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Abstract

Holocene forest development, tree migration anetliree fluctuations have been
reconstructed from peat sequences, derived fronstuay localities situated along an
altitudinal transect between the north boreal amddlpine zone in the mountain region of the
Rgros area. The local-scaled reconstructions a®edoan pollen analysis, stomata and
megafossil findings. Additionally, an attempt tewoastruct the climate history has been made
by the use of the indicator species approach. &benstructions have further been compared
to other palaeoecological studies in adjacent regio Ridalen, in order to deduce regional

patterns for the Holocene vegetation and climate.

A pioneer flora dominated at the Lervaha mire & i#va.s.l. under relatively warm and dry
conditions in early Holocene until ca. 10,500 gakrs BP. A rather coeval local presence of
tree-birch Betula pubescentand pine Pinus sylvestrishas been recorded at ca. 10,100 cal.
years BP. Pine expanded rapidly thereafter, beapithiea dominating tree in the Ridalen
region until ca. 8,000-7,400 cal. years Bfhusgrew locally in moister habitats at the
Lervaha mire from ca. 9,200 cal. years BP and m@ds maximum abundance around
7,400- 7,100 cal. years BP, after which a sub-alpinch forest established at Reinskaret. In
the cooler and moister period subsequent to cQ058l. years BP the sub-alpine birch forest
reached the Lervaha mireiceaincreased in abundance in regional forests afte2,@0 cal.
years BP. In the period after ca. 3,700 cal. yB&spine only grew as scattered individuals
at 770 m a.sl. Tree-birch no longer grew at thenRearet locality after ca. 2,000 cal. years
BP.

The time of deglaciation could not be inferredtfoe area since the oldest layers could not be
properly dated. Nevertheless, the stratigraphiealience from the Lervaha mire is assumed
to represent maximurhe last ca. 11,500 years. The tree that firsbésteed in the study

region is still uncertain.
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1 Introduction

In the Rgros region, located to the east of cestrathern Norway, there are few studies
elucidating the post-glacial vegetation and clinfagtory (Prasch-Danielsen, 1999; Prgsch-
Danielsen and Sgrensen, 2010; Thorén, 1981) asd firanarily encompass the more recent
anthropogenic history up to present day. Consegyehéere is much information to be
revealed by palaeoecological investigations regarthe vegetation and climate development

in the Rgros area since the last ice age.

The early Holocene (post-glacial) period in NorthBurope has been characterized by an
unstable climate showing frequent and abrupt sfifteek and Bos, 2007 and references
therein; Nesjeet al.,2005; Paus, 2010). Studies on the past forest olevent and tree-line
fluctuations could yield important indications abthese climate events, as forest- and tree-
line positions and structure on a regional scatef@ind to be highly sensitive to the
prevailing climatic conditions (primarily the lermgof the growing season and summer
temperatures) (Kullman, 1995; Kullman and Kjallgr2d@00; MacDonalet al.,2008; Nesje

et al, 2005). Traditional pollen analysis can provid®rmation about past forest-limit
fluctuations (Gunnarsdottir, 1996). Megafossil 8rtdgether with macrofossil analysis have
proven to be important complementary approachésetstudy of past tree-limit positions as
they are most commonly evidence of the local preseh a species (Aas and Faarlund, 1988;
Bergmaret al, 2005; Birks, 2001; Kullman, 2001).

Palaeoecological studies of the Holocene withinSbandinavian mountains have yielded
ambiguous patterns regarding the time of vegetastablishment, in addition to the course
of vegetation succession. Distinctly different viagjen patterns appear in studies from the
alpines of central Scandinavia. To the south-weRayos, tree-birchBetula pubescenge
was the first tree to establish and expand afeedtyglaciation (e.g. Bergmatal.,2005;
Gunnarsdottir, 1996; Vellet al, 2005; Velleet al, 2010), whereas other studies both in
Norway and in Sweden have recorded that peus sylvestriswas the first tree to expand
(e.g. Barnetet al, 2001; Lundquist 1969). Moreover, tree-birch aimte were already
growing locally at high altitudes east in the Svgbdtcandes in early late glacial periods
(Kulmann, 2002; Kullman and Kjallgren, 2000). Sianitecords of pine have been detected
west of the Rgros region at Dovre (Paual,in prep). Conversely, tree establishments and
expansions are recorded much later further sou@temtral Norway (e.g. Barnedt al., 2001,
Gunnarsdottir, 1996).



The study area, Ridalen within the Rgros areaj ist&resting site as it lies in the middle of
Scandinavian Mountains and close to the Swedistido@nd thus between these different
early Holocene vegetation patterns.

Using pollen analysis (both percentage and influxgddition to stomata and megafossil
finds, this study primarily aims to reveal the Ibe@locene migration of tree-species (with
focus on pine and tree-birch), forest history aeeé-imit fluctuations near Ridalen, in the
Rgros mountain area. Small mires were chosen gglisgnsites as they represent
autochthonous deposits and thus reflect past laggtation patterns (Birks and Birks, 1980;
Feegri and Iversen, 1989). Further inferences wilifade according to the climate
development in connection to the forest-and trestliluctuations since the deglaciation. In
addition, it will be attempted to make deductiobsu the time of deglaciation; when the
vegetation and the subsequent forest establishibe iarea; which tree that first established
and expanded; and how the forest developed thrtheghlolocene. In order to infer any
regional patterns in tree migration and forestl@digtament, the results from this study will
further be compared with other palaeoecologicalistiin the Central Scandinavian mountain

areas.

For almost a century it has been a debate whetkdrdst-glacial (Weichselian) Scandinavian
ice-sheet was central and thick (e.g. HoltedarBs1®1angerud, 2004) or thin and
multidomed (e.g. Dalét al.,1997; Goehringet al,.2008; Pauet al,.2006). Geographically,
the Rgros-area is centrally positioned in thiswkson (cf. Dahét al 1997). The opposing
views of the ice-sheet geometry and deglaciatidtepe would influence on how to interpret
the vegetation development within the area, ayéigetation chronology, successions,
migrational routes, and rates of change would deépenthe time and patterns of deglaciation.
Consequently, palaeoecological studies within tkeoR area had hoped to throw some light
on this controversy. However, as accurate datéseoéarliest Holocene deposits could not be
obtained, no exact conclusions about the ice-gshekiness and time of deglaciation for the

study area could be made.
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2. Study area

2.1 Geography and topography

The study area, covering a total area approx. 13) ikntiudes the two coring sites the Lervaha
mire and Reinskaret, which are located at diffeediniides on either side of the border
between Rgros and Tydal municipal, in Ser-Trgnd€lagnty, Eastern Norway. The Lervaha
mire (abbr. LH) is situated in Ridalen in Rgros meypal within the sub-alpine birch belt at

770 m a.s.l., and
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84T

) v
north east at 920 m ahN i
. % ﬂq k Flrkanﬂ(rs;a“%‘&j %c;q
a.s.l. south in Tydalen P& E#{F g%assej J ‘;;512%
Lo Y [ " B ? i
municipal above the : s*-'e{gﬁf‘ Bingsgaion . :
_ VRN -3%; vﬂ' v K A
birch-forest (see Fig. ‘}r"%‘;ﬁsf};ﬁ‘ gj e
: T 'Xg?a qrﬁz ) ":- nﬁ
21) a0, S0 {?“ﬂ ST Y

Lo

AT e Py i

- : insk Fash. |
In the investigated ﬁ?f'mﬁ%ﬁfp&%@: e |
P oo ;

bigturiag

area, which is located |
around 40 km north-
east of the Rgros
centre and around 12
km west from the
Swedish border, there |’
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Figure 2.1: A map over the study area. The study sites, theabarmire

remote area has not (770 m a.s.l.) and Reinskaret (920 m a.s.l., axeaged on either side of the

. border (the purple line on the map) between RgrasTBydal municipal in
been subjected t0 anyg g Trgndelag County.

high levels of summer farming, and the main distndes are considered to have been caused
by low levels of either reindeer grazing or hikisugd hunting activity (Paus pers.
comm.2008). The study site is situated within als@ami area, hence many sites are named

in Sami and not in Norwegian.
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2.1.1 The Lervaha mire (770 m a.s.l.)

The Lervaha mire (770 m a.s.l.) is one of two samgpsites for this study. It is located north
of Lervahaen, in Ridalen, north east in Rgros nipald62° 48’'N, 11° 53’'E. UTM 472 660).
The majority of the Lervaha mire can be classifischn intermediate to rich minerotrophic
fen, whereas the smaller part (~1/3) in the eastlmafeatures of a slightly more raised
ombrotrophic bog. The topogenous fen is essentiialtybut is sloping slightly in the south. It
is relatively round shaped, apart from a consttieted somewhat elevated area with rich
floristic hillocks in the south eastern part of tea (see Fig. 2.2). Due to its bisected
composition, it is found more convenient to usertttge general and embracing term “mire”
when referring to the sampling site at this loaatid ca. 1 m deep stream runs along the
basin margin in an eastward direction starting ftamnorth- west part of the fen. In the
middle of the basin the stream suddenly changeBrastion towards south, dividing the mire
into a large fen area in the west and a considgsabhller fen/bog area in the east. The fully
overgrown basin measures 240 x 75 m. As it liekiwia flat area, its catchment size is
unknown. Based on stratigraphical transect analigs Appendix A), the deepest part is ca.
330 cm (coring point 2) deep.

Figure 2.2: An overview picture of the Lervaha mire (770 mla.S he person in the middle shows

the coring point. Photo: Aage Paus.
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2.1.2 Reinskaret (920 m a.s.l.)

The second sampling site is a peat profile locatkoh north east of the Lervaha mire, at 920
m a.s.l. in the mountains of southern Tydalen mipald62° 48'N, 11° 56'E. UTM 498 674).
The peat profile is a part of a soligenous fenaséd in an erosion pass through a south west-
facing slope (Fig. 2.3). The investigated profitha vertical length of 241 cm, containing a
high amount of birch megafossils (Fig. 2.4). The ieapprox.100x100 m, and has a
catchment area of ca. 0.05 krifhe fen slants towards west. However, a moumtdge in

the north shelters the locality from the prevailmgds, thus creating south-facing conditions.

Figure 2.3: An overview picture of the sampling site found eihBkaret (920 m a.s.l.). Photo:
Aage Pau:

2.2 Geology

Both localities belong to the Rgros cover- comgtared in Cambrian to Ordovician times
(NGU, 2010a). The main superficial deposit covetimgarea is basal till, which can coarsely
be defined as unconsolidated morainic debris degbbly glaciers (Moen, 1999; NGU,
2010b).

2.2.1 The Lervaha mire (770 m a.s.l.)
The bedrock at the Lervaha mire locality is complosiecalciferous phyllite, garnet mica

schist, garbenschiefer and gneiss (NGU, 2010a).
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The bedrock at the Lervaha mire consists mosthpci
types that easily weather, especially the metamoigoid
porous calciferous phyllite, creating favourablewging
conditions for the vegetation in terms of high gyadnd
guantity soil production, in addition to good wadexd
nutrient availability (Moen, 1999).

2.2.2 Reinskaret (920 m a.s.l.)

The bedrock at Reinskaret is composed of mainly
conglomerate, but serpentinite and other rock tyjae®
a scattered distribution in the area (NGU, 2010bs).

adjacent areas further north of the sampling bite t

bedrock is additionally comprised of augen gneissf

proterozoic times (NGU, 2010a). Figure 2.4: A picture of the peat
profile at Reinskaret, after being ¢

Given that the bedrock at Reinskaret is rathestast to Vertically with a spade. The picture
shows the many birch remains found

weathering (i.e. has low weathering rate), oneecgrect well preserved in the profile. Photo:
. . . . . Aage Pau

the soil being thinner, coarser and poorer in pats
(NGU, 2009), and hence less favourable for plaotujn in comparison to the soil at the

Lervaha mire.

In accordance with Daldt al (1997) and Paust al (2006) an early time of deglaciation
(presumably around 11,500 cal. years BP) is assdongle study area (see ch.1 and section
6.1.1).

2.3 Climate

The prevailing climate in the study region is tiineal between sub-oceanic and sub-
continental climate, experiencing rather low tenapares in the winter and somewhat high
temperatures in the summer (Prosch-Danielsen arehSen, 1999; Moen, 1999).

Measurements from adjacent meteorological stasbosv that the average annual
precipitation is rather low and varies betweenc&®-750 mm a year (DNMI, 2010; Moen,
1999). In addition, the region has a moderate pi&tion frequency of 200-220 days of 0.1
mm or more in precipitation (Moen, 1999). Tempemataversions during winter are

characteristic (Présch-Danielsen and Sérensen,; M@8n, 1999). This involves very low
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Figure 2.6: The figure displays the monthly normal precipitatio
values for Aursunden- Sglendet and Stugusjg (DROIO).

2.3.1 The Lervaha mire (770 m a.s.l.)

The average monthly temperature values (TAM val(f€is) 2.5) for the Lervaha mire would
be similar to data from the meteorological stagb®ursunden — Sglendet (750 m a.s.l.) and
the lower-situated Stugusjg (615 m a.s.l.), locatedl2 km south and 16 km north of the
Lervaha mire, respectively. Their respective averagnual temperatures are 05

(Aursunden-Sglendet) and @ (Stugusj@) (DNMI, 2010).

The monthly normal precipitation values (Fig.6) eoiected from the meteorological
stations: Aursund- Sglendet and Stugusjg. The geeaanual precipitation measured at these

stations is 670 mm and 720 mm, respectively. Adogrtb DNMI (2010) the lowest
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precipitation occurs in April or May (30- 40 mm papnth). July is the month with the
highest precipitation (between 80-90 mm) (DNMI, @Pp1

2.3.2 Reinskaret (920 m a.s.l.)

One may assume that climates at the Lervha mireRakkaret were similar as they are only
3 km apart. However, the altitudinal differenceviextn Reinskaret and the Lervaha mire is
ca. 150 m. Because the atmospheric temperatuegetinely correlated with the increase in
altitude, a correction of the mean July temperatoust be carried out by the use of the lapse
rate of 0.6C/100 m (Laaksonen, 1976). Hence, the mean Julgdeature is estimated to be
0.9° C (~1°C) lower at Reinskaret situated at 920 m a.s.|.pamed to the Lervaha mire at
770 m a.s.l.

2.4 Glacioisostatic uplift

After deglaciation, the earth’s surface rebounded eesult of the disappearing ice-sheet
(Walcott, 1973). The rate of glacio-isostatic uphfhich has varied through the Holocene,
was highest in the early post-glacial period bet@e8,900 cal. years BP (Haftsen, 1983;
Kullman, 2000). The study localities have thus éased in altitude through the post-glacial
period. This must be taken into consideration & glamate temperatures for the Ridalen

localities are being inferred.

2.5 Vegetation and flora

The study site in the Ridalen region is situatethivitwo vegetation zones. The lowest lying
Lervaha mire is situated in the northern boreaktaiipn zone (i.e. northern coniferous and
birch woodland zone) (Moen, 1999). This woodlandezis usually divided into an upper part
dominated byBetulaand a lower part in whicRinusandPiceaoccur more ofterPopulus
tremulg Sorbus aucupariandSalix spp are more scattered within the woodland. Its fiera
usually comprised of western and alpine plant gseaeihereas the occurrences of warmth
demanding southern and south-eastern speciesrardgsng located at higher altitudes
Reinskaret is situated within the low alpine zokeén, 1999). According to Moen (1999),
this zone is characterized by ridge, lee side aotvded plant communities, in which
Vaccinium myrtillusheath is a common vegetation feature, along wighoccurrence of

Juniperus and dwarf shrubs such Bstula nanaandSalix spp.
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According to Moen (1999) the study site is locatgttin the slightly oceanic vegetation
section (O1), the growing season in the study regmeasured as days with temperature
above 5 °C) is rather long, 130-140 days a year.

The sub alpine-birch belt, which is situated aro868 m a.s.l. (personal observation),
represents the climatic forest limit in the studgaa Within the study region two stunted

Pinus sylvestrisvere observed.

2.5.1 The Lervaha mire (770 m a.s.l.)

A tripartition of the mire into a western, eastarmd central part, can be made on the basis of
the plant species composition. The western pati@mire was dominated Iarex

lasiocarpa In the area located further north-west, lime-dediag species such &

buxbaumii, Juncus castaneBartsia alping Trichoporum alpinunwere growing, indicating

a nutrient rich flow of water to the mire from therroundings. This high nutrient level
reflects the local base-rich bedrock.

In the middle of the basin, close to the coringssithe vegetation was domintated by species
such a€riophorum angustifolium, Molinia caerulea, Caresstrataand Trichoporum
cespitosumin addition, rich fen indicators such @kalictrum alpinumandParnassia

palustris(Fremstad, 1997) were growing at this location.

Low nutrient indicators such &phagnum sp. and Rubus chamaem(@uosillocks)
(Fremstad, 1997) dominate the eastern boggy paineahire. Other dominating species were
Carex paucifloraandTrichoporum cespitosurithe hillocks also contained the dwarf shrubs
Betula nanaandCalluna vulgaris See Table 2.1 for plant occurrences.

