Heredity (2005), 1-7
© 2005 Nature Publishing Group Al rights reserved 0018-067X/05 $30.00

o

www.nature.com/hdy

Genetic evidence for a family-based Scandinavian
settlement of Shetland and Orkney during the

Viking periods

S Goodacre'*, A Helgason>*, ] Nicholson', L Southam®, L Ferguson', E Hickey’, E Vega®, K Stefansson?,

R Ward** and B Sykes'

'Weatherall Institute of Molecular Medicine, University of Oxford, Oxford OX3 9DS, UK; 2deCODE Genetics, Sturlugata 8,
101 Reykjavik, Iceland; *Institute of Biological Anthropology, University of Oxford, Oxford OX2 6QS, UK

The Viking age witnessed the expansion of Scandinavian
invaders across much of northwestern Europe. While
Scandinavian settlements had an enduring cultural impact
on North Atlantic populations, the nature and extent of their
genetic legacy in places such as Shetland and Orkney is not
clear. In order to explore this question further, we have made
an extensive survey of both Y-chromosomal and mitochon-
drial DNA (mtDNA) variation in the North Atlantic region. Our
findings indicate an overall Scandinavian ancestry of ~44%
for Shetland and ~30% for Orkney, with approximately
equal contributions from Scandinavian male and female
subjects in both cases. This contrasts with the situation for
the Western Isles, where the overall Scandinavian ancestry

is less (~15%) and where there is a disproportionately high
contribution from Scandinavian males. In line with previous
studies, we find that Iceland exhibits both the greatest overall
amount of Scandinavian ancestry (55%) and the greatest
discrepancy between Scandinavian male and female com-
ponents. Our results suggest that while areas close to
Scandinavia, such as Orkney and Shetland, may have
been settled primarily by Scandinavian family groups, lone
Scandinavian males, who later established families with
female subjects from the British Isles, may have been
prominent in areas more distant from their homeland.
Heredity advance online publication, 6 April 2005;
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Introduction

Abundant evidence from archaeology, oral and written
histories, and place-names bears witness to an extensive
Scandinavian cultural impact on the island populations
of the North Atlantic (Jones, 1984; Graham-Campbell
and Batey, 1998; Sawyer, 1999). The scale and the nature
of the Scandinavian genetic legacy in this region,
however, are less well understood. Viking exploits in
the British Isles are thought to have begun with the
sacking of the monastery at Lindisfarne off the North-
umbrian coast as early as AD 793, followed by attacks on
Jarrow (794) and the Columban church of Iona (976, 802,
806). Scandinavian Vikings soon dominated the sea
routes and coastlines stretching from Norway to Shet-
land, Orkney, Scotland, the Hebrides and Ireland. The
period of Scandinavian political and cultural domination
in this region lasted until 1472 when Orkney and
Shetland became part of Scotland.

Early attempts to estimate the genetic impact of
Scandinavian settlement on local populations of the
North Atlantic region were mostly based on analyses
of serogenetic variants from contemporary populations,
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which gave conflicting or unclear results (Thompson,
1973; Morton et al, 1977; Wijsman, 1984). One problem
with using such markers is that they provide little power
to discern identity by descent — a crucial issue in studies
of genetic relationships among individuals. In recent
years, haploid, nonrecombining and uniparentally in-
herited genetic systems from the Y-chromosome and
mitochondrial genome have become standard tools for
genetic analyses of human populations (Passarino et al,
2002; Gonzalez et al, 2003; Jobling and Tyler-Smith, 2003).
Although patrilineal (Y-chromosome) and matrilineal
(mtDNA) genealogical pathways only represent a frac-
tion of all genealogical pathways between a given set of
individuals, these genealogies are entirely nonoverlap-
ping and discrepancies between them thus have a clear
interpretation, that is differences in the genetic history of
the sexes.

Recent studies of Y-chromosomes and mtDNA of
Icelanders indicate that this population’s gene pool was
the result of admixture between male subjects whose
patrilineal ancestry lay in Scandinavia, and female
subjects whose matrilineal ancestry lay within the British
Isles (Helgason et al, 2000a,b, 2001). A further study
suggests that Icelanders and Orkney Islanders have
similar proportions of Scandinavian mtDNA ancestry
(= 36%; Helgason et al, 2001). Other studies of the genetic
history of the North Atlantic region have concentrated on
discerning the different proportions of northwestern
European, Anglo-Saxon and Scandinavian patrilineal
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ancestry using Y-chromosome data (Wilson et al, 2001;
Weale et al, 2002; Capelli et al, 2003). A sizeable
component of Scandinavian patrilineal ancestry has been
reported in Orkney (55%) and Shetland (68%) based
on likelihood estimates of population admixture and
principal components analyses of haplotype frequencies
(Capelli et al, 2003).

