
* Corresponding author: Leif Kullman

Copyright © 2023 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

Resurgence of warmth-demanding tree species and a common pending 
thermophilization in subalpine and northern boreal Sweden-an ecological signal of 
post-Little Ice Age climate improvement 

Leif Kullman * 

Department of Ecology and Environmental Science, Umeå University, SE 901 87, Umeå, Sweden. 

International Journal of Science and Research Archive, 2023, 09(02), 413–446 

Publication history: Received on 14 June 2023; revised on 24 July 2023; accepted on 27 July 2023 

Article DOI: https://doi.org/10.30574/ijsra.2023.9.2.0588 

Abstract 

Largely consistent with general predictions and earlier empirical studies, it appears that post-Little Ice Age climate 
warming has started to affect large-scale biogeographic patterns in northern Sweden. Long-term monitoring in 
subalpine and adjacent regions reveals sparse spread of broadleaved thermophilic tree species. Saplings of Quercus 
robur, Ulmus glabra, Acer platanoides, Alnus glutinosa and Betula pendula have responded to recent climate warming by 
jump-dispersal in the order of 50-300 km northwards and 500-800 m upwards, relative to their natural range limits. 
Consistent with treeline rise by boreal tree species, the thermophilies have reinvaded regions where they grew during 
the warmest phase of the Holocene, 9500-8000 years ago, but were subsequently extirpated by the Neoglacial cooling. 
Confined to the past 20 years or so, the unique observations of recent termophilies comply with background climate 
data, i.e. warming of all seasons. These results may contribute to more realistic vegetation models by stressing that the 
distributions of certain plant species are able to track climate warming without substantial migrational lag. Hitherto, 
vegetation and climate evolution appear to be well within the frames of natural dynamics during the postglacial era, 
although mechanisms may differ. 
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1. Introduction

In a time coined by widespread concern and anxiety for proposed future climate warming, one of the most important 
tasks for contemporary vegetation ecology is to elucidate plant cover and landscape ecological changes over the past 
100 years, following the climatic and ecological nadir of the Little Ice Age, approx. AD 1300-1900 (Lamb 1995; Grove 
2004; Helama et al. 2021). During the former interval, climate change in concert with land use impacts, appears to be 
on the verge of turning subalpine and northern boreal ecosystems into states, unprecedented for several millennia of 
the Holocene (Kullman 2006a; 2010a,b, 2021a,b, 2022a; Macias-Fauria et al. 2012; Kullman & Öberg 2020, 2022; 
Schickhoff et al. 2022). This projection is contingent on the assumption that climate change scenarios (IPCC 2021) are 
borne out. In that perspective, detailed in situ biogeographic monitoring with a background of historical data is urgently 
needed. 

The recent warming phase is reported to have already affected ecosystems and species in widely different parts of the 
world (Parmesan & Yohe 2003; Penuelas & Boada 2003; Kullman 2004a,b, 2010a; Walter et al. 2005). High mountains 
at high latitudes play a key role in the early detection of ecological responses to the modern climate transformation. 
This is due to relatively large proposed future temperature changes hereabouts and since many resident plant and 
animal species exist at the limit of their climatic tolerance, i.e. responsive even to minor climatic shifts. Moreover, the 
pristine nature of extant biological communities enables interpretation in terms of climate change. 
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In the southern Swedish Scandes, summer (J.J.A.) and winter (D.J.F.) warming amount to about 1.5 °C for the period 
1901-2022 (Kullman & Öberg 2022). This course of change has evoked upshifts of altitudinal (alpine) boreal treelines 
(trees at least 2 m tall) by maximum 200 m or slightly more, to positions that seem unsurpassed during the past 7000 
years (Kullman & Kjällgren 2006; Kullman 2017a,b, 2021b). In addition, substantial upward migration of ground cover 
species, including herbs, sedges, grasses, ferns and dwarf-shrubs, by an average of 200 m, has occurred since the early 
1950s. This course of change implies increased plant species richness on high alpine mountain summits in the Scandes 
(Kullman 2002, 2007a, b; Klanderud & Birks 2003; Odland et al. 2010; Michelsen et al. 2011; Felde et al. 2012). The 
marginal situation and volatile character of these new outposts, with particular respect to snow melt phenology, was 
highlighted by slight local extirpation and retreat during the cold summer of the year 2012, characterized by a short 
growth period and late snow melt at high alpine elevations (Kullman 2014).  

It is important to stress, that the upper limit of closed forest has shifted upslope much less than the treeline during the 
past 100 years (Kullman 2022b), thereby contesting alarmistic model projections of a future substantial forest cover 
expansion and consequent major reduction of the alpine world and its constituent species in the Scandes (Moen et al. 
2004). 

