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Abstract 
 

Studies of vegetation history bring a new incentive to our understanding of plant survival 
and migration in arctic environments. For decades, environmental research was based on 
palynological data and these studies created a notion that tree species such as larch (Larix 
sibirica) and Scots pine (Pinus sylvestris) did not grow in northern Scandinavia at the end of 
Weichselian glaciation. However, findings of macro- and megafossils of these trees dating 
back to glacial times has been reported in the Swedish mountain range, questioning this view 
of a late arrival of these trees in Scandinavia. The apparent contrasting views on the 
composition of the first plants arriving to Scandinavia create uncertainties about the 
bioclimatic conditions prevailing at the end of the Weichselian glaciation. To improve our 
understanding about the first vegetation arriving to Scandinavia I probed the macrofossil 
composition of two novel sedimentary records from northern Sweden. Twelve sediment 
cores from material underlying Holocene peat deposits  were used as archives of early 
Holocene plants. In these records, I found: I) larch needles dating back to 4.6 and 4.1 
calibrated thousand years (cal. kyr) BP; II) pine macrofossils dating back to 9.5 and 8.7 cal. 
kyr BP; III) fossils from dwarf shrubs (willow and heather) dating back to 9.9 cal. kyr BP; 
and IV) a birch fossil dating back to 9.5 cal. kyr BP. Also found in the same depth was 
fragment of a spruce cone. Based on my findings, I concluded that the landscape behind the 
retreating Weichselian ice-sheet was surpassingly colonised by pine and larch trees, a forest 
that has no contemporary analogue in Scandinavia. It seems as if this early forest also 
contained spruce, which is enigmatic as the main spruce invasion is expected to occur across 
the region during the next millennia. Finally, there is an instigation for future discussion on 
how our present knowledge of plant behaviour in changing conditions can help minimise the 
impacts of ever-expanding climate change. 
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1. Introduction and Background 
 

When shrubs and trees migrate north they reduce the albedo of the northern hemisphere. 
This northward migration has been one of the major drivers behind the recent warming of 
the arctic (Chapin et al., 2005) and historic warming events during Holocene (Foley et al., 
1994). In fact, expansion of boreal vegetation constitutes one of few internal forcing 
mechanisms that contributed to the rapid termination phase of the last glaciation (Claussen 
et al., 2006). Hence, how plants survive and migrate during periods of rapid climatic change 
is not only critical for the resilience of high latitude ecosystems, but also for the global 
climate system and the fate of glaciated regions. 
  

Still, some fundamental questions regarding forcing and feedbacks mechanism between 
climate, ice-sheets and the biosphere looms without answers. How could slowly dispersing 
plants migrate so fast north after deglaciations, i.e. the Reid’s paradox (Clark et al., 1998)? 
Could shrubs and trees survive within cryptic refugia situated within glaciated areas that 
could explain their rapid colonisation of formerly glaciated regions? The idea was raised 
more than a hundred years ago based on the biogeographic distribution of temperate species, 
such as oak (Reid, 1899) and challenged the tabula rasa theory which suggested that all 
plants were eradicated from Scandinavia during the last Weichselian glaciation and all 
vegetation migrated to this region after the ice-sheet retreated (Snyder et al., 2000; Giesecke 
and Bennet, 2004; Cheddadi et al., 2006; Eide et al., 2006; Seppä et al., 2009). The tabula 
rasa versus glacial survival hypothesis has been intensively debated since, as described in 
Brochmann et al. (2003). Currently, there are three different main theories of possible 
locations of glacial refugia for plants in Scandinavia:  
 

1. The Andøya refugia: This first theory suggests that plants survived on an ice-free 
island in northern Norway (Parducci et al., 2012). 
 

2. Nunataks in the Scandes: The second theory states that Betula and Pinus first 
appeared on early deglaciated nunataks during the last stage of Weichselian 
glaciation (Paus et al., 2005; Kullman, 2013).  
 

3. Supraglacial refugia: The third and most recent theory claims that plants could have 
grown on top of the ice-sheet as surface debris supported plant communities. Fickert 
et al. (2007) were the first to use contemporary glaciers with supraglacial plants as a 
possible survival mechanism. The recently found macrofossils (Zale et al., 2018) 
provide the first empirical evidence for plants growth on the Late Weichselian ice-
sheet, however full glacial survival has yet to be fully proven. 

 

Remnants of the Weichselian ice-sheet remained the longest in central parts of northern 
Sweden, where the most recent deglaciation maps suggest that a stagnant ice-sheet remained 
there until about 9.5-10 calibrated thousand years (cal. kyr) BP (Hughes et al., 2016; 
Stroeven et al., 2016). Therefore, the first post-glacial arrival of trees to this landscape, 
situated far from expected glacial refugia, are of main interest when evaluating how fast 
plants migrated north as well as evaluating the possibility of glacial refugia. The current 
migration theories for pine (Pinus sylvestris), larch (Larix sibirica) and spruce (Picea abies) 
are outlined below. 
 

