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$e srnFled \lneimLicrllr rlrnudinrl nnd kDo-lrrphi. \elernrtun grudientr rilhin ix oo hcrn
F.nnoscnndirn xrcas ru-!in-! irom reldnelr ocemic rlinrnte in Trunr\ to pronouoccdlr contincntll
.onhron\ n i.rc tr Finnnrrl rnd elsren Enonrelia. The \!!rple pbl nulenrl \!s ordii td hl
dclrcndel cor.spondence anxl\is and orgrnized ino conrnNnnr rypes br m.xns ol r dirisiv.
num.icnl t.occlurc rT\\'I\SPANr. Thc borcll. loru)henrirrcric rnd lo\er (orc)rctic connnunnics
l \ obhnrcd corc\Fondcl R'ldn.l] \ell \nh lhe comnrunirt rrpe\ described by lliDct Ahtill96ll
rnd Hlrl!$Ii (1988r llo\tc\.r..los..ounrcrprn\ of rh. EnrFttunr Di.rnnnm Li.hcn\ tltc xDd
nrcNI ln l l lu rD i . i rDU$L ichcn\ r t t .on l to .cu t r .dnr rh . .oa 'h ln r l r . r i l l  a ro rc ' toDd ing .oDnnunn i . \
ln nrlrDd rrcrr \cr. d.mindcd b.\ \tutinnn il^ nlutu and \cr. thh f.Slfdcd x\ r !{r'are
.onnnudn! 1)tc .!ll.d rhc arcri. h.mirr.iic l]|lp.rrum \!..nrnin qN (nl\'l L\t hish.r rlritudc!.
\c .D. .uDrcr .d  r \ . r1 l l ' . \ ioun t  u t rdc \c r i l r .d .onmuDi r )  I )J ) . \  In  c .n t incn t rL lnd  \ubcodt in .d rx l
r.!s rh. r.togrlthic l)atr..n d and son.\hd !ho\. $c tinrb.nin. normxlll .oDsin\ of lich.n
hclrh\ \nh a.!ra rd,, !j $. donrinding \Ncuhrpllnr Strrnds oaIEVT $ncrnncs oc.ur hcNccn
(1tatir 

"irli\ 
r.d a ll,l,, hcrdrs Clos.' ro $c cori rlrc;. {nnds b..onic brord.r lid lonn

a nrior.omf.D.nr .l rh. ro|osrrthlc c.mnrunirt trtr.m (r.nuuini.s d.mitrxt.d h) r/.k r n,t,n
n^r / i / l r roccu .on l )  l r t r l l l  adr th ic r l l \ \ r i rn .hn&rdr i l . t r , \n r . r (h .o in i l i i ounr r r rs .E , tc r l r r
,.,dtr,.lr,n is rhe do.ri rinS ld\.r r.nrxr.rir tlrDr (:onniuiir,e\ n.h nr tl ,,r,i/r,\ oc.or
n\ n.ror qrrids b.rleeD FJ,/).rx,, h.xrh5 rnd -qrr\\) iio{ b.d\ Th.\. trirreir\ hr\e.lose
connrerynfl\ in lo\ nrcric rre!( r.d diJler kon rh.; iourlieri S.ridni\iri courlerprns rn the
linnref occurence olronfrtrnirie\io.rirnrrd b\ Ptt\1t.rtt\'! .a.ntlu rit \' rtrt riTlr^ nr norlhcmnDsl
Fenno.cnnlin. ln .onrinenrrl rrer\. boul errield' nr.er lo\er orornric he!n\ \nhotr1 rn_v conrintrou\
mnldle oturr.ri! \elehrioi ir har\.eD (:lo\.r ro rh..or!\. rh.'. xr. r.lrrrell erlei\i\e. lirIen
rich mi{l{lle orolrc(ic he!(h:. nornrll) rlonrn,lled b\ Otrrt z lrrlrsaN tnn hntrs trittlrs.
Subo..xnic middle oroxrcri. h.rlh\rre dorrnrred b\ Eitt\r1ur lt.Dnat'ht.tlitun nd sa/iflc,1zezr.
The upFcrororr.lic zoDe is chrft.renzed b) rdch\i:e oecuftnce o ar:!/./.,n/n!r lnd R.nr[rjrr
r/,rrri. Th. bonnlanc. ol rhe henrir(-ric zonc hn\e been e\tended tr, co\er (he mxto. inlxnl
ar.r of nonhem Fc.no:cxndir md rhc linrir\ oi rhc sub.on(inenrd Cl \ecror hrve been \lighrl!

(c1 wr/r: nhiluln l zondtun. rrcri. ecobsr. conln,.nlrlilr. Scobolrn). herrh \e!eklron. honzonrl
z.nrt.n. nonhenr Fenno\.rndin. oc.nDnr. re-lionrl pntrem. bposrnphr. luodn comnruorlie\
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I. INTRODUCTION

The oligotrophic treeless heaths of northcm
FeDnoscaDdia fo.n a habilat complex. where
many difterent gradients nreet. Thc Scandi
navian nrounlain vegelarion grades into the
circumpolar low arctic tundra. and there ,trc
major climatical differcnccs benveen the Atlan-
tic coast and ihe inland region (Regel 1950,
Ahti et al. 1968. Ha,tp,tsaan 1988)- In addition.
vegelaLion laries with aliuude and toposraphy
\  hen de5cr ibrng rLre \e lerr r ionr l  pJrrcms ol
no hemmost Fennoscandia- \r'e thus need to
take into account rt leasl four independenr
dimeDsions of viuiation: tlvo climatic dinen-
sions (arctic-boreal, oceanic cont;ncntal). the
altitudiral dnnensioD (lowlxnd sunnit) and fte
lopographic one Gidge-dept€ssion).

lt would be unrcalistic to pay equal atrenlion
to all dinensions in a single study. Haapas,tn;
(1988) chose to enrphasize the rnacroclimadc
gradient and Io cover norlhern Fennoscandia
with an impfessive netlvork of sxmple plots.

The altitudind and ladtudinal ltxes wcrc also
exlensively covered: his sanple plots ranged
from thc northcm boreal zone to the sorthem
arctic (lower oroa.ctic) zone. On balance. the
material w,:rs subjectivcly samplcd and Lhc
reatment of fte topographic gradient were
lar-eely restricied to dislinguishing between
chionophilons and chionophobous community
Iypes.

Wc chose the opposite approach: conslst
endy to sample the ahiludinal and topographical
gradients of  s i ) i  areas 1r  nor thernmost
Fennoscandia.  Wi th th is ,pproach,  ue sought
ro discriminarc $e communitl sequences or
regetaional pafterns existing along lhe topo-
graphic !ld rudinal gradienr complexes. WiLhout
dam iiom otherareas- we can. ofcourse. engage
in broader biogeogr,tphical dircursions in only
a lillnled way. Haapasaari s (1988) data sets
conpl€ments ours mcthodologicrlly and geo
graphically. and we use it ir concert with ours.
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II. NORTHERN FENNOSCANDIA ]N THE GRADIENT FROT,I BORBAL TO ALPINL,
AND ARCT]C CONDITIONS

The geogrlphy of nofhemnnxt Fennoscandi,
is as if designed !o gcnerale conplicatcd and
c o r  l u ' . n !  !  l r  , ' J r i . J l D d r r e m .  l h . $ r r n l A r l d n r n
ocern creates a grors mismatch bct ! !een
! e p e t J l : u l r ' / ^ r e .  o  l l l e  e r . l c m  a n d  $ e . l e m
. 1 ,  f . *  o l  r l  e  \ c ! r , J i n :  \ ; . , n  m o , r r l " r n  .  h r i .  I  \ h l
,  |  .1 .  ro8,  lh f  f : rame,er .  I  orn r l l ,  ind i ra l in l
zonal v.trialion onean Jul) temperature- sum o'
' ' i r r \ F  r e m p e l r i \ .  e . P .  h a l e J  l o i 8 .  A h r i
et al. 1968) do not sho$ consislent trends wirh
r ' . r . .  r g  l r l . l u J ,  , l J h k 3 r e r r  l o S n ' .  a o n  e _

quently. {long the Atlanlic coasl of rolthem
1 1 r  , . . . n d . a  A l  . ' J . ' l ' , 6 b  f i !  o , d ' e \ \ r h (

zonal boundaries ofthe middlc and south borc,tl
zoncs to re lat ive l )  h igh la l i tudes.  Ho$e\er
. ^ r e o t  r . r e : r ' ,  T r c , : r . r o n . o I  \ h , i  . l  r l . ( l 0 6 8 l
Jre JJt_, r t , rbte d rc  r l  .  r ,  f lecr  e\ r ru/onr t  . i ru

ations, such rs Llrc warmirg effccrs of fohn
r l I , \ ' K  $  |  r o \  r '  r  r  i n r c r o r  p f l r \  u I  f j ^ r d .

T 1 , '  .  l u h l J r ' . n  !  o o  r .  !  e e  J l ' ' t  \ l ' ( r '  l o 8 7
h . : ' t J . r . u  l a 3 .  l - !  I ' t l  h . , . . o m e $  I  r l , . \  r \ e d
Lhc bounorr ie .  J  dr '  n 'ddle rnJ ' .drh borer l
/or .e.  u1 hr  \ r l r r . l rL  ,uJJ and a ' \ i ! r 'eJ I l .

. \ ,J{ ,  o t  nonhe .  f r .  n , . rnd \eLem Finnl rar l .
I  I n e  r . | | l -  l - o r e r l  / o  e  A . l  n r J I  !  $ r r h  r l ' i .

r F  i i  I  o $  |  e \ p P r  .  ' r  .  I  r h e  A l r  .  \ ' r l l e \

. _ 1 ,  \ , .  s L : .  r  r F n o  r o  .  .  i  . \ p o  r d  p h e n , i
logicall) wiih laiiludcs of Kolari and Pajala

L o  N r  V ' { . ^ . e r . , h e  r n f l r ' a ' e  o l  l h e  s r n l

AdanLic air becones wcaker alons the -sr:ldienl
i o n r  \ \ e \ r  l u . J . r .  ? r d  i r r  I u r r \ . a \ . r r n r r . o \ l
\ors! )  \ .  i  : ]Je cor .  r r  .  JJ\  $r . . r  Inern Jul \
r ' r , p e . r u f e .  l c . .  r h a ,  r l 0  c  r \ l ^ n r n o u .
tor  thr . .  t t : rdpr .Ja ,  oJ{8r  r 'enened t l : l

r , .  r i ^ | | l e d  r e r n  . " r . l '  o  I e . r r . o { r n J i ,  J o  n o ,
belong to thc boreal zone.

Geologically. norlhernnlost Fennoscandia
consists of lwo diflerent elements. The Nestem

and nonhcrn coasts belurg Io lhe Scandina\ian
Drountair chaiD. .harrcteized by ovcrthruslins
n r f f e .  ' l i r ' d . . r o n  l o q ' .  \ o r i h $ ! r L l \ .  r \ '
J fyr .e o o\enl -  uJ ino decrer 'F\ .  I t 'c  roooerJ_
phy becomcs more geDtle and lhe pre\,ail;ng
:  l r r . ror  o l  moL,rd r ' rp .  decreJ." .  n^m : rbofr
i  )uL,  l r  r "  {no I  UULJ n . l  inJ. l ro n lo8/  '  Th.

iDland area is occupicd b) the FeDnoscandiao

Shield- fornring a peneplane a! allitudcs oiabout
200 to 500 In a.s.l.

l f  Haapasiar i 's  (1988) argumeDL on the
occuncnce of :rt least henrirctic conditions at
sea lelel is accepled, then defining the hnits
of Lhc Fennoscandian hcmirctic is problematic
due io the Scological conditions notcd .rbove.
Haapasaari (1988:fig. 122) himsclf resticts the
Lrue heniarctic arca lo the coast and reg.trds
rhe inland occunence of corresponding vegeta-
t ion as orohemiarct ic .  because the aEts in
queslion lic a te\\' hundrcd nrcLrcs above sea
lc\el. HoNever. th. ,tltitudes afe nodes! (Haapa

saari 1988: fig. 9). Nloreoler. .iU biogeographic
bordcrs are rrfluenccd by altilude. Ahti eL .tl.
(1968) did nor usc the oro-prefix in rhc context
of thc southem extensions oi fte orlh. middle
,nd sourh boreal zoncs in higher couDtry, rnd
for a good reason If thc oro preflx wefe used
in all siruations shere rhe sli-shlest altiLudinal
component is present, problems would arise in
pracl ica l l ]  a l l  in l rnd areas.  Nloreovcr ,  the
practicc $ould lead to liucb
oi Lhe oro-prcfix thNt Lhe whole concep! $'ould
become largcl) neaningless

For lhe concepl to rcmain practical and
biogeographicall) menningful. \i,c arc proposrng
thal  the oro-p.ef i \  should be used only iD
refercnc€ b areas $here the alLitudinal compo-
nenL i \  s l rong enou-qh to create ecoLogical
conditions essenrialll ditterirg lrom thosc pre
\a i l ing \ i rh in lhe corresponding la t i tud inal

As s€ arc dealng u.i!h rel.tlivcly nodesl
Nltiludes. nlanl aliributes of high'altitude cli
males (e.9. intnse sunshine. high winds. high
rmplinrde of diumal tmperaturc lariaLn)n, sce
Eurola 1971. Frrnz 1979. Ellenbcrg 1988) ar€
not  rc le\arL Nevenhclcss.  eveo re lat ive l )
modest altirudes force dre inflosing.rir ro rise.
\h ich can resul t  i r  lubstanLia l  l rcreases i r
p ' i ( ' p r r J l r o n  p . 1 \ ' i r l l .  d u r i n !  ' , e  u  i , r ,  I  r ' r F
p r e , i t : r , r r i ^ 1  r !  p e , r d J r e J  l - \  . r c , r  ?  , r  , i l
n , ,N\e.  and , l . r l r inu | . . | | ,o  , \  o t  he po J t r ,  I
(e.9. Schimper 1908. Flohn 197:1, Browning &
H i l l  I n , i l . L I o l :  &  K , , . r k i  r r  l i S l .  l t " J r
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Fig. 1. lsohyeis tor winter {Oclober-l,lay) precipi'
taiion (mm) according io NoMegian, Finnish and
Swedish weaiher stalion reco.ds (Anon. 1949,
Wa 6n 1951, Helimaki 1967, Johannesen 1974).

a l .  1991).  Con!ersely ,  winter  prec ip i ta t ion
decreases wirh increasing laritude because
norihern areas lie consistently north of the polu
froDt. The typical arctic winler x,eafter is clear
and cold. and winter precipitntion is nomally
less lhan i50 mm (Wrlter & Lieth 1975). E\€n
coastal areas are characterized by thin sno$,
cover. frigid nc,tr ground tenperalures and
pcrnrafrost (Schimper 1908: 698. Banl,& Hare
197,1, Dingman et al. I 980). In rruly alpinc areas.
winlcr precipitation is much higher: 700 n r
in the continental Niwot Ridge, Colorado: sdll
higher in European Alps and in the Scandinavian
mountain chair (Schrdter 1908. Larche. cr al.
1975. Franz 1979, Ozenda 1988. Greenland
1989). and the gfound is nornrauy frozen for
only a few weeks in the rutumn (Dahl 1957-
El lenberg 1988:399).

Even relatively nrodesl altiludcs mry gen
erate profound impacts on lvinter precipitation
and soil tempcralures. This is illustrated in
Finland by the disribution of areas, lvhere frczen
ground delays the onset of rhc growing season-
In no(h borcai areas, $e delay is longer than
Iile days. but in the Kuusamo highlands. dc
pic led by Aht i  e t  a l .  (1968) as a soulhern
extension of the north boreal, ground frosl
disappears bcforc the onset of the gro\r'in,s
season (Solantie 1988). Thus. there are good
ecologicdl reasoDs for rcgarding the Kuusamo

Fig. 2. Frosl sums (absolute values oi lhe suns oi
lhe negalive monlhly mean lemperatLres) in nonhern
Fennoscandia, accoding lo TLrhkanen (1980).

!.ea ,s uppcr oroborcal rather than tuly north
boreal. Simlar argunents appearto apply to the
trcclcss hcaths in thc northlvcsLcmmo( comcr
of Finnish Lapland. Ahitudes are modest and
ccological faclors. such as lighl, air tempcraturcii
are distinctly arctic, but soil temperatures and
edaphic conditions xrc alpinc (Eu.old 197:l),
mahing the use of th€ oro-prefix ecologically

Isohyets for winter (October May) precipita
tion according !o Nonlegian. Finnish and SDedish
stadon records (Anonymous 19,19, Wa 6n i951.
Helimiiki 1967, Johmnesen 197,1) ,Je preseDted
in Fig. L Values below 150 mm are restricted
io the interior parts ofFinnlndrk. Nolvay, bu! only
slighdy high.y values ffe lpical for largc parts
of Fimish Lapland and tbr fte Gdrasavvon
(Karesuando) arca in northcrnmosL Swedcn.
Convenely. winler pr€cipimtion exceeds 300 nlm
in most prns ofric Sczndinavim mounLain chain.
as also on fte outer coast of nofihemnos! Nonvay.

Winter prcc;pitation akrnc is not a sufficieDt
basis lbr difterennalng b€t\i€en oroaJctic and lruly
arciic conditions, because precipilation also varies
along lne condnenral oceanic iis. By :nd laJge,
the north Fennoscandian a1€as lith wjnler pre-
cipihtion below 150 nn coincide with ihennally
coniinental areas wilb low winter lemperatures
(Tuhkanen 1980, Fig. 2)- Areas with somewhat
higher irinter grcipitation reed not b€ character-
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Fig.3. The ABCT index in norlhern Fe.noscanda

ized bt altiludrnal rnfluerces, but nu)' sjnrpll
reprcscDL morc occtlnic scclors of the heminrctic

ln ordef !o differenliate bet\\rcn lhc impact
of allilude :nd oceirniry /,e, se. !!e need to construcr
an index of arctic conditions tiral ir lot scDsiLire
Lo fte lmdienl between oceanic and cootinenml
cLinates. This caD be don. b-," Id)knrg rt hos
Lhermal and hygric condidons colarl fitlxn dre

Tlrc nean ampliludes of mondl! lempera-
tures and wintef pfecipjtation lalue! tbr indis

lurat'll hw .trcLic or hcnriarctic climate sktions
are presented h Table L we see rhat rhe pfoduct
of Lhcs. Lwo nrcasurablcs ho\crs aboul lhe le\el
.1000.  { , i thout  shoqmg an}  consistent  l r€nd
bcrwccD coDlincDhland occanic areas. The onll
clear deliatiors aJe fbrned b) $e deepest rain
shado\rs of Flasl Siberia. whcrc rhc producL is
much lowcr. rnd fie Urgala Pennrsula. lrhere
the irctjc zone erteDds 1o exccplionall\ l(N
hriLudcs wiLh rchlilclr" prccipihdon rich $i er
climate. Thus. lbf lhe pulpose of distinguishing
beLwccn Lruiy rrctic rnd oroarcdc (i.e. at least
s l ight ly  a lp ine)  c l inrat ic  condi t ions in  the \  ic i l
it) of the xrcLic LimbeflirD iD $cstcm Eurasia.
tre propose fiat rhe tbllo\\'rng rnde\. ro be called
ARCT. be used. we define thc ind.\ rs:

In northcmmosr Fcnnoscandia, thc arcr !ith
posid\e ARCT lalues eocompasses northern
nrosr I-inni5h Lapllnd. inlmd arcas in northem
nosr Nor! !ay.  Ihe shores of  Vai r ja tvuotna
(  v  aran -qer f j  ord)  and nor thefnmost  Swedisb
Lapland ean of the thrusr clill of re Scande\
(Fig. il. The situation along the outer coasts
of Nor$:ry is uncle:r. Slighdy negitive values
are I )p ica l  for  out ly ing peninsulas and is lands
$ift genrle ropography. 1\hereas coastrl stations
in more nount:rinous tenarn show ARCT values
\\ell bckN 7.ro. Thc prLtcm in Fig. :1, uhere
^RCT \: ues bet$een 0 and 20 prevail on the
outennost coasl. r_ollolved l't a ucdge of con
siderabl) larger negarlle ARCT lalues de
scribcs an idcalizcd co.tnrl .irca uith r nr{nd
of lo$land beoleen lhe coaslal rise and the sea.
l -he Scandinavian mount{ in  ch{ in and lhe
Allantic coast are characlerized by ncgrtirc
ARCIT \alues. South of Tronlso, the ARCT
\rluc! of Lhc mounLains irc gcncrrlly bclow
60- i.e. at the level ttpical tor alpine afeas.

Tdbe 1 An p l i l rd- .  o 'n-dn I  onr '  ,  prp"  
" ' -  e .

{ ra) .  w,n le pt -  p ld l io  va ,p,  ror .  -  aql  produ .
ldpw "nd va . "s  of  h-  ABC- d" ,  o In"  r  .
. ' " lon-  in  h"  r inb-  l in"  r "g io lor  Ko" o l "b
' c do '  conp  t r - d ' r o  lWd l r " ' 8  |  a , L  (  07 - )  d ,dNo ,
& lgnaleiko (1975). F refers to a stal on within the
taiga bul close to lhe arclc tmberline.

ARCT =' r0 p\ r ra /100.

where pw js \r,i er (Octobef l\iar) precipitation
rnd ta is thc amplilude of mea| rnoolhl! Iem-

Svialoi Nos

Churchill

r a  5
i 9
1 9 . 5
42
43
4 0 5
4 6 5
43.5

46.5
5 1
4 6 5
37.5
27.5
20.5
34.5
33
3 7 5

492
1 8 9
2 1 2
175
79
68
TA
9 1
65

1 1 0
1 3 1
59
58
29

105
1 2 7
1 3 1
355
276

5 1 6 6  1 2
3496 s
4A2a 0
3412 5
33la 7
2924 I l
283s 9
4231 2
2428 12
5174 -12
6091 21
3009 10
2697 13
1088 29
2AAT 1l
2604 14
5441 I0

1 1 7 1 5  5 7
10350 44
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Tlrc clinrxtic parumeteN djscussed abo\. in
dicate thal lhere is no clcu anss€r to Eurola s
{1974) qucsLion $hether the conditi()lrs io Lhc
(eeless hightards of noihcm Fennoscandia are
prcdomjnanrl! arctic or alpinc. E\cD ifLhc concepr
alpine \\,ere uscd nr Lh. broaden sense_ ro indicar
aDy substantial ditlerence lrom r,al\ rctic con,
diiions (i.e. as a slnonlDr ofo.oarcric). the insse.

$oukl have Io vr4 ibr dill;rcrt parls of norrhenr
Fennoscandia llis \tuiation sccms ro be espe-
ciall) prcoor ccd in rhe viciniry ol rhc Thrcc
CounLrI  Bordef  Poi r t  (Trcr ik \ ra i ler ,  qher€

Eurola s nudl s!1 chiefl) conducrcd. IDdced.
clinratic indicalofs are al$a)s imperfect and th.
\alidil\, of otr. proposed ARCT indcx n !t be
judg.d on the basis of yegctati(mal pntte rs.

I I I .  LA\ l)  L]SE AND GEOGRAPIIICAI- \OUENCLi\TLTRE IN NORTHERNX{OST
FENNOSCANDIA

B , iJe \e ' -  1  Lrr r  n"  po I  Inr  J i  1 ,1.1, r , l  rn l lh
. r d  g ' u l  ' : !  |  l " a e | | .  I n i h e - r n o I  I , n l , ,
scxDdia is also the meeting poi of Ncsl liuropean
md ,kcric culturcs ,nd econontes. aid dre opLn
llarenrs Sea has prolcclcd borh cullures b\
ploridnrg aliematile resources during Friods of
hardship. Thus, fic hunraD popularion of rhe ffea
'  | r  '  I  er .<r  rh l r  i r  oher  .d. . r  \ i r \  ,  \ r ' .  l .

c " l d . , . r ,  l ! n . e r  . \ r r  ' r c '  I  \ 1 " . . \ , '
$ henevef possible bolh cullu.cs hrre fbfcenturies
p r l c r  e J  ' . .  i . .  F . e  ' o r  

I  o .  l d  J  f r .  $ i f r
i r '  : I  a  l r .  q  r . 1  i r ' . 1 ' 1 1 | | 1 , $ r l .

e i .h  od 'er .  L .  T .  f f : .1-  \ j  ' i  '  re ind<<r. r  rb: rnh
rDd rhc sheep ranclxrg of \oN.gidrs aDd coasml
L . t f . .  r ' r u . .  t h e  L c . r ( ,  r r - , , r J , , , 1  r l n  J r " -
rcpresent, al thcrr bcst. xn equilibdurn belt\cc.
grlrzcu aDd d]en critical resourccs. Thc coastal
vegetation is. in lum. pofoundll' inllLrenced b]
su'nnrcr grazing sheep ard reind.cr Norice.
however. thrL rcirdee. is a natle Srazer of fir
area and both il aJrd its rlild countepans seem
to bc chicflv limiied b\ surter lood (Kclsrll 1968.
Oksanen er al. 1995).

The lension bel$e.n L{o culrufes also exprcsscs
nsell ft an inst$ilio ol ttre geogr.rphi.{l nomen,
claru.e i\Ian) localities h:r\c prallel nanes in Lam
and rajonry llngulses and the spclling of lhe
Lappish tunc\ hta chansed \Litheve c\!cdirion
of naps. As $e lJc d.aling wjth the hcxrr of
l-apland. nnd dre cur.nt trend is the rerroraLion
of rh. o.i:nral Lappish n.rlncs ll ig. :l). we feg:rd
it as l)ir Lo use l-appish names md spell them
accodirg torh.nrl.s of re LapplangLraguc, unlcs!
\c  deal  $ i lh  p laces $ i rh c l .ar l )  nor-Lappish
poputaLn)n \ames in majoriry lmgn.ges and okl
spelhs\ ol Lappilh names are prcscntcd ir pa-
rerrdreses. il thc\' lre bettef knosn to dry. Nnnres
ol $eadrer stadons ffc presenEd ln the fbmr thcv
a.e sritren in dre citcd trble\ A! a nrle. $c apply
lh. nanre! of the duouars" (trndras- treeless
highlmd!]. in a marimall) collrcti\. scnle, avold-
ins difterenr nam.s Iitr dit]erent pans of thc s{me
duonar- if the e\inence of diifercnt rames is dtrc
Lr) dificial l_acrors. such as nal!)nal boundaies and
dir.rcntial ule lbr renrd.cr gru7irg The narne
Cihppisduoiur  as used b)  us.  inc ludes the
\je:rh,ieji\.i ba\in drd tlre highlard wcst of Lr.
no|llrall) .elemd Lo !s Annerturi.

IV, \ jAI 'ERiIL I \D \ IETHOI)S

L Sanrpling

Widrnr nonhcrnnr.n ltnro\.odir. \c.hoi. \i\ iubr'.r\
for clo{r r.S.r,rn n0liei (Fi9. 5). Th. JliirudhJl
rlngcs ot th. suhx'?,\ are x: tulk^rs: L h:!.!ji\ar
(L)ngsrlFr.t 0 I 8-ll rr. 2. Riinduofu. (Ki\l\a^i tlb
ldjac.nt r.cl.s !r.! nr T.onr\. NoNx\r. lt6 I i(rj .r
l .  D i f ju  (h r ju r '100 715 nr . I  J i \ i i sduor r  rd r .  r r id r t
l c id  f ld .xD o l  exs(ern  Enonrc lJd  rnd  s . ! rh .n r

liitriirrk\\rdlx) 1lS 5SSn j (i,r.nduokr Cii (h.
ronhem ttrrdrutj.ld f[r.rtr ol Finnmrl\iddr lr.did

' \ ,  l -  . . i .  ,  !u  - '  '  '  o  , '  lDp  |  '  , ,1
inen rndr:/fi.ld alftxL ol Llr\jokii 60.1lr di

The\e \ub!r.N \.r..b.\ri ro co\er r.trascDtrtlv.
prns ol nonh.rnNr{ I..nioscrndin. All rLilr.lr rrc
Jon'indcd b) gtuniti. o.rs The Fennoiundiln shi.kl
pE\riL in nrbff.ri I 6. rd iolrusion oI igneous ro.l.
in $. S.aDdnia\]ld monnlrrtu in srblrcn I ln subdkl



AC r'A BOT. FE\NrCA r,ii r r'r95r H.dlt r,!!.Lri.,t .' i tu h.rDut Fon.\aLlnl

\,

nrreeress E Birch m ltixcd 100 km

Fg 4. Geographical outlines ol ihe slldy area. The map ls modilied irom lhe Allas ol Finand i960
aid 19s8,  appyns maps o i  Hesselman a.d Ltnqvst  (1935) seppaa and Rastas (1980) DahL -" t  a
(r986)  Heikknen and Kal l ioa (1988),  K! lman and Engemark (1991)and our  ow.  obseval ions Those
lreeless areas (duottar), pen ns! as (njarga). hghlands (eea(o) and mountains (saisat) that are dlscussed
in the presenl paper or by Oksanen et al. (1994) are indicated by ower case eiters as iolows a =
vggegAisat .b=ld. lonlArga,c=iak iaaearo.d=Rostoduonar 'e=Dar lu. i=Rasdlonar 'g=Navlonduol lar
h:- S vehlarca, i= Aisunjirsa. j= Joahkkunjarsa. k = Jdvrisduottar. l= (akiaduottar. nr = Gaisat
n=Sklohnaniarsa.o=Baj isc luot tar .p=alhpplsduot lar .q=Lagsduot tar . r=Spiedanlarua.s=corgoln larga.
t = Faggonjdrga, u = Ve4ahjarga.

5 rh. l.nnorcxDl,rr Shicld Llo.s not r.r.h 1. rlrnude.
.  '  i  i r l  1 . !  i  '  l i \ 1

&r( hJd b bc slritn.d i| rhc eo.nn,brirD (;ii\J i.tr
hrll.i ilo\rcrcr. thc \.:.rxrion ol rhe (;:ji{ Iornat.n
doe\ i.r sho\L !nr inlr.xrion .l r n!tric ri.h h.iln,.k
A ls ! .  rhc  u f fc rna \ l  r i rn \ . f  R ,nsduf r l r r  r r . .h r . i l  o f
' r  r l ' .  ,  '  r  f i l J  l i  I ' i " L

19301. Ttrus tr. .!n bc ltii,li c.nrr |hxr \.!.rrnoDr
dilleienc.\ lr.trl.cn nrbxBr\ r.1r..r.LDrt. !lill.r.D...
lD orlei 1o xroid lo.Jl) ocerni. si.(. our sanlnln,-! diil
nol intludc ni.umrnl or lrilh ti(ii: xho\e lh. .tJ"
lltilude ol llr. su'nDn\ o1 rhP !!hr.r nr !uei(''

'  ' '  ' |  '  1 r '
' . r . . t  

"  " f r r "  
r  ' J r l i l l  ' '

'  '  !  p . "  r r r  J  i i  '

x ll,tr 'atr:c of !hn0\le\ \\rhitr ci.h {rbr.ex. srdrJtidS

t)tu...d.11 N Inllo!\: Ar rhirdnul intnrl: ol 15 nl
! tuF li n l.n.!thr \r\ Ji\.d ti.n th. roP oi x hillirk
k\\!rd. rn r,lix.enr dqJr.si.n [i-!lr plo6 ol 0 ii m x
0 S .r \.'r {ntl.d !1 resrllr iDr.rvlLs !Lon-! ltre rqr.
Thi. ..r of \rmfle ploF i\ ,.1.,,.i1 to $ r hn.e.(. Th.
pr.i..lur. \r\ r\cd lrom the l!\.n rLtitudc b rh. uppJr
l imn o l  . . i r id r .u \  \ .g .1xr ion .  r id . \ .n  h ighcr  u r  i l
p6sibl. Io rh. h19h.n prfl o hs-q.!isrt. nh.rc th.
\..!.hrntrr lirs.r.tr( !... (xr v ll xNt trr rpxr( lol
rht tuFc rrrhod Pl r.onnntrnili.\ $.,. sxmdcr opon
.n.ornrer ,rlr. ti'i l lf ex.h rllirudrful iftcnrl ol :5
nr.tr.s'. ll,. ro\.' oi fhols \r\ e{nnrt.d u\!rg n l0
.h.\ nrod ruri.d .l th. S.!ndinx\i$ 1HtrlI scrnxn'ler)
i.rl!'. The .h\ ..d!t: xtprorimrrelr .on.sl]Lnidc'l lo
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Fg. 5. Sludy area covedng diilerenr parts of the arciic subarctic area ot northernmosl Fennoscanora:
1: lvggegAisar,2: F6isduottar,3: Da4Lr,4: Javrisduoriar. 5: aak aduofiar c6isal and 6: Clhpptsduonar.
The square is the area cove.ed in Flo. 37.

l--l rreeles, l.-. Eirch E= Pine- 
heath 

.- 
*mdtana 

: 
wmdlano

cover le.ccDrases o1 71. 15. 18. 9 i. l. l_ l/1. l/l and
l/8 (sec Oksmen 1976)

O '  1 1 . r  $ . e r o ^ n , . ' I r o \ .  a i . e ' , r . . .  u t t o r ! {
vegelation: torested reas $cr. s.ritled chienr ro dacu
nrent ho\r the! grrde imo thc keless hedhs.

