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To assess the spatial distribution of bryophytes in Eastern Europe, more than 53,000
localities of 1296 species were analyzed in 397 squares of 100 x 100 km. The number of
species within (or density) of one square varies from 591 (southwest of the Kola Peninsula
to less than 50 (in arid steppe and semi-desert regions in the southern part of Eastern
Europe and in some of arctic and north-taiga poorly studied territories). 8 centers of
bryophytes species diversity have been identified in Eastern Europe: Kola Peninsula, South
Karelian, Ural, Estonian, Smolensk-Moscow Upland, Carpathians, Black Sea, Caucasian,
as well as 7 intermediate sub-centers: Arkhangelsky, Timansky, Narochansky, Volzhsko-
Kamsky, South Ural, Belovezhsky, Kiev-Mozyrsky. Their characteristics and unique
species for each centers are given. A structural model of the organization and
interrelationships of bryofloras in Eastern Europe is proposed. The elevated mountain
regions are the concentration of maximum diversity and refuge for many rare species of
bryophytes in the region. The central connecting core of the system is the Smolensk-
Moscow Upland. It is through this center, there is a connection between the western and
eastern parts of the bryoflora of Eastern Europe. The most related element of the spatial
structure of bryophytes in Eastern Europe is the Kyiv-Mozyr subcenter (5 ribs), through
which the main migration of bryophytes from north to south and vice versa occurs. The
Belovezhsky and Narochansky subcenters each have 4 ribs and also actively contribute to
the migration process. Through the elevated areas of the Arkhangelsky and Timan
subcenters, the Kola Peninsula and South Karelian regions are connected with the Urals.
The most isolated in the region is the Caucasus, which maintains links with other centers
through the Black Sea center.
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Macnoscekuit  O.M. (2020). TIpocTopoBuii po3moAii BHIAOBOr0 Pi3HOMAHITTS
mMoxonoaionux Cxignoi €Bponu. Yopromopcvx. 6om. . 16 (4): 323-332. doi:
10.32999/ksu1990553X/2020-16-4-5

JJIs OIIHKY TIPOCTOPOBOTO PO3MOALTY MOXOMOAIOHNX Ha TepuTopii CximHoi €Bpomnu Oynu
mpoananizoBani Oumbire 53 000 micuesnaxomkenp 1296 suniB B 397 kBagpaTax po3MipoM
100 x 100 kM. KinmpkicTh BHIIB B MeXkax (200 MIUTEHICTH) OMHOTO KBaapaTa Bapitoe Big 591
(nmiBnennwuii 3axia Kosnbchkoro miBocTpoBa) 10 MeHIn Hixk 50 (B MOCYIIIMBUX CTEHNOBUX i
HaIliBIYCTEJIbHUX perioHax B MiBlIeHHIN yacTuHi CxigHoi €Bpomu 1 psay apKTHYHHX 1
MiBHIYHO-TAaHTOBMX Mal0 BHBYCHHX TepUTOpid). Buaimeno § 1meHTpiB BHIOBOI
pizHOMaHITHOCTI Moxomoniouux Cximuoi €Bpomnm: Komscwekuii, IliBnenHo-Kapenscpkuii,
Ypanbcekuii, EctonchKuid, CMmosieHChbKO-MOCKOBChKa BHUCOYMHA, Kapmnarn,
Yopaomopceekuii, KaBka3pknif, a Takoxk 7 MPOMDKHHUX CyOIEHTpiB: ApXaHTEIbCHKHH,
Timancekuii, Hapouancwekmii, Bomspko-Kamcbkuii, I[liBneHHO-Ypanschkuid, binoBe3pkui,
KuiBcbko-Mo3upebknit. Jlana ix XapakTepucTHKa 1 HaBeA€HI YHIKaJIbHI  BHIM.
3arpornoHoBaHO CTPYKTYPHY MOJENb OpraHizalii Ta B3aeMo3B's3KiB Opioduopu CxinHol
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€Bponu. ['ipcbki palioHN € 30CepeKEHHSIM MaKCUMaJIbHOT PI3HOMAHITHOCTI i TPUTYJIKOM
JUIsl 0araThOX PiIKICHUX BHJIIB MOXONO/AIOHUX B perioHi. LleHTpaJIbHUM CIIOTYYHUM SAPOM
cucremu € CmoneHchK0-MocKkoBchKa BrucouynHa. Came depes meil IeHTp 0iopi3HOMAaHITTS
3MIHCHIOETBCS 3B'SI30K MIXK 3aXiTHAMH 1 CXiJHMMH dYacTWHamu Opiodmopu CximHOl
€Bporn. Haiibinpm 3B’ 13yI04UM €JIEeMEHTOM IIPOCTOPOBOI CTPYKTYypH Opiodmopu Cximuol
€pormn € KuiBcpko-Mozupcebkuii cyoueHTp (5 pebep), came depe3 HbOTO 3iHCHIOETHCS
OCHOBHa Mirpamis 6pioiToB 3 miBHOYI Ha MiBACHB i Ha3ax. binosespkuit i HapouaHchkmid
cyOIIeHTpH MarfoTh 10 4 pedpa i TakoXK aKTHBHO CIIPHUSIOTH MirpamiifHoMy mporecy. UYepes
MiJTHECCHI JUITHKH ApXaHrelbChbKOTO Ta TIMaHCHKOTO CYOIICHTPIB 3IIHCHIOETHCS 3B'S30K
Komnbcbkoro i IliBnenno-Kapenscbkoro perioniB 3 Ypanom. HaiiGinem i3o1p0BaHuM B
perioHi € KaBka3, sikuii 37ifiCHIOE 3B'A3KHM 3 IHIIMMH LEHTPaMu uepe3 YOpHOMOPCHKHN
LEHTP.

