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Vegetation pattems ofoceanic heaih legelaion in nonhem NoNay arc dcrcdbed on
the basis of systemalically sampled vegetation data from lwo coastal mountain areas,
Van.oya aDd nonhcm Vdanger Peninsula. Tbe data are classified into conmunity
types by TWINSPAN clustering. On Vannoya. heaths ofthe Cr1l,,a Bryophyta lype
prevail at the iowest altitudes. Woodland habitats are scaueEd and confined 10 sheL
tered depressions. No well developed zone with Betu1d d,a heaihs or scrublands is
encounlered. On the Varanger Penisula, neither Callord ulgarir heaths nor woodland
palchcs occur. r.,atrd has a reladlely high coverin lnoi!-protecled dwad shrub heaths-
In both areas- lhe Ocr,?lccliu Lvpe is characlensric on the wind swept ridges oi th€
lo.|r er and middle oroarclic zones. On sheltered slopes ofVmwryq heathl with a high
corer of Vaccitiutn tn'"ftilfur halc arcladlcly broad topographic range, whereas on the
Vdangcr PcDinsula. hcaths of the Enlpetndn Dicrarr,r? Lichenes ilpe dominate. In
both areas. deprcssions are characterized by heath-Lke snowbed vegeradon with.Sdld
,?rr,?c.d co-occuring witb gnminoids.ln rhe middle oroarcric zone. heaths ofthc.Sald
he rbocea-Enpetrunt type prevail. The highesr slopes oiVtnnoyr rcach the uppef ofo-
ilJclic zone wilh patches of rhe Rawncuhts Blacialis Crnnonition rype. On Y amAya
we encounter a zonation pattem lvhere lowaltinde Orlln.lheaths grade into oroarclic
vegetation. On the Varanger Peninsula. the climate is almost equally occxnic but the
vegetation pattem apFoaches fiat rypical for the oceanic scctors ofthc southem arctic

Key !ords: alpine legelalion, arcic vegetation- classification, northem Fennoscmdia.
ordination- plant conmunities. vegeladon zonxdon
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I. INTRODUCTION

Tbe regional pattems in mountain birch forests of

northerr Fennoscandia have been extensivety

rrearcd by H: imel  qhl r  r lq63) ,  whi le  l reeles\
heatn. ha\ e been dealt wirh by Eurola I i974). Haa-
pasaari (i988). Engelskjon (1994), and Oksrnen
and Virden ( lao)1. ed mires by Fuola and Vor

ren ( ro80r .  Thc.rudies sno$ a change in vegela

uon panems along fie.haJp clrmalic gradienl Irom
coa.tal are$rofie inleriol prn.of fiorrndt aHd-

mer-Ahr i  lqb j ,  Ahl i  ? /  d/ .  1468.  sones\on Pr  d/

l '175,  Dahl?/  d/  l086' .There in land area 'epre

rnr one ofLhe most conlinenLal are4{ in nonhem

Eu ope. shere Ihe amplitude olannual lempera-
rure f lucruar ion.  r '  h igh.  dnd the precip i ra l ion is
los especisll) duflng the $ in rer monrh. rTuhla-

nen 1o80.  198?.  I ' lq2.Gjaerc\o l l  lqT8r .Thecl i

manc condrrions on coa5!al island' contra5l srik-

rngl )  agains l  lhese arca. .  The vele ls l ion panems

of the coaslal mountains have been less clear, be-
cause the mountains were not included in the da

tabase of Oksanen and Vinanen ( 1995). Consisr
€n1 and systematic documentation of these veg
etation complexes is also usetul for a hger scale
conparison ,long a gradient fiom northern Fenno
scandia to the Russid Arctic (Virtane. 

"r 
al. 1999).

The presenl paper has two purposes. The fi.st
is to describe topographic vegetation pattems oi
the o{eanic pans of nofthemmost Fennoscandia
based on systematically collected data fiom two
sites, Vannoya, Troms, and Vaftnger Peninsula,
Finnmark, along altitudinal g]adients. Data from
Iess o€eanic areas in north€m Norway and Fin
land have been included in fie numencal analy
ses. Second, these pattems are then discussed in

relation to arctic ororrctic, oceanity continentahty

lr. MA'IERIAL AND METHODS

STTJDY AREAS

We chose rwo localities fton nonncm Nofr'ay lying al the

outer codt of tbe nodbem Atletic {Fig. li. one was the

Vddgcr Peninsul4 a nou.lain slope ar thc Sdd6ord alout

t0 km easl of Bedelag. gere nouhins reacb tu alritude
of 450 n a.s I The legetarion smPling rva .eied oul od

rhe siopc with a minlt norlhem exPosm. The oder stldy
dca was ir the County of Tions. tne Island of vdndya

On rhe soudem side of the isldd a nounain peah caled

Vadnkista reaches d altitude of 950 n a.s.l. The sdPl'ng
was done along thc sonthem slope which ws gendc enongh

to proride local topographic gad'enls

ln bolh study d4, bctlrcck was ptjmdily conposed

of siliceous mabnal Gindstrijn 198?). For lhe sake ofcom-
prison wirh e.g , Haapdffii ( 1988), dd Oksmer dd vir
tanen ( 1995) we avoided ed { ith calcdeols bedrock ed
ms wh€rc indicatoG oi calcim crbo.ate ftequendy oc
cuftd in vcgelatiol Consequendy, the sanpling was con_
c€nEaled or Nd thar weF nainly colered by oligotrophic
yeg€arioh on silicmus bedrdk. A few quadrats on vm6ya
nad D46 o.,,perald which is nucn more wide sPread on
adja.cnt isl&ds, e.g., Nord-Fuglity (Engehkjdn 19?0) Pod
zol sons pevailed up to the loscr orcdcric zone. A podzol
prcnb *ened ro be sea( or lackidg at higber altitudes on
Vmora md il $r *eajd) dr\eloped o0 lhe vrdlel
Penicnla (Iedros 197?).

vamoya belongs lo rhe Occmic cenfal (OC) ed va'
Enger Peo0stna nnrlJ ro de O.euL \onn c.o geo
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Fig.  1.  Sludy areas n
nodhern Fennoscandia.
- A: Vannsyai B: Va
ranger Peninsulat  c :
lvooeo; isat  (Lvnosa De
ne) ; - D: Cahppisduonar.

grapni.al ma (ON) deliniled by Engelskjon ( 1994)
Thc folloving four nain clinadc leatuEs havc lo bc

conside.ed in coanal nonhem Nosay:

l The tbemal sun (degrce days. d.d.) at de sea leyel is
nuch higher in $e OC (mcd 730 d.d.) lhm in ON
(nean650d.d.) Trre mem lcmpenturc of the vamest
nonrh (Jult) m also different. being + 15.0"C ior OC
Jnd + 6oC forO\ /Fn8el.ljon oo4r. Tle lc0rlh ol
rhe srowing sedon (days. ttrcsbold +5"c) for OC is
abour 140 md thar ior ON is 120(Tuhkdcn 1980).

2. The mplilude of bnual nucoarions of tcnpcratue G
slighly highr on the varded Pc.insula ihfl on Va

3. widter precipitalion is nuch lo{er on the ve.ger
Pedinsuh dd on vmnoya.

4. The relarionship beiwen ainter precipitadon and lher

1'J flplirude rhrge' in a jr:,lienr nJn th! "cr ro
the eal. Tne tiarer pR!ipndaon ndleJh de.r(-.e
dlone Llu. flddrenl lumpGJ to J lo{(. .n..e .P '.
th"mal mplil rJc. Thi. impte. rn inc@ p . j1e r'
rir clinare r,pr {ilh node l win! | o ..io L :.r , \ 1
in a relatively ocedic de!.

lo r  lddr ron  lde  a i ( . 'p  'd \ ldm'  o80\  H&padd
(1988), ad oleDe. dd vinanen (1995)

O0 v f fo j r  gn / :neht .he .a l  a  " l . rehn 'o1  
pre

sundb\  hu0dred u l \e r  T le .neeopopd lJ r  oa  lJ .  \ "c l
about 700 duing the 16l few decades (A. wnh pes. comm
Md, loqr). Tbe reindeer plpulJaon de.rpre.rn .u r n"r
Limc ro dbou',!10 indi\idldl rA. with p( . lorm Ma'
lqor r ' lhe  our . r ,  ob ' .o f  vdd  ie r  Pen in .u la .  iBer le rAp
ronly lo Jly d.cd lor \hc.p t r.bdd _y I Aln pral lonil
bur lher2rar  e1 , .d , . 'unme dge. lo  e ' rd_cr lo l .