\ ' . r  r . ' o r ' . . m r 1  o t  u . . . , ' r t r r :  n - r h o d  a , ,
' L i  o r  . l  .  h "  L 1 J  I  \ . . . r .  .
51. $hcr tlic bedro.k is veN :cnrlc- !l.cilluvial fo.nra
r ' 4 '  ! i r  e \ . . D i u n J l l  n r '  . ' .  \ . , m  \ u r l \  h . , J " e
olcntt€senled. In ca\c of Gkiiduouar. $c com.red
\ i  \ .  b  . , 1 r d i r '  p  . l  -  l  \ J n 1 l .  t . \ , . r c

4 | ' I . 1  . n r i "  J  I  t l e d  1 . . r -  J  r c r l d ^ . r  e ' c r
(Oksanen 1918). Thc mat€nal Epresen$ qnn.r ranges
sunderr.nges. nrensvclt taJnpled areas alons rtre lerce
and. ro a limred extcnt. autumn rinees. Thc atrnudinal
raree ol rhis mateial is s'nall (itum j00 to jjo 'n). bul
the enrne lopographic l]anen liom \Linds!c.)i ndges lo
siowl dePE\s'ons s reFeseited.

m Mixed
taiga

100 km

2. Numerical treatment

Ii\ei \nhout rhc ii.llsion of !n! tubtished drtu, our
Drlenrl- in rohl l0ti9 ;adrple plots. turned oul ro draii
lhe spre linriG ofslandrd ordnrati.d dnd cln\sificltloi
progr.ms Thus bcfore the dxtx ruDs. we lookcd lor
ob\ious discontinunies in the nrat.ri"l, Rhich would bc
used 6 a basn lor splnling n, /rri,ri. The cor{al
I\gge-giisd lsub.rea I)- represcnrcd by 319 plots. qas
e-garded 6 suiicienlly diffcfcnr rion $e rcst lnl nris
purpose NIoreo \er .  rhe  fc iDdeer  rnnge s rudy  on
Cftaaduorar .onr.ined 61 p1o6 repesenting a pecu]i.r
local \irarion ii rhe inrenreh r.nrpled zone alotrC lhe
tence. Thc\e tlots sere .xchded liom lhc nunre.ical
tcahrent and reg.ded as ramtled unmts of rhc sxme
conmunirr ill)e !o *hich lhc plos sanpled nr dc siiler
range bclong This left us Nnh 754 plots rp'cseiring
subma\ 2 6 The number sas reduced ro 750 (the space
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limit ol CANOCO) by renoving those reindcc. tange Plols
which were fufihest r{af ftonr tbe tence

The s.nple flot maGnal eas armsed rnto commu
nity ttpes and lalBcr comuniry groups by means offie

dilisivc numencal prccedure TNINSP,!\ (Hill I9?9)

Iie pseudospecies .ul lerels used nr tbe TIVINSPAN
rn $ .  0 .  - ,  ,  In  J 'J  10 .  \ ' |n inum eoup ' / .  r '

De  d  \ idcd  v . '  e  1 r  l l  l vc l \e  l . \ c l \  o fJ i \ i . ion  \ " re

DCA ordinlion {as comtutcd by CANOCO ter
Bnak 1988) using nddard optioDs detrendnrs h! 26

ee 'i. i J 'J t.. li r oJr rrme q f rhrc'hold n n0

lle rcsults seenEd not to be aflectcd in anr. esscmial
respec wheD delrending oFions \crc chan-ged lo 2nd

order polynomials or aD otber rescalil-q threshold All

de numcical ftalmens were based on coler classes I

ll] ieprescnting a loganthmic rnnslbrmation of the rdD.l
cover Gcc Oksanen 19?6).

3. Classincation

l l .  .  e r .  o '  .  . r l !  . ron  !  i , J r \  lu l lo r  '  Lh .  re ' '  x '

of the TVINSPAN anallsis. As a firn nep-TWINSPAN
oLeJ r .  . . r  r l l c .J  lo ' !  J \  i roup\

.onsisred of morc 1han 50 sanrplcs. Nhen re$cr thu 50
' u  | ' J r . r r J ' l 1 \ J n P l c  { e n  o D e J r \ r l e d  d . d i L i ' i u n '
r i "  . roenr . lu  { .0  .  1 . ' r  rder  In ro  a t ,ounr .  \hen
r . . r l J r , . '  d a ' t l e ' c e  r .  h .  d i \ i J e d  l r . " c 1 L r h ' e
' I  0 .  ̂ ' r . .  r 'q l r reJ  lo .  d ' \ . io1  A l i$  o l r  m JnJ

very cxceprional plots vere poolcd toclusles $irh hge.

.  J  
"  

c  u r  p lo r '  _ l  ru l l r  .  1 .  F ru(n \ ,  dc  o l  L l_

I '  o r d e r  r o p u  r l . 1 \ N S P \ \ e r o u p . i n r o ,  l ' J b l e

cla$ificltion liamc. tbe tsults \rcre Prccessed runher

inro a hiernrchical classific.lion s.ncnre. Al highc* lc\€l
1  r  r . u n n u r r i  t r u . r p .  F  | J o r  n \ l \ s P \ \  J i

v is ions .  encomplss iDg a  rough l t  s in i la r  ransc  o f
i e g . d i o r '  \ J . ' . r . 1  J .  I l e  l r J n ! ! . u f r h e  R m u l

B lJnqr .  1 ' "mc.  n 'n .o rc  rhe  \u l 'd i \n ion  o l r l
rh '  .on  nun r .  r )1 . '  t \nh  o '  u l l

!n apo oxnnably equallt lIge parl ol rhc ordini(ion spacc
as do $c clusters lhal caD be regardcd as conpanblc
r o ' t e . '  r p r \ o l  r J ' t r  - \ l r r ' l u F r r J 1 J  H : ' D r ' J r r i

\1488 ' . :nd  ro  Ln .  'q1 : r ro ' \  a l  KJ l  u l '  l ' . ro  w\_r

lhcT\ \ 'L \SPA\a i l io  ' .onu  'd .d  f  r rd  e  !  J  \  ' n iqJh

u n i . o , u p \ r n q e \ . n r r J l ^  m J i e r F r . u  h e o r d  r  r . r
.rd.c Lhe er. o j", F,l r. - ' I

co '4nrun i r \  r \pe .  { ' r  '  11 .  In r r  J r  n  ' c l i  I ' ed  J  \  'n -  i

And f in  ' l l ) .  \he t  r l .  d i f l "Fnre  ber$  . '  r l .  '  n  I  ne  '

u b  o d \ l )  d u e  r o  J ' l ! ' . h e  r n  o . o r ' .  r ' - n \ F l l
J rnprcn  l r rJ '  rF ' l  '  r cn \  r i  u l  9  1 / '  ' !  )  F in . le (

rh (  u r i '  r .  rc le rd  o  1Jr  : \  \ J  r  l ' L  n rgP
nr  nqd l ' r r '  n l  d r .h r  I  o l  hc  d r . '  i \ .  n in<n i

po . .dure  Ie  mor .  o t  le  .n  ! '  i  i \ '  o  D i 'e  '

bordp  l  r !  t r rb  { r r . '  l o {  d l \ r  ( '  o t  p lo ' .  T \ '  '  i l  qo

\ ! r  , 'm i lJ  .omm r r  ]  r )P . .  JPp( r r !d  '  d  rc iFn  de
u r  . u . h  I n ! \ .  f r .  { " . j n i r e d . n r o . .  i ' q ,  o n n  I n r . .
tlpe. Tlris i\as also done ibr rhc closely sinrihrconrmnnrty
upes encounreEd i. subafas 1 xnd 2 n

lhc  n rmcnc rd ' .  o  rh .  ph  i  . l  n  pc . ie  ln r  '

H i r e r  \ h r .  r r  '  l o S o r  ' l J  n f r  " P h  r e .  '  J  ' l r
Koponen er al (1971) md rhat of lichens ninny Ahl

L , a 8 o ' J n J  S . ' n l p s . n  '  l o u ' . l o r . o '  \  1 i .  r ' . r r , / ,  -

ri!'tut 'trb,p l'/,aa rcd:trr N \. r'' r.r cl rC t

ltun,nphro.litM. nd Lu.uld o..trrd subsp .anl.ta s
c llcd L. .oiJi.tu Some species arc treated collecdlcll:

lo l l Jn  v \ed l  i \  h  r1 r4  n  r  ' vn r '  n  J \  '
rccognized in rhe fi.Id. The .t4,i@ra revision (Hedenis
' o 8 o ' $ : .  p u o l ' . h . d : r r e  J . r 1  . o l r ' ' i o r '  l e n . e  I

M.nntu antl 5 ,nz/ir re nol distinguished Thc

.o l lp . r i \ .1 \  rc . ied  lc " . r i .  r ro  'p  C\ " t  f l i ;  r '

.o '  h 'n .  J  l  .  n r l l  l ' \e^ \on .  
" .  

i r l ' 1b1 .  an l )  r  r l  l  '

l ' .  u l r \  Jn"  '  . cur l '  "  nJ r r  \  - r  
"o l  

J l r  JJc  (  t
. l 4 t \ ' l t !  l t u a t . I d L , t  t J \ 1 4 4 r - t t ' : r t  n l  r t a t r r  A

,,rt nh . A J' ,n od',. U-"t a 'PP.. \'r 1.

sp - Pl.tto.ldrhkt z/r5..nr elc.). Othc. cruluceous
ml . rn l i .h r1 .  r \ fep '  tLh t . \ 'h .  t<  in "d  I  d  t r
Anon! Barbilopha.tu sFcies tbe subgencra Aatril,
pho . i r lndor t t to  1L l i  t ^  d i . t in .L i \ \ed  \ r  ,  "JL .ny

( \c lu . !a  u r ' c .  rher  .  J  l ]  re

r D n { r u P r  n l r h e  r ' m ( o o F  \ . " e  i i o '  I i r  1 r  ' .  n
\ery rarc rara NrF excluded fron &e data anallss

V, MAIN AXES OF VEGETATION
TI.IE PLANT

The vegetation ordination of subareas 1 (Fig

6) and 2 6 (Fig. 7) conforms to the taditional
view of the t$'o main grrdients aloDg tlhich

Femoscandian arclic alpine planl communities

ORDINATION AND CHARACTER]ZATION OF
COMMUNITY GROUPS

t i re  \cparaled l rom edch o lher .  The l . r . r  a \ '
re l lec l \  r l l i rude and i \  I 'e .enled \e i '  a l l \  ,o

empha\r /e thr \  Thr  .econd : \ i .  epr( .enrs Lhr
impacl  of  dre co\er .  sr rh com-
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Fig. 6. Thescalieeram otDCAordinalionoisubarea 1.

munities on bJJe blown ridges to tlle lefi and
.  orrununjr ie \  pre ld i l ing  ̂ n  !  oq iccumulauon
sites 10 Lhc .ight.

The connJni ' i . ,  o I  .ubarea I  sepJ ' r l
ncrLly along these two axes. Conrcrsely. in the
combined narer i r l  o l ,uburei \  l -6 .  the t \ \o  f i r i
dre.  J"  lu  .u l f ice ro sepdrre rh!  f , ,mrnuni l )

rpe '  l rom each orhcr .  Thc Ie
dciicribe jr outline the communitv groups. i.e
r le  ren naiq \c !e lJ l ion u l | i r \  used to orgrn i /e
the jDdividual communiLy lvpes.

Subarea r

In Lhe suboceanic vegelrlion of subarea I
(h,geegdisrL). the first line of rhe TWINSPAN
J \  i . ion Le,  In  a gap ,c t r r : ' i r :  bo ieal  and lo\ r  e l
^r .Jr r  I  L  .ornmunir .e\  l ron 'arc !nu$.bedr and
the vegetation lragmcnts of high altitudes (Fig
6)  F i \e .Lb.eqLenr or ! i . ion.  hz\c e i leMlue\
of  roughly 0-3.  creat ing selen communiry
p r u u t ' : l r o s e r h e r  l f i g .  c r  O n e  o l  r h e
TWI\SPA\ c r . rc  \  i .  re ,a \e ly  Inc lu\ i \ .
.un, in i  !  o l  a l l  bored rd ( ! "n)r rcLic  commu

d

Fig.7.  The scat tergram ot  DCA ord lnat ion o l
subareas 2 5. Symbols: D high allilude vegetatjon,
.  Juncus l r i t idus-sal ix  herbacea group,  .
Arcloslaphylos group. 0 Juncus trifldus-Cassiope
tetragona gfoup, ̂  Berula Myrtilus group, small
dors Phv lodoce-Vy1r l lJ .  qroLp I  BetLt .  nd d

nj r ie , .  which hJ\r  u , lo .ed l :e lo l ! )c '  boreal
vegctation- $eakly chionophobous fnrr.r?rn
heaths and comnrunities conventionally rcftned
ro rhe a l l iance Ph\ l \ 'duco- \  Jccrnron mJn:
rDahi  lq l -7.  Kul l ro la lo jo,  Th, ,  bru ld caregor)
i \  lunher d i l ided.  s i rh .n ergenvdlLre ^r  u |  )
0 . 1 4 5 .  i n r ^  , { o  \ u b u n r r ,  e n c o m t d , r r !  i r  . h (
m c \ i r  t o r e . ,  l l o o r  c o m m L n r . r e ,  a n d  L h L
chionoph;lous grass-rich oroarctic bilberr]
he h.  rh l  md 2)  Ihe communr. re.  J , ,n inure,
more prorouncedly by d$,arf ihrubs (Ib). Thcs€
uniis generatcd by TWINSPAN do not march
fully witb convenrional Scandnnvian scheme
thal reaG communities above a.d belowtreeline
,ts distnrci (Nordhagcn 1928, t9.13, K.rlliola
1939, Dahl 1957). The probabic reason is thar
the same dwar l  \h t tbs -  En1rct run
h?nnathro'limn and \n., \,tu rt\Iilt\.
prevarl on both sides of the timbc.line. boih in
moderdtely chionophilous siles and in moder
aiely chionophobous ones. lvlorcover, lhis di
vision also differs from the results of rhc nu
merical analysis of the continental subcontinen
lal vegetation Gubarcas 2 6). Consequently, we
have nol utilized these t\\,o subunits in onr

. d
ib i"" 'td 
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Fg.8. Main commrniry groups in ihe lvggeg6isal matenalafter lhe TWINSPAN division.l= Betu a_L4vn us
and Phyllodoce grcups, la = mesic rorest lloo6 + early snow bed vegetalion, lb = xeric loresl floors
and tvocal lower oroarclic healhs, ll = Jlncus lrifidus-Salix hebacea group, lll = Arctosiaphylos group,
v = Juncus rrifidLs cassiope telragona grolp. v = salix herbacea Kiaeria group, vl = Ranuncu us gacalis
qroup, Vll = hlgh ailitLde ridge heaths; Vlla = Cassjope ietragona Vaccinium group and Vllb = Luzula
coniusa grcup The numbers indicale eigenvalues in TWINSPAN divisions.

c  . . . i  c J  r o 1  ' h e m e .  I n i e r , l  I h c  c o l l e c . i \ e
cJregoq o l  i i$  , , l r  rJJe dsar l  \hrub heJrh '  hJ.
Decr  d \ rded nro r  lore\ reJ f , ,mrLniq Croup
and a non-for€rLed one. to be called the Bcrula
M )  r i l l . r ,  g ' o u p  d n d  . h e  P h )  l l , ' J o '  c  M r r r i l l u .
group, respectively (Appendices I ard 2)

Tte remrining three groups belo$ the firsr
I .n ,  o l  .he l  u  INSPA\ J i \ ' . i ( )1rFig.  8)  r<prc.en.
conmuDities wiLhout a closed co\,er of erecl dNarf
.1ruo. .  l  l 'u , .  r |e i r  ,hJreJ i .  JrurF i '  rhe pre.ence
of prcstrarc. lighl loving plants. One of thc groups
repre.enr .  \e8ela ron u i  r idee hef lhs rour I lJ
conespordirrg to Knlliola s 11939) Loiseleuricto
A  r ' ' , r J t h v  r o n ' .  a n d  s e \ :  l l  i | ' h .  A ' l o . r r p h ] l o '
i o n m u n l | )  r r o r p  I I I L  \ p p e r d ; \  1 1 .  A n o r h e
represents moderale ero!!'beds (corcsponding Io
ui?rre '  o  l  .  '  lu \o '  D. 'h , ,n 'p 'o Anrhoj \aorhron
Jna r l ,e  r i ' ^  .ar ' )  mel l rnq prnorhi 'Hcrha(eon).
1() be called the Juncus dfidus Salix herbacea
L o r n r l J  | | )  p r o L r p  ' l l .  A p p e l d i \  r ,  T h c  r h i r d

tsror  p pnco I  pa. .e.  T iJJ i .  , !or . r i (  hearh, l locr l
c o l n r e r p d r ' \  ^ l  \ o r d n ? s e r r .  '  r  l q  l i r  l u n c i ^ n

ui l id i  S. !1dr  'd \ rcr  In /  ie IeIeJ ro J.  lhe Juncus
In l .du,-C, , i , , tc  rc , r rpona cornnrunr l \  ! r ! ,u t  r IV.
Appcndix 6).

lhe commrni  rc .  3bo\e the f i r ' r  l i rF. ' f  rhc
T \  l \ S P A \  d . v r ' r o r  ' F r B .  P )  , u .  d i v i d e d  i n r o
tbur grcups. Two groups consist of snow beds
Onp o ' r . .e  i .  . l ron: l )  dorn i r r lc , l  h)  S, / / r '

,.,rd.cd. sometines \rith Viola biJ1oru ̂e ̂ co
dominant. and is callcd fte Salix herbacea-
Kiaeria conrnuniry group 1V, Appendix 9). Thc
olher group ha! morc vffying composrtion of
the field laycr, \1ith Ouria digna, R.tnuncutrB

sl.tcidlis. Trisetunt tpicatur anl VeroriLa
.r/pi,r.r as charactcristic species to be called the
Ranunculus glacialis communiry group (VI,
Appendix l0) 

'fhis ttrucrrre does not corre-
spond ro Gjarevoll s (1956) syslem. Thc rwo
remaining grorps consist of chionophobous
hcrLhs ar high altitudes. One group (VIIa) con1
pr ises comnuni t ies dominaled by ae7l . r
confusa, nod is called the Luzula coufusa
cornrnunily group (Appendix 7), lnd Lhe other
(Vllb) is charactcrized b]- relatively high abun
dances of  dwarf  shrubs (nain ly :  Cdssi , / .
!e!ragonuot Vacciniunrird i.Lred) and is called
thc Cassiope letragona-Vaccinium conrmunity
group (Appendi\ 8).

Subareas 2 5

The communiry groups of conlirental subconn
nental subarcas 2 6 are morc diffuse than those
of lubocean;c strbarea 1 (Ivggegdisao. Only the
fir$ hlle of the division h$ an eigenvalue ex-
ceeding 0.i. In order ro obtain a sinilaf numbef
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2 4

Fg. 9. The main TWINSPAN groups lor subareas
2 6. 1 = BetL a Myrtilius group,2 = Phyllodoce
l,4yrl lus group.3 =Arctoslaphylos group.4= BetL a
nana group,  5 = JLncus t r i i idus saix  herbacea
g.oup,  6=JuncLsrr l f id !s  cassiopete l ragonagro!p
7 = Hgh-atillde vegetalion.

o l  cotnmuni t ]  Sroups , rs  in  the suboc.anic
vcgelltion. \!e nrun acccpr di\isiors $ith con
siderabt) low.r .i-qen\,alues. Ne\e.th.l.ss rire
communily group lelcl ph\t(^ociologic l nruc
ture of  r i rc  .oni inenral -s !bconl incnLr l  heaih
ve-eetation apperrs iairlr \inrilar to rbe nruclu.e
of barea I and Io the con\cnrionrl cla\\ificarion
schemes ol Scandnravian nrounlairr \ egctlri(D

Ag.rin- the irsl line of Lhc dilision separares
exlrenre sno\\ bcds rnd ridge hearhs ar hish
rlL'Lrdcs (clusref 7) tro orhcr L\pcs of !ec-
eta l ion (F ig.  91.  This c lu i ter  conla ins chic f l ]  thc
Cassiope tet rago|a Vxccin ium. the Luzula
conlusr rDd lhc RanuncLrlus Slacialis comnrunir\
grcups (Appendiccs 7.8 rnd l0) .  The l :ue sno\
bcds of  middle a l r i tudes (drd Sal i \  herb!ce!-
Kiaerii groutl arc Dot repfesented i| dre con
li enl.tl sub.ontinental lnireriai.

The subseq! , rnt  TWINSl 'AN di \ is iors (F ig.
9) stlir thc main group consistnrg of lo\ and
middle ahi ludc matcr i r l  in io sr  r l lergrouts \ iLh
four  levels  of  d i \ is ion.  Th.  rchr i rc l )  \e l1-d js
cri inaled clusLcrs 3 and 6 represenl connnu
nilres reseJnbling radilionrl Arct()staphtlero-
Cetrar ion n ivr l is  (ouf  Arctorraph)1os g()uf .
Atpendix 3)  and luncioD t r i f id i  Scandina\ icunl
(our Juncus trifidu\ Cassiope rer.rsoDr sroup_
Appe'rdix 6).

Thc hcaLh vegerarion is itrrLhcr divided bv
T \ \ I \ S P . \ \ , ,  f .  l l . r '  O n ( o t  r r e .  | . .  .  l l
,  " n , i .  .  o l  l o r < . r  . ,  r d  \ .  r  h l .  U  - r , l  r r  l l  r .
o i n e J  . .  r h .  B  i ,  l J  \ l \  .  .  r .  o  n l r '  ' i  ; r u ,  p

'  \ t " l , ' r \  L .  \  ro  h.  r  ,  ILL-  :  co|L.  . . , '  r
and nodc.rL. rno!! beds d is Lhus joiDed ro
r h .  I r . r .  - i l l J r ' S . , : '  h e  b r , < r  c o r r r - r r  i L
. r o ,  o , F i y .  o  .  l J  \ t f e r  d r \  5 , .  1 1  .  I  r ,  .  u  ( f
llr cncompasses comrnuniLics coresponding to
a broad i c4r.cLation of Phlllodoco Voccinion
r , . r i l .  T o l . r \ . r  . i l  . . ,  ( . p o 1  l , !  , r \
o f f , , n '  ,  .  r  ,  n  r  ,  ,  .  ,  i  e  .  .  .  ,  .  '  . 1 , r  p r  . .  o . r l
Ph) l lodoce N{)r t i l lu \  Sroup 1Fig.  9 Nnd A!
p r r J i \  '  

l L r (  l . ,  r  . ' . r  r . r  r -  . \ l  c h  ' . '
jepamted tiorr rhe Ph) llodoce-Vyrrillus group
. r r  , r  ' . l , r l i \ . \  ' ^ \ e . ! ( r \ , r  t r . , . , r . r J  u t  . . l e l
hel rhs $ i lh  B.rda rdrd as tbe donr iDaLing
\ r . .  r J r  f l  , r  r f .  '  . .  r -  \ t f .  '  i \  ,  |  |
. 1 , , . r . r $ i l ' \ , . l i  r l ( B e r ' r l :  r .  r ' . . r , , ,  r r \
g.oup

Sunmar.r of the m,rin communit.l groups

1) The IJe lt M\ttillus gtout)

l-orest \egelltlion xnd !cfubhnds dominaLcd b\
.irhcr &rrld t)ubesten\ ot B. ,nnu.

2) The Ph\]lt\10t.-M\t tilhts Sr.Ll

IEele\\ healh\. $,h.rc the field larer is do.ri
r . , r ( J h \ ' . ' : . e r "  r i . . .  r . . -  o $ . I l
shrubs. The grout rcushl! coresponds ro rhe
alUancc lrh)llodoce Vaccinio. m)filli. eiccpL
Illar il al$ emhraces relarilel) chionophobous
h.athr  $nh ctosed l lc ld  h)ef .

-1) Iltc Aklo\tuthrk)! crorl)

Sr icn)  ch ionophobous heaths wi thour  N c losed
f ic ld la \er  thus corresponding to rhe nxr \ l
chionophobous pan of the tlrrdirionrl alljance
Loiseleurieto-Arctonxph\ lior.

1) The Befild dnd <rout)

I r land comnNnir ies chrr rcre. ized bt  parchy
occuience o l  d$r fb i rc l res and b)  cot iou!  oc-
curence of fiulicos. Uchcns in af rs thaL havc
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7) Tht L.u.ula &,litat group

Heath fragmen6 don naledhy Lu.ulo.an|irsu.
BJ aod large corcsponds to Dahl  l  (1957)

Cesio l-uzulctun1 conlirsae.

r o .  I ' e e  |  . ,  l - r e c r e d  r o  I ' r ,  n  r  r - .  n r J l r r r :  b \
re r  Jr  '  .  Thi  :  o l t  hJ.  r '  c lo .< .orr  r .  Tr ' r \
'  r rJd oI r l  t \  r^  or  rot^ : i ,  J l  . ,  l -Jn,e.  fo .

FennoscaDdian mountain \cgelatron.

5) The Jund6 nifinuesnllr hefidLed 8,u!p

|  |  . n .  r , u J ,  . i .  . , o \ - b e  1 . , .  n i \ N , d i  r - ,  t .
. h e  D e ' . l ' . , r  I  o  c  r r l . .  r r ' r l  i ^ r  u  D l l r l r  l a ' - l
J r  ( , i .  . ' o l l  I r : o  J | J  D .  1 . o [ C r ' r r r I J r ' '

1 )  I . t ,  1  
" .  t , , , t J , , t . "  a  , \ , r  t \  t " n a . a t , t  1 1 r 4 1

I  o I .  rJ ,  ro I  | l .  u  I  r r i f id  s .Jndi r ' ! '  ,  um.
hr the rnland. thc group is m.rinl) rcprese led
by communilies i|tenncdiate bel\\een 1)pical

"  : r l r l l c  J . ,  "  t , , ] t  l , ' '  n e r  l ' .  , 1 , 1  r i ( r i ,
I  n  i . t  p  t ,  t ' , , r . ' . . ,  he \ ,  Of  I \  ene! :  i .J l  r^ l
l . * t .  l ld l  l "  'e j€ i .  r  Jor  , r rx .<d l : t  t "  t - t , r t , '
. , , , . t . | . t .  r . t , , 1  J r o  \ , , r r  / , , / r ' . , ' , r .  

" ' ht  , , , . . t .  . t , t .  v .  , . t  t J . t .  r , / ; . , 1 r . r ' . r \ u J ' n : r ' .

8) Tlp Catsnrye k|tulonn Vd..irlnnn Stuut)

Fragnents of d$r.f shnrb heath etcounLcrcd rt
high altirudes. No prc\iNsl) dcrcribed coun-
LcTafl kno$n fr0n Fcnnoscandia.

9) Th? Sali.t lk,thd..a Kitkrtu g,oll

Lare rnN bcds:rI middle altirud.s {ilh larynrg
ibundance of sno$ bcd herbs.

l0) Th( RanuiLirlt! skki. it snup

Lare and ar lersL modcralel) he$ rich snow
beds aI middle alLiludcs and vrow bed ilag'ncDls
encountcrcd ahove dre bould.rficld li rit.

v l CLASSIFICAI 1O\ OF VEGETAIIO\

L B€tula-\Itrtillus communitJ group

ChssificaLnnr 01 lhe legetati{D assigned lo this
gr1trrp \ras con\cntnnal. B) and lrrg.. diftef-
ences bct$ccn lhe ei:hi co'n'nuunl' tlpes crc
rtcd by our numcrical anal)sis rDd those of
Hemet Ahl i (  I96 l )  and Haaplsrr i (1983)$erc
snrall rnd could be altdbuled to diltercnccs ir
Lhc samplir-s proccd re and !o thc rnrpacl ol
Epitrltn autTnnata- l'ha ttDll clear and consisl
enL diilerence that \vc could find \'lts lhe reli_
tively sp^rsc occunence ot \ktntittt n:\nillus
in our  malef i  l .  A l lconl i renla l  comnruni t )  t )pes
enefgnrg fro r our matcrirl are donrinaLcd b\
tunf  t tunt  henndphrt t r l t t r , r .  usur l l t  $ i lh

\/Rcinirir titis ida.d ot v !/renrsrrt as a co

Ir  the ord inrr ion space ( f ig .6.  F ig.  loa and
b). drc cornmunities rcnd to separale along the
iirst axis onl]. .thhough the; occurence in dre
f ie ld is  sLrongl) '  in f lu .nced b)  lopograph).
Ho$ever. mesic co munitie\ of dcpressions rend
ro locatc .tL rhe botonr of Lhc llrsl axis. shcrcas

conxnunitic\ of topogriphically el.rrtcd silcs :rnd
those encourtered at highcr ahilrde\ bolh obtain
highef posilions ,long lhe axis. Al lo\! rltiLudcs.
thc firn:Nis llnls seems Lo rcilccl lhe pfoductivit)
of dre sire. r,Lh.r th.in altitude per se. (Appcndil

l .  F ig! .  6 .  l0a and h l .

l . l .  Subo. .dnic  . l i r '?st  ̂ pe\

Thc p lo ls  sampled bc lo$ the l imbef l ine o.
h-qgegtlisrL \!cre assigned to .onrnruntly l)pes
h . , r  r , , I  D (  r e : ! J , J  , l ( , r i . . , l  \ i r h  H  , r l

Ahr i -s  r  1961) Cornus- l \ ' l ) r t i l lus L)pe (Co\ lT) .
Comus Empet.um \ll(illus rlpe (Col.M'l) {nd
subalp ine l ]mpet .um I ]pe (sBl)

l  '  t . | - t t t r rp I  r ,  t 'n4 l , / ' , /  /J , , ,  ̂ ,  . f \ lT .

Hinrl lhli 196ll

This coDnunit\ L)fc is elcountered $ lhirc
\aiaDt!. Onc cro be fegxfd.^d.]s idcnticrl with
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the Salix glauc,r variari. The diffcrence js

probably due Io sarnpling method (our sm.tll
p lo r . .  , r rJ  ,Jmp/ in :  concen| |a i  J  u l  re l r , . ve i )

t j \ib,lpi'p Fnr\ lttr+l n lt"r' Pl.rt^-it.r
^?" (sELiPlT. Hainlet And 1963)

The nands represendng rhis commuDitl type in
ouf  rarenal  ,  f  . l -  uc le[ ,ed ot  ( . t  u  r \  o ! -
curcDce of ,er.ra,?/,su fle-rrrrd. As they
I n a i r l \  I i i  i r  J ' c r .  { h e r c  r l , e  r o r e r .  h J \ e  o e e r l
h c r \  i r )
reirffd rh;\ thcrumenon a5 J r. r. 1 \rJ!e onl..
(scc Lehtonen & Yli Rekolr 1979).

I J. Sib,lpih, rnr"ndu t t. h?F". ^r, \'fl 1
Himct Ahti 196l)

In our material, this communiLv lype js. ioo
characlenzed b] high abundance of D. r4c-vrord
becausc of the prelalence of sLaDds iDfluenced
by Epinih autumata

L i .  n , t r l n  p t L r , \ , , p ,  I t  h . \ p .  ,  t u D  t : r .
(BpLiS)

TI j '  comm,rn i r \  ' \  r  .  en.oL r rered io1 : , r  h .
r imb.r l ine Jnd coula oe igarJt ' r  J .  I  \ r - r : r1 l
of .EL,T.  Thr  r r i l  d i t terence r \  t rJr  . . ruDb)
mountair birches are lcry eiiiciert ln trapping
Iheir own delritus, and rhis appcars to be fa-
rourable to ericaceour dwad shrubs. It,nd"r/
borcalis nd cup lichens. Fruricose lichers
p.obably sutler from rhe liltef_ but this docs Dor
show up in ou nalerial becarse oursEliT-plors
are heavily trampted by renrdeer.

t .6 .  uetu la na,a L ichet les scrub (BlL)s,
Haapasaari 1988). Elrp?tnor nridnt

This communitt t\'pe was divided inro two
Inriants. assigned to dific.en! groups. As lhc
rnajonry of rhc plots represented thc typical
lariant. which \ras assigned 1() the Phyllodocc

Figs.  10a-b.  DCA scat tergrams (10a) and
TWINSPAN dendrog€ms (10b) lor lhe vegetation
data trom sLbareas 2 6 wirin the Belula-l,lyftilus
group. Letters in parentheses show the symbols ot
the communi ly  types in  Subapne Empetrum
lvlyftiilus type (sEMT)r v Deschampsia llexuosa
varlant, I vaccinilm vilis idaea varianl, . salix
glaLca varianti l subalpine Empetrum-L'chenes
Peurozirm lype (sELiPT); D subalpine Empetrum
Lichenes type (sELiT) :  a Belu la pubescens
Lichenes scrub lype (BpLiS)i Betula nana Lichenes
scrlb iype (BnLiS): ̂ Empelrum variant.

