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B cOopHuk BKIItOYeHbl Matepuanbl V MexayHapoaHoii HayuHoi KoHpepeHuru « MOHUTOpUHT
Y OLEHKA COCTOSIHUA pacTUTENIbHOro Mupa». Beero npeacraeneno 115 matepuanos 241 aBtopa u3
70 opraHM3alMd M BEIOMCTB, HAyUHO-MCCJEAOBATEIbCKUX YUPEKIEHHH, BbICIIMX Y4eOHBIX
3aBe/IeHUH, 3aMOBEHMKOB M HaUMOHAJIBHBIX MapkoB AbOxazuu, benapycu, Kazaxcrana, CepOun,
CIIA, Poccun, Typunu, Ykpaunsl u [1serumu.

B wmarepuanax mnogBoAsTCs MTOTM pabOT TO MOHUTOPUHTY W M3YUEHUIO COCTOSIHMS
pacTUTENBHOIO MHpa, OOCYXKIAIOTCS aKTyasbHble MPOOJEMbl MOHMTOPUHIA JIECHOM, JYrOBOM,
BOJIHOW M OOJIOTHOM PacTUTENBHOCTH, pecypcooOpa3yrolX, UHBa3UBHbIX U OXpPaHSIEMbIX BUOB,
HAaCKJIECHUN B YCJIOBUAX TEXHOINEHHONW M PpEKPEalMOHHOM HAarpy3ku M NYTH HX pPELICHUS.
3Ha4yMTeNbHAs YacTh MPEACTABICHHBIX pabOT MOCBSLLEHA MPOOJEMaM OXpaHbl OKPYIKarOLLIEH cpeibl
Y MCIOJIb30BAHUS PECYPCOB PACTUTEIBHOTO MUpA.

VY 300pHiK yK/ItouaHbl MaTIpbIsibl V MixkHapoiHail HaByKoBail kKaH(pepaHLbli « MaHITOPBIHT i
allPHKa CTaHy paciliHHara cBeTy». Ycsaro najaazena 115 mampeisanay 241 ayrapa 3 70 apranizaubiii
i BegamcTBay, HaBYKOBa-JacjieAublX 1 BBIMDHAIIBIX HaBy4YallbHBIX YCTaHOY, 3amaBefHikay i
HallbISTHATILHBIX Mapkay AoOxasii, benapyci, Kazaxcrana, Cep0ii, 311IA, Pacii, Typubli, Ykpainbl i
IBerpii.

Y MaTapbifiax najaBoA3silila BbIHIKI MMpaiay na MaHiTOPBIHTY i BBIBYYSHHI CTaHy paciiHHara
CBETY, a0MSIpKOYBaro1111a akTyaJbHbIS TPadJieMbl MAHITOPBIHTY JIICHOM, JTyTraBoii, BOJHaH i OanoTHai
paciiHHacIli, pacypcayTBapaibHbBIX, iHBA3iiHBIX i aXOYHBIX Bigay, Hacaaay Ba yMOBax TIXHareHHai
i paKporartblitHail Harpy3Ki i IUIAXi iX BeIpadHAS. 3HaUHAS YacTKa Maa/I3eHbIX Mparay rmpbicBeuaHa
npabiemMaM axoBbl HABaKOJIbHAra acsipo/A3s i BbIKApbICTaHHsI pacypcay paciliHHara cBeTy.

Materials of V International scientific conference “Vegetation Monitoring and Assessment”.
The book consists of 115 reports 241 authors from 70 scientific and educational organizations of
Abkhazia, Belarus, Kazakhstan, Serbia, the USA, Russia, Turkey, Ukraine and Sweden, working in
field of vegetation monitoring, nature conservation, forestry.

Results of vegetation monitoring and assessment and actual problems of monitoring of forest,
meadow, water, mire vegetation and plantations under technogenic and recreational pressure are
discussed in the book. Significant part of reports is concerned with problems of environmental
protection and rational use of plants resources.

