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Abstract:

Myriapod fauna of the town of Shumen and Shumen Plateau has not been yet a subject of long-term sys-
temic research. This article presents new data obtained from the conducted two years long study (April
2007 — May 2009) of Diplopoda and Chilopoda of this region of Bulgaria. In eight work sites, covering
urban, suburban and rural habitats by using Barber’s traps, direct sampling and soil sampling a total of
7833 myriapods were collected. Class Diplopoda was established by a total of 21 species from four orders:
Glomerida (2), Polydesmida (5), Chordeumatida (2) and Julida (12). Five species are new to the fauna
of the area — Polydesmus mediterraneus, Craspedosoma transsylvanicum, Nopoiulus kochii, Typhloiulus
kotelensis and Megaphyllum lictor. Class Chilopoda was established by a total of 37 species from the
four orders known in the country — Scutigeromorpha (1), Lithobiomorpha (19), Scolopendromorpha (5)
and Geophilomorpha (11). Twenty-nine of them were registered for first time during this study. Twelve
species identified in this study are new to the fauna of the area, while Cryptops trisulcatus and Shendyla
carniolensis are also new to Bulgarian fauna. There are species of unknown taxonomic status as they be-
long to families or groups and orders of problematic species that need a thorough revision. At least one of
those is new to science, which description will be published elsewhere. The 53 identified millipede species
are divided into 9 zoogeographical categories of 3 zoogeographical complexes. There is no evidence of
significant differences in the distribution of myriapod fauna throughout the zoogeographical categories in
urban, suburban and natural habitats as well as throughout the individual sites.
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Introduction

Study of the biodiversity on a global scale has not
only purely scientific but also practical significance.
The results of such inventories of the biodiversity can
be effectively used in the development of measures
aimed at protecting specific habitats and the creation
of management plans of protected areas. Despite that
various international conventions (e.g. Convention
in Biological Diversity), and the national legislation
take into account the need to stimulate taxonomic
and faunistic studies on a local, regional and global
level, there is still a large number of organism groups

with mega-diversity that remain poorly studied, or
are the subject of only marginal research.

One such poorly documented group among
the terrestrial arthropods is Myriapoda which is the
third most diverse group terrestrial arthropods after
insects and chelicerates. From the Class Diplopoda
in the world there are only about 10 000 described
species, which represents only 10-15% of the actu-
ally existing species (KiME & GorovarcH 2000). The
centipedes currently amount to approximately 3300
species (EpGEcoMBE & GIRIBET 2007). A significant
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part of the species diversity in the tropics and many
other parts of the world remains unexplored.

The first documented reports of millipedes
in Bulgaria were produced by Georai HrisTovicH
(1892) and SteraN JuriNnicH (1904). Afterwards,
Bulgarian myriapods have been studied by dozens,
mostly international zoologists, among which the
most significant contributors are Karl Verhoeff, Karl
Strasser, Jadwiga Kaczmarek and Zahiu Matic. A full
review of the studies of myriapod fauna in Bulgaria
up to 2007 can be found in Stoev (2007).

So far there are some 242 species and subspecies
of myriapods known in Bulgaria. Those belong to 31
families and 71 genera (Stoev 2007, 2008, STOEV et
al. 2008). The knowledge of myriapods is relatively
detailed in Sredna Gora Mts., Western Rhodopes and
Strandzha-Sakar regions, while areas like Danubean
Plain and Ludogorie remain very poorly studied.

The first records of millipedes living in the town
of Shumen and Shumen Plateau have been estab-
lished by JurinicH (1904) who had found three spe-
cies — Megaphyllum unilineatum and Ommatoiulus
sabulosus, and Clinopodes flavidus inhabiting the
Kioshkovete park. Later Strasser (STRASSER 1969,
1973) reported four species — Trachysphaera cos-
tata, denticulatus,
bilselii and Apfelbeckiella trnowensis. Stoev (STOEV

Polydesmus Anamastigona
2004) reported Polydesmus complanatus found in
Nahodka 13 and Mladezhka caves located in Shumen
Plateau, thus the total number of known milliped
species in the region amounts to 7 species of 4 or-
ders — Glomerida, Polydesmida, Chordeumatida and
Julida. After Jurinich, the centipedes of Shumen and
Shumen Plateau were studied by Kaczmarek who re-
ported a total of 8 new species for the region and de-
scribed a new to science species Lithobius zelezovae
(KaczMmAREK 1969a, 1969b, 1970, 1972, 1973, 1975).
Stoev (Stoev 2001) added two more — Lithobius mu-
tabilis and Lithobius nigripalpis, found in caves on
Shumen Plateau. In the catalog of Bulgarian centi-
pedes Stoev (Stoev 2002) indicated a total of twelve
centipede species located on Shumen Plateau — 6
lithobiomorphs, and 3 each, scolopendromorphs and
geophilomorphs.

In 2008, BacHvarova & Stoev (2008) reported
their results from two-month research of the town of
Shumen and Shumen Plateau and complemented the
list of millipedes in the region with nine new spe-
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cies — Glomeris hexasticha, Polydesmus renschi,
Strongylosoma stigmatosum, Leptoiulus trilineatus,
Cylindroiulus boleti, Megaphyllum bosniense, M.
transsylvanicum, Pachyiulus hungaricus and P. var-
ius and four new centipede species — Scutigera co-
leoptrata, Eupolybothrus transsylvanicus, Lithobius
forficatus and L. muticus. Another publication
(BacHvarova et al. 2008) examines the diurnal ac-
tivity of certain myriapod species in the area.

The aim of this study is to outline the taxo-
nomic and zoogeographical characteristics of the
two major classes in Myriapoda, namely Diplopoda
and Chilopoda, in one of the least studied in terms
of faunistic research regions of Bulgaria — the town
of Shumen and Shumen Plateau. Until now, such an
extensive and complex study of myriapod fauna in
that area has not been conducted.

Material and Methods

Study area

The material was collected in the period April 2007 —
May 2009 by using Barber traps set at 8 collecting
sites, distinguished by their origin and composition
of plant formations. Two of the sites are located in
urbanised areas that are subject to considerable hu-
man pressure: Ul — City park and UII — University
of Shumen park. Site 3, SU — Park Kioshkovete, is
located in a transitional zone between the urban area
and Shumen Plateau. 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).