Here, we present an analysis of new mtDNA and Y-
chromosome data from Shetland and new Y-chromo-
some data from Scotland, Norway, the Western Isles and
the Isle of Skye. We combine our new data with those
that have been previously published in order to
investigate further the relationships among populations
of the North Atlantic, and to establish what genetic
legacy remains from Scandinavian activities in this area
during the Viking period. In particular, our aim is to
evaluate the different genetic impact of Scandinavian
male and female subjects on Shetland and other island
and coastal populations in the North Atlantic region.

Methods

DNA extractions were made from 503 new buccal swab
samples collected by the authors in Shetland using
specifically designed Biorad™ kits. The hypervariable
segment 1 (HVS1) of the mtDNA control region was
sequenced between sites 16055 and 16383 for each of
these samples, according to previously described meth-
ods (Richards et al, 1996) and submitted to GenBank
(accession numbers AY950803-AY951304). A total of 192
Shetland males from the above sample were typed for
five Y-chromosome biallelic loci (Rosser et al, 2000; 92R7,
M9, SRY1532, TAT and YAP) and five Y-chromosome
microsatellites (Kayser et al, 1997, DYS19, DYS390,
DYS391, DYS392 and DYS393). In addition, previously
collected DNA samples from the Scottish mainland (366),
Scottish northwestern coastal region (103) and the
Western Isles and Isle of Skye (72) were analyzed
for the same 10 Y-chromosome loci. These 733 new
Y-chromosome haplotypes (which are available as an
online supplement) include 61 that have been previously
described (Helgason et al, 2000a).

In addition to samples typed by the authors for this
study, the following previously published mtDNA HVS1
sequences were used: 398 Icelanders (Helgason et al,
2000b), 551 Icelanders (Helgason et al, 2003), 39 Ice-
landers (Sajantila et al, 1995), 78 Orkney Islanders
(Helgason et al, 2001), 664 inland Scots (Helgason et al,
2001), 216 northwestern coastal Scots (Helgason et al,
2001), 226 inhabitants from the Western Isles and the Isle
of Skye (Helgason et al, 2001), 105 Irish (Richards et al,
2000), 216 Norwegians (Opdal et al, 1998), 324 Norwe-
gians (Helgason et al, 2001), 74 Norwegians (Passarino
et al, 2002), 28 Swedes (Kittles et al, 1999) and 32 Swedes
(Sajantila et al, 1996). The following previously published
Y-chromosome haplotypes were also used: 181 Icelan-
ders (Helgason et al, 2000a), 12 Danes (Helgason et al,
2000a), 221 Irish (Helgason et al, 2000a), one Irish (Hurles
et al, 1999), 110 Norwegians (Helgason et al, 2000a), two
Norwegians (Hurles et al, 1999), 78 Norwegians (Wilson
et al, 2001), 71 Orkney Islanders (Wilson et al, 2001) and
109 Swedes (Zerjal et al, 2001).

The Scandinavian source population is represented in
our study by contemporary samples from Norway,
Sweden and Denmark and the source population of the
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Northern and Western British Isles is represented by
contemporary samples from Ireland and inland Scotland.
We examine the contribution of these two source
populations to five putative admixed island and coastal
populations: Shetland, Orkney, Western Isles/Isle of
Skye, Iceland and the northwestern coastal region of
Scotland (defined as the coastal zones from the Moray
Firth to Kintyre).