Hamet Ahti's Vacciniuin vids idaea variant. The
othcr rwo variants are characterized bl copiouj
abundance of Vacciliu"t uliginosunt alnd er
countered in sites $'ith snow accunularion. The
distinctlve feature ot Lhc Dcschampsia rarianr-
which is mainly eDcounteredon slopes. isconnanl
and fairly abundanl occurcnce of ,. /euiord.
The Salix glauca v:riant. encountcrcd in stony
depressions.  is  character ized by absence of
Vdccitimt ntttillus and thc co occurrence of
Salir sld!.a and xerophilous lichens (C"r?,ra
niraLis ard CLklnn s1ellatis).

Plols rcpresenting dre Deschampsia varianr
occur rr Hamet-Ani s (196:l: Appendix 6. plois
4, 2:l rnd lT) material, but not plots represendng
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Fig.  1 la b.  DCA scat lergrams ( l1a)  and
TWINSPAN dendrograms (11b) ror lhe vegelalion
daia lrom subareas 2-6 within the Phyllodoce'
lvyrlillus group.   Phyllodoce iype (PT) iypical
varlanli I arctic hemiarclic l,4yrtillus-Lichenes type
(al\,lLiT);. Plryllodoce type (PT): Empeirum variani;
v Belula nana Lichenes scrub (BnLiS): typical
varianl; arctic Empetrum-Vaccinium type (aEW): .
typcal and Cladjna vaiants, O Cetraria nivalis

1 0 0

1 t  b

Myrtillus group. lhis
discussed ;n scclion

community type lvill bc
VI.2.

2. Phyllodoce-Myrtillus group

For the mosl pan, this group coresponds to the
classical alliance Phyllodoco-Vaccinio rnynilli
and is classified in accordance with conventional
community type schemes- However, it also
enconpasses dwarf shrub heaths with low tre-
quencres and co\er  \a lue.  of  L , r f / / l / / ,s .  One
of the constilucnt communities - the arctic
Empetrum Vaccinium iype - could not be
identified with any previorsly described com-
munity type.

Plots assigned to this goup have relatively
low scores on the first DCA axis and tend to
concentrate to the cenlre of the second one. The
seven communi ty  types inc luded over lap

broadly in the ordination space defined by the
two firsi DCA axes (Appendix 2. Figs. 6, lla
and b).

2.1. Mossf Eetula natn scrub trpe (nBnS)

This community type. encountered only on
Ivggeg6;sat, roughly corrcsponds 1o Hrapa
saari s (1988) Betula nana-Pleurczium-Lichenes
scrub type, but is characterized by essentially
lower abundances of Pleuro.irn schreberi.
There are two vrriants: thc tiryerrrd vffirnt,
characlerized by relaively low cover ofB. ndnd,
copious abundance of E. hemaphrcdinm anl
a borom layer dominated by DiLranun J s,:e-
rc?ns, and the M]til&r variant, with aboutequrl
cover values of R ndn.r, E. he maphrotlitum atd
v. ryiillus and a bottom layer dominated by
$,loconinn splendens.
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2.2. Arctic MJ\liIIus Dictunu*Lichenes ^pe
(aMDiLiT. H,tapasaari 1988)

This comnunily 1ype, emerging out oi our
m,tterial from lvggegdisat. closcly resembles its
counterpart ir Haapasaari s (1988) records.
except rhat coler values of Vaccilliurl n!l1illus
are consisteDtly lower in our material.

2.3. Arctic M.\'ttillus-Dicranun \'pe ('dMDlT.

Haapasaari 1988)

In our materiNl. this community type. too, is
limiLed Lo Ivggegiisat. l! is reprcscnted by stands
where cover values of De s(hanesia fleiuosa ue
considerably higher than in Lhe majoriiy of
stands described b] Haapasaari. As the con
muDities wc \anpled sbo\\,ed signs ofhcavy 3nd
rccenr grazing by microLinc rodents. \re suspect
that the high cover values of D. leilosd ue
pdialiy transjent (see Ericson 1977. Oksanen
1990).

2.4. Betula tutli-Lichener .r.,1r' ^"e (BnLiS-

Haapasaari 1988)

As noted at i.6. abolc. the two \,ariants of this
connnunity type were assigncd lo difle.ert
groups: rhe typical one to the present group and
lhe Empetrum variant to the Bctula Vaccuium
group. The lnatu differcnce betrveen lhe variaDts
is higher abundance of eticaceous dwarf skubs
in thc Empetrum lariaDt. !hich wasencountered
chietly on Rnisduotrar Gubarea 2) and can be
regardcd as transitional tosrrds the mossy
Betula nana scrub type. Even in the typical
varimt, as represented in our material. cover
values of ericaccous dwan shrubs are consid
erably higher than in Haapasaari's matenal-

2.5. Atttic-heniurctic Mrrtillus-Lichen?s t\pe
(aMLiT. Hd,tpasxari 19881

This community type emerges fronr our matenal
as praclically idenLical to Haapasaa.i-s marcnd.
The only substantial differencc pcrtains to

abundance relatiorships between fruticose ll
clrens. Haapasaari described shnds dominated
by e;rh$ Cladnn sklldris ot StereocauLon tpp..
rvhereas in our material C -ir; and Srereo-
.ar,/o,? spp. occur as co dominanls.

2.6. Phrllodorc .l"e (PT. Haapasaari 1988)

This community tlpe energes lrom the nunlefl-
cal anxlysis as two variants, which do Dot cvcn
fbrn a s in-g le lubdiv is ion (F ig.  11b) .  The
Emperrum larianr cluslered wilh the arctic
hemiarctic Myrtillus Lichcncs tlpe. whereas the
typical lariam was paired wilh the Belula nana
Lichenes scrub typc. Nelenheless. the difier-
ence5 bctleen the tlvo variants are small and
rhe lo\r eigenlalues indicalc thrl all thre€
comnunity typcs forn a nore or less diffus€
conrinuum where mndom faclor! influcnce
di!isions.

ln  our  mdtenr . .  ooth t 'equen re : '1J r^ \ .  I
\a lue '  o l  Pht t lodo, . .oc4rp, ,  iJ(  -e la.  r \  e  )  lou.
\lhcrcas Enpetnn, hernaphrcdinon rnd Behla
r , , , r  Jre coniJembl \  n^re ab| |  rdr1r  l rJn i r
the communi t ies inc luded in Haapalaar i  s

,  t  4h t t ,  l r l ic t r tn t - \d, .1anr . ,  ^1, .  JFVT)

A  l r e e  n u m b e f  o l  . a r n f l e p l o .  I r . n . u 1 l i 1 e , l d
a n d  ' u b c o n r i n e n r r l  J r e 2 .  $ e r e  t o  r e d  n r o  r
\ 'ummunir )  rvpe re 'embl ing rhe l i ! 'hr I  c '
lingonberry (v.i.crrnrn |i/ir idd€a) corninunit]'
( l lechrenr f : ,hc Prer . .e beer-Ge.el lschrh,  d"
\cr ibed b)  ThJnnher.er , lo  < '  T\ .  l^w.  bLr l
conr i | luou,  i i .U l : r )e and rhe oc.rnen.e ! i
lvind hardy lichens creates affinirics Lo Ilaapa
c a a t l  \  \ l o q 8 '  a ' ( r i r  f  n p e . f u . n - D i . . : n r m
Lichcnes rype. Ho{evef. lt?rda 'dna and
\ ,h i r i tu  t i t t '  r /4 ,4.  $hi rh occl r .pr^el )  or .
Hrupr . rar i  '  p lor ' .  r re .o-dominanl '  i ,  JLI
malerial. Moreover, covcr values of lruticose
lichens rc several times higher in ou. plots
Tlvo plots included in Haapasaari's arctic
Empet.um Ceraria nivalis type (Haapasaari
la88:  Apendr\  l .  p lur '  < Jnd 12)  dolbr  e '  l )
represent thc aEVT as defined by us.
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D i r : l l o  l i .  l . : r l l ' .  a ? u t \ n  , t t r t t \  . n l

, l h " '  t ' t  ' \ '  g / u r d ' , .  . u (  p ' e  |  .  .  ' I
' l L , i r i r t t t , j t i \  i / . r , , , . . e e . .  t 0 : ,  |  |  o l

co\ef \alues of d$fff shrub\ crcccds 50%.

I lrctostaphrlos group

Thc communir) :.oup consists of lbur corven
r i o , r l  c n n m  I  r ,  r . f . .  -  |  |  r .  r h e
. \ r ( , u n r p h \ l n . - \  < r . o r  x  . \ p e  . I  i .  I  h
l - . , n , { . ' 1 ,  ' t r ' J  i r  t r r \ i . u .  r o r l  . e J . n !  v r l l
rh< l re l rh \e:< l  ion o l  r . r . \ r  n  f ,  ,a .  .  ,J

r h ,  , \ .  . . 1  . n i . , . r  I n  |  |  r \  r t ' < .  J l  D  l r l
O c T '  r r (  \ r l l  d .  i l r r i . , r e J . l . i o  r l J  , t ,

i ' : t l  i  J r J . ,  i r L J : n  l J \ r ' , r J l h r \ r n - . '  n o r r
e\Gme posirion rlong bolh axes {scc llso Fig
r , /  T l .  J  . r i \ L r  u  I  u l  l h (  c n n  r , ( r  . 1 1  o  I  r  I
r r i e  i r  r l .  ^ r J i  ' . | | i ' i  | l  . 1  .  | . r .  J | I L  (

' l - i j  l ; ) ,  \ \ i r  I  r ( . J f d  . o  l (  f r  r 1 , . .  |  |
Loisclcu.ia and A.cL(\taph!los Alectofia types.
the o\er lappi rg d is t r ibu l jon is  eas!  Io  u dcr
nand. BoLh tlpc\ rr. cqrall\ .hionophobous
bur Nhile the lofmeris festicled to rocky lcrr.rin.
Lhc IxLLcr i\ .ncountcrcd on gl.rcifluvial teraces
lAppendi \  -1.  F iS.  6.  l l r  rnd b) .

a I Aktit E,W(trrrtDi.nnran Lithenes ^t)t
(aEDiLiT. Itnapas.ra.i 19881

The dislribution of this conrmuDirv t!|'e iD oul
maleri l is feslicted to lvggegiisal {subrrca l).
Inc luding ! t rongl )  ch ionophobous heaths.  as
r d i . 1 r ( , 1  b i . '  \ ,  i r  . . . , l  r .  i i l

Lois.I.urid pro. u,tb. tLt ,!r d wind'hardy lichens.
iI ii so e(h:u norc nrclusi\c Lh.rn Lhe .oun,
r .Tar t  in  Hxapxsard-s (19381 nutedal .

3.1.o.ludeLltut ^7," (OcT. HlrpasMri l98ll)

Ou. nr.ucrirlrcprcs.nt! a !lrilnt in $hich covef
\alue! and tlequencies ol Cu\\bpe tetdgond
trntl Diapersn laptntti.a da higher and coler
\ lLres of loir.1.uni p,z,.rrrl,drr are lowcf rh!n
in Haapasarri s drtr The di\creta[cy pfobabl]-
rellects nhiludinal dillerences benleen thc two

200 40c

E L T

F 9 .  1 2 a - b .  D C A  s c a t t e r g r a m s  ( r 2 a )  a n d
TWINSPAN dendrograms (r2b) lor lhe vegetalion
dala ifom sobareas 2 6 withi. lhe Arcloslaphylos
groLrp Letlers in pare.theses show lhe synbols of
the conrrnunty types I Empetrum'Cetraria nvalis
type (ECnT)i -l Empetrum Loseleuria type (ELT)|
i) Arctoslaphyos Aeclo.a lype (AAT)

The conrmuni tv  rype emer3er as rhree \a | i
ar)ts (Clrklrd, tr-pical and C.t?r'tu nnaliJ).
rvh ich range f rom s l i -qhl l I  to  moderale l l
chionopbobous and thus f(rm a liDk bct$ccD
ihe arctic henliarctic \l)rtillus'Lichenes tlpe
and dcllatn)n heath\.
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3.3. Dnpetrun Cena] irl nivlis 47c (ECnT.

Haapasa i 1988)

ThecommuDity type emerging from our marcri31
. ,  p ' z  i c a l l )  r d e n l i , J l  s i l h  l h e  c o u n r e r p a n .
described by Kalliola (19:19; his Empetrurn
C e t r z r i a  r M l r s  ' u f i a r ' o n '  a  d  H r r p a . a a r i

\ '488 H, ,$. \  ( r .  ouf  mr 'cr id '  inc lude\  r  ercrrer

nLmb, I  o  C/ndr4o ic l '  p lor \ .  ind icar ine d i l le l
ences in thedisdbution ofsampling effon along

.he Lo|ogrdphrc gruJn r r .  fwl i \SPA\ d i \ ' ide i l
the communily lype into sevcral variants or

,are. .  br  J .  rhe d i l leren,  c \  dpDeaieJ \mr l l  dnd
{c? dr . . rcL l r  In  i r rerpre. .  l ' re .c : re nol  pre.enrcd

epr: .1)  in  qoperrd i \  1 .  The ' r ronl l l  I rJnpled
stands along fie reindeer fcnce are presenrcd

as a separate stage. chrac(enzed by loq coYer
values of almost all planls-

3.4. Ripetrunl Loiseleutia ipe (ELT)

l l  e  co .mur ' t )  t lpe cJrr  l - .  eearaed a\  iJrn l ica l
q i r l '  K a l l r o l d .  \ ' o r 4 )  l r c h e n  r i , h  D r d p e n . i r
Loisleuda E]npetrrlm socialion- ln our mrEnal

r  re c .mn unrr)  l ) tc  r \  ndrn l )  re | | . . fnred bI  le \ \
'  r r ' e m e  d e f l : l r o r  . r t e .  z .  r e l l e c l e d  i n  l h c

considcrably higher cover \alues of l;chens and
l^ue- co\er \:1u., o. D;ape\n lippt,ti.a tnd

L. tn land Io.  "hbp| : .  
Haapa' l l ' i  ,1988) de-

scribes coresponding sites. but does not gilc a

IJr l .  for  rhe col  muF l )  . )pe enc"unrcred rher l

3.5. Arctoslaph,"los Alecto,/4 ^l,e (AAT)

l \ i '  ' o n m r n r )  r ) p e .  $ h r c h  J , ' c .  n o r  h ] \ e
o b r r o u .  c n u r r e r p a j  \  r r  t h e  c l a \ . i r i f r r i o
. . h . 1 1 e .  o .  K z l l i u l r  ! l u J q r  r , r  H a a p a s a a r i

\ lJ88l  r l ,o  encomp.. \ ' '  l i ,  hen- f ich \c l . rauo

ul  c \ l remel)  c l - ionophobou\ . i r . \ '  I l  is  charuc
l e  . / e d  \ )  l - : r  L n g  r s i : .  o l  A l r t o ' t a P h t l u ,
a lpt ro.  Ltupctru l r  1 ,c 'nrphtodt t rn and
Vucci  iun u l is inasuk? in lermingled wi th

Ate,  tn t tu ,pp .  8 t \n,  r ' t tor  d i t? tpptr  ard
a.  

" ,  n  r ,n t i , .Co| l t te , t r r r \  o .  rhr .  communi l .
hare been descibcd by Neal and Kershaw
( 1973 i  lhc i r  Cladi ra rangi f t r ina 'Alecrona
o(hr^ leuca- \  acc I  ium u ' rgrno 'um a\ \oc iar io l | )

from the Canadian low arctic tundra and by
Nordhagen (1943: his Vaccinium uliginosum
Ateclor ia  ochroleuca sociat ion)  f rom the
Sikilsdalcn area in the rain shadow created by
thc Jorunheimen mountains ofsouthem NoNay.

Diagnostic characteristics: Disconliruous h
chcn cover. dominated by Cetmrid nirulis.
Constanr presence of Srhaercphorus Slohosus
Alecto,ia n*rica6 ?Jid b\ocallon .liergens,
pulchy f ic ld  la Ier .  comF. id o , rx i l inr  lJ  '  . l

Arctunqblos alpiua. BetLla tld a, Enpenon
hentqhrcdinon aft vaccinn"t tliginosrn
virtual absence of Diapersia lapponica ^nd
Lo i s e I e u tia ptodnn ben s -

4. Betula nana grorp

The Betula nana group is difficuh to fii inlo
fte traditional scheme of chionophilous and
chionophobous heaths bccause the irdicaton (r1

chlonophob, 'u .  condl . ro. r .  I  P. !  C?t  nt  t  t  t t ; \ .1 ; '  I

and chionophilous conditions (e.g. vdctint,,
, / \? , i / / i r \ j  fo  occ l r .  More '^ .  .  l1e donxnJl  r ;

ta\! \.8?trt4 hn n. (l4tl o op. unLl \'|P,/

. , / r /ur  \pp,  h i \e  broad rmpl : ruJc '  wi rh rega r
ro \no$ co\cr .  f terc u 'c  I$o ,omnrLni . )  l l fJ
i n  ' h e  B e l u h  n r n , ,  g r o u p :  r h e  B ' ' u h  n a n r -
Cladina typc ,nd the Betula nana Stereocauloi
r l p e  r A p p e n d i \ . + .  f r g .  . r r  r J  h i  T n  r h (

ord inJr ion \p ice '  I  r !  lJ  l l 'e  Berul r  1 .1"
Cladina type obtains a neutral position, whereas
rhe Berul !  nzna S'ereocaulo l  r \pe emer:e\  . .
$1Jkl ]  chro lophi luu ' .  Ho\e\er .  r l - . , l i t la-ence
is small and thc rwo types olerlap broadly along
both ahirudiml and topographic axes.

4.1. Betula nana Clrklittd rye (BnClT)

Thr '  communir )  rvpe cone'pJ1J.  ro Lr l l ro lJ .
( lor ' ) )  Berula nanl  lT | . l f t ,m CladinJ J - . .  r i
\.crnrron rnd ru\f F \ d!r JJer. rn hr tscfl ) 

-ollints

tundrr  hnd'cape o l  rnre iur  F i rn nar l  A '  n" l .d
hy Kal l ro, r  lhe J.af  br i r l  co\er  i '  ne 'er  rJ l l

enough ro wanant the tcrm tcrubland .
S r \  s u b l l p e .  { e r e  d r s r n g u i . h d  { i r l i r r  r h e

Berul r  nana Cladina r ) | .  fouro l  .hel  . r r  \e

interpreled as stages since lhe difierences in
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Fg.  l3a b.  DCA scal iergrams (13a) and
Tw NSPAN dendrograms (13b) ror the vegelalion
data from subareas 2-6 wtin the Betula nana group. r,J:

p 1 6 . .  n p a r 6 . h 6 r p  . - o $  h -  y 4 b o . o  h - c o n
ru- y lypes in lle o did io. 'ig- es Be uld nan"
Clad  na  type  (BnCT) :  r  nont rampled  (C lad ina l
' d g p  . C . l o l d q o  l r  d p p o n i d C l d d o n d  J n c d l i -
s tage,  V  C ladon ia  cocc le ra  Po ly l r i chLrm hyper  :a l
b o r 4 - n  s l a q e  a  C e  . r i a  _ i v d l i (  r a r i a _ .  a
Slereocaulon variant: L) Beiula nana-Slereocaulon
type (BnST).

i '1'-'.- ""i*d,'
-.

zai

l : c

1 3  b

2 a a , i l

\ " J e r  . r ' u  |  ' r e  .  i p  . r l )  r e l  r - d  .  r e r r d e e r  !  r /  l .
Two are tbund on opposire sides of fie reindeer
.erce or . I  J^crd ro ! r  1  rc  Jre r . . ,  .  non-  nrnrp led
\Claduld) antl l mplcd (gr:rminoid) sL,tgcs.
Nor i . (  h . r  p or ,  .d  rp ed Jro1,  r l 'o . (  p . r l ,  o l
lhe sunmer rangc whcrc rrampling had nol been
o\erly inte si!e. are grouped with lhc Cladina
stage, apparentl) due to ihe lack of positi\e
r r rnpl i ig  ind icator ! .  Thus.  f tc  mcan co\cr
lalues ol lichens reported lbr the Cladina sta-qe
.  .  , . 1 , , 1 i ' . 1 .  l ^ ' .  , . r , f , , r ,  I n O \ ' J n . r ' l o T P ) .
A third siage is tound in ireas used duflng spring
. r , l  f r l l  ,  ;  r u r  .  s h p l  r r , ' p l i r ' "  : .  l e . .
n r . r ' . .  T I e  , . 1 . - r  . r ? ( r  i  o s  . , n ' l  . p : r  .

bu! felatively continuous This communili $€
r . ,  L \ .  . r l : r _ , d q r o  ,  .  . , p p o r  i c : r  . l . r J ' n i , l

uncia l is  s iage.  On the Finnish s ide,  $here
. o , r i  r e , r . ,  u r d r .  . , r e d ,  \ : \ -  l o r r  b e e n . , r t
jected to rntense summef gmzrng and traDplrns

Ihe lichen carpet has suftered sdll mor.. Thc
\a lue!  of  re indeer i ichens afe

roughl) similar to those ol rhc Crhmrgroltil
lapponica-Cladonia unciaiis smge, but the indi
\iduals arc c\trcmcly small (turely taller than
I cn . and cup lichens. e.s. Cktk,tiu.rc.tf.ftt,
arc .c lat i \e l )  abundant .  F?. i / r .d  , f tLr  and
especially tolr1r;.r!', h\?e rba rc u1t rbontl.
we call rhi! subt]pe dre Cladonia coccifera-
Poll'Inchun hlperbo.eurn stage. Thc nnnmcr
grazed lichen headrs of NoNny are probably
conYcrging to{,rlds Lhis n.tgc.

Two of rhe subtypes are recog ized as
\arirnts sinc. rhere is no obliou,i .rssociation
\nh diftereol qpes of rei decr grxring. Onc,
thc Cctraria nilali!; !a.iant, is found on slightl)
!r|rd exposed snes and rcpr.scnis a rmsitid l
communit) betrveen the Betula nana-Cladira
ard Empetrrm Cerrar i r  n iva l is  L lpcs.  Thc
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S.ereocau.on \unar ' r .  i1 tum. occupre\  cr res wr l l
. m J l l . , c r ' o n d l l y  w a r e r - l o g : e d  d e p r e \ . i o n :
where rhe l rchen co\e '  i \  hcr \ i ly  Jomindred b)
S!.t.o, autnn ra,. l,alp. Both !drjanl\ occur r\
rcgular  ron\Uruenr.  o l  lhe communi ' \  comple\
of  le \e l  uprnd,  where f iocr-heaving crer te\
small scale topographic variation.

DizBnu' r 'c  c l 'dr  acrer in ic ' :  Discorr inuou\
l iF lo la ler .  dominared ht  B ' tu la haha.  which
is not laller ftan 30 cm. The co\et of Vacci'linn
nrrr r , \  \  e \ \  ,han I0 ' ; .  .hool \  \mr l l  11 r

cmrand rormr l l )  cmbcdJed in rhe l ichen coler .
domirr l .d  b)  ChJntd ,pp. .  unle\ \  lhe \ i rc  i \
subjected to iDtense trampling by reindeer.

4.2. Betula nana-Steftocirlox Dpe (BnST)

The sparsc occurrence of Enpetrunt hemu

I htattrttu xnd Vo-.inmh n\11tllu' di'linpuish
In is  comrnLnir )  r )pc f rom i r .  c lo 'es l  de 'cr ibed
roLrrerpdn\ :  rhe tmperrurn M\ | | i l lu '  srereo-
caulon .u,  iJ ' inn of  Kal l io la ( lo lq)  a j rd rhr
Sre, .u. rd lo, tsdom,nareJ na4d\  inc luded in rhe
a r L L i (  h e r . i r r ( r r c  V l r | | l l u s - L r c h e n e s  r l p e  u "
Haapasaar i  (  1988).  The ovcr lvhelminsly
domirating v,tsculrr phnt is Bet la na a.

t } le  r \pe r .  sp l l  Inro r$o \ur idr \ .  Onc.  ro
oe cd. led lhe rypi ,  r l  \ r izn l .  i \  dn a lmocr pure
dqiJf . l . -ub- l rcnen healh,  $herer \  rhc , , thcr ,  ro
oe cJ l led rhe Fc 'JcJ o\ ind var ianr .  i ,  rnore
grdm nord nch and \omeqhar 'n , 'q  hc, l  l ike i r
r . .  5pecie.  compo, i r ion Our progrdm pooled
plots occurring on differeDt sides ofthe rc;ndcer
rence.  ugge{rng rhul  rhe rommunr lv  rs  Indr l -
Ierer ' r  Iu  ,Lnmer gr ] ,? ing dnd re lat i \e l )  inren\e
rarprrng.  Howe\ef .  rhe n 'u\ l  I r rmpled s i le .
a lonr  rht '  rcrndeer renre are p.acr ica l ly  l ichen
f tee and .ome$haL i icher  in  grrminoid.  dnd are
thus disLinguished as the graminoid stage.

Draqnoqrr learure. lhe !'nl) reliJblc chara(
ler is t ic  d i f fercnt ia l ing the Betu la nana
Srereocaulon type from ihe Betula nana Cladina
type is the prevdence of Sretzocaulon spp- Snow
bed pidnl. ,aJrridp, hlpaoidc'. Dtphasn:hw
dlpinun. Sala hetbacea), g minoids (especially
D. . , l ,anr , i r  11,  \ tusat  and heth '  tHipru.nnt
o lp inua n Tn.ntat ts  putopic" \  arc mote
frequent on Betula nana-Stereocaulon typc-

5. Juncus irilid s-Salix herbacea $oup

Conespondence between rhc six lypes our Juncus
tr;fidus Salix herbacea connunity group. en'
compassing early and moderale snow bcds, and
t.aditional calegories was far fiom peffect.
Moreover- the boundaries of the communily
goups generated by the numerical analysis had
to be revised in order to crcate a consislenl
classification scheme for both suboceanic and
continenral-subcontinental snow bed vegctation.

Tbe two suboceanic comnunity types (the
Juncus rifidus-Deschampsia flexuosa type and the
Salix herbacea Cassiope hypnoides lype) sepa-
raled along lhe firsl DCA axis (Fig. 6). Among
the condncntal subcontinenral conmunity types.
fte Solidago-Deschampsia flexuosa type obritins
an extreme posidon along the topographic axis
(which apparendy also reflecls moisture). whercas
the remainjng ones overlap broadly on the iwo
first DCA axes. This is natural. as the pre-
dominance of J,fnclr ti|idus nl Cladina nitis
;s associated $i th wel l -drained sandy soi ls.
ehercas Deschanpsia lenbsa znd Stercocaulon
spp. prevail on heavy soils at the sane altitudes
and under similar topog.aph;c condirions (Ap
pendix 5. Fig- 6, l4a and b).

5.1. Juncus ttilidus-Des.hampsia trtle (IrDff)

This communiry !ype. based on matcrial from
Ivggegiisat (subarea i), can be regarded as a
gass heath dominated by Deschanrysiallexuos,l
and Jutlcus ttilidus.ln rhe numerical trealment,
ir was assiened Io a Sroup tbat othenvjse consists
of dwarf shrub healhs, bur it has clerJ coun
crprns in the group of snow-bed communities
which emerged fron coresponding treamenl of
comincntal and subcontirental vegetation (sub
areas 2-6). Snowbeds $signed to the Juncus
trifidus Deschampsia flexuosa type are more
xerophrlous than any of the snow beds des.nbed
by Gjerevoll (1956). The composition of the
field layer resembles Dahl's (1957) Chiono
Juncetum trifidi, bnr Va(innn ,itis-idnea is
missing and the ground layer is moss-dominated.
In Nordhagen's (1928) Sylene material, one
finds a mesic sno\r-bed with Anthoxanthun
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. . 1 .  t a , n , . .  D , s 1 , . " , , p . ; "  / / ,  \ " , . . , , a  d  I n o , . a  d
.  r  u  ,  r .  u p h i l , ' u ,  , r u s  h c J  $  l ,  J a a . x .
, rr./rJ aod lichens. but |oI an inlermediale one
|  $ u u  J  . u  F . l . . {  J  r . '  r l e  1 r r . , ,  . n o s  b e d .
ol Ilggegriisal.

D 'J ! ru. r i .  eJ t .e  F ie la l ! 'e i  r '  donurJei l
' t  D . , t . r . {  ' r . ,  I .  \ *  ,n .  . t  ' \  r \  t t th . l \ .  ,n-
t t l t )  t , ' 1  , \ . J  1 . , . r i , , / " r ,  x , , r / i / r , r  o . , u r ,
l ipq,re I  I .  o l len .  \e ,  d d .o doni  , r1, .  P,  A
gonrnt \:n)il)ut11 i\ a constart of the field la)er
B  , I . r ,  1 , , ) .  i .  J ^ 1  J r , J  h \  I t ,  ' , / a " , . .

5.2. Sali\ herha.ed Cdssiap. lt\l,toi.les ^1,'
(shchT)

T r '  c o m . r  r  i \  . J p e .  r o o .  . .  r h d r i c . e n , ? r d  b \
I  e e  r e n  

" ( .  
i , e  ( e  u f  e r e . r  d $ r i  ' l i r u b  l | r

J  . .  i r ) g  r e  : r r i ' . l t  u r  9  : r u \ i r !  . c . r . n , .

H o $ e \ e r .  . J . l . I !  n ^ $  h e d  p h r r .  r , ; r { ,  1 , ,
h\tnaiLle\ aJ]l Sdli\ hefidtea) prelail. Co\cr
. J r - . .  l r J l r l o ' d .  F  l c s  l h e . o , ' r  , L r . l r r \
hx 'orne .ornrron lextLrre '  \ \ i lh  Kxl l io lJ .

. " . \ r ,  l  ] .  ' p " d i u r  I  r l f | | r L n '  s . l i d r ; o  D e . -
ch.rnpsia fleiuosa sociarion (cspcciail) his plors
1  . , n d  \ .  b J r  d i . r i  r ! r  i . h e d  l - \  I . , c l ,  o l
D t 1 . . ' t n . \ r " a l p  ' , ,  t '  r . t \ n  |  \ . . t ' . ' 1 " r "
atrt?&,?) and lo\l cover of Sdilaso rirsauka

L r i . l : r * l i .  i . l l l . .  . . , a t t \  1 , l n ,  t  . ' h '
d o l  l i n J . . n !  \ r , . r l i r  p ) x t . t .  l r l ,  r , r , t  l t ;

/ ' . . 4 r '  i  . ,  r ' r ' 1 r  .  r J  r ' .  J J r , , t '  l l  J h L n J : r r .
Cdssbre h\t toides is locall) aburdanl. erecr
. l $ -  . '  L h .  r '  t  t  " r t  t " r ' , t ,  t , i i r l ' t \  i ,
, r \ ' .  r l  T h c  \ " t r u  n  l .  t c r  J o a  1 , r l ( J  \ i
l t .  t , t \ . . \  t t , . .  , . \ ,  r C . p e . i e . .  8 . , , / t / . ,

tiho.ia sobgctlls Ortho.aulis.

\  I  / ' , ,  J , . , , , / , . r  t ! . . , n o . , ,  \ t r ,  u r , h , l  " t  t , t \
(DfsT)

l l r . . " ' ,  ' r ' i  ) l r ' $ l ' L \ L  \ i u L . , u n p T  r \
I  p ,  b , . :  io  r ,  \ r  os l  ro u. .  i  . l  ardcre- i /eJ bt
.  . 1 r ' . e  t r e d  l r r "  u  t l  r o r  b e J  i ' , d r . J r o r .
(  9 . 4 ,  .  ; , ' / ,  1 , ' f ,  r , , 1  - D  , t " , t ' , t ' , , , 1 1 , , t " " t
.L l  \ , ,1 , .  1 ,  ,1 . "  .  ,  Jr  J  

"  
, 'u  , ,1  lJ \e , lor i ' .

n : r . e d  b )  S r , , r  r 1 l r r  . p p .  \ l  p l o .  a . , : r ( d
to th i !  co 'n 'nuni t , r  t lpe se.e sanrpled on

' j ;  ' r "
..-P-'-
.ig\.

F i g  l r a  b  D C  A  s c .  e ' q r r n  (  (  r d )  o  o
TWINSPAN dendfograms (14b) ior the vegetalon
da'd i  o t r  : -b" ,eas 2 b w h in r l re  Jrn--s . ,  hd, :
Salix herbacea group Letters in parenlheses show
lhe symbols oi the community lypes Deschampsia
npruo.as- ,Fo dulo_ ype(D'ST) v lyp i  d ' "  

"  
r .

I  c a c " i o p p  h y p  o i d e ,  r "  
" n l  J r - r ' .  r ' d  r . .