&'$
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SAMPLING AND NT'MERICAL ANALYSES

vegetaton data were smpled along a tlded laid alon8
nesoiopognphic ndge depession gadientl ftom wind
swepfidges to depe$ions o in rhe slldy by Otsder ad
virlanen (i995). Trmsa$ wee smpled at altirudinal in
teflals of 25 m Sdpling along rhe ua.sec6 fouowed a
systematic proccdurc. A rcpe of 15 m wd fixed hom hil
ock to de!.ession. Along 1hn I I m lon! tmnsor eighi plots

Gt€ 0.64 nr]) werc smpl€d at rcenltr i.tflals. Ar ihe tigh
est altitudes, with fragmented veletation, this nelhod colld
not be nsed. lnstead. four sdple plots with vegetadoo clos
est to the trdsect li.e werc sampkd me cover of pltul
.pe ie\ {6 e. In" .d a. cording rr Lhe kn..ale 9!Len ol
Oksae. (19?6). sherc I = 0.125%.2=025%,3 -05%,
1= 1 .1Ea,5  =  2 .2%.6  =4.1%.1  =  A.gqa,8  =  t19%,9  -
35.6%, md 10 = ? 1.2%. The numbcrs of smplc ploLs ftom
VmnOya ad Vddeer Peninsula were 239 fld I 12. rc

The nonenclature of tda is accordi.g ro the following
references: vasculd plmls (Hilmet-And d dl. I998), brye
phytes ( Sdde.strijn €t a /. I 992) md li chens (V ilikainen ./

The smple plols sere cldsified inlo comnnity clns
tes bt a divisive TWINSPAN progrd (llili 1979b). The
cut lelels for pseudosp€cies were sel to default valnes 0. 2.
5, i0 dd 20 suitlble for coler cldses trasfomed to actual
to coler. The ninimun size of the grcup to be divided w6
set to t5 plots. ad the highest runber of levels of division
was sei to 7. In tbe classificalio., the dirisions with eig€n
r.lues of 0.2 or higher were trelen d sepeale vegelation

Tne mpmcoveEgean,j lequencre\ rur ea!h.pec'e. in
LheTWTNSPA\ clurs$Llhen!omputed. ln heTWTN-
SPaN dalywi No 2ddrrronal od@ .cs trere u ed ro d
complish adi@rcompdisr ro dre veger.tional unils ireated
in  rh r  \ tud t  f te lp  darJ  (ome roh  l lSecgdrar  ' l J1g .J -
prne). a sub@$i' n.dnrain ma in i0renu T.om.. .pd-
n ine  d  d lL i tude r rcm )<0m ro  |  ) ' )  m,  lo rmplep lo r . ,
dd tiom ..ihppnduond iV' Arliga' nonnem | .nu l,
I aplrd. ,pdmiDg aldtude. bcM.pn 1)0 4 ) m a ..1. \J-
smple plols) loksde. & vina.en 1995). T]le ioral nmber
oI smple plols used in rhc TVINSPAN analysis was 698

Tne TWINSPAN .lasificarion wd used as a basis for
d hjeru.hic , lasin. duon qhere he rgher le\el i u{er5
comspond ro  c roup\  o f  \ cser i 'on  Jpe. rcoMLn. r )
8rcups). dd the !lusle^ below dp Inrerpre'ed L .eler.
tiotr t!Te\ a oudincdbJ Ol.den dd \ inanpn ' loar'.l.
sone c6es. ln€ suMiyisioN of the main clusters ce be
bei (bmclflted a ,didN or d !onmlr rry rype rh.
vdidts bay€ nain differences in donind.e relationships
dd nol ess ialy in species composnion

A deEended corcspon.ience lnalysis (DCA) w6 per
foded lo tualyze nain vegelation gradienh To inprole
cldity of ordinarion scanergram- the size of data was E.
dDced to 500 plols by tudon deletion ofplots. Thc DCA
w6 nn using defauh oprions of the DECORANA (Hill
1979a) in rhe CANOCO for Windows 4.0 progran (1er
Bmak 1998). The new prcgram vesion avoids the prob-
lens discussed by Oksmen ad Minchin ( i 997). ln rhe $at
tergrm of species ordinario. only lhe no$ inponmt spe-

III. CLASSIFICATION AND ORDINATION

The firsr TWINSPAN divi,ion ,epaiares fte.om
muniry c lu ' rer ,  represenr ing rhe h igh a l r i 'ude
\  eeerdr ion / f ie  upper o 'oaicr ic  /onc)  f i , ,m rhe re
main ing ,arnple p lo ls  fFrg.  2 '  The laner  group
conrr in \  rhe major  caregor ies ofboreal  orodcr i .
heaths. This coresponds 10 thc DCA ordinadon
.howing rhal the firn a\is ol legetalonal lana-
rion corelates wirh altiiude (Fig. 3). This is ihen
split into broad groups of chionophobous ind
ch:onophilou\ \nou bed rlpes ol vegetauon. Ac-
cordingly. in the DCA ordinalion the second axis
conela'ci $ idr $e Inpogr.ptuc gndienr frcmlri o-
nophi lou.  communI ies rn depres ' ron5 ro wind
e\po5ed Lolnmunir iec fF ig.  11.  Tn rhe rh i rd lere l
ofd iv i . ion, .  J  c lu"rc '  in ,  lud ine r tue communiD
gtorps.rhe Bt la M)nillus group. lbe Jr,.rrr,1-
fiJ^-Sdti^ hctbdpa Floup ard the Ph\llndn.c
rr'vll,//r. g'oup ofOt\anen and Vinanen r lor)5)
r .  formed.  One c lu. rer  conr tuns enrrre l )  suboce

anic vegetation of the Betrld nd'rd Lichenes scrub
rype a]nd rhe D e sc hanps ia fl eruosa-S te.e ouulon
typc snowbed vegetation. and also some sarnple
plots otthe arctic Enpenutn-Vacciniuntype. Be
tul(ltunm-Ckdirurrry and arcric Mlrli us Liche-
nes type (Haapasaari 1988, Oksrnen & Vinanen
1995). This suboceanic vcgetation of Ivggegrisat
and Cehppisduottar is nor treated here in details.
The chionophobous heaft cluster is futher dichot-
omized into fte A/.ras.apl,)los cornmunity goup
of Okanen and Virtanen (1995) and vegetation
characterized by Cdlturd r.rlgdrir to be called the
Car,na group. The con nunity cornposiiion of
the main cluslers is noiexclusive andthe clustels
contain vegemdon types of other groups.

ln the main cluster of high altitude vegetation,
the second division produced a dichotony be-
tween data from lvggeg.isat ,nd from lhe conr-
sponding sample plols of Vannoya ,nd Varanger
Peninsula. Again, the vegetation types oflvgge-
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Fig. 2. The TWINSPAN dendrcgfam Jor the whole dala set used in lhe analysis The number or quadrats,
ejqenvalues and i.dicalorspecies given- The divisionscontinue inlheiigurcs menljoned. NT=ihesubd visrons
ol maleial lrom suboceanic arcas are nol trcated ludher (lor the vegetaiion l}pes see Oksanen & Vlnanen
1995). See Fig. 3b lor specles codes.

gdi.arare nor any tunhe. treared here. These qpes
incluL thc I u-ula .nrtu'a Sdtfraga l"nn', Lr
.dla, anluv-.pt,at ia rivalis.a\d cassiop. tch!-
&na Rattun, ulu\ d/a,lalr\ rype\ of vegerarion.
pre\  J i l ing Jr  a l r i rude\  zbove |  050 m in Ihe I \gge
gii.dl. Some plols represenl the Salt\ h?rba' ca
Cossiopc h)p oid.r.Sati\ h?rbo.ea Kiaerioanl
Salb h, t b.,, a-Orhtolrhk Dpe \epetarion of th(
middle oroarctic zone (Okanen & Virianen 1995).
Thi . . -eaJl )  ind icare.  rhar  a l .o l igh a l r i rude leg
erJr i^n i '  d i f ferenr iared dJong Ihe ax i \  o f increa\
ing ocemity (Fig. 3). In the third level of divi
sions, the snowbed communilies forned a sepa
rare clu,le , ro be refered 10 6 the RanuDcrht'
gldcdl,r group. In the next nain division. a clue
ier of chionophobous vegetation characterized by
Saln re.rd.ed is separated. This conesponds to
rhe Juncus trifitius-Cdssiope te tragond Eronp.

B ET U L4. M Y RT I LLU S GROUP

The subdivision of the clusrer with vegeiation ol
the Betula M\tillus gtottp and snowbed vegeta

t ion aFig.4) ia,  oTo'drc '  Ihree clu 'rer,  lhal  resem-
ble fo 'ev r)pe. de'cnbed b) HameF\hu, lo6J' .
The.pecies compo,r l ion i r  pre\enred In cppen-
dr\ | tle fir\l clu.rercorre\ponds ro the CJnr,
Enp. h un-M.\ t rill ur r\ pe tCoMT). Only r\roplor.
ofVannola {150 n a.\ .1.) .  and ore plor f ron rhe
Varanger Pcninsula (25 n a.s.l.) are assigned to
thi i  c lu\re'  Tl is 5ugeen, lhi l  t lprcal  me.rc lor-
est tlpes nch in aoad rrc. i.J dre nor common
in €oastal mountains of northem Norway.