In the above context, it has been predicted that thermophilic (boreonemoral) woody species, e.g. of the genera Quercus, 
Ulmus, Alnus, Corylus, Tilia, Acer and Betula, are likely to shift northwards into high-latitude and high-elevation boreal 
forests of Norway and Sweden, given that current climate amelioration prevails (Aas 1970; Boer et al. 1990; Dahl 1990; 
Holten & Carey 1992; Hafsten 1992; Angelstam & Svensson 1996; Vera 2000). These projections gain some local support 
from casual observations (Erkamo 1956; Aas 1970; Kullman 2002, 2003, 2006a, b). 

With this background, I here report and discuss in the perspective of modern climate change, the anomalous 
phenomenon of recent migration of broadleaved thermophilic tree species from distant low-lying sources into the 
subalpine belt of the south-central Swedish Scandes. In addition, the occurrence of planted trees and saplings of species 
belonging to this group is documented from the coniferous  northern boreal forest where Picea abies and Pinus sylvestris 
prevail as dominants at the present day (Ahti et al. 1968). 

2. Material and methods 

2.1. Study area 

The study is located mainly to the southern Swedish Scandes and adjacent boreal tracts to the east. Climate data relevant 
for treeline ecotone performance are derived from Storlien/Visjövalen meterological station, 642 m a.s.l., in the 
mountains close to the border between Sweden and Norway (Fig. 1). The standard level temperatures for January, July 
and the year are -5.5, 12.3 and 2.0 °C, respectively (1991-2020). Annual precipitation amounts to c. 1000 mm/year 
(Swedish Meteorological and Hydrological Institute). Over the period 1901-2021 summer (June-August) and winter 
(December-February) temperature increased by 1.6 and 1.5 °C, respectively (Kullman & Öberg 2022). 

A subalpine belt and upper treeline with dominant mountain birch (Betula pubescens ssp. czerepanovii) prevails today 
in the main study region. Solitary specimens of Picea abies and Pinus sylvestris occur regularly in the lower reaches of 
the birch belt. The treelines of Betula, Picea and Pinus are positioned approximately 950, 850 and 800 m a.s.l., with large 
local variation depending on site and aspect. Impact of former land use on treeline positions is negligible (Kullman 
2010b, 2017a). East of the Scandes, closed semi-natural forests with dominant Picea abies and Pinus sylvestris alternate 
in the landscape. Early successional stages are characterized by birches (Betula pubescens coll. and Betula pendula). A 
comprehensive overview of the treeline ecotone and adjacent mountain taiga is given by different sources (Kullman 
2005, 2010b; Carlsson et al. 1999; Wielgolaski et al. 2017). 
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Figure 1 Location of study sites in northern Sweden. (1) Treeline studies in the southern Scandes. (2) Mt. Skuleberget. 
The solid line indicates the position of Limes Norrlandicus 

2.2. Methodological approach 

The urgent need for real-world data, based on long-term systematic observations at the same locations is increasingly 
stressed. This is mandatory if we are to understand and tentatively foresee responses of species and communities to 
altered climatic conditions in the future (Holten & Carey 1992; Gitzen et al. 2012; Helama et al. 2020). 

The core of the present study relies on intentional search for thermophilic broadleaved deciduous trees within a 
regional network of sites (permanent transects) originally intended for long-term standardized treeline monitoring in 
the southern Swedish Scandes (Kullman 2001). In addition to positional treeline changes, casual records of the 
concerned group of species are reported from outside the surveyed transects, from exploratory travels in different parts 
of northern Sweden. 

Present-day climate-mediated distributional shifts are not just restricted to high-mountain regions, but also concern 
lower elevations. From a dynamic biogeographical point of view, particular focus is devoted to the northern and 
elevational limit of Quercus robur. This species most distinctly marks the so-called Limes Norrlandicus (Fig. 1), by 
tradition held as an important biogeographical transition zone in northern Sweden below the treeline, separating biota 
with northern and southern affinities (Fransson 1965; Gustafsson & Ahlén 1996; Sjörs 1999; Gustafsson, 2008). A 
northward movement of Limes Norrlandicus appears imminent, but is not easily detected due to human interference 
with the plant cover (Kullman 2012). 

Precise geographical locations and altitudes are obtained with a GPS navigator. Geographical coordinates are given as 
degree latitude and longitude. The present paper updates and extends a previous report (Kullman 2008). 
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3. Results  

3.1. Permanent line transects 

Recent surveys of the treeline line transects have uncovered young specimens of Quercus robur, Ulmus glabra, Alnus 
glutinosa, Acer platanoides and Betula pendula, growing at unprecedented high elevations, well outside their previously 
known natural ranges and biogeographical zones in northern Sweden (Kullman 2008, 2020a). These species have their 
main distribution limits in the boreonemoral zones of southern and mid Sweden, hundreds of altitudinal meters below 
the new colonists discovered by this study. Betula pendula grows closer to the high mountains than other species in the 
group focused here, although this is the most thermophilic birch species in Fennoscandia (Holm 1994; Kullman 2005). 
Quercus robur and Alnus glutinosa are supposed to be newcombers, dispersed by birds and wind from the Norwegian 
side of the border, just like the situation inferred for the early postglacial time, based on robust megafossil data (Kullman 
2020a). Table 1 accounts for these records and their appearance. Photographs are given as Figures 2-7. 

