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ABSTRACT. The present paper provides the first
comparative analysis of the community composition
and habitat distribution of myriapods (Chilopoda,
Diplopoda) in the urban, suburban and rural habitats of
the town of Shumen and Shumen Plateau. For both
studied classes, Chilopoda and Diplopoda, the green
areas of the city center are the species poorest, with
Geophilomorpha and Scolopendromorpha being ap-
parently most influenced by the anthropogenic pres-
sure. The highest species diversity has been estab-
lished in the suburban area with a total of 37 species —
20 centipedes and 17 millipedes, which accounts for
64% of the 58 species known in the region. According
to the index of persistence (invariably) of Tischler the
degree of attachment of centipedes to a particular habi-
tat is less than that of millipedes, which are trophicaly
dependent on surrounding vegetation. The highest de-
gree of similarity in myriapod communities in the stud-
ied habitats is reported between Park Kyoshkovete and
reserve Bukaka where the Czekanowski-Dice-Sorens-
en (Qs) index is 0.83 for centipede and 0.81 for milli-
pede communities. No alien species have so far been
found in the fauna of Shumen, which is unusual given
the size of the city, its long history, established trade
relations with other regions since antiquity and the
active transportation of products from and to different
parts of the world.

PE3IOME. Hacrosimiast ctaThsi mpeCcTaBiIseT Nep-
BBIl CpPaBHUTEIBHBIN aHAIN3 BUAOBOIO COCTaBa pac-
TUTEJIBHBIX COOOIIECTB M OMOTOMMYECKOTO pacIpese-
nerns mHoroHoxkeK (Chilopoda, Diplopoda) B ropoa-
CKHX, IPUTOPOJIHBIX U IPUPOAHBIX MECTOOOUTAHUSIX B
peruone ropoga lymen u mnato Illymen. Cambivu
OeHBIMHU 110 cOcTaBy B 00OMX MCCIIEJOBAHHBIX KJlac-
cax Chilopoda u Diplopoda siBnstroTcst mapKoBbIe 30HBI

B IICHTPE TOPOIa, a HanboJee MOCTPATaBIINMHU OT aHT-
POTIOTEHHOTO BO3JIEHCTBHS — odeBHAHO, Geophilo-
morpha u Scolopendromorpha. HaubonsmmMm BHI10-
BBIM Pa3HOO0Opa3MeM OTIIMYACTCSl MPUTOPOJIHASI 30HA,
rae Haxonarcsa 37 BugoB — 20 xumornoas v 17 aumino-
MOJBI, Y4TO cocTaBisieT 64% u3BeCTHBIX 58 BHIOB B
9TOM patione. CorilacHO MHIIEKCY YCTOHYHUBOCTH (IT0-
crosiactBa) Tischler (C), cTemeHs MpHUBSI3aHHOCTH K
KOHKpeTHOM cpene ooutanus Chilopoda mensIie, yem
y Diplopoda (mHOoroHOKH Kiacca Diplopoda siBnsirot-
csl Tpo(PUYECKH 3aBUCHMBIMH OT COCTaBa PacTUTENb-
HBIX (QopMmanuii). B ucciieoBaHHBIX MECTOOONTAHUSIX
HauboJIee BEICOKAs CTETIEHB CXO/ICTBA COOOIIECTB MHO-
TOHOXKEK yCTAaHOBJICHA IPU COIIOCTABICHWH MapKa
Kioshkovete u 3anoBeanka Bukaka, s koTopsIx uH-
nekc cxonactBa o Czekanowski-Dice-Sorensen (Qs)
cocraBwiio 0,83 mst Chilipoda u 0,81 mist Diplopoda.
B ¢ayne lllymena nHe oOHapyXeHO Uy>XEPOAHBIX BH-
JIOB, YTO SIBISICTCS HEOOBIYHBIM, YIUTHIBAST MAaCIITA0BI
TOpoJa, ero JOITYI0 HCTOPHIO, YCTaHOBJICHHBIE TOPTO-
BBIC OTHOIICHWS C IPYTHMHU PETHOHAMH B JPEBHOCTH U
AKTHBHYIO TPAHCIIOPTUPOBKY HPOJYKTOB B pa3HbIE pe-
THOHBI MUpA U3 HUX.

Introduction

The island isolation and fragmentation of the urban
habitats, as well as the increased anthropogenic impact
cause the formation of specific faunal complexes and
the emergence of new species communities, quite dif-
ferent from those in natural habitats. Comprehensive
study of urban and rural species communities could
help understand the strength and level of distortion of
the human activity. In recent decades, the species com-
position of Myriapoda in urban and suburban areas has
been the subject of studies by many researchers. Eng-



hoff [1973] provides a list of the centipedes occurring
in the city greens of Copenhagen, Davis [1979] makes
similar analysis for the species in London. Andersson
[1983] explores the centipedes of Géteborg, and Zapp-
aroli [1992] provided a very detailed list of centipedes
found in the city of Rome. Centipedes from urban areas
are described in the papers on the biological character-
istics of soils in Bonn-Bad Godesberg, Germany [Fr-
und, 1989; Schulte et al., 1989]. In a study of the urban
environment in Vienna Kuhnelt [1989] also reported
several species. Lesniewska [1996] studied centipedes
communities in Poznan, and in a study of the myriapod
fauna of Sofia Stoev [2004] reported 21 species re-
corded in a highly urbanized environment. A similar
study of the fauna in the city of Skopje was published
by Gorgievska et al. [2008]. Studies of Wytwer [1995]
on the similarities and fauna connections in the centi-
pede communities in Mazowia forests and urban green
areas in Warsaw support the view that the question of
the formation and evolution of the species diversity in
communities living in urban greens are more signifi-
cant in regard to the study of the circumstances and
conditions leading to the evolution of the natural fauna
[Trojan, 1994].