The otherrwo clusters correspoDd 10 the sub
alpine Lnr"tntn Mtmllu\ ')pe (F\4T\ rnd he
subalpine tnpetz- type (sET) descnbed by Ht
mir Ahri( lr)61) These c lu.teri on l) conLarn.Jm-
ple plots fron Vannoya and Varanger Peninsula
being thus ditlerediated ftom those encountered
on Trgpea:nsal. The \ubrlpin( Fntan@ Vlnil
/A rype i\ chaiacreri/ed b),pordJi. B./,,/dpaler
cens sobsp. czercpanorii witl\ Enpetrunnigrun
stbsp. he map h rcdi nun a\d Vac c ini un nJ rt i L Lut
codominanr in lhe f ie ld la)er.  ln rhe ground lalel
Plruto-nms tcblt iha:'liph ylowel o\.r drd
infteH:imer A,hn sI |961),anplepl, , r .  P , . l ' l .
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Fig. 3. - A. The odina-
l ion d lagram ol  the
Delrended Correspond-
ence Analysis (DCA) tor
the TWINSPAN sile lype
classes. aEDiLiT = arclic
Enpetrun Dicranun-
Lichenes lype,  suboc =
suboceanic vegelalion oi
tuqgegaisat and Cahppls'
duotlar (ihe vegetation
lypes notshown), BgGT =
Ran u n c u I u s I I ac i ah e Gy n -
no n i tr i o n tJpe, rC alBryI =
nambarcal CauunvBryo-
phyta type, ShET = Sa/x
herbace + Enpetru n rlpe,
SEMT = subalpine Empe
trurf/lytti ustqe, sEl =
subalpine Empetrum type,
ShDtf = Salix hebacee
Deschanpsia flexuosa
type, al'.lDiT = arclic Myr-
A I I u * D i c G n u n Vpe, JtDlf
= Juncus ttifidus-Des
ch anpsi a f I exuos a ty pe,
Ocr = Octuolechia 1ype.
HVF = high altilude vegeia
t ion l ragmenls o i  the
Varanger Peninsula. B.
The DCAordination show
ingthe mostcommonspe
cies. Arc alp = A/rlosra
phylos alpina, Batbilo =
Barbilophozia spp., Bel
nan = Betula nana, Bis viv
= Bisbna vivipara, Cal lap
= C a I a n agr osl i s I ap po n i c a,
Cal vul - Calunavulsaris,
Cas hyp = cassiope
hypnoides, Cel det =
Cetraiela delisei, Celisl =
Cetratia islandica, Cta mi\
= Cladina nitis, Cta en =
C I ad i n a r ang if e i n 4 Cl a bel
= Cladonia belidiflon, Cla
.oc = Cladania coccifera,
Cla ecm = Cladonia ecno-

il  ̂
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cyna, Cla unc = Cladonia uncialE, Con ret = Conostonun tetrcgonun, Cot s'Je = Carnus suecica, Des Ile =
Deschanpsia flexuosa, Dlc lus = Dctanun t'uscescens, Dic sco = Dtqanun scopaiun, Emp het = Enpettun
nlgrum subsp. hernaphtodilun, Fta niv = Flavo@tratia nivalis, Gynnomi = Gynnonitrion spp. nainy G
cancinnatun, Hy spl = Hylaconiun splendens, Jun fi = Juncus Mlidus, Kia sra = Kiaeia sta*ei, Loi pto =
Laiseleuia procunbens, Lophazi = Lophazia spp , Luz con = Luzuta arcuata subsp canfusa, NeP arc - Neph'
rona arcticun, Ochrcle - Ochrotechia spp., On sec - Onhiua secunda. Pel rul = Petigera rufescens, Phy cae
- Phvttadoce caerulea, Ple sch = Pleurcziun schrebed, Poa alp = Poa atpina, Poh ias = Pohra spp., Pol alp =
Polytichastrun alpinun, Pol jun = Polylrichun junipe.inun, Pol pil = Polytrichun Piliterun, Pa) ser' =
PoMtichastrun sexangulare, ni cil = ftilidiun ciliare, P'ac lan = Raconitiun lanuginosuD, Sa her = Sah
hehacea, Sol cta = solotina crocea, Sph glo = Sphaercphorus g/obosus, 9ereoc = stercacaulon spp , vac
myt = Vaccinlun nynilus, V ac uli = Vacciniun uliginosun, Vac viI = Vaccinion vitis'idaea.
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Fig.4. The TWINSPAN subdivision ol lhe cluslerconlaining vegelaiion ol lhe Berula'Mynilus, Juncus idus
salix hebacea (in panl a.d Phy adoce Myttittus gtoups. The numbe6 ol quadrals Jrcm d iferenl areas are
sven. Vann = Vannoya, Vara =lhe Varanger Peninsula. See Fig. 3b ior species codes

,./i is a codominant wilh Baftilopho.ia spp.. and. pardcularly. rhc tcrlc Mfrtilhts-Dicraltun

Dit ranum s copd riun and P I i I idi unt c i lid rc. h rhe
sET cluster,lhefield lalcr is stongly domjnated
by Enpetrun niBnn subsp.lrcnlaphrcdinni cot'
responding to Hame! Ahli s (1963) descriptjon.
The only clearly dislinctive leature in our male-
rial is the fairly regular occurence of Calr,?a rtl/

8dl;r. Thjs spccies is much less frcquem in the
inner lord areas. rcprescnted in Hiimet-Ahti s ( 1963)
or Oksanen and Virtanen s (1995) matenal. Ac-
cording to Hamel Ahri (i963: fig. 27) the subal-
pine E qetnn MlttiLLus type is confined lo in-
land arcas of nonhern Finland. The sub-alpine

skjtn (1970) from Nord Fugloy seems to .eprc
senr an extreme fom of this vegetatior.

P HYLLO D O C E M Y RT I LLU S GR.O'..IP

In the TWINSPAN analysis. a pair of clusters
clearly conesponds 10 thetradi'tior3l Pht odoco'
/acdt?ion alliance (Nordh^een 1913), P h\llodo
n -V ac. n1i o' r mr tl i I Li (D abl 19 57 ) or rhe P h )" od o
.s-Mllttlrrr communily group (Oksanen & Vina-
nen 1995), characteristic to shelered slopes (Fig. 4).

type (Haapasaan 1988). An obv;ous difference
as compared to Haap$ard' s 11988) Mrn illus'Di
c/?r,rtrr type, is the relativelyhigh cover oiEn2e
tntri nietunl s\tbsp. henrdphrodnun in ov ma
terial. Within this rype. tworegionally differenli
ated rariants (one from Vannoya and another from
VaraDser Peninsula) can be recogrized (Appen-
dix 2).ln the first vadant wirh plors mainLy from
VaDnoya. fte cover value of tnl,etrrn tend to be
higher than that of va..dirm mlrtiLlus. In th.
grom<llaye\ Dictat, tnfusces.ent ^ndD. scopa-
riid, are the nost common species and Clddira

Vaccnliun Enpetrumhe^h describedby Engel ,?i/,r occurs sparselv An add;tional difference

The closes! counterpans ofthese cluslen seem to
be the arctic Mr,?illirr-r;c,?nlrt Lichenes rype

compared to Haapasa.d's descnpiions is the rela
tively h;gh abundance of Deschanpsia flexuasa
and Barbilopho.ia spp. Ov erall, lichens re mod
enlely abundant. and the clusler shares features
of the arctic M]tilr6'Dr'c,1rtrrl Lichenes type
(Haapasaari I 988). This t,vpe grades dircctly inta

ln the other vsrirnt cluster lvidl sample plots
manrly from V&nger Peninsula, the cover of ae
n,tu rrrd lc relJli\pl) high $ htle Bctula pul , - , a'

subsp. .:erepandril is scattered. Moreover, Cor-
nus suecica ,nd Vaccinium lrltSirosdn have rela-
tiyely high covervalues. This cluster shows hemi
arclic features and some sectorial or altitudinal
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differentiation. Theprominentpositionof B?lrla
'1dra reflects that the chionophilous t'egetation
ofVaJanger Peninsula re.embles rle tundra area\
in the east of the Kola Peninsula. A similar pan
'em hold\ good fol vah rrurt uligiltwnwhich
obtains arelativelyhigh dominance in dcdc veg
erdr ion compleres ean of  nonhem I  ennoscandia
(Vinaner €r dl. 1999).

C/T'UAA GROI,P

This cluster is characterized by relatively abun
dal ldnd Lon, tanloccurrence o l  Cdlhud ru lgat  i ,
(Appendix 3). The cornnunity composidon re
.emblec rhe nonh boreal r^d/futu-Bryophyra r) pr
InCJIBD I ) de'c bed b) Hazpd\auri { lo88). Tn
bdd' r ion Io a fa i l l )  h igh covet  o l  Cal luha t r laar is .
this vegetarion is chaftcteized by Enpe!tunl
i/gr.&,{r \ubsp h e rnaph ndi I un. \hi.h crn be lo
, all) dominaar. Ar./o\Iaph\ los al pitn and lnv
leuria pracunbens occ\tr patchily in lolv cover
\a luc.  T l .  g 'ound la)e '  i .  br !ophvre r ich wirh
lyp lcal  cpec.e\  such a\  Di  otu r  t .opat ihn.
PleuUittns, hrch?ri, Ptiltdun,. nnp,ndRa. n
q ruh tdptt\itu:iq.b,the subdr! rion of TwLI\-
SPAN. rhr '  Dpe r '  tunher \p l i r  inro a \ . r ion l  in
{h: ,  h  a r , /8 , / i  r  and F.  af tuh 'ub 'p. l t "nha

rrrdLl,?z ha\ e aboulequal co\et and P. s.htpb?t'
is characteristic in the ground layer. In the other
\atirr,t. L. 4tB rn 'nbsp. hctndptuoJihur B
clearly dominant and C u?/garis h;s a mean cover
orrc. .  rhrn lOad.  f t  \eem. rhar  rhe Iarrer  var ianr  i r
conrrned ro more e\po\ed ndre ' .  which is  a lso
rndrcared b) rhe pre.ence ol sthncrctho \ glo
bo\u, and O.hnla hid lr,siJd. and $e ab.encr

Thi '  communir )  r )pe.  a lmo\r  resr icred IoVd
royd i1 our  mdref la l .  re embles lhe regeta[on o l
rhe Arctous Catluna association described b]
Mcvean and Rarcliffe ( 1962) and Mcvean ( 19t4)
lrom larrly e),reme hzbir,r. ot nonhem S, onisl
hiehlands. Hence, these heaths of nonhem Nor-
$a) dppear ro represenr rhe e\reme edge ol rh.
Callrra heath fornation typical of the occrnic
nonh Allantic region (Gimingham l9&l).

