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lr n.ihdd F.nnoscrndia. dnbedine forens rrc bith donnrar.d liorh nr .cmni. !rcas and nr !rcN
rnh fclativclt.onrinenlal climare. In crnem FenDo;.,..1ir and nonhcrD Russi!. trcxkly rDd
modcrarcll .omin.nlal ar.N re chrncrcnzed br rFu.. domi.arcd rinrb.nnr. t.'rss. .\ rinillr
snurdoD l)r.\'Jls nr pxns of sourhem rnd cenralS.rn.hr\ia. too Posiblc causcs fo. thc nnomdous
snuaion iD n.nhenr Fennoscrndi! include { I r qul|ndi\. diitcrcnc.s b..v.en thc knrd olcontnrcntxlit!
Lund in nonhcm Fennoscmdir od in orher deas \nh snnilar \al!.s of conv.ntionxl contnrcntxlit!
lndi.cs. (2r diff.rcnces bel$een rhe dihr ol sprucer Io d.lind Nsiriotrs obtincd durins th.
hlpslrheirnal and drcir abih! ro e\plnd fteir ranse under.ufteil c|nnad. conditiotrs ,nd (:ll rh.
exisreic. ol disFrsal baricrs b.tlten ihc Fesenr tinn ol conliiuous \I]ru.. iorc{s aDd lotcnrirL
spn'ce xrersnonh.lir lhc strucrurc of rh. nonhemmoe spruce oulpo\l\ \,gge{s tliat all th€e
lnctr^ nre nrol\.d. hu a\ailablc c\id.ncc is in\umcienr aor jud-sing lhen rehlne nn@naoces

/.fr r.,lls: clnDle. conlinenral- decnluoLi. e\.r-q,.c. histo.). ltuth. nrounhnr bnch. ocexnic.

fcrfn ron. pine. sprucc. limbe nt

INTRODUC]T1C]N

Arclic and boreal-ofoarctic !inrberlncs .trc nor
Inal ly  formcd by spruces.  of ien \ i rh  an
understory of shrubby birchcs (Hu\Lich 1966.
l -x | : !en 1965,  1988.  Nor i r  1961.  T ihonr i 'o \
1970. Wahef 197.r). TinrberliD. forcsts do i
nated iry hirchcs or orher mesonoryhic decidu
our trees are typical lor high latiLudc arcas

adjrccm ro icc tiee oceans (Ahti & Hnmet Ahti
1969. Hamet Ahti 1978). I-arches pr€vaii at rhc
timb€rlin.s ofccntnl md caslcrn Siberia. $tere
condnions are e\tremely contjneital and dre
rrigN is lndcrlain b) perrDlfiost (\\ altef 1974).
I l  Fennoscandia.  spruce'dominred r imbef l in .
forc(s ar .  t lp icr l  fo .  \ml l .  iso l  led i r r r
mornla ins (Haapasard 198E. Wist r rnd
\lor.o\cr. jprucc ft)r.sts lrcqu. tll i:r(l'
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and dt  rudrnr t  l rmir  , r  r^n i . . ' . . r .  f^ rF{ \  -ep

r c \ e n r \  J .  i , . u m t ' l a r  r  e n d  u h i c l .  h o s e \ e r . h J .
hf ,  n  more pronoulced In fe i lo \  iJ 'b  r l . 'n  i
area\  $neie \ f 'ur f .  {erF p.e\e1r  dr  nne .h(
h\ | . i rh .nnr l  rHunr le)  lob .  \ \ebb lo8)  T l , r

occunen.e ot  .pru. .  JrJ Lu h ioodlJr  '1 .  \  .
. l - r u \ h t  b , r c h e .  r o r r h  o l  ! r  d  \ . ' \ r  r l , ,
Urnber l i re  o i  P4, '  \ \ /  p \ r r \  r \  r )pr .J l  Ior  rhe
c n '  e  F I r : r \ r r n  r J . : !  , W J l r c  l q T - l ) .  T \ '

! e o b o t r n : L . l l )  J n n m r l o r \  l e J ,  r e  o  r h e  r $ u
'e l r r i \ r l )  conrrner  r r l  pJn.  ot  I  enno. .  JnJ:J r l ' . r '
L e  n r  l . r e  l o $  ! l r i r u J  r . ' l  , , n J  l d l i , L , l  r a l  l i r  i , .
spruce forcs$ and in the reversal of lhe uonna
oroer  'n  \h lc l r  Pr , ' '  \ '1"p, , r ,  r . ' t l  h  / r  rb:" '
.  |  , l i .JptcJ '  ar  .he I  rnr  Lon l lo l  r r i :J  r i i
.undrJ.  Ihe {  o |P , ' I  r l  '  papFr i  ro  or  n r ldr (
, h r e e  , , l r '  r . J r i r e  e \ p  l n a r o n .  f c  r h .  - c ,

bo.anrcal  anom. l \  JnJ .  J i .cu.  l \en |  . \ (
l rghr  uLen, i  r . t .  r in . r ' .a l  i ,  ide rce pro\  ide,r  h)
rh.  .pru. r  ourpon,  o i  runl . -  F. r  1 c . , rd. , .

Formulation of three hypoth€ses

B e l o r e  t h e  r r ,  q r r l o r '  , r . , . i o n  . ,  n o r  h e  l
Fcnnoscandia can be undeEtood. iL is ncccsq'
ro hale a plausiblc cxplanarion lbr the genera.
palrem of lhe occurrence of deciduou! .rnd
. \ f l l reen ree.  ! lor ' !  hc J '  1  |  n l .er l i  r .  T le
u r d i  i " 1 : l  .  \ t l a r i r  o r  l o f  r h e  p r e  :  e  r  e  u
bnch(,  m rhe urnh" l  rc  . , r f  .  ^ ' fc  , r  o .cr ld i  ,
' ,  r h f  n t o l . r a n . (  o l  f i . a  . / t  r u  J ' . J ,
condfiions (Tallantire 1972. Htrndey 1987). This
n r e c h J n i , a  c , r n  r d e e d . o  r r i b u r e  t c  h e  \ r r ' i . . l
.  \ r f r  r  ̂ l  drcroLrou.  r .nrb(r r i le  I  ' r r ' ' r '  , ' l ^ r  o  r t i
\ o n \ e : r u r  '  , ' J J  H ^ f  F . r r  r . r n b e r l i n e  l o . e . . .
d" f  in . r r "d bt  ne.o norphic le ,  J  r i ,  r ' . *  a- .
e lcoun.ereJ in  , , l l  I -  e \  dr i  L , l (  . , | (1 .  c lo.e o
icc i rcc oceans (Aht i  & Hi imet  AhLi  1969,
H J r n e r  . \ h i  o - q ) . . \ r ,  i r  . \ e  p . e . e r c e  c
. f ' L . f '  $ i  l  r d . , p . e d  , o  o c e . i i .  . l i  , , , 1 .  r P ,  , . ,

r i r , J r r . i .  r r  A  J , k , , .  P  / ,  . - r , r ,  i r  f J r  f 1 '
H u l r e r  r o t 7 .  I n l l , . l r  o f o e r  r ^ e \ p J i n  h c  , r i  .
pauero- we thus need a c.usal mcchanisn based
on r l ,e  c ,  'J"s i . r , l  rdr : r  , r . rge.  r  ,C d. .1d\ :  ,u te.
^ l  . n e  e \ e r : r e e n  ' r r h i  i q  d  ' f .  r e r  I  t i  r . l .  o
climate.