Despite the great diversity, urban habitats have one
common feature — they are subjected to different types
and degrees of anthropogenic impact and high fragmen-
tation of habitats. Therefore, in different parts of the city
one can observe different degrees of changes in the
environmental conditions that form an urban-rural axis —
from highly urbanized central, through less altered sub-
urban zones to natural rural habitats [McDonnell et al.,
1993, 1996; Pouyat et al., 1994, 1995]. The higher
anthropogenic pressure leads to exhaustion and impov-
erishment of the fauna [Chudzicka, Skibinska, 1998a,
1998b], manifested through reduced number of species
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[Vepsildinen, Wuorenrinne, 1978; Czechowski, 1982;
Kasprzak, 1981; Niedbala et al., 1982; Pisarski, 1982;
Skibinska, 1978, 1982, 1986; Sawoniewicz, 1982, 1986;
Winiarska, 1986; Wytwer, 1995]. The fauna impover-
ishment often follows the gradient of increasing anthro-
pogenic impacts towards the city center. Another char-
acteristic of urban fauna is the presence of species of
foreign origin, which generally adapt better to anthropo-
genically influenced habitats, rather than to areas that
have not been exposed to human pressure.

At this point in Shumen and the Shumen Plateau
there are a total of 58 known species of myriapods —
21 species of class Diplopoda and 37 species of class
Chilopoda [Bachvarova, 2011].

The purpose of this study is to investigate the distri-
bution of myriapods across habitats and to offer a
comparative analysis of the complexes of species in the
natural habitats of the Shumen Plateau, the metropoli-
tan area and urban green areas of Shumen.

Material and methods

Study area.

The material has been collected from 8 sites, distin-
guished by their location, composition of plant forma-
tions and level of anthropogenic pressure. Two of them
are located in heavily urbanized area which is subject
to considerable human pressure: Ul — City park and
UII — University of Shumen park. The third site SU —
Kyoshkovete Park, is located in a transitional zone
between urban and rural areas. Collecting sites 4-8 are
situated in rural habitats located in the Natural Park
Shumen Plateau: RI — beech forest at Bukaka reserve,
RII — mixed deciduous-coniferous forest, RIII —
hornbeam forest, RIV — pine forest and RV — Open
meadow (Fig. 1).
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Characterization and floristic analysis of the ec-
osystems at the sampling sites.

The Nature park Shumen Plateau is located in the
southeastern suburbs of the Moesian plane. The park
falls within Moesian beech forest and the Lower plane-
hilly oak forest belts with an altitude from 0 to 800 m
[Andreev, 1992]. In general, the vegetation cover is
characterized by the predominance of xerophylic and
more or less thermophilic elements, such as Carpinus
orientalis Mill, Quercus pubescens Willd., 1796, Q.
cerris L., 1753, Q. frainetto Ten. (1813), Syringa vul-
garis L., 1753, Paliurus spina-christi Mill. The meso-
philic and mesothermic elements, such as Carpinus
betulus L., 1753, Quercus robur L., 1753, Tilia to-
mentosa Moench, Ulmus campestris L., have more
limited distribution. Pretty close to the mesophilic eco-
systems are those of the Moesian beech Fagus sylvati-
ca L. ssp. moesiaca (K. Maly) Hjelmquist, but they
must be regarded as intermediate to the xerophylic
ones. The coniferous forests cover about 16% of park’s
territory and are composed of artificially introduced
tree species. The chasmophytic communities within the
protected area relate to the endemic for the Balkan
Peninsula union Ramondion nathaliae, that combines
rock phytocenoses of limestone substrates. The aver-
age altitude is 350 m, with the highest point being 502
m and the lowest — 225 m.

Site description.

RI: Theromophilic Moesian beech forest [Tzonev
et al., 2006], with presence also of Carpinus betulus
L., 1753, Quercus dalechampii Ten., Quercus frainet-
to Ten. (1813), Quercus cerris L., 1753, Tilia tomen-
tosa Moench, etc. Scrub floor does not form almost
anywhere. The participation of several types of xero-
philic species from the neighboring oak and hornbeam
forests, such as Glechoma hederacea L., Hedera helix
L., 1753, Lathyrus laxiflorus (Desf.), Melissa officinalis
L., 1753, Mercurialis perennis L., Milium effusum L.,
Muscari botryoides Mill, Polygonatum latifolium
(Jacq.) Desf., Ruscus aculeatus L., 1753, Tamus com-
munis (L.), 1753, Viola riviniana Rchb., etc. Domi-
nants for the grass synusia are Rubus hirtus Waldst. &
Kit., Poa nemoralis L., Brachypodium sylvaticum
(Huds.) Beauv., Galium odoratum (L.) Scop., 1771,
Festuca heterophylla Lam., Lamiastrum galeobdolon
(L.) Ehrend. & Polatschek, Sanicula europaea L., 1753,
Cyclamen coum Mill and Carex sylvatica Huds. Cate-
gory according to EUNIS habitat classification: G1.661.
Geographical coordinates: N 43°15.592"; E 26°53.310".
The pH of soil is 4.18.

RII: Located at the border of coniferous and decid-
uous hornbeam-Sessile oak forests. In a relatively equal
amount are found the following tree species: Fagus
sylvatica L., 1753, C. betulus, Pinus nigra J.F.Arnold,
1785, and Pinus sylvestris (L., 1758). The scrub floor
resembles that of the coniferous forests and includes
representatives of Rosa sp., Crataegus monogyna Jacq.,
1775, P. spina-christi and not as often of Fraxinus
ornus L., 1753. Grass synusia is composed primarily

by xerophytic species, such as H. helix, M. botryoides,
G. hederacea, V. riviniana, etc. Category according to
EUNIS habitat classification: G3.F12+G1.A32+G1.6.
Geographical coordinates: N 43°16.502"; E 26°53.376".
The pH of soil is 5.16.

