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The Late Neolithic period in Scandinavia [LN, c. 2350–1700 cal BCE] marks a time of considerable changes in
settlement patterns, economy, and material culture. This shift also lays the foundation for the demographic
developments in the Early Bronze Age [EBA, c. 1700–1100 cal BCE]. However, little is presently known regarding the developments from these time-periods on the island of Gotland in the Baltic Sea. During the Middle
Neolithic period [MN, c. 3300–2350 cal BCE], Gotland was inhabited by groups associated with the Funnel
Beaker culture [TRB, c. 4000–2700 cal BCE], and the sub-Neolithic Pitted Ware culture [PWC, c.
3300–2300 cal BCE]. Some indications of connections with the Battle Axe/Corded Ware cultures [BAC/CWC, c.
2800–2300 cal BCE] have also been found, but no typical BAC/CWC burials have been located on the island to
date.
Here, we investigate the chronological and internal relationship of twenty-three individuals buried in four
LN/EBA stone cist burials; Häﬃnds, Hägur, Suderkvie, and Utalskog on Gotland. We present eleven mitochondrial genomes [from 23 X to 1271 X coverage], and twenty-three new radiocarbon dates, as well as stable
isotope data for diet. We examine the local Sr-baseline range for Gotland, and present new Sr-data to discuss
mobility patterns of the individuals. The genetic results are compared and discussed in light of earlier cultural
periods from Gotland [TRB and PWC], and CWC from the European continent, as well as contemporaneous LN
secondary burials in the MN Ansarve dolmen.
We ﬁnd that all burials were used into the EBA, but only two of the cists showed activity already during the
LN. We also see some mobility to Gotland during the LN/EBA period based on Strontium and mitochondrial data.
We see a shift in the dietary pattern compared to the preceding period on the island [TRB and PWC], and the two
LN individuals from the Ansarve dolmen exhibited diﬀerent dietary and mobility patterns compared to the
individuals from the LN/EBA stone cist burials. We ﬁnd that most of the cist burials were used by individuals
local to the area of the burials, with the exception of the large LN/EBA Häﬃnds cist burial which showed higher
levels of mobility.
Our modeling of ancestral mitochondrial contribution from chronologically older individuals recovered in the
cultural contexts of TRB, PWC and CWC show that the best model is a 55/45 mix of CWC and TRB individuals. A
3-way model with a slight inﬂux from PWC [5%] also had a good ﬁt. This is diﬃcult to reconcile with the current
archaeological evidence on the island. We suggest that the maternal CWC/TRB contribution we see in the local
LN/EBA individuals derives from migrants after the Scandinavian MN period, which possible also admixed with
smaller local groups connected with the PWC. Further genomic analyses of these groups on Gotland will help to
clarify the demographic history during the MN to EBA time periods.
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1. Introduction

burials, and/or cist burials, with BAC artefacts and pottery are absent. A
few stray ﬁnds of battle axes and some BAC pottery have been found on
the island (e.g. Andersson, 2016; Bägerfeldt, 1992; Janzon, 1974;
Lithberg, 1914; Malmer, 1975; Rundkvist et al., 2004; Österholm,
1989), suggesting some presence of BAC, or connections with BAC
populations on the mainland. Interestingly, the only burials associated
with BAC artefacts on Gotland have been found within contemporaneous PWC cemeteries (e.g. Janzon, 1974; Malmer, 1962;
Martinsson-Wallin et al., 2015). Moreover, even though secondary BAC
reuse of MN megalithic tombs have been noticed in Scandinavia (e.g.
Edenmo, 2008; Iversen, 2016; Malmer, 2002, 1975; Sjögren, 2003), no
BAC artefacts or pottery has been found in the Ansarve dolmen on
Gotland (Bägerfeldt, 1992). Thus, the demographic history and social
interactions between the culturally distinct groups [TRB and PWC], as
well as to which extent BAC/CWC was present on Gotland, is currently
not understood (Fig. 1B). This also has signiﬁcance for the understanding of the demographic development in the subsequent LN period.
The LN in Scandinavia marks a time with considerable changes in
material culture patterns and lifeways. In Jutland, present day
Denmark, there is evidence of Bell Beaker Culture [BBC] inﬂuence from
around c. 2350 to 1950 cal BCE, based on single inhumation burials and
settlement sites with BBC pottery and typical BBC stone artefacts (Apel,
2001; Vandkilde, 2005). A similar interpretation has been suggested for
southwestern and coastal western Norway (e.g. Prescott and Glørstad,
2015). However, to date, no BBC pottery has been found on Gotland,
and single inhumation burials are scarce during this time period. Even
though some ﬁnds of typical shaft-hole axes and imported ﬂint artefacts
such as arrow heads, daggers and scrapers have been located in some
LN graves, as well as loose stray ﬁnds across the island (e.g. Bägerfeldt,
1992; Wallin, 2010; Österholm, 1989). Their direct or indirect association with the BBC complex remains unknown, indicating the complexity of the LN transformations in diﬀerent parts of Scandinavia.
A new type of communal megalithic burial is also introduced during
this period in Scandinavia, the stone cist burials; a type of gallery grave
which also is commonly found on Gotland. More than 1500 cist burials
have been found in present day Sweden (Hyenstrand, 1979; Johansson,
1961), and although they are grouped into the same category there are
local diﬀerences in shape and size (Heimann, 2000). On the Scandinavian mainland they tend to be large, often with several chambers,
and sometimes with a gavel stone with a porthole (e.g. Stenberger,
1964; Stensköld, 2004; Vandkilde, 2005). While on Gotland the stone
cist burials are smaller and consist mainly of a single rectangular cist
[between 0.60 and 3.10 m × 0.35–1.50 m] (Lithberg, 1914; Luthander,
1988; Sjöstrand, 2012; Wallin, 2010). The smaller cist burials across
Scandinavia have been suggested to be a continuation of the earlier
individual BAC stone cist, or wood coﬃn burials, whereas the larger cist
burials with portholes in western Sweden are similar to those found
within
the
SOM-culture
[Seine-Oise-Marne
culture,
c.