2.5.2 Reinskaret (920 m a.s.l)

Plants which were growing within a radius of 40s8Grom the sampling site have been
identified.Betula nanavas a dominant species all around the sampliegEsjuisetum
sylvaticumwas dominatingn the eastern-erosional slogghyrium filix-feminasnowbeds are
found in the north facing slopes, whereas frequesnofNardus strictaEriophorum
angustifoliumandVaccinium myrtilluszaries depending on soil mositure. Other common
species wer€arex rostrataand Eriophorum angustifoliunin relative dry areas surrounding
the sampling site the specidgiperus communis, Salix lapponum, Vacciniumasyp.
Empetrum nigrumvere observed. The acid bedrock locally expldnesiack of lime-
demanding plants. Table 2.1 shows the species fattids location.
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Table 2.1:The table displays all the plant species foundagng at the Lervah& mire (LH) and

Reinskaret (RS), September 2008. Dominating spaesnarked with *.

The table continues on the next page.

Vascular plants LH | RS | Vascular plants LH | RS
Andromeda polifolia X Juniperus communis X X
Avenella flexuosa X Loiseleuria procumbens | X
Bartsia alpina X Menyanthes trifoliata X
Betula nana X X * | Molinia caerulea X* X
B. pubescens X Nardus stricta X
Calluna vulgaris X X Parnassia palustris X
Campanula rotundifolia X Polytrichum sp. X
Carex buxbaumii X Pedicularis palustris X

C. flava X Potentilla erecta

C. lasiocarpa X* P. palustris X
C. limosa X Rubus chamaemorus X* X
C. nigra X Salix herbacea X
C. panicea X S. lapponum X X*
C. pauciflora X* Saussurea alpina

C. rostrata X* | X* | Solidago virgaurea X
C. saxatilis X Thalictrum alpinum X
Cirsium helenioides X Tofieldia pusilla X
Dactylorhiza incarnata spp. cruenta | X Trichophorum alpinum | X
Dactylorhiza incarnata ssp. incarnata | X T. cespitosum X* X
Deschampsia cespitosa X Vaccinium myrtillus X
Empetrum nigrum X V. oxycoccus X
Eriophorum angustifolium X* V. uliginosum X
E. vaginatum X V. vitis-idaea X
Filipendula ulmaria X Valeriana sambucifolia | X
Galium boreale X Viola palustris X
Juncus castaneus X -
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Pteridophytes LH | RS | Pteridophytes LH | RS
Athyrium filix-femina Equisetum sylvaticum X*
Huperzia selago X Selaginella selaginoides| X
Bryophytes LH | RS | Bryophytes LH | RS
Dicranum sp. X Hylocomium splendens | X
Drepanocladus revolvens X Sphagnum sp. X* X
Lichens LH | RS | Lichens LH | RS
Cladonia arbuscula X Thamnolia vermicularis | X

C. gracilis X -
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3. Material and Methods

3.1 Fieldwork
The fieldwork was carried out in September 200&daech material was collected and the

surrounding vegetation was described at each sasitple

3.1.1 The Lervaha mire (770 m a.s.l.)

In order to retrieve a complete sequence of pgadsits spanning from the deglaciation to
present, a north-south and east-west transectlitfevstratigraphically analysed using a 54
mm Russian corer (see Fig. 3.1). A complete Holeqeat sequence was retrieved by
sampling at two coring sites. These sites werectsdeon the basis of the 11 trial cores along
the transect analysis. Peat cores were collectkdthtsites using a 2 m long 110 mm inner
diameter PVC tube. Ditches needed to be dug areaod PVC-tube in order to extract the

cores from the peat.

To be able to retrieve material from the deepesdtqgiahe basin, a 110 mm diameter Russian
corer was used. The PVC tubes were concealed Vagtiplids, and the two other Russian

cores were placed and properly concealed in plagbes longitudinally cut into two halves.

The Lervaha mire was also searched for megafoSsilse were found exposed near the bog
surface (e.gin situ stumps of roots), while others were found wittia peat layers or in the

stream running through the mire. Twelve megafosdilsine were found in total.

3.1.2 Reinskaret (920 m a.s.l.)

The 241 cm long peat profile contained large propos of tree-birch fossils. A 57 cm long
core was retrieved from the base of the depositdiyg a 110 mm diameter PVC tube. The
remaining sequence of the peat profile above ttieeved core was then sub sampled every 4
cm in 1 cm thick samples. The sediment samples labedled and stored in sealable plastic
bags. No tree-birch remains were found above 9édime peat profile. At this stratigraphical

limit, sub-sampling at higher density was carried @very cm between 96-101 cm).

In addition to the pollen sampling, a selectiornreé-birch fossils, situated within in the peat
profile, were collected at regular intervals fongentional**C radiocarbon dating (see Table
4.3).
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Figure 3.1: The figure shows the lowermost minerogenic sequeihaeest core obtained

with a 54 mm Russian corer at the Lervaha mirgt&aber 2008. Photo: Vanja Haugland

3.2 Laboratory work

3.2.1 Sediment subsampling, description and preparation

Cores were cut longitudinally into two halves. Thestratigraphical layers where then
described (Troels-Smith 1955) (Table 4. 1 and &8j.each of the cores, only one of the two
halves has been sampled for further analysis. Aliemal has been appropriately sealed and
stored in an appropriate cooling room in the Dapartt of Biology at the University of

Bergen.

1 cnt subsamples for pollen analysis were extracted.eTake to calculate pollen
concentration and influx values, a known numbemabfets (2-4), each containing 18,584 +
370Lycopodium clavaturapores, was added to each pollen sample (Stockirgatt). All
samples were then prepared by standard methodsl{ate, HF) according to Faegri and
lversen (1989).

3.2.2 Microfossil analysis

The pollen analysis has been performed by the Lia&eiss research microscope with phase
contrast and oil immersion Zeiss Planapo 40/1.01,.83Neofluar 100/1.3 objectives and 8x
oculars. Pollen grains have been identified usitgrnination keys (Feegri and Iversen,

1989; Moore and Webb, 1978), together with the mogellen reference collection at the
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Department of Biologi, University of Bergen. Speédatermination keys for trilete spores

(Moe, 1974) have also been used in the microfostérmination.

It was attempted to distinguigetula nanadwarf birch) pollen from tree- birch pollen based
on Terasmée (1951) and the modern pollen refeneaterial. According to Terasméae
(1951), the size dB. nanagrains is found to be somewhat smaller, the eisitieinner, and

the apertures are less protruding compared tdirelbes.Betulapollen grains which were
difficult to assign to either of the two groups bkayeen placed in a separate group called
Betulaundetermined. All three groups have been stackgether in the diagrams (Fig. 4.3,

4.4, 4.5, and 4.6) in order to give a better petirtheir proportions in relation to each other.

Stomata found in the pollen samples have beenifeihto the lowest possible taxonomic
level and counted together with the other micrafes¥he presence of stomata is shown as
black dots in the percentage diagrams. Stomatacthad not be identified are referred to as
“stomata undetermined”. Finds of stomata are ingydrtor indicating local presence of trees
(Eideet al 2006; Parshall, 1999; Sweeney, 2003).

3.2.3 Pollen diagrams and pollen sum estimates

All pollen diagrams (Figs. 4.3, 4.4, 4.5, 4.6, &\d, C.2 in Appendix) were constructed
using the program TILIA ver. 2.0 b.4 (Grimm, 19@8)d drawn using TGView ver. 2.0.2
(Grimm, 2004). Maximum probability values of thdilseated dates, depths, litostratigraphy
and % LOI are shown on the left side in the diagrafe influx diagrams (Figs 4. 4 and 4.6)
only display a selected number of taxa essentiaghi®interpretation of the palaeoecological
history. The calculation of the pollen suBP( is based on identified terrestrial pollen. The
calculation of a taxon X belonging to unidentifigdllen grains, aquaticSphagnum

included), terrestrial spores, stomata or charisoaésed on the formulP + X.

In this investigation, it was aimed at analysin@ pollen grains per sample. This was,
however, not always obtainable as some pollen spewten deriving from more
minerogenic layers or layers showing high sedintemtaates, and thus contained very low
concentrations of microfossils. The pollen sumgactra from the Lervaha mire ranged
between 106-1209 (average 553), whereas the pallenin spectra from Reinskaret varied
between 153 and 1053 pollen grains (average 575).

One pollen spectrum from Reinskaret (RS- 101 crajveldl extremely high tree birch
concentrations (above 80 %), which was interprated local contamination (cf. anther
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dropping). Assuming that the amount of tree birohgm did not change significantly during
this period, new tree-birghercentages were calculated by interpolatation éatvthe tree-
birch percentages in the adjacent pollen spectra.

The nomenclature used for higher plants and ptphyies follows Lid and Lid (2005).

3.2.4 Pollen Influx

As alpine areas are characterized by low locakpqgtiroduction, pollen analytical
investigations in the forest line ecotone show m@esentation of long-distance tree pollen
in the pollen percentage diagrams (Aario, 1940¢eEtdhl.,2006; Hicks, 1994; Simonsen,
1980). Hence, it is often difficult to interprektipast vegetation patterns from the pollen
percentage data alone. A useful method aidingriteepretation of the pollen data is to
estimate pollen influx (pollen accumulation rate&R)); a method independent of
percentages (Birks and Birks, 1980; Faegri and érer$989). Before influx values could be
estimated (TILIA ver. 2.0 b.4; Grimm 1993), an agpth relationship had to be established
by a linear interpolation between dates. The agehd@odel is displayed on the left in all
pollen diagrams (Figs. 4.3, 4.4, 4.5, 4.6, A C.d ArC.2). Pollen influxes used in the
interpretation have been compared to influx vafue® both modern pollen trap data and
pollen fossil records (e.g. Gunnarsdottir, 1996;Kdj 1994; Jensegt al.,2007; Seppa and
Hicks, 2006; Vorreret al, 1996).

3.2.5 Loss on ignition (LOI)

Loss-on-ignition was measured at the same depttieegsollen analyses. The samples were
first dried in a cabinet for 15-18 hours at 105 T@ereafter, they were put in a dessicator to
cool for 30 min before they were weighed and subsetly burned at 550 °C for 6 hours.
After another 30 min in the dessicator, their wéighs once more measured. Based on the
dry weight of each sample before and after theimmithe percentage of organic material
lost in the ignition process has been calculatée. OOI results for all analysed pollen spectra
are displayed in the pollen percentage diagramgh#two localities (Fig. 4.3 and 4.5).

3.2.6 AMS and conventional 14C radiocarbon dates

A total of seven samples (three from Reinskaref; fom the Lerva mire) of terrestrial
macrofossils were dated by Accelerator Mass Speettiy (AMS)-dating (Table 4.3).
Macrofossils were sieved (125 pm) and handpickeed Birks (2001) for further information
on macrofossil sampling and preparation methodYeAestrial macrofossils were coarsely

determined by the use of macrofossil atlas (Capgtesit 2006), air dried, carefully cleaned
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for dust/hairs etc., and weighed before being s®etite Laboratory for Radiological Dating at
NTNU in Trondheim for AMS dating. By dating terrgat plant macrofossils, the ageing
effect of “old-carbon” /hard-water is avoided (BsfK001; H.H. Birks, 2007; Olsson 1986).

By lithostratigraphical and biostratigraphical &ations, the dates TRa-75 (LH1-87) and
TRa-78 (LH2-65) (Table 4.3) were assumed to repitethbe same age. Based on these two
dates, a new average radiocarbi® date could therefore be estimated according $sddl
(1986).

Twelve megafossils of pine were found at the srfacin the deposites of the Lervaha mire.
These, contained more or less intact trunk diaraeted were sent to Dr. Terje Thun, NTNU

in Trondheim for dendrochronological analysis. Tibge with seven tree-birch remains from

the Reinskaret peat profile, they were dated cotimeally at the Laboratory for Radiological

Dating at NTNU in Trondheim

The content of the unstabléC isotope in the atmosphere has varied through (éme

Stuiver and Reimer 2010). Hence, different strapgical intervals may contain the satf@
radiocarbon content (radiocarbon plateaux). Caidoraates therefore often include two or
more intervals of different probabilities (Stuivatd Reimer, 2010). Calibration of all tH€
radiocarbon dates has been performed by the USAIIB 6.0 (Stuiver and Reimer, 2010).
All calibrated data are presented in calibrateds/éafore present (BP), where present time
equals 1950 AD (Table 4.3 and 4.4).

3.2.7 Sedimentation rate estimates

For both investigated peat sequences, the seditientate (cm yf') has been estimated
based on the AMS dates (given in cal. years BP)IET4.3). However, largely due to time
restrictions, the number of obtained AMS datesve IThis results in a rather rough and

linear age-depth relationships as displayed in &i.and 4.2.

As one has to expect a gradually increasing settation from pioneer conditions, the
depth/age relationship in the Lervaha sedimentisprobably show a more sigmoid than

linear tendencies. Thus, a modification of the dgpth model was performed by assuming an
age of 8000 years at 150 cm in order to obtain eerfeasible rate of sedimentation, and
hence concentration and pollen influx estimatesargxtrapolation of the calibrated ages
obviously would result in a too high basal datéhef sediments, it was defined to 11,500 cal.
years BP (cf. Dahtt al, 1997; Paust al, 2006). This probably represent a maximum age
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(see section 6.1.1). The (i
extrapolated age-depth 0- Pve
models for both peat an LH1
sequences are based on . s
. - 1 — 65cm

maximum probability e i R S R

. o — AMS
values of the calibrated 90 o 87 P M
dates (Stuiver and E 120

9]
Reimer, 2010). = 150 | LH2 —
¥ |  RUssEr|
3.2.8 Correlation | 186C"",*_AM5
Two correlations 210 P LH2 J
- RUSSER I
between cores have beg 240 1 s ;
carried out in order to 5961 ¥ p,G ‘
infer the entire post- - ]
lacial . hi 300 A c‘  306cm

glacial vegetation history | B
of the the Lervaha mire 330 -

locality (see Fig. 3.1). . _ _ . .
Figure 3.2: The figure displays all retrieved cores from cgrsite 1 and

The first correlation is 2 (i.e. LH1 and LH2) at the Lervaha mire. The LH&&er | core has not
been utilized for pollen analysis. The thicker $imedicate the sequences

between the F>\/C'Coresanalysed for pollen. The deposits are here dividealM = minerogenic

from coring site 1 deposits, G= gyttja and P= peat. The depths frontlvAMS samples a
obtained are shown by red arrows. The stippledslisigows the

(LH1) and 2 (LH 2) and correlating depths between the cores (LH 2 PVC+85-d_H 1 PVC-87

cm, LH 1 PVC- 186 cm = LH 2 Russer II- 306 cm).

is based on stratigraphy
AMS-dates, and biostatigraphy including LOI. Them® correlation has been performed
between the two deepest layers of the LH1 PVC andethe LH 2 russian core retrieved from
the deepest part of the basin. Due to lack®fradiocarbon dates, the correlation had to be

carried out on the basis of lithostratigraphy al (Fig 4.3).

In Fig. 3.1 all cores retrieved from the Lervahaendre displayed. The LH 2 Russian core |
has not been used for pollen analysis in this sasdg correlation of the three other cores
yielded an entire deposit sequence. The figure shwih a stippled line the correlating
depths which are believed to be of the same agelarge depth gap between the PVC cores
and the LH 2 Russian core Il is a result of a largepression of the PVC cores during

sampling (see section 4.1.1).
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3.3 Numerical analyses

Numerical analyses in palaeoecological studiesyedd many useful quantitative estimates
of past vegetation patterns, which can providd uif@rmation for the interpretation and
reconstruction of the main temporal and spatiaidssfrom complex multivariate data sets
(H.J.B. Birks, 2007).

3.3.1 Conversion of the data files

Before the TILIA data files could be uploaded ie ffrograms Zone 1.2 (Juggins, 1991),
CANOCO (ter Braak and Smilauer 1997-2002), and RRREL 1.0 (Birks and Line, 1992),
it was necessary to convert them into an apprapfilt format by the computer program
TRAN 1.7 (Juggins, 1993).

3.3.2 Zonation

Zonation identifies and delimits the different gollassemblage zones within a diagram, and
it furthermore facilitates pollen diagram descops and the interpretations and discussions
of observed vegetational patterns (Bennett, 199&sEBind Birks, 1980; Faegri and Iversen,
1989). Zonation is also a tool for comparing andelating diagrams. The zonation of the
diagrams from Lervaha mire and Reinskaret is basedll identified terrestrial pollen and
spore taxagphagnunincluded). It was carried out by an optimal pastiing of zones by the
use of the sum-of-squares criterion (Birks and Gonrd 985). This statistical and unbiased
zonation method was performed with the program Zb8gJuggins, 1991). The
determination of significant zones was performea lmpmparison with the broken-stick
model (Bennett, 1996; Birks, 1998). The resultstasplayed in the pollen percentage and
influx diagrams (Fig. 4.3, 4.4, 4.5, 4.6, C1 and.U2e local pollen assemblage zones
(LPAZ) are displayed in numerical order accordiaghte chronology, increasing in numbers
starting from the bottom. Each zone is given naméhe basis of its characteristic pollen

taxon/taxa observed in the percentage diagram.