Kmiouosi cnosa: moxonodibui, euoose piznomanimms, Cxiona €epona, npocmoposuil
pO3n00in

MACJIOBCKUIT  O.M. (2020). TIpocTpaHCTBeHHOe paclpe/iejieHUe  BHIOBOIO
pa3Hoodpa3usi Moxoodpasubix Bocrounoii EBponsl. Yepromopck. 6om. sc., 16 (4): 323—
332. doi: 10.32999/ksu1990553X/2020-16-4-5

Jns OLEHKHM NPOCTPAHCTBEHHOTO pACIpelelieHus] MOXOOOpa3HBIX Ha TEPPUTOPHH
Bocrounoii EBponbl Obuti npoananusupoBanbl Ooniee 53 000 mecronaxoxaenuit 1296
Bua0B mo 397 xBaaparam pasmepom 100 x 100 km. KonudecTBo BUIOB B mpeaenax (win
IUTOTHOCTB) OJHOTO KBajpara BapbupyeT oT 591 (roro-3amajx Konbckoro moiyoctposa) 10
MeHee 50 (B 3acylUIMBBIX CTEHHBIX M TOJYNYCTHIHHBIX PETHOHaX B IOKHOM YacTH
Bocrounoit EBponbsl u psga apKTHYECKHX M CEBEPO-TACKHBIX CIA0OM3yYeHHBIX
Tepputopuii). BeieneHsr § IIEHTPOB BUAOBOTO pa3zHO0Opa3us Moxoo0Opa3HbIX BocTounoit
EBponbr:  Konbckuii, HOxno-Kapensckuii, VYpaneckuil, OcroHckuil, CMOJIEHCKO-
MockoBckass BO3BbILIEHHOCTh, Kapnatel, YepHomopckuii, KaBkasckuil, a Taxxe 7
MPOMEKYTOYHBIX CYOIICHTPOB: ApxaHrenbckuil, Tumanckuil, Hapouanckuii, Bomkcko-
Kamckuii, IOxHo-Ypaneckuii, benoBexckuii, KueBcko-Mo3bippckuil. Jlana ux
XapaKTepUCTHKAa M TPHUBEICHBI yHUKaJbHbIE BHIBL. IlpemioskeHa CTpyKTypHas MOJAETHb
opraHuszanuu M B3aumocszeld Opuoduop Bocrounoit EBponbl. Bo3BbllieHHBIE TOpHBIE
pafioHBI SBISIOTCS COCPEIOTOYEHHEM MAaKCHMAJIbHOTO Pa3sHOOOpa3us M yOeKHIIEeM st
MHOTHX PEIKHX BHJIOB MOXOOOpPa3HBIX B peruoHe. lIeHTpaabHBIM CBS3YIOIIUM SAPOM
cuctemsl aBisieTcds CMoneHCKO-MOCKOBCKasi BO3BBIIIEHHOCTh. VIMEHHO uepe3 3TOT LEHTP
6mopa3HO00pa3us OCYIIECTBISAETCS CBA3b MEXAY 3amaJHBIMH M BOCTOYHBIMH YacCTSIMH
opuodaopsr Bocrounoit EBponsl. Hanbonee cBS3aHHBIM 3JIEMEHTOM IIPOCTPAHCTBEHHOM
CTpYKTYphI Oprodmop Bocrounoit EBpomnsl sBisercst KueBcko-Mosbipckuit cyOueHTp (5
pebep), NMEHHO 4epe3 Hero OCYILIECTBIISICTCS OCHOBHAsI MUTpanusi OpHoQHTOB ¢ ceBepa Ha
tor u obparHo. bemoBexxcknuit 1 HapowaHCKuii cyOLEeHTpH UMEIOT MO 4 pebpa W Takxke
aKTHBHO CIIOCOOCTBYIOT MWIPAallMOHHOMY Tiporieccy. Uepe3 BO3BBINICHHBIE YYacTKH