1.1. The vegetation history of pine in Scandinavia 
Until recently, most believed that Scots pine trees (Pinus sylvestris) appeared in northern 
Sweden around 5.5-3.5 cal. kyr BP along with warmer, temperate climate conditions 
(Berglund et al., 1996), over 3.5 thousand years after the deglaciation. Later studies, based 
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largely on genetic analyses suggest that Scots pine migrated to northern Scandinavia via 
modern day Russia and Finland around 9 thousand years ago and to central part of the 
peninsula also through central Europe, migrating from the south, around 8 thousand years 
ago (Snyder et al., 2000) as shown in Figure 1. 
 

 

 

1.2. The vegetation history of Larch in Scandinavia 
Until two decades ago, it was believed that larch (Larix sibirica) did not grow in Scandinavia 
during early Holocene, however this was solely based on palynological records. Kullman’s 
1998 study shows evidence of larch cones from the shore of  Lake Överuman in southern 
Lappland. Five cones were found, with the oldest dating 9.2 cal. kyr BP; additionally, a piece 
of Larix wood from the area dated 8.3 cal. kyr BP. Larch is a poor pollen producer (Hansen 
et al., 1996) and this can explain the extremely insignificant pollen counts despite broad 
megafossil evidence. 
 
Larch trees are no longer native to Scandinavia. Today’s natural occurrence of Larix sibirica 
is said to be around a thousand kilometres east/northeast from Scandinavia, in Russia 
(Donner, 1995). Small megafossil record suggests rather insignificant abundance of larch 
during early Holocene (from 9635 cal. yrs BP), however with wide distribution (Kullman, 
2018). Furthermore, recent pollen records align with megafossil evidence. Kullman (2018) 
states that larch and spruce were both modestly present along the Scandes around the same 
time, with the most recent larch samples dating back to 7.3 cal. kyr BP; supposedly 

Figure 1. The course of migration pattern for Pinus sylvestris across Europe, based on both palaeobotanical and 
genetic analyses. Isoclines indicate the first arrival of pine, based on a 5% pollen threshold percentage (figure 
from Cheddadi et al., 2006). 
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disappearing thereafter due to increasingly stronger maritime influence on the climate and 
because of human activity. 
 

1.3. The vegetation history of Spruce in Scandinavia 
For decades, spruce (Picea abies) was believed to have migrated to northern and western 
Sweden during late Holocene (Seppä et al., 2009). Pollen records analyses revealed that 
spruce has migrated to northern Europe from eastern Finland about 6500 cal. years BP, 
arriving in eastern and central parts of Sweden about 2700 cal. years BP and made its way to 
southern Norway as recently as 1000 cal. years BP. 
 
The traditional view on the migration of Picea into Scandinavia comes into new light with 
discovery of macro- and megafossils of this species on nunataks and along the entire 
mountain range of Swedish Scandes (Kullman 1999; 2000; 2001). A Spruce trunk found in 
central Scandes dated 13 cal. kyr BP, which is almost ten thousand years before the 
conventional view based on palynological data from this region. Until around eight thousand 
years BP, spruce (Picea abies) growth was limited to high elevations in the west, however 
later expansion could have been caused by a successively less seasonal climate and by ca. six 
thousand years BP Picea abies left its trace in central Sweden. Giesecke and Bennett (2004) 
divide the migration to two phases: a sudden spread northward during early Holocene and a 
mid- to late Holocene expansion from east to west and then southwards across Scandinavia 
that continues today. However, the fate of P. abies in Sweden is uncertain as climate 
warming and more commonly occurring summer draughts could cause a decrease in this 
species’ abundance in the boreal zone (Seppä et al., 2009). 
 

1.4. Purpose and Aim  
The aim of this thesis is to increase our knowledge about the first tree species colonising 
northern Sweden at the end of the deglaciation of the Weichselian ice-sheet. The main 
research question was: 
 

1. Are there any macrofossil evidences for presence of pine, larch or spruce in this area 
during deglaciation of the area? 
 

To resolve this research question, I used sedimentary deposits from two sites around the 
Lycksele area, northern Sweden. My hypothesis is that there were trees growing in the study 
area around the time the ice-sheet receded. 
 

2. Material and methods 
 

2.1. Sampling 
The Weichselian Ice-sheet is estimated to have receded 

from the study area about 9.9-10 cal. kyr BP (Fig. 3; 

Stroeven et al., 2016), forming a kettle hole system. 
Sediment cores were sampled at two locations in northern 

Sweden, Blåtjärn (64˚N 25’ 56’’, 18˚E 34’ 52’’), where 3.5 

metres of material were sampled and Norräng (64˚N 36’ 

09’’, 18˚E 42’ 07’’), where 10 metre profile was obtained. 

Blåtjärn core was obtained with a modified Livingstone 

corer (Zale, 1994) and Norräng core with an automated soil 

corer (Fig. 2). Both sites are located within boreal forest, in 

the Ume river catchment. Norräng was chosen, as 

fragments of 9.6k yrs old tree trunk megafossils were 
Figure 2. Coring machine used at Norräng. 
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found in the area, most likely buried during a catastrophic river event. The site is located in a 

lightly forested residential area, while Blåtjärn is within a forest mire, relatively far from 

habitation.  
 