3.3.3 Gradient analysis

Data ordination was used to detect underlying pagtan the terrestrial vegetation and
palaeoecological development (H. J. B. Birks, 2088)the Detrended Correspondence
Analysis (DCA) yielded a gradient length of 1.668€ Table 4.5), indicating linear response
curves, Principal Component Analysis (PCA) was ehass the ordination technique (see ter
Braak, 1987). A united data set for both localitaess subjected to ordination, and the
analyses (DCA, PCA) were carried out by the ordamaprogram CANOCO windows 4 (fer
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Braak and Smilauer 1997-2002). The ordination pl#se created in CanoDraw 4 (ter Braak
and Smilauer 1997-2002). To avoid some taxa @rgusandBetulg becoming too

dominant, a square root transformation of the gsedata was performed. In the PCA
analysis, the species and samples data were cdmntiguecies and samples, respectivEhe
respective DCA and PCA results are displayed inerdts and 4.6. Only identified terrestrial
pollen and sporessphagnunincluded) were used in the indirect ordination.

3.3.4 Palynological Richness (PR) - Rarefaction analysis

According to Birks and Line (1992), the rarefactemalysis is a suitable and unbiased
method to estimate species richness from pollelytice data. Palynological richness (PR)
is a proxy for the total floristic richness withime pollen source area. Intermediate levels of
disturbance maximize richness by preventing bothidance and extinction of species
(Grime, 1973)The rarefaction analysis has been performed omdbiced data set for the
two localities by the use of the computer prograAREPOLL 1.0 (Birks and Line, 1992).
The species richness (Ez{8) has only been estimated for the terrestrialgpodnd spore
taxa. The basic estimate valuenovas 392 and equal for all pollen spectra. Thrdkepo
spectra containing pollen and spore sums lower 3&n(LH: depth 173 and 177 cm, RS:
depth 101 cm) have been removed from the totalsktdue to low statistical validity. The
average values for the estimated species richoesisd two localities are displayed on the
left side in the pollen percentage diagrams Fig.afd 4.6 and further described for all local

pollen assemblage zones in section 4.2.
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4. Results

4.1 Peat sediments and dates

4.1.1 Litostratigraphical data

A brief description of the stratigraphical layer#lWwe given in the sections underneath. More
detailed descriptions (Troels-Smith, 1955) and @oitkl descriptive comments on physical
and compositional properties of the litostratigiaphsequences, which have been sampled
for pollen analysis, are given in Table 4.1. Theéls-Smith (1955) descriptions are
additionally displayed in Fig. 4.3, 4.4, 4.5 an@.4.

4.1.1.1 The Lervaha mire (770 m a.s.l.)

Because the correlation of the cores was carrieafter the pollen analysis, the original
depths of the cores have been applied in the gitagtnical descriptions (see section 3.2.8 and
Fig. 3.1 for details about the correlation). Thdgrospectra are later given new depths, which

are displayed in brackets in Table 4.1.
Coring site 1

LH-1 PVC core

The LH-1 core retrieved by the PVC tube has a tetadth of 137 cm, starting from the
uppermost layer at 50 cm and ending with the lowes&r at 187 cm. Given that the entire
PVC tube was 2 m long, it can be estimated thatdie was compacted by 63 cm during the
sampling process. Since the uppermost layers an@riged of coarser and less compact
Sphagnunpeat, it seems that the highest degree of compactiourred in this section of the

core. Pollen samples have been subsampled fontlre peat sequence.

The 5 lowermost centimetres of the core were corgbo$ minerogenic sediments, such as
clay and silt. There is a gradual increase in aggaraterial starting from 182 cm. The
transition between gyttja and peat is recordedi@tcin. The level of degradation in the
subsequernphagnunpeat sequence (from 140-50 cm) decreases upwavdsd® the
uppermost layer. Rootlets and wood fragments weguently found in the peat layers (see

Table 4.1 for more details).
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Coring site 2
LH-2 PVC core

The core retrieved by the PVC tube at coring six@erienced a more severe compaction.
The peat core covers a sequence from 0 to 130ncwhich O cm equals present times. This
implies a compaction of 70 cm. As for the LH-1 peatte, the highest degree of compaction
is assumed to have occurred in the topmost peatdayhe same compositional structures
were observed for the overlapping layers of thelL&hd LH 2 PVC cores. There are no
distinct lithostratigraphical changes within thgpep65 cm of the LH 2 PVC core, which is
composed mostly of coarsBphagnunpeat and plant fragments. More detailed
stratigraphical descriptions are displayed in Table

LH-2b russer core

The russer core is retrieved from the deepestgbdine basin and has a total length of 1 m. As
shown in Table 4.1, minerogenic sediments are daxbin the lowest 20 cm of the core. In
the layers above 311 cm, the amount of clay grégldatlines and a subsequent increase in
organic material is recorded. Only the sequenam 866 to 319 cm was sampled for pollen

analysis (see Fig. 3.1).

Table 4.1:The table contains a stratigraphical descriptiomd@ls-Smith 1955) of the layers of the
correlated litostratigraphical sequence retrievedrfi coring site 1 and 2 at the Lervaha mire. The
description is only given for the layers which héeen analysed for microfossils. * Layer 1 becomes
compressed with 22 cm after the correlation oflthel and LH 2 PVC coredhe table continues on

the next page.

Core Layer | Depth (cm) Sediment components Descrifn

Moist Sphagnunpeat.
Hardly elastic.

High frequency of roots and
LH2 0-87 5 rootlets.

1 Ld®1, T2, Dh1, DI+ _
PVC (O- 65)* A small branch (presumably pine)
recorded at 57.5 cm (0.5 min dm,|4
cm long), in addition to another

wood fragment at 71 cm.
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Well degraded&phagnunpeat.
The colour is greyish-brown to
reddish greyish-brown.
87-140 3 Contains a lot of organic remains.
2 Ld*4, Th+, Th (recent) ]

(65- 118) Wood remains (a small fragment
recorded at 102 cm, and larger
between 94.5 and 97 cm). Frequent
occurrences of roots and rootlets.
Gyttja with organic remains.
Upwards laminated layers shifting
between dark and light colour.

140-167 5 _

3 Ld“4, Dh+, Th (recent) The layer between 161-163 cm is
(118-145) _ o
especially dark, containing a lot of
LH1 downwards penetrating roots.
PVC
Gyttja with organic remains.
167-182 ) The colour is brownish dark to
4 Ld“4, Ag+, Tb+, Dh+ _
(145- 160) greyish-brown.
Little minerogenic content.
3 Much clay and silt.
182-185,5 | Ld"3, Asl, Ag+, Dh+, Th+H
5 Dark colour.
(160-163.5) o
Organic in the upper part.
Clay and silt.
Slightly organic.
185,5-187 ke g. _
6 As2, Ag2, Ld+ The colour is brownish blue-grey.
(163.5-165) N
A gradual transition to the layer
above.
307-311 Clay gyttja.
7 Ld’1, As2, Agl Y 98
LH2 (165- 169) Yellow colour.
Russer Il 311-319 Clay with silt
8 As3, Agl
(169-177)

4.1.1.2 Reinskaret (920 m a.s.l.)
The PVC core collected at Reinskaret is 53.5 crg,lbeing compressed by 3.5 cm. Its
stratigraphy is described in details in Table ZI2 core consist of a small minerogenic layer

in the bottom containing silt and gyttja. Largegcdmposed peat is recorded for the first time
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at 221 cm. The peat becomes coarser and less eédg@sards the uppermost layers. A high
frequency of birch macrofossils are recorded aes#\depths in the peat profile between 213
and 96 cm. An increased amount of roots were recbmathe upper 36 cm of the profile.

Table 4.2 The table contains a stratigraphical descriptiofithe layers in the RS peat core retrieved
from the peat profile at Reinskaret. The sedimentposition is described and further scaled
according to Troels-Smith (1955).

Material Depth _ o
o Layer Sediment components Description
origin (cm)
Coarser peat without birch
. | megafossils. Roots and rootlets from
1 0-96 Ld2, Th 1, Dhi, DI, Tb _ _
Sub recent vegetation, especially frequent
above 36 cm.
samples
Coarser peat with birch megafossils.
2 96-184 | Ld2, DI 1, Dh1, Tb Roots from recent vegetation.
The layer consists of peat. Drier and
3 184-192 | L&3, Dhi, DI, Tb' coarser than layer 4. Root remains|of
Equisetum.
Birch remains recorded at 197 cm
4 192-221 | L@&3, DI 1, DH,
and between 213 and 208 cm.
PVC The layer consists mostly of
5 221-233.5| L# , DI, Dh', degraded peat. Some plant remains
core
and fragments.
33,5 The layer is more compact and has a
6 235' . Ld*4, DH', Ag" dark colour. Contains large amounts
' of degraded gyttja.
235.5- Minerogenic layer composed large
7 Ld"'2, Ag2, DR J _ Y P aed
237.5 of clay and silt

4.1.2 AMS and megafossil dates

The results of the AMS datings from both localitege given in Table 4.3, whereas the
megafossil dates are displayed in Table 4.4. Aktslare given in both uncalibraté€
radiocarbon years BP and calibrated calendar ygfar3 he calibrated ages are given as

intervals within one and two standard deviations.
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The horizon at 65 cm in LH-2, showing a charactieristage of the mire regrowth, is also

observed in the LH 1 core at around 87 cm. As thing sites are only 3 m apart, one may

assume that these stratigraphical events are mdéessimultaneous, as indicated by their

overlapping dates. Using Olsson (1986) a new m&amadiocarbon age for the dates

combined was calculated for this horizon. The fissalle given in Table 4.3.

Table 4.3:The table shows the results of the AMS dates thherhervahd mire and Reinskaret. The

dates are given in uncalibratétC years BP and calibrated calendar years intervatse table

continues on the next page.

Lab. code Depth  Uncalibrated Calibrated 8°C  Material Purpose with
(cm)’  C age (BP) age (BP) [%0] dated dating™
[1SD] [2SD]
LH1 (770 m a.s.l.)
Seeds, needles | Believed to be
86.5-87 5070- | 5053- and budscales | the same age as
TRa-75 4540+ 30 -27,4
(64.5-65) 5309 5313 (17.0 mg) TRa-78 (LH2-
65).
Seeds, budscales To date the
139.5- N
and wood transition
140 6450- | 6413- .
TRa-76 5720+ 35 -27,7 | fragments (14.1 | between gyttja
(117.5- 6553 6632
mg) andSphagnum
118)
peat
184 Seeds, budscales To date the
and wood and | deepest part of
185.5 10206- | 10188-
TRa-77 9095+ 45 -25,8 | leaf fragments | the peat core
(162- 10269 | 10387
(14.3 mg)
163.5)
LH2 (770 m a.s.l.)
Pine wood The same
4976- | 4893- fragments (16.0 | layer/age as TRat
TRa-78 64-65 4455+ 35 -25,9
5273 5288 mg) 75 (LH1-87)?
TRa-75
5056- | 5049-
(LH1-87) - 4504 +23 - - -
5286 5294
and
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TRa-78
(LH2-65)
combined
RS (920 m a.s.l.)
Seeds, bark and| To date the oldes
235.5- 8552- | 8481- wood fragments | layer retrieved
TRa-79 7815+ 35 -29,2 _
237.5 8627 8698 (29.1 mg) from Reinskaret
Seeds, needles | To date the uppe
and wood part of the
7438- | 7430-
TRa-80 184-185 6590+ 35 -27,0 | fragments (22.1 | sampled core
7551 7564
mg)
Seeds and wood The end of the
100.5- 5613- | 5602- fragments (24.9 | megafossil layer
TRa-81 4945+ 35 -25,5 . ]
101 5713 5738 mg) in the peat profile

D0Id depth values for the LH 1 PVC core, before mmaming of the depths. New depths are shown

in brackets.

M All AMS dates are necessary for calculation diinfalues

The pine megafossil dates of the Lervaha site atyween ca. 3,700 and ca. 7,100 cal. years

BP, whereas the birch dates at Reinskaret varydetwa 5,100 and ca. 8,450 cal years BP

(See Table 4.4).
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Table 4.4:Megafossil dating results from the Lervaha mire &winskaret. The dates are given in

uncalibrated’C years BP and calibrated calendar years intervBlates named by a depth interval

(e.g.LH1-70-92) reflect the megafossil diameters.

Lab.code | Depth (cm)® | UTM: 32V Uncal. *C Cal. years BP
PQ age

[1SD] [ 2 SD]
Pine remains at the Lervaha mire (770 m a.s.l.)
T-19819 47217-66058| 4360 +45 4862-4968 4843-5044
T-19820 47192-66103| 3455+75 3639-3829 3485-3905
T-19821 47199-66097| 6195+65 6999-7230 6941-7258
T-19822 47218-66077| 5040 =60 5726-5892 5655-5911
T-19823 47218-66074| 4490 =55 5046-5286 4894-5313
T-19824 47231-66068| 4785 %50 5472-5589 5328-5605
T-19825 47223-66043| 5385 +60 6028-6281 6001-6290
T-19826 47229-66031| 5180 +60 5770-5999 5749-6177
T-19827 47217 66062 4750 £ 55 5333-5584 5324-5590
T-19835 LH1-55 47217-66058 | 443055 4879-5265 4867-5285

(33)
T-19837 LH1-70-92 47217-66058 | 4940 = 60 5605-5721 5586-5887
(48-70)

T-19836 LH2- 69 47217-66058| 4180 %50 4628-4830 048344
Birch remains at Reinskaret (920 m a.s.l.)
T-19828 RS-211 49895-67444 7675 £ 55 8412-8536 6-&8HB0O
T-19829 RS- 184 49895-67446 6310 +55 7168-7287 9736
T-19830 RS-152-159 49895-67446¢ 6130 + 65 6945-7156 6799-7236
T-19831 RS-136-140 49895-67446 5765 =50 6501-6633 6441-6672
T-19832 RS-109 49895-67446 5165 + 60 5768-5993 H143
T-19833 RS-82-85 49895-67444 4450 + 95 4893-5284f 534814
T-19834 RS-77-79 49895-67446 4585 + 95 5053-5451 714580

® The cells without content equal 0 cm. Depths atkets are the new depths after the correlation of

the Lervah& mire cores

4.1.3 Calibration and sedimentation rates

The calibration of the dates was carried out in B\G.0 (Stuiver and Reimer, 2010) and the

results are displayed in Table 4.3 and 4.4. Thgnara calculates the calendar years in which
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it is probable to find the true age of the samf@iwi{yer and Reimer, 2010). The number of
age-intervals varied for the different dates. Salaes were given two or more intervals for
the calibrated ages. In these situations the eaéldrages are defined within a new interval,

which is comprised of the two extreme values.

For both localities the AMS dates (in cal. yearB) Bre displayed in a depth/age plot (see
Fig. 4.1 and 4.2). In both plots all dates are give2 SD intervals. The AMS dates are
marked with an M. The other intervals are datedafessgils from the localities. The intervals
are shown with a thicker line than the macrofadates. The thinner lines which are
intercepting the AMS dates in both plots represeatsedimentation rate for the two

localities.

4.1.3.1 The Lervaha mire (770 m a.s.l.)

The relationship between the calibrated ages andédpths are displayed in Fig. 4.1. For this
locality, the calculation of the sedimentation ragtéased on the three AMS dates obtained
from the different layers in the peat sequence. éi@r, due to the low amount of dates, the
influx and sedimentation rate estimates are inateuAs one has to expect a gradually
increasing sedimentation from pioneer conditions,depth/age relationship in the Lervaha
sediments will probably show a more sigmoid thdinear tendency. So, the depth/age
relationship was modified as displayed in Fig. 4rid thus thought to more reliably reflect
the regrowth of the Lervaha mire. Neverthelessselare only assumptions and not reliable
dates, which make the chronology for the localighly tentative. This highlights the
importance of the need for dense dates in ordebtain a high quality chronology and

absolute pollen estimates.

The megafossil LH2-69 was found at 69 cm in the peafile at the second coring site. The
calibrated age of the megafossil has been addeniplot in addition to the AMS dates. As
shown in Fig. 4.1, the date of the megafossil ydldn older age than the AMS dates. This
underlines that megafossils may not be situatesitu, and therefore they might not be
contemporary with their surrounding sediment (clvdwards penetrating root, upwards
pointing branches from fallen stems)
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The Lervaha mire (770 m a.s.l.)
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Figure 4.1: A depth/age plot showing the relationship betwderage and depths in the sediments of

the Lervaha mire
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Figure 4.2: A depth/age plot showing the relationship betwéenaige and depths in the sediments of

Reinskaret

4.1.3.2 Reinskaret (920 m a.s.l.)

All AMS and birch megafossil dates, which are fouvithin the depth/age plot (Fig. 4.2) of
the investigated peat sequence from Reinskareshawing a more or less linear
sedimentation rate. The rate decreases when biegafossils disappear from the profile.
Birch megafossils seem to give reliable dates,dghopas also pointed out for pine megafossils
(see above), megafossils may not been found in pinenary deposition (cidownwards

penetrating roots etc.).
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4.2 Pollen diagrams and the local pollen assemblagenes (LPAZ)

The pollen percentage and influx diagrams for estially locality will be described in the
forthcoming section. The dates are given in calditgears BP and are maximum probability

values (Stuiver and Reimer, 2010).

As theBetulaundeterminegbollen grain records are not included in the LPASdiptions,
all tree-birch oBetula nangercentages or influxes which are given in theltegand

interpretations are minimum values.