All recovered specimens are of low stature and judged to be quite young, and recently established at their growing sites. 
There is nothing in their growth habitus, e.g. multiple stems or stools, to suggest that they have been growing at their 
present sites for lengthy periods as suppressed individuals.  

Particular focus of search was on thermally favored mountains, renowned for a rich flora with southern affinities, as 
documented by competent botanists during the early- and mid-20th century (Smith 1920, 1957; Kilander 1955). These 
localities contained spots with this kind of flora and are assumed to be isolated remnants of a generally richer flora 
prevailing more extensively during the warm early-Holocene (Smith 1951; Kullman & Öberg 2019). Examples of these 
species are Ajuga pyramidalis, Anthriscus sylvestris, Milium effusum, Ranunculus platanifolius, Cotoneaster scandinavicus, 
Anthyllis vulneraria ssp. lapponica (Fig. 8).  

Table 1 Location and size of thermophilic trees species recovered in the subalpine birch forest belt 

Species Locality Altitude (m a.s.l.) Coordinates Height (m) 

Acer platanoides Åreskutan 905 63° 24.732´N; 13° 04. 689´E 0.3 

Acer platanoides Storsnasen 630 63° 13.946´N; 12° 25. 653´E 0.3 

Acer platanoides Enafors 530 63° 16.670´N; 12° 21.436´ E 0.4 

Acer platanoides Tandövala 770 60° 50.186`N; 13° 10. 479´E 0.2 

Acer platanoides Alsberget 710 64° 39.896´N; 17° 35.891´E 0.3 

Alnus glutinosa Storsnasen 705 63° 12.290´N; 12° 23.682´E 0.3 

Alnus glutinosa Handöl 530 63° 15.410´N; 12° 26.677´E 1.3 

Betula pendula Storsnasen 680 63° 13.845´N; 12° 25.477´E 1.1 

Betula pendula Tandövala 770 60° 50.195´N; 13° 10.498´E 0.5 

Betula pendula Städjan 1020 61° 54.940´N; 12° 52.845´E 0.4 

Betula pendula Städjan 935 61° 54.585´N; 12° 53.082´E 0.3 

Quercus robur Predikstolen 1055 62° 52.758´N; 12° 24.099´E 0.2 

Ulmus glabra Åreskutan 970 63° 24.751´N; 13° 04.675´E 0.4 

Ulmus glabra Laptentjahke 990 63° 08.348´N; 12° 25.551´E 0.2 
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Figure 2 Left. Sapling of Quercus robur established in meadow vegetation disturbed by reindeer trampling. The site is 
only 15 altitudinal meters below the birch treeline, which has shifted upslope by 175 m since early-20th century 

(Kullman & Öberg 2009). This individual was first discovered in 2005, when it was accompanied by another sapling. It 
still prevailed in 2008, showing some growth since 2005, although one individual had died. Mt. Predikstolen, 1055 m 

a.s.l. Photo: 2008-07-04. Right. The steep and thermally favorable and species-rich S-SE-facing slope of Mt. 
Predikstolen (1476 m a.s.l.). Photo: 2008-07-04     

 

  

Figure 3 Left. Young sapling of Ulmus glabra, recently established right at the birch treeline in a steep and warm 
mountain slope, where many plant species attain their highest regional stations (Kilander 1955). Mt. Laptentjahke, 

990 m a.s.l. Right. Overview of the slope where Ulmus grew, in the upper part of the scree slope. Photos: 2005-06-16 
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Figure 4 Tiny specimens of Acer platanoides growing in ericaceous boreal vegetation close to summit of lowfells with 
tree cover invading onto prior treeless alpine tundra. Left. Mt. Tandövala (province of Dalarna), 770 m a.s.l. Photo: 

2010-06-15. Right. Mt. Alsberget (province of Lapland, 710 m a.s.l. Photo: 2006-09-08 

 

  

Figure 5 Betula pendula, our most warmth-demanding birch species, is currently advancing up to the pine forest limit 
and even further, far higher than previously ever recorded. Left. Handölan Valley (Province of Jämtland), 680 m a.s.l. 

Photo: 2017-09-12. Right. Mt. Städjan (Province of Dalarna), 1020 m a.s.l. Photo: 2004-05-22 
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Figure 6 Alnus glutinosa is a newly establishment in the lower subalpine birch forest, where it previously grew by the 
early Holocene thermal optimum, more than 8000 years ago. Handölan River Valley, 705 m a.s.l. Photos: Left. 2019-

10-02. Right. 2020-08-22. Source: Kullman 2020a 

 

 

Figure 7 A recently seed-sown sapling of Ulmus glabra, growing in a steep south-facing slope within the subalpine 
birch forest, about 300 altitudinal meters above the nearest possible natural parent trees in the region and quite close 

to the birch treeline. This specimen, as well as newly established outposts of other plant species, was extirpated 
during the cold summer of 2012, when snow and lake-ice remained longer than for many past decades (Kullman 

