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Abstract

The former migration theory of Norway spruce (Picea abies (L.) Karst.) suggested
that spruce established in Sweden along the Swedish Bothnian coast ¢. 3500 years ago
from an eastern refuge area through Finland. Recent spruce megafossil finds of Late
Glacial and early Holocene in west central Sweden have challenged this theory
suggesting a much earlier immigration and a possible western migration route.

The overall aim of the present study is to contribute to the understanding of the
history of spruce in west central Sweden and evaluate a western migration route.
Pollen analysis was performed on a site 50 km north of Handél where macrofossils
and pollen analysis have revealed early Holocene occurrence of spruce. The present
study based on pollen analysis shows the establishment of spruce around 2400 cal. BP
at the study site. The results compared with other studies display that the difference in
the timing of local spruce establishment varies within the range of 2000 years. This
study does not support a western migration route.

Resumen

Las primeras teorias sobre la migracion del abeto rojo, sugerian el establecimiento de
éste en Suecia a lo largo de la costa de Bothnia procedente de areas refugio del este, a
través de Finlandia hace unos 3500 afios. Posteriormente, hallazgos de restos fosiles
en el centro oeste de Suecia cambiaron esta teoria sugiriendo una inmigracion anterior
y una posible ruta de migracion por el oeste.

El objetivo general del presente estudio es la contribucion al entendimiento de la
historia del abeto rojo en el centro oeste de Suecia. La potencial ruta de migracion por
el oeste es también discutida. Con el fin de evaluar esa posible via de migracion, fue
elegido un lugar a 50 km al norte de Handol, donde andlisis palinologicos y de
macrofésiles han revelado la presencia del abeto rojo en el Holoceno temprano. El
presente estudio basado en el andlisis de polen muestra el establecimiento del abeto
rojo en el area de estudio alrededor de 2400 cal. AP. Los resultados comparados con
otros estudios muestran grandes diferencias temporales en el establecimiento del
abeto rojo a nivel local (diferencias de hasta 2000 afios). Mediante el presente estudio
no se puede respaldar la teoria de la posible ruta de migracion por el occidente.

Keywords: Holocene, Picea abies, pollen analysis, macrofossils, immigration, peat
core, west central Scandes.
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Introduction

For Norway spruce (Picea abies (L.) Karst.) a much later immigration to Scandinavia
after the last glaciation was suggested compared to other major tree taxa. At first, in
the 19" century this was based on stratigraphical observations of macrofossils in peat
(Sernander, 1892) but later, the theory has been upheld through numerous pollen
analysis (von Post, 1918; Moe, 1970; Huntley and Birks, 1983).

The former migration theory of spruce based on pollen analysis suggested that spruce
established in Sweden along the Swedish Bothnian coast ¢. 3500 years ago from an
eastern refuge area through Finland. Thereby, in response to climate change, spruce
migrated from east westwards as a front (Moe, 1970; Huntley and Birks, 1983).

Recent finds of spruce megafossil remains (radio-carbon dated) have challenged this
traditional theory (Kullman, 1996; 2000; 2002). Kullman performed his surveys in the
Handél valley and on the Areskutan mountain in west central Sweden where he found
spruce megafossils that were dated back to Late Glacial and early Holocene (the
oldest, 11020 years before present). Recent studies carried out by Segerstrom and von
Stedingk (2003), reveal spruce pollen records in peat deposits between about 9000
and 5500 years before present and fit well with the findings of Kullman. Based on the
western location of these early Picea findings Kullman has suggested a western
migration route (Kullman, 2002).

The overall aim of the present study is to contribute to the understanding of the
history of spruce in west central Sweden. The results will be discussed in relation to
the previous studies of spruce migration and establishment in the region. In order to
evaluate a possible western migration route a site for pollen analysis was chosen in
the Skalstugan area in the central Scandes which has been selected due to three
fundamental features: 1- The situation of the site connects the present east and west
spruce population distribution. 2- The topographic characteristics of the area that are
low elevation and undulated relief allow an easier migration route. 3- It is a place
where no macrofossil or other palaecoecological studies have been performed
previously.
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Material and Methods

Study site

The study site Lilla Bjorsjon (63° 36" N, 12° 15" E) ca. 600 m a.s.1, is situated in the
Skalstugan area in west central Sweden (fig. 1), within the central Scandes and
located 50 km north of Handdl where megafossils revealed early Holocene occurrence
of spruce (Kullman, 1996).

EUEACLS

Figure 1. Map of the study site and location.
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The elevation varies between 450-900 m a.s.l. and the bedrock is formed by
amphibolite, gneiss and calcareous mica schist belonging to Caledonian age (Fredén,
1994). The climate is semi-oceanic and humid influenced by the proximity to the
Norwegian coast which characterizes the local climate and vegetation period. The
precipitation measure at the nearest weather station (Storlien/Visjovalen) situated at
640 m a.s.l. is 874 mm, with mean temperatures in July and January during 1963-
2005 of +11.1°C and -6.7 °C, respectively (data from Swedish Meteorological and
Hydrological Institute) (fig. 2).