Apxanrensckoro, TumaHckoro cyOIeHTpOB ocymiecTBisercs: ¢Ba3b Konbsckoro n FOxHo-
Kapenbckoro permonoB ¢ Ypanom. Hambonee W30JIMPOBAaHHBIM B PETHOHE SIBISIETCS
KaBka3, ocyniecTBIsONUN CBS3U C APYTUMU IIEHTpaMu uepe3 UepHOMOPCKHI IEHTD.

Kniouesvie cnosa: moxoobpasuvie, e6udosoe pasznoobpaszue, Bocmounas Espona,
NPOCMPaHcmeeHHoe pacnpeoeieHue

Eastern Europe is a big region, on the territory of which various natural zones are
represented: tundra, taiga, deciduous forests, steppes, semi-deserts and fragments of
subtropics. The species diversity of various plant groups is represented here unevenly, which
is due to the zonal aspect, physical and geographical conditions, ecological and anthropogenic
factors, as well as the history of ecosystem formation. Thus, the spatial distribution of plant
species richness in the region is the most important characteristic of biodiversity.

In addition, to study the history of the formation of floras of separate territories within
the big region, their current state and prognosis of their development under conditions of
increasing anthropogenic impact, it is necessary to consider them in a broader spatial aspect.

324



Spatial distribution of bryophyte species diversity in Eastern Europe

The territory often studied by florists is located in the place of contact of various
natural zones and species of various origins take part in the flora. Therefore, it is advisable to
consider the flora of a particular territory as part of the floristic system of a large region. This
approach, substantiated by us [MAsLOVsKY, 2002], seems to be justified also in connection
with the peculiarities of the geographic distribution of bryophytes, their ecology and biology
(a considerable extent of their ranges, the settlement of microeconiches, etc.), as well as the
close phytogeographic connections of individual bryofloras. region. Thus, the object of our
study was the spatial distribution of species biodiversity of bryophytes in Eastern Europe.

