druhii najvyssiu hodnotu abundancie 12,53 jedincov na m® na ploche Nuhdé—Katarinka 2. K dal$im taxénom
5 vysokymi hodnotami priemernej abundancie patrili Schendvia nemorensis na ploche Nahdd—Katarinka |
(10,16 ind.m™), na ploche Horny hij (9,6 ind.m?) a Lithobius austriacus na ploche Nahdé—Kukovagnik (8,45
ind.m™), Schendyla nemorensis a Lithobius muticus mdieme klasifikovat ako cudominantné druhy na
véetkyeh Studijnych plochéch, ich dominancia dosiahla priemernd hodnotu 40%. Na vietkych dendrogramoch
zhlukovej analyzy je spolofenstvo na ploche Vinosady oddelené od ostatnych na najvy$sej hladine
nepodobnosti. Pri¢inou je najniZsi poget determinovanych druhov, unikdtne zastipenie Cryptops anomalans,
absencia Strigamia acuminata a najniZi podet nazbieranych exemplirov za 4 roky. Z hladiska druhovej
identity si na 87% trovni najpodobnejsie spolotenstvi stonoZiek LH — NK 1. Spolocenstvi dvojice FU — HH
sz hladiska kvalitativno-kvantitativneho zlofenia najblizsie az s 92% podobnostou. Vacsina zistenych
druhov sa vyskytuje pocas celého roka. Strigamia acuminata a Lithobius muticus boli na vicsine lokalit
zistené stivisle od marca do novembra. Schendyla nemorensis, druh zastipeny na vietkych lokalitich, ¢asto
absentoval vo vzorkdch z letnych mesiacov. Charakteristické spolocenstvo stonoZiek dubovo-hrabovych lesov
Malych Karpit je zloZené z druhov Schendyla nemorensis, Strigamia acuminata, Lithobius agilis, L. borealis,
L. lapidicola, L. mutabilis, L. muticus, L. austriacus, v juinejéich suchiich castiach Malych Karpat ticZ
Henia illyrica.
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Abstract
Stasiov S.: Millipedes communities (Diplopoda) of oak-hornbeam ecosystems (the Malé

Karpaty Mts, Trnavskd pahorkatina hills, SW Slovakia). Ekolégia (Bratislava), Vol. 24,
Supplement 2/2005, p. 143-151.

Millipede communities were studied in ten oak-hornbeam forest localities in the central and
northern part of the Malé Karpaty Mts and the Trnavskd pahorkatina hills, The research was
conducted during the years 1999-2002. Millipedes were sampled using a dry sieve method
from the leaf litter within each locality. In total, 3,654 individuals belonging to 18 millipede
species were recorded. The records of Julus curvicornis are of the highest faunistic importance.
It is an endemic specics of the West Carpathian region. The westernmost locality of its
oceurrence was found in the Malé Karpaty Mts. Influence of selected environmental factors on
the structure of millipedes communities was discussed.

Key words: Diplopoda, millipedes, Malé Karpaty Mts, Trnavskd pahorkatina hills, Slovakia

Introduction

The Malé 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), Gulicka (1955, 1956, 1986), Misik et al.
(1974), Krumpdl (1993) and Mock, Jansky (2000). Gulicka (1986) presented the most
comprehensive study with checklist of 30 millipede species from forest communities 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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Material and methods

The research was conducted during four growing seasons (1999-2002) in 10 oak-hornbeam forest localities
situated in the central and the northern part of the Malé Karpaty Mts (Cajla, Figelka, LoSonsky hdj grove,
Losonec—lom quarry, Nahd¢-Katarinka 1, Nahdé—Katarinka 2. Nahd¢-Kukovacnik, Vinosady) and in the
adjacent Trnavskd pahorkatina hills (Horny hij grove, Lindava). This area is situated in western part of
Slovakia between the towns Bratislava and Nové Mesto nad Vihom. The altitude varies from 132 m as.l. to
768 m a.s.l. These mountains belong to the gently warm climatic zone. From the phytogeographic point of
view the mountains belong to the area of West Carpathian flora with dominating forest stands, From the
zoogeographic point of view the mountains have been classified into the Subcarpathian district of the
deciduous forest province in Eurosiberian subprovince.