ARCTOSTAPHYLOS GP.OI-JP

Ihe \egeta l ion of  rh j r  grcup cone\ponJs Io Ih '
ajli^nce Arctottaphtleto Cetnrion nivalis (Dahl

1957)- In this community grotp, Ca unarulqatis
rslolaU) lackng (Appendi\  I  '  nrecluc.er ' .eem
n, ronespond eithir Io thi dctic Fapctrdd h ra
,!rn-Lrchene. rype ' Hadpasaan ls88). or ro lhe
O.lrrol?, hntwe olHarpL,aarir lo88). rnd Ok\"
nen and Virtanen ( 1995). In the ordination space,
rh is  c lusrer  oLcupie '  in  e\ teme po\ i r io1 in  rc
specl  lo  Ihe second DCA dr i '  conelzt ing r  iLh Lhe
duration of snow cover (Fig. 3). In this clusier,
suboceanic \  egerar ion of lhe Lmp,! tun C. t ra l ia
nialis rype xd the Enpenun lniseleuria rype.
rhe Lnptnutk Dt.'drr,4 Lichenes llpe rnd to
lesser exknt the.t r/:, l?ef, dt?r'Othlulethd and
Ochrclechia rypes (Oks nen & Virtanen 1995)
form a.eparate clu,ter. dnd rhe) aJe nor funher

A.clic Empehum-Di( rurzn-Lichrne\ llpe
(aEDiLiT, Haapasaari 1988)

Thi. conunu nir) D pe consist. of lour cluster. | | .gc.
5 dd 6) dar share he chara( rerisric' of rhe air ric
Lupflt m Di.rorun Lichene, qpe 'HaapasaJri
1988). The doninanr dwarf \kub i' Fafprryp
n/Sf'rD sub,p. hcrnaphrc,litun. In Lhe groJnd
ldyer. bryophyre. and lir hen. or r ur 

'n 
abolrequal

abundance.. In our clu.rer.. tlpical .pecre' Include
Clddina mitis, Dicnnun firrcescens ?tr,tl Ochro
lp.hia lntida In one oI rl"e .ubclr,rer, a*rgned
close to lhe nonh boreai Crl1,ad-Bryophyrd rvpe
h) TIT\SPAN lF ig 5) .  rc 'c  i .  rn  e\ ,epr ioni
Lompo\lllon of specles: L.i'"l, md ptu, upb, a
is relatively abundant (mean cover 147.), butE ,
p/ rx , ,  i '  nevenle les '  Lhe doni ldr ing p ldnr .  md
varurrM tn\nnht  ' \ tu ,  qui re 'egul : ' l )  shr le
indicaton ofextremeiy sFrse snow cover are miss
ins. Thi' commun;rt. Io be cnleJtl-e laL pl.\rto

\ dianl of$e arcdc rnr?m@ D,.nahal cheft'
rype. represenrs oroaicric-oceanic legerarion or
upperp.ns of fie topoeraphic seqftncc. In the se.
ond clu\ler. rhe phnr co\er \eeml ro be more open
due to stones and and active polygons. Conse
quenrly. Fmpprrum doe' nor redch tugh dorninanL e.
and open patches are occupiedby Cfnnonitrian
hepafics. This variant is called the Gynnonition
li^iloldL drn Enrttu'n Di nr\h I nhene'
rlpe. Tle rhird clurrer i' clo.e.l ro rhe earLer ( har-
acren/ations of Haapasaari r 1488,. and Ok\dnen
rnd Vinanen (lqirs) Thj. (lu.rer c.rn fiu' b€ re-
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Fig.5. Ths TWfNSPAN subdivision ol ihe cluster wilh vegetalion of the Calrra and /4 rctostaphylos gtoups.
S€€ Fig. 3b for species codes.

Fig. 6. The TWINSPAN subdivision ol ihe cluster with vegelfron ol lhe Juncus ttifrduesalix hebacea a d
Arctostaphylos gtoups. cthpp = e6hppisduottar; lvgs = lvggegejsat cet acu = cetraia aculeatat Cet eti =
Cetra aeitcetorunolaam = CladoniaamaurccraeaiLecidea: Lecideaceaesp. See Fig.3b forolhersp€ciss

garded as dre rypical varianr ofthe arcnc Enp?tum-
Dt.rdr",r Lichenes rype. The fouih subcluster is

a fairly exFeme form of the community type and
has chamcrerisiics that resemble the Entpetrum-
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Cassiope tetnSona Alectond rype encountered in
Lhe mrddle orodrcuc rone on rubcLJntine nDl mou n
rdns ryirlanen & FuJola l9a7j. This comnunjt)
i. fan ly \ericandctuonophobou5dd o, cuJs mainlv
arlhehighard de. of $e V aranger Penirbula. Thj.
variant apFoaches the Ocrr.decltu type descnbed
belo$ and i, fJled fie Sphrctophorus globosl:
varianr ol fie arcric E-rt@ D,.'@,r"-Lichenes
r)pe. The\e conmutuoes,ho$ some atfi niry lolhc
\egetdlon lound in Ihe highe{ ahitude\ of Scor.
ri\h mounrJin. rCaimgormsr wherc adl/r,'d r//

8d,i. occur. 'pa.rsel) or i' .bsenr and Erz|cr?a
niqrun s$sp. hemaphro.litum ard Loiseleuia
procu ,be s Ne dominnr (Mcvean 19€"4).

Ochnlechia type (OcT, Haapasaari 1988)

This cluster coresponds wellro thc Ochrclecllia
r)pe otHa.ta'am I lq88). Tle field Idyer is large
l )  open \ \ i lh  l ragmenled srznd'  n l  Fmrptnr
nigrun s[bsp. hemaphrc./ttarr and a fbv otbet
d$dri .h-rub. creeping alonts dre.oil. Elen rhe
c ' )progJm la ler  b normal ly  'parse.  ryp ical ly  con
sisnnq of Ochrolechia frisida 

'dnd Sphaetupho-
tus Elobosus, \\h1le Alectoria spp. a d Flavoce
r ,d/ ,a an a l i r  are r )p icz lon in land rundra"  rokd
nen & \  inznen lqai ,  In  $e 5ubdi !  is ion.  TWIN
SPA,\  separare.  a colnmuniD , lu . lcr  $ i lh la i r l !
^bndait Raconih iutn la!ugr!os!!r1 (mean cover
o ot, and it i. called fie Ra.rnimtun |anusitufl,
rt'iail ol he Orhrol."hir rl pe This \zriznr prc
\d i l '  on moderare l )  $ ind ssepr r idge rops.  The
othcr clusler, characterized by Gtmnomitnon spp.
and Pol) rnhuh p i t i l , ruh p 'cvr i l \  on h i fh l )
$ ind c\po.ed.r res wrh pdrche'  ot  bare soi l  ra i .e l
b)  cr loa!r i \e  pol )gon.  A p ldreau form of  tus
rypc l'a\ been descnbed by tngetl'ion alq70) us
low-alpine, chionophobous heather vegetation-

JL NCUSTRITIDI S.SA U X H/ R/] 4 'E4 CROIJP

In rhe marenal  ot  Ok.anen and Vinan.n (  lqq i )
he modc'a'e 'nowbeds (rhe allidnce Herbaceon

Clare\oll l056) cla*ified h) TWTNSPAN. co
inc i , le  poor l )  wi rh rhe r radl ronal  a.sociar ions
oelongrng ro rhe a l l izn,  e Herbaceon rGiare!o l
1o56, .  h Ihe presenr analysrs.  lhe chronophi lous
regerdr ion i .  in  par l  arr igncd c lose Io the chiono

phil{ui Va..iniun n\nilri\ hearh. rfrg. I ' ano
in part close to the arctic f,?petii'n heaths (Tig. 6)
Th€5e sno$bed conmuniriescan be ben collected
foget her u nder Lhe J4r, 4r r ilid us sali.( hc tba.pd
group representing modenie snowbeds wilh a spe
cies composition intermediate belween the heath
i),Ih dd rhe more e\ D eme .nowbeds (A ppendi\ 4 )

Juncas tifidus'Deschanpsia flefl osd type
(Oksanen & virtanetr 1995)

This clusren is quite similar t:!J rhe Juncus trilidus
D e sc lanps ia lenosd rype descnbed by Oksanen
dnd Vtnanen ( lqo)r  l rcm ,ubocein ic  mourra in '
oflvggegfisar. An obvious diff€rence is the rich
occu.rence ot Barbitopho:la.pp. influJints.pe
cie. uf rhe \ubpenus O,r/?d, dala. reflecring lhe
Influence of a moisl coriral climfle rHrupr.ari
l i )88r  This hef lh  I ike.nowbed Dpe ceemc ro be
confined to the suboceanic oceanic mountains.