The material has been collected through quan-
titative and qualitative methods. The quantitative
methods include Barber’s traps, 10 traps at each site,
arranged in a straight line with 10 m in between. The
catches were measured once a month during the pe-
riod April 2007 — May 2009. The qualitative meth-
ods included underground traps (MSS), direct sam-
pling and soil samples. Four soil samples were taken
from each work site during the period June — July
2009 and September — October 2009. Each sample
was of 0.75 m® in volume and was handled manu-
ally. Later those samples were extricated for 48 h us-
ing Tullgren-Berlese apparatus. Direct sampling was
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Fig. 1. Map of the research area and location of work sites.

used in all eight work sites and in other specific habi-
tats and microhabitats such as in between buildings
spaces, homes, garden paths, patios in the city center
and others. The floristic similarity of the work sites
was determined by Czekanowski-Dice-Sorensen’s
index and by using the computer program Past.

Characterization and floristic analysis of the
ecosystems at the work sites

The Nature Park Shumen Plateau is located
in the Southeastern suburbs of Moesian plane. The
park falls within Moesian beech forest and Lower
plane-hilly oak forest belts with an altitude from 0
to 800 m (ANDREEV 1992). In general the vegetation
cover is characterised by predominance of xerophyl-
ic and more or less thermophilic elements, such as
Carpinus orientalis, Quercus pubescens, Q. cerris,
Q. frainetto, Syringa vulgaris, Paliurus spina-chris-
ti. The mesophilic and mesothermic elements, such
as Carpinus betulus, Quercus robur, Tilia argentea,
Tilia tomentosa, Ulmus campestris, have more lim-
ited distribution. Pretty close to mesophilic ecosys-
tems are those of Moesian beech Fagus sylvatica
moesiaca, but they must be regarded as intermedi-
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ate to xerophylic ones. The coniferous forests cover
about 16% of park’s territory and are artificially in-
troduced tree species. The chasmophytic communi-
ties within the protected area relate to the endemic
for Balkan Peninsula association Ramondion nath-
aliae, that combines rock phytocenoses of limestone
substrates. The average altitude is 350 m, with the
highest point being 502 m and the lowest — 225 m.

Description of sites

RI: Theromophylic Moesian beech forest
(Tzonev et al. 2006), with presence also of horn-
beam Carpinus betulus, durmast Quercus dale-
champii, oak Quercus frainetto, oak Quercus cerris,
silver lime Tilia tomentosa, etc. Scrub floor does not
form almost anywhere. The participation of several
types of xerophylic species from the neighboring
oak and hornbeam forests, such as Glechoma hed-
eracea, Hedera helix, Lathyrus laxiflorus, Melissa
officinalis, Mercurialis perennis, Milium effusum,
Muscari botryoides, Polygonatum latifolium, Ruscus
aculeatus, Tamus communis, Viola riviniana, etc.
Dominants for the grass synusie are Rubus hirtus,
Poa nemoralis, Brachypodium sylvaticum, Galium
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heterophylla, Lamiastrum
galeobdolon, Sanicula europaea, Cyclamen coum
and Carex sylvatica. Geographical coordinates:
43°01°5N, 26°05°3E, pH of soil is 4.18.

RII: Located at the border of coniferous and de-
ciduous hornbeam-Sessile oak forests. In a relatively
equal amount are found the following tree species:
Fagus sylvatica, Carpinus betulus, Pinus nigra, and

Pinus sylvestris. The scrub floor resembles that of

odoratum, Festuca

the coniferous forests and includes representatives
of Rosa sp., Crataegus mongoina, Paliurus spina-
christi and not as often of Fraxinus ornus. Grass sy-
nusie is composed primarily by xerophytic species
such as Hedera helix, Muscari botryoides, Glechoma
hederacea, Viola riviniana, etc. Geographical coor-
dinates: 43°01°6N, 26°05°3E, pH of soil is 5.16.

RIII: Besides the dominant species Carpinus
betulus and Quercus petraea in the composition of
the tree floor there are also Fagus sylvatica, Carpinus
orientalis, Quercus frainetto, Quercus cerris and
Populus tremula. The scrub synusie is composed
of Crataegus monogyna and Coryllus avellana and
not as often of Fraxinus ornus. Except Lamiastrum
galeobdolon, the other major dominants among the
grasses are characteristic of thermophilic oak forests
— Poa nemoralis, Brachypodium sylvaticum, Festuca
heterophylla and Melica uniflora. Geographical co-
ordinates: 43°01°4N, 26°05°4E, pH of soil is 5.02.

RIV: The worksite is located in a coniferous
forest, composed mainly of a pure culture of Pinus
nigra. The coniferous forests in Shumen Plateau oc-
cupy about 16% of its territory and are composed of
artificially introduced tree species. The scrub floor is
composed of Rosa sp., Crataegus mongoina, and not
as often of Prunus spinosa. Grass synusie is lacking.
Geographical coordinates: N 43°01°6N, 26°05°3E,
pH of soil is 7.19.

RYV: Depending on its phytocoenologic out-
look, the site can be divided in two parts. Its east-
ern half belongs to xerophytic grasslands, which on
the territory of Shumen Plateau refer to phytocenose
Festuco-Brometea. These phytocoenoses have oc-
curred at the place of forests that have been destroyed
in the distant past. Now they compose a little part of
the plant cover (0.6%). The western part of the site is
occupied by low shrub phytocoenoses of Prunetum
tenellae association, which have a symbolic partici-
pation (0.08%) in the vegetation cover of Shumen
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Plateau. These secondary communities are found
on eroded landscapes along with Syringa vulgaris,
Paliurus spina-christi, blackthorn Prunus spino-
sa, Carpinus orientalis and xerophylic grasslands.
Geographical coordinates: 43°01°5N, 26°05°5E, pH
of soil is 7.76.

SU: The site is located in semi-natural forma-
tion, strongly influenced by human activity. There
are no dominant species, although horse chestnut
Aesculus hippocastanum, is quite common. Well
represented are also: Tilia tomentosa, Acer campes-
tre, Acer pseudoplatanum and Juglans regia. Scrub
floor is very scanty and represented by ornamental
species such as Hedera helix. In the grass synusie
there are representatives of Parietaria officinalis,
Dactylis glomerata, Geum urbanum, Geranium sp.,
Ballota nigra, Vinca minor, Chaerophyllum temu-
lentum, etc. Geographical coordinates: N 43°01°5, E
26°05°4, pH of soil is 7.41.

