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Abstract

The global climate change will affect all the ecosystems around the world, but the
most rapid and sharp changes are expected in high mountain areas with one of the most
sensitive biomes. Hence alpine plants are considered the best bio-indicators of the climate
change. Many observations have shown that climate warming has already led to changes in
habitats, distribution patterns and viability of certain plants. The long term monitoring
program GLORIA supported by the European Union was established for monitoring of the
alpine plant cover transformation. Georgia was involved in the network in 2001.

The study sites and permanent plots in the Central Greater Caucasus were chosen
according to the GLORIA protocol (which is a standard for all target regions in the GLORIA
network). The summits were monitored in 2001 and 2008. Four summits were chosen along
the vertical vegetation gradient (treeline ecotone — CP1; lower alpine zone — CP2; upper
alpine zone — CP3; subnival/ nival — CP4). Our research introduces the analysis of the plant
cover, abundance and distribution both in 64 permanent plots and summits. The average
annual soil temperature did not increase during the monitoring period, however, there were
some fluctuations in 2002-2003.

The daily minimum T in June and GDD (growing degree day) changed in different
years, but there was no significantly increasing trend. The thermic indicator (S) decreased on
all summits during monitoring period. This indicates the low degree of the thermopilization
status of the monitored plots. The species cover and richness changed during monitoring
period, 15 “new species” were recorded, only four species were not found. The study has
shown that grasses and sedges tend to get more benefit from local climate change. Their
cover and abundance did not change as much as the indicator value of the indicator species.

In 2008 only the frequency of montane-treeline species (AR5) increased significantly. During

iv



monitoring period the abundance rank of dominant species also did not change. It was
obvious that the endemics and cold-adapted species are not severely endangered and species
immigration is not the case.

Thus, the local changes of floristic composition took place in the research
region. These changes don’t cover the upper alpine and subnival/nival sensitive cold habitats,
where the share of endemic species is high. If we take into consideration that the average soil
temperature did not change, the observed changes mostly reflect a filling process rather than

succession in the particular stage of the research.

Key Words: Climate global change, GLORIA, average soil temperature, thermic

indicator, thermophilization index, transformation of vegetation.
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93965M9MEMd0l 0gMHIMBOWOHO 0bEOIsGH™MMOLs (S) s bbgs g3memyomeo
9oboli0smgdEgdol s3M30090vIEgd0L 46M59303900. (Thermic vegetation indicator-
339bomgMEmdol mgmdmwo 0bogzs@mMo. June mean of daily minimum -
03bolols d0bodser®o A993965G M0, GDD-%6ob Lgbmbols
BOBROTUIOGMIOD) ..ttt 76

Xii



UBGsmgdolL B5dMbsmZ9¢mo

Lm0 1. 35335805, OO 39335B0Mb0, (396EGIMMO 353395b0MbO, 4sHdgaOL Mgaombo

(39643H0M0m), 3OOl 0©sdMYd0 (YYFY39E0 BIBOM)....oiiiiiiiiiiiiiii 23
L5000 2. 65339000 CP1 FZGMZ900DG....eiviviiiiiiiiiiiiiciici s 33
1050003, CPT 8(390M30Q00......ciiiiiiiiiiiici e 33
1905000 4. CP2 B306IG0000. ...ttt 33
U500 5. 6533900 CP2 FIFGOZICDG...eviiiiiiiiiiiiiiciccee s 33
U500 6. CP3 AfZGOMZI00. ...ttt 34
L5000 7. 65339000 CP3 3903900 34
1)M5000 8. CP4 (ZGMZOMN0....ciiiiiiiiiiiiiiiciiic e 34
19O500 9. 65339000 CP4 AHZIMIZIWIDY...cviiiiiiiiiiiiiiic e 34

LrOsomo 10. 3P39635¢q00bs (a) s Lsdmbo@m®mobym bs339mgdol (b)uEsbs®d@mwro

U000, ettt 36

Lm@omo 11. 3x3 3-0560 3arsli@gMo 390 BY (FoOXZ003 BJTS)....cviviiiiiiiiiiiiiciiciiiee 36

bMacmgdo 12 s 13. $H9gd396M5G ML 53EMGHIO0 F0BOMYGMIGOO.....cvcevviiiiiiicinens 40
5069305FH1IMS

dsd. - 8mbs3990L doglodsr Mo 3b0d3zbgwmds.
0bg. 358 - 060 3o@MMHMwo 3sb3969d9w0

CCA - 396mb03m6 30003mbgbEHMS 5b5¢r0Bo (Canonical Correspondence Analysis)

Xiil



CP1, CP2, CP3, CP4 - 396035696@wwo Lsdmbo@mmobym 9f30635¢qd0 2240 3-sb 3024

9-0¢09.

CV% - 3560053000 30m98303096¢)0 (Variation coefficient)

D - 0g6H3mgzomobsigool 0bgduo (Thermophilization indicator)

df - 5308w gdol badolbo (Degree of freedom)

GDD - %ol bgbmbols boby®dwogmds (Growing degree day)
GLORIA- EUROPE — Global Observation Research Initiative in Alpine Environments
H - 896mb-306960L 0bwgjlo

J - 939bgbo

N - B&©0@mgmo, S - LsdbOHgmo, E - 500mlegwrgmo, W - sbsgargmo
P - Lo®{ambmgdol 3mgno03ogbdo

r - 306LMbOL 3MOYEs300L 3M9R0309bGO (Pearson Correlation)

R?- 009¢9®d0bsgool 3mgno0309b@o

S - 96310 06o3s@™mMo (Thermic indicator)

SD - bEobsMEMO gosbMs (Standart Deviation)

Si- 55356 ©0b 0bgdlo

VI - bobgmdol 0bozs@memeo dsh3969d9w0

z - BG9BbIMOEH™MWO 25bGOL 0bgduo

Xiv



09L535¢mo

3035@0L 4EMBSCMEOO (33¢00gds (QIMDMBS) @S Jolo Fglsderm Fggagd0
0659906 39Md0L Imezmglo 93mEmaomo 3OHMdEgdss (Kérner, 1995, 2002, 2009,

2014; Messerli, Ives, 1997; Callaway, 1998; Sala et al., 2000; Grabherr et al., 2001, 2009;
Ozenda, Borel, 2003; Pauli et al., 2004; Korner et al., 2005; Larcher, 2009, 2010, 2012).

21-9 LOm3Mbgdo TFoEoEPdMOL  doMm@s  AobLOIMPOMGOMEo  0bEHIMGLOL  Logsbo
aobo. 2002 oo 999mEbo@s  Fo@serdmols Logmmedm®molm fars. ©gsdofiols
dmbobergmdol ®omgdol Bobgzsmo sdM30YdMos dmngddo fywwol GglmMLYdBY,
5303™d oo dmol domEob dmE0sbMds s BMbJEomMo 3603369 mds A5s3(Y393
@b 05859MdL 353MIOO0MOOL 3JNOWEEIMdsTo (3JomMbgho, 2008).

9505IMOL 93MEMY0MMO0 30MMIGOOL OO IMH35WRIMM3DJdS obs30MmMBYOL
RBEMOOLs @S d39bsMgMMmdol M350 RgMM3bgdSLeE. o  Fggbotgms  BMs-
3963000560905 M009dBHM®  9MIHYIWLsYMHg  450M9gdmdo  J0dEobsMmdL s d3oMYg
ROOOMODY3 30 MOPOOIIWNOMS©  2oblibgozgdmwo  49Mgdm  30MHMdgd0s  J9ddbogro
(stbgeo, 2006; 3omGbgMo, 2008). 9ggbstrgms BMegz5¢ngMm3gbgdols  dobgwgom
Fo@oedms “ 3bge PO EHOS” 900MGOME0, MR 9 ELOLEIGOMs FMSZSCO
03030000, ©9w0dGHM0, 969dMM0 s 3505396900l  LsggOmbgdo dgmxzo Lobgmds
(Grabherr et al., 2000; Pauli et al., 1999; Korner, 2004a; Theurillat, Guisan, 2002; Barthlott et
al., 2005, 2007; Mutke, Barthlott, 2005). s Lobgmd®0g 35350 RgMM369d5LMb gHmo©
5006036905 93965699008 FooldbgMdMm030 29693H039M0 IM935WRgM™M3bgds3 (Packer,
1974; Gugerli et al., 1999). 3905 080Ls, MM 5376 I39bsergms 0350 RgMHM3690s
360036903560 00m@Mma0m©mo Lsgsbdemos, s69bs3wgd 3603369em3z5605 dollo HMeo
930M96M0 3OM39L9d0L (B3530, F9PYgemo, W35MEMRBO, 60sWIYOL gOHMBos ©s Lbg.)
9963093580 5 33H3BsM0 Yol doesbliols MgamsEosdo (Jommbgmo, 2008).

0mm @OML d0dEobstg 3¢00ToGMOMH0 (33¢00gd9d0L (FgBHo bosgrgdo, mmmzErol
L5g39M0L Lo H3MOLS S BIBYOIOZ3MBOL Fqd30609ds, JoLo QsbsHowgdol 33er0Egds)
800500  Fo@owdms  9OHM-9hHm  g439mobg  Lgblo@wes Mol doBbgmero (Guisan,

Theurillat, 2001; Ozenda, Borel, 2003). 030 ©®IL sOBYOMEO 3OMABMDYOOL, b4
1



bbgoolbgs dmgEroll Msbsbds, 2100 Herolmgol &gddgsd ol ds@gds 1,5°C-sb
5,6°C-deog (IPCC, 2001, 2007; Hougton et al., 2001; McCarthy et al., 2001) BsffoermdMog
305MMEs, 35dob gl 4990393l  Fosdmols  3gbsMrgms  IMOZ5a3gMHM360050
3900b5¢0M (33¢00gd90L (Sala et al., 2000; Bakkens et al., 2002; Dullinger et al., 2008,
Pauli et al. 2012). 99033egds 2569dmb doerodo@HoMgdgwo gugddo (9.9, 3wods@meo
ROWEHMO0), 53  359m0of393L B0 BOTMEGId0ED  FoPsEBMITo  LEBYMOIMS
d0gMm5:309L (30mMbg®o, 2008).

961535¢005 05330639050, BoQO0MOE, 5¢39ddo (Gottfried et al.,1994; Grabherr et
al., 1994, 2001; Korner,1998; Walter et al., 2005a,b o Ubg.) L3sbobsgool dmgddo
(Klanderud, Birks, 2003), 30@m3s6 dmqgddo (Callaway, 1998) o ®@o© 35335b0mbEBYg
(Nathutsrishvili 2001, 2003, Nathutsrishvili et al., 2004a,b, 2005, 2009) ob396s, ™3
Dmy09H0 9396560l 56950, 23936039 gd0L 0530L90)M 90560 Qo
LoMEbOLKYBIM0SBMdS 033wds (96 Fg0E3wgds) 3W0dsGHOL IMIMBdOL TJOIRS.
093605 MROM 3doxBOMH0S 505d0560L MM Bgdmddgqds Fowswdmols dzgbstgms
36535 x390M36905%g. bmxzwom FoLIGHVom GHYol Dbgs LsDBPZIOMB  sGLYOdYIEO
9o0odmol LoMEHYerolb s LsdM3zMOOL IAMOPI30S T9FSTRMMGdE ol FHH0gOL
50093L. 9e399m0 9396509 MdOLMZOL goblisgzmMgdom Lobogsmms, GmEs gl Mo
R3JBHMO0 - bPOMIMYG6 M0 5 300085BHOL FEPMBSWMMO (33X0WYds - JOHMbgL
056b3090s.

59 (33€009390Hg oL533060390® S FooeIMOL F39bsMgMEMdol dglsderm
A®MBLBMOIs300l 9mgoMmgdolmazols 39300090 JL0S 939696900
3653500 x59MOM36905Hg bobaMderogo dmbodm®mobyol sfglgds (Grabherr et al., 2001;
Pauli et al., 2004; Kikvidze et al., 2005; Dullinger et al., 2007; Erschbamer et al., 2010).

SBgMO 33193900L 5B MBS SLOBYIE0s 9g3MM3o3d0MOL 3MMgd@gddo GLORIA-
EUROPE (Global Observation Research Initiative in Alpine Environments) s GLORIA-
WORLDWIDE. gl 36mgd39d0 0m35¢olfjobgdgb dmwdogo Lsdmbodm®mobym Jugarol
999365 dongero gsdoffols Aslid@odom s sedwe 33gbsgms I35 3gMHM36905BY
bsbpMdewrog  39ML3gdBHoz5do0 (50 Fgwbg  gBo)  ©9330603905L  (3-5  {ierosbo
06@¢96M35¢9d00m) (Grabherr et al., 2001; Pauli et al., 2004).



33w930L 3Mmb639BRE0S 9393006090 3K0T5BHOL JAPMOIWMO (33¢P0EJOOL
0909250  3o@odmsdo  9396969Memdoll  dmboermbaw  GHEBLRMOs305Lmb

30gLMmIgGHOMWOo s 9JudmbBoEoMHO AMs096EJd0L dobggom (Grabherr et al., 2001;
Pauli et al., 2004, 2012; Gottfried et al., 2012; Korner, 2014). 36md00s, G0I dowsgrdmols
930LobAHYIGO0 Y39y LgbLoEWEMmos 300dsBGOL (33¢0gdol JodsM S Y39wsDY
39050 dbobogl ol dmbowrmbger 890990l  OHMYMEOE  sbeom, olg  Lsdwmsgom
396L39dG0gsdo (Korner, 2003, 2009, 2013; Grabherr et al., 2009; Larcher, 2012). 33930
Bo®HMS LogmmsdmMoLm LsdmboEmMobam Jugwol (GLORIA-EUROPE s GLORIA-
WORLDWIDE) go69ddo. 5b5¢r0bBo  29bbmGmEogwm@s  bogmhEomo  3msogb@ol
(3mO0BMBE MO0, 569 39MmaMexz0Mwo Tbs®mggdol s 3o0xLMmdgGHMIo) dobgpz0m
3000353)0L (33000905Dg 50Ol LEbYMBIMS Ba3sbIbem Mgog30gd0L Lorwdzguby.
3990my9gbgdme 0465 GLORIA-L 36Mmgd@EHol xgstywgddo 2001-2008 f dm3mgzqdmemo
39dBH™OO030 Aslogws.

33w930L d0Bobos 3e00To@ol JEPMdIWMHO 3300 JO0L (IMOMBOL) RMbYY
g4obdgaol  M9a0mbol (396G mGmo  39335b0Mbo)  FoEsEdmols 396569 MEMdOL
G®9bLRM®As300L 3H9b9b(309d0l oYIbs.
390306569 33¢930L J0HBB0I6, ILIbYYIE 0465 Tgdga0 SFM(3569dO:

1. 33w930L Ggyuombdo 396MdsbgbEvero Lsdmbo@mMmobym 653390900l Mmmb Jmszs6
9gb3mPboiEosby (N, E, S, W) 2001 s 2008 §f ®obmlggmmb -10 b3 3m6HobdmbEdo
A99396M5¢ M0 (33090900 5b5¢P0BO;

2. Lsdmbo@mEmobym 653399008 mdb Jmozs® gJudmbogos®y (N, E, S, W) o
30xLmdgBHOHME 3Ms©0gbGHDg 2001 s 2008 i dm3m3z90ME0  FBoJEH™MOMOZ0
3oLl BEMOHOLE WO SBs0DO;

3. 3oJBHMOM030 BsboErol LOxRMdzgDbg 939696090 LEFIGOL LBEHIBIOEMWO
(om©YbmdM030 8539690 gdol  (839bsMgMEmdol s (3939 Lobgmdsms
3MMYJE0NWO  EIBIOMEMBS,  Bobgmdsms  1LoIEOMY,  IMIZ5WTBGMHM3BIOOL
06gdugdo - 8gbmb—30696M0, 93969L0) ©O  BWMOOLEHMwo  Ayogligdol
95639690090l sBs0Bo;



4. Lbgoslbgs 9Ju3MBOEOSLS S BLMEMEHWME Lo )by I39bsMgME Lsgs®do
96009316 Lobgmdoms fool oyqbs;

5. bbgogsbbgs 9JudmboEosHy s BLMEWMEHMG Lodswgbg I39bsegme Lsgs@mTo
0600035@™60 Lobgmdgdol 459m3egbo;

6. 3¢5JBH™OM030 sLoerol Lsxgwydzgw Dy 3oxbmIgGHMMEo s 3MOOBMBEIWMOO
365009630l dobgzom 93965609 FMO350RIOHM3bgdsDY  3¢00TsGHOb
MBI YIOHO (33020900l 93w9bol MHol3gdol Tgnsligds.



0530 1. @0o@gMs@veol dodmbogs

1.1 30708590 germBsemeytro 33enomgds @s dobo geaememgoytho 394399303980

d9-18  Lovy3mbol T Hergdosb, 96w ,,06MLEGHMoMo  Hgzme300L”
39600m©ol  sbEHYobosD, sBIMbBIOMTo  Fgobodbgds  CO2-0b  3mb3gbGGsE00L

056omsbMmdomo s3gds. 89-20 Lowm3bols Fmobbosb gl 3GMmiEgbo  LogMdbmds
29dW0gMHs s 9995950 fgarofodo  Lodmowme 1.3 peo/e  89500990L, GO
©5830JL0MJOIMW0S SBEHIOJEHOOL 30TsEHMMO LsEAYOOLS S Fobs WMol (35350l
3m6dMgd0o)  @OLYOZsGHMMO0L  F0ge, Loss LOLEYIGHMOO 933060390900 1958
fwosb 800obostgmdls (IGBP, 1990; Larcher, 1995, 2003). 3690b@MbE®owem
3960mEMsb F9smgd0m, 5GHIMLRgM™do CO2-0l 3mb639b@Ms30s LIl Mmomddols 18%-
o dmds@Ggdmeros (IPCC, 2007; Vautard et al, 2014). s6006Mm3m9696M0 xod@mol
(06903900 Mds, LeBEOL IGMMHbYMdS, MIJO0, 05MSPOL AodMEEs, BHYoL FOo s bg.)
06@96L0gx3035300L 99y SGHIMLBIO™Io grofsdo 6 Jowost GHmbsdpg CO:
39000gmRs. 5oL oMM 3590d0  dm0ds@dd  Fgmobols  90339wmdsTa(s.
50bs60dbs305, MM3  CO2-0L  3mb3gbGH®s300L  0bgdMmong0  (33¢P0gds  13ToM©
bsb®A030 3MIM(39L05. FoROWOMSE, )30 E®IB39 9hyYygds SEGIMLGgHMIo CO2-ob
3odmygmas, dobo 3mb(396GHMo30s 3090bMLEGHMOMWo 39H0oMm©OL EMbgl ¥69dM0350
dbmerm 100 ferols 89909 ©od6mbgds.

3bmdoos, ™I CO:2 Yol mOmMJwmsb, dgmebmsb (CHs), mBmbmsb (Os) o
SBDMEHOL MmM5563006 (N20)(25D90096, HMBgEmsE dmeg3mesdo 9Hm SGHMING 335Dy
390 943m), 5699 9.§. 396906103 LEMBIMOOL 25BYOMIB JMMS 296530MMdYOL gsTofjols
30035¢0b M s30sL. gb goHgdo FHBOL IMIWYEHICNMZD BroEOsE0L ITofob
B90530659009 0mJdob F9RgMHIOMOE 5969096, brmgrm 0bg®Msfiomgwo Moosiool
©obemgdom 90%-U 30 - Gobodogah. gomBg gBHo LybBo s@GH@IMGo 33gd0
3000009096 s LOMBML Q5dMYMA9b. gl 0393l 359M0L 390 Bg6JOOL F5MBMAL, 6y
069303  ,LOMONMHOLAIRZIO  9BIJAHL . 5Tob  ASTM  YITOoDY  FodEMBYdIM0S
LomEbwolmgol bgwlboy®gwo &gddgesdv)Mgdo. 36535000 s5mabfiergweols dsbdow by

©9©530HoBg  ©334sM©S  FmbolfmMmds IPosb dowgdmw ©s ©gEsdofioll doge
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39399 96gMa090L  JmMoL,  MFs3  gobs3oMmMds  Mbsdgmmzg  3erods@ol
Bodmyomodgds o  BEOB0woDs30s. 5053050l 205dGH0MgdMds  1ogd0sbMdSD
3965306035 OHMYMO3 ,LoMdMGOL 9x39dEOL  godmdfjzg30 36gdm030 Fobgdol gdolool
BMs, 9939  »0BOMLGHOOMWO  FoBYIOLT,  2obl3MMMGO0 30 BEHMM-JwmM-
Bobdomfigocmdsgdol  Fo@gds, Mol  godmis L 9gdm  IgBHo  Lomdm  GRYds
©9©530{ob30Ms 5GHIMLRIOMIo (Isbmgdom 6 30-056 59bsd0) s 0BOIYds dolo
A99396M5GHMs. sy s0fYm  ©sTofabg  3e0ToGHOL  JAMBIWMO  (330YdOL
36MHmEqLO - 359601 G9d396Mms¢ ML BOS.

5MLgdMOL  ImMbo399900, M3 gEsdofoll  Lydmoem  3Hgd3geedEsd  d9-20
Lo93960L  Fmobbosb @8y 0.7°C-000  dM0Td@S, bmeom  3596MH0L  Lodwsgom
A993965¢ M58 1850 9wmsb 99smgdom - 1.1°C-om. 30mabmHgdol dobgwpgom, 2030
Peobom3zgol 3596m0ol LsdrsEm 3H9gd3gcMmsd M, 1750 9w msb dgscmgdom, dgodegds 3°C-
0053 30 350bsMml (Larcher, 2003). dmgwwo ©gsdofiols dsbd@odom Bo@e®mgdweo
39933093900l LyKMIzgDy EIoLIMZ0L  F9Jdboeros  3E0ToGHOL  JAEPMBIOO
33X0900L §OHMT9bgmolisb 4obLb35390E0 3OHMYbMBMwo dmgwgdo (IGBP, WMO,
GCMS, IPCC, CCSR/NIES, CCCma, CSIRO, Hadley Centre, GFDL, MPIM, NCAR PCM,
NCAR CSM, GCMS s bbg.). 439esDg m3@GH0dobEeao 36mybmbol dobgpzom, dmdsgow
30-50 fgwofodo 3Hgddgcsdto Lodswme 1-1.5°C-om s0fjg3l. General Calculation
(GCMS)-ob, NCAR PCM s NCAR CSM 9m@qegd0 30 36:mabmbo69d96 3903965@w60l
2.3-25°C-000 0Bl s CO2-0L 36396300l FoMBoaqdsL.  g39wobY
39bodobGMMo  dmpgergdo (Hadley Centre, CCCma, CSIRO o CCSR/NIES) 2100
fPeolozgol 356M59md3b 3H9d39moG ol oMl 3.8-5.6°C-000 s sbg3zg CO2-ob
306396300l om®mBogqdsl (IPCC, 2001; Houghton et al., 2001; McCarthy et al., 2001).
NASA-U dobgz0m, g439wsbg gbgwo fargdo 500608bs 1990 ool d90gma. doom
dmO0b, s0lobodbogos 1998, 2002, 2003 s 2005 goblogmmMgdom 3bgmo femgdo.
3965536900 Bo399699d0L  gobdogermdsdo LmMgw 2005 fgeros yzgwsbg Ebgwo.
A99396M5& M0l Bo3gds 39-20 1593996900 9BVIGO SO ymzows: JoM39w0 3339M0
DM 50060865 ol 306039 bsbgzsMd0, bererm dgmeg - MYBOM dwogeo - 356513690

30 ferol 3s6doeBy. 53 M6 3036 FmMOL 0gm gOHMP35M0 BEOBOWODsE0s s DmyoghHm
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d9dobgg35do, LMLbAHo ©H93953 30. 600sbMmdwog0s, MHMI  3ods@ol  dsbmbMge
oMOMOSDY  FoMMOMGOL 965 00gbs  Lodwmoemm oo  (3H9d39MoE G0,
50@gbssg  Bodm®ol  dobodscryMo  3Hgd39Mo@egdol 899306905, M3
3obLO3MmMgdom Jglodhbgzos 93MM3sLy s sbosdo (Korner, 2003). olo3zoM3gaos,
©9530fsBg  sMIM  93mdgddos 9OLYOdMdS 8b0d3bg™m3s60  FH9d3gMOEMIOMIO
R GHIS3E0900, OMIGILS3 MY O bollosmo 3Jmbos (Webb, 1986; Roeckner,
1992; Webb, Bartlein, 1992). ©¢135651369¢0 959906356935 (3049630l 3gMHomeo) 1500 farol
00b ©580536M@s. 35906 39bEGHMIME 93Mm3580 359600 LodMsm F9839Mo@ &S 10°C-
00 MMM OO 0Y™M, 30006 g L SGOU.

5GHIMLggmmdo CO2-08 3mb6396@Ms300L  ©MY35bgo ©mbg 9bsePmbgds
dbmemnE 08 d90mbggzsdo, vy 0bMLEG®moswobsgool  BHgddgdo 3-xgm 95063
3993060905, 53 SIS SMSMJIIM0S. MBOM MGoEME0s 5893560 0bMLG®OoMwo
930946900l 0ge Fooo FgdbmEMma0gdol Q56300 s FoMdMmgdsdo byMA3.,
09939 MBI YOHO FoLIEHId0m dob 30609 OJI0MO 9R9JEO IM3Y390s.

60356Mdw030s, MMI dgwo ©gsdofobmzol 3H9I3gMsGHMMOL  LbydsEMm©
390mM30owo 353905 Lmesg 56 sbobsgl 08 3MHMEILYdL, GMIgwmsg MYR0Mmbo
bsb0SMO 9J3m. BHGRO0MEMEO MO30L9OIMGOGOO ITMIOWIIME0S MOOSFO0L dobLBY
@9, 396L3MMBOm, 3590l ToLgdol E0bBs0ZSLS s ™3goboll 0bgdgdby (Larcher,
2003; Korner, 2003).

33090900  500bodbgds 96> FbmermE  359M0L, ™59  ywol
A993965¢M5803. ABMBWOoMm M39560L Bodmsm 3H983gMo@Emsd 339 LoaMdbmdws©
s0fjos o 17.5°C-l dorobermgs. fywol 3Hgd3g6e@weol 33wowmgds, oliggg MMmymO3
35960y, 5M59MMY350MM3560. BoQ5e0Mo©, dMMm 90 ol A56353eMdIT0 SEHEbEOL
39960l 39039M5@6msd 1°C-000 dm0ds@s, bmwm bmMzgaool bw3oLsd - 2°C-oo;.
MBI MOHO  EIMIMOOL  F9gIR9©, Tglodems, 2odMgl  amexaLEG®O0doL  ©obgds,
OMIGbsg  BdEGHMmM30390006 ©@s  HMM3039000s6  ©OEIseo  LOoMdM  2os5J3L
5M943H030lL 308sOmMgdom. 3559500 ©0bgdOL does w9339 10%-0mss 899306 YdIEO
(UNFCCC, 2010). 8m8s35¢» 100 Hgarofodo 58 ©oobgdol Lermeo god@mdols 390L3gdd¢o3o
50%-b 5356090L, bomgom 2200 Herolmzol dolo odemdol 3sMsmo 70%-bg 99@os.
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3MRLEGHM0dol  ©obgdol 993060905, JOMOMIIE  MIBEBoOLs @S vBJBH03oL
4obm9d0l bmdOL godm bgds, Moz, 0308 AbGMOZ, 0§33l 3¢0dsGHOL (330 gdqdL.
3635M3dGH0530 530MYM0e0s J30fHoll Jobmeols oGrogols ssbermgdom 90%. dolo
@bmdol Lobdstrg 339 89950x8MmMYd0ger ool sMHg3l: dmerm 50 Fgwofsdo
36O EGH0oL yobyemol go®ol gs@mmdo 13000 30%-om d9dgots (CEC, 2007; Dosio et
al., 2012). gobomerol sbgmo G930 ©bmds AmBwwom ™39560L6 Mbol ®sd9body
3900 5939l 299m0(393L, 9dgeb  299mIEO0bsMg y3zgws Moygmaomo  JJIROM
(Larcher 1995, 2003).

35960Ls s bmgBwom Mm3gobol Yol AsmdMdOL 9o Mbs dMmodsEmU
SMEOMJgdsd, Foaced m3gsbg 0bgMEool dggas (Bol Low®dgdo sMLYdIMWO (3030
090l MBs®mBoBoMo FoMog0l 459Mm) 300093 OELBL Fgobs@Pmbgdl 355006y msb
305bEMmgdMe  3$9339MHoGHvel. sdoGHMA SO gdol 0b3Hgblogmds F9033wds ©d
5GHIMLGgOH™M 396 d00MgdL 353HJO0M Yol MmOMIJwL. sFom ©939ds 3mbgbLsgools
SEBIMMBS 9, FqLodSTOLO, F9930M©IdS [300900. YIS “MbsdgMm™M3Zg 335¢30L”
3960Mm©O0. Ym39e039 U ©35380090)o 046905 mm3ol Mg:00msb, boswogols s
23601BGHOL Fyargdol Momgbmdsliomsb (Larcher, 1995, 2003).

653569909305, ™3 2100 {erobmzol ©gsdofs®g Imbsbergmds 14 dogrosmEL
9050(93L. Sbgmo BsBHgds 459m0f393L 9bgMHFOOL IBIBIKRJOOL 509d39HM DML
LOMOML MOMEIBHMBOL 3 MBOEH FMToBHOL (HMAMOE Bgdmm s©0360db69m, 3.8°C-
@b 5.6°C-d0g;( IPCC, 2001; Houghton et al., 2001; McCarthy et al., 2001), Gsbss, 3bsos,
3MdIOO  AoBIGHOd0m  IMZ9WO  MoMymBomo  Imzwgbs  dm3yzqds,  39MIM:
095©0Mdgd0  LsbsdomM BMmEgddo; 3mwobybosdo s JozMmbgbosdo M350
353oMs  37bdMols  Bsdo®zs; 893096 Bobatml 9396509 MmdOl 2965 E9ds;
o6Oxboll Hoxggdol, 3500 FmMob, s3LEHMI00l OO B5MH0YJOHIWO MHOTBOL BOBIVIOMS
©O0I339; fYodm3zsm0bgdo dmobs s 3560l d0bsdggddo; d4obzsmgdol 356 abggs,
DMQ09MHMOL 2odMHMdS, M3l LEFSMOL LOIIS3MOLS S BIBYOIOZ3MdOL F9d306MYds,
o3 LOdMEOMM X530, 93H3BsM0 fyrrol d5sblOL IM3935L 2odmof)3gal; B3o3700UL,
390996gd0l, gembomwo  dm3wgbgdol  gobdomgds;  Lsm0d-LydM3MGOOL  Mgg0dol

©MM3935 Q5 B0 2509065330905 MABOHM oo 30xLMmAgEHMI LodsMEgqdbY; GHYol
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D95 LEBOZIMOL LEAOJAHMOOL IMWZIZS, OEG WIBMIOL 30EOMEMYOME M:10dbY
MOMHYMBoMs© 09mgddggdl; 939696090 LabEYwgdol bsdswmeo 700 3-om Bgdmo
3905653319ds; bobdMgdol MHoibzol BOY; 29dBMgdol 3O MEgLYdOL gob30m50MYds
@5 8mbO3E0sbMmdol  99306M9ds;  SEMYROBIBLMEIOL  §35¢3900L  AobT0MGdS @
939bsMgms MgLErom A5FM3cgdol F9HBPM3s; BMIM360 9350JOJOOL AobT0MGd;
05369030l 9960530 q0s; 630560 gds©  J39969ddo 1.5 TFowosMH  5sd0sbl
599896905 J08doom godmf399wo gEswIOHo 9990.

303530l 3300gdol  9x9dBHo  dobodsgr@mo  0dbgds  GEm303me
93909MgMEMdsHg o  FoduoTo MO - FoedMOL,  BMMYIMO  BYggdols @

GMbOOL  939bsMgMEmMdsDY.  36Mmdowos, ®MmI  bg-033965609900 @5  dosbm3zsb
939bsMgms BB glmds 9M9IM RoJBHMOMYOOL 83396 (330 gdsBY 396 35LIbMdYD
393990000 - obobo, Mmam®ma (gbo, 033Wo0sb  9Mgoel. [obsLsmo TgxsLgdosb
39908006569, FoOGHM 930M30L 5¢39030 0393y 120 LobgmdsBg dg@o d3gbaty.
?30039wgl  Yym3wobs, gosdnhgdol  LogMmbyg  ©ogdmdemgdsm  30(6H™  0gMIMe
©0535DMbMb Fgamgdmen 939650990l (<Bg@gl d98mbg935d0, ©®IL LHmMg olbobo
3960b0gd0s6  OHMamMi3 0830000  Lobgmdgdo).  sLgmgdos: SO oboBbEols
390530300, MM3oLs s IYob3zsm0L306Ms 339656019900, “5e37IMH0 boggdols” Lobgmdgdo,
U353 MMH0  BoOEBIEIbYMEMdOlL  FomBmsygbergdo.  dgogH  LgbLboEMms
3939306058 296939003690006, 5309139 bombmazo@gdo, s6v) ol d3gbscgqdo, GMmdgems
B®dscrm®o  3bm3zgedmddggdolsmzol s, bdo® 89dmbgglsdo, oscmbgbolimgols
3ME0YdI0s bobaMdwo30 mmMm3wol Logsemo. sbgmgdos, dsdswoms®, Rhododendron-
ol 33560 HomdMT>g69d0, MHMAWId0i3 3933950530 BHYob BgEs LsDBPZOOL gHM-gHm
00030l 3m33mbgbBHL  [oMmBmoygbgb.  Fomowdmol  9;39bs6ggdo  AsbM©Oo
MEGHM00LBIO0  MOO05300L  FoBOOWO  06FBLOZMdOm 9O IDB0IBYdOIB,
LodogogMm, o3 dbMHo3 oo  Logdmbg gwwol  GHMbOOL  xMxs  ¥9BJ6SM
039D INEMdL. Bgog3wgds s IOORZI3S 39O J3MLOLEHIIOL 9bgHRIHOZAWO
0osbLO. 93mLoLEBHYIFPT0 MMPB6OBIMs FMMOL MOPOYMNMIOL YOOI S STom
930LobEAHYIOL  BsTMYs0dgdsls  soligmmdom  fgwofoo  LFoMEYdS.  30TsEHOL
99335 3930 gdom MRO™M LHMsgs@ dmbgds, 30069 93gbsmgms Tmemol sbowo
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MOMN0YJOHMNMOJOOL  BoIMYse0dgds.  9d0G™MI  ©MIY3bgwo  Lsboo  s®LYdYIEO
bobgy®mderogo 93300l 3909950 Bo9mMyse0d9dmwo 939656909
0565L5BMYPoMYdgd0 Fgo33¢gds (Kdrner, 1992, 2003; Grabherr et al., 1994; Larcher, 1995,
2003; Holten, 2003; Theurillat, 1995; Sala et al., 2000; Osenda, Borel, 2003; Walter et al.,
2005a, b).

1.2 Fs@sendors Hmzgeadig 36000590l genmdserenfo 33emoemgdol 0boosderho

3o0odms  4ymz9m3ol  dogrosh  J0dDB0o39e0  0Ym  BOEHMIIMCMYOMOO
33193990Lm30L. oo 19939960l 40-056 Fergdsdg Fo®odmol ;39bsGrgms 33¢93s
dbmem 9360™30L HBmdoge LsMEGHYgerdo Jodobs®gmds. 3. 29LByMOL (BmIgerdsg 1555
09l oesddes dmo 3owodmlo) bsddmdo - "Description Montis fracti” - @qlsg
59BHu99M05 0do®mo 93965609 mdOL  SFIOOL MZsElsBGolom (Grabherr, 1997;
Zoller, 2000).

99-19 Lowm3zMbgdo 39MbgMmOlL Boge GHoMMmEdo Bs@oMmgdrro bsd®mdgdo 30M39w0
99b3960096¢ Mo 33939005 (Kerner, 1869). 8936 9ma30569000m dmbogls s
3936960l IOMI0ds Logmdzgeo BoyYsMS FoIIMSd0 §3MBODBOMEWMYONH 33009390L
(Bonier, 1890a, 1895; Wagner, 1892). s0lobodbsgos 0bld®m+n30l xmz30l 36s35¢henosbo
963900 5. 30Dg30L bgerddwgsbgmdoom (Pizek, 1960). dsm dgobfagargl Gyob bgs
LOBEO3OMOLS s Bl Bgdmm ogM39gdMwo 93965609900l 93MmEMPOMEMmO S139d3HJo0
(Pizek, Larcher, 1954; Friedel, 1961; Tranquillini, 1964, 1979). ¢g6m dma30s69000 3.
Wwstbgmol  (Larcher, 1977) xamxuds ©@s0fgm sw3n6 Lsd@Gygwdo 93mbobEgdgdol
I9bHogs, M3 LEYMMHTMOOLM BOMEIMAOMMHO 3OMYMSTol (MAB - 50500560
d0mbGBYOHM®) »dmegtgbo 99dsaqbgwo bsfowwo ogm (Larcher, 1981, 2008; Cernusca,
Seeber, 1981; Cernusca, 1989 s Ubg.). sbg3g 86003bgermgzsb0s  U3960bsg0sls
(Turesson,1925; Dahl, 1986; Sonesson et al., 1991 o Ubg.) @5 dm@Esbools dmgddo
BoGo®mgdeo 3393900 (Callaghan, 1976; Woodward, 1983; Friend, Woodward, 1990 qos
Lbg.).
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300035¢0L oMdMOS ©JF0HoL yzgws 93mboLEYdsBg dmobgbl d9@-bs3w9d
393009bsls, Bog5d goblvgMmemgdom 9339006 s 0936 bbgs 30MIMb TgsMgdom LGSR
33X09090L Mbs 39 MMM FoMsTMOT0 - MMYMOF 5OJ3H03ME0 S HBMIogho, ol
GHMM3031000 Lo GYagdob.

0930  30d5@ol  IMOMdOL  Bmyoghmo  dmEgwo  (0Mbsg  Y39woHy
M3GH0doLEGHMEO0, 6 BMI0gHb FosbEwMmgdwo) godsMmEs, 969 dmdsgoe 20-30

Dowofodo 5@mbggmml LBodwswmm &gddgmod©msd 1.5-2.5°C-o0m 9m0ds@)s, dmbgds
d940b356m9d0L LgOoMBMo M350 sbgzs. Skywatch-media.com-ols dmbszgdgdoom, 2009
ol, 2000 Hgerosb dgotmgdom, ©gsdofjol dgobzs®mgdol 10% m339 25dMs, bmerm
3653500  Fomsbol  BsMMd0 3609369 mzbo  F9030M©s.  BMmIoghHo  LoEHywrol
309080 894obzsM900L bMdOL ™MsbsdgM™mgzg Hgddo (gwofsdo Lodwmsemeo 1.5 3-U

509953 909.
936>m30L  800gddo  ®omJdol  yzgash 93300000  F9gobegds  SE3E0o

LodBHYgEo, 393650  2obLOIMMMIB0m  OMSTSGHIWO (3300090900  BogoE
LoMGHYEd0s dMbOErmbgwo. 399d030 MM3E0Ls S JobmErol LyMEHYguro 9dmMmbgds
dbmEmE dMbdbol dsliogByg, sbvgEgm 39035M0LS @S Bsfowmd®mog - GHoMmmEol
539080 (53LGHE09). 09360  LIDM-LEMbOWHTMOM  L3MOEOL  (396GHM0  o9Jdds.
309000 2obdoMmgds H353900, 990Y9Mgd0, M35MEMRBIO0 S 9OHMBowo dmzwrgbgdo

(Osenda, Borel, 2003; Walter et al., 2005a, b).
d9Lsd5d0bo, 860d3bgemzsbo  (33e0Egdgd0s  AMLsErmbgwo  Fs®owdmols
93965M9gM Boxgs®do. Fo@sdmols Lsbogmabwm bBmbsdo b Eyol Bgws LsbwzmOL
D90m» dgdscg s0gdo (Korner, 2012a) d3gbsrgms Lobgmd®mogo IM35n9Mm36900L
bs®obbo sbLo3mmemgdom ©oos (Grabherr et al, 1995, 2000b; Nakhutsrishvili, 1999,
2013; Burga et al., 2004; Korner, 2009, 2013). gb 9mgggbs 361535000 35dGHMO0MSS
396306Md9g0o. M350 53BHMOOL b5IMMIGddo 9dmymaowos d98ga0 dobgbgdo:
39M3MR0ME0 0DBMESE0, 9JB™b03MNOO FMIMsMdYd0, 3¢00TdEHMMO (330 qdgd0,
3589406356905, 350039@gdols 8030M3500E93HJI0L ORIMY305300L Fosero boGolbo,
30gM5300L (33940905000 OLGHMM0s, 93Mm305 ©s bbg. (Agakhanyans, Breckle, 1995;
Korner, 1995, 2003; Spehn, Korner, 2009). domoedmol  d39bstrgmero
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0565L5BMYPSOMYOGO0 JOM-9Mm Y39wsBg MBOM LybLlo@wems dookbgzs, 306506
om0 9MLYIMBS 3530609005 359005 O JOBLOZMPMGO0m, 605OPOL B
A9939M5¢M9gdmsb (Korner, Larcher, 1988; Korner, 1999, 2011, 2013; Guisan, Theurillat,
2001; Ozenda, Borel, 2003). dsmoedmol 9;39b5Mgms M35 Rq9M™m36905%g 439esBY
096 453e9gbsll sbabl MmO BodEHm®o. gligbos: (1) o0odmol Joffsmlotygdemdols
G030, 23bLo3MMMGoom gJuBHIblomO dM3qds s (2) FEPMBIWIOO EIMIMDS. 53
330 qgool 003950  0b6035GHMMms©  d00Bbg396  Fowodmol  Bosoggdols
BEHO00WMOMBIL. BIMOMODY bosogo Fbmerm© 83gbsMgMwo Lsgs®ol sOLYdMdOL
OO BgmHgds.  Fgbodsdobo,  Bo@owdmsdo  sbmOHMIMYgbmmo  BogBHMmEmgdol
9039900l 9nsLgdolL 3O0GHYH0dsE, J. 30MmMbgeOlL YBOO0m, JoBbgmwo mbs
09469 Bosogol d3965MgMWMBdOm IBIMMIMDS @S 0bGOJBHMMO Bglgms LobEds
(3omGbgMo, 2008).  Fo0oErdmsdo dMs35¢0 08300000, MHgod@Mo, gbwgdmemo s
930bm303m0 3603369c0mdol d396969 943b3w9ds (Grabherr et al.,, 1995; Korner,1995;
2002a,b; Barthlott et al., 1996; Nakhutsrishvili, Gagnidze, 1999; Schatz et al., 2009;
Nakhutsrishvili et al, 2013a). 9ggbstgms DBMHo-gob30m0gds  Md0gdEHEms©
5Mbgmlbogmge  256M9dmdo  d0d@obsMgmdlL, LosE dowosh d30Mg RIOOMOBYE 30
39M0bsMo@  oblibgsz9d Mo 93MWMYPOMEI0 O JEIBMMO  3060HMBJOO0S
d9Jdboewo, o3  dmombmgl  d3gbsgms  FMb3omm M35 RIOM3BIOILSE. UL
3965536900  25FMbsEMWos  domJodomo s  BoBoMWMmAomo  dgdobobdgdom
3963060Mdg0Mo  53GI30MM0  BEGHMIGHJR0900L  FMOZ5wRMM3bgdsdo  (Larcher,
Nakhutsrishvili, 1982; Kérner,1995; Larcher, 1995; s3qoqsdg, 2011). gl g96Ls3mo®gdom
36003690m35600,  Mo@pob oo 3oxgLmdgEme  LodowggdHg  dzgbotgms
Bn®dscm®o  BmbJjaombo®mgds  Ls3dom©  FgBOWPMWOos  3500FGHOL  FoDBoIMGO
3033069639000 (Wsmbgco, 2006; 3o0mGbgHo, 2008).