\n ob\  rou.  JdrJnr , , :  " I  c \c-gree r .  i  \< i
J h r l r r \  l , '  . , , r  t h o r o  r r . i r e r r , / ' n i  . n  . t  I n , :  J .

Fig. I overview oi the dislribullon oi main habital
types in northern Fennoscandia based on Oksanen
8 v J_pn loo) ,  Ano_ _978 l98z dnd tPsseln"-
& Lundqvisl 1935.

l  i \ .  r l i , , c  o r  r r .  . r c r n  r \  i r  t h .  T r b n d e h e -
Jantland gap, where 1hc Scandinalian nountain
cn-rn .  Jr  i r .  nwe. , .  rno a lorg r l r  - 'L Ihc:  ter
eJ: . . r  ,h .  no In.a in.  f ru l '  Tc l .nr , rL ro Dxlsrnu
(Anonymous 1978 8.1, own observations). In
Dodhcm Fennoscandia.  ho$crer .  l inber l ine
lore. r .  p  f ' {1 'cJ b!  nou r rJ I  b i r . l -c .  ,  B. / r , / . .

1 , , / p , . / , .  ,  D .  , , , f " , ^ \ r ,  , O r o \ d )  H a r n e l
q  r r r  e . e n  I  i n l a , o  . r e a .  $ r l h  ' e l . ' i \ c ' \  d r ,
! r , 1 . 1 ' , t i 1 . r t d  . . r n J l e r F i :  |  . c . r l ' o  A r r o . r ) -
n , o u r  , ,  d  l - r 8 . 1 .  H ,  l i . h  I n o l .  H r m e  \ h l i
1 . , D . ' ,  l ,  \ k , , n r n  . 8 U .  l " b  l /  \ r ' " r } f  r e , ,  s i r n
cxlensive nountain birch forests e\,en undcr
re lar ive ly  condnenral  condi ! jons I ics in  ra l r
ihado\l of South Norwcgian mountains (trcnr

U r d b r : . r J . J r  c r  r o  H i q e d r  p I  J n J  ' o u r h e r
l b n . h 1 o .  { . r  , ) r i  r '  o - 8  l " b l .  o s n  n h ' l

The conlinental nrcunLain birch lbrests in
t . L n o , . , n d i J  \ , , \ .  \ . i r  l b r n e c  l ; n n  n i \ ' d

! i  n  l - i  c l  ore. r .  $ i rhdr i$J l  o l
the latitudiDal aDd allitudinal linlit of P,x'r
' \ ' /  p , r , , ,  r l r e  .  r e  . . \ p . I l , . n n r l  ,  K . r l  I n x ' r  l " / o .
l 4 b l ,  l 4 d l  l o q - . r n .  q "  d .  K J  l 1 , r q  r a d
H , , i b , - "  o E o '  |  |  ,  r e ! F . . : , , a  , , t  r \ e  l f l i r u d i l s l
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\uun J rernperdrure.  aJe suf f ic ienr ly  h igh and
mellwater has percolated to the rhizosphcre. I.
rhe v;c .n i .y  of  open . rcr1\ .  ho$e\er .  mi ld
rcm|crr rJres 3re l fequenr in  f ie  middlc of  rhe
uinre- .  roo.  $1.1 l ighr  'nren, i r ]  r \  be low the
.un ten\a l ron pornr .  lhrs Inf l ic ' \  rc .p i r r lor )
los,e. .  uh ch TJ)  uur$errh lhe enerpeuc la in i
nf .d \  .p  ing photosynthe. i . .  Anolhc '  Frenr ia l
problem ls gene.alcd by conditions continental
cqoL! t  ro creJre per iodic  permarro\ r .  Then
unavailabiliLy of water limits photosynthesis in
early sping, and evergreens can be partially
defoii,rted durirg periods of wani wearhd and
l fo/en grould ( I  iJscn lor is .  Kul l rnrn l , )84
199 r b).

\o [ce rhcr  rhe nechal i \m!  uuthned abo\L
do not require lhat lhe marginal populalions of
spruces would be necess&ily subjected to heavy
nr^rrz l i r )  ur  l rcqLent .  con\prcuou\  drm.ee o l
r h e  k i n d  r F c o ' J c d  b )  K u l l m r n  '  l o 8 q ) .  A s
pomted out aheady by Cajandcr (1905). distri.
bur iond i imir .  o fp l rnr .  re ' f fe l )  \er  b)  l imir \
^ '  I h e i r  p h ) . r o . o C r c a l  r o l e r i n c c .  N u r m u l l )
p lanr .  meer . le i r  l in i r ,  u f  d i , ! r lbu l ron $hen
bc 1 'ming oL Derformed bv orher  \ I ,c ,  ic \  c lz im
ing similar silcs. Evidence provided by culri
\ared p lanr5 may rhu,  hr \c  l imired re le lance
ro i \uc.  o i  d inr ihLl ion ana aoundance dnd f tcr r
need nor  be 'b lood on I l ,  gr r ,u ld u l  rhe narura.
limit of a gireD species distribudon.

The c l imdr c  eaui l ibr iun,  h)porhe\ i \  o l  Kul l
m d r  r  o o t \ r  1 ] J  K J r l m a n  &  |  n g e t m a J k  r t q o t r
. la le5 .hdr  r \e  d i . r r ' ibur ;or  or  \pruce and brrc l .
doinnraLed timberline forests in northcm Europ€
can be explaincd on dre basis of current climaric
conditions. Conventional contincnulity irdices
fhil io show any syllematic differences berwccn
nrlaDd areas with birch dominatcd and spruce-
dominared tinrberline forests in northem Europe
(Tuhkanen 1980.  1984).  Conscquend).  the
equilibium hypotesis requires rhat rhe climadcrl
factors delermining the adv,tnrage! and disad-
vrntages of evergreenness are not rdcquately
reflecled by these nrdices. The Fennoscandian
pittem alone requires fhctors, which farou.
spruces on hills and low mountains risirg above
tbci r  surroundings ( in  the Sal la  Kuusamo-
Trijndelag-Jem and rnd Telemark,Dalarna ar-
cis) and bifches on east slopes oflall nrcuntains.