UI: Wet meadows in highly urbanised spaces —
small parks, public squares and around the streets.
There are no clearly dominant species. Phytocoenosis
is represented by horse chestnut Aesculus hippoc-
astanum, Amorpha fruticosa, Platanus orientalis,
Prunus mahaleb, Tilia tomentosa, Acer campestre,
Cereis silignastrum, Bellis perennis, Lollium per-
enne, Taraxacum officinale, Parietaria officinalis,
Geum urbanum, etc. Geographical coordinates:
43°01°6N, 26°05°6E, pH of soil is 7.59.

UII: The site is located near University of
Shumen, which is urbanised territory containing
sport facilities (football playground and two tennis
courts), three parking lots, a number of buildings,
alleys and lawns. The total surface 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
species are Pinus nigra, Tilia tomentosa, Acacia
robinia, Aesculus hippocastanum and Cereis sil-
ignastrum. The scrub floor is relatively scanty and
grass synusie is formed by Hedera helix, Clematis
vitalba, Salvia nemorasa, Galium sp., Poa praten-
sis, Capsella bursa-pastoris, Taraxacum officinale,
Malva silvestris, Silene vulgaris, etc. The southwest-
ern part of the site encompasses meadows with indi-
vidual trees and shrubs. Geographical coordinates:
43°01°6 N, 26°05°6E, pH of soil is 7.37.



Myriapoda (Chilopoda, Diplopoda) of Shumen City and Shumen Plateau...

Apmys Juariny 1Y ‘NS :nedje[d udwnys ‘vownys . .
:800T ‘AJOLS 29 VAOYVAHOVY (NS :nedje[d udWNYS ‘UdWNYS AddO PE61 WEANYS 1yosual snusapijod §
Apms yuarng ‘ns ‘1un ¢ .\WMW MEQMWS ‘uaun
‘900 “IV 12 VAOUVAHOVE s 1N 'mn h.:Da.ﬂME:sm qs Us
‘8002 thOHw M\M/oow,\\ﬁo,xm {0S ‘I NP UOWNYS ‘TIWNS nga Ly81 YooY "T°D Smvpnonuap snusapljod | -y
. vooW s £9AR)) BURpPURY NBAJR[J USWNYS
{€LOT WESSVILS Town
¢ US 18 | 2AB)D
AIY ‘TId T
Aprs Juariny nsS 1N -'iN “.ENB.mE uaunys "uswnygs
8007 “Iv 12 VAOUVAHOVY ‘1) -totings
(o B nan (19L1 ‘snaeuury) smppuvduiod snusapdjog | ¢
-800C A901§ 79 BAOIRAYORY T S TTA - ¢ '
¢ ¢ [d 1S TIN -Nesje]d usunyg "uswnyg
¥00C "A40LS ‘SoARD
. €1 B3poy
-BN pUe BYYZIPe[IA :Nedje[d udwnys
eprusapA[og Ajrwue
eprusapAjod 1dp.IQ
100T/0€/CT UO - BAOUBAT °,
/90 - m>owmmw \.Mmﬁobom q Apmys juoring *OAB) PUBPUEZ "IEAIVId USWINGS nan (LS81 “e3epn) vivpsoo vrovydsdyoniy | g
{ “dSSVALS ¢ RIENY AN ‘oae) nAnyysisdr
9661/37/60 - UOIE ‘d €L6l S 16961 S D nAamysIsdiq
:AqQ PaJoO9[[09 [BLIDJEWI ,
depILdpo( Ajiwe |
Aprus juorn) AV ‘TIY TY :neajefd uownyg ‘ .
{8007 ‘AJOLS 29 VAOYVAHOVY ATV ‘I ‘nedje[d uownysg N4 EE81 IPULIH DYILSDXIY SLIGWOLD I
JEPLIdWOLY) A[Twe
BPLIdWOLD) JIPIO
Vaodo'1dId sseD
£103918d
SAON ERRLTIN uonedIo| syde3o07 saradg N

"UIRJUNOJA BUIUR[J BIE}S JO So10ads orwapuy — S
‘s0100ds UBOUBLIONPIWO[OH — (N OIuapud [800T — g ‘seroads uerjojeuy-ueadomyg — Ny H ‘so1oads ueadoimyg — NF ‘so10ads ueroqr§-oing — [SH ‘soroads uerueiny -ue
-oueLI)PIN-uradoIng — [ INH ¢ so109ds ueouBLINIPIN wIdseq — NG ‘soroads ueadoinyg jseq — NAY ‘soroads ueyeg-uergiedie) — ygd) ‘soroads ueadony [enud) — NgD
‘so10ads ueyueqojoH — g ‘Soroads uenedng — DY SUONLBIAAIQQY ‘Nedje[d udwnyg pue A1) uswnyg jo (epodorry) ‘epodordiq) epoderiAJy Jo 11| pajelouue Uy *[ J[qeL

249



Bachvarova D.

Apmys juarm)