396B53MMMGd0m 5060 TBsZ305 TYyobgzs®molido®ms 33gbscmgqdo, MHMAWYdOE 0DMYd0H
153390L M3 IMdMS3 LLYPLEAMIGHDY o LEBOEMMDdI6 FbmEmE IYobgzsMol
Bobmd  flyegddo  goblbowo  Us3zgdo  BogmogMgdgdom.  dYobgzsMgdol  HBgdmm
39056533 gdol  39ML3gdBHogzs 90 39bsmgMImM30L  Fgodergds  39EILGHOMBMEO

3900 9L, 3065056 3v00 FbMEIME 2963399 LTI F99dwgdsc 8g4obza®ols
12



»0000936905“ (Korner, 1999; 30m®bgemo, 2008). bmdogho LsdEHywol @Gyob bgs
LOBO3OMOL Dgdmm YOG 9O 2530 Jd0m MBOM  LYbLOGHIM0S, 30O dmob
0905M900 s B0TsMEgadHg A9630MGOME0  MobILEBMYSEMYdgd0 (Korner,
1992, Pauli et al, 2004), 853650 <9d99owm© GYob Bgos LsHOzEOL 9g3mGH™bol
0565L5BMPOMYOGO0  (BoM5TN3906g  omMbIMo 8B, xMxs  dmBJbsGO,
G9B3M3000 BYg, 350WBSIHIMWMOS) Y39ad 356539 BHM0m TJBoLYIMNWOS MMYME3
y39wsbg Lybbo@w®o (Larcher, 1995, 2003; Korner, 1999; Nakhutsrishvili, 2013).

A993965@ 0ol dmds3Hgdom 399mfi39meo 39690 339JGH™M6M9d0L
doc0doBoMgdgwo  9x39dGHoL 993060905 bgwl  Ggfigmdl  89oMgd0m  IBIEO
L0 GJB0EB  ,T3YOHMOY“  Lobgmdoms FgFML s  godmofigggl  Logmom®og
1360dE I396sMJMS MBROM O LOTsVWgHY FoYGsE30SL. JogMdEool MYsEIMHO
bseobbo ©sdm3009dMwo 0gbgds ol 3m63M9@M 3HgdBg. BMYogHmo dmbyBEOYGOOL
05bobdo (Grabherr et al, 1995; Gottfried et al., 1999) Usbgmdoms ToLmdMO30
39603035 )MH0 JogMozool dolormgd 5w @gmbsdogzs dgodwgds Bsomzawml dso doge
93MMYoMOH0  M35¢LOBOOLOM Fobomgdo 3mb3MgGIo Bodol 353905, 063
02039  LOTomol  9sblbgeggdme  gJudmboEosHy  (Bsowroms©,  LydbGmgm
99b3MBoE300B  BOHPOWM-EILOZWgm b6 BOOwmgm  9JudMmBoEool  BYHEOMIBY
8065309). SBgm  (33w0gdgdL byl Jgmhymdl  JozMMEHM3MYMOIROIMOE  IXO0YE
©0xIM96:306090mwo  bYdbogzsWG-bogoGmo LsdGHYwol Mgwogxzo (Korner, 2011,
2013). gb 30 994dbols 0dol [obsdd®3zEgdL, MM FEPMBIWMIOO (330090930l g3mdsdo
350530l 339b56M900 LobgMdMH030s FMS35¢TRYIMHM369050 56 45b03ML LyMombBo
396930300 gombDos (Scherrer, Korner, 2010, 2011; Scherrer at al., 2010), o6
65309050  5333H0MJOMEo  Lobgmdgdo  5©9d395GHIO  6089gddo 250506533 gd96
(Grabherr et al., 1995; Gottfried et al., 1999). ®30 d530m3zswobfjobgdm Fs®owdmols
93965M9m5 MB9gBHgLMdOL LBEBHMGLOLIAO MYJDOLEBHIBEGHMWMSL, 39EdMMIMHO S BEOOL
36m3969d0LM30L LsFoMOHM FHgd3gMHOEGHIMHOL BIMMM O35DMBL, Fosmbgbolmzols oo
15305 3960 39ML3gdBH03900 Mbs gosBbegm (Larcher et al., 2008: Koérner, 2003;
Larcher, 2012).
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96535 053306039050, FoROWOMO®, 930MM30L s¢390do (Gottfried et al., 1994;
Grabherr et al., 2001; Korner, 1998a; Walter et al., 2005a, b; Erschbammer et al., 2011),
13960bsgool dmgddo (Klanderud, Birks, 2003), BGHOEMgo 5396030L  3¢EM356
dogddo (Price, Barry, 1997; Callaway, 1998) s o 39335b0mb%bg (Nakhutsrishvili, 2003;
Nakhutsrishvili et al., 2004; Dullinger et al., 2008; Erschbammer et al., 2010; Nakhutsrishvili
et al., 2013b; Gottfried et al., 2012; Pauli et al., 2012) 5Bg96s, ®m3 Dmaog@mo dzgbstrols
569500,  293M39gdol  ™30L939M9d60 S LOEMEbEOLWBIMOBMdS Yot 339w
(330gddL 11339 997995 BoboEEOL.

396L93MPMYd0® 0bFMOT>EH00s 0lgMO 933060390930, OMPILIE JOPDO S
03039 0565L5DBMYIMY0JOBY (S JGOHMO S 00539 9Y0WDY) bgds LobgmdMogzo
3653500 x390M36900L 99M905 OOMOL OO 06EIMZ5WOom. ©YEHIWMmTs SbsEoBds
5B3965, O™ Fogooms, GHoOMWOoL 539030 (536GHM05) 96305MGOMWos oligmo
LobgmdgdoiE, MMIWIO0E 9O  B0MMH0MHgdEBI6 39-19  Lom3zmbol  dmewmlb 53539
096565BMYoMYIJOOL 0530930039e 50figM9dT0. IYOBS, MM s TgEsMgdOom
©505¢00 B0FsM9900b 2560350098 B0MHE305 MBOM Fooer LoTswwg)dby (Grabherr
et al, 1994, 2001), 53 5©3LGHMMIOL FmbsbMYdsL 0dol Jglobgd, GMI 3e0dsEHol
BWMBIWMOO  33CP0ds 90O G509  303mmgBHIM0  Im3Egbss, M99 9339
950065 8080656 3MM3905 S Ol 99339 SHBOIBL Q9339w A939BsL LobgmMdsmS
5M95¢Bg 5 oo dmsdo d3gbstgms gobsforgdsbg (Walter et al., 2002; Parmesan,
Yohe, 2003; Root et al., 2003).

abaogl (330 gd9dHg  ©ILB3300390O@ S  BodEPdMOl  I39bsGmg M MdOL
d9Lodem A®5bLBMOI>3000 dmyoMmgdolom3zol, 306039l 4m3e0bo,
MM30gdgwos  in situ  9mboGmEmobao  93gbstgms 3653505903695
3083LmAgEGHOMEOo 3M0gbE0L dobggoom (Grabherr et al., 2001; Dullinger et al., 2008).

GLORIAS- b 36m9d@ob g306magddo Bodomgdmeds 33e9390ds bosmers sB39bo,
M G$9939OHGHeol  ImBsGgds  Foeodmsdo 0393l 39339 (330 YdGOL
93965M9ms 3M935¢0xgMHM369050 s 500b0dbYdS (3503999 LEbYMDIMS 3GMEH0JOWOO
30gM5305.  5©LYB0TB5305 53LEHMOOL FoEsEMsdo  BoGoMYdMo 33¢93900l T9E9R9d0

(Pauli et al, 2007, 2010). Usggergzo Ms0mbol (1994-2004 Gargddo s©0bodbs
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A99396M5GMOMH0L Mooy 0,8°C-om)  Fomowdmsdo  syoo  3Jmbs  IdsEo
L03oEggdol  F390s6Mgms  35803OGOL  ROBIODMYdSL, 35dob  MmEs  sobodbs od
LobgMdsms Mobgzol 9930Mgds, HMIwgdoi d9am9dIbo 093696 MBO@ (303 LosMLgd™
39093mL. LOFOMbY ©99dYIMs olgm LobgmdadL, MmymGmoEss: Cerastium uniflorum,
Luzula spicata, Saxifraga bryoides. b &969b630s 50b0dbmwo oym NBOM SEMYME
339399do3  (Gottfried et al.,, 1998, Pauli et al, 1999). dsmscdomol 9396569
3963000560905B9 LYIOOMBME 453Gl HBIBL 55 BoOBHM 3H939MSEWIOHOL TMBoBgds,
56589 0030l LEROOL bobyMdwogzmdss. (Jonas et al., 2008).

93965095 39MGH035M0  JogMo30s s Lobgmdoms  LOIOEEMOL  Bodgds
©5830JLOMOPS 396GH®IWMOHO oFswool Jomsrdmsdo (Stanischi et al.,, 2005), Losg
3900530065 53 ME LotEGHYgedo 9;396569ms LEBYIMOMOZ0 FMSZSEXTRYIMHM369d0L B,
390LO3MMMGdom  5IMBIZWgm  9JU3MBO305DY. BOOWMgm  9Judmbogos  MBOM
60393500 3005 LEHYIMOJO0 O MBROM 3BLYIOZE IS, 5953 900b0Tdbs MFOM
3030 35003530bL d3965MgmMs HoEb3oL 99930090 S LEFOMBOL J398 odo3 950dMBBHYL
oo Lodsgbg 393039 gdMEo 9b9d9gdo (Vitaliana primuliflora, Viola magllensis,
Saxifraga italica). 356HM™d s> ®mMLoA (Parolo, Rossi 2008) 2003-2005 {j¢rgddo o@swwools
5¢03908d0 S0M0Ebo Lobgmdsms MomEgbmds 8950sMm9L 02039 GJOOGHMM0sDg 1954-
1958 (9080 domqde 3909a90L. Lobgmdsms Momgbmdsd dmodsds s Lobgmdsms
d9L539OL 5M0Jodd FoS0BE3WS MBOM Foroe 30x3bMIYEHMME Lodsgby.

Lo0bEIMGLM FMbs399900 doMgdo 0dbs LEdbEMGm S 396EGHMIW MG SeE39ddo
BoBoM9dMo 33090900l dggao (Erschbamer et al., 2003, 2006, 2010, 2011). 50
6930mbdo  s0obodbs  939bsGgms  FMOZ9XRIMHM3bgdIOL  33¢P0Egds  BHYob  Bgs
BoMGYW0EID 5e3M6 LEMEHYWSIY, GHYoL gegdgb@Hgdool J93cs 536 8 mgdDY,
o3 99 39651369l 963390 LogMmbyg d9wddbs. MM LEGsdoWMGmO BOOoEMgm
9gdu3mBoEos  508MBbs,  Bosogol  A9630MMPOXMBOLS O NBOM OO0
3H9939M5GHMMH0L 450Mm. 9Hmo 9bgdmEo Lobgmds (Potentilla nitida) 30 d5d6s.

31939 YIH5LM9d0 9900939005 F0©GdMO 53LEHMI00L Fopswdmsdo GLORIA-
b 36M9J@ob BoOYgdTo BoEHoM9dME0 33¢093900LsL (Pickering et al., 2008). 5J 500bodbos
Lobgmdoms  bLodoMol  BMEs  39OGHOIIWNOO MO0 GHOL  dobgz0m.
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A99396M5GMOMH0L  IMBo3Hgdsd s 0Mm3ol  LBoxMol F9d306Mmqdsd  godmofjzos  obgmo
Lobogmabem BMMIdoL MHHMIbMOOL AsBMPs, MHMYMMOESS dBJgd0. s3LEHMsOOL
950080, LooE 9O MLYOMBL bogowrmMo LsMEHYgo, 3eods@ol  (33X0Egds
Y39wsbg 99Go® 999996M9ds se3M 839bstggdls (Pickering et al., 2008). dbyoglo 9990
doomal bm®mgzgaool doswowdmsdo (Michelsen et al. 2010). GLORIA-L bsdmbodmMobam
653390909, 2001-2008 {ergddo sdsen 3053bmIgEMME LoTsEgHg A0BIMPS Olgmo
93965M9900L LOBOWMY S IBIOYWMBS, OMYMOOESS 0BJ9d0 s FotEEm3bgdo,
b ¢odqbgdobl - 999306Ms.

2010 o 2012 fiemgddo @09md399bs  930M30L  Bowoerdmosbo  Mgyombgdols
dmboGm&mobyol 99gaqdo (Pauli et al, 2010, 2012), Bosg s0b0dbmos, G0d 2001-2008
9080 53 M9a0mb3o 39339 9GHEMOL Fo3gdsd 35dmofj30s o0odmol d3gbstgrermdol
LOIPOEMOLY O PIBIOYMBOL (330 Gds, BMYOYHDO LobgMds LogHOM® oM. 53
36m3969dbY 306306 Mgl OMZWOL LoRMols s BOOL bybmbol (GDD)
bsbaMd03md0olL (3300 gds. Bogsbyodm d9wgag00 0dbs dowgdmwo bdgewmsdwmsbmgol
6930mbd0, LosE 900b0Tbs LobgmddOL MoMmEIbmdOL d9d306M9ds.

LogoMM3geml Fo@odmsdo  3¢0dsBGoL  (33e0Egdol Fglsderm 93 MY0IMHO
396139903990 s 839bsMgMEMdol  dmbormbgwo GHEMBLBMMIszo0l Bmyogdmo
A9609630s (3500 d®ol: 939656099 MdoL 396 E0350MH0 BMbsErmdoLY s dbYdMZ30
930LobEAHYIFOOL  BEGHOMIGHMOOL  33E0Egds;  JugOMBOBHODIE0S;  FIOGBHIMIBODBI30;
50039630B(309; WHMOMMRBOODBIE0s S IZ.) gosbowoBgdmwos GLORIAS-I 3Gmgd@ol
©5(Y4n0s9g 499mg399bgdme Modgbodg bsd®mddo (Nakhutsrishvili et al., 1999a,b;
Bobmz®odzoo  1999;  LosdoOmzgarml  dgmMg  9gHmzbmeo  dgBymdobgds  aogMHmls
3w035¢)0b (330009008 Bo®BMm  3mb396300LmM30L, 2009). (396G NH  39335L0Mmb6BY
2004-2009 §§ Podots @yol bgs LoBO3MOL 93m@GHM™boL 33¢0935, M5353 299Magz3w0bs
GobdMY3000  50Ybs®o  BHYol @MI0bsbGHOL Betula Ilitwinowii-ob ®mgLEodmddbols
36m3gLOL  4930gMHYds, Tobo  sbOERSBOS s IMBsMPO 060300d0L  Bo@gds,
935836 BSE0O0EI30MM0 YOO JOHMOJIOL 2530965 sbogsBMHs 0bogz0gdOlL
©593300060905D9 5 DBMASO®, 3MYbs®O FHYob 25633970 gdu3sblos BOHOowMmgmols
99L3mBoEool 08 BIMEMIGODY, Losg oL AoBgb30Ls @S FoMdo dM3zqgdooL Fodm S
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foedmggboero o6 oym (Nakhutsrishvili et al., 2004a,b; Akhalkatsi et al.,2004, 2006;
Abdaladze et al., 2005; Hughes et al., 2009). ys®Bdgaol Msombdo (;3906GH®osMo
393395b0mbo) 2001 (ierosb sofygm GLORIA-U  36MmgdBHoo  490m35¢0obfiobgdmwo
LodMBomgdo s 300390 LsdMboEMMobym (3030l  MBMszmlo F9EIRJO0 9339
3990J39969dos (Dullinger et al., 2007; Erschbamer et al., 2010, 2013; o960 s bbg.
2011; Gottfried et al., 2012; Pauli et al., 2012; Gigauri et al., 2013, 2014; Nakhutsrishvili et al
2013).

1.3 GLORIA-b 3609550 obdembios

MMamO3 339 903603690, 056599000™39 FMmBomdo 3e0do@ol AEMBSEMOO
oMdMBs o Jobo 993w gbs 93969609 MdIBY, o  TmOOL  FoEdEdmol
9396560 9M@Mmd5DY, Y39obY 594G MMHO 930EMQ0O 3OMBEYBIMIQD JPI0-9gHD0S
(Korner, 1998; Grabherr et al., 2001; Pauli et al., 2004). 5856056 053538069000, IG535¢00
36OMbmBo s IMLsBMGdss godmmddmero. sMLYIMIL LblsILlb3S IMEYWo, OMYMEOS
™3&0dobGMEo (2100 ferolomzolb sGIMbRgeML 3H9d39Msd Mol germdsew®o dmdsd)ds
1.5°C-om), obg 39L0doLEHWMO (BHd3gMGIMOL FoBOHES 9BHS3MdMOgs© 5.6°C) (IPCC,
2001; Houghton et al., 2001; McCarthy et al., 2001; Vautard et al., 2014). g39esbso®o
390039000  dMboErm©bgos 9;39656MHgMmdol  LgMombmEo  GHOLBRMOTs305, M3
37100 lbAMBL Mobermall ©599bodg smfiengmedo Gogduimbmdom®mo I6M635¢x39MHM369d0L
96003690356 (33000qdsL (Grabherr et al., 1994, 2010; Sala et al., 2000; Bakkenes et al.,
2002; Dullinger et al., 2008; Grabherr 2009; Spehn, Rudmann-Maurer, 2010; Korner, 2012b,
2013).

59 (33000 9093Dg OL3300390wO® S FoMOETMOL (3965609 MdOL glsderm
G®9bLRMOs300L IMPY0omgdoLgoL 2001 Fawl Logwydzgero Bsggs®s 930M™353306M0L
doge dbsdsFgMow 30MmgddHgdl (GLORIA-EUROPE o 0mg30569000m - GLORIA-
WORLDWIDE), 6H®3@gd03 0035¢00L{obgdgb dmwodogo ULsdmbodm®mobym  Jugarol
999Jabsll dongro  gsdofiols  FslEBHod0m  (Yzgs  Fo0odmosh  Mgaombdo) o
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bsbGgaderog  39OL39dEH035do (50 fgwo @s  9gBHo) ©9330603905L (7 erosbo
06¢9M35¢0900m) 5¢3M I39D65Mgms IMOZ5¢Ei39MMm3gb9dsby (Pauli et al., 2004).

GLORIA-b 36m9d@do godmygbgdmwo 8gommo 899885305 s ©sobggfs 1997-
1999 $gddo 536G G00l dg36096M9dsms 5350gdool Fosedmol 33930l 0bLEGHOGWEo,
b dobo  ©ihggds 9393000900 0gm  0bY  FOMYMHTJOMD,  MMAMOOEY:
Mountain Research Initiative (MRI) o> The Global Terrestial Observation System (GTOS)
(Becker, Bugmann, 1997, 1999). 1997 {9l s3L@®™00b g3mamaools s 3mblg®mgzsiomeo
d0MEMYP00L 0bLEGOGHWGHOL FoghH  (3OMG. . 2Md3gM0oL  bgeddgzsbgEMmdom)
§50mygbgdmeo 0dbs 3mb3gnEos - Fopswdmsdo  dggbsGgms  AMOZ39wRIM™36d0L
d9LPogeols Gglobgd 30xLMIgGHOMWO s 93MWMYOMO 3M3096EHJOOL dobgz0m
(Grabherr et al., 2000, 2001).

2000 §geob smbodbmmo 3MHmaddo Homagbowr 0dbs 83903500580 o639
LogMmIMMHOLM 3MERIMIBE305DY. 30MH39w0 3306390900 53 3OHMYMSAOL FoMywqdTdo
Bodo®es 2001-2002 fierols Bogbwyerdo. dgbfiogeroe odbs 13 93Gm3ero J3gybols 18
3505 dm05b0 Mga0mbo (B FmMob, 353356006 Fbmeme Lods®mzgerm). 2004 Fowls
GLORIA-b 36mgd@ddo Bogmombgb bbgs 4394bgdoi o 59 Hgrl ¢339 24 850080056
6930mbdo Bo@oMos 33agzs. 2005 ol 0969L3mbmb 9bsFIOMIMdOL Fggo©
250D5Ms  3MMmgdBHdo dmbsfowg J399b900L MoEbzo s 356 doomm 1339 AW MBSO
bsbosmo (GLORIA-WORLDWIDE). 2006 {9l 339 5 3063H0bgbBHob 47 J399s65do
0090b5M9Md©s  Fo@odmols  d39bsGgms  IM35¢RgIMHM369d5Dg  dmboBmEmobyo.
9m0©936m 509 93M™3ol FsLdGHd0mm GLORIA-U 36MHM9d@ob 53o6megddo Bo@s®s
2008 §geb. gl dmbo3999d0 505595 353900l s 3v9d¢035300L 3MM3gLdos. 2015
09l BoBoMgds dmbo@m®mobyols dmMoyo g@sdo.

00mdgdL FmMoL  JooErdms Yz9wabg LBYBLOGHVIM0S  3W0TsBHOL (330 YdOL
803560 5 439eoHY 39MPS dLobogl 53 (330 gdgdol F9gaqdL (Grabherr et al., 1994;
Kérner, 2013). 30%9%o 69 qbodgs:

1. 9505dmol d0mdo 996035¢mEMmos Lbgoolibgs ggmaMsgomw LaMEygerdo o
bbgoolbgs BodomgbBg; dmoEsglb Mo g3zgams  Lobogmabarm  bmbsl, dgody
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3.

4.

ROOMODY3 30 J9MOBIWMGS© goblbgeg9dMEo 3W0dsGH MO S JPIRMOO
30609005 d9ddbocro (Walter, 1985);

Foodms "gbge F9OG0we©” 5ol doBbgmwo Fomswro gbgdoBdol dsdm
(Hedberg, 1969; Pawlowski, 1970; Grabherr, 2009), s30@md 3w0ds¢0bL
33X0Wgd0m 359Mf397o 3mBGHIB30M0 ©IB35MRGd0 (39693030 gHMBoOl
60oL30) MiO™ 3609369 M35609;

9505IMoL  930mboLEBHYIJO0  FJEIMGIOm  FoMEH0305,  ABLHIMMNOIOOm O
BoBs0@gby, LsESE M8mM3MLs© 8mJdgmgdl SB0MEVIM0 BodE™mMm9Rd0. SomEMOO
399BHMOO0L 3mddggds LOTsEol FoBYdsLmsb gMms© F30MEYds. sdoGH™ma gL
932LobFHYIGO0 MROM IZOHIBMD0MYS 3€00T5GOL (3300 gdol dodsto (Korner,
1994, 2013);

0505 IModo  SbPOM3MAB Mo BodBHMOO  MBOM  58doRMIIL  3wodsEol

330 gO0m 2odmf39wen 99390l (Korner, 2014).

GLORIA-b 3609J@ob do®omso sdmEsbgdo slg 99odagds Bsdmyswodql (Grabherr et

al., 2000, 2001):

1.

393603098 LAHBPIOGHMWO  CosMmPIbMdMo30  BsB39Bgdgd0  Lobgmdooms

LodEOMOL,  3MHMYJ30WO  EIBIOMEIMIOL s BEGHM®IBHWOOL  Jglobgd
Lbgosbbgs 9Jl3MmBoE0sBY 308LMIYEHMMWO 4M0gbE 0L dobgzom;

2. 999856l d39bsmgMwo IM35¢RIMHM36900L 33e0wgdol dglsderm MHoL3Ydo

3.

(0339990 dsboerols BoxgwdzguHg) 39MGH03WMOHO S 3MOODBMBE YOO
36500963900l dobgz0m;

396bmM 309 gL bobaMdeogo 533063900, 5096 dzgbotgms
93653500 x39MM36900L 3300w gds s I3gbsMgms Foa®mszool dBgdo Fgodergds
390m3wobgl 5-20 ool Fmoegdo 85306, GmEs 83gbsmgmeo  Lsgs®ob
3000560 LEHOJEHMOOL J933oL 3MMPBbMBOMYds FgbodEgdgeos Fbmeme 20-

50 ferol 0bEHgMz5¢do.

M6 3 339 930608690, GLORIA-U 3G:m9d¢0 2001 §erosb bogds®mggwrmdos

90900b5Mm9MdL s 3060390 39093900 339 359md39094bgdos (0b. §3. 22).
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bboolibgs 439960l Bo@ogdmsls 89360 LogHmm 5J3L, sdoGH™A QobLO3IMMEMIOOM
59BHoemMos  Abmgom  3sd@edom  d93bogmms  0obsdIOMAMds  IM3Mm390vE0
3sLOEPOl F9EIMJOOL  MOPDOYMIMYSE3XP0BS S FMJdgEadolL LogMHmm ggadols slsbaols
dobboo.

1.4 3¢m0085¢%0b 33¢m0em98s 35335U0500

3w0053)0Lb  d0d0bstg  (33000gds  LodoGmggwmdo 9339  m3sbsmerog
9906086905 @5 godmobsGgds 86e35¢ sB3gJBdo  (LLoJoMMz9ww Ml 1-¢wo gHMzbmwo

39¢)9md0bgds 3000d530L (3300 9d0L Bs®BMm 3mb39b300Lsmz0L, 1998; ,Lodsrmzgwmls
39-2 96360 99EHYmd0bgds 3e00do@ol (330 gdol Bo®bm 3mbggbizoobsmgol®, 2009).
Sbg, 054905, ©EYOLOIMZOL  39335L0MbYDY  sMoEbmeo 2033 oo s dzocy
dgobgzsmol  Loghmm  gommmdo 339 32-x96O  bogwrgdos, g0y 2500 §gomsb
3905M9d00m. 99356513690 70-80 ferol gobdogermdsdo 99odhbgzs 39335L0mbols Jgob
LodbMgmo  ByMEMOgdoL  894obzsegdol  LobGgdmemo M39bEsbgzs s dobo  GH9d3os
(Lodmsemme 1.5 9/fgwoffsdo) obgmoggs, MMaMmOE 93MMm30L 5en39ddo. d4obzsmgdols
Loghomm gsemmdo 1881-1976 jengddo 796 38%-000 Jgd33060©s. gl 3MME9LO 505505
W3O 063HIpLOoEMs©  F080bsMJMBL.  Mdooldo  Bsgbmwdo  SBmIserom®o
A99396M5¢M9d0 S0obodbs 1913, 1938, 1957, 1961, 1998, 2000 s 2006 (ergddo, omdi3o
41-43°C 359600 $993965¢) w1650 dbmerme 2006 §gwb doswffos, g beddosb 4-5°C-om
29@3bMl 60dBsgL (Fobs 3960Mm©YdTo BMHB0WIB oEsbEs 2-3°C-b 56 50935 JBdM?).
00500, 35350005, 3. 3bgbolguol smHBTo V35ME3MAYdOL 5dGH03530d dcenm 50-60
ferol 29635303580 4-%x g6 450D, bererm Mo3F5d0 39651369 3gBom©do 43%-00m
300535 ©539PYMH0W BHIMHOGHMO0IMS M5M©OIbMdT.

30d53)ob  (33€00gds  Lodommzgwmdo,  Mmam®E b3y 3m¢003w0dsd
J3996gdLs s M9gaombgddo, sMegMmy35Mmm3sb0o  0dbgds  (,LodsMmzgerml  1-qro
96O™3bmo Jg@BHygmdobgds 3erods@ol 330w ool hsMbm  3mb3zgbioobsmgols”, 1998;
»U94oMM39mb  39-2  9Mm3bmwo  JgBgmdobgds  3wods@GHol  33eowgdol  BoMBMm
3b6396300Lsm3z0L%, 2009), Msbsg byl 39mfymdl dsgo BE30L BodEMMO ©s Jggdol

3Mbx0yMM5305. 8530 B30l 9OHM-9OHDO (3060329W30M0 3OHMEILOL d9gas© Hywol
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653900L B30l 39 89690006 5dmadal 3030 §igoeo (,93839w0ba0), Mo bdgwgmmsb
Dyarol 399396 Mol 8903060935L 0§393L. MBI IOHO IMDdMDs 58 3OHMEILL
39993H06m9d: 65306936 Ly wMeG@ IgBHo 3030 fgoewro sdmzs Lowdosh. gl 3o
bdgegomol  308gdscg  BHJO0GHMM0gdDY  3H9839M5GHIOOL  Fgd30609d5L  258mof393L.
3930900 359MH0L 50IMBOZIMOLIID 259 R0WGIL obols Jgo Mol bgenb.
5003™Md O3 gm  LOJoOMZJML IO MOTO  FMboEMmEbyos 5303905, bmm
5035300 - IMBMOS.

Lodommggermdo  3aodsGol  3mdsgzoeo  (33¢°0gdol  bE3gboolL  599d0LSL
390mygbgdme  0dbs  mombo  dmegwoo  (PRECIS, HadAM3P, ECHAM4,
MAGICC/SCENGEN) g50mm3eoo  bodmserm dmbs3gdgdo. 3¢00d53ob  33000wqdol
139696900l FgxgMHIO0 OMYMEOF IBOZWYM, 0bY 5IMBOZEgm LodoMmzgermdo 2100
ferobomgol bodwgsmm Farom®o ¢98396M0GHME0L 3-5°C-0m #$9939@oEvO0l 853 gdsl Mob
9e»30L  boergdgdol farom®o xsdob 9-13%-0560 Jargds s 35960l FIOEOMBOMO
AH9b0sbmdol  6%-0560  FgdzoMgds.  3OMmEglo  AsBLLMMEgdom B339  bobosmls
Bogbmmol  39MG0m©do dooegdl, Lssg 3H9939Mo@MIOOL  o@gdol s bogngdqdol
3w900L 39b9gb3053 3930w gd0m 9339006M5© 096905 godmbodwo, 30O ool Lbgs
396007030. m0mddol 30%-00 250BMPIYdS 3530560 39MH0MEYdOL bobyMdwogmds.
d0bsmgms  filgeols Bsdmbogbols 9%-000 3¢0gdss  Imlsermbgmo. gl 356599EHM0
033000050  250D6MH©Yds  bogbmwdo s 41%-b  JoseHggl  (LLodoBmMzgwml  dg-2
96369900 9¢Ymd0bgds 3000d5E0L (33000 gd0L hs®BM 3mbzqbioolsmgols®, 2009).

dog 393390580 93MEMm-bo3semo  Lod@Eygwo  d9bseBRmbgds oo
39335L0mbols Ibmerm© (396@G®o® boffoerdo (b356gmo, Mo, bgz0). LBdbozsYMHO
Lod@Gggeo 2900-2950 3-ob bogzero ©@s0fygds 3600-3650 -6 s Log®IbMdEs©
393006m390s. 1800 3-0b LOTsEY by PMZWOL LEFIGOL bsbYOIO3Mds Bogzwrsw 6
”30Ls dbon 3-35 m39 o0dbgds. sbgmo  (33ogdgdo, My mdds b,
9396569 mEMmdol 333906 GHGMBLRMOo305L godmofzggl (Nakhutsrishvili et al., 2004a, b;
2009; Akhalkatsi et al., 2006).
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0530 2. 336930l MHgaombols Im3mmg sbslinsmgds
2.1 89859085

390G MEmO  35335B0Mmbo oo 39335L0MboL ol Fmbs3z9m0s,  BMIgEro;
05edBoLy s FYobz5M(39M0L d0gdol 99gH0EOsBYIdL TGOl EYdMgMOL (ol.—00
dolo LsHzmgdo A500L . Ymdsbol Bgws Fgurby, 8.—gdol bgblizmals s 9bymGol
3oLP3M03 bLmy. X360, BMwm 50d.—0m — . MYMHROL Fogmegdsbg) s Jabol
39335L0Mbol 300569 0L y39wsbg Jowow, 4560960 s 39MIMOBMEMA0OHIO MY
Bofoemls (Bs6rmsdzowo, 1969).

15330930 BHIOOGHMOM05, HMIWOL JoMOMIEO Bofogro dmoEo3L x3MOL MM.-Ls
bog. 39Ol J0sdMmgdL,  5EIoboLEBHMLE0MEsE  dgol  Yobdgaol  Mgaombols
090500396md580 (LG, 1). as6Lbbgsggdom dolo wogbo BoffoEroligsh, GMIgwos
QOO 39335B0Mmboll  BO. 8530MBIOMODY  IEJOIMIMDOL, gMEIIMHOL  Mga0Mmbo
00053560 {)gogodymazo Jgol LsdbMHgm 8s30MEBIOMOBYs. Lodmbodmemobym mmbo
6533900056 Fbmwm© §OH05 053500 {Ysesdgmno ool RM. 3530MmR9MEMdIBY -
bmgg. 3mdLS O ¥3OOL M. FOOL. MHJRO0Mbol oGmmmdo 1081.7 392-0s.

L@, 1. 3033905, OO 39335b0Mbo, (396G 39335B0mbo, ysBdgyuol Ggaombo (3MbJEHoGom),

A405)0l 0@sdMqdo (v54393H0 bsbom)

2.2 30V03596-89(8 P5R3029¢0 3098980
45H090lL M900mb60 HMo 3H9dEmbolzm®o 3969000, bslosm©Yds. MgEogzol

doM0m5©0 JMOHBMIGEHMOI0 ©S FMOHRMEMYOMOO JOMJIYWId0 GH9d@E™bolzmMo s
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ddogMo  9OHMmDoMw-5313MEs30M0  3OM3EgLYdOL  MODOYONJIgEIdom  SMOL
394960o. do05b FIOMM® 293MEIXIONE0s 3B MM0 BZMEMTGd0, MHMIEGOO3
3@0m396-390LEGHM396MO s IMmmEabm® 3gMom©L 80939003690056. goblibgsgzgdoom
4sDd90L M9a0mboll oo Bsfloeolgsh, ymemMol GMombdo s g3bgwgds 0o
J969%0. M9geogxnol Lobgl Jdbosbh dodzgwo, §39¢0960, 300Mm3zsbmbgdosbo Jgwgdo o
o Mol Img3gmo  gOHMBo-39gdBmbolzmmo  [o®mdmdmdol 30(mm bgmdgdo.
GM3MmPM5830w0 D9s30M0 dwoge ©obs[93M90Ios. slsbodbsgos, MM gsbdgaol
6930mbol yz39wsbyg dowswro d)H39M35¢gdo (4000 3-Bg dg@EHo Lodswerol), dso FmeMob,
dg4obgz0mf)3960 (5033 9 DBE. ©-6), 3EIOMJMIID 5O 9356 FYoeAsTYMa3, 5653g©
3390©0m J9bg. X¥300L M. (2395 3 BE. ©.) J0dgdscy d)39M35¢gd0 Lodspwom
3800 3-b 56 509353 90096. Bgy0mbols I0bsMrngdol Lomsz9gddo 3bodzbgemzsbo Gmeo
dgmmbgme 994ob3z56m9dl dgmliMvIengdos, ol 8993 3oBgbowos GHMmygdo, 30603900
@5 dmeM9gbgdo (Mapyamsuau, 1971; Haxympumsmiu, 1974; sdoesdg s Ubg., 1998;
Nakhutsrishvili et al., 2005).

2.3 boseosggdo

gobodgaol  Mgaombdo  89d@gao Lol  JOMOMIEO  B0SWIRMYOO LRI
396300056090 wo:  MN9-}YJ-9IWMb s FMNI-3EIWML, GMIWId0E  S9MHM0s69d9b
bbgo@slbgs Go3ol, J39@030Ls s 35M0L 10-bg 9@ bsoMLIbgMBL (Lydsd300, 1965;
Haxyupuursunu, 1971; «6mdsdg, 1997).

2.4 3¢m0085¢%0

g4obd90L M9a0mbols A9M0GHMM05BY 3003530l 0530L909M90560
396300M0g00s: o0oeo 30x8LMAYGHOIO LOTSVEOm, MM FMOBMEMYO0MS
©S  ©OEO 39335b0mbols AOHomgom do3MmzgHmdbg dgdsdgmdom (Kopazaxus,

1961; Nakhutsrishvili, 2003; Nakhutsrishvili et al., 2005).
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DM, M90MboL 3e0do@o bollosmgds Moo dm3zwg bogbrmom s
bsba®dogzo bLlbosbo BsdNGOm. X3MOL »r.-ob IgBHgmboacdol (2395 3 Bo. ©.)
365350560 Mbs398900L Msbsbds, 3590l Lodwmowm  Fgddgcmod My 0.3°C-o0o.
LM GM@o dogdubodmdo 27°C-05; 03ob-5330LGML LsdMswm  G9d3gcMsd ey 12°C
500930, beem 439wy 3030 0306 - 05630M0L - Jobml 11°C. sdBMEYEmGHo dobodmdo
d0bmls 35°C-05. ©®Yg00L MH5MI6MdS IIOOMO 3939 oEMom fgwofiscdo 118-0s.
™30l byGsMOL bsba®deogzmds 7 ™300 s Foguodorry® Lo®mdgl (150-200 LA )
domEdo 5093l (3b®.1)

BO@ommgmol  9dudmbBoEool  Mgwogxnol  ©gdhgbogddo  M3wo  dogwo
Bogbmol 356d53cnmdsdo MBYdS. 193929G930M LIBMBOL bsba®Imogmds 120-130 gl
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Boargdqgdols Lsdmswm farom®o HomEgbmds 1450 93-05, B3 96033b69em3bo
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Bo¢e0gdgdol Ferorm® Momgbmdsl (765 8d). bolierosbo ®Ydol MomEgbmds OOos s
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Dowofodo 135- s0figgl. godsG™mbgdremos dmo-bgmdol GHodol Jo6gdo. sdobo ol
39685303580 LGB S oM (335 gdsOMB.

M3 oo Lodoeggdbg (2800-3200 3 BE. ©.) 3¢00ToE0 FHJb0sbos, momddols
Bogbrmol go69dyg. 056356M-009396M3eolL LsdMswm GHgddgcmod )My dobml 14°C 50fgal,
boem 0300l-5230LE®bO - 10°C. 0vmgeol Bogs®ol boby®mdwogmds 7-8 mggs s 200 Ld
LoV, J989BHMDYOMW0S ILIZEGNOL dW0 MO Js6gdo.

2.5 93002600 G3965(99¢70 bsgs®ol dmemng sbsbosorgds

Logo®m3geml dooedmol  939bsMgMmds dg@o© 65350 x3gMM35605, Moz
396306Mdgdos 35335800l YOOl 93MM30Ls @S SHBOOL Tglsys@’By dEYdIMGMOO0,
30035¢0L 3MBEMLEHM@MdOm ©S MYogxnol dwwogmo ©bsfgzdgdom (3ggbmagwo,
1935, 1959; I'poccreiim, 1948; Xapanze, 1960; [[xxanenunze, Mapranuranze, 1977; JonryxaHos,
1966a,b; Dolukhanov, 1978; Tumajanov, 1980; Nakhutsrishvili, 1999, 2000, 2003, 2013;
Nakhutsrishvili et al., 2004a, b, 2005, 2006 s Ubg.). §390mm» dm3gdMo sbsgrobo
50b608bm IOMIsms Jobgz000 sGOL fo®dmoagbogro.

6930mbol  BEMOOLs s d3gbsMgMwMmdol oo M35 RGHM369dS
50b08bm0s 365350 Bsdemddo: Xapanze (1965 b), Jloryxanos (1966 a,b), Haxyrpumsuin
(1974, 1988), Dolukhanov (1978), Ketskhoveli et al. (1975), Sakhokia, Kutsishvili (1975),
Lobmgos (1983), Haxyupumsunu, I'amuemnuzaze (1984), Ivanishvili (1998), Zazanashvili et
al., (1995); Nakhutsrishvili (1998, 1999, 2003, 2013); bsbwyg@odgzoeo (2000), Nakhutsrishvili
et al. (2005, 2006) s Bb3g. bobsldme0s, OHMI gl IM935WBIOM3690s 29630MHMBYOMW0S
OO O IB)930M9dMwo  MgognBom, 2sblbgze39dwo  WIbETsGGHJOoMs
LYPBLEOGHOM, 3030M300d5E0L BsoMyzsmmdom. B396L dogH Mgu0mboll BEmMoby s
93965MgMEMdol dm3wg IbSLOsMYdS BmM(399w0s BYIMMIVbodbMEO  93EHMMGdOL
dobg300m S YMMJds 4595H30¢930s MOl IOl d39bsMgme Logs®BY.

93965090 LoMEHYW G006 A3b3wgds: ol Gyob (1000-1500 8 B. ©.), doob
GYob bgs (1500 - 1700-1750 3 B. ©.), Lvdoewdmmo (1700-1750 — 2450-2500 3 Be. ©.),
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50360 (2450-2500 — 2950-3000 3 B. ©.), Lwydbogswm@o (2950-3000 — 3550-3600 0 0
bO. ©.) ©s bogserMo (> 3600 3 B. ©.).

4sbd90L M930mbol Bm®s FM@Ferm3zsb d3gbs@goms 1100 Lobgmds®g dg@L
omgob (Sakhokia, Kutsishvili, 1975), ®53 Lodo®mggwrmdo 453039090 d39bs®gms
(Qssbarmgdom 4100 Lobgmds; (Gagnidze, 2005)) momgdol 27%-b 99o0a9gbl. Ggyombo
90@M05 3933500L 9BYFMMO Lobgmdgdoms s 9bYIMMHO 4356M9d0m, s TGOl
dmbm@H03m6m0. OOl IM9353gMM36905L bobl Mlizsdls, sgGmgmzg 11 39335B0wmE0
950093160 24356006 6-0l 5MLYdMdS (Nakhutsrishvili, 1998,1999, 2013; gogbodg 2000).

