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Nuclear genetic markers indicate Danish origin
of the Norwegian beech (Fagus sylvatica L.) populations
established in 500–1,000 AD
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Abstract The northernmost range of beech (Fagus sylva-
tica L.) is in southern Norway and consists of two distinct
and isolated distributions, a single population at Seim in
West Norway and several adjacent populations in Vestfold,
East Norway. The modest beech pollen deposits beyond
these main distributions suggest that the Norwegian beech
distribution has never been an extension of the south
Scandinavian range. We used genetic markers and historical
sources to trace the ancestor populations for the beech at
Seim and Vestfold, hypothesising Denmark as the most
likely source. Nuclear inter-simple sequence repeat
markers, amplified by polymerase chain reaction (PCR),
were applied to estimate genetic distances between beech
populations in Norway, England and Denmark. The
variation in chloroplast DNA polymorphism was estimated
using PCR-restriction fragment length polymorphism. The

nuclear genetic data indicate Denmark as a source for the
beech in Norway, although the data are less certain in the
case of Seim than in that of Vestfold. The populations from
South England were genetically different from most
Scandinavian populations. The genetic variation within
Norwegian populations was only slightly lower than that
of the English and Danish populations, questioning birds as
vectors for dispersal. Thus, the pollen data and our results
are in accordance with the intentional introduction and
documented human migrations across Skagerrak before and
during the Viking Age.

Keywords Genetic distance . Genetic diversity . Human
introduction . ISSR . Scandinavia . RFLP

Introduction

The common beech (Fagus sylvatica L.) is widespread in
most of Europe. It is presently distributed from northeastern
Spain in the west to the Carpathians and Baltic mountains
in the east and from Sicily in the south to southern Sweden
and Norway in the north (Hultén and Fries 1986). The
Holocene spread of beech to southern Scandinavia occurred
about 4,000–3,500 years BP (Björkman 1999; Bradshaw
and Lindbladh 2005). The present distribution of beech in
its northernmost range is discontinuous and consists of two
distinct areas, Vestfold in East Norway, which is the centre
of beech in Norway, and Seim, West Norway, which is the
world's northernmost beech population (Hultén 1971). The
distance between the two occurrences in Norway is 330 km,
as the crow flies, and about 500 km along the coast. The
seeds of beech are animal-dispersed (Nilsson 1985). In
northwest Europe, jays (Garrulus glandarius) are the main
vectors for long-distance dispersal (Nilsson 1985), and jays
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commonly hatch in all the places where beech is presently
distributed in Scandinavia (Benz 1988).

Due to its extensive isolation, the geographic origin of
the Seim population has been a matter of interest for almost
two centuries (Fægri 1954). The population is about 30 ha,
and pollen analyses have shown that it was established
between 500 and 1,000 AD (Fægri 1954). Based on the
appearance after agriculture, intentional planting was
considered the most likely mechanism of establishment
(Fægri 1954). This is in agreement with the fact that the
spread of beech north of the Alps benefited from human
forest clearings (Küster 1997; Bradshaw and Lindbladh
2005). The transfer of beech seeds by jays is usually several
100 m, but it has not been reported to exceed 6 km (Nilsson
1985). Accepting human transfer as the mode of spread,
Fægri (1954) indicated three possible origins for the Seim
beech based on interpretation of historical sources. The
preferred assumption is a transfer from the populations in
Vestfold, based on information given by the saga writer
Snorre Sturlason in the early thirteenth century (Sturluson
1941) about Seim belonging to King Harald Finehair, and
that Harald's point of departure was Vestfold. Both King
Harald Finehair and Håkon, the son of Harald Finehair,
were related to Seim (Sturluson 1941). Second, Fægri
(1954) points to King Harald's relation with the English
King Æthelstan who fostered Håkon. Æthelstan was the
King of Wessex (924–939) who held Winchester as a
capital, although the king's place of residence cannot be
determined (Keene 1976). Finally, Denmark was suggested
as a possible source of the beech. Beech had spread to all
the possible origins suggested here by the predicted time of
establishment at Seim (Bradshaw 2004). The beech forests
in Vestfold are considerably larger than the Seim population
and comprise about 2,000 ha distributed over several
adjacent populations (Øyen 2010). The dating of the
establishment of the beech populations in Vestfold varies
from 650 AD (Jerpåsen 1996) to 800 AD (Henningsmoen
1988; Sørensen et al. 2007), depending on the site. Due to
the proximity to beech in southern Sweden and Denmark,
the origin of the Vestfold beech has not attracted the same
interest as the beech at Seim. Anthropogenic introduction has,
however, been suggested, based on the scarce pollen records
beyond the Vestfold populations (e.g. Henningsmoen 1988;
Jerpåsen 1996), which complies with the close contact with
Denmark during the period that beech became established in
Vestfold (e.g. Ilkjær 2000; Skre 2007).