Elevatcd areas are characrerizcd by copious
snoffall in lvintcr and lack of ground frosr in
spr in:  (Drhl  lo57 Ot\M.n &\ 'nrnen 'oo4,

Solantie 1988). Thus, hills and mou.lains in
in lund arcas.  where rempe,urJre.  are re ldt i \c l l
high dunng the snowmeft. appear to provide
optimal conditions for spruces. Convelsely. the
thin snorv covcr of .ain sbadow areft easr ol
l l l l  mounta in5 lead5 ro drc Je\e lopmen.  of  , r l
least periodic permafrosi even in rhe viciniry
of  oDen oceans tSct t i l i  lo8o.  Kul ln  a1 lq8o.
l q o l h )  A ' e u \  c l o \ e  r o  r c e ' r F ( . . e : n \  e  c , .
subjected to periodic invasions of wam alr
masscs. Due to the chinook (fithn) effecr
lemperalLre\  r i ,c  c \en lLnher wnen l - .  . ' l
m a . , e :  J e n e n d  r l o n g  r h e  l e c $ : ' d  , i d e  o l
mountains. Rain shadow arcas close ro opeu
oceans might thus be characErized by a mixrure
of oceanic md continental lactors mirximatly
, l is rd!unr i feou.  lor  eve ' . rcen. .  leJdrng to -e.

p i raro^ lo , \ \  in  \  rnrer  and perrr . r l r . .  indLced
drought stress in sprin-s.

The position defence hyporhesis converges
wi th the c l rmalrc  equr l rbr ium h)polher5 u t1
refdrd.  ro rhc mounlu in b| l .h  tore{ ,  in  ucr l l }
continental pans of Fennoscandia but interprets
the spruce dominated dmberline fofests of
northern Russia as due !o historical faclors
Ac, . rJ inF lo paleoe(oloe, , r l  raJ pJ leoc.rn i
tical evidence (Bafllein et al. 1986, HrnLley
lq87' .  $ inre ' ,  a lonp rhe tucrc r inhe.hne hJve
becone colder and drier after the hypsifiermal
Thi .  hr .  been re l le( red i ,  J  Jechne in tn.
a m o u n r  o f , t r r , c  p o l l e n  a l o n g  r h e  , , . t i c
r inrbe ' l i Ie  rn nof lhem RL. \ iJ  'Hunr le)  l08-J.
l  i .  rhu:  t^ \ \ ih le lhr .  lhe e\ r . tercc o . tn-ce-
donxnated timberline forcsrs beNeen wllite Sca
and rhe Urr l \  i .  ( I | . rca l l )  depeld,  nr  un rhe
Jbihry o l  spruces ro r r lJ  r ler r  - ! round r fdn\ .
ro l l re i r  .upcrh.JpJc,r )  lor . lond ! r^ \ r l  lhe
po' i l ion defence hvp^rhc, : ,  l1L\  rmpl( .  rh, , l
there arc ruo altemative stable srares for weaklv
conr inenral  zrea.  r lun!  he I  uropear J  , l i ,
r i m h ( r l i n e  S r u d r e .  r r m , n p  r o  J i , r i n E L r . h  b e
tween rhe climatic equiljbfiun and position
deicn. f  h lpo,he.es .hould tocu\ , , r  r l -e  ao. . i . '
of spruces Io re coloniT€ lecondary bnch foresr
(duc to forest fires or logging) lvithin spfuce.
donnnated timbcrline arcas
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Fi.l. 2. Location ol the iso ared spruce slands i.cluded ln lhe study (dots nurnbers reier to Tabe 1)
The bg dot denoles lhe area wilh slands 6.8.9.11 and 17 (presenled n deia i. Fg 3) The har.h-"d
circe marks the sprlce loresl ol lvalo. The sown spruces ol Luowusvarri are denoted by a squafe, lhe
planted arches or Javenpaa by a lrangle. The slldy area of Kullman & Engemark (1991) Les n lrre
SW corner of the figure Based on HLsticlr 1961. Kallio el al. 1971, Seppala & Rastas 1986, K! man
& Engemark 1991. Hesselman & LLndquisl 1935 a.d lopoqraphic maps.

I r " J ' p e r  . 1 l o -  r -  l . f  l \ '  i  o l l i a . r . h i f d
. l re 1"r ' \ .  1  , ,n  be d( \e.oped I ' . r i  \ '  J ' .  I
mcnts of  Faegf i  (1950) and luoe (1970).  \ \ho
p r o p .  e . l  r \ J r  - .  l d c k  o l  . t r . u c P .  i r " 1 '  r h .
|  .  i . {  t .  .  \ .  r $ J '  i '  J u r  r o

l , r  . u r . x l  - . o r  . r l  |  .  e  r u r - e t , r i l r l - r i r n
h c r '  |  | , " r  " -  : r  c o | . e q ,  e r L .  " f  J i \ t '  \ ' r l

b . , n  e r '  c  e J l e l  \ '  r l ' .  . . 1 J  ' r d  l o r l l l \  n . e r r , ' ,

. a o r  , r .  |  .  ' r  ' .  c r .  l r  r r  I n r  I  L ! r , .  r h i  '  . r

|  .  le . , r  \  .n . , Ip  i .  -h  .  r "  r  ̂ | | fer1 l  .  r . . ,o  .J |d iJ .
, . . e . c  \ .  l r r  r  ̂ l  c u r  . r n  r o  r '  t r r '  c  f ' {  i '
' .  , , l r t  r l l  x o  e  h J  i "  .  l  L  o ' 1 .  K u l l r ' ' J l

& Lngcln rk  1991) rnd l ies: rn area wi th con
rrnenta l  c l inrate (F ig l .  Ahr i  . r . r l .  196E. Tuhka-
ncn 1980).  I Io \ \efer .  KLr l lnun (1 i )89) found that
]'i,rr fA.rrir tolcratcs pcriodic pcrinatiost
better thaD Pr.?a ari.s. Pdirlly. this was due
Lo lack of perlnafiosr ir pine dominatcd siLcs.
bur  a lso lhe chrrac lcr is t ics of  P.  $1f . r / / i r
lgrcarcr  droughl- Io lerunce,  rb i l i t )  Lo obla in
$:uef rhrcugh rhin l.nsc" of liozen grourd bf
mcan\ of rhe long tapfoot we.e prctrrhlr' in
\ohed.  Thu! .  the p inc dorn inatcd cont inenta l
l(tr\l.tnds $'ith periodic pernat.ost might .rcrLc
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d d isFr \ r l  hdrner  berseen lhe nonhem l imi l
of continuous sFuce forests ,nd potential spruce
ore5r  s iLe\  i1  ' r ighc '  rountr )  and in lhe in lcr ior

parts oI Lhe fjordlands of northemmost Norway.
I te  dr 'per . r l  bmcr hvporhen'  impl ier  Inal