The island of Gotland was ﬁrst populated around c. 7200 cal BCE by
Mesolithic hunter-gatherers [HG's] (Fig. 1A) (Apel et al., 2018;
Lindqvist and Possnert, 1999, 1997). During the Scandinavian Earlyand Middle Neolithic periods [EN-MN] (Fig. 1B) there is evidence from
the Funnel Beaker culture [Trichterbecherkultur, TRB], in form of settlement sites, pottery, and domesticated animal remains. As well as, at
least one megalithic burial construction; the Ansarve dolmen which is
the only conﬁrmed TRB burial on the island to date (Fig. 2B) (e.g.
Andersson, 2016; Bägerfeldt, 1992; Lindqvist, 1997; Lithberg, 1914;
Österholm, 1989). New radiocarbon analyses of three previously dated
(Lindqvist, 1997), plus fourteen additional individuals from the dolmen
showed that this burial was used continuously from c. 3300 to
2700 cal BCE (3500–2580 cal BCE, 95% CI) (Fraser et al., 2018). These
results make the starting point slightly later than previously estimated
(Schulz Paulsson, 2017, 2010), but also extends the main period of
usage with > 300 years. Two additional secondary burials during the
Late Neolithic period [LN] were also identiﬁed (Fig. 1A) (Fraser et al.,
2018).
Starting from c. 3200 cal BCE, during the beginning of the MN
period, Gotland was also inhabited by sub-Neolithic groups from the
Pitted Ware culture [PWC, c. 3300 to 2300 cal BCE] (Fig. 2B) (e.g.
Janzon, 1974; Lithberg, 1914; Nihlén, 1927; Wallin, 2016; Wallin and
Martinsson-Wallin, 2016; Österholm, 1989). Although, slightly older
PWC dates are found in coastal eastern central Sweden (Björck, 2003).
Recent genetic analyses of individuals from these contexts [TRB and
PWC] from Gotland have shown that the PWC groups show genetic
continuity with Mesolithic HG's, but with slight admixture from Neolithic farmers (Günther et al., 2018; Malmström et al., 2015, 2009;
Skoglund et al., 2014, 2012). In contrast, the mitochondrial haplogroup
composition in the TRB group from the dolmen (Fraser et al., 2018) was
most similar to contemporaneous individuals from megalithic burials
on the Swedish mainland (Malmström et al., 2015, 2009; Skoglund
et al., 2014, 2012), and also showed maternal continuity with EN
farmer groups from the continent. Thus, these two contemporaneous
but culturally diﬀerent groups [TRB and PWC] coexisted on the island
of Gotland for half a millennium but still maintained their distinct
cultural identities and economy (Fraser et al., 2018). The transition
following these cultures on the island has remained largely unknown as
TRB and PWC disappear from the archaeological record after c. 2700,
and c. 2300 cal BCE, respectively.
The second part of the Scandinavian MN period [MNB] (Fig. 1B)
marks the introduction and expansion of the Battle Axe culture, a local
development of the pan-European Corded Ware culture [BAC/CWC, c.
2800–2300 cal BCE], in Scandinavia and the Baltic Sea area (e.g.
Kriiska, 2003; Malmer, 1975). However, the same cultural transformation is not seen on Gotland as the typical hocker style inhumation
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Fig. 1. A. Gotland cultural timelines (Apel et al., 2018; Fraser et al., 2018). B: Approximate dates for the Scandinavian Early Neolithic to Early Bronze Age time
divisions; EN: onset of TRB, MN A: onset of PWC, MN B: onset of BAC, LN-EBA time division from Vankilde (1996).
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Fig. 2. A. Map of the Baltic Sea area. B. Map of Gotland with the 2000 cal BCE coastline (modiﬁed from Påsse and Andersson, 2006). Archaeological sites mentioned
in the text: green stars = EN-MN TRB sites; black dots = MN PWC sites; yellow pentagons = LN/EBA stone cist burials analyzed in this study. C. Map of Gotland with
parishes © Lantmäteriet, i2012/921. The numbers of LN/EBA stone cist burials in each parish is highlighted in colors. The core areas are marked with black lines
modiﬁed from Wallin (2010). (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)