 

Figure 3. Fennoscandian Ice Sheet deglaciation chronology and pattern. Ice margins are at 1-kyr intervals before 
the Younger Dryas (12.7-11.6 cal kyr BP). Post-Younger Dryas margins are shown at 100-year intervals (11.6-9.7 cal 
kyr BP). . Figure from Stroeven et al. (2016) with a minor modification displaying this report’s site locations: 
Blåtjärn being the red square and Norräng marked with the white one. 

 

2.2. Loss-On-Ignition 
Loss on ignition (LOI) was used to estimate the organic content of the sediment. The method 
was performed in accordance with Heiri O. et al. (2001), dried in 105 and combusted 550˚C 
to obtain a proxy for organic matter. Samples were taken at 5-10 cm resolution for the entire 
profile from Norräng (except for 2-3 m section, which was too loose to obtain) and for the 
bottom 2.5-3.5 m section from Blåtjärn (that was the only depth that supposedly contained 
plant material of the late-Weichselian age). This method, combined with the other studies of 
the sediment properties, can help in the discussion of whether macrofossils were deposited 
locally or transported from afar (Zale et al., 2018). 
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2.3. Near-Infrared Spectroscopy 

Near-infrared spectroscopy (NIRS) can be used to determine various chemical and physical 
properties of the soil, such as total C, total N, moisture content and particle size. This 
method requires calibration and NIR hyperspectral image analysis technique was chosen to 
correlate reflectance data and values for soil properties, in accordance with Linderholm et al. 
(2013). The mean value spectrum from points around the sample was chosen for the 
hyperspectral images, where two dimensions represent spatial distances and the third 
dimension represents wavelength. 
 
A SisuCHEMA pushbroom shortwave infrared hyperspectral imaging system (Spectral 
Imaging Ltd, Oulu, Finland) was used to acquire images from 1000 nm to 2498 nm at 
intervals of 6–7 nm. Evince image analysis software was used to transform the images into 
pseudo-absorbance. The data was pre-processed by the standard normal variate (SNV) as a 
correction for light scattering and centred prior to chemometric principal component 
analysis (PCA). The images obtained for this study are used as a proxy of organic matter, 
together with LOI results. Only 3-4 metres image was used for Norräng, as this section 
contained most macrofossils and also only three core sections could be processed at a given 
time, making the full comparison less reliable. However, a full NIR image of this profile can 
be found in the Appendix (Fig. A1). 
 

2.4. Magnetic susceptibility 

Magnetic susceptibility measurements are commonly used to establish the presence of 
ferrimagnetic minerals in soil, particularly in sediments and palaeosols where they serve as 
proxy indicators of past climatic change (Dearing et al., 1996). This method was performed 
according to the referenced publication on the entire Norräng profile using a Bartington MS2 
instrument with an MS2F probe, with 5 cm resolution, to obtain a more specific data on soil 
structure and chemistry information that NIRS images alone were not able to provide. It was 
not applied to Blåtjärn cores as the initial focus was on the glacial material from this site that 
made up only a small fragment of sediment otherwise containing just peat material. 
 

2.5. Macrofossils and identification 
Core tubes were divided in half to enable different analyses on each half, as LOI and search 
for macrofossils causes significant loss of material. Each half-core was divided into 5 cm 
sections. Blåtjärn tubes were of 9 cm diameter and Norräng of 6 cm diameter, resulting in 
volume of each section being approximately 160 cubic cm and 70 cubic cm, respectively. 
Search for macrofossils was performed according to Birks (2006), with some important 
alterations. Since this study relies solely on visual identification of species based on plant 
debris and not seeds, and to obtain enough material for 14C dating, search under microscope 
was not necessary and hence the sieve mesh diameter was increased from 125 µm to 1mm. 
The number and weight of fossils in each sample was converted to numbers in core section 
volume to show concentration. 
 
Found macrofossils were examined for common traits such as shape, texture and were 
compared with samples from herbarium. Plant material that was difficult to recognise 
visually was sent for closer analysis using Vedlab’s expertise. Vedlab, located in Glava, 
Sweden examines the wood structure using microscope with up to 625 times magnification 
and through comparison with fresh wooden samples and broad literature. Their work 
focuses on wood species recognition for various environmental and archaeological research 
projects. 
 

2.6. 14C dating 
Radiocarbon dating of the macrofossils was performed by Beta Analytic Inc., Miami, USA. 
Most samples were over 6 mg to prove reliable for accelerator mass spectrometry (AMS) 
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dating. The dates were converted to calendar years before present (cal. yrs BP, where present 
refers to AD 1950), based on calibration BetaCal3.21, HPD method: INTCAL13 + NHZ1 
(Reimer et al. 2013). Reported results are accredited to ISO/IEC 17025:2005 Testing 
Accreditation PJLA #59423 standards. 
 