The studied localities differed in the age of forest growth, anthropic impact (contamination by caleareous
dust), fragmentation (isolated forests localities in the cultural landscape and non-fragmented forest complexes)
and also in phytocoenological and pedological parameters. The detailed ecological characteristics of studied
localities areas (pedobiology, phytocoenology and climatic conditions) are available in the introduction work
of this supplement (Zlinskd et al., 2005).

The following list of studied localities involves their acronyms and selected characteristics: geographic
coordinates; altitude; exposition; slope; subussociation of potential vegetation: age of forest growth; species
composition of forest.

Cajla (CA)

* 48°20'N, 17°16' E; 260-280 m a.s.l.; S; 7°; Querco-Carpinetum poetosum nemoralis: 80100 years:
Carpinus bewlus, Quercus dalechampii,

Vinosady (VI)

¢ 48°19'N, 17°17' E; 280 m a.s.l.; NW; 5-7°; Querco-Carpinetum poetosum nemoralis, 60-80 years; Acer
campestre, Quercus cerris, Q. dalechampii.

Fugelka (FU)

¢ 48°22'N, 17°19' E; 350 m a.s.l.; S 4°: Querco-Carpinetum melicetosum uniflorae; 80100 years; Quercus
dalechampii,

Lindava (LI)

* 48°22'N, 17°22' E: 240 m a.s.l.: without exposition; 0% Quercetum petrae-cerris; 80-100 years; Quercus
cerris, Q. dalechampii,

Horny hij grove (HH)

* 48°29'N, 17°27 E; 240 m as.l.; W-SW; 5° Querco-Carpinetum melicetosum uniflorae; 60-80 years;
Carpinus betlus, Fraxinus excelsior, Quercus cerris, Quercus dalechampii.

LoSonec—lom quarry (LL)

¢ 48°29'N, 17°23'E; 340 m a.s.l.; SW; §-10° Querco-Carpinetum  caricetosum pilosae; 80-100 years;
Quercus dalechampii.

LoSonsky hij grove (LH)

¢ 48°28'N, 17°24'E; 260 m a.s.l.; N; 1°; Querco-Carpinetum caricetosum pilosae; 80-100 years; Carpinus
betulus, Quereus cerris, Q. dalechampii.

Nahaé-Kukovaénik (NA)

* 48°32'N, 17°31'E: 300 m as.l; NE; 2-3% Querco petrae-Carpinetum melicetosum uniflorae; 40-60)
years; Carpinus betulus, Quercus cerris, (. dalechampii.

Nahacé-Katarinka 1 (NK1)

¢ 48°33'N, 17°33' E: 340 mas.l: NW; 3-5° Querco petrae-Carpinetum melicetosum uniflorae; 40-60
years; Carpinus betulus, Quercus dalechampii.

Nahié-Katarinka 2 (NK2)

* 48°33'N, 17°32'E:; 320 mas.l.; SE; 45° Lithospermo-Quercetum  virgilianae; 80-100 years:, Acer

campestre, Quercus cerris, Q. virgiliana, Tilia cordata.
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Material of millipedes was sampled using a dry sicve method (Wallwork, [1970) from leaf litter, At en I
locality the sample of leaf litter was taken as 16 random quadrates, each of size 25x25 em. Thus, in total 1
of leal litter was sampled monthly from each study plot. Millipedes were extracted in laboratary from
sieved leal litter material using a dry extraction in Tullgren xereclectors. The obtained animals were (1xed
70 % ethanol. The material of millipedes is deposed in the collection of author,

The similarity of localities and species was evaluated by hierarchical clustering analyses and by Principal
Components Analysis (PCA) based on the mean abundance calculated for all years of investigation. Logaiithin
transformation (log n+1, n = number of captured individuals) was used before data analysis, Dendrogrames ol
cluster analysis were produced using the software STATISTICA for Windows 5.1, (StatSoft, Inc., 1999) wiily
Complete Linkage and Percent Disagreement clustering algorithm. PCA was carricd out on log-transforied
millipedes abundance of the different study localities using the software Canoco (ter Braak, Smiluuer, 1004)
Scaling was focussed on inter-species correlations. Species scores were divided by the standard deviation, wid
the data were centred by species. The index of species diversity (H") and the index of specics cauitability (/)
were caleulated according to Odum (1971) using In logarithm.