Figure 2. Real annual precipitation according to the National Atlas of
Sweden. Source: Swedish plant geography.

The vegetation in the area is composed of sub-alpine
coniferous forest, sub-alpine mountain birch and low alpine
tundra. The forest limit reaches 650-750 m of altitude. The
sub-alpine coniferous forest is formed by a mixture of P.
!3;’2:;22" abies and B. pubescens ssp. czerpanovii (N.I. Orlova) in a

600-700

scattered configuration (fig. 3 and 4).

Figure 3. Vegetational zonation. N = nemoral (temperate)
zone, BN = boreo-nemoral (Hemi-boreal) zone, SB = southern
boreal sub-zone, MB = middle boreal sub-zone, NB =
northern boreal sub-zone (excluding the subalpine birch belt),
'SA’ = subalpine belt (now considered a part of the northern
boreal lacking coniferous trees), A = alpine belts. Source:
Swedish plant geography.
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Figure 4. Photo showing the study site, the vegetation of the mire and the surrounding area.

The area is rich in mires (35 %) that vary from rich minerotrophic fens to poorer
ombrotrophic bogs. The mire selected for this study is located in a depression on a
north facing slope and has today an extension of c. 3 ha.

Field work

From the mire, a 214 cm peat core was taken for pollen analysis using a Russian peat
corer (Jowsey, 1966). The first coring was performed already on June 17" 2003. In
2008 the site was revisited and a new coring was carried out for a visual check of the
peat stratigraphy. Moreover, the main species were surveyed to describe the mire and
the vegetation of the near surroundings (table 1).

Lab work

In total 12 (1cm®) samples were extracted from the peat core for pollen analysis. The
samples were taken from 214 to 25 cm, approximately every 20 cm. The preparation
of the samples was made according to the standard methods (Moore et al., 1991),
including digestion in 5% potassium hydroxide (KOH) and acetolysis, in order to
remove the organic matter. In addition, hydrofluoric acid (HF) treatment was
performed on the samples from the bottom part of the peat core to remove the mineral
matter in the material.
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For the analysis, the samples were stained with safranine to enhance the contrast and
the microscopic surface structures of the pollen, and mounted in glycerine on
microscope slides. From each sample a minimum of 500 pollen grains were counted.
For the pollen identification a pollen key (Moore ef al., 1991) was used and for
critical examinations a reference pollen collection was available.

Dating

Two bulk-peat samples were taken at 65 and 200 cm respectively, and sent to the
Angstrdm Laboratory in Uppsala for dating by the AMS '*C-dating method.
Calibrations were made using the OxCal program.
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Results and Interpretation

Inventory of the current species both on mire and neighbouring area
In table 1 are the main species listed that were found on the mire and in the
neighbouring forest. Nowadays the mire is a poor fen as reveal the presence of Rubus
chamaemorus, Sphagnum and dwarf shrubs as Ericaceae and Calluna vulgaris.

Table 1. Main species list both on the mire and in the surroundings.

. . Species found in the
Species on the mire .
surrounding forest

Rubus chamaemorus Salix glauca
Andromeda polifolia Betula pubescens ssp. czerpanovii
Vaccinium uliginosum Picea abies
Calluna vulgaris Juniperus communis ssp. nana
Empetrum nigrum Vaccinium vitis-idaea
Vaccinium oxycoccus Empetrum nigrum
Betula nana Betula nana
Eriophorum vaginatum Sorbus aucuparia
Tricophorum sp. Vaccinium myrtillus
Sphagnum spp. Gymnocarpium dryopteris
Drosera rotundifolia Deschampsia flexuosa

Lycopodium annotinum
Cicerbita alpina
Trientalis europaea
Luzula pilosa
Maianthemum bifolium

Polytrichum sp.
Solidago virgaurea

The surrounding vegetation is composed by sub-alpine coniferous forest (mixture of
P. abies and B. pubescens in a scattered group configuration) with dwarf shrubs,
grasses and herbs dominating the open areas. The soil richness seems to be
intermediate as reflected by the presence of Gymnocarpium dryopteris but also, the
appearance of other species as Cicerbita alpina and Empetrum nigrum indicate rich
and poor soil conditions respectively.

Chronology and peat accumulation

The '*C-datings are presented in Table 2. The peat initiation on Lilla Bjérsjon started
before 5000 years BP. A tentative chronology was established based on these two '*C
dated levels and the surface that was assigned the age of 0 BP, and displayed in an
age/depth curve (fig. 5).
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Table 2. . Radiocarbon dates from the study site Lilla Bjorsjon.

Lab. No Depth (cm) e age BP || Cal BP age ranges at 2 ¢ Material for radiocarbon dating
Ua-35989 65-66 2265 + 30 2350- 2150 Bulk peat samples
Ua-35990 200-201 4315 + 35 4970-4830 Bulk peat samples

Lilla Bjorsjon
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< 100
S0 |
Q
140
160 -
180
200 1
220 + + + + + 1
6000 5000 4000 3000 2000 1000 0
Calibrated age BP

Figure 5. Age-depth curve based on calibrated '*C dates.