3ol BYyob HBgs Lo EYgeo FbMEWME MOl s bEol bgmdgddo, spMgmgg
3910059900l M9a0mbdo - Lemg. dggmsby s J9deoligobgl dmmol a3b3gds. 53 3Yyggdl
J0600b: Fagus orientalis, Quercus macranthera, Sorbus caucasigena, 536939 GH0M0gOL
LobgMdYd0, Mboro, Lbgoslbgs dBJgdo s Lbg.

fofgmgzsbo  Byg, OMIgwlss Pinus kochiana Jdbol, gm©smGOL  MgombIo
§o63mygboro 56 sGOL. ol dbmErm© YoHdGRoL Mguombols POHowmgm bsfoerdo -
6050l bgmdsdo 30)aMmIge 300990Hgs 39B30maMgdmo.

bdsE3OOo styboto (Byq (Betula litwinowii, B. raddeana, B. pendula, Sorbus
caucasigena, Salix caprea, S. kuznetzowii, S. apoda, S. Kazbekensis 5 Ubg.)
961535l 396m3560 ddogzMm0  SbMOMIMgbMmo Bgdmddgogdol Tgwgys® dwoge
3oBbod g0 Mwos @s  BOOowmgmol  9JudmBogool  BIMEMOYdby  dbmermE
06539963900l Lobomss dg0m®mBgbowo. GHYol Bgs LsDBPZIOMB, mmzEwol ddgszmo
Mol 25dm, 53 GYygl GHobdMg30oo @m®ds “Krummholz” oJ3l  dowgdweo.
39910599600l Mga0mbdo (LETBOGm Fo3MMBINPMODY) SMYBsMO BYg 96 a3b3wgds. doLo
33069 ©9MH0353 900 FbMemE ROOEMIm 3530MBIOMIBY X3OOL . 30ETIMIOT0s
d9dmMbgboo.

396B53MMMGd0m MBS A9TMOYML YB3 MMO LoMEBHYwol Gyob Bgos LEBL3MOL
939bsMgMEMds,  OMIgroi  3odmoMmBg3s  BEMOOLEHWWO s BodMm3gbmbmemo
3693500 x39MM36900m, 160093MHO s MHYodBHMo Lobgmdgdol Lowmbgom. 5g agzbggds:
GoBd¥M300  Bygg, FIBOPLIMO  3BJbsMI0, ToVIWBIWIBYMYWMOOL 99963 d0,
BIOOMBMNM3Z560 s 83360033060©0560 dgermado.
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930mb0ol ®0mddol yz9es Hgmdsdo MbzmMm3z0sb AHommgmol gjudmbogools
5 96535 RGMM3560 06300bs3gool (15-75%) 839M©m™mdgdHy, Be. ©-sd 1900-2900 3-ob
RBOYGOdo 296300050930y bsbHg3MEPIOMLIMEO  393930GH0MS©  IMIMS30
©9O™gdoL dJmbg 63969 d9hJol, dglsdgryeo Mgerod@ol - ©g39L (RAododendron
caucasicum) bHdo® 9gdmbgzg3s00 o350 (3G)MYJE0MWO  IBIOW™Mds  90-100%)
659900. ©93> 033906M0@  godmbodmo  bombmxzo@os, m300 53  g3mLoLEdol
BGHOOOEIMOMDS S 3MLYOMDS IMIO0IOIC0s OMZEP0L LBoRsMOL LoddWs3zMgbg o
b6 Md03M05BY. ©sdoboL0s0YOGE0 LEbYMBgO0ID >OBb0TBsZ05 dBIqd0: Vaccinium
myrtillus, V. vitis-idaea, Empetrum hermaphroditum, Daphne glomerata, s309m39
doobmgzsbo 9;39bs099gd0: Anemone fasciculata, Calamagrostis arundinacea, Pyrola minor,
P. rotundifolia, Stachys macrantha s Ubg. ©930956900L BEMmMoLEHwwo F90500y9bemds
0560005 (LEdBgMBsMs MOEb30 25-27-1 56 509853H90). FMPIMEMOL MHga0mbTo 93056900
dbmwm BOHowmgmol gdudmbogool 3s30mxBIOHMOIBYS gob3z0mscMgdmwo, bmem
LodbEJ0 Fo3OMBIOPMODY J30M9 LMo MgwognbHg (5-15°) s 1900-2250 3-ob
06@96M35¢do 33b30q05 dglsdgmero Mgarod@o Rhododendron Iuteum-ols dogé d9ddbogno
RMwdE3960 39846560, ol BHYol 3060909 s 3HYgaddo 0BMHYdS, bergm bodyg3s6
5009030 bdod Goggdls Jdbol.

GYoL Bgs LEBA3OMOL 93MmBH™MbO (90350 567 LBSW3NG FYygbs ©s ol
B90m» 90093569 dgmgdl dmMol) 9OHD—gOHmo Y39wsDHg dMmdbmdosdgs 300dsEob
33%0¢g00L5A0.  5FoBMb, LmOgo 98 9396sMgMWMdL  9g3l  2obLo3MmEdMEo
930 myom®o 3609369cmds: B353—, 9HYge— o 350EMRLF0bssMIIAM 36 30900;
bLogos 333bsmo fyuol y39wsHy oo d6gdcmog0 MHgHBgH3w95M0; dobscgqddo
fyamolb H9:5000L MgamEs309s.

©300560  obsLIBMASOMgdgd0  (Juniperus communis-ob  ®3oboMgdom),
3obLb35390000 YoBdYHOL Mga0Mmbol bbgs 3HgModm™mogdols, 3smE@ol 30sdmgddo S6
560l HoMdmygboo.

3©099O0L  J0sdmgddo 96  sMoL  Fomdmagbowo GHgol Dbgs ULsbEzmOL
932G™boLlmM30L  sdsbILOIMPIJO  BMO3NYOHO  FooEdSEbgmemds  (Aconitum,
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Cicebrita, Delphinium, Heracleum, Senecio ©> Lbg3s 2350900L (oMIMIoYgb9d0),
3903 YoBd9R0L MHga0mbol bgs 5y0eqddo dbmewmo R3MoydgbEmws 23630 9do,
Lobgmd9d00 d0se (40-50 s dg@0) LKYBdsE3mEmo dgerml (1750-2500 3 Bo.
©@.) 9396smgMmdsdo  93b3gds  BodoM3MMPOsbo 356 3MLEB-Bo0MmBsobMZsb-
doM(3300M3560 Qo 9336033MmM0sbo Bo0MdosbM356-0o63300Mm3560
05bsLsBMPdMYdgd0. yzgwsbg  bdoMos  dgwmb  I3gbsMgmeemdol  obgmo
RMMI>30900, OMYMOO@3ss:  Bromopsieto-Agrostideta (Bromopsis variegata, Agrostis
planifolia, A. tenuis) - v960083b69m© 5303 LodbOHgmol 9gdudmbogool BgHE™dYGOBY;
Calamagrostideta (Calamagrostis arundinacea) - PO M-L53¢ )0l BJOHPMDJdBY O
AYob 3069d0%b9; Hordeta (Hordeum violaceum-Herbae mixta) - 25353901 ©9093bHg o
36033690 063e0bsgool (2-12°-dg) ddmbg 39gHEMBGODY, godm@sbols 3mbrligdby;
Festuceta (Festuca varia, Carex meinshauseniana) - BHQOM-L53¢g00l s LsdbOgm-
©5L53wgol sdMg3 (30-45%) J350MMH0sD BIMEMdGODY; Festuceta (F rupicola, F.
ovina, F. wvalesiaca) - ¢39wsHg JuUIOMBOWME $IOEMIJPPDY ©S  J390MOO06
B050o90dbY; Bromopsieto-Helictotrichoneta (Bromopsis variegata, Helictotrichon asiaticus)
- Jugdngomme  bsdbGgmol  B9MEMdYdbg;  Bromopsieto-Festuceta  (Bromopsis
biebersteinii, Festuca varia) - LSTBOYMOL S LHTLOYN-ILOZEXGMOL  9Ju3MBOoGOOL
R9OOMd)0DY; Astragaleto-Bromopsieta (Astragalus captiosus, Bromopsis variegata) -
LodbGgmol  gJudmBoEool GO S gOMDOMIPIMW  IIMYE  BIOOM™IGODY;
Bromopsieto-Triseta (Bromopsis riparia, Trisetum flavescens) - L5dbGJMOLS s LoTFbOHYN-
503530l gJudmBoEool I306Mmg IHOOEIMIOL Jmby J350MMH0L BN MDYIBY;
Festuceto-Koelerieta (Festuca ovina, Koeleria luersenii) - 986o¢n 5@a0@q0do; Nardeta
(Nardus stricta) - 558995¢0ME ©EIMY3 S 0MJIoL Yzgws 9dudmboEool BIMEMDdYdBY;
Dryadeta (Dryas caucasica) - BOOwmgomol 9Judmbogool 43096 ©s bm@Gom
R9OM09dbY; Deschampsieta (Deschampsia caespitosa) s Hordeto-Phragmiteta (Hordeum
violaceum, Phragmites australis) - $&9b0sb 50 gdd0; Equiseto- Phragmiteta (Equisetum

palustre, Phragmites australis)-Qos 35009390 50009030 s §YseFo®d &geodmMogddy.
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L9353 LodGHygwdo 99bmxzow6 3060 d90do 030005
RIODMBMOM3sb0  dgwmgdo: Inuleta ([nula orientalis), Trollieta (7. patulus),
Anemoneta (A. fasciculata), Betoniceta (B. macrantha) s lbg.

93056-3M53539506¢ o 9396509 mds - Astragaleta (Astragalus denudatus)
33b300905 LadbMgmol gJudmboEool dMW 3e0YgdHBY s J39-VMOPL LYBILE MG DY,
0930 MmOl M-do [oMImagbowo 96 sMHoL. doLm30L  OTsbolinsmMgdYE0.:
Oxytropis cyanea, Astragalus kasbek, Artemisia sosnowskyi, Stipa tirsa, Festuca valesiaca,
Scutellaria leptostegia s 5bg.

LB 3)MH0 LoMEYWOLM30L bILOsMYOYE0S 5MgN3g FIGOWO s bmGom
309900L s Bodumgs60 Bodserols 339656Mm9mds.

5e3meo  bad@ywol  (2450-2500 - 2950-30000 Be. ©.) 939gbsegmeErmds
»3053MqLs© HoMmBmEygbowos 9330033005060 FoM33wmgzsbo - Festuceta (Festuca
varia, F. supina), Nardeta (/Nardus stricta), obeosbo - Cariceta (Carex tristis) QS
3MOM9bosbo - Kobresieta (Kobresia capilliformis, K. persica) o5bsbsbmasmgdqgdom.
Festuceta variae 33b30005 dbmwm© 30Esdm LBsdbOIM BIOHPMDJOBY, bmewm Festuceta
supinae, Cariceta > Kobresieta - J99d0ol Jo60osb obgdgdbg s 993-bsgargds bfmMo
©9w0gxzoL 306MHmdYddo. 53 93gbsMgmwo LoMEywolb dJ3gs Bsfowrdo 3H9bosb, LHmE
5Q30wgddo s LYLEs© sbMow Mgwognbg (5-10°) 0bEgblomGs dsdmzoe
0gwmgdHg BIOMME  J93M(39EJOME0S  "IGMEOO  SE3MMO  bowgdo”, BMIGEm
dmeob (odyzsbos: Alchemilla-s, Plantago-l, Sibbaldia-s, Nardus-ols, Carex-ol s Ubgo
Lobgmdgdo.  "0m3zwobdoMs  sw3MMHo  boewgdo”,  doMmOMss©, Bs0MBIIbgdOLAD
39496000 ©IXMBJOG00, OHMIGIOE 3000560Jds IYobzsdyero Mgwognol, 396MIME
39070 306306 30OHMdYddo  3MMOBMOEGHIWMEO  Mwogxby, Lowsg  boswoyol
bLOMEOoREWMJ30co  3MME9LYd0  50bodbgds s 0339090056 MMZWOLYSE  Bogm®o
Dywom. g 0BsLsBMPsMYdgd0  FEgEmligsb  mMEgdbosbms  LoFoMdoo
396b353090056.  5E3MEGO  boewrgdol 3093 JMMO  Bs0OLbYMBSS “se3MMo  bogro
QMO056  LOLEGHMIGDY”, OHMIGELsg 09IMJo0m 30609 BIOOMOJOO  ©)353050)
d940b356>0l 990yma 50w gddo (395G 306039080, IMEM9YbgdL JmMob), *dms3Mglo©

A9b05b, ULHmO 56 93oMgo  ©9d9bgder  MwogrnBy ©s MOm0sE S0 gddo.
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393039 gdMos  odgds  2600-2900  3-0ol goMagddo.  LwydbogsEMMO
LodEHYEroLM30L (2950-3000 5 3600-36500.%..) ©535bsll0sMYdY0s
93396969 MdoL  BMRIBGHIO  49303IEgds 3oL 9B Bsdoemols  (39en39ero
90360MmoxaMR3go0L  Lobom, 839gbsMgmo LoxgsMoL LBEHMYIIGHMMOL sdsMmEH03905 ©S
bsgLgdols Qo ©04g96900L ROOOOM Dom0mBo9bwmds. 9396t
9036MOXAMBJOJO0L  BMEOT0MGdS ©ITMI0WIOIMW0s MY0gxBoL  3mbR0QMOS(300DY,
LYPBLEHOGHDY s 00 93MWMYONOH 300M0gdDBY, MHMIGELs3 JOboL ©sd3MMIdgO
9396969. 58 3565L369¢0 F93mbggzsd0 (39656M9Me J03MMPOIRFIBIOJOL bsbMEIbMBYdO
90™@gds.  ©sbollosmgdgeos 39696090 3MIRSE0900 S BYT0sRMYAS(30900,
OMdgwoms 99496sdo goomo 96 ©59gbodg Lobgmdol 3m3Mes309d0 dMbsfogmdl.
©53obobosmgdgE0ss: Saxifraga moschata, S. exarata (3¢0©99d0Y), Delphinium caucasicum,
Cerastium kazbek, Alopecurus dasyanthus (99¢)-b530905 dmdGog 65dsenty), Veronica
minuta, Scrophularia minima (UMLEGH© 0MIOS3 Bsdocgdby), Symphyoloma graveolens,
Aetheopappus caucasicus, Arenaria lychnidea (§350mM©056 500309030) ©s Bb3. GHo30O

136035 MG 9396569900056 9O 53 LEOEGHYob J39ws bsfodo a3bzwgds se3MO
Lobgmdgdoi3. 3330l Mga0mbdo  (0gEolbdgds  ysBdgaol Mgaombo  domewosbs)

Y39wsbg oo 30xLmdg¢Omver Lodseegl (4000 3 BE. ©.) MO0 Labgmds smfig3L:
Alopecurus dasyanthus o Cerastium kazbek.

UodoMmm3geml  se3MGmo  I396sMgMEmds,  39335L00L B35 RIMM3560
93269200b0L BMbEBYE 30, Fo8MoMBg3s BMMOLEBHMWO ©S 396MmEGHMOO LOIOEMO.
9b, 306039 (0330, 5630MHMDJOMW0S 35335800l BMGOOL FgMYMHTB0ME0 BEYOIMJMIOM
(93G30Ls s sDool AoBLLZs39dMo 29byBOLOL RBOEMWSBETsREJOOL Tglogs®rby),
690 9z30L dgogo 565936 9000m, 3035@1MH-9BIOO 3061090
3MbEOLGHMEmdom s Bbg. (Nakhutsrishvili, 1999, 2013). g4sBdgaol M9ga0mbdo oos
OMRMO3 BWMOOLGHYIO S BOMEHM3MEOMPO0MMO FM535¢RYMHM369d5, obg 0030500,
9500931600 ©5 MHgodEHmmo  Lobgmdgdol Mosbgo (Nakhutsrishvili et al., 2005).
505056539, 933N0 LobogmEbwm BMbs* ghm-gBmo  y439wsbg LsobEgemglcm s
9600936903560 md0gd@0s 39699m 3060HMdGOML 9(39656M9ms 593G S300l 39dsboBdgdols
99L5 5300l MZseLEBOOLOM (WsMbgemo, 2006; 3o0mObyGO, 2008).
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gobodgaol  Mgaombo  Lo3bggdols  Bsbdobg  gobogos  BdEoz®
SbOM3MAbMH  Bgdmddggdsls  (BHYggdol gobgbgs, 9JduGHIbLowmmo dmz9ds, ©0d3s,
bbgoolibgs  3896gdemds o  3m3b03o30900L 4993565 93meEmyom®o  bem®dgdols
©5330Ls O 509600 WMBoLIdogdIOOL F5EIMYdOL LMo 0abmMoMmgdom s bg.),
650953 2990300 565 FbMmEME 01693M030 (3965609 M)MBOL LEbYE3L0EYdS, M)
Log3Mnbg 89999965 39300 083050 LEHYMBOL 3M3MWH305L. LogMMbgdo TYymay SE3)M
939botgms 3935w RgMM36900L,  3M3MO30OO  LEBMWJGHMOOL, obsdozols @
930Myool Bmyoghmo sb3dgd@ol TgbfFagars odGvsmos 3eods@ol dodobsty
MBI YOO (330209000 (MIMBdOL) BMbby (Nakhutsrishvili et al., 2005, 2006, 2013;
Dullinger et al., 2007; Erschbammer et al., 2009, 2010, 2013; Larcher, 2012; Pauli et al., 2012;
Nakhutsrishvili, 2013; Kérner, 2014). 59 3sbsbGobom 3609369wmgsb0s bEgbmgzm®o
Lobgmdgdol  (d39botggdo, G®Agdoi  TBMEME  FoblsbdEgOME 93 MYOH
3060Mmd90do  0BMHEYo0sb)  Fgbfogers,  30650sb  Bowowdmsdo  olbobo  Yzgamsby
LIBLOGMODS  393JRAMO0L 2569379369306, gl Lobgmdgdo  d0M3E0dsEHIOO
0600035369005 @5 $99bs, G50 OMEo 9396sMgMWMdsBY 3600dsGOL (33¢0gdols
B9393w9bob 95355990l by3000bTo FobLOIMPOMGOMWOS.

0530 3. 33¢930L 3900Mm©9do
3.1 33¢m930b sogogngdo

3993393900  BoBoM©s  gMeols s x3M0L  ME.—olb  JoEsdmgddo
(396G mEm0  353395b0Mb0)  LogMmsdm@olm  Lsdmbodm®mobym  Jugeols (GLORIA-

EUROPE) gotgcngddo.

33900l 50w gdo s LEIMboGMMobym 653390900 d960Pgmos 53
360Hm9dBHobmgzol  Lohgol  gBs3bg  (2001F.)  936MHMBO0MHGPMwo s LOgHDITMGOOLM
LodMboGHMMObam  Jugerdo Fgdsgzoe0  yzgws Lbgs Mguombolimzol  LbEsbsd@mwo
3900030l d9Lsd5doboq (Pauli et al., 1999, 2003, 2004; Grabherr, 2000a; Gottfried et al.,

2012; www. gloria.ac.at). Usfigolb gGodbg gl 2eolbdmdl: dmoms gHMLs s 08539
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LobBHYIsdo  9HMTBYNME  FoJloTsE s  SbeMl Mmmbo  Bbgsolbgs  Lodswerol
30396350l GgmBa35L,  MMIGEMOE  39MPo©  99bgosm  @odmbos@Gwo  mmbogy
392500 dbsMY (9Ju3MBOE0s) s IRIOWO 0dbgds Tglsdsdolo dzgbstgrmwo

LoOEYobmzol (BYol Bgs LsDdL3MOL 93mEMbo, J39s sw3MMmo, BgEs SE3MEO,
1060350 MH0) 30300 dMBIdMH030 F3gbsMgmEmdoom.

395G MEO0 3533560MbBOL 9356 §Yoysdymax JgHg X3MOL M. JoEIMGdTo
2001 § GLORIA-L 36mg9dBobmgol dgmBgmmo mmbo bsdmbodmmobym 6533900096
(LEMEo 06BMMT>30s 0b. 3bE. 2) 3oMH3zgwo (CP1) dgdscmgmdl Lemg. 3030l Losbarmggls
9. 00l Forx39bs Tgbodmsgol FomEbgbs GHgesba®y, @Yol Bgs LsHL3zGOL
9323™bdo, Lssg  GHobdMY30wo  9OYbs®o  BYyg dwwoge  ©IRMIPOMIINMNWOS S
fom0mygboeos  obyob (Betula litwinowil) dbmerm© @ow3gwo dzotmg bmdol
0603009000 (LG. 2 s 3). IgmOg 65339000 (CP2) 25beogqdmeos x36M0L Mw.—ob
mdoeglo  FaMGH0wol 85639690900l Losbermggl  3956GH®ImO  LogEMIMdOEIM
3520LEGHMOob LyALOYNO0? YOO NsDY (LE. 4 s 5).

3HOOo 2. 33009300 50900l IHILOSMYdS

5-
Lodsmeng el d039M35¢0ls doffsmnlistggd
33930l @%0. @ | 3°0%° PR 839bs®gEo —eeadals
5Q0Q00 e 3MmM©0bs- BoD@OO LaEyggaro 090
<3 ©5b) (@) &odo
&9do
L b
CP1 240 | N AEEIE N 0g5 77 1(? ij’c(: 6? Q;b BeyBgdO
E42032|33n ° S QS 0 m O 030
930G™bo
CP2 2a77 | NI gossr |y 3o | I7BORO
. 59 o
E 42029'57" 8RS0 LodMZ560
N 44°30'04"; 4mRoEo
CP3 2815 14974.31 D9 53960
E 42029'44" Lodmg5M0
CP4 3024 | HEPUSOR 500060 | bd 60 | Brbgde
E 42029149n * (:j 030@‘2] Y (L/j 0 030

33w930L dgbsdyg soo (CP3) 3egds®gmdl 2sr®ol Lodomm—bsmbosdmmm
G®sbob d0IMYdTo, dgmMg LsdIYOMM ABOL BYLs LEWYMOOL BOHEOLM—EILIZELGIOM
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L. 6 s 7). dmwm, dgmmby 65339005 (CP4) asmMol Lsdmm—Lsmbowsdm®m
A5LoL MO0 MPogbo F9MHEHOW0EIH gHm—gHmol (Jos 39Ol  50TMbE3Eg00
3)39635¢00) dosdmgdo (bme. 8 s 9).

7/

Umtomo 2. CP1 65337000L 35396350

bmBoomo 3. CP1 65337000
9530035

LMoo 4. CP2 653390000 F30M35¢0o

UmBomo 5. CP2 65337000 3
H30M35d)



bmBomo 7. CP3 65337000
9H30M35%0Y

U300 8. CP4 63339000L 3fj39MH3ero

LMoo 9. CP4 65339000
%3963 0)

000M99wo  bsdMboGHMOobym  65339000LmM30L  gobolaBzGs: (1)  AgmyMexowo
300653900 s (2) Loy BE. - - MBSO JMmDogowcdo LoliEgdol -
GPS-ob (,Etrex Summit‘, Garmin, Switzerland) 09939mdom, HMIgdo ©sdmoygbgds
35 WGS 84); (3) 390H@Mdol 9dudmBogos - 3ma3ab—3erobmdgd@oo (,Recta DP 67,
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Switzerland). moommgmeo  dgbfisgrowo  RoEMEIbMBo  IBOJLOMPGdS  FORGME
1Mo do s 894365 dglodsdolo BmEHMsMdogo.

00MMIPMY 3309306 5QR0WDHY godmymazow 0dbs Lsdmbodmemobym 653390900
(Pauli et al., 2004, 2014) 330930l 5©AO0OL Mo gbo 9O EHOoEB Mmmbogg
39355300 dbseol dodsOmmgdom (N, E, S, W) 945050bmds 5 9 s 99096
L5dMboGHMMOBYM Bgd@MMgdo (LE. 9), Lssg IR0JLOMEs F3gbsMgMPMdOL sMgMHol
5030900 — 3 X 3 8-0560 3963569630 335006153 Jd0. M0MGME0 B0 335EMSEH0
©54mxzo 0dbs 9 Bsfors 96 3slBgme  (MmommgmEol Bohmmdom 1 3%).
939656M9M@MmdoL s©fgMs brgdmEs s1gmo BoEOl MMb JobsdoMs FoMmdby: 1.1, 1.3,
3.1, 3,3 (byy®. 10, 11), 6w gMom gJudmboEosby s500HgMHgdm©s 39M3sbgbEHmwo 4
L5dMbOGHMMOBYM B5339000. Ly 839bsMIGMEMIOL SOFIOS Bo@oM©s 64 LogdudgMdYbE ™
6533909, o3 LOWMWL© YBONME3gEgmRlL dmbszgdms 93O HBI6GHIGHIWMOSL s
L50d9gMMBLs.

GLORIA-L 36mgd@ob 8900036 bobgaddegsbgwml (Pauli et al., 2004, 2014;
www. gloria.ac.at) 30bg300 LsdMbo@MmMobym bs339mgdo 53059ymz0egdwbgb 990ay
3603 96M0mIgdU:

1. 8Qg05M9gmds Jmoms 9L s 03539 LoLE9dsdo;

2. 809056M9MdS 969 b sbermls;

3. 3009056Mm9Md5 gOmMLs s 00539 BHMBLYJBHBY;

4. 90gdsMmgmds  Lbgoslbgs  d39bstgme  Lod@ygwdo (Moms dmEgdmeo  oyml
52060l Jo0odmol I39bsmgmEmdol y39ws GHodo - GHYol HBgs LoMEYwosb
bogse)®s9w9);

5. 29M30Mox0mw  dbsgms  (mmbogg gdudmbogoob - N, E, S, W) 93550m
3900bsGEgds (M50 om35¢olobgdmwo ogml d03MMm3w0dsGol 453cgbs @
9396569 mdobL 30033mDB0(309);

6. LodoboEm™Mmobam 6533900900l LEHBIOEHMEMdS (599(30¢09d90s, BMT S0{gMgdo
RGOl 965 dbmErm@ gohmls s 00539 BIOOHMODY, 96539 35305
39bLsBEZOME gOHMLY O 00539 SHOWDY, M3 MNDOOMB3gWYmaL dmbs3gdoms
©9369B9bGOGMXMBSL);
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7. 633609D96@G0wmds (LogdudgModgb@m bs3390900lL oo Mogbgzo — 64, o3
BHMB3ggmzl bGHsEHOLEH03MO LoodgEMMAL);

30X3 0 333eMOOTe
JELAO0 4 dgEBEHIIT
B3 229000

bmGsmo 10. 3h396035¢gd0bs (a) s Lsdmbo@m®mobym 6533909000 (b) LEbEsME Mo bidqds

p-S13 p-S33

(1 uwnjo))
(2 uwnjoD)
(€ uwnjoD)

rovs| S13 $33

.mpled

%
N
w
q OTION

=0

Not|to be s

Q

(Row2)| (S12) (522)0,5 (S32) g
woun| S11| (s217| §31

S D -

ol

LS00 11. 3 x 3 3-0960 3EsLEHIOO 39BY (FoMEbbog) s dobo Lgds (Jstx3603)
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3.2 Gpgbstrgos beadgb3cmsHeytrs, 0@IbH0R05605 @5 bsbogegbemer Bemkd980

939656905 LobgMddol 0WIbEGHOROEOMGdS FMbs ,LodsMrmggermlb d3gbstggdols
156 33930L° I (1964) o II BHmdgdol (1969) s ,LodsMmM3geml Baom®ol® I-XV &mdgdol
(1970-2009) dobggzom. d3gbscgms bmdgbzero@n®s dm3gdmeos  d.Lobm3osly s
9.bmiodgzool (Sakhokia, Khutsishvili, 1975) dobggom. Lobgmdosms 6mdg3eod e
099Lo05dgds  LOgMMsTMEOOLM  bmdg3ws@Mmsl  (Www.eu-nomen.eu/portal/search.php;
www.theplantlist.org.) Us3o®mgdool 99dmbggzsdo  godmygbgder  odbs  mdogrobol
dmGHobogmeo dseols s dMmGBo3oL 0bLEOGHMEHOL s LGHIBRBFI0bOL  seE3mMo
930 ma00L 06LEGHOGMGHOL 39M0IM0MITo s3I Bodmdgdo.

339bodgmos LabiogmEbarm gm™IGdo IYHObEs MobzogMols (Raunkier, 1934) s
3™390G0L s bbg. (Govaerts et al., 2000) dobgz00.

3.3 Gpgbstgremmdols 369530090 ©SRSGAIMBSs @5 ROGHCIROCZ0LIGHO
s@pfgrgoo

939bsgms  3MM9JE0MI0  EOBIMEMDS Y390 Lodmbo@mMobym bs3zgomols
000MYMwo  39MH3obgBbEGHMWwo  3350MEGHOLM30L FgBsLs 30DOXMEmO V3306037001
3900ME0m s 35dMoLsbs  %—8o (Kennedy, Addison, 1987; Frey, Losch, 2004; Perez-
Harguindegug, 2013).

3BOGHMLMEOMEMAO0MOO 053306390900 39l 06596-0 5639l
UEHOBIOGHMO BHILEHOL TgLodsdobs(Braun-Blanquet, 1964; Frey, Losch, 2004), 6ol
bog3Md3zgeBY3 9P BOAMEIPMBHYOTo LobgMdsIMs OO bmlbs s oYObEs
0M5mb-0esb39l  LobgmdMogzo LodGmsgwol 0bwgdugdo,  89damddo gl 0bgdlgdo
3o9Yy35b0e  (gb®. 3) 0dbs @owzgme  Lobgmdsms %-me IR Iemdsdo  (ob.
©65MM0). 339656090 Bogs®ol s0HgMs Bo@IM®S Y39es LsdMbOEMMObaM 653390l
000MYMWO 305LGHJOOLMZ0L MmMbogg 39036963 ME 3350MET0. MOoMMGE Bobgmdsls
Lo9MMSTMOHOLM BodmbodMm®mobym Jugwol (GLORIA-EUROPE) 8096 80603900 5J3b

13933050 3MQO.
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35600 3. 3M516-0¢ 9639l ORBIMMEMIOL Jeoliol BHGMIBLBMOTs30s 3MMEgbEgdd0 (%)

065196-3¢msb39L Bsdwmoemem
IBOMEdOls
OBV QORBIOMMOS
Bs63wgdo (%)
3wsbo (%)
5 75-100 87.5
4 50-72 62.5
3 25-50 37.5
2 2-25 15.0
1 1-5 25
+ <1 0.1
++ <<1 _

3.4 Jdpgbsc90s AHs35¢»R9536985, 93969U0 s 7535000L 0bogfbo

LobgMdGM030 96535 R9M™36905 93965M9gmo 0565L5BMsMgdOl
36003690m3560  doboliosmgdgeos. ol aeolbdmdl  Lsbgmdol Gogbgl  dmEgdmen
AIO0GHMM05Dg s Job FoMEOMI0™ LOIMHZ3EL, I3 FoMdmEygboos Labgmdols
LOIMIZOMS s IM350RGMM3bgdOm.

96535 x9M0M36900L Jqa35900LsL QobboEIMw Mbs 0dbgl Lobgmdol Lodoy.
Lobgmdol LodoMY gl SMHOL MobslsDBMASMYOST0  FSMMMBOL ghmgmbdyg (13?%)
5ML9dME0 Lobgmdgdol LogHm™ GHOEH30. JoLo FoblsDEgMs begds dool Lodwysegdom,
(3o035wobfobgdmmo  Mbs ogmb  3bmggwms  B939wogdoms @S B 3Y3bom
3500039990 ©sD0s6gds). 53 06Ol goblsBEzmOLsl Ibg39wMdsTo 5O F00WYdS
3ow39Me  0bozoms  GoEbgzo, slggg 96  bgds boglgdols s wodqgbgdols
0096¢0x80E0MGds. Labgmdols IMs35R9M™m3bgdol dgx3oUgdoLsl  godmygbgdyeo 0dbs
9960mb—306960L  0bgdlo, MmIgoz BmIogl  Foueoal (56  FmMHglm oy O MOSL)
dm399mo LobEgdol Foaboom s AoFMOMZWgds 3MM3I6EGHMIWO  IFIOMEMOOWD.
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dolo BHEMBLBMOT>30s Fglodwms dmbEal ¥3616996-desb39L UJ)80sb. BMOTIMWSL 593l
9990990 Laby:

H =— 2i=,(pilnpi) (1)

L5553, 8 = BObYMBIMS B>MEYDMBS; pi = FMEgIMEOo i LobgMdOL ORIOIMBOL
360Hm39bGMwo fowo Loghomm IRsermemdsdo (Krebs, 1989; Zur, 1984; Kent, Coker
1992). 59 gmMH3)0sb 515939 49dmomM3ows 93969L0:

H XL, (pilapi
]= =22 (2)

Hrmax In=

bos3, H = 89bmb-306960L 0bgduo; Hma = 8960b-3069600L  0bgduols
dodbodoerm@o 360d3bgerMdy; s = LEbgMBsMS MOMEAbMDdY; pi = dMEgdMWwo i Lobgmdol
©OROMIOL 3O E96G 0 fowo LogMHmm IRIOVIEMDSTO.

Lobgmdoms  MoEbmzbmdols s  996mb-306gM0lL  0bgdlol  4edmomZos
0000g)0 JGLFo3eoo 53oEM39bMBoL Lobgmdsms bmlibosb.

59356008 BmOHoLEMEo  Aboglgdol 0bgduol  LsdMeEgdom  ©oEPObs
L5dMbOEHMMOBYM FoOMOJOL TGOl AuyogLgdol FosGHMO3s. 93500l 0bwgduo (Kent,
Coker, 1992) 358003905 89000930 BmGOHIME00):

o

5p= atb+c (3)

boog  5; = 993500l 39303095 0;
a = LBobgmdoms HoEbzo MM LETMBOEHMMObYM FsOEMMdbY;
b = Lobgmdoms MHobzo 306390 BsONMdBY;
£ = babgmdsms MHobzo 8gmMg BoOHMMIBY.

539356000l 06qglol FomgdgEo3zmeo 360dzbgermds dghyggmdls 0-sb 1-0y. Mog MTIOH™o
SbMms Jogdmeo 3609369 mds 1-056, dom 9@ 05 BarmGOoLEwwo Abgoglnds.

3.5 399395 399¢m0 g 9980l ©s32b¢dsg98s
9505 dmol  I3969609Mmds  goblogmmgdom  4oboEol MBSO
©M¥MO0m  odMf3gMe  39d396M9GHIMOoLs s M3wol  LOFMHOL  (335¢)dIMOOL
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393@9bsl. 6050l GH9d396Mo@ MOl golisBmds, GLORIA-I 36Mmgddol x3sMwgddo
3360300700 9900030l Jlsdsdols, god8moggbgdms dmbsggdms 53¢ ™o IMHO
dobo—myghgdo (,Onset StowAway Tidbit“ -20/+50°C, USA ) (bme. 12), G@Igdos
95319890 0ygm LsdmboGMOMmobym b5339m090bg Mmommgmwo gjudmbBogool 30 x 30
33900053900l 349580, 10 1O Lowdgbg (Gottfried et al., 1999). gl WMAIOGOO BosYOL
39939605GHOL  Bmdoggh 1 fom-0o ghmbger s 03sbbmgMgdgh ygmggwo Lssomob
3oL MOEMgdME 3mbozgdl, 96v) MOL 256353 MdIT0 PMOMMYME0 JESLEBHIOMOLMZ0L
339J3L 24 9mbs39do, GMIgdoE megol dbGmog 1 440 25BMmdZzol Tgga0s. PMOMMYNIE
30obGgmdo ool  9ob3ogermdsdo  admgzwgds 8 784 dmbsggdo. Lvyew  33¢0930L
3Q20olm30L  fgwofiodo aMmgzgds 140 544 dmbs3gdo. mygMgdols dmbszgdoms
s06OO0Eb3s o LYFOOMYdOL  FgBMb3zg35d0  WMYGMHYOOL  AeIM33Es  bgdms 5
fowofodo ghmbge. 2008 (erosb s0bodbmo dobowmyghgdo FgoEgows 3093
MO Fooo  Ggdbmemaogdom (GEO-Precision, USA) (bwye. 13), GMIgmomsg o6
QBoFoMMGOsm 30330 GGOMB  glogPmgdws  605sR0IB  $BMPYds,  9E16Tg©
30330993 9OH b 35380601 5894569096 b0sIR0IB3g 3MB30MEIOHOL ssbmgdom 20 J-
do 9osbermgdoll dgdmbggzsdo (gl 2o6Mgdmgds 03ogl  3eabBYMOL sB0sbYdOLYD).
sboeo dobogrmagMgdo boggws® 5 fierols 93@MToGe Mgx0ddo 3/domdab ¢339 10
ol g0635300md580. 3933960 8mbs3gdgdol Lodwowgdom s8M30M35¢0
GDD (growing degree day) obgduio (Molau and Melgaard,1996). GDD gsdmmgeoolsls

23960L5BO3MS 0L 39MH0MPO, HM3S 605IYOL FHga3gMsEIMs 2°C dg@o ogm.

bme.12  3g83905¢m@ol  doBommygmgdo  be.13 $nddgcedtwo dobowmygto ,GEO-

»Onset StowAway Tidbit* Precision”



3.6 UbsbgmBsors Msbgo,  Gpgbstgraemrembol  omghdaemo  obpozsdmmo  (S) s
02963000 bsgools 0bogdbo (D)

LS9OMSTMOOLM  LodmboGmMmobym  Jugerols dogh  Mommgmew  Lobgmdsls  dobo
0003035 mHo 3mbogool Fgbodsdobs dogbos dgdgao Mobyo (Gottfried et al.,
2012):

b0l (AR-1) - Lobgmdgdo, GMmIgdos 393M(39egdrEos JoM0mos© bogswwe
LoOGYgerdo.

56202 (AR-2) - ULobgmdgdo,0mmawgdoa 3o3MEIwgdvEos 53900 LSMMEHYL0EIb
Bogo® Lo®BHYwsdyY.

©oba03 (AR-3) - Lobgmdgdo, MH®Iwgdos 393M3EIL0ME0s  JOMOMIIQ  SEI3w)6
LoOGYgerdo.

obgo4 (AR-4) - Lobgmdgdo, GMIGdIOE F93MEIIOM0s GHYol bgs LoMEHYwosb
536 Lo BHYWs9Y.

6obgo 5 (AR-5) - ULobgmdgdo, 6MMIwgdos doMomos© 33b3wgds GYyolb Bgwo
LoMGYgerdo.

960 6 (AR-6) - 2536039090005 IDOL BMbob BHYol Bgws LEHW3ESTY.

Lobgmdol Mobyosb MoMMgMwo 3350MsGHOLMZ0L (LEBYMBOL OBIOIMOOL
36m396GMwo 3563969000900l 2om35¢0ljobgdom) godmomzaws 0396509 Mmdol
09030 06035¢™mm0“ (S 0bwgdLo), GmIgwog  sbolbosmgdl  3mb3MgEo
339006530 ,009MHIMBOWNOH M) ,300MBOWNO* BESEGHMLL (Gottfried et al., 2012). ol
39903905 89990 BMOHIME0m:

_ T AR (species i Jx cover (species i)

S= (4)

Yecover (species i)

Los3, AR (species i) = i Lobgmdol ®sbos; cover (species i) = 1 Lobgmdob
QIBIOMEOMDS.
59 dmbs39dol 359mYgbgd0m MOMMIMWO 335MIGHOLMZ0L S1Y3g FIAMOMZEGdS
09050 obszool D obwgduo:
D=S present-S historical (5)
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BS@S3, Spresent = 2008 Fgel 509dwo 3mbo3999doL J9IAS® FIVMMZEOEO
930 06©035GHMO0; Shistorical = 2002 Fgel 509dvo  ImboEg89dol  F99ao®
390mM30E0 09MHIM0o 0bEO3sGHMGO.

D 0bgdlob (335¢09d3500mds (Bolo 99330690 96 5BMO) 30008530L (330 gdols
3600836903560 dobsliosmgdgros(Gottfried et al., 2002).

3.7 bdsdobho 32960 sbsgrodo

g439es 300gdM B9JBHMIM03 dmbszgdbg LEIGHOLEH03MNMO0 BseoBo BoEBHIMES
36MHmyM5ds SPSS 13.0-0bs (ANOVA; P<0.05) s PC-ORD 5-0b Lsdwgsgngdom. dmbsizgdoms
LMo m, 89000065 O LBEIBPIOGHIMO FoIBOS godmomsms ANOVA @Ggb@oom. 192
ROMMOJOBY  Lobgmdoms 1BodEoEMOL Jgocmgds 2001 s 2008 {ergddo dmbos
00b6m3obsemo GgliGol godmygbgdoom. ob Lobgmdgdo, Mmdwgdoa 2001 ol Fbmemo
IODO  FGOOMOO  93935m, IHg39wmdsdo 9O  0dbs  Fogdmero.  dmbsigdgdol
b6 2obsforgds 899mfids ds30Mmm-30¢m30L (Shapiro-Wilk test) ¢gbGoom. oy
3565393900 (LobgMdIMS OIRIOWWMBS, LobJoMg) obsffowgds 56 oym BeGIseMo
30496900  5M5-356(599BHMM  3o3mdumbol (Wilcoxon’s signed-rank test) @qLl@.
69309800 sBseobol (Regression Analysis) Lodwoggdom Jgxsbs 3H9d39MsE«aol
330wgds  fergdols o 9gdudmbogool dobgzom. 939 ©IEAO0BES  3MHYS30S
LobgMdoms LOBOMYLS s bbgs 3e0o@ME Fobolosmgdgdl JmMob. 0bozsEH™m®o
Lobgmdgdol  4sdm3zwgbs dmbs PC-ORD 5 36MHMyMs30b 0b@o3zo@mem  Labgmdoms
565¢0Bol BHgbEoUL (Indicator Species Analysis-ISA) bLsdosgdom (Dufrene and Legendre,
1997), bmwm ©@mdobsb@o Lobgmdgdol ©sdmzgergbs - Dominance Curve @Ggbob
L5 gdom. 53 BHILEHOL T9IRO©O F0MIOWO MSB0Z0 OO 2D FMOTSEHOL, LSS
LObgMBIMS FoLe0 LOTMSZOL MbRL TJgbodsdgds GoEbzo 1 s 5.0.

3.8 dmbspgdors 8sbs

33w930L Loggarg boffoerols slitrmemqdol 9999y 99as dmboggdms dsbs (Excel-
ol 3bOowgddo), MHMIgEog 8mo3sgL: 93MEAM3MWMP0O Jmbo3zgdgol (3gmyMex30vEo
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3mmO©0bs3Jd0, 30x8LMmIgBHOHwo bodswwy, 9JudmboEos, BIOPMOIOL 063w0bsi30v),
LobgMdMS bMLbgdL, BodMlmEomEMma0©mo 33¢g30L 9990, d3965M9ME0 LOgSGOL

36094300 IBIMIMdOL FoB396909l s gergdGHOMbMW BmEHMIMJogU.

43



0530 4. 390093900
4.1 bossgol bsdwysemen femosy®o (3gd396sHeyHobs os GDD-b 33emoengds

Bosogol  Lodwmomm  3H9d39Mmo@«eol  dmbs39dgdol  sBoeoBol  Fggao©
390m3wobs, MHMA 39339 es  39M0MIOL  MmamGmE  frgdol dobgzom, olg
bbgo@olbgs  30x3bmIgEHMME  Lodswgdyg. Yy39wsBHg domswo  Lodwmomm  Haror®o
A9939M5¢ MM  osxodbotms 2002 Howlb mmbogzg gJudmBogosty. 9909y Hargddo
A99396M0GHMMS0  I03M S 99000  BES00MMMHO  2obs. 535l F0s60dbgIL
O3 B396L Jogm godmygbgdmwo myghgdol Imbsizgdgoo (F<0.001) (3Msg.1), oby
LogoMM3germl  359BHOd0m  AEMBISMHO  33¢930L  Tggagdo  (Elizbarashvili,
Elizbarashvili, 2002 a).