Materials and research methods
To assess the spatial distribution of bryophytes on the territory of Eastern Europe,
more than 80,000 localities of 1296 species were analyzed in 397 squares 100 x 100 km in
size (Fig. 1); in fact, the density of distribution of the number of species per unit area (10,000
sg. km) was estimated. Bryophyte mapping was carried out as a result of processing of
literature sources, herbarium materials and field studies, and on the basis of the basic system
of geographical maps — the Universal Transverse Mercator (UTM), which is used for the
publication of the Atlas Florae Europaeae for vascular plants [ATLAS .., 1972]. All records of
bryophytes were used, including historical ones, but with critical recommendations from the authors of
regional floras. Of course, using only recent collections would make it possible to study the current
state of bryological species diversity and its dynamics, but this is a task for further separate
investigations. We also define the geographical boundaries of Europe according to this
publication, when only the northern part of the Caucasus is part of Europe. The mapping of
Arctic islands may be a separate study and not included in the objectives of the work.
Field floristic research was carried out by the author on the territory of Belarus and in
a number of regions of Eastern Europe (Lithuania, Carpathians, Crimea, Ural, Valdai and
Smolensk-Moscow Uplands, Kola Peninsula, etc.).

Fig. 1. Area of mapping and division into squares.

More than 700 literary sources were processed. Among them, as generalizing
publications of the bryoflora of the former USSR [IGNATOV, AFONINA, 1992; IGNATOV,
AFONINA et al. 2006; KONSTANTINOV et al., 1992; SAVICH-LYUBITSKAYA, SMIRNOVA, 1970],
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Belarus [RYKovsKY, MASLOVSKY, 2004, 2009], Ukraine [BACHURINA, MELNICHUK, 1987-
2003; Boiko, 2002, 2008], Lithuania [JUKONIENE, 2003], Latvia [ABOLIN, 1965, 2001],
Estonia [INGERPUU et al., 1998], Moldova [Simonov, 1978], Russia [IGNATOV, IGNATOVA,
2003, 2004; POTEMKIN, SOFRONOVA, 2009; KONSTANTINOVA et al., 2009], many regional
floras, Red Data Books. A list of the main part of the literature is presented in the book
[MAsLoOvVsKY, 2017].

Of course, a complete mapping of all known distribution sites of bryophytes in such a
large territory as Eastern Europe is impossible, since the volume of bryological literature and
concrete data is constantly growing rapidly. The concrete locations of some species were
difficult to establish, although they were listed in the flora of certain regions.

The species composition and spatial distribution of bryophytes in the western part of
Eastern Europe have been studied most fully, in our opinion, and, conversely, the eastern
lowland arctic, taiga and steppe regions are less studied in the bryological sense. However, the
general patterns of the spatial distribution of bryophytes in Eastern Europe are already more
or less visible.

The materials were inputed in specialized databases, on the basis of which an
electronic atlas of the distribution of bryophytes in Eastern Europe was created (Fig. 2).
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Fig. 2. Electronic atlas of the distribution of bryophytes in Eastern Europe.

The taxonomic species names of bryophytes are given mainly according to the general
European summary [HODGETTS, 2015].

The results

The number of species within one square varies from 591 (south-west of the Kola
Peninsula to less than 50 (in arid steppe and semi-desert regions in the southern part of
Eastern Europe and a number of Arctic and north-taiga poorly studied areas). For the latter,
more detailed studies can to some extent change the data on the spatial distribution of
bryophytes in the analyzed territory without changing the general nature of the patterns.

A general analysis of the distribution of the spatial bryophytes species diversity in
Eastern Europe shows (Fig. 3) that the species diversity is mainly concentrated in the
mountainous and upland regions of the Kola Peninsula, southern Karelia, the Urals, the
coastal territories of Estonia (alvars), the Carpathians, Crimea and foothills Caucasus.

The following centers with the maximum species density on the territory of Eastern
Europe can be distinguished (Tabl. 1):
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Table 1.
Maximum species density in the centers of bryological species diversity (on 10000 square km)
on the territory of Eastern Europe.