Cddina n i r i<  ipe (JCTT) ^  r ,p .d . "  d  )
S ereocaulo_ va i " . r .  a  f - loer 'LT / "  L- . :So d"go
Deschampsia lype (SoDfT):. Rubus chamaemorls

I  J l ; J u , , r r J r  I \ u  \ - ,  - n .  r e r e d i . i , ! r i J e . l
i r e  ! p i c J l  \ . , n . , r  $ i . \  e l , , r i . F l r  l i t l  . l r .

dNDcc! oi D?r./ir,,?ttu ll? oso. DitftDiu,1

.lus.es.os and Dtpllestt'tttri dlpnuut, antl rhe
c! \ \ iope \J |Jn s l<"e D/"  / . , " ,J f 'a ,  - t l , ,  ' . .
i '  l J s "  J h l a J , l n r .  \ t  ( n  , t n t ?  h . t i o . . l , '  r
, u j o r  . o n , r i  ,  e n ,  o l  r h <  , p J ^ .  \ : i  . , l r  t l , , n l

c o r c .  r n J  r h .  e r , \ r r d  l r . r ' r  i .  . r i l l  l u  p  h e . . i l r

Di rpno{  ,  f . rL  .  , .  f r ,  q . r  r  , .  rJ  . " re
\ r l J e .  ̂ l  : m n r . n o r n .  . I r l  r , , / r r  / , . , / ' . r  - .  . I .
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essentially highcr (>107.) than in the oftcnvise
sinilar Berula nana-Stereocaulon rype. Beh a
,rra is constantly prcsent with coler values of
)  . \ .  Thc t ied la)er r .  .par,e ra, l  the bonol
layer dominared by Stereocdulon spp. and
Dicranukl furcescens.

< 4 .  .1u , "  r :  t , ' l d t ' \  t  tad \ ta  L t i t t :  I \p ,  r l l cmT)

This conrmunity iype has affinities 1o Dahl s

\ l05_r  ahrono Jur ' .crunr  r r i l  d i .  In  corr l rd\ l  I ' t
r . re  t re\ :ur ,  )pe.  rhe borrorn l r le '  i .  Jom;nared
hl  a/" , / r r "  r , i / l .  anJ rhc dominar ing gmrninoid

"  
J , ' r ,  u . '  r ! ,du, .  indrat 'ng ber ler  L lminJge.  Thi

program distiDguishcd 1wo vanants: the typ;cal
\ r r ian r . .har ,nre-r , /eo b)  re la l i \e l )  Jhundinr
!c. Lnrrce ol D,p/l{7rid./mrt alrtrrr and Sali.t
herhacen, whlle thc Stereocaulon varianl. is
chIJJ t '  : / .J  oy r 'ch occunenfc of  -Sr" / / - -
ca,lo'. The majodty of thc plots representing
he i r . r  \ , , r i , r r ,  $ere sampied , 'n  Ri jsduorrar

5.5. Empetrunl-Srcrcocau1on 4"e (EST)

AL,  urd rg ro rhe n rmer icJ l  rnr ly .es.  rh ic  corn-
munity rype is closely associated with thc
5t( t , .caulor  \ananr ot  Lhe Juncu'  'n f idus-
Chdrna Dpe r \ee Fig.  l4br .  Ho$ever. lhe f ie l i l
layer is heavily dominated by t"?perr"D
hermaphtoditu"t. vaccDriun ritis- iaea ^nd v.
n) , / i /4 , r  u . .  L  s  r l 'hrpn t .eqLelc ier  rnJ local l )
.  \ .1  a.  co-oonunanLs Thu. ,  there are af f in i l ie .
r o  K a l . i o , J .  I  l q : q  )  f m p e , r u m - M ) ' r i l l u :
s l e ' c , r c r J l o  r  , o c r a r i o n .  T h c  E m p e l r u m -
srereo(dulon r )pe r l \ ,  hdbour.  orher  \pecics

that are rare on snow-beds (c.9. Linnae
borealis, Junip.rus cod'?,'ir). Except tbr
moderate co!er values of De s c harlp s i a fl e\uo s a -
\ r . !v  bed p lanr .  onl )  r rccur  In race amounl \ .
l h e  b o r r o r l  r z ) c r  r '  n o r m a l l )  d u m i n r l c d  b
\L ha,  at t tn4 .pp.  I  he ecoiup)  o l  rhe commL-
nrr)  . )pe na.  been ' rJd ied b l  Kyl lonen I  lo8R)
and Eurola er al. (1982).

D dgnonic er 'urc ' .  1he . re ld la ler  r '  d , ,m
narer  b)  8, , , " / / , , ' /  hPtnapl todt tur t .  D" : '
, h"t,tplir Jl"^uo'a va.,uttu rt\ttillu\ zTl \'
u , r ;L /dd.d }c  moderdre l )  aDundanr Thc borrom

ldyer ls dominrled bt Stprcr, '"'lon ,pp. an

i . ( , .  Sol td, tsr -D": .hantp ' to  lc , ro 'n t , t .
(SoDlT)

l h r s , n o $  h e d  r \ p e  i \  c h d r d L r e r i / e d  b )  J
grarninoid-nch field layer. Its closcst prcviousl)
descr ibed counrc '?dr  af te iJ \  ro be Kr l l io l r ' '
(1939) Lycopodiun a lp inun-Sol idago De!
chmpra soclar lon Ho$e\p.  D, tha ' t . , , tn

d/"n,d, t r  i ,  Jb{n '  ' rom our  p lo.  .  and con
\ c B e l y .  R t t b t ^  '  l r m a . n o , r \  $ \ : , h r h , u n d . i n
our  maler i r l .  i .  rb \cn '  f ron Kdl  io  J- .  p lot  We
propo\e rhar  rhe n ime SulrJrg^ Dc .hdnp. i i
r lpe could be u\eJ ior  .urh modera.e l ,  : ra ' .
and herb rich early srow-beds. Kalliola's ma
renal could be refened to as the Diphasiastrum
alpinum va.ianl ,nd lhe subtype represented by
our plots fte Rubus chamaemorus vinrnt.

Dr l !nu,r i '  icarure ' .  Sno$-bed gramirc id.

lcarc\ btuinescens. C. lachenalii rnd Des
ch.i'1psia fle\uosa) are frequent and fairl)
.hundan, .  Droad- le3!ed he h '  (Rrn.  n,z ,n:"
and Solidago riryauea, sometimes also R,r&s
chamaetnonts) form a constant constituent of
lhe community. The bottom liryer is dominared
by Dicranun and (ra"/a spp.

6. Juncus (ri{idus-Ca\siope terragona group

On( o l  rhe communrt )  r )pe '  ! ' f  r l i '  goup i
easily identified as a norrhem counterpart of
Juncion trifidi Scandinavicum. Also the remain
ine d l ree qpe.  repre.enr  f  iJd lc  or^ : rcr ic  \ea. \5
They hrtc no previously d€scribed counlerya(!
known to u,  ln  lhe nLmei , : r l  I  e , , lnenl  of rh(
suboceanic malerial. this community gfoup did
nor emerge in a nalural $,ayr rhe Srlix herbacea
Ochrolechia type 'v assigned io the Luzula

The r$o,ubocerni .  cnm.r 'uni rv  rype'  uere

differenliarcd along the first DCA axis (Fig. 6),
while rhe distdbution of thc continental-subcon
tinental community typ€s overlapped broadly
alon!  borh mair  DCA z\c '  lApper, l i {  6 .  f ig '
6. l5a and b).
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6.1 .luncus ltiJ?dus Cdstiopc tetrugoia t)?.
(JtCtT)

This connnunity tlpe. which lve encounlc.cd
.  ' , 1 )  o , r  R r i . d L ,  I J r  i .  . ' m  r .  r , ,  \ , { d l r r 9 ( , r  s

l o - q )  l r n . u .  r , r , L J ,  c e l r s f r r  r . l , r r J . ,  r
r  r d o | l i d  . \ l ! o , ' .  d  . o - r J r , o n .  . \ . c f r  r h J r  a , s
aJ ' tn tp . , , t ,11c, , tJ  m, ,Jcr . , ler \  dbunJJr l
Three ' r  Dr \  D. .  q .  e dr \ rnnur \ l  \ 'J  h\  rhe nL
merical analysis: rhe Fcnuca olina larianr. rhe
T r i e r r . l i .  ' . r : J l l  d  t l r  (  J r e \  b r u , r n e \ c c n ,
I  i  1 l  l . r e
o \ o b . J  r r J  r  a \ e  h c  , , , , e , ,  p r e \ r u r , l \
dcscf ibed counlcrpaf ts  in  Sik i lsdalen.  rhe
f e  r r , a  . ' i , r - a e r a - J  n ' \ ' . 1 i .  . o c r  r o n  ! i
\ , r J r ' r 8 e r , r q t : , .  s t r e r e a .  r h e  t J , r  m , . n l i o n e o
\ . r  :  , r  ,  n , -e. . r .o  rophi lor ,  dr  d fe,embl . ,  'h .
r ' i J J l e  o f o d r c  h  L d r l . o l  S ] l e n r .  I l - e  F e , r u . d
o '  r . '  \  .  i : . r r  p - e \ a i l .  J  . o n r e $ l a r  l o $ . '  r l U -
tudes fian thc Trientalis varianr.

I r i  : n o " r c  l e . , r  ' .  ,  l h e  t r e t d  l r \ c r  : ,  J o n u -
nared by luncts hilidrs. alonc or together lvirh
co". t . t . , .  t . , r r1- ,n.  t .crua,  u\ i ,  a1J t  s(1t ; \
herbi.'ea. Thc botton layer is dominared b!
a  t r a r i  , . ' i r , r n i u , , ,  t  ' t ; . , t t t .  r n J l  . | l  I

6 .2.  Emtetrun Pht l lodoce Ale. to, id  t \ -pe
(EPAT)

Thls conmunity rype can be regardcd rr an
equivalenl of deflarion hearhs (AAT. ELT) of
l^v.  . r '  Uoe, .  H^f .  \p '  r  darp or^J. r i .  doe.
are so sLony drat they accumuiate sorne snoN or
rh,  r  l 'ecorne '  . \ .  ed b\  r :  u i i , l , , {e  rce r l
{  n l .  T l  L  .  g e n u  n J  J .  l  a  o n  n r r l . r . .  J , ,  r o

" | | n . ' l l )  d e \ c  , , t  l l . r e a o .  . \ ' r .  1 "  ' r d ! r  , , r . .
b p  . 1  J o n r i  r J  e J  \ \  1 1 1 r . . / , . /  a / q / r , , , , \ .
' ' {  ler i l - l  i  .  . r ' ,  ,  e  o '  e ,  b\  Cp, ,n, i , t  , ' , \ , ,1^
Thc dwad shrub colcr  is  parchr .  consisr ins
I  a . n  \  o t  F t1 -  t '  r d  t i t , t . t t . h t  o , 1 i t . , , . .  f l  t \  I  t . da ,  t

.a tlea and/ot Vac.itlitnn titis i.latu.
Diagnoltjc feaiures: This is the onl) conr

'nunrty type whcre Al.clotid nki.oli is ac
tuall] r doninant or at least a co dominant.
Lichens are clcarly dominadng. \rith \ascular
planls occuffjng patchwise. Graninoids occu.
sparsely if ar rll Ardost.tpli\lot alpina. Betula

1 5 a

; - "  . .

Fjg. 15a+. DCA scafiergrams (15a)and TW NSPAN
dendrograms ior (15b) the vegetarion data trom
subareas 2 6 within the JuncLs trii drs-Cassiope
retragona gfoup. Letters in parenlheses show the
symbols oi lhe community types in rhe ordination
f iqures.  Juncus t r  r rdus.cassrope tek.gona rvpe
(J lClT) :  v  Festuca ovrna varanr  a Care/
brunnescens var iani ,  I  Trentat is  varant i  .
Empetrum-Phyrlodoce,Alectoia lype (EPAT).

ndrd. Di.tp?nsi.t lappohicd a L.is.leuia
p ttt: u Dt De r s tre abse']r.

6 . 3 . 1 h e hefidced Enpetnn b*pe lshm)

h r l .e  l repe.J ,Jrnou,  drr , .  n idcte or .  , , , .  r i .
h tL l t \  t r i t i t l t :  er ! . .  heJrh.  l r1 l  ,  \ i ,  h .
concepr rs inrrpreted liberally. ,.n.rr lr,Jidat
rs prcscnt in the middle oroircric hearhs. bu
, { l \  $ r r h  n r ' J . n  l . e q , r e n . )  

"  
, r  d r d  n e . r ,

c o \ c '  t l  0  j  r .  I n , , ,  J J  r h (  m r J J l e  o  o r l  .
\er l r \  ch i , 'n , ,p ' robor .  r . ih  )pe rdef l . icu t - )
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l \e  nur . r r icJ l  anal ) ' r '  r .  charrcter i /eJ h)  ,c
Jom ndl.e ot Lne.ttun henql'ndrmu atd
Sdlir hetuacea in the field layer. rhile the
g - o u n d  l d l e r  r .  d o m i r z r e J  h \  D r n r r t .

/,\ "r-.nr 
-lJ O.hnt".hta spp. On a pwelr

r l^ r  {  c  or ' r . .  r tu .  .or  nuni l )  i '  nc\cnhele. .
rrrl-Jr Lo Lhe Crrc\ h urne'cen. vanant o[ lh<
Juncus trifidus-Cassiope tetragonr Lype and to
the Jrrc&J rrifd,s heads of Sylene (Nordhagen
lq. )8,  dnd Ro. ldane lDuhl  lo57) .  Thu\ .  rhe
comn unl )  seer l '  ru  bc a lon} lem and oceanic
. u  c r p a r r  o r  J u n c r o n  I n f i d r  s c u n d i n J \ n u m .

6.1. SnLi:. hefiacea Ochrolechia lt,e (ShOcT)

f t r . .  cornmunl l )  r ) I 'c  .n . ! ,unrerrd on nxddle
urudr , , r .  ' rdge heaJr ,  o l  l \gre: r i .ur .  i . .hr
J. re1, /ed b)  -ehr i re l )  abuldanl  o,cunence o l
\a1; . \  hcrba, ,a r^g.rher  wirh chionophobou'
.prc ic \ .  Th(  communrr ie.  a. \ i tneJ r ! '  i l  'cnJ lo
oe .pe.  ie .  r : ,  h  Jrd .  h incren/ed by \mal l - \c i le
variation in ecological conditions- Thc ground
is normally slont, and pronounced deflation
parches wirh bare gravel are rarely cncountered
Thus. the communily type can be regarded as
J . L h ^ c r r n i .  (  o u n r e r p d r r  o f  F m t c l r u m
Phyllodoce-Alectorja !pc.

Diu! lu . r i ,  fcarure. .  This  .or  nuni r t  ry tc
resembles the Ochrol{h;a ttpe encounlered at
loue r l  i rud. .  t \ee sectron J. . t . r .  bu l  i \  d i \ r in
g l r .hed t fonr  i r  h)  rerzr i \c l \  h igh ( .51)  co\er
yafues of Satu llerl)acea, low cover values of
Dnraan Jd: ,?r t rh rn l  t t rpct t ru l tp tLht
pr'?/n"r?, and absencc of Diapensia lapponica

n J  V d , . ' a ' \  a / i g i / r o  ' r / ,  C , ' n \ r r \ ' l \ .
e t . ' i r t r  l , )p tu idc, .  rc \ r : ,  r ,  J  I^  'nos 'bed.  a l
luser  r ' r i  udc. .  , .  l requenr const i ruenr .  ! \  rc
Cdssiope tetrdgona and Lu.ula cotifusd.

7. Luzula confusa group

v e ! e . d . r o n r l  p J l r p m '  i n  r h c  L u l u l a  c o n l u ' J
group r r ,  \o  d i f fu 'e  rhdr  rhe concet l  r ' l  !om
mul  ry  r )  pe mL\ t  be u-  d $ i rh cdur ion.  For  rhe
most pan. thc "conmunities assigned to lhis

Prorp r je  oL.  r i r )  \e j :crdr i^n f 'aomenr\  encour-
e f e d  o ,  r i J g c .  d 1 d  h i p h  a l , i . u d e  t l u r e a u \

chaJicren/ed b)  rnrense cryopenurbul iur  T ' r r
dr , r r ibutron o[  rhe LunmLqir ic \  J lo lg rhe r ]o
m r i n  D . A  i \ e s  b  b r o a d  d n d  d r l l u . e  ' l r g .  6
and I6) .  indrcr l in :  rhu '  rhc)  !  c  d ' r inp.r  'h .1
f tom ezrh nrhcr  in  a manne. ,one.ponding ro
nerrher  a l r rude nor  ropo!r :ph)  ,  \p | l1J i \  

- .

liigs. 6. l6a and b).

1. t .  L ! . r l t  'on lu:a Cet ,onn r t ta t t  t "pp
(LccnT)

wind-erpo.ed \ i re '  $ i rh ! ' i l  :  c  'uh jecr i , l  ro
\Nere cryorurbalon re.p.  Ior .nf l ron ot  f ro\ .  bor .
sur f rce\ ' .  f te  onl )  r r \ 'd l r r  p lanr  rhr  appeiJ,
ro be adapred ro cope $r$ rhe 'e cond' r ior .  .
Lr r la  .okt t \o  Tn ronracr  s i rh i r '  .hoor . .

Frches of  c / r ,x id a inr l i i  commonl)  oc(Lr  In
$e run $, i rh the I \ :gel i i ' - '  mrrcr iJr .  con.r l . l
n i r ie .  of  rh i '  krnd formed one cominunir )  r lp .
In rhe col lec \e herLh r rugmenr ! ruLp.  T l - ,
(ummunir )  i '  fur t } ler  .ubdiv ided in.o a \ f f i rn
wi lb  re lat ive ly  abundant  occurrencc o l
Ra.nut t r rur ,pp.  dnd r  prac, ica l l ,  nJked rsr i -
anl (The latterisfound in sites with morc inrcnst
.Dup. ' |urhf l ion) .  Tn rhe in la ld mJrer i r l .  rh .
compurerprogram generated a community simi
hr  to  lhe Ra,omit ' iLn \d idnr  o l  the I  Lr lu l .
c^nfusa Cer lna nr !a l rs  r )pe bu.  $ i rh losel
corer  \ i lue.  ' \ l  Rn,  rnt ,nrm pp.  . r ' ,ur ,
nrT,rord"J Gparse h lhe suboceanjc nateriall
i ,  a  i requen'  Jn, l  r , l r " \ r l \  dbundinr  ron ' r . .u(  r
in thc inland conmunity, \rhich we call the
C d . . r o p e  h l p n o i d e .  \ : r i J n l  " f  r l - e  I  |  / J l ,
confusa Cctrrria nivalis iype.

1.2. Ctssiope h)-pnoides-Juncus trilidls rjp.
(chJrT)

The irland nountains also hffbour another high
ahitude heaft community with copious occur-
rence of Cassiop? hrpnoidei. In Lhis communiry
fie cover lrhres of Celrario nitulis and L .uhl
,  d , rAa aJe re lar i \e l )  lo$ Jnd Ja" .  / / r / id"
is rhe chrficteristic graminoid. This type has
,jfiniies to the Luzuleto-Cesielum describcd by
Dahl(1957) from Rondane. exceptthat inDahl s
material fruicose lichens (especially Ccrla/td
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F g .  r 6 a - b .  D c A  s c a r r e r g r a m s  ( i 6 a )  a n d
TW NSPAN dendrograrns (16b) ior lhe vegelation
data from subareas 2-6lor h gh-atilude vegelalio.
Letters n parentheses showlhe syrnbolsollhe com
munily types in lhe ligures. a Saix poaris-Carex
bgeowi  lype (SpCbT) i    Ranunculus g lac ia l is '
Gymnomilrion type (RgGT): Cassiope hypnoides
varianti . Cassope telragona-Ranunculus glacialis
lype (CrFgT)iv Luzula coniusa'Celraia nivalis Vpe
(LcCnT): Cassiope lrypnodes varani; I Cassiope
hypnodes-Juncus l .d i ius type (ChJlT) :  !  Sal ix
herbacea Celraria nivaiis type (ShCnT); J Cassiope
le i ragona Cetrar ia n iva ls  type:  J  Vaccin ium-
Aecioria type (VAT).

.r. -'.
I r .--1-r. i-- i:.'Y,

; a * ,  . " :  .' ; . ! ; '  ' -

l 6 a

S h C n T c r c n T R q G T

d./irel) {.c much norc rbundanr and Cdirizr?
h,-pnoides is nruch less so.

1.3.  Lu:u lu t :o t l l  sx S. l t i . l tz ty  te iu is  t |p .
(LcSrT)

A heterogenou! communiLy Llpc conncctcd to
Lhc Luzula contusa group \r'as identilied rr lhe
matedal from lvggegiisat. Thc chNracLcrisLic
fcalure of  lh is  t )pe ls  the pre!a lence of
Pol|tt ichtet!||t s.xa g ltn' rnd AvunDtitrit j

spp. in the cryplogam cornponenl Ho$e!er. the
two most frequeni lascular plants t.r.ul.1

.1t ,1, , " t  t t  d  s . , , ,1 , . , \ , ,  , , , \ , ,1 , ,
bed species lhe oulstanding featufe of thi!
cornnLrnit] is fte lo$'coler oi:rll plantc. NIan)
plols ha.bourjusf one shoar af S1.tiJr.tgd k'nuis,
^ l  0 1 .  ' u i l  o l  l \  r t . t  , . r t l , ' . . '  L , ^ r .  . n  J \
at firsr Slance looks like ba.e gfarel.'fhe scantl
c.yptogan componenl nomally occurs n clos€
conlacl to rhe lascul plinl lt is thus a queslion
of  !  non communiq: ,  found in the mosl
e)itreme enlironmenls 1\ here i leraclions be
t(een plants are \eak due !o the combiration
of stessful condilions l]nd ph)sical dislLrrbance
(cf .  Mul ler  1952.  Sa\ i le  I960,  Komi l rkovi
l99l ) .

S p  C b T
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8. Cassiope tetragona-Vaccinium group

This community group consists of heath frag
ments on rocky ridses at high ,rldludes. The
vegetation of these fragmcnts may be locally
relatively closed so that the concept of com-
munity is appropiate. The differendation of the
community types along the c'o main DCA a{es
is Devertheless poor (Appcndix 8, Figs. l6a and

a. l .  Ca. , iopp tpt ruBa\r -Ra hul rs  q l i t i  i :

4re (CrRgT)

Tl- i .  ,omn unl )  r )pe rncompd\ .e\  hei rh i r rJ ,
m e n r .  e I o r u r n l F r F d  d l  h i : h  a l l i l u d e .  o l
Rai .Ju^Iar  dno l r ! !eg: j i ' r r .  The dominur ing
\r \cr la l  p larr \  o l  lh  romn unr l )  e  cdrs/o/ i

h ) p p a t d , ' .  C .  t " t t d 8 o  a .  H u t ' c t . t i  s . l d 8 o .
Lu:,'to ral^u and Rarurl.dllB Sld.ialir Th(
Lr)pro:am r .mponenr rs  dominf lcd by c/ r / r . r
itlandica. C. niratis. Ochro1e.,tre spp. and small
h e p a r c . .  T ) f i . d l l v . , h e  \ ! n u l  p l a n r s  a n (
hepJr  s  g-o$ In .mr l l  gm!el l )  depre\ \ ion\
wherea,  lhe l rL l ico,e l rchen,  nour i .h  a lons lh(
border  bcrween ! ra\e l  rnd .heer  rock The
nurerr l  lor  l \gg. fJr .dr  and Rai .du! ' l l r  are
pre l imrn!r i l )  repdrded a.  hr  I \p ica l  \ar jan
, l v g g e g d ' 5 d l |  r 1 J  I h .  C a s \ r o p e  h ) t n o i d e \
vadant (Rnisduoiiar).

The posruon ufrh i .communrr)  r l t l (  in  rhe

clds i f icar 'or  '  heme r .  srnbi tsuour.  We ha!(
assigned it to the Cassiope tetragona Vacci
nrum group on lhc bJ.rs  o l  lhe 3r 'd l ls i .  o f  lhe
suboceanic data set- but in the numerical treat
mcnr or  lne conl in ,  nrJ l  cubconr inenul  male
nal .  f l  qr ,  jo ined ro lhe R!nunculus Plac i r l i .
group

a.2.  Sal i ) i  herbacea-Cetrar ia n i rat is  t )pe
(shcnT)

This conmunily !ype, which is encount€red on
high aliitude ridges of Giisat and Riisduotar
embmces vegetation fragmenls domirated by
Cetnrin nigricans, C. ni alis- G)rllnonlitt ion
spp., OchrcLchid spp. ard Salft hefiu&a.

8.3. Cassiope kn?gonkcetraia nivli ,^pe
(crcnT)

wind cxposed summits on Rtisd oitar at alti-
rudes between I 000 ,nd 1 200 m harbour veg
etat ion f ragmenls heavi ly  doninated by
Cassiope tetragona, which is entirely absent
f.om the Salix herbacea Cetrdiit nivalis iype.
The cover of Cellarid 'iru 1d is only abou! I %.
The communily type has thus an cntirely dif-
fercnt smrciural physiognomy from the Salix
herbacea'Cetrair nivalis type.

8.4. Vaccitlnm-Aledoria rype NAT)

The abundrnce of vr..irl n rilis idd.d on ridges
increases \yiih abtudc (along the gradien! from
the Arctostaphylos Al€ctoria type !o the Fcstuca
ovina and Tnentalis v iants of ihe Juncus trifldus-
Cassiope tet.agona type). Wlere the ddgesconstsl
of sheer rock. providing stablc cdaphic conditions.
we find vegetation fngnenls wilh a rel.ttivcly
closcd cover of Il rttis idd€a co occulring wilh
sa/ir l?rrdc?d ,nd wind-hardy lichens (Alrdoria

nigricans. Cetturid niralis and CoeLocaulotl
aculeatui). Son].e communilies assigned to the
Vacciniun Alectoria type also contain typical
Iowiand plants like Sa|ssurea dlpina a\d
Trientelis europaea-

On R6isduottar, lh;s community lype is
.eprcsented by lichen-dominaled stands, which
!r'c disdnguish as tbe Cetrfiia nivalis variart.
The stands srmpled on Ivggegdisat. !o bc dis
tinguishcd as fte Vaccinium varianl, are domi-
nated by v.  r i l i r  idded.  The vaccin ium
Alectorj! rype closely resembles the Empetrum-
Phyllodoce-Alectoria ttpe and could be regdrded
as its va.ianl. On Raisduotlar. r'hcrc lhe two
lypes co-occur. the vaccinium-Alectoria lype is
found on ndges with sheer rock. $'hcrcas the
Empcrum Phyllodoce Alectoriatype is encoun-
Iered on ridges covered by boulders.

9. Th€ Sa|n herbac€a-Kiaeria group

The Salix herbacea-Kiaeria community group
consiss of late snow b€d vegetation at middle
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altiludes. Owing Io onl sampling melhod. such
communi t ies are poor ly  represenled rn our
r , .  r .  i d i .  \ I .  r .  \ ,  .  J l l  t l , r .  . r , i : n . J  r u  r l  i \

t r^  r f  \erc on I \ r :e : i i .Jr .  $ l r (  e  i 'o \  l i l l  i '
.  r " ,  : ,  , r  , . .  r .  . l . r . . ( , s  b c J . e \ e  i r s n D l l -
. .J Ie roforrJp I  c : rxd en. . .  T l re .$ o co1rn,rn i r l
. t  J  " , r '  1 r  J r '  " .  1 r i , {  '  r l 1  . e , ' { d  ' r n p o

c Jf \ . \  D.A r \ . .  ' f i !  6 l  Jnd c1I  he rexdi l '
f l c t r . . d  I  r , n , . i  \ '  \ r ! . r J r i " n J l ] ' r J i , n r .

as djscussed b) Gjercvoll (1956) (Appendi\ 9
Fig.  6.  l6a and b) .

4 . i .  s . r / , ,  r l , , r . r . , . i ,  r l r , , r , r  , , / . p  r s l K i T .
Gj.trevoll 1956)

This .onnnunily tvpe can be .egarded as iden
ix l  \ \  rL  rh(  Sxl  \  h . ,ba.cx Ki . rcnx \b lc ,

sociation descrjbed bt Gj.ereroll (1956).

o . )  t t , ,  / . . , . / . , ,  I  r . / n  / . 4 r . / /  ̂ / r .  r ( t - \ ' b t ,

I  i . c . ,  r '  , t  i n n  C r  ' \ , ' l l  .  l ( r ' 6 1
natefial that snow-bed conmurities domirared
by Sali\ h.fiac.a. but $ith ! substantial he.b
conpo  l e l  co  l . i  l  t  a l  Ce \ t , t t r I t  , l l t t t t r t \ .

Oniia diq\in. Pol|gonut1l \,i D nrn, I'tronnlt
urritlu afil Viah rir4o'?. should cxisr somc
where belween the alliances Herbaceon nnd
Stellario Oxyrion. $hich rcprcscnt cxlrcmcs oj
r \ |  "  : ' J ,  , r  5 .  r e e l  I  J r l  l l e  J n d  n . e i a o $ -
i \ e  1 l ] v  b e J . . i , n L r  1 , r r r r , . , l  : r r r l \ . i . . r h \ .

trunsioy conmunities energed as a dislincr

" ' ,  , , . I  i  . f . . f  l i L r . \ .  h e l c * . L r u u o  t r <
regarded as tenlative until lhe eorirc gradienr
\ ' r l r , , n  \  : '  , J  ' ,  .  J J ! r \  . r  . \ '  t ' e d ,  f i : \  b e e r -
adequately sampled.

10. The Rrnunculu! glac;alis group

I l e !  o r t i , c l u d e .  $ o p r < . i o , . l \  u , r d e \ r b e J .
c l  ' .  \  ' " . . i . , r . l r . , r r r u n t r : . p . *  l L r r '

T r i . e r u . n  . t i c i r  r . n - s 1 r o  r . J  r \ p e  . , r . d  r h e  s : r l  \
polaris Care\ bigelo\\ii lypc cncountcrcd dl
r h e  - l r j r  r d i  r - l  l i  n i .  o l  . o  r r i l r  o r ' .  \ e : e r d r i o r , .  \
, \ i ' J  r , .  r _ \ . r  r \ '  R J r  u 1 .  u  r \  e l J ,  i r l : .
C )  I n n o n i r r  o . ,  r \ p e  \ h i . h  i  d  . c u * e d  i r , e \ e , : r .

. r J * i , r l  , r u J i ( .  o l  \ c 1 . r d r n r ! r r r  l r o h . l t r (
\egetation (DuRictz 1925b. Nordhagen 1928
l9-ri. Gj€reloll 1956). This typc is collecti!e:
but it $as rct,tincd a5 a single conxnunity rype
because of fte limired ulilirv of morc narc$
l \ | c \  : n  r 1 .  . 1 { . . \ r  u ' \ e t e r 1 . r o  |  . r . , ! r  r r n .  d .
high ahitudes.

Thc community rvpes and the variants ol
R-qGT are felali\ely well segreg.ucd rlorg !h€
r$o firsr DCA axc!. especially on lvggeg.ilsar
(Appendix 10. Fig. 6. 16r rnd b).

ll).1. I|i\c u spi.lttuntS.oriortu,1/e (TsSrTl

Thc !a/ir n"rr.&?4 domxrated snow beds cn
counlered at  rhe uppcr  l inr i t  o f  cont inuoLrs
\cgctitjon are relatilely hefb-rich. Norrnally, .tl
leasr  r ] r t } r . r  d ig\nd.  Ra u (u lus n iwl is .
Sibbrrhliu procunbens. Tris.nnn spi.dtun rnd
yen,i.a ah)iM a.e present as subordinatc
consliruenrs of the communil\. Thci. fr€quen-
cic\ and colcr lrlues a.e considefabiy higher
thaD in the Salix herbacea Violl biflor. type
\'Io.co\ cr. yiola rilo,ll is absent. The botron
la)er is donrinated by Dicnnu"l ftsc(scens,
Kia.ria spp. nnd OLhft editu spp.; .Sani,nia
rn.?',kr1d (or.S. ,A.116) is constand! present but
seldom abundanr. and the rlpe cxn Lhus be
ch:r . (  l .  l i l '  J  ,6  :  \n1, \  1 , t , t  . t . , "  Di . t rnu" ,
Kia", r.l headr. enriched by indicrlors of moister
aod nore nuricnt rich conditions.

10.1.  Sd/ i r  pold l t r  Cdrct  h ise lor i l  t rp?
(SpCbT)

\Yc also cncourter on R:iisduotlaf a rehiilcly
species .ich rlloe bcd comnrunit) !i lhe uppef-
mo( linriL oi continuous legelation. The dorni
nalarg lascular planr\.t.c Cdsiope tutdgono and
tr/r:r pol.,1r. \'hile the herbaeous conponcnL is
norn:rll) r.prcscntcd br a?tct b*(lo\ii Fetu!.al
tiip.,1t. Lu-uht cotlutt. Polrsonu $irm"l
and R.rlrr.r1iir S1.r.lalis. lhe boltom layef is
donrinaled b) a;\rMo,rlrun spp. Ahhough thcrc
are ob\ious diffc..nc.s bcnrccn this community
t\pe and lhe Trisetum spicalLrm Srnionir rlpc,
rhc) .cprctnL r b{lically similaf phenomenon:
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the u..Lncn,F ol  relar.rel)  .pe( ie '  nch velera
rror :r  .he upper l rmir ur f"nl inuous \epelal ion.
lhr.  ! lp i1c ga den p\enomenon $, l l  br J i '
cussed in seciions vlll and X-

o. . Randi. utrt Bla, nl^ G\ntu"tiltioa ^l'c

(RgGT)

T\c f rg l '  a l , I rde marer iu l  u '  I \g , rcs i isar  dnd
Reisduottar ircludes a conmunity type with
o o \ i . , u \  \ r . s  b e d  ( n a r a c r e f i . r ' c . ,  $ i r h  l ? d
r tL4,41t t :  o l r . ;a l t ,  u \  rhc m^{ con\p icuou\
vascular planl. The bollom layerconsists mainlt,
^ l  d  l l l n  c o l e r  a t  c , h n o r h t n n r  s o p .  a n d
O,hrr t ' . | ' td .pp.  {s  del lneo b)  u ' .  rh(  c^m
nln| | )  . )pe encompJse.  c j : r 'ero l l  s  (1(156)

RJnrn.L lerum gJcra l r .  rnd a lso inc luJe.  drc
I d l c d  R J n r n r  u l u 5  g l a c r u l i '  r ' . r , ,  i r r i o n  d i .
cussed by DuRielz (l92sb).