development on Gotland during the Scandinavian LN/EBA periods
through multidisciplinary analyses of the human remains from four
previously excavated stone cist burials. The contexts and chronology of
the burials are analyzed together with the archaeological and osteological reports (Sections S1.1–S1.4). We present eleven mitochondrial
genomes, twenty-three new radiocarbon dates, as well as isotopic data
for investigation of diet and mobility patterns, as well as new environmental Strontium baseline values for the Gotland biosphere. We
investigate possible population continuity on the female lineages in
regards to the preceding TRB and PWC populations on the island, and
also potential population events involving BAC/CWC migration during
the latter part of the Scandinavian MN period, through comparative
analyses of published mitochondrial data from TRB, PWC and CWC
contexts (Brandt et al., 2013; Fraser et al., 2018; Malmström et al.,
2015). High resolution mitochondrial genomes can help to decipher the
maternal demographic history of the individual burials, as well as demographic developments of the populations. Strontium isotope analyses in combination with radiocarbon dating, dietary analyses, and
genetic data aid to interpret and better understand mobility patterns
and demography.

3100–2000 cal BCE] in northern France and Belgium (e.g. Burenhult,
1999; Stenberger, 1964; Vandkilde, 2005).
The LN period has previously not been extensively investigated on
Gotland. First, given the diﬃculty to work with loose stray ﬁnds, but
also because many of the today excavated stone cists had already been
plundered and/or destroyed in the past. LN stone cist burials were also
often covered by a large cairn and/or mound during the Early Bronze
Age [EBA] (Fig. 1B) (Stenberger, 1964), further complicating its exploration. The exact time of the Scandinavian LN/EBA transition is
diﬃcult to pinpoint, and the burials on Gotland have previously been
dated mainly by artefact typochronology which often suggest provenance to both time periods. The only directly dated individuals outside
PWC context from the LN period on Gotland are the two individuals
[ans004 and ans010] from the secondary burials in the MN Ansarve
dolmen (Fraser et al., 2018). Secondary Late BA [LBA] and Iron Age
[IA] inhumation and cremation burials are also common in all types of
megalithic graves on Gotland, including peripheral burials in EBA
cairns/mounds.
The LN stone cist burials are located mainly along the former
coastline of Gotland (Fig. 2A–C). At least 104 possible stone cist burials
distributed at 86 diﬀerent locations have been suggested to belong to
the LN/EBA periods (Luthander, 1988; Sjöstrand, 2012; Wallin, 2010).
In contrast to only one conﬁrmed MN dolmen, c. ten TRB sites, and c.
eighteen PWC locales (Fig. 2B) (e.g. Österholm, 1989). The geographic
distribution of the burials is concentrated in seven spatial clusters, or
core regions, where the largest numbers are found along the northcentral west coast (Fig. 2C) (Wallin, 2010). Forty-two stone cists have
been excavated on Gotland to date showing that they contain both
single and multiple burials (e.g. Luthander, 1988; Sjöstrand, 2012;
Wallin, 2010). However, most were excavated during the ﬁrst half of
the 20th century and only a few burials have since been osteologically
analyzed in detail regarding the human remains. Here we provide new
research where we investigate the chronology and individual contexts
in four stone cist burials on the island.

3. Material
The present study is based on analyses of human remains from four
LN/EBA type stone cists burials from four core regions (Wallin, 2010)
(Fig. 2B–C and Section S1.1–S1.4). Two sites have a spatial connection
with earlier activity; [1] the Suderkvie stone cist to a TRB site
(Manneke, 1963a), and [2] the Hägur stone cist to a PWC site
(Stenberger, 1944a). The third site “Häﬃnds” is one of the most elaborate cist burials excavated to date with documentation of several of
the individuals positions inside the cist (Burenhult, 1986). The last site
“Utalskog” (Arne, 1927) is a burial in a small cave or crevice in a
limestone formation in connection to the large LN-IA cemetery of
Gålrum. All sites had previously been dated to LN and/or EBA based on
artefact typology (Figs. S4A–X, S6B, S7J, and S9). The human remains
in all four graves studied were recovered commingled and fragmented,
with the exception of some individuals in the Häﬃnds burial. As some
of the burials had been destroyed and plundered prior to excavation,

2. Aims
The focus of this study is to investigate the demographic
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4.2. aDNA analyses: sample preparation, DNA extraction and sequencing,
next generation sequence processing, alignment, authentication, and
mitochondrial haplogroup assignment

bone elements from additional individuals outside the cists were also
analyzed to better understand the context of those burials. Tooth and/
or bone samples were selected from twenty-three individuals for the
subsequent analyses: Häﬃnds [n = 13], Hägur [n = 4], Suderkvie
[n = 4], and Utalskog [n = 2] (see Sections S1.1–S1.4 for additional
information regarding the burials and sampling).