Results

In total 3,654 individuals of millipedes were obtained during the whole rescarch. Amony
them 3,038 individuals were determined on the species level, the remaining 16
undetermined individuals involved juveniles and fermnales. In total 18 species lrom #
families and 5 orders were recorded from the studied localities (Table 1). The higthest
species number (14) was found in the localities Homy hdj grove (H11) and
Nahié-Kukovacnik 2 (NK2) (Table 1). The locality Figelka (FU) with 8 recorded
species and the localities Cajla (CA), Lindava (LI), Lofonec—lom quarry (LL), Vinosady
(VI), all with 9 species only were the poorest in species richness. The millipedes
Glomeris hexasticha, Cylindroiulus boleti and Ommatoinlus sabulosus were the mos|
frequent species occurring at all studied localities, The species Trachvsphacra costat
(recorded only in one locality), Glomeris connexa and Polyzonium germanicum (hoth
recorded in 2 localities) were the rarest representatives of these invertebrates in (he
studied area. In total, the most abundant species  were  Cvlindroiulus  boleti,
Strongylosoma stigmatosum and Ommatoiulus sabulosus with 690, 456 and 424 sampled
individuals, respectively. The lowest numbers of individuals were recorded o
Trachysphaera  costata (1 specimen),  Polyzonium  germanicum (5 specimens)
and Megaphyllum unilinearum (27 individuals). The highest values of species diversity
(H) were recorded at the localities Horny hdj grove (HH), Cajla (CA) and LoSonec—lom
quarry (LL) (Table 1). The lowest value of this index was recorded at the locality
Fagelka (FU). The highest values of equitability index (E) were recorded at the localitics
LoSonec-lom quarry (LL), Vinosady (VI) and Lindava (LI). The lowest specics
equitability was recorded at the locality Figelka (FU) (Table 1).



Table . Composition of the millipede communities at the studied localities, the summarizing data from 1999-2002: Species spectrum, total number of

individual (£). Shannon’s index of species diversity (H"), index of species equitability (£).
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The abbreviations of the localities: CA — Cajla. FU — Figelka, HH — Horny héj grove, LI - Lindava, LH — Losonecky hdj grove, LL — LoSonec~lom quarry

(LL), NK1 — Nahag¢—Katarinka |, NK2 — Nahi¢-Katarinka 2. NA — Nah4é-Kukovaénik, VI — Vinosady

Cluster analysis divided localities into two main clusters (Fig. 1). The first of them
included  the localities Nahad—Katarinka 2 (NK2), Nahic-Kukovaénik (NA) and
Nahic-Katarinka 1 (NK1). The second comprised the localities Horny haj grove (HH),
LoSonsky hdj grove (LH), Lindava (LI), Figelka (FU), Vinosady (VI), LoSonec—lom
quarry(LL) and Cajla (CA). Localities from the first cluster were characteristic by
relatively low mean height of trees (reaching maximally up to 25 m), whereas within the
localities from the second cluster the mean height of trees varied from 25 to 35 m. The
most similar localities were Lindava and Figelka. In these two localities the lowest
values of pH of the leaf litter and the highest values of sorption complex of leaf litter
were recorded (Zlinskd et al., 2005).