It must additionally be mentioned that the pollencentration and influx records from
Reinskaret show unusually high values than whabmmonly estimated in previous
palynological research (cf. Hicks, 1994; Hatteddranal.,2008; Jensen et al. 2007; Seppa
and Hicks, 2006). The estimated total pollen influihin the section range in values between
ca.1,200 and 54,400 grains éiyr’. The influx records for all pollen spectra shomigar
elevated levels (see Fig. 4.6). Due to the ovemalkistency of the influx estimates, errors
caused by incorrect preparation or incorrect nunobeycopodiuntablets added, cannot
explain such high influx values. One might assuite be a local effect caused by (1) a
prevailing wind pattern which creates high levdlpallen falling on the fen, or (2) water
currents or streams which concentrates pollenlipcBhese situations either alone or
combined are only assumptions of what may be theatave factors for the anomalous influx

values from this locality.
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Figure 4.3: The pollen
percentag diagram for the
Lervaha mire. A selection
pollen taxa are represented
the diagram. Maximum
probability values of th
calibrated dates,
litostratigraphy, LOI and
palynological richness (PF
values are displayed furthest to
the left.The solid curves in the
diagrams represents the
percentag values, whereas the
hollow silhouettes denotes the
same values exaggerated by a
factor of 1(.Stomata are
presented as presence/absel
Local pollen assemblage zor
are denoted by the stippled line
(see Fig. 4.4 continued for the
LPAZ names). A toti
percentage diagram for tt
Lervaha mire is given i
Appendix C

The Lervaha mire, Reros, Ser-Trgndelag, 770 m a.s.l.
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4.2.1 The Lervaha mire (770 m a.s.l.)

LPAZ LH- 1 (Betula — Hippophée — Juniperugone, 177 — 161 cm,

ca. 11,500 — ca. 10,000 cal. years BP)

The five lowermost pollen spectra are includechis zone. LOI values are low throughout
the zone, except for the rapid increase from 3atal® % in the upper part. The zone is
characterized by the high percentage values of lrieeh, which maximum value of nearly 40
% is recorded at 166 cm. This, on the other handpt recorded in the influx values. They
show stable low values varying between 2 and 1@pajrains cni year™, except for an
increase t0180 pollen grains ¢hyear” at 162 cmCorylusreaches its maximum value of 4
% in the lower most sample but decreases in vgiweards in the zone. The pine percentage
and influx values are low and show a similar patexcept for a dramatic increase towards

the upper zone boundary.

The only occurrence (less than 1 %) of the piosbenbHippophé&eis recorded in this zone.
According to the percentage diagram all shri@zdix, JuniperusindHippophéa¢ and dwarf
shrubs Betula nanaEricaceaeYacciniumandEmpetrum have their maximum values in this
zone. However, their values suddenly decreaseriolow values and/or disappear towards
the zone boundary. This trend is clearly recoradeddiniperusin the percentage diagram,
which peaks with 18 % in the lower most sample,falls markedly to 1 % in the end of the
zone. Though, the influx values do not show theespattern for light-demanding shrub as its
lowest values for the entire Holocene peli®decorded in this zon8etula nands present
throughout and has a maximum percentage value &6 20the beginning of the zone. This
maximum is, on the other hand, not recorded inrflex diagram. A Poaceae maximum of 6
% is detected in the lower part of this zone at @M3 Nor this corresponds with the influx
diagram, which shows low values of Poaceae excephfthe very end of the zone. In brief,

the total pollen concentration and influxes arerded at their lowest values within this zone.

The pioneerd\renarig Dryas octopetalaPlantago majorandSilene vulgarisndSedumare
all characteristic pioneer taxa that only occuthils zone. A single pollen tetrad ®ypha
latifolium is recorded in the uppermost spectrum. The mawgivatemisig Chenopodiaceae,
Rumex sect. Acetosa, Saxifraga oppositifolia, drt@ymnocarpium dryopterand the green

algaePediastrumare recorded within this zone.
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The Holocene species richness maximum occurssretine (27). However, a distinct fall in
the species richness occurs towards the uppertxnredary.

LPAZ LH- 2 (Alnus - Pinus zone, 161-150 cm, ca. 10,000 — ca. 8,000 cal. y&2iP)
The lower part of the zone is characterized by &imam peak in tree-pollen (AP), which at
159.5 cm makes up as much as 95 % of the pollen Atthe same time, the total pollen

concentration reaches its maximum value for theeertolocene period.

The first occurrence dhinusis recorded at 159.5 cm in this zone (ca. 9,700years BP).
However, its values increase from nearlyl to 16rétiad 9,200 cal years BP (157 cm).
Another characteristic feature for the zone is gomacrease in pinpollen percentage
exceeding 80 % around 9,700 cal. years BP. Thiwisnaximum recorded value fpine
throughout the percentage diagram. Its influx valsigow similar trends but maximum values
are reached in the next zone. Pine stomata aredestéor the first time in this zone at 159.5

cm. As pinerises, both percentage and influx values of treehlllecreases.

Poaceae has a stable value around 2 %, whereaaslties of Cyperaceae show a stable,
although small, increase towards the zone boun&ayyococcusncreases quickly from 2

% to its maximum value of 9 % in the lower partshad zone.

In correspondence to the strong increase in ARgainvalent decrease in species richness is
recorded in the lowest part of the zone. This éslthwest value of species richness recorded
for the entire diagram. Towards the zone boundagyspecies richness increases to higher

values.

LPAZ LH- 3 (Alnus- Betula- Pinus zone, 150-69 cm, ca. 8,000 — 5,200 cal. years BP)
This zone is characterized by minimum values ofistiand dwarf shrubs througho#inus
maximum (20 %) is recorded in the lower part at ¢88(ca. 7,400 cal. years BP), after
which it gradually decreases to about 4 % in tsepart of the zone. Similar patterns are
recorded fotree-birch and pine in the influx diagram, in whiobth taxa have their maxima.
Tree-birch reaches the highest value at 70 cm W800 pollen grains cif year*and pine
with 3,200 pollen grains cfiyear™ at 114 cm. High stable values for both taxa ase al
recorded in the percentage diagram. Pine stomatiand in all zone spectra except for 102
and 68 cm depth.
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Betula nanancrease in value in both the percentage andxrfiagram in the lower and
upper part of the zone. The influx diagram shos aanamaximum with ca. 200 grains cm
Zyriat 78 cm.

The percentage and influx diagrams both show isangavalues in both Poaceae and
Cyperaceae. Apposed to the percentage diagrame&®aas its maximum influx value in
this zone Asteraceaesect.Cichorium Filipendula MelampyrumandSaussureall reach

their maximum value in this zone. Together with Eygreae and Poaceae, these constitute
the main herb taxa in this time period.

All aquatic taxa are represented in this zdt@amogetortypereaches its maximum value in
the beginning of the zonklenyanthes trifoliatabccurs for the first time and is present in the
entire zone starting from the middle at 114 cm.ukbthe same time, thgryopteristype
reaches its maximum values with nearly 40 %.W&\¥ennocarpium dryopteriand

Selaginella selaginoideshow more or less stable values for the whole .zone

The species richness value is relatively stableudinout the zone, with the exception of a
small peak of nearly 27 at 110 cm. At about theesime, the percentage diagram records a
slight drop in AP with ca. 7 %.

LPAZ LH- 4 (Betula- Pinus-Juniperus-Cyperaceagone) 69-0 cm,

5,200 cal. years BP — present)

A strong increase in LOI from around 60 and upao3® % occurs in the lowest part of the
zone. LOI are maintained at high levels until didet decrease in the uppermost spectrum,
going from ca. 95 to ca. 65 % at present times.pdreentage diagram shows the highest
value of herbs in this zone in comparison to anthefprevious ones. However, the overall
pattern for the zone is a gradual increase in taedsshrubs from the zone boundary and up to
16 cm. Thereatfter trees decline with 20 %, whitstbs and dwarf shrubs continue to
increase towards present times. Pine stomata arecarded after 56 cm (ca. 4,400 cal. years
BP).

The lowest values dAlnusare recorded in this zone as it reaches 1 % inpiper part. The
lower part of the zone is characterized by a 1®é&felase in tree-birch and a correspondingly
5 % decrease in pindpart from this, a strong dominance in pine ioreed in the

percentage diagram. In addition, pine stomataewerded at both 64 and 56 cm. Both tree-

birch and pine show a decrease towards presens.tiifieir influx values do not reveal the
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same trend as they are significantly lower in #fuee compared to the previous local

assemblage zonPBiceais for the first time recorded in the uppermostctpum with 4 %.

A gradual increase iduniperusfrom the lower part of the zone and up to pretergs is
recorded in both the percentage and influx diagrahthe zone boundary, Cyperaceae
increases with nearly 15 % compared to zone bepart from a sharp decline with 15 % at
16 cm, the highest values for Cyperaceae are redarndthis zone in the percentage diagram.
This trend is, however, not recorded in the inftlixgram as the overall recorded influx
values for Cyperaceae (with the exception of a Gygeae maximum at 68 cm) are higher in

the previous local assemblage zone.

Other characteristic features for this zone arentagima ofPotentilla, Pedicularisand
Valeriana.A Selaginella selaginoidemaximum at present times is recorded in both the

percentage and influx diagram.

All aquatic taxa disappear in the upper part ofatee, except frorBphagnumwhich

increases to maximum values.

At 32 and 48 cm the species richness decreasesatethip the other spectra within the zone.
The highest value in species richness is recomléukel uppermost spectrum. Apart from this,

there are no dramatic changes in the estimate@salluspecies richness in this zone.
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Figure 4.5:The pollen
percentag diagram for
Reinskare. A selection of
pollen taxa are represented
the diagram. Maximum
probability values of th
calibrated dates,
litostratigraphy, LOI and
palynological richness val's
are displayed furthest to the
left. The solid curves in the
diagrams represents the
percentag values, whereas tl
hollow silhouettes denotes the
same values exaggerated by a
factor of 1(.Stomata are
presented as presence/abse
Local pollen assemblage zor
are denoted by the stippled |
(see Fig. 4.5 continued for the
LPAZ names). A tot:
percentage diagram fc
Reinskaret is given i
Appendix C

Reinskaret, Tydal, Ser-Trgndelag, 920 m a.s.l. Pollen percentage diagram
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Figure 4.6: The pollen influx
diagram for Reinskaret. A selection
of pollen taxa are represented.
Maximum probability values of the
calibrated dates, litostratigraphy,
original and modified total pollen
influx and concentration curves are
displayed furthest to the lefthe
solid curves in the diagrams denote
the pollen influx values. Local
pollen assemblage zones
denoted by the stippled line and
their names are displayed furthest
to the right.

Reinskaret, Tydal, Ser-Trondelag, 920 m a.s.l. Pollen influx diagram
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4.2.2 Reinskaret (920 m a.s.l.)

LPAZ RS - 1 Pinus- Juniperuszone, 237-218 cm, 8,600- 8,200 cal. years BP)

This zone is characterized by a strong LOI incrdéasa 60 to 90 % at the end of the zone.
Alnusis for the first time recorded at 235 cm (arour@D8 cal. years BP). According to the
percentage diagram, pimethe dominating tree in this zone and its maxinuatue (55 %) is
recorded in the lowermost sample. At the same &miee-birclpeaks to 16 %, pine
percentages decreases. This decrease is rapiltiwéal by a new peak in pira 229 cm.
The only Holocene occurrences of pine stomata atsRaret are recorded in this zone at 221
cm (ca. 8,300 cal years BP). In contrast to thegrgnges, the tree-birahflux reaches a
maximum value in the peak at 233 cm. In additibe, maximum influx value of pine is not
recorded before the second peak at 229 cm. Ataime slepthPiceais present by a single

pollen grain.

Hippophé&eis as well present just by a single grain in thedrmost sample in this zone.
Juniperusreaches maximum values (11 %) in the upper pinpegh the maximum is
recorded earlier in the influx diagram compareth®percentage diagram. Cyperceae and
Pocaeae are found at relatively low percentagéssrzone compared to the other zones in
the diagram. On the contrary to the percentagedsc@yperaceae influx values reach a

maximum in the early phase of the zone.

Polygonum bistortdype, Silene vulgarisndAstragalus alpinusre not recorded in any
other zone but this on&lelampyrumSaussureaeach their highest values in the middle of
the zoneGymnocarpium dryopteri®ryopteristype andSelaginella selaginoidesre all

abundant in the early part, but decreases towhslzdne boundary.
The species richness values show no major chanigjgs whis zone.

LPAZ RS - 2 (Alnus-Pinus-Poaceae zone, 218-162 cm, 8,200- 7,000 cal. y&d&ts

LOI values are stable around 96 % until a suddenedse to 75 % in the upper part of the
zone. The beginning of the zone is further chareaed by the highest recorded AP
percentages throughout the diagram, in additia@orylusmaximum of 4 %Alnus

strongly increases starting from the zone boundadyreaches its maximum of 16 % at 168
cm. The percentage diagram shows an increaseeibireh compared to the previous zone.
Pinehas a general decreasing trend towards the el aloneThe values foduniperusare
lower in this zone compared to LPAZ RS-1. Howewae Juniperusstomate is recorded at
205 cm.
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A marked fall in AP from 60 to 40 % (ca. 7,500 gadars BP) is recorded in the middle of the
zone. Just before the tree-birch falls to its ldawedues within the entire diagrametula
nanareaches its maximum value of 3 %. Simultaneoudtly the drop in AP, Cyperaceae
increases together with Poaceae which reachesaitsmam value in this zon&alix
ArtemisiaandPotentilla-type peak slightly after, but decreases or disapfmvards the zone
boundaryEquisetum, Gymnocarpium dryopteris, Lycopodium &nam Dryopteristype
andSelaginella selaginoideall increase in the upper part of the zone.

The peak irBalixin the upper part of the zone is recorded 8alaxmaximum in the influx
diagram. This is however not in correspondence thighpercentage diagram. Additionally,
the influx diagram has higher values of tree-baall pine in the upper part of the zone,
which is the opposite of what is recorded in theepetage diagram. Apart from these
exceptions, the overall vegetation patterns reabfdethis zone in the influx diagram

coincide with those recorded in the percentagerdrag

Apart from a slight decrease at the same timea#\khdecreases, the species richness curve

has an upward increasing trend in this zone.

LPAZ RS - 3 (Betula — Cyperaceae Dryopteristype zone, 162-106 cm,

7,000- 5,800 cal. years BP)

The LOI varies between ca. 75 and 96 %, but staslaround 90 % towards the upper
boundary. This zone contains the maximum valudgedss, which in some parts reach values
slightly above 50 %. Shrubs are found at low vabhesughout the zone, and especially in the
lower part. The zone is further characterized lgyaalual decrease Wnus Tree-birch
increases upwards to about 20 % and is the owalinating tree species in the zone,
whereas pine varies between values of 12 and IEh&se are the lowest values recorded for
pine in the entire diagram. Except for tree-birelwihg lower values in the upper part of the

zone, similar trends for tree-birch, pine aldusare recorded in the influx diagram.

Juniperushas low values throughout (1-2 %), and almost glisaps in the middle of zone.
Salixshows a similar patterAsteraceaesect.Cichoriumis recorded at relatively high
percentages throughout the zone, and reaches xisnoma value of 5 % at 144 cm. A
maximum inDryopteristype is recorded for the same depth.
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In contrast to the influx diagram, Cyperaceae t®reéed at its maximum value (47 %) in the
percentage diagram at 120 cm in this zone. Poaeaabes at the same time its lowest

Holocene values.

There are no major changes in species richnesssizdne, except for a slight decrease in
value (24-21) at 144 cm.

LPAZ RS - 4 (Betula —Pinus —Cyperaceagl06-0 cm, 5,800 cal. years BP- present)

The zone is characterized by a high and stable &x@ept in the uppermost part of the zone,
showing a decrease from ca. 90 to 70 %. AP pergesataeeach between 66 and 45 % in this
zone. Both influx and percentage values show siriéads throughout the zone for tree-
birch and pine. There is, however, a lack of coeslence between the influx and
percentage diagrams in regard to the abundande @ivb tree species in the zone. According
to the influx diagram, this zone contains the lowedues in the entire diagram for tree-birch
and pine. Conversely, the percentage diagram sdetagh values for both taxa more or less
through the whole zon@iceais recorded continuously up to present timesiataftom 48

cm (ca. 2,700 cal. years BP).

The highest values of shrubs (16 %) and dwarf sh(RI96) in the entire diagram are
recorded within this zone at 101 and 92 cm, re$gadgt Juniperusincreases upwards in the
zone, but has a slight decrease in percentagesdsweesent times. The influx diagram, on
the other hand, shows a continuous increasemiperusthroughout the zone. 8alix
maximum is recorded in the beginning of the zongdrcentage diagram. Poaceae and
Selaginella selaginoidgseaks around 72 cm, followed by a sudden pe&otnyococcusat
36 cm. Except for a decrease at the lower zonedmynCyperaceae is recorded at stable

values around 20-30 %.