Molecular markers have been proven useful in tracing
refugia and colonisation routes of the European biota
following the last glaciation (Hewitt 1999). In angio-
sperms such as beech, variation in the non-recombining
and maternally inherited chloroplast DNA (cpDNA; e.g.
Demesure et al. 1996) has allowed the construction of
maps for the Holocene migration of numerous European

tree species (Taberlet et al. 1998; Hewitt 1999). Several
complementary molecular markers should be used in
concert to provide a more complete picture (Godinho et
al. 2008), and in addition to the cpDNA markers, we used
inter-simple sequence repeat (ISSR) markers as nuclear
markers to trace possible origins for the beech at Seim and
Vestfold. Many ISSR primers are available, and they are
easy to design as no prior knowledge of sequence is
required (Tsumura et al. 1996; Yin et al. 2002). These
features, as well as the high polymorphism and strong
discriminative power of ISSR markers (e.g. Tantasawat et
al. 2010) suggest their applicability in phylogenetic
studies (e.g. Mort et al. 2003). However, tracing the origin
of the northern outskirt populations of beech is compli-
cated by the long time since the introductions. Thus, the
present work represents a special case in which historical
sources have been applied to identify possible origin
populations, which have been collected and analysed by
chloroplast and nuclear genetic markers. Based on the
historical sources and their recent interpretations, we
assume that the ancestor populations for the Norwegian
beech populations are in Denmark. Alternatively, the Seim
beech may originate from South England or Vestfold. We
further used the level of genetic diversity to infer mode of
dispersal. High genetic diversity would strongly suggest
intentional introduction based on many seeds, whereas
limited genetic diversity could imply historic founder
effects (e.g. Aizawa et al. 2009) associated with random
dispersal by birds.

Material and methods

Sampling and DNA extraction

In Norway, beech material was collected from populations in
Vestfold County in East Norway and from the isolated
population at Seim inWest Norway. In Denmark, populations
were collected from the main islands, Sjælland (Sor) and Fyn
(Fyn), as well as the eastern side of Jutland (Rin, Sil) on the
Danish mainland (Table 1, Fig. 1). Rin is located between the
Viking cities of Ribe (present Denmark) and Hedeby
(present Germany), about 60 km from each of them. Sor is
located close to several marked places of the first millennium
AD (Skre 2007). The English populations were fairly
concentrated to the surroundings of Winchester, South
England. To obtain autochthonous beech material, all
populations were carefully selected from ancient natural or
semi-natural beech woods, in which human disturbance (e.g.
silviculture) has been absent or limited (Peterken 1996).

At each site, one twig (≈20–30 cm) was collected from
about 50 trees and then kept in the freezer at −20°C. The
trees had an estimated age of 80 to 100 years and were
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separated by 50 to 100 m. The distance between sample
trees was chosen due to the limited pollen flow in beech
stands and associated clustering of relatives within short
distances (Vornam and Herzog 2004). Sampling of the
Seim population was split into four subpopulations,
according to the spatial distribution, which also offered
a possibility to study the uniformity of the population.

Total DNA from bud tissue was extracted using
Qiagen DNEasy plant mini extraction kit (Qiagen,
#69106). Five randomly chosen individuals from each
population were subjected to further PCR-restriction
fragment length polymorphism (RFLP) analysis, and 48
individuals from each population were used for ISSR
analysis.