9390 33990 30553030L LESEGHOLE03MO bOHOWdo bsmerow BBL LodrsEM
A99396M5¢ M0 (330gds 2002-2008 {engddo (3b6. 4).

36553030 1. 6050l Lodsem Faron®o 3gddgmo@me@mol (C°) 33wowmgds 2002-2008 fjergddo

P
]

(=
L
1

(=Y
=
1

o
1

wn
1

Bosgooa ol bod. (BHgddgesdmes
w

R
=

2001 2002 2003 2004 2005 2006 2007 2008 2009
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3H®0o 4. 60ssa0L Ldswm From®o F9ga3gMs@wIMolb 33w0wgdol bGs@olEognmo sbMowo.

dobodsgrmmo  Bsglodsermeo
Pangdo T°C T°C L5dwsemem UGH.350.. L. dgE-.
2002 10.9 14.7 12.43 1.118 0.395
2003 -0.38 4.86 2.99 1.639 0.579
2004 -0.93 5 2.79 1.771 0.626
2005 -0.52 3.64 2.54 1.313 0.464
2006 1.98 6.18 3.79 1.376 0.486
2007 0.82 5.07 3.14 1.426 0.504
2008 -4.75 3.32 0.95 2.695 0.952

MOmameOag  99-4  3bO0wosd BB, FmboBHm®obyol 3gHomdo  sbg3g 96

335390 6050l Lsdsem faror®o dobodsgrmeo @9a396Mo¢ e, bmenme CP1

30396035c0B9 500b0dbs 53 35B39690¢0l Lo®fidmbm 3069 dmdo@gds (P<0.001) (a6og. 2).

LodwgoEm ferow®o $9a3gMo@@s 2002-2008 ergddo 033w gdm©s LsMHdMbme,

39bBO3M PGS Fooeo ogm gl Imbsigdo

30396359, bemem 439mwsBHg sdso 2008 {gub.

2002 Hoeb gz39es Lsdmbo@m®obym
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36553030 2. 6050l Lsdmowm ferow®o dobodsewdo gddgms@meol (33¢0wgds 2002-2008 fergddo

CP1-CP4 8{39635¢qd%g

CP1 CP2
8 2
[
6 ** 1 i_.
4 s
L 0 ® |
2 L . o
0 o '
2 2 7 g o
-4 -3 [ ] ¢
-6 -4 ®
®
-8 -5
2002 2004 2006 2008 2010 2002 2004 2006 2008 2010
CP3 CP4
1 0 s ' @ '
0.5 .
| °
'—. L >
0 [ o . [ ®
-0.5 o '—07 L ’ ®
-10
-1 ¢ e o ®
[
1.5 15
2002 2004 2006 2008 2010 2002 2004 2006 2008 2010

CP1 8(3960350bg Boo@sgol bydswm dobodowremo &gddgsd Mol obsdogs
39605 BBl BsdMOL LsdMwm M30Mm0 3H939M9EIMHIOOL (30Ol M51303%Y
(365g3.3).

9993060900,

50b0dbmen 3396035 bg Mzl LoggMol bsba®deogmds 833900M0© o6

2003-2004 ool Bsdms®mdo mmzeol Lsxg®mol boby®mdwogmds MadMm
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bsbdm3zmg ogm Lbgs (ergdmsb 8gsdgdom. bmmwm bossaol LsdMswm ™300

3993965 cs  2002-2003 fiergddo m@dm  sdsero (>-10°C), goég 2007-2008-0b

Bsdmsmdo.

36553030 3. BINGOL 3Hgd39MoGH MOl (33¢0egds 2002-2008 Fargddo CP1 8396350l 3903sbgbdman

LsBmboEM®mobam b5339090%9

=
o

12

10

5 8 I
) 6 i
e
5" ; |
f? 2

S
€s - 0
~
% -2
10 -4 1
P v
_15 -8
Bmgddyd-s3Gowro (2002-2003) Bmgddg-s3Gogmo (2003-2004)

15 15

10 10
)
£ 54 5
)
£ 0 —

0 -

H 0T .
€
-5 >
=]
(=]
D) -10

[
=
o

[
[REY
wu

-15

BmgBdgM-s36Goeno (2005-2006)

BmgBdyd-s3Gowro (2004-2005)

605050l LyFMoem 39d3gMoGIMYdOL bbgomds yzgwsbg domoen CP4 (3024 9.0.co.)
9039635bs s Yz9wsby odsen CP1 (2240 8. Db. ©) 9(396M35¢b dmcol dgowpqbs
dbmerm 0.04°C, bmerm 58 8mbsigdol doglodseny® 360d369wmdqdl dmeol bgsmds -
0.01-b, 35806 HmEs gb dmMbs3gdo MBGM 303 2008 Hgarls ogm 3.29°C. (gb6. 5 ).
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35600 5. 6050 LEdMsE™ GH9g3gMGIMOL 33eomgds Lbgsolibzs 3oxlmdg@Mme Lodswwmgbg

2002
3935w LsBmoEm L. UHsb.dg3.  dobodmdo dsgdlodwmdo
29bMS
CP1 -0.884 0.2072 0.0518 -1.00 -0.54
CP2 0.705 0.2945 0.0736 0.42 0.99
CP3 0.420 0.0041 0.0004 0.42 0.42
CP4 0.625 0.1859 0.0882 -1.00 -0.53
2008
CP1 0.624 0.2679 0.0669 2.23 3.22
CP2 0.783 0.3479 0.8698 2.52 2.94
CP3 0.783 0.3250 0.0812 0.22 0.41
CP4 -0.232 0.8186 0.2047 -4.75 -0.07

305983030 4. 605soL bsdMswm feom®mo §gd3gMo@mol T(C?) 3garogds 2002 (1)s 2008 (2) Hargddo
momb 3ogbmdgEHOHmE Lodowwqby ( Elevatio- 30gbmdg@®m«eo Lodsmrg; 3nMmgas3ool 3mgz30309bG0)

Elevatio

& 2240
A 2477
v 2815
¥ 3024

80

40 4

I
% [P P
> [

Axis 2

105 115 125 135 145

aver-tem 145

Axis 1 135
r=-613 tau=-.347

Axis 2 125
r=-.026 tau =-.090

11.5

105
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Elevatio

A 2240
A 2477
v 2815
v 3024

40 4

| 2
»D>
>
N S
Axis 2

Axis 1
average T 34 A A A
Axis 1 il * A
r=-179 tau = .014
Axis 2 -1 A
r= .150 tau = .060 L4
==
5 /'

31939  2odmmzwoe  0dbs  0360LOL  Lsdwmoerm  EoGmO  JobodsgrmMo
399396515 (653.5). gl Imbsgdo oliggg dsmseo ogm 2002 Fgarls, Hmyme s LI s M
feronm®o 3§903965@Os.

30583030 5. 0360L0L LEFMOEIM PO GH9JI3gMGHOOL (3300wgds 2002-2008 Fergddo

L

= =
[an] [y

wn
o @

| |

2002 2003 2004 2005 2006 2007 2008

]

o0gbobob bidmsenm dobod semmy@o.
. T°C
(%3]

g

LAHOGOLE03MNM0 BHYLEHOL ANOVA-L Lsdwoegdom ©sa0bs, MHmA 2002 §garls
CP1 s CP4 9{)396M35¢09dl Mol goblbgeggds Bosagol Lodwmsemm s dobodsgrmémo
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A99396M5¢ Mol dobgzom 56 ogm Lsefdmbm, slg3g 5 GOl LoeHdmbem 2008 Fowls
3oblbgs3905 CP1 o CP4 8(39635¢090L dmeol d0b0dserm@o (9d3sm9@w6mol dobgwozom
(EBO. 6 5, 3). Lo®(IMBMYOOL 3mgB03E096EH0 Ag@os 0.05-By (4959JgdmeEro Moibggdo dg-6
gbOool 5 s B 356M056FT0). o3 Tggbgds M30MEML  IH3gMHZ9¢qdL  FmEOL
396Lb353905L 0360L0L 398396MsE¥MOL dobggzom, 5g Fomoos Imbsgdol Lo®fdmbmgds
Gam®3 2002, olg 2008 {argddo.

gbOowo 6. ANOVA-U  @gbBHol 999a900. (39603500908  Tmeol  g9bbbgaggds  93mmmyow®o
oboboomgdgdol  (Ledmowm  Feom®o  GHYd3gMeG«mol  (bLsdmowm @), 03bolol  dobodsgrw®o
39939605@ 0L (036.006.3) s farom®o dobodser®o ¢g839Ms@wdol (3obod.d.)) dobgozoo 2002 (s) s

2008 (3) fgab. (sig- La@fdmbmgdol 3m9x8030gbGo.

2002
95%
39635000 Usdmoemm | bEsbeo. Sig. | Ls@fdmnbmgdo  0bEHgM35¢0
db. d930. b
d30w> bgs
bm3z56H0 bm3500

Lsdmsemm ¢.  CP1 CP2 -2.250 0.196 0.000 -2.64 -1.86
CP3 -1.750 0.196 0.000 -2.14 -1.36

CP4 -0.062 0.196 0.751 -0.45 0.33

03b. 306. ¢. CP1 CP2 | -0.01750 0.06629 | 0.793 -.1501 1151
CP3 0.10250 0.06629 | 0.127 -.0301 2351
CP4 -0.24750 0.06629 | 0.000 -.3801 -.1149

30600. ¢. CP1 CP2 -8.000 0.946 0.000 -9.89 -6.11
CP3 -10.250 0.946 0.000 -12.14 -8.36

CP4 -0.250 0.946 0.793 -2.14 1.64
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2008

95%
039603500900 | LEBMOEM L@sbeo. Sig. | L®HIMBMgdol  0bEHIM3seo
3d604d. "@)GQ.
390> bgs
b®35M0 b®356M0
Lodmowm ¢).  CP1 CP2 0.60312 0.35767 | 0.097 -0.1123 1.3186
CP3 0.70062 0.35767 | 0.055 -0.0148 1.4161
CP4 459312 0.35767 | 0.000 3.8777 5.3086
036.906.¢. CP1 CP2 0.43075 0.21659 | 0.051 -0.0025 0.8640
CP3 2.71600 0.21659 | 0.000 2.2828 3.1492
CP4 3.03400 0.21659 | 0.000 2.6008 3.4672
00600.¢%. CP1 CP2 -0.16250 1.70494 | 0.924 -3.5729 3.2479
CP3 -6.04000 1.70494 | 0.001 -9.4504 -2.6296
CP4 3.25000 1.70494 | 0.061 -0.1604 6.6604

60550l Lsdsm Herow®do &gddgeo@MHgdo 35Mm0MGIPS OHMYMOE fergdol ,
obg 9Judmbogool dobgzom. s0bodbmwo dmbsgdo goblbgogzgds LsdbGge s
BOowmgm 9JudmBoE0sHg, ™MIEs gb 2oblibgaggds 653¢gd dglodRbgzo oym CP1
30396350b9g s G9sM9000 9B dgLsdhbgzo CP4-by (3b6. 7).

35600 7. 6050l bydswm oo G983gMad¢wcol (C) 33¢0wgds 2002-2008 {jergddo bHowmgo
5 bEFBOYM BYMHPMdJdbY

aFagMgseo | gdbdmbogos | 2002 2003 2004 2005 2006 2007 2008

CP1 Béoowmgmo | 11.68 3.54 3.7 3.04 4.32 3.82 2.31
L5dbGgmO 11.68 3.55 3.63 3.28 6.18 1.85 3.2

BHowmgoo | 1298 4 3.48 2.98 3.48 4.2 3.32
CP2 LsdbMHgmo 1417  4.86 5 3.1 5.1 5.07 2.94

P&owmgmo | 12.87 3.49 29 2.88 3.5 3.08 0.41
CP3 LsdbGgmo 1336  3.29 2.78 2.09 3.45 3.65 0.52
CP4 BOowmgmo | 10.69  -0.38 -0.93 -0.52 1.98 0.82 -4.74

LodbMgmo 11.28  1.59 1.74 2.89 2.38 1.99 -0.07

51



GDD 0bgqglols 259mm3wolsl s00bodbs 30xLmdg@EHMmeo bodswaol dobgwozom
50 8mbs39doL Lo®HIMBM 330P0wgds (P< 0.001) (Gog. 6).

3353030 6. GDD 0bgdlol 3gerowgds 30x3LmdgG Mo Lodsweol dobgogom. (1-CP1; 2-CP2; 3-CP3; 4-
CP4)

190
180 -
170 -
160 -
150 -
140 -
130 -
120 -
110 -
100

GDD

0M3wol bmds CP1 d(j39M35bg 0fygds 53G0wol @sbsfyoldo, Lo3z9gagdEoEom
39600Mm©o  dMdgEgds  Mg@HmIMol  dmwmdEg ©s dBmwmE  bmgddgmdo  93gds
A99396M5¢ M 2°C-Bg 0. d00sbos gl 3gMomeo CP1-%g dmogegl 213.25+20.18
©O9L. Y39esbyg domoen dfz9mzsbg (CP4) s0bodbmwo 3g®omo Macdem dmzargs -
175.8+11.64 ©©g. GDD 0b@gduols dmbszgdgdols sboscwobo sbgzg BosGots PC-ORD
LEAOGOLEHOIMMO 3OMYMTom. 99-7 40983039 MBOM bsmws BB GDD (33cmogds
30x3LbmAgEGOMwo Lodspwol dobgzom 2002 s 2007 Hergddo @s 3MOHIWSE00L
3098030I6GIBO.

3053030 7. GDD 0bgduol ggwomgds 2002 (5) s 2007 (B) Fgeob 3o0xbmdgEmwmo 36ms0gbEob
dobggom(Elevatio- 3053mdgEHMHwo bLoJoMryg; T-30M9E5300L 3983030956E0)

A Elevatio pas Elevatio
A & 2240 PAY 4 2240
80 1 A A | a2477 50 A 2477
'y v 2815 A v 2815
o~ BN v 3024 ™ v 3024
2 A, N
< 40 A %@ < 40 4
a §§é§ |
o1 A A A g i}

135 145 155 165 175 e} 40 80 120 140 160

gdd add
A 1

Xis 1 Axis 1
r=-518 tau = -.125 165 o r=-.318 tau = -.069
Axis 2 A 2

X 1 xis
r= .025 tau= .171 155 4 r= 246 tau= 228 140 4




GDD-b  obgdbo  oblbgogads  BOOwmgm  (146+2.78) @s  LodbOHgom
R9OMO9dbY (154+3.48). 39-8 3bMI00E6 BB, MM BOHow™mgm 9Judmboosby GDD
wWROM Bs3egd0s,  30M) MdOW RFgHE™dYdbg (C1,C2, C3 -ob LsdbOHgm s C4-ob
503mb3wgo 9Ju3MmBo30gdbY).

3b®owo 8. GDD-ob 0bgdlol 33wrowgds BMHowgom s badbMgom ggMmdgdbg 2002-2007 Hargddo

ah396035¢00 93b3mBoEos 2002 2003 2004 2006 2007
B&ommmgomo 163 163 141 151 152

CP1
LsdbeMgmo 169 168 158 155 155
B&owmgmo 158 163 147 156 152

CP2
LadbMgomo 168 165 183 170 177
B&owmgmo 153 145 146 147 148

CP3
LadbMgomo 157 147 149 150 150
B&ommmgomo 140 125 122 123 138

CP4
LsdbeMgmo 137 127 132 133 142

GDD-U 0bggduo 2002-2007 fiengddo Lo®dmbmo opgzergdmes (t = 0.21, df = 13,
P<0.001), 00935 96 50060dbs DML 3H9bgbios. gl Bomers BBL LEGHsGOLEH0IMMO

3H00w0B. (3BG. 9) O MOOBE0MWO ¥MB0300 (365g3. 8).
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3000 9. 2002-2008 fiergddo GDD 33wowgdol bgs@obEoznmo gbMowo.

95%

1550. UH.a90.  UG.8906 t d Ubsdogeeom Lo®f9mbmgdols
f 256Ubgs39ds 0b@gMzsemo P
QOOBSE0 ds®seno
2002 | 1.556E2 11913 4208 36.9 7 155.62 145.67 165.57 0.001
2003 | 1.503E2 17.212 6.085 247 7 150.37 135.98 164.76 0.001
2004 | 1.147E2 18.156 6.419 229 7 147.25 132.07 162.42 <0.001
2006 | 1.148E2 14.456 5.107 29.0 7 148.12 136.04 160.20 0.002
2007 | 1.151E2 11.656 4.117 36.8 7 151.75 142.01 161.48 0.001

236593030 8. GDD-L 06gdLol 33e0egds 2002-2007 fergddo

GDD

190
180
170
160
150
140
130
120
110
100
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2002

2003

2004

2005

2006 2007 2008
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5.2 bsdmbommobger bs33900960L germGobdoyeo G9dsggbarmds, bsbgmdsos sbgo
s bsbogmgberem 069980

BmOob@mwo  50fgmgdo  BsGodms 2001 s 2008 gl  mombogg
LodMboGHMMObM 3(39M350mbyg (CP1, CP2, CP3, CP4). 30639¢00 50{96M0lsl og30dloMs
FMOFmzsb  93gbotgms 138 Lobgmds, MMIwgdos 90937906 gd0s6 32 mxsbl.
360HMmE9bGHMWs© ©MI0boM9d96 BooGmdIEsbM3bgdo s FsmE3m3bgdo. ®sdgbodg b
dbmEmE 900 LEHYMOJO0? M6 [oMmBMmPIboEo 35603MBBYdO, OliErgdo s dmBJgdo
(365g3. 9). s JMOHOL MOHgdb0sbgd0 86.4%-05, bererm 9O gdbosbgdo - 13.6%.

305983030 9. LEIMbOEHMMObYM BIOMNMBIODY Lobgmdsms bbgssbbgs Bbd30mGmHo XAMTBoL 3OMEI6EGMwo

20bsfogmgds

obegngdo

3o630lbgdo N
Boo®dognabmgbydo

dod33erm3bydo

d9hdgdo
bygdo i

0 20 40 60 80 100 120

439wsbg 9930 LobgMdYdO® [oMmMPAIBOE0s MK IbgdO: Asteraceae (21 Lobgmds)
@5 Poaceae (16 ULobgmds). dbmwmo 9o Lobgmds g3b3gds s0hgMgddo d9dwgao
X obgoosb: Betulaceae, Crassulaceae, Empetraceae, Liliaceae, Orchidaceae, Salicaceae,

Valerianaceae (3»sg3. 10).
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236593030 10. 5©{gMH0o Lobgmdgdol dsbsfoegds mxsbgdol dobggzom

25
20
15 A
10 -
5_
0_
® 9 U U U U U W UUOOOUUUUU VYUY YU U D
m @ ® @ ® @ ® @ ® @ ® @ @ @ @ @ @ © @ @ @ © ®©@ @ @©
O 9 U0 QD o0d 9D oDy oI 0D DD QY D
L T T e T e Tl " et
§ g R SSEESRETISSSSR S8 6E8 8 S
s 2meREnz>rad2esEE5Sgm8EcE®0 25
R+ E-SgsEfs S Al asE@gE3gRE
= e £ o X 2 = ] 1 = "=
m C a o o w [ -
= E>zd & e mo SEa
§EE® S : 2
© @

138 Lobgd0@sb 51 Lobgmds 39335b00L 96930 (36.7 %). 439esBg dg@o 393395V00b

95009300 §o6dMm©Ygboos mysbgdo - Asteraceae s Rosaceae (36093.11).

36593030 11. 96093mM0 Lobgmdgdol goblffogds mxsbgdols dobggzom

Fumariaceae
Ranunculaceae
Rosaceae
Gentianaceae
Geraniaceae
Lamiacae
Fabaceae
Dipsacaceae
Caryophyllaceae
Campanulaceae
Brassicaceae
Asteraceae

Poaceae
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mmb0o3zg 33960350 Bg ©IB0JLOMGIM LobgMdgdL MOl 533565 MI0boMgd96
3990360033H™zB0GHJ00 (82%). 30609 30MMm396G0mss Homdmoygbowo olbgmo Labogmabem
53m© 3900, HMYMO0E: 390J60560 bsdgno@gdo (2%), doesbmgsbo agmao@gdo (4%) s
A90m5303 900 (4%) (Mog3. 12).

30553030 12. Lobgmdsms Lalogmaberm gmmIgdol 3MMmEgbdnwo gsbsfioegds CP1-CP4 df3gtm3swby. (p-
Dogbyandfzsbg 3969HMB03HY00, n-box3bedfj3:69 BobmxsbgMmzo@gdo, j-05000563j3569
6sBgdmBo@gdo, z-996dbosbo  bsdgno@gdo, c-dogsbmgsbo bsdgnodgdo, h-390030G03GHmgzoGgd0, g-
39MBOAYOO0, t-HIOMGB0EIV0)

g p n j z c
4% 1%2% 1% 2% 49
t
4%

CP1-CP4 09(39635gd%g  Lbgoolbgs  Msbgol  dzgbstgms  360m39b@mwo
39bsffogds dm399meos d9-13 3M93303B9. 439 LOTsEg Y, Mo 14ds MBS, BT
AYolb  DBgs  LYBEOZOOL 3969699900l 3OM39bGHImo  fowo.  LsdMboGMMHObyM
6533907990L OO FerMOOLEMEo Los BLobMmbodgdols s 96wYIMNOHMBOL sEbodzbom
9399990005 B 1 -do.
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30553030 13. Lbgsalibgs Mobaol digbstgoms 30miEgbdmamo gobsfowgds (1-bogserm®o, 2-bwdbogswm@mo,
3-5¢3960, 4-Bgol Do LEBEOZMHOWIB-53MEmT©Y, 5-BYol BgEs LsBE3MOL, 6-800L-FGYyol By

LoBE3MA©Y)
m6
c: NN -
ma
crz [N T ——— e
| m2
0% 20% 40% 60% 80% 100%

dmbo@mMobaol  3gMomdo, 2008 (gl bmerm@  dmol-Gyol Bgws  LEBO3OOL
93965609900 (M5b30-5) LobIoMy ooboMs Lo®Hdmbm (3be. 10)

3b®oo 10. 3ggbstgos Gbyol LobdoMob (33erowgds 2001-2008 Fengddo 39bGMmow M 3o335b0mbby (P<
0.05, 1- 35009, |-3993060905, Z-UEIBIOEHO gosbMOL 0bwgduo)

Msbgo 396096305 z P
1 N2 0.899 0.217
2 ™ 0.574 0.542
3 ™ 0.167 0.753
4 ™ 1.892 0.058
5 T 2.561 0.012
6 ™ 1.732 0.162
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4.3. bsbgmdsos bodo®yg, d(s35¢nR9Hm36985 ©5 QSBSGXI™BS
4.3.1 bsbgmBsos Lodooo®ol 33c70em985

3960 353395B0MmboL LsdMBOEGHMEMObaM 653390090%Bg 2001 (gl Lobmdsms
LodoEM) NBROM Foowo ogm CPl s CP2 9(396035¢90D9, 300609 oo
3ogLbmdgBHeOme  Lodopwgbg (CP3, CP4) (sb®.11). 2008 {gerb 56d9mMH9gdomo
50M03b30LLL Lobgmdoms 1LOIOEY Fo0BIMES OHMYMEOEF yzgws IP39M35¢BY, ol
LodMomE 18? BoMOMDYdBY3.

2008 9ol g9b639mMgd0mo  sMmoEbgolsl sxzoJloMEs 15 ,obswo® Lobgmds,
OHMIgdoa 960 89336300696 Hobs s®oEbgzolisl 2001 {gerl. FBMEM© Mmmbo LobgMds 56
0465  29639mMHgd0m  sdmPBgbowo: Mo  Lobgmds CP2  8(396M35¢0%g -Alchemilla
chlorosericea > Euphrasia minima s 5939 m®o CP3 -%g: Alchemilla sericata o

Anthoxantum odoratum (3b6®. 11, 12).

3b®oo 11. Lobgmdosms bLodoMY Mmmb Af39M35¢ DY, 18? BMMOMBGODBY (Lodrsem s LEBIOE MO
239BMY). ,0b5WO” I ,39MYFO“ LobgMdJIOL MoMEIbMdY

Lisbgmdgdols
Lodsmeng Lsbgmdgdol Gompgbmds (13?)
65200960 #9000 | 00535630
fj3963owo | b. b
® 2001 2008 2001 2008 Lsbymdgdo Lsbgmdgdo

CP1 2240 59 63 125 +2.87 15.5 +3.12 4 0
CP2 2477 71 77 17.6 £3.29 | 21.06 +3.17 8 2
CP3 2815 15 13 9.12+1.2 10.8 + 1.68 0 2
CP4 3024 29 32 525+25 6.65 + 3.2 3 0
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3HO00 12,5550 © ,0535MFE0“ LobgMddo MMb Lodmbo@mMobym dfzgMzsw by

39035000 » 9b5¢0“ Lobgmdgdo »005356 Mo obgmdgdo

CP1 Cirsium obvollatum 56 Q05350 LobgMdYdO
Betulla litwinowii
Gentianella caucasea
Erigeron orientalis
CcP2 Daphne mezereum Alchemilla chlorosericeae
Chaerophyllum aureum Euphrasia minima
Trifolium repens
Coeloglosum virida
Anemonastrum fasciculatum

Geranium ruprechtii
Trifolium canescens

Plantago lanceolata
CP3 (no new taxa) Alchemilla sericata
Anthoxantum odoratum
CP4 Taraxacum porphyranthum 96 935MAS Lobgmdgdo

Scrophularia minima

Androsace albana

2008 fgals CP1 8(39635¢0b BOHowmgom 9JudmboEosby wsgodbo®ms Betula
litwinowii (montane-treeline-alpine sp.), boeom  LYIBOGm  gJudmbBoEosby Cirsium
obvallatum ©5 Gentianella caucasea (treeline-alpine sp.). CP2 d{j3g63scbg obowo
Lobgmdgdol  MAgBHabmds Tgazbgs POOMmgm  Fghmdbg (Daphne mezereum,
Chaerophyllum aureum, Anemonastrum fasciculatum, Geranium ruprechtii), m6o Bobgmdo
0965 503mBgboro Lsdbemgo BME™dYY (Trifolium repens, Coeloglossum viride) 5> MM0O3
50Imbgego 9dudmboEos®y (Trifolium canescens, Plantago lanceolata). CP4 9{39635¢ools
509mb3eg0 9Ju3MBoE0sBY 950dMBBES MO ,,0bse0” Lobgmds (montane-treeline-alpine
range) - 7Taraxacum porphyranthum s Androsace albana, QL5309 BJOMODY 30-
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Scrophularia minima (alpine-nival range). ,5b5¢0“ Uobgmdgdol Lodsols s
99L3mBoEEol Jobg3z0m 3MME96EMWO A565Howgds Fm39d9os d9-14 4M5x303BY.

30553030 14. sbogro  bobgmdgdol 3OHmEgb@mwo  obsfogds bsd dfzghmzombg (CP1, CP2, CP4)
9Ju3mBoEool dobgzom (North-Aeowmgmo, East-s0dmbsgamgmo, South-bsdbGgmo, West-ologergomo)

ces
W East

c2 I, = North

m South
West

0% 20% 40% 60% 80% 100%

“obogno  Lobgmdgdol” Msbyo doMOomMsI®© 0gm GYolb Dbgs Lsbrzmobs s
5360, IBMEME 9O bobgmds-Scrophularia minima -og4m s¢o3M®-lmdbogzswMo.

Lobgmdoms Lodoeg dmbo@m&mobyol 3gMomedo (2001-2008) 18? BsGNMdYdbY
3o0DsM©s  6.9-000 Jggs 3oxLmdgEew  Lodspwmgbg (CP1) ©s 1.5-000 Bgs
d0390350mbg  (CP4). B39l TogM ©oy0bs  Lsfidmbm  LfmeObsBmgzsbo 3538060
LobgMdmMS LOIOMYLS s 30x3bMIYEHMME Lo gl FmMob, Lobgmdsms LodwoMy
93060905 1L0FSVEOL DBOHPILMID GHMOE. 0L OWIO0! 3MMIGES30580s BosEIYOL
Lodwomm  39gad39Mo@ Moty s GDD 0bgdbls. gl ©sdm309dmegds 396 BbL
396mb0376) 30083mb9gbEH M5 5bseobols d99ao Jowgdmwmo 89wgagdom (3b6.13).
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3bMoo 13. 306LMboL 3mMgwsios (Pearson’s correlation) bobgmdsms LodEoMGL, BosEsROL Lodrmowm

3993965@ 6L, GDD-bos s 308LbM3gEOMHeE Lodswgls dmEob.

bosgsgols
bLobgmdsmS
boabQQ)O bb’('itgbg:)m
LbodopMy T
3 0. -6 00390000
13>y
(T°C)
2001 2008 2001 2008 2001 2008
-0.675 | —0.701
ooy BE. -6
<0.001 | 0.001
0.389 0.465 | —0.191 | 0.719
Lsdemoe T°C
0.002 | <0.001 0.31 0.001
0.747 0.646 | -0.811 | -0.722 | 0.438 0.775
GDD
<0.001 | <0.001 | 0.001 0.001 0.001 0.001

2008 §gals 893635 Lobgmdsd 503935 SBOO RsMMMDYdO (50dMPBBI6 03 182

BoOMMOJOBY, Loog Hobs  Pgerl 6 Ixz0JLoMH96).

5J9s6  dbmEmE M35

LobgmdoLbmzoL SIMPBs gu Imbs3gdgdo LsOFIMbm (sbeM. 14). 3 Lobgmdols dog

539390000 B5OMNMIJGOOL MoMmgbmds 30 9033060 (Deschampsia flexuosa (P=0.042),

Alchemilla sericata (P=0.016), Alchemilla chlorosericea

(P=0.025)),

dom  dmMob

3603d3b9em3s60 8993060905 dbmerme Alchemilla sericata-sb 990mb393580 oBOJLOMS.
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3bOoo 14. Lobgmdoms d0gM 9393909900 FoMHMMOJIOL M5MmEYbmMdoL (33erogds 2001-2008 Fengddo.
(mo-tl-al - doob-hgol bgs bs bmatol-s¢r3aymo, tl-al - dyol bgs bsbmz(0b-5¢»34960, al-sn - sgr3«)tr-
b9dbogseritro, sn - brgdbogscreyko.)

0053953900 132 gs®on.
Lsbgemds Lsbgmdoms 509bmds SD P
3690 2001 2008

25bMoo

Campanula collina tl-al 15 17 1.414214 0.039
Fectuca woronowii tl-al 18 19 0.707107 0.017
Poa alpina tl-al 33 37 2.828427 0.039
Ranunculus oreophilus tl-al 12 14 1.414214 0.048
Rhododendron caucasicum tl-al 2 6 2.828427 0.029
Taraxacum confusum tl-al 7 8 0.707107 0.042
Sibbaldia procumbens al-sn 20 26 0.707107 0.015
Taraxacum stevenii al-sn 24 21 1.414214 0.025
399300900

Deschampsia flexuosa mo-tl-al 8 7 0.707107 0.042
Alchemilla sericata tl-al 29 17 2.485181 0.026
Alchemilla chlorosericea sn 13 12 0.707107 0.025

4.3.2 bsbgmbm0o30 86535¢759036980b 0bgfbo

93965Mgms  IM935¢0xgMM3690s  Lodmbo@m®mobym  6533909dbg  godmomgzams
9960b-3069M0L 0bgduoom (H) s 9396qb00 (J). s0bsbodbsgos, @I gl mGo dmbsigdo
2001 s 2008 §ergddo 35606093 BLb3solbgs 9JudmBoE0sBY. 39Mdm, d9bmb-3069M0l
0bgdbol 33eomgds MBGM Jglsdhbgzo ogm dbmerm@ CP1 s CP2 8(39635¢90%9
(305g. 15 5,0), bomewrm CP3 s CP4-%Bg 996mb-306900L 0bwgdio  mMogg §guals

0(33w90Mes AbyogLo 3H9bgbEoom (3Mg3. 15 4,00) s FoEsEr0 3MMgwsioom (CP3 /1 =
0.684, CP4/r =0.955).
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30593030 15. 996mb-306960L 06gJLolL (33e00gds 2001 (cowexo bsbo) s 2008 (foomguo bsbo) fergddo
CP1-CP4 8{396035¢gd0%bg(s, 8,9,0)

5) CP1 3) CP2
3 5
2.5 A\ 4
: AN S A
15
1 2_%
0.5 1
o++—+—++++++rrr117 |0+
E11 E31 N11 N31 S11 $31 W11W31 E11 E31 N11 N31 S11 S31 W11w31
a) CP3 ©) CP4
25 25
2 A ; 2 ~ A
; TSN
0.5 0.5
4 — I -
E11 E31 N11 N31 S11 S$31 W11 W31 E11 E31 N11 N31 S11 S$31 W11 W31

0509353039035 565¢0Bds  9B39bs  s19g3g LHmObsHMgsbo 3938060 0bgdlols
(33X0gd5Ls O BOFoEOl M50gbEL dmMol (R?=0.898, P=0.001) (3533.16). Gragmbs
dmbosermbgwo ogm, M035x9MM™M36900L8 0bgdlo MABOM oo 0gm  OdSE
30gLMmIgBHOw Lodswwgby (CP1, CP2), 300069 dowswn 839635 gd%yg (CP3, CP4). 2001
09wmsb 9gstmgdom, 2008 (gl 9bmb-306960L 0bgdlol 33eogds «dbodzbgarme
mmbogg 3396035¢bg (P=0.006).
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3053030 16. d9bmb-306960L 0bgdlol (33e00wgds mmb df3gMzsmbg 2001 s 2008 fiergddo (1-CP1, 2-
CP2, 3-CP3, 4-CP4)

#2001 m2008
25
2 i :
::l-.::-'.'-'-".'.'_'."_-_-_--.._ 0.224x+2.335
v R?=0.8982
1
05
0
0 1 ’ ’ 4 5

4.3.3. geremcobdecro dbigszbgdol oboogsfbo

LodMmboGMmEmobym d(39M35¢gdol FermEmoLE™MEro dbgoglgdol FgsMmgdoLbmzoL
359030949gbgm 753500l 0bgduo (5)). Jowgdwo Imbs3gdgdosb (gb®. 15) Bsbl, HmA
RMOOLEGMo dbyogLgds 339035 gdL FMMOL 56 SHOL JoLOW0. G9EIMII0D FoMSWOS
dbaoglgds  CP1 o CP2 dm6MolL, 6og 0m69dc0305, 6o@psb 93 8(39M35¢900L
3oxLbmdgBHOME  LoJsEggdl FmMoL  goblibgoggds w@d™m JzoMgs, goweg CP1
30396M35c0bs s CP3 56 CP4 8{396M35009dL dmGoU.
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gb®owo 15. mmbo Lodmbo@mMobym 97390350l Farm®obGryeo dbyogbgds odmbodmero

5535600l 0bwgdlom

CP1 CP2 CP3 CP4
CP1
CP2 0.546
CP3 0.503 0.489
CP4 0.473 0.503 0.494

CP1 CP2 CP3&CP4
CP1
CP2 0.546
CP3&CP4 0.488 0.496

CP1 CP2&CP3&CP4

CP1
CP2&CP3&CP4 0.507

4.3.4 b3sb985005 ©393569en80b 330700985 ©5 ©MFobs6HO bsbgmbgdo

mmbogg 90390350l LadmboGmmobam  65339m90bg  swMogbmmo 138
LOobgMB0b 68 LobgMdsl MM03g LodmboBMMOByM gl 93535 965 B33 9d Bodo 18*-0sb0
R9M0MO0LY. 58 LobYMDYI0ID LBAMbOEHMMOBYM 396MH0Mm©A0 17 LEHYMOOL OBIOWY MBS
39930609, bmm bryymo Lobgmdol - 450BsMEs (3bO. 16).
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3HO00 16. Lobgmdosms sRsMEMmdoL boMdmbe 33aogds 2001-2008 {fergddo

Lob. 159./bGHob.  Lsd.LBSbE.  3OMm39bGMwo
Lobgmdgdo 5630 29bMS 39bMs. g3womgds P
2001 2008
0d99306Mgdmo
Alchemilla sericata tl-al 10.14 + 6.798 4.18 + 3.244 -58.83 0.002
Deschapsia flexuosa tl-al  8.01 +4.334 5.97 +0.75 -25.47 0.01
Festuca airoides tl-al  7.4+5.372 5.94 + 0.355 -19.86 < 0.001
Festuca ovina tl-al 25.44+£11.856 2453 +11.167 -3.61 < 0.001
Potentilla crantzii tl-al 2.9 +4.006 2.25 + 3.591 -12.17 <0.001
Rhododendron caucasicum tl-al  2.1+2.001 1.4 +1.259 -28.5 0.02
Cerastium purpurascens tl-al 1.01 £ 0.023 0.9 +0.244 -10.9 0.001
Antennaria caucasica al 2.27 +2.051 2.09 +1.48 -7.6 <0.001
Fritillaria lutea al 1.1 +£0.452 0.48 + 0.303 -52 0.004
Kobresia capilliformis al 8.25 +6.396 4.6 + 3.507 -44.25 0.03
Leontodon hispidus al 3.3 +1.861 2.82 +1.099 -14.55 0.015
Luzula spicata al-sn 3.1 +2.309 2.12 + 1.866 -29.17 0.01
Saxifraga exarata al-sn 3 +2.898 2.17 +2.001 -27.63 0.03
Sibbaldia procumbens al-sn  24.15 +9.926 19.52 + 8.318 -19.18 < 0.001
Taraxacum stevenii al-sn 3.62 +2.901 3.36 + 2.704 -7.28 0.006
Matricaria breviradiata sn 2.1+1.673 1.17 + 1.099 -41.4 0.01
Veronica telephiifolia sn 2.33 +0.577 2.1+0.816 -14.27 0.007
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3°BMoo

Anthoxanthum odoratum tl-al 8.1+8.701 9.75 +7.908 20.3 0.021
Gentiana septemfida tl-al 2.29+2.563 2.32+2.373 20.3 0.005
Carum caucasicum al 2.76 + 2.605 3.27 +3.510 18.47 0.026
Alchemilla caucasica al-sn 3.6 £1.673 4.2 +2.564 16 0.04
Alchemilla chlorosericea sn 5.87 +2.525 6.25 + 2.361 7.02 0.027

Lob. - Lobgmds; a=0.05; t/-al - Gyob bgs LsBE3MOL s 53O0 BMbob Lob; al - ser3w®o bob; al-sn -

3e399MH-Lwgdbogsc Mo Lob; si - beydbogscrwymo.

900900 890939000 50lsb0dbs305, MMA IGIOIMdS F9I30MHS MBO™
939G GYob By LoHBPZMHOL S 5e3MMO byl Lobgmdgddo, Hmymcmogss: Alchemilla
sericata (P=0.002), Deschampsia flexuosa (P=0.01), Festuca airoides (P <0.001), Festuca ovina
(P<0.001) s bbgs. Mo d9ggbgds 08 Lobgmdgdl, MHMIGE0S IBIOMEMDSE 250DIMS,
bmo Lobgmdosb 9Hmo sedme-lmdbogswos - Alchemilla caucasica (P=0.04) o
96mog bogsenm®o - Alchemilla chlorosericea (P=0.027).

bbgosbbbgs Lobgmdoms @IGsMIMEMds 3505 BBl PC-ORD L@s@obEogmeo
36MaM530b ©MF0bs6EHMIOL GHguB0m, HMIYEOE 9dm3gmal IROME™Mdol dobgpzom
©M30bs6E Lobgmdgdl (369%3.17). 439eBHg oo Mbyos 1, 53 Mobyol Lobgmdgdols
LodMS3oLy s LobdoMol  FoB3969d¢gd0  Fooo0s, MBMM b53¢gd0  LOIM 3Ol
Lobgmdgdol Hby0s 2 s 5.9 (3bM.17).

2001 Hgeb mmbogg 3(396035¢0Dg godmogm ol mdobsbEo Lobgmdgdo, Gmdwgdos
bobosmMYd0sb  LodMSgwol dowowo Msbaoom (1-5), 2008 Fgli 53 Lobgmdgdol
LodM53ol 35B3969gdgwo 56 TgE3Eos.
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3053030 17. ©xsO»VEMdol 3mbgogom ©mIobsbEo Lobgmdgdo 2001 (5) s 2008 (d) Fgarb

(PCORD Bgo@olb@ozndo 30mamsdol Lobgmdsms mdobsb@mdolb @gqL@o).

A Carex tristis A Festuca varia b
Carex tristis.
Empetrum nigrum
Aan festuca airoides A Poa alpina
Apnp
Aa
a
Aa,
A DAAA
NN S
aa, DANAAN
£ YN £ BN
> >
%21 VN %) BN
> Aaans, =3 W
[} A o BAAAAAN
4 AN 3 A,
o
a
a
PAYAVAN
an
AAAAAA Rumex alpina|
Veronica gentianoides A
a
Minuartia circasica,
5 Luzula spicata
RankAbun RankAbun
A Sibbaldia procumbens A Festuca varia
A Alchemilla chiorosericea
Carex tristis A Carex tristis
A
Nardus stricta
a
a IN
PV NN A oA
IN
£ £ A
=1 =1 A
2 Z >
153 A & =4
— —
A A A
a
IN
IN
IN
A L Primula algida
Matricaria caucasica A A Festuca airoides
Phleum alpinum A Drabasupranivalis A A A A A
RankAbun RankAbun
A Carex tristis A Festuca varia
a  Empetrun nigrum A Carex tristis
Apn festucaairoides A
AAA Poa alpina
Aa
Aan IN
YN N Aann
a
AAN YV.V.VN
g BRIV JYVN g AAA
el N Y Izl I
> A >
S an, I3 Bpnn
a N 4 ADAAAA
N A,
an
A,
Cicebrita racemosa ADAp
Hieracium pannoniciforme an,
N
[AYAYAViVAVAVAV.AVAVLY
A Ranunculus lojkae 5
RankAbun RankAbun
A sibbaldia procumbens A Festuca varia
A Alchemilla chiorosericea
A Carex tristis
A Carex tristis
Nardus stricta
a
A A a4 LRV
£ £ A A
> > A
S S s e
S) A A s)
a 3 A
A A A
a
a
A A
N A A A
. . a
Matricaria caucasica & . Carum caucasica
Phieum alpinum A Primula alpina
RankAbun RankAbun




3b®oo 17. ™dobsb@EHo Labgmdgdol LodMmogwolbs s bobdo®mol Msbyo 2001 s 2008 fiergddo (PCORD

LGoGHOLEH03MNMO 3OHMYMSToL Lobgmdoms EMI0bIbEHMBOL Ggb3o).