Centres Maximum number of species
A — Kola Peninsula 591
B — South Karelian 370
C - Ural 480
D — Estonian 445
E — Smolensk-Moscow Upland 326
F — Carpathians 495
G — Black Sea. 429
H — Caucasian 361

A — Kola Peninsula (mainly south-western part). It is located at the junction of the
Arctic, Alpine and Boreal regions, which determines the maximum species diversity of
bryophytes per square — 591. Only in this center of species diversity are bryophytes found on
the territory of Eastern Europe (within the study area): Asterella lindenbergiana Corda ex
Nees) Lindb., Barbilophozia rubescens (M.Schust. & Damsh.) Kartt. & L.Soederstr.,
Cephaloziella varians (Gottsche) Steph., Lophozia schusteriana Schljakov, Mesoptychia
heterocolpos var. arctica (S.W. Arnell) L. Soderstr. & Vana, Saccobasis polymorpha
(R.M.Schust.) Schljakov, Scapania glaucocephala (Taylor) Austin, S. obscura (Arnell &
C.E.O.Jensen) Schiffn., S. sphaerifera H.Buch & Tuom., S. spitsbergensis (Lindb.)
Muell.Frib., Schistochilopsis grandiretis (Lindb. ex Kaal.) Konstant., Andreaea blyttii Bruch
et al., Bryum bryoides (R. Br.) Wijk & Margad, B. lapponicum Kaurin, nom. llleg., B.
muechlenbeckii Bruch & Schimp., B. teres Lindb., Drepanocladus angustifolius (Hedenis)
Hedends & C.Rosborg, Encalypta brevipes Schljak., Gymnostomum boreale Nyholm &
Hedends, Hygrohypnum smithii (Sw.) Broth., Oncophorus virens var. serratus (Bruch & W. P.
Schimper) Braithwaite, Sanionia georgicouncinata (Miill.Hal.) Ochyra & Hedenis,
Schistidium subjulaceum H.H.Blom, S. tenerum (J.E.Zetterst.) Nyholm, Sciuro-hypnum
dovrense (Limpr.) Draper & Hedends, Trematodon brevicollis Hornsch., Ulota phylantha
Brid.

B — South Karelian. Covers various parts of the boreal region. The combination of a
variety of different taiga conditions, the presence of two large lakes (Ladoga and Onega) and
the proximity of the Baltic, as well as small areas of alvars, cause a significant species
diversity of bryophytes (326 in the east and 370 in the west per 10,000 km?). Only in this
center of species diversity are found in Eastern Europe (within the study area): Cephaloziella
stellulifera (Taylor ex Spruce) Schiffn.,, Gymnomitrion obtusum Lindb., Climacium
japonicum Lindb., Orthotrichum urnigerum Myrin, Schistidium canadense (Dupr.) Ignatova
& H.H. Blom.

C — Ural (central part of the Ural mountain range). Here, the number of species per
square reaches 480. This diversity of mountain conditions, as well as the surrounding areas of
the boreal regions and immoral. Only in this center of species diversity are found in Eastern
Europe (within the study area): Asterella saccata (Wahlenb.) A. Evans, Brachythecium
buchananii (Hook.) A. Jaeg., Bryum sauteri Bruch & Schimp., Fontinalis hypnoides var.
Duriaei (Schimp.) Kindb., Hylocomium splendens var. obtusifolium Geh.) Paris, Molendoa
tenuinervis Limpr., Oligotrichum falcatum Steere, Orthotrichum pellucidum Lindb., Timmia
sibirica Lindb. & Arnell.
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Fig. 3. Centers and sub-centers of species diversity of bryophytes of Eastern Europe: A — Kola Peninsula,
B - South Karelian, C — Ural, D — Estonian, E — Smolensk-Moscow Upland, F — Carpathians, G — Black
Sea, H — Caucasian, 1 — Arkhangelsky, 2 — Timansky, 3 — Narochansky, 4 — VVolzhsko-Kamsky, 5 — South
Ural, 6 — Belovezhsky, 7 — Kyiv-Mozyr.