2014). Mt. Åreskutan, 970 m a.s.l. Photo: 2001-07-28 

 

   

Figure 8 Warmth-demanding species which reach remarkable high growing sites, interspered in trivial low-alpine 
vegetation on the steep slopes of Mt. Predikstolen, i.e. the site of the remarkable finding of Quercus robur. Left. Antyllis 

vulneraria (1030 m a.s.l). Mid. Cotoneaster scandinavicus (1030 m a.s.l.). Right. Ajuga pyramidalis (1050 m a.s.l.). 
Anthyllis is a late immigrant to this site, which is about 400 m higher than previously recorded in this region (Kilander 

1955). Photos: 2008-07-04 
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3.2. A wider geographical context 

The nearest present-day natural sites for the tree species accounted for above, are located 500-800 m lower and 50-
300 km to the south. However, the exact positions of the potential (climatic) limits of tree-sized and reproducing 
individuals of these species are unknown. Possibly, their distribution limits have been pushed downwards and 
southwards by selective logging and pasturing during past centuries of the Little Ice Age (Andersson & Birger 1912; Aas 
1970; Huldén 2001). This may explain why sown and planted individuals often thrive far outside their past empirical 
and assumed natural limits (Blomqvist 1933; Erkamo 1956). For example, Quercus robur grows in the form of large 
trees in interior parts of northern Sweden, as high as 300-500 m a.s.l. Initially, many of these putative parent specimens 
owe their existence to plantation trials in the warm 1930s. They have subsequently expanded in size during the past 
relatively warm decades, when they attained reproductive maturity. Accordingly, along the entire Bothnian coast of 
norhern Sweden and somewhat inland, Quercus and Acer are spreading centrifugally into seminatural rural coniferous 
forests (Johansson 2000; Kullman 2012), as illustrated by Figures 9-11). 

 

Figure 9 Mature Quercus robur, planted during the 1920s, 20 km east of the town of Vilhelmina (southern Lapland), 
470 m a.s.l. The site is about 300 m below the treeline of birch. Photo: 2012-08-27 

 

 

Figure 10 Young sapling of Quercus robur, established close to the summit of Mt. Skuleberget (province of 
Ångermanland), 270 m a.s.l. Photo: 2011-10-01 
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Figure 11 Left. Tree-sized Tilia cordata, planted (1930s) slightly to the west of the village Mörsil (Province of 
Jämtland, 350 m a.s.l.). The tree is regularly fruiting. It suffered severe dieback during the exceptionally cold winters of 
the 1980s, but has subsequently recovered. Right. A tiny sapling was observed in a road ditch about 100 m to the west 

of the putative parent tree. Photos: 2010-09-08 

3.3. The long-term historical context 

Present-day dynamics of subalpine and northern boreal forests needs to be viewed in a long-term postglacial 
perspective. Hitherto, traditional pollen analysis has failed to provide a realistic narrative of the early Holocene (10 000-
8000 cal. a BP) subalpine landscape (cf. Kullman 2018). Robust megafossil records provide a vision of a richer tree flora 
than previously assumed. Boreal tree species grew patchily 500-700 m higher than their present-day equivalents, 
coincident with the Holocene thermal optimum and summers about 3 °C warmer than the early 21st century (Kullman 
2013a, 2015, 2017b, 2021a; Kullman & Öberg 2015, 2020; Väliranta et al. 2015; Paus 2021; Vinós 2022). Concurrently, 
thermophilic tree species focused in this study (Quercus robur, Ulmus glabra, Corylus avellana, Tilia cordata and Betula 
pendula) prevailed within sections of the high-mountain landscape, presently occupied by subalpine birch forest and 
where saplings of thermophilies are sparsely establishing at the present day (Kullman 1998a, b, 2004b; Bang-Andersen 
2006). The mere existence of these juveniles demonstrates that long-distance and elevational spread is possible in 
present-day climate. 

4. Discussion 

With focus on the Scandes, the prevailing post-Little Ice Age climate warming phase appears to be on the brink of 
evoking progressive distributional responses of thermophilic arboreal taxa. Accordingly, this paper accounts for one 
aspect of the ongoing qualitative restructuring of subalpine plant communities and a possible emergence of novel 
biogeographic zonation patterns (Kullman 2010a, b, 2019, 2022a, Kullman & Öberg 2022). In that respect, the presented 
records concur with projections from different parts of the world (Edwards et al. 2005; Willis & MacDonald 2011; Beck 
et al. 2011; Macias-Fauria et al. 2012; Normand et al. 2013). Advancement of thermophilic tree species aligns with 
temperature rise and significant treeline upshifts by common native boreal tree species along the entire Swedish 
Scandes during the present warm climate phase since about A.D. 1915, following the Little Ice Age. This regional pattern 
relies to a common climate-change driver (Aas 1969; Kullman & Öberg 2009; Kullman 2017a, Kullman 2021b). 