rhe conr : renr : l  p ine lores ls  a le in  some 'en5L
vicdnou, ro lhe d, h roresrs of Srberia (Vr'llrer
l q / 4 1  r q d  c o n u n e n r a l  m o u n ' r i n  v a l l e y s  i l
Cenrrd.  Lurope rEl lenberg lq /8)  T l le  hyNl i
e. is  crn rhu.  be e\ rended b)  po\ru lar inp $a
rhe e\ i . ren.e o i  'pru,  e r ree ptne lores ls  d d\
w r d e  c l i l r r r : c  a m p l i r u d e  o t  m o u n r ! i n  b i r c t
lorc ' r '  i1  fenno'candi ,  rc  in  fac l  due lo rwo
dr.pead bur ier ' :  f ie  conr inenta l  inhnJ c l imare
oi  nonhei  | -ennoicrnJ i ,  \ 'op '  rhe ad\ance o l
.pruce\ .  qhi  c  rhe suboceanic c l imr lc  of  lhe
White Sea region (Ahti cl al. 1968. TuhlGne.
1q80.  lo80) .  male\  \pruce\  comFr i t i \e lv  su
per o-  ro larcne\ .  rhu '  b lo. l ing ihe $enwar(
e\pan\ron o l  Ldf t , ' ,h / , .a .  Thrs !ehion impl ic \
rhd I lc  co l r 'nenral  prne dnJ mounla in b i rc l
Iore,.s oI xonl-em Fcnnocandra irclude b,,rl
purc l r id  lghr  tarpa a d purcnl id l  daJt  ra iga.  A
sedker ver , iun uf lhe hvporhe\ i \  s la le\  f iu l  t ines
rre . r ldr rmdr, )  .omper i r i \e  in  f ie  k ind or  con-
r r n e n . d l  c h m r r e . n c o  n r e r e d  i n  n o r l h e I r
Fennu" andid.  where pelmaf to\ r  i \  on lv  per iodi r
and permdlrosr  len 'e.  rc  rh in.  d l lowjng p ine\
ro obuin $aler  In  ear l )  \pnng $ i f i  lhc i r  long

lhe J i .pcr .d bamer h)  porhe\ i \  p 'cd icr '  dra l
.pruce should be rb lc  ro penerare long sry
nonhud'd"  rnd we.r$ard '  t ro rhe I imber l ine or
'o  rca.  shere orche\  n:  r  lo  preta i l  due lo
.ne oce$ic \ ' l i l , r lc) .  i l  lhe)  mana:ed ro, lo 's
L h e  p i r c  d o n r n a , e a  l o $ l r n i l .  $ i r h  p e r i o d i c
permdfrcs l .  t l - i .  t r .d icr ron rs  conoborrreJ h)
rhe $.dge o l  spruce fore. l . .  pcnelml ing deep
into ihe mountains of Sffek (Anonymous 1978
84.  Hc*elman & Lundqui ' l  lo15\ .  The \cope
of the resi of this paper is to examiDe, lvhelber
J \ i rn : ld '  dc!e loparenr  is  going on in  nonhem-
nost Fennoscandia. too.

MATERIAL AND METHODS

In lu 4 n ' .npred ro . isn o l l  Lnosr  , ta , .  ndd'  L
the noahem lan or 1he Andj,irn 0.!nij:ifli) basin and
o'  r re Mrol r idu.rd r r  \VLUI^rnr  'nrunrr  hr !h ldnd h.-

nke n An4rrn dd Andjohkka (inarinjoki). on the basis
of informarion pmvid€d by Killio er !1. ( l97l ) and Kallio

ipe6. comm.). Some snall slands were misscd due 10
p.nial lack of lopographic mps. A ilw olhers wcrc
eicluded lor loeistic redons. Nevenheless, lhe sample
includes $e majo.ity of Inown sttuds and two peviously
umcoflied ones Only one known sttmd *ilh noE ihan
i0 spruces was nor visited- but I included il on lhe basis
of fie desriprion of Kallio el al. (1971) and Kallio (pes.
com.) Thre spnc ourplsts in Enonreka were visrtcd

wnhin rhe visircd stmds, tbe followi.g panmele6
wee ecorded: forcsr site l?e. numb€r oi spruces (if <
100). beigh[ (measued sirh a hypsineter) dd breast
heiehr circunferences of trunks, sbapes of crowns-
ecuftnce of legeutire reFoduclion (layering- devel
opmenl of bnnches ol fallcn spruces into secondaiy
stent. ntrnbeA of Sencrarive and veeetdive olipnng
(ia < I00). grcwrh in lcngth dunng the hlesl 5 yeas
(if the srrucrue of rhc rop $as sufficiendy cled)- breast
heighr iges of older trees (isolated lone rFes weE nol
corcd) dd occumnce of dcad trunks. All stmds were
mapp€d dd photoemphed and rhe vcgcration of the field
laycr qb d(unenled by Havas (1978a, see also HavN
r978b).

In addidon to lhe narunl ourposrs ofspruces.l risited
thc \own P arr"r nand on Luolvnsv,nri (PoBanger
municipaliry. Fin.ndk counlt, Nonvay). established in
l9i:1. As conpded wilh orher sown dd plmted spnce
NoodloB io nonnem NoNay- rhis one is atcrceptionally
hign htitude md a,ltirude. TIE srlnd N also in $ ex-
ccFiooally conrinenul dea and mainly oD an edaphically
dry snc I ook notes on otbe. pli.red conilir snnds wnhin
rhe study ma as well.

RESULTS

The localions of the spruce stands arc prescntcd
in Fiss. 2 and 3. Of thc l8 spontaneous slands,
14 cons;st of ferver than 100 individuals. Their
characteristics are summarizcd in Table L The
four bigger stands are described in the Appendix.
along wiih the planted Luovvusveni stand
(square in Fi-s- 2) and a stand of planted larches
(lz':r rirr.d), encountered in the northeasiern
part of the Anarj6vri basin (triangle in Fig. 2).

Sevcn spruce stards are wilhin the pine
forest limit. As a rule, they are on edaphically
moisr siles. The ikee big stands in the pine
forests region (15, 16 and 18) are inlluenced
by running rvaler. One lone spruces (7) is on
rhe banh ofa river. anorher (I4) stands the shore
of a lake. A &ird lone spruce spruce (6). this
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Fg 3 Local io .  o l  s la.ds 6,8,9.  11 and 17 a l  lhe i ransi l ion bedveen p ine-b i rc l r  woodlands.  Based
on sheels ln.ihvaara a.d Palloaivi ol lhe 1974 provisiona lopographlc map ol northern Fnnish Lapand

Tabe l. Summary oj attribltes oi the smal isolaled spruce stands oi norlh€rnmost Finnislr Lapard.

Veg sapings oi Living lrees
ive dead (lenglh in m)
trees trees 2 5 5 10 10 15

Dead irunks s-yearooord naies
Nalura Cut Ps grolvlh

(cm)

2 220
3 320

.la 320
5. 400
6, 260
7A 25A
8 290
4b 320
9:  280
l0 c.250
1 1  2 5 0
12 170
13 380
145 29A

w 5

1
3 8

l
l

c.10 c.20

2
1

0 7724 582
40 120 7696:537

nm 7669:495
1A 7724:a82
4A 7671:491

75 12Q 7672:162
nm 7657:482
60 7672:449
nm 7658:479
80 7658:480
.n 7652:442
60 7703:586

30 80 7659r.186

nm 7626:364
nm 7588:352

1
2
1

3

Ft = Forest types: h = lichen heailr (sEliT or [4CCT). dh = dry dwari shrlb healh (sEL'lT or UVET)
mh = moisr heath (CoEMT or LMT). ph = pa udiiied healh normally dom nated by Betula nana, w = we1 aN)
Rb = Rooted brancires. Ps = Plne sratus: +: scatiered - = ioresl bui|dng 5 year growth: nm = not

I Part ol the stand on a stony, \leakly paudiled ichen healh.
.  Trees mpossibe 10.o!nt  d le io  lhe densi ly  o l  lhe c lone
3 Previously unknown.