Lsbgmdgdo LodMsgemols  LodMsgrol LobdoMo  Lobd.  Lsbwyognem SD

0sbg0 sbgo U ©sbgo

2001 2008

CP1
Carex tristis 1 1 1 13 9.906 8.948
Empetrum nigrum 2 2 6 4 5.187 11.956
Festuca airoides 3 3 5 9 4.094 6.563
Bromus variegatus 4 4 6 7 3.968 5.368
Agrostis capillaris 5 5 12 5 3.937 6.276
CP2
Festuca varia 1 1 7 10 20.125 19.449
Carex tristis 2 2 2 14 12.200 3.228
Poa alpina 3 3 3 13 9.000 7.659
Anthoxantum odoratum 4 4 13 7 4.437 7.966
Festuca airoides 5 5 8 8 3.343 4.791
CP3
Sibbaldia procumbens 1 1 1 16 23.750 8.690
Carex tristis 2 2 2 14 8.937 6.647
Nardus stricta 3 3 4 13 5.000 6.186
Plantago atrata 4 4 5 13 4.062 3.492
Carum Caucasicum 5 5 3 13 4.000 3.983
CP4
Festuca varia 1 1 3 8 7.062 11.636
Alchemilla 2 2 1 12 4.562 3.794
chlorosericea
Carex tristis 3 3 2 10 3.937 4.654
Anthemis iberica 4 4 6 6 1.312 2.750
Alchemilla retinervis 5 5 7 4 1.218 2.750

70




MOmamea 99-17 gbMHowosb Bsbl, CP1 s CP2 d(396H35¢090bg ©mdobsbdo
LobgMdgd0 JOMOMIEI®  FoME3EXPM36900 560D, Bomoer B(396M35¢gdBg gl LMo
033905, IbMEME MO0 Lobgmdss Js@emgsbo: Nardus stricta (RankAbun-3) CP3-%g
s Festuca varia (RankAbun-1)-CP4-%g. s0Uobodbogos, ®md Gmam®i 2001, obg 2008
9l mmbogg 39035¢g Carex tristis-ol LOIMSZEOL MO0  BOJTIME TSSO OYm.
(1-3). 9b 35650 BBL LESEHOLEH03MOMO BHJLEHOL F9IRIE B0MIOVIEO (3BOHOEOEB (HE.
17). 8mbo@m&mobyol 3gMmom@do d30Mgoom dgoE35ws 15305ME B0 LOIMmH3OL
5630l dJmbg Lobgmdgdols LodcMmogerol dsbz9bgdgero. dsy: CP1 (396350 Hieracium
pannoniciforme-qgb LOIMSZEPOL MBYO 0BIMS 50-sb 52-8¢y, Cicebrita racemosa-ly 30
49-05b6 51-00g. CP2-%q Luzula multiflora-ols LOAGHZ3OL MBAO 0(33WdS 66-6 63-
909, boeom Rumex alpinus-ob 3o 66-@sb 59-0qy. sbg3g 608369crmgbs o6 Tgi33e0s
9560093160 Lobgmdgdol ( Veronica telephiifolia, Draba hispida, Rhododendron caucasicum,
Dryas caucasica) bod6sgeols ©sbgo.

dmbo@mMobaol 39MHom@do momgdol 96 Tg33eos  3¢0LBHYMJOOL  LogMomm
OBIOMEMDS (36533.18 5, 8, @, ©). 50b0dbMEo IMbs3gdol  MBbodzbgerm 33w0Egds
doMOoMs©s©  osxgoduoms CP1 (r=0.901, F<0.001) s CP2 (r = 0.823, F<0.001)
30396035c0B9. MRO™ Jooew 30xLMmIgEOHE Lodsmwgbg (CP3 s CP4) 31sbi¢gdgdols
LogMMM  IRIOMEMds 2008 gl ®omJdol 9B 033w0S O 3MOIES300L

3098303096G03 MBOM Joeowos(r =0.982, r=0.999), 300069 Vs LodsLEgbY.
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3053030  18.  3wsLGHIMOJOOL  LogMoM  ORIMMEMdOL  33¢rogds  2001-2008 gl CP1-CP4
90300350 gd%by.( 9)-CP1, 3)-CP2,3)-CP3, ©0)-CP4

100 105

100

o/ \\ £ \L
! e |1 M

20 — ) 008

0 T T T T T T T T T T T T T T T T 1
E11 E31 N11 N31 S11 S31 W11W31 75 Lo
E11 E31 N11 N31 S11 S31 W11 W31
5) d)
120 100
100

. [ ]
%0 )—\z\! A rl. 20
\ ’ ‘F eeoee 7001
60
40 eeee 2001 40 A
20 a— ) )08 V\
0 T T T T T T T T T T T T T T T 1 20
E11 E31 N11 N31 S11 S31 W11Ww31 \ﬁ
0 T T T T T T T T T T T T T T T 1
E11 E31 N11 N31 S11 S31 W11 W31

2) ©)

4.4. Gp965699cmmBolL 09(HFemo 0bOZAMHO (S), 09(HIMROOYBsgool obggdbo (D)
@3 mH0bszorIemo sbsgrobo

LobgmdsMs  OIBIMMEMBOEIB  MZ0MMYMO  3WSLEBHIOOLMZOL  FoTMOMZoWS
93396569Mmdol MMM 0bo3sBH™MOO S s 0gMImgowobsgool obpgjlo D.
dmbo@mMobaol  3gMomdo  m9MHIMwo  0b6O3sGHMOO  F9MOMIOS  OHMYME

72




9gb3mBoiEoools (Msx.19 5, ), obg Hargdol dobgzgom (3Msg.21). dobo (33WoEgds
Lobms 18% BoMMdYdBY (t = 3.2, df = 63, P=0.002).

30513030 19. S 0bydbol Eawowmgds 2001 (5) s 2008 (B) fergddo mmb 0f396M35¢byg gdudmBoool
dobgzom.

9)

.00

5.00

5ag
N
- @ =N= Qé Béa 59

2.00 B

1.00]

Thermic vegetation indicator (2002)

||||||||||||||||
CP1E CP1N CP1S CP1W CP2E CP2N CP2S CPZW CP3E CP3N CP35 CPIW CPAE CP4N CP4S CR4VW

Monitoring plots

6.00

| 0
: %%aﬁaggwé

2.00

o
=)
=]

1

Thermic vegetation indicator (2008)

1.007]

||||||||||||||||
CR1E CP1N CP15 CPW CP2E CP2N CP2S CPWW CR3E CP3N CPR3S CPAW CPAE CP4N CP4S CPAW

Monitoring plots

d)

2001 g5 2008 ferol dmbsizgdgdol 9sdmgdol 99wgas© dogzowgm, Gmd 2008 ol
33965M9MEMdol M9 IMwo 06035EH™MOM0 3983060905 MomMJdol yzgws 339635 by.
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30553030 20. 93965609 M@mdol MgMIMwwo 0bozsGHMm®molL (S) 33eowgds momb 3390350 by
(CP1-CP4), 399gdo bsb0-2001 farol dmbsizgdgdo, bogmolgg@o-2008.

5.004

4.00+

17
i3

2.004

Mean
—o—
e
e

1.00

0.00

T T T T
c™ cpP2 cP3 cPa

summits

093609L0MEds 9b5e0Bds 5Bz9bs, B 2001 s 2008 Hergddo D obgdbo 939
35006090 bbgoalbgs 9JudmBo0sHg s dolo (330w gdol 39gbgbEos MsMymzomO
oym (r = -0.241, F = 1.877, bl = -0.030, P = 0.073) (365g3. 21, 3b6. 18), 0935 bogergds
LoeIMbe.

3b®oo 18. Lodseol gMsogb@ol dobgz0m MIHIMBOWOBIE0OL 0BLOIZIGHMMOL  (33¢0EgdoL

LEoGHOLE03MMO bGOwo

ah396M35¢00 L5dwgo¢om 1356¢.350. LBobe. 99G. 00b603wdo dsgdlbodmdo
CP1 -0.1063 0.4029 0.1007 -0.92 0.48
CP2 -0.0412 0.1746 0.0436 -0.39 0.32
CP3 -0.4800 0.5451 0.1362 -1.76 0.81
CP4 0.0388 0.3446 0.0537 -0.35 1.03
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30593030 21. 3396569emdol 09I w0 0bozs@mmol 0bgduol 3arowgds 2001 s 2008 Hengddo..

5.00

5.004

4.00—

3.00

2.004

Thermic vegetation indicator S

o o oa-Jcnom )
oooalmmrm@mom

1.00 T T T T
2000 2002 2004 2006 2008

065300 9650 BoL LodMsWgd00 IA0BS, ®MI S 0bwgdlo Wsgdom
3695305905 GDD-bs s 03600l d0b0docrn® 39339Mo@ Mol (33¢00gdslbmsb (June
mean of daily T°C). 3069@5300L 3bGodo (3bM. 19) ©s MmHEoBsgo 0530390

(36533. 22) 35650 BBL gl HTMI0YdIYGds.

3b®oo 19. 3mMmgs3os S 0bgduls s BBZS 93teMmy0we Fobsliosmgdwgdl dmemol

Boss0lL Lod. 03bobob dob.
S 06ogdlo GDD T°C T°C

S 0bgduo 1.000 0.576 0.462 0.686

GDD 0.576 1.000 0.688 0.426
Bosog ol byd.

T°C 0.426 0.688 1.000 0.440
03b6obLob dob.

T°C 0.686 0.426 0.440 1.000
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3053030 22. 356mbmzM® (5699 LEGHBIOGHWMW) 3MmI3mbbGHms  sbsgobo (CCA). 3ggbs®rgmarmdols
09MHIMGR0HO  06EOISGMMOLS (S) s bbgs 93mEmyow®o Fobolinsmgdergdol ©sdm30IdIEgdol
3M593039%0. (Thermic vegetation indicator- 93gbs®gmmdol mgMImwo 0bozs@m®o. June mean of daily
minimum - 0360bol dobodscmGo #Hqd39MsEwMs, GDD-BMHEOL bgbmbol bsby®mdwogmds).
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2.00

T T
3.00 4.00 5.00 6.00 7.00 8.00
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4.007]

3.007]

Thermic vegetation indicator

2.00]

T T T
130 140 150 160 170 180

4.5. 060 35dMH0 bsbgmdgdo

UAOGHOLE03MMO 3OMYMHTOL 0603 BHMM Lobgmdsms sbseobols (Indicator Species
Analysis) g58tmg9gbgd0m m30mMmgme LodsEgbHg 39dmoym 3630 9B o 9dudmbBoiool
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060035@™M0  Lobgmdgdo (3b®.20). 2001 Fgwwl CP1 9(39635¢0Bg Lsdo  Lobgmds
(Empetrum nigrum, Vaccinium vitis-idaea, Hieracium pilosella) 50m0ym GOMymO3
BOommgm  9dudmbogool 0bozs@m®o. bmwm gdmo (Vicia cracca)-obogergom
R9IOOMOOL. POHOOMIm BIMOMOIBY 50b0dbMEo LEbgMdJd0 B39 132 BsMNMdJOOL
100%, Vicia cracca 30 Qo653 ©obogergm 9JudmboEool FomoMdgdol 75 Y.
06@035¢MOmo 3563969090 53 Lobgmdgdolmzol  sMoL  seswo  75-100 s
LoMHINMbmgdol 3m9x303096¢ 03 Bogargdos 0.05-Bg. CP2 d(j396M35¢0Hg mmbo Lobgmds
399Mm0gm OHMYMO3 ROHomgo 9dudmboiool 0bogzs@m®o (Carex atrata, Matricaria
braviradiata, Sibbaldia procumbens ©s Luzula stenophylla), bomeom m®o Lobgmds-Geranium
ibericum Cav. o Trifolium trichocephalum - ©GMmyemO3 LSIBOID  BIOEOMOOL
060035@™M0. CP3 3()396035¢0Bg 96 05530JL0MS 060035EMM0 Lobgmdgdo. CP4-Bg 30
dbmemnE goomo Lobgmds- Veronica telephiifolia - 53mogm G0amO3  ©sldgargom
99L3mboiEool 0bozsEMmMo. 2008 gl 0bogs@™mMo Labgmdgdol 0bo35EHMmMmo
9563969090 momddol 56  Jga3zeros, dbmemo CP2  8(396M35¢m0l  sbogugom

99L3mBoE305BY 498MOYM B0 06EOIGMEMO Lobgmds - Campanula tridentata.
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gbcowo 20. mob df)H3zgMzswol (CP1, CP2, CP3, CP4) mob gdudmBoEostby (s0. PM. bsdb. ©s.) Lobgmdgdol BsMEMdOMO MM bmds (%) ©s BoOEMBOMO

Lobdomy (%)
LobgMd9d0 RIOOMOO0MO MroMm©OYbMds (%) R9OEMO000 Lobdomy (%) 9mb@9-396Mmlb BHabEo
CP1 99b3mBoEos 99b3mBoEos
95J. s BME. Lsdb. s, | dsg. 50.  BO@. Lsdb.  @db. 0b. 3sB.  s8. SD P
Deschapsia flexuosa 80 80 20 0 0 100 100 50 0 0 79.9 30/8 13.23  0.0086
Trifolium ambiguum 66 66 17 17 0 100 100 100 75 0 66.1 40.5 12.33  0.0462
Taraxacum confisum 81 81 0 19 0 75 75 0 25 0 61.1 29 15.08  0.0888
Empetrum nigrum 100 0 100 0 0 100 0 100 0 0 100 28.2 14.95 0.0034
Vaccinium vitis-idaea 100 0 100 0 0 100 0 100 0 0 100 28 14.71 0.0034
Hieracium pilosella 100 0 100 0 0 75 0 75 0 0 75 25.2 14.19 0.0276
Euphrasia hirtella 91 0 5 91 5 100 0 25 100 25 90.9 31.9 13.88  0.001
Bromus variegatus 61 0 2 61 36 100 0 25 100 50 61.4 30.4 11.73  0.028
Potentilla crantzii 83 0 0 83 17 75 0 0 75 25 62.5 27.5 13.92 0.0788
Vicia cracca 100 0 0 0 100 100 0 0 0 100 100 26.6 13.01 0.0034
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99-20 3bGOOL goa®mdgergds

Labgmdgdo BOOOMOMMNO MH5ME9bmds (%) BoMmOMBomo LobdoMy (%) J0b3g-350¢0l Agbdo
CPI 9Ju3mbogos 9Ju3mbogos

85 s®. BOGE. Lodb.  ©sb. | dsg. s0.  BGE. ULsdb. ol 06@.956. 15, SD P
Carex tristis 50 3 17 30 50 100 25 100 100 100 50.5 35 685 0026
Alchemilla caucasica 100 0 0 0 100 75 0 0 0 75 75 25.6 14.14 0.0304
CP2
Potentilla crantzii 85 85 0 0 15 100 100 0 0 50 84.7 35.7 1587 0.0176
Carex atrata 100 0 100 0 0 100 0 100 0 0 100 28.7 14.74 0.0026
Matricaria breviradiata 100 0 100 0 0 100 0 100 0 0 100 328 1559 0.0026
Sibbaldia procumbens 100 0 100 0 0 100 0 100 0 0 100 26.2 1261 0.0026
Anthoxanthum odoratum 80 20 80 0 0 100 75 100 0 0 80.3 32.9 1329 0.0126
Festuca airoides 68 21 68 0 11 100 50 100 0 50 68.2 32.8 1205 00136
Veronica gentianoides 64 12 64 0 24 100 25 100 0 25 64.3 29.2 1228 0.0254
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99-20 gbGoob goa®dgergds

Lobgmodgdo RIOOMO0MO Mo bMds (%) ROEMO000 Lobdomy (%) 9mb@9g-396MHmlb BHalEo
cP2 97JL3mbo0s 9Ju3mboios

dod. o, BME. Lodb.  ©sL. | Bod.  s. PO.  Lodb.  sL. | 06.05b bod. SD P
Luzula stenophylla 100 0 100 0 0 75 0 75 0 0 75 26 14.51 0.0266
Agrostis capillaris 85 0 85 0 15 75 0 75 0 25 63.6 26.5 12.77  0.0294
Geranium ibericum 100 0 0 100 0| 100 0 0 100 0 100 28.3 14.09 0.0024
Trifolium trichocephalum 100 0 0 100 0 75 0 0 75 0 75 29.1 14.03 0.0272
Fritillaria Iutea 79 21 0 0 79 | 100 25 0 0 100 79.2 28.7 13.02 0.0078
Carex tristis 44 29 8 19 44| 100 100 75 75 100 43.5 33.9 5.14 0.0446
CP4
Alchemilla retinervis 97 97 0 3 0 75 75 0 25 0 73.1 27.4 14.67 0.0284
Veronica telephiifolia 100 0 0 0 100 75 0 0 0 75 75 25 14.27 0.0288
Festuca woronowii 65 65 11 24 0| 100 100 25 75 0 65.5 35.2 13.35 0.0498
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©oL3MLOoS

056599060m39 AbMBEoMdo 3e00doGHOl FEIMBSWIIMHO (33¢00Gds (IMOMDS) O
dolo 29309bs oo dmol 93965609 )emdOL M35 RIMM36705Bg 9OHM-9MH0 y39wsbY
59BH9oMMH0 93 MYOMO0 3OMDEGIS s JoBLHIMMNMYIOME0 OLIMLOOL bogsbos.
©OL 9OLGOIMo IEYMIMGMO0m, BOHEOWM - EILOZWgm 93Mm3sdo 1971-2000 gl
35960L 3983965@ 1658 8m0do@s 1.54°C-00. 53506 gMmo@ 53 MgyombIdo s0obodbs
5GH0MLBIOMOo  boergdgdol  Fo@gds, bmwrm LsdbGmgo  g3mm3sdo-3oModom  bswrgdo
09930605 (©9bwMmgdom 20%-0m). bgsolb3s LadMmMABMbBM MY gdol Msbsbds
2031-2060 §§ 936003580 35960L 3H9939M5@1IMs 8m0do@gdlL 2.1°C-sb 4.4°C -39, bmwm
009 ©930{oBg 2100 ferolimzol 359M0l 3H9039M5@IMOL doBgds 0dbgds Lodmswwm
1.5°C -6 5.6°C-0¢og (Schoter et al.,2005, Vautard et al., 2014). 590060b &gd3geHo@weol
33X0Wgds 253egbols IMobEgbL dyobgzsMgdbyE. 39M9MdYD, MHMI 3oBsMs dyobzscgdo
39J6M905, bmwm oo d4obgzs6gdols sMgso d9d;3060©gds 30% -om (Schneeberger et al.,
2003). Lodotmromzgemdo 0b39gblomHo EosmMdMdy sxgoduoMos 1982-2003 §f s 3s960b
3993965650 dm0ds@s Ladwyseme 0.8°C-oo (Elizbarashvili, 2010).

dM035e0ds 3309350 o ds0 dmMob, dbmgywoml 47 dJ399ebsdo GLORIA-L
36m99dBHob By gddo Bo@o®mgderds dmbo@m®mobol 30639wds (303¢ds (2001-2008

09 Bomo 963965, GMI 30000530L 8000bsGy MBSO (330009053 99339

390m0f305 oo dmol  ;39656MgMo M35 RgM™3bgdol  dgB—bHozargdo
3900boGME0 (330 gds: LEHYMOIMS FoYMOE0S o 3030 3900FSEHJO0L DBmyogM MO

LobgmdoL M50z MHo Fgdi306M9ds 96 Loghommo aodemds (Setersdal, Birks, 1997;
Gottfried et al., 1998; Gottfried et al., 2007, 2012; Pauli et al., 2012).

39M99ml  6700L30gMo  (33ogds 60dbsgl, MHMI  SEYOWMOdMOZ0 396906030
3375305 96 8992905 sbsew 306MHMOGOL, 96 60F0IB 58M350EGOS — ForM0MYdS, b
LOgMNME  2odgbGds. 3MB3MOIBEOL 29I GIL O A9IMBYDS OLgMO LEbgMdY,
OMIgo3 MBROM 9539dEG050s© 2odmoyggbgdls 4969gdml MAmegzgtgl MHglydLgdl (Korner,
2003, 2009, 2014). @sdumbgdol dgEgbmdsl dgbfgal mbs®o S30s@ 29333l

296MgImb M599b0dg M5O IMdIMBL (Spehn, Rudmann-Maurer, 2010). 3s@oerdmol
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BobgmdsMS A3 BdBIdM030 0b69HE3006 F5dMBObMY, 3e0dsEHol 1-2°C—om
@OMOMBs 53O 33965609 mdsdo 2090393l Fbmerm d306g M3 935006
330090l (Theurillat, Guisan, 2001). 3Ebmdoos, ™I Jooerdmol  Labgmdgdo
3969303900  3M535¢0BIOM3bgd0L  Fo0owo  Mbom  AsdMoMBY3090, Go3  sboero
3060t0900L5d0 [oMmBoBHOMWO 5Q3BHO300L 396y F0bs30MMdI® gobobowrgds. mwdzs
296MGH03MO0 5033930900  (Bobommmyom®  ©mbgbg) 396  YBOHW39wymz96
933096 53GS30L. 30do@ol (330w gdols 99sM9gdom bsbdmzwmyg 3gMomodo

AoJumbgdol  ggmemios, M dds  Mbs, 3960 FmbYds.  93w0dsEos 3o 390
BOHMB39gmxl sbow 306MdJOME Tgagdsl s JoaMs30s Fobads oMmoY39eo. 0

39dmbg935d0 30, 009 J0aGMs30s J9Mdgdgeo 0dbgds — Lobgmds 350039G06 godMgds
(Grabherr et al., 1994; Theurillat, Guisan, 2001; Koérner, Sphen, 2002; Walter et al., 2002).
030 3530m35¢0lobgdm BMBogmo LyMEHYwol oo dmsdo (85y., 93GM30L 5¢39dd0)
93905M9gms  39MGH0IIWNOO 259 Y0WGOIOL  doe0sh sdse LoBdobgl (10 9/25 §)
(Steinger et al., 1996; Kérner, 2003), 93mbob&gdgddo 93965609 Mol «0Mm0g6mH00mdgdols
©5394o690sl o 3o b0 39bsMgMEo  MbILIBMYSMYIGOOL  Bodmys0dgdsls

SLHergmEgdo slFoMYds. 30ds@ol d;33es MBO® LHGMIRI® bds (s Bmbgds),
3000609 93969 gms MOl sbsEro  MODOIOMNMIJOOL  FsIMYsEr0dgds.  sdoEma

©O9356gwo  Lsbom sOLgdMEo  bobaMdeogo 9303006 JJOIRO©
B53MY5c0390E0 YYOHMOIONMBJOO 5Q3MIBOMOML 50PI0S. 306500050 ym3z9ewo Lobgmds
39M99ml 330 gdgdL  3oLbMBL  0bE030MSIMSE, WROM  FgBo b
939w ™MEY0 b0 MsbsLEBMYSMYdJOOL BsTMYse0dgdsls, 3000609 339 SMLYIMWDS
dog®si309L (Korner, 1992, Grabherr et al., 1994; Larcher, 1995; Theurillat, 1995; Sala et al.,
2000; Holten, 2003; Osenda, Borel, 2003; Walter et al., 2005a, b).

LogzOnbgdo dymxzo s 96gdmemo Lobgmdgdo AsbLOIMMEMIdom bgblo@OHmS
39393MO05L 2569303690056, bo3gds IMdOWHO Lobgmdgdo (35y., 3939GGH0YIOO
399653wqd0L  dJmbg) 259Mdx09369096 9300690 99305l s (33XP0EgdIOL
?35UvH9gd96 doe0sb Byers. dsmmo Fgdymdo 89O IM30YOMO 0gdbgds LolvyMH3gwo
90360m30ds@ol ddmbg 0360M3s00@9GHI00L FMO35wRIMM367d5Bg s TgLodsdols,
,09dobsfizmIMdsbg“ (Spehn, Rudmann-Maurer, 2010). bmMg s80EHMI oo dmado
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3w035¢)0L  (33¢00gd0m  2odmfzgmo  Lobgmdoms  doacsEgool  gzgwrs  dmEYWo

LoOHMMEgL 5Hgqds: 9gHmo b3, 09 ©I65§93M90 IO MgE0gzol odm MHMMEos
903603500353 go0l 306:Md9d0L 5©YJ39F MO Fom35e0lobgds, BogMsd, dgmmg dbMog,

950owdmsdo  (pobLogMMMGoom  se3MMo  LadGYwolb  bBgs  bsfoerdo s
106035 )H/603500ME  LoMGYwgddo) LHmMgE g3mewmyown®do 6odgdol Mooglo
36535¢0x39MM36905 0dbgds ob 9.5, 859390 GyMmeEro, OHMIgEoE FMOZow  BHogJumbl
3905MBgbols Jobll dob3gdl. 93eM30L 5¢39ddo sbOETd MMAMPEMORMETs 330939000
(Scherrer, Korner, 2010, 2011; Scherrer et al., 2010) 563965, H™3 gEoMd5wMHO 3¢0035EH0b
2°C-00 ©@smdMdOL 3060190 35d0EHGHOL YL SOLGRIMWO yzgs GHo3ol dbmem
4% ©503561905. 39BLO3MOMGd0m 650T369wM3zbs T9I30MEIds 3030 3530GSEJOOL
ROOOMMO0, M3 035 6odbsgl, MMI dmIsgzsedo  JgBHo  Lobgmdobmzol  bBozwrgdo
Labomisbarm LogMEg 046900.

2001-2008  Qargddo  GLORIA-U  36Hm9d@ob  gobpaegddo  396GHOSmMo
39335L0mbbg  Bo@oMgdmends  dmboBm®mobaol  sbseoBds  godmoegwrobs  Bosaogol
LodMom  3933gMoGH oL, 93gbsMgms IBIOIMBOLS s BObJOMOL  (33C0gds.
6050530L Bodwowm ferom®o F9gddgMo@ms 2001-2008 §F oz3wgdmos Lo®fjdmbmo (P
< 0.0001), y39sByg domsero 3H9a39Msd¢ s ogoduotMs 2002 Fgwb, 9909y ©I03™
@5 RO BESBOWNMHO 2obs. 5LIB0TBs305, ™A 2002 Hgwlb 53 dmbsizgdol Aoblbzsgqds
93905 30gLMmIgEHOY Lodswergls (CP1-2240 9. B..) ©s Bgs Bodsmwgls (CP4-30240
b0.©) dmcOol ogm dbmermn 0.04°C. GmaEs 53 2obbbgsggds Madm gog 2005 (gl
3950090065 3.1°C. 605050l 9939653 MS 51939 0333w gdm©s gJudmbBoiool dobgzom,
030 RO F50owo  o0ym LsIbOIm GFJOHOMODY, 30009 POOWMINDY. MBOM
8609369035605, vy GMYME 033WwgdmEs Bsdmbo@mEmobym 3gMHom@do boswaogols
Lodmom oMo dobodsgrmMo 3H9d39Mo@ves, M5Yb BsTMOL (3gd3geod Mol
DO @O FoLMD 3538009090 PMZOL BoRMOL bobyMmdwrogzmdol 993060905 OE
393096l sbgbl ;3965Mgms 392939305%g (Korner, 1992, 1999). Dmaomo@ om3wol
L5g396M0 935369 PoBLEBPZMOZL Foodmsdo F3gbs®mgms AsbsHoEgdSL. slsb0dbsg00,
60d Zmowol BeEs 0{jygds mmzwol bmdol 9999y 1-8 ®ol 0b@EgM3sedo, bmwrm
50dmbo39boll  oBOIL LBFoMEads 5-16 ©EY. BsTMOL  3H939MH9EHWMOL  BsBHgdom

83



350039990 ™30l BogMoL bsba®dwogzgmdol d9d30Mgds Mdmswm dmddggdl 0d
LobgMdgdBY, MMIGEMS 963056 9ds MM3ZOL EObMBLL 0boToEI MO IA30569d00
dcmbgaL.

dmeoem  dmbsizgdgdoom  (http://www.eea.europa.eu/data-and-maps/indicators/snow-
cover-2/assessment) cm3ol Lsxz®ol boby®mdwogmds POHowmgm bsbgzsdligg®mdo
3993065 dmem 90 farol go6dsgemdsdo, goblozmmMgdom 3339006 1980 {erosb.
030l Asbs 1982-2012 §f 99930605 7%-000 dstrEol :mz9do.

50dmBbs, MM 6050l LYW Mm oMo Bobodoswmemo  3H9d39gMoEIeS
2001-2008 §f 0omddol o6 Fg33wrows, dbmeme CP1 d(396035¢0Bg s00bodbs 93069
Lo@HIMbem Fo@gds (P < 0.001). dmbomEmobaol 3JgMmomodo GLORIA-U 36mgd@do
BoOommo 60900693096, Bmy  Mgaombdo  @sx30JLoM®S  Bosogyol LTS
3993965@MobL JqLodhbggzo do@gds (se3900, bdgewmsdrsBr3zol Mgyombo) (Reginster et
al., 2005; Pauli et al., 2007, 2012), %masb 3o 930609 3300qdsL 3Jmbos sA0wo.
dogocmoms, 2001-2008  §F  Boosogol  LsdMowm  Hewom®ds  (3$gd3geodmsd
36003690 m© dm0dsBs bmm3z9ga00L dm0s6gmdo, ™MdEs o DBodm®ol F9a3gMsd e
Log®AbMdEISE Qo0BsM©s (Michelsen et al., 2011).

396 ME 35335B0MmbBY LsdMboEMMobam 39MHom©do s1g3g 6 dMmToGJds
0360Lob ™30l Bossaol JobodswyMo #Hgddghsdmes (t = -1.85, df = 69, P < 0.001). qb
039 ©> g dmbsggdo 9603369 ™3z5605, oD 0360LOL ™mz9do ofjygds dgEgL
93965M905 393935309.

GDD 339359 o6 30B396s DML 3H9bgb3os. gl dmbszgdo 35006 9d
fangdobs (t = 0.21, df = 13, P = 0.089) s gdudmbogool dobggom (P <0.001). Gs 0gds
@by LodbOID BIOOMOBY IROJLOOES MBROM bsbyMdwrogzo bMOL  3gMomo,
3000609 BOHO0MYNDHY. 0360L0L bossRol Lodmswm 39d3gesd s s GDD sgdom
3095305905 6050l LTS  39I3gMoE ML, s80@™A 98 dmbs3gdgdol
330 gosl  fergdol dobgzom oo 360336qwmds  9g3l dmiEgder  Ggyombdo
3003530l (330 gdol BMYso LYYMHSMOL JoLOYGdS.

2001-2008 G ULosdmbo@m®mobym  9(30635¢0bg  ©sxz0dloM©s  LEbYMOIMS

©ORIOMEMOOLS s BLOBAOMOL (33¢P0egds. B3gbo gMm-gMm Jobsbo ogm 9933963309,
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659096500 0ym ©5353306090)0 5©0b0dbME0 (3300090930 BosIRoL 3H9a3gMoEWEMmOL
330906,  LETMBOGHMMObaMm  39M0MmETo  LobgMBIMS  MOMPIbMBS  Qo0DIMS
Oz 39035 gdbg (11.2 -sb 13.5-0g) (t = 2.9, df = 63, P = 0.001), obg 102
BIOMMOJOYBY (6.9-000 J3905 30xLMIgGEHOM Lodspegbg (CP1) s 1.5-om Bgs
d039035c0Bg (CP4). 950m3ww0bs Ls®ambm  LHmObsbmgsbo 3538000  Lobgmdsms
LodEOEMGLS s 30x3LMIYGGHOME Lodsgl TmEOOL. Lobgmdsms Lodoey 1939
YO0 3MMHYJS305905 6050l LoTMs™ 3H9a39M5EwEsl, GDD 0bgdLls s Lbgs
93MMA0ME B5JBHMOIOD .

2008 Hgeob Lobgmdsms obIgMEGOOMO FMboGHMEOOBYOLIL 5dMBbs 15 “sbogro
Lobgmds”, GmIwgdog 2001 gl o6 J9gagbzbab. dbmerm@ 4 Lobgmds 396 odbos
50Mobyeo 2008 (gub. “sbosero Lobgmdgdo” doM0mss© 30MsEILumdL 560 F)dbIb
LodbEMJ s VMAMLIZEgm  GJU3MDBOEOSL,  LOSE MBOM  FoLswros  Bosoyol
3993965 1Md, d0bgMmoe0Bo300L LoBJsMg s 6050 39009l 29630MMYdEO
(Erschbamer et al., 2009). Dm50050 5316 LBo®Eygedo s139dEHo 360939 ™3z56 MMl
0595901 Lobmdoms 2obLobergdslls s JoaeoE0sdo. dmerm 89dsxsdgdgwo 33w930L
99090 (Winkler et al., 2016) 93Gm30L gem®osls 3(396M35¢q0Bg $H90396M0@weveo
X500 5 Lobgmdoms LOAEOWMY BMT0YH LIMEYJdo MBROM FoVIEO 0gMm SWIMBSZEgD
@5 L¥ABOYID BIMEMOYIDY 30006 BOOWMID S L3NG 9JL3MDOE0SDY, 1939
LoMHIMbm  ogm  AobLb3390s  39MObIME  BIOPMOJOL  TmEOL,  goblibgeggdoom
b39058995H030U5 5 BMMYoME (10MBIOOLYSE.

2008 9ol Lo®IMbm gooBosEs 8 LobgMdOL 0gH ©s35390IMO BoMIMBJOOL
650 9bMds, IbMermE Bsdo Lobgmdol-09930Ms (JoMOMII® GHYol Bgos LabEgzmOL
@5 53O0 Mrobaol LobgMdYd0). J0a358605, M YMMIEYds MbEs Asdsbgzowgl CP1
30390350l BOowmgm  9Judmbogosby  Betula  litwinowii-ols  sbogsBOL
06003000900l 2589bsbY (3Msg3. 15), 00 MZslsHMolom, GMA gl Imgergbs dgodargds
3obboma  0dbgl, OHmamOE  Mgyombdo  LwdsrdmMo  sybsMo  BHYol g my3z5M0
9gb35BLool  sfygdol  0boIsGHMMms©. Md3s, B30 XIO-XIOMIOM  BosEEmY35©
d030Pbg30 L3l o338 0gsdY, LobsTd 56 0dbgds MEYMSMO IMbs3gdgdo BHYol Bgws

LOBO3OMOL  30x3bMIGBHOME  oIBOE3EWYOIDY  FgIMJPO  WMROM  FIWVIWO
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L03oEggd0L3g6.  BHYol  M3sEbsmgro  gdudsblos  BOHOMMgm  BIHMOJODBY
(396L53MmmMgdom  BHYol TgdmMBgboo s O30 BOMRT96EHJdOL  J0TYOIMI©)
5055050  9MLBYOMo  308LMIGEHOIo  LoTsMEEol FBoMREgddo  Mgaombdo 19366
5006036905 @5 00 1O35M9MOME, ©H353306M9d0VIE0s M396513bge MG s;fergmdo
998A9bbomEo  dmggdol 8339006 F9030MgdLMb. LfimeMg 535l by  godmgfzos
3o sDBMO O IMBIMIO 0600300gdOL FsliMdMO030 HIIZ30MYdS s AIBZ0MIMYOS
39bBo3MMMGd0m 0d, Boog 995l byl MHgmdl MHgEogxrzol JozOMEM3MYMOR0s S
Rhododendron  caucasicum-omsb  9950o@  Bodmygowodgdemo  Bo30w0@S30M0
MOM0gOHMOS (Akhalkatsi et al., 2004, 2006; Abdaladze et al., 2005; Huges et al., 2009).

LobgMdoms  FMO35WRIMM36900L  0bgdbo  (Fgbmb-306960L  0bgduo) sligzg
390060905 BOJoEOLs s 9JudmBoiool dobggzom. 2008 fgwl CP2 df3gGm35¢mol
LB 9JU3MBO30YBY F9bmb-30696M0L 0bgdlds 8339Mo© TFMODsB)s, gl Fgodergds
50bLBsl 0dom, MHMA ,,5b5¢0 LobgMdgdo“ 2008 Howb LHimMg LsTbOHYM S SIMLSZEgm
99b3MBo00l BIOEMBIODY 0gbs sGOoEbmwo.

ol Bod@o, ma 2008 gl 25609mMH90000 IMboEHMMObAoLSL 15 ,,5b5¢0 Lobgmds®
500mBbY, bmem 4,565, s3Mm3g 8 Lobgmdol dogH ©s35390ds BoMMdIS
300539, beewm 3 Bobgmdolsd — s03m s 535BmMb3g, Y39ws ,oboero Labgmdol®
(3905 gOHmols) Mbyo ogm @Gyob Bgos LBsDBPZMOLS s SE3MEO, TJLodEgdgE0s
L5933 HGOML FMLOBEOYGOIL: 3309308 MYR0MbTo 50O 5J3L BEMGOOLEWO
3033mB0Eool 4o6M339ME Bevd@uno3090L, HMgdoE 3035396 Lobgmdgdom dE0IH
090000900 0o Lodomerggdl  (CP1 s CP2  dfg9M3segdol  LadbMgool
99b3MB0(30900) O BodBHMOM0Z5® 56 IMO(39396 439wy BYbLOEMO 303 3500390
(CP3 s CP4 9(39635¢0900), Lssg BermGs JgoMmgdom sM0d0s, MwIEs QOEOS
0393000 5 960986 LobgMdsms [owo. 330930l 53 9BS3BY Y39es gb 33TOEgdS, 0dols
39035¢0lHobgdomsE,  MMI  bosoaol  LsdMswm oo  Hgddgeed My 96
39BOEO, Fobbow e Ybs 0gbgl HMIMOE FIOIZIILWO WMIXMOO BEYIHLISEO
Q5 505 65039 LYJ39L0MEO bollosmols dmgegbs.

GLORIA-b  36Hm9gd@ob  dmboggdgdoom, 2001-2008 §F ULobgmdoms ©omqgbmds
290D 93MMm30L  Mgaombol 45 Lodmbo@m®mobym 390350 gdbg  (doMomss©
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M550 LoMEBHYwrol 80gddo), 9993060 10 (396035 BY, bmwm M3y MBS
11 9539635¢0Bg. LobgMdsms LETNSM MOMEIBMdS 8(39M3509dDY Fo0DsMIs 34.9 6
37.7-009 (t=2.9, df =49, P =0.006). Gg30mbgd00L dobgom Lobgmdsms MoEbzo goobOmS
12 900630 (bL5dsmE 75.4 6 80.6 Ay (t = 2.8, df = 16, P=0.13)) , 99930M©s 3-do
©S Y3390 MRS 2 Mgaombdo (Pauli et al., 2012). Lsbgmdsms Gomegbmdols
099306900l dBOO3  AobLHIMMIOMYO0m  Bogobysdm  Jggagdo  odbs  Fowgdmero
b39058995B030L30609m0l M9a0mbT0, LssE 39I3gMOGHMOOL MTs3HJosL b IgH D™
Boergdosbmdols 999goMgds (Pauli et al., 2004, 2012). 53 Ggaombdo Lobgmdoms MoiEbzol
3@0905 8905083MmmMYd05, M5YD Fowswros 9bgdNG Lobgmdoms fowo. gsdmomdgs
303mm9bs, OHMI dMMJoE dngddo Lobgmdsms LodEOOOL Fo@gds  godmof30s
3000353 0L IMdMBST, bmerm Ls3oMHob3omm 3MMm39b9d0 bdgEms3,sBO30L30MgMTo -

3993965@GHMH0L Fo3goslmsb ghmso, bogrgdosbmdol 9993069050 (Escudero et al., 2012).
936m30L oo dmsdo  BoBoMgdmands  33¢093900s  (Fop:  93LGHMOSLS o
390G MOO  5¢0393d0) bsmmws 9b3z9b6s, MmA 99-20 Lomzmbols dgmeg bsbgzs®do
30003530L  IMdMdST  Fooedmodo  asdmofjgos  860dzbgemgsbo  (33w0wgdgdo
939botgms 365350 x39M™M36905d0, 500b0Tbs (3539  Lobgmdsms  BogMoEos @
Log3MPbg ©999w9JMS 3030 5PO0WdOL J39bstggdl (Gottfried et al., 1998; Keller et al.,
2000; Grabherr et al., 2001; Walther et al., 2005a,b). dcgom 5000 ol gobdogwrmdsdo
Dma09Mm0 LobgMdol 30x3LmIGEHMMEO 393039 JO0L HBO35M0 s0fjos 6.1-29.4 dg@com
(Parmesan and Yohe, 2003; Bockmiihl, 2008; Lenoir et al 2008). gwm&Mosl
LodMboGHMMObaMm 3(39M35¢gdBg Lobgmdgdol 30xLMAGEMMEO A953ME3IXIOOL BOZGO
0903335 LsdMomE 2.7 J-om. (396G NMH0  39335L0Mmbol  LsdmboEMmMHobym
30396035c0gdBg Lobgmdoms MoEbzol 2oBMmIL s dom Fog sbowo FoMmHMdYdOL
©5393905L 396 9630bowszm MMM Lobgmdoms doy®msEosl. 2008 ol dbmerm
doob-ByYob Bgs LBzl I39bsM9ggdolL (Meba0-5) LobdoMyg 2s0BsMEs LsMfdnbme.
O3 930b0dbgm, 33eg30L MYgy0mbdo 96 IR0JLoMmES BosIROL GHYa3gesEeOLs
@5 GDD-b 83390000 353905, BMYoo® 95396 LaM@GHggerdo d3gbsdgms wm3sw Mo
30mboBs0s MBOM LHOsxgs  bogds, 300609 dogmszos (Korner, 2003). dogMozos
©59M30009d0s  LobgMool Lsbogmabwm BM®AsDY, M35 fiemgsbo  Labgmdgdo
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MMM OELIBL sOBYIMOID A9M3Z3JM sEA0WSL (Steinger et al.,1996). 53539 ©@OML
93905 30x3LmAgEMHMEo LOTsVOEIL BgEs LBOTsMEGaO0L3IG6 Lobgmdsms ToaEsEosL
MBOM OO O™ BFOMYdS, 30650056 300 MBS Q3IEIBMB olgmo 360dzbgermgsbo
056M09M0, HMYMOO(3SS 5¢3MM0 LaMEHYgewo (Pauli et al., 2007).

2001-2008 fengddo Lodmbo@m®mobym d(396M35¢gdbyg slg3g 990339 LobgMdIMS
OROMEMds. 2008 Fgals bgersbsero dmbo@m®mobyolsls s0dmbbs, Mmd 17 Lsbgmdols
OBIOMEMdS 8993005, bmwm BMmo Lsbgmdol-g4o0Bs0©s. 08 Lobgmdgdl Jmeob,
HMIJW0S IBIOMMBS J93060©s J306M9s FoME3em3bgdols s oligngdol fowro.
bmaogemo 93393500 ( Klanderud, Totland, 2005) 35659@mdlL , GmI gl 9396569900
MO 259dg 50056 3e0doEoL (330 gdol F0dsMm. 53 35M99L SILEOOL B39bL
3096  LBAHGHOLAHOIMMO  3OMYMHTOL  EMT0bIBBHMOIOL  BHLEOL  LsdsEgdom
3903w 960w IBIOMEMdOL Jobgz00 MA0bsbEH0 Lobgmdgdo. MHmymez 2001 olg
2008 fiegddo mobogg 93960350 Bg ©@MB0boMgdbg6 doME3rmzbgdo s obengdo.
390BO3MMMGd0m oo  oym  Carex tristis  LAHSEGOLEGOZMNOO  3OMYMHToL  Boge
539600 LodMsgErol dsB396909eo0 (Abundance value). ol o3G0 93mGHMbOL
39bLS3MMYd00 3603369 M3560 MT0bIBEO Lobgmdss, MMBgEro S930M9gdL bosagol
JOMBOL s bl 2oddgs oMgdmL LEHMILYIO BoJEHMMGOOL JodsOm
(Alatalo et al, 2014). 3mbo@m®obgol 3gHom@do 51939 56 Fg33eoes b3gs MdobsbEo
LobgmdgdolL (Poa alpina, Festuca varia, , Festuca airoides Sibbaldia procumbens) Lod6 530l
dsh396909emo.