Vegetation history
The pollen assemblage zones (A/B/C) (fig. 6) are defined based on major changes in
the pollen diagram from Lilla Bjo6rsjon.

A. Alnus-Betula, c. 5500-4500 cal BP

The Alnus (30 %) and Betula (55 %) pollen records characterize this zone. At the
beginning of the period Pinus pollen proportion is rather low, c. 3 %, but increasing
towards the end reaching c. 20 %. Thermophilous deciduous trees such as Tilia,
Ulmus and Corylus, are also present with a mean pollen ratio of c. 1 %. Filipendula
and Valeriana appear with pollen records less than 1 %, and Epilobium starts with
records around 2 %, and declines throughout the period. Ericaceae and Asteraceae
pollen percentages have one peak at the middle of the zone while Poaceae and
Potentilla show an increased pollen proportion towards the end. Cyperaceae and
Compositae are the main herbaceous constituents reaching pollen proportion values of
10 %. Polypodiaceae starts with a peak around 55 %, and decreases to c. 25 %, at the
end of the period. Sphagnum (10 %) and Equisetum (2%) are also represented mainly
towards the end.
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The zone represents the local development of a forested area in which Betula was the
main tree constituent. Probably A/nus and Betula trees were growing on the mire area
in the early stage of fen development. The transition from Polypodiaceae to
Sphagnum, Equisetum and Cyperaceae can be interpreted as this early stage of fen
development. The appearance of many herb and shrub species such as Compositae,
Filipendula, Asteraceae, Rosaceae, Potentilla and Valeriana suggest that it was a rich
fen. The occurrence of thermophilous tree species such as Ulmus, Tilia and Corylus
may suggest warm conditions (Konigsson, 1980). They were not necessarily present
on site but can be considered as background pollen, i.e. a combination of regional
presence of the species and long distance transport of pollen. Pinus was probably not
present in the near vicinity and its records most likely are background pollen since
values of only about 10 % were recorded (von Stedingk ef al., 2008).

B. Betula-Cyperaceae, c. 4500-2200 cal BP

The zone is mainly characterized by Betula (40-50 %) and Pinus (15-40 %). The
decrease in the share of Alnus is marked with a pollen proportion around 5 %. Pinus
increases during the phase with a peak at ¢. 3000 cal. BP. The Quercetum mixtum
species, i.e. cohort of thermophilous species (Ulmus, Tilia and Corylus) are not
important in this period since they only are recorded sporadically and with low shares,
though Corylus increases at the end of the period. Populus pollen is recorded
sporadically. Ericaceae and Juniperus increase at the end of the zone. Polypodiaceae
begins with a maximum of about 20 % and has a decreasing trend through the period.
Equisetum spores are present with a peak of c¢. 30 % and then decreasing and
disappearing approximately at the middle of the zone. Sphagnum spores are recorded
with two peaks: at the beginning and at the middle with proportions of about 5 % in
between, and then decreasing towards the end. Cyperaceae and Poaceae are also
recorded during the period with means around 10 % and 3%, respectively. Potentilla
pollen records fluctuate throughout the zone with a maximum of ¢. 5 %.

Betula was the dominant tree species probably in a sparse forest configuration. The
proportion of Pinus pollen (with a mean about 30 %) plausibly can be considered
either as background pollen, or as representing Pinus trees present in the near vicinity.
Possibly it can be interpreted as background pollen even when Pinus reaches values of
c. 40 %, due to a decline of Betula at that time, rather than a local establishment of
Pinus trees (cf. von Stedingk, 2006). The decrease of Betula pollen records could be
due to the vegetation starts to change towards tree less sparse forest. The sharp
decrease in the A/nus curve is a local phenomenon, whereas at regional scale this
decrease of Alnus is an evident general phenomenon in the mountain areas
(Lundqvist, 1969). The competition and shade conditions owing to Betula may
explain the local Alnus decrease because of the better adaptation for Betula to the new
rich soil circumstances facilitated by the previous Alnus establishment. Alnus had
probably been growing on the paludified land in the early development of the fen, but
with increasing peat thickness the local importance of A/nus decreased. The Alnus
pollen frequencies of c. 5 % correspond to the current frequencies of Alnus from a
study of the present vegetation relationship, where no Alnus was present within 10 km
(von Stedingk, 2006). The increase of Ericaceae, Poaceae, Potentilla and Cyperaceae
reflects the development and local dynamics of a mire ecosystem, i.e. vegetation
succession on the mire. At the end of the zone the first Picea pollen grain is recorded.
It probably implies the onset of spruce establishment at the site.
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C. Betula-Picea, c. 2200 cal BP to present.

During the period there is an increase of Picea and Betula pollen that reach values
around 5 % and 40 %, respectively. Pinus and Alnus pollen decrease in comparison to
the previous period. Dwarf-shrubs and herbs are well recorded. Rubus chamaemorus
and Sphagnum reach peaks about 30 % and 15 %, respectively. Botrychium is
recorded with 1-5 %, whereas Polypodiaceae in general is recorded with a low share.
The first Picea pollen grain is recorded about 2400 cal. BP.