In the present context, some caution is needed. Findings of widely scattered saplings of warmth-demanding tree species, 
well beyond their previous natural ranges, should not be overstated as predictions of future trajectories, since many 
recovered specimens are still tiny and prone to extirpation (Fig. 8). Moreover, it is important to consider that the current 
spread of thermophiles represents an utterly sparse pattern in the mountainscape. Nevertheless, these circumstances 
are indicative of a potential to expand their distribution, abundance and biotic richness in the case of enhanced and 
sustained climate warming. 
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The reported occurrences of boreonemoral tree species are decidedly extra-limital to their known natural distributions 
in Sweden. In many cases, they may share the character of escapes from cultivations in nearby lower elevations. 
Analogous spread is recorded for exotic boreal tree species (Kullman 2013b, 2020b). Taken together, the last-
mentioned aspects add a complication to models of future high-mountains plant structure change in a frequently 
proposed warmer world. In that context, the need to take account of the existing pool of cultivated warmth-demanding 
plants in the northern landscape is obvious. 

5. Conclusions 

 Thermophilic deciduous tree species (boreonemoral) are currently spreading (still mostly saplings) to the 
alpine treeline ecotone and adjacent mountain forests in the southern Swedish Scandes. 

 Species particularly concerned are; Quercus robur, Ulmus glabra, Alnus glutinosa, Acer platanoides and Betula 
pendula. They have all emerged high above and further north of their traditional natural positions in the recent 
past. Given that the future climate will allow them to grow into tree-size, they may approach their highest tree 
positions during the thermal optimum by the early Holocene, 9500-8000 cal. yr BP. Even then, they would 
perform within the frames of inferred natural climate and vegetation evolution of the present interglacial era. 

 The obtained progressive distributional shifts comply with an initial displacement of the so-called Limes 
Norrlandicus, that is a biogeographic transition zone in northern Scandinavia, separating biota with northern 
and southern affinities, respectively. 

 In many cases, the origins of the newly thermophilies are cultivated trees further south, although beyond the 
natural distribution limits. This implies that models of future arboreal evolution will have to account for such 
outposts as dispersal nodes in a future warmer climate. 

 The current records are consistent with more general and ongoing treeline rise and restructuring of the plant 
cover in subalpine and upper boreal forests, in response to post-Little Ice Age climate warming (all seasons) 
since the early 20th century. That would be a resurgence to a stage that last prevailed during the Medieval 
Climate Optimum, 600-700 years ago, in many respects beneficial to society as well as nature. 

Compliance with ethical standards 

Acknowledgments 

Dr. Lisa Öberg in thanked for competent comments on the manuscript and skilful photo editing. 

Disclosure of conflict of interest 

No conflict of interest to be disclosed. 

References 

[1] Aas, B. 1969. Climatically raised birch lines in southwestern Norway 1918-1968. Norsk Geografisk Tidsskrift 
23,119-130. 

[2] Aas, B. 1970. Noen bemerkelsesverdig høye vekstgrenser for varmekjœre trœr og urter i Seljord. Norsk 
Geografisk Tidsskrift 24, 23-36. In Norwegian with a summary in English. 

[3] Ahti, T., Hämet-Ahti, L. & Jalas, J. 1968. Vegetation zones and their sections in northwestern Europe. Annales 
Botanici Fennici 5, 169-211. 

[4] Andersson, G. & Birger, S. 1912. Den norrländska florans geografiska fördelning och invandringshistoria. 
Almqvist & Wiksell, Uppsala. 

[5] Angelstam, P. & Svensson, B.W. 1996. Limes norrlandicus – där taigan börjar. In: Gustafsson, L. & Ahlén, I, (eds.): 
Sveriges Nationalatlas. Sveriges Nationalatlas Förlag, pp. 36-38. Stockholm. 

[6] Bang-Andersen, S. 2006. Charcoal in hearths. A clue to the reconstruction of Mesolithic dwelling sites. Archaeol. 
Environ. 21, 5-16. 

[7] Beck, P.S., Juday, G.P., Alix, C. et al. 2011. Changes in forest productivity across Alaska consistent with biome shift. 
Ecology Letters 14, 373-379. 

[8] Blomqvist, S. G:son 1933. Äro sydskandinaviska arter under framryckning mot norr? Svensk Botanisk Tidskrift 
27, 38-55. 



International Journal of Science and Research Archive, 2023, 09(02), 413–446 

443 

[9] Boer, M.M., Koster, E.A. & Lundberg, H. 1990. Greenhouse impact in Fennoscandia-preliminary findings of a 
European workshop on the effects of climate change. Ambio 19, 2-10. 

[10] Carlsson, B., Karlsson, P.S. & Svensson, B. 1999. Alpine and subalpine vegetation. Acta Phytogeographica Suecica 
84, 78-89. 

[11] Dahl, E. 1990. Probable effects of climate change due to greenhouse effect on plant productivity and survival in 
North Europe. NINA Notat 4, 7-18. 