RIII: Besides the dominant species C. betulus and
Quercus petraea (Matt.) Liebl., 1784 in the composi-
tion of the tree floor there are also F. sylvatica, C.
orientalis, Q. frainetto, Q. cerris and Populus tremula
L., 1753. The scrub synusia is composed of C. monog-
yna and Corylus avellana L. (1753) and less often of
F. ornus. Except for Lamiastrum galeobdolon (L.)
Ehrend. & Polatschek, the other major dominants among
the grasses are P. nemoralis, B. sylvaticum, F. hetero-
phylla and Melica uniflora Retz.. Category according
to EUNIS habitat classification: G1.A322. Geographi-
cal coordinates: N 43°14.605"; E 26°54.618". The pH
of soil is 5.02.

RIV: This sampling site is located in a coniferous
forest, which is composed mainly of a pure culture of P.
nigra. The coniferous forests in the Shumen Plateau
occupy about 16% of its territory and are composed of
artificially introduced tree species. The scrub floor is
composed of Rosa sp., C. monogyna, and not as often of
Prunus spinosa L. Category according to EUNIS habitat
classification: G3.F12. Geographical coordinates: N
43°16.791"; E 26°53.562. The pH of soil is 7.19.

RV: Depending on its phytocoenological outlook,
the site can be divided into two parts. Its eastern half
belongs to the xerophytic grasslands, which on the
territory of the Shumen Plateau refer to the phyto-
coenose Festuco-Brometea. These phytocoenoses oc-
cur at places where forests have been destroyed in the
distant past. Now they compose only a minor part of
the plant cover in the Nature park (0.6%). The western
part of site is occupied by low shrub phytocoenoses of
the Prunetum tenellae association, which have only a
symbolic participation (0.08%) in the vegetation cover
of the Shumen plateau. These secondary communities
are found on eroded landscapes along with S. vulgaris,
P. spina-christi, P. spinosa, C. orientalis and xero-
philic grasslands. Category according to EUNIS habi-
tat classification: E1.2. Geographical coordinates: N
43°15.504"; E 26°55.599". The pH of soil is 7.76.

SU: The site is located in semi-natural formation,
strongly influenced by the human activity. There are no
dominant species, although horse chestnut, Aesculus
hippocastanum Linnaeus, 1753, is quite common. Well
represented are also: 7. tomentosa, Acer campestre L.,
Acer and Juglans regia L., (1753). Scrub floor is very
scanty and represented by ornamental species, such as
H. helix. In the grass synusia there are representatives
of Parietaria officinalis L., 1753, Dactylis glomerata
L., 1753, Geum urbanum L., Geranium sp., Ballota
nigra L., Vinca minor L., Chaerophyllum temulentum
L., etc. Geographical coordinates: N 43°15.927’; E 26°
54.028’. The pH of soil is 7.41.

UIL: Wet meadows in highly urbanized spaces —
small parks, public squares and around the streets.
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There are no clearly dominant species. Phytocenoses
are represented by A. hippocastanum, Amorpha fruti-
cosa L., 1753, Platanus orientalis L., 1753, Prunus
mahaleb L., T. tomentosa, A. campestre, Cercis sili-
quastrum L., Bellis perennis L., Lolium perenne L.,
Taraxacum officinale F.H. Wigg., P. officinalis, G.
urbanum, etc. Geographical coordinates: N 43°16.260”;
E 26°56.403". The pH of soil is 7.59.

UII: The site is located near the University of Shu-
men, which is heavily urbanized, with several sport
facilities (football playground and two tennis courts),
three parking lots, a number of buildings, alleys and
lawns. The total surface of the area amounts to 180 ha.
In terms of habitats it can be divided into two parts.
The northeast part is composed of mixed plantations of
park type, where the most numerous spicies are P.
nigra, T. tomentosa, Robinia pseudoacacia L., A. hip-
pocastanum and C. siliguastrum. The scrub floor is
relatively scanty and grass sinusius is formed by H.
helix, Clematis vitalba L. (1753), Salvia nemorosa L.,
Galium aparine L., Poa pratensis L., C. bursa-pas-
toris, T. officinale, Malva sylvestris L., Silene vulgaris
(Moench), etc. The southwestern part of site encom-
passes meadows with individual trees and shrubs. Geo-
graphical coordinates: N 43°16.750"; E 26°56.870".
The pH of soil is 7.37.

The material was collected by using 10 pitfall traps
in each sampling site set in a line, at a distance of 10
meters from each other. Traps were emptied at a monthly
basis in the period April 2007 — May 2009. Besides,
underground traps aiming to collect the fauna inhabit-
ing only the deep soil strata were used too. Direct
sampling, conducted both at the eight workstations and
at specific habitats and microhabitats, such as areas in-
between domestic buildings, construction sites, garden
path-ways, patios and yards in the city center and more
was carried out too. In addition to above methods 4 soil
samples amounting to 0.75 m*® were taken from each
site in the period June—July 2009 and September—Oc-
tober 2009 and further extracted in laboratory condi-
tions by Tiillgren-Berlese apparatus for 48 hours.

The differences in the habitat distribution of miria-
pod communities were examined by cluster agglomer-
ative method and by Czekanowski-Dice-Sorensen’s sim-
ilarity index (Qs) with PAST 2.03 program [Hammer
et al.,, 2001]. The degree of attachment of a specific
species to a particular habitat has been measured by the
index of persistence (invariability) of Tischler (C).

Results

A total of 5077 millipedes were collected, out of
which 3442 were collected by pitfall traps, 1214 by
direct sampling (148 of which by underground traps)
and 421 individuals by soil samples. Of the 20 species
registered in the study, 18 were collected by pitfall
traps, 1 species (Trachyspheara costata) — by hand
sampling in the Zandana cave, and 1 species (Typhlo-
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iulus kotelensis) was found only in soil samples taken
from Kyoshkovete (Table 1).