AN ATY “ITY
‘NS ‘71N ‘1N Mede|q udwNyg ‘wownyg

: “ID ]2 VAOUVAHOV P ‘JJOOYIDA ) unoruvajssun.ag winjjdydp3a, :
800C ‘7 d oA ——— Nad | (L681 JROUIA) ! 14ydv3op | 91
800C ‘AHOLS 29 VAOUVAHOVE ] oS .
‘AIY ‘NS ‘1N :neadje[d uswnyg ‘uownysg
uoI3a1 3y} JO BUNEJ AU} 03 MIN Apnjs jua1m)) AY ‘AT ‘NS nedje[d udwnyg ‘udwnys g (3061 ‘swany) Lopo1] wnjidydn3apy | G|
Apms uaLm TMI T ¢ \.WMQ\WE cmﬁww._ ‘uawun ( ‘POOUIA ) asuarusoq winjjdydp3o :
‘9007 “ATOLS 29 VAOUVAHOVE] IR an ! 1eld EN Us 4 L68T HP0UIoA 1usoq wnjjAyavsopy | "yl
Iy nedjeld uswnyg
Apms yuaLm ™ns-¢ >M5\MM :Wwamm ‘uown ( ‘YooY “TD) Bejoq smniospundy |
‘9007 “ATOLS 2 VAOUVAHOVE] “E ﬁm :nD.. eld qs ) Us ndgd LY81 "Y203 "T°D) H2]0q SnjnlodpuijAyy | "¢
‘ATY TITY ‘T :hedje]d uownys ‘uownys
uoI321 Y} JO BUNBJ ) 03 MON Apnys Juarny) NS :Nedje[d UdWNYS ‘USWNYS AdS Q€61 ‘TISMO[ME[ S1SU]R10Y Spn1opydA] | 71
Apms juaLind ™ns e >M:\~MM :M_wﬁhhm ‘udun ( Yoo 1)) smwauijry snjnioydar| -
‘9007 “AFOLS % VAOUVAHOVE] NS m5 : 1eld us us Nndad LY81 Y303 "T°D) smmauljiy snjniojaary| [
Y :neaje[d udwnys
aeping Ajnuey
UoI3aI Y} JO BUNEJ A} 0} MAN Apmys juarmy) NS TIN ‘TN ‘nedje[d vownys ‘UdawWnyg NVNA (L¥81 ‘sreatany) nyooy snpniodoN | 01
epiniue[g Afurey
eping LpIo
uoI3a1 ay) JO BUNEJ OU) 03 MIN Apms jua1m)) NS Mneded uswnyg ‘uownyg nAadg L681 ‘TOOYIA wnounajdssuv.y vutosopadsn.) | 6
Jsepnewosopadsea)y Apue,|
Aprs yuarmn) e AT T ‘ .
1j2s1q sno1podd se paprodar, ‘ ’ NS 1IN 1] -Ne9je[d Uswnyg "uswnys 4 (061 “JOOUIN) 1725]1q DUOSYSDUDUY | °8
‘€161 “ddSSVULG
& uoumnyg
JBPHBWOSOINI[OIYIUY A[TWe ]
Bpnewnapaoy) IdpiQ
Apnys Juarny) NS :Ne3je[d UdWNYS ‘USWNYS . )
:800¢ ‘AJOLS 29 VAOUVAHOVY ‘NS nedje[d uownyg ‘vownysg g4 (€81 “PIBMUDIH) UinsopuBiys puosojBuoLg L
JeppewWosoXopeIed A[Twey
uoI3a1 2y} JO BUNEJ oY) 0} MIN Apm3s Juarm)) 110N ‘uownys AN 6681 ‘AKepe( snaup.Liayipau snuisapdjog| 9
£1089)8d
SJON ERRLTIN uoneIo| s1ydei5007 saradg N

panunuo) I dqeL

250



Myriapoda (Chilopoda, Diplopoda) of Shumen City and Shumen Plateau...

Apmys Juarny)

AN ATY ‘TIY ‘T
‘NS ‘TN ‘1N Nede|d USWNYS ‘UdWNYS

“800T “Iv 12 VAOUVAHOVY T U nd (851 ‘snoeuurt) smwoyiof (smqoynt) smqoyny| ¢
{8007 ‘AHOLS 29 VAOVAHOVY e 1N - 48 )
‘NS TN :nedje[q udwnys ‘udwnys
3 £ . ‘ LY8T Yooy |
UOI3aI Y} JO BUNEJ A} 0} MAN pnIs JuaLIn)) NS Neaje[d uownys ‘uownys ndg L0y smypydoooalis (smqowtT) Smqoysy e
$N20D.4Y20 Sniy0gdjoq
Sse uownyg Apns jua1m)) AT ‘NS Medje[d uownys ‘uownys qDD (7881 ‘19z1e7) q
Teau eukapied woy (€/61) {8007 ‘AFOLS 29 VAOUVAHOVYH ‘S nedje[d uswNyg ‘uswnyg snowupajAssup.i (Snyjoqosapy) snayjoqdjodnsy
yarewzoey Aq pauodoy
aeprqoyry Ajrwe g
eydaoworqoyry Ip1Q
Apmys Juarm) 1N :uswnysg . .
8007 ‘AIOLS 29 VAOUVAHOVY | {(SuIp[ing ANSIOAIUN dU) UI) [](] :UdWNYS aan (861 “snoeuury) piv4ydosjos piosinog I
IEPLIdZNNIS (e
eydiowoa3nndg JIpIQ
VAOdOTIHD sseD
Apmns oy} ur pa1)sI3ar JoON $061 ‘HOINIIN( UOIFDI AJOAONYSOAI Y} 9A0QE USWNYS (86 L1 ‘snaeuury) snsongns snniopuwu() | ‘1
Apmys Juarmy) e I ns .
: ‘AFOLS 29 VAOUVAHOVY 111 "If) “MeSIe]d USUMAS "uoumys
-800C ) ATOL 1N uownys g (8261 TOOYIA ) SISUIMOUL SISUDMOUL Dja1yIaq12JdY | 0T
.voow S 0AB)) BUEPURY NBIJR[J UdWNYS
6961 “WASSVILS cuown <
¢ 4§ Jeau 9ABD YIULIAQE] Y],
Apmys Juarny) ¥ ‘NS :nedje[q uownys ‘uownys . .
{800T ‘AFOLS 29 VAOUVAHOVY (NS :nedje[d udWNYS ‘UIWNYS aan (I8L1 “SNIOHqE ) S SHmdyovd | 61
Apmys Juariny A ‘NS ‘1N ‘neare[d uswnyg ‘udwnysg . .
‘800 ‘AJOLS 29 VAOVAHOVY (NS :nedje[d udWNYS ‘UdWNYS A4dO (1881 “YosI®y) snormBuny snjmidyond | 81
Apmys juorin ‘NS ‘1IN ‘1N nea \WEE:S ‘uouwn
1800 “A01§ 29 vaouvanovg | (1S TIALTALHERibld BOPFS FERTHRS g (8€81 400 D) wnpouspun winyjydo3opy | L1
¢ ¢ 1IN -uewnys
Y061 HOININ( 45010 (N -
‘ )] 919A0YSOKY :uswnyg
£103918d
SION 92an0g uonedo| sydeadooy sanAdg N

‘panunuo) ‘[ AqeL

251



Bachvarova D.