D — Estonian. Located within the boreal region and adjacent to the Baltic Sea. The
center of species diversity here is concentrated in the so-called alvars, formed by limestone,
treeless landscapes, where a thin fertile alvar soil with a high calcium content is formed.
Alvars are typical for the northern part of Estonia, including the island of Saaremaa. In
addition to specific substrates, Atlantic climatic conditions are most pronounced here. The
density of bryophyte species per square meter here reaches 445. Only in this center of species
diversity are found on the territory of Eastern Europe (within the study area):Cephaloziella
elegans (Heeg) Schiffn., Mannia sibirica (Muell.Frib.) Frye & L.Clark, Riccia warnstorfii
Limpr. ex Warnst., Archidium alternifolium (Hedw.) Mitt., Bryum blindii Bruch & Schimp.,
B. marratii Wilson, Hedwigia stellata Hedends, Microbryum floerkeanum (Weber & D.
Mohr) Schimper, Orthotrichum rogeri Brid., O. rupestre var. sturmii (Hoppe & Hornsch.)
Jur., Splachnum pensylvanicum (Brid.) Grout ex H. A. Crum, Thamnobryum subserratum
(Hook. ex Harv.) Nog. & Z. lwats., Tortella rigens Alberts., Zygodon stirtoni Schimp. The
Estonian center of species diversity borders in the east on the South Karelian one, and in the
south it extends to the territory of Belarus (Narochansky subcenter).

E — Smolensk-Moscow Upland, including the northern part of the Central Russian
Upland. It is located on the border of the boreal and nemoral (temperate) regions. The species
diversity is up to 326 species per 10,000 km?. In the west, it partly extends to the territory of
Belarus and passes into the Naroch sub-center. Specific bryophytes growing only here in
Eastern Europe are practically absent (Hypnum cupressiforme var. heseleri (Ando & Higuchi)
M.O.Hill., Leucodon pendulus Lindb.), but this center may have some importance in
supporting biodiversity and species migration in the central part of Eastern Europe. Some of
our thoughts on this will be discussed in more detail below.

F — Carpathians. It ranks second in species density (up to 495) in Eastern Europe.
The high diversity, in addition to a wide range of varied mountain conditions, also determines
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the climatic features and the proximity of the nemoral region. Only in this center of species
diversity are found in Eastern Europe (within the study area): Bucegia romanica Radian,
Clevea spathysii (Lindenb.) Muell.Frib., Frullania jackii Gottsche, Gymnomitrion adustum
Nees emend. Limpr., Metzgeria hamata Lindb., Porella baueri (Schiffn.) C.E.O.Jensen,
Scapania Helvetica Gottsche, S. verrucosa Heeg, Bryoerythrophyllum alpigenum (Vent.) P.C.
Chen, Campylopus gracilis (Mitt.) A.Jaeger, Campylostelium strictum Solms, C. saxicola (F.
Weber et D. Mohr) Bruch et Schimp., Grimmia fuscolutea Hook., Homalia webbiana Mont.)
Schimp., Isothecium holtii Kindb., Orthotrichum scanicum Gronvall, Plagiothecium
neckeroideum Schimp., Tetrodontium ovatum (Funck) Schwagr., Tortula canescens Mont.,
Ulota rehmannii Jur., Zygodon dentatus (Limpr.) Kartt.

G - Black Sea. It includes the mountainous part of the southern Crimea and the
western spurs of the Caucasus Mountains on the Black Sea coast. It is characterized by a
subtropical climate. It grows from 220 species in the Crimea to 429 in the south of the
Krasnodar region and Abkhazia. Only in this center of species diversity are bryophytes found
on the territory of Eastern Europe (within its limits): Calypogeia fissa (L.) Raddi,
Cephaloziella turneri (Hook.) Muell.Frib., Frullania parvistipula Steph., Jubula hutchinsiae
subsp. javanica (Steph.) Verd., Mesoptychia turbinata (Raddi) L. Soderstr. & Vana, Scapania
aspera M.Bernet & Bernet, Southbya tophacea (Spruce) Spruce, Targionia hypophylla L.,
Bryum gemmiparum De Not., Cinclidotus riparius (Host ex Brid.) Arn., Cryphaeae
heteromalla (Hedw.) D.Mohr, Fissidens rivularis (Spruce) Schimp., Habrodon perpusillus
(De Not.) Lindb., Homalothecium aureum (Spruce) H. Rob., Leptodon smithii (Hedw.)
F.Weber & D.Mohr, Neckera menziesii Drumm, Plasteurhynchium meridionale (Bruch et al.)
M.Fleisch., Tortella flavovirens (Bruch) Broth.