The largest difference in species richness is gambwithin this zone, ranging in average

values between 18 and 24.
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4.3 Gradient analysis by indirect ordination

4.3.1 Detrended Correspondence Analysis (DCA)

The results from the DCA analysis are shown in &&bb. As the gradient length (1.669) is
less than 2 SD the DCA results reveal a linearaesg of the plant species to the
environmental gradients (ter Braak, 1987; ter Brawadk Prentice, 1988). Based on these

results it was decided to analyse the data sed#. P

Table 4.5 The results of the DCA analysis performed ontal tdata set

Axes 1 2 3 4

Eigenvalues 0.147 | 0.064 | 0.052 | 0.038
Lengths of gradient 1.669 | 1.225 | 0914 | 1.122
Cumulative % variance of species data 12.9 18.5 23.1 26.4

4.3.2 Principal component analysis (PCA)

The PCA results are shown in Table 4.6. The conpasiormation within a species data set
contains a lot of variation between the variabigs pollen and spore taxa). In ordination, the
aim is to capture as much of the variance as plesaibng a few ordination axes (ter Braak,
1987). The eigenvalues express the amount of wariathich is being intercepted by the
different axes. The values are given in a numbgwéxen 0 and 1, in which values above 0.5
are considered significant, whereas values beldvwardly explains any of the data set
variation (ter Braak, 1987). The axis which capsuiee maximum variation from the species

data set is called the first ordination axis.

According to Table 4.6, the PCA results show thatfirst ordination axis explains 27.6 % of
the total variation within the data set. Togethéhwhe second ordination axis, 44.1 % of the
variance can be explained. Since the last two epgether only explain another 18 % of the
variation, the interpretation of the PCA resultd i based only on the first two ordination
axes. It was found most convenient to give a stdrpnetation of the PCA species plot in this
section together with its description.
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Table 4.6 The results of the PCA analysis performed ontal thata set

Axes 1 2 3 4
Eigenvalues 0.276 | 0.164 | 0.102 | 0.080
Cumulative % variance of species data 27.6 44.1 54.2 62.2

Fig. 4.7 shows the species distribution along tBé& Brdination axes. Species with long
vectors are assumed to represent high proportibtie wvariation within the plot. The

directions of the vectors indicate the correlati@tween the species. Species which are
placed in the same direction show similar pattérritbe diagram and correlate with each

other, whereas species placed in opposite directom negatively correlated.
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Figure 4.7: Results of the PCA ordination analysis perforroadhe total data set. The PCA plot

shows the species distribution along the two gnatdéexes.

The upper right corner of the PCA species plot.(&ig) is characterized by an assemblage of
light-demanding pioneer taxa (eRumex sect. Acetosa, Artemisia, Oxyria, Hippophae
which thrives on poor developed and minerogenilsgbid and Lid, 2005)Pinus Fraxinus

andSilene dioicavhich are often found in more closed, competitine forested

52



environments are placed further down on the rigle ef the plotAlnus, Selaginella
selaginoidesandSorbusare assembled together on the lower left sideefitht axis. These
commonly grow in more open and moist environmeht® assemblage of e Qryopteris
type, Cyperacea&alix, PiceaandPotentillatype seems to reflect a moister and more open

environment.

Based on the species distribution within the PC#,ghe horizontal first axis might reflect a
moisture gradient. The more moist demanding spages to gather on the left side of the
axis, whereas species growing under drier conditaye placed further to the right. The
vertical second axis, on the other hand, appeaeptesent a gradient of vegetation density.
The most open conditions seem to be representétklshadow intolerant pioneer species
congregated in the upper part of the plot. Herfeediegree of vegetation density increases

downwards along the axis.

Fig. 4.8 and 4.9 show the pollen sample distribuéitong the PCA ordinations axes. As for
the species distribution, the position of pollee&pa can be interpreted in terms of the same
environmental gradients. The age of the pollentspéccreases with the numbers, meaning
that pollen sample 1 in Fig. 4.8 represents presmes. See the local pollen assemblage zone

descriptions (section 4.2) for a more thoroughrpritation of the PCA sample plots.
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5 Interpretation

The paleoecological records from the study sitebaireg interpreted based on the pollen
percentage and influx diagrams, total concentradimta, dates of megafossil finds of birch
and pine, and the statistical results providedieygradient and palynological richness (PR)
analyses. The interpretations and reconstructibpast vegetation are inferred by
reconstructing pollen assemblages, which may futieenterpreted into past plant
communities (Janssen, 1967). The ordination of thatiitates the expression of underlying

vegetational patterns and ecological gradients.

To infer the climate history at each site (moreadedl in ch. 6.2) the indicator species
approach is used (Iversen 1954). Assuming thatlthrate requirements of plants have not
changed within the Holocene, the presence of cendicator species can indicate minimum
values of mean July temperatures in the past. fPalalyses in peat sequences provide
records of the local vegetation and climate coadgiof the study sites. Nevertheless,
entomophilous herbs and aquatic plants are coregidersignal local features than
anemophilous trees and shrubs, which may represerd regional climate conditions
(Iversen, 1954). However, local climate reconstons are vulnerable to long-dispersal
pollen transportation when the local presence ahditator species cannot be accounted as
certain (Birks, 1993). The main focus of the Holeeelimate reconstructions will be on
temporal changes in temperature and humidity.

The high influx values at Reinskaret prevent the afsthreshold influx values differentiating
between major vegetation types within Fennoscafedga Hicks, 1994; Jensen et al. 2007;
Seppé and Hicks, 2006). Hence, to avoid any migirgéations of the influx estimations, |
have chosen not to include the influx records anitherpretation of the past local vegetation
at the Reinskaret locality. Consequently, the priation of the Reinskaret records will
exclusively be based on the pollen percentagesyattband megafossil records.

As for the Lervaha mire sequence, the statistiakdlity of two lowermost analysed spectra
may be disputable as their pollen sums are less1f@ pollen grains. Nevertheless, these are
merely meant to be “snapshots” of the first essdiiig vegetation at the locality after the

withdrawal of the ice sheet.
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5.1 The Lervaha mire (770 m a.s.l.)

LPAZ LH- 1 (Betula — Hippoph&e — Juniperugone, 177 — 161 cm,

ca. 11,500 — ca. 10,000 cal. years BP)

The highly minerogenic sediments (Table.4.1) seeneflect an early Holocene pioneer stage
on unstable, mineral and alkaline soils (cf. gladeposits), which gradually became eroded
and washed into the basins. A total pollen inflessl than 120 grains ényr 7, indicates a
sparse vegetation cover. The plant community wasinkted by pioneers such Agemisia,
Arenaria, Rumesect AcetosaandPlantago major Dwarf willows (presumablalix
herbaceagwere growing in snow beds together with the otheneersSaxifraga
oppositifoliaandOxyria (Lid and Lid, 2005). Wheredetula nanaandVacciniumspp. were
present further up in the leesides. In the eadygeér stages, the lime-demandibiyaswas
presumably growing on exposed ridges (Lid and R@05). As the soils on the ridges became
richer in humic acids, a subsequent rise in thdiaghilic Empetrunoccurred (Lid and Lid,
2005). The recorded increase in the more humus nigimgEricaceaetaxa, in addition to the
increase in organic soil content in the last pathe zone may thus be an indication of the

successional stage towards productive and develged(Gunnarsdottir, 1996).

The heliophilous pioneer shrithippophae rhamnoidds commonly regarded as a relict of
the incipient post glacial period (Gunnarsdottid &weg, 2000; Hafsten, 1966) and a local
indicator of the successive pioneer stages towfardsted conditions (Paus, 2010). With its
low pollen dispersal abilities, percentages of I%s-may indicate thdippophaegrew

locally at the Lervaha mire in this period (Hafts&866; Paus, 2010). In additialyniperus
was most likely a common shrub which occurred lgdallight-open areas on well-drained

soils.

As the local pollen production was low, the highgeatages of both tree-birch and pinere
most likely a result of long distance dispersedgrofrom adjacent areas in the region (Aario,
1940; Simonsen, 1980). Tree-birch and especiafig pre known for their high pollen
production and good dispersal abilities (Faegri laedsen, 1989)As a result, they are
commonly over-represented in the local pollen milow productive areas, such as the
artic/alpine areas (e.g. Aario, 1940; Gajewski 199i6ks, 1994; Paus, 2000). Tree-birch
reached the highest percentages in the early Hodoperiod, with nearly 40 % at ca. 10,500
cal. years BP. Pine, on the other hand, nearlyhexh20 % within the same period. As

indicated, for instance, by the presence of themedgaePediastrumthe Lervaha mire was a
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small lake in the earliest period after the degitaon. Lake sediments reflect more regional
vegetation patterns compared to peat deposits (Raedjiversen, 1989; Birks and Birks,
1980). Hence, the high tree-birch percentages nsighgiest that tree-birch was the first tree
to establish within the region of the Lervaha nhireality.

At the depth of 162 cm, the LOI increases from Bearly 40 % and the sediments shift from
clay/silt to gyttja. This occurs at ca. 10,200 galars BP (see Table 4.4). Although arctic-
alpine areas may show long-distance pollen of biegh between 250 and 600 grains &yn*
(Hicks, 1994), a tree-birch influx around 300 geaami?yr™* and a pine influx of nearly 500
grains crifyr? could indicate the first local establishment af trees in the Lervah& area
ca.10,100 cal years BP (Hicks, 1994; Jensen 20@lf; Seppa and Hicks, 2006).

However, the analysed peat sequence containsdargel gaps as a result of the low number
of analysed pollen spectra (only 30 spectra in)tota age gap of 300 years between the last
two spectra in the LPAZ LH-1 therefore hardensdbeainty of the inferred time period in
which trees established at the Lervaha mire lgcdlit addition, there are no stomata or
megafossil finds that can indicate any local presesf tree birch or pine at the locality within
this period. The low resolution and tentative clmlogy impede the possibility of making any
firm conclusions about the exact period in which tifees established at the Lervaha mire
locality. A rather simultaneous establishment otbiand pine at the site around 10,100 cal.

years BP could be interpreted from the pollen xfiecord (Fig. 4.5).

The increased influxes of both tree-birch and (fiig. 4.6) after ca. 10,100 cal years BP,
together with the disappearance of the pioneershelippophée Juniperusand Poaceae
indicates a succession from late pioneer stagesrttsforested conditions. As the soils
became more stable, less material was washedtouhie basin, presumably causing
improved light transparency in the water and faable conditions for the growth of

PediastrumandBotryococcugFig. 4.3).

The PCA spectra are positioned in the right uppgion characterized by the open pioneer
vegetation on immature, minerogenic soils (Fig).4fwever, the spectra seem to represent
a temporal change towards a denser and darkerategetover. The PR values reflect a
similar trend as the earliest period was charamdrby low interspecific competition causing
a maximum in the PR values. However, the PR deesdasvards the zone boundary, which

might indicate a development towards denser veigatand a higher degree of competition.
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LPAZ LH- 2 (Alnus - Pinus zone, 161-150 cm, ca. 10,000 — ca. 8,000 cal. y&2iP)

The increased organic content including high frexues of plant fragments in the soils
(Table 4.1) suggests improved conditions and irs@@aerrestrial and limnic organic
production. The conditions seem to have becometarpis the field layer changed to
dominant CyperaceaBryopteristype andGymnocarpium dryopterishe green algae
PediastrumandBotryococcusndicate the establishment of a basin with nutrrestt and
open water. The regressionJumiperuscould also indicate moister conditions, in addition

increasing shade.

The AP percentages in the early part of the zodeate that trees established locally.
Around 9,800 cal. years BP pine exceeded a 1,08i6gygrains cif yr?, which in

accordance to Vorreet al. (1996) suggests the presence of a local pinstidPene expands
and becomes the dominant tree growing at the lycakhusing more shade and interspecific
competition within the forest. Stomata finds reflde local presence of pine at ca. 9,700 and
ca. 8,700 cal. years BP. Though, one cannot eptinéd out the probability long dispersal of
smaller objects such as needles (Bergetaal, 2005). The oldest pine megafossil found in
eastern Jotunheimen by Lie and Sandvold (1997)dates] to ca. 10,200 cal. years BP.
Hence, the stomata findings at ca. 9,700 cal. yBRifsom the Lervaha mire locality can

therefore be assumed to be one of the oldest ilodi@iations of pine in Norway.

Ca. 9,700 cal. years BP the pine forest was atdsimum recorded density. This is indicated
by the especially high pine values (%, influx), aomlest value of species richness recorded
for the entire Holocene period at the Lervaha ntit@wever, the chronological uncertainty,
and hence influx estimations, makes it difficuliriéer an exact time period for the pine
optimum at this locality. Nevertheless, around 9,28l. years BP pine had already become
less dominant in the forest landscape and it neshed the same dominating position in the
forest as previously recorded. This might sugdest pine had reached its highest level of
forest dominance at the Lervaha mire locality ingutbetween ca. 10,000 and ca. 9,200 cal.
years BP. A decrease in ferns, Poaceae, Cyperandabe algaPediastrumand
Botryococcusmight indicate that conditions were drier betwean9,700 and 8,700 cal.

years BP.

The earlieslnuspollen grains are recorded ca. 9,700 cal. yearsTBRB was presumably the

less warmth-demandinginus incanawhich likely migrated into the region from the eas
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(Giesecke, 2005b; Tallantire, 1974; Paus, 201(uglprobably grew locally at the Lervaha
mire at ca. 9200 cal. years BP (> 250 grain€ym: Vorren et al. 1996).

The shift between darker and lighter layers infdrehcoming stratigraphical section indicates
occurrences of erosion and soil disturbances istibsequent period starting from about
9,200 cal.years BP. The recommenced occurrenBedifistrumandBotryococcusround
8,700 cal. years BP, may suggest a rise in therweadbée, creating more open and favourable
conditions for algae growth in the water bagintamogetontypeprobably grew along the

basin margin.

A simultaneous increase in Cyperaceae $aldginella may be additional indications of a
shift to more humid conditions. The increased hutyich addition to possible soil
disturbances and erosions, made conditions lessifalsle for pineThe climatic and edaphic
shifts made it possible for tree-birch ahlthusto expand their distributional limits within the
region. An increase iduniperusand the slight decrease in AP might thus indieatepening
of the vegetation, which perhaps was a result@tttmpositional shift from a closed pine
forest to a more open mixed forestAdhus pine and tree- birciMelampyrumand the
nutrient and nitrogen demandifgipendulawere commonly growing on deeper and fertile

soils in the forest openings.

The positioning of the pollen spectra within theA@ot (Fig. 4.8) yields consistent patterns.
Here, the positions of first spectra within thedbpollen assemblage zone reflect the
development into a dense pine forest on well-dchswls. The youngest spectra are
positioned along the gradient axes reflecting angbanto lighter and slightly more humid

conditions.

The increased vegetation density is also reflelojetthe quickly decreasing PR values,
reaching its minimum in this period and showing@asing interspecific competition (Fig.
4.3). The increase towards the end of the zonetnmgitate a thinning of the local forest
canopy, enabling the re-establishment of more ligimhanding species at the Lervaha mire

site.

LPAZ LH- 3 (Alnus- Betula- Pinus zone, 150-69 cm, ca. 8,000 —ca. 5,200 cal. yed?$ B
An increased sedimentation and overall high palecumulation rate in Fig. 4.4 reflects a
high local production and accumulation of organet@nial. The LOI (Fig. 4.3) shows a

gradual increase in soil stability, although soimettiations occur within the period.
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At ca. 7,800 cal. years BP, the pine influx valabsve 2,200 grains chyrindicate that

pine is still the dominating tree in the forestdacape (Hicks, 1994; Jensetnal, 2007,
Seppa and Hicks, 2006). Tree-bimtdAlnusinflux values of 1,200 grains cfyr'and

nearly 500 grains ciyr?, respectively, indicate an increasing represantaifthe trees
within forest (Hicks, 1994; Jensenal.,2007; Seppa and Hicks, 2006; Voredral, 1996).
The frequently recorded megafossil finds (see Tdlgand stomata findings also show the
local occurrence of pineithin this period. The oldest recorded pine megsifon the
Lervaha bog surface is dated to approx. 7,100yeaks BP (Table 4.4).

Ca. 7,400 years agdlnusreached its maximum influx value of about 900%gm. As tree-
birch and pine were respectively represented bQlahd 1,800 grains cfgr?, the forest
had now become mixed showing a more even repraésentd tree species than previously
(Hicks, 1994; Jensen et al. 2007; Seppa and H&36). According to Hicks (1994), this

reflects a forest composition at the transitioa tarch forest with pine.

The thermophil€orylusandUImuswere regionally present throughout the period. The
broadleaved trees were most likely not growing llgca the site as their values are less than
2 % (cf. Prosch-Danielsen, 1999). However, theibkst appearances in the pollen records are
often considered as a regional signal of favouralieatic and edaphic conditions (Prosch-
Danielsen, 1999; Paus, 2010).

Betula nandluctuates in abundance within the zone, and ienfr@quently occurring near
both zone boundaries. It is commonly found growmgnow beds, but might also grow on
heaths and drier hummocks at the mire surfacedhdiLid, 2005). Its presence might be
reflecting higher amounts of snow or possibly tbeusrence of more light-open areas.
Except forB.nana,the shrubs and dwarf shrubs are hardly represewitkoh this zone. On
the other hand, herbs such as Poadetipendula, Melampyrum, Asteraceaect.Cichorium
(perhap<Licerbita alping , Valeriana Apiaceae, Urticaand the pteridophytd3ryopteris
type andSelaginellaselaginoidesncreased in abundance within this period. Thigests a
development towards a more humid and open foradstape, with a nitrophilous tall-ferns

and herbs field layer.