Table 1 Beech populations used in the study and their geographic locations

Number Population Code Country Area Coordinates

Longitude Latitude N

1 Seim 1 Seim 1 Norway West Norway 5°12′55″ E 60°38′15″

2 Seim 2 Seim 2 Norway West Norway 5°12′44″ E 60°38′00″

3 Seim 3 Seim 3 Norway West Norway 5°12′46″ E 60°38′49″

4 Seim 4 Seim 4 Norway West Norway 5°12′21″ E 60°38′10″

5 Borre Bor Norway Vestfold, East Norway 10°26′ E 59°22′

6 Larvik Lar Norway Vestfold, East Norway 9°59′ E 59°03′

7 Fokserød Fok Norway Vestfold, East Norway 10°13′ E 59°11′

8 Stokke Sto Norway Vestfold, East Norway 10°17′ E 59°13′

9 Sorø Sor Denmark Sjælland 11°54′ E 55°40′

10 Fyn Fyn Denmark Fyn 10°15′ E 55°14′

11 Silkeborg Sil Denmark Jutland 9°59′ E 56°16′

12 Rinkenæs Rin Denmark Jutland 9°35′ E 54°56′

13 Buckholt Estate BE England South England 1°36′ W 51°05′

14 Wessex Woodland Management WW England South England 1°24′ W 51°02′

15 The Holt Estate HE England South England 1°13′ W 51°01′

16 Mark Ash Wood, For. Commission MW England South England 1°39′ W 50°52′

17 Crab Wood, Hants County Council CW England South England 1°23′ W 51°04′

England

Denmark

Vestfold

Seim

Sil

Fyn
Sor

Rin

Norway

Sweden

Skagerrak

Fig. 1 Origins of the beech
populations studied (open sym-
bols) and northern distribution
limits of beech in Scandinavia
and England (Björkman 1996;
EUFORGEN 2009). The solid
line refers to the range of beech
forests, whereas the closed
symbols show the distribution
of outlying beech stands or
scattered trees where beech has
always been rare (Björkman
1996). The longest distance
between the subpopulations at
Seim is 1.7 km, and the longest
distance between the individual
populations in Vestfold and
England are 50 and 36 km,
respectively
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Chloroplast DNA analysis

Chloroplast DNA polymorphism was estimated using PCR-
RFLPs. A set of five pairs of universal primers: trnD—trnT
(DT), trnC—trnD (SD), psaA—trnS (AS), trnS—trnT (ST)
and trnS—trnfM (SfM) were chosen as described by
Demesure et al. (1996). Primer sequences and PCR
amplification parameters were obtained from Demesure et
al. (1995), Dumolin-Lapegue et al. (1997) and notation
follows Grivet et al. (2001). PCR products (10 μl) were
digested with the restriction enzymes TaqI, MseI and HinfI
(New England Biolabs, USA).

ISSR PCR amplification

Seven ISSR primers with dinucleotide motifs were assayed
(Table 2). PCR amplification reactions (15 μl total volume)
were performed using touchdown PCR in 1× PCR buffer,
1× Q-solution, 200 μM of each dNTPs, 500 μM of primer,
0.5 U of Taq polymerase and 10 ng of genomic DNA using
QIAGEN Taq DNA polymerase kit (Qiagen, #201205). The
touchdown PCR cycles started with initial denaturation at
95°C for 5 min. The programme proceeded with ten cycles
of touchdown PCR: 95°C for 30 s, annealing temperature
(Ta) for 30 s, then 2 min at 72°C. The Ta was decreased
from 52 to 48°C by 0.4°C steps for each of the ten
subsequent touchdown cycles. Then, PCR followed by 30
cycles of 30 s at 95°C, 45 s at 48°C, 2 min at 72°C and a
final extension step of 7 min at 72°C. PCRs were carried
out in a GeneAmp® PCR System 9700 (Applied Biosys-
tems). The PCR products were separated on 2% (w/v)
agarose gels in TBE buffer at 150 V during 1.5 h. Gels
were stained with ethidium bromide and photographed
using SYNGENE BioImaging System.

Data analysis

The ISSR banding patterns were scored as presence (1)/
absence (0) of each amplified band. Genetic diversity data
were calculated using PopGene32 (Yeh et al. 1999) and
TFPGA software (Miller 1997). Population genetic structure
was also analysed using Bayesian approaches (Holsinger and

Lewis 2003). Following the notation in Holsinger and
Wallace (2004), f refers to FIS, and θB refers to FST. Cluster
analysis of individuals by their haplotypes was based on
similarity matrices using the unweighted pair group method
analysis (UPGMA) and the neighbour-joining (NJ) method
programme in the WINBOOT software (Yap and Nelson
1996) and the TreeFit software (Kalinowski 2009), respec-
tively, and the degree of fit to a matrix of genetic distances
(R2; Kalinowski 2009) was calculated. Visualisation of
dendrograms was done using the TreeView programme
(Page 1996). In addition to the cluster analysis, we used
STRUCTURE 2.2 (Pritchard et al. 2000; Falush et al. 2003),
which, by means of iterative algorithms, identifies clusters of
related individuals from multilocus genotypes. We per-
formed many runs of various lengths with different quires
for number of genetic clusters (K) represented by the
individuals genotyped, testing all values of K from 1 (single
populations) to 17 (all populations).