'On tlre shore of a ake.
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Fig.4.  The man parr  o l
s tand 17,  consist ing ot
m xed b i rch-spruce
wood ands (iorest sile
lype ElvlT SEMT) on lhe
leve tore and ol Kuusi

one dead. stands on a moist heath close to the
pine timbcrline (Fig.3). Only one live stand
(1. rwo snall spruces 45 ln frorn each other)
in $e pnrc forest region grows on dry healh
withoul contact to sudace $ater. Two of the
large stands (15. 18) are miied spruce-pine
woodlands. The third one (16) reprcscnts a
spruce s\lamp. These stands arc relatively
compacl. No secondary stands lverc foDnd
nearby. in !pi1c of ihe predominance of gen

er" i .c  reproorc ron Jnd f requenr o. .uncnce o l

spruce seedlings in the vicirity of the stands.
Ine ch\Fn ' rand.  ercnunrered nonh  ̂ f  o l

abole the pine forest limil coverthe cntire range
of availablc site condilions. from lichen helths
(2) to wetlands (10. I l) and tiom the licimly
of pine for€sts (8) to the birch timberline (5)

and open rundra (12). Four stands (9. 10, 12.
| .  J |e l ' { 'c  ,pruce. .  $hich 'o  ldr  ha\e ro

feproduced vegetativcly. six siands (2, 3, 4. 5.

8. il) represent !:rious stages of clone fornu
.o] i  s la |d I  ha a l .o rc ,enr ly  \ raned ro re

t r . d u c e  e e n e r d r i \ r l \ .  S r d n d  )  i . . r i l l  f a , r l  u l l )
depicred by sketch map of Sandberg (1898)
\ ,a lo I  r '  a  \J 'c  in  .e l t :  a  d i f fur .onslom
era.e o i .ub rand' .  'prnnins an aJeu ot .houl
'  ,n  dnd .hu$i rg borh reser : ' i \e  and :en
erur i \e  rc l -oouc|on Aptare l l l ) .  iL  ' ldr lcJ a '

a clone near the top of the hill (17a) about 500
years ago (evidence: still largely undecayed
rcmains of an old. very big spruce. la.k oi
remains of still older trees. see Appcndlx). The
tallcsr sFuces are on a slope mire (l7b). 'fhe

mosr rapid expnDsion is taking place on a level
heath nonheast of lhe hill. where various
substands have mergcd to lbrm a semi continu
ous spruce birch woodland of about 0.5 knlr
(Figs. 3 and a). Thc prevailing sile iype of this
subnand is inlermediale bcti'een SEMT and
EMT. The stand is surroundedby severaliimaller
outposts. Sbnds 6. 8, 9 and I I are only 2 5
km frorn stand 17. and can thus be regatded
as pads of fie same diffuse occurence (Fi-q.

3) Excepr fbr stand 9 (a previously unknown
lone spruce). thc sknds above or north of fie
pine ioresr limil arc slriking ieatures of the
landscape. as fie spruces arc about twice as tall
as the co occurr ing mounta in b i rches and
occassional stunrcd pines.

The Luovlusvirri stand. soun in 1933. has
surviled well. G.owth rale has been faifly ligh
since 1970, cspecially in the mosl mesic sites.
(sce Appendix). Sevcral spruces have started to
reprodoce. and spontaneous secdlings occur in
thc sland and iis vicinity. The patches ofequally
o ld p lNntcd or  sown Pic?a dr i " r  forest
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( fredsskogene ) along thc Atlantic coast halc
P  o \ . r  ,  ' { . i d e r r b l )  b e t , e r r h J n  t h . T  u o r \ u r d m
stand (S. Spjelkavik Nnd T. Dahl. pers- comm ,
owD observatront.

A sti]nd of i.l piaDied larches (lz,r rtriricd)
( t r i {Dgle in  F ig.2)  $as cncountered in f te
noriheaslem pan of the Anarjalri basin. $ithin
thc pme forest limit. The shnd lies on porenlial
l rcne hF/rh.  ,h^1"1,  l : (  hen\  are l i raer t  c \ . luJeo
h \  d  \  J e  l l r .  ' A p p e r  d r v  r h c  l a r c h e s  h 3 \ r
? l redJ .  " - rJ tped 

, r  r ro l  rdrnp I  r r \  r rd cor ' -

DISCUSSION

Thc spruce stands lithin rhe pinc forests of the
Anarjevri lowlands are either conposcd oi
'  . r f l ,  J  . t tec jnre r \  or  oc.  L '  i r  , i re .  r l lenced
by runnrng wrter The same is Lruc of the
r e l . ' i \ e l )  l J r r e .  i . o r r ,  J  . t r u c e  l o r e . .  o t  l \ r 1 , ,
(Avvil), markcd as a hatched circlc in Fig 2
(Kal l jo  e i  a l .  1971).  In  Lhc b iggef  s tands ( i5
16 and 18). spruces reproduce gencrativclj
\ . 'e  Lhe.e .  .n(re dJ.  ro , i !n \  o l  mD'o e\pan
sion (ncithcr secoDdary srands nor wide zones
s r |  ) o  r  !  

- e . '  r . , I  J  h e  c o r e  o r  r h e  o , ,  u l
-erc.  \  \4 ' {eo\er .  lpru.e d^ n.  ru m iu, , r -
. i e n ' l \  d e r . i  r J r J , r , , i u c r l l )  o u . c o n  p . r c t r n . .
A f ln  lJa " f l  . l l )  d . l ,erenr  . , .1 ,  ,  J i . t  J \eo b]
the spruce outposLs wj th in mounrain b i rch
o r c  r . .  T l , e i r  d i n f l b | l r o n  ' ,  h r f h : / J d  $  h

regards lo  s i tc  and a l t i tude,  ind icar ing $al
sprucc! can sunive and grow \rhererer rheir
e F d l  r g ,  h J \ .  h p r u r n e  e . m b l  , h r J .  I h ,  K u u r -

'JJr  .  ,Crosv(Dno.  l7  , r : rJ  i .  e \prndrn! .  . r ,
denolnr" r '  J  L)  ,he nu nerou'c .  o lJr^  . | ! rd l
arouDd lhe oldest onc (l7a).

T l c  r 1  . f r J c e .  o l  |  ,  o , \ 1 . \ r i  : l d i c J r e

tha! lpruce seedlings crD survile- gro!! and
r e p r . d L c .  : r  r ) p r c a l  . r e x . n  d r d  h , r h  J ,  : r '  r h e
j'rterior parts of rhc ljordland of nonhemmos
\"  {J)  l r .e  rcred.e n or . ,$  \  ' r 'e \  !n  earh
1970s sLrggcsLs LhNt lpmce seedlings requirc .
.  r i  |  ! l  n , /e belore . r . r r rn!  r i i  : ro$ J l  a  re: t
o n l b (  r : r p J  ' J .  i 1  r h e  . o n d I r o r *  o r  n o n l

crn'nost Fennoscandia-
The lsolalcd (and! illusrrate rhe problcnr!

lhat spmces hare in crossnr-g dispersal bamers.