Thirty-six samples from twenty of the individuals were screened for
human DNA content (Table S1 and Section S2.3). All samples were
prepared in facilities dedicated to analyses of ancient DNA (aDNA) at
Campus Gotland according to strict standards for working with degraded samples (Cooper and Poinar, 2000; Gilbert et al., 2005). BluntEnd Illumina libraries (Meyer and Kircher, 2010) were created after
DNA extraction, and subsequently sequenced on the Illumina HiSeq
2500 or HiSeqX as described in (Fraser et al., 2018). Sixteen samples
stemming from eleven individuals were used for the downstream analyses (Tables 1 and S1). The data showed the characteristic deamination
pattern towards the read fragment-ends (Briggs et al., 2007) (Fig. S11),
and contamination was estimated based on the Green et al. (2008)
approximation (Table 1). Mitochondrial consensus sequences were
generated using ANGSD v.0.902 (Korneliussen et al., 2014), and haplogroups were assigned using HaploFind (Vianello et al., 2013), as well
as the haplogrep software (https://haplogrep.uibk.ac.at/) (Table 1,
Table S3 and Section S2.4).

4. Methods
4.1. Radiocarbon dating and isotopic analyses
AMS radiocarbon dating was performed at Ångströmlaboratoriet
(Uppsala University, Sweden) and BETA analytic Inc. (Miami, Florida)
(Section S2.1 and Table S1). The dates were calibrated using Oxcal
online software version 4.3 (Bronk Ramsey, 2009), based on the IntCal13 atmospheric curve (Reimer et al., 2013). All dates are presented
with the 95% conﬁdence interval [CI] cal BCE, and rounded to nearest
tenth value (Table 1). The dating results are discussed based on the
Scandinavian Neolithic and EBA time divisions (Fig. 1B).
The IRMS stable isotope analyses were performed at BETA analytic
Inc. (Miami, Florida), Ångströmlaboratoriet (Uppsala University,
Sweden), and at the Archaeological Research Laboratory (Stockholm
University) (Section S2.1 and Table S1). The results were compared to
previous stable isotope data from the TRB dolmen (Fraser et al., 2018),
as well as, a PWC group and local terrestrial and marine faunal remains
from Gotland (Eriksson, 2004; Fraser et al., 2018).

4.3. Mitochondrial demographic modeling
We incorporated the LN individual [ans010] from the Ansarve
dolmen (Fraser et al., 2018) within the LN/EBA dataset reported here
[n = 12] (see Section 5.3.1 below and Table 1). We merged our LN/
EBA data with previously reported mitochondrial haplotypes from TRB
and PWC contexts from Gotland (Fraser et al., 2018; Malmström et al.,
2015, 2009; Skoglund et al., 2014, 2012). To get a wide range of the
mtDNA haplogroup composition within CWC groups from similar
contexts, we chose the larger mitochondrial dataset [n = 50] from the
Saxony-Anhalt region in Germany, as reported in Brandt et al. (2013),
as a proxy for BAC/CWC inﬂuences on Gotland (Section S5.2).
To investigate the origin of the maternal lineages in the LN/EBA
individuals we modeled LN/EBA as a mixture from the PWC, CWC and/
or TRB data and tested for goodness of ﬁt for each of the models (see

Human and environmental samples were analyzed for strontium
isotopes at NERC, Isotope Geosciences Laboratory (Nottingham, UK)
(Tables 1, S1 and S2, and Section S2.2). The Sr-isotopic results are
discussed in combination with previous Sr data from Gotland (Fraser
et al., 2018; Peschel et al., 2017) and further investigated together with
geological maps for Gotland from the Geological Survey of Sweden,
data © SGU.

Table 1
Archaeological site and sample names, biological age, osteological sex, radiocarbon dating, sequencing statistics, mtDNA haplogruop call, contamination estimation,
and Strontium results for M1 & M3.
Site

Häﬃnds

Hägur

Suderkvie

Utalskog
Ansarveg

Sample

hgb008
hgb003
hgb011
hgb006
hgb007
hgb010
hgb005
hgb012
hgb001
hgb002
hgr001
hgr002
hgr003
hgr004
sud003
sud004
sud002
sud001
uta002
uta001
ans004
ans010

Biological age

> 35e,h
20–34d,h
8 ± 2e,h
35–45d,i
17–25d,h
> 50c,h
17–25d,h
10–24c,h
> 45d,h
8 ± 2e,h
> 20c,j
10–24c,j
> 20c,j
10–24c,j
40–55f,k
> 20c,k
10–24c,k
~6e,k
> 20c,l
> 20c,l
> 20c,m
> 20c,m

Osteological sex

Female?e,h
–
–
Malee,i
–
Female?e,h
–
–
Malee,h
–
–
–
–
–
Female?e,k
–
–
–
–
–
–
–

cal BCE,
95% CI a

2200–1800
2140–1780
2140–1770
1910–1750
1740–1530
1770–1560
1690–1460
1630–1500
1610–1440
1500–1320
1750–1570
1680–1520
1660–1510
1420–1260
2010–1770
1420–1260
1400–1130
1380–1120
1910–1660
1880–1530
2290–2050
2030–1890

mtDNA
coverage

nd
nd
nd
nd
nd
143.08
179.98
189.64
1271.67
31.62
23.69
27.41
56.87
37.19
nd
nd
nd
46.34
nd
1096.85
nd
187.75