PCA divided localities into four quadrates (Fig. 2). Two quadrates included only one
locality, Horny hdj grove (HH) and Naha¢—Katarinka 2 (NK2), respectively. The third
quadrate included two localities Nahd¢-Katarinka 1 (NK1) and Nahd&-Kukovacnik
(NA). The other localities were situated in the fourth quadrate. The locality Horny héj
grove (HH) differed from the others by the lowest value of maximum sorption capacity
of leaf litter and the highest value of species diversity (Table I). Typical species for this
locality was Enantiulus nanus. The number of individuals of this species collected within
this locality represented 94.2% of total catches. The locality Nahd&—Katarinka 2 (N K2)
was characterized by highest content of nitrogen in leaf litter, the highest values of
sorption complex of leaf litter, maximum sorption capacity and maximum degree of

sorption complex saturation of soil layers (mineral layer and leaf litter layer), the highest
gradient of slope and the highest abundance of individuals. The dominant millipede
species  from this locality were Strongylosoma stigmatosum and  Polyzonium
germanicum. Two localities placed in the third quadrate were typical by the lowest
content of carbon and humus in leaf litter and by the lowest mean age of the forest
growth, lowest average height of trees and lowest diameter of stems measured in the

breast height. Dominant millipede species were Trachysphaera costata and Polydesnus
(.'OIHPII{HHUHS.

Discussion

Relatively rich species composition was found out within the set of the studied plots. The
number of recorded millipede species represents approximately a quarter of the Slovak
millipede fauna. The species spectrum confirms well preserved natural conditions of the
studied localities and corresponds with their location at the external border of the West
Carpathians. The factors determining relatively rich and unique millipede communities in
this area are relatively low elevation (not exceeding 1000 m), presence of large native
forest complexes and deep valleys and narrow defiles with inverse microclimate.
South-castern  (Unciger  transsilvanicus, — Strongylosoma  stigmatosum), alpine
(Haploporatia eremita, Haasea flavescens (L a t z e 1, 1884)), Carpathian (Julus

curvicornis) and also some common millipedes from the C. Europe occur here (Guligka,
1986).
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The records of the Carpathian endemic species J. curvicornis are of the highest
faunistic importance. It has been found in this region for the first time. The former
westernmost locality of its occurrence was known from the Velkd Fatra Mts (StaSiov,
2002a). These new findings markedly shifted the known western border of its distribution
and may indicate its possible occurrence even in the border mountain range between the
Czech Republic and Slovakia.

All other recorded species have been already known from the Malé Karpaty Mts, by
several authors. The most complex list of the millipede fauna was summarized by
Gulicka (1986). Author accounted the occurrence of 30 species in this area. Mock,
Jansky (2000) enriched this list by Glomeris pustulata L atre i11e, 1804. Therefore
including Julus curvicornis, in total 32 millipede species are known from the Malé
Karpaty Mis. The occurrence of 14 millipede species was recorded from the Trnavskd
pahorkatina hills (localities Lindava and Horny hdj grove). The ascertained species list is
therefore the first information about the millipede fauna of this area.

Dominant occurrence of Strongylosoma stigomatosum, Polyzonium germanicum,
Unciger foetidus and Haploporatia eremita in the locality Nahd¢-Katarinka 2 may
indicate their preference of habitats with higher humus content. Mentioned locality was
also featured by highest slope gradient and the occurrence of lime within the stand, which
was not recorded from the other localities. Also these factors could have played deciding
role in the shaping of millipede community structure of this locality.

In contradiction, the species Trachysphaera costata, Polydesmus complanatus, and
Glomeris hexasticha seem to be more tolerant to lower humus content in the soil, as
indicate  their dominant occurrence in the localities Nahi¢—Katarinka 1
and Nahdé—Kukovacnik. These species could be considered as more tolerant to humidity.
The humidity is one of the main factors influencing the humification of detritus and the
soil humus contents.