BMQ09MH0  LEHYMOOL LOIMOZWY S IRBIOIEMOOL  (33¢0GdS  FJodgds
053938069090 0gml 300631696 E 0 35¢sblLOL (33¢0gdLMB, M3 FoOEGHM 53
dobBgbom 396 s0blbgds CP1 s CP2 9(39635¢00bg Lobgmdoms oxgs6enmdols
399306905, 530 Labgmdgdo goblibgeggdmws 3slbmdgb oBoxgbmEBy sdol
A9939605GHMH0LS S MMZWOoL LoRMol bsbyMmdwogzgmdol 33wowgdsl (Gottfried et al.,
2002). 6sHogrmd®og 5300 Fgodengds s0blbsl DmaogMmo Lobgmdol ogsHYIMdOL
33L0WYds. BMPOO© 53O0 Bobgmdgdo bgws JmBsMo 93gbsrggdo 5M0sb, Mm@
360H™m39bGH05 dsm dmMol ghmferosbgdo (Korner, 2003). sx3560H)mds Herosb fursdoy

Bo3agds 033wgds, 3609369cm356 (33000905l 3er0ds@ol boby®mdeogo 33wrowgds
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LFoME9ds (Pauli et al, 2003). smEowgdws© Mbs  5©00bodbml 396569
OIBIOMEMOOL  (33¢00gd5HY dMm3900L  go3wgbs, MmdEs gl 396513690  dogosh
03305005 B396 Lsdmbo@mMobym 3(396M35¢9dbY.

2001-2008 §§ sLg39 bo3argdo 903E35¢s BogMm™M OTRIMMEPMOS 3eslidgMgddo.
50 dmbs3gdol mdbodzbgwm 3300 gds sgoduboMos CP1 (r = 0.901, P<0.001) s CP2 (r
=0.823, P < 0.001) 8(396035g3bg. 3wsLGHIMOGO0L LogMmmMm  OIBIOIMDS  Foon
3083LmAgEGHOHME LOTsgbg P0MJdol 56 9330S S 3MMYO3E00L 3mgR0E096E0E
M3 Jo©o0s (r=0.999, P=0.001).

LobgMBIMS  IRFIOMEIMIOID J9TMOMZos MYMTME0 06035GHMMO (S) o
09M3z0owobs3zool 0bgduo (D). 09mHdmwwo 06035GH™OM0 sboliosmgdl 3arslGg®gdols
»09MIBOMO* 56 ,300MB0MOH* boliosmb. IMboEMOmObyol 39MHom©To ol 3oMHOMIIOS
O0amO3 9JudmbBogool,  obg  fargdol  dobggzom. o6 sdmawgbogs  dolbo
©59M 3000939905 30836MIgEOME Lodswegbg (r=-0.185). Jobo 33w0Eds Lofdbm
0ym 192 305b¢gM9ddo (t=3.2, df=63, P=0.002). 09m»Ing0m6Ho 0bozs@mmo 9993060
y39ws 99396035¢0bg. S 0bgdlol 4oBeMEs 35906 5G0L dMbsermbawo, GmaEs Jowswo
AR 99dmbg Lobgmdgdol Lobdocmg 0BMHYds, brwm dsEo AR bobgmdgdo dzocM©gds,
B396 LodMbOEHMMOBYM FoMIIMDdJOBY 56 ROJLOMYOEs Tgoglo Goddo, dbmemo AR5
Lobgmdgdol Lobdomg goobsMs LoMfdmbm. sbsemaom®mo 3MMmiEgLlo sxgodloM
LodbGgo s5e39ddo (Petriccione 2005, Di Pietro et al 2008).

LAHOGOLE03MM0 3OMYM5ToL MGAMGL0IE0 565¢OBOL 15FSEGdOm YOS,
G0d 009030 06035@H™MHOL 33¢0egds 2008 (garl 2001 §garmsb dgscmgdom, 96w
09M3BooDs3zool 0bgduo (D) motymzomos (r=-0.241). ®md3s gb dmbsggdo 56 s6ol
dmmdg LoMHINbMm. D 0bgdlol 35605305 90degds 2odmfzgmo ogml HmymE3
3Mm379o300lL  Bb3goslbgs sbs3om, 0bg OBIOMMdOL 30DwsMHo  T9zz35L9d0LsL
39633900 30MIowgdom. MbEs 500b0dbol, GMI D 0bgdlo ©ogdomos  93M™m30l
16 ©9200mb30 17 -sb s s 42 df39M35¢bg 60 d)H39M35¢0sb (Gottfried et al., 2012).
ol LoOHIMbm  3mEOgWs305d0s BITNOOL  boEgdgool  BoMm©gbmdLMB.  BmyogHm
6930mbdo domgdmo bosgm dmbsggdo (9sp., BmM3zga00L dmosbgmdo D obggduo

30009l 5©Yd0MO, bmwm  JnGWIbEool Mgaombdo vvGymzomo, 85dob  GM3s
89



36Md0w0s, HMI 93030l PHPOE™gmTo 3¢00d5¢0L IMOdMBOL FsB396909e0 Lo3ToMm©
3o0oos)  LimMgo  Bsdommol  bogngdgdol  33erowgdom  sblibgl.  dm@asbosdo
93390005 99930605 B8Ol boengdqdo. 396@GoH 35335L0MmbBY dmrm 35Ol
39605303590 BsdNMOL boergdgdol 360d369erm3zs6 933060905l saowo 56 3dmbos.
B396 Lodmbo@dm®mobym  3()396035¢0gdBg D  0bgduol 56593390M0  33E0EGOS S
0903Mwo  06@03oGMMoL 9930090 33503l Loxkgwydzgwl  30x30d6OM™m,  H®I
390G ME  3533560MmEBY  30TsBHOL MOMBs G5 JmIbsGs. Pauli et al., 2012
dobgzom D (33wogds mx®dm LsOFIMbm oym  3mbE0bgbGHME ©Mbgbyg, 300609
0(j39030wgdbY.

MmOH0bs30MEds  9Bsw0oBds  51g3g 29dMogwobs, ®MI S o0bpgdlo sgdOM
3MO9W5305d0s GDD-bs s 036oLol 80608seme (3933960 MOlmb Lo®dmbmadol
bbgoolibgs 35B39690om. gl mMo God@Bm®o bdoGo Bbgds o Mod&msdo,
QO3 53O0 939bsMgMEmdol 360d369wmgzsbo g3memaom®o Boddmmo (Korner,
2002, 2003, 2009, 2011; Larcher, 2012). 6ol Lybmbo (GDD) GmamME 00m3wolash
0530LBW0 39H0MPO NGOl 5BM(396900LM30L, begrm 0360l 39d3gesdmMs 30
3608369035605 500Mbs3960lL BMEOLmM30L. MmM0zg d5B39690900 M I0YOIMW0S
6050530L }$9339M5@M5BY s IMbOEGHMMObAOL 39MH0MEAT0 FsMO0 BOW 5 (30¢GOSQ
dmobgbs 393 gbsl  ®gMHIMwo  0603sGHMMOL  0bgdiBg s  godmofizgzs
Lobgmdo@s  B0aMmO30L  Idso  LoToEggdosb.  2001-2008  {iewgddo o6
©5830gJL0MGOMWS 5T GO J5B3969d¢0l BOOL 3xb9bE0s.

mmbogg 9)39M35mBg  smfgMowo  Lobgmdgdosb 36% 35335B00L  9bgdos.
GLORIA-b 36mgd@Hdo BsOomvemo bmyoghm Ggayombols ds@owdmsdo (Loghs 6g3ssl
000056900, 396G MEmO 539606900, BO@OWMgm sw3gd0) gbwgdMMmo LobgmdIdOL
oo 35@mwmdl 30x3mAgEOMEo LMol BOEILMIL ghms (Noroozi et al., 2011).
3933580Mbol Fo0oedmsdo 9bgdM© LabgMdIms oo Boswswros BBdbogzsw ) Dmbsdo
(Nakhutsrishvili, 1998, Nakhutsrishvili et al.,, 2006). Ebmdogros, M3 3Jerods@ol
86093693560  33womgds  sB0sbgdl  9bgdMMo  Lobgmdgdol  3m3MEs3090L.
dmbodmemobaol  3gMom@do 5O  ©sxoJLoGMdMEs  9badmMo  Lobgmdgdols
©OBIOMEMOOLs @  LobdoMmol  360d3bgemzsbo  (33w0wgds,  goblibgsgzgdoom  Lbgs
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930Mbg00LYsb. 590, 0MBOL BBz MO s BogsMHo LyBEHYEOU ,,3030
5Q030qd0l” 93965609900 LYMOMBMWs© sH0BEHIE dmEro smo farol dsbdow by,
beerem 9609dMMHo Labgmdgdol Mogbgo 99do0s 20 %-om (Noroozi et al., 2010b).

BGOGOLEH03MM0 3MIMPMSFOL 06EOIOEGHMOIEO 650Dl BHLEHOL LTS gdOM
mmbogg  9Ju3mBoEosby  A9dM3wobEs  IRIMMEMIOL  dobgzom  0bO3sEGMEMO
Lobgmd9gd0 s G0 0bEOIsGHMEOMwo 35B396909wo (IV). Lobgmdgdol 0bo3sEHMmOHwo
3563969090 30039 #odmoygbs gwgbdgmyds (Ellenberg, 1950). ol 50myma3cos
Lobgmdgdl bbgoolibgs 93memaow®mo 3Bod@m®mgdol dobggom (gobsmgds, boswaogol
A9b605b6mds,  3H9d39MoEGs, pH). LEHIGOLEHOZMNMO BHILBGHO 3o 93w9bl 0bois@™m®d
LobgMOGIL OBIOIPMBOLS S 0T §3MEMYPOMOO BoJGMMJdOL Jobg30m, HMIEGOO3
B3gbo  AMboGHMEMOBAOLIL 9GOl oBMBoEro,  MMYMMOESS  Boo@iol  LyFSEM
A993965G M,  dobodscrMo  3H9d3gMo@cs, GDD.  0bozs@m®mo  Lobgmdgdol
RMHOMO0MO LoIMS3g s LobJoMy 4563399 9JL3MHBOE0SBY 0ym Fowswro (75-100%),
OmEs Bbgs 390HMmdbg gl d5B3969dqd0 Bl MMos. sggg Fowsero ogm 53
Lobgmdgdol  0bozsGHMOMwo  BsB3z9690gco  (75-100). 0bOIsGHMMO  LobgMdgId0Ib
mmbo 35335B00L 9bgdos. dsy: Vicia cracca CP1 8{)396M35¢00ol slisgargm gdbdmboiools
0600035@HMM5©  399m3wobs.  wo@dgdodmmol (Hill et al., 1999) dobgwgom ol
d0M005© 39650 gdM 50 gddo y3b300s. Empetrum nigrum-30 CP1 B&owmgm
99b3MBo00l 06EO035BHMM0s, Ol F>OOWSE 3HYB0sD 5EH0gddo 0BMHYdS.

B39b0 9H—9mm0 59MmEsbs 0gm 030l 25633939, M M3 Fgo335¢s 7 ol
9563000y 060353 MO0 Lobgmdgdol 0bo3zsGHMOMWo 5839690900, 256Ls3mmEMIdOM
CP4 B&owmgom 9dudmboEos®g, Goyeb 3a00ds@ol osmdmds »acem dgde@ sH0osbgdl
3030 50 ool 93965099dl (Korner, 2009). s00mBbs, ®md 2008 gl s50bodbmen
LobgMdMS 06035EMO o 3sb39b90gwo 56 9330y, dbmeme CP2 83960350 by
35900ygm 5H5o 0603sGHMOm0 Lobgmds (Campanula tridentata).
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51336900 s M93mIgboi30900

39BA®OME  35335L0mbbg  (4oBdgol  Mgaombo, X3MOL M. FoEsdMYdO)
GLORIA-b 36HmgdBol  33e0g30L  500wqdol  396Mm3sbgbdme  653300098%g  (182-056
3sbiGgem9ddo) 3oMmzgeo  LsdmbodmEmobym  gozwol (2001-2008 §F) Kog@™dM0z0
3sbOEPOL 565¢POBOL Loxd390 B FglodegdgE0s s35133650:
1) 605050l bsdmoem  fewon®  3H9d3gMo@Mmsdo  dg@—bozwgds 360d369wmgzsbo
33093900 56 500b0dbgds. dobgs35 0dols, MMI 39ga3gMoGIMs goblszmmMgdom
do@seo oym 2002-2003 §ergddo, 3sb 990099 ©9030M 5 GO0 OHO 2obs;
2) 0360Lob d0b0dseMH0 39d396MsEMd s BOOL BYHBMbol bobymdwodmdsd (GDD)
S1939 96  2odmogErobs  BOEOL  B9bgbaos. gl mGo  Bsbg9bgdgro  sEIdOM
30695305905 6050l LTS F9a39MSEIOLMID;
3) 09mHdMwo 0b6o3zs@GMmMo (S 0bgduo) LsefdMbm® 35G0MdEs BoTsMols @
99b3mBoool dobgzom, MMBEs 9O IBROJLOMEs TJobo JMEMGEs30s 308LMAgGHOIE
L03OEGLMsD. ol yzgws 3396350 Bg 99930Ms. 1gMHIMNB0oDBs3o0l 0bgduo (D)
MSMHYMBONO 04m s b53egd@ LoMHINMbM, M3 IMIMBOWODIF0OL BMYSWOI® Ods
bbb 89¢Y39w9dL;
4) 9903355 LobgMBdIMS IGIOIMdS s Lbobdomg. 2008 fgwlb osgoduiodms 15
>0 Lobgmds“  (m3oMs@qlo  LsdbOI RIMEMIBY) OMIgds  SBLMEIEMMO
w3O03gbmds Yol Bgs LEMEHYWOL S SE3MMHO MHIBYOL 0gm, ,25dMs“ 4 Lobgmds, 8
LobgMdoL oM ©39390ETd BoOMMBTS FM0TB)S, bragm 3 LobgmdoLsd - 0 M;
5) obogds Lobgmdgdds doMomoo  LYABOIMNO s  SMVIMBIZWIDO  BIMHPOMDOIIO
©503539L. 9985 50909wds 3309358  9B3gbs, MHMI  BMBoge  Lod@ygedo  sL3gdGHo
960093690356 M@l 05359m0L LobgMOIMS Foblobengdsdo.
6) 9omEE™3b900 @O 0LEGdo Y39wsDg MBOM LEAEHDOWIMJOIO 5M0D WMISEMMO
3035¢ MO0 (3300090900l J0dsO®. SN0 IFPIOWMEIMBS S LOIMIZOL
35839690930 070mJdob 56 033w9ds IMbOGHMG0byol 3gMHomedo.
7) 96  9933wows  06035@GmMo  Lobgmdgdols BOEOMO0mo  bobdocy o

060035@™OH o 3sB39b909wo0;
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8) 9600930 s (3030 35803)5EJOOL LobgmdgdO 56 0dYMRGOMELYDL LogMmbol J3qd .

9) BWMmOHOLEHMWO 30I3MHBOEOOL 63390 BEMIEYS3E0900 dMm0(35396 LobgMdgdom
800sM J9sM9g000 B LoToMEggdL (BHYol Bgws LEBOZMOL 93mEMboLs s Bgs
53760 Bo®BHYwol LodbOgmo 9JudmBo0900) O BodBHMIM035 o6 RB0JLOMOYOS
y39wsbg LobLoGMO 303 3sd0GsGdo (Bgs s3MmO s bYBdBogsIWME/BogswrMo
LoMEGHYE900), BoOE 083050 S 96YFME Lsbgmdsms fowo bl 3MPMHJO0 OWOY;
5060950, 33930l 53 9B93BY Y39 gb 33CP09ds, 080l FomM39eoLHobgdomsE, MHMI
B05og0L Lodwmsm Ferom®mo 39d3gmodems, 03600l d0bodoe MmO FHgd3geMmsdIMs @
DM©OOL BYHBMboL bsbAMI03Mds 56 QOBOEOWY, 23bbowrmE Mbs 04bgl G
396339000 MIIMO0  BEYJBHYIE0d @O 96 Gv0dg  Lvydaglomeo  bsliosmols
dmggbo.

93



00dOMAMIROS

Lodoesdg ™. (2011)  “VLogodomggwml  sedme  I3gbstgms gmbjgodo
36535 x390M36905 s 30T5BHOL JEPMBSWMMO (33¢0gds " Hoabdo: bsfs®oz9cmmls
80035250 R9(5236985. 09©. 4. bHM3O030¢0,(MBdOEOLO: LodsGmzgerml gMm3bmwo
539509dool 459mag., 15-18.

2. 90osdg M., 6. amdgx0d30¢0, 3. bsbmiModzowo, 3. bgodg , (1998)  bgz0
(0d0obo).

3. 29bodg ®. (1999) “Vodoeromgzgeml gwmMol 369350 xgM™m3bgds . Fogabdo:
bsgo39¢reals  Bocaeremgon®o @5  obIsHRAmO  0(h335¢7390m36985,  609©0-900
dg6rmBsdzomo 6., 3Mdwobo o, Bobobsdzowo b. (mdowobo: I gOHm3zbmywo
3Mbx39M9b300L FsBoergdo, dsolio)

4. 2035mM0 b, 0. b330, . bobmi®odzowo, ™.  sdowsdg, (2011),
»09OIMBOWoDs3ool 300390 LMLGHI®E  godmbsdmeo  Bodbgdo  396GHOIMEO
3933580mboll GLORIA-EUROPE-L Lbsdmbo@mMobym Jugarol bszgzargy d(396M35¢9dbg
(GE-CAKI13)“. §ogabdo: bsgstorz9¢rmb 80006535¢7%9636985. 09©. @. bobm@odzowo
(0900¢0l0: boygoOMZgeml 9gOHM3649wO0 535009300l godmd39amds, 19-22.

4. 3066960 J. (2008) s¢n396% Ggbse90s 9302¢230s, (MdOOLO: 0ol Lobgwdfonm
16039MLOGHYGHOL odMmI390EMdS).

5. @o®bgo 3. (2006) Gp9b5(59005 9302070803, (09d00oLO: Yb03gMLOO)

6. 0503300 . (1969) bsgsmomzgereml 30bozGB0 390865305, bsp. I, (mdogrolo:
Lobgardfogm Mbogzgdlodgdol 3edmadEgdamds.
7. BsbmE@00d30o0 ., M. 50Isdg, 6. BoBIBsIZ300, ™. godyMgwody, 3. FodmIzowo,

(1999)  o335b00b  Fs@serdools  Jpgbsmgriermdol  HESbbRMGIsgos  3¢r0dsdol
3B (32¢P0CP)B5LS6  35300(00. — 3590l BseBr 30263963006 30008590l

63¢0¢980b 965236090 BoremgH9bo. Ne 8, (mdoerobo), 87-100.

94



8.  bsbyiModgzoero g (2000) »Usgs®m39e0ml  dotoospo  80m3980°,
00ab80: bsgs®orz9¢mml  Bomermgon®o s 3b@IsRHI00  ID335¢rR9036985. 1
963690 3mbxggmgbiools  dsbogrgdo, M9-900 dgMBsdzoo, b., 3wdwobo, .,
BoBobsdz0wo, b. (mdowolo),43-67.

9. Lodsdgzoo 0. (1965) bsfstorzgemeals bl bossghdo. (00d0olbo: g58md300¢0mds
d93b09gMgds).

10.  bsgo®ooggeremb  Gpgbsgos bseizgz306 1 ,1964 o II Gmdgdo, (omdogrolo:
393609Mm9dsm5 535009300l 250mI39demds 1969).

11. Bogdo®momgzggamlb 2569dml o33oLs s dmbgdMozo MYlmEmlgdol LodobobE®m/ UNDP
bsgso39¢neals G909 9636:9¢70 9992806985 359602l 30008590l (33¢00¢n9080L BsGBm
36396500U503300b, (mdoolo, 2009), 230

12. Lobmgos 0. (1983) b930L bs0008-bsdm33980b 3358095603790 Fodmbogenzs s
3590x 289b980L b60bd098980, (d0oLO : 50MI399cmds 3936096909, .

3. ¢6MH8sdg . (1997) Lsgs®orggcreals doGoosoo bosesggdo, (mdowobo: godmd3gdwmds
»0936096905%)

14. Abdaladze O., G. Nakhutsrishvili, M. Akhalkatsi, W. K. Smith, (2005) ,, Treeline Ecotone
Structure and Some Ecological Features of Betula litwinowii in the Central Greater

Caucasus®, Proccessing of Georgian Acadamy Science. vol.3 (2): 57-65.

15. Agakhahyanz O., & Breckle S., (1995) “Origin and evolution of the mountain flora in
middle Asia and neighbouring mountain region®, in Arctic and alpine biodiversity: Patterns,
causes and ecosystem consequences, eds. Chapin, F., Korner, C. Ecologial studies 113, (Berlin

Heidelberg New York: Springer, 63-83.

16. Akhalkatsi M., O. Abdaladze, G. Nakhutsrishvili, W. K. Smith, (2004) “Global warming
effect on birch seedling establishment at treeline in the Central Caucasus”, Botanikertagung:

5-11.

95



17. Akhalkatsi M., O. Abdaladze, G. Nakhutsrishvili, W. K. Smith, (2006) ,Facilitation of
Seedling microsites by Rhododendron caucasicum Extends the Betula litwinowii Alpine
Treeline, Caucasus Mountains, Republic of Georgia“, Arctic, Antarctic and Alpine Research

vol. 38: 481-488.

18. Bakkenes M., ].R. M. Alkemade, F. IHLE, R. Leemans, J.B. Latour, (2002) “Assesing
effects of forecasted climate change on the diversity and distribution of European higher

plants for 2050”, Global Change Biology 8: 390-407.

19. Barthlott W., W. Lauer & A. Placke, (1996) “Global distribution of species diversity in

vascular plants: towards a world map of phytodiversity “, Erdkunde 50: 317-327.

20. Barthlott W., ]. Mutke, M.D. Rafigpoor, G. Kier, H. Kreft, (2005) “Global Centers of
vascular plant diversity”. Nova Acta Leopoldina, 92: 61-83.
21. Bartlott W., A. Hoster, G. Kier, W. Kiiper, H. Kreft, J]. Mutke, M.D. Rafigpoor, H.

Sommer, (2007) “Geographic patterns of vascular plant diversity at continental to global

scales”, Erdkunde, 6: 1305-315.

22. Becker A. & Bugmann H., (1997) “Predicting global change impacts on mountain
hydrology and ecology: Integrated catchmenthydrology/altitudinal gradient studies,
Workshop Rep Documentation resulting from an International Workshop Kathmandu,
Nepal, 30 March - 2 April 1996 .IGBP Report 43. Stockholm: IGBP Secretariat. The Royal

Swedish Academy of Sciences.

23. Becker A. & Bugmann H., (1999) Global change and mountain regions — initiative for

collaborative research. (IGBP Mountain Research Initiative,), 52

24. Bockmiihl K. (2008) Comparing species-temperature relationships of arctic-alpine plants

among three altitudinal transects in Svalbard. (Norway: University of Bergen).

25. Burga C. A., F. Klotzli & G. Grabherr, (2004) Gebirge der Erde. Landschaft, Klima,

Pflanzenwelt, (Stuttgart: Ulmer Verlag,).

96



26. Callaway R. M. (1998) “Competition and facilitation on elevation gradients of the

northern Rocky Mountains, USA”. OIKOS 82: 561-573.

27. CEC, (2007)Limiting Global Climate Change to 2 Degrees Celsius. The Way ahead for

2020 and beyond (Brussels: Commission of the European Communities.

28. Cernusca A., U. Tappeiner, A. Bayfield, (1999)Ecological effects of land-use change in
Europian mountain ecosystems (ECOMONT): Concept and results. (Berlin: Blackwell)

29. Czerepanov S. K. (1995) Vascular plants of Russia and adjacent states, (USSR: Komarov

botanical institute of the Russian academy of sciences.

30. Dolukhanov A.G. (1978) “Timberline and subalpine belt in Caucasus Mountains®. Arctic

and Alpine Researche 2, no.10: 409-422.

31. Dosio A., P. Paruolo and R. Rojas, (2012) “Bias correction of the ENSEMBLES high
resolution climate change projections for use by impact models: Analysis of the climate

change signal” Journal of Geophysical Research: Atmospheres, vol. 117:117 -141.

32. Dufrene M. and P. Legendre, (1997) “Species assemblages and indicator species: the need
for a flexible asymmetrical approach”, Ecological Monographs 67: 345-366.

33. Dullinger S., T. Dirnback & G. Grabherr, (2004) “Modelling climate change- driven
treeline shifts: relative effects of temperature increase, dispersal and invasibility”, Journal of

Ecology 92: 241- 252.

34. Dullinger S., I. Kleinbauer, H.Pauli, M. Gottfried, Ch. Klettner, R. Brooker, L. Nagy, J-P.
Theurillat, J.I. Holten, O. Abdaladze, J-L. Benito, J-L. Borel, G. Coldea, D. Ghosn, R. Kanka ,
A. Merzouki, P. Moiseev, U. Molau, K. Reiter, G. Rossi, A. Stancisi, M. Tomaselli, P.
Unterlugauer, G. Grabherr (2007) ,Weak and variable relationships between environmental

severity and small-scale co-occurrence in alpine plant communities“. Journal Ecology 95:

1284-1295.

97



35. Elizbarashvili ESh., TF. Urushadze, ME. Elizbarashvili, ShE. Elizbarashvili, MK. Schaefer
(2010) “Temperature Regime of Some Soil Types in Georgia”. Eurasian Soil Science 43: 427—
435.

36. Ellenberg H. (1950) Landwirtschaftliche Pflanzensociologie I: Unkrautgemeinschaften als
Zeiger fiir Klima und Boden. Ulmer, Stuttgart.

37. Erschbamer B., T. Kiebacher, M. Mallaun, P. Unterluggauer (2009) "Short-term signals of

climate change along an altitudinal gradient in the South Alps”. Journal Ecology 202 :79-89.

38. Erschbamer B., M. Mallaun M, P. Unterlugauer, G. Nakhutsrishvili, M.Akhalkatsi, O.
Abdaladze (2013) ,Plant diversity along altitudinal gradients in the Central Alps and in the
Central Caucasus: The project GLORIA in south Tyrol (Italy) and in the Kazbegi region
(Georgia) “in Camerino: Colloques Phytosociologiques, XXIX, ed F. Pedrotti (Italy), 167-188.

39. Erschbamer B., P. Unterluggauer, G. Nathutsrishvili, O. Abdaladze, M. Akhalkatsi (2010)
“Plant diversity along altitudinal gradients in the central alps (South Tyrol, Italy) and in the
central greater Caucasus (Kazbegi region, Georgia)”. 7uexenia 30 no.1: 11-29

40. Erschbamer B., P. Unterluggauer, E. Winkler, M. Mallaun (2011) “Changes in plant
species diversity revealed by long-term monitoringon mountain summits in the Dolomites

(northern Italy)”. Preslia 83: 387-401.

41. Escudero A., R. Carcia-Camacho, a. Garcia —Fernandes, R.G. Gavilan, L. Gimenes-
Benavides, ].M. Iriondo, C. Lara—Romero, J. Morente, D.S. Pescador, (2012) ,,Vulnerabilidad

al cambio global en la alta montafia mediterranea®. Ecosistemas?21 no.3: 63-72.

42. Frey W. and R. Losch, (2004) Lehrbuch der Geobotanik. Pflanze und Vegetation in Raum
und Zeit. 2 Auflage (The Netherlands: EISEVIER Spektrum Akademischer verlag)

43. Gagnidze R., (2005).Vascular plants of Georgia: A Nomenclatural Checklist. (Thbilisi:

Universal).

98



44. Gottfried M., Pauli H. & Grabherr G. (1994) “Die Alpen im Treibhaus. Nachweise fiir das
erwdrmungsbedingte Hahersteigen der alpinen und nivalen Vegetation®“. Jahrbuch des

Vereins zum Schutz der Bergwelt 59:13-27.

45. Gottfried M., H. Pauli, K. Reiter & G. Grabherr (1999) ,,A fine-scaled predictive model for
change in species distribution patterns ofhigh mountain plants induced by climate warming”

Diversity Distribution 5: 241-251.

46. Gottfried M., H. Pauli, A. Futschik, M. Akhalkatsi, P. Barancok, JLB. Alonso , G. Coldea,
J. Dick, B. Erschbamer, M. R. F. Calzado, G. Kazakis, J. Krajci, P. Larsson, M. Mallau, O.
Michelsen, D. Moiseev, P. Moiseev, U. Molau, A. Merzouki, L. Nagy, G. Nakhutsrishvili, B.
Pedersen, G. Pelino, M. Puscas, G. Rossi, A. Stanisci, J-P. Treurillat, M. Tomaselli, L.Villar, P.
Vittoz, I. Vogiatzakis, G. Grabherr. (2012) “Continent-wide response of mountain vegetation

of climate change”. Nature Climate Change 2:111-115

47. Govaerts, R. D., G. Frodin, A. Radcliffe-Smith, (2000) World Checklist and Bibliography

of Euphorbiaceae (with Pandaceae), Richmond: Royal Botanical Garden,178-201.

48. Grabherr G. (2009) ,Biodiversity in the high ranges of the Alps: Ethnobotanical and
climate change perspectives”. Global Environmental Change-Human and Policy Dimensions,

19:167-172.

49. Grabherr G., M. Gottfried & H. Pauli (2001) “Hight mauntain enviroment as indicator of
global change”, in Global change and Protected Areas. Eds. Viskconti G., Beniston M.
Iannorelli E. D. & Barba D. (Boston, London: Kluwer Academy Publishing), 331-346.

50. Grabherr G., M. Gottfried, and H. Pauli (1994) “Climate effects on mountain plants”.
Natur 369 : 448-448.

51. Grabherr G., M. Gottfried M, and H. Pauli (2001) “Long-term monitoring of mountain
peaks in the Alps”, in Biomonitoring: General and applied aspects on regional and global
scales, eds. Burga C.A. and Kratochwil A. Tasks for Vegetation Science, Kluwer, Dordrecht.,
153-177.

99



52. Grabherr G., M. Gottfried, A. Gruber & H. Pauli (1995) “Patterns and Current Changes in
Alpine Plant Diversity”, in Arctic and Alpine Biodiversity: Patterns, Causes and Ecosystem

Consequences. Ecological Studies, eds. Chapin III, F. S. and Korner, C. Berlin: Springer, 113:
167-181.

53. Grabherr G.; M. Gottfried, H. Pauli (2000) “GLORIA: A Global Observation Research

Initiative in Alpine Environments”, Mountaint Research Development 20, no.2 : 190-191

54. Grabherr, G., M. Gottfried & H. Pauli, (2010) “Climate change impacts in alpine

environments” Geography Compass, 4:1133-1153.

55. Gugerli F., K. Eichenberger, JJ. Schneller (1999) ,Promiscuity in populations of the
cushion plant Saxifraga oppositifolia in the swiss Alps as inferred from random amplified

polimorphic DNA (APD)”, Molecular Ecology 8: 453-461.

56. Guisan A. & Theurillat J.P. (2001) “Assesing alpine plant vulnerability to climate change:

a modeling perspective”, Integrated Assesment 1: 307-320.

57. Hedberg O. (1969) “Evolution and speciation in a tropical mountain flora”, Biological

Journal of Linnean Society 1:135-148.

58. Hill M. O., J. Mountford, D. Roy, (1999) Ellenberg’s indicator values for British Plants.
Bunce ISBN.

60. Holten, J. I. (2003) “Altitude ranges and spatial patterns of alpine plants in Northern
Europe”, in Alpine Biodiversity in Europe, eds. Nagy L., Grabherr G., Kérner Ch. &
Thompson D. B. A., Ecological studies: analysis and synthesis 167:173-184.

61. Houghton J.T., Y. Ding, D. J. Griggs, M. Nouger M, P. J. Van der Linden, X. Dai, K.
Maskell & C.A. Johnson,(2001).Climate change 2001: the scientific basis. Intergovernmental
Panel on Climate Change, Working group I. (Cambridge: Cambridge University Press.

100



62. Hughes M.N., D. M. Johnson, M. Akhalkatsi, O. Abdaladze (2009) “Characterizing Betula
litwinowii Seedling Microsites at the Alpine-Treeline Ecotone, Central Greater Caucasus

Mountains, Georgia” Arctic Antarctic and Alpine Research 41, no.1: 112-118.

63. IGBP, (1990) The International Geosphere-Biosphere Programme: A Study of Global
Change of the International Council of Scientific Unions (ICSU) in collaboration with the
Commission on Atmospheric Chemistry and Global Pollution of the International,

(Stockholm: Association of Meteorology and Atmospheric Physics.

64. IPCC, (2000) Intergovernmental Panel of Climate Change, Climate change 2001.

Synthesis Report. (Cambridge: Cambridge University Press.

65. IPCC, (2007) Climate Change 2007. Impacts, Adaptation and Vulnerability. Contribution
of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on

Climate Change. (Geneva, Switzerland, IPCC.

66. Ivanishvili M. (1998) ,The thorn-Cushion Vegetation in the Caucasus”, in: Plants Life

in High-Mountains, eds. Nakhutsrishvili G., Abdaladze O. (Tbilisi: Diogen), 43-50.

67. Jonas T., CH. Rixen, M. Sturm M and V. Stoeckli, (2008) “How alpine plant growth is
linked to snow cover and climate variability”. Journal of Geophysic Research Vol. 113: Doi:

10.1029/2007JG000680

68. Kennedy K.A. & Addison P.A. (1987) “Some considerations for the use of visual estimates

of plant cover in biomonitoring”. Journal of Ecology 75:151-157.

69. Kent M. and P. Coker, (1992) Vegetation Description and Analysis: a Practical Approach.

(London: Belhaven Press).

70. Ketskhoveli N., A. Kharadze, M. Ivanishvili & R. Gagnidze, (1975) Botanical description
of the Georgian Military Road (Tbilisi- Kazbegi- Ordjoniokidze). Thilisi: Institute of Botany,

Geogian Academy of Sciences.

101



71. Kikvidze Z., G. Nakhutsrishvili, (1998) “Facilitation in subnival vegetation patches”.

Vegetation Science 9: 261-264.

72. Kikvidze Z., F.I. Pugnaire, R. W. Brooker, P. Choler., C.J. Lotrie, R. Michalet & R.M.
Callaway, (2005) “Linking patterns and processes in alpine plant communities: a global

study”. Ecology 86: 1395-1400.

73. Klanderud K. & H. J. B. Birks, (2003) “Recent increases in species richness and shifts in

altitudinal distributions of Norwegian mountain plants”. The Holocene, 13: 1-6.

74. Korner Ch. & W. Larcher, (1988) Plant life in cold climates. (Cambridge: The Company
of Biologists Limited, 25 - 57.

75. Korner Ch. (1992) ,Response of alpine vegetation to global climate change“. CATENA
Suppl22: 85-96.

76. Korner Ch. (1994) ,Impact of atmospheric changes on high mountain vegetation®, in:

Mountain environments in changing climates, ed. Beniston, M. London: Routledge, 155-166.

77. Korner Ch. (1995) “Alpine plants diversity: a global survey and functional
interpretations’, in: Arctic and alpine biodiversity: patterns, causes and ecosystem
consequences, eds. Chapin FS III, Kérner Ch. Ecological studies, vol 113. (Berlin: Springer-

Verlag), 45-62.

78. Korner Ch. (1998a): “Are-assesment of higt elevation treeline positions and their

explanation”. Oecologia 115: 445-459.
79. Korner Ch. (1999). Alpine Plant Life. (Berlin: Springer-Verlag)

80. Korner Ch. (2002) “Mountain biodiversity, its causes and function: an overview”, in:
Mountain biodiversity. A global assessment, eds. Korner Ch, Spehn EM (New York:
Parthenon), 3-20.

81. Korner Ch. (2003) Alpine plants life: functional plant ecology of high mountain

ecosistems. 2" edition, (Berlin: Springer Verlag).
102



82. Korner Ch. (2004a) “Mountain Biodiversity, Its Causes and Function”. Ambio Special

Report 13:11-17

83. Korner Ch. (2009) Mountain vegetation under environmental change. In: Jandl R,
Borsdorf A, Van Meigroet H, Lackner R, Psenner R, editors. Global change and sustainable

development in mountain regions. Innsbruck, AT: Innsbruck University Press, pp.25-30.

84. Korner Ch. (2012a) Alpine Treelines: Functional ecology of the global high elevation tree
Iimits. (Basel-London: Springer).

85. Korner Ch. (2012b) “Biological diversity — the essence of life and ecosystem
functioning”. Nova Acta Leopoldina 116, no. 394:147-159.

85. Korner Ch. (2013) “Alpine ecosystems”, in: Encyclopedia of biodiversity, ed. S.A. Levin
(Amsterdam: Elsevier), 148-157.

86. Korner Ch. (2014) “Mountain ecosystems in a changing environment”. eco.mont -
Journal on Protected Mountain Areas Research 6:71-77.

87. Korner Ch., M. Ohsawa, E. Sphen, E. Berge, H. Bugmann, B. Groombridge, L. Hamilton,
T. Hofer, J. Ives, N. Jodha, B. Messerli, J. Pratt, M. Price, M. Reasoner, A. Rodgers, J. Thonell,
M. Yashina, J. Baron, R. Barry, J. Blasis, R. Bradley, R. Hofstede, V. Kapos, P. Leavitt, R.
Monson, L. Nagy, D. Schindler, D. Vinebrooke, T. Watanabe, (2005) “Mountain systems”, in:
Ecosystems and human well-being: Current state and trends, eds. Hassan R., Scholes R., N.
Ash, Vol. 1, (Washington: Island Press), 881-716.

88. Korner Ch., and E. Spehn, (2002) Mountain biodiversity: A global assessment. (London:
Parthenon Publishing Group).

89. Korner Ch. (2011) “Coldest places on earth with angiosperm plant life”. Alpine Botany
121: 11-22.

90. Krebs C. J. (1989) Ecological methodology, (New York: Harper and Row, Publishers.

91. Larcher W. (1995) “Gas exchange in plants” in: Physiological plant ecology, ed. W.
Larcher. 3rd edition (Berlin: Springer), 74-128.

103



92. Larcher W. (2003) Physiological plants ecology: ecophysiology and stress physiology of
functional groups, 4 th edn. (Berlin, Heiderberg, New York: Springer).

93. Larcher W. (2012) “Bioclimatic temperatures in the High Alps”, in: Plants in alpine
regions: Cell physiology of adaptation and survival strategies, ed. C. Liitz (Berlin: Springer),

21-27.

94. Larcher W. and G. Nakhutsrishvili, (1982) “On pheno and thro rhythmotypes of high

mountain plants”. Ekologia, 4: 13-20.

95. Larcher W., C. Kainmiiller, ]. Wagner, (2010) “Survival types of high mountain plants

under extreme temperatures’ . Flora 205, no.1: 3-18.

96. Magurran A.E. (1988) Ecological diversity and its measurement. (Princeton: Princeton

University Press)

97. McCarthy ].J., O.F. Canziani, N.A. Leary, D.]. Dokken & K.S. White, (2001) Climate
change 2001: impacts, adaptation, and vulnerability. Intergovernmental Panel on Climate

Change, Working group II. (Cambridge: Cambridge University Press).

98. Messerli, B. & J. D. Ives, (1997) Mountains of the World: A Global Priority, (London:

Parthenon Publishing Group).

99. Molau U and P. Melgaard, (1996) ITEX manual, 2*¢ ed. (Copenhagen: Danish Polar

Center).

100. Mutke ]J. and W. Barthott, (2005) “Patterns of vascular plant diversity at continental to

global scales”. Biologiske Skrifter55: 521-531.

101. Nagy L. and G. Grabherr G. (2009) The Biology of Alpine Habitats. (Oxford: Oxford

University Press).

102. Nakhutsrishvili G. (1998) “The vegetation of the subnival belt of the Caucasus
Mountains”. Arctic and Alpine Research 30: 222-226.

104



103. Nakhutsrishvili G. (2013) The vegetation of Georgia (South Caucasus). Heidelberg-
London: Springer.

104. Nakhutsrishvili G., & P. Ozenda, (1998) ,Aspects geobotaniques de la haute montagne
dans le Caucase. Essai de comparaison avec les Alpes ». Ecologie 29:139-144.

105. Nakhutsrishvili, G. (1999) “The vegetation of Georgia (Caucasus)”. Braunn-Blanquetia
15:5-74

106. Nakhutsrishvili G. & R. Gagnidze (1999) “Die subnival wund nival

Hochgebirgsvegetation des Kaukasus". Phytocoenosis 11:173-183.

107. Nathutsrishvili G. (2001) “Georgia’s Basis Biomes”. In: Biological and Landscape
Diversity of Georgia. WWF The World Bank, Tbilisi.

108. Nathutsrishvili G. (2003) “High mountain vegetation of the Caucasus Region”, in:
Alpine Biodiversity in Europe, eds. Nagu, L., Grabherr, G., Korner, C. & Thompson, D. B. A.
Ecological Studies, (Berlin, New York: Springer),93-103.

109. Nakhutsrishvili G., O. Abdaladze, N. Zazanashvili, T. Gamkrelidze, M. Chiboshvili
(1999a) “Excepted transformation of high-mountain vegetation of the Caucasus in
connection with possible global climate change”, in: Georgia’s Initial National

Communication under the UN framework Convention on Climate Change, eds. T.

Gzirishvili, B. Beritashvili (Tbilisi: UNDP/GEF), 77-88.

110. Nathutsrishvili G., O. Abdaladze, M. Akhalkatsi, (2004a) ,Concerning the Tree Line
Vegetation of the Kazbegi Region (the Central Caucasus)“ Bulletin of Georgian Academy of

Science. vol. 169, no.1: 122-125.

111. Nathutsrishvili G., O. Abdaladze, M. Akhalkatsi, (2004b) “Global warming and

Treeline”, Processing of Academy of Science, Biological Serie B, 2, no.3: 87-90.

112. Nathutsrishvili G., O. Abdaladze, A. Kikodze (2005), Khevi, kazbegi Region. Thilisi.

105



113. Nakhutsrishvili G., O. Abdaladze, M. Akhalkatsi, (2006) “Biotope types of the treeline
of Central Greater Caucasus”, in: Nature Conservation (Concepts and Practice), eds. Gafta D.,

Akeroyd I. (Berlin, Heiderberg: Springer), 211-225.