For analyses based on the mutational differences
between Y-chromosome haplotypes, mutations at bialle-
lic loci were weighted by a factor of 100 relative to
microsatellite loci. Analysis of molecular variance
(AMOVA) calculations and exact tests of population
differentiation were performed using the Arlequin v. 2.0
software package (Schneider et al, 2000). Gene diversity
measures were made using the following standard
formula: (n/[n—11)(1—-)"%_1p?), where n represents sam-
ple size, k the number of distinct haplotypes and p; the
frequency of haplotype i. The population-mutation-rate
parameter, 0, was estimated using Ewens’ sampling
formula (Ewens, 1972). This parameter assumes selective
neutrality of the genetic markers, an infinite alleles
mutation model and constant population size. Admix-
ture was estimated using the mp method (Helgason et al,
2001). The best fitting admixture model is found by
searching over the line 0<y#y<1 of possible admixture
models, where ny represents the proportion of Scandi-
navian founders. The probability that a randomly chosen
haplotype from the admixed population originated from
the Scandinavian source population is determined by its
relative frequency in the two source populations (py and
pc being the respective Scandinavian and British/Irish
frequencies of the haplotype) with the model being
tested as follows: nxpnlnpn + (1—nn)pcl. If the chosen
haplotype is not present in the source populations, this
probability is derived from the relative frequency of the
closest matching haplotypes in terms of mutational
differences (the presumed founder haplotypes). For each
admixture model, 5000 runs of a Monte Carlo simulation
were performed, where each haplotype from the ad-
mixed population was assigned an origin on the basis
of the above-described probability, yielding an average
proportion of haplotypes assigned a Scandinavian origin
(mpyn). The fit of the model to the outcome of the
simulations was evaluated by

(Nmpy — N’?N)z (N(1 —mpy) —N(1 — ’7N))2
Ny N(1 —ny)

where N is the number of haplotypes sampled from the
admixed population.

Results

Population structure

The extent and nature of population structure in mtDNA
and Y-chromosome variation within the North Atlantic
region was evaluated using AMOVA statistics based on
the mutational differences between haplotypes (Excoffier
et al, 1992) and an exact test of population differentiation
based on haplotype frequencies (Raymond and Rousset,
1995). Out of the total genetic variance exhibited by the
3454 mtDNA sequences from the North Atlantic region,
only 0.66% was attributable to differences among the
seven populations. This small FST value (0.0066) was



nonetheless shown to be significantly different from 0
(P =0) by means of randomization of haplotypes among
populations. This suggests that although the degree of
phylogeographic structuring of mtDNA variation identi-
fied is small, the distribution of haplotypes among
populations nevertheless deviates from random expecta-
tion. This conclusion is supported by an exact test of
sample differentiation (using 10000 Markov steps),
which shows a significant difference (P=0) between
the haplotype distributions of all pairs of populations,
with the following exceptions: (1) Orkney vs Norway and
Sweden, (2) Orkney vs Scotland and Ireland, (3) Orkney
vs Scottish N&W coastline and (4) Scottish N&W coast-
line vs Scotland and Ireland. We note that the relatively
small sample of mtDNA sequences from Orkney may
partially account for the apparent lack of differentiation
from other populations.

AMOVA analyses suggest a greater level of differ-
entiation among populations for the 1521 Y-chromo-
somes sampled in this study, than was detected for
mtDNA. For the Y-chromosomes, 8.12% of the total
genetic variance was attributable to differences among
the seven populations, with the FST value (0.0812) shown
to be significantly different from 0 by means of
randomization as before (P =0). All pairs of populations
exhibited statistically significant differences (P <0.05) in
the distribution of Y-chromosome haplotypes according
to exact tests, with the exception of (1) Western Isles/
Skye vs Scotland and Ireland, and (2) Western Isles/Skye
vs Scottish N&W coastline.

The results of the exact tests (which do not exploit
mutational differences among types) suggest that the
population structure that is detected in both mtDNA and

Table 1 Summary statistics for Y-chromosome haplotypes
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Y-chromosome variation is due to the differential
distribution of individual haplotypes (located at the tips
of shared, deep-rooted phylogenetic clades), rather than
to differences in the differential distribution of deep-
rooted clades among populations.

Genetic diversity

Measures of mtDNA and Y-chromosome variation in the
populations of the North Atlantic region are presented in
Tables 1 and 2. It is important to note that gene diversity
and other pairwise measures of genetic diversity are
unreliable indicators of varying effective population size
among closely related, recently diverged populations
such as those in this study (Helgason et al, 2003). In
contrast, statistics based on the number of haplotypes
(0r) and the average number of haplotypes obtained
through iterative resampling have been shown to be
more reliable indicators of differences in effective
population size (Helgason et al, 2003). For the current
data sets, these latter statistics present a picture of
Y-chromosome and mtDNA diversity that is largely
consistent with expectations based on historical and
archaeological evidence relating to population size in the
North Atlantic region. Thus, smaller, geographically
isolated island populations have fewer haplotypes per
number of individuals sampled than mainland popul-
ations, which are likely to have a larger effective
population size.