ISBN 978-985-596-195-7 © JI3sprxayHast HABYKOBasi yCTaHOBA
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MakcumyM BHIOBOTO pa3HOOOpa3wsl ChIPOEKKOBBIX TPHOOB HAOIIOIACTCS B COCHSKAX MITHCTHIX,
KoTopble Haxo sTest Ha 1l ctanuu qurpeccun. OtmedeHo 25 Bu0B 1 2 pasHoBuAHOCTH. U3 pona Russula
Haiieno 20 Buma u 2 pa3HOBUAHOCTH, a 5 — u3 pofa Lactarius. C yBeIMYeHHEM HATrpPy3KH MTPOUCXOJISIT
CYLIECTBEHHBbIC HM3MEHEHUsI B (UTOICHO3€, B pe3yjbTaTe YEro pyccylsulbHblE I'pUOBl HAYMHAIOT
YCIIENITHO KOHKYPUPOBATh C JIPYTHMHU BHJIAMH CUMOHOTPO(OB ¥ BBHIIOIHSIOT POJIb «CKOPOW TIOMOIITH»
JUIS TpeBECHOU pacTUTeNbHOCTH. Pa3melenne 6a3suanoM HOCHT paccesHO-IpynmnoBoi xapakrep. Oc-
HOBHOE KOJMYECTBO ILJIOJIOBBIX TeJl OTMEUYEHO B HEMOCPEACTBEHHOM OJIM30CTH OT TPOIIUHOK.

B necax, kotopsie HaxozasTes Ha [V u V cragusix aurpeccuu, IpoUCcXOUT CeIMaTIn3NpOBaHHbIN
oTOOp BUAOB ceM. Russulaceae, CIOCOOHBIX BBIKUTH B DKCTPEMAIBHBIX YCIOBHSIX. 3apETUCTPHPOBAHO
12 BunioB u3 ceM. Russulaceae, u3 uux 10 oTHOCSTCS K pony Russula v 2 —x pony Lactarius. Pazmenienue
0a3u oM HOCUIIO IPYIIIOBOM XapaKTep U OHM BCTPEUAINCh BOJIM3U CTBOJIOB JIEPEBHEB.

Taxum obpazom, oOmiIne 6a3uIMOM CHIPOEKKOBBIX YBEIIMUMBACTCS C YCUIICHUEM PEKpealluOHHOM
Harpy3ku. Ha I-II cranusx qurpeccun obunue He mpeBbimnano 3 6amwios, Ha 11 — 4, na IV-V — 5 6annos.

Crenyer Takke OTMETUTh, YTO Y HEKOTOPBIX BUJIOB HAOIOAeTCs TEHJICHIMS K Oojiee paHHEMY
obpazoBanuto 6azunuom Ha [1I1 I ctaguu aurpeccun u Tombko ciycts aekany Ha [T [-11 u IV-V.

Vozniachuk I.P.!, Remucal D.J.2, Vlasava N.B.3, Skuratovich A.N.!,
Yukhimuk A.N.3, Malysza J.2, Monterusso M.4, Vozniachuk N.L.! and Moe P.?

INTEGRATIVE ECOLOGICAL AND GENETIC MONITORING OF CLOUDBERRY
(RUBUS CHAMAEMORUS L.) POPULATIONS ON THE SOUTHERN BORDER OF THE EU-
ROPEAN AND NORTH AMERICAN AREA (IN BELARUS AND MINNESOTA)

! State Scientific Institution «The V.F.Kuprevich Institute of Experimental Botany of the NAS of Belarus »,
Minsk, Republic of Belarus, ipv@tut.by
’Minnesota Landscape Arboretum, Chaska, USA, remucald@umn.edu
3State Scientific Institution» Central Botanical Gardens NAS Belarus»,
Minsk, Republic of Belarus, nastassia_vlasova@yahoo.com
“Alaska Botanical Garden, Anchorage, USA, mike.monterusso@alaskabg.org