. \ . T \ B O T  r . \ \  I  A  r , , ,  , o .

l)ue to the self incompatibllny of Picu tbie',
our l i \ r \  cref led b,  , r  , ,1 : le  d, ,per , , r  r \e I .
cJn ' ror  nom: l l )  prod rce e,J l i r  ' ,  Voreo\ . r .
$,cU groirjngsprucescsrablishedaroprim.ti sites
n o r m , r l l \  l : . k  b r J n c l r . ,  u  r h  ; r o r n n  c o  , r
T h r . . r h e \  ( i r n o ,  r r f  

" U r c e r e e e r . , r  
r .  l J  p i . h . , .

u r , l e . \  l h ,  r  h e c o r n e  , ( l r "  h )  * r n d .  {  r ( r  . r . . .
\  i " . rnu '  rnd
3rd rop\  r l , ,n !  he r rur l .  I  f .  nu F . r  .e ly  td .
of such isolat€d spruccs is that they thrive as
i n d i \ i d u r l '  h u l  a r e  w r r f ^ u r  l . - \ i n i  o t t ! p r  r o .  - \
i l l u \ r r a r e J  h \  r h e  d e a n  o r c  . p r u c e  o l
Kuosmus\aara (6).

The ef idcnce, iumrnaized above and b
K L l l m r n  u r d  L n g e . n r ' l  ,  l o . l  '  {  ,  p . r r .  r l  ! l
a l l  three hypothcse5 conta in somc feai ishc
. l c m . 1 l \  C o . r c  . o n .  p  c \ . i l  r :  n  - J r 1  . h . , 1 , . u
areas of nonhcm and central Fcnnoscandia
r tprJr  indeed .o \ . ,oqr i renrr .  I  : r  \ : r )  $  Ich
is penodicrllt stressful for sp.uces (Kulln.tn
t , l 8 o .  l . , o t b r .  \ ,  r .  \ p a ( e  c t o n e  c . , r h t . J . e o . . .
conrrncntal mounrain birch forcsrs appear to bc
f l - ( r i c a l l r  i n  m , , | | J  \ l o f e o \ e r .  c , . . t r  t , .
clones xr or abole the birch forest linit. the
nonhem outposls ffc domirated by sccmingly
rr !orou.  rce\  $ i rh repLi ,  )  ,hJpeo c-o.  r . .
slereas ar their limjts ofph),siologicrl tolefance
\ p r u c c \ n u ' n r ! l l \  P - o $  : r . , l L . p r . . | l  r r . o . f . .
nlens $nh dcad rops, jnegular crowns and clear
i rbr ,Ni '  'n  lJ \  er  .  i r  r l  e  \n,  ̂ \  .ur r : .e  ,  HJrp.rv . , ' i
l ( ) 8 8 . 1 1 .  1 0 1 &  n l . , e e J l . o \ o r  I  t a r '  . 1 ' r ! e  .
er al. 1985). [,Ioreove.. spmccs in the rorthcm
ourpo\rs normr l ' )  ' \enoo \L-^LlJ in!  .nour
nin bi.ches b) broad m.rrgin labove, Kullman
& Enselmark 1991. f.3) and thus do not resemblc
l h ,  u p p e f r n o \ l  d n d  { . \ r e n  n o . r  ! p r L . i  . t J r d .
in V:incrbouen {.here spruccs .tre only slighlly
Laller than mountain birches and havc most of
rhei r  n. .J l f \  he lo$ ' re o l  i  oc l -c i ; l  r  o t  nrJr '  r
birches (own obseryartun!). Spruces rhtrs seenl
ro be rh i .  

"  defe. ro r  ahl  ,h . ,  fo . | |  or ,  i l
northemrnosl Fennoscandia against rhc rigours
o i r h  l h ) . i . J  e n !  r o r  n r | . r n d J 3 1 r  b r  n , . r l

Thc nruc,ure o l  r l - r  K rLr i ,Jr r l  uccrnLr  JL
\ u : C e \ . .  r h a  r } f . r e a r e a  \ | | f ' r  r l , . . u r | < r l
m'runrJ: I  b . rch iorn a r . r  $hic l r  .ou. ' l  J .  . .  , ,p
r o $ a r d .  n x \ r J  . t t u . e  b l c h  r o r e . r .  i t  r \ J d r  r s
' f ru.  c .  hecanre cro. .  i  ' r i i i /ed \orr .  e ,  |  , , r
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evcr. that rhe Kuusiva|Jx area is elelated and
indications of pcrmafrost (such as palsxs in
wedaDds) do nor occur (o!vn obsenations). The
case of Kuusivaam must thus not be uncridcally
genralized to lowlands ir the rain shado\r,ol
the Scandinavian mountains where spruccs
appear to bc restricGd lo edaphically rnoist sltes
(Kullnan & Engelmark i990). Kullman md
Engelmark also present othcr srguments lbr
relative stabilily of the spruce limit in nonh
ernnosr Swcdish Lapland. They poinl out that
no advances can be docunented by conpanng
ihe cunen! sp.uce limil $,ith historical records
oblained 100-150 yerJs ago, and they denron
strate tha! thc xge structure ol thcsc spruce
outposts is approrimrlcly log linear. which thcy
regard as evidence tbr slability.

These argumenls for the stabihly are. holv
e!er .  somewhrt  unconviDcing.  Kul l rnan &
EDgclmark (1991) studjed subjecdvely selected
spruce stands. \'hcreas firm conclusions on
hahirar distribuiion would rcquire nndom sam
pling or systematical studies of all outposts
wiLhin a given area. Moreover. it is not selfl
evident that adlances of spruces could be
detccted in lhe tine scalc of 100 i50 years
withoul detailed maps as a poirt of referencc-
The ra.iLy of old spruces and virtual absence
of dead ones in tbe slrnds studied by Kullman
( l99l . t )  xnd Kul lman & Engclmark (1991)

indicaies recent advances of lhe spruce limil-
as Dotcd by Kullman & Engelnark (1990)

ihemselves. The log linearage structure, in (um.

indicales constant rate ofpopulalion grofih and
constant mortality across age classes, not
stability of populalion size. Log lincar age
slruclure could be generaLcd, for example. by
exponential population grolvth and Tcro mor_

Available cvidence thus appears ro suggesl
that spruces might be able 10 invade contineDtal
mountain birch foresls after penetrating across
dre pine dominared lowlands with penodic per-
mafiost. The rate of cxpsnsion seems. however.
to be very slow. and the geographical extent
of polential spruce forest areas currently occu
pied by mountain birches is unclcff. The oc-
cunence of potentiallt larch-dominated areas in
Fennoscandian rain shadows it purely conjec-

rural- Studies perfomed so far must thus be
regarded as only a nodeslbe-sinning in our efforl
to understand the roie of historicrl and ecologi
cal factors ;n shaping out the continenlal
mountain birch forests in Fennoscandia.