Salix lprba. ca- De rc hanps i a fi e x u o.a tr pe
(S alix h e fi ac e a- D e s c h anp s in 11 e x u o s a zssoci^
tion, Gj*revol 1956)

T\tr.INS P A,\ .eparare. three cl rner. f rl) .imi
lar to the Juncus trilillus Deschanpsid Jletuosa
tvpe descnbed above.  bur  rhe 'e c luner '  .eem ro
be compo" id " f  

'pe, re '  ind i ,  ar ing more me. ic
conditions (hepatics. ,erc hanpsia llexuosa). and
.td/irne.baceah.-scler y the highest cover among
vascular plants, m al1but one cluster (Appendix
4 r .  Oreml l .  rhe compo. i r ionr l  fearure. .eem ro re
semble the Sdli( l",'rac?r- D e s c hamps ia 1l e xuo s a
a*oci . ' ion, ' f  Cj :erevol l  I  I  q56)  Thi .  communir \
rype r. confrned lo 5helrered slope\ and dep e.
. ion. ,  whcrc.no$ remtun'  wel l  nro lune.  melr -
Inp d $eel '  or  !$o lare '  'han nn rhe d, l j r .enr
chionophilous heaths. These three clusters seem
to be diferenriated in relation to the dumrion of
\no$ (or i ' .  One o l  f ie  r  ru{ers i .  hearh- l . le .  nav-
ing a relatively high covet of Empetrun nigrun
'th\p. hcmarhrod'tun. thu' to be Lalled d5 rhe
Lnp?hrn \anant ol the tJpe. Thc .cr ord r'urFl
ha{  d le lar ive ly  h lp h co\er  ot  Dictannn.op.  rnd
characteristic of chionophilous healhs, and is thus
de.cribe,l a. the Dn?"aarr rarianr ol rhe qpe. The
third clu.rer 15 much lil.,e genuine sno$bed. wirh
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Fig. T. The TWlNSPAN subdlvision ol the clusler c$ntaining vegelalion ol ihe Jutcrs t lldus'Cassiope teltagona
aft Ranunculus glacialis gtoups. See Fig. 3b for species codes.

onl)  ,porrdrc occunence\ oi  c\ergreen dwarl
rhtulN ard $irh a hrgh co\et nf Ktaptir stdtl?i.
typical of the relatively laie snowbeds. This vari
dnr L thuscJl led a5rhc K,dcna vananloI lhe sd//
herbrcea-Deschanpsia fl"Mora type. It resern
6le, \he 5alt, h?rhaer-Crsriop. h)pnoid?s type
otOk\den:nd Vindnen I  lqq5).  bur $ehigh coler
oI Deschampsia Jletuosa in the former type is a
distinguishing feature between these two typ€s.

J U AC I 5 1 RI I I DUS CASSIOPT, 1 ETMGON 4
GROUP

This conmunity group represenls at least weak-ly
cno$-prolecled \  egira on ol lhe nuddleorodcl i (
zone and our present material ftom €oastal moun
rain. foms clLrsrerc which closel)  'esemble rhe

Sal']. hefiacea Enpetrun type of Oksanen and
Viftanen (1995) encountered on the suboceanic
mountains of lvggegfisal. This type vegetation is
turihcr splir into tbree subclusteru (Fig- 7) lvith a
fragmented field layer. tq'ettun nigtun stlbsp.
hemphroditun a\d Salir herbacea occur with
approximately equil cover and open patches colo-
nizedby Gytnnonition spp., Porld spp. aDd cup
Iichcns of genus Cldloria (Appendix 5).

Ssli! herhatea-Enpetntm tlTe (SbET, Oksanen
& Virtarcn 1995)

In the three clusters represenling this community
rype, Empetrun nigtu,n snbsp. hemaphroditun
and Salix hefiaced Ne codominant. One of the
clusters is similar to that described by Oksanen
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Fig. 8. The TWINSPAN subdlvision of ihe Aanurculus g/actalisgtoup. Leptat = Leprariasp.t Mae bly - Moerckia
blyttit Oxy dig = Oxyria diwna; See Fig. 3b lor olher species codes-

and Vinanen (1995). exept fot ha\ing Kiaeria
rtd,"lei as characteristic species in the ground
lrlc'. and i. hence referred ro a5 lhe /(td?rid vdi
ant ot tb,e Solix hefiocea Fmpcftun rype. Tht
second cluster is characlerized by Descht npsia

l1/^uo\raude\envaccintur dwl/,' occrxs or )
tragmenrffily. Tlu' cornmurur) rype occurs adjz
cent ro moderale rno$bed. in aJeas transiriona
between the lower and middle oroarctic zones
lhe lh i rd c lure '  con ' i . t \  o f .omewhar chiono-
phobou' vegeraoon ol lhe niddle oromric /one
and closel) rclaled Io fie O.holp.hia rype (sp!

above). The indrcarorr of wrnd-swepr hearhs ffi
meager or zb5enr dnd are repldced by \pecies e\-
'endinp rherr  range inro h igher  a l r i ruder  fc .e. .
Cptnrnlta dplt,cil. \he'e bofi ctuonophobous
and chionophtlous specie\ occur in the commu
nir). A facror conriburing ro ihjs is rhe cryopel
lurbarlon $luch breal. up Enpetrun ctones nc
lorr opehpace lor colo /inp small hepalics.
srch as Glmnonitrion concinnatun, Ma6upella
conrlensata znd Pohlia spp. We name this cluster
the Cynnoni! | ion \ ziznl ol the Sah \ hp fta' 

"dFpfplru- ry?e. Tlus r) pe correspond. to fie mid
dle-alpine. ch,onophobou. head's or Engelskjor
(1970).

RAN UNC U LUS G I.AC IAZIS GROUP

The vegetational fragments at high altitudes form
a som€what heterogeneous group of clusters,
which overlap liitle with the earlier communlty
types ofOksanen and Vinrnen (1995). They con
cluded that a collective community concept rs sen-
sible when dealing wilh the srnalt fragnents of
vegetation encountered in upper oroarctic boul
derfields, because conditions varied locally even
within these patches and because the vascular plant
componenr of these communities was probably
profoundly influenced by founder effects. This
vegetation was collectively assigned to the Ranur-
culvs slacialis-Gtnnomitrlo, type (RgGT) con
sisting of several vadants. The present material
also includes clusters that are rclatively similar to
rhis type vegetation. Nevenheless, even in light
ofthe DCA ordination (Fig.3) the emergingclus
ters in our material seem to have a composition
that is not equal with the variant types recognized
by Oksanen and Vinanen ( 1995). We found it use-
ful to combine some of the subclusters generated
by TWINSPAN (Figs. 2, 7 and 8), and finally
could recognize four varian$ within the type (Ap
pendix 6).
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Ranurculw glftialk-GJnt onilrbn trp€ (RCGT,
Oksanen & Virtancn 1995)

Raiuh. utr\ Blaciati, \ rn be 'eguded us a chd
acrer isr iL  spel re for  rhe r lpe In d broader broreo-
graphic -  a le rc je 'e\n l l  l056.Ot .dncn & Vina
nen loo5\ .d l rhoughir i ' rord l \  dbsent in mosto
rh.  (  lu .  rer ,  emergin!  t rom our  marer ia l .  T le dc
companying less showy species. Lu.ula arcuato
\ub'p., ?1tu\a. Onria dtqvn dj'd srlt \ |prba."d.
ocLr  r  In  \ar idble quanr i l ies.  The grcund i .  co\
c ' .J  h)  r I l in la)e l  o 'C, , r tor l t r in  \pp.  tn i^eL
$.  rh orher , rnx lar .mal l  hepalrc . .  and parche\  o
K,o?na to/\",. Po1,ha,pp. and Prt\trirhrsltux

The four subclusters show some difierentia-
r ion r r  r " lur ion ro r l  i ruJ iFr l  anJ 'opognphn po
. i , ,o1.1sootrheclu rer ' .  chdrdcren/ed b)  a lupl .
.o\er of Gjmnonitrion. ^re encountered in de
pre. .  ion.  of  rhe 11ounrain , lope ofvdnnold ius

above the lower limit ofth€ boulderfield zone.In
one cluster R. s/dcrdlts occurs (typical variant),
while it is lacking fron fte others. In the latler
cl\tstf,., Clnnohition spp. have the highest cover.
and hence, this is referred to ̂ s tt€ Glnnonitrion
variant. The remaining two clusters resemble the
mossy varianr ofthe Rdn{nculus sh& is q"m
roni..iar type ofOk$nen and Vinanen (1995).
These €lusters are characte nzedby Anlvlia jutut-

.knna, Grtnrcmition concinndtum. Kideria star
kei. lnpho.ia sude!ica a]r'd Po$hichdnnn setun-

8!1dl". indicating vcry late ly;ngsnow condilions.
The clusters may reflecl slight differences in length
ofthe snow lree period. The iirst, energing car
lie. from the snoi!, has a hisher cover of Sa/[
heftacea and O.r)r'ld d/g)nr and a number of
mosses (the mossy variant), while the other is a
more extreme snowbed. dominated by 6}flrdnt'
ttion spp. aDd P. sewngulare(dE Polyrichanrun
se\.anEulare \al].ant).

depressron,  harbour 'no\bed \ererarron o l  rhe
Satt\ hcrba, pa D",chaftptnlpno.a\pe andan
.heltered slope.. hearh. ol rhe d-Ictic M)tt;llu'-
Dr  raa" , r  l ) tc  I r \  z i l  u t  'u  !n  r l l i r rJe oI ,1 '5 m
No conrmuruLre,  donLnaredoJ B,h -a.ndaccut .
Ttu Enpcn\n D^ narm Li.hcn.' ')pe , \rend.
up ro an alrrrude ol )00 m lhe uppermost lrap-
menls of Ml,1iltus healhs reach the same allilude

On Ihe Varanger Peninru la.  ddge.  t rcm rh(
lowe.r  d l r i rude,  upsard.  tue ch.r 'd( ren/ed b)
$ Ind^$epr hearhs of  rhe Ocl ,o i , . r i l  i lpe.  q tu l (
\hel re 'ed s lope'  de co\ereJ bJ r le  a icr ic  Fafp
nt Dicro4|n Lichene' r)pe ,Fig.r) Ite Jrc-
t ic  MvlL ^  Di  nnua type occu' \  regul r l )  i l
sno$ f rorecred Jope.  Theupperhnj ror thr .  )pe
in our marerial lie\ dr La. 250 275 m d.'.1. Thr
veleta l ion parrem di l ler .  f 'om I l2r  " f  in ' rn, l  r l
easof northemFennoscandia. Forinstance. Pbl
Iotloce Loetulea is considerably less frequeni and
less abundant in the oceanic secbrs of northem
Fennorcandia thln on fie i,olared'Lbconrinenla
nountains (Krlliola 1939, Haapasaari I 988. Oksa
nen & Virtanen 1995).