 

3. Results 
 

3.1. Blåtjärn sediment record 
Blåtjärn sediment record comprises of peat, with visible glacial transition in the 2-3 metres 
section (Fig. 4). The glacial material was of a greyish colour, containing mostly clay, silt, 
gravel and pebbles. The record is characterised by fluvial deposits in the peat and a 
minerogenic material with some organic inclusions. The Loss-on-ignition results from the 
 250 cm-350 cm section (Fig. 5) show a moderate variability but still an expected pattern. 
Values gradually decrease from 90% to 2% at 261 cm, just to rise again to over 94% 30 cm 
further down the core. From 67% at 315 cm, there is a sharp drop to 3% just 4 cm lower. 
Henceforth, the values do not exceed 1%. 
 

 
 

Near-Infrared Spectroscopy image shows a very similar pattern to LOI, especially noticeable 
is the sharp decrease of organic matter around 320 cm of depth (reflected as a sudden 
change from warm to cold colour on the NIRS scan). Interestingly, most macrofossil samples 
from this site were retrieved from clay or were trapped between rock material. Furthermore, 
no plant material larger than 1 mm was retrieved from the top of this section, and this could 
perhaps be attributed to the material being rather coarse, allowing the OM to get severely 
disintegrated. 

Figure 4. Glacial transition (the grey material surrounded by peat) in one of the Blåtjärn cores. 
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Fig 5. A) The Blåtjärn mire stratigraphy shown with the NIRS scan (left panel) and along with the organic matter 

(LOI) content. Mineral rich material is displayed in blue colour, while organic rich material is indicated in yellow 

and red. The transition between Holocene peat and the underlying till (dotted red rectangle) are enlarged (B) to 

illustrate the zone where macrofossils were located. Note the organic inclusion in the figure (yellowish layer). 

 

3.2. Norräng sediment record 
LOI results from Norräng (Fig. 6) were almost as anticipated based on the sediment 
structure. The bottom 6 metres hardly showed over 1% loss of organic matter and only the 
top 1-2 m layer has LOI values suggesting significant loss of OM. Values changed from 90% 
at 104 cm, through 64% at 120 cm, with an increase to 86% 10 cm further down, just to again  
decrease to below 2% after 160 cm. Norräng profile was more uniform throughout, especially 
when it comes to approximate organic matter content. OM was very low all along the profile, 
apart from a short peat section in the upper part and some minor organic inclusions, mostly 
where the macrofossils were retrieved from. As with the 2.5-3.5 metres section from Blåtjärn, 
most of this profile was rather coarse and the majority of plant material was retrieved from 
more clayish material in the top four metres. The bottom section showed less variability than 
Blåtjärn, containing mostly glacifluvial deposits, and these different patterns can be 
attributed to the material and environment type among other factors. Nevertheless, the 
results show a correlation with NIRS images (Fig. 5 and 6).  
 
Magnetic susceptibility (MS) data varies across the Norräng profile (Fig. 6), showing the 
highest value of 16 at 7.6 metres. The lowest values of 0 and 1 could be found in the upper 1 
metre depth. Other parts of the core show low to medium MS values between 3-7, with most 
values being around 5. As anticipated, this data corresponds with the material type, with the 
lowest indication in peatland and medium in silt. The grainy fragments of the core are the 
ones with the highest MS readings. 
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Fig 6. The Norräng sediment sequence with organic matter content (LOI), magnetic susceptibility and 
concentration of macrofossils in soil (mg per volume). Three stratigraphic units and their NIR spectra PC2-score 
are highlighted in the right panel. A) The 3-4 m section of the core including glacifluvial/fluvial sediment 
containing high abundances of macrofossils and where silt lamination occurs embedded in sandy sediment. 
Deformation of the laminations is due to hammering during the coring. Note that the colour-coding is relative 
and thus not comparable to Fig 5 or the other sections in this figure. B) The 4-5 m section of the core also 
containing macrofossils. Note the presence of a larger macrofossil around 4.3 m indicated with arrow. Pine 
macrofossils dating back to 9.6 kyr have been found at this depth and visual inspection of this particular fossil 
also suggests presence of a pine branch (J. Klaminder: pers. Comm). C) The transition between the underlying till 
and the glaciofluvial deposit. 

 

3.3. Macrofossils and identification 
Plant species that was most expected and easily identified (through characteristic needles) 
was Scots pine (Pinus sylvestris). Macrofossils also included sedges and graminoids and 
roots thereof. Species identified using herbarium comparison contained also mosses (most 
likely Polytrichum strictum) and larch needles (Larix sibirica). Vedlab results confirmed 
that the cores contained fragments of birch (Betula sp.), heather (Calluna vulgaris), willow 
(Salix sp.) and most likely a piece of spruce cone (Picea abies). 
 
Most macrofossils (up to 14) were found between 3 and 4 metres at both locations (Fig. 5 and 
6), however small fragments of plant material were scattered throughout whole profiles. A 
tiny piece (less than 4 mm long) was found at 915 cm of Norräng core and similar fragments 
were retrieved from Blåtjärn core at 321, 329 and 338 cm, however all of the samples from 
those depths were too small for identification and not heavy enough for radiocarbon dating. 
One of the fossils closely resembled a pine needle (Fig. 7). 
 