Conversely, the total pollen influx, as well asgand tree-birch influx records are increasing
compared to the previous periods. There is a deer@ahe concentration around 6,300 cal.
years BP, most likely as a result of the strongaase in sedimentation rate from ca. 6,500 to
ca. 5,100 cal. years BP (AMS dates; Fig. 4.1). Tusease might have affected the influx
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values. Nevertheless, the pollen records suggespaning of the forest canopy, as signalled
by the previously mentioned increase in duiperusPoaceae and Cyperaceae, along with
the gradual decrease in AP. Although the localgres of pine is frequently recorded, the
increase in tree-birch aménus,in addition to the moist and nutrient demandindkend
pteridophytes, suggest less favourable conditionpifie growth at the Lervaha mire in this

period.

After Alnusreached its maximum at ca. 7,400 cal. years Biradually retreated to lower
altitudes . Menyanthes trifoliatas often an indicator of swampy conditions (Paual, 1987)
and increased in frequency around 6,300 cal. y@Rrs'he additional increase in Cyperaceae
andPediastrunmight also be indicating moister conditions, ptalgacaused by increased
precipitation and or/lower temperatures causingeleed evapotranspiration. Moreover, at
ca. 6,300 cal. years BP the percentage value of 8d¥senet al, 1996) indicates th&lnus

had lost its local position and fully retreatednfrthe Lervaha mire, making pine and tree-

birchthe two main constituents of the gradually retrepatnixed forest.

In the PCA plot (Fig 4.8), the pollen spectra diédustered in the area which indicates an
open and moister forest. There are no large remhgin the species richness, which also may

indicate stable forest vegetation in this period.

LPAZ LH- 4 (Betula- Pinus-Juniperus-Cyperaceagone) 69-0 cm,

ca. 5,200 cal. years BP — present)

The last AMS date for the Lervaha mire locality gests a sudden shift to more humid and
coarseiSphagnunpeat occurring at ca. 5,100 cal. years BP (seecTal). In addition to the
litostratigraphic observations, the high LOI valaesl the increased presence&phagnum
indicate a period with highly organic and quickbcamulatingSphagnunpeat.

The last ca. 5,200 years are however largely cheniaed by a reduced abundance of tree-
birch and pine and increased presence of loweriggpghrubs and dwarf shrubs (Fig. 4.3 and
4.4). This compositional change may indicate a gedowards unfavourable climatic
conditions forcing the tree taxa down to lower al&ns. In the last ca. 5,000 years, the
influx values of tree-bircland pine are varying between 400 and 60 grairi$/chand 870

and 200 grains ciiyr?, respectively (Fig. 4.6). Although these values ot in total
agreement with the mountain-birch woodland analqgesented in Hicks (1994) the values

may indicate the establishment of the local supinal birch woodland and at the Lervaha
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mire locality after ca. 5,000 cal. years BP. Simifdlux values for sub-alpine birch woodland
have been recorded in Smadalen, in eastern JotahdiGunnarsdéttir, 1996). The gradual
retreat of the forest landscape (especially pind)iacrease in open growing vegetation might
be interpreted as the shift towards more openhkai@nd less productive alpine conditions.
However, the lack of dates after ca. 5,100 calrs/8#, results in an abrupt lowering of the
sedimentation rate. This change might deviate fitoerauthentic rate of sedimentation.
Hence, the pollen influx estimates for this zongminot be completely reliable and need to

be interpreted with caution.

At about 3,800 cal years BP, there is a distinctekese in total pollen influx from ca. 1,000 to
300 grains ciyr. Again, it is important to take unreliability dfe influx estimations into

consideration. In addition, the low resolution pallrecords for the period from ca. 3,800 cal.
years BP to present times are based on four ambh@ken spectra (Fig. 4.3). Nevertheless, it

might suggest a period of lower pollen producingnplcommunity at the Lervaha mire.

From ca. 3,800 to 2,500 cal. years BP, a decr@aB& imight indicate a reduced number of
species growing at the locality within this periddound the same time, there is a marked
increase irPotentillatype, whereas the aquatigkenyanthes trifoliataPotamogetontype,
PediastrumandBotryococcusre virtually disappearingrotentilla—type often thrives in
swamp-like conditions (Paws al.,1987). These changes might therefore reflectlg ful

closure of mire basin.

Pine shows stable high percentages around 50 Peiperiod from ca. 3,800 to ca. 1,200 cal.
years BP. The influx values on the other handdameeasing for the same period. The most
probable cause for the large increase in pine brisin increased magnitude of long-distance
transported pine pollen in the percentage diagraentd the lower pollen producing
conditions (Aario, 1940; Feegri and Iversen, 1988 daisen, 1980). Pine is no longer locally
recorded (i.e. megafossils and stomata) after ®@03;al. years BP (Table 4.4 and Fig. 4.3).
All records thus suggest that subsequent to cQ03;@l. years BP, the local growth of pine at

the Lervaha mire was restricted even more.

The Lervaha locality has always been situated withé sub-alpine birch forest. However, an
increase in tree-birch percentages and decreasiunr values might suggest a higher level
of long-dispersal tree-birch pollen, presumably digparse and open forest landscape. The

marked increase iduniperusandPoaceaesnhance the signal of open conditions. High levels
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of e.g. Cyperacea®ryopteristype andSelaginella selaginoideand increase8phagnum

accumulation suggest a humid environment and eglpetowards present times (Fig. 4.3).

There has been a decline in the organic contdhieisoils compared to ca. 1,200 years ago.
This might be explained by an increase in anthrepamactivities such increased number of
summer houses and thus hiking. Except for the tsiiginease irRumexsect.Acetosa
ThalictrumandUrtica (Lid and Lid, 2005), there are few anthropogendi¢ator species
recorded for the last spectruRiceais not recorded at the locality before the lagtcsum
presenting the present conditions. It has an inflaie of 90 grains ciyr'and a percentage
nearly reaching 4 %. This possibly indicates Idiakatrees growing adjadent to the Lervaha
locality. The pollen record accords well with thegedent incidence #ficeaplanting in the

region (Paus, pers.comm. 2010).

Except for the distinct decline in species richnagbe period between ca. 3,800 and 2,500
cal. years BP, the increased PR values towardemrémes may also indicate more open
conditions, and thus less competition for light apdce.

The overall pattern of the PCA analysis (Fig. 4sBpw a marked change to more humid and
open conditions, as the majority of spectra isquagn the left side of the first axes.
According to the characteristic species compositeg.Alnus, Sorbus, Melampyrymthis

shift in position indicates less shaded and mogsteas, possibly with good nutrient
availability (cf. lime-rich bedrock).

5.2 Reinskaret (920 m a.s.l.)

LPAZ RS - 1 Pinus- Juniperuszone, 237-218 cm, 8,600- 8,200 cal. years BP)

The lowermost layer of the zone has been dated trdund 8,600 cal. years BP. The peat
sequence is thus of a younger age than the Letwahbity (see above). According to high
percentages and presence of stonptee was already locally present throughout theezon
Furthermore, pine megafossils dated to ca. 9,5D¢ears BP are found ca. 200 m away from
the Reinskaret locality at the same altitude (Ppess.comm., 2010). So, local pine forests
were probably present from the early Holocene.

Tree-birch was present from ca. 8,600 to ca. 8¢&00years BP with an average of 9 %. The
tree-birch megafossils (Table 4.4) show that sooilep derives from local tree-birch. The

percentage values for tree-birate most likely suppressed by the high pine peacms
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within the zone, which thus creates a false impoessf a rather low presence of tree-birch. It
is therefore interpreted that tree birches wereiooty locally in more humid and less
exposed areas.

Alnuswas first recorded at 920 m a.s.l. at ca. 8,560years BP. An average value of 3 %

might indicate a local presence at Reinskaretigyghariod (Huntley and Birks, 1983).

The singlePiceapollen grain recorded at 229 cm (ca. 8,500 cary®P), is unlikely to
represent local presence of the tree at Reinskdedsten, 1992)The recorded grain is
interpreted as long — distance dispersal perhaps 8tugudalen (approx. 10 km north of the
Lervaha mire) or east in the Swedish Scandes Mmmtahere spruce has been recorded
present already in the late glacial and early Hehec(Kullman, 1996;2000;2001;2002;
Segerstrom and Stedingk, 2003) (see ch. 6.1.3).

The occurrence of tree-birch megafossils, the moshrubHippophée herbs such aSilene
vulgaris Polygonum bistorttype, Astragalus alpinus, Asteraceaect.Cichorium Saussurea
and high pine percentages suggest the first redqrdeod at Reinskaret to be characterized
as a late forest succession towards a pine dondimadedland (Gunnarsdottir and Hgeg,
2000; Paus, 2010). However, the end of the pemmdains relatively high PR values and
increased presence of light-demanding taxa sudnraperusand Poaceae. This might be an
indication of a change in the forest compositiondads a more light-open conditions.
Relatively high levels ofalix, CyperceaeDryopteristype, Selaginella selaginoides
Gymnocarpium dryopteris, Saussurad Asteraceasect.Cichoriumsuggest the presence of
moist and fertile soils. Thus, within the foresegrthus a rich field layer dominated by
grasses, sedges, taller ferns and lime-demandihg.h&s the bedrock at the locality is
considered acidic and slow weathered, one wouleéxpéct the local growth of lime-
demanding herbs. A feasible explanation for thightibe the presence of lime-rich morainic
deposits favouring plant growth. Peat accumulatiototally eroded deposits may be possible
reasons for the reduced supply of calciferous depfus the later plant communities at the

locality.

The positioning of the pollen spectra for this pdrwithin the PCA plot (Fig. 4.9) indicates
moderately dark and dry vegetation at the siter@ leean observed trend in the arrangement

of the spectra towards more humid conditions.
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LPAZ RS - 2 (Alnus-Pinus-Poaceae zone, 218-162 cm, 8,200- 7,000 cal. y&d&ts

High values of LOI above 90 %, indicate well-deyed soils. Pine became less dominant
compared to the previous period. Relatively highgmopercentages indicate that tree-birch
andAlnuswere important constituents of the forest. Twalbimegafossil finds have been
dated to ca.7,260 and 7,000 cal. years BP, repirgehe local growth of tree birch at the
time. The nitrogen-fixating root noodles Alihus(see e.g. Johnsrud, 1978) resulted in an
increase in soil fertility. Within the periodlnusand tree-birch grew on the well-developed
and moist soils, whereas pine was constrained te ity and nutrient poor areas. Slightly
elevated values of the thermophilddsrylusandUImusoccurring in the same period might
be interpreted as a regional signal of warmer sursiged favourable soil conditions (Paus,
2010; Prosch-Danielsen, 1999).

The increase in tree pollen, together with the elesingJuniperusand PR values might
indicate a well-developed forest canopy, in whiabrenshade intolerant species were
outcompeted by the dominating trees. At around@@&@0. years BP, there is a shift in the
vegetation including distinctly decreasing pine araeasing Poaceae. A simultaneous shift
is observed in the sediment composition at ca.ch84in which coarser and less degraded
peat was observed (Table. 4.2). This compositishidil has been dated to ca. 7,500 cal. years
BP (see Table. 4.6). A fall in total pollen concatibn, AP percentages and species richness
suggest disturbances occurring locally at Reingkanaund 7,600 cal. years BP, causing an
opening of the forest. This presumably led to iaseal soil instability and erosion which is
reflected by an increase in minerogenic depositidhe soils during the subsequent period.

As a result of the forest retreat, pioneer herloh s1$ Poaceae abayopteris-type,received

the opportunity to occupy open areas with unstabbkless developed soil conditios,

which they are often found to grow (Lid and Lid 0&). Alnusbenefitted from the open
conditions and was the first tree to increase fatrout 7,600 cal. years BP. It reached a
maximum at ca. 7,100 cal. years BP. A further desgenJuniperus together with an

increase in the several moisture indicating taxd isSalix Cyperaceae, Poaceace,
Potentillatype, EquisetumGymnocarpium dryopteris, Selgainella selaginoided
Dryopteristype suggest a period of prevalent humid condstwithin the rather open forest
(cf. low AP) includingBetula, Alnus, PrunuandSorbus The disappearance of the water-
consuming pine forest possibly caused changesiwdter balance in the local soils (Kaland,
1986). In addition, precipitation might have inged. The presence of the nitrophilous herbs

Filipendula, Geranium, Valerianasteraceaeect.Cichorium(perhap<icerbita alpina)
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and the pteridophytd3ryopteristype andSelaginella selaginoidawight suggest an
establishment of a tall-fern and tall- herb woodl&mom about 7,300 cal. years BP (Fremstad,
1997; Pauet al, 1987).

In line with this, the late pollen assemblage zepectra are positioned in an area in the PCA

plot (Fig.4.9), indicating moister soils.

LPAZ RS - 3 (Betula — Cyperaceae Dryopteristype zone, 162-106 cm,

7,000- 5,800 cal. years BP)

After its peak at ca. 7,100 cal. years Biusshowed a gradual retreat from Reinskaret. Pine
decreased as well. Tree-birch percentages, onthiee lvand, showed a gradual increase
throughout the period. These records, together bwith megafossil findings (Table 4.4),
might suggest the establishment of a sparser gibeabirch dominated forest with clustered
occurrences of pindlnusandSorbus The relatively stable values Dfyopteristype,
FilipendulaandAsteraceasect Cichorium(perhap<icerbita alping and PR, indicate a
continuous presence of a tall-fern and tall-henmitated field layerUlmusandCorylushad

a stable presence throughout the period (Fig. &iB)ilarly to the Lervaha mire, their overall

percentages are too low to indicate a local presah&einskaret (Prosch-Danielsen, 1999).

Around 6,400 cal. years BP, elevated levels LAkrgfa higher rate of organic accumulation
(e.g.Sphagnunpeat) and perhaps more stabile soil conditidirsusdisappeared from
Reinskaret in the period between ca. 6,400 and,880 cal. years BP. About 200 years later,
a strong increase in Cyperaceae together with maximalues oSphagnunmight suggest
increased precipitation and an elevation of theemtble at the locality (Gunnarsdottir,
1996). The described vegetation changes occurritignathis period might reflect a gradual
shift towards sub-alpine conditions at Reinskaret.

The arrangement of all the pollen spectra for pleisod in the PCA plot reflects past
conditions of high moisture and openness (Fig..4.9)

LPAZ RS - 4 Betula —Pinus —Cyperaceagl06-0 cm, 5,800 cal. years BP- present)

The first period from ca. 5,800 cal. years BP wamithated by an open sub-alpine birch
forest. The open conditions made it possible fergtowth of Poaceae and herbs (e.g.
Melampyrum, Trientalisin the field layer. The continuous presenc&alix Cyperaceae and
Dryopteristype indicate moist conditions.
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Around 5,700 cal. years BP, the peat sedimentsnhecaarser and the presence of
macrofossils scarce (Table 4.3 and 4.4). The ¢astl record of tree-birch at the locality was
at ca.5,100 cal. years BP. The AP minimum in thieiong period between ca. 4,700 — 3,400
cal. years BP together with a large peak in Poaceaght indicate a forest-line situation

(Ario, 1940; Simonsen, 1980). Subsequent to c@Be¢4l. years BP, AP ardadiniperus
increase quickly, which presumably was a resudt ifrther opening of the vegetation.
Consequently a larger portion of long-distancedpanted AP is recorded in the percentage
diagram (Feegri and Iversen, 1989). However, thal lsauth-facing conditions (see section
2.1) might have created favourable growing condgifor a small tree-birch population at the

locality in the period after ca. 3,400 cal. yeas B

At ca. 2,700 cal. years BPjcearapidly increased in percentages. The increasawoss$
likely caused by an increased abundandeiogain regions of lower altitudes adjacent to the

Reinskaret locality (see section 6.1.3).

After ca. 2,000 cal. years BP, a decrease in ABdgrded. This might be a reduction in long-
distance transported pollen due to anthropogerfarelgation activities in adjacent regions
(e.g. Paugt al,1987). However, a simultaneous increase is recbforBotryococcugFig.
4.5). These events might as well indicate the fietikat of the local sub-alpine birch
population from Reinskaret. The disappearanceeestprobably resulted in an increase in
water content (Kaland, 1986) and increased nuteeatiability through unstable soil
conditions which made conditions more favourabteatigae growth (cf. Paus, 2010). The
presence dPotentillatype, Cyperacea®ryopteristype,Juniperus Poaceae anfiphagnum
indicate moist and light-open conditions at Reimskafter the disappearance of the local
forest. The herb composition and relatively lowdksvof microscopic charcoal indicate low

levels of anthropogenic activities at the loca{feyg. 4.5).

The increase in PR towards present times is ati@aal signal of a thin vegetation cover
with reduced levels of interspecific competitiomeTpositioning of the pollen spectra for this
pollen assemblage zone within the PCA plot indgatenditions of high moisture and

openness (Fig. 4.9).
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6 Discussion
In the discussion, the vegetation and climate rsttaations of the study sites (ch.5) are being

compared, and the results further discussed anga@d with similar forest dynamics and

tree-line studies within the region.