On the Va.anger Peninsul^. Betula nana ob
hins higher cover values in botli, arcric Enpetrun

fV. TOPOGRAPHIC AND ALTITT]DINAL PATTERNS

PATTERNS BELOW AND AT THE TREE
LINE

On Vanno] a. rhe .r te.  $ r ln mounlarn birch foresl
are scattered. rnd rcach an allitude ofonly I00 m.
In some places. even thelosest altitudes are char
acterized by the lreeless heads of lhe nonh boreal
Cdllara-Bryophyta type. whicb foms theprela
lent vegetation upto the allitude of200m(Fig. 9).
ln depressions of the lower slopes of Vannoya.
rhe.ubJlpine Iafcl / , /  r lpe pre!di ls rogerhel
\r ith the subalpine l' nperrun Mtrtillus r\pe. Oo
the Varanger Peninsula, foresred habirars are com-
pletely lacking. but some stands of the lower
slopes represent boreal heaft types.

PATTERNS FROM THE TREE LINE TO TT{E
ALTITUDINAL LIMIT OF CONTINUOUS
VEGETATION

On Vannoya, wilh increasing altitude, lhe CrftF
/u-Bryophyta type grades into the dcdc fryrz
t run D ic runu,fl Li..henes ryp. ndro rhe O.htole
cria tlpe (Fig. 9)- Abole an allnude of 200 m,
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P.ttem dc€ lo upper limit ot contjnuous v€getation

nuicdus srac di*Fotun tF

3ld.EfitshnDi@nm.Ldengtipe ald.hFhm,trEiun{chemslyp€

sjuhee€D66amF?irul}F JuncusMdGkhamF]aielosalype

Patl€rn b6loe and ai treeline

ad.hFhmonraiumLnheieslyca

GlehneEmPtun Mtn [srype)

Fig. 9. The community complexes along the dge-depression iopogtaphic sequences. A: Vannsya; B:
The Varanoer Peninsula-

Dt.fa,"t1-Lichenes type and arcnc Mtfi us Di
c/d'"n lype (about 10E ) ihan in the correspond
ing communities on Vannoya (Appendices 2 and
3)- This suggests that fte vegetation chmcter on
the Varanger Pcninsula resembles that of subcon-
tinentat areas in interior F;nnmark (Oksanen &
Vinrnen 1995),subcontinental-suboceadcinoun
tairs (Jonasson 1981, Haapasaari 1988. Oksanen
& Vifianen 1995). or hcniarctic tundras east 01
the Kola Peninsula (Vifanen €, dl. 1999). On Vrn
n4ya, Vaccntiun nyrtinus heaths are much more
characteristic in the lower oroarcdc vegeration,
whil€ on rhe Varanger Peninsula, t ,?etrurr heaths

qr alr . rudes o1500 m. lhe \eget l ion ofVan
noya changes fairly abruptly due to the change in
m acroropor r aph) . The mounrarn slope rs strongl)
colt ave. wrlhJag!ed pedl' ri'ing flom t}le''houl
der '  $i 'h clar ively genrle roposraph).  At lh i \
t ran,uron ooulder5 slan Io dominale whi le rhr
chfiac(eristic vegetation rypes irclude the Ocfiro
l€cria type on the ndges, the Sali' he$acea-E n-
t?rr'rrn rype in more sheltered stopes, and the Ra-
nunculus sknialis-Gtn omitrion qp. in d.pres
sion' rFig. q). Thi'parrem corre.pond' lo the md
dle orodrcuc !egelalion compelere\ encounlereL

on lhe suboceanic lvggegAisat mountains (Oksanen
& Vinanen 1995). On the Varanger Peninsula.
m!r'oropograph) becomes flar or con!e\ ar dIi
tudes ofabout 300 m. Above this limit topographi(
\odi t jon be,  ome'  \eD mode. l  a ldpl .ce 'of 'ub
slanual snow accumularon do not occur. The veg
crzr ion ot  :omeshar .hel rered qope.  repre.enrs
[ ]e Salk hetua.ea Inpet faa r )pe $hih i .  Ih"
characteristic element oI the middle oroarctic rone

PATTERNS AT HIGH ALTITUDES

On Vannoya ar al tudes abore /50 m. lhe \eg
etation pattem is similar to the o.e encountered
on $e subocearuc l !ggegdrsal  Jbo\e the a lurude
of  l  l00m,wirh\ar iou 'vd idnr 'o l rheRd," , , l i -
lus glat ial is-G ymno nit rion type (Oksanen & Vir
r.anen I qo5). The derails dilfer . however. R. 8/d, ir
1;' is less abundant on Vann4ya.The PolJtrichas
m nn se w Bu la p \ dzit ot the Ran rnd,l u \ pld, d l':
Gynnonition type, doninating at altitudes be
tween 750 and 900 m is without a close counler
paf l  in  Ue matenal  f rom l \pgepdjsat .  bur  ap
ofo?ahes i\e Anthelia jurutzLana Polytrichastrum
,euasrrare qpe de 'cnbed f rom.ubconr inenrL
Finnjsh rnounrz ins (Vinznen & Fuola locT) o
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Ie bD. 'ph)r"  ich h igh d l r i rudeconmunir iesde-
, rib, d b) Engel.ljon r lqo l) or liom Jan Ma)en

! \  Inanen / ,  "1.  loq/r . I - rJgmenr.  ot  l r r , /a . ,n

/ / .d  heurh.  s  h i .  h  rboLnd on rhe uppe'  oroarLr iL
rioge. ol lrg!egar5dr. are nor encounrered on Van
no):  dr  r l l .  E\cn d lorhrr  herh f 'agmenr r lpe rypi -

cal for suboceanic mounlai,ns, the Cassiope tetra-

Eono Rdnunculus glacialis rype (Oksanen & Vir
tanen 1995), is lacking. These vegetational dif-
fcrcnces de reflected in lhc DCA ordinniion show
irg a clear segregation in the high altitude veg-
ctatun (Ijg. 3).

V. DISCUSSION

LCOLOGICALCONDITIOI\5 OI LUOCTAAIC
ISLANDS

Tl 'e los lard \cpcrzr 'o l  u fou ' . r  coa ' t '  in  nonh
em \orua)  r '  'hdped In pan b\  rhe cool  coa\ la i

" l :m ie r )pc in fdr  b\ ' ( . r ' ic redLee j rowrh.and
n pdn pan b)  human ocl i \ : l )  I r  i '  l ike l )  Ihr '  fo l
Tr  l )  foreJFd ared '  ro 'ome el lenrhare becorne
replaced by treeless heaths during this proccss
Hc1,  " .  I \ .  Cdr l r r l  herrh.  dr  low al r . rudes musl
be regarded as secondary vegetatioD created by
, l - . . f  , ,nJ e indeF'  p lu"  lo fg;ng for  fuel  rHamer-
Anr i  lo6J.  HJJpr .adi  'o88 O\ !dcnp/a/  lqo i )
.h h,he enr ' re Ar lanrrc a, / ld l "  lormauon tC,min
rhrm l064 \ ' I .  Vezl  l061.Cs)nrr?/a/ .  l071) .
\ \  roe.pr .  rd occunence.  o l  (  

" / / r r . /  
nearh.  e\ rend

oLhe.e l r ' r lo ,crn i ,  rcz rOC. fq i ( l ' \ jon loq I )
of noflhern Tiorns (Skogen 1974). lvinch is also
lhe norihern limit of the common occurcncc of
.omF e.rlperdle Alhnr r mo.ses. \uch a\ R/4 ril,d
d,  l1 ,hu,  hr  u '  I l r l : ,ur . rCal / r , , ,h iJrh ' ]1 i r te
i l to .he drc l .c-oroar .  l i .  lu ldra heJlh '  (Trh l  Jnen
r987).

A.rnL rgdiFference ber$een.Jboceann fJ
euo(eJI i  hurh ommuri r :e '  i .  rhe ote l \ !helm
Ing predonxncnce o le\  ergreen Dlanr '  rnain l )  er i
cdceou.  J$Jr t ,hrJb. ,  u l  euor iJr i .  hearhs.  Thi .
$ d\  unerpecred becau5e aecrduou.  d$rr I .hrub"
rnd I - " r \ ,  inJr ,?.c  s  i rh  increa. inpl !  ocednic c l i
mdre d.o. rS rhe gradrenr  I ror l .  onrncnrbl  l "  'uh
' ,  r , , r ic  i rFa.  (Ot ,anen dnd Vinanen I ( )o i .  ' , r

also Hamet Ahti 1963). Morcovcr. vcgetation of
thc subalpine E ?err!rr-M].ril1rr lype typical lo
.Lbcol r  nrnrr l  nou r rd in.  re-emerped on the
euoceani .  oJrefcoJ. t r  A hkel )  Ln, l . r l ) ing r .a
son is a difference in rhe duration offte snolvy
ea.on Ihe sJbo.ernic FJr- oI nonhemm'*r Fcn

nolcardia are characterized bt copious snow
co\ f l  .  { ' .ummef condiuon.r re moi{ ,  de, idd
ou'  du 1d.hrub.  znd hc 'h ' (c .E. .Cnnht \  t r t?rra\
s: r l ,  g .oJ crpdci rv  ro r ran\p i re $arer .  a-re la-

voured. On the outercoasts. however. the vegela-
rion indicaEs "Scottish winter conditions, rvith
only periodic snow cover. which gives possibili-
ties for phorosynlhesis in late winter, especially
on tbe Atlantic coast whefe the themal climate is
nild. Theprevalance of C.illund wlqaris is prob-
ably assoc;atcd with ihcse climatic conditions
(Barknan 1990).