uo1gai oy}

J0 vuney oy 03 sa10ads MaN Apmys Juarin) AY ‘NEede[d uawnys AddO 6681 ‘POYIA wnjarivd (sniqoyiry) smqoyiy| Q1
uo1gai ayp
JO runej oy 03 saroads moN
‘pPapadu
SI [er1ojewr odA) 9y JO UOISIAQL .
© {paquIosap Aj1ood uoaq sey Apmys Juarny) . m\wmw HHME: - 1861 ‘Aoxeqry snompa3o “ge (smqoysry) snqoyiry| 6
Sno1UPa|30 T OUIS TOAIMOY I TE NS -Neereld us us
“sno1upaj3o sn1qoy1T Jo uon
-d119sap oy} soyoIEW PUIX
o3re] € 03 Je) Sa10ads v
sa109ds
Q0UQI0S 0} MU & A[qISSOJ
“UOISIAQI [[BIDAO UR JO PIoU
ur SI yorym ‘swajqold orwou Apms juormn . Q10dmaN sdouvjout “3ye snigoysr :
A.:z.wa Iy ?\_A ! pmsy 0) 110 10 :uewnys SP81 M N [ouL “JJe sniqoyry 8
] POAJOSOIUN AUBWU (3IM
saroads Jo dnois e 03 s3uojaq
saroads o Ajjeo1Sojoydio
A AT TN ‘I T
Apmys JuaLny) ‘NS TIN ‘1N nesjed uownys ‘uownys
:800C “*Jp 12 VAOMVAHOVY T ‘TIN :nedjed uownyS ‘udwnys . . .
. b o . . 20 sidipdia3iu (snigoygry) snigoyjyt
G007 ‘ATOLS % VAOUVAHOVE] A ALY “IITY ‘I NI | L98T Y20 T 81 (smqoyny) smqoyng | L
‘1007 ‘AF0LS T 1IN ‘TN ‘nedje[d uownys ‘uawnys
0ABD ¢ BYPOYEN NBIJR[J UoWNyS
A ATY ‘TITY ‘1Y ‘TT ‘NS
Apnjs jua1m)) TIN ‘IN ‘nedje[d udwnys ‘uawnys . . .
9007 AIOLS 79 VAOUVAHOVE] A (1S E) LY81 YOO “T°D smonmu (Sniqoyirg) smqoyiy | 9
TIN ‘IN ‘neaje[d uswnyg ‘vuawnys
Apnys Juarmy) I Ty ‘NS :nesje[d uswnyg ‘uaunyg
‘800T ‘AHOLS 29 VAOUVAHOVY Ty nedje|d uswnyg N0 7981 YOO T SyiquinuL (Sniqoyiry) smqoypy| g
{1007 ‘AHOLS {9ABD ¢ BYPOYRN :nedje[d udwnys
Apms yuarm) ‘ns ¢ ¢ .:MWM ﬁ:mME: ‘aowun Yooy T sndnfion] (sniqoyin) sniqoy :
‘9007 [P 12 VAOUVAHOV ns 1N 5n. H. Id Us US Ndo0 981 Y203 "1 nj (snmiqoyjry) smqoyiry ¥
1N ‘udwnys
£103918d
SJON ERR LN uoneIo| sydeadooy s9139dg N

panunuo) I dqeL

252



Myriapoda (Chilopoda, Diplopoda) of Shumen City and Shumen Plateau...

saroads Apmnys juarn)) ¥ ‘NS :nesje[d uswnys ‘uownys a1 ¢ u-ds smqoymodivgy | 61
90UQIJS 03 MAU & A[qISSOq
sa10ads Apn3s Juarmn) I ‘NS ‘medje[d uownyg ‘vownys A1 (dnoi3 mpw.) | "u -ds smqoypjodivgy | -8
20UQI0S 01 MU B A[qISSO]
mpo. ‘[ 3o dnoid
oy Jo sa19ads mau payruapl . i
Ay S Apms juarmn)) uownyg GS61 “ONBIN 1mpn.d Sn1qoyIodivE]
nq Apm3s 9y} Ul paId)sI3aI JON
Snpodololul e "] Ut 210U oy GLOT MTAVWZOVY] uownyg GL61 “JeIewzory] avaozajaz (sniqi3lg) sniqoyT | L]
990G "Apmys Ay} Ul paId)sI3ar JoN s : :
uorgor ayy Ad TN ‘T ‘ :
Jo eunej ay 10§ sa10ads moN Apms yuaim) T ‘NS ‘TN nedjed udwnyg ‘udumys nd 8981 “HOWN sdo.otut (Sqi5IS) sqoyitT | 91
“snpodo.onu “ffv T se
so10ads oy p1odar 0} 193a1d om
‘UOISIAQI 4SNOIOY) © SPAAU pue
(awaozajaz 7 Surpnpour) exe)
snongique Jo 1aquinu d31e]
@ sopnjout dnoid au aouis Apmys juorm 1N :nedje[d udwnys ‘udwn ( neN) snpodootut ‘Jye (Sn1qidig) sniqoyiry|
snpodo.otu 7 3o dnoi3 sy pris y J 11N 1N ‘nesjefd Us Us 0861 "UeN) snp Tul “Jye (Sniqlsig) sniqoyiry | "G
woiy seroads & 03 paugisse aq
pInoys SuIpueIsIdpuN JUALIND
oY) 03 SUIpIOdIL YIIYM PIOOAI
© ‘uownys woiy sdo.otut ]
paodar (GL6T) Yorewzoey
uotgar oty ATY ‘TITY ‘1Y : :
Jo Buney oyl 03 sa199ds MoN Apms juarn) T NS “TIN :NeaIe]J USWNYS “USWNYS g §961 “eRIBON 1u0.1aq (SMqL3IS) SMIQOYNT | “p]
uordar ot A TINY T ‘T ¢ . .
30 vunEg o 01 soweds MON Apmys juarm)) 1S “II1 “I1] ‘MEOTE]q VOGS ‘TIUYS 1S3 7981 YOO T Sadissv.1o (Sniqosivjouopy) smqoyiy| ¢l
Apjs o} ur pa1d)sIgar JoN GLOT SITIVIWNZOVY] 9JOAONYSOAY :udwNyg 7981 Y00 " Snsoutdn.ion (Smqosiviouopy) smqoyiy | 71
uotBa1 o Aprus Juarmn) AT ‘1Y neaje]d uownys ngo ST61 ‘JJOOYIA Liapnyds (sniqoyn) smqoynt| 11
Jo euney ay) 03 sa10ads MmN
£103918d
SIION 92an0g uonedo| sydeadooy sanAdg N

‘panunuo) ‘[ AqeL

253



Bachvarova D.