The collected centipedesamount to 2756 individu-
als, 1227 of which were caught using pitfall traps,
811 were hand-picked and 718 through Tiillgren ex-
traction (Table 2). Out of the 33 centipede species
registered in the area, twelve species — Scutigera
coleoptrata, Eupolybothrus transsylvanicus, Lithobius
erythrocephalus, L. mutabilis, L. aff. melanops, L.
parietum, L. schuleri, L. aff. micropodus, Harpolitho-
bius sp.n. 2, Scolopendra cingulata, Cryptops trisul-
catus and Strigamia engadina were collected by pit-
fall traps and/or direct sampling. Shendyla aff. deli-
catula, Sh. aff. tyrolensis (= Shendyla aff. montana
balcanica (Kaczmarek, 1969) [Bonato, Minelli,
2014]), Sh. aff. walachica, Geophilus flavus and
Strigamia transsilvanica, as typical geobionts were
found only through extractions of soil lumps. Through
direct sampling in the Shumen University park (UII)
only three Lithobius microps were caught. However,
the results of the soil samples in this area indicate
significant presence of the species.

Analysis of the habitat distribution of myriapods
in the studied region was made on the basis of the
results of the quantitative sampling with pitfall traps.
Although only surface-dwelling and active species
could be collected, when used for long periods of
time, this method provides significant insight to the
species composition. The absence of a certain species
in the traps does not by far mean that the species is
absent in this habitat. It rather indicates that it could
be inactive on the ground. Despite all these consider-
ations, the amount of captured individuals and the
number of species registered through pitfall traps ob-
viously depends not only on the type of activity, but
also on its degree of affluence. Therefore, it is recom-
mended that quantitative studies with pitfall traps, be
applied for at a period of one year [Baars, 1979]. In
the current case, the duration period was two years,
which ensures that the collection of individuals re-
flects the presence, size and density of the population,
as well as the activity of the species.

During the analysis of habitat distribution the re-
sults from the direct sampling were not taken into ac-
count because the amount of material collected at each
site using this method depends on the frequency of
attendance of the terrain and the length of the hand
collecting. Qualitative samplings have performed with
different duration and frequency in the studied areas,
so their results are not indicative of the number of
species in a particular area. The results of the direct
and soil sampling were used to supplement the species
lists and better characterize the local fauna.

The actual species diversity and the proportion be-
tween the numbers of registered species are different
for each sampling site. On one hand they are deter-
mined by the potential species capacity of the different
habitats, the feeding and living conditions they offer,
and on the other they reflect the species’ specific bio-
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Table 1. List of millipedes collected in Shumen and Shumen Plateau by pitfall traps, direct and soil sampling with their ab-

solute numbers.

Ta6muua 1. BugoBoii coctaB 1 KOJIMUeCTBO MHOTOHOXKEK Kiacca Diplopoda, ycranoBneHHbIX B ropoze LlymeH u
[IlyMeHCKOM IIJIaTo C MCIOJIb30BAaHHEM HA3eMHBIX JOBYIIEK, a TAK)KE METOJIOM PYyYHOro cOopa 1 mpod MOYBEL.

No. Species Species Total number of the catches
code Pitfall Hand Soil samples | Total
traps collecting and Tiillgren
extraction
DIPLOPODA
Order Glomerida
Family Glomeridae
1. Glomeris hexasticha Brandt, 1833 Ghex 57 4 1 62
FamilyDoderiidae
2. Trachyspheara costata (Waga, 1857) Tkot 0 30 0 30
Order Polydesmida
Family Polydesmidae
3. Polydesmus complanatus (Linnaeus, 1761) Pcom 95 38 0 133
4. Polydesmus denticulatus C.L. Koch, 1847 Pden 108 33 10 151
5. Polydesmus renschi Schubart, 1934 Pren 7 0 0 7
6. Polydesmus mediterraneus Daday, 1899 Pmed 10 0 0 10
Family Paradoxosomatidae
7. Strongylosoma stigmatosum (Eichwald, 1830) Ssti 7 0 0 7
Order Chordeumatida
Family Anthroleucosomatidae
8. Anamastigona bilselii (Verhoeff, 1940) Abil 46 31 5 82
Family Craspedosomatidae
9. Craspedosoma transsylvanicum Verhoeft, 1897 Ctrans 5 3 0 8
Order Julida
Family Blaniulidae
10. | Nopoiulus kochii (Gervais, 1847) Nkoch 31 5 68 104
Family Julidae
11. | Leptoiulus trilineatus(C.L. Koch, 1847) Ltri 1474 495 86 2055
12. | Typhloiulus kotelensis Jawlowski, 1938 Tkot 0 0 3 3
13. | Cylindroiulus boleti (C.L. Koch, 1847) Cbol 302 158 145 605
14. | Megaphyllum bosniense (Verhoeff, 1897) Mbos 437 74 41 552
15. | Megaphyllum lictor (Attems,1904) Mlic 5 5 0 10
16. | Megaphyllum transsylvanicum (Verhoeff, 1897) Mtrans 618 93 35 746
17. | Megaphyllum unilineatum (C.L. Koch, 1838) Muni 93 18 0 111
18. | Pachyiulus hungaricus (Karsch, 1881) Phun 34 114 22 170
19. | Pachyiulus varius (Fabricius, 1781) Pvar 7 68 0 75
20. | Apfelbeckiella trnowensis trnowensis(Verhoeft, 1928) Atrn 106 45 5 156
Total number of catches: 3442 1214 421 5077

logical capabilities for adaptation and reproduction
[Trojan, 1994]. Depending on the amount of collected
individuals of particular species and their distribution
in the studied habitats, myriapods can be classified into
three groups (Tables 1 and 2; Tables 3A and 3B).

The first group includes species that are found in
small number (up to 10 individuals) for the two-year
study period. To this group belong: Polydesmus rens-
chi, P. mediterraneus, Strongylosoma stigmatosum,
Craspedosoma transsylvanicum, Megaphyllum lictor
(Table 1) and Pachyiulus varius, Scutigera coleoptra-
ta, Lithobius erythrocephalus, L. aff. melanops, L. pa-
rietum, L. schuleri, L. crassipes, L. beroni, L. aff. mi-
cropodus, Harpolithobius sp.n. 1, Harpolithobius sp.n.
2, Scolopendra cingulata, Cryptops parisi, Cryptops
trisulcatus (2 individuals), Shendyla carniolensis and

Henia illyrica (Table 2). These species are likely to be
of very high specialization and having specific require-
ments to their habitat. Therefore coming across them at
the sampling sites is more likely a coincidence rather
than a pattern. They are of limited distribution in the
research areas and have been so far registered in a very
few habitats (Tables 3A and 3B).