Differences in the proportions of private haplotypes
can be informative about the relative importance of (1)
effective population size and mutation rate (which
combine to give the population mutation-rate parameter
0) and (2) gene flow (m), to the production and

Population N k Private Gene diversity O Average k from Average k from
haplotypes 10000 samples of 10000 samples of
(%) 50 chromosomes 150 chromosomes
(95% CI) (95% CI)
Norway, Sweden and Denmark 311 94 43.62 0.958 4541 28.26 (21-33) 58.32 (49—65)
Inland Scotland and Ireland 590 109 4495 0.9195 39.05 23.50 (17—-28) 46.81 (38—54)
Iceland 181 50 18.00 0.92 22.5 22.34 (16-27) 44.26 (38—48)
Shetland 193 45 15.56 0.958 18.15 24.43 (19-28) 40.50 (36—43)
NW Scottish coast 103 41 24.39 0.94 24.72 24.84 (19-29)
Western Isles and Skye 72 31 3.23 0.929 20.11 24.2 (19-27)
Orkney 71 33 18.18 0.957 23.37 25.97 (21-29)
N =sample size, k =number of distinct haplotypes.
Table 2 Summary statistics for mtDNA sequences
Population N k Private haplotypes  Gene diversity O Average k from Average k from
(%) 10000 samples of 10000 samples of
50 sequences 200 sequences
(95% CI) (95% CI)
Norway and Sweden 674 284 66.55 0.9582 184.4 35.89 (29—41) 111.19 (98—122)
Inland Scotland and Ireland 769 280 55.36 0.965 158 35.43 (28—40) 105.58 (93—116)
Iceland 988 173 55.49 0.9713 60.5 32.08 (25-37) 74.80 (65—83)
Shetland 503 173 53.18 0.9495 92.8 33.37 (26—38) 92.76 (81—-103)
NW Scottish coast 216 102 29.41 0.9721 74.9 35.22 (29—40) 96.52 (89—100)
Western Isles and Skye 226 95 35.79 0.9786 61.2 34.17 (28—39) 87.57 (80—92)
Orkney 78 37 29.73 0.9507 26.9 27.26 (22-31)

N =sample size, k =number of distinct haplotypes.

w
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maintenance of genetic diversity. The proportion of
private haplotypes encountered in a population is
expected to be positively related to 0 and negatively
related to m (Helgason et al, 2001). Given that we have
an independent estimate of 0 based on the number of
haplotypes encountered per individuals sampled (0; as
defined by Ewens, 1972), we can regress the proportion
of private haplotypes against 0y for a set of populations.
Deviations from the resulting regression line are related
to the amount of gene flow that each population has
received, although the relationship can be distorted both
by sampling error and violations of assumptions implicit
in estimates of 0y (ie selective neutrality and constant
population size).

For mtDNA, the correlation between 0, and the
proportion of private lineages is » =0.77 (P =0.041), with
only two populations found outside the 95% confidence
region around the regression line. Iceland has a relative
excess of private haplotypes, which is indicative of
genetic isolation and consistent with the fact that this is
the most geographically remote population in the
analysis. In contrast, the inhabitants of the Scottish
N&W coastline have a relative deficit of private mtDNA
haplotypes. This suggests a higher level of female-
mediated gene flow to and from these islands and is
consistent with the fact that they are the least geogra-
phically isolated population in the current study. For
Y-chromosomes, the correlation between 0, and the
proportion of private lineages is stronger than for
mtDNA, r=0.925 (P =0.003). Only one population, the
Western Isles/Isle of Skye, lies outside the 95% con-
fidence region around the regression line, indicating a
deficit of private Y-chromosome haplotypes. This deficit
can be interpreted in terms of the homogenizing effect of
male-mediated gene flow between these islands and the
mainland.