R IRITEN Y

116 DppusYS U0 310U 305 Apmys Juarny) 1Y ‘T :nesje[d uswnys ‘uownys 0061 ‘JOYIoA po1yovjpm e vjdpuayg | "¢
‘9j0u snotAdxd 999 Apms jua1m)) ATV ‘TITY :nedje[d uownyg ‘uownys (6961 “perewZoRY]) PoDIILG PUDIUOW R DIAPUYS | 6T
ppnIpoIIP e
pjdpuays se sa10ads o) 1ean 0}
19j01d | ‘uoIsiaa1 y3noioy) e Jo
Paou Ul SI pue BXE) JBI[OUN JO Apmys juarmn)) 1N :ne3je[d uownys ‘uownys 6961 “[oIewzovy pjnpoIap “IJe viApuays | ‘|z
Joquinu 931e] © sepnjour dnoi3
9} 90UIS "PISIADI 3q 0} SPAAU
pjdpuays snuag aoym oy,
BUNE
weweBing o Ho%mo_oo ds mon Apms jua1m)) ATY TY :nedje[d uownys ‘uswnys nan 7061 ‘IOOYISA SiSsuajoruino vjdpuays | /g
depIApudYdS Afureq
eydaowoydodsy ppiQ
euney Apmis juoin)) NS :nedje[d udwnyg ‘vudwnys AN 061 ‘uuewR[OIg snpopnsiy sdoydds) | 9
ueLedng ay) 103 sa10ads MIN P ! 4 4 206l 10 ! 4
Apmys Juarny) I ‘NS ‘1N :neste[d uswnys ‘uownysg
1007 ‘A3OLS 9ABD ¢ BYPOYEN :Nedje[d uownys nan 0Z61 ‘uuewsjoiq stvd sdoyddi)y | g
V6961 STTIVINZOV] ‘wouwnysg
Apnjs o} ur pa1d)sI3ar JoON 86961 SHAVINZOVY uswnyg 1€61 POyt snoyvo.d sdoyddi)y | g
Aprgs Juonnyy A ATY I “I1d
‘ ¢ T ‘NS TN Meaje]d udwnyg ‘uawnys ‘ .
: AFOL VAOIVAHOV ] P ) 1odmoN suvppuioun sdoydd
woom« 6961 M_M_MQEN%M i 1 TIY TY -nesje]d usuiny§ "usunyg 0d rr8l Nt J| e
' usdwnyg
eprdoyd£i) Ajrue g
uor3ar oy ) . )
30 wunEy oﬁ.SLH soroads MoN Apmys Juarmy) AY ‘nedje[q uswnys aan 6T81 ‘Oeme| vivpndutd pipuadojods | ‘7z
depripuddojods Ajrueq
eydaowoapuadojods 1apiQ
£1039)8d
SIJON JdInosg uoned0] s1ydei3007 sanadg N

"panunuo) I dqeL

254



Myriapoda (Chilopoda, Diplopoda) of Shumen City and Shumen Plateau...

uorgar oy} ‘M- ’ ¢ .
30 wunEy oy 103 $0106dS MAN Apmys Juarmy) ¥ ‘NS :nedje[q udwnys ‘uawnys SgdD (861 JFOOYIDA ) DO1UDAJISSUDA) DIUDSLYS | L€
uor3ar o Apms juoLm neare[q uswn ‘IJOOYIOA ) putpp3ud piun3id :
J0 euney oy 10y s0100ds MON prs JudLINy I ‘eded uownyg E) (Sg61 WaoyIaN) Dup munsLg | 9¢
sadss Apmys juouing T NS ¢ >M.L\~MM BEWM:MM ‘uowmn ‘YooY 1) sadissv.Lo piun3iL :
“sp.10 piuavIoUIT st papiodar,, T 1A ‘NS TIN eaje]d udumnys us nda (S€81 Y203 “TD) sad] sl | GE
Luownys
JEPIUILIOUIT A[TWR]
fpus e ‘ns ;5\% y_wﬁmmwuﬁmawméaém
: ‘AFOL VAOYVAHOV . ) . IQUISIN ) DOLIA]1 DU :
woomdhe w MMESQ d {I() ‘NEOTE]J USWNYS “TAWNYS nad (0L81 “MOWIOIN) DoL4d]]1 DIUAI] | €
' ‘uowinys
seppuopoyjeusiq Ajruey
uoIgai oy o . . . . )
Jo eunyy oﬁ. 10 m%oomm MON Aprs Juarmn) ATITIN T ‘nesje]d uswnyS "uawnyg ndg (SE8T ‘Y20 "TD) SLwaUl] DIUIVIOUI]S | EE
Apgs Juonnyy Ad A TINY ‘IR T
‘ns ¢ I :nedjed udwnyg ‘uawn
“0L61 MEIYWZOVY s 1n-in &w%ﬂwam s s LINA LY81 ‘YooY "1 snpravyf sapodoulf) | g¢
5061 ‘HOINIIN( ] ' .
$9JOAONYSOA] dA0QE :udWNYS
uorgaI Ay Apmys juarm ;neaje[q udwn ( ‘1000) 9(q) snavyf snjiydoa :
JO BUNE} oY) 10§ Sa103ds MON pris ¥ J AT -nedje[d qs IS4 8LLT 139D =0 [1Yyaoan | 1¢
aepiydodn Aqrue g
£1039)8d
SON ERR LN uoneIO| srydei3007 sardadg N

‘panunuo) ‘[ AqeL

255



Bachvarova D.

Results and Discussion

Species composition

As aresult of the study were collected a total of 7833
specimens — 5077 millipedes and 2756 centipedes.
Of these, 4669 specimens were collected by Barber’s
traps, 1756 through direct sampling, 269 through
underground traps and 1139 through soil samples
(Table 1).

Currently, millipedes are known from a to-
tal of 21 species of four orders: Glomerida (2),
Polydesmida (5), Chordeumatida (2) and Julida (12).
All orders were represented by two families. The
largest relative share belongs to the family Julidae
(11 species), followed by Polydesmidae (4), while
the remaining families are represented by only one
species each. In the conducted study there is only
one unverified species — Ommatoiulus sabulosus,
reported by JurmicH (1904) from the place
Kioshkovete. Five species are new to the fauna of the
area — Polydesmus mediterraneus, Craspedosoma
transsylvanicum, Nopoiulus kochii, Typhloiulus ko-
telensis and Megaphyllum lictor.