6.1 The vegetation history

6.1.1 The early Holocene pioneer vegetation (ca. 11,500- ca. 10,000 cal. years BP)

This phase is only recorded from the sedimentieat.ervaha mire. The oldest AMS sample
that could be obtained from the peat sequenceegdedah age of ca. 10,200 cal. years BP
(Table 4.4). Since the basal minerogenic layerwelm not contain sufficient organic

remains for dating, the start of the constructdtepaliagram was defined to ca. 11,500 cal.
years BP in accordance with pollen analytical snties with Dovre (Paus 2010, Paisal

in prep.) and the assumed early deglaciation o&lpiaes in central Norway (cf. “minimum

ice model”; Dahkt al, (1997), Paust al (2006)). A more precise date can not be suggested
as an exact deglacial chronology based on acctf@tgates of terrestrial plant remains is not

yet established for central Norway.

The first period from ca. 11,500 to ca.10,300 gaars BP was characterized by low LOI and
total pollen concentration and influx values. Lavilux and concentration values might be
caused by a rather quick accumulation of mineragsediments in the early post-glacial
period (cf. heavy erosion and outwash) which hdsuting effect ornthe pollen grains
accumulating in the deposits (Paus, pers. commQ)2@ second source of error might be the
unknown ages of the lowermost layers. Incorreategxtlated ages can result in too low
estimates of pollen influxes and concentrationsidéethere are large uncertainties regarding
the authenticity of the pollen influx and concetitia estimates for the early Holocene at the

Lervaha locality.

The rather early presence of the more humus-dema@usgiecies (e.g. Ericace&smpetrum,
Vacciniumtype) indicate that the deepest sediments retrieved thenhocality have had time
to mature and thus become more favourable for giaowth (Fig.4.3). This was additionally
indicated by the record of small amount of organaterial in the sediment composition and
loss-on-ignition values (Table 4.1). Consequeritlig assumed that the entire post-glacial
period has not been fully covered by the obtaireat pequence. Besides, with its relatively
high tree-birch and low pine percentages, along thié moderate abundance of pioneer
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specieqe.g. Artemisia, Dryas, Rumsegct.Acetos, this early Holocene vegetation at the
Lervaha mire resembles the recorded vegetationhaisted in Radalen, between ca.
11,600 and ca. 9,900 cal. years BP and Dovre betaeel 1,200 and ca. 10,300 cal. years
BP, in Central Norway (Paus, 2010; Pausl.,in prep.). Although, there might be local
differences in time of deglaciation between the parad sites, the similarities might signal
that the Levaha mire experienced an early deglaaiats proposed by Daht al (1997) and
Paus et al. (2006). However, the lack of dates m@kmpossible to give any exact

conclusions about the past ice-sheet structurdiaredof deglaciation at the locality.

Based on the influx values, the local establishroétie rapid migrating pine and tree-birch
seemed to occur somewhat simultaneously at theahdérmire around 10,100 cal. years BP.
Both pine and tree-birch are regarded as climdyisainsitive and thus thought to respond
quickly to temporal changes in climate (Kullmanp2R In other words, tree migration is
most likely a rapid and fine-scaled process. Heasnchronized occurrence at the Lervaha
mire can not be judged as certain, as the resalofiche analysis is low. Additional
uncertainties are created by the tripartation eBétulapollen grains. The method decreases
the level of exactness of the tree-birch recordb@asindetermineBetulagrains have been
excluded. A macrofossil analysis, by whiBbatulamacrofossils (e.g. fruits, bud scales) can be
identified down to species level (cf. van Dinteddirks, 1996), could have been an
alternative complementary method and would hawadyikielded valuable and more exact
information about the local presence and abundahBetulataxa (Birks and Birks, 2000;
Birks, 2001, Eide et al., 2006). Such an analysida; however, not be performed in this
study due to time restrictions. Consequently, theyshas not yielded any concrete evidence

on the successional sequence of local tree ediai@ist in the studied region.

In Rgdalen, Tynset, ca. 100 km SW of the Ridalgiore tree-birch became established at ca.
10,300 cal. years BP (Paus, 2010). This patteaistsrecorded for other alpine sites in mid-
Scandinavia (cf. Bergmaat al, 2005; Velleet al, 2005; 2010). The Rgdalen pine rise occurs
slightly later at ca. 10,150 cal. years BP. At \éésbtten in northern Sweden, high
percentages of both tree-birch and pine were recbad ca. 10,000 cal. years BP (Barnekow
et al, 2008). These records reflect rather synchropatterns and chronology for the first

tree establishment in mid-Scandinavia. Pine anthbiregafossil evidences from the Swedish
Scandes (Kullman, 2002; Kullman and Kjallgren, 20@0d pine stomata findings at Dovre
(Pauset al.,in prep) suggest the local growth of pine and-bieeh in favourable sites at high

altitudinal mountain peaks (hunataks) during the tdacial. Pine and tree-birch might thus
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have rapidly migrated from higher elevations toéowltitudes in Scandinavian Mountain
region as a response to the improved climatic ¢mmdi in the early Holocene (Kullman,
2002; Kullman and Kjallgren, 2000; Paetsal, 2006). However, further SW in Norway, in
eastern and Central Jotunheimen, pine establidbma 800 years later (e.g. Gunnarsdottir,
1996; Barnetet al, 2001). A later dated deglaciation occurrenciééJotunheimen region
(see e.g. Barnedt al, 2001; Gunnarsdottir, 1996; Nesje and Rye, 189ght be a possible
explanation for the recorded delay in tree migratio

Based on the similar patterns of tree migratioreed both east and west of the Ridalen
region, it seems likely that pine and tree-bircevgtocally at the Lervaha mire around 10,100

cal. years BP.

6.1.2 The local pine forest (ca. 10,000 - ca. 9,200 cal. years BP)

Pine was present not later than ca. 9,500 calsy®Rrat Reinskaret and from ca. 10,100 cal.
years BP at the Lervaha mire. Dating uncertairfihs 3.2.7) give no precise dates for the
pine optimum in the Ridalen region. However, basedhe pollen analytical records for the
Lervaha locality, pine seems to have reached dfisast distribution in the region within the
period between ca. 10,000 and 9,200 cal. year®\BEhe peat sequence only dates back to
ca. 8,600 cal. years BP, no inferences about theénmuan abundance of pine at Reinskaret
can be made. Furthermore, an exact altitudinaliligton of the tree taxa cannot be inferred
by this study, as no pollen analytical and megafossords are recorded for altitudes above
the Reinskaret locality. A more thorough searchnfiegafossils and/or a sampling site at
higher altitudes could be alternative approachestain more information about their
maximum distributions. Nevertheless, both pine linch have been recorded at much higher
altitudes in adjacent areas to the Ridalen regioing the Holocene (e.g. Aas and Faarlund,
1988; Gunnarsdottir, 1996; Kullman, 2004; Kullmand &jallgren, 2000; Paus, 2010; Velle
et al, 2010). It is thus likely to assume that theyhbatcurred above 920 m a.s.l. within this

period.

A decline in pine seemed to occur around 9,200years BP, and its dominance ended
around 8,000 cal. years BP at higher altitudeseatgRaret and ca. 7,400 cal. in the lower
lying Lervaha mire. The lag of ca 600 years atltbevaha site could result from a low
chronological resolution in both peat sequencesvéder, the altitudinal differences between

the localities (150 m), reflecting a temperaturitedence of almost 1 ° C (Laaksonen 1976),
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might have been an important factor for causinfgtéhces in forest composition between the

sites, as today.

Regions located both east and south south-wesidaddt show similar patterns in of the
local occurrence and expansion of the pine foRgten and macrofossil records show a
similar time interval for pine dominance at bottkedoltjarn and Abborrtjarnen in the
Central Scandes Mountains (Giesecke, 2005a,b)h&umbre, pine was recorded as dominant
between 9,900 and 8,500 cal. years BP in Rgdalesguthern Central Norway (Paus, 2010).
The fact that Flafattjgnna is located at 1,110 $x.anight be contributing factor for the more
rapid loss in pine dominance in Rgdalen. This iggph temperature difference of at least 1.2
° C (glacio-isostatic rebound not included) compacethe localities in Ridalen. At
Brurskardtjgrni, located in eastern Jotunheimemg peached its highest altitudes in the
Holocene around 9,000 cal. years BP, after whicétieated (Vellet al, 2010). A gradual
decline of pine since ca. 9,500 cal. years BP lssleeen recorded by pine megafossil finds
both east and west of the study site (south-ceNtalvay and the Swedish Scandes)
(Kullman, 1995; Kullman and Kjallgren, 2006; PaR810).

Though the pollen analytical data suggests tha pias no longer dominant in the region
after ca. 7,400 cal. years BP, the first recordedatossil of pine was dated to ca. 7,100 cal.
years BP (Table 4.4). Megafossils, which provideibde evidence of local tree occurrences
(Aas and Faarlund, 1988; Birks, 2001; Kullman, 1)988ly give a fragmented picture of the
vegetation in space and time (Aas and Faarlund;1B&gmaret al, 2005; Gunnarsdottir,
1996; Paus, 2010). It is for instance unknown éf tegafossil has been growing within a
forest or by itself due to favourable microhabdanditions (Bergmaet al, 2005;
Gunnarsdottir, 1996). In addition, one can notéxain if the lack of megafossils is actually
a result of local absence (due to i.e. climationgjes) or i.e. poor and/or selective preservation
conditions (Aas and Faarlund, 1988; Bergreaial, 2005; Eideet al, 2006; Gunnarsdéttir,
1996; Kullman, 2000). The reason for the absencregfafossils at the study site before ca.
7,100 cal. years BP is thus uncertain. Perhapmtadities at the time did not contain
appropriate environmental conditions for megafgskervation. Nonetheless, the local
presence of pine is frequently recorded withinghtre period by the stomata findings

starting from ca. 9,700 cal. years BP.
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6.1.3 The history of Picea

The first record of spruce in Ridalen is the sirgbden grain recorded at Reinskaret ca. 8,500
cal. years BP. Similar finds of single grains haeen considered to reflect long-distance
transport (Hafsten, 1992). It has generally bedieved that spruce migrated from Central
Russia in the east to the Scandes Mountains ahdr®,500 cal. years BP (e.g. Tallantire,
1977; Hafsten, 1992). However, recent megafossilies by Kullman (e.g. 1995; 1996;

2001) show that spruce was present in the Scandestsins already from ca. 12,850 cal.
years BP. Kullman (2001) has also found megafoshitsving the presence of spruce in
Stugudalen, ca 10 km north of the study site atleegntervals between ca. 9,300 and 2,500
cal. years BP Furthermore, pollen analytical datansevidence of local spruce establishment
in the early Holocene, ca. 9,000 cal. years Bmyant Central Sweden (Segerstrom and von
Stedingk, 2003). So, a much earlier immigratiosiuce to the Central Scandes than
previously thought is visualised. Hence, it seelkedy that spruce was growing in adjacent
regions both north and south-east of Reinskaretrat®,500 cal. years BP. It cannot be
discounted that spruce was present at this tinkedalen either.

6.1.4 The rise and expansion of Alnus (ca. 9,200- ca. 6,300 cal. years BP)

The tentative chronology suggest tAdus most probabhA. incana(see section 5.1), rises
at the Lervaha mire around 9,200 cal years BP. ddvielates well with other studied regions
in Central Scandinavia (Giesecke, 2005a; Paus,;Zdderstrom and von Stedingk, 2003).
At ReinskaretAlnusis lacking in the lowermost spectrum, but is frexgufrom ca. 8,600 cal.
years BP. It is a question of whether this patiearccidental or reflects an extremely rapid
Alnusrise. This probably reflects thatnuswas less common at Reinskaret than at the
Lervaha mire in the early stages of its Ridaleruo@nce. Disregarding the uncertain
chronology at each sampling site (cf. low amoundates), a possible explanation of the
different pattern irAlnus,might be a result of differences in local factsush as soill
moisture, topography, sloping etc. Besides, sall lmmidity conditions (as well as growing
season length and summer temperatures) seem toifmgpartant factor for the growth of
Alnus incanan high elevations (Moe, 1998). Accurate AMS daikthe local establishment

and expansion dilnuscould not be obtained due to time restrictions.

After the Alnusexpansion, pine gradually lost in competition te thore moist demanding
Alnusand tree-birch. The local forest changed in contijpos to a more mixed pine, tree-

birch andAlnusforest, with a rich field layer of tall-ferns androphilous herbs. After its
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maximum at ca. 7,400 and ca. 7,100 cal. years BRed ervaha mire and Reinskaret,

respectivelyAlnushad a gradual decline towards present times.

An Alnusmaximum was similarly recorded at ca. 7,600 caryat Lake Stentjarn (Bergman
et al, 2005) and ca. 100 years later at Lake Spaime(htalundet al, 2004) in the Scandes
Mountains, in west-central Sweden. Further sout@entral Norway in eastern Jotunheimen,
Alnusshows a maximum abundance around the same p&fédie ét al., 2010;

Gunnarsdottir, 1996 Alnus,however, shows a different migration pattern fa tieirdalen 5
mire, in Central Jotunheimen, as its local expangdirst recorded around 6,800 cal. years
BP (Barnetet al, 2001). This is nearly 400 years later than viatnarsdottir (1996) and
Velle et al. (2010) recorded for eastern Jotunheimen. The dihtkeglaciation is of similar
dates between Smadalen and Leirdalen 5 (Gunnarsd®®6; Nesje and Rye, 1990). As
Leirdalen 5 is a relatively small mire (Barnettal, 2001) its records reflect local vegetation
patterns (Birks and Birks, 1980; Faegri and Ilverd®89). It might be possible that the late
rise inAlnusat the Leirdalen 5 mire has been a local effezaiterd by differences in local site

conditions.

In the subsequent period after the maximurAlitus the sub-alpine birch belt established at
the Reinskaret locality, whereas pine re-estabdisiredrier soils within the local forest of the
Lervaha mire. The change into more alpine conditiainthe Reinskaret was likely the reason
why pine did not succeed to regain its previoustoswithin the local forest. A tree-birch
forest establishment has also been recorded dasipg@riods both in southern, central and
western regions of Norway (e.g. Bjueeal, 2005; Paus, 2010; Vel& al, 2010) and in the
east in the Swedish Scandes (e.g. Bergetah, 2005; Barnekowet al, 2008). Around 6,300

cal. years BPAInusno longer grew within the local forests in the Réeregion.

6.1.5 The retreat of the local forest (ca. 6,300- ca. 3,700 cal. years BP)

The forests in the Ridalen region showed a grackiedat in the subsequent period afbrus
receded to lower elevation&fter ca. 5,100 cal. years BP, birch megafossdsamo longer
recorded at Reinskaret. A similar trend is seeriferpine megafossils and stomata at the
Lervaha mire, which declined in frequency in thiofeing period. The sub-alpine birch belt
seemed to establish at the Lervaha mire around%8l0 years BP. Around the same time,

the forest landscape at higher elevations develoged forest-line situation.

In the period around 5,500 — 5,000 cal. years B&rate of sedimentation decreases (Fig. 4.1

and 4.2). This is assumed to be a result of theratesof dates in the subsequent period (Table
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4.3). One could probably expect a more gradualimeah sedimentation rate (i.e. a more
sigmoid shaped sedimentation curve) for the lasoééme period than what is estimated by
the available dates. An argument might thus bedtsatilar age modification should have
also been performed for the uppermost layer fot#@aha locality (Fig.4.1). The dated
megafossil T-19837 which is displayed in Fig. 4.igmrepresent an accurate date for the
period. However, as several of the dated megafoasiReinskaret reveal a different age than
the surrounding peat sediments (Fig. 4.2), | cinmdeo include any megafossil dates in the
sediment rate estimations. The vague chronology theates uncertain sedimentation and

influx estimates for the period.

In the period after ca. 4,700 cal years BP, a fdnes situation was recorded at 920 m. a.s.l.
in the study area. At the same time, pine declinezbundance at the Lervaha mire. After ca.
3,700 cal. years BP pine the local record of peesed, implying a sparse representation of

pine in the study area in the subsequent period.

Compatible forest dynamics to the Ridalen regioreHaeen recorded for sites located both
east and south of the study site. At Lake Stenfjimest-central Sweden, trees gradually
declined after ca. 6,000 cal. years BP, and disapgdearound ca. 3,500-2,000 cal. years BP
(Bergmaret al, 2005). This accords well with the deforestapattern at Lake Spaime in the
same region (Hammarlured al, 2004). Current megafossil records in the Scaretesy a
general retreat of tree-lines after ca. 6,300-5g#0years BP (Kullman, 1995). In the central
mountains of Norway, further south of Ridalen, aepiecession in the period between ca.
4,400 and 4,000 cal. years BP, and tree-birch ar@&200 cal. years BP (Vel& al, 2005).
Also in eastern Jotunheimen a general change t@waode open conditions is recorded
around 5,000 cal. years BP (Gunnarsdattir, 199@g\é al,, 2010).