114. Nathutsrishvili G., O. Abdaladze, M. Akhalkatsi, (2009) “Main treats to mountain

biodiversity in Georgia”. Mountain Forum Bulletin, 2: 18-20.

115. Nakhutsrishvili G., R. Gagnidze, Sh. Shetekauri, Z. Manvelidze, N. Memiadze, D.
Kharazishvili, K. Batsatsashvili, (2013a) “Red list of endemic plants of Georgia”, in: Red List
of the Endemic Plants of the Caucasus: Armenia, Azerbaijan, Georgia, Iran, Russia and
Turkey eds.Solomon J, Shulkina T, Schatz G, Monographs in Systematic Botany from the

Missouri Botanical Garden (MSB). (Saint Loui: Missouri Botanical Garden Press), 109-147.

116. Nakhutsrishvili G., M. Akhalkatsi, O. Abdaladze, (2013b) ,, First signs of transformation
of alpine vegetation in the Caucasus as a result of climate warming (on the example of

Kazbegi region)®, in: Colloques Phytosociologiques, XXIX, ed. F. Pedrotti . Camerino, 405-
414.

117. Noroozi J., H. Akhani, W. Walillner, (2010b) “Phytosociological and ecological study of
the high alpine vegetation of Tuchal Mountains (Central Albros, Iran)”. Phytocoenologia 40,
no. 4: 293-321.

118. Noroozi J., H. Pauli, G. Grabherr, S-W. Brecle (2011) “The subnival-nival vascular plant
species of Iran: a unique high mountain flora and its threat from climate warming’.

Biodiversity and Conservation 20: 1329-1338.

119. Oesterheld M., N.L. Poff, M.T. Sykes, M. Walker M. &D.H. Wall, (2000) “Global
biodiversity scenarios for the year 2100”. Science 287: 1770-1774

120. Ozenda P. & J-L. Borel, (2003) “The alpine vegetation of the Alps”, in: Alpine
Biodoversity in Europe, eds. Nagu L., Grabherr G., Korner, C. & Thompson D. B. A.
Ecological studies, 167: 53-64.

106



121. Packer JC. (1974) “Diferentiation and dispersal in alpine floras”. Arctic and Alpine
Research 6: 117-128.

122. Parmesan C. & G. Yohe, (2003) “A globally coherent fingerprint of climate change

impacts across natural systems”. Nature 421: 37-43.

123. Parmesan C. (2006) “Ecological and evolutionary responses to recent climate change”.

Annual Review of Ecology, Evolution and Sistematics 37: 637-669.

124. Parolo G., G. Rossi, (2008) “Upward migration of vascular plants following a climate

warming trend in the Alps”. Basic and Applied Ecology 9: 100-107.

125. Pauli H., M. Gottfried, G. Grabherr, (1999) “Vascular plants distribution patterns at the
low- temperature limits of plants life- the alpine-nival ecotone of Mount Schrankogel (Tirol,

Austria)”. Phytocoenologia 29: 297-325.

126. Pauli H., M. Gottfried & G. Grabherr, (2010) ,Impacts of climate change on mountain
biodiversity: the global observation network GLORIA”, in: Mountain Biodiversity and Global
Change , eds. Spehn E.M., Rudmann-Maurer K., Kérner C., Maselli D. (Basel: GMBA-
DIVERSITAS), 38-39.

127. Pauli H., M. Gottfried, S. Dullinger, O. Abdaladze, M. Akhalkatsi, JL. Benito Alonso, G.
Coldea, J. Dick, B. Erschbamer, R. Fernandez Calzado, D. Chozn, J.I. Holten, R. Kanka, G.
Kazakis, J. Kollar, P. Larsson, P. Moiseev, D. Moiseev, U. Molau, J.M. Mesa, L. Nagy, G.
Pelino, M. Puscas, G. Rossi, A. Stanisci, A. O. Syverhuset, ].P. Theurillat, M. Tomaselli, P.
Unterluggauer, L. Villar, P. Vittoz, G. Grabherr. (2012) ,Recent Plant Diversity Changes on

Europe’s Mountain Summits“. Science 20: 336-353.

128. Pauli H., M. Gottfried, D. Hohenwallner, K. Reiter, R. Casale & G. Grabherr, (2004) The
GLORIA Field Manual- Multi-Summit Approach. European Commission DG Research, EUR

21213. (Luxembourg: Office for Official Publications of the European Communities)

107



129. Pawlowsky B. (1970) "Remarques sur l'endémisme dans la flore des Alpes et des
Carpates”. Vegetatio21: 181-243

130. Pérez-Harguindeguy N., S. Diaz, E. Garnier, S. Lavorel, H. Poorter, P. Jaureguiberry,
M.S. Bret-Harte, W.K. Cornwell, ].M. Craine, D.E. Gurvich, C. Urcelay, E. J. Veneklaas, P.B.
Reich, L. Poorter, I.]. Wright, P. Ray, L. Enrico, J.G. Pausas, A.C. de Vos, N. Buchmann, G.
Funes, F. Quétier, ].G. Hodgson, K. Thompson, H.D. Morgan, H. ter Steege, M.G.A. van der
Heijden, L. Sack, B. Blonder, P. Poschlod, M.V. Vaieretti, G. Conti, A. C. Staver, S. Aquino
and J.H.C. Cornelissen, (2013) “New handbook for standardised measurement of plant

functional traits worldwide”, Australian Journal of Botany 61, no. 3: 167-234.

131. Pickering C., W. Hill, K. Green, (2008)“Vascular plante diversity and climate change in

alpine zone of the Snowy Mountains, Australia”. Biodiversity Conservation. 17: 1612-1644.

132. Price M. F. & R. G. Barry, (1997) Climate change. Mountains of the World. Eds.
Messerli, B. and Ives, ]. D. (New York: The ParthenonPublishing Group), 409-445.

133. Raunkier C. (1934) The Life Form of plants and statistical Plant Geograpy. (Oxford:

Oxford University Press).

134. Reginster 1., M. Rounsevell, ]. Spangenberg, (2005) Development, Promision and
Application of the ALARM project. (RTD Framework Programme 6 of the Europen

Commission.

135. Roeckner E. (1992) “Past, present and future levels of greenhouse gases in the
atmosphere and model projection of related climatic changes”. Journal of Experimental

Botany 43: 1097- 1109.

136. Root T.L., ].T. Price, K.R. Hall, S. H. Schneider, C. Rosenzweig C. & J.A. Pounds (2003)

“Fingerprints of global warming on wildanimals and plants®. Nature 421 : 57-60.

108



137. Setersdal M. & H. ]. B. Birks, (1997) “A comparative ecological study of Norwegian
mountain plants in relation to possible future climatic change”. Journal of Biogeography 24:

127-152.

138. Sakhokia M., and E. Khutsishvili (1975) Conspectus florae plantarum vascularium
Chewil. (Thilisi: Metsniereba).

139. Sala O. E., F.S. IIT Chapin, J.J. Armesto, E. Berlow, J. Bloomfield, R. Dirzo, E. Huber-
sannwald, L. F. Huenneke, R.B. Jackson, A. Kinzig, R. Leemans, D. M. Lodge, H.A. Mooney,
M. QOesterheld, N.L. Poff, M.T. Sykes, B.H. Walker, M. Walker & D.H. Wall, (2000) “Global
biodiversity scenarios for the year 2001”. Science, 287: 1770-1774.

140. Schatz G., T. Shulkina, G. Nakhutsrishvili, K. Batsatsashvili, K. Tamanyan, V. Ali-zade,
D. Kikodze, D. Geltman, T. Ekim (2009) Development of Plant Red List Assessments for the
Caucasus Biodiversity Hotspot: Status and Protection of Globally Threatened Species in the
Caucasus. (Thilisi: CEPF, WWPF. Contour Ltd.), 188-192.

141. Scherrer D. and Ch. Korner, (2010) “Infra-red thermometry of alpine landscapes
challenges climatic warming projections”. Global Change Biology, 16 : 2602-2613.

142. Scherrer D. and Ch. Korner, (2011) “Topographically controlled thermal-habitat
differentiation buffers alpine plant diversity against climate warming”. Journal of
Biogeography, 38: 406-416.

143. Scherrer D., S. Schmid, Ch. Korner, (2010) “Elevational species shifts in a warmer
climate are overestimated when based on weather station data”. International Journal of

Biometeorology, 55: 645-654.

144. Schneeberger C., H. Blatter, A. Abe-Ouchi, M. Wild, (2003) “Modelling changes in the
mass balance of glaciers of the northern hemisphere for a transient 2 x CO:2 scenario”.

Journal of Hydrology 282: 145-163.

145. Schréter D., W. Cramer, R. Leemans, IC. Prentice, MB. Aradjo, NW. Arnell, A.
Bondeau, H. Bugmann, TR. Carter, CA. Gracia, AC. Dela Vega-Leirnet, M. Erhard, F. Evert,

M. Glendining, JL. House, s. Kankaanpdid, R]. Klein, S. Lavorel, M. Lindner, M]. Metzger, J.
109


http://www.academia.edu/download/30615609/cepf_caucasus_web_1.pdf#page=189
http://www.academia.edu/download/30615609/cepf_caucasus_web_1.pdf#page=189

Meyer, TD. Mitchell, I. Reginster, M. Raunsevell, S. Sabate, S. Sitch, B. Smith, J. Smith, P.
Smith, MT. Sykes, K. Thonicke, W. Thuiller, G. Tuck, S. Zaehle, B. Zeire, (2005) “Ecosystem

service supply and vulnerability to global change in Europe”. Science, 310: 1333-1337.

146. Spehn E. and Ch. Koérner, (2009) Mountain Diversity- A Global Heritage. Mountain

Forum Bulletin, vol. IX.Issue 2.

147. Spehn E., K. Rudmann-Maurer, (2010) Impacts of climate change on mountain
biodiversity in Europe. — Convention the conservation of European wildlife and natural
habitats. (Strasbourg).

148. Stanisci A., L. Frate, U. Morra Di Cella, G. Pelino, M. Petey, C. Siniscalco, M.L.Carranza,
(2014) “Short-term signals of climate change in Italian vegetation: observations at two

GLORIA sites”. Plant Biosystems 10: 2-10.

149. Steinger T., Ch. Korner, B. Schmid, (1996) “Long-term persistence in a changing
climate: DNA analysis suggests very old ages of clones of alpine Carex curvula’. Oecologia,

105: 94-99.

150. Theurillat J-P. & A. Guisan, (2002) “Potential impacts of climate change on vegetation

in the European Alps: a review”. Climatic Change, 50: 77-109.

151. Theurillat J-P. (1995) “Climate change and the alpine flora: some perspectives”, in:
Potential ecological impacts of climate change in Alps and Fennoscandian mountains. Eds.

Guisan, A., Holten JI., Spichiger, R., Tessier, L. Ed Conserv Jard Bot.Geneva, 121-127

152. Tumajanov I. I. (1980) “Vegetation of the European part of the USSR Caucasian
meadows and elfin woodlands”. Nauka: 198-202.

153. UNFCCC, (2010) The Cancun Agreements. United Nations Framework Convention on
Climate Change. http://unfccc.int/meeting/6266.php ,November) (Accessed December 2013)

110



154. Vautard R., A. Gobiet, S. Sobolowski, E. Kjellstrom, A. Stegehuis, P. Watkiss Th.
Mendlik, O. Landgren, G. Nikulin, C. Teichmann, (2014) “The European climate under a 2°C

global warming”. Environment Research Letter 9: 2-11.

155. Voskanian VE. (1966) “O biologicheskikh osobenostiakh rastenii v verkhnei chasti
alpiiskogo poiasa( on some biological pecularities of plants in the upper part of the alpine

belt of the Aragats Mountain)”, Botanicheski Zhurnal2: 257-265.(In Russian)

156. Walther G,-R., S. Beifner & R. Pott, (2005b) ,Climate change and higt mountain
vegetation shifts”, in: Mountain Ecosystem Studies in Treeline Ecology, eds. Broll G. &

Keplin B. (Berlin, Heidelberg: Springer), 77-96.

157. Walther G,-R., S. Beifner & C.A. Burga, (2005a) “Trends in the upward shift of alpine

plants”. Journal of Vegetation Science 16: 541-548.

158. Walther G.-R., E. Post, P. Convey, A. Menzel, C. Parmesan, T.].C. Beebee, ]J-M.
Fromentin, O. Hoegh-Guldberg & F. Bairlein, (2002) “Ecological responses to recent climate

change”. Nature 416: 389-395.

159. Winkler M., A. Lamprech, K. Steinbauer, K. Hiilber, J-P. Treurillat, F. Breiner, P.
Choler, S. Ertl, G.A. Giron, G. Rossi, P. Vittoz, M. Akhalkatsi, Ch. Bay, J.L. Alonso, T.
Bergstrom, M.L. Carranza, E. Corcket, J. Dick, B. Ershbamer, R. F. Calzado, A. M. Forsaa, R.
G. Gavilan, D. Chosn, Kh. Gigauri, D. Huber, R. Kanka, G. Kazakiz, M. Klipp. J. Kollar, T.
Kudernatsch, P. Lersson, M. Mallaun, O. Michelsen, P. Moiseev, D. Moiseev, Ulf, Mollau,
J.M. Mesa, U.M. di Cella, L. Nagy, M. Petey, M. Puscas, Ch. Rixen, A. Stanisci, M. Suen, A.
O. Syverhuset, M. Tomaselli, P. Unterluggauer, T. Ursu, L. Villar, M. Gottfried and H. Pauli
(2016) “The rich sides of mountain summits-a pan-European view on aspect preferences of

alpine plants”. Journal of Biogeography 43: 2261-2273.

160. Webb T. (1986) ,Is vegetation in equilibrium with climate? How to interpret late-

Quaternary pollen data”. Vegetatio 67: 75-91.

111



161. Webb T., Bartlein P.]J. (1992) “Global changes during the last 3 million years: climatic
controls and biotic responses”. Annual Review of Ecology, Evolution, Systematics 23: 141-

173.

162. Zazanashvili N., Gagnidze R., Nakhutsrishvili G. (1995) “High mountain vegetation on

the new vegetation map of Georgia”. Journal of Vegetation Science, 6: 157-158.
163. Zur, J. H. (1984) Biostatistical analysis. (New Jersey: Englewood Cliffs).

164. JomyxanoB A. T. (1966a) “3axoHOMepHOCTH TreorpadUIecKoro pasHOOOpa3us

pacturtenbHOCTH: | BepxHsasa rpanuia ymeca B ropax 3akaBkasws . /Ipo6msr 6orannrn. 8: 196-

207.

165. omyxanoB A. I. (1966b) “Pacturensrocts”, B xu: Kaskas, aBr. I'epaccumon . II.

(Mocxksa: Hayxka), 223-251.

166. [Dxanemupze K., H. Mapranmuranze (1977) “Vcropus snecHO# pacTUTEIBHOCTH B
rosionieHe”, B KH: Bercoxoropuas sxocucrema Kasoern, pen. I' 11l. Haxynpumsuin (T6mrucu:

Wsn. AH TCCP),17-21.

167. Kenxosenmu H. (1935) Ocrosmsre rumsr pacrurensroro mokposa Ipysmum. (Toumucn:

usg. T-ro I'oc. YuuB.)

168. Kopmzaxus M. (1961) Krumar I pysun. (Tounucu:, Usg. AH I'CCP).

169. MapyaurBmwiu JI. (1971) ,Uenrtpanusiii Kaskas“, B xu: [leomopgororus I[pysun.

(Témmucu: Usn. AH I'CCP), 172-236.

170. Haxyupumsuinu, I'. (1974) Exororus BeICOKOrOpHBIX pacTeHHH H HTOLEeHO030B LleHTp.

Kaprasa, Purmura passurnd, porocurTes, sSkobromop@sr. Tonnucu: Mennuepeba.

171.  Haxympumsuau I (1988) “Oxonormyeckas  xapacTepucTHKa  JYTOBOIt

pacTuTeabHOCTUBICOKOTOpUl (Ha mnpumepe Kasberu, Ilenrpampmuit KaBkas)”, B KH.:

Orourorug sercoxkoropud, pep. G. Haxyupumsunu. (Tomnucu: Menuuepe6a), 175-200.

112



172. Haxympumsunu I'., 3. (1984) lamyemrmzse ’Kwu3Hps pacreHHH B S5KCTpeMa/IbHBIX

ycrougx. Jlennnrpayn: Hayxka).

173. Haxyupumswu I. (1971)Exorormus Bsrcokoropusix pacreHu# H @uroneHo30B I]eHT.

Kasxkasza, Bogmsri pexxnm., Tsunucu:MenHuepe6a.

174. Caxoxna M., E. Xyuuusunu (1975) Koxcmexr ¢ropsr Beicuisix pacreHuri Xesw,

Tounucu.

175. Xapazze A. (1965b) “O cy6uuBanpzoM nosice bonpmoro Kaskasa. 3am. mo cucremaruke

u reorpaduu pacrenunit’, u. bor. AH I'CCP, 25: 103-104.

113



©363MMgdo

B0 1. 2mE0sL LodmboGmMobym df396M35¢gdbg ©sx0gLOMGdIMEO Lobgmdgdol Lo Los.

258999900 Labgmdgdo 393395600L 9bEYdgd0s. (AL-Lsbgmdol 353M39wgd0l J39ws B3zsM0, AC-Lobgmdols

393639w9gd0lL 396G, AU-Lobgmdol go3M3gmgdol Bgos B®3s60). bobgmdsms Mobao: m-dmob, tl-Ggob

B9s LEBPIOOL, al-oeE3MMo, ni-bogsw ™o, id-g969LsbL3zMgEro.

Lsbgmdgdo AL AC AU Lobmbodo
Agrostis capillaris L. mo mo tl
Agrostis planifolia K.
Agrostis vinealis Schreb. tl tl al Koch
Alchemilla caucasica Bus. al al ni
Alchemilla chlorosericea (Bus.) Juz. ni ni ni
Alchemilla retinervis Bus. tl al al
Alchemilla rigida Buser tl tl al
Alchemilla sericata Rchb. ex Buser tl tl al
Alchemilla tephroserica (Bus.) Juz. tl tl al
Anemone narcissiflora Ziman & Anem. fasciculatum (L)
Fedor. al al al Holub.
Androsace villosa L. tl al al
Antennaria caucasica Boriss. tl al al
Anthyllis variegata Grossh. tl tl al
Anthemis iberica Bieb. tl tl tl
Anthoxanthum odoratum L. tl al al
Anthoxanthum odoratum L. mo tl tl
Betonica macrantha K.Koch tl tl al
Betula litwinowii Doluch. mo mo tl
Bromus variegatus (Bieb.) Holub tl tl al
Campanula bellidifolia Adam tl tl al
Campanula tridentata (Schult) Ogan. | tl al ni
Campanula collina M. Bieb. tl tl al
Campanula hohenackeri Fisch.&
Mey. tl tl al
Calamagrostis arundinaceae (L.)
Roth. tl al al
Carex medwedewii
Carex atrata L. al al ni Leskov
Carex meinshauseniana V. Krecz. tl tl al
Carex tristis Bieb. al al ni
Carum alpinum (Bieb.) Benth.&
Hook fil. tl al ni
Carum carvi L. mo mo tl
Carum caucasicum (Bieb.) Boiss. tl al ni
Centaurea cheiranthifolia Willd. tl tl al

114



bsMM01-0b A5MAGE9ds

Cephalaria gigantea (Ledeb.) Bobrov | ¢] tl tl
Cerastium arvense L. tl tl al
Cerastium cerastoides (L.) Britton tl al ni
Cerastium multiflorum C.A. Mey. al al ni
Cerastium purpurascens Adam tl al ni
Corydalis alpestris C.A. tl al al
Corydalis emanuelii C.A. tl al al
Chaerophyllum aureum L. tl tl al
Cicerbita racemosa (Willd.)
Beauverd tl al al
Cirsium obvallatum (M. Bieb.) Fisch. | tl tl al
Coeloglossum viride (L.) Hartm. mo mo tl
Cruciata glabra (L.) Ehrend. mo mo tl
Cruciata laevipes Opiz. mo mo tl
Cynoglossum officinale L. tl tl tl
Daphne mezereum L. mo mo tl
Daphne glomerata Lam. tl al al
Deschampsia flexuosa (L.) Trin. mo tl al
Draba hispida Willd. tl tl al
Draba supranivalis Rupr. al ni ni
Dryas octopetala L. al al al Dryas caucasica Juz.
Empetrum caucasicum
Empetrum nigrum L. tl tl al Juz.
Erigeron orientalis Boiss. tl tl al
Euphrasia hirtella Jord. ex Reut. tl tl al
Euphrasia minima Jacq. ex DC. tl al al
Festuca airoides Lam. tl al al
Festuca ovina agg. mo id al
Festuca woronowii tl id al Festuca varia Haenke
Fritillaria lutea Mill. tl al al
Gentiana angulosa Bieb. tl id ni
Gentiana aquatica L. tl id ni
Gentiana septemfida Pall. tl id al
Gentianella caucasea (G.Lodd. ex
Sims) Holub tl tl al
Geranium ibericum Cav. tl tl al
Geranium ruprechtii (Woronow)
Grossh. tl tl al
Helictotrichon asiaticum (Roshev.)
Grossh. tl tl al
Hieracium pilosella L. mo id al
Hieracium x pannoniciforme Litw. &Zahn | tl tl al
Inula orientalis Lam. tl tl al
Jurinella subacaulis (Fisch. & Mey.) al ni ni
Kobresia capilliformis Ivanova tl al al

115



56O 1-0b goa®Mmdgargds

Leontodon hispidus L. (Jacq.) tl al al
Leontodon caucasicus
Leontodon hispidus L. mo id al (Bieb.) Fisch.
Linum hypericifolium Salisb. tl tl al
Lomatogonium carinthiacum
(Wulfen) Rchb. tl al al
Luzula multiflora (Retz.) Lej. mo id al
Luzula spicata(L) DC tl al ni
Luzula pseudosudetica (V.
Luzula stenophylla Steud. tl al al Krecz.)
Macrotomia echioides (L.) Boiss. tl id al
Matricaria breviradiata (Lebed) Matricaria caucasica
Rauschert al ni ni (Willd.) Poir
Minuartia circassica (Albov)
‘Woronow tl id ni
Minuartia imbricata (Bieb.)
Woronow tl id ni
Minuartia inamoena (C.A.Mey.)
‘Woronow al ni ni
Minuartia oreina (Mattf.) Schischk. tl id ni
Myosotis arvensis (L.) Hill mo id al
Nardus stricta L. mo id al
Oxytropis cyanea Bieb. tl tl al
Phleum alpinum L. subsp. alpinum tl id al
Plantago atrata Hoppe tl id al
Plantago caucasica T. Pop. tl tl al
Plantago lanceolata L. tl tl al
Poa alpina L. tl al al
Poa caucasica Trin. al al ni
Poa longifolia Trin. tl tl al
Poa pratensis L. tl tl al
Polygonum carneum C. Koch tl id al
Polygonum viviparum L. tl al al
Potentilla crantzii (Crantz) Beck ex Potentilla gelida C.A.
Fritsch tl id al May.
Primula algida Adam tl id ni
Primula amoena Bieb. tl tl ni
Tanacetum coccineum (Willd)
Grierson tl tl al Pyrethrum carneum Bieb.
Ranunculus lojkae Somm. & Levier tl al al
Ranunculus oreophilus M.Bieb. tl id al
Rhinanthus minor L. mo id tl
Rhododendron caucasicum Pall. tl id al
Rumex acetosa L. mo mo al
Rumex alpestris Jacq. mo tl al

116



60 1-0b Qo9MdgEgds

Rumex alpinus L. tl al al
Salix kazbekensis A. Skvorts. mo tl tl
Saxifraga cartilaginea Willd. tl tl al
Saxifraga exarata Vill.(Wulfen) Cavil. | al al ni
Scabiosa caucasica Bieb. tl tl al

Scrophularia minima M.
Scrophucephalus minimus (M. Bieb.) | al al al Bieb.
Sedum spurium M.Bieb. tl tl al

Sibbaldia semiglabra C.A.
Sibbaldia procumbens L. al al ni Mey
Silene ruprechtii Schischk. tl id al
Solidago vulgaurea L. tl tl al Solidago vulgaris Lam.
Swertia iberica Fisch. & C.A.Mey. tl tl al
Taraxacum confusum Schischk. tl tl al
Taraxacum porphyranthum Boiss. tl al al
Taraxacum stevenii DC. al al ni
Thymus collinus Bieb. tl tl al
Thymus nummularius Bieb. tl tl al
Thymus transcaucasicus Ronn. tl tl al
Tragopogon filifolius Rehm. ex Boiss. | tl tl al
Tragopogon reticulatus Boiss. & Huet | tl tl al
Trifolium ambiguum M.Bieb. mo id al
Trifolium canescens Willd. tl al al
Trifolium repens L. mo id al
Trifolium trichocephalum Bieb. tl tl al
Trollius ranunculinus (Smith) Stearn | tl al al Trollius patulus Salisb.
Vaccinium myrtillus L. mo mo al
Vaccinium vitis-idaea L. mo tl al
Valeriana tiliifolia Troitzk. tl id al Valeriana alliariifolia V.E.
Veronica gentianoides Vahl tl id al
Veronica telephiifolia Vahl al ni ni
Vicia alpestris Stev. tl id al
Vicia cracca subsp.cracca L. tl tl al Vicia grossheimii Ekvtim.

117



Matrix Coding
M Presence [ Absence

(83gbstrgms  Lobgergdo  dmigdwos  3gdm3wrgdmws, Elevatio-

Elevato

©BsMmmO 2. Lobgmdoms  aobsfomgds  3amsbidgmad®g 2001 Fgnb.
308LMIgEBHMo bLodsweng, Presence- sG0b bobgmds, Absence-56 sG0b Lobgmdos)

AUEY | SIXY

1000000000C C
J Ji J JULUIUL L
1000L( C
( L)
[

oo0oon

L UL

| 1}
s(sis] |s] } i[s[s[s] [
) [ BO0000 000000

1[1 100 100000RO0Ow00
0000( J00000m000r

BO00000000N00
OUOmERO0000N
L1} | | |sinisiuin] | 11 1]
) C
) i
|
)

JU
10

10000

| |sisi=] |
mOmO0c
(=
mEmooc
D000

mjuin|
100

U
0
OOomom

JOOO0
JL (M

Oooomooc

T

E
IER
]

o

3
<
£
2
C]
]

3
ef

2
o,
g
“
-
]
a
0

&
2
=
]
0
Csls] |

5

g

=

=
Ir-1|

=]

=]

=]

| |

[=]
1OmMO0O0rC

1000000
JULUUUL
100000000C
J
Ji

Qo0onc

JL JL
|1 1L

°
®

£
«

0000000
00Om0000000
X EORROREROO0
ws nzm " 1000000000000
Om0OROR00000

2
=3
s
O

[ s] |

=] |simiw] |

JULOUL
{mlml |

1000L
ijwiw] |

| |=

10C
||
| |

10(
| ]
-

100

BOROO0C
0000000

oom

QOO0
Qoo

100mO0

nes Jep "
qns_unp 100

JUOUOU L

| |ujw ENENCENOENEEE
(siuisis] [wis] o] ais] | | | jsis] |
nea ued Oo000OROO0ONEONENENENOEE
L [s|s]s

nw_nzrm 000
15 pey JO0m0)
was Qg JOm0

10C
-

julu] |

oo0c
Oom
u| |sis] |
®O0
JU0O0

00
u
-

10C

L]

0
1008m000C
jm| [wjs

-
1000C

1000L
[=]
=]
1000C
L}
10C
10C

L 1 11 Is] | Isim]s

] | =im] | j=is
onoooooom

0
L]
]
8]
8]
]
0

| |
O00¢
| |=

0000 000D0000N

ONNCENENERCEERR
000000000000t

JUOLLL
JUO00L

JL |
1L ]

— e —
=
UL

Axis 1 Rank




119

Matrix Coding

W Presence [J Absence

Ces

Elevatic

56500 3. Lobgmdsms gobsfowgds 3esbiBgMmgdbg 2008 Fgwb. (339bsMgms bobgargdo dm39899w0s 99dm3IegdwYs©)

Auey | sixy

I oes 10C
ued Jog{ 10

O
o3
g
o
-
L
|

JL
JL

=
2
4
o

3

55

-

=}

-

=]

J0LC

mOOmO0O0
IDmDOmD0O0

0.
=]
0O
mOOm
B |
0
O
D
o
=]
0000mO0or

-
@
s
3
n

310C
J
| |
=]
| |
0
n
[m]

J01C

L]
100
10C

=]

{ 1}

=]
100

u

OmOooc
miml | |

0w

5
U
a
-3
mOOCE
mOm
BO00O0D0OC

I000W0

ooomo
10C
(=)
| |
=]
| |

1000
-
-
-
-

'
S
A
| | |sis];

58
£2

|sjn] Isis] | | JC
000000 [

||
(m]
0¢
| |=]

3
E
=)
&

| Is] jw]
|sis/uin] |
| |sis] lwis

| |sis] | [s]
000000Om0000000

day nur) [ 100000R0000000 10

1000m

1000
10(
-
=}
-
10
|=]
| |
0
-
-
=}
s}
u}
-
L}
-
1000
10
|
-
[=]
100

s
&
(4

J

UL
| |
(sl

100000
BO0OI

wea 104 L EEEERCEROERORDOOON
un 0OR00000m000RR0000(
D0R0000000000800000000 D
OR00ONROORERDOONRRONRONEND
0 UU_I 0000 | |

&

Q

e

Q

[
100m

-
|
10
10
L]
10C
]
O
100
||
100
]
]
|w]
10

000
-
100
10C
]

]
=
]

X W)
N WAL | Is] |
BAD X0 0
A )59 4 | | [ n[ ]| |
nea” eas 0 0
4 Wy
aq due)
YT
de_eod B
uj ae) |

10C

-

10C

L]

u

n

-

| |

=]

| |

=]

| |

=]

| |

=]

]

BO0OO0
||
=]
||
| |

]

]
100

[ |
|_|=ls

Dot
10
u
=]
1OmOC

o end sisls] | w00
uesa 10y WOl im] | Is] |wim| Iu] | | | |ws]
eu nuiy 00 100000000000000a0tc
rO Yy O LU0
gy O

| |
=]
|m]
=]
W
Ll
| |
=}
| |
=]
=)

=[w]

ijmiw] | |
OmOm
L
=]
=]
=]
=]
u

10C
=
ERCOO000N
u
[u]
11

Axis 1 Rank




Gigauri Khatuna
Modeling of the climate change impact on the alpine plants diversity of the
Central Greater Caucaus

PhD Thesis

Resume

Introduction

The earth’s biosphere is currently experiencing and will continue to experience rapid climate
change (Solomon et al., 2007; Arndt et al., 2010). Temperature change scenarios in Europe
for 2080 vary regionally, but show a clear trend towards warming (IPCC 2007). The average
projected increase in Europe ranges from 2.1° to 4.4°C, with considerable seasonal and
regional variation of changes in precipitation (Schroter et al., 2005). A warming over all
European regions is found, especially in last two decades, with slightly weaker amplitude
than the global warming over north-western Europe, but a more intense warming (up to
+3°C) in northern and eastern Europe in winter and in southern Europe in summer (Vautard
et al., 2014). The precipitation decreases in Central/Southern Europe in summer, with
changes reaching 20%.

In mountainous regions trends are even higher than in lowland (Bohm et al., 2001). In
winter temperatures increase more than in summer (Jones & Moberg, 2003). It is assumed
that average temperatures during the second half of the 20th century in the northern
hemisphere were likely the highest in at least the past 1300 years (Spehn & Rudmann-
Maurer, 2010).

High mountains of the temperate zone are among the most sensitive areas in terms of
environmental impacts of climate change (Korner, 2002; Nagy and Grabherr, 2009).
Development and normal functioning of alpine ecosystems are largely determined by the low

temperature conditions, frequency and intensity of wind, and the distributional character of
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precipitation (Larcher, 2012). Changing of these limiting effects will have an impact on the
diversity of the vegetation: migration of species from low altitudes to high altitudes will start
and the species adapted to high altitude conditions will gradually disappear (Korner, 1992;
Nagy and Grabherr, 2009). Migration of species from low altitudes to high altitudes will start
and the species adapted to high altitude conditions will gradually disappear until the end of
the 21% century, particularly where climate warming is combined with decreasing
precipitation (Van de Ven et al., 2007). The more cold-adapted species will decline and the
more warm-adapted species will increase. This process is described as thermophilization.
Plants as bioclimatic indicators were used to define two composite indices (thermic
vegetation indicator S and thermophilization indicator D) (Gottfried et al, 2012) for climate
change effects on vegetation in mountains all over Europe. These indices are assumed to
represent the “thermophilic” and “cryophilic” status of vegetation. The results revealed that
most of summits in Europe have positive thermophilization indicator.

Many observations, e.g., in the Alps (Gottfried et al., 1999; Keller et al., 2000; Grabherr et
al., 2001; Walther et al., 2005), Scandinavian mountains (Klanderud and Birks, 2003), Rocky
Mountains, and the Central Greater Caucasus (Nakhutsrishvili et al., 2004, 2009), have
shown that climate warming leads to the changes of habitats, distribution peculiarities, and
viability of some vegetation types. In particular, the investigations conducted in the South
and Central Alps (Erschbamer et al.,, 2006) have shown the change in the diversity of
vegetation from the treeline to the alpine zone, invasion of forest elements in alpine
meadows that represents a certain danger to the prior ones. Vertical shifting of the treeline
has been shown for several mountain systems of the world (Moiseev and Shiyatov, 2003;
Kullman, 2007) and in particular in the Central Greater Caucasus (Nakhutsrishvili, 2003;
Akhalkatsi et al., 2006; Hughes et al., 2009). Studies in the high mountains of the Kazbegi

region (the Central Greater Caucasus) revealed enhancement of seed formation process in
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birch forests, with individuals of Betula litwinowii of 6-8 years old found at the altitude of
2200-2550 m.

Climate change in Georgia has a mosaic character reflected in the temperature rises in
East Georgia in recent decades. In West Georgia, on the contrary, the temperature is
reducing. During the 2 equal 40-year periods of 1921- 1960 and 1961-2000, it was
determined that the frequency of warm months in the second period compared to the first
decreased over the glaciers of the West and Central Caucasus by 6.6% and 7.2%, respectively
(Elizbarashvili et al., 2009). During the last 70-80 years the permanent backward movement
of the glaciers on the south slopes of the Greater Caucasus range is apparent and its speed (1.5
m/year on average) is the same as in the Alps in Europe (Gobejishvili and Kotlyakov, 2006). ).

The studies within the framework of GLORIA-Europe (Global Observation Research
Initiative in Alpine Environments) project in the Caucasus Mountains of Georgia were
initiated from 2001. The project established a high mountain monitoring network of
permanent plots on summits from the treeline ecotone to subnival/nival zone (Pauli et al.,
2003, 2004). One of the strengths of the GLORIA network is its focus on the alpine zone, i.e.
the zone above the treeline. First results were given in the following publications: Dullinger
et al, (2007), Erschbamer er al, (2010, 2013), Gigauri et al, (2013, 2014), Gottfried et al,
(2012), Pauli et al, (2012) and Nakhutsrishvili et al, (2013). Although the preliminary
considerations on possible transformation of alpine vegetation of the Caucasus due to climate
warming were already presented (Nakhutsrishvili ez al, 1999, 2004).

The aim of this study was to determine if there have been any changes in the vegetation
on the permanent plots of the GLORIA network in the Central Greater Caucasus from 2001
to 2008 and whether such changes can be related to change in the climate in the same

period.
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1. Study area
Studies were conducted in the Kazbegi region, which is located (N 42°39'; E 44°37') on the
extreme eastern, highest and geomorphologically the most complex central part of the Great
Caucasus range (Fig. 1). The study area is of volcanic origin. Topography is formed by
Jurassic rocks, Paleozoic and even older granites, younger lava and moraines. Mountain
massifs of the Kazbegi volcanic area are overlain by Quaternary glacial or river deposits and
rock falls as well as major accumulations of calcareous tuffs and travertines. Glacial deposits
occur in many places. The relief of the Kazbegi region is formed by: ascending, bare, sharp
ridges; isolated peaks; very steep rocky slopes; narrow gorges; and caves of erosion-tectonic
origin. Ninety-nine big and small glaciers with different exposure and morphology are
present in the region. The lowest, average and highest elevations of the region are 1210 m
a.s.l., 2850 m a.s.l. and 5033 m a.s.l. (Mt. Kazbegi). Area of Kazbegi region is 1081.7 km2
(Nakhutsrishvili et al.,, 2005). The dominant soil types are: leptic, folic, alumic, humic

umbrisols.

Figure.l Central Great Caucasus. Location of the Kazbegi region

The following factors determine the climate in the region: high elevations, complex
topography, and location on north-facing macro-slope of the Great Caucasus. The climate
type characteristic to upper forest-subalpine zones is moderately dry with short and cool

summer and relatively cold winter. The climate type of subalpine-alpine zones is moderately
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moist, with short and cool summer and relatively dry and cold winter. The climate type of
alpine-subnival zones is moderately dry and characterized by severe and long winter and
absence of real summer. The climate type of subnival-nival zones is moderately moist,
without summer and characterized by the permanent snow cover and ice (Nakhutsrishvili
2003). The Kazbegi region is characterized by rich flora. It contains 1112 vascular plant
species, which makes up 27% of the total number of plants (about 4100 species; (Gagnidze
2005) recorded in Georgia. The study area is characterized by a high richness of Caucasus
endemic species (26%) and genera (6 out of 11) (Nakhutsrishvili 2013, Sakhokia 1975,
Nakhutsrishvili & Gagnidze 1999), as well as high diversity of plant communities
(Nakhutsrishvili et al., 2006). The altitudinal zonation of the vegetation is well pronounced.
Mountain forest fragments, shrubberies, rock and scree vegetation is typical in the mountain-
forest zone (up to 1800/1850 m a.s.l.). The alpine vegetation can be divided into four zones:
subalpine (1800/1850-2450/2500 m a.s.l.), alpine (2450/2500-2950/3000 m a.s.l.), subnival
(2950/3000-3650/3700 m a.s.l.) and nival (> 3700 m a.s.l.)

In the subalpine zone birch forests and elfin woodland (Betula litwinowii), shrub
communities (Rhododendron caucasicum), herbaceous and tragacanthic (Astragalus
denudatus) vegetation are typical remnants of natural vegetation types. However, vast
grasslands, pastures and hay meadows characterized by e.g. Festuca ovina, F. varia subsp.
woronowii, Hordeum violaceum, and Bromopsis variegate dominate in the subalpine
landscape. The alpine zone is mainly characterized by grazed grasslands, which cover
mountain ridges and south-facing steep slopes (dominated by Festuca varia subsp.
woronowii), while the north-facing slopes are mainly covered with shrubs (RAhododendron
caucasicum). Carpet-like meadows (where dicots mostly dominate), rock and scree
vegetation are also well pronounced in the alpine zone. In the subnival zone vegetation is
present as patches of few (2-5) species. In such micro-coenoses (nanocoenoses) cushion-like,

dense-tussock and rosette life forms are predominate. In the nival zone only two species
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(Cerastium kasbek, Alopecurus dasyanthus) are recorded and they reach 4000 m a.s.l.
(Nakhutsrishvili 2013, Nakhutsrishvili et al., 2005, Sakhokia 1975, Nakhutsrishvili et al.,
2006). In the Kazbegi region alpine vegetation is under long-term human impact.

According to the GLORIA protocol vascular plant species occurrence was recorded
first in 2001 at four expositions (east, north, south, west) on the four summits (CP1, CP2,
CP3, and CP4) along the vertical vegetation zones (Table 2). The summit CP1 (2240 m a.s.1.)
is located in the treeline ecotone with birch (Betula litwinowii) forest predominantly with
dwarf birch trees and alpine Rhododendron caucasicum shrubs. The birch forest was
degraded in the past centuries and a small number of trees remained. The summit CP2 (2477
m a.s.l.) is located in the lower alpine zone and represents an area between the treeline
ecotone and alpine grassland which was used as a hay meadow and currently has no impacts.
The CP3 summit (2815m a.s.l.) is covered by alpine grassland and used a cattle pasture with
lower grazing impact. The highest summit CP4 (3024 m a.s.l.) is located in the subnival zone
and has no human impact. CP3 and CP4 summits are located in the vicinity of the alpine ski
resort Gudauri (Table 1, Fig. 2)

Table 1. Characteristics of study sites. Four summits at the Cross Pass (CP) of the main range of the
Central Greater Caucasus

Study Altitude . Summit’s area Vegetation
. coordinates
sites (m.s.L.) (m?) zone
N44029'35"; .
CP1 2240 1085.77 Treeline
E 42032'33"
N44027'33"; ,
CP2 2477 9628.81 Lower alpine
E 42029'57"
N44°30'04"; ,
CP3 2815 14974.31 Upper alpine
E 42029'44"
N44°30'36"; . .
CP4 3024 3429.60 Subnival/nival
E 42029'49"
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Figure 2. Gloria monitoring summits (CP1, CP2, CP3, CP4)

2. Materials and Methods

2.1 Field work

The sampling design of the GLORIA-Europe project (Pauli et al, 2003) (Gloria-manual
see also (http// www.gloria .ac. at) was used (Fig.3). 64 permanent plots in 1 m x 1 m were
established for monitoring plant composition and frequency across the treeline-alpine-
subnival ecotone in 2001. The positions of all 1 m x 1 m quadrates were permanently marked
and precisely documented by a tachymeter survey of each corner point as well as by a photo
of each plot. The plots were reinvestigated in 2008. In both years, all vascular plant species

and their percentage cover were recorded (Gigauri et al., 2013, 2014)
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Figure 3. The Multi-Summit sampling design.
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In 2008, the reinvestigation involved two steps: (1) repeating the survey was
conducted in 2001; (2) using the 2001 species data and the photo for comparison. In all cases
where the species were readily visible on the photograph, we noted the cover difference,
discernable by the plot/photo comparison, in a separate column. The cover values resulting
from the second recording step documented the change in percentage cover of the species.

Soil temperatures were measured in 2002, 2005 and 2008 in the centre of the 3 m x 3 m
grid in 10 cm soil depth by temperature data loggers (Onset Stow Away Tidbit — 20 to + 50
Model, USA and from 2008 GEO-Precision, USA) (Fig. 4). Using the data of loggers we
calculated average soil temperature, minimum soil temperature and mean of daily minimum
temperature during June for the period 2002-2008. June is the first month when region was
free of snow. In addition, the thermal regime in early summer is considered to be more
important for plant growth than in the second half of growing period (Grabherr et al, 1980).
Minimum temperature was used because it is less influenced by solar radiation. Growing
degree day (GDD) index was calculated using temperature data logger information on the

number of days per year when soil upper layer mean temperatures were above 2°C (Molau &
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Molgaard, 1996). Altitudinal distribution ranges (AR) of the species were described according

to Nakhutsrishvili er al. (2005, 2006).