A total of 37 species of centipedes were estab-
lished, 29 of which were also registered in the cur-
rent study. The highest relative proportion of species
belongs to the Lithobiidae family (19 species). The
Geophilomorpha order is represented by four families
that include a total of 11 species. Scolopendromorpha

is represented by 2 families and 5 species, while
Scutigeromorpha only by the synantropic species
— Scutigera coleoptrata. Four previously reported
species remain unconfirmed in this study: Lithobius
aeruginosus, Lithobius zelezovae, Harpolithobius
radui and Cryptops croaticus. Almost half of all spe-
cies found in the current study are new to the fauna
of the region (12 species), and Cryptops trisulcatus
and Shendyla carniolensis are also new to Bulgarian
fauna. Eight species are of unclear taxonomic status
as they belong to families or groups of problematic
species that need an overall revision. At least one of
them is new to science and its description will be
published elsewhere (Table 1).

Comments on the new for the country species

Cryptops trisulcatus

This species is hitherto known from Canary
Islands, Algeria, Tunisia, Maltese Archipelago,
Portugal, Spain (incl. Balearic Islands), South of
France (incl. Corsica), Italy (incl. Sicily, Sardinia),
Romania, Insular Greece (Ionian, Dodecanese islands
and Crete), SE Turkey (Akkari et al. 2008). In neigh-
bouring Romania the species is comparatively rare,
being known only from caves in the southern part of
the country (Martic 1972, see also NEGREA 2006).

Schendyla carniolensis

This species has hitherto known from Ukraine,
Austria, Poland, Italy, Romania, Slovenia, France,
Monaco and Spain (MINELLI et al. 2006). This repre-

Indefinite
11%(6)

Balkan distribution
15%(8)

Southern Complex
11%(6)

Northern Complex
63%(33)

Fig. 2. Zoogeographical structure of Myriapoda (Diplopoda, Chilopoda) of the town of Shumen and Shumen Plateau.
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sents its first formal record in Bulgaria. In Romania
the species is know (also under its synonym S. zon-
alis) from several localities in Dobrogea lying ap-
proximately 150-170 km North of Shumen (MaTic
1972).

Zoogeographical analysis

Out of the 53 established species of myriapods
in the town of Shumen and Shumen Plateau, 63%
(33 species) belong to the Northern Complex, 11%
(6 species) to the Southern Complex, 15% (8 species)
are characterised by Balkan distribution and 11% (6
species) due to their ambiguous taxonomic status
are excluded from the analysis of zoogeographical
structure (Fig. 2).

As a whole, in both classes the share of species
of wide distribution in Europe significantly predomi-
nates over that of Mediterranean species and those
of Balkan distribution. Among Diplopoda (Fig. 3)
with the highest percentage (by number of species)
in the Northern Complex are the species of Eastern
European distribution (30%), followed by Central
European species (15%), while among Chilopoda
(Fig. 4) predominant are Central European species
(26%) and European ones (22%).

In both classes the Southern complex is repre-
sented by aminimumnumber of species. In Diplopoda
it includes only two species of Holomediterranean
distribution (10%), while in the case of Chilopoda
there are three Holomediterranean species (11%).
In addition one Eastern Mediterranean species has
been registered (4%). Certain differences could be
observed regarding the ration of species with Balkan
distribution. In the case of Diplopoda this complex
includes a small number of species — 3 Balkan spe-
cies (15%), one Bulgarian endemic (Apfelbeckiella
trnowensis) and one regional endemic, Typhloiulus
kotelensis, restricted to Stara Planina Mts. and neigh-
bouring areas. As for Chilopoda species of Balkan
distribution there are only three species — the Balkan
species Lithobius beroni and two very likely new
to science species, Harpolithobius sp. n. 1 (radui
group) and Harpolithobius sp. n. 2.

The distribution of myriapod fauna by zooge-
ographical categories in urban, suburban and natural
habitats does not differ significantly. The suburban
site Kioshkovete is species-richest, where there are
representatives of all 13 zoogeographical categories

CEU 15%

SPE 5%

BG 5%
(1)

EEU 30%
BK 15% (6)

(3)

MED 10%
(2

CPBK 10%
EUAN 5% (2)
(1)

Fig. 3. Zoogeographical structure of Diplopoda in zoogeo-
graphical categories. Abbreviations: BG — Bulgarian spe-
cies, BK — Holobalkan species, CEU — Central European
species, CPBK — Carpathian-Balkan species, EEU — East
European species, EU — European species, EUAN —
European-Anatolian species, MED — Holomediterranean

species, SPE — Endemic species of Stara Planina
Mountain.
BK 4% LE7%
0,
EME 4% CEU 26%
) (7)
MED 11%
(3)
EMT 4%
(1)
ESI 7%
(2 EU 22%
(6)

Fig. 4. Zoogeographical structure of Chilopoda in zoo-
geographical categories. Abbreviations: BK — Holobalkan
species, CEU — Central European species, CPBK —
Carpathian-Balkan species, EEU — East European species,
EME — Eastern Mediterranean species , EMT — European-
Mediterranean-Turanian species, ESI — Euro-Siberian
species, EU — European species, LE — Local endemic,
MED — Holomediterranean species.
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established in the research area. Specific for the city
area are Eastern European species Strongylosoma
stigmatosum and Craspedosoma transsylvani-
cum, European species Lithobius erythrocephalus,
Holomediterranean species Pachyiulus varius and
Cryptops trisulcatus and Carpathian-Balkan species
Eupolybothrus transsylvanicus (with the exception
of one male specimen found in traps in pine forest
(RIV) of Shumen Plateau). In the city area were
found the endemic for Stara Planina mountain spe-
cies Typhloiulus kotelensis, as well as two local
endemics — Harpolithobius sp. n. 1 (radui group)
and Harpolithobius sp. n. 2. The largest represen-
tation in Kioshkove park have the species from the
Northern Complex — 7 Eastern European (EEU), 6
European (EU), 5 Central European (CEU) and 4
Carpathian-Balkan species (CPBK), which along
with 4 Holobalkan species constitute 72% of the spe-
cies composition of the work site (Fig. 5).

Species with the same zoogeographical cat-
egories constitute the core of myriapod fauna and
natural habitats of Shumen Plateau. Predominant are
again the species from the Northern Complex — 10
Central European, 6 European, 5 Eastern European
and 5 Carpathian-Balkan species, which along with 4
Holobalkan species constitute 77% of species compo-
sition of suburban area. In the only working stations
on the plateau are registered Central European species
Glomeris hexasticha, Lithobius schuleri, Strigamia en-
gadina and Shendyla carniolensis. Carpathian-Balkan
species Lithobius parietum and Holomediterranean
species Scolopendra cingulata are found only in traps
in Open meadow collecting site (RV). Euro-Siberian
species Geophilus flavus has only been detected in
soil samples from pine forest (RIV).