The start of the zone reveals the establishment of Picea as a forest constituent. The
landscape was plausibly rather open as it is today, with scattered Picea and Betula tree
groups. Shrubs and herbs such as Ericaceae, Caryophyllaceae and Melampyrum
became more common elements of the vegetation than before, corroborating therefore
the development of the open forest tundra conditions. Sphagnum was also an
important part of the mire flora whereas Polypodiaceae and Cyperaceae decreased due
to the mire development. The notable presence of Sphagnum, Calluna and Rubus
chamaemorus indicate poor mire conditions and reflects a late mire succession stage.
Therefore it is suggested that the mire was transforming from a rich fen to poorer peat
bog conditions. The appearance of Botrychium and Plantago lanceolata is usually
related with and is indicative of grazing, which it is noteworthy.
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Figure 6. Percentage pollen diagram from Lilla Bjérsjon. The numbers on the y-axis to the left, show the depth (cm) of the peat core with '*C calibrated dates at 2 6. The horizontal lines divide
the diagram into three main zones (A/B/C) according to the major changes in the pollen assemblages. Black fields represent the percentage of each pollen type and dotted fields represent a 10 X
exaggeration of the percentage values. Pollen and spore types of low proportion and without importance for the discussion are not shown.
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Discussion

Regional growth of Picea abies

The appearance of Picea pollen records in the peat deposit is about 2400 cal. BP. In a
radius of 10 km from the study site, four pollen evidences suggest that Picea became
present in the area (Lundqvist, 1969; Selvik, 1985) between 3850-1650 cal. BP. The
rather large differences in dating the local establishment of Picea show that is not
possible to establish a single timing of the establishment. Recently, several studies
carried out on the Handél valley and on Mt Areskutan (about 50 km southwards from
the study site) have revealed the presence of Picea from c¢. 11000 cal. BP (Kullman,
1995; 1996; 2001; 2002). These studies based on radio-carbon dating of tree remains,
refute the former theory of the timing of spruce establishment in the area. With the data
obtained in the present study it was not possible to infer the earliest Picea establishment
since the peat core is not old enough. There are no spruce evidences from 6000 to 2400
cal. BP. Instead, it shows the onset of the spruce expansion in the area.

In order to trace the early occurrence of spruce, some of the highest mires in the area
should be selected for pollen analysis with a maximum distance of 5 km between them.
At high altitude the probability to find early evidences of Picea increase because it
probably was present at higher altitudes until the middle Holocene (Kullman, 1988;
2001; 2002). Another survey could be focused on the analysis of the sediments of the
small near lakes in order to catch local population evidences. The lakes have larger
catchment areas than the mires and some of them are formed prior to the onset of mire
formation, so the chance to find early Picea pollen records is higher in these lake
sediments. At the lab work the sub-sampling should be made with higher resolution
(every centimeter) and a minimum of 1000 pollen grains should be counted trying to
record the low concentration of Picea pollen grains in each slide due to the high density
of certain other pollen grain types (e.g. Betula type).

Possible migration route
Lindquist (1948) in his reviews on early occurrences of Picea pollen, postulated a
refuge area on the Norwegian coast. This hypothesis was entirely based on stratigraphic
evidences without the possibility to demonstrate

it by means of independent dating as '‘C P

analyses. Later, the most widespread theory
based entirely on palynological surveys,
suggests that Picea came from an eastern refuge
area through Finland (fig. 7) and then in ' -
response to climate change, migrated from east
towards the west as a front, reaching the
Scandes around 2000 cal. BP (Moe, 1970;
Huntley & Birks, 1983).

NORWAY

Figure 7. The solid lines represent isopoll contours (5%
of the total arboreal pollen sum) complied by Huntley &
Birks (1983). The dotes represent a selection of radio-
carbon dates (ka BP) of the regionally oldest specimens of
Picea. This map represents the conventional view of the
eastern immigration theory. Source: Kullman 2001.
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The finds of Kullman (2001) that demonstrated the presence of Picea back to 11000
years (within the Younger Dryas stadial), infer the possibility of existing nunataks or
glacial refugia where Picea and other species could have survived or colonized very
early on the exposed continental shelf areas in western Norway (Kullman, 2002). These
findings support the first theory of western refuge areas postulated by Lindquist (1948).
In addition, the present day atmosphere circulation patterns were already established in
the late Weichselian (Siegert & Marsiat, 2001) allowing the possibility of a western
migration route. This fact could enable conceivably a western migration pattern due to
the possibility that storms and predominant winds have the same direction. The eastern
migration route can not alone explain the early presence of Picea in the Scandes
mountain range according to Kullman (2002). However, Giesecke and Bennet (2004)
argue that the eastern migration route can successfully explain the early presence of
spruce in the Scandes. It is plausible that Picea seeds were dispersed over long distances
by rare events in the early Holocene (Clark et al., 1998) allowing the establishment of
spruce in suitable localities. In fact most of the other common trees in Scandinavia were
established in the mountain region in early Holocene (Kullman, 1998).