Read
length
average

mtDNA
haplogroup
call

Contamination
estimate [%]b

–
–
–
–
–
100
49
75
64
54
85
81
92
87
–
–
–
67
–
57
–
71

–
–
–
–
–
T2b5
HV0a
T1a1
J1c7a
T2b16
U5a1c1
H2a5
H1a
U4a2
–
–
–
K1b2a
–
H1e1a
–
U5b2a1a1

–
–
–
–
–
4.16
2.00
1.68
0.53
0.89
2.38
1.49
3.27
4.41
–
–
–
0.56
–
1.31
–
0.89

Number
of sites

–
–
–
–
–
12
4
12
14
7
5
5
2
4
–
–
–
4
–
6
–
6

Contamination.
interval [%]

–
–
–
–
–
2.980–5.331
0.773–3.227
1.041–2.324
0.420–0.646
0.000–2.125
0.000–5.043
0.000–3.546
0.451–6.085
0.960–7.863
–
–
–
0.000–1.641
–
0.972–1.655
–
0.234–1.549

M1:
enamel
Sr/86Sr

M3:
enamel
Sr/86Sr

87

87

–
–
0.71205
0.71143n
0.71182
0.72465
0.71034
–
0.71348
0.71350
0.71075
0.71177n
0.71107
0.71100
–
–
–
–
–
0.71255
0.71531
0.71760

–
–
–
0.71095
0.71145
0.72050
0.71056
–
0.71467
–
0.71132
–
–
0.71119
–
–
–
–
0.71218
–
–
–

a
Dates rounded to the nearest tenth value. bGreen et al. (2008). cSjøvold (1978). dBrothwell (1981). eBukistra and Ubelaker (1994). fLovejoy (1985). gFraser et al.
(2018). hLindh (1997). iSjöstrand (unpublished). jGytare (2015). kGustavsson (unpublished). lSjöstrand (2012). mWallin and Martinsson (1986). nM2.
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Fig. 3. Plot of stable isotope values for the LN/EBA individuals in this study [teeth and/or bone], compared with the Ansarve dolmen [M1] (Fraser et al., 2018), and
PWC from Västerbjers [M1], plus local terrestrial and marine fauna (Eriksson, 2004).

(Section S2.5).
We then set up a 3-way model where we model a sample from population LN/EBA from the mixed distribution c1 fPWC + c2 fCWC + (1-c1c2) fTRB (where fX is the Dirichlet-multinomial distribution of the haplotype frequencies in population X based on the observed sample from
population X). Using this formula, we calculate the likelihood of the
observed sample from population LN/EBA given c1 and c2, and the
observed samples from population A, B and C, and ﬁnd the maximum
likelihood estimate for c1 and c2 by trying out values of c1 and c2 in the
range from 0 to 1 with 0.05 steps. The likelihood as a function of c1 and
c2 was plotted using R (Section S2.5).
To assess the goodness of ﬁt of a pair-wise model with a ﬁxed c, a
sample from population A and a sample from population B, we simply
draw a sample of the same size as the sample from LN/EBA from the
distribution c fA + (1-c) fB and count how often the likelihood of this
random sample is lower than the likelihood of the observed sample
from LN/EBA. The same process was done for the 3-way model using
the distribution c1 fPWC + c2 fCWC + (1-c1-c2) fTRB. If a random sample
often has a higher likelihood than the likelihood of the observed
sample, this is an indication that the model ﬁts poorly (Section S2.5).

Section 4.3.1 below). We used the published mitochondrial data for
TRB [n = 9] and PWC from Gotland [n = 26], as well as the CWC
dataset from Saxony-Anhalt, Germany. Unfortunately, not all of the
individuals' mtDNA haplotypes from these diﬀerent datasets have been
reported to the same phylogenetic resolution level (Table S4), i.e. some
calls were based on HVS I data (Malmström et al., 2015), and in some
cases also HVS II, or diagnostic control region SNPs (Brandt et al.,
2013). Thus, the analyses below required some initial data ﬁltering. In
order to get the most information out of the diﬀerent datasets, we
manually attempted to strike a good balance between haplotype resolution and sample size for each of the four groups (see Section S2.5).
This ﬁltering kept the most information, but lowered the number of
individuals in the PWC and CWC groups [n = 21 and n = 30, respectively] (Fig. S12 and Table S4).