Management perspectiYes

It nr;ght bc possibite to grcw spruce within pans
of current subcontinenLal md suboceanic nlour-
tain birch forcsls. In lhe most continenlal bisins
and valleys of northem Fennoscandia, Siberian
larches could provide an interesting altemaLivc
for  roresr) .  There i . .  ho\ \c \ .  r .  need b l rnhel
descripd\.e and experimental studies. beforc we
can judge whether and where such lbrestation
projects are viable, and \rhelher they are dc
sirablc anyrhere. The ability of spfuces to gror
above the pine forcst limir on highlands wanrs
againsr arlempts to convert high rhitude spruc€
forests to pine ()r larch) forests by cleaFcuttine
and planling. Highlands with snowy winters.
la-rgel )  unf iu /cn qounJ r rd rc la. r \e l )  hrm:L
sumners provide conditions $,hcre spruces are
likely to outperfom pines and larches. Moreo
ver. somc high altltude spruce forests might b€
defendrr-q positions in an area which only
m o u n t J i n  h i ' c h e \  c d n  i n \ a d e  u n l l e r  . u r c 1

climatic conditions.

1,44\ \L ladt tL.  \ rn-cre r  rh n l .  .  P uL H ,
\lJulrnen lo' O nnn.i.n r" hr ler \pa .e turenrl c'
for pointing oul evidence lgantrl thc idea ol expmdine
spruce loesrs Paavo Kallio inaomed ne about d'e ex$tcncc
of isolated spruce srands sidrin mounlain bircb ioesls ind
9!\e iid dd eumE desnpdons of $e slands hc had
\r ld .  Dr \ .u.  'on\  ! i .h  I " i f  KLl lnrn J ' \e  \Jr ,  b l
i.sights in the sprue prcblem. $hile L.ena ttimet Anb
helpod in tlacing Kullru's r ie$poinls inlo a gcobotdrtrl

F^F!r \e \ rpmd 'd St .  { . \ i \ .  F i .  D-n 1nd Tol .
Rudf l  po \ rde ' l  unpub. rhed nbn '  n r  r rJ i l i l e  J  h
pla.led spocc loasrs in nonnem NoN.y. Ulh Carlssoi
frdlt shrcd ber eipene.ce ol rhc spruce foEsts of Sdek
nrp FtF ohEirrd i. finJl roulh d 'ri' s l. { 4ild dJ)
ol our Jrp.nn e' . Ki'. fjiill. Vr.h l^iu. s.n.ere
lh,nL\ for ny colleagues and gr.duat studenta lor livel]
J . -u .  , 'on .  rd  fo r  d  opprn . rn i r \  ro  hJ le  loodor  ^ .

at the linir b.lween snbacmic spruce foEsls and @eann
InndnrJ in  b rRh ruFn rn  \ ! ,Prbo lc '1_  F lg l ' \  { .
chdkcd b! Katl €en Anonen.
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DescdFioDs ol hohled stru.. standsNnh nrorc lhan l{)(l
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NoNny .nd rhe planicd larch \hnd of liir\enpaa- In.n
The numbe6 atier dic nmd nime rcfer lo posnion ni
the Finnnb unrlonn cooodrnalc sr\rem.

Sta,,l I i, Pe:kaoja I BaI ika dja, 76t7r.196)R.llli\eil
lafec (25 hll sLand oi noist hcath (LMT). herb rich
lcgctation localll. presenr alo.s a crtck Pan ofthe rml
on a nrne. \Irxed plne spru.. f.rtsr Altilude 2:10 nL
$ithin fnre foresl limir. Tallesr sttucci l? l8 m. ma\i
munr brcxn hei-ehr .n.uJnlercncc 107 cn. ma\inum
fccorded brexsr heighr rgc 170 tr. Vigorous sl.nd.
c.nsi\drg on mono.ornii.. r.Sulan! \haped kee\. \c
abfasion lal_er xl inoN surlacc S..dlings md rouns
s|irccs connnoD wnhin rhe n!.d md in rh. surcundin!
,rca: vcgclatile reptudtrclion un.ornron. Ttunlis of deid

t . d t ' l  a  t  \ B a , .  - .  -  ' n , a  l o 1 , . s n t .
patch (l hx) oi denselr- Jnre{cd stoc. sNmp rlilhin
! scdgc willow nne. Alliludel0l) Jn. $.11$ithnr the pinc
lorcst hnit but rn . sile. \rherc pincs do nor gro$
Maxinrun heigbl olspruces li ni- ma\imun brcan heighl
.ncumfcrcDce 116 cm, niaxinlJn brclst nci-lhr age 165
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rB. Shrpes ol sprlccs v.riablc. nomrdl! $ilb clexr
abtusion ltrver nt sno\ surfacc s.cdhrgs common bul
hare dilficulrr geuiig rbovc tlrc snow n'rlace (olien
nralfomed od/or $ilh dncd rotn Vesctxtire reproduc
rion unco roi. DeM rrnks conrmon.

Stakl 17. Ku6nlara I Oo\tua,rx) 76t7 7659:161
.186). A lttrge. diluse occurctr.c. consising of x Ittrge
number of more orless disrincr \lbnands (Fig.l). Spruces
arc mannl encounreEd rs subodnrare .ontoDcn6 ot
\a.iou\ rlpes of moun[in bnch roan lFie .1) L itu-
dinall) ai $e pine toresl Innir. \en,c!ll! abovc Lt, rith
rchrnclt f.\ pines rnh nFrinium hcighr of ahout l0
D sptuccs nproduce both senefulivel! !.d v.sctativcLt
wnhin lhc ocrrence- rhere lre tqo fclrtivcl-v dcnse
ttands. Stuud 17d. 'EMT hea,/, ncr thc top.l the hill
(aldrudc :100 m). nppe.$ ro be rhe .or. ot rhc cnhrc
occurcDce It consists ol rboul 20 r'ull growtr tccs $nh
\rrynrg nraocs (nNimun heiehr 15 ii. a\iniuni btast
height.irunrfc.ence 117 cm. mdinud brelst heighi agc
lia lcao and of remins ol i l!$ equally tall hut sill
rhickcrd.ad struces rheighr ofrhe largest dead stcclmcn
had b.cn abour li m. bEnst heighl cncunne'tncc 146
cnr: rh. cncunrference oi a still &i.ler. pa(ially liliDg
sttucc could nor be nensutd. due !o dense .ovcr of
hingnrg br.nch.s) .St rrl /7r, r/,pc,itc(alrilude260 m).
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is e{ceprionall} dense and consins of tour .10 spruces.
.'osll! ,nonocomic rnd lilh esulr sh{es. gmsing in
a noisl A.,"ld ,,,, scrubldd. The lrecs arc ta
r  r , .  \ .  n '  n  h . i .  h r  t -  n  rd i  r ln  b reJ . r  r r r i ih ,  ,  i rLn
; r  ' . -  l l  . I n . b r  r ' l J r i . , l r ) o u r ' a ' r " - \ r " r n \ a  {
h . i  h r  '  .  <  r .  \ o r .  ' , i r . o f d . J d ' h r . t r  1 ,  . ; r n d

S t . a d  ' 8  S  L n t . t t  \ r i  d t i '  l , i . h , F , . L r !
T ' r .  r . 1 J i . J  

" o . J  
o f  

" o i .  
l , J , l ' i n ,  r ' l \ r l r - ' d

n . . ' l u \  J r .  r  r C V - l .  p .  i l \  p  l r d ' l , d  \  r i r r d r  l . '
I  Abor r  :00  pr ' . - . .  h .  mJ ju i r )  L r l  - io \ i1 " .  \ '  ,
egu][ croNns. Seedlings pre\enl. regelarire reproductio
rnrunmrn \L t  ' i .ne i .  In iom' " io r  i ron ,  Kr l l io  c r  J l
{1971) and P. Kallio (p{s. comnrl