Results

Chloroplast DNA

None of the nine primer/enzyme pairs used as cpDNA
markers was polymorphic in the studied regions, which
implies that all samples from Norway, Denmark and South
England share the same cpDNA haplotype.

Genetic structure of beech populations

Nuclear DNA analyses using ISSRs showed high levels of
diversity for the beech populations in all countries (Table 3).
A total of 75 fragments were scored for the seven ISSR
primers, of which seven bands were monomorphic and 68
were polymorphic. Estimates of total genetic diversity
within countries (HT) and populations within countries
(HS) showed slightly higher levels in English and Danish
populations than in Norwegian populations (Table 3).
Among the Norwegian populations, the genetic diversity
of the Seim population was similar to the populations in
Vestfold (Table 4). There were rather small differences in

Marker code Genome Sequence 5′–3′ Source

ISSR-4 N ACACACACACACACACAG (AC)8AG Yin et al. 2002

ISSR-33 N AGAGAGAGAGAGAGAGAT (AG)8AT Yin et al. 2002

ISSR-36 N AGAGAGAGAGAGAGAGTC (AG)8TC Yin et al. 2002

ISSR-62 N AGAGAGAGAGAGAGAGCA (AG)8CA Yin et al. 2002

Ar-5 N CACACACACACACACAGT (CA)8GT Arcade et al. 2000

Ar-11 N CACACACACACACACAGT (CA)8TG Arcade et al. 2000

T-2 N AGAGAGAGAGAGAGAGT (AG)8T Tsumura et al. 1996

Table 2 List of molecular
markers and primers used in
the present study
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the observed (na) and effective (ne) number of alleles
between countries (Table 3) and populations (Table 4).
ISSRs are dominant markers, and we do not expect the
Hardy–Weinberg equilibrium (HWE) in this study where
several populations (at Seim) are introduced. Therefore,
instead of h and its related parameters, it may be better to
consider Shannon's index (I) estimates to compare genetic
variation because it does not assume HWE (Table 3). I varies
from 0.28 in Seim 1 till 0.41 in the Rin population (average,
0.34). Thus, in total, the studied populations did not differ
considerably in the genetic diversity estimates. The Norwe-
gian populations had high interpopulation differentiation
(GST=0.203) and a low rate of gene flow (Nm=1.961),
whereas English populations had a low level of interpopu-
lation differentiation (GST=0.103) and a high rate of gene
flow (Nm=4.373). The beech populations from Denmark had
intermediate estimates (Table 3).

We evaluated the point and interval estimates of f and θB

for the full model considered optimal (supplementary

material S1) and calculated posterior means and 95%
confidence intervals together with posterior distributions
and sample traces for f and θB estimates (supplementary
material S2). The posterior mean of f is 0.3, with the 95%
confidence interval varying from 0.022 to 0.754. Thus, the
average level of inbreeding in the populations was quite
high. The posterior mean of θB is 0.439 (0.376–0.506). In
total, this Bayesian approach gave very robust estimates of
genetic diversity and interpopulation differentiation.

Genetic relations among populations

Genetic similarity between the 17 populations was
analysed on the basis of genetic distance matrix calcu-
lated using Nei's (1978) unbiased distance (DN) and
shows that the connection was equally strong between
the populations in Vestfold and Denmark as between the
adjacent populations in Vestfold (Table 5). In the case of
the Seim population, only one subpopulation was signif-

Table 3 Summarised estimates of genetic diversity on a country level (standard deviation in parentheses)

Origin N Pm99 na ne HT HS GST Nm I

Norway 326 92.9 1.93 (0.259) 1.41 (0.342) 0.240 (0.031) 0.192 (0.022) 0.203 1.961 0.380 (0.0256)

Denmark 256 97.1 1.97 (0.168) 1.46 (0.340) 0.277 (0.027) 0.236 (0.020) 0.146 2.926 0.433 (0.022)

