cluster (CA-LL-NA-NK?2) has 21 species with seven of them é’ = E L o B 37 o E o . I ;
mutual: Strigamia acuminata, Schendyla nemorensis, Lithobius agilis, L. forficatus, L. = S ?g oy e :[ Z
lapidicola, L. mutabilis and L. muticus. The second cluster (HH-FU-LI-LH-NK1) has 20 ki
species and 6 mutual ones: Clinopodes flavidus, Strigamia acuminata, Schendyla A
nemorensis, Lithobius forficatus, L. mutabilis and L. muticus. Henia illyrica and g
Lithobius dentatus appear in the first cluster only, L. piceus and L. aeruginosus do just in = . g
the second cluster. Of the 18 species mutual for both clusters, there are only Strigamia S |yl T3 2 = e
acuminata, Schendyla nemorensis, Lithobius forficatus, L. mutabilis and L. muticus £ g5 £ 2 £ - g2 2 gEE. . g 22 ¢ &
represented in all 9 centipede communities. On the similarity level of 68% the second 2 |AE 5§38 g 238 _§ E% R 3 §‘§ é
cluster is split out with a separate community at the site HH consisting ol 12 species. As 3 £ § ?:i:, S %S3 g@;@g SeEd ";i sif€ag
for the species identity the communities LH and NK1 are the most similar (87%), on the © é%ié S§Z 8885525583388 sss¢8¢8ss
contrary the highest difference appears between the communities at VI and LH-NK1 o SESE S5 E8 5888883838888
(46%). FLICEC855855555355555535555555
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Oscillation in stability of the species structure at the study sites is shown on the Fig.
2. The communities are classified according to all the years of the study (1999-2002).
On the similarity level of 20% the dendrogram is split out again into the community at
the site VI and the other coenoses. Low species richness at the site VI in each year (1999,
2001 — 6 species; 2000 — 7 species; 2002 — 5 species) seems to be significant cnoug_h_m
establish a separate cluster. The dendrogram declares higher stability of the communities
at the sites VI and LI Their structure changed with a low significance during the 4 years.
The communities at the site VI were on the 54 % level of simiarity, at LI this had the
value of 82%. The community at VI was more similar in 1999-2000 (more than 75%)
than in the period of 2001-2002 (less than 75%).
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= = Mo N o< [LpRin} —
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ABGH e

2
19
35
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Order of the sites:

1-4 CA 1999, 2000, 2001, 2002; 5-8 VI 1999, 2000, 2001, 2002;

9-12 FU 1999, 2000, 2001, 2002; 13-16 LI 1999, 2000, 2001, 2002;
17-19 HH 2000, 2001, 2002; 20-23 LH 1999, 2000, 2001, 2002;

24-27 LL 1999, 2000, 2001, 2002; 28-31 NA 1999, 2000, 2001, 2002;
32-35 NK 1 1999, 2000, 2001, 2002; 36-39 NK 2 1999, 2000, 2001, 2002.

Fio. 2. Hicrarchical classification of centipede communities in the years 1999-2002 at the

study sites according to their presence/absence similarity (Sprensen’s index, complete
linkage). Vertical axis = dissimilarity, abbreviations of study sites see text.
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T'he analyses show even higher value of similarity from the communities at LI — in the
period of 1999-2000 app. 85%, later in 2001-2002 95%. The sites CA and FU have
couples of years which are dilferentiated by one splitting only. CA has very similar
communities just in the period of 2001-2002 (app. 95%). FU likely in 2000, 2002 (app.
95%). The species structure in the communities at the other sites changed more
significantly in the years 1999-2002, they are divided by several splittings.

Hierarchical classification of the centipede communities (Wishart's index, complote
linkage)

The centipede communities at the study sites in the Malé Karpaty Mts has split oul into
the coenosis at the site Vinosady (VI) and the cluster of the other sites on the similarity
level of 31 %. The community at VI differs from the others with the lowest specics
richness (10) as well as total quantity of obtained specimens (233, 190 of them
identified) (Table 3). On the similarity level of 57% the 9 communities were classificd
into a couple of communities FU-HH and the cluster with NA, NK1, NK2, LH, CA, ||
and LI communities. In the pair of FU-HH the communities are the most similar (0.7)
from the qualitative-quantitative point of view. They may be defined by low specics
richness (FU — 13 species, HH — 12 species). The material from these sites includes |7/
determined species, with mutual Clinopodes flavidus, Strigamia acuminata, 5
transsilvanica, Schendyla nemorensis, Lithobius agilis, L. forficatus, L. mutabilis and |

muiticus. The communities at NA, NK1, NK2 and LH being situated in the northern pail
of the Malé Karpaty Mts and with their similarity of 80% belonged to the richest [om
the qualitative as well as quantitative point of view. During the period of 4 yeirs (he
sampling obtained almost 2,500 specimens and 20 determined specics at these sites
(Table 1).