T h i .  . l , , r i \ c l )  c o l l e c r i \ e . o m r r u n i r )  r ) f (  i s

arvrded Inro f i re  .uhr)pc ' .  t } le  mo\ . )  lar i f l r l
i '  \ "d ' i l )  '  rvprogam-dominared anJ rn,oun
rered In detre. ru l  \ i lc \  i11nedia le lv  belo$ rhe
b o L l J e r  i ,  l d  l i , n r r .  T h e  m e a n  c o \ e r  o f  r h e
L^m r  a l l  r f  I  a \cula l  t lJ l r \ t (  a \ \n |c  htPto i fus.
1,  u l .  .  or !Lt ,o Ratur , ' t t r  y t  i r t i , rndSat i \
hc,ba 

"a)  
a1te,  onl )  ber \een 0. i  ln , l  r . l .

The dominating cryptogrms are O.lDolechii
.p t  Ai . ,  , ra  .pp.  and G\rr ,o, , r / tz  'p t .  This
\ d -  i r  I  c o r r e \ p o l d \  , . i  c . $ r e ! o l l  ,  l l o r 6 )
R  , u 1 ,  ' r ' u .  g  r c r d  r , - A n r h e l i r  j u r r r / t r n r

cymnomitrion varians sociation.
l lxee nrJr ,  \  Jn1f l .  f fe  encourrered abu\ f  rhf

. r  lJ" r ' ic lJ  rm ron l \ rCe:r i .a  Thr .crcph.ed
nrne-  Iar  I rcm hprr" . . \  \Min lb)  lheordinrr ion
J n d  .  J . . i ' r ,  d r i o r  p r o c e d  r f e .  H u t r f \ r r .  r h e
conmunities arc florislicallr fairly sinilar, and
thefe are .o ln.rior diterences in the composition

of the field layer. The main dilierence lies in the
entirely dircrent abundance relationship between
lascular plants and cryptogams. Thc fragmen6
of Ra.unculus glacialis Cymnomitnon type en-
counrered above the boulder f ie ld l imi t  are
physiognomic. ly doninated by vascular planls
md r( firsr glance seem devoid of cryptogam!
(see also Du Rictz 1925b), although the ground
,round the vascular plants normally has a thnr
cover of C\,rro,rtnon mdOchtulechia spp.'lhe
rhree n.led vanants are distinguished on lhe
basis of the vascular plant covcr. Orc variant is
dominated by Luznla contusa and thus roughly
corresponds to CjErevol l  s  (19s6)  Luzula
confusa Anftclia juratzkana Gynnonnlrion varjans
socialion. This radanr. to bc c.tllcd thc Ltz a
confusr yariam of the Ranurculus glacialis-
Cynmonnmon type (RgGT. Lc v.lr). is cncountcrcd
in sires subjected to intcnsc cryop€rturbaron. The
Oxyr;a var ianr  of  the Ranunculus g lac ia l is
Gymronxtrion type (RgGT Ox rar) in turn is
chuacterizcd by r€lntively high diveFity of vascular
plants. $e dominating specics being t. .o,Ji^Z.
O\\ria dis\ra ard Sdld ,?/l'n.ed. As such, it
represeots regelation trdnsitional bclween Rrnun
culus glacialil Glrmonitrion type and Trisetum
spicatum Sanioma qpe. The Ranunculus glacialis
lariant (R-gGT. R-s v,r), wirh SobnM ctucea as
the only rclfti\ely abundanl cryptogaq corrcsponds
rc dre rraked Ranunculul glacialis associalion of
DuRict (1925b).

ln ihe chionophihus high dlitude conmunilies
of the subcontinenml Raiisduoftar, Rdnrr.r/,rr

sLr.k1d occulred as a constrni but subordinate
constituent of legetadon fragments dominated by
Casiope h ,-noirld ar|.C, Gvrrorrtirtr spp. Thcsc
communities are regardcd as the Cassiope
hypnoidcs varianl of the Rarunculus glaci,tlis
Gynrnomirion fype (RSGT. Ch vi:lJ).

VIl. CONCEPTUAL ]SSUES RELEVANT TO THE VEGETATION PATTERNS AND
PLANT COMMUNITIES IN HEATH VEGETATION OF \ORTHERN FENNOSCANDIA

L Objectility of the yegetational unils

ln any sludy of vegetational varjadon, ;L is a
practical necessity to aFmgc the mul(itude of

' r m p l c  p l o r .  . . I o  a  m J n r : e . b l e  n u n b . '  ^ i

communily types. regardless of how continuou!
the vcgehdonal gradients are in nalure. Thc
question $hcLher or not natural discontiruities
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(or  sect jons of  cnvi ronnlenra l  gradienr  \ . r rh
r e  , \ .  \  J t . r d ' e p c , r l i , i J r  c h J r  e F \ , , \ . j  I .
r . \ e I h e l e  .  i r " r ' e .  r e  I n  :  .  u n . ! l e r e  ,  ̂ 1
r r ' r  l  r r e  - u  o  i  f , ,  r ' r .  . r f e  . J h , r , ' i \ e  i n d
rner  r  d . l  r l )  .e \  o l  I  d ,  tc laen. l \  , rn  I  cd

dah scts are likel] to yjeld diffcrcnr sets of
conlmunil] llpes. lf on Lhe other hand_ rhe
r e ! .  i r i  r  l \ : r i a r i ,  |  . n o $ .
J c g r e e  o l  " . . J n l  . r  I .  i r  i ,  r e 1 . o n . r r l ,  l
suppose drat tradirionai phvtosociologisrs l]o
ticed lhcsc and dellned ficir conxnuniLv tvpes
. r , u r d r n : ) .  I r '  , u .  ,  J  . r r L  i , , r  l u r n e  r r i
r 4 r l \ ' . .  u ,  o o t e c r , \ r l )  . r m p l e d  d r t J . l r o r J o

r u r  J . i c / l  \  t  J u c e  .  u  I  L I i r )  r \ p r !  r (
. e r  , l -  , : l h o . e  d . , . r i 1 e c  b \  t r r J i | | o l d l
phybsociologists.

f ' . 1 t r  f o .  . 1 0 ' .  h J .  $ n e r e , n [ c . t o n o -
cnce to Gjr rcvol l  s  (1956) sys iem and L
, ^ r  L  L  r i r )  \ n . .  J c . c f r o e o  ̂ )  \ u r d h a : e 1
l n : 8 . 1 o - l : r  K r  r o , d  ' , o . o r  J n d  D . r h t  ,  r u . / ,

i '  l  r rd l )  hel  .  r  r l  : ' r ,  e \pec,ed h)  .  , ,3 l |ce J 'on. .
o  r  n u l ' .  r i r  . l  ] l b l ) . i  i , , i r l \  J . r l . l u l l \  , . 1  t | | r -
. ,  .  J  \eeer .  r  " r  r ) |e .  de.c i l - .  J  .Jr l .er  tor  rh.
' . ' r  re  pd \  .  |  .he d t r  r " i  rJr  Jrd rot . 'u ' . t l  c
' r . d ' e n r . .  l l , .  | L l r . r  . , . , t i o l \  \ r r i
H : . , t . , . . , r r i  .  r l u 8 q r  i  | |  J o  r d l  J n J  r t i n  r .
p : , . l l ( l  r \ t  .  , h r . h  . e .  n  r , ,  r e f r e . e n r  . u h j e .  -
r i ' . 1 | h  . e r  e 1 J I " |  . a t :  p e ' t . 1 r . o n | L r r u m .

' ' ' i '  f  '  r g P l g '  n 1  ; t , . ' _
mcdi.tte siluations. Likeu'ise. rhc higher ordcr
.  f l c r J  r e J  e d  b '  , , r r  J l r l \ . r '  . \ l  : ^  e d
.  r , i  J  i  i e  s r r L  | | J r i  i o  r : l  p h \ r ' . r , c i o t o - r c r l
schemcs. Thus, the corDspondeoce bcrNren our
rcsul ts  ard prcv ious c lass i f icat ions of  norLh
b o  .  J , d  o r o ,  |  ,  r i ,  h < x r 1  t  t . .  r .  r o o J
'  r o ,  - h  l o  . r " : . .  r r :  $ .  .  .  r o r  d . . r l  "  r  r l .
, . . r l n l e  < l J  i  |  ̂ T h u r . . o  n l r 1 , .  o  t o f i n  I  l' .  1  e iJc, , ,  .  lhe \ \  ' . . .  n .  '  {noo.  L\ \ 'F '  J le
l o < r '  B , ! )  t  \ 4 r l n r . ' " r  l o b T
Austrn 1985.  AustrD & Snr i th  1989).

A r l .e  : I  .  t  r .c ,  rh.  r (  ' \ , r ,  nu c ( r ] .  .  u
plarrt asn)ciaiions. eilhcr. especiall\ noL iD rh€
conrinenral matcrial. The liDcs of demrucaLion
betwccD dittefeot comDrurity rlpds are so dit
fuse thal lhc visurl inpre\\nnr prolided b\ rNo
dimensional ordinari{)n li3ures is nruch ctoser
Lo the corlrDuunr !ie\\' rhrD lo the lieNponn!
of  p lant  socio logi \L\  such as Du RicrT (1911.
t922. 1921).

The e\rsrcnce of sonc objectlve sLructufe in
the \egetarional pauefns is prcbabty duc to
lanors rhre!;holds. Some are caused by rhc
crLernal  enytronment  (e.g.  the bor ldcr f ie ld
limit). $hile orhers can be regrded as duc Lo
the planls thcmselles. Thc limberlinc is the
clearcst erample of Lhresholds of Lhe latter rlpc:
where lhe birch.l disappeff. rhe environmental
cordiftn\ oftietd laycr planis chrnge radicaily,
due to increascd light inrensirt .rnd \!ind rclocity

groundte le l indchangesi rsno!vdis t r ibur ion.
Odrer morc subde limi$ of lhe srmc Lype Inav
occur  as $el l  (e .g.  the ropographic {nd
ahitudinal Iimits of erccr dwart shrubl). espe
cially in oceanic heaths. wherc. iewdwartshrub
species oficn monopolizc the site and slfongty
influence lhe environmerral conditions of othef
plan6. Such th1€slrdds sere discussed atmosr
100 )ears ago by Catandcr (1905, 1909), see
also D,h l  ( i957)  rnd lsh ip ley & Keddy 1987)

'  lhe con((pt  o l  zonal  \cgeta l ion in  arct i (
and oroarctic ar€is

The conledlion.tl appronch in geobotanl is to
disringuish a zonal conrmuni\' Lvpe prevailiD3
i n  l n b ; n r ,  r h e r <  i d r t h i .  . u r a r . r . . r . : , r e  n o l

. . n . e  r a a . r n J .  r  l . ' U . ' ,  r o ' 0 .
K u i l h  l o l r i  \ r l e  J  l o '  n ,  I n e  - d p . . L  p . J n l
. " r 'muni  \  i .  :  I  l . r , . r  ro .orne .  \ rp l t  eq I  r : r l .  , l
r u  r j r (  . l i a , . , r i .  c l .  . r \  .  f  . l - n r e r  . .  o  o r '  I
communiN to$ards shich rh. renairing ones
J f e  . . . n \ '  r ' i i  :  ' a o s  r \ .  l u . r , , .  . r I l r u  r o l  . , ,
. l ^ t r h  r h : r  l l , !  r h (  o r h e  , , { l i ,  n  r \  r \ i ( . . ! _ l
be .cgarded as pracrically stablc.

T i r i .  r r t 'JJLh qor l , . tL i re t re l  ' r  rL .  bure:  I
l o r , - .  ' r  I ' o r . n . n  n , , J  l e | o . c . , r  l i r  H r  r .
AhIi l96l). Thefe have:rlso been somc aLrenpts
r o  . r p t l \  . l  r o  r h ,  . , r ,  r .  . , , o
r l  J ! e b . r k l  l 0 8 ) ,  H . r : r t  . - r r ,  ,  , q P .  r  n o . (  .
. o 1 r t r h r r  d l ' . r . r r  u p p r o , r , h  L l e  o ( . .  5 . . 1

/ . u :  l l ,  l , . r . l n . r  r . t \  t \ t . . . o r  c n , ^ r . , p , i t o r , .  : r ' r -
,  h i , ' r o p i r o b o l  . i r - .  $  l o ,  i r l f l \ r . , g  r L  .  , e
s o J l J  h e  n r o r (  r . " ' , , r J l  r l , r r  i r u l n < f .  t t .
5  J r d i . r . , \ i : r a  .  J . . ' c  \ u  J F  c e n  l a j P .  o t . '
Dr l r l  lo \ / '  eo or  .  , re l  lL-  l , .  r  l - \  . te .c1br  ,9
\ q L e r c e \  ̂ r  . : ^ i  t  r J r h . r ,  o t  . o r r n L  r J
r \ p . \  r ' ' r ' r  d ( l l i  |  , , n  h e : r h .  r o  , n , { .  b e a . .  |  . L  1 l
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altitudinal zone is characrcri/-cd by some se
quence of communiLy lypes, lvhile individual
iypes mat occur in more than onc altitudinal
/one.  lh is  Jpprod,  h imPl ies rhar  rhe ororrc( ic
vegetation should be treated as a commumly
co npre\  |  |  J  manne'  znr l ! 'oou\  lo  lhe \ landard

Nordic appmach ro welland vegetation (Tuoni
koski 1942, Sjijrs 1948. Ruuhijarvi 1960, Eurcla
et al. 1984, Eurola & Holappa 1985)-

Il]e di.urbuliun ofou commurury rlpe\ alon!
Loto€rdpl-ic dnd dlrrrudmL gradrenl" rFir\.6 rnJ
7) suggests that the comnrun;ly complex approach
is the most praclicrl one. lt is usualy dificuh
to lind one or two communily types coverms such
wide seltions of topograplnc gadients that $cy
could be regarded as morc regional or zonal $an
o fer Dt.-. \4oreo!er. |ne rdenlilicariol of! \inglc
zonal./regional community lype is not just a prac
tical problem. Uneven dist rbutioD of snox is an
c.\cnrdl r ldracren\lic ofrll ifl;c rn,l Jp'ne area.
$r.h r) degree uf lopograptur lanauon. a lo !
Jgo poi lFo our  b)  \e , rer" ren { lq02)  (sce a l5o
Ouand & Bendil,'cn 1985. ll -15). In area she'e
hF and r .  lere l  enoush ru m c he.no$ cover
relatively even. t}lc lack of topognplnc variat'on
iLsclf is lkely to influeDce edaphic conditions. It
may thus be entirely misleading Io identli any
constitlcnr of rhe ropogaphic communjty se
quences as the communiry $,tt would prevall on
pedectly lcvel lundra.

Our obser \arro .  u f  rh,  \cpetJ | ion in  the
rus r r ,d hr . i1 ,  o l  ( 'a , (c?duor lar .  arhppi .du^ l lar

,nd Jivrisduoftar suggest that ,reas of perfbctly
level tundra arc indeed characterized by veg

etation fiar does nor occur as a constituent ot
thc ropographic commudty sequences. Typi
cally. the vegetation of such basins looks like
being t.ansilional bet$een lichen heaths and
bogs. The sudace is hummocky, md bog plants

k\p1cjnlly: Eriophotum rdgtrdl,,??) grow iu
hollows. Tlre hunmocks, in tum. lrlc dominated
by Clatlna spp. and have extrenely scanty
vascular plant cover. with thc normally doln-
'ating species being vdccnli n uligiuosun .\nd
y. rt6-irlded. The communily lhus sholvs simi
larities to thc _tussock tundra', which is typical
for ftose pairs of arctic Russia and the North
Americu arctic ftar lack small-scale topo-
gaphic variation, pans such as unghciatcd arcas
and arc$ subjecred Io recent sedimentation of
fine soil particles (see Polunin 19:18, Churchill
1955, Churchill & Hanson 1958, Tihonirov
1963, Raup 1965. Oberbauer & Miller 1979).

Such alnrost l€vel ropographic conditions
represcnt by themselves an exceptlonal rather
than a typical situation. Eurola (pers. conm.)
has poinrcd out that ifregional ve-setatrons Dere
to be defined as the comm n:ty fiat prevails
on pcrfec y level ground. then our concept 01
regional conmunity types in thc boreal zone also
$,ould havc to bc re defined. For example, in
the Bothnian coastlands. the regional fo.est typc
would be intemediarc between lbrests andbogs.
Thus,lhe vegetation complex apprcach to tuDdra
vegetation is not only more practicai ftan a
search lbr a single regionalcommunity. buL also
more comparible with prevailing treatmeni ol
boreal vegetation Gee also Kalela 1960).

VIII, TOI'OGRAPHIC AND ALTITUDINAL PATTERNS IN OLIGOTROPHIC HEATH
VEGETATION OF NORTI{ERN FENNOSCANDIA

The occufiencc of differenl communil] types in
oL .amt e p lo,  .equence\  F .urnmJr i r  d  in  F ig.
l8 : l  6  Ar  f i r ' r  g lJnfc.  rhF - r tun mesJeeol  r le
fdr .  ra l  i .  lFrero!ener$ \  e  rare l )  f in , l  ' i luJr ions

\here one corrur i r )  r lpe pre\d i l \  on c lxono
phub'  'u '  .  i re '  dnd dnorner  on chronophi luu '  '  'ncs.

a\  proposed b)  HrJpJ 'd: r i  /1n88).  To \ome

extenL, this can be attributed to iregularitics in

fte topography of the sampled hillocks md 1()
differenccs in fteir steepness. There afe also
macrolopographical difercnces: somc hillocks arc
on steep dopcs. while others lie near mountain
lops or on flat terraces. When these local featues
are eliminatcd. thc material can be sunmanzed
in the fbrn of a fe* idealized commun ity prttcrns
to be discussed bclow (Figs. 19, 25, 26 and 30).
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Soldago Deschampsia ftexuosa type. Rrbls chamaemorus varianr: JiCIT = Juncus lritidls Cassope
letagona lype; EPAT = EmperrLrm-Phy odoce-Atecrorta typei vAT = vaccinium atectoria type: ctcnT =
Casrope lelrago.a Cerrana .,va s type CIBqT = cassiope iekasona Fra.unculu" gru"aiJiyi"r Shc"r

nrva rs typei ChJIT = Cassiope hypnoides_Jrncls trid ius typei SpCbT = Sa xporans Qarry bigetowt typet TsSaT = Triserum spjcalum-sanionia rype: ShKiT = Saiix herbacea Kiaefia
typet ShVbT = Salix herbacea Vioa bijtora type: ShChT = Satir herb;cea Cassiope hypnoides typei JIDIT= J!nc!s tfltidls Deschampsia flexuosa lype: OcT = Ochrotechia rypei ShET = Satx herbacea--Empetrurl
lypei ShOcT = Salix he.bacea Ochrolechia type: LcCnT = Luzuia coifusa-Ceirara ntvals lypei LcStT= Luzula conrusa Saxilraga renuis rype: RscT = Banunc! !s glaciatis cymnomilrion rype-iC"""ope
hypnodes, mossy. Oxyria, FanuncutLs gtacialrs and Luzlta contusa vartants).
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Fg.  17.  Key to symbos used tn the Figs.  18,  19_
25,  26 and 30 SEMT Sgla var .  = subatp ine
Empetrum Myrt llus type. Satix gtauca varianl; CoMT
= Cornus Myrt i l  us typei  CoE[4T = Cornus
Ftrpef  t r  v /n r \  /o-  SEVT {v! .  8  Drta vdr  )
= subalpine Empetrum L4ydilus rype (Vaccinium
/ i i < - , dd "d  and  De .  c  d roc i "  p /Uosa  vd .a . t i / .

s L o " l o r n e  E r  p p  - n - - r ,  n a n e  .
Ple!rozirm type sE LiPlli sET = sLbatpine Empekuh
"r 'pe.  ELr  suod,pr  p -nppt  JnIch-n- .  -ype.
IBnPT -  iossy Be ur"  - .n"  

" , rLo.  Myn v"r  _
V v  l : l l u  v " . d - I .  E n  o  v a r  I n p e . , T  v d . d - .
BnL S = Betula nana Lchen€s scrub: BpLiS= Belu a
o L b p . p n  r ( h c - p .  { . u o ,  B n .  _  B p u d  n a n d -
Cladna type: BnST = Betuta nana,Stereocautorr
n P -  

" M l  
T -  V y n i r  t L n e n e s

L p o  d l V D  l : T  o r " r . - n e n r d r c . , .  M y I r  u \ -
DL 

"  rnr  (he-e rype a\ , lD 1 . r ,  t . . !pn|a. t i ,
Myd lus-Dicran um typei a ED LiT = arclic Emperrurn
Dicranum Lichenes rype: aEVT = arctic Empetrum
Vac . -  rn toe.  P-  -  P-r , lodo.  e 'yoe pt  .  rp v"r .
-  P , lodoc.  .ypa.  Enp"r ,  r r  v i  r "n LL-T -
Erp-r r - -  , " .  , ' ,  ^ .va s tupe EL- -  |  npeuLm
Loi  Pr6ur id lLpp AA A ctos lao 'y 'o-  ate,  torL
lype; DiST = Deschampsia ftetuosa-Srereocautof
lypei JrCmT = Jlncus trifidus Ctadina milis typel
EST = Ernpelrum Stereocaulon typei  SoDiT =

L Continental pattern

G . f r i  , e  h o r . a l  , | | . , r  r ,  r , . r . : r r .  J ' e  r n  L h L
iakaadlouar an.] Jnvrisduouar area. Elen rlre
! : r l " r  \ e r \ e . r  r l e  $ u  r  d m .  , . J r : e , \  ^ ,
JdI ' ieJ h l  J  mo. . , '  J l  . r  I  .J  ' \oodt , ,nJ.  Jnd
dwarf  b i rch s. rublands tHaapasaaf i  l98g)
Horvevcr. Hamer Ahti s ( 196l) marcriat fron,
. d i - . e r r t  h u , e a t  \ r l l . ) .  . L r e q . . r .  t h a .  l h e
. 1 b . , ' f i  , e  I n p , | | L r n - L r . l - .  e .  r \ p .  i .  r e o \ .
q l e l n r i l g l \  d o n r  r d r i n :  t o r c . r  r \ p e  b , , t t  o r .
glacirl till soil\ aDd on ghcifluvial fonnations.
Bi rch forc\ ts  of  rhc subalp ine Empcrrum-
LlchcDes type xlro prelail on the lelct forelands
ol Ditu (liig. lE::l).

Ar  an a l t i rude of  abor l  .100 n a.s. t .  rhc
condnuous birch ibresrs gi!e way Lo comptcxes
. "  \ o o d l r r o  d n d  . " r u b . r n J  A .  t  . r  l h  ,  i
e \pr , - .ed b\  rhe Jpo. .  . rce ot  p. , . .ne.  . . i  . r r
Iletula nana-Lichcne! scrub Lype in dcpfessioDs
arJ , ,1"n!  boo r ! re.n Al  r l r  . . , r  ,e  J .  ' rLJe .
\ i r c h  t , r e , l .  o a  s i n d  F \ p . .  e a  h  l t o p .  .
'hrubb\  :  nJ J(qu re \ ,Te .  r r r  .  (e | | . . rc  . . ,  r t  . .
Empctrum-Loi\eleuria rrpe.

\ \ ' ; r l r  i r r  re3.  n i  Jr  r  rd,  .  , t  e  rot , , ; r rpt  r .
ranp(  'J  b i rch sun. l  ru.  Jecre i - -  A,  J . . i I  Je,
' , f  l (JL,  lho In.  b i , r  h  $ooJ Jna.  or .  Jn.e rJ
nr '1 '  d  .o .oL 'h rJc |  ,  . r , ,pe.  JaJ ro Lo . r  : ,  d
n u r i . e , r  r i . h . . . F ,  F r d e e .  r e  o . . . r p r e d  \ .
. e e m i n ! l )  , . ' { e | ' o r , , ,  r . , r c  .  I  o . r o p h , , . o  I .

J I
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heJrhs Par.  hc '  o l  nounLain b i 'c \  'c -ubland ( the

Betula pubescens-Lichenes scrub type) occur on
, lopes.  sh i le  depre.sron.  are u cupied b)  dsal
b  h  ' r u D l " n d '  \ r \ e  B e r u l d  n a n a - L i c h e n . \

Fig. 18 The disiribulion or communjry types along
the topogmphic and allitudnal gradierts. The occur
rence of diiferenl community lypes if our sample pol
sequences on 1 = lvssegaisat, 2 = BejsdLoliar, 3
= Dadu, 4 = Jdvisduotlar, 5 = cakcaduoliar Gaisal
and 6 = cbhppisduoliar. Numbers ln lhe ilustraions
refer lo lhe presen.e ot lree's zed (h>2 m) b rches
on a 10 m by 2 m plot. wiih the lied rayer sludy
plol as ils midpoint and lhe long axis at slighl ange
io the lopographic gradienl. Sta6 indcatelhe number
oltr€e-s zed wiLlows on olheMise lreeless plols. Blank
reclangles show plols without tedcolous vegelalon,

scrub rtpe) (see ti-q. 3 in Oksanen et al. 1995).
In areas thar are summer-grazed by reindeer,
Betula pubescens-Lichencs scrublands have
been largely eUminared (Oksanen et al. 1995).
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There. tbc uppermosr indicators of hcmia.cnc
conditions are scauered mountain birches (scc
l i ! .  i ,  n \ , u ' r e  e t  r l  l o o r ,  a n d  8 . r / / ,  x , r . . ,

At allitudes where thc woodlands bccome
discontinuous. edrphic condilionr begin to ha\c
Jn Ino.r .  ur  rhe roDogrJth ic  commul i t \  p :nem.
o '  g. rcr lu ' ,o l  funnr . .o1. .  . \ ' 'erne nd:r  , i re .
r r e  "  u f : e d  b \  d ,  I l " l r o n  r . r r h .  o t  r h r
Arctostaphylos Alectoria rypc (Fig. l9B). wh€reas
on rocky ridges lhe EDpetrurn Loiscleuta ti,pe
prevai ls  (F ig.  l9A) On r i11 covered h i l ts  the
fnp. |nI .  Cernna 1 i \J l : .  npe occuf ie.  .onr
$ l . J  l ( -  . \ u c l e  n d g .  , i ' , .  u n  ! h , , n f l u u J l
In inJr i . 'n '  rhe I  n t . . rurn- .e j l r  J  r : \u t r  Ipc i
r. lei.r l"ni ll) reotr..L l-) rfie arctk hpnffcrr
tn'p"r'r-.n-Vd.. ,niur r) pe. TIJ\' . tuonophohou.
heaft lypcs occur both in |ne (oro)hemiarcric zone
\!lrc'e they gradc inro 8?r, h nana ot B. pubescens
.crubl rJ ,  - r .o  In -he l , ,ker  oroarru,  / i rne sherr
Lrrcy gmde into drc Iletula nana CIadiDa rype (Figs
20 and 2 I ) On glacioflurial formadons rhe Betula

Fig 19A-B. tdealized topograph c and attitudini
veqerdlon pare _,  In  '  on_.e rJ l  . lo  t  - -nno
sLandid oligofiophrc neaih vegetdlo. on qa. ra r
l l9A) and or  qrdLr ' ' rva o m"1on ,  qBl .  NB
no/hem borF" l  HA (oro)henidr  . rc ,  tA _ ord
(oro)arctic, and l,4A = middle oroarclic.

nrJ. laJ inJ )pe r .  t r rquenrt )  -ep, ,L.d b)  dr ,
arctc  h,  miJr .Uc \4\n i ' lu* l  t r f ,ne.  r lpe.  L lq( ,
J . ipe.  o l  h i l l ' ,  u \ered b\  Slu. .J l  | |  |  :n  nomral t )
o( !  ro ie,J  \ )  the BFLrr  r3n?-srFRIcauton )p(
$hi ,  h  srdde.  iaro . . row l - .  J .  or  Dr . .  h , .npra
f lexu^.r  5rercocru ^1 npe $ci l  dm.ned , lus-
hcd nre.  ,dr  uc lup 'eJ h\  lhe l  rncu.  l  t  or  .
Cladina mitis type (Fig. 22).

The inlNnd tundr,ts are chrracrefized by
prqr lc  ropopr j rph)  f t r . .  h fJh.  ot  r r ,  Berut :
r u n d - a l r J i l )  . ) p e  , , n a  n e  B ,  t u t J  n a n . l
Stercocaulon lype are thc ovefrvhclmingty
L J o i n ; n d r i a e  ( o m n u n i r \  r l p e .  h  , ,  r ! h o  r h ,
tundrJ land,ca" ,  {  lJb le . ' .  F: : , .  iU aaJ ' . .  .eF
also l . Ic ikk iDen & Kal l io la i988)  De aLion
h e  h .  o f  r h f  L n r p e r r L n  l o r . e l e J r  r \ p e  d r ,
o n l \  c ^ m m o n  i n  r l .  \ i c r ' L \  . t  r ' , , o r  \ J i e ) \ .
{here \ iopc\  Jre \ .eepi r  . ld  r idg i .  . \ : r fer  ,h . rn
o n  r h i  p l r , e : I r \  f h e  o r . L  e r c r , , f  r h (
A r c l o . . a p h \ 1 , ^  A l e . t o r i J  l ) o <  , .  , i  r , r ' )  J
slrictcd to llat topJ'ed glaciofluvial torm.tlions.
lvhere fairly extensivc ltands arc encountercd.
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Fig.  20.  Exiensive
l ra.s i l iona stands,
showing teatures oJ
bolh Betu la nana-
Lichenes scrub iype
and the c ladonia
cocciiera Po yrrichum
hyperboreum variani
of lhe Beru a nana
Cladina lype at 520 m
a.s. l .  on the F nnish
side of Javrisduoilar.

SDow beds are only a minor constituenl of the

Wirh 'n rhe lennoscandiun Shie ld,  crcn rhe
hrghen pan o i  r le  in l :nd IUndm\ remain wrthrn
rlre ^wer orodrcnc ,/one Al rhe nunlcm edee
o aakcaduorraf ,  l ichen domrndled conl rnenral
hearhs comc in contact wirh the Gdisa formatioD
dIh .ummr. \  f l . rng ro rh ' lude' . f  rboul  1000
|  150 m. Here.  l ichen hedrh.  are abrupr ly  re
plrced by boulderfields at an abtudc of aboul
600 m Fi ;  24) .  The lo$e.mosr pan o l  rhe
boulderfield zone is characterized by palches of

Table 2 A'eas occJpred by edLr rain cormunr,
group as perc€ntage ol loial arca sampled in line

relatively giass and herb-rich vegetation (e.g.
rhe Rubus chamaemo s variant of the Solidago-
Deschanpsia flexuosatype). These conmunities
arc still. clemly, lower oroarctic. They a.e related
ro fte 'alpine garden" phenomenon to be dis-
cussed in secrion x-

Above 650 m. the boulderiields are ex
aemely barren. excepl fo. saxicolous lichens rnd
trny patche.  oI  rhe I  J /L !  ,  u l f r . ,  Ccr  J  i i
nilalis type. Fragments assigned to ihe Cassiope
hypnoides-Juncus tdfidus and Salix herbacc,t
Celraria niwlis types are encountercd in sitcs
where fte vegetation fragments are laqer. Only
two offie plots sampled in the bouldedeld zone
wcre assigned Io snow-bed connunities, prob-
ably on $e basis of the cryptogam vegetation
r h e r e  T h c  c h a ' r c r e r i . r i c  v a s . u l i r  p l d n r \  o J
middle oroarctic snow beds (e.g. Calddnd.
b?1l i ' l tJn ln.  O' )  n d,Ejn, ,  ard R, tnup,u l i :

8/dcdl,r) irc exremely rare and were nor fbund
on any plot sampled by us.