The second group includes species that are found in
all or nearly all explored habitats in relatively high
numbers. These are, among millipedes: Leptoiulus tri-
lineatus, Megaphyllum bosniense, M. transsylvanicum,
Cylindroiulus boleti, Polydesmus complanatus, P. den-
ticulatus, as well as the centipedes Lithobius forfica-
tus, L. muticus, L. nigripalpis, Cryptops anomalans
and Clinopodes flavidus. 1t is noteworthy that among
Diplopoda only species of Julida inhabit the open mead-
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Table 2. List of centipedes collected in Shumen and Shumen Plateau by pitfall traps, direct sampling and soil samples with
their absolute numbers.

Ta6muna 2. Bugosoit coctaB u kKonmumuecTBO MHOroHOXKeK kiacca Chilopoda, ycranoBnennsix B ropoje Lllymen u
[IyMEeHCKOM IUIaTO C UCIIOJIb30BAHHEM HA3EMHBIX JIOBYIICK, & TAK)KE METOJOM PYYHOro cOOpa v Mpod MOYBBL.

No. Species Species Total number of catches
code Pitfall Hand Soil samples | Total
traps collecting and Tiillgren
extraction
CHILOPODA

Order Scutigeromorpha
Family Scutigeridae

1. Scutigera coleoptrata (Linnaeus, 1758) Scol 5 3 0 8
Order Lithobiomorpha
Family Lithobiidae
2 Eupolybothrus (M.) transsylvanicus (Latzel, 1882) Etrans 32 8 0 40
3 Lithobius (L.) erythrocephalus C.L. Koch, 1847 Lery 1 0 0 1
4. Lithobius (L.) forficatus (Linnaeus, 1758) Lfor 86 150 3 239
5. Lithobius (L.) lucifugus L. Koch, 1862 Lluc 41 15 15 71
6 Lithobius (L.) mutabilis L. Koch, 1862 Lmuta 50 17 0 67
7 Lithobius (L.) muticus C.L. Koch, 1847 Lmuti 81 22 59 162
8. Lithobius (L.) nigripalpis L. Koch, 1867 Lnig 708 282 35 1025
9. Lithobius aff. melanops Newport, 1845 Lafmel 3 2 0 5
10. | Lithobius (L.) aff. oglednicus Ribarov, 1987 Lafogl 12 6 1 19
11. | Lithobius (L.) parietum Verhoeff, 1899 Lpar 1 0 0 1
12. | Lithobius (L.) schuleri Verhoeft, 1925 Lsch 3 1 0 4
13. | Lithobius (M.) crassipes L. Koch, 1862 Lcras 4 22 26 52
14. | Lithobius (S.) beroni Negrea, 1965 Lber 5 39 20 64
15. | Lithobius (S.) aff.micropodus (Matic, 1980) Lafmic 2 1 0 3
16. | Lithobius (S.) microps Meinert, 1868 Lmic 0 4 83 87
17. | Harpolithobius sp.n. 1 (radui group) Hafrad 4 10 1 15
18. | Harpolithobius sp.n. 2 Hn.sp. 2 0 0 2

Order Scolopendromorpha
Family Scolopendridae

19. | Scolopendra cingulata Latreille, 1829 Scin 3 2 0 5
Family Cryptopidae

20. | Cryptops anomalans Newport, 1844 Cano 113 38 48 199

21. | Cryptops parisi Brolemann, 1920 Cpar 3 23 26 52

22. | Cryptops trisulcatus Brolemann, 1902 Ctri 2 0 0 2
Order Geophilomorpha
Family Schendylidae

23. | Shendyla carniolensis Verhoeff, 1902 Scar 5 1 6 12

24. | Shendyla aft. delicatula Kaczmarek, 1969 Safdel 0 0 1 1

25. | Shendyla aff. tyrolensis (Meinert, 1870) Saftyr 0 0 5 5

26. | Shendyla aft. walachica Verhoeff, 1900 Safwal 0 0 3 3
Family Geophilidae

27. | Geophilus flavus (De Geer, 1778) Gfla 0 0 13 13

28. | Clinopodes flavidus C.L. Koch, 1847 Cfla 34 125 254 413

29 Stenotaenia linearis (C.L. Koch, 1835) Slin 12 3 52 64
Family Dignathodontidae

30. | Henia illyrica (Meinert, 1870) Hill 3 19 51 73
Family Linotaeniidae

31. | Strigamia crassipes (C.L. Koch, 1835) Scras 12 17 13 42

32. | Strigamia engadina (Verhoeff, 1935) Seng 0 1 0 1

33. | Strigamia transsilvanica (Verhoeff, 1928) Strans 0 0 3 3
Total number of catches: 1227 811 718 2756

ow (RV) characterized by lawn leaf litter with extreme- The third group is represented by species that in-

ly adverse conditions during the hot and dry summer  habit limited number of habitats and are of medium
months. These are mostly polytopic species that are  number. These are: Glomeris hexasticha, Anamastigo-
able to live in more xeric conditions. na bilselii, Nopoiulus kochii, Megaphillum unilinea-
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Henia (Henia)illyrica
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Strigamia crassipes

Cryptops anomalans

Lithobius (Monotarsobius)crassipes
Lithobius (Lithobius)forficatus
Lithobius (Sigibius) microps
Lithobius (Sigibius) beroni
Lithobius (Lithobius) aff. oglednicus
Lithobius (Lithobius) lucifugus
Stenotaenialinearis

Cryptops parisi

Lithobius (Lithobius) mutabilis
Strigamia transsilvanica

Shendyla aff. walachica
Shendyla aff. tyrolensis

Shendyla camiolensis
Harpolithobius sp.n. 2
Harpolithobius sp. n. 1 (radui group)
Lithobius (Sigibius) aff. micropodus
Lithobius (Lithobius) schulen
Lithobius aff. melanops
Eupolybothrus (Mesobothrus) transsylvanicus
Strigamia engadina

Geophilus flavus

Shendyla aff. delicatula

Cryptops trisulcatus

Scolopendra cingulata

Lithobius (Lithobius) parietum
Lithobius (Lithobius) erythrocephalus
Scutigera coleoptrata

120

Fig. 2. Perseverance (invariability) in the presence of centipede species, found in Shumen and the Shumen Plateau in urban, suburban

and natural habitats.