England 234 88.6 1.89 (0.321) 1.46 (0.351) 0.272 (0.032) 0.244 (0.025) 0.103 4.373 0.414 (0.024)

Total 816 1.97 (0.168) 1.47 (0.326) 0.287 (0.026) 0.223 (0.015) 0.224 1.733 0.440 (0.021)

N sample size, Pm99 % polymorphic loci, na observed number of alleles, ne effective number of alleles, HT total genetic diversity within location
(country), HS genetic diversity within populations, GST measure of diversity between populations after Nei (1978), Nm estimate of gene flow from
GST, I Shannon's information index

Number Code of location N Pm99 na ne h I

1 Seim 1 48 55.7 1.56 1.32 0.186 0.280

2 Seim 2 48 61.4 1.61 1.36 0.208 0.310

3 Seim 3 48 60.0 1.60 1.32 0.190 0.288

4 Seim 4 48 58.6 1.59 1.33 0.196 0.295

Total Seim 192 70.0 1.70 1.36 0.209 0.315

5 Bor 48 70.0 1.70 1.35 0.216 0.330

6 Lar 48 67.1 1.67 1.32 0.196 0.303

7 Fok 48 74.3 1.74 1.32 0.193 0.300

8 Sto 48 61.4 1.61 1.31 0.188 0.287

9 Sor 48 77.1 1.77 1.41 0.245 0.373

10 Fyn 48 75.7 1.76 1.38 0.228 0.349

11 Sil 48 80.0 1.80 1.40 0.245 0.376

12 Rin 48 84.3 1.84 1.47 0.272 0.409

13 BE 48 70.0 1.70 1.37 0.221 0.337

14 WW 48 72.9 1.7 3 1.44 0.256 0.382

15 HE 48 71.4 1.71 1.41 0.242 0.364

16 MW 48 80.0 1.80 1.44 0.259 0.392

17 CW 48 77.1 1.77 1.41 0.242 0.368

Table 4 Number of available
samples and estimates of
genetic diversity in the
studied populations

N sample size, Pm99 % poly-
morphic loci, na observed
number of alleles, ne effective
number of alleles, h genetic
diversity (Nei 1973), I Shannon's
information index
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icantly related to a Danish population. The dendrogram
structures of UPGMA (R2=0,604) and NJ (R2=0,843)
were rather similar (supplementary material S3) and in
agreement with Nei's genetic distances (Table 5), clearly
clustering populations from South England and Seim,
respectively, and less distinctly, populations from Denmark
and East Norway. This further conforms to the 3-cluster
result of STRUCTURE 2.2 (supplementary material S4),
which, in agreement with the NJ dendrogram, also suggests
genetic proximity between the populations from Denmark
and Seim. The last cluster of STRUCTURE 2.2 combines all
populations from England and one population from Vestfold
(Sto). The 7-cluster result combines adjacent populations
within countries and, in some cases, only individuals within
populations.

Discussion

Genetic relations between and within the populations

According to pollen records, beech colonised southern
Scandinavia 4,000–3,500 BP (Björkman 1999; Bradshaw
and Lindbladh 2005), whereas the first establishment in
East Norway did not take place until about 650 AD
(Henningsmoen 1988; Sørensen et al. 2007). The pollen
records also show that the beech in Norway has never been
a continuous extension of the south Scandinavian range
(Fig. 1; e.g. Hafsten 1956; Danielsen 1970; Björkman
1996), leaving a question of the origin of the beech in
Norway. In our data, there was a clear genetic similarity
between the populations in Vestfold and Denmark (Table 5).
In fact, the individual Vestfold populations were as equally
related to the distant Danish populations as the adjoining
populations in Vestfold (Table 5), which indicates a Danish
genetic legacy of the Vestfold beech. Although the
bootstrap support for this node was limited (supplementary
material S3), analysis of population structure by means of
STRUCTURE 2.2 (Pritchard et al. 2000; Falush et al. 2003)
also suggests a genetic proximity between the Danish and
East Norwegian populations (supplementary material S4).
The subpopulations at Seim were genetically uniform, and
the UPGMA dendrogram (supplementary material S3) does
not suggest that the Seim population was related to any of
the other populations. The STRUCTURE 2.2 approach,
however, (Pritchard et al. 2000; Falush et al. 2003)
combines populations from Denmark and Seim in a
separate cluster (supplementary material S3), as also
indicated by the NJ dendrogram (supplementary material
S3) and by Nei's genetic distances (Table 5). This result
challenges the prevailing assumption that Vestfold was the
origin of the beech at Seim (e.g. Fægri 1954). If the Seim
population became established in the initial part of the