[12] Edwards, M.E. et al. 2005. Structurally novel biomes: A response to past warming in Beringia. Ecology 86, 1696-
1703 

[13] Erkamo, V. 1956. Untersuchungen űber die pflanzenbiologischen und einige andere Folgeerscheinungen der 
neuzeitlichen Klimaschwankung in Finnland. Ann. Bot. Soc ”Vanamo” 28, 1-283. 

[14] Felde, V.A., Kapfer, J. & Grytnes, J.A. 2012. Upward shift in elevational plant species ranges in Sikkilsdalen, central 
Norway. Ecography 35, 922-932. 

[15] Fransson. S. 1965. The Borderland. Acta Phytogeographica Suecica 50, 166-175. 

[16] Gitzen, R.A., Millspaugh, J.J., Cooper, A.B. & Licht, D.S. 2012. Design and analysis of long-term ecological 
monitoring studies. Cambridge University Press, Cambridge. 

[17] Grove, J.M. 2004. Little Ice Ages: Ancient and Modern. Routledge, London. 

[18] Gustafsson, M.H.G. 2008. Eken vid sin svenska nordgräns- i Hälsingland ? Växter i Hälsingland och Gästrikland 26 
(1), 16-17. 

[19] Gustafsson, L. & Ahlén, I. (eds.) 1996. Växter och djur. Sveriges Nationalatlas. Sveriges Nationalatlas Förlag, 
Stockholm. 

[20] Hafsten, U. 1992. Greenhouse effect predictions viewed from the perspective of vegetational history. Norsk 
Geografisk Tidsskrift 46, 33-40. 

[21] Helama, S., Kuoppamaa, M.S. & Sutinen, R. 2020. Subaerially preserved remains of pine stem wood as indicators 
of late Holocene timberline fluctuations in Fennoscandia, with comparison of tree-ring and 14C dated deposition 
histories of subfossil trees from dry and wet sites. Review of Palaeobotany and Palynology 278. DOI: 
10.1016/j.revpalbo. 2020.104223. 

[22] Helama, S., Stoffel. M., Hall. R.J. et al. 2021. Recurrent transitions to Little Ice Age-like climatic regimes over the 
Holocene. Climate Dynamics 56, 3817-3833. 

[23] Holm, S.O. 1994. Reproductive patterns of Betula pendula and Betula pubescens coll. along a regional altitudinal 
gradient in northern Sweden. Ecography 17, 60-72. 

[24] Holten, J. I. & Carey, P.D. 1992. Responses of climate change on natural terrestrial ecosystems in Norway. NINA 
Forskningsrapport 29, 1-59. 

[25] Huldén, I. 2001. Ektunnor och den medeltida värmeperioden i Satakunda. Terra 113, 171-178. 

[26] IPCC 2021. Climate change 2021: the physical science basis. Contribution of Working Group I to the Sixth 
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge. 

[27] Johansson, O. 2000. Ekspridningen i Örnsköldsvik. Trädbladet 2000 (2), 18-20. 

[28] Kilander, S, 1955. Kärlväxternas övre gränser på fjäll i sydvästra Jämtlad. Acta Phytogeographica Suecica 35, 1-
198. 

[29] Klanderud, K. & Birks, H.J.B. 2003. Recent increases in species richness and shifts in altitudinal distributions of 
Norwegian mountain plants. Holocene 13, 1-6. 

[30] Kullman, L. 1998a. The occurrence of thermophilous trees in the Scandes Mountains during the early Holocene: 
evidence for a diverse tree flora from macroscopic remains. Journal of Ecology 86, 421-428. 

[31] Kullman. L. 1998b. Non-analogous tree flora in the Scandes Mountains, Sweden, during the early Holocene- 
macrofossil evidence of rapid geographic spread and response to palaeoclimate. Boreas 27, 153-161. 

[32] Kullman, L. 2001. 20th century climate warming trend and tree-limit rise in the southern Scandes of Sweden. 
Ambio 30, 72-80 



International Journal of Science and Research Archive, 2023, 09(02), 413–446 

444 

[33] Kullman, L. 2002. Rapid recent range-margin rise of tree and shrub species in the Swedish Scandes. Journal of 
Ecology 90, 72-80. 

[34] Kullman, L. 2003. Förändringar i fjällens växtvärld-effekter av ett varmare klimat. Svensk Botanisk Tidskrift 97, 
210-221. In Swedish with a summary in English. 

[35]   Kullman, L. 2004a. A face of global warming- “Ice birches” and a changing alpine plant cover. Geo-Öko 25, 181-
202.  

[36] Kullman, L. 2004b. Treeline landscape evolution at the southern fringe of the Swedish Scandes (Dalarna 
province) - Holocene and 20th century perspectives. Fennia 182, 73-94. 

[37] Kullman, L. 2005. Mountain Taiga of Sweden. In: Säppälä, M. (ed.). The Physical Geography of Fennoscandia, pp. 
297-324. Oxford University Press, Oxford.  