Th. n\r" stn€ statul .l Ld,N^,ztri. lo. iorl
P u r . J ' a  , ' r ' i ' . i l -  \  t : i r ' r , , r , ^ u ' r . .  \ o ' i r ,
(squxre in Fig. l0). on bodr sidcs of E6 hichNa) I rD
. o r l ' .  ( l o  r \ J r '  l ' I r r d  6 0  r i  l r u . ,  / U  

"T _ . r d  i c  d \ n .  ' l ' c  r r l i  l ' r . l n n  r " " r  b .
pnres we.e tresc.t bcfort lnc waf SoNi h l9i-l ftui
seeds collected nr Hclgciand. :100 100 r rs | (Rrdcr
pe$. comnr.). Fo'c( ttl)c: mairlj- d',a hc.$. inrcnnediate
betwc.n sE\lT and sEl-il. co\cnc. ol liuticose lichens
ut to 40%: a nnall lIr ol lhe n..d in a nDre m.si

r \ i  .  ' . c h .  /  e '  ' v ' . n , . . \ 1 . ' .  l n  o / , .
. | t r . J '  o '  . d  . \ e r l \ u r d r . J  n l  p r ' . . , . T 1 .
hcigt of thc lallen oie (in a moii snel Nr 5 m. lengd
, r ^ r ' t , d " , g  o o L  6  t r J .  1 c r I  j r l c  o r u t  n r . .
wcr I I m tall. icnsdr groNth duriDg 1969 l97I in our
' .  I  i  ' r  '  .d  l ^  '  1 - -  r '  r0 .  . '  The r .  rJ  i .  p r r i . ' l l .
lhinncd ld dic rhiDDcd p!n. rhe spru..s hd re-gulr

h r  uL ,  ' ,  o r  1 l  ,1 .  rc l .  rup  .  , iL .  r r
. L $ b c l . l n  ! e  '  n . h  n r  . J  p : n .  . p a  i l  r r r \ r . d e n \ r
g  o '  J  n , lh .J  leorer  I '  i n r ' '  1 . ,  I  Jp- . .  sume .p ru" r .
had brown lower brunches. drc 1o fungal diseas.s. bu
t'osl sere heallhr-. Tne iand had produc.d numcrous
-0  

0  cL , l  c .J  . r , "  v .o r ' . i  e  rp ru ' l l ,  ion  \J .  ro '

T\c Ln.l !.5 .c n rd in lr, L I lh.n m.d,ur.d th
lenglhs and breasl heishl circumfeEnc.s ol len upp.nnon
'o  J .c  . ie  fL iT .  r .1  p  ' , . \  i r  r  ne , l  d re l . .  h ' ln {  ' l [
ru '  I  /  r -  f \ ' lT . . i  J  r . r  p ru .  f ln i . r  d . \  '  d .  . lq \
' r c  f t l T  C \ l T l .  l r l r r p p . r . r o u t  \ ' \ " i i \ r ' .  r h '

A C T \ B O T I : t \ \ r c  , \ . ) l

spru.€r nnged lrom:l I m to 6I m (oein 4.1 m, slandtd
derialon I I m) Breasi heighl .irc0nference\ rugcd
irom 6 cm ro 12 cm (mean 18.n, srandtd deviation
8 .r) ln the Diddle sroup. hei-ghr\ irged ironr .1.6 m
ro 7lj nr (nreln 5.7 nL nxndrd deyrarioD l.:l m) Bran
h '  i  h r .  i  .  '  n  l i e  ' c . .  r r n 9 . J  l l u i  l -  n  o r - .  ' , 1 " . r
r 0 c "  L n J r r J  J . \ i : r i J r  : . n  l  ' | t r  l . \ .  g . ' , r .
r r ' .  h r ig l r ,  o l  ' \e  p ru{c  r r  Je  ro  '  l . l  

"  
.  .  '

('nc,r 6l o. nindinl devinrion 1.:1 nr). Brca$ h.ish
crcnmtirn.- raDged itud 17 cm lo 5l cm (mcrn:l:
cnr sr,idant deriilion l0 cm). Tbe stand was faniall)
n \ i r r c l . p  . o " p ( r i r i  (  ' D p r - ^ i u r  J . . . , . r r ' d  r ^
\.nabilir! ol rEe sizes $ithin each group [xc{t rbr
specnnens sroNing roo close to .ach oth.r. s uces had
n 9u  l r l r  \ \1p .  ' i ,  tu !  n  .  \u  I  o4 . \ .  I  L .  .  o l .  "  . { .
l n J  h ( t r \ 4 c r u i n , l , !  J r ' o f J l - r  . 1  \ r r . ' e  r .
Jos  .u r l ,L ( .  sDn. .  \ . ' J  |  |  -d  n \  1 ,n t  '  o "  

"b i c l . ( . e o " i n :  i n  h .  . ' n .  r . J  S " d l '  . \ . . . u  '
' L o '  T l . . J . . ! l i p n . r r J t r n  r r - l - o a l  r d  n .
.p ru ie  i  R  ( : .o  'hL  .  r  be fur  '  I  dor  |  ' , !  1  

"  
'1 .

cond i l ions  prev l i l i ng  on  rhc  h igh la id  be lweer
skogm\rrc ud KrNjok.

Ih. tlanl.Ll Lar \ibirin w\ bl oJ Jii^.npat
tJdvr .g .ah td)  Loca i ioD:  \F -  end o l  Suo l is j l i r v
(Cuolisiiirril. Inei. Finnish I atland Allilude cr l6l]
m: rnhin thc pin. for.st limir 1.1 specinen\ ns
o\erdense srdd on e a.ca of 9 bt 6 d nr pine tures
ned the J:i^ enpi:i housc on dD h."th (Fobibll NICCIT

' l i l ' . l 1  u  d . h 1 n i '  d u  ' , . 0 1  '  . . . r , ' n r .  u .
l r .h  n r .d l .  dc ' r i  r .  ' .  nq  \  t  l .  p r r r  tu  !v  1
shrubs and lichcns ro Sfow) Age ol lhe plmtnlio.
unLnoNn. SimiShrsFcnncns $ith regulr lrunks, g.o{th
rarcs va^ dDcro nneise conrpernion. Heights rangc ftom
Itj ro g7j m. Senetulll t.ller Lhm rhe rffou.ding
pirr.s brasr heilhi cncu l;Ences ftnge from l2.5 to
16Ocm \oiccdlingsorvegelitilelyprcducedoffsprine
obse^ed: onc larch ha\ a b.lich \hi.h Iies pxrtiall]
buri.d in dcrnns. bur ihe tip prolrdes up ptubably
iniial srasc of r.seraiive reprcduclion. ln !lditidr, thcrc
is oDc .rlj nr riu spe.nnen on grassy ficld rt thc
J.^cnpt. house. wirh sevenl runks. brcrst hcighr
cncuinaence of the main tnrnk i6 cnr