But how could spruce arrive to those nunataks? Recent modern studies from north-
western Russia and northern Finland suggest an early Holocene establishment of Picea
coinciding with birch maximum between 11500 and 10700 cal. BP (Subetto et al.,
2002; Wohlfarth et al., 2002; 2004).These spruce occurrences are contemporaneous
with the Picea finds of Kullman (2002). From those northern out-posts the early stands
of Picea populations in the Scandes could descent from expanding Picea populations in
north-western Russia and eastern Finland, rather than from a glacial refuge on the
Norwegian continental ice free shelf (Giesecke & Bennet, 2004). Birks et al. (2005)
pointed out the weakness of the palacoecological evidences for a western migration
route, e.g. the late-glacial vegetation of south-west Norway was treeless and summer
temperatures were below the thermal limits for Betula pubescens, Pinus sylvesetris and
Picea abies.

However, the location of the present study site (altitude of the site) is probably not
adequate or optimal for the earliest spruce spreading inferences because (as revealed by
the megafossil finds) the appearances of the oldest Picea evidences are located at higher
elevations. At the Late Glacial, the requirements of Picea only could be fulfilled at high
elevations (nunataks), i.e. the oldest finds were recovered at 1340 m above the sea level.

On the other hand, the isolated populations (if the isolation was long enough) living in
scattered refugial areas should be clearly differentiated genetically from the eastern
provenance due to its own isolated development. Nonetheless, in a genetic study using
tandem repeats in plant mitochondrial genomes in order to use in the analysis of
population differentiation of Norway spruce in Europe, only two distinct lineages were
observed (Sperisen et al. 2001). The two lineages separate clearly the populations of
northern and northeastern Europe, from central and southeastern ones. The theoretical
two different Scandinavian populations are belonging to the first lineage. Consequently,
is not clear or demonstrated scientifically the differentiation of the two provenances
(east and west) so far. To achieve a successful explanation of the migrational pattern
specific genetic surveys are needed in order to elucidate and to distinguish both
Scandinavian lineages from the north-western Russian.
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If so, the hypothetic western migration could be analysed sampling the most probable
ice free areas in order to find Picea fossil remains which could provide information
about the potential migrational gradient.

Conclusion

e The present study based on pollen analysis shows the establishment of spruce
around 2400 cal. BP at the study site.

e The results compared with other studies display that the difference in the timing
of local spruce establishment in central Scandes varies within the range of 2000
years.

e The study shows the development of the forest composition and structure
from dense forest to tree less conditions since the mid-Holocene.

e This study does not support a western migration route.
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Appendix 1. Spanish summary

Historia de la vegetacion del Abeto rojo (Picea abies (L.) Karst.)
en los Escandes centrales (Suecia) desde el Holoceno medio

Introduccion

Para el abeto rojo (Picea abies (L.) Karst.) fue sugerida la inmigracion tardia,
comparada con otros taxones, a Escandinavia después de la ultima glaciacion. Ya en el
siglo XIX ésta hipdtesis se basaba en la observacion de los macrofosiles en la
estratigrafia de muestras de turba (Sernander, 1892) y posteriormente la teoria se apoyo
en numerosos analisis de polen (von Post, 1918; Moe, 1970; Huntley y Birks, 1983).

La primera teoria de la migracion del abeto rojo basada en estudios palinoldgicos,
sugeria que Picea abies se habia establecido en Suecia a lo largo de la costa de Bothnia
hace unos 3500 afios AP, procedente de un area refugio occidental, a través de
Finlandia. Asi, en respuesta a un cambio climatico la especie migr6 frontalmente de este
a oeste (Moe, 1970; Huntley y Birks, 1983).

Hallazgos recientes de restos fosiles (datados por radiocarbono) han cambiado la
tradicional teoria (Kullman, 1996; 2000; 2002). Este autor llevd a cabo sus
investigaciones en el valle de Héndol y en la montafia Areskutan donde encontré restos
fosiles de fines de la Gltima Glaciacion y el Holoceno temprano (el més antiguo de hace
unos 11020 afios). Recientes estudios realizados por Segerstrom y von Stedingk (2003)
han revelado restos de polen de Picea abies en depositos de turba de hace 9000 y 5500
afos, coincidiendo con los hallazgos de Kullman. Este autor basiandose en la
localizacion occidental de sus descubrimientos, ha sugerido la teoria de una posible ruta
de migracion occidental para la especie (Kullman, 2002).

El principal objetivo del presente estudio es la contribucion del mismo al incremento del
entendimiento sobre la especie en el centro oeste de Suecia. Al mismo tiempo sera
discutida la potencial ruta migratoria occidental, para lo cual un lugar cercano a donde
Kullman encontré los ancestrales restos de abeto rojo fue elegido y en el cual no se han
llevado a cabo nunca estudios de este tipo.