suggested dating (500–1,000 AD; Fægri 1954), chronology
also questions descent from the beech at Vestfold, estab-
lished 650–800 AD (Henningsmoen 1988; Jerpåsen 1996;
Sørensen et al. 2007). The beech populations from England
were distinct and generally unrelated to the Scandinavian
beech populations (Table 5; supplementary material S4),
leaving limited genetic evidence that introduction to Norway
took place from across the North Sea. Thus, the results are in
favour of introduction from Denmark, which is consistent
with our prime hypothesis.

An alternative to introduction of beech from Denmark is
spread by natural means from southwestern Sweden.
During the Holocene, beech populations did not spread as
a moving front, but with diffuse spread from scattered
nuclei (Magri 2008). Austerlitz et al. (2000) has emphas-
ised the importance of the long juvenile phase of trees for
avoiding founder effects during repeated establishments,
which may allow a large increase in the number of initial
founders and thus, accumulation of genetic variation, before
reproduction begins. The requirement for delayed repro-
duction is fully met in beech, which starts to flower earliest
at the age of 40 to 50 years (Giesecke et al. 2007). The
caching behaviour of jays is significant for the spread and
population dynamics of beech (Johnson et al. 1997), and
the seeds are usually transported several 100 m into open
habitats (Vander Wall 2001; Kunstler et al. 2004). Thus, the
role of human forest clearings for the spread of beech (e.g.
Björkman 1996; Bradshaw and Lindbladh 2005) could be
related to the targeted disposal of beech seeds at such open
sites, with possible importance for maintenance of a robust
metapopulation structure (e.g. Hilfiker et al. 2004) during
expansion. The possibility that the beech populations in
Vestfold are natural outliers is, however, questionable.
Magri (2008) used the standard rule of 2% threshold of
pollen for presence of beech in local vegetation. The
amount in the southern part of the Norwegian–Swedish
border area, however, rarely exceeds 1% (Danielsen 1970;
Björkman 1996). The northern distribution limit of beech in
Sweden (Fig. 1) has possibly been stable over the last
1,000 years (Björkman 1996), which complies with the
view that the modern distribution of beech roughly
corresponds to its maximum extension (Magri et al.
2006). The critical question is not merely whether the
modest pollen finds in the Norwegian–Swedish border area
could imply that migration has taken place but also whether
the pollen levels may reflect a sufficiently large number of
migrants to account for the large genetic variation of the
beech populations in Vestfold (cf. Austerlitz et al. 2000;
Table 4). Such spatially isolated and marginal tree pop-
ulations are often characterised by a substantially reduced
genetic variability (cf. Tamaki et al. 2008), as in common
ash (Fraxinus excelsior) in southern Finland (Höltken et al.
2003). By contrast, the populations in Vestfold and Seim
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harbour only slightly lower amounts of diversity than the
populations in England and Denmark (Table 4). Random
spread by jays, the main vector for natural dispersal, would
possibly lead to a profound founder effect (Nei et al. 1975;
Aizawa et al. 2009). Bird-mediated dispersal is also
unlikely once the long distance to the present distribution
of beech in southern Sweden or Denmark is taken into
account (Nilsson 1985). Thus, it can be stated as feasible,
but not likely, that Vestfold represents the natural range
margin of beech in northern Europe, but there is no reason
to assume the remote beech at Seim was established by
natural means (cf. Fægri 1954).