6.1.6 Late Holocene forest dynamics (ca. 3,700 cal. years BP - present)

Pine receded even more after ca. 3,700 cal. ygaréeBving only scattered individuals

within the sub-alpine birch forest. The sub-algiireh belt had more or less retreated from
Reinskaret, possibly leaving only a small populatd tree-birch growing in favourable
microhabitats at higher altitudes. After ca.2,0a0 gears BP, forests were no longer growing
at 920 m a.s.l. in the study area. At the same timagegion experienced a distinct decline in
tree pollen towards present times, most likely essalt of regional deforestations, e.g. south-
west in Innerdalen (Pawes al, 1987). None of the Ridalen localities seem teehiaeen

exposed to any wide-spread summer-farm activityar€al values are increasing slightly,
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but this could be interpreted as long distancespart. Small increases in ehalictrumand
Rumessect Acetosaboth which can be components of a cultivateddaade (Lid and Lid,
2005), might be the result of increased hiking smmehmer house activities in the area. The
sub-alpine birch forests show stable values al émeaha mire towards present times,
whereas pine seems to increase slightly. This dsawith the records of Kullman (2010)
explaining the rise in the tree-line towards présmemes as a result of climate warming.
However,PiceaandPinussp have been planted during the last 40-50 yearg ¢tothe
Lervaha mire. Their presence is most probably ¢l as increases in the pollen diagram
tops. Also at Reinskaret, the higiceapercentages can be interpreted as representintggdla

populations at lower elevations such as the Lemalpdpulations.

It must however be emphasized, that the pollenyéinal records for the last period,
especially for the Lervaha mire sequence (Fig. d8)based on considerably fewer pollen
spectra. Hence, the period of lowest resolutiogtaties from about 3,700 cal. years BP to
present times. The vegetation reconstructionsisfgériod thus represent rather large-scaled

changes.

6. 2 Climate history

One has to keep in mind the altitudinal differebeéween the Lervaha mire (770 m a.s.l.) and
Reinskaret (920 m a.s.l.). Consequently, tempezatat Reinskaret have been approxCl

lower, compared to the Lervaha mire, at any givee {ch. 2.3).

6.2.1 The early Holocene pioneer vegetation (ca. 11,500- 10,000 cal. years BP)
TheJuniperusdominance in the early Holocene, suggests dryitond (Lid and Lid, 2005)
from ca. 11,500- ca. 10,500 cal. years BP. LogailgsentSelaginella selaginoidesdicates a
July mean temperature of at least 7 ° C at ca0DIcal. years BP, whereb$ppophae
suggestshat the July mean was at least 11 °C for the wpeted. A single tetrad dfypha
latifolium was recorded at the Lervaha mire at ca. 10,10Q/eals BP. As th&yphatetrads
are wind dispersed (Lid and Lid, 200%)phamay not have been locally present.
Nevertheless, it might be an important regionaldatbr of high temperatures, @slatifolium
requires at least a July mean of 12° C (Kolstr@,9). In continental areas, the birch-forest
line correlates with the 10 °C July isotherm (Odlab996), whereas pine requires a mean

July temperature of 11°C to develop forests (P20%0). Based on these indications, the July
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mean temperature in the early Holocene at the Ibérvaire seems to have been at least 11 °
C.

To compare past and present regional temperatusasidar altitudes, one has to take into
account the glaciostatic uplift. According to Hafs{(1983), the land uplift during the last
10,000 years has been ca. 90 m. By using a lapsefr@.6 °C/ 100 m (Laaksonen, 1976) the
corrected minimum mean July temperature at thedlenmire was at least 10.5 ° C in the

interval 11,000-10,000 cal. years BP. This is clospresent summer temperatures (Fig. 2.5).

An increase in SaliDryopteristype andGymnocarpium dryopterisom ca.10,500 cal.
years BP might reflect more moist conditions atehd of the pioneer stage. This trend
towards humid conditions seems to be in agreemghtaxmanifold of palaeoclimatological
reconstructions from the Nordic region (i.e. Fermamslia and the northern Europe) (Seppa
al., 2010).

The early Holocene summers in the Ridalen regiemsel therefore to be rather dry and
warm (cf. Velleet al, 2010; Paus, 2010). The palynological recorddhé&rrsuggest a change
towards moister conditions in the late pioneereasag

6.2.2 The local pine forest (ca. 10,000- ca. 9,200 cal. years BP)

According to the temperature requirements of pime local pine forest establishment in this
period suggests July mean temperature of at |dasClin the study region (Paus, 2010).
Allowing for the glacio-isostatic rebound (ca. 70+10.4 ° C), the temperatures were at least
0.5 ° C higher within this period compared to presanes (Fig. 2.5). Conditions seemed to
become drier during the local pine expansion betveee 9,700 and 8,700 cal. years BP.

This temperature trend seems to concur well withatle reconstructions from the Nordic
region (Seppét al, 2010). Besides, temperature reconstructionsmitie same period in
adjacent regions in the Central Scandinavian Monsitsuggest temperatures being 1.5-2 ° C
higher than present times (Barnettal, 2001; Bjuneet al.,2005; Gunnarsdéttir, 1996; Velle
et al, 2005). The rise and expansion of pine has tlkees Isuggested to be a result of a more

continental climate and less snow cover duringitimer (Velleet al, 2005).

From about 9,200 cal. years BP, pine declined imdbnce andInusexpanded at the
Lervaha locality and changes in the vegetationalmusition suggest a change to more local

humid conditions. The humidity might have resulired local restriction of pine to drier sites.
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6.2.3 The rise and expansion of Alnus (ca. 9,200- ca. 6,300 cal. years BP)

The Alnusperiod seems to have been rather warm and n#diais tree-birch and pine have
a tetraterm (June-Sept.) of 7.7, 7.5 and 8.4 ®€pectively (Helland, 1912). Compared to the
minimum July mean requirements of tree-birch anmtegica. 10 and 11 °C: Odland, 1996;
Paus, 2010), it is reasonable to believe that gt@béshment ofAlnus requires a minimum
July mean slightly above 10 °C. AlthoughHmus and Corylus were most likely a regional
feature, their respective tetraterms of 11.2 andb°®2 (Helland, 1912), would imply
regionally occurring high July mean temperaturessgmy between 12 and 14 °C. As pine
grew abundantly within the local forested landsc¢alpe minimum July mean was presumably

not less than 11C. The glacio-isostatic uplift (ca. 40 m: Hafts&883) only accounted for a

rise in temperature of about 0Q.

The cooling event around 8,200 cal. years BP (8t2eka event” or “Finse event”), which
was detected for the first time by Dahl and Ne&R94; 1996), at Finse in southern Central
Mountains of Norway, could not be observed in tbkkgm analysis record from either of the
two study sites in the Ridalen region. The studdaanight not have been affected by this
short-lasting climatic event due to local site dtinds. Yet again, the most plausible
explanation would be the low resolution of the golanalysis, in which short- lasting climatic
shifts, such as the “8.2 ka event,” may be undete($eppét al, 2010).

The occurrence of the Holocene Thermal Maximum (HTidm the Nordic region appears
to differ slightly between previously undertakengeaclimatological investigations. Sepga
al. (2008) records the Holocene Thermal Maximum (HWxthin northern Europe from ca.
7,500- 6,500 cal. years BP, in which the summeptratures were inferred to be 1.5 °C
higher than modern times. On a lower scale, Bgirad. (2005) found similar HTM in

western Norway, ending ca. 4000 cal. yr BP andhiegcJuly mean temperatures above 12 °
C, i.e. 2 °C warmer than today. Conversely, chirommbtemperature reconstructions
performed in the Central Scandinavian mountaingatd a HTM from ca. 11,500- 10,500
cal. years BP (Hammarlured al, 2004; Velleet al, 2005; Velleet al.,2010).

All the same, the maximum altitudinal distributiohpine in the Scandinavian Mountains is
found to be closely linked to maximum Holocene temagure records (Kullman and
Kjallgren, 2006; Paus, 2010). The highest altitatlgtistribution of the local pine forest in the

Ridalen region is not known. In addition, no distiohanges in the early Holocene

77



temperature can be detected in the pollen analytata. Hence, the beginning of the HTM
and the exact time period in which the highest terajures were reached in the investigated
region cannot be deduced in this study. The redoogdsever suggest an end of the high

summer temperatures around 5,000 cal. years BN ét€ et al, 2010).

6.2.4 The retreat of the local forest (ca. 6,300- ca. 3,700 cal. years BP)

Indicated by the presence of pine within the Idoatst, the July mean temperatures were

probably around 11C at the Lervah& mire around 6,300 cal. years@#and, 1996; Paus,
2010). The July mean was probably closer t6 COat Reinskaret (cf. height difference and

few occurrences of pine within the forest).

In the following period the forest landscape becapeser in the Ridalen region, and a high
abundance of Cyperace&glaginella, Potentillang Dryopteris type indicates a trend towards
cooler and moister conditions. Less tree-birch oerces after ca. 4,700 cal. years BP at
Reinskaret indicate further temperature decredss. ca. 2,000 cal. years BP, July mean
temperatures were not adequate to sustain trele-giowth at 920 m a.s.l. in the study region.
The record ofCallunaandSelaginella selaginoidaadicates a minimum July mean

temperature of 7 C towards present times (Kolstrup, 1979).

In Scandinavia, neoglaciation occurrences (i.eaadement of glaciers) have been recorded
for the period after ca. 6,000 cal. years BP (NeX)@9) and a temperature decreases were
recorded in the mountain regions in Central NongRRgus, 2010). Similarly to the study area
in Ridalen, a distinct decrease in temperature edwaround 5,500 cal. years BP in south-
central Norway (Velleet al.,2010). A further lowering of temperatures is relsat within the
same region after 4,400 cal. years BP (Vetlal.,2005). Low temperatures together with
increased humidity are also recorded in centrald&weand suggested to be the causative
factors for the disorganisation and retreat offtimested landscape at higher altitudes
(Hammarluncet al, 2004).

The change to cooler and moister conditions, wheshbeen recorded for the study area in
the Ridalen region, seems thus to be an overaliitie the Scandinavian Mountains. In fact,
this climatic pattern is recorded in most palaaoatiological investigations in the Nordic

region (Seppét al, 2010).

6.2.5 Late Holocene dynamics (ca. 3,700 - present)
The period from about 3,500 cal years BP is chareetd by a cooler and moister climate
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resulting in paludification (Barnekoet al, 2008). The retreat of forests and, thus, the
reduction in the evaporation could be an additi@xglanation for the moister soils. In line
with this, both localities experience an increas€yperaceae, ferns aggphagnumAs the
Lervaha mire is situated about 80 m below the mtesgb-alpine birch-forest line, and has
been situated within the birch-belt since contirsipune-forests retreated from the site after
ca. 3,700 years ago, the minimum mean July temyreratay have been constantly between
10 and 11 ° C (Odland, 1996; Paus, 2010) since Belaginella selaginoidas present at
Reinskaret, which thus implies a minimum mean &ly ° C (Kolstrup, 1979). However, as
the Lervaha mire has a minimum mean July arountil1O€, it would be reasonable to

assume that Reinskaret, situated 150 m higherm Inasimum mean July around 9-10 ° C.

Summer temperatures are generally believed todmtst important parameter for forest-
lines (Odland, 1996). The present summer tempeastne similar to the temperatures
inferred for the early Holocene. Even so, pine linch reached higher altitudes in the early
Holocene than today. This can partly be explainethb fact that inferred temperatures are
minimum estimates and that land uplift has occurfdsb, Paus (2010) and Kullman (2010)
highlight the importance of winter conditions, swshwind exposure and snow cover, in
shaping the tree-line and forest positions on areg scale in the Central Scandes

Mountains.
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7 Conclusion
Pioneer herb$Betula nanaandJuniperusdominated the vegetation cover in the early

Holocene at the Lervaha mire until ca. 10,500 w=drs BP. Tree-birch was most likely the
first tree to establish on a regional scale, batrssd to migrate rather synchronously with

pine to the Ridalen region around 10,100 cal. yB&sLate-glacial megafossil and stomata
findings of pine and tree-birch in nearby regioh®malen might suggest that pine and tree-
birch migrated to the Ridalen region from smalldiogrowing populations on ice-free
nunataks in the Mid-Scandinavian mountains. Shaxftigr its arrival pine expanded and
dominated the local forested landscape in the sawnelg until the ca. 8,000- 7,400 cal. years
BP. Stomata findings represent the first local @nes of pine at the Lervaha mire at ca. 9,700

cal. years BP.

Alnus(presumablA. incang was first locally present in the Ridalen regidi7d0 m a.s.l.
around 9,200 cal. years BP, and formed togethdr pite and tree-birch a tall-rich and tall-
fern woodland until about 7,400-7,100 cal. years Bfer the decline irAInus a sub-alpine
birch forest established at the Reinskaret locaMyereas a mixed pine and tree-birch formed

the forests at lower altitudes.

No local evidence of tree-birch at Reinskaret vemorded after ca. 5,100 cal. years BP and
around the same time, the sub-alpine birch bediblished at the Lervaha mifeicea
increased in regions near to Ridalen at ca. 2,a00/ears BP. After ca. 2,000 cal. years BP,
tree-birch was no longer capable of growing inltve alpine conditions at 920 m a.s.l.
Today, the forest at the Lervaha mire is mainly pdsed of tree- birch, although scattered

individuals of pine an®iceaare to be found

Climate reconstructions indicate relatively warnd ainy conditions at the onset of the
Holocene at the Lervaha mire, followed by moistanditions after ca. 10,500 cal. years BP.
Except for a dry period between ca. 9,700- 8,700years BP, the local conditions have
shown a temporal trend towards increased humiditig. study area had July mean
temperatures of at least 1C until ca. 8,000-7,400 cal. years BP, and at1#@s1T C and

9-10° C until present times at the Lervaha mire and Seiret, respectively.

Due to inadequate amounts of terrestrial plant ofassils, the basal sediment layers could
not be accurately dated. Thus, an exact time dide&gion could not be deducted for the

study area. However, in conformity to central maimareas situated south-west of Ridalen,
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the reconstructed plant communities might suggestaaly deglaciation at the Lervaha mire

and thus the past existence of a thin and multidbicesheet in the Ridalen region.

This study was unfortunately not able to detectchltree that wat establish first in the
study area. This could presumably have been sdlyguerforming a higher resolution pollen
analysis, preferably in combination with macrofbasialysis and/or thorough search for
megafossils.
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Appendix

Appendix A: Litostratigraphical transect at the Ler vaha mire

Figure A.1 and A2 gives a coarse overview oversemguences, in which the test corings were

performed.

WSwW 10 ----- 3 ----- LH2 - LH1 - 11 ENE

Figure A.1: The cores in the west south-west (WSW) to eastt-sast (ESE) were cored in

the sequence

INNW 6 ----- 7 - - - LH2 - 4----9 SSE

Figure A.2: The cores in the north north-west (NNW) to sootltls-east (SSE) were cored in
the sequence:

Coarse descriptions of the test cores are display&dble Al.1
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Table Al.1:Test cores in a west south-west (WSW) to east-neat (ENE) transect

=

@D

r

Coring site number Depth (cm) Core description
127 -220 Peat
1(LH1) 220- 225 Peat/gyttja phase
225- 227 Clay and silt layer
230-313 Peat/gyttja phase
313-315 A bright layer with clay and
2 (LH 2) silt
(3 m west of coring site 1) | 315-317 Highly organic layer
317- 318 Peat/gyttja phase
318-330 Blue-grey clay and silt laye
3 210-276 Organic peat layer
. ) 276-305 Peat/gyttja phase
(3 m west of coring site 2) :
305-310 Grey-blue clay and silt laye
10 195-265 Peat layer
(6m west of coring site 2 | 265-293 Peat/gyttja layer
293-295 Blue-green clay and silt lay]
1 100-194 Peat layer
194-197 Minerogenic gyttja layer
(6 m east of coring site 2) J vy y'
197-200 Blue green clay and silt lay
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Table A1.2 Test cores in a north north-west (NNW) transectduth south-east (SSE)

transect. The LH 2 test core is shown in Table A1.1

[1%)

200-297 Laminated, dark and light
4 layers. Contains much
(3 m south of coring site 2) macrofossils
297 =300 Clay and silt layer
. 170-253 Peat/gyttja phase
_ _ 267-270 Blue-grey clay and silt
( 3m north of coring site 2) _
layer.Upwards laminated
6 170-255 Peat layer
(23 m north north-west of | 255-267 Peat/gyttja phase
coring site 2) 267-270 Blue-grey clay and silt laye
7 140-235 Peat layer
(6.5 m north north- west of| 235-239 Peat/gyttja phase
coring site 2) 239-240 Blue green clay and silt lay
o 165-245 Peat layer
) _ 245-255 Peat/gyttja layer
(6m north of coring site 2)
255-265 Blue-grey clay and silt laye
9 185-245 Peat layer
(6 m south of coring site 2)| 245-285 Peat/gyttja phase

91

r



Appendix B: Palynological richness (PR)- Rarefactin analysis

Table B 1: The main results of the rarefaction gsa& on a total dataset.

The Lervaha mire Reinskaret
Zone Range in Average value of E(Sy,). | Zone Range in Average value of E(Sy))
E(Sse2) E(Sse2)
LH-4 | 17.5- 26 22,4 RS-418.6- 27.1 23.9
LH-3 | 19.7- 26.6 22.3 RS-3| 21.1- 24.9 23.2
LH-2 | 15.2-21.8 17.8 RS-2| 20.3- 25.1 22.6
LH-1 | 19.7- 27.4 24.7 RS-1| 22.6- 25.8 24.3
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Appendix C: Pollen percentage diagrams for the Lerah& mire and Reinskaret
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