Material y métodos

Area de estudio

El area de estudio Lilla Bjorsjon (63° 36" N, 12° 15" E) situada a unos 600 m s.n.m., se
localiza en el centro occidente de Suecia en una zona llamada Skaltsugan, perteneciente
a los Escandes suecos. El clima es semi-oceanico himedo, debido a la cercania de la
costa Noruega. Asi, la vegetacion que se desarrolla en éste area estd formada por tres
diferentes asociaciones vegetales: bosques sub-alpinos de confieras, bosques sub-
alpinos de abedul montano y tundra alpina. Los bosques de confieras sub-alpinos estan
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formados por una asociaciéon de Picea abies y Betula pubescens ssp. czerpanovii
conformando un tipo de paisaje abierto y poco denso (fig. 1).

Figura 1. Foto mostrando la vegetacion en la turbera y aledafios.

El area en cuestion es rica en turberas (35 %) seleccionando para el presente estudio,
una de unas 3 ha. de extension, situada en la cara norte de una ladera.

Trabajo de campo

De la turbera en estudio, se extrajo una muestra de turba de 214 cm, para su posterior
analisis palinologico, al igual que un pequefio inventario de especies fue llevado
también a cabo (tabla 1).

I Especies en la turbera Especies de la vegetacion limitrofe

Rubus chamaemorus Salix glauca
Andromeda polifolia Betula pubescens ssp. czerpanovii
Vaccinium uliginosum Picea abies
Calluna vulgaris Juniperus communis ssp. nana
Empetrum nigrum Vaccinium vitis-idaea
Vaccinium oxycoccus Empetrum nigrum
Betula nana Betula nana
Eriophorum vaginatum Sorbus aucuparia
Tricophorum sp. Vaccinium myrtillus
Sphagnum spp. Gymnocarpium dryopteris
Drosera rotundifolia Deschampsia flexuosa

Lycopodium annotinum
Cicerbita alpina
Trientalis europaea
Luzula pilosa
Maianthemum bifolium
Polytrichum sp.
Solidago virgaurea

Tabla 1. Lista de las principales especies tanto en la turbera como alrededores.
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Actualmente, la turbera es una pobre “fen” como revela la presencia de Rubus
chamaemorus, Sphagnum Yy ciertas matas arbustivas como Ericaceac y Calluna
vulgaris. La vegetacion circundante la forma un bosque subalpino de confieras (mezcla
de Picea abies y Betula pubescens en grupos dispersos) junto con plantas arbustivas y
herbaceas dominando las zonas abiertas. La riqueza edafica parece ser de tipo medio
como se demuestra por la presencia Gymnocarpium dryopteris, pero también aparecen
ciertas plantas como Cicerbita alpina y Empetrum nigrum denotando condiciones
edaficas ricas y pobres respectivamente.

Trabajo de Laboratorio

De la muestra de turba, se extrajeron 12 sub-muestras para su posterior analisis
palinolégico. Se puso mayor énfasis en el andlisis de la zona mas antigua de la muestra
en un intento de captar los posibles pretéritos restos de polen de abeto rojo del
Holoceno temprano. La preparacion de las sub-muestras se realizd6 de acuerdo a
métodos normalizados (Moore et al. 1991), incluyendo la digestion en hidroxido de
potasio al 5% y acetolisis, a fin de eliminar los posibles restos de materia orgéanica de la
muestra. En cada muestra se contaron un minimo de 500 granos de polen y para la
identificacion de los mismos se us6 una guia de polen especializada (Moore et al.
1991).

Datacion

Se cogieron dos sub-muestras de turba a los 65 y 200 cm respectivamente, para datarlas
mediante '*C (radiocarbono), para lo cual se enviaron al laboratorio Angstrom en
Uppsala. Las calibraciones para obtener la curva de edad de la muestra fueron hechas
mediante el programa OxCal.

Resultados e interpretacion

Historia de la vegetacion
El diagrama de polen de Lilla Bjorsjon, ha sido dividido atendiendo a los principales
cambios en la vegetacion foco de interés (A/B/C) (fig. 2).

A. Alnus-Betula, c. 5500-4500 cal BP.

Esta primera zona parece reflejar el desarrollo de una masa forestal constituida
principalmente por Alnus y Betula. El polen procedente de Pinus es relativamente
escaso debido a la alta produccion de los antedichos, principales constituyentes
forestales en la turbera. La abundancia en Polypodiaceae registrada y su posterior
sustitucion con el paso del tiempo por Sphagnum, Equisetum y Cyperaceae, puede ser
interpretado como muestra de la evolucion de los primeros estadios del complejo
ecosistema de turbera. La aparicion de numerosas especies arbustivas y herbaceas tales
como Compositae, Filipendula, Asteraceae, Rosaceae, Potentilla y Valeriana, expresa
la riqueza especifica de la que hacia gala la turbera por aquel entonces. La aparicion de
polen de especies termofilas como Ulmus, Tilia y Corylus sugiere clima calido
(Konigsson, 1980), aun cuando, seguramente tales especies no se encuentran
necesariamente en el area de estudio y son consideradas como provenientes del
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transporte a larga distancia. El polen de Pinus puede ser considerado como fruto del
transporte a larga distancia, atin alcanzando niveles del 10% (von Stedingk et al., 2008).