Oovekmom uccnedosanua aenarwmcea nonyaayuu Rubus chamaemorus L. ¢ beaapycu u Mun-
Hecome (CILLIA), 20e 3mom UuUpKYMROJAPHLIIL GOPEATbHBII 6UO HAXOOUMbLCA HA HOHCHOU ZPAHUUE
apeana pacnpocmMpaHeHua u OXpaHaemca 3aKoHooamenbcmeom wimama (Munnecoma) u Pecnyo-
auku benapyce. Takue «kpaeeviey nonyaayuu A61A0OMCA HAUOOIEe YAZBUMBIMU K USMEHEHUAM KU~
mama. CpagHumenbHaA OUEeHKA RAPAMEMPOE IKO1020-00MAHUUECKUX 0COOEeHHOCmET CPedbl UX RPo-
UBPACMAHUA NO360JIAEM UOCHMUDUUUPOBAMb IKOJIOZUYECKUE RPEONOYMEHUA U TUMUMUPYIOUUE
¢axkmopur. HnmezpaivHblil CpagHUMENbHBLI AHAIU3 PAZGUMUA RONYIAUUIL, IKO1020-00MAHUYECKUX
napamempog cpeovl, a4 MAaKMce BaAPUADETbHOCMU 2eHEMUUECKO20 PA3ZHO00PA3UA NO360]IUM OHIGe-
MUmMb HA 60NPOC 0 RPOUCXOHCOCHUU NONYTAAUUIL, OUEHUNb UX NOOPA30eeHHOCHb, A0ANMUBGHbLIL NO-
MEeHUUAN 6UOA 8 UCCIC0YEMBIX PECUOHAX, 6bIAGUMb (AJL/1e/1U, PACUIUPAIOUIUE CROCOOHOCMb HONYIA-
UUIL RPOMUBOCMIOAMb U 8bIOEPHCUBAMb PEIKUE UIMEHEHUA Kavecmea cpeobl. [Ipoekm Hanpag/ieH Ha
nOJIyueHUue HOBbIX OAHHBIX NO UOCHMUPUKAUUU 0071acmell O COXPAHEHUIO 8UOd, ONMUMUZAUUIO
RPAKMUYECKUX MeP OXPAHbL €20 MeCIOOOUMAHUIL U OMOeTbHBIX HONYIAUUIL

The subjects of the study are the populations of Rubus chamaemorus L. (cloudberry) in Belarus
and the state of Minnesota (USA), where this circumpolar boreal species reaches the southern boundary
of the distribution area and is protected by state (Minnesota) and national (Belarus) governments. There
are 17 known places of growth of R. chamaemorus in 14 administrative districts in Belarus and only 7
locations in Minnesota. In the context of global climate change, the study of such low-latitude edge
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populations, which are extremely important for the long-term survival and maintenance of the genetic
diversity of the species, is particularly relevant as it helps to clarify the history and phylogeography of
its distribution on the local landscape, and generally to assess the evolutionary potential of the species
across its whole range [1]. The purpose and objectives of this study were to conduct integrated ecological
and genetic studies: 1). to obtain quantitative and qualitative characteristics of the ecological parameters
of habitat and the state of cloudberry populations in Belarus and Minnesota; 2). to develop an effective
system for detecting variability of genomic DNA at the intra- and interpopulation levels using AFLP and
SRAP markers aimed at identification of the genetic diversity (GD) parameters of populations.