The results of cluster analysis of the similarity of localities showed possible influence
of the height of forest growth and also values of pH and sorption complex in leaf litter on
the structure of the millipede communities. The tree height could have an indirect effect
in the terms of higher litter production (bigger amount of suitable food source for
saprophages) by taller trees. Several authors adverted on possible influence of litter
properties on the structure of millipede communities. Branquart et al. (1995) studied the
influence of environment on terrestrial isopod and millipede communities in oak forest
ecosystems in southern Belgium. Authors found out close relationship between
investigated communities and type and structure of leaf litter, respectively. Kime (1997)
mentioned the potential of millipedes in the biomonitoring of environment properties. He
furthermore adverted on the sensitive response of millipedes to the type of soil, form of
leaf litter and various climate characteristics. Meyer, Singer (1997) studied millipedes on
6 forest sites in western Austria. They recorded highest epigeic activity of millipedes in
mixed forests with mull humus form, in contrast to conifer forests with moder humus
form, where the lowest epigeic activity was recorded. Schaefer, Schauermann (1990)
investigated the influence of leaf litter on structure and dynamics of soil fauna, including
millipedes. They conducted their research in 2 beech forests near Géttingen, Germany.
The authors recorded markedly higher biomass of the genus Glomeris within the sites
with mull humus from. Stafiov (2002b) studied the influence of the leaf litter pH on
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millipedes. He conducted his research in 4 beech forest stands in the Kremnické vrchy
Mts. He recorded a negative correlation between pH and the epigeic activity of
Polyzonium germanicum, Julus curvicornis and Mastigona vihorlatica (A t L e m s,
1899). This correlation may testify the preference of acid detritus by mentioned species.
The author has already adverted to positive correlation between values of soil pH and
epigeic activity of Polydesmus complanatus.

The results from PCA analysis (the allocation of localities and high-affinity species)
may indicate possible influence of other investigated factors. Among them the values of
sorption complex, maximum sorption capacity of leaf litter, carbon, nitrogen and humus
content in the leaf litter, stand composition, age and height of trees and slope inclination,
respectively may have important influence on the cenological parameters of millipede
communities. The extent of the rescarch did not enable proper evaluation of the effect of
mentioned factors on the structure of the millipede communities.

The mentioned factors probably have specific effect on different millipede species. It
is still unclear whether the preference of particular biotopes by certain species is
influenced strictly only by environment conditions evaluated during this research.
Assumed effect of these factors should be topical for future research.

Translated by the author
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Stagiov S.: MnohondZky (Diplopoda) v dubovo-hrabovych ekosystémoch (Malé Karpaty, Trnavska
pahorkatina, JZ Slovensko).

Prica prindfa vysledky vyskumu zameraného na posudenie vplyvu viacerych sledovanych faktorov a podmie-
nok prostredia na truktiru taxocenéz mnohondzek vo vybranych dubovo-hrabovych ekosystémoch situova-
nych v strednej a severnej ¢asti Malych Karpdt a v Trnavskej pahorkatine. Vyskum sme bol realizovany v ro-
koch 1999 a7 2002 kvadritovou metédou, preosievanim listového opadu a naslednou extrakciou Zivocichov
v Tullgrenovych xeroeklektoroch. Celkovo sme na skimanom dzemf ziskali 3654 ex. mnohondZzok z 18 dru-
hov z 5 radov. K najvyznamnejim patri ndlez zdpadokarpatského endemita Julus curvicornis Verhoeff,
1899, u ktorého predstavuji Malé Karpaty tzemie s doposial’ najzdpadnej$im zaznamenanym vyskytom
v rdmei jeho aredlu. Vysledky vyskumu poukdzali na moZny vplyv viacerych faktorov (priemerny vek a vyska
porastu, priemernd hribka stromov, drevinovd skladba porastu, subasocidcia potencidlnej vegetdcie, sklon
svahu, pH, hodnota sorpéného komplexu, maximdlna sorpénd kapacita, obsah uhlika, humusu a dusika
v pokryvkovom humuse, stupfia nasytenia sorpéného komplexu a obsah humusu v pokryvkovom humuse i
v minerdlnej podnej vrstve) na kvalitativno-kvantitativou Struktiru taxocendz mnohondZok v podmienkach
dubovo-hrabovych lesov.



