ABSTRACT

Against the background of past, recent and future climate change, the present thesis addresses
elevational shifts of alpine treelines in the Swedish Scandes. By definition, treeline refers to
the elevation (m a.s.l.) at a specific site of the upper trees of a specific tree species, at least 2
m tall.

Based on historical records, the first part of the thesis reports and analyzes the magnitude of
treeline displacements for the main trees species (Betula pubescens ssp. czerepanovii, Picea
abies and Pinus sylvestris) since the early 20th century. The study covered a large and
heterogeneous region and more than 100 sites. Concurrent with temperature rise by c. 1.4 °C
over the past century, maximum treeline advances of all species amount to about 200 m. That
is virtually what should be predicted from the recorded temperature change over the same
period of time. Thus, it appears that under ideal conditions, treelines respond in close
equilibrium with air temperature evolution. However, over most parts of the landscape,
conditions are not that ideal and treeline upshifs have therefore been much smaller. The main
reason for that discrepancy was found to be topoclimatic constraints, i.e. the combined action
of geomorphology, wind, snow distribution, soil depth, etc., which over large parts of the
alpine landscape preclude treelines to reach their potential thermal limit.

Recorded treeline advance by maximum 200 m or so over the past century emerges as a truly
anomalous event in late Holocene vegetation history.

The second part of the thesis is focused more on long-term changes of treelines and one
specific and prevalent mechanism of treeline change. The first part of the thesis revealed that
for Picea and Betula, treeline shift was accomplished largely by phenotypic transformation of
old-established stunted and prostrate individuals (krummbholz) growing high above the
treeline. In obvious response to climate warming over the past century, such individuals have
transformed into erect tree form, whereby the treeline (as defined here) has risen. As a means
for deeper understanding of this mode of positional treeline change, extant clonal spruces,
growing around the treeline, were radiocarbon dated from megafossil remains preserved in the
soil underneath their canopies. It turned out that Picea abies in particular may attain almost
eternal life due to its capability for vegetative reproduction and phenotypic plasticity. Some
living clones were in fact inferred to have existed already 9500 years ago, and have thus
persisted at the same spot throughout almost the entire Holocene. This contrasts with other
tree species, which have left no living relicts from the early Holocene, when they actually
grew equally high as the spruce. Thereafter they retracted by more than 300 m in elevation
supporting that also on that temporal scale, treelines are highly responsive to climate change.

The early appearance of Picea in the Scandes, suggests that Picea “hibernated” the last glacial
phase much closer to Scandinavia than earlier thought. It has also immigrated to northern
Sweden much earlier than the old-established wisdom.

The experiences gained in this thesis should constitute essential components of any model
striving to the project landscape ecological consequences of possible future climate shifts.
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SAMMANDRAG

Mot bakgrund av historiska, nutida och framtida klimatféréndringar, belyser avhandlingen
forskjutningar av den alpina tradgrénsens lage i de svenska Skanderna. Tradgrénsen definieras
som den hogsta niva (m 6.h.) vid vilken minst 2 m hoga individer en viss art forekommer i en
bestdmd fjdllsluttning.

Den forsta delen, som baseras pa historiska data, beskriver och analyserar fordndringar av
tradgrianserna for véara vanligaste tradarter (Betula pubescens ssp. czerepanovii, Picea abies
and Pinus sylvestris) sedan 1900-talets borjan. Studien omfattar ett stort, heterogent omrade
med mer dn 100 lokaler. De maximala tradgransfordndringarna for samtliga tradarter uppgar
till omkring 200 m och stdmmer ddrmed vil 6verens med det virde som teoretiskt kan
forutsdgas utifran den temperaturh6jning med cirka 1,4 °C som skett under samma tidsperiod.
Det forefaller alltsa som om tridgranserna i det ndrmaste skulle kunna vara i jamvikt med
klimatet, forutsatt ideala forhallanden. For storre delen av omradet rader emellertid andra,
icke-ideala forhéllanden, varfor tradgransernas fordndring dér i allménhet blivit avsevirt
mindre. Den frimsta anledningen till detta kan hanf6ras till topoklimatiska begréansningar,
d.v.s. en kombinerad effekt av geomorfologi, vind, sn6foérdelning, jorddjup, etc., som i stora
delar av fjallandskapet hindrar triden fran att nd sina potentiellt hogst beldgna vixtplatser med
avseende pa temperaturen.

Den konstaterade maximala uppflyttningen av samtliga studerade arters tradgranser pa
omkring 200 m framstir som en mycket ovanlig typ av hindelse i vegetationshistorien under
senare delen av Holocen.

I avhandlingens andra del ligger fokus pé tridgransens dynamik 6ver en ldngre tidsperiod och
pé en speciell, vanligt forekommande mekanism for fordndring av tradgriansens ldge. Den
forsta studien avslojar att tradgrénsens uppflyttning for Picea och Betula till stora delar dgt
rum genom fenotypiska anpassningar av édldre, mer eller mindre buskformiga individer
(krummbholz), som vuxit pa nivéaer langt ovanfor tradgrinsen. Som ett svar pa de senaste
hundra arens varmare klimat har nu dessa tidigare lagvuxna individer transformerats till
tradform, varigenom tradgréinsen stigit. Fér en férdjupad forstaelse av den hiar mekanismen
har megafossil, som extraherats ur marken under gamla grankloner i tradgrinsekotonen, kol
14-daterats. Resultaten tyder pa att Picea abies kan uppna i det ndrmaste “evigt” liv genom sin
formaga till vegetativ forokning och fenotypisk flexibilitet. Vissa nu levande kloner
existerade redan for 9500 ar sedan och har alltsd funnits pa samma plats under s& gott som
hela Holocen. I detta avseende skiljer sig Picea abies markant fran andra tradarter, vilka inte
lamnat kvar levande relikter fran tidig Holocen, nir dessa arter faktiskt vixte pa samma hoga
nivaer som Picea. Dérefter har samtliga arters tradgranser sédnkts med drygt 300 m fram till
borjan av 1900-talet, vilket tydligt visar tradgransernas kénslighet och respons for
klimatforandringar dven 1 ett langre tidsperspektiv.

Den tidiga forekomsten av Picea kan innebéra att granen har ”6vervintrat” den senaste istiden
ndrmare Skandinavien dn man tidigare trott, och att den invandrat till norra Sverige langt
tidigare 4n den linge rddande uppfattningen.



Resultaten fran avhandlingens bada delar kan tjana som viktiga komponenter i modeller som
syftar till att projicera landskapsekologiska konsekvenser av framtida klimatiandringar.
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