Scandinavian and British/Irish ancestry in the island and
coastal populations of the North Atlantic region
The analysis of population structure presented above
indicates significant differences between the Y-chromo-
some and mtDNA pools of the two putative parental
populations of Britain/Ireland and Scandinavia (repre-
sented by the contemporary inhabitants of Norway,
Sweden and Denmark, and Scotland and Ireland,
respectively). As a consequence, it should be possible
to distinguish between the contributions that each of the
two parental populations has made to the Y-chromosome
and mtDNA gene pools of the island and coastal
populations of the North Atlantic region. Estimates of
population admixture can be made using one of several
different approaches; as a consequence, the choice of
statistical method used here necessitates some comment.
Standard frequency-based methods of admixture
estimation assume that all alleles present in the hybrid
population are also present in at least one of the putative
parental populations (Roberts and Hiorns, 1965; Long,
1991). Such methods are unlikely to be informative for
the current molecular data sets because as many as half
of the Y-chromosome and mtDNA haplotypes in the
hybrid populations are not found in either of the parental
populations. An alternative method, which is based on
average mutational differences between haplotypes
drawn within or between admixed and parental popula-
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tions, does not require any of the haplotypes from the
hybrid population to be present in the parental popula-
tions. However, this method is only effective in cases
where there is a marked mutational divergence between
haplotypes from the parental populations (Bertorelle and
Excoffier, 1998). This approach is not appropriate for the
current study because the phylogenetic divergence of
haplotypes from the parental populations is negligible,
particularly for mtDNA.

An alternative method, mp, was used in order to
circumvent the problems inherent in the methods
described above. mp is a heuristic, frequency-based
admixture approach that uses a distance matrix between
haplotypes to identify founder haplotypes in the parental
populations for all private haplotypes in hybrid popula-
tions. This method also takes into account uncertainty in
estimates of haplotype frequencies in the hybrid and
parental populations due to either sampling variance or
genetic drift subsequent to population mixing (Helgason
et al, 2001).

Table 3 and Figure 1 show estimates of Scandinavian
and British/Irish ancestry based on the mp approach.
The proportion of Scandinavian patrilineal (Y-chromo-
some) ancestry is highest in Iceland (75%), is somewhat
lower in Shetland (44.5%) and Orkney (31%), declines
further in the Western Isles and Skye (22.5%) and is
lowest along the N&W coastline of Scotland (15%). This
is consistent with a lasting genetic legacy of Scandina-
vian males in both Orkney and Shetland with a lesser,
but still measurable, contribution to the other Scottish
locations.

The proportions of Scandinavian matrilineal (mtDNA)
ancestry estimated for Shetland, Orkney and the N&W
coastline of Scotland are almost identical to their
patrilineal counterparts. In contrast, the estimated con-
tribution of Scandinavian female subjects to the Western
Isles and Isle of Skye (11%) is half that of Scandinavian
male subjects (~22%). This discrepancy is even more
marked for Icelanders, whose effective founding popula-
tion appears to have consisted largely of female subjects
with a British/Irish ancestry and male subjects with a
Scandinavian ancestry (Helgason et al, 2000a, 2001).

Our estimates of Scandinavian patrilineal ancestry for
Shetland, Orkney and the Western Isles are smaller than
those proposed by Capelli et al (2003), which were based
on a different data set (their estimates were 68.3, 55.3 and
61.6%, respectively). We note, however, that while they
employed a frequency-based admixture method that
accounted for sampling variance and the impact of
genetic drift, this method ignored all private haplotypes

Table 3 Scandinavian and British/Irish patrilineal and matrilineal
ancestry based on the mp procedure for estimating admixture for Y-
chromosome and mitochondrial haplotypes

Admixed Scandinavian British/Irish
population

Y-chromosome ~ mtDNA  Y-chromosome mtDNA
Shetland 0.445 0.43 0.555 0.57
Orkney 0.31 0.305 0.69 0.695
Scottish NW 0.15 0.145 0.85 0.855
coast
Western Isles 0.225 0.11 0.775 0.89
and Skye
Iceland 0.75 0.34 0.25 0.66
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Figure 1 Map showing the proportions of Scandinavian and British/Irish ancestry for mtDNA (Mt) and Y-chromosomes (Y) for each of the
admixed populations from the North Atlantic region included in this study. The Scottish island groups of Shetland, Orkney, the Western Isles
and Skye, and the region that we define as the ‘North and West coast of Scotland’, are encircled for clarity.

in the hybrid populations. It is likely that the difference
between our admixture results and those of Capelli ef al
(2003) stems in part from this omission of private haplo-
types. However, the difference could to some extent
also be due to the use by Capelli et al (2003) of Y-chro-
mosomes from both central Ireland and the Basque
region to represent the ‘Celtic’ parental population.

Discussion

As is common in cases where genetic data are used to
make inferences about historical events, the admixture
results obtained in the present study may be open to a
number of lines of interpretation. There are, however,
some unambiguous conclusions that can be drawn from
the study and a number of likely historical explanations
that may be proposed.