Up lo o)5 m. pur .he.  o ' l ic \en r ich d$dl
shrub heath (the Vaccinium-Alecloria lype rnd
Emperum-Phyllodoce-Alector'a type) .tre en
countered on rocky ridges. These communitics
are also found on more oceanic mountrins.
where ftey belong io the middle oroarcljc
communiry complex (see below).  Thus.
boulderfields below fie 900 m conlour can be

Arctoslaphy os grouP

Phyllodoce-Myrl lus group
Jrncus trilidus-Salix hetuacea

mo si meadows and wilow

20
42
7.6

2.6

26

43
4.9

4.6
2.O

0.1
27

L
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Fig.  21.  Healh o l  lhe
Betu la nana-Cladina
type wilh paiches ol the
Betula nana-Slereo-
caulon iype in depres-
sons, cearc plaleau.

regarded as middle ororrctic- The absence of
the.e Indicator colnmunrue' from lhe plors we
sampled al 950. 975 3nd I 000 m may be due
to the marked convexity of the terrain. Hence
rhe oc, unencp of r 'u ly upper ororrcr ic legeu
non wrrhrn rhe Cdrsd lormalon mucl be repaJded

2. Patt€m on low inland mountains

The vegetation on the slopes of Dadu between
500 and 650 m, does nol conform 1o fte parcm
descnbed abo\e. .uggesung rhar veletauon paF
renr,  on lhe los inl lnd mounrain\ ure inherenl ly
drllerent lrom rhore encountered on inland
plareaJ\ Al lhough rhe inland inounrains were
poorlv repre\enred in our nlarerial. KalUola I lala)
Jnd Haapasaan I  lq88'  co\ered rhem exlen.rvel)
d n d  r l ' e  ! e p e r z r i o n a l  p a r r e r n ,  o l  P a l l a \
OLnanunrur i  ea hare been documenred b\
Fe olheimo er dl .  loo2rinf ig\ .  l5 l7). Ideal i /ed
vegetarion parrern\ derived lrom rhese sources and
from Dairju are summarized iD Fig- 25.

The uppermo.' fore\r\ ol mounLarn \lopes
re|d lo be nore nre5ic lhcn rhe forens encoun
rered in fte vdlleyc of inrerior finnnart. Tn d|e
orohemiarctic and lower orcarctic zones of
mounrain\.  moderarely cl ionophobo .  s ires are
occupied by Lhe Empe(rum \rr iant oI  the

Fig. 22. The Juncus rriiidus Cladina mitis type on
a well-drained slope.

Phyllodoce type or by the arctic-hemiarctic
EmpetrumVaccin ium type.  Moderate ly
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Labldr @npAy dd lhp bouldFried zMe on caisar ar
550 m a-s.].

chionophilous sites harbour the typical varianr
ot the Phyllodoce type or ttr" -.t,. l,lyn,ttu|j
I  i .hcne\  l )pe.  sh ich JrJde Inro 'no$-beJ,  o
luncus tn ldus Clddrnd mir i .  r ) |c .  Or h i l l ,  u iu.

:enr le lopogmph) and ar  lo$er  d l r i rude.  r \  ' .

communiry rype is rcplaccd by the Empetllrm-
Srercocaulon r lpe or  Lhe fmpetrLrn vr ' rn u
Ph\ l lodocc I \pc.  sh ich ra hu.  ocr  r f  borh or .
' rd :e.  und in depre. . ron. .  P i ) / /dJ" ,  p h.ar l - .
seem ro occurin more convex and wind-exposed
teffain, q,hereas the arctic Myrtillus Licbenes
rype and the arct ic 'hemiarct ic  Empetrum
Vaccinium type are mosr frequenlly encountered
on steeper slopes. On mountains with relatively
gentle topography, the rwo variants of the
Phyilodoce type thus frequently cover the entirc
range oftopoeraphic conditions within the lower

The existence of truly middle oroarctic
conditions on the isolated mountains ofour study
area is doubtful, although both Kalliola (1939)
and Haapasaan (1988) regard the highest pans
of Pallastunturi (surnmit altitude 807 m) as
mddle oroarctic. However, the relaLively iso
lated Roanppi mountain (sunmit altitude 94rl
n) northwest of Drtu can be regaJded as niddle
ororrctic above the 850 m countour. The middle
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l - rg .2. .  lopr  zed lopoo dp (  ono " l l l rdr_dl  veo
" a l  on pohp a o lo t  n l "  o  ao " i  

s  rode :  " '
F lg.  l7

, { , r ' . t r .  . r l e r i . . r . n r  J e \ . . r 1 '  u b ( d o n i
n . r ( d  \ ' r J : .  \ ( 1 . . r . u |  |  | " ' r I n r - P , \ l l , J . , c .
A r . r ,  r . , . \ | e J n u . r ' r  o e d . o  l u n L .  l r i l l d u  -

Cladina mi l is  Ly|c  (Pi l ra i teD & Pi i rarnen 1991)
\ r . n r l  r , 1 , i r . r p . . . L  n  r . _ 1 . l u \ e  l _ . r  n  J . ' l
mcnted b] f-croDheinro et al. (nr prep.)around

the nnriL of PallasLlDlun.

3. Subcontinental pallern

The vegellrional patterns oD lhe eanenr slopcs
' ,  P  r . J , o r  J r  F i  ' n ,  D e l I  r . r h . r  ' I n . l J r l

to the patle.ns on (olated iDland mounlaiDs ln
l p  , ,  u ' b ^ , r . " l .  I  h r  s . , 1 r , r J \ r : r ,  r r o r r  .

. ' r  . h . . I  . 1 ,  r , j o . ' r . , J  r . u . r r l i r ' \ r " h
forcsLs are feplaccd br. soDe\LhaL less \errc
^ r . { . : p e .  | . ,  | .  b \  r l . ( . r l - J ' t I e t n u . " L l
\ l r  |  1 , .  r . p (  H - r  ,  '  \ h r r  l " 6 r '  S l  o h r l \

r l . . \ .  ' h . . u u  |  . ^ r ' u u .  [ . r e  r . l - . . o r  r e  r i

L o  I  r n ' . . " '  D .  L i l i .  r '  l ' .  r h  o f  '  l  f ,  r r . r l
l ,  , . l e L r . .  r l .  t f . . u  o r .  e \  r . r  r  i J l e . .  $ i r l

L e  r l  .  " l  .  r . . r r  l .  
"  

b r c r  c  F n  l  r r u  l
v . .  r r u n  . t f . ' i  l r o r r  \ . e . ' \ f  * r d  i l e
D F ) r e . r " ,  . r r  o . ! L t  i , J  \ \  r l r e  I - m t  r t . r | r
'  U  . "  .  P l r \ l l o J . . ,  r \ f r  o r  D \  r l .  f 1 ' n ( r f l  r . '

Fig. 26 ldealzed lopographic and altiludina pallern
in sLbcontnenlal o gol.ophic heath vegeiation in
.onhern Fennoscandia Tlre patten s based on lh€
maie al irom Fdisduotlar Blank slrows perrnanenl

Srcrcoca'rlon !pe lhe uppeinost bifch wood
b r . d . r , t r f " , r I r ( . r l _ J t r ' .  F n p e . - , r r - L j . l  l
t \pc.  $hich suggcsLs thal  lhe prevr lcncc of
\ , r b l l p l  '  r ' D r . 1 . n  t \ l \ r  '  l L  .  o .  . r  l -

lo$emon silnple plot trxn\ecls may be a local

t l r ,o  r 'er  ' ,  , , . r \J  n\  r (  .  l  " r  ob.r?c l<
ber\ecn thc Crlpalivri (Kilpisiiirvi) ba\in rnd

t r \  e r  .  r F r J ' n  i  r o , h e o ! p J r  r . . . . ' r o r h e
$ e . r  . l J  l u , 1 ,  n l  r i r r - j . i  ( (  H J l "  \ L r '
1 9 6 3 : 1 0 0  i 0 : ) .

I n  r l  l ^ - , I  o r o  r ,  ,  n r i .  l r o \ <  e r .  1 , .
subconrinenlal patLcm diverges lro.r lhc tallern
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Fig.27. Lower oroarcl c
habi ta l  complex at
Suolo javr l ,  F innish
BAisduot tar .  T00 m
a . s . .  T h e  h i l l o c k  i s
mainly occupied by ihe
a  r c t  i c  -  h  e  m  r a  r c l  i c
Empet fum Vacc n ium
type. On lhe slope there
is a zone of the Bellla
nana-Cladina lype. The
depression harbours
ihe Empetrum stereo-

Fig. 2a. Middle oroarctic
healhs o i  the Juncus
tf if ldus-Cassiope tetra
gona type ar Guonjar-
vai i i ,  F innish Beis-

of isolated inlxnd mountains. Phllo./o." hea$s
which are rather poorly rcpresented even ar
lowe' alr i rude. di .appear.  and dre Emperrum-
Srereo( aulon '\ N he, ome\ reslricted to weallt
concrve \ i le l  The Empetrum actrzr i . r  ni ! rh.
Dpe en erge\ a\ J reSul4r consriruenr of topo
g r J n h i .  \ e q L e n c e s  o c c u r r i n e  h c l w e e n  t h e
t m o e . r u r  L o i . c l e u ' i u  l l p e  a n d  t h e  a r c r i c
hcmia' .  l ic Emperrum,vaccinium rype. Sirer
$.rh berrer ,qow l 'o\er are occupred by rhe

Betula nana Cladina type,  which normal ly
gades into snow-beds of rhe Juncus trifidus-
Cladina niris rype along gradienrs of increasing
snowdepft (Fi-q.27). The lower oroarctic pattem
is thus rather similar to its counterpart on
continental plateaux- Communities wilh high
cover values Df  Phr l lodoce ca.r  led o l
Vaccinium n)-ftill^t do not form regula. con,
stituenls of topographic sequences, whereas
thrticose lichens and B?lula ndna ^bo\tr\d frcm
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Fg. 29. Upper oroarcl c
Cassiope tetraqona Ra
,urculus glacialis healh
ol  Beisd!ot tar  Ri ln l -

ridge! to d€prcssions. The nain dilterence as
compared \!ith ihe continental tundrrs is rhat
the arctic hcnrirrctic Empetrum Vaccjniun type
is regulffly a major consiituen! of the comnru

Al iin altilude of850 m. the arctic hemiarctic
Empetrum-Vaccnrium rDd Bctula nrna Cladina
types borh bccomc replaced by the Juncus
lrifidus-Cassiopetetragonatlpe (Fig. 28)- Inour
opinion. this tr:rnsirion can be irlerpreled as the
limlt between lo$er and nriddlc oroficric zones.
The 850 m conlour also roushly conesponds
10 the ailitudinal limit of varcntiun nl\ilillus
(Kyl ldnen 1988).  On cx l .cme r idges-  the
Empctrum Loiseleuia type giles way to the t$o
middle oroafctic deflatioD hcath types. $hich !\e
havc a l rcad\  encountered on Ci isat  rhe
yaccinium'Alectoria type js thc conmon one.
whilc thc Empetrun-Phyllodoce-Alectoria type
is encountered jn terrNin covcrcd by boulders.
Howcvc.. the Empelrum-Cetraria nnalis t)pe
reinains a regular constitueDl of communitl
sequeDces. as docs thc chielly lo\rer oroarctic
J ncus rrifidus-cladina niris tlpe.

Samplmg a! altiludcs abolc I 000 m $as
performed r{ ther  c losc to srmmi ls  (up to
1075 m oD GuoDj,tNrri, ar 1 l00 l 150 m on
Gahpperusvtrri. at I 175 1 275 ln on Rihj'
tuhkka). which mrkes u difficult to distnrgui!h

benreen the inrpactr of alrilude and micro and
1 ' J r r , ' 1 , ' f  i ! r J t h \ .  \ t  I ' r r ' t  , r u  c o m n L r i l  ( .

\c .m r ! '  hr  r \p icr l  ior  11idJ le oroarcr ic . , r11n r .
: r4J dn nor  belon!  .o  rhe m.,  \  r le  .opog rphi .
\ c q L r e n c r \  o l  I n o u n r r i n , l o o e . :  . h e  s i l i \
h e r b a c e a - a e u r i r  1 i \ ) l r .  r ) p e  J I J  L r e . J . . r " f r

r , r r 1 . , i q 1  c c r r r ' ,  n i \ . r '  ,  ) p . .  H . a . \ ,  o f  r t c
. x * r o p e  h l p n o r d e - l u n c r .  . f l f i d r . l l p e .  i n  . u r n .
seem to fom a rcgulrrconslitucnt ofcommunity
\ e q u e n c e . .  f e p l a c r n - e  . n o $ - l ' e d '  n t  l r r c r  .
trifidu! Cladina mids ttpe al higher altitudes

\r  rn x , . r r  rde o.  Joour I  l )u  |  00 In,  r ruddle
oroarclic gra,js dwarf shrub hcdhs girc way to
boulderiields. The transition is accompanied b),
r . r e e r n e r : e n c e o f  h e s r l "  p u r "  a . r e  \ i ! P l J " i i

r ) |c  in  rh.  uppi  p i i  o i  .he.oOoprJo\ i .  r rJ . l ie , . .
wi ihh rhe boulder f ie ld zone,  the vegelat ion
f " n . : , r .  , r i . m J  l d g m ( 1 r . .  o . c , r p ) i I !  . i . .

aFfecred b\  .ohr ]ucuon or  en\edJeJ :n ,  .ur \
of nones and gralel. The prelalent community
r \ p e o l h r ! h - r l r . . u d e  I n l J n d  m o J n u i n . . r h e  I  L . r l :
confisa Cctarir ni\.alis type. is relalilely uncon
mon n ou! rmterixl llom Rii'duour. The mos
cor lmun f "nn 'L1i r \  r ) t . ,  ' r . .11 'cr .J  ar '  rh '
R i r L r n , r , l u .  p l a c i J l i .  - G \  m n o n r . r i o n  r ) t e .  o c -
curr ing in  sh€l tercd dcprcsssions.  rnd hcarh
n: !nenr .  o i  rhe |^d. . iope rermgo , .FRJnunculu
glac ia l is  r lpe.  encountcrcd on morc chiono
phobous sires (Fig. 29).
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Fig. 30. ldea zed lopogGphic and altilLrdinal patem
I suboceanic o igotrophic heath vegetaljon in
northe.n Fennoscandia. The patlern s based on lhe
material trom lvggegeisat.

'lhi! vegchLional paucm is sinilar to fte
npper oroarct ic  pat tern eDcounrered on
lvggcg'iisat (scc bclow). and the co occnrrence
of  ext remely chionophi lous and extrenely
chionophobou! elemeDrs in a singlc communiry
is in itsclf rn pper oroarclic ftature- Thus- we
propose ihat the highesl summils of RrisduoLLrr
ffc lruly upper oroarctic- There
sonable counterargumeDrs. Cassiop. t.It agona
is .r chiefly rniddle (oro)arclic species (Nord-
ha-qeD 1955), and also /-ll:r/d .o,rir.!a hc,uhs
rrc sometimes regarded as middle oroarciic

{Feder le}  & vuoklo lo80) .  Ho$(\er .  b}  rhe e
criteria. the middle orcarcdc zone oflvggegiisat
would bccomc untenabl) widc. cncomprssing
dl r i rude.  l ronr  800 In ro ar  led r  1 510 In (<.

The contrasL bet$ren cor ri enrxl dn,l \tlb
. o n r i n e n l J l  p J I e r \ ' n  r u r r h e r r n  u ' r  I " r r o
scandia has parallels with Danl s (1957) records
from eastcm and lcltcm slopcl oi Rondane
The lower oroarctic zone is charactenzed biJ
snnihr licheD-donnnated comnunities on both
slopcs. bul middlc ororrctic grass hcaths.ire onl)'
e lcounrered on rhe nrorc oc<rnic  $err  qopes.

O n  ( l . r  r l o f c . .  \ c c n i n o l \  u t t ' |  
" "  

r . r i ,
bouldedle ld.  .neer  d i rec. l )  lo$ef  oroarc. ic  l i
chcn d$arf ihrub hedLh'. Thc mJin diffJrcncc
bet$.een the pal terns of  in land nor thefn
F ( n n ^ \  J n , l i r  r r d  R ^ q J r r ,  i ,  r l '  . ' t i '  r ,
occurre rce o l  r$o f fc . ic  d$M ,hJ rb. ,  B,  " r l r
t u n n  i d  C r , t i n t L  r r l d , q ,  J n d  l l e  I n u . h
. p r ' \ c '  o r c L  ' c n . .  o l  . I h L  t t  t 4 l ' d \ '  n J
\ i . . i I ; t tu  q\ r i l lb  i l  nonfeL Le rno,c! - rcr !
T h r l o $ e r ( o , o ) d , , i ,  i , t e n h i J , h  . u . , h . , . a r i ,
. i m i l r r  l u r h e i r  J r L r \ . u L n r e | ? J n .  r l  J r . e n  I n 6 . .
Larsen & Kershaw 1975) than to thc lichcn
hef lh '  o t  nroun r i . r .  ,n  iorhern \or$J) .  Ih(
n ' i d J l c  ' { o J r ,  r i J  h c r , h .  u f  R  . i . J u . ' r  r  I n  r u  i
are inlermediate between southem Scandinavia
Jrrcxi ,lrdirr heaths (Nordhagen 1928. 1943,
D a h l  I n \ 7 )  d n d  I n  d J l r  3 t \ ' i .  a n  \ n t  ,
, / , 4 r o , 4  h e r  I \  { t s o c f e r  r e 6  B l r .  l "
Cooper 1986).

4. Suboceaoic pattern on Ivggegiisat

The lo$ernro ' t  .Lupe,  ^  l \  lgegr i . r t  J .e corerer
by r oodlands ofComrs N,IyrtillLrs type (Hnmcl
Ahr i  ,96\ , .  J  rho r :h lhe ee (o\e.  on .  . ,oc" .
rnd r idpe'  is  .cdr . r )  r1d par .he.  o l  rh i .ornu.
Fmterun'  \4)  i l iu ,  l )pe re:L, lJr l )  occur  o.
c.ess (Fig. 30. oksanen cr al. 1995: fig. 6)
Abole the 300 nl contour, fie treeless palches
o t h i l l r o p , q u n k l \  h c . , n . l : u o c '  d d : d , , r . .  r t i e l
by heaths of lhe subalpine Enpetrum lype.
Sparsely woodcd hcrrns of Comus Empetrum
Mytilus tlpe prevall on slopes, alld srturds of the
Comus Mlrdllus rype hrlc rcccdcd o dcprcssioDs.
Thjs seellnngly orohemrd.-trc complex is replaced
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Fig. 31. Lower oroarcuc community compex on
Jorbbavarri, lvggegaisat 550 m a.s.l. The hillock is
main ly  occuped by the Empelr lm Dicranum-
Lichenes type, which grades into a grassy stage
oi the Myirillus-Dicranum lype in lhe depression.

by treeless hcalhs al an altitude of.100 m. Ho$crcl
in sites inaccesible to sheet. individual tees occur
up ro 540 nl (Oksancn et al. 1995). We thus regrd
th€ complcxes of \\,oodlands and hca$s bcr\teen
300 m and .100 m !s aL lcrsl manily nordr boreal
(or uppcr oroboreal) and suggest that sheep ::.rzing
accounts for ihe lack of continuors lree cover
(Haapas,rari 1988, Okanen et al. 1995).

Accordjng to this nncrpretalion. the teeless
healhs betwccn the altitudes of.100 m and 550 m
are orohemiarciic Nevcrthclcss. the topographic
sequeDce only harbours one comnlunily lypc
wiLh rfllniries lo Haapasaari s (1988) heniarctic
heath lypes: thc mossy Bcrld ndnd scrub.
Dcprcssions are occupied by thc JJcLic NI)nillus-
Dicranum-Lichencs and Nlyrrillus-Dicranu'n
typcs, and ridges are characteriTcd by rader
extensive stands of  the arct ic  Empetrum
Dicunum Lichenes type (F ig.  : l l ) .  Due Io

Fig 32 Middle oroa.ctic la.dscape on Jotubav6rri,
lvggegalsal 800 900 m a.s.l. Hillocks are occuped
by m:txed Empetum hernaphroditun and Salix

macrolopographic conditions. our mrLcrial ftom
these ahiiud€s docs nor include extreme ridge
sites. but stands representing our DiapeDsia
Ochrolechia type hrvc bccn descr ibed by
Hapara,rd (1988) liom the same arca at alli
rrdes conespondirg ro our orchcmiffcric zone.
We thus tcnLatively include this conununity type
in the orohemiarclic co'nmuniiy scqucncc.

Thc main diagnostic feature of L'uly lower
oroarctic conditions, as w€ intcryrcL them. is thal
the a.clic EmpetLrm Dicranun and MydiUus
Dicranrn-Lichenes types nonnally mcet \rith
our anl B?rr1d rard scrubland in between.
Anofter cha.aclerisic lowef orcarcti. featurc is
the occurencc ofsnow beds as regular constitu-
cnrs of rhe ropographic comnunity lequcncc.
At relati\ely bs .rltirudcs. Ihey are nainly
rcprcsented by the Juncus trifidus Deschlmpsir
flexuola type. With incrcasing altitude. e rnost
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Fig.33. LuzLla conlLsa dominated patch ot the Sal'x
herbacea Ochrolechia iype on a middle oroarclic
rdge on Jorbbav6tri, lvggegeisar 950 m a.s.l-

extrerne depressions become occupied by laie
snow beds of the Sal;x hcrbacca Kiacna type-
At altltudes between 600 and 700 m. the abun-
dance of graniroids in early and noderate
sDow beds sharply dcclincs.In our malerial, this
is reflected as the replacement of the Juncus
trifidus-Deschanrps;a flexuosa lypc by thc Salix
herbacea-Cassiope hypnoides iype.

Above 700 m. neirhet Empen unl henla
phroditutn not Vdcciniutn n!flillus manage to
grow as closed ltands. Th\ts. SalLr herbacea cai
spread from snow-beds lo cresis of ridges.
becoming a co-dominant in almost all consdtu
enls ot thc Lopographic comrnunity sequence
(Fig. 32). Belween 700 arclic and 750 ln. stands
intermediale between the Mynillus-Dicranum-
Lichenes type and the Salix herbacea-Cassiope
hypnoidcs lypc are corffnon. Above the 750 m
conrov vtcciniun nliill{s is only occasionally
encounlcred. This we regard as &e line of de

Fig. 34- A lagment ol the Banuncr us glacialis.
Gymnomitrion type in the upper oroarctic zone,
Jobbavari, lvggegaisal, 1 100 m a.s.l.

marcar ion ber$een the lo$er  and m-ad,e

l rnmedia le l )  Jbo\e rhe / )0 m .onrour .  ,he
arcr ic  Empetrum Dicranum Lichenes and
Myni l lu \ .DicmnumJ ic l 'ene.  rype:  iJe repla,  Fd
by rhe Sal i r  herbucea-Empe!rum r)pe.  bur  orher
con\r i ruenr \  of  r ie  rommunirv \equenc.  , r 'c
trmrhar lrom rhe ]o$er oroJrcuc rone. Al
\ome$h h igher  a l r i rude, .  r le  O,  h o c,  h id rypc
of the ridges grades into the Salix herbacea
Ochrolechid tvpe /F ig.  l1) .  The Vd.c: r  iun
Alectona type is patchily encouniered on rocky
ridges. Heaths of fte Srlix herblcea Empetnrm
rvpe are replaced bv Lhe "alpine guder. of hc
Tr i \e lum Srnioniu r )pe.3nJ .nou bed,  ot  Sal i \
herbaea-Kiaer ia ,ype g ive $ay ro hc Sal i '
herbx(er  Viu lu h i f lor r  type.  T1 'e mo\ , )  ranun.
of  the Ranunculu '  p lac ia lb C\  rnrom r ion ryp.
rppeur in  e\ r reme dep'es iun\  und { i lh  rn-
creasing allitude it occupies a successively largcr
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p J | l  u i  r l n  r . t o o r . D h r .  c o n r r u l : r \  { q u e n c r
(Fig.3,1) .

B o u . o e n i p , l .  h . q r n  r o  p r e \ r r l  r  I  l r 0  m .
J , J  u .  r . ! d a  r h e  I  l ) 0 . u 1 r " u r  : r \  r h e  n i r , r - r
In  I  be, \een i , iJJ l .  Jrd upper oroaf . r ic  \e j j
e  !  r . {  T h .  , p p e r  o r o r r . l i .  \ c  r { i r n n  p a l r e n
is snnilaf to the onc dcscribed iionl Reisduoltar
P L r r  .  Jr  \e  .a. . rope re| |J" , , lJ  Rr1, ,  rc | lu .

! . J c d l .  r \ p (  .  . r . . r l e r e d  o n  r c c k r  r i J ! . \ .
q  \ : l .  r J " r r e  , o t  r h e l L / J l  . n n f u . r  a e r d r : .

n \ r l  \  )pe o!cL , { '  r iJor  . i re  .ub ecred ru
r r e  \ e  r \ i , t .  | | u r b r . r o n .  l \ l o . e  . h e l l .  , l  ' i  . '

harbour palchcs of fie Ranunculus glacialis'
G)mnomiLrion rype. Ihe Oxyria varian! prevail
ing in lo$er parli of the bouldcrficld zone and
the Ranunculus glacialls lanant at higher al
Liludes. The Luzula confusa v.tri.tnL is condi
r ioned by inLcnsc cryopertu.bat ion and the
Luzula contusa-Saxiliaga lenuis typc occurs on
ertensi\e high altitude plaleaux. We have there
fore excluded these nlo comnn'nrty ttrpcs lrom
rhe sch€mc of idealized altitudrral .rnd topo
grrphic legelalion parterns of lvggegnisat (Fig.

30) .

IX. GEOBOTANICAL INTERPRETATIO\ OF VI]GEIATIONAL PATTERNS
NORTHER\ FEN\OSC;\\DIA

IN

I  Arr l ic  : rnd a lp ine lc , lur . \  in  healh !ee-
etation of northern Fennoscandia

I n e  . r m " u c  i r , l i . r r . , ,  J i \ r . . e d  i n . e  l i n I
\ u B -  r  r - a .  c o r d ,  r o n .  \ r r l , r l  r l n  S '  J n J i  1 1 \ i d l
mountain chain up 10 $c Three CountD Border
l . : r r  '  f r . n k . r b ' e r  a i , l e r  i r u r  I  r h ' ^ '  o f  . \ e
'  | l c L r  r r ' o . 1 r  r l n J r J  $  l r c r  p r e . i p  r J r i o r  i .

Sre i  r r  r l - : 'n  I  r  . , rc . rc  drer .  \  r l l  e ,  rJ l l \  o '  r , rn ic
.  r .  r e f l P . r , J  r '  r c l a . i \ ( l )  $ a r . n

. o r .  L o r J  r i ' { '  a 1 l r  r b . e r . e  o f  r , \  i n J i . J r ' ' .
. l t c 1 r . l - o , r  ' F r ' l r ' o _ l '  f : r . l " '  . h e  n r o  r n -
u n . - : ' i  , .  \ o v . \ e r .  $ r ' r l e  t r e . i t : r r r i ' t n  i . : r '
lo"  : i  r1  cof le 'pcr  l in :  r '  r i '  ar . :  .  Pr l ' l  bo: .
p  € \  - r l . ! '  \ '  - h  . r J .  \  o  r h e  r , n r h e r l i n e .  i n J i ,  J r i n :
r l -  t r c , c 1 c e  o l  . ,  e a .  d i \ o n r : r  u " u '  l c ' r n l r o .
' F 1 e .  l o l i .  R L  r l ' i j , , ' '  l 0 6 0 . T h d n r l r e i . e r  l 0 7 ' .
Cl r  r . ' "1  lo-E \  o lTe.r  l^ /o.  l :  I . , lJ  & Vond,
1980, own obleNNrjoDs).

P r ' ' .  ! .  , r  l e d l l  \ e : e r a l i o n  . 1 i ' .  l J I f  $ , 1
\ \ ' l n r h e c | m ! r i . : r ' J : . a . r , d i  .  u . . e d  r b o \  e  T h .
tsu .  \a  d.  r ,  n  I  c  o$Jr l  .hrub\  '  ' '  \ .  Jnd na\  tu l
oroarcr ic  heaths.  Ph\ l lodo.e cdetrk!  and
vr" ,  i r tur t t  1 , .  t l t  t t .  | .ee \oronagen q '8 tq l l .
D " 1  0 5  , .  v h r . l l  h a \ p  l i f  i r , d  n . c u . r e n c e  i n
'he cr f . , r , ' |U l , , r  l .u  :vc l rc  /one ,HLr ler '  lor8.
lou8.  Hr  Len . (  |  re .  loq6) .  J l  ̂ L1d o I  r l ,e .mdl .
r 'o l f lea r lu  L ' i1 ,  or  I  Inn ' 'h  Lrp la ld |  | \J l l i , ' lJ
a l o .  H . r p 1 \ J d f l  I n 8 8 '  \ 1 , { . o \ . r . I :  / , \ / / i / /  .

is among the prcdominiiins conporenrs of
nro lnrxn hedths i r  roLlh q znd c. r , ra l  Tronr '

(Haapasaari 1988, our data). Conlefsel), in the
inland plaleau\ and on the eadem llopcs of lhc
mounlains norLh of Duordnosj.ivn (Tometrask).

the f ie ld la)e.  of  loser  o()arc l ic  heaths ls
normal l f  dominaled by B.r r ld ,arr .  sh ich is
nrch less abundant on ihc mounlai s of south
em Scrndinali.t (\ordhage| 1928, 19,11. Dahl
1957) and in continental liurcpc is .cnricted 1o
$erlands (HeSi 1957. Ellenberg 198E). Cor|e'
sponding Berrld d', heaths fom a donrinaLing
component of the !cg.LrLbn of the circumpolaf
hcmiarcdc zone and of soulhem arcLic rrcas
resembling no.lhcm Fcnnoscandia in topogra'
ph) and glacial hlslory (e.g Canadr, Grccnlard:
see.  Bocher l9 :3.  195.1,  1963,  L: rsen 1965).

Thc circrmpolff a*imdes dre not reslricred
to heath legetation. Also ihc hcnria.clic meadow
!egetation oithc inland plateaux mainly consists
of  re lar i !e l l  dry commuDit ies wi th c lcar
circumpolar difinitics (Jonassor 1982. Oksanen
1995a). Conxnunities assigned to thc pnmrrily
loNer ororctic (lo$ alpine) alliance Lactucion
alpinae occur along permaneDt crecks. as poinlcd
out b) Eurcla {197,1). Ho$,e!er. these cornnu-
niries,trc in\ffiablr' \!illow thicke!! wilh t.tll
herbs only a5 a subordinate conslituent of the
\cgcLnr ion (Kal l io la 1939,  Gjerevol l  1978
Jonassor 1983) Idcnt ica l  commnnl t ies are
encountered in conespordjng sires sithnr thc
circunpolar hemiarcLic and so thern arctic
Tones (Larsen 1965.  Aleksandfova 1970).
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100 km
F g. 35. Fevised 2o.al div sions oi northemmosl Fennosca.dia on lhe basis oi Ahti el a. (1968). Jonasson
(1981),  Dah et  a.  ( r986) .  Seppaa and Rasias (1980).  Haapasaar i  (  I  988) .  Hekki ien and Kal lo la (1988),
Pl ra inen and P ra inen (199r)  and our  dala.  HA = hemarc lc  zone.  NB = nor i l rern boreal  zone.  [48 =

C r r L i l r  r . '  h . r l -  n e , , J o \ .  J r .  o r l '  ( o m . n o l

o r  n r o r n . , . r . .  . o u . h  o J  D r  r d n o j j \ r j  ' A n o n \
inous 1975 l98l ) .

In coastal areas easl of \onh Cape. treeiess
l . J t l ' .  J r c  r ' u r n J l l \  J , ' , ' i 1  . , i  h )  / / r , r n r
1 !  n , \ r n t , .  J t t t r u .  { \ F e . r .  c u n 1 r r n i  i e .  d o , n i
rated by v rr\//i/r6 are lestricted to lites $ith
. . r  . . , \ .  t .  t ^ g r d t \  ' I l d . , p : r . r , , r i  l o * 8 r .  T h i ,
pattem is balically similar that eDcountered in
.hc h.mi . ' r f t i .  dnJ ouLhern dLr ic  dreds of
coastal CreeDlaDd (Boche. 1913. 1958. 196-l)

BoLh clinraLic and \cgcutional indicators
.nr  .  .  r ! :e . r  . . ra .  penrn.r  h.  ea.  o l  Nonh (  ap€.
' .  'J .  .  .  r ' r  ,1 , , r 'J  rLr , l  "  t lJ r .  r r  \  : rFJ r lJ

eJ renr  ' lope,  oJ s.  . r re.  nonh o l  Duordno,JJ\  r i
, T . { r ' . f i J . \ ' . r " f . ' r l ' f  \ '  . i ' . L n t . J r  r , \ ' i \ '
l remirrcr .c  /one r f . :  t< '  \or i .e .  ho ' \e\e i  rhr ,
norLh borcrl coDdiLion\ occur locally in nlaior
val leys (F ig.35) .