Figure.4 Temperature loggers Onset StowAway Tidbit“(1) and GEO-Precision® (2).

We used vascular plant species as bio-indicator. We ranked the recorded species
according to their bioclimatic position as follows: AR1: species with nival distribution centre,
AR 2: alpine to nival species that do not descend to the treeline, AR 3: alpine centered
species which do not descend to the montane belt, AR 4: alpine centred species that descend
to the montane belt, AR 5: species centred in the treeline ecotone or indifferently distributed
from the montane to the alpine belt, AR 6: species which are montane-centered or
indifferently distributed from the montane belt to the treeline (Gottfried er al, 2012).

The top cover of surface types (vascular plant cover, solid rock, scree, etc.) and species
cover of each vascular plant species were recorded in each 1 m? of 64 permanent plots at the
4 summits. The cover value of each vascular plant species was visually determined and was
estimated on the percentage scale (e.g., an area of 10 x 10 cm equals 1%, while 1 x 1 cm
equals 0.01%) (Frey and Losch, 2004). The frequency of species was determined using a
frame divided into 100 subplots of all 1-m? permanent plots. The data were registered in

electronic format with the MSAccess program (Pauli et al., 2004).
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To analysis the diversity of species composition, we used Shannon diversity index /A and
evenness index /. The Shannon diversity index was calxiulated from the formula:

H=— E?:ﬂpi In pi’)

Where s = the number of species, pi = the proportion of individuals or the abundance of
the i species expressed as a proportion of total cover, In = log base ». We also calculated

evenness from the formula:

J= H  EZ . (pilnpi)
Hrmax In=

Where s = the number of species, pr = the proportion of individuals or the abundance of
the i species expressed as a proportion of total cover, In = log base n.
We apply known optima of species vertical distribution ranges and weight these by

species cover to calculate an average of the thermic vegetation indicator S for each plot:

S TAR (zpeciesilx cover (epeciesi)

Tcover (speciesi)

Where AR is —i species rank, cover (species i)- i species cover. Differences of the thermic
vegetation indicator between 2002 and 2008 were used to quantiftransformation of the plant
communities and termed the thermophilization indicator D.
D=5 present-S historical

Where S presencis thermic vegetation indicator in 2008 year and S hiscoric— in 2002.
We also calculated Serensen coefficient for summits in 2001 and 2008 years using this
formula - 2a/2a+b+c (where a=number of species common to both summit; b=number of
species in one summit; c=number of species in other summit).

Plant species were identified according to Sakhokia & khutsisshvili (1975) and Flora of
Georgia (1971-2013). Critical samples were compared with samples in the Herbarium of the

Thilisi Institute of Botany and with collection of Stephantsminda Alpine Ecology Institute of
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Ilia State University. The species nomenclature fits with the international nomenclature. We
used The Plant List (www.theplantlist.org) and Pan-European Species Directories

Infrastructure (www.eu-nomen.eu/portal).

2.2 Data analysis

All the statistical analysis were performed by using statistical software SPSS 16.0 for
Windows (Hammer et al, 2001) and PCORD. 5. Data were first tested for normality using a
Shapiro-Wilk test. As some parameters were not normally distributed, we used non-
parametric Wilcoxon signed-rank test for paired samples. Mean, median, and standard error
were calculated for each quantitative data set. Means were compared using one-way ANOVA
(P < 0.05) post hoc range tests. We also used ANOVA post hoc range test to investigate
whether the average soil T°C, minimum soil T°C, June minimum T°C and GDD changed in
the 1m x 1m quadrates from 2001 to 2008.

The difference in the number of 1-m? plots occupied by a species in 2001 versus 2008
was examined using a binominal test. Species that occurred in only 1 plot in 2001 were
excluded from the list. To analyze the changes of the species cover at the 4 summits in 2001-
2008, we picked out only species that occupied 3 or more 1-m? permanent plots, and their
altitudinal distributions were treeline-alpine, alpine, alpine-subnival, and subnival. For
testing changes in species cover, we used Wilcoxon’s signed-rank test. We compared the 2
groups of significantly increasing and significantly decreasing species. To test the relation
between these altitudinal classes and the 2 groups of species with increasing and decreasing
cover, we applied a Fisher-Freeman—Halton exact test (Freeman and Halton, 1951).

Linear regression on the different measures of species richness with altitude and the
different soil temperature-derived variables was also performed in SPSS. Polynomial

regression by cubic effect was used for each graphic to fit a nonlinear relationship betweenhe

130



value of x (year and summits) and the corresponding conditional mean of y (temperature and
number of days).

The definition of indicator species was done as keystone species: species whose strong
interactions with other species generate effects that are large relative to their abundance. We
used indicator species analysis (ISA) (Dufrene and Legendre, 1997) to describe the value of
different species for indicating environmental condition. We performed a detrended
correspondence analysis with the species data (main matrix) of all 64 permanent plots of the
summit elevation classes (CP1, CP2, CP3, and CP4) using PC-ORD 5.32 software (McCune
and Mefford, 1999). We used ISA to contrast the species present in the 4topographic
positions.

We used a paired test (Sokal & Rohlf, 1981) and ordination analysis to analyze the
changes of the thermic vegetation indicator at the permanent plots between the two periods
of time (2002/2008). Polynomial regression by cubic effect was used for each graph to fit a
nonlinear relationship between the value of x (GDD and June mean of daily minimum
temperature) and the corresponding conditional mean of y (thermic vegetation indicator S).

We used Canonical Component Analysis (CCA) of the species cover in Im x 1lm
permanent plots and Dominance Curves test of PCORD.5 statistic program in order to test
the species composition and determine dominant species on each summits. The species are
ranked by cover and abundance. According the Dominance test the most abundant species

are given rank 1, less abundant species- rank 2 and so on.

3. Results

3.1 Average soil temperature and GDD (growing degree day)
Temperature recording by the data loggers allowed the analyzing of the temperature
gradient in the soil’s upper layer (10-cm depth) from 2002 to 2008. The average annual
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temperatures of the soil varied very significantly (P < 0.0001) between the years with the

highest temperature in 2002 on all 4 summits, and it showed a decline (R? = 0.8) among the

mon

itoring years (Fig. 5).

Figure. 5 The Changes of average soil T and minimum soil T in 2002-2008 years.
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The changes of the annual minimum temperature for the study period showed a significant

trend only in winter on the CP1 summit (P < 0.001) (Fig. 6).

Figure 6. The changes of annual minimum soil temperature during monitoring period.

CP1 CP2

10 2

5 : L 0 - '

L J
0 - 5 ‘_;
o

-5 - A .

-10 6

2002 2004 2006 2008 2010

2002 2004 2006 2008 2010

CP4

CP3
1
0.5 ' °
0 -ﬁ%
05 —@ .—:
1@ (]
-1.5
2002 2004 2006 2008 2010

-10 ~

-15

oo

2002 2004 2006 2008 2010

132



b)

Calculation of June mean of daily minimum T (t=-1.85, df=69, P<0.001) revealed

significant differences between years, it was high in 2002, then decline.

According ANOVA post hoc test the difference between the maximum value of average

soil temperature from lowest (CP1) to highest (CP4) summits was only 0.01 in 2002 years and

in the colder year of 2008, the same value reached 3.29 °C (Table 2a, b)

Table 2. The changes of annual average soil temperature in 2002-2008 years (a) and on four summits

(b)(CP1 - 2240 m a.s.1.; CP2 - 2477 m a.s.1.; CP3 - 2815 m a.s.1.; CP4 - 3024 m a.s.l;).

Momitoring o Maximum Std.Error
Minimum T°C Mean St. Dev.
years T°C Mean
2002 10.9 14.7 12.43 1.118 0.395
2003 -0.38 4.86 2.99 1.639 0.579
2004 -0.93 5 2.79 1.771 0.626
2005 -0.52 3.64 2.54 1.313 0.464
2006 1.98 6.18 3.79 1.376 0.486
2007 0.82 5.07 3.14 1.426 0.504
2008 -4.75 3.32 0.95 2.695 0.952
2002
Summit Mean St. Dev. Std.Error Minimum Maximum
Mean
CP1 -0.884 0.2072 0.0518 -1.00 -0.54
CP2 0.705 0.2945 0.0736 0.42 0.99
CP3 0.420 0.0041 0.0004 0.42 0.42
CP4 0.625 0.1859 0.0882 -1.00 -0.53
2008
CP1 0.624 0.2679 0.0669 2.23 3.22
CP2 0.783 0.3479 0.8698 2.52 2.94
CP3 0.783 0.3250 0.0812 0.22 0.41
CP4 -0.232 0.8186 0.2047 -4.75 -0.07
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The difference between summits in 2002 and 2008 years was mostly significant

(P<0.001). But in 2002 years the difference between CP1 and CP4 summits by average soil

T°C and minimum soil T°C was not significant (Table 3 a).

Table 3. The results of ANOVA post hoc test. Multiple Comparisons between summits by variables in
2002 (a) and 2008 (b) years (CP1 - 2240 m a.s.1.; CP2 - 2477 m a.s.1.; CP3 - 2815 m a.s.l.; CP4 - 3024 m

a.s.l.)
2002
95%
Summits Mean St.Error Sig. | Confidence interval
difference Mean
Lower Upper
Bound Bound
AverageT  CP1 CP2 -2.250 0.196 0.000 -2.64 -1.86
CP3 -1.750 0.196 0.000 -2.14 -1.36
CP4 -0.062 0.196 0.751 -0.45 0.33
June min.T CP1 CP2 -0.01750 0.06629 | 0.793 -.1501 1151
CP3 0.10250 0.06629 | 0.127 -.0301 .2351
CP4 -0.24750 0.06629 | 0.000 -.3801 -.1149
Min. T CP1 CP2 -8.000 0.946 0.000 -9.89 -6.11
CP3 -10.250 0.946 0.000 -12.14 -8.36
CP4 -0.250 0.946 0.793 -2.14 1.64

In 2008 the difference by average soil temperature was significant, but the difference by

minimum soil T°C is less significant. The difference between the same summits by June

minimum T°C was significant in both years (Table 3 b).
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b)

Table 3.

2008
95%
Summits Mean St.Error Sig. | Confidence Intervale
difference Mean

Lower Upper

Bound Bound
Average T CP1 CP2 0.60312 0.35767 | 0.097 -0.1123 1.3186
CP3 0.70062 0.35767 | 0.055 -0.0148 1.4161
CP4 4.59312 0.35767 | 0.000 3.8777 5.3086
June min.T CP1 CP2 0.43075 0.21659 | 0.051 -0.0025 0.8640
CP3 2.71600 0.21659 | 0.000 2.2828 3.1492
CP4 3.03400 0.21659 | 0.000 2.6008 3.4672
Min.T CP1 CP2 -0.16250 1.70494 | 0.924 -3.5729 3.2479
CP3 -6.04000 1.70494 | 0.001 -9.4504 -2.6296
CP4 3.25000 1.70494 | 0.061 -0.1604 6.6604

The defrosting period on the lowest summit, CP1, starts in April, and the mean daily

temperatures persisted for the whole spring, summer, and part of autumn, falling below 2 °C

in early November and thus lasting, on average, 213.25 + 20.18 days for the monitoring

period. On the highest summit, CP4, the frost-free period was shorter: 175.8 + 11.64 days

from the end of April through early October, more than 1 month less than that on the lowest

summit. Calculation of GDD index (defined as the period with mean daily soil temperature

above 2 °C) revealed significant differences among the summits (P < 0.001), differing along

the altitudinal gradient (Fig.7 A, B).
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A)

B)

Figure 7.The changes of GDD along altitudinal gradient in 2002 (A) and 2007 (B) years.
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GDD varied during study period (t=0.21, df=13, P = 0.089), but there was not

significantly increasing trend from 2002 to 2007 (Fig.8; Table 5).



Figure 8. The changes of GDD in different monitoring years (2002-2007) (b).

190
180
170
160
150
140
130
120
110
100

GDD

Table 5.The statistical table of the changes of GDD (growing degree day) during monitoring period
(2002-2007).

95% Confidence
Mean St.Dev. StError t df Mean Interval  of Mean
Difference P
Mean Lower Upper
2002 1.556E2 11.913 4.208 369 7 155.62 145.67 165.57 0.001
2003 1.503E2 17.212 6.085 247 7 150.37 135.98 164.76 0.001
2004 1.147E2 18.156 6.419 229 7 147.25 132.07 162.42 <0.001
2006 1.148E2 14.456 5.107 290 7 148.12 136.04 160.20 0.002
2007 1.151E2 11.656 4117 36.8 7 151.75 142.01 161.48 0.001
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3.2 Changes of species richness in the summit areas

The absolute number of vascular plant species observed increased on 3 summits (CP1,
CP2, CP4) from 2001 to 2008 (Table 6). Species richness per 1 m? increased during the
monitoring period (2001-2008) by 6.9 on the lowest (CP1) summit and by 1.5 on the upper
(CP4) summit (Table 6). Only 2 species each were not refound on CP2 (Alchemilla
chlorosericea and Euphrasia minima) and on CP3 (Alchemilla sericata and Anthoxantum

odoratum).

Table 6. Total number of vascular plant taxa at the four study summits and in 1m? for each summit

(mean number with standart deviation) in 2001 and in 2008, number of new and lost species.

Summits Altitude  Number of species Number of species 1m? New sp. Lost sp
2001 2008 2001 2008

CP1 2240 59 63 12.5 +2.87 155+3.12 4 0

CP2 2477 71 77 17.6 £ 3.29 21.06 + 3.17 8 2

CP3 2815 15 13 9.12+1.2 10.8 + 1.68 0 2

CP4 3024 29 32 525+25 6.65 + 3.2 3 0

The percentage of newcomer species was highest on the southern slope, except the
subnival zone, with the highest number of newcomer species toward the western compass
direction. The altitudinal distribution of the newcomers was mainly of the montane-treeline-
alpine classes, while only one species (Scrophularia minima) belonging to the alpine-subnival

classes appeared on the western slope of the CP4 summit (Fig.9)
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Figure 9. Percentage of newcomers after 7 years along the main expositions at the three summit (CP1,

CP2 CP4).
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There was a significant linear relationship between species richness and altitude in

both years. Species richness also correlated with annual average soil temperature and GDD

(Table 7).

Table 7. Results for Pearson’s correlation tests for species richness in 1m? in 2001 and 2008 years.

Species richness in 1 m? Altitude Average temperature
2001 2008 2001 2008 2001 2008
Per.Cor. P Per.Cor. P Per.Cor. P Per.Cor. P Per.Cor. P Per.Cor. P

Altitude -0.675 <0.001 -0.701 0.001
Average T 0389 0.002 0465 <0.001 -0.191 0.31 -0.719 0.001
GDD 0.747 <0.001 0.646 <0.001 -0.811 0.001 -0.722 0.001 0.438 0.001 0.775 0.001

Changes in the number of 1-m? plots occupied by a species in 2001 versus 2008
revealed 2 directions: increased and decreased frequency of species distributed in these areas
(Table 8). Eight species showed a significant expansion to new plots, whereas only 3 species

reduced their plot occupancy. The expanding species included mostly treeline alpine plants.
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Table 8. Significant changes of species occurrences in the 1m? plots (tl-al - treeline to alpine species;
al-alpine speciec; al-sn - alpine to subnival species; sn - subnival to nival species)

Species Altitudinal Number of plots

distribution occupied P

2001 2008 SD

Increasing
Campanula collina tl-al 15 17 1.4142 0.039
Festuca woronowii tl-al 18 19 0.7071 0.017
Poa alpina tl-al 33 37 2.8284 0.039
Ranunculus oreophilus tl-al 12 14 1.4142 0.048
Rhododendron tl-al 2 6 2.8284 0.029
caucasicum
Taraxacum confusum tl-al 7 8 0.7071 0.042
Sibbaldia procumbens al-sn 20 21 0.7071 .0.015
Taraxacum stevenii al-sn 24 26 1.4142 0.025
Decreasing
Deschampsia flexuosa mo-tl-al 8 7 0.7072 0.042
Alchemilla sericata tl-al 29 17 2.4851 0.026
Alchemilla chlorosericea sn 13 12 0.7071 0.025

3.3 Species cover and Dominant species

Only 68 species from a total 143 vascular plant species described on the 4 summits
revealed at least 3 plot preferences in both 2001 and 2008. Among them, the cover
percentage of 17 species significantly decreased, while 5 others increased in cover (Table 9).
The highest decrease in cover was seen for treeline-alpine species Alchemilla sericata (-
58.83%), and the other species decreasing in cover were alpine-subnival species such as
Luzula spicata L. DC. (-29.17%), Saxifraga exarata Vill. (=27.63%), Sibbaldia procumbens L.
(-19.18%), and Taraxacum stevenii DC. (-7.28%), and subnival species such as Matricaria

breviradiata (Lebed.) Rauschert (—41.4%) and Veronica telephiifolia Vahl (-14.27%). The
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species with increased cover percentage were predominantly taxa with a distribution center
in the treeline-alpine zone, such as Anthoxanthum odoratum L. (20.3%), and alpine
Carumcaucasicum (M.Bieb.) Boiss. (18.11%). Only 1 was an alpinesubnival species,
Alchemilla caucasica Buser (1.6%), and 1 was a subnival species, Alchemilla chlorosericea
(7.2%).

Table 9.Significant changes of species cover between 2001 and 2008.

Species Altitudina Mean+ Mean+St. Mean P

1 St..deviation deviation percentage

distributi  in 2001 in 2008 change

on
Decreasing
Alchemilla sericata tl-al 10. 14 £ 6.79 4.18+3.24 -58.83 0.002
Deschampsia flexuosa tl-al 8.01 +4.33 5.97 £0.75 -25.47 0.01
Festuca airoides tl-al 7.4 +5.37 5.94 + 0.35 -19.86 <0.001
Festuca ovina tl-al 2544 +11.85 2453+11.17 -3.61 <0.001
Potentilla crantzii tl-al 2.9 + 4.006 2.25 +3.59 -12.17 <0.001
Rhododendron caucasicun| tl-al 2.1 +2.001 1.4+1.25 -28.5 0.02
Cerastium purpurascens | tl-al 1.01+£0.023 09+0.24 -10.9 0.001
Antennaria caucasica al 2.27 £2.05 2.09 +1.48 -7.6 <0.001
Fritillaria lutea al 1.1+0.45 0.48 + 0.303 -52 0.004
Kobresia capilliformis al 8.25 + 6.39 4.6 + 3.507 -44.25 0.03
Leontodon hispidus al 3.3+1.86 2.82+1.09 -14.55 0.015
Luzula spicata al-sn 3.1 +2.309 2.12+1.86 -29.17 0.01
Saxifraga exarata al-sn 3+2.89 2.17 +2.001 -27.63 0.03
Sibbaldia procumbens al-sn 2415+992 19.52+8.31 -19.18 <0.001
Taraxacum stevenii al-sn 3.62+2901 3.36+2.704 -7.28 0.006
Matricaria caucasica sn 2.1+1.67 1.17 £ 1.09 -41.4 0.01
Veronica telephiifolia sn 233 £0.57 2.1+0.81 -14.27 0.007
Increasing
Anthoxanthum odoratum | tl-al 8.1 +£3.07 9.75 +5.98 20.3 0.021
Gentiana septemfida tl-al 229+256  2.23+237 1.75 0.005
Carum caucasicum al 2.76 + 2.15 3.27 +3.21 18.11 <0.001
Alchemilla caucasica al-sn 3.6 +1.67 4.2 +256 1.6 0.04
Alchemilla chlorosericea | sn 5.87 +2.25 6.25 +2.36 7.02 0.027

o=0,05; t/-al, treeline-alpine species; al, alpine species; a/-sn, alpine to subnival species; sn, subnival-nival
species.

We used Dominance Curve test of PCOR.5 statistical programme to analyses the abundance
rank of dominant species. In the table 10 and figure 10 we show the abundance ranke of
same dominante species, especially with high rank from 1 to 5.

141



Figure 10. Dominance Curve Test.. Rank abundance of species in all summit (CP1, CP2, CP3, CP4) in

2001 (A) and 2008 (B)
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Table 10. . The results of Dominance Test. Rank abundance and other statistical dates of the
dominant species on each summit (CP1, CP2, CP3, CP4) in 2001 and 2008 years.

Species RanKAbund RanKAbund RankFreq Freq Mean St.D
2001 2008

CP1

Carex tristis 1 1 1 13 9.906 8.948
Empetrum nigrum 2 2 6 4 5.187 11.956
Festuca airoides 3 3 5 9 4.094 6.563
Bromus variegatus 4 4 6 7 3.968 5.368
Agrostis capillaris 5 5 12 5 3.937 6.276
CP2

Festuca varia 1 1 7 10 20.125 19.449
Carex tristis 2 2 14 12.200 3.228
Poa alpina 3 3 13 9.000 7.659
Anthoxantum odoratum 4 4 13 7 4.437 7.966
Festuca airoides 5 5 8 8 3.343 4.791
CP3

Sibbaldia procumbens 1 1 1 16 23.750 8.690
Carex tristis 2 2 2 14 8.937 6.647
Nardus stricta 3 3 4 13 5.000 6.186
Plantago atrata 4 4 5 13 4.062 3.492
Carum Caucasicum 5 5 3 13 4.000 3.983
CP4

Festuca varia 1 1 3 8 7.062 11.636
Alchemilla chlorosericea 2 2 1 12 4.562 3.794
Carex tristis 3 3 2 10 3.937 4.654
Anthemis iberica 4 4 6 1.312 2.750
Alchemilla retinervis 5 5 7 4 1.218 2.750

On the lower summits (CP1 and CP2) the dominant species were mostly grasses. One of

them is Caucasus endemic (Bromus variegatus). On the higher summits (CP3 and CP4) only

two species of grasses had high abundance rank: Nardus stricta (RankAbun-3) on CP3 and

Festuca varia (RankAbun-1) on CP4. Carex tristis had high abundance rank on all summits,
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but on the lower summits the rank was higher than on the higher summits. The abundance
rank of less abundance species changed insignificantly in 2008 years. On CP1 summit the
abundance rank of Hieracium pannoniciforme changed from 50 to 52 and Cicerbrita
racemosa-from 49 to 51. On CP2 summit the abundance rank of Luzula multiflora changed
from 66 to 63, Rumex alpinus - from 66 to 59 and Primula algida - from 50 to 52. On CP3
and CP4 summits the abundance rank of less abundant species did not change. The
abundance rank of some endemic species (Veronica telephiifolia, Draba hispida,
Rhododendron caucasicum, Dryas caucasica) did not decrease importantly during monitoring
period. . The coefficient of similarity (Ss- Serensen coefficient) of the summits in 2001 and
2008 years was high (for CP1- 0.492; CP2- 0.489; CP3- 0.625; CP4- 0.487), especially for the
CP3 summit. In 2008 year only the frequency of montane-treeline species (AR 5) increased

significantly (AR 5: z =2.561, P=0.012) (Table 11).

Table 11. Changes in AR frequencies between 2001-2008 years in the Central Greater Caucasus (significant

P<0.05; t-increase, |-decrease).

AR(Altitudinal Trend z P
distribution range)

1 ! 0.899 0.217
2 1 0.574 0.542
3 1 0.167 0.753
4 1 1.892 0.058
5 1 2.561 0.012
6 1 1.732 0.162
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3.4 The thermic vegetation indicator Sand the thermophilization indicator D

We calculated the thermic vegetation indicator S for the present (2008) and historic
(2001) dataset. S varied at different altitude and exposition. Thermic vegetation indicator
decreased significantly on the three summits (z=3.211, £=0.001), especially on CP3 summit
(Fig.11).

Figure 11. The difference of the thermic vegetation indicator S in the given period of time
(2002/2008) on four summits (CP1, CP2, CP3, CP4) in 2002 (black) and 2008 years (grey). (CP1 -
2240 m a.s.l.;; CP2 - 2477 m a.s.1.; CP3 - 2815 m a.s.l.; CP4 - 3024 m as.]; )
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D varied significantly at the plot level (t = 3.2, df = 61, P = 0.032), but the statistical
significance is not high. The regression analysis was used to show that the difference of the

thermic vegetation indicator S in the given period of time (2002/2008) was negative (R?=

0.015, F =1.877, bl = -0.030, P= 0.073) but less significant (Table 12, Fig. 12).
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Table 12.

The mean, minimum and maximum data of the thermophilization indicator D on four

sumimits.

Summit Mean Std. Dev Std. Error mean Minimum Maximum
CP1 -0.1063 0.4029 0.1007 -0.92 0.48

CP2 -0.0412 0.1746 0.0436 -0.39 0.32

CP3 -0.4800 0.5451 0.1362 -1.76 0.81

CP4 0.0388 0.3446 0.0537 -0.35 1.03

Figure. 12 The changes of thermic vegetation indicator S during monitoring period (2001-2008).
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The present score of the thermic vegetation indicator .S correlated with two climatic

factors: June mean of daily minimum T °C (r = 0.686, P = 0.031) and GDD (r = 0.576, P <

0.012) (table 13, Fig. 13).
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Table 13. Pearson correlation between variables: thermic vegetation indicator, GDD, average soil

temperature and June mean of daily minimum tempereture.

Thermic vegetation

June mean of daily

indicator S GbD Average soil T'C minimum T°C

Thermic vegetation

1.000 0.576 0.462 0.686
indicator S
GDD 0.576 1.000 0.688 0.426
Average soil T°C

0.426 0.688 1.000 0.440

June mean of daily
minimum T°C 0.686 0.426 0.440 1.000

Figure 13. Dependence of the present score (thermic vegetation indicator - 2008 year) on local
climate. A- dependence on growing degree days (GDD). B —dependence on June mean of daily
minimum temperature.
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3.5 Indicator species

According to the ISA, we found some significant indicator species of particular
exposition on the 4 summits (Table 14). In 2001 on the CP1 summit, 3 species (Empetrum
nigrum subsp. caucasicum (Juz.) Kuvaev, Vaccinium vitisidaea L., Hieracium pilosella L.)
were significant indicators of the north slope and 1 species ( Vicia cracca subsp. Cracca L.)
indicated the west slope. All of its occurrences were only in north (3 species) and west (1
species) exposition.

Three species (Empetrum nigrum, Vaccinium vitis-idaea, Vicia cracca) occurred on
100% of plots and Hieracium pilosella occurred on 75% of the plots. The randomization test
showed that the probability of an indicator value of 75 or 100, given this species’ distribution
of abundances, was significant (P < 0.05). On the CP2 summit, 4 species (Carex atrata L.,
Matricaria braviradiata, Sibbaldia procumbens, and Luzula stenophylla Steud.) indicated the
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north exposition and 2 species (Geranium ibericum Cav. and Trifolium trichocephalum
M.Bieb.) were significant indicators of the south slope. On CP3 we did not find the
significant indicator species. On CP4 only one species, Veronica telephiifolia, indicated the
west exposition. In 2008 the indicator value (IV) of the indicator species did not change, but
on the CP2 summit we found a new indicator species of the west exposition: Campanula

tridentate subsp. biebersteiniana (Schult.) Ogan. (Table 14).
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Table 14. relative abundance (%), frequency (%) and indicator value (1V) of species of the 3 summits (CP1, CP2, CP4) in the 4 expositions

Species Relative abundance (%) Relative frequency (%) Monte Carlo test
Indicator value
CP1 Exposition Exposition from randomized groups
Indicator

Max.. East North  South  West | Max. East North South West value Mean SD P
Deschapsia flexuosa 80 80 20 0 0 100 100 50 0 0 79.9 30/8 13.23  0.0086
Trifolium ambiguum 66 66 17 17 0 100 100 100 75 0 66.1 40.5 12.33  0.0462
Taraxacum confusum 81 81 0 19 0 75 75 0 25 0 61.1 29 15.08 0.0888
Empetrum nigrum 100 O 100 0 0 100 0 100 0 0 100 28.2 1495  0.0034
Vaccinium vitis-idaea 100 O 100 0 0 100 0 100 0 0 100 28 1471  0.0034
Hieracium pilosella 100 O 100 0 0 75 0 75 0 0 75 25.2 14.19  0.0276
Euphrasia hirtella 91 0 5 91 5 100 0 25 100 25 90.9 31.9 13.88  0.001
Bromus variegatus 61 0 2 61 36 100 0 25 100 50 61.4 30.4 11.73  0.028
Potentilla crantzii 83 0 0 83 17 75 0 0 75 25 62.5 27.5 13.92  0.0788
Vicia cracca 100 O 0 0 100 100 0 0 0 100 100 26.6 13.01  0.0034
Carex Lristis 50 3 17 30 50 | 100 25 100 100 100 505 35 685  0.026
Alehemilla caucasica 100 0 0 0 100 |75 0 0 0 75 75 25.6 1414 0.0304
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Species

Relative abundance (%)

Relative frequency(%)

Monte Carlo test

CP2

Potentilla crantzii

Carex atrata

Matricaria breviradiata
Sibbaldia procumbens
Anthoxanthum odoratum
Festuca airoides

Veronica gentianoides
Luzula stenophylla
Agrostis capillaris
Geranium ibericum
Trifolium trichocephalum
Fritillaria lutea

Carex tristis

CP4

Alchemilla retinervis
Veronica telephiifolia

Festuca woronowii

Max.

85
100
100
100
80
68
64
100
85
100
100
79
44

97
100
65

Exposition Exposition Indicator value from randomized groups
Indicator St.

East North South  West | Max. East North South West value Mean. Dev. P
85 0 0 15 100 100 0 0 50 84.7 35.7 15.87  0.0176
0 100 0 0 100 0 100 0 0 100 28.7 14.74  0.0026
0 100 0 0 100 0 100 0 0 100 32.8 1559  0.0026
0 100 0 0 100 0 100 0 0 100 26.2 1261  0.0026
20 80 0 0 100 75 100 0 0 80.3 329 13.29  0.0126
21 68 0 11 100 50 100 0 50 68.2 32.8 12.05  0.0136
12 64 0 24 100 25 100 0 25 64.3 29.2 12.28  0.0254
0 100 0 0 75 0 75 0 0 75 26 1451  0.0266
0 85 0 15 75 0 75 0 25 63.6 26.5 12.77  0.0294
0 0 100 0 100 0 0 100 0 100 28.3 14.09  0.0024
0 0 100 0 75 0 0 75 0 75 29.1 14.03  0.0272
21 0 0 79 100 25 0 0 100 79.2 28.7 13.02  0.0078
29 8 19 44 100 100 75 75 100 435 33.9 5.14 0.0446
97 0 3 0 75 75 0 25 0 73.1 27.4 14.67  0.0284
0 0 0 100 75 0 0 0 75 75 25 14.27  0.0288
65 11 24 0 100 100 25 75 0 65.5 35.2 13.35  0.0498
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Discussion

In 2001-2008, studies conducted in the framework of the GLORIA project at 4
different altitudes of the Central Greater Caucasus clearly showed the changes in species
richness and cover. In 2008, 15 new species were recorded in comparison with 2001 on the
permanent research plots.

In 2002 and 2003, the average soil annual temperature was especially high. In the
following years, the temperature decreased. This was confirmed by the data recorded by the
used loggers as well as findings of a large-scale survey conducted throughout Georgia
(Elizbarashvili et al.,, 2009). During monitoring period (2001-2008) average annual soil
temperature did not increase. Although in 2002 year the difference between the maximum
values of average soil temperature from the lowest (CP1) to the highest (CP4) summits was
very low. According ANOVA statistic the difference by this variable between the same
summits was not significant in 2002. The segregation between CP1 and CP4 summits by
minimum soil T°C also was not significant in 2002. It may be a direct effect of the
exceptionally warm summer in this year. June mean of daily minimum temperature also was
high in 2002, but decreased in the following years (Gigauri et al., 2013). This fact confirms
the hypothesis that global climate warming is expected to shift ranges of plant species
adapted to concrete climatic conditions to higher altitudes (Korner, 2009; Gottfried et al.,
2012).

The temperature inter-annual variability, shown by our data, is a normal phenomenon
and plants are generally able to tolerate short-term fluctuation through phenotypic plasticity,
but low value of difference of average and minimum soil T°C from the lowest to the highest
summits may cause plant species to shift distribution to higher altitudes. Warming effect
could be driven by two main mechanisms: filling process and moving processes, due to the
immigration of thermophilic species from the lower altitude (Gottfried et al., 2012, Stanisci

et al., 2014). Vertical shifting of species was recorded in the Central Greater Caucasus in
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earlier publications (Nathutsrishvili, 2003; Akhalkatsi et al., 2006, Togonidze & Akhalkatsi,
2015). Six-eight years old individuals of Betula litwinowii were found at 2200-2550 m a.s.l.
According to Pauli et al., (2012) in other GLORIA target regions species were shifting their
distribution by 2.7m on average.

During the monitoring period the changes of GDD did not show an increasing trend, and
average soil temperature significantly increased (P < 0.001) only I in winter on the CP1
summit.

Species number per summit was increased on all 4 summit areas during the 7 years, as
was the case in most of the boreal-temperate mountain regions.According to Pauli et al.,
(2012) vascular plant species number increased on 45 GLORIA target regions (especially in
the boreal temperate mountains) and decreased on 10 summits (mainly in Mediterranean
region). Such alternation in Mediterranean areas is a result of warmer conditions the
combination of rising temperatures and stable-to-decreasing precipitation sum such as was
recently documented for the southern Europe for the past decades (Mariotti et al., 2008; Del
Rio et al,, 2011). Decrease in species number was rarely recorded during the monitoring of
the Central Alps (Gottfried et al., 1998; Grabherr et al., 2001; Walther et al., 2005), with the
exception of the decline of nival and subnival species resulting from the expanding growth of
alpine species (Klanderud and Birks, 2003; Pauli et al., 2007). Increase of species richness at
lower altitudes was also recorded (Michelsen et al., 2011).

The increase of the species number was highest at the treeline and on lower alpine
summits CP1 and CP2. The percentage of newcomer species was highest on the southern
slope, except for the subnival zone, with the highest number of newcomer species toward
the western compass direction. New species preferred the southern and eastern slopes, i.e.
the directions with the higher temperature and longer growing season (Erschbamer et al.,
2009). Invasion of species on the south slopes, resulting from climate warming, was predicted

by a number of researchers (Stanisci et al., 2005; Kazakis et al., 2006). On the eastern and
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southern slopes the soil is better developed and the substrate is more stable (Nadelhoffer et
al., 1996), but the northern slopes are more conservative for distribution of the vegetation.
Increasing temperatures and prolonged growing season have important effects on
mineralization activity (Chapin et al., 2005).

Over the 7 years 8 (5.6%) species out of the total of 143 species showed a significant
expansion to new plots. The species of the treeline-alpine range predominated among them
and only 4 species were alpine and subnival. The observed increase in species richness in the
studied plots in the Central Caucasus mostly reflects a filling process of species that were
already present in the alpine ecotone, rather than colonization of species immigrating from
lower altitudes. In high mountains, local colonization or filling processes by new species
appear to be more rapid than local extirpations (Grabherr et al., 2001; Walther et al., 2005).
In the upper alpine and subnival zones, the scattered vegetation provides space for new
plants, and thus invasion should be easier than on the lowest summit (Holzinger et al., 2006).
However, potential immigrants from lower elevations would have to cross the upper alpine
grassland belt, which may act as an effective barrier to invasion due to the predominantly
closed, longlived grassland communities (Pauli et al., 2007).

In the Central Caucasus in 2001 and 2008, species richness was related to altitude with a
trend of decreasing richness with increasing altitude. This is a common pattern in mountain
regions (Korner, 2002). Species richness in the Caucasian summits was not only correlated
with altitude; it was also correlated with climatic variables such as annual average daily soil
temperature and GDD, with fewer species as the growing season became shorter and
temperatures declined. This result supports the basis of the GLORIA protocol, where climate
is considered an important factor affecting the composition and species richness of plants on
summits (Pauli et al., 2004). The given data show that among the species with reduced cover,
the share of grasses is less than the share of forbs. The grasses in general are species with very

high competitiveness, and they are able to suppress the invasion of new species (Grabherr,
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1989; Abd El- Chany et al., 2013). The monitoring carried out in tundra regions showed that
the grasses appear to be able to get more benefit from the climate change than forbs
(Klanderud and Totland, 2005; Walker et al., 2006). The decreasing number of some species
in the permanent plots of the treeline ecotone can probably be explained by ongoing changes
in the competitive balance. In the mentioned plots of the Central Greater Caucasus, the
grasses experienced less change. Only one grass species reduced its plots occupancy
(Deschampsia flexuosa). This process is particularly evident at CP1’s altitude.

We used Dominance Curve test to determine dominant species on each summits (CP1,
CP2, CP3, CP4) and to analyze how the annual local climate oscillations have influenced on
the dominant species abundance. On the lower summits dominant species with high
abundance were especially grasses. They are “key species” with high competitiveness and can
inhibit newcomers by not leaving enough gaps for germination and establishment (Grabherr,
1989). When the abundance of “key species” decrease or they are removed, the result will be
dramatic for plants communities. The abundance of Catex tristis also was high on all four
summits in 2001 and 2008. It is very important dominant plant of alpine grasslands. Sedges
contributed to reduction of soil erosion (they generally form dense clumps or rhizomatous
mats) and some sedges are tolerated of environmental stresses (Ratliff, 1983). Although
according Alatalo et al., (2014) grasses and sedges respond differently to temperature and
nutrient perturbation. During monitoring years Carex tristis was stable against local climate
oscillation. During monitoring period the abundance of other dominant species did not
change. The high value of the Serensen coefficient of summits in 2001 and 2008 years clearly
show that the composition of plots did not change noticeably. If the frequency of
thermophilic species increases more in the future, cold-adapted species would be declined.

Meanwhile, the decreased cover of some species, especially at CP2’s altitude, cannot be
explained only by competition. Change of average annual soil temperature is a normal

phenomenon and plants are generally able to tolerate short-term fluctuations through
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phenotypic plasticity. Gottfried et al. (2002) showed that alpine and nival species responded
differently to night-time temperature during the growing season and to the snow cover
duration in early summer. The changes of some species’ cover in our plots may be caused by
different responses of species. The other potential drivers of vegetation changes may be also
seldom grazing by domestic ungulates and human activities. Such activities change the
community structure, species diversity, and plant cover, but this effect must be minor in our
particular study area, which lies outside the main grazing land.

The thermic vegetation indicator S decreased significantly in all monitoring summits. An
increment of S value could be expected when the frequency of species with high AR value
increase or the frequency of species with low AR value decline. On summits of the Central
Caucasus only species with AR5 increased their frequency significantly. The same results
were reported by Petriccione (2005) and Di Pietro et al. (2008). In the southwestern Apls
species with AR 5 (e.g. Festuca varia) showed a consistence increased. In the Central
Caucasus alpine grassland communities have strengthened their presence too.

GDD and June mean of daily minimum T°C correlated positively and significantly with
the thermic vegetation indicator S, but the correlation between S index and GDD is more
significant. S index is related also to June minimum T°C in all GIORIA regions with different
slopes and strengths of correlation (Gottfried et al., 2002, 2012). These two factors often
appear in the literature as key climatic factors for alpine vegetation (Koérner, 2002, 2003,
2009, 2011; Larcher, 2012). GDD as proxy for snowfree season is important for seed ripening.
June (i.e. early growing season) mean of daily minimum is important for cell growth. It is the
temperature in the first part of the growing period which is the most decisive for plant
growth. Both temperature indices are based on soil temperature and correlated with thermic
vegetation indicator, so the changes these indices are very important for explaining
mountain plant responses to changing climate. The increase of temperature and prolonged

growing seasons promote the expansion of species from the lower altitudes (Erschbamer et
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al., 2009). Although in our summits the average annual T°C and the length of growing season
(GDD) did not show increasing trend.

The regression analysis show that the thermophilization indicator D was negative, but
the significance was low. The high variation of D at the plot level could be ascribed to both
ecological reasons, such as different age structure of plant population and to observer errors
associated with the visual recording of species and percentage cover. At the continental scale
D was highly significant, but less at summit and plot levels (Gottfried et al., 2012).

As thermophilization indicator is based on species cover changes, the positive D may
result from increased cover or immigration of higher rank species. The cover increase mostly
reflects filling process of species already present at the alpine belt, rather than immigration of
species. The bulk of alpine plant species are slow-growing and long-lived and only very few
are annual species (Nagy et al., 2002). Thus, it can be assumed that above-ground biomass
which is related to cover does not change much from year to year (Pauli et al., 2003), but
thermophilization of plants communities change in time intervals. According to Gottfried et
al. (2012) the thermophilization indicator D was highly significantly positive on the 16 of the
17 GLORIA regions and 42 of the 60 summits and significantly correlated with June
minimum T°C. D index also highly and positively correlated with winter precipitation. Due
to this fact above mentioned authors explained why D was negative in Norwegians target
region and positive in Scottish Cairngorms. The last one faced a dramatic reduction in winter
precipitation with very much warming in June. In the Central Greater Caucasus
precipitation have not reduce significantly during last decade (mean annual precipitation —

1412.07+112.07) (http://trmm.gsfc.nasa.gov/).We suppose that the less reduction of the

precipitation may be the reason why our results are in contrast to the temperate European
mountains. The decrease of thermic vegetation indicator in all summits has shown that the
Central Caucasus faced no warming with high variation of June minimum T°C in 2002-2008

years.
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In the permanent plots of the Central Caucasus, 51 (37%) species out of the total of 143
species were Caucasus endemics (Nakhutsrishvili et al., 2006, Schatz et al., 2013). Seven of
them were recorded on the highest summit. When habitats of the endemic species are
damaged by human activities or by other factors, the distribution range and population sizes
of the species will be reduced. During study period, Caucasus endemics were not seriously
endangered. Only one species, Alchemilla chlorosericea, disappeared from the CP2 summit.
This consideration proves the revealing test of indicator species. Among the indicator species
(ISA), 5 are Caucasus endemics, and they significantly indicated the particular exposition.
Their IV (Indicator value) did not change during the monitoring period.

Thus, the results of this study confirm the hypothesis that high mountains of temperate
zones are one of the most sensitive areas in terms of environmental impacts of climate
change, which already has influence on the diversity of vegetation and migration of species
from low to high altitudes. The tendency of occupation of new plots by plants of lower
altitude is obvious in the Central Greater Caucasus. The species of the treeline-alpine range
predominate among them. The changes of species richness, cover, and competition at the
permanent plots may be caused by filling processes and interannual climate oscillations. The
observed changes in average soil T°C and thermic vegetation indicator S indicate that the
Central Greater Caucasus has faced no climate warming on this stage of monitoring. The
abundance rank of the dominant species did not change. If the difference between average
soil temperatures from the lowest to the highest summits is low in the future, this would
theoretically imply that, habitats of subnival plant communities would be colonized by
species of alpine grasslands. However, drastic acceleration of climate warming in Europe
implies that climate change would become the major treat to biodiversity in the high
mountain regions and short-term analyses of ecological indicators are necessary to improve
our understanding concerning species behavior in a changing climate, so these observations

should be continued in the future.
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