Under the centipede community classification in the period of 1999-2002 (Fig. 1) the
community at the site VI has been separated from the other sites on the similarity level of
approximately 21% (as in the dendrogram on the Fig. 2). The highest stability (the lowest
oscillations in the qualitative and quantitative structures) appears in the coenoses al (he
site VI (similarity of 68% in 1999-2002), FU (similarity of 75% in 1999-2002), 111
(similarity of 78% in 2000-2002). At the site CA the centipede community was stabile
only in the years 2000-2002, in 1999 the structure was quite different. The community al
NA declared its stability in the period of 1999-2001 however in the last year of studying
(2002) the structure significantly changed. The dendrogram (Fig. 4), which explains
classification of the communities, takes several variables into account, such as presence
or absence of a species and its abundance. The level of stability in the communitics
during the research period is projected more precisely.

The comparison of the community similarity according to the Sgrensen’s (Fig. 1) as
well as Wishart’s indices (Fig. 3) enables us to conclude the separated position of the
community at VI and a close position of the communities at CA-LL. The communitics al
NA, NKI, NK2 and LH correspond with a high value of similarity according to the
Wishart's index, however they are divided into the couples of NA-NK2 a LH-NKI on
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the level of 64% similarity according to the Sgrensen’s index. The 1(:\:’(:] ol similurig
amongst the communities as well as their stability in the period of 1999-2002 is
projected on the Figs 2 and 4 more precisely.

0.61

0.5+

0.4

0.3

0.2

0.14

N

CA LL LH NA NK1 NKZ L FU HH VI

Fig. 3. Hierarchical classification of centipede communities in the forest epigacon at the
study sites according to their abundance similarity (Wishart’s index, complete linkage).
Vertical axis = dissimilarity, abbreviations of study sites see text,

Conclusion

The centipede (Chilopoda) communities in the Malé Karpaty Mts were studied at 9 spites
in the period of 1999-2002 and at the site of Horny hij grove in 2000-2002. The
communities were sampled in monthly intervals from March to October (!'esp.
November). In total 8,303 specimens were obtained, 6,154 of them were determined.
1,843 juveniles and 306 damaged specimens were excluded from the anz_llyses.

In total 24 species have been determined (Table 1). The widest species spectrum (}7)
refers to the site LoSonsky hdj grove. This is the centipede community with high
equitability (0.731), 3 eudominant, 4 dominant and 2 subdominant species and with the
lowest value of the dominance index (0.170). '

On the contrary the highest value of the dominance index refers to the community al
Vinosady (0.360), being formed by 10 species including thermophilous C_‘rjvpmpx
anomalans and Henia illyrica. Low equitability (0.567) has been determined by
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Schendvla nemorensis and Lithobius muticus, which formed the majority (160) of the
sampled specimens. The species Schendyla nemorensis reached the highest value of
dominance (43%).

0.7

0.64

0.54

0.4

0.3

0.1+

Order of the sites:

1-4 CA 1999, 2000, 2001, 2002; 5-8 VI 1999, 2000, 2001, 2002;

9-12 FU 1999, 2000, 2001, 2002; 13-16 LI 1999, 2000, 2001, 2002;
17-19 HH 2000, 2001, 2002; 20-23 LH 1999, 2000, 2001, 2002,

24-27 LL 1999, 2000, 2001, 2002; 28-31 NA 1999, 2000, 2001, 2002;
32-35 NK 1 1999, 2000, 2001, 2002; 36-39 NK 2 1999, 2000, 2001, 2002

Fig. 4. Hierarchical classification of centipede communities in the years 1999-2002 at the
study sites according to their abundance similarity (Wishart's index complete linkage).
Vertical axis = dissimilarity, abbreviations of study sites see text,

The t-test declares that the sites of Cajla and Vinosady are the most different from the
other sites. The species diversity index hints at high species richness at these sites. The
highest value (2.072) appeared in the community from LoSonsky hdj grove, the lowest
one (1.306) at Vinosady with only 10 species obtained by the sieving method.

Schendyla nemorensis and Lithobius muticus were eudominant species at all the
study sites. The values of their dominance varied between 10 and 40%. The mean
abundance of Schendyla nemorensis ranged between 3 and 10 ind.m?, the highest valuc
(10.16 ind.m?) refers to the site of Nahd¢ Katarinka |. Dominance of Lithobius muticus
reached the values between 15 and 40%, its mean abundance varied from 3 1o 8 ind.m”,
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The research in 1999-2002 enables us to conclude that most of the recorded
centipedes occur throughout the year including wintertime. _ - I

The community similarity dendrograms, based on Sgrensen’s and Wlshurl s indices
declare separated position of the community at Vinosady and close relation between the
communities at CA-LL with similarity level of 85% and 77%. The coenoses NA, N._Ifl,
NK2 and LH hint at a high degree of similarity (the Wishart's index dendrogram). The
S¢rensen’s index of similarity has differentiated the couples of NA-NK2 and LH-N.KI on
the 64% level of similarity. Oscillation of the stability in qualitative and quantitative
structure of centipedes at the study sites is presented by the dendrograms, which classify
the communities from the years 1999-2002.