Species that were big enough for reliable 14C analysis are shown in Figure 8, with their 
oldest proposed intercept 14C age in Table 1. Figure 8A additionally shows a Larix sibirica 
needle from Umeå University’s herbarium as a comparison for the found macrofossil. 
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According to Beta Lab representative, the larch needles (Fig. 8A-B) were lightly pre-treated 
with acid for the removal of carbonate and soluble humic acids.  The samples were small, 
they only weighed 0.45mg and 0.33mg before pre-treatments and preferable weight for more 
reliable results would have to be at least 1.00mg of plant material for analysis. Samples this 
small give lower signals in the AMS.  This will sometimes result in a larger sigma on the age, 
instead of normal +/- 30 yrs BP it could be as high as +/- 70 yrs BP. 
 

3.4. 14C dating 
The results of radiocarbon dating are displayed in Table 1. Blåtjärn pine samples from 330 
cm and 325 cm were dated to 9562 - 9495 cal yrs BP and 8715 - 8547 cal yrs BP, respectively. 
95.4% probability applies to the entire method. Larch samples from this site were dated 4615 
- 4425 cal yrs BP and 4158 - 3984 cal yrs BP for 330 and 320 cm depth, respectively. 
 
Samples from Norräng showed a great variation across only two metres of depth. Birch 
sample (310 cm depth) was dated 9544 - 9486 cal BP and heather (325 cm depth) was said to 
be 9939 - 9694 cal yrs BP. Norräng samples from 105 and 165 cm depth dated -27 to -29 cal 
yrs BP and -5 to -7 cal yrs BP, respectively. Since this was the top part of the core, this is most 
likely a result of surface contamination during sampling. Younger material could have been 
pushed down, stuck on the edges of the coring tube and accumulated around that depth. This 
material was, hence, excluded from the analysis. 
 

Table 1. 14C ages of macrofossils found at both sites. 

LAB ID SAMPLE SITE DEPTH 
(CM) 

14C AGE CALIBRATED 
AGE 

N325V Heather Norräng 325 8810 +/- 30 
BP 

9939 - 9694 cal. 
BP 

BM2-S1-
225-P1 

Pine Blåtjärn 330 8580 +/- 30 
BP 

9562 - 9495 cal. 
BP 

N310B Birch Norräng 310 8530 +/- 30 
BP 

9544 - 9486 cal. 
BP 

BM2-S1-
225-P2 

Pine Blåtjärn 325 7840 +/- 30 
BP 

8715 - 8547 cal. 
BP 

BM2-S1-
225-L1 

Larch Blåtjärn 330 4050 +/- 30 
BP 

4615 - 4425 cal. 
BP 

BM2-S1-
225-L2 

Larch Blåtjärn 320 3740 +/- 30 
BP 

4158 - 3984 cal. 
BP 

Figure 7. Macrofossils from the bottom one metre of the Blåtjärn profile, including a fragment of a pine needle. 
These were too small for 14C dating. 
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Figure 8. Macrofossils from both sites with their lab IDs: A – larch needle with a comparison to a modern-day example from herbarium (Blåtjärn); B – larch needle (Blåtjärn); 
C – fragment of a pine needle (Blåtjärn); D – pine needle (Blåtjärn); E – fragments of heather macrofossils (Norräng); F – fragment of birch (Norräng). See Table 1 above for 
radiocarbon ages.
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4. Discussion 
 

4.1. Formation of the studied deposits 
Both sediment records from this kettle hole system contain material from before or during 
deglaciation. Mineral rich glacifluvial material builds bottom sections of both profiles. Silty 
laminations seen in the Norräng record indicate that this material has been deposited in 
stagnant water, potentially in a marine environment as the sedimentation occurred under 
the highest shoreline at around 224 m (Zale et al., 2018). Records of both sediment profiles 
show signs of continuous accumulation of fluvial material during Holocene. Blåtjärn 
material originated from a stream water inputs from a channel that to this day is present and 
visible in the terrain, however water no longer flows through it. In the case of Norräng, the 
material comes from glacial meltwater and overflooding periods of Ume river, which likely 
happened during ice-breaks. 

 

4.2. The composition of forest after deglaciation  
My data suggests that with the end of Weichselian glaciation (9.6 cal. kyr BP) there already 
grew pine trees together with shrubs and spruce (Fig. 9). Findings of birch macrofossils 
dating back to 9.5 cal. kyr BP are in line with earlier studies. Kullman (2013) describes the 
earliest mountain birch samples dating back to 9.9 cal. kyr BP, with the highest macrofossil 
located 575 metres higher than current tree line, dating back to 9.6 cal. kyr BP. Lower 
reaches included birches with some pine trees, with additional data supporting growth of 
spruce in late Weichselian and early Holocene. The 3-4 metres core section from Norräng 
included birch macrofossils together with a fragment of a spruce cone found at the same 
depth. Heather (Ericaceae family) dating back to 9939 cal. yrs BP is in line what Zale et al. 
(2018) found across this area. They found Ericaceae shrubs, often associated with forested 
and mire landscapes, in the age range of 9.5 to 10.2 cal kyr BP that is overlapping with the 
deglaciation period of this region. 