Three zoogeographical categories of the
Northern complex form the core of myriapod fauna in
urban sites Ul and UII. Those consist of 6 European,
5 Eastern European and 4 Central European species,
which represent 60% of the total number of species
in the area. European species Stenotaenia linearis
and Holomediterranean_species Scutigera coleop-
trata were established only in urban sites. European-
Anatolian species Nopoiulus kochii and Bulgarian
endemic Apfelbeckiella trnowensis have been regis-
tered only in urban and suburban areas (except for
one female A. trnowensis found in the soil samples
from Bukaka reserve), and Holomediterranean spe-

258

cies Polydesmus mediterraneus has been found only
in Shumen University Park.

In all sampled sites the millipedes have has
been represented mainly by Eastern European spe-
cies which in the suburban site and the natural habi-
tats of Shumen Plateau are complemented by Central
European and Balkan species. The natural habitats of
Shumen Plateau exhibit the lowest diversity since only
five zoogeographical categories have been registered
on that territory. Those include 3 Central European
species, 3 Eastern European, 1 European species, 3
Balkan and 2 Carpathian-Balkan. Species representa-
tives of the other zoogeographical categories regis-
tered in the study area were not found (Fig. 6).

The urban and suburban sites are identical in re-
gard to zoogeographical categories registered there.
The only exception is the endemic for Stara Planina
Mts. species Typhloiulus kotelensis, which is found
in the suburban area of Kioshkovete, but is absent
from urban sites. However, there is difference in the
proportion of species of different zoogeographical
categories. While the core of urban sites is repre-
sented only by 4 species of Eastern European distri-
bution — Leptoiulus trilineatus, Cylindroiulus boleti,
Megaphyllum transsylvanicum and Megaphyllum
unilineatum, in the suburban area those species are
complemented by Balkan and Carpathian-Balkan spe-
cies and their distribution there resembles that of the
natural habitats (Fig. 5). Unlike the natural habitats,
two Holomediterranean species_have been registered
in urban and suburban sites — Polydesmus mediter-
raneus in Shumen University Park and Pachyiulus
varius in Kioshkovete, as well as Bulgarian species
Apfelbeckiella trnowensis trnowensis.

The centipedes in the researched areas exhib-
it much greater diversity in their zoogeographical
structure than millipedes do.

The group is represented mainly by European
and Eastern European species, while in suburban
area and natural habitats of Shumen Plateau they are
complemented by Carpathian-Balkan species (Fig.
7). All other zoogeographical categories are found
in relatively equal quantities with the exception of
European-Anatolian and Bulgarian species that have
not been registered in the area of study. Common
to the researched area are Central European spe-
cies Lithobius muticus and Eastern European spe-
cies Henia illyrica since they were registered in all
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4 RURAL
2 SUBURBAN
URBAN
0
CEU EU EEU BK EUANCPBK MED EME EMT ESI BG LE SPE
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Fig. 5. Distribution of myriapod fauna in urban, suburban and rural areas by zoogeographical categories.

RURAL
SUBURBAN
URBAN

CEU EU EEU BK EUANCPBK MED EME EMT ESI BG LE SPE

BURBAN 1 1 4 1 1 1 1 0o o o 1 0o o
HSUBURBAN 1 1 6 3 1 2 1 o o0 0 i 0
O RURAL 3 1 3 3 o0 2 0 O©0 O oO0 0 0 0

Fig. 6. Distribution of millipedes by zoogeographical categories in the researched areas.

RURAL
SUBUREBAN
URBAN

0
CEU EU EEU BK EUAN CPBK MED EME EMT ESI BG LE SPE
@ URBAN 3 5 1 1 o 0 1 1 1 1 0
H SUBURBAN 4 5 1 1 0 2 1 1 1 1 0 2 0
O RURAL 7 5 1 1 0 3 1 1 1 2 0 2 0

Fig. 7. Distribution of centipedes by zoogeographical categories in the researched areas.
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work sites. Two very likely new to science species of
Harpolithobius were registered in Kioshkovete park
and Bukaka reserve. Species of the Southern complex
are present in all work sites: Holomediterranean spe-
cies Scutigera coleoptrata — in urban sites, Cryptops
trisulcatus —in suburban area, Scolopendra cingulata
in Open meadow (RIV) and Eastern Mediterranean
species Lithobius nigripalpis along with European-
Mediterranean-Turanian Clinopodes flavidus both
found throughout all of the researched areas. Unlike
millipedes, centipedes are represented by two Euro-
Siberian species. These are Lithobius crassipes, reg-
istered in all work sites except for Open meadow
(RV) and Geophilus flavus, found exclusively in
pine forest (RIV) of Shumen Plateau.

Fig. 8 presents a cladogram that reflects the flo-
ristic similarity between all work sites in the area of
study. It is noteworthy that two of the work sites are
very different from the others by their floristic com-
ponent and are separated as individual categories.
These are the most highly urbanised area — City Park
(UI), which is located in the central part of the city
and is in no way similar to any of the other sites. The
other such work site is Open meadow (RV), which
has a very low degree of similarity (about 15%) with
the other sites. The forest habitats of Shumen Plateau

un

are isolated in a separate area with two groups of
similarity — between Bukaka reserve (RI) and the
mixed deciduous-coniferous forest (RII) and be-
tween the hornbeam forest (RIII) and the pine forest
(RIV). These two groups form a common group of
forests with a degree of similarity of 63%.

The other urban site — Shumen University park
(UII) exhibits a degree of 50% similarity to the subur-
banareaofKyoshtkovete. Thesetwositesexhibit35%
similarity to the forest habitats of Shumen Plateau.
Regardless of this differentiation of the work sites
on the basis of species composition of the plant for-
mations there are no significant differences in the
distribution of myriapod fauna by zoogeographical
categories (Fig. 9). It should only be noted that in
the forest habitats of Shumen Plateau there are no
European-Anatolian and Holomediterranean species
registered. All other zoogeographical categories oc-
cur with relatively equal frequency and proportion
in all work sites.
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Fig. 8. Floristic similarity of work sites.
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