Field examination. To address the objectives and obtain comparable results, a unified protocol for
monitoring and comparative studies of the ecological and population parameters of the species under the
conditions of their natural growth and collection of plant material for genetic analyzes based on [2] has
been developed. The assessment of the diversity of the plant community of the target habitats is based
on geobotanical descriptions. As a result of field studies during the growing seasons in 2017-2018 an
inventory was made and permanent points of observation (PPO) were established for 7 natural popula-
tions of Belarus (2 PPOs are located on the territory of Grodno, 1 — Minsk and 3 — Vitebsk regions) and
Minnesota (1 PPO). Comparative analyses of the development of the populations and plant community
survey on the PPO network made it possible to identify patterns of habitat preferences, either for certain
landscape types or for associated plant species, and limiting factors (risk factors) for the development of
populations (the data are summarized in Table). Based on the results of the inventory, it is established
that at the borders of the Belarusian and Minnesotan range the species grows on raised wetlands and is
confined mainly to the plant communities of cottongrass-shrub-sphagnum pine forests. Locations with
highest viability of cloudberry plants were characterized mainly with the moist habitat and soil cover
corresponding to A4—AS of growth condition types, density of standing timber in the range 0.4-0.5, and
stable state of subcanopy (see Table). The shrub layer in all communities is represented by heather, wild
rosemary and blueberry; hare's-tail cottongrass (E. vaginatum) was also found at all sites. Ecological
parameters of populations at the southern range of the species distribution have been established. It is
shown that in the eastern, central and western part of the Belarusian area, as well as in Minnesota, pop-
ulations are mainly characterized by critical or low indicators of viability and are unstable due to geo-
graphic disruption and restriction, unfavorable gender distributions (predominance of males over females
or absence of either) and plant community changes caused by succession due to prior fires or logging on,
or nearby, the cloudberry landscapes. Only “Lonno™ location, which is one of the most productive from
all estimated, possess relatively equilibrated (balanced) number of age periods of ontogenesis: 54% pre-
generative over 46% of generative individuals.

Population genetic study. The developed protocol using SRAP (15 primers tested, 7 selected), and
AFLP (3 primers, according to the method [3]) marker systems reliably tests the variability of genome
regions of R. chamaemorus at inter- and intrapopulation levels. a preliminary assessment of the intra-
and interpopulation genetic variability of individuals from the studied localities was carried out (for at
least 11 individual cloudberry plants from 4 populations of Belarus and Minnesota) was performed based
on the GD parameters of populations: genetic distances between populations, number of polymorphic
loci and their percentage, indicators of total and effective number of alleles (Na and Ne), genetic popu-
lation subdivision (Gst), @PT (the FST analogue), the gene flow (Nm), the general and particular genetic
diversity (H), the number of rare alleles, the expected heterozygosity (He, uHe). Assessing the balance
of which together with genetic latent potential index (GLP) allow us to assess the genetic stability of
each studied population. Moreover, initial sequencing of the chloroplast intergenic spacer psbA-trnH of
R. chamaemorus individuals showed slight variability (in total 3%; 1 bp substitution in ~300 bp length
fragment was detected at 50% of analysed individuals from Minnesota) between individuals from the
Minnesota population, but did not reveal any among or between the Belarusian populations, which is in
general consistent with the literature data that this region is highly conservative, though it does seem
suitable for phylogenetic studies [4].
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The next step is to estimate a larger number of populations both in the study regions and also
within the center of distribution of the species (well-balanced “reference” populations) and assess
their GD, which will eventually allow assessing the phylogenetic relationships among all studied
populations and their adaptive potential for predicting trends over time and developing action plans
for their conservation, restoration and reproduction. For example, the data of the integral evaluation
of the population development and its GD could help answer the question whether a population with
a small number is genetically restricted due to a founder event or due to a bottlenecking well after the
population was established - in many respects will help to answer. Promising are studies on ex situ
crossings and plant propagation for repatriation purposes into populations with incomplete gender
representation (i.e. presented only with male individuals) to increase their numbers and sustainability.
Continued monitoring of populations of R. chamaemorus on the territory of Belarus and Minnesota
is recommended (perhaps every 5 years) as is the application of biotechnological methods to conserve
or restore genetic diversity at the most vulnerable locations.
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