Even fte co occunence oflhe chionophilous
bilberrJ,which is sensirive !o freeze dr) ing (Sjijrs
1989) and chionophobous evergreen dwad shrubs
(e.9.. Iniseleuria prccumh"ns) isprobably acon
sequcncc of mild lvintcrs, w.r-k ftcczing oi thc
soil andcool springs. Under such conditions. bil-
berry Nigs sunive on sites with thin snow cover,
bccausc the] ,Ie unlikely lo be exposed to the
combination of desiccating sunshine and frozen
ground. On the ofier hand. evergreen cushion-
foming plants crn b€ compctitivc cven outsidc
the most extreme ridge sites. because oftheir ca
pabilily oftrapping wamr air is especially advan-
kgeous in cool. windy habirats (Gauslaa 198,1).

In thc lolvcr oroarctic zone. the clc.rcd dif
ference bet{een suboceanic and euoceanic veg-
elation pattems is rhe high abundance ofgrani-
noidr (espcc;auy De.'.ra'?sid fsiro.'d) in cuocc
anic sno{,beds. This feature is probably a straight-
forward consequence of moisiure conditions.
Modcmte snowbeds irigated b] lemporary creeks
tend to be graminoid dominatcd cvcn in inland
areas (Gjarevoll 1956).

At lrgher altitudes. bryophytes (e.9., GJ'Drd'
ntitrion sW. alnd Polr! richastrum se'angttuirtj arc
common ineuoceanc vegelation. The uppermost
vegetation fragments of suboceanic mountains are
typically patches of high alpine he$s or lvood
rushes, and scanty lichens (e.s. Solarinacncea)
and mosses on bare grcund (Du Rietz 1925. Engel
skjon 199,1. Oksanen &Vitanen 1995). OnVan
n@ya. hos€ier. mosses are the dominating com
ponent ofthese fragments. whcreas Rdr&rc&1,ls
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sld.lrl; is reiatively uncommon. Mosses are
pmbably favoured by the cool and moist sumers
and b)  lhe In i ld .  .noq)  $ inreh.  $hen cold era
' ion i "  nor  l i le l )  ro be inren 'e rNo'dhagen 1428.
Lnre. . l , jon 1086, .  Hish a lp ine herb. .  $ luch r€
produce mainly orexclusively sexually (Oksanen
&  V i n a n e n  l q o / l a r e  i 1 ' u m . l i k e l )  r o h u \ e p r o b
lem'Lop'n!  wr th rhe mos.ro\e Sdlnnl r  lqJ8, .

On r lc  non\em, oJrr  uf rhe Vrranger Penin
.u ld.  lac ing rhe BdrenF Sea.  deciduou.  d$ar l
s tuub.  le  g E.  / r?dd,a)  are 'e lur i \e l )  .bundrnr .
dnd among erergreen,. rhe pnmanly drcric f/,-
petrun nigrun snbsp. he naphndituh ;s rhc
oreruhelminel )  do 'mnar ing .pecie. .  Moreoler .
thetopographic amplilude of Vaccitiium tnf tlrllus
healhs I relau\el) narroq Jnd ridges are occu
pied b) O, ,/./p.,i/a herh.. jur a. in suboceanic
area, .  $herea\  ar l l r rd hearh.  Jre rnual l )  rb

"efl. TI m:gh be dgucd IIJI lhc norrh lacingcoa'r\
oI the Barent, Sea are nor ar ocearuc as rhe wesF
facing Atlanlic coasls. Ho\leler, fte \iegemdon
panern.  de.cr ibed f rom r5e ourer  coa\r \  o l  $e\ l
er  Greel land (Bd.her  1o54.  1q61.  t l lebdk}
1985) are quile sinilar to those encountered on
rhe lonhem shore. o I rhe Va-ra nEer Pe nsula.we
rhu.  f roto.c I lbr  rh.  m, in rcJ$n f ! !  rhc \e lcD
r ional  J i l le 'ence.  bereeen Vannold and r }e Va-
r a n g e r  P e n i n ' u l a i . a . h i n  l r o m o r o  c r n  r o d , r i c
condir ion. ,  where even ocedtuc dreas hare re ld-
tively cold wjnteru and co.sidcrably lcss wi.tcr
prec ip i rar ion rhan $haL i5 Rpical  lor  cone,pond-
ing )  uccal i ,  moun'a i ls .  r i . ing f 'om 'he boredl
zone. Hence. freeze-drying is a problem eyen in
ocerni ,  .e f lur , ' r f  l l .  r r . l i .  / ' rnc.  f r \^ur inp d.c i
duous planis and desiccation-tolerant evergreens

ZONATIO'.I OF FUOCEA\IC HEATH VfC
t lAltoN lN t\oRlHtRNMost ttNNo
SCANDIA

On Vrnno)a.  tueJ,  belo$ 'he a l ' i rude o i  250 m
ha'bour p ldnr  commun.r ie \  wi rh r  lea iv  boreal  o l
even tenperate affinilies. In spite of the scanty
o( ! ulre n( e dnd panial ab.en. e ol mounrdrn bfche.
these areas are thus to be regarded as boreal or
(oro)hemiarctic (Fig. 10). Howeve.. ilis difficuh
ro de( ide $ he'her 'he lo$ermo.r pan\ olrhis Cdl
/,a, /one dJe trul) boreal. Datd ftom ddjacenr \ub-
ocednic and conrinenral aJed' (Oksanen & Vria-

nen 1995) suggest that the henirctic zone is nor
mally a mosaic of boreal and (oro)ffctic cornmu
nity types, with few distinctive vegetation iypes
of its own. The outer coasts of Troms were as
signed to the hemiarctic zone by Datrl et al. ( 1986)
and ro $e boreal zone by Haapasaari (1988).
Howe\€r. the venical ividth of fte (orc)heniarctic
was normally about 150m (Oksanen & Vinanen
1995). If this critenoD is applicable to the outer
coasls, then the areas below 100 n belong 1(] the
boreal zone, and cultural factors (lossins. shee!
grazing) account for their hemiarctic physiog
nomy. EngelskjoD (1970) does notdiscuss the de-
limitation ofboreat and hemiarclic zones, bul ac
cording to him, the vetlical range of the collec-
tile subalpine zore on adjaceni Nord-Fugliiy Is
land exlend to rn rliitude of250 m.

In rhe Sand{ lord areaon rhe norrhem coa.r  of
thc VrrangcrPeninsula. communities with boreal
affiniiies \rere encounier€d in the lowermosl trm
sect only- At the sme ahitudes. lhe gravel bars in
a creek mouth suppon willo* slands up io 3 m
lall(pers. obs.). Hence, at least a narow h€midciic
zone seems to be present on the northern shores
offte Vffanger Peninsula. The seemingly souih
em arctjc landscapes of adjacent peninsulas prob-
ably owe fteir arctic phlsiognomy to ihc lack of
sheltered sites. not io their zonal posinon, con
trary ro |ne arguments of Haapasard (1988).

If the upper limit of the lower oroarctic zone
is defined by the disappearance ofbilbery heaths.
;t lics at 500 m on Vannoya and at 275 m on Va'
ranger Peninsula. In both areas, the verlical width
of the lo\\,er oroarctic zone would thus be 250 m.
lvhich is a typical figure throughourthe Scandina
rian mountain chain (Kaliiola 1939, Nordhasen
1943, Dahl 1957. Hollen 1983, Oksmen & Virta
nen 1995). We suspect. however. that we have
for methodological reasons underestimated the
positions of both limits oD the northem coast of
the Varanger Peninsula. ln this area, almost all
slopes have a nonhem exposition and are thus
nncroclimaically unfavounble. The properplace
for the upper limil ofthe hemiarctic zone lies a!
the altitude (or latitude). where boreal conmuni-
ties disappear .ven from sites with maximally
favourable microclimate. On the few south-fac-
ing stopes found in fte area. we have obse^,ed
shrubby vegetation ricb ir Contus suecica a
G)lnnocaryion dnopteis !p to an altitudc of
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Fig.10.  The a l l  tud nalzo
naion of eloceanic heath
vegetalron r. nonhernmosl
Fennoscand a.  A:Van
noyaj B: the varanger
Pen nsula Halched area
denotes ouler coasts wiih
exposed capes and head

E

100 nr. ebich is probably m appropriate ddtu
dinal limit of the hemiarctic zone in this area. The
disappcrancc ofbilberry heaths rL rn altitude of
100n i  .  in  n m.probabl \  in l luen.edbt  rhe.on
lcx mac(nopograph) ofthcplain \rhich slms at
rh i .  a l r . rude.  The proper l inr i r  be $een rhe loqe
dnd thc nriddlc orcarctic zones should be dete.
mired b\  looLrrg dr  he \egera. ion panem. on
r l , .  t ' .  p ' . r r  J J i 1 !  h i l l r u p ,  $ i r \ .  o 1 r  a \ e  s l o p e . .
we consider that rhe limit lies a! least a! an ahi
tude of350 n (F ig.  l0) .