Puc. 2. HemsmensemocTs (ycroitunBocTs) B mpucyTcTBUM BujoB kinacca Chilopoda, ycranosnennsix B ropoze Illymen u lllymenckom

IJIATO B TOPOACKHX, IPUTOPOJHBIX M MPUPOIHBIX MECTOOOUTAHMUSIX.

tum, Pachyiulus hungaricus, Apfelbeckiella trnowensis
trnowensis, Eupolybothrus transsylvanicus, Lithobius
lucifugus, L. mutabilis, L. aff. oglednicus, Stenotaenia
linearis and Strigamia crassipes. Unlike the first and the
second group, these species could become dominant in
the area if successfully adapt by shifting and narrowing
the ecological niches of the euraceous species.
According to Tishler’s scale (Fig. 2) only 4 centi-
pede species are common in the explored habitats and
are present in all sampling sites, and hence could be

considered eurytopic: Lithobius nigripalpis, L. muti-
cus, Clinopodes flavidus and Henia illyrica. They,
along with Lithobius forficatus, L. crassipes, Cryp-
tops anomalans and Strigamia crassipes, which were
found in 7 of the explored habitats, compose to a
large extend the specific character of the centipede
fauna in the area.

Centipedes exhibit more pronounced preference for
certain habitats. Ten of the registered species (30%)
occur in two of the sites and 8 species (24%) live in
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Cylindroiulus boleti

Leptoiulus trilineatus
Megaphyllum transsylvanicum
Megaphyllum bosniense
Anamastigona bilselii
Polydesmus denticulatus
Polydesmus complanatus
Apfelbeckiella tmowensis tmowensis
Megaphyllum unilineatum
Pachyiulus hungaricus
Megaphyllum lictor

Nopoiulus kochii

Glomeris hexasticha

Pachyiulus varius

Polydesmus renschi
Typhloiulus kotelensis
Craspedosoma transsylvanicum
Strongylosoma stigmatosum
Polydesmus mediterraneus

Trachyspheara costata

100
o%

Fig. 3. Perseverance (invariability) in the presence of millipede species found in Shumen and the Shumen Plateau in urban, suburban

and natural habitats.

Puc. 3. HemsmensieMocTsb (YCTOHYHBOCTH) B MPUCYTCTBHH BUAOB Kiacca Diplopoda, ycranosnennsix B ropoae Lllymen u lllymenckom

IUIaTO B TOPOACKHUX, NPUTOPOAHBIX U IIPUPOJIHBIX MEeCTOOOUTAHHUSX.

only one habitat. These are mostly species that belong
to the first group and are very specialized and form the
specific outlook of the centipede community in the
corresponding habitat.

There are no millipedes present in all of the explored
habitats, which indicates they are highly specialized and
oriented to certain types of plant formation (Fig. 3). This
is largely due to their trophic dependence [Dunger, 1958;
Striganova, 1969, 1974]. The polytrophic Leptoiulus
trilineatus and Cylindroiulus boleti, found in 7 sites
have high tolerance to anthropogenic pressure and have
been registered only in the most urbanized parts of the

city. They, along with Megaphyllum transsylvanicum,
M. bosniense, Anamastigona bilselii, Polydesmus den-
ticulatus and P. complanatus, established in 6 habitats
dominate in the millipede communities in the region of
Shumen and the Shumen Plateau.

Being registered in only in one habitat, five milli-
pede species exhibit very high specialization and can
be categorized as oligotopic. These are S. stigmato-
sum, C. transsylvanicum and T. kotelensis, hitherto
found only in the suburban site; P. mediterraneus —
registered only in the park of the Shumen University,
and 7. costata — found in Zandana cave.
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The cluster analysis of the quality composition has
determined a degree of similarity of the examined com-
munities in urban, suburban and rural habitats. The
results show that no sampling sites are completely iden-
tical in their species composition. The degree of simi-
larity of the millipede fauna in urban and suburban
green areas is relatively high. Of the 22 species regis-
tered at the Shumen University park and at Kioshkove-
te park, about one third (7 species) are found in both

sites. The degree of similarity between the most highly
urbanized city garden (UI), and the suburban area (SU)
is lower. Of all 18 species found there only 4 were
typical for both locations (Fig. 4).

The most urbanized parts of the city (UI and UII)
are characterized by relatively poor species composition.
However, they exhibit a high degree of similarity —
four of the five millipedes registered in the city park
are also found in the Shumen University park. The
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Table 4. Czekanowski-Dice-Sorensen’s index values (Qs)
for the millipede communities in urban and natural habi-
tats.

Tabnuna 4. 3nauenus unaekca Czekanowski-Dice-Surens-
en (Qs) A TUTUTOTIOHBIX COOOIIECT B
ypOAHU3UPOBAHHBIX U MPUPOAHBIX MECTOOOUTAHHUSAX.

Table 5. Czekanowski-Dice-Sorensen’s index values (Qs)
for the centipede communities in urban and natural habi-
tats.

Tabmuna 5. 3nayenus unnexca Czekanowski-Dice-Surens-
en (Qs) U XIITOTIOTHBIX COOOIIECTB B
ypOaHU3UPOBAHHBIX U MPUPOIHBIX MECTOOOUTAHHSX.