 

 
 

Figure 9. Conceptual summary of my findings and the vegetation. 

 
Since the bottom section of the Norräng core contains mostly glacifluvial material, with little 
to none organic matter, I suspect that the small macrofossil retrieved from 915 cm was likely 
deposited more than 10k years ago, during Bølling-Allerød warming (14.7-12.7 cal. kyr BP 
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according to Cronin, 1999) or even as late as MIS-3 interstadial. This was the deepest finding 
of this report and is presumably much older than other plant material found 5-6 metres 
above. This opens up discussion on the characteristics of the pre-Holocene vegetation. 
 
What should be discussed is the origin of the macrofossils found, namely whether the plants 
grew on site or if the material was transported from elsewhere. The movement of the Late 
Weichselian Ice-sheet was slow to stagnant and bound for Scandes (Kleman et al., 1997), 
therefore it can be excluded as a transport force for the plant material. Elevation-wise, the 
study site was among the highest parts of the ice-sheet (Patton et al., 2017), therefore 
transport through meltwater along and under the glacier is very unlikely. Larix pollen 
analysed by Zale et al. (2018) suggests that pollen that was found only in the southern basin 
would have been present also in the western part, had it not been blocked by the ice-sheet 
and if the two basins were sourced with the same water. Therefore, to the best of my 
knowledge, the macrofossils analysed in this report are of a local origin. 
 
Despite earlier palynological studies suggesting otherwise, there is no doubt that Pinus and 
Picea migrated to Scandinavia earlier than anticipated. There are a few possible reasons for 
this rapid migration. Climate warming could have been one of the causes of this expansion, 
making dispersion rates ever so higher. But coniferous trees are known to have a slow 
enough dispersion rate to create so called ‘Reid’s Paradox’ (Clark et al., 1998). In Reid’s 
work, the migration of trees appeared impossibly fast compared to seed dispersal rate and 
range, and one of the explanations could be the role of birds in seed transport for longer 
distances. With the advancement in technology, later pollen analyses brought further insight 
into pollen distribution and abundance. Clark et al. (1998) also point out a synthesis of 
observations from previous studies. Those include climate’s influence on dispersion rates 
and direction as a result of a species-dependant tolerance of different climate variables; and 
natural barriers to seed dispersal, mainly large bodies of water like The Littorina (Baltic) Sea 
and The North Sea. Later work (Skellam, 1951) showed that Reid’s theory of diffusive spread 
was a failure. Despite proving useful in different applications, the diffusion models did not 
match the population expansion that could not have been described by a simple step-by-step 
movement. Another issue that arose was that most dispersion happens near the parent plant; 
however, a tiny fraction of seeds can be transported far away enough to change the 
population dynamics in a disproportionate manner. The main conclusion is that past 
dispersion rates should not be looked at as a pattern applicable to today’s conditions. First of 
all, Holocene rates were nowhere near constant; otherwise, the progressing climate change 
can further influence the migration of some species (Clark et al., 1998). 

 
There is also the possibility that plants did not have to migrate to longer distances because 
they survived the ice-sheet. As I mentioned in the introduction, there are three different 
theories for glacial survival of the plants. Plants surviving on an ice-free island in northern 
Norway (Parducci et al., 2012) could very well explain the short time and great extent of pine 
and spruce expansion. This theory supports the immediate colonisation of areas that just a 
while ago were covered by a great layer of ice. However, the general view is that Pinus 
sylvestris migrated to modern day Sweden from the east and south (Snyder et al., 2000). 
Apart from this island, there were more inland places serving as glacial refuge, nunataks 
(Paus et al., 2005; Kullman, 2013). The data from Flåfattjønn suggests that the ice-sheet in 
central Scandinavia during the Late Weichselian was distinctly thinner than previously 
anticipated, providing space and conditions for the development of the early Holocene 
forest. The most recent theory even suggests that surface debris supported plant 
communities on top of the ice-sheet even three millennia before deglaciation (Fickert et al., 
2007; Zale et al., 2018). Findings of macrofossils of shrubs and trees (including Larix) 
further add to the idea that the origins of migration were not as far-distance as previously 
suggested and that species expansion relied on short-distance dispersal directly from the ice-
sheet. Fickert et al. (2007) also suggest that ice-sheet growth and nunataks theories are not 
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mutually exclusive, however, ice-free regions could have been too far to sustain such a large-
scale migration. 
 