B. Betula-Cyperaceae, c. 4500-2200 cal BP.

Betula parece ser en este periodo la especie forestal dominante en el area de estudio. El
alto porcentaje de polen de Pinus encontrado en esta zona, sigue siendo considerado
como proveniente del transporte a larga distancia, ain cuando alcanza valores puntuales
cercanos al 40%. Probablemente puede ser interpretado como el resultado de la
disminucioén del polen de Betula producido, mas que como el establecimiento de ciertos
ejemplares en las cercanias del area de estudio. La disminucion de polen de A/nus puede
ser considerado como un fendmeno local, debido a la competencia ejercida por Betula y
a la mejora de las condiciones de suelo facilitada por el previo establecimiento de A/nus.
La frecuencia de polen de A/nus registrada es similar a la encontrada en un estudio de la
zona donde se pretendia reconstruir la historia vegetal, y donde éste no estaba presente
en un radio de 10 km (von Stedingk, 2006). El incremento en el registro de Ericaceae,
Poaceae, Potentilla y Cyperaceae parece reflejar el desarrollo y dindmica local del
ecosistema de turbera, expresando un estado avanzado del mismo. Hacia el final de la
zona, el primer grano de polen de Picea es registrado, significando probablemente el
inicio del establecimiento de la especie.

C. Betula-Picea, c. 2200 cal BP hasta nuestros dias.

El comienzo de esta zona parece reflejar el inicio del establecimiento de Picea como
elemento importante del sistema forestal. El paisaje era probablemente bastante abierto,
tal y como hoy dia se muestra, con pequefios y dispersos grupos de Picea y Betula
salpicando el paisaje. Plantas herbaceas y arbustivas tales como Ericaceae, Calluna,
Caryophyllaceae, Melampyrum y Plantago, se convierten en elementos significativos de
vegetacion, corroborando de ese modo el desarrollo de ésas nuevas condiciones de
tundra abierta y dispersa. La presencia de Rubus chamaemorus como parte
constituyente de la flora de la turbera, refleja un avanzado estadio evolutivo de la
misma. Se aprecia una transicion en la turbera de condiciones edaficas ricas a pobres.
Ademas la aparicion de Botrychium y Plantago lanceolata estd normalmente
relacionado con el pastoreo, lo cual es digno de mencion.
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Figure 2. Diagrama de polen porcentual de Lilla Bjorsjon. Los nimeros en el eje izquierdo (Y), muestran la profundidad de la muestra de turba extraida en cm. y la datacion
mediante *C de 2 sub-muestras a sus respectivas profundidades. Las lineas horizontales dividen el diagrama en tres zonas principales (A/B/C) de acuerdo con los principales
cambios de polen registrados. Los campos negros indican la cantidad porcentual de cada tipo de polen registrada y los campos punteados se corresponden con una

exageracion 10 X, de los valores registrados. Polen y esporas en baja proporcion y sin importancia para la discusion, no son mostrados.
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Discusion

Crecimiento de Picea abies en la region

La aparicion de los primeros registros de polen de Picea en el depdsito de turba se
remonta a unos 2400 afios atrds. En la zona, pretéritos estudios demostraron la
presencia de la especie hace entre 3850-1650 afios, coincidiendo con los resultados
del presente estudio (Lundqvist 1969 & Selvik 1985). Recientemente, tratando de
dilucidar evidencias de la llegada y establecimiento de los primeros ejemplares de la
especie en la region (estudios llevados a cabo principalmente en el valle de Handol y
en la montafia Areskutan situados a unos 50 km al sur de nuestra zona de estudio),
tanto estudios palinoldgicos como de datacion de restos fosiles mediante '*C
(radiocarbono), revelaron el crecimiento de la especie en la zona ya hace unos 11000-
9000 afios (Kullman, 1995, 1996, 2001, 2002; Segerstrom and von Stedingk, 2003).
De este modo quedaron refutadas definitivamente las anteriores teorias de
inmigracion y establecimiento de los primeros ejemplares del género Picea en
Escandinavia. Con los datos obtenidos en el presente estudio, no es posible dilucidar
la llegada o migracion de la especie debido a que la muestra no es suficientemente
antigua. No se han encontrado evidencias de Picea abies entre 6000 y 2400 afios AP.
Sin embargo, el presente estudio muestra claramente el inicio de la expansion de la
especie.

A fin de vislumbrar la aparicion temprana de la especie, deberian ser seleccionadas
algunas de las mas altas turberas circundantes para ser analizadas palinoldégicamente,
con una distancia maxima entre ellas de 5 km. A elevadas altitudes, la probabilidad de
encontrar restos de las primeras poblaciones de la especie aumenta, puesto que la
especie crecia en altitudes elevadas hasta el Holoceno medio (Kullman, 1988; 2001;
2002). Otras investigaciones podrian ser enfocadas en el andlisis de los sedimentos
lacustres de los pequefios lagos circundantes, con el fin de recoger evidencias de
pequenias poblaciones locales. Los lagos tiene un mayor area receptora de polen, en
comparacion con las turberas y al mismo tiempo, algunos de ellos se formaron con
anterioridad. Por lo tanto, la posibilidad de obtener evidencias de las primeras
poblaciones del abeto rojo aumentan. En el laboratorio, el sub-muestreo deberia
hacerse con mayor resolucion (cada centimetro) y contar un minimo de 1000 granos
de polen en cada sub-muestra, debido a la alta densidad de otros tipos de granos de
polen (e.g. tipo Betula).