Translated by P. J. Fedor
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Orszagh L. Orszighovd Z.: Struktira taxocenéz stonoziek (Myriapoda: Chilopoda) dubove-hrabovych
lesov Malych Karpit a Trnavskej pahorkatiny (JZ Slovensko).

pahorkatine Studovali taxocendzy stonoZick (Chilopoda). Plochy boli pokryté 40 az 100 roénym porastom
dubovo-hrabového lesa. Situované boli v nadmorskej vyske 240-350 m n.m. Vo vzorkich sme zaznamenali
vyskyt Cryptops anomalans, Henia illyrica, Clinopodes flavidus, Geophilus flavus, Strigamia acuminata, S.
transsilvanica, Schendyla nemorensis, Lithobius agilis, L. borealis, L. dentatus, L. erythrocephalus, L.

V' obdobi rokov 1999-2002 sme na 8 Studijnych plochidch v Malych Karpatoch a 2 plochdch na Trnavske]

Sforficatus, L. lapidicola, L. latro, L. lucifugus, L. melanops, L. mutabilis, L. muticus, L. pelidnus, L. piceus, L.

acruginosus, L. austriacus, L. crassipes a L. microps. Najvy$sia hodnota druhového bohatstva (17) zodpovedi
ploche LoSonsky hdj, najniziia diverzita (10) bola zistend vo Vinosadoch. Index druhovej rozmanitosti (H")
a ckvitabilita (¢) dosiahli najvyS§iu hodnotu v spologenstve v Lofonskom hiji.Strigamia acuminata mal
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druht najvy&sin hodnotu abundancie 12,53 jedincov na m* na ploche Nahdé-Katarinka 2. K d'al§im taxénom
s vysokymi hodnotami priemernej abundancie patrili Schendyla nemorensis na ploche Nahdé-Katarinka |
(10,16 ind.m™), na ploche Horny hdj (9,6 ind.m?) a Lithobius austriacus na ploche Nahdt—Kukovacnik (8,45
ind.m?). Schendyla nemorensis a Lithobius muticus mozeme klasifikovat ako eudominantné druhy na
vietkych Studijnych plochdch, ich dominancia dosiahla priemerni hodnotu 40%. Na vietkych dendrogramoch
zhlukovej analyzy je spoloCenstvo na ploche Vinosady oddelené od ostatnych na najvyiSej hladine
nepodobnosti. Pricinou je najniZi pocet determinovanych druhov, unikdtne zastipenie Cryptops anomalans,
absencia Strigamia acuminata a najniZ&i pocet nazbieranych exempldrov za 4 roky. Z hladiska druhovej
identity si na 87% trovni najpodobnejsie spolocenstvi stonoZick LH — NK 1. Spoloéenstva dvojice FU — HH
st z hladiska kvalitativno-kvantitativneho zloZenia najbliZSie az s 92% podobnostou. Vicsina zistenych
druhov sa vyskytuje pocas celého roka. Strigamia acuminata a Lithobius muticus boli na viidsine lokalit
zistené stivisle od marca do novembra, Schendyla nemorensis, druh zastdpeny na vietkych lokalitich, dasto
absentoval vo vzorkdch z letnych mesiacov. Charakteristické spolotenstvo stonoZiek dubovo-hrabovych lesov
Malych Karpit je zloZené z druhov Seliendyla nemorensis, Strigamia acuminata, Lithobius agilis, L. borealis,
L. lapidicola, L. mutabilis, L. muiicus, L. austriacus, v juZnejiich suchSich Castiach Malych Karpat tic?
Henia illyrica.
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Abstract
Stagiov S.: Millipedes communities (Diplopoda) of ouk-hornbeam ecosystems (the Ml

Karpaty Mis, Trnavskd pahorkatina hills, SW Slovakia). Ekolégia (Bratislava), Vol 2,
Supplement 2/20035, p. 143-151.

Millipede communities were studied in ten oak-hornbeam forest localities in the centrul i
northern part of the Malé Karpaty Mts and the Trnavskd pahorkatina hills, The rescarch win
conducted during the years 1999-2002. Millipedes were sampled using a dry sicve method
from the leaf litter within each locality. In total, 3,654 individuals belonging 1o 18 millipede
species were recorded. The records of Julus curvicornis are of the highest faunistic importance
It is an endemic species of the West Carpathian region. The westernmost locality of it
occurrence was found in the Malé Karpaty Mts. Influence of selected environmental [actors on
the structure of millipedes communities was discussed.
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Introduction

The Mal¢ Karpaty Mts are relatively well-known area of Slovakia concerning the
millipede fauna. Data about the millipedes in these mountains were subsequently
published by Ortvay (1902), Lang (1933, 1954), Guli¢ka (1955, 1956, 1986), Misik ct al.
(1974), Krumpdl (1993) and Mock, Jansky (2000). Gulicka (1986) presented the mos
comprehensive study with checklist of 30 millipede species from forest communitics in
the Malé Karpaty Mts Concerning the Trnavskd pahorkatina hills, no data about the
millipede fauna have been published up to present.

This paper presents the results of the millipede research realized at ten oak-hornbeam
forest localities situated in the central and the northern part of the Malé Karpaty Mts and
the Trnavska pahorkatina hills,
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