Sampling sites | UL | ULl | SU | RI | RII |RII |RIV |RV Sampling sites ] UL ] UIl | SU | RI | RII JRII JRIV |RV
Ul 1 Ul 1
Ul 0.57 1 [511 0.66 |1
SU 044 [0.63 | 1 SU 041 |0.64 |1
RI 0.30 10.58 10.66 | 1 RI 0.36 |0.60 [0.69 |1
RIT 0.46 10.70 ]0.66 |0.87 | 1 RII 047 [0.72 [0.40 [0.69 [1
RIII 0.00 |030 [047 [0.50 |0.50 | 1 R 07 Toee Tos7 Toe To77 11
RIV 0.28 0.66 |0.54 [0.70 [0.82 |0.46 | 1 RIV 057 1054 1048 052 054 |044 |1
RV 02 1042 1044 1046 [0.61 ]0.66 |0.71 | 1 RV 0.33 ] 0.52 | 0.45 |0.60 ] 0.63 |0.66 |0.52 |1

millipede fauna of park Kyoshkovete is more alike the
Bukaka reserve — out of the 21 registered species, 7
were found in both works sites.

The natural habitat of the Shumen Plateau exhibits
a much higher degree of similarity in terms of milli-
pede communities, probably conditioned by the simi-
larity in species composition of their plant formations.
The deciduous-coniferous forest shows great resem-
blance to the Bukaka reserve (7 out of 16 species were
found in both sites) as the two sampling sites have the
same edificators.

The most impoverished and peculiar millipede fau-
na was found in the open meadow (RV) and the horn-
beam forests (RIII). This is mainly due to the fact they
both offer xeric conditions and limited food supplies
(Fig. 5).

The level of similarity in the millipede species com-
position in the communities of the examined area var-
ies widely — Sorensen’s index was only 0.2 in the city
park and in the open ridge meadow and it reaches 0.87
at the Bukaka reserve and at the deciduous-coniferous
forest. Two of the worksites (Ul and RII) have no
common species and the Qs there equal 0.00 (Table 4).
Very low index values were detected between the most
urbanized part of the city (UI) and the natural habitats
of the Shumen Plateau — 0.2 (with RV), 0.28 (with
RIV) and 0.3 (with RI).

The millipede fauna in the examined region is very
similar in the different sampling sites. It is divided into
two main groups with a relatively high degree of simi-
larity (0.46) (Fig. 6). The first group is formed by the
urban and suburban green areas and part of the natural
habitats of the Shumen Plateau.

Although the species composition of the millipede
component in the 5 sites shows a high degree of simi-
larity (0.66) the millipede communities of both urban
sites — Ul and UII are placed in a separate group with
the highest degree of similarity — 0.84. The species
composition of the park Kyoshkovete (SU) shows a
great similarity to that of the Bukaka reserve (RI) —
0.81. Along with the deciduous-coniferous forest the
three sites form a single group. This is likely due to the
similar nutritional conditions in these habitats. The
main edificator in Bukaka and in the mixed forest is

Fagus moesiaca, which is why the millipede communi-
ties are very similar in composition. Kyoshkovete park
borders with an array of beech forest, which is proba-
bly the main source of immigrants in this area, and
therefore the species composition of the millipede com-
munity resembles that of the natural habitats.

The remaining three sampling sites in the park (RIII,
RIV, and RV) form the second group in which the
greatest degree of similarity — 0.65 was observed
between the hornbeam and pine forest and the open
meadow crest (0.63). The three habitats form a homog-
enous group. They are characterized by the most poor
species composition, probably due to the specificity of
their food resources and more xeric conditions they
offer.

As a whole, the centipede fauna in the examined
area shows a much higher degree of similarity than that
of the millipede fauna. This applies to both urban and
suburban green spaces and the natural habitats of the
Shumen Plateau. Sorensen’s index (Table 5) varies in
much narrower margins in comparison to the millipede
fauna — from 0.33 in the city park and the open ridge
to 0.77 in the meadow between the hornbeam and the
mixed forests.

Again, as with millipedes there is a great similarity
in the species composition of the urban sites — UI and
UIIL, which have 7 species in common (Fig. 7).

The similarity between the centipede fauna of the
urban green areas and the suburban area varies wide-
ly — from relatively low degree between the city park
and park Kyoshkovete (total of 5 species out of the 24
registered ones; Qs = 0.41) to a significantly higher
degree between park Kyoshkovete and the Shumen
University park (out of 25 species, only 8 are found in
both sites; Qs = 0.64).

In the natural habitat of the plateau for the Chilopo-
da the greatest degree of similarity exhibit the commu-
nities in the mixed deciduous-coniferous forest (RII)
and the hornbeam forests (RIIT) — 0.77, with a total of
7 common for both sites species out of the 18 regis-
tered ones (Fig. 8). There is a relatively equal degree of
similarity between the reserve Bukaka and the mixed
deciduous-coniferous forest (0.69) and the hornbeam
forest and the open meadow crest (0.66) (Table 5). The
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similarity in species composi-
tion of the millipede commu-
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Puc. 6. Jlenaporpamma
0284 CXOJICTBA B BHJOBOM COCTaBE
JIUIUTIONO/THBIX COOOLIECTB B
TOPOACKHX ¥ HPUTOPOJIHBIX
1 T T T T T T T T 1 MECTOOOUTAHMAX.
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Specles (%)

i
 Cfla |
. A A 7.33
8.67 | 183 107 | 50 | 1.02 | 1.53 | 0.51 2.04 153
26.9 | 086 | 17.3 | 0.86 | 1.74 | 6.96 | 25.2 | 0.86 1.74 | 0.86 8.69 | 1.74 | 436

Fig. 7. Proportion of centipede species in urban and suburban green areas of Shumen (based on data from pitfall traps only).
Puc. 7. CoorHomenue BunoB u3 xiacca Chilopoda B paifoHaX TOPOACKHX M IPHIOPOAHBIX 3eleHBIX HacaxaeHui lllymena (Tombpko