Some of the climatic insights that could further explain improved growth conditions for 
some species suggest that in the early and mid-Holocene there were much shorter periods of 
cold climate across Scandinavia than during late Holocene (Karlén et al., 1995). This is based 
on the alpine tree limit being higher during mid-Holocene than before and after, with 
temperatures up to 1.0°C warmer. There was not a great temperature difference between 
warm and cold periods, but warmer periods became shorter in late Holocene. Additionally, 
Pine tree rings from trees growing above modern tree line were wider and the Pine tree limit 
during mid-Holocene was approximately 180 metres higher than today. Pollen-climate 
calibration model (Seppä and Birks, 2001) suggests that the early Holocene mean summer 
temperatures in northern Fennoscandia were low (ca. 11.0°C) and annual precipitation was 
high (between 600 and 800 mm). During mid-Holocene (8.2-5.7 cal. kyr BP), mean July 
temperatures were at their highest (between 12.5 and 13°C), which is even higher than 
today’s average, however with decreased precipitation. In the past two thousand years of late 
Holocene mean summer temperatures decreased and have been the lowest since the 
beginning of the epoch; the precipitation values increased again. This indicates that the 
climate of Holocene was of a strong oceanic influence from the Atlantic, with predominantly 
westerly airflow and anticyclonic summer conditions (Seppä and Birks, 2001). Another 
evidence of postglacial warmth is the discovery of fossil plant material from thermophilic 
deciduous trees such as oak (Quercus robur), alder (Alnus glutinosa), hazel (Corylus 
avellana), lime tree (Tilia cordata) and others (Kullman, 2013). Existence of all these 
species is restricted to a short period from 9.5 to 7.7 cal. kyr BP. That means they must have 
coexisted with cold-adapted coniferous species (Picea and Larix) suggesting the climate of 
the early Holocene could have had unknown features, especially in the annual temperature 
distribution. Kullman (2013) also mentions that the earlier described changes in tree line are 
partly caused by isostatic rebound, and hence the fossil-based tree line studies of the 
mountains should take such correction into consideration.  

 

4.3. The enigmatic Larch die-off   
Larix, a species previously considered non-native to Scandinavia remains a mystery, 
especially when it comes to its sudden disappearance from this region. My findings of larch 
needles bring a new incentive to the history of this species in Scandinavia, especially that this 
is the first Larix material found outside the Scandes. Two of the Larix macrofossils found at 
Blåtjärn dated 4158 and 4615 cal. yrs BP, which means that those trees either survived in 
Scandinavia longer than anticipated or there was a temporary shift in climatic conditions 
allowing recolonisation of this species. As no early Holocene Larix material has been 
retrieved and the fossils found dated much younger than anticipated, I decided to dedicate 
this species a separate subchapter trying to elaborate on the reasons behind its 
disappearance from Scandinavia. 
 
Data from the northern part of Scandinavia suggests that there were two glacial advances 
dated 4900 and 4200 cal. yrs BP. This is also a period of sudden cooling after over two 
thousand years of temperatures higher than today’s average by over 1.0°C, there was also a 
period of warming around 4500 cal. kyr BP (Karlén et al., 1995). As explained below, this 
climatic setting of warm summer and cold winters would favour growth of Larix, producing 
the results I have obtained. Another possibility is that the weight of the larch macrofossils 
did not sustain reliable radiocarbon dating and the dates are not precise. Perhaps more data 
(woody debris or cones) could help investigate if there in fact were larch trees long after 
supposed disappearance of this species from Scandinavia. 
 
Larch species have existed in boreal latitudes around the globe for millions of years. Many of 
the species have a good adaptation to cold climate with short growing season (LePage and 
Basinger, 1995). Early Holocene climate could have sustained the growth of Larix in Sweden, 
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with shorter but much colder winters. The shift to more oceanic influence, with increased 
precipitation and lower temperature amplitudes could have caused the disappearance of this 
species in mid-Holocene. Today Larix sibirica naturally occurs in Siberia and North-eastern 
Russia, meaning it can withstand extremely low temperatures below -50°C and it can sustain 
growth on a variety of terrains and soils, including permafrost (Larsson-Stern, 2003). Larch 
is a light-demanding pioneer species that is less shade-tolerant than other coniferous species 
growing in Sweden today, meaning tress that cast shade such as spruce, or even earlier 
mentioned  broadleaf species, could have posed a risk of competition for Larix. Larsson-
Stern (2003) also lists some threats to the growth of larch trees. Those include but are not 
limited to grazing by animals, insect infestation, fungi and extreme weather events. There 
are approximately 150 European insect species that can affect larch and cause damage to the 
trees. These factors, in line with earlier mentioned changing climatic conditions, could have 
contributed to the larch die-off in Scandinavia. On the other hand, Larix is one of the most 
common tree species in the non-European boreal zone, thus creating so-called ‘Larch 
paradox’ (Givnish, 2002). Poor soils should favour evergreen conifers by the cost of nutrients 
acquisition and the higher rate of photosynthesis and therefore creating less favourable 
conditions for larch. Nevertheless, they are still a prevailing taxon in Siberia and parts of 
North America, suggesting that some other conditions, most likely climate-related, control 
the species diversity in the taiga. 
 
Even though we do not have larch naturally occurring in the Swedish forest today, multiple 
saplings of Larix sibirica have recently been discovered across the entire Swedish Scandes 
(Kullman, 2018). That could suggest a new migration of this species to Scandinavia, despite 
warming climate and increasing precipitation. Another simple explanation could be the fact 
that less sensitive to climate larch hybrids are now cultivated across Scandinavia, especially 
in the southern parts of Sweden (Larsson-Stern, 2003). In Kullman’s study there was no 
mention whether those saplings were indeed Larix sibirica or perhaps the hybrids recently 
made their way to the northern parts of the country.  
  