H — Caucasian. It includes the foothills and the mountainous part of the Caucasus
within Eastern Europe. The density of species here reaches 361. In fact, this center is only a
small part of the specific bryoflora of the Greater Caucasus. Only in this center of species
diversity are found in Eastern Europe (within the study area): Lophozia lantratoviae Bakalin,
Nardia compressa (Hook.) Gray, Andreaea heinemannii Hampe & Mill.Hal,
Bryoerythrophyllum rubrum (Jur. ex Geh.) P.C. Chen, Bryum caucasicum (Schimp. ex Broth.)
C.J.Cox& Hedd., Didymodon asperifolius Mitt.) H.A.Crum et al., D. perobtusus Broth.,
Entodon challengeri (Par.) Card., Entosthodon handelii (Schiffn.) Laz., Eurhynchiadelphus
eustegius (Besch.) Ignatov & Huttunen, Hilpertia velenovskyi (Schiffner) R.H.Zander,
Indusiella thianschanica Broth. & Miill.Hal., Jaffueliobryum latifolium (Lindb. et Arnell)
Thér., Leptodontium flexifolium (Dicks.) Hampe, Lindbergia brachyptera (Mitt.) Kindb., L.
dagestanica Ignatova & Ignatov, L. grandiretis (Lindb. ex Broth.) Ignatov & Ignatova,
Molendoa schliephackei (Limpr. ex Schlieph.) R. H. Zander, Oreas martiana (Hoppe &
Hornsch.) Brid., Orthotrichum callistomum Fisch.-Oost. ex Bruch et al., O. vladikavkanum
Venturi, Oxyrrhynchium pumilum (Wilson) Loeske, Philonotis rigida Brid., Pogonatum
inflexum (Lindb.) Sande Lac., P. neesii (Miill.Hal.) Dozy, Schistidium marginale H.H. Blom,
Bedn.-Ochyra & Ochyra, S. obscurum H.H. Blom, Kéckinger & Ignatova, S. sinensiacarpum
(Miill. Hal.) Ochyra, S. subflaccidum (Kindb.) H.H.Blom, S. succulentum Ignatova & H.H.
Blom, Syntrichia pseudohandelii (J.Frohl.) S.Agnew & Vondr., S. papillosissima (Copp.)
Loeske, Thamnobryum neckeroides (Hook.) E.Lawton, Tortula systylia (Schimp.) Lindb., T.
transcaspica Broth., Trichostomum connivens (Lindb. ex Broth.) Paris.

In addition to the above-described main centers of bryophyte species diversity,
additional sub-centers can be distinguished in Eastern Europe. They are the following:

1. Arkhangelsky, bordering from the northwest on the Kola Peninsula. Possibly
increased species diversity (254 species per square), among other features, is also associated
with a more thorough study of the territory.
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2. Timansky. Covers the Timan Ridge and Northern Uvaly. These are elevated areas
in the north taiga region. They are characterized by an increased species diversity in
comparison with the surrounding territories and are associated with the Ural center.

3. Narochansky (Narochansko-Berezinsky). It is located in the north of Belarus and
covers the boreal region. The species diversity here reaches 276 species per 10,000 km?. In
the north-west it borders on the Estonian center and in the north-east on the Smolensk-
Moscow Upland.

4. Volzhsko-Kamsky. It is characterized by a relatively increased species diversity
(up to 300) compared to the surrounding territories due to the fact that it covers a nemoral
region and borders on the boreal-taiga one.

5. South Ural. It is located at the junction of 3 regions: Alpine, Nemoral and Arid.
The number of species here reaches 292.

6. Belovezhsky (Grodno-Belovezhsky). It is located in the western part of the nemoral
region and the species density here reaches 300. Probably continues on the territory of Eastern
Poland.