[38] Kullman. L. 2006a. Transformation of alpine and subalpine vegetation in a potentially warmer future. The 
Anthropocene era. Tentative projections based on long-term observations and paleovegetation records. Current 
Trends in Ecology, 1-16.  

[39] Kullman, L. 2006b. Botaniska signaler om en ny och varmare fjällvärld. Fauna & Flora 10(4), 10-21. In Swedish 
with a summary in English. 

[40] Kullman. L. 2007a. Modern climate change and shifting ecological states of the subalpine/alpine landscape in the 
Swedish Scandes. Geo-Öko 28, 187-221.  

[41] Kullman, L. 2007b. Long-term geobotanical observations of climate change impacts in the Scandes of West-
Central Sweden. Nordic Journal of Botany 24, 445-467. 

[42] Kullman, L. 2008. Thermophilic tree species reinvade subalpine Sweden- early responses to anomalous late 
Holocene climate warming. Arctic, Antarctic, and Alpine Research 40(1), 104-110. 

[43] Kullman. L. 2010a. A richer, greener and smaller alpine world; review and projection of warming-induced plant 
cover change in the Swedish Scandes. Ambio 39, 159-169. 

[44] Kullman, L 2010b. One century of treeline change and stability-experiences from the Swedish Scandes. Landscape 
Online 17, 1-31. 

[45] Kullman, L. 2012. Avancerar eken Quercus robur och Limes norrlandicus allt längre norrut? Lustgården 2012, 69-
74. 

[46] Kullman, L. 2013a. Ecological tree line history and palaeoclimate-review of megafossil evidence from the Swedish 
Scandes. Boreas 42, 555-567. 

[47] Kullman, L. 2013b. Exoter berikar mångfalden i fjällbjörkskogen. (In Swedish with an abstract in English). 
Lustgården 2023, 55-62. 

[48] Kullman, L. 2014. Recent cooling and dynamic responses of alpine summit floras in the southern Swedish 
Scandes. Nordic Journal of Botany 32, 369-376. 

[49] Kullman, L. 2015. När eken växte vild i fjällen - en varmare och rikare tid. Svensk Botanisk Tidskrift 109(5), 260-
266. In Swedish with a summary in English. 

[50] Kullman, L. 2017a. Pine (Pinus sylvestris) treeline performance in the southern Swedish Scandes since the early 
20th century. Acta Phytogeographica Suecica 90, 1-46. 

[51] Kullman, L. 2017b. Melting glaciers in the Swedish Scandes provide new insights into palaeotreeline 
performance. International Journal of Current Multidisciplinary Studies 3(3), 607-618. 

[52] Kullman, L. 2018. Larix - an overlooked taxon in boreal vegetation history of northern Scandinavia. A review with 
perspective of incongruencies between megafossil and pollen records. Geo-Öko 39, 90-110. 

[53] Kullman, L. 2019. Early signs of a fundamental subalpine ecosystem shift in the Swedish Scandes-the case of the 
pine (Pinus sylvestris) L.) treeline ecotone. Geo-Öko 40, 122-175. 

[54] Kullman, L. 2020a. Black alder (Alnus glutinosa) - a further thermophilic tree species established in Swedish 
subalpine mountain birch forest. Light on modern climate warming and postglacial tree immigration patterns. 
Geo-Öko 41(1-2), 167-181. 

[55] Kullman, L. 2020b. Främmande trädarter sprids till svenska fjällbjörkskogar. (In Swedish with an abstract in 
English). Fauna & Flora 115 (1), 16-21). 



International Journal of Science and Research Archive, 2023, 09(02), 413–446 

445 

[56] Kullman, L. 2021a. Early Holocene presence of beaver (Castor fiber L.) in the Scandes, sustains warmer-than-
present conditions and a patchily treed and rich mountainscape. International Journal of Research in Geography 
7(1), 1-8. 

[57] Kullman, L. 2021b. Largest rises of Swedish treelines, consistent with climate change since the early-20th 
century. In: Turkmen, M. (ed.). Challenging Issues on Environment and Earth Science. Vol.6, 1-38. Book Publisher 
International. 

[58] Kullman, L. 2022a. Praealpine spruce (Picea abies) forest dynamics during the current post-Little Ice Age climate 
era: a case in the Swedish Scandes. European Journal of Applied Sciences 10(1), 246-259. 

[59] Kullman, L. 2022b. Forest-limit (Betula pubescens ssp. czerepanovii) performance in the context of gentle modern 
climate warming. European Journal of Applied Sciences 10(3), 196-185. 

[60] Kullman. L. & Kjällgren, L. 2006. Holocene pine tree-line evolution in the Swedish Scandes: recent tree-line rise 
and climate change in a long-term perspective. Boreas 35, 159-168. 

[61] Kullman, L. & Öberg, L. 2009. Post-Little Ice Age tree line rise and climate warming in the Swedish Scandes; a 
landscape ecological perspective. Journal of Ecology 97 415-429.  

[62] Kullman, L. & Öberg, L. 2015. New aspects of high-mountain palaeobiogeography: a synthesis of data from 
forefields of receding glaciers and ice patches in the Tärna and Kebnekaise Mountains, Swedish Lapland. Arctic 
68 (2), 141-152. 