4.3.1. Modeling LN/EBA as a mixture from PWC, CWC and TRB
Neglecting eﬀects of genetic drift, it is possible to model the sample
from LN/EBA as a draw from an admixed source where the diﬀerent
non-admixed parts of the source are represented by the samples from
CWC, PWC and TRB. We tried two approaches, one where we only used
two (non-admixed) parts, and one where we set up a 3-way model including all three groups (Section S2.5).
We ﬁrst modeled a hypothetical LN/EBA population as a pair-wise
mixture of populations A and B using all combinations of TRB, PWC
and/or CWC. We model a sample from population LN/EBA as a draw
from the mixed distribution c fA + (1-c) fB where: 1) c is the admixture
proportion of population A, and 1-c is the admixture proportion of
population B. 2) fA is the multi-allelic distribution (a Dirichlet-multinomial distribution) in population A based on the observed allelic
counts in the sample from population A. 3) fB is the multi-allelic distribution in population B based on the observed allelic counts in the
sample from population B. Here, “multi-allelic” refers to the diﬀerent
haplotypes deﬁned in Table S4. Using this formula, we calculate the
likelihood of the observed sample from population LN/EBA given c, and
the observed samples from population A and B, and ﬁnd the maximum
likelihood estimate for c by trying out values of c in the range from 0 to
1 with 0.05 steps. The likelihood as a function of c was plotted using R

5. Results
5.1. Radiocarbon dating and diet
The radiocarbon results show that the burial activities at these four
sites span from the LN into the EBA [c. 2200–1100 cal BCE, 95% CI]
(Fig. S9 and Table S1). However, each site is unique, see Section 5.4
below for detailed analyses of the burials. Interestingly, the stable
isotope results show that the individuals in the cist burials displayed a
homogeneous terrestrial diet (Fig. 3). This is in contrast to the strict
marine diet of the PWC individuals (Eriksson, 2004), as well as the
more varied terrestrial diet of the individuals from the Ansarve dolmen
(Fraser et al., 2018). The dietary pattern of the two LN individuals from
the dolmen also deviates from each other, as well as the cist burials
(Fig. 3). As the LN/EBA individuals showed a terrestrial diet these
dating results did not need to be corrected for reservior age. The slightly
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Fig. 4. Base maps: Geological maps of Gotland from the Geological Survey of Sweden, data © SGU (Section S2.2). A. Sedimentary carbonate platforms with
Strontium sample locations this study and (Fraser et al., 2018), and Ridanäs Viking Age trading port (Peschel et al., 2017). B. Soil type distribution with current
environmental Sr-values. C. Soil condition on Gotland showing sampled locations.

diﬀerent locales from this study and earlier published data (Fraser
et al., 2018), extreme outliers within sites were identiﬁed and removed
from the analyses (Fig. S10A). These results are also aﬀected by the
sample location distribution which mainly comprises locations along
the former coastline, with the exception of the Buttle site (Fig. 4A). The
low sample numbers for some of these sites, the higher single values at
Visby and Västergarn (Fraser et al., 2018), and in the case for Ridanäs
(Peschel et al., 2017) the uncertainty of the faunal remains actually
being local, also have to be considered (Fig. 4A-B and Table S2).
Previous attempts for determining the local Sr-baseline for Gotland
showed a broad range (Fraser et al., 2018; Peschel et al., 2017), the
additional environmental samples from this study [n = 10] reduces this
range slightly (Table 2). Although, more environmental sampling is
needed in order to further establish this range for Gotland, as well as to
conﬁrm the higher values from Visby, Västergarn, and Ridanäs. However, we ﬁnd some regional Sr-isotopic variation which fall within

elevated Nitrogen value for the LN individual [ans004] could be an
indication of some freshwater ﬁsh in the diet, however a freshwater
cabon oﬀset has yet to be established for Gotland. For a discussion
regarding the radiocarbon calibrations for the Ansarve dolmen see
Fraser et al. (2018).
5.2. Strontium isotopes [87Sr/86Sr] and mobility patterns
The exposed sedimentary bedrock of Gotland reﬂects a series of
stacked carbonate platform generations, as well as a thin streak of
sandstone in the southern part of the island, that formed during the
Silurian time period (Fig. 4A) (Calner, 2005; Jeppsson et al., 2006).
This should provide a relatively homogenous Sr-isotopic background
value for the Gotland biosphere. However, the soil type distribution on
the island, especially inland, show large areas of till [moraine] consisting of heterogeneous sediments from older formations brought by
glacial ice (Fig. 4B–C). Other areas consist of exposed carbonate bedrock with postglacial deposits of sand, wave washed gravel and shingle.
As Gotland is an island the eﬀect of sea spray and precipitation also has
to be taken into consideration. This creates a broad range of Sr-values
making it diﬃcult to evaluate the baseline for the Gotland biosphere
(Fraser et al., 2018; Peschel et al., 2017). Here we present ten new
environmental Sr-ratios from Häﬃnds, Hemmor, Hägur, St. Olofsholm,
and Buttle (Table S2). All sampled sites (Fig. 4A-C) consist mainly of
bedrock and postglacial layers; however some areas also comprise
partial distributions of till which could aﬀect soil sample results (Section S2.2). When combining the environmental Sr-isotope ratios for the

Table 2
Table listing details of the Strontium baseline calculations.
Sample

N

No of sampled sites

Mean

1SD

Ridanäs faunala
Faunal and soilb
Combined resultsa,b
Combined results with this study