4.4. Feedback between vegetation and climate  
Having described how climate influenced vegetation, the last question remaining is whether 
the forest could have also affected the climate? There are previous studies suggesting that 
vegetation could impact climate models, specifically through an increased forest cover 
reducing the surface albedo (Bonan et al., 1992; Foley et al., 1994;). Northward colonisation 
of tundra by boreal forest together with orbital variations could cause a spring warming of 
over 4˚C and add an additional 1˚C during remaining seasons. 
 
According to Foley et al. (1994), in northern latitudes (60-90˚N), forests contribute to a 
decrease in surface albedo from 0.36 to 0.26, mainly by having evergreen conifers replace 
snow-cover tundra. Forest cover increases absorbed solar radiation by 8W per m2 and orbital 
forcing further increases amount of absorbed solar radiation by ~4W per m2. These two 
factors do not affect all seasons equally. The highest average monthly temperature increases 
(shown in Fig. 10 below) due to orbital forcing are from June (when temperature is >1˚C 
than average) to December (with a peak of ~5˚C). Under vegetation forcing, the highest 
increase falls in March and April (~4˚C), however it remains >1˚C above average throughout 
the entire year, except January and October. Additionally, orbital and vegetation forcing 
together reduce snow and sea-ice volume by ~40%. High latitudes would also experience a 
~5% higher precipitation due to both factors. 
 
With supposedly rising temperatures at the beginning of Holocene, the melting snow and ice 
cover would reveal ever more land and water surfaces, allowing them to absorb more solar 
radiation and, with trees masking the reflectance of snow in the winter, the temperature 
would further increase (Bonan et al., 1992). All this information suggests that further 
northerly migration of forest, as anticipated in this thesis, would cause significant climate 
feedback that would in line affect the climate of the temperate zone. Similarly, deforestation 
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and desertification have major implications on climate through changes in surfaces albedo 
and absorption of solar radiation (Gash and Shuttleworth, 1991). 
 

In the age of ever advancing climate warming, with extreme conditions such as droughts 
being ever so common, the role of forests in global ecosystems is more important than ever 
before. Forest die-offs are one of the consequences of droughts, a common climatic 
characteristic of the Anthropocene (Allen et al., 2015). Deforestation also poses great 
dangers to ecosystems and their climate. In the rapidly developing modern world, the role of 
forests in shaping climate and our knowledge of tree migration and adaptation is essential to 
preserve the planet and, in turn, the future and well-being of humanity. The debate 
continues among researchers, politicians and society regarding policies that will challenge 
the underestimated and ongoing changes to climate and vegetation and their far-reaching 
implications. 
 
The landscape of Scandinavia during retreating Weichselian ice-sheet was subject to more 
rapid afforestation than previously anticipated, as evidenced with the results of this report. 
Findings of tree macro- and megafossils still leave an open field for discussion as to what 
contributed to those migrations; whether it was glacial survival on nunataks, fast seed 

Figure 10. Changes in average monthly surface temperatures due to orbital and vegetation forcing in boreal 
latitudes. (Figure from Foley et al., 1994). 
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dispersion, growth on top of melting glacier or a combination of all those factors, there is no 
doubt that behaviour of plants and forest development are a vastly complex subject. Could 
change in our perception be attributed to the development of more precise methods such as 
radiocarbon dating and genetic analysis versus previous sole use of palynology? 
Alternatively, the variable climatic conditions could have contributed to the appearance of 
pine and spruce, together with no longer native larch trees. Regardless of the ultimate 
reasons for the early Holocene forest composition, there is a great correlation between plants 
and climate; not only in the way how climate enables species to develop but also how 
evergreen coniferous forest affects surface albedo, snow cover and, as a result, the climate 
itself. 
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Appendix 1. NIRS 
scans 
 

Principal component analysis 

results (Fig. A1) show that PC1 is 

likely following the contrast between 

light and dark colours as an effect of 

moisture and sediment texture, 

whilst PC2 mainly reflects the 

organic matter. The colour coding is 

relative and cannot be used for 

comparison between cores, as the 

scans were taken from three 1 metre 

long sections each time and not 

from the full profile at once. 

 

As per Linderholm et al. (2013), 

each pixel is coded with one of the 

three RGB values per channel 

ranging from 0 to 255. The colour of 

the pixel is a result of a combination 

of those values from each channel. 

To obtain values of absorbance at a 

specific wavelength, a false RBG 

image needs to be used, however 

default RGB scale is used for 

visualisation purposes through the 

Evince software (R 1350 nm, G 1750 

nm and B 2150 nm; see. fig A2). 

With PCA application on the 

sediment core sections, PC1 and PC2 

components explain 99% of the 

variation in the data, hence, PC3 

was omitted.  

 

 

Figure A1. NIRS scan of the full Norräng profile. Left side 
represents PC1, centre PC2 and right side PC3. 
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Figure A2. Wavelengths in nm for each vector used in the analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 