Ha3€MHBIC J'IOByLL[KH) .

lowest degree of similarity was found between the horn-
beam and pine forest and between the pine forest and
the open meadow. The most common species in all
sampling sites at the Shumen Plateau is Lithobius ni-
gripalpis, which exhibits significantly higher tolerance
to drought than other species [Zapparoli, 1999]. It pen-
etrates the deep layers of leaf litter with higher and

relatively constant humidity, where adults and fast mov-
ing individuals are able to compensate more easily for
the water loss. Moreover the conditions appear optimal
for earlier stages of the species development [Frund,
1987]. This is probably the reason why it is the domi-
nant species in all examined natural habitats in the
region — its share in the total catch was comparatively
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Species (%)

Liuc | Lmuta
201
mRIl 123 | 1.23 | 679 | 6.17 |62.34 | 123 1.23 | 0.62 14.2 3.08 195
RN 147 147 | 5147 | 147 38.23 2.94 294
ORIV 0.71 5 214 | 75 0.1 0.71 7.85 357 | 143 | 143 1.43
BRY 141 98 |7405| 283 | 047 141 | 8.01 1.88

Fig. 8. Proportion of centipede species in the natural habitats of Shumen Plateau (based on data from pitfall traps only).
Puc. 8. Coornomenune BunoB u3 kiacca Chilopoda B npupoansix Mectroobutanusx LllymeHckoro miato (TOIbKO Ha3eMHbIE JTOBYIIKH).

high and ranges from 48.37% in Bukaka reserve (RI)
to 75% in the mixed deciduous-coniferous forest (RIV)
(Fig. 8).

Centipede communities in the examined area are
also divided into two main groups at a degree of simi-
larity of 0.48 (Fig. 9). The first group includes the
urban and suburban green as well as reserve Bukaka. In
this group there are the two separate urban sites (Ul
and UII) with a degree of similarity 0.85. Great simi-
larity occurs between the communities in the suburban
area and the reserve (0.83). The second group unites
the remaining forest habitats of the plateau ridge and
the open meadow. The highest degree of similarity was
observed between the centipede fauna of the mixed
forest and the hornbeam forest — 0.79, while the open
meadow crest is logically separate from the forest hab-
itats with a similarity degree of 0.4.

Discussion

The myriapod fauna of Shumen is constituted pri-
marily of native species and such from its surround-
ings. There isn’t a single alien (introduced from anoth-
er country or continent) element in the fauna, which is
unusual given the size of the city, its long history,
established trade relations with other regions since an-
tiquity and the active transport of products from around
the world. For comparison, Stoev [2004] finds two
non-native species in Sofia (Oxidus gracilis, Pleuroli-
thobius patriarchalis). The widespread in Europe spe-
cies Lamyctes emarginatus, which is believed to have
originated in Australasia, was not found in the city,
although it is not rare in the country [Stoev, 2002] and
often occurs in urban areas, frequently in flower pots in
residential buildings.

The distribution of myriapods in the studied area is
primarily determined by the specifics of the soil and
climatic conditions and the composition of the plant
formations found there, as well as the available food
resource. In accordance with the concept of border
(ecotonic) effect [Odum, 1971], the highest species
diversity is evident in the suburban area (park Kyoshk-
ovete), with a total of 37 registered species (17 milli-
pedes and 20 centipedes — Tables 3A, B). Despite its
partial urbanization to a large extent the park has pre-
served the natural character of its habitats. It serves as
a transitional zone between the highly urbanized areas
of the city and the habitats remaining unaffected by the
anthropogenic influence in the Shumen Plateau. The
area is characterized by high humidity throughout the
whole year and relatively moderate temperatures in all
seasons — higher than the temperature measured in
winter at the Shumen plateau and significantly lower
than that in the city center during the summer months.
The centipedes being predators are not trophycally
bound to a certain flora and have a much wider distri-
bution in the studied habitats of the Shumen Plateau
than most millipedes. However, there is some regulari-
ty in their distribution across the sampling sites, which
is probably related to the presence of various specific
microhabitats in different habitats.

The city greens in the central areas of the town are
relatively poor in species, but at the same time they
exhibit a higher degree of similarity to other highly
urbanized habitats, such as the Shumen University park.
This is consistent with the results of the study of Zapp-
aroli [2002], who found a large heterogeneity of the
fauna and relatively poor species composition while
studying the centipedes of Rome. The same author
concludes that most influenced by the anthropogenic
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Fig. 9. Dendrogram of simi-
larity in species composition of the
centipede communities in urban
and rural habitats.
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pressures species are members of the orders Geophilo-
morpha and Scolopendromorpha, which is mostly due
to their poor mobility and greater sensitivity to the
environment. This was also confirmed by our study —
only 7 out of total of 15 species of these orders were
established within the city borders. Seven out of the 8
Diplopoda species recorded in the city gardens, are
common for the University park, while for Chilopoda —
all the 11 species were found in both habitats of the
central urban zone. Several species were only regis-
tered in the less anthropogenically influenced surround-
ings of the city. Species showing restricted distribution
and high specialization to particular environmental con-
ditions, such as Strongylosoma stigmatosum, Craspe-
dosoma transsylvanicum, Typhloiulus kotelensis, Litho-
bius erythrocephalus and Cryptops trisulcatus most
likely cannot overcome the effects of the urban factors.

The highest species diversity, closer to that seen in
natural habitats on the Shumen Plateau than in the
central parts of the city, was recorded in park Kyoshk-
ovete which has been subjected to relatively weak an-
thropogenic pressures. Of all the 37 myriapod species
registered in the urban area, 18 centipede species and
13 millipede species (84%) occur in the natural habi-
tats of the plateau. The highest degree of similarity
between the myriapod communities has been reported
the in park Kyoshkovete and the Bukaka reserve.

-

-
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