11
15
26
36

1
6
7
10

0.71242
0.71183
0.71208
0.71195

0.0016
0.0017
0.0016
0.0015

a
b
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Peschel et al. (2017).
Fraser et al. (2018).
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Sr-value
0.7370
0.7330
0.7290
0.7250
0.7210
0.7170
0.7130
0.7090

Soil, fauna
and bone
n = 25

Ridanäs
fauna
n = 11

Combined
background
n = 36

MN TRB
n=8

LN/EBA
n = 15

Ridanäs
Viking Age
n = 60

Fig. 5. Strontium values for the environmental sampling and early childhood Sr-values for the human groups from diﬀerent time periods on Gotland this study and
(Fraser et al., 2018; Peschel et al., 2017). The box represents the median and the 2nd and 3rd quartile, and the whiskers the 1st and 4th quartiles.

group as a mixture between population A and B using all pair-wise
combinations of the PWC, CWC and TRB data as a source, but neglecting for eﬀects of genetic drift (see Section 4.3.1 and Section S2.5).
We ﬁnd that the best pair-wise combinations consisted of 60/40 TRB/
PWC, 75/25 CWC/PWC, and 55/45 CWC/TRB (Fig. S13). We then assessed goodness of ﬁt for these diﬀerent models, as well as a 100%
contribution from either of the groups, and found that the only model
that showed a good ﬁt was the CWC/TRB combination (Fig. 6 and Table
S5). Interestingly, the TRB/PWC and CWC/PWC models did not show a
good ﬁt, and 100% PWC had the worst ﬁt of all models.
Additionally, we modeled a 3-way combination including all groups
and found that the best 3-way combination was 55% CWC, 40% TRB,
and 5% PWC (Fig. S14A–B). This combination also showed a good ﬁt
and a small contribution from PWC could thus not be excluded (Fig. S15
and Section S2.5). Even though the goodness of ﬁt of this 3-way conﬁguration is basically identical to a model without any PWC contribution (Fig. S15), and the model with 45% TRB and 55% CWC (the
best model among the pair-wise combinations above), a partial, albeit
small maternal PWC contribution should probably not be ruled out.
Additionally, due to the lower resolution of the PWC dataset, we ﬁltered out unspeciﬁc haplogroups [U and U4, n = 5] (Section S2.5), thus
further genetic analyses will help to clarify the mitochondrial gene pool
of the PWC on the island. Furthermore, here we are analyzing the female lineages, hence analyses of nuclear DNA is needed to fully investigate the ancestral contribution and demographic development on
Gotland.

0.70980–0.71361 [n = 23, 7 sites], thus this range could be more
realistic for the limestone environment of the Gotland biosphere (Fig.
S10A). The combined mean for all environmental Sr-data available
from Gotland to date, including the higher values from the three sites,
gives a more conservative measure of 0.70890–0.71500, 2 SD (Fig.
S10C and Table 2) which we use as Sr-baseline for Gotland in this study.
Local Sr-ranges for the sites were also detected and used for the analayses of the burials (Fig. 4A–B).
As the baseline presented here still has uncertainties, it is possible
that this range will change when more Sr-data is available in the future.
Thus, individuals with Sr-values close to the upper and lower boundaries, may in fact be non-locals (Fig. S10C). Most of the individuals in
this study exhibit Sr-isotopic ratios expected of local individuals. Apart
from the two nonlocal LN individuals in the dolmen (Fig. S10C) we also
ﬁnd one obvious nonlocal individual in the Häﬃnds burial dated to BA
I. Based on the median and quartile values for each of the groups
(Fig. 5), we can also detect an increase of migration to Gotland during
the LN and EBA compared to the MN period, which becomes even more
evident during the Viking Age. For details on the Strontium analyses for
the individual sites see Section 5.4 below.
5.3. Mitochondrial haplogroups
We generated eleven mitochondrial genomes ranging between 23 X
and 1271 X coverage (Table 1). While we were able to retrieve enough
genetic data from several of the EBA individuals to make haplotype call,
unfortunately none of the LN individuals in this study harbored suﬃcient data. All samples presented a typical for ancient DNA average read
length, and mtDNA contamination estimates for all samples were predicted to be low (Table 1). All individuals were classiﬁed into unique
mitochondrial haplotypes [HV0a, H1a, H1e1a, H2a5, J1c7a, T1a1,
T2b5, T2b16, U4a2, U5a1c, K1b2a] (Table S3 and Section S2.4).