7. Kyiv-Mozyr. It is located in the middle of the Polesie lowland on two low
elevations above sea level, but with a significant relative difference in elevation, which
creates additional favorable conditions for the growth of bryophytes. The number of species
per square here reaches 311.

To the south, the species biodiversity of bryophytes noticeably decreases in the arid
region, increasing only on the spurs of the Caucasus and Crimean mountains.

The species diversity of bryophytes in Eastern Europe has its own characteristics in
various taxonomic groups (Fig. 4).

If the species diversity of mosses in general repeats the general diversity of bryophytes
on the territory of Eastern Europe, then the diversity of liverworts and anthocerotes, due to
their biological and ecological characteristics, has its own specificity. Most of the species and
their localities of the latter are concentrated in the western part of the study area. The
distribution of liverworts and anthocerotes on the Kola Peninsula is significant in area, and
their diversity is also more clearly expressed in the nemoral region. However, they are almost
completely absent in the arid region, southeast of 53 degrees east latitude and 37 degrees
longitude, and in the arid northeastern foothills of the Caucasus.
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Fig. 4. Species diversity (number of species in squares) of bryophytes in Eastern Europe: A —
liverworts and anthocerotes, B — mosses.
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Spatial distribution of bryophyte species diversity in Eastern Europe

Discussion
The centers of species diversity described above form a spatial structure, which can
serve as a model for the basis of the structural organization of bryophytes in Eastern Europe
(Fig. 5). It is the elevated mountainous regions that are the concentration of maximum

diversity and refuge for many rare species in the region. Undoubtedly, one of the most
important biological features of bryophytes is the long-distance transport of spores, which
ensures their migration and the possibility of growing in similar mountain ecological
conditions in remote areas. This is why we are seeing increased biodiversity in mountain
centers. However, these possibilities are not endless with increasing distance and mountain
ranges in Eastern Europe are located along the edges of this region. In the central part there
are only small hills with rugged relief and the presence of boulders to the north of the border
of the last glaciations. Here many mountain species may find some small opportunities for
settlement and further transit into the mountain ranges. It is such a territory that the Smolensk-
Moscow Upland is, where the biodiversity of bryophytes is not as great as in mountainous
regions, but it is objectively higher than in the surrounding lowlands. A similar picture is
observed at the local level in Belarus, where biodiversity in upland areas (3 — Narochansky, 6
— Belovezhsky (northern part), 7 — Kyiv-Mozyr) is higher than in the lowlands. At the same
time, there remains a controversial issue that requires additional research, how great is the
role of these territories in the migration of species and in ensuring the connectivity of
mountain biodiversity centers in Eastern Europe.

Nevertheless, one can theoretically try to present a preliminary model scheme for the
basis of the structural organization of bryophytes in Eastern Europe with possible channels for
a higher migration of species from adjacent territories.

In terms of mathematical graph theory, the Smolensk-Moscow Upland is located at the
center of the model. In theory, there could be a link between the western and eastern parts of
the bryoflora of Eastern Europe. Also, one of the most related element of the spatial structure
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Fig. 5. Preliminary theoretical structural model of organization and interconnections of bryofloras in
Eastern Europe.
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of bryoflora in Eastern Europe is the Kyiv-Mozyr subcenter (4 ribs), it is through it that the
main migration of bryophytes from north to south and from south to north occurs.
Belovezhsky and Narochansky subcenters have 4 ribs and also actively contribute to the
migration process. Through the elevated areas of the Arkhangelsky and Timan sub-centers,
the Kola Peninsula and South Karelian centers are connected with the Urals. The most
isolated in the region is the Caucasus, which maintains links with other centers through the
Black Sea center and Crimea.

Of course, this model is clearly of a preliminary theoretical character and does not
pretend to be completely reliable, but it can serve as a scheme, a basis for further
biogeographic and floristic studies.

In general, the obtained data are consistent with the results of previous similar studies
[IcNATOV, 1993] on the species diversity of bryophytes obtained in the approximation to area
of 100,000 km?. Our research provides a more detailed picture of the spatial distribution in the
central part of the region, especially in the zone of deciduous forests.
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