Posible ruta de migracion

Ya en el siglo XX, Lindquist (1948), postul6 una posible area refugio en el sur y sur-
oeste de la costa Noruega. Esta hipdtesis estaba basada enteramente en trabajos
estratigraficos, sin la posibilidad de demostrar sus especulaciones por un medio
independiente. Més tarde, la teoria mas extendida de inmigracion del abeto rojo
sugeria su proveniencia hace sobre unos 3500 afios, desde Finlandia, extendiéndose
hacia el oeste frontalmente en respuesta a un cambio climdtico, alcanzando los
Escandes alrededor de 2000 afios AP (Moe, 1970; Huntley & Birks, 1983).
Recientemente, los hallazgos de Kullman han cambiado definitivamente la pretérita
teoria, demostrando la presencia del abeto rojo en Suecia hace unos 11000 afos
(Kullman, 2001), sugiriendo de nuevo la posibilidad de la existencia de areas refugio
en las costas de Noruega (Kullman, 2002). Estas nuevas evidencias concuerdan con
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las sugeridas por Lundquist (1948). Ademas, parece ser que los actuales patrones de
circulacion atmosférica se establecieron ya durante el Weicheliense tardio (Siegert &
Marsiat, 2001), propiciando la posible ruta de migratoria occidental. Segiin Kullman,
la teoria de la migracion oriental de la especie no es suficiente para explicar sus
hallazgos. Por otra parte, Giesecke y Bennet (2004) argumentan que la teoria oriental
de migracion del abeto rojo puede explicar con éxito la presencia temprana de la
especie en los Escandes. Cabe la posibilidad de que las semillas de Picea abies fuesen
dispersadas a larga distancia por medio de esporddicos eventos acaecidos en el
Holoceno temprano (Clark et al., 1998), permitiendo el establecimiento de la especie
en localidades apropiadas. De hecho, muchas de las especies de arboles comunes en
Escandinavia se establecieron en las montafias (Escandes) en el Holoceno temprano
(Kullman, 1998).

Pero, ;como pudo Picea abies llegar a ésas areas refugio? Recientes estudios
realizados en el oeste de Rusia y norte de Finlandia, sugieren el establecimiento de la
especie en el Holoceno temprano entre 11500 y 10700 afios AP (Subetto et al., 2002;
Wohlfarth et al., 2002; 2004). Estos resultados son contemporaneos con los
descubrimientos de Kullman (2002). Por tanto, las poblaciones de abeto de los
Escandes pudieron establecerse, procedentes de estas poblaciones nortefias, méas que
provenir de areas refugio libres de hielo del sur-oeste de Noruega (Giesecke &
Bennet, 2004). Birks et al. (2005) senalaron la debilidad de las evidencias paleo-
ecologicas de la potencial ruta migratoria occidental sugerida por Kullman, e.g. la
vegetacion del sur-oeste de Noruega a fines del ultimo periodo glacial era rala y las
temperaturas en verano estaban por debajo de los limites térmicos de las especies
Betula pubescens, Pinus sylvesetris y Picea abies para permitir su supervivencia y
desarrollo.

Por otra parte, el presente estudio no se localiza a una altitud adecuada o suficiente
como para inferir su presencia temprana (como han demostrado los registros fosiles)
pues los restos mas antiguos de la especie se han encontrado en cotas mayores. En
aquel momento, los requerimientos de la especie solo podian ser satisfechos a
elevadas altitudes, i.e. los hallazgos mas antiguos fueron encontrados a 1340 m sobre
el nivel del mar.

Por otra parte, si las poblaciones de abeto rojo suecas hubiesen estado separadas
durante milenios, deberian diferenciarse claramente entre si genéticamente. A este
respecto, estudios genéticos sobre la especie llevados a cabo a nivel europeo no han
demostrado tales diferencias (Sperisen ef al. 2001). En consecuencia, no se ha podido
demostrar la existencia de las dos posibles precedencias poblacionales hasta el
momento. Para alcanzar una exitosa explicacion del patrén migratorio un analisis
enfocado solamente en las poblaciones suecas seria requerido. De ése modo, la
hipotética ruta migratoria occidental podria ser inferida analizando las areas con
mayor probabilidad de estar libres de hielo, a fin de encontrar restos fosiles suficientes
como para trazar el potencial gradiente migratorio.
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Conclusiones

e El presente estudio palinologico muestra el establecimiento de Picea abies en
el area, alrededor de 2400 anos AP.

e Los resultados comparados con los de otros estudios muestran la enorme
diferencia temporal en el establecimiento local del abeto rojo en los Escandes

centrales, variando dentro de un rango de unos 2000 afos.

e El estudio muestra la evolucion de la composicion vegetal y estructura,
pasando de bosque denso a ralo, desde el Holoceno medio.

e Este estudio no respalda la teoria de la posible ruta de migracion occidental.
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