, \ r . o r J i l e  r o  I I a , , p a . , J J  r l o 8 t  t e  1 " ,
r h e , r o n h e r . < r . r  c a r . r '  o  \ o | q : r )  J r (  x  ( : r ' .

t r t i J l l \  l . r  r r ' _ i ,  T ! ,  . h i . i J ' j r ,  r r  L {  r l  I
\ i e $  i .  r l , . , r  l o \  . u c , c  l e . , r l  r , p .  r ^ , . r  . \
r ,  n \ i \ '  r . a , u 1  V J r J J r r j  

" J . \ . r ' ! e r l . : l . o l J: n , r  i . r p u r l  a " d  \ o r J l | , l a l \ . i . r ' . . . t . . : . ,  \
ir terain sith conle\ topography (Haapasaarj
1 o 8 8 .  1 6 1  1 6 1 ' .  I l o s e \ ,  r .  r l .  . r f t  . . , i l ,  L  u
arctic heath tlpel are comnxnr in the hemiafctic
(and oroheniarcic) zone. especi.rllt in conrcx
terranr. shich is unta\ourable lbr the develop-
t  r ' . '  , l  Bp ' r l , t  / ,  ,  "  uhl r  ,J .  \ " .  u  I  J  .
cussion on legetational patterns of lvggegiisat).
i\,Io.co!cr. Haapas.un's hcmia.ctic EDperrum
Pleurozium rype is rcpoded to be a "tiequenl
. tnd donr inrnt '  hcr th comnruDi ty  a long the
nor lheaslerr r  coasts of  Norwa, !  (Haapasaar i
1988:  f ig .85 rnd 114),  \h ich a lso harbour b i rch
scrublands and mll willow thickes in the Inouths
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of all rivers and subslanlial creeks (Ani et al.
1968. H?imet Ahti 1963, Oksanen et al. 1995:
f ig .4) .  I t  rhus seems safe to at l r ibute f te
existence of coaslal areas with seellxngly south-
cm rrctic vegetation to local topographic con
diliors.

With regard to the southern arctic/lowcr
oroarctic zonc in northemmost Fennoscandia,
the use of ihe oro-prefix c bejutrificd by ihe
lack of a physical connection lo the southem
arclic ar sea level- Moreover, the loser ororrcdc
areas appear nonnally to bc sufficiendy elevaled
to hive milder thermal conditions and/or thicker
snow-cover than lhe surounding hemiarctic
landscape. Almost all palsa bogs that we en
countered in i.terior Finnm:rk lie at aldtudes
whcrc mounta in b i rches st i l l  occur  i .
topographically and cdaphically favourable
sites. i.e. wilhjn the hemiarctic zore. Moreove!
orcrrcri. Myrtillus-Licher?r heatht wcrc rvcll
represented in our lower oroarctic transect
naterial ftom eakaaduottar. Howevcr. rhc cx
istence ot oroarclic leatures in the vegetation
appears to depend on aldtud;nal diffcrences
rather  than on a l l i tude per  se:  oroarct ic
Phfllo.loce and Mrflittls Li.henes henrhs ztc
encountercd on slopcs. whereas basins at fte
same altitudes are occupied by arctic tet!/d
noni-CLadina heatht.

The vegetation ofniddle oroarclic elevations
is nolmally cle.trly different from its latitudinal
counterparts. Howcvcr. the middle oroarctic
vegelation in nonhcmmost Fennoscandia is not
identical with its South Scandinavian counter-
parr either. The dwarf $illos. Sali\ hefiacea,
heaths oflvggegaisat are quite unl;kc fic middle
oroarctic Jdr.er lrrdrr heaths of soulhcm
Scandinavia and at least physiognomicdly rc
senble lhe middle arctic Sd/.r a,rt.d healhs
(Porsild 1951, Elvebakt 1985). On the subcon
tinental easlem slopes of R6isduotta.. middle
oroarclic sites are normally occupied by a
nixture of the aJctic dwart shrub a'drrio?.
tettugond 'rnd the oroarcdc gnminoid ,rr.!r

Similarities bexreen northern and southem
F,rnnoscandia ,nr at rheir greatest at the highest
e l€val ioni i .  Thc Luzula conlusa-Ranunculus
glacialis conmunities of nothernmost F'enno

scandia have pmctically identical counleQarts in
southern Norwry (Nordhagen 1928,  1943,
cjarevoll 1956, Dat 1957) and only weakly
resemble typical poh dcscns of thc high arcLic
(Bliss er aI. 198.1, Aleksandrova 1988). However.
tbe uppermost vegetation fragmcnts of Fcnno
scandian mountains are also unlike thet coun-
terparts on the mounhins of middlc laliLudcs. To
illustrale this, we sampled ,10 plots the boulder-
fields ofthe Grossglockncr, Ausbian AIps group,
and 40 plors in the potar deserl landscape of
Louisfjellet and Breinese!. Adventdalen arca.

Table 3. Frequenciesand mean covervalues in high
alpine veqelation iragments in the Grossglockner
group sampled by lhe sarne mellrods as applied
in the high allitude lvgge96isat plots. n = 20 n both

All <2900 m All >2900 n
Freq. cover Freq. cover

Seifraga oryositifolia

5
5

1 0
5

40
5

1 0

5
35
25
t 0
2a
35
1 5
2A

:

0.01
0.01
o.22
0.01
0 0 5

0.04 5 0.01
15 0.26

0.01 5 0.01
0.25 5 0.03
0 1 2
0.12 5 0.02
0.94 55 9.28
1.91 20 5.41
0_42
5.52

-  35 1.96
-  5  0 . 1 1

s.23 17.08

5
- 40 3.67
0.01 2a 0.47

35 0.94
15 0.30
5 0.06

10 0.12
-  25 1.20

0.01 6.76
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Tabie 4. Frequencies and mean covervalues in high
oroarcl c poaFdeserr vegeration fiagmenls in inner
Spitsbergen samped bythe same melhods as Lsed
in the high alltude lvggegesal plots.

At. 375-425 m Alt. 450 600 m
Freq cover Freq. cover

20 0.35
5  0 0 5

45 0.45
10 0.10
5 0.05

30 030
t0 0.25
5 0.05

15 0.55
45 0.9
5  0 0 5
5 0.05

80 0.8
5 0.05

1 0  0 . 1 5
40 0.65
20 0.2
1 0  0 . 1
65 325
50 0.55
60 0.65
1 5  0 . 1 5
1 0  0 1
55 1.25
20 4.2

12.4

40 1.2
80 2.3
8 5  1 8 5
75 2.05
65 1.0
75 1.0
9 0  1 4

5 0.15

Cryplogamic p anls 11.85
Cove. ol olher cryplogams 17.3

Cryplogams total 29.15

Spitsbef-sen. using the same method as on Lhe
bouldcrficlds of nofthemos! Fennoscandia. On lhc
basis of allnude $e dilided thc maLc.ial between
cxtrcmc fd moderatelv extreme sites. In thc
Glossglockner matcrial. c{Lr.me ,jites lie at al-
r : r u J c ,  u I  ' q 0 0  . ' j 0 0  n .  I  r d  e . !  r \ r - e 1 F  .  .  ,
berN€e l 600 and :900 m. ln Svalbafd. the
ahitudes ofextrenr sies afe.150-600 m and thosc
of less exrreme siles 375 .125 nr. Thc data from
Grossglockner are preserted ir Table 3, the da1.r
lion S\rlbard in Txblc .1.

I n  r h e  C f o .  : l o c l , r ( r  1 r : r e r i r  r \ .  .  \ .  I
s h c l m i n e l r  J " f  i n J r i n :  L o n p o n < n r  o r  r l e  h r ! l
r l D r i r e  \ e , e r a r r o n  . o r . \ r ! r '  o r  .  J . l - i i i n  f l , , r  r .
tSx\ i tn .e t  . t \ 'ont t tn t 'n  < ' r r lo lpht ' \ . t  xnJ
l t / .?r  , / - , r t r \ ,  l \o .e rha.  r lo  ne pwpul . , t i^ r  .  , ,1
\ -  u r y r , t t ' t o t ' a  h i . .  J  i r . l  r , . r e . o I p 1 c .
c r o \ 1 h  l b r m  . h J n  r h e  S c r n d i r : r \ i d r  p ^ t u . , r i , { ^
(scc also H,turi & Schraler 19t4, Vierhapper
1927.  Kr ivonogova 1965).  Wi th in . reasing
altitude. rhe vegetation fiagments becone icss
I ieque| l r  in  rhe l tu !e )  . r . r i lc  buu J, - f i - lJ  I  iL ,
scapc,  bur  the s izes of  jnd iv idual  cushions
mc.ease (Reisigl & Pitschmann 1958). Thc role
^ f  r . m , . i l " u .  r ^ p  

" : ! r i .  r .  n e q h g . b l e .  t  r o J g  I
greaies l  aI  the h ighest  ahi ludcs.  where the
r€lati\.ely large cushions rrap soil and thus creat
a habilat for cryptogans.

In the pohrde.en o l  S\r lbaJJ.  te  ut f .T, , l
vegeration lragments can hc chafacterized as
.cr l lered \er \  o l  hero.  re.9.  f .q .^ , t  Joa\n, , / .
and Sarrr"rs. h\perhorca) and gralrlinoids

! ro$in:  Jmon:  \ tonel  Jnd ! rd\e l  .ee : r  .^  B i$
& Svoboda 19&1. Bliss cr rl. 198.r. Aleksandrova
lo88).  The co\  er  of  ten coloJ.  c  \ f r . ts :  T,  t rnJ.
ro hc h ieh.1 ,hr1 r \e .  o ,e o l  \a .cLlJr  p lanr .
a l r h o u r l r  r a \ , r ' d r  p . , n r .  d ^ n i 1 . , .  p h ) . : u
e n ^ m i f r l l \  J r J  p ' o b a b l )  J l , o  I n  r e  m .  o l
b i o r n d s .  I  r e r m .  o t  r h ,  J . r i \ . I i  {  , ' f  J i l r e r e  ,
morpholosicrl categories, the uppef oroafctic of
r l re  $nole o l  l  e lno,car .  r  .  r1 .F n l r .  . i  ,  : l : ,

l "  rhp \e lerr r ion ot  polJr  de 'err .  r l  
"1 

ro r1F
\egehtion of tuly high alpin. habitats. which is
healily domrnaled b) cushion planls.

2. Scctorial diyision in north€rn Fennoscandi,

'l-oday. 
se have t$.o different trearments of

\ rc 'or  f roup\  in  n^"hrnmur Fen o.ca d.a.

Banunculus sulphurcus

Saxit.aga appasitilalia

Hyiacontun splendens

Baconitiun canescehs

25 Q25
2 5  0 3
1 5  0 . 1 5

3 s  0 4

, i  oi
2 0  0 2
1 5  0 . 1 5
55 1.1

35 055

1A 0.2
i 5  0 1 5
40 0.5

1 0  0 1 5
35 0.7
30 0.45
1 0  0 l
5 0.05

1 0  0 l
5 0.05

30 0_35

7.45

15 0.25
25 0.5
25 0.45
1 0  0 . 1

20 025
4 0  l 0
30 1.2
1 5  1 _ 1 5
35 1_55

6.45
9.55

16.00
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ol-o

100 km
Fig 36. Fevised sectoral divisions in norlhernmosl Fennoscand'a on the basis oi Ahti el al. (l 968), Jonasson
(1981), Haapasaarl (r988), Heikkinen and Kalliola 11988), Pinainen and Pirainen (1991) aid olr data
02 03 = oceanic, 01 = suboceanic, oC = subcontinenta! and C1 = conlinenlal sectors (sector grotps).

Ahti et al. (1968) define seclors and seclor
groups primarly on the basis of fo.cst \egeta
t ion,  lvhereas H. tapasaar i 's  (1988) point  o l
dcparture is the vegetation of trcclcss healhs.
Although the Lwo trealments conlbnn in Dany
wnys. the conlinental (Cl) sccrors:re almosl
non-olerlappnrg. The continenlal sector of Ahti
e!  a l .  (1968) encompasses the A.ar j i i ! r i
(Inarinj:ini) basin and thc highlands souih ol
it and $cLches lolvards the south$e5t ro rbc
area around of Gnllilare wilhout includ'ng
!ubr tant ia l  p ieces of  Nof$ 'egian lerr i tory.
Haapasaari s Cl sector, in tum. slans at the
northcm border of lhis area and is at ils widesl
in rhe interior parts of northein NoN-''ay-

we regard iI as mostnatural to define sector

! r o u p '  p f l n r a " l )  $ : r h  r c f . r { n r c  r ^  r h c  / o 1 r
r h J r  p r e ! . r i l .  I n  r h e  a r e a  a .  a  $ h o l e  t )
c e p r r o n r l l )  e l e \ i t e d  l r b i r : .  . n J  r ' ,  r c r c i \ r
morc precipitalion (e.g. Flohn 1974. tsa|ry
l q U / .  B r f D  &  r h u r ' ,  )  l o a 2 )  B L t  c \ . e p
r ionJl l )  los l \ in f  aJeJ.  .oo.  xre l ike l )  ro b(
: u b j e c r e d  r o  u n u ' u - l  ( l i m r l i r  . " n , l i r  . n .
Al lhuurh p 'cc i t i r , r r ion in  i r 'e l l  normdl l )  de-
creaie '  $  r rh decrea\rn:  u ' r ' ruJe.  i ' .e . tcd \ "1
l e ) .  m r ) : r , r a \ . n o $  r r x p \  

" n d  
l o o e ,  I n ! )

recer \e mornurc f for  .ub.ur fa e ' r l . f f  ThL.
i leFn, l in"  nn rhe re lar i !e  renprh,  o l  rhe.(
r$o Iacror . .  \ ! l le \ ,  ma) hc c i rhcr  .noi {er  or
drier than fic surrounding uplands.
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Fig. 37. SPOT satellile plrotograph of leij6vri basin shows rhal the highlands nonheast oi it and the
weslen slopes of lhe Gaisa formallon belong !o lhe C1 sector The lighl greyish color reilects abundant
chen grounds. Reddish colour is reflected chierly by eutrophic vegelation. The area covered in lir€ vegetalion

map (Fg.23) is delimited in lhe rjght margin oi lhe rigure.

l f .ecror  r rorp '  Jre Jel imircd nn lhc hr \ i \
of thc prevailing vegetation zone forest
\egera on In.he boreai  res ion ind hemid 'cr i (
\ c g c  z r i ^ n  i r  r h e  p r F d o m i n d n r l !  h e m i a r c r i ,
rerron Lhe Cl  .ecror  $ i r l  inL luJe buf i  dr ,
d,J  propo.cd bv A} l r i  er  d l .  r lq68)  and dre
JreJ propo.ed b)  Hrapa.a.n i  , lo88r .  W;rh in
Fi ln i .h  I  ap:nd.  Hadpd'arn .  boundanes a-re
supported by the recent vegetation maps and

the vegetatioral data (Heikkinen & Kalliola
1988, Eeronheimo er 'dl. 1992, Piirainen &
Piirarnen 1991, present data.) The exacl borders
in the nonhwest need slight rcvisioni our data
suggest that the Iesjevn basin, the highlands
northeast of it, and the westem slopes of the
Giisa formation belong to fte Cl secror (Fig.
36). Satellite photographs (Fig. 37) furthel
strengden this impression.
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X, ECOLOGICAL CONDITIONS SUSTAINING THE VECETATIONAL PATTERNS

The main funcr ion of  descr ipt ions of
vegctrrional paLLcrns is 1() provide a point of
depafure for ecological studies. Specularion\
based oD observcd patrerns are al\r,a!s on
uncertarn gtuund.  and need to bc checked
e \ p '  ' :  I  e r . , 1 l l \  ,  l i l n . r n  l o c p .  K e d a l  r o 8 o ,  s o
iar, this hxs rarely been donc in norrhcrn
Fennolcandia. Il is nelenhcless usetul to reriew
proposed ccolosical cxplanadons and prescnr
oun i eryretalions for the lcgelational parterns-
'  b  n(a1\  . ,  nrmr ld t i l r  e \peFn rnrJ l  ecologi

Summer temperatures and snox

Summer Lcmperaiurc\ and snow deprh are rr.
ditnrrally regffdcd as the .rain facrors .cspox-
sible fbr rhc existencc of ahirudinal and ropo
grrphic varialio. in Fennoscandian :Jcric and
oroarctrc vcgeration. These facror5 have bccn
exLcnsively  d i !cussed in many r rudies
(Gjare lo l l  1956.  Datr l  1957,  Eurolaet  a l .  1986)
a , J  r e \ r b o o \ ,  , O k l a n d  &  t s e n d r k \  n  t , ' U 5 r .

Nurrienls

Nulrients are in shorr supply in r}le najorjry of
arctic habilats (Chapin & Sha\,er 1985. ilerendsc
& Jonrtlon 1992) .tnd the dramatjc impacr of
nutrieni rich bedrock on Scandinavirn oroaJcdc
,-g. r i i . {  l ra  lonB beejrnorr l  J  '  \ee \orJhrre .
1928). Although our material is restricted I
areas $,ith nutrienr poor bedmck. indicarors of
nutrienl-rich coDdirions are encounrcr€d in rhw
bouldcrfield zonc and immediarely below ir
a r ) o p e 1 u ' h r r r o n  d p f f . r .  r o  ,  ' c r ' e  r e t d r \ . 1
nr t . jent- r ich condi t ions at  h igh at r i tudes
rrunJ. .or  & s lotd tq8: .  to la l lon to8o) .  In  h.
bouidef f je ld zoDe,  nutr ic . r !  re leascd b) ,
, r ) o D e r . , r ' i d  i o n  o - o b J l . )  p e n o l J r c  i n t o  r h c
bo,rUf l  le ld dr  J  Iu do{  ns tuJ,  o\  er  rhe \u ' iu ! (
o l  inrdcr  \ .  L l  uck.  Ar  rhe .oeer  l imi l  o l  rhr
bouldcdield zonc, lhjs deep subsurf:cc .unoff

' ' u n r e \  u p  r i r  r h e  . u n . r ,  J n d r h e 4 L . . r e n r . , r r r i e n
d l o n l  \ e , o r n e : \ d : r J b l e , o '  1 J n . . .  W c  . e g r d
r l i .  a .  r h r  n l i n  r e : \ i n  t o r  I n .  \ t e c r e  r i . h
a l p i n .  I ' r ' d e n .  , r h e  l  . f r u . n  5 p i .  J r  I n

S J n r o l | ' d  r \ p c , , r  l \ p o e i r i . u r .  r 1 F  \ J  i \  p o , , r i *
Carex bigeto\rii rype on Rnisduoriar and rhc
s o l , a a p o  D e . c h d n  p . i d  r ) p e  o r  C i r . r ,  , ,  c u r .
nne mmedirFl )  beloq tF.  bol ldFrre la /on.

Physical disturbanc€

Physical disrurbance is often intense in the upper
oroarctic zone, $herc it probably influonces thc
' tccunFn' r  : rnd comTu.. r ior  ̂ .  le  \ .g .  J I ' .
i ragments (Mul le f  1952,  Benninghof f  1952,
S i t d J b o ,  l o \ ' .  R a J f  o D ' r . B i i . . &  $ e r  . 2 r .
I o n  l 4 " e n  r p e r . . . u n l n . r . \ p -  r m e n r ' t t \  . o u . . r
e r l t e l l )  p J ' ,  h e l  I n  r h e  o o u l J c r ' r e . a  / ^ 1 .  o 1
V u o r J ' n j J r h a l d i ,  \ ,  r .  \ o r s J )  J t r . 8 5 o n / { i , h
J 'oads Jc L ' :s  .eed n \ .ure 2 lJ  ob.err .J  rh. . .
Ihe productiviry *as as high as or higher than
lhe proJu,  r i \  r I  o t  T, .oemte n ' i !u . rophi .  .no{
bFJ\  r t  rn a l ' i r rJe ot  62n n Ih. .  . . rg le. . .  t t - : r
the vinual lack of vegetation in this ffca was
p r i m l r i l )  d u e  r , ,  ' n , e 1 \ e  t F \ . , . i 1  J i n t | o ?  r . .
Moreove., the doninating valcular ptan! of
conl 'nHnr i lbouur- f ie ld.  L i . . , , t r .or | \ . "
is clearly disturbance adaprcd and atlocates
hcavily to gcnerative reprcduction (Addison &
Bliss 1984. Oksanen & Ranra 1992).

I rh) . ica l  d i . rutuJncc .ppeJJ.  r , ,  5e qr  e in
D o n a n l  c \ e n  a .  l o $ c '  J l r i . u J c . , e g  l ^ \  l , ' d l  .
D r h l  { 1 n 5 7 ,  | U r n . e J  o u t  h J r . , n  , f i e  o  t h , . i r
trailing grosrh habir. many arctic,alpinc plantr
1rr .  u  . r ronf  ,J t 'uor  inJ fcu or  |  ̂  1J\e l r i r r^u
r o o l \ .  T h u \ .  r h c \  . :  a  , , n l )  r c f r .  a  L  e
gcne.ailely (Soynnki I939). Thir growrh torm
may he essenr ia l  for  coping $ i th Lhe soi l
n u r e r n F 4 ' ,  ) p i c a l  o f  J i c r ' .  J l t  1 e  r r a b . J  .
{ R a u p  l o 6 e .  J o n J , . o n  r o p o  t o n . , . . u n  E
aJl la-hdn tqorr  Ddl t  ,  tq .  ,  hd,  t rupo.eo th.
this is rhc nrainreason ivhy Pbll..lace caerutea,
which has only q eak advcntiriou s (xr!i, reptacc!
vttcitiun ntr illus on slopcs with unstable
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.^  . .  Thc ,anc . ' t l rJ l ior  n ight  J Iv  rppl .
to the relationship betweet P..aeulea a V.
,  t \  tda.a Br ' \  .pe l ie .  a 'e 'e lu l i \e l )  Ine\ .
norp\  c  F\erp-een dsrJf \hJJb.  31d rould dru.

be expected to clain simila. sites. Acco.dtus
ln ^ l  -  Ja d.  V.  , ' t t \  \ lapd . ] 'aJt  'he '  on n, t )
rid-ses aDd sandy heathlands, $'hefe soils are
relatively stable. while P. ..ren1ed appeirs rnore
abuDdantly on stony rjdges and slopes.

S i l  tcr  t . , , t r r .  J t f . r  r .  h ,  l l ,  n  J i r  f r . ' \ :
rnate factor responsible for lhe varyrrs degrees
o t  .  r . . .  . , r d  d l p  1 r  , o r o a r r r i ,  I  f c r r u  c \  i l
f e n r o . c a r d i r n  r o r o \ a | .  i .  \ e : e r a r i o n  r , e e
Eurolr 197,1). In lypical oroi]Ictic ,rcas. ftick
\nos co\e pre\eI r \  rhe l ree/ in !  o l  .he ,o i l
' D . h  l o 5 - l  $ L c r t ' z .  r \ f : , r l  J . l i  J e J \  J r e
.hdr .c .enled b)  pe-n: f -o ' r  drd los \o i l  rem
peraturcs even in lhe aciive layer. High soil
.emper?.L, re Incred e rhe r r re o l  nurnenr Inrn
c r J l : / ' i o r  s \  '  h  i .  l i k c  \  r , '  f r \ , i r  h ! - h r r . ! ' u .
p l .  r r .  o .er  d$dr l  hrub. .  Cool  bur  unl io , ,en
$il!. iD tum. arc likel) to favour evergreen
dudl ,hrLrb\ orer deciduou\ one\. becau,e Lhc
r o r '  r o / e l  . o i l  ! l l u $ .  e \ e r !  e e n .  r o  . r i f l
phorosynthesizing in spring as soon as ftc sno!\
co\p '  .  h : r '  enoulh rhar  h!L ,  Jr  te | le | 'a le ro
. r1op)  le !e l .  I f .  ho$erer .  .he ! -ourd reman\
f ' u / f l  d  r , '  r h r  . l u $ r n . l r .  e \ e r : ' . e I  r n J  \ e r ' i
F!erP-een . -eF.  and dsar l  hrub '  l i te  14r4a, / /
n r t t i l l u .  r a '  \ \ o l  l o 8 r ' .  T ! \  b e  I e r \ r l \
d " r u p c J , K r  l l n r J n  t o q o , .  w . .  r . o d J  r t : ,  r .  , l
least a contributing factor for the e)iisterce of
oroatcic Pbllodoce and Ml.,r1lrr hcaths ;n
. r te\  rhf l  Jrc  dor  nr ted b)  l r .her .  and Apr ' l , r
roro i r  t ror  r '_ i .  '  l in  J I ic  c^nd l i "n.  l lJ  h)

r i r l  Inord.  rn Lone\pordi r !  uul \  J lp ine habr-
r .  r , .  I  n  iJJ l .  la  i rLd. . .  \ ,  i r  rhJ| 'hc d i ,u  hur iu l
of  Pr ,  / / r / ,  . -domrnf l  ed lo$ef  orodrc, rc  hearhs
, . ' n f L . *  . .  I  s  r l  \ c  J i J ' : h u r i , , n  u f  \ p r u , e
dormndred . imbel ine lbre. r .  l$ id r rand lq65
Ha{tasarri 1988), suggestiDg that unfroTen soil
IJ \or  r r  ererCrcen p la. r r .  in  borh .he .?e la)er
xDd thc ficld laycr (scc Oksanen 1995b).

The rcdr  ronr l  e \p lanaron lor  rhe dbsence

" l  \n ,  u 'u" t  d t  i t lu t  h  n rh iuL ' Ihubuu.

sites is its inability to tolerate iow temperatufes
(Nordhagen 1928. DrH 1957). Rcsults obtanred
b) turo la e.  a. .  I  lqb l r ' .  and b)  Hrrr .  lqo j .
l o T l )  i o  C . a r r l  F i n l l r J  .  r f p u f l  h i .  \ r e s .
a l r l routh rhe re lar \e nrDoaalce o l  ro ld | '  |  . r

J n d  f r c , / c  J D i n :  i q  l J r c  s i n r "  l r - n q r l l i r l
l ( ) 5 7 .  H a \ a s  i ( ) ? l l  ,  i n  n e e d  o l  f u n h e  n L , i . .
The cold scnsifiity of y. nrr?illrd is also of
r e l e \ J r c e  . o  r h e  . .  u e  o l  a r . r i c  . n d  r l p  1 i
features in  hcarh rcgcLar ion of  uor lhern
Fenroscandia. ln dre Arctic. mean tenpcrahrcs
at thc grcund are just as frigid as mean air
Iemperarures: me snow covcr only protect!
Jsdin\ r  'hen ' r l  e fpr le .  tJ i , , :mJn er  r l .  l "bu .
T h u . .  , h e  A r c r  c  i .  o  I  l i r  i r '  f n r  ' , , l d  

"  , , : r i \ r

t l r n r . . B J  r n J  l J r . r ' h i . : l . J J p t l e  o . c e r . r . c
sectors of the Arctic zo e. lbr e\ cn lhcrc winLcl

f r , \ ' i f i lJ l i , ' r  i .  lo$ h '  J  I  re nJndJfd. .  r . rc ,he
cold hdrd\ rt rt n hp@?rh.ntlt,,'rt , ip
o\  ers hel ln ingly  donl inar ing dwarf  shrLrb
L B i j ' h . r  l q s l .  l 0 6 1 ) .  T t  i ,  t r  r F ,  r e . o r  t h J
se emthJ. i /e  r le  JbundJn.e re lJr ior .h p be
lseer, E. hetinaphrctiinn rnd y. nilri1l,i r when
J i { u $ i n "  r h e  u , c u " e a ( e  o r  u r c l . (  c o J n a l  \ e g
elation in nonhemmosr Fennoscandia.

Freezing of Yegetation

free,? in!  o l  reeetar .o, r  .n  .o l .d  ice '  a  n a i^ l
problcm fo|c inJrc '  \L  \ : lJr '  r  l r rhe nn.or
Fennoscandia. especially when cold autumns !r€
fo l loscd h)  n i ld  $ i l rcr , .  J ,  i1  he $ inrer  I  ro l .

1993. Meltu'aters may then percolate through
thc !no$ Nnd free?e upon .eaching ihe frozen
soil (Per-Nlikael UISi. pers. comm.). Hayiicld\
in  lunhemmu,r  \nruJ\  J l .o  leq re. I l )  .u ' ,e l

from 'burning of lhe ground duc to Lhc ftn-
mation of ice lenses (oqn obsenations). The
lare iu l re. .  Jor  na.urd l  oroaJ.r i '  , .o . rd i1  . f
frccTing in solid ice is discussed by Dahl (1957).
who backed his interprektion nirh obscrvNiion!
concerning the impact of road construction on
drainage condir ions.  According to Dahl .
J're,?o.a4ld, spp. tolerale fieezing in solid icc,
lvhereas Cladi',ra spp. ad Vacciniun n\-nillus

Freezing in solid icc appcars to be the nlain
factor responsible for the exisrence of extensivc



ACTA BOT FrrN\lCA li:l lr995) u"tth v?.tutn't ol n.dtt.nuDa I ?nnsdntlia 5 1

\ , , r ,  . , . r l l , . . , .  | . J r l  . . n  I d n l . m  l < I n o r c  J i . , .
\ .  {  . J  ' . \ ( .  r ' . .  1 - J l l . .  r o  a r . r ' , \  o . ( u -
on the slopes of fla! topped hills. and according
to our obsefvaliors. lbcle sires oblain a rela-
Liveiy thick snow cover dunng rhc firsr blizzlrlds
/ f  o .  1 q t  L i r e  d , r L r  ' , l t r . , $ . .  $ t i . h  . L b . (
quentl) nrclt the sno$ f.oD upland sircs. oiren
lcave stopes co\cred !!ith an ic! crust. Thc
\ o p i .  . r .  u  . r  r r e r  . .  ^  : r e  e o c r , r l u n  r , - r 4 .  I
n  { r ' e .  r  I  e 1 r  ̂\ .  J r  d  J  r !  i h J .  t  ' . h r 1 \  n o t  J . r
to rerndcer grazrng. as proposed b) Du Rierz
( l o ' r - r  b r  ' . , r 1 . I  o r e  r o  r ,  { . r . c  c t  r J r
creating a situarion where melt\arrs rend ro
r€eze upoD reachri-! $e frc7en grou d.

Grazing bl sh€€p

a '  r r , g  b \  l f , t  r '  . n o r e  u  l i \ \  € \ r n ,  h J  r i i
the AlhDric coasi, lvhcrc rhe anrmals can be kepr
' .  o r - d o o r ,  r F .  r ! h o u  r f e . ,  . .  , . l c  s l r  r .  r l - .
e .J  L . rpo.e r ,ef lJ  )  $ i l re f  'ooJ i .  'p l !  r \e , \

.nal l  f IL , . , t r .  - f r  1"88r .  B.  , iJe.  deD?sin!  d le
r i l \ ,  l  e  o r  l , " . " i J . J r  b \  : I  l .  \ r  : 1 , 0  n
/oL.dn.1r  

" r  t . , " i , .  .hot .  1al .  r r  1 , : \  cn,F
rhu. .  o  r \e h igh rhLnaance,  ^ t  Lh.  re lJ t  \eh

'rrp'llat^hlc t )np. I nnn henwph tolitat on |leless
borcal and orohcmirrcric hearhs. In rhe tbresl
/ o 1 . .  r l .  J l . r r d a , r . e  ^ i :  J n  o r d .  r e . F 1 i r l l \ :

-.;@estt*, .,,-.-/&

l ) ,  . .  t t , tu t . , 'o  . , ,p ; t r , . t  .n i  I ) .  j1 ,  \ ' i \ . )  ! (
conspicuoust) high in rhe !icinily o i settlemenLs,
$here shect grazing is mosr inrensc.

Grazing bt reind€er

Grazing b)  re indeef  is  doubl less crLrc iat ty
inrDo'  , ,nr  tur  I r l : I  J  t  nJr .  \ere d ' .1  In 1-e. , ,
{he 'e t r i iJ  .  i lJ rcr  qe-e r rJu.  ea o lo f  r ,  \e . ,
l l r r a J \  i n  ' r c r e  r  r i n ,  .  J n d  \ n . .  r e r  r o e e l
husbandr) hrr not developcd. Cl.klina stelkds
bui ld \  rh ick carpers,  la fgely  exc luding orhcr
l i c h e r  .  . r r d ,  r r . r n e  ' r  : r t o r  p . . , o l e  n .  i n r  \ J { u . J
pl,tnrs (Du Rierz 1925a. Solrinki 1939, Nord
h i e e n  l a l r  B r o N n  &  \ l i ' o l J  o - r ,  P e r . . . r . l
1 r r \  \  : r r r / r n !  J r d  , r ? r n o l i r  -  d e . I  r a r .  ,  I  e
a l r la ,a.  Jrpe. .  T l .  .h i l i l \  o t  V,  r  i ,4 . /J ,  .pp.
r , '  i 1 \ r d e  . , h \  , i r e .  . e (  n  r , ,  ̂ e  o \ e r d r . J  r ,
K i i re lJnt '  De, . .  r^n 1,  Ok.a r -n lo  8.  p.e. .  I
J .  J )  l I { e , , J  J ,  c | < d r . r o  { . o  r d J r )  \ , p / i 1 . -
,1 / , / . r  hei th\ .
seen ro encourage an expxDsion of P,1ttli./r,,,
h|perb.,reurt anl P pilifetun (inediblc for
.erndeer). I'hus C1.?dna heaths strbjccted tc
pcrsislenl- intcnre summer grrTing appcar to
conlergc L(n\ ards the Pol"trichun h,-pefioreun
skge Eren prudcntlv used \riDler rangcs arc
chffaderired br much bs,erlichen bionass and
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I  u .h h i rher  spec.e '  d i \er ' . r )  ,hrn r le  a/a, /nr ,
, r '  / / / / ; r  domiIared he. th.  u '  ur ! r rzer l  area '
(Oksanen 1978. llelle & Aspi 1983. Du Rielz
1925a.  Dahl  1957).

qur .1 'cr  gr ' iqg h)  rc ind.cr  r l .^  i .  l ikc l
io be a major factor influenciDg the composition
of snow bcd vcgchlion. During wrm sunmcr
da) ' .  re indeer Dpical l )  re ' r  on.nou le ld '  rnd
prefcr Lo g.^zc thc cmerging shoors along their
edges (SkjerDebers & Slagslold i968. own
ob.enal ion, .  On uur  . lu$ hrJ t l , r .  \ ra ' f l , .J
.  g h r  .  b r l o u  r h e  b o u l d e r l . e l d  l i m i r  o n
l ! ! :e !dr .Jr .  prrc  i ( ! l l \  a l l  lerbr ieou.  phnt .
{ i rh  crccr .  robuJ \hoor .  le .g.  / ,  a / , ,u , la , , .
oxrria digna a\d Ranunculut 8/dctdlrr) had
be.  r  hFa\  y  p-d leJ b)  re i ldeer .  Wlren .ampl ing

the vegetation fragments in the boulderfield
zonc. wc synemarically recorded evidence for
grazing on our plots. assigning all species or
p l o r , r o . r ' e u l r h e  I J l l " q i r ' j '  r t . ! " r i r '  I  l ,  i l t J ' 1
( r  ̂ .  \  i J r  r . .  1 o  \ i n ' b r d r F g r : r , ? i n : , . 1 1 ) n i b b l e d

!n lern . re i r f lore-  er ' .e  .e\ereJ n, '  .uh{rn
r i . r  . rn^,  1r ,  o l  lo l  . , !F reno!ed,  and ( .1)  ! rd led
r l u r g e : n o r r t .  J I  I u i ' r ! ,  l u . r ,  \ i h h l i n r  i "

f .ha\ I ,  r ' r .  {ork of rork prdmjgdns (  Lrsd|a.
ddr ,  / .  uhrch sere ob.ened ro col .ume in
florelcences of n. gla.tdlir. Gr,rzing. on fic
orher  hdr  d.  i  probrb l )  main l \  d  re o re indeer.
J l rhor !h .orne:ra, ,ed : 'ur l i lu i , l '  r 'e$ in  p la,  e.
r ' r r r  serr  onh dcce- ib le ro micror ine roden{ .