[63] Kullman, L & Öberg, L. 2019. Helags & Sylarna - klimatförändringar i storslagna fjäll. Förlag BoD, Stockholm. 

[64] Kullman, L. & Öberg, L. 2020. Shrinking glaciers and ice patches disclose megafossil trees and provide a vision of 
the Late-glacial and Early post-glacial landscape in the Swedish Scandes - review and perspective. Journal of 
Natural Sciences 8(2), 1-15.  

[65] Kullman, L. & Öberg, L. 2022. Recent and past arboreal change: observational and retrospective studies within a 
subalpine birch-dominated mountain valley in the southern Swedish Scandes - responses to climate change and 
land use. European Journal of Applied Sciences 10(6), 201-265. 

[66] Lamb, H.H. 1995. Climate history and the modern world, 2nd edn. Routledge, London.  

[67] Macias-Fauria, M., Forbes, B.C., Zetterberg, P & Kumpala, T. 2012. Eurasian Arctic greening reveals 
teleconnections and the potential for structurally novel ecosystems. Nature Climate Change 2, 613-618.  

[68] Michelsen, O. et al. 2011. The impact of climate change on recent vegetation changes on Dovrefjell, Norway. 
Diversity 3, 91-111. 

[69] Moen. J., Aune, K., Edenius, L. & Angerbjörn, A. 2004. Potential effects of climate change on treeline position in the 
Swedish Mountains. Ecology and Society 9(1), 1-10. 

[70] Normand, S., Randin, C., Ohleműller, R. et al. 2013. A greener Greenland? Climatic potential and long-term 
constraint on future expansions of trees and shrubs. Philosophical Transactions of the Royal Society of London 
N, 368: 20120479. 

[71] Odland, A., Høitomt, T. & Olsen, S.L. 2010. Increasing vascular plant richness on13 high mountain summits in 
southern Norway since the early 1970s. Arctic, Antarctic, and Alpine Research 4, 458-470. 

[72] Parmesan, C. & Yohe, G. 2003. A globally coherent fingerprint of climate change impacts across natural systems. 
Nature 421, 37-42. 

[73] Paus, A. 2021. Lake Heimtjønna at Dovre, Mid-Norway, reveals remarkable late-glacial and Holocene sedimentary 
environments and the early establishment of spruce (Picea abies ), alder (Alnus cf. incana), and alpine plants with 
present centric distributions. Quaternary International 580, 38-52. 

[74] Peňuelas, J. & Boada, M. 2003. A global change-induced biome shift in Montseny mountains (NE Spain). Global 
Change Biology 9, 131-140. 

[75] Schickhoff, U., Bobrowski, M., Mal, S. et al. 2022. The world´s mountains in the Anthropocene. In: Schickhoff, U., 
Singh, R.B. & Mal, S. (eds.): Mountain Landscapes in Transition. Effects of Land Use and Climate Change, pp. 1-
144. Springer Nature, Switzerland. 

[76] Sjörs, H. 1999. The background: geology, climate and zonation. Acta Phytogeographica Suecica 84, 5-14. 



International Journal of Science and Research Archive, 2023, 09(02), 413–446 

446 

[77] Smith, H. 1920. Vegetationen och dess utvecklingshistoria i det centralsvenska högfjällområdet. Almqvist & 
Wiksell, Uppsala. 

[78] Smith, H. 1951. Härjedalsfjällens flora förr och nu. In: Arnborg, T. & Curry-Lindahl, K. (eds.): Natur i Hälsingland 
och Härjedalen. Göteborg. 

[79] Smith, H. 1957. En botanisk undersökning av Neans dalgång Kgl. Sven. Vetensk.-Akad. Avhandl. 
Naturskyddsärenden 16, 1-21. 

[80]  Väliranta, M., Salonen, J.S. Heikkilä, M. et al. 2015. Plant macrofossil evidence for an early onset of the Holocene 
summer thermal maximum in northernmost Europe. Nature Communications 6. DOI 10-1038/ncomms 7809. 

[81] Vera, F.W.M. 2000. Grazing ecology and forest history. CABI Publ., Wallingford.. 

[82] Vinós, J. 2022. Climate of the past, present and future. A scientific debate, 2nd ed. Critical Science Press, Madrid. 

[83] Walther, G.-R., Beissner, S. & Burga, C.A. 2005. Trends in the upward shift of alpine plants. Journal of Vegetation 
Science 16, 541-548. 

[84] Wielgolaski, F.E., Hofgaard, A. & Holtmeier, F.K. 2017. Sensitivity to environmental change of the treeline ecotone 
and its associated biodiversity in European mountains. Climate Research 73,151-166. 

[85] Willis. K.J. & MacDonald, G.M. 2011. Long-term ecological records and their relevance to climate predictions for 
a warmer world. Annual Review of Ecology, Evolution and Systematics 42, 267-287. 