L \ e n  r h e u p p e f  h m l l o l b r l b e m  h e a t f . r r  o u '
malcrial from Va.nolamay proride a biased es
timaie of the transition between lolver and mid
dle oroarclic zones, because even slrongly con
cr \e l rJcroropogrJprr )  ma\  be Lnfr 'oL 'ab e.  a.
'u ,h :v ' r  acLunulre copiou '  dmounr '  o l  .noe
during the wintcr. On adjacenl Nord Fugll,y Is
rnd.  b i lben)  herh '  er .end ro dn d l . i rude o l  600
(or even 650) m on the southem side ofrhc isled

(Engelskjon i970), shich suggests thal rhcre is
either con5iderable rariarion between near-by js-

l:nds or fie rcal tansition occurs .u thc altiludc
of about 600 m. Moreover, ir is possible that Engel-
skjon (1970) refers ro rh. uppcmosi hcath frag
ments $ith some bilberq I*igs, wlxch ourmethod
would probabl) tre as sno\rbcds or as Saldr?r
bac& Enp? | ru/|.hearhs. Due !o the uncertainties
of the snuadon. 1{ e prelininaily accept th. 500 m
l imi t  (F ig.  l0) .

On Vannoya, fte continuous middle oroarctic
ve-getation lras onl,v found within an altitudinal
imerlal of50rn- Fron 550 m upw,Ids.lhere wa!
just steep. ro.ky slopes withou! continuous veg
etation. On lhe other hand. the mossy vffiant of Lhc
Ranun&lLts glacialis rype. $hich in nany ways
resenbles nnddle oroarctic heafis andsnow beds.
occurcd up to an altirudc of900 m. The proper
border betileen middle andupper oroarcric zones
might thus b€ as high as 900 m, \1 Ixch \1 ould imply

/ . . -" . . .^"" .  \

OROHEMIARCTIC \

/ Botu a \

HEMIAR-I]C ]I/ITH sOUTERN ARCTIC
LO*€R OROARCNC PHYSIOCNOMY
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Lhxt rhe \emcaluidlhoflhe nidd le oroarctic /one
is 400 m. This might not be unreasonable. In coastal
areas. the air masses normally have high water
\  dpou'  conrenr .  $ hrch i \  conden'cd when rhe a i r
mdss ri'e' and cools do$n. Th' proces. relea:e.
much energy, which counteracls the cooling of
rhe a i r  Hea, . .  the rmpacr  of  Incrcaing a l l i lu , l i
on ftermalcondirion' need nor br ac pronounced
on ,  ou.r3 l  mounrarns as on in land mounla in. ,  es
pecially not in ihe "fog zone" al higher altitudes

The discussion above indicates thal macro
topographic conditions may slrongly afiect the
distribution pattem of community types- The con
cave pans of ihe slopes on Vannoya strongly
modify the vegetation complex dd contribule 1o
tbe prevalence of snowbed vegetation. On the Va-
ranger Peninsula conlex upper slopes tend 1() cre
ate reverse conditions favouring chionophobous
vegetation. These factors have to be considered
when delimiring altitudinal zones (Fig. l0).

T\ - {Ld)  vd  ,  'ppored o)  d .  Re. "achcounc i l  u f tn \ i
rcnnenr md Naruial Resour.cs of Finlmd ad the SNedish
Cour. lor NJrur l1' rr! ... We ddnl d dnonrmou rer

em dd M. Walker for useful comenls on lbe nanuscnp!
and Da\.c Hennm for a linguistic cbeck.
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Appendix 1. Mean percentage covef orclustels oflhe Aetul* Mynillus gtoup. The itequencies are indlcaled as
lollows:bo d = f>66.7%; underlined =33.3%< l< 66.7%;nomalten = i<33.3%. SEN4T =sabapire Enpettuft
Mydil/us type, sET = subalpine Fmpelrum type, CoMT = ConurMynilustype.
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Anthoxanthun odaratun

stosp. czercpanovn

Cal an agrastis I apponica

Deschanpsia exuosa
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Appendix 2. [,4ean percentage cover ol ctusters ot lhe PhyIodoce-[{yrliIus group. The irequencies are indicated
asfollows:bod = f> 66.7%; undeiined = 33.3% < t< 66 7%; nomattext = r<33.3%. al\,tDiI = arctic Myttjlus-
Drcranrm lype, with nro (reqional) vaiant ctusters.

23
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Appendix 3. l\,'lean percenrage cover ol cluslels ol lhe Cal/tna and Arctostaptvlos gtouPs l he liequencles are
indicated as fo lows:bold = f> 66.7%; underlined = 33.3% < /< 66.7%; normal texl = f< 33 3% nCdBryT=
norlh borcal Cal/una-Bryophy,ra type, typ.var. = typical vatianl, Pcil var = Ptilidiun ciliare vaiant, aEDiLiT =
arcii. EnpetruftDiaanunrlichenes type, Lprc var. = roisebunavaianr, Gym vat = Gynnonition vat an1,
type var. = rypical vaiani, Ocr = Ochrclechia nJpe, Sglo !at. = Sphaercpharus globasus varjanl, Rlan var' =
Baconitriun lanunginosun vafiant, Cy.r, vat. = Gynnonitionvana .
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Appendix 3. Conlinued.
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App€ndix 4. Mean percenrage cover ol clusteE ol the rnd$ tuifiduigatix herbacea grcup. Thefrcquences
arc indicared asiollows: bold = t> 66-7%iunde ined =33.3%< t< 66.7%; normaltext = f< 33.3 %. ShDfT -
Salixhebacea-Deschanpsiat'lexuosatype,Kiretiavar=Kaedavana,DicIvat.=DicranurDvarianl,Eher
vat. = Enpetrun hernaphrcditun vaiant. JtOtI = Jums Irifidus- Deschanpsia flexuosa type.
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Appendix 5. Mean pefcenrage c.over ol cluste6 of the Jurcus hfidusCasiope tetegonagroup. The ireq!enc|es
are indicated as lollows:bold = f> 66.7010; undedined =33.3%< l<66.7%; normaitext = f< 33.3%. ShET= Sarx
herbacea type, K aeia lat - = Kiaeria \aianl. Gymn vat. = Gynnonition vatianl, ryp_ var. = lypicat variam.
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Gym. typ. tvp.

Card ani ne be llidifolia

Deschanpsia tlexuosa
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Appendix 6- lrean percentage covet ot cluste6 01lhe Ra, unc]ius gLacialEgtoup.rhel rcquencies are lndlcated
as iollows: bold = t> 66.7%; undedined = 33.3% < f< 66.7%; nomallext = f< 33.3% R9GT = Ranunculus
glaciati*Gynnonitrian type, mossy varianl, Psex var. = Polvttichasttun sexangularc variant, Gymn var. =

Gvnnonitnon latiant, Agla var = Banunculus glacialis vana

RgGT

mossy Psex Gymn Rgla

BgGT

mossy Psex Gymn Fgla

Agrostis nenensii
Antenna a alpina
Bistoda vivipata
Catdaninebelliditoia -
Carex bigelowii
Carcx btunnescens 0.4
Carex lachenaiii
Carcx sp.
Cassiope hypnoides
Deschanpsiallexuosa 0.1
Enpetrun niqrun subsq.

hemaphrodnun
Gnaphaliun supinun O-2
Juncus nfidus 0-3
Loiseleuria prccunbens
Luzula arcuata subsp.

canlusa
Oxynadiwna 211
Ranunculus glactalis

Dbranun scopanun
Diqanun spp.
Duchun sp.
Kiaeria sta*ei a.a

hetcyt cun
Pohliaspp- D:I
Polrttichaslrun alpinun 0.4

sexansutare 44

nwenoreun
Polltnchon pilirerun -
Raconitdun tasctcularc o.1
Raconitiun ellipticun -

- -

= :
0.3
0.5 0.6

0 6  +
-  0 .6

1 . 9

3.4

- o.u

t .3

o:,

0 1

3.1 0.2

4.2

:' l'
0.7 1l

0 1

: '  _

O.2 +

2.6 0.1

0.3 0.7

0.6 -
2.6 -
0.9
-  0 2

1'5
0.2 2.3
-05

-  1 . 6
-  0.1

1 1 . 3 0.2
0-1

:

7.7

0.1

0.4

0.4
0.2

0.2
0.4
1.0

0.2
o.4
0.1

1 . 5

o.4

Sibbatdiaprocunbens 1!i
Trisetun spicatun o.4
Vacciniun mydtllus
Vercnica alpina 0.1
Ybla spp.

AnthetiajutaEkana 55
Babilophaziaspp. 5.1
Diplopht'lluntaxifoliun +
Gynnanitionspp. 3.4

Bryun sp.

q8

6.9 11.4 t7.2
0.2 -
8.7 53 2.4 0.5

0.6 +

- :

tanugtnosum

nicrocaryon 3,4 0.2
Sanbnia uncinata 0.2 -
schistidiunspp. 0.1

cet an a i sl an d ica subsp.
aispiromis a-4

cenanella delisei
Cladina nitis
Cladonia bellidifbra 0.9 1.2
Cladonia coccifera 0.1 -

Cladonia ecmocyna 0.9
Cladoniagracilis 0.2
Cladonianauophylla -
Cladoniaspp. + 0.1
Cladonia subfurcata
Flavocet.dia nivalis
Lecideaspp. 0.1 0.1
Lepnriasp- 0.1 1.4
Octuolechiaspp. - 0.1
Soloina crocea - 0.6

0.2

tetragonun 0.1
Didanetta sp.
Diaanoweisiacnsputa o.1
Dicranun elongatun
Dicnnun tuscescens 4.9

gtoDosus
Ste.eocauton spp.
Thannolia verniculans -