The results (:Iable 5) reflect the combined
inpacr  o l  or i , ,er  pre l i rer  ce and r (  ce.s ib i l i r )  and
mu..  rherefore not  l 'e  orer- rn leDreleJ \e\e l
r h , . ' ,  ' 1 . )  , l n s  r h a r  r h c r e  i \ . u b . r a n r i : r l
gr r / i  rp  e!en in  r l  e  boulder l .e ld /one.  e,pecia lh

Table 5 Grazing obserualions (%) lor lhe most
common const i luenis of  upper oroarc l ic  p lant
commLrnities on lvggegeisar.

on r id :e.  \here rhe / r  r i ,  ,  , ,y ' :a  ,  hea,h.  . r (
toun, l  M,{eo\e '  re in, lee Jppei ,  ro f reref
herb:rcroLr .  p l : rnr .  s idr  obu' r .  Frecr  hu^r . .  T\ '
r l r i ruJ inr l  d i { ' rbur ion ot  ! r : / in :  Jpper.  ro be
uneven:  a l l  grazcd stands o l  Rdnu,culu l
g/ , ,  id l i \  and rhe InaJo| |  )  o t  !yed Lt  r t ,
. o a r i s d  r J r J .  I r  i n  r h '  1  t r . '  t , ' r  " i  r h ,

Thr  ob. f l rar ion, ,umm:r / .J  rh^\ .  .  rgor  J
th : r r l in :  b)  re inJeer m:!  be ,  n .aJor  .Jr .e
of thc rclarivc r^ir| ot Lu.ula confuv ^ntl,
R. t l tuL ht t t '  ! l ,h  t t i \  in  r le  r l  dd le oro.  - .  rc
/ " n e  M o r e u \ e ' .  J ,  | ' u  R r e ,  l o ' 5 b '  o r !  r l o
nor;ced. s.r/,\ ,[c,r"r." r ablndant in thr l.scr

F n .  u I  r h e  b u u l d e r l ' e l J  / u r e  s l e ' e J .  h i r h e
up R.  ! / , "  " r / , r  

mo| lopol . /< coi re.pondi  ,g  i re .
Thi .  r , 'u  mJ) re l te .  he 1 rz ' rg b ' l  re  rdeer
in fte lower pafls of the boulderlield zone.

while the impact of feirdeer grazing on
robust. crcct hcrbs rnd crcct woody phDR i!
c lear l \  negar i !e  ,Hb! lund & fnt .  or  lo-1\
p" \ rJrc I  Jr t \  JrJ  ,1 ' , ,11 Lr '_h,  .  c  i lp l )  ru

Sain fiom the elinination of supenor competi
l ( r r \  JnJ i r !m rh.  mrJ l rq ,  l  J i ! l r rb, ,n .  u I  lh(
moss carpel Normally disturbance pronotes
. p e ( i e ,  J i t e r \ i l )  r H J r p e r  l 1 1 6 o .  C r i n e  l o  . t .
1 o 7 7 .  f o \  l o q s ) . . I d  r r i r d ' r '  T , , )  t L , r ,
conrr ibure ro.he .pec.e - r ichne' .  o l  rhe J p re
gardcns at thc boulderfield limir.

The pro lourd impacr  o l  r ( i r . , leer  l r1  l ic \e I
her lh Jn, l  'n ' { '  hcJ \ rgt ' rJr i ' {  i .  nu J ,  Jn."
quence o l  e\ , remel \  h i !h  numbe^ /Sk er  reberg
&  S I J ! . \ u , l  l o 6 8  K u r l r L  l o  8 '  l n  r h (
. u b a J e x ,  i l c l , r d e d  i n  o , r r . r u d ' .  L r m n e r d e l . i r  . ,
of reindeer range lfom 2 5 to 10 animals per
\m ,Ot , rn.n r '  J l .  Loo<.  i io .  , .  A\ .  , rg.  )cJ '
f found denr i r ie i  Jre d- l l  lo$er .  RdLher.hxr
bcing a conrqucncc oi high g..tzcr dcDsitics
rhe cunenr ' r ron!  In l lue rce o l  -er  roeer  on h.
hcath and snos,hcd vcgetr t ion of  norLhcrr
Fenno.candrd rppe.r \  .o  be r  conleqLerce o
r h e  l o $  p r u J L . r i \ i )  u I  r h . . e  h J h i r J r , . .  e J r ' r r
a s i tuat ion where moderate grazer  densi i )
suftices to generate intense grazing pressure.
Thi \  imt l ic ,  rhJr  rhc ,  L-(  nr  impJ.  |  ̂ f  r ,  rd ,  c
may not be essentially stronger than would b€
associated sith wild reindecr at their nahral
equilibriuln density (Kelsall l96lj. Oksanen
r988).

n grazed nibbed intaci

23

1 S
1 9
21
l 0
1 2

1 3
4A
0
0
0
0
0

30

0
0
0
0
0

57
45

100
100
100
100
100
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hr ffcric and subar.tic habilals. nicrotine ro
d e n .  - .  l c J ,  . , \  I n r p o n J n  ( , , n \ u m i _ \  J \  I ' r e
' I r B U l a . . , $  e l r o .  ' . 1 '  l o ' r .  B l i  .  l 0 7 - . B x r / l i
el al. 1980). Thc inpact of mjcrotine rodcnts
r .  : i  i r .  h  p h (  .  o n  . l r o r u f l , i l " L .  . i r r s .  $ l r i . h
. r r e  f e  I n J i , , ,  \  c J r e n  b a r e  t r )  l e 1 ' r . i n r ' \

lLennus kn"nus)  (Kalch 1961.  1971.  Kale la
d.  Kop ' ,e l  l l ]7  .  Ok : rne d.  Ol .arr .n l08 ) .
\ u r . \  . , 1  ,  . l b ,  e r r . \  t , n : r ' . J  " u l  l h J l  r l i .
n'rst have a major inrpact on nutrient c,'-cling
l h e  f e r i " J i .  r c n " t d .  o .  n . . . . e .  r .  : l \ "  l i \ . r r
lo have direct impacls on sno$ bed legelation
ln the rbscncc of lenmings, moss bn)nr.tss of
snow-bed sites incrc.scs conlinuously (Kyll0nen

a.  I  Inc oq^.  Ot ,dnen . 'd . t .  \ tue . r  r t  too,) .
. , , d . L r  r J  c e \ e  f r i . l  u l l d  l e r d  r o  h e
establishment of nross banks. from which las
. u l  t l , , r '  s o r l d  b e  r  n u J l l )  . l i m i n : r e d .  A n
.  \dnple |  I l  o \ rd.J  h)  r \ r  cn,n ine- l ree J,cr i
i ' l  J . .  J . , r  \ l d ) e 1  1 | d  B e  l . J I J , V i r r . , n ( n
e1 al., in prep., lec also Sdynnkr l93lJ). Lenr
|  , : r ' ; , . ,  r '^ r  . : r .  d \xr l  .1 . ruh. .  5Ll  h,  '  r rn o\e
\ f : r e . e r  I  p e \ e f l : r  -  h ' i r  . r c r , '  r o  n r o * e . .
rnd o rer  ,  '  .u . ,n . l 'n  o I r  ; rer l  ruJnl i r i . .
(pcrs. comm. by H. HenltoDcD. own observa
r o r  '  ' .  l l . u . .  r r  . f i  .  " f ' h  r  ' h o f l - r e r r r ' , e . : J r i \ '
impact  oD grammoids (Voen ct  a l .  l99 l )
Iemmings mal falour graminoids o!e. d$an
shfutrs ol oroffcric heaths, as illusrrNrcd by our
plols representiDg thc arctic Nlytillus-Dicranunr

(  l J J . l d e d \ o . e . . (  t .  t h , L . t t . x , \ \  t u f u , . u \ 6 )  e
rhe doninatjng microLin,r species of no.lhern
F e " L ' , J r , l r . ,  ! L d h . r  e r  r l  l o / ' i  o \ ' a n e r r  &
Oksrnen 1981, 1992. Andcr$on & Jonasson 1986)
They ulc dwfl shrubsas wxrter fftd(Kicla 1957
Enanuelsson 1984. Oksancn e1 al. 1987). On
i  l r rJ ,  qh r .  pr idaron pr(*Lrp i . l ' { \ .  f i r \  cL1
inf  c ,  Lrp ro 100 .her  In ' 'LJ i r '  on d l  $ood:
p l J n r '  r O l , r ' 1  , r J .  4 8 - .  H .  H e l r r u r t r  F , ' .
f J r  , r  , .  P .  l , r n d D e c .  n  I , f  '  . i . )  . i d . d  l o l e
periodically rcducc drc d$art shnb col€| (Oksanen

er ' l  roPl .  o8_.  O. .J Ien op8'  rJ  inqJencr
.  ( r .pecr f i .  i  , l  _ . .1  ̂ r .  br lsee I  dqJr l  . ' r ruh '

(Callashrn & Emanuekson 1985).
ln JreJr uirh or omarc i, f,'n

o  r i u r  ,  i . l J  ' o  e  r l , t ; , r , r '  r ! , 1 ' / , \ , z n d  r r o l

\oles lliicrotus oeconotfiur) may bc abundant in
dre lo{er  oroarct ic  zonc.  cspccia l ly  dur ing
micrctine pexks $ith loiv lennning nurnbers
(Hentonen et al 1977). Wc ln una$,lre ofdelaled
studies on ficir inpacl on north boreai and oro.lrctic

lnrcrtebrare herbivores

Tiro in\enebrNlc hcrbirores ffe important lbr
thc timberline by periodicall,v delbliatnrg rnd
sonetines elen killing l.trgc ntrnbers of mour
tain birch: rese xe Operopthetu brurt.tta in
coastal areas anl l:pitita dutumnatd it the
inl.tnd (Teno$ 1972. Kallio & I-ehtonen 1973).
Afier outbreaks, birch ,trc ablc to recover by
mcans of basal sprours. but the sprouts afe lhen
!ulnerable Io veteb.a!€ grazing. Thus. in com
bination sirh grazing by remdeer, hares and
nrictutine rodents, defbliation by folivorous
insect! mat transli)m foresr areas to tundra
(Scppel i i  & Rasras l9 l jo .  Lehtonen 1981).
Outbrcaks of thcse rpccies do not occur in the
contincntal heninrclic areas, !herc low eiDter
rernperatufes rerult in hc:r!y cgg morlality
(Teno$ & Nilsson 1990).

The difierences lll gfazing can only cxplain
broad pattems in thc ibundance relationships
bctwccn erecr and prostfate plants (see oksancD
& Ranla 1992) And in our own opinion even
thcre pauems aJe ultimately ascribablc Lo Lhc
phlsical environmcnr (high gr.tzing pressure
being r conscq ence of the low pfnnary pro
ducri\iry see Fre$vell 1977 and Okslncn ct al.
lgltl) I-o\ gruing pressure is again encoun-
krcd in fte boulderfield zone, !he.e grucrs
cannot sunive (l:rctltcll 1977 and Oksanen et
a l .  lS8l .  Oksx en 1988.  1990.  Oksanen &
Oksanen 1989).

As for rlpic (oro)arctic heaths and snow
beds. *e pfopose thal nNtural grazing pressure
is unifbrml) high and has always been so.
Conscq en y. difterences in Oro)NrcLic hcarh
aod snos bed \cgcLation caturot nornally be
atributed Io grazing alone- but mun bc duc to
difiercnces in thc physical environment or to
Lhc interaction bet$een the phlsical cnviron
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Interaction between grazing and nutrient
availability

The most obvious interaclion is benreen grazing
and Dutrient availability. Under nutrient rich
condilions. grazing favours Sraninoids and
other rapidly groling plants. whereas lhe com
bination of intense grazing and los nutrienr
availability falours dwarf shrubs lvith high
concentrat ions of  carbon-based detensiYe
chemicals (Bryanl et al. 1983, Oksanen 1990:
HerDs & Mrltson 1992). This rade off sccms
to explain many local and large-scale patterns
ir arciic aDd oroarctic vcgcLation. On occxnic
and northern Ivggegiisat (see above) and on
coastal GreeDland (B6chcr 1913. 195.1. l96i).
where soils are cold and lhus nutriencpoor- lhere
arenoaltitudinal orlrlitudinal gr$sherft zoncs.
On mounlains of middle laliludes. grass healhs
are lhe main constituenl of the alpine zone,
wherea! dwad shrub hcdhs arc rcstrictcd to rhc
vicintity of the timberline (Braun Blanquet
19,18 50,  El leDbcrs 1988,  Orcnd,r  1988).  In
souihern and continental patu of the temperate
zone. ihe dwarf shrub Tonc disappcrs and cvcn
subalpine conmunities are donxnaled by her-
baceous plants (Hanet Alti 1978b). h areas
with DuLricnl rich rocks, howcver. low alpine
grass heaths occur  even in Fennoscandia
(NordhageD 1928). Patchcs of grass hcath can
also be lbund in generally oligotrophic areas in
locally nulrient rich condirions. c.g- around
arclic lbx dens and reindeer carcases. and can
be experimentally created by fenilizing (Bliss
1971. Heil & DicrnonL 1983. Chapin & Sha\er
1985, Jonasson 1992. D. Grcllman, in prep.).
The broad geographic,tl paucms cvidcnl in ftc
vertical extenr of the oroarctlc grass heath zone
thus seem to reflect differenccs in soil fcrtility.
probably uftimately due to differences in soil
temperatures which infiuence fie rlre ofnurrient

Together with our considemtions on the
direct impacLs of soil lemperatures. the above
argument impiies that high abundance of e\-
ergrccn cricaccous shrubs is basically a boreal
oroarctic phenomenon (ct Rundel l99l). ln
truly arcdc ,Icas, Lhe frozen soil reduces fte
advantages of the evergreenness in vascular

p r i n r s .  s h i ,  h  l e  r d .  , ^  r \ .  t r ,  \ J l r n  e  u I
cryprotanr.  Jnd deL.duou. dw:rn hrub' .c\ f . t l
i n  ' \ 1 J n i .  J ' . J .  s i r l -  f  i l J  $ i , r e r .  e :  r h e
coastal E,rperzri heaths of Creenland; Bijchcr
193i .  1954.  1963) and in s i les thar  remain
unl io /er"or  rd iphi ,  -e. r \ rn 'e o.  \c  .d \ \ ,o /
, . , '? .o. ,d hel rh\  on r id :e.  co\ercd b)  coar 'e
erare l .  ee l luc & B i . ,  lo-7) .  In  r r . r l ,  r l t :nr
, ' , n J i r i o n .  J r  m r J J l e  a r i r r d e '  .  , u f n .  r h e

!eneral l )  nore nL.1e ' r  n, t  ondi  i , , r '  'J \ "1

:mnr jnojd '  and orhef  herb ic<or .  phI '  o .e
J$l r | f .hruh, .  T l i ,  ,  r ,  n , \ ' i  J  in  r l -e  J  nr ibr . ror .
parren of Ph\llo.lace .netulea a l P. dleuti.a
(HulLdn 1958. 1968). where the cenne of gravjty
lies on boreal mounlains and where the broadcs
l r r i r u d i n r l  r , n . .  i .  ' r h \ ' ' \ . J  i 1
qhere also the combrnation of edaphic condi
r i , '1 ,  fu \ ruhr ,  J  'o  be tu\uL Jble ru e\err reen
e d c o i d .  r c o o l  b u r  n o r  i r ^ / . n  \ ^  t t u .  \ u \ r
a ilide mnge of latitudes and altitudes.

Interactions betseen plantt

Dircct irnd indircct intc.actions bets,een plants
are rhe pro\ i rnf le  lhc.or '  hrp i lg  p larr  r^n
m u n i r i e \  l h e  b 1  , h e  p n 1 . r t r .
e n \ i r o n m e n r .  d n d  h )  \ r i J r i ^ r .  i n  ' h .  i n r e i . i r )
o l  h e r b i ! o r ) .  b u ,  r h e  r r ' r e  o l  r h (  g d n F  i '
slrugglc for cx;sLcncc. In cnvironmenls tha! a.e
o o r h  e \ r e m e l )  . r r e $ l u l  a n ' l  p l ) . c d l l )  d ,
'urhcd.  t l , rn ' '  mJ\  ^ccJ, ' .141 )  hrpp" I  1 .5.1,
each other. as proposed by Gnrne (1977, 1979).
Callaghan & Emanuelsson (1985) and Callashan
(1987). The occunence of lcrricolous crypto

: rm, around ,he .hoo. .  o t  Ln.u la , -n1 's"  ot .
high alpinc ridgcs mry qralify ds an example
o l  t h i .  p l e n o r n e n o n .  a l r h o L g h  r r  r 5  r r . l e a
whclhc. lhc impacl of cryptogxms on tr.uld
.o,/!!sa is positive or negative.

Howclcr ,  lhc Gr ime-s sta lement  (1977,
1979) rhat the jmponance of comperition de
creases along gradients of intensifyirg stress rs
logically problemxtic. In any undisrurbcd habi
iat. plant biomass will build up unril the available
space is fully occnpied. Stress will influencc ftc
amount of space alailable fbr plants, and the
rate ar which ir becomes occupied afrer distur
bance. Moreover- stress will have an impact on
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the optimal iactics of resource competition
(T 'mal  lo88)  Howerer .  $e cannor sn hu$
.u-e\. alone would , hrngc lhe nalurc of pldn,
planL nrbractions. We thus expecl fiar struggle
fof existence bctween plants is just as inrcnsc
i l  :  t l r ) . icc l l )  s \able Roir thr l r  S la. ia l is
rno$-bed a.  in  r  Iner ic  boreal  loresr .  Moen \
(1993) cxpe. inenr  on rhe es labl ishment  of
Or!tid .lisrnd sccdl;ngs withiD Rdnrx.lnrs

Sldctdlir snow-beds supports this !iew.
I 1 r . n , c  l , - b i \ o D .  q h i . h  p r o b a o l v  t r c \ r i \

berqeen rhe r .n ber l ,ne ar , l  rh .  boulder f ie ldt  tuL
loksancn 1988, 1990), reduces the importlnce
of classical resource competition and replaces
rt to sonre extent by apparent compcl;rion
(ur ' .urnef-med,dred Indi rccr  n, !dr \e inre.aL-
tlons, I{olt 1977). On strongly Srazed sitcs. $e
success of plants depends on their abiliry ro
,u{a in Hr/ ing be| |er  rhdn Lhei '  nc i rhbuur.  r i .e
have h ighe a i .  o f  !  nq lh rd le lo  lo+ mt. / .
T l J . .  o r e  c d r e g o - !  o t  n i g J r i \ e  p l  - p l a  r
i r r e r a ( . i o n .  i .  J r  l , d . r  p J . l r a l l )  r e p J r c e d  b )
c r ihe bur  ,he .ntensi tv  o '  lh .  nru! ! le  lor
e\ i  .ence ber$cin p l rnr .  i .  b)  . ro mean\  rc

There is nothing new in our emphasis on
r le imDorrd lce of  rcgrr i \e  p lanr-pranl  In te l
Jc ' inn,  i1  .huprnr  p lanr  commun;r ic \  A l ref
having re l iewcd the impacts of  var ious

f t \ . i . "1 and b ior ic  lacrors (  a jan, l . r  I  lsOr l
r l m o , r  1 0 0  ) c a r .  r ! , i  p o r r l e d  o u l  t h a t  t h c
comf '^ : r i "1 oI  \e :eraUon c: rnnor  hc u deF
.rood wi f iour  du.  .  un, idefa lon o l  one mor(
t c . r u r :  l h e . r r u p g l e  I n r  c \ i \ r e n . ' e  b e l $ e e n
pl .1r ' .  sh i .  h  u lumarel )  creare\  .coulJr  .  onr-
munities out of the scLs of lpecies capable of
coping $,ith the environmenl.
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APPEN'DICES

Appendix 1. l,lean percentaqe cover ol planls in community typ€s ol the Betula-Mydillus gmup. The
ir6ouencEs ol tffi in each communilv tvpe are indicaled a tollows: bold, lrequency >66./".; underline,
IredJency 33.3-66.7%; normal [en, trequdncy .33.3%. coMT - comus Mytullua rype, CoFMT - co'nue
Emderruin lrvdrllus tvpe, sET - sobalpine Empetrum lype, SEMT - subalpine Empetrum-Myrlil us ryp€,
Dtle var. = Deschamosia flexuosa varidl, Vvil var. = Vaccinium vitis idaoa vaiaN, Sqla var. - Salx
olaJca varianr, sELiPlT - subalpine Empetruft Uchenes PleuD/ium lype, sELiT = subalpine Emperur-
Lichenes lype, BpLiS - Betula pubescens-Licnenes scrub. m relers to lhe number ol plols assrgneo lo
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Appendix 1. Conlinued
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Appendix 2. [4ean pe.cenlage cove. oi p]anls in community types of lhe Phyllodoce Myrullus group The
frequencies or taxa in each community type are indicaled as lollows: bold. t€quency >66.7%i Lrnderline.
frequency 33.3-66.7%; nomal lexl, frequency <33.3%. mBns = mossy Betula nana scrub, Myir. var. =
Myrtillus varianr, Emp. var. = Empelrum variant, airDiT = arclic hemiarclic Mynillus Dicranum lype, aMDiLlT
= arclic hemiarcllc l,lyrli us Dicranum Lichenes lype. BnLiS = Belula nana-Lichenes scrub, typ. !ar. =
typca varanl, Emp. var. = Empelrum vananl, alMLiT = arclic hemiarclic l,lyrtilus-Lichenes type, PT =
Phyllodoce iype, typ. var = typica varianl, Emp. var = EmpetrLrm varianl, aEw = arclic hemiarciic Empetrlm
Vaccinium type, Emp. var. = Empelrum vaianl, Clad. var. = Cladina vadani, typ. var. = lypica vaiant,
Cnv var. = Celraria nivalis variani.
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Appendix 2. Continued
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mBnS aMDiT aMDiLiT BnLiS aMLiT AEVT
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Appendix 3 l,tean o/o<over ol plants in community types of lhe Arclostaphylos grcup- The frcquenci€s
of laxa in each community type are andicaled a Jollows: bold, frequency >66 ry.; underline, lrequency
33.3-66.7%; normal lext, lrequency <33.3%- aEDiLiI = actic+emiarclic Empetrum Dicranum Lichenes
iype, OcT = Ochroleclta lype, ECnT = Empetrurrcetrana nivalis lype, ELT = Empetrum loiseleuria iype,
AAT = Arctostaphylos Alectoda lype.
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Appendix 3. Conlnued

l l  t h  \ . ! . t a r c r  l l  t  ' n t L r rh^ t  l t t t r nn  l t l

AEDiLiT OcT ECnT ELT

Bryocaulan .live.gens

Cladania anaurocraea

Cladania chtoraphaea

Cl adont a gracih s eta ngata
Cladonia nacrcphytta

Coelocaulon aculeatun

Sphaeropharus fngtis
Sph aerophat us g lobasu s

Tha nnal i a ve rn icula ti s

0.1

L0
s-1

0-1
0.1

0.1

! 1

0.1
0.1

p2
0.1
0.1

o 1

q,1
o l
0.1

o 6

o. l

1l
14.6
0-4

0 . 1
p4

3.9
02
o.2

21

0.4
0.1
ol
0.1

sl

=

o. l

02
0.1

o 2
0 . 1

0.1

0.5

-

22.6

=

8.5
0 1
0.1

1 0

1 . 1
92

0.3

2.5
0.1

23.9

14.1
1.3
o.2
0.3
q,1
a1
o.2
a2

0.9

l
0.6

4.2

4.3

63

5.3
5.7
7.7
2.4

32

12.4

3 2

0-1
0-1

a3
0.2

16,4

4.6

10.4
0.3

2 1

0.4
!.1
0.1
0.2

0.3

1 1 . 6

2.2
0-1

0-1

0l

:

!.1

0.1

6.5

=

0.3
1 . 5

21

0.5

0.1

0.2

8

:

0.1

D 7

0.1

;

l

1.7

0.1

!l
a-1

1 2



68 t l , r t h  t : . t r t t  r t  ,  t  h . t l l t t un  i  l . n ,  no r Jn t ACTA BOT, FEN\ICA 1J:] (1995]

Appendix 4. N4ean percenlage cover ol planls in community types ol the Belu a nana group. The frequences
ol taxa n each cornrnunily lype are indicated as iollows: bold, fteqlency >667%: lnder ne, frequency
33.3 66.7'l" norma texl, lreq uency <33.3%. BnCIT = Belula nana-Cladina lype, Clapcunc s = Ca amagrosns
apponlca Cladonia uncialis slage, CcocPhyp s = Cladonia coccilen-Polyirichum hyperborelm stage, Cla
s = Cladina stage, Cniv var - Celraria nivalis varianl, Sler var = Slereocaulo. variant BnST = Betua
nana Stereocaulon type, typ var = typical variant. gEm s = graminoid stage, Fovi var = Festuca ovna
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Appendix 4. Conlinued
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Appe.drx 5. Mean percenlagH,over of panls In communily iypes oi the Juncus lrifidus-Salix hebacea
oroup. The lreqLrences ol laxa In each community iype are indicaled as iollows: bold, frequency >66.7'l.;
!nder ne, ireqrency 33.3-66.7",; normal le,l, kequency <33.3"/". JIDIT = Juncus tritidus-Deschamps a
r leruosd.voe.  SnCnl  -  Sdl r  _eroacaa Cdssooe hvDnoidps lvDe DfST -  Deschrros i "  t je \ rosd
Stereocaubh iype, lyp var. = typical vadanl, Chyp vaa = Caseope hypnodes var anl. JtCmT = Juncus
rrfidrs Cladina milis type- typ. var. = typicalvariant, Ster- var. = Stereocaulon variant. EST = Empetrurn
Stereocau on lype, SoDiI = SolidagcDeschampsia liexL,osa type
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Append x 5. Conlinued
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Appendix 6. Mean percentagHover of plants in communiiy iypes of the Juncus trifidus-Cassiope letragona
grcup. The trcquencies ot laxa in each community iype are indicated as lollows: bold, irequency >66.7o10;
underline, ireqlency 33.H6.7%; normal lext, lrequency <33.3%. JICIT = Juncus trifidus-Cassiope ietragona
type, Fovi var = Festuca ovina varianl, T ent var. = Tdentalis Edant, Cbru var. = Carex brunnescens
vadant, EPAT = EmpetrunFPhyllodocFAl*tona Vpe, ShEI = Salix herbacea Empetrum type, ShOcT
= Salix herbacea-Ochrolechia tvoe.
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Appendx 6. Conlinued

Hellt \?!darn t oJ nonh.ntna! Fennovattunl 1a

JTCIT ShET ShOcT

Bryoacaulan diveryens

Cladania anaurocraea

Cladania chloraphaea

Cl adan i a f u rcat a/su brurcata
Cladania gracilis elongata
Cladania macrophyla

Coelacaulan aculeatun

Pseudephebe pubescens

Sphaerophatus frcgilis
Sphaeropharus globasus

Ihamnolia vernicularis

3.0
5.3

18.6

16.4
9.5

0_l
0-L

I

a4
0-1

19.1
3.1

l
0.8
0l

8

5.6
o-4

11-7
16-9

20.6
l0-4

a1

o.7

a_1

o.;
0-1

0.2
a.f
7.6

la.5

0.1

1 l

02
7.5

15.5
0l
1.2
5.5

=
0.1
0.6
0 l
0 6

=
L0

0-3
0,1

12
0-1

8.1

5

0-1

2.8
0-1
1.4

25.O
1 . 1
3 3

o,4
0-1

0.3
0.1

3.5
otr

0-1

6:1
10.6

Lr

0.1

0.1
0-1

=
ptl
2.5
0.1

al
D2
0-1
0,4

0.1

0.1
0,3

=
0.5

15,;
0.1

s1

9-t
92
0.1

1 2

0.1

0.4

0.6
0-1

s.1

o.;
o 1

o.2

o 1

o 4

24,3
0_1

92

0.5
0-0
0.1

I



'74 Heaih veeebrio of northmnost Fanoscan.lia ACTA BOT. FENNICA I53 0995)

Appendix 7. N4ean percentagHover oJ plants in communily types oi the Luzula
confusa grolp. The frequencies or taxa in each community type arc indicated
as follows: bold, frequency >66.7%; underline, frequency 33.H6.7%; nomal
texi, frequency <33.3%. LcCnT = Luaila conlusa-Cetraria nivalis type, Chyp
var- = Cassiope hypnoides vandi, ChJIT = Cdsiope hypnoides-Joncls trilidus
lype, LoSIT = Luzula conlusa Sdifraga tenuis type.
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Appendix 7. Conlinued

LcCnT ChJtT LcSIT

Rac naked Chyp

Cladonia anaurcctaea

Cladonia d orophaea

Ctad@ia gncilis elongata
Ctadonia nacropttylla

Caelocaulon aculeatun

Sphaeropho.us lngilis
Sphaerophotus globosus

-

0.1

-

o-9
0.1
0.3

a2
8-1

0.1

o-1

0.1

34
10.4
o.2

1 . 7

25

0.1

L l

o.2

:

0-8
t.:

22

0.1

-

0.1
0.1

o 1

1 9

0 1

-

=

o.l

=

0 1



16 Heath vqetatiat of notlhem,ost Fdnotandia ACTA BOT. FENMCA 153 (1995)

Appendix 8. [,lean percentagHover of plants in @nmunity lypes of the Cassiope teiagona-Vaccrnrum
gfoup. The irequencies ot laxa in each community type are indieled as follows: bold, lrequency >66.7%;
underline, frequency 33.3-$6.70l"; nomal texl, trequenry <33.3%. CIBgT = Cassiope telragona Banunculus
glacialis iype, Cbig var = Carex bigelowii variant, Chyp vaf- = Cassiope hypnoides varianl, ShCnT =
Salix herbacea aetraia nivalis type, CICnT = Cdsiope letragona-€etrada nivalis type, VAT = Vaccinlum-
Alecloria lype, Wit var. = Vaccinium vnieidaea varidt, Cniv var. = Cetraria nivalis variant.
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Appendix 8- Continued

Heoth veeetorion oJ nodhemnoe F.tuos adn 11
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Appendlx 9. Mean percentagHover ol plants in community types oJ the Salix heicacea'Kiaeria group.
The irequencies of tara in each community type arc indicaled as follows: bold, frcquency >66-7%; itallcs,
frequency 33.3-66.7%; nomal ten, frequenry <33.3%. ShKiT = Salix herbacea Kiaeda iype, ShVbT =
Sa ix herbacea-Viola bitlora ivpe.
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Appendix 10- lvlean percenlagHover of plants in community lypes ot lhe Ranuncurus glacialis group.
The frequencies oJ tda in each community type are indicaled as lollows: bold, irequency >66.7%i underline,
lrequency 33.H6.7%; normal te\4, frequency <33.3%. TsSaT = Tdsetum spicatuft-Sanionia lype, SpCbT
= Salix polads Carex biselowai type, RgGT = Fanunculus glac'alieclmnomitrion lype, moss-v = mossy
vaiant, Ox-v = Oxy a vadant, Fg--v = Ranunculus glacialis varianl, Lc v = Luzula conlusa variani, Ch
v = Cassiope hypnoides vadant.
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Append'x 10. Continued
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