Our mitochondrial and Y-chromosome data suggest
that Shetland has almost identical proportions of
Scandinavian matrilineal and patrilineal ancestry
(~44%). The same balance is to be found in Orkney
and the N&W coastline of Scotland, although the average
Scandinavian contribution in these two areas is lower
(~30% in Orkney and ~15% in the N&W Scottish
coastline). The results strongly suggest that the Scandi-
navian genetic contribution (in terms of both matrilineal
and patrilineal ancestry) is greatest in those areas that lie
close to Scandinavia. While it is possible that genetic drift
has affected gene frequencies so that our estimates of
admixture no longer accurately reflect the composition of
founder populations, it seems unlikely to be coincidental
that the overall proportion of Scandinavian ancestry for
these three locations decreases in harmony with geo-
graphic distance from Scandinavia. Admixture analysis
(using mp) of recently published Y-chromosome data
from the Faroe Islands (Jorgensen et al, 2004) also
provides evidence for a trend of increased Scandinavian
patrilineal ancestry in regions further from the British

Isles. The estimated Scandinavian genetic component of
the Faroese samples is 87% (N=89, k=26), a higher
figure than for either Shetland or Orkney. Furthermore,
as expected for a region with a historical population size
even smaller than that of the Icelanders and with a
similar degree of geographical isolation, our estimates
suggest that the Faroese have the least diverse Y-
chromosome pool (gene diversity =0.9298, 0, =11.99).
Historical, archaeological, place-name and linguistic
evidence indicates complete Norse cultural dominance
of Shetland and Orkney during the Viking period (Jones,
1984). Although more distant from the Scandinavian
power-base, Orkney was the nucleus of Scandinavian
political and cultural influence in the North Atlantic
colonies (Davies, 1999). This implies a Scandinavian
presence in Orkney that was at least as great as that in
Shetland. If this is the case and the indigenous pre-
Scandinavian populations of Shetland and Orkney were
about the same size, then the lesser Scandinavian genetic
component in Orkney may be explained by greater post-
Scandinavian migration from Scotland to Orkney than to
Shetland. However, a smaller indigenous pre-Scandina-
vian population in Shetland, followed by similar
numbers of Scandinavian colonizers and post-Scandina-
vian Scottish settlers would also account for the
difference between the two islands. The genetic evidence
does not allow us to determine whether the observed
geographic gradient of Scandinavian ancestry is largely
due to either variable pre-Scandinavian population sizes,
variable numbers of Scandinavian settlers, variable levels
of post-Scandinavian Scottish resettlement or some
combination of all of these factors. However, the
observed symmetry between Scandinavian mtDNA and
Y-chromosome ancestry in Shetland, Orkney and the
N&W coastline of Scotland suggests that roughly equal
numbers of Scandinavian male and female subjects were
involved in the colonization of these locations. In other
words, the genetic evidence indicates a family-based
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Scandinavian settlement of Shetland, Orkney and the
N&W coastline of Scotland. This contrasts with results
obtained for the Western Isles/Isle of Skye and Iceland
where estimated male and female Scandinavian compo-
nents differ. The Western Isles/Isle of Skye have the
lowest estimated proportion of Scandinavian ancestry
(17%) while Iceland has the highest (55%), but both
exhibit a two-fold excess of Scandinavian patrilineal
ancestry relative to Scandinavian matrilineal ancestry.
The data seem to suggest that the settlement pattern of
both the Western Isles/Isle of Skye and Iceland included,
in addition to Scandinavian family groups, a substantial
number of males who took wives from indigenous
British populations.

Islands off the coast of Britain are relatively distant
from the Scandinavian homeland and must have been
viewed as frontier areas within the North Atlantic region
during the Viking period. Iceland, an uninhabited island
at the margin of the then known world, was even more
remote. Linguistic, archaeological and historical evidence
indicates that Scandinavian dominance was never
complete or secure in places such as the British Isles
(Davies, 1999). Viewed in this light, the excess of
Scandinavian patrilineal ancestry observed in the Wes-
tern Isles and Iceland and the symmetric contribution of
Scandinavian male and female subjects in Shetland,
Orkney and the N&W coastline of Scotland are consis-
tent with a common feature of human colonizing
behavior: This is that migration to insecure frontier areas
tends to involve a disproportionate number of lone male
colonizers, whereas family groups are more likely to be
abundant in secure areas that are closer to the strong-
holds of colonial power.
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