The monomorphism of the cpDNA markers shows that
the Norwegian beech populations correspond with the
previously reported cpDNA monomorphism of beech to
the north of the Alps studied with PCR-RFLP markers
(Demesure et al. 1996; Magri et al. 2006). This may seem
obvious, but beech nuts have accompanied man as a natural
foodstuff over the history (Fægri 1954), and the similar
cpDNA haplotypes serve as a useful exclusion of beech
from other glacial refugia in southern Europe (Magri et al.
2006). Despite the common glacial history of the studied
populations, estimates of total (HT) and intrapopulation
(HS) nuclear genetic diversity showed that a large propor-
tion of the variation (about 20%) was located between
populations (supplementary material S2). In F. sylvatica,
population differentiation in isozyme markers rarely
exceeds 7% of the total variation (Larsen 1996; Comps et
al. 2001; Gömöry et al. 2003). The difference could be
partly related to the inclusion of only northern populations
in this study, which are usually more differentiated than
southern populations (Eckert et al. 2008). Another expla-
nation refers to the fact that differentiation generally
increases with distance (Petit et al. 2005). This study
covers a large geographic area compared to, e.g. a purely
Danish approach (Larsen 1996), and higher differentiation
can be expected. Finally, and probably most importantly,
the high differentiation reported here is a reflection of the
marker per se (Karhu et al. 1996), showing that direct
comparisons of results across markers should be done with
care (cf. Jump and Penuelas 2007). In particular, we suspect
that the dominance of the ISSR markers applied to yield
high differentiation, as compared to codominant isoenzyme
markers (e.g. Larsen 1996; Gömöry et al. 2003). The high
inbreeding estimate for all populations (f=0.300; supple-
mentary material S2) is not surprising, given the large
differentiation, but rather, an important explanation for the
differentiation itself (cf. Hamrick and Nason 1996).

Historical context

The time of initial beech establishment in Norway, 500 to
1,000 AD, took place during a period when archaeological

excavations have shown that there had been regular contact
between Norway and Denmark across the Skagerrak for a
very long time (Ilkjær 2000), and it has been suggested that
the Danes were responsible for the subsequent foundation
of the town of Kaupang in Vestfold at about 800 AD (Skre
2007). Between 400 and 700 AD, the agriculture in
Vestfold became more intensive, and forests were
cleared and converted to arable land on a large scale
(Jerpåsen 1996) which may have paved the way for the
following success of beech in the area (Björkman 1999;
Bradshaw and Lindbladh 2005). Wooden objects made of
beech were found in the Viking ship Osebergskipet in Vestfold
(c. 830 AD; Bonde and Christensen 1993), and beech nuts
were known as a source of swine fodder (Fægri 1954).

Fægri's assumption (1954) linking Vestfold and Seim is
not supported by recent research. The description of Harald
Finehair as descending from Vestfold is dismissed as a
construction made by the saga writer Snorre Sturlason in
the early thirteenth century (Krag 2003). There is no
genetic evidence for beech transfer from England to Seim,
and any suggestions to connect persons or events in sagas
to the establishment of beech, either at Seim or in Vestfold,
must be ruled out as mere speculation. The oldest written
source giving an account of Norway and the Norwegians is
given by Ohthere, a magnate from the north of Norway
who visited the court of King Alfred in Winchester in the
late ninth century. He had sailed all along the coast of
Norway to Schirings Heal (Kaupang in Vestfold) and then
to Hedeby in the south of Denmark (Bately 2007) and,
though it is not explicably stated, probably from Hedeby to
Winchester. Ohthere's journey covers the whole region
discussed in connection with the beech populations in
Vestfold and Seim (Bately 2007) and exemplifies how long-
distance trade connected different parts of Scandinavia and
England. Such peaceful enterprises must be considered
more relevant, as facilitating the intentional planting of
beech, than the political incidents reported in the sagas or
the Viking raids for booty.

Concluding remarks

Tracing ancestor populations by means of molecular
markers is associated with various pitfalls. Even though
the populations of this study were critically selected among
ancient natural or semi-natural woods, the guarantee is only
as far as written sources and memory hold. Irrespective of
actual population history, gene flow over more than a
thousand years from adjoining managed populations would
have influenced gene frequencies and gradually increased
the genetic distance between the assumed parental popula-
tions in Denmark and filial populations in Norway. It is also
unlikely that we would succeed in pinpointing the actual
population from where the seeds of the different popula-
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tions have been collected. Although there was a clear
genetic relationship between populations from Denmark
and Norway, we cannot exclude the possibility that
populations from southern Sweden also might have
contributed in the Vestfold area, although there were no
towns or ports of trade in southern Sweden in the area
where beech was also present at the time (Skre 2007).
Contribution from the south of Denmark or along the Baltic
Sea is also conceivable since these regions also were
connected to trade routes with Scandinavia. The southern-
most population in Denmark (Rin; Fig. 1) is, however,
located close to Hedeby (presently northern Germany), an
important town for trade in Scandinavia during the Viking
time. Notwithstanding these considerations, the likely
introduction rather than natural spread suggests that beech
should be regarded as part of the cultural heritage of
Norway rather than a native species.
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