5.4. The case studies of the four LN/EBA cist burials
5.4.1. Häﬃnds
Ten of the individuals from the cist burial were analyzed, plus three
individuals in additional features within the burial structure were dated
(Table S1 Section S1.1 and Fig. S2). Four dated to the LN phase; two
mature adults and a child [hgb003, hgb008, and hgb011, respectively]
dated to LN I, and another mature adult [hgb006] dated to LN II
(Fig. 7A–B). The majority of the other individuals dated to BA I; three
young adults [hgb005, hgb007, hgb012], an older female [hgb010],
and an older male [hgb001]. As well as, the individuals from the contexts outside the cist; an adult and a small child [hgb013 and hgb015]
located north of the cist, and a juvenile [hgb014] from feature 3 (Fig.
S2). Another child [hgb002] from inside the cist dated to BA II
(Fig. 7A–B). Seven individuals were Sr-analyzed; four adults and two
10–12 year old children revealed local early childhood Sr-signals

5.3.1. Modeling LN/EBA as a mixture of the ancient MN groups
Although our dataset mainly comprise EBA individuals, we incorporated the mitochondrial haplogroup for the single LN individual
[ans010, U5b2a1a1] (Fraser et al., 2018) with the EBA dataset [n = 12]
(Table 1), as it was later in time than the TRB cultural phase on the
Island, and also later in time than the other individuals included in the
comparative data; the PWC and the CWC datasets which were used in
this study (Brandt et al., 2013; Malmström et al., 2015) (Table S4 and
Fig. S12). To assess the maternal ancestral contribution to the LN and
EBA individuals we modeled the haplotype distribution of the LN/EBA
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1
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0.8

Goodness of fit

0.7
0.6
0.5
0.4
0.3
0.2
0.1

55% CWC
45% TRB

25% PWC
75% CWC

40% PWC
60% TRB

100% CWC

100% TRB

100% PWC

0

Fig. 6. Goodness of ﬁt for the diﬀerent pair-wise models of the maternal ancestral contribution to LN/EBA group displayed as proportion of simulated draws from the
tested model that has a lower log likelihood than the observed sample (Table S5).

(Fig. 7C and Table 1), and although divided into two clusters, ﬁve of
them also showed local Sr-values for the region. However, they seem to
have changed residence during their life-time before returning to the
Burs area. The older female [hgb010] (Fig. 7A) showed obvious nonlocal signals, and she had also moved between early childhood and
early adolescence before she came to the island. Mitochondrial lineage
calls were produced for ﬁve of the EBA individuals [hgb001, hgb002,
hgb005, hgb010, hgb012], which all belonged to diﬀerent haplotypes
[J1c7a, T2b16, HV0a, T2b5, and T1a1, respectively] (Table 1).

to BA I (Fig. 10A). Both individuals showed local Sr-signals equivalent
to that of the Burs/När area (Fig. 10B), which is within c. 10 km from
this burial. This local Sr-range is used as a proxy for the Alskog area
where this burial is located as we currently do not have environmental
Sr-data from this site (Fig. 4B). Only one of the individuals gave results
for mitochondrial DNA which showed a unique haplotype [uta001;
H1e1a] (Table 1).
6. Discussion
Several of the graves analyzed here have been plundered and destroyed and the excavations were carried out long ago and were not
recorded in suﬃcient detail. Therefore, the interpretations presented
have to be understood in this context and there can be unknown biases
of the data. We ﬁnd that only one of the burials dated to LN I
[Häﬃnds], this stone cist grave was also in use continuously into BA II.
Two additional burials showed results from LN II [Utalskog and the SKA
female at Suderkvie]. The other two stone cists [Hägur and Suderkvie]
only showed EBA usage, however more individuals need to be dated in
order to fully understand the chronology of these burials. We also found
extensive usage duringe BA I, and the individuals dated outside the cist
context at Hägur, Häﬃnds and Suderkvie also revealed BA I to BA II
dates, thus they were contemporaneous with individuals in the cists.
Only the Suderkvie cist burial showed usage in BA III (for further discussions see below). These results indicate that all four cist burials
ended in the EBA. New types of burial traditions entered the island in
the LBA [c. 1100–500 cal BCE] mainly in form of cremation urn burials.
Either as secondary burials inside EBA cairns/mounds, inside small LBA
stone cists, and/or within ship settings or other types of LBA stone
settings and cairns (e.g. Stenberger, 1964; Wehlin, 2013). A secondary
LBA cremation urn burial was also located in the cairn of the Häﬃnds
burial analyzed in this study (Fig. S2 and Section S1.1) (Burenhult,
1986).

5.4.2. Hägur
Four individuals from this disturbed burial were analyzed (Table S1
and Section S1.2). All individuals were dated to EBA; an adult and a
juvenile [hgr001 and hgr002] from location #2 were contemporaneous
with the adult [hgr003] from location #3 and dated to BA I, the other
juvenile [hgr004, also from #3] dated to BA II (Fig. 8A–B). All four
individuals show local childhood Sr-values for the Eksta region where
this burial is situated and they do not seem to have changed residence
during their lifetime (Fig. 8C). Mitochondrial lineage calls were obtained for all four individuals, which belonged to diﬀerent haplotypes
[U5a1c1, H2a5, H1a, and U4a2, respectively] (Table 1).

5.4.3. Suderkvie
Four individuals from this destroyed site were analyzed (Table S1
and Section S1.3). An older female located 2 m west of the cist in square
R5 [Skeleton A; sud003] was dated to LN II (Fig. 9A–B). An adult individual [sud004] in square R7 just outside the eastern side of the cist
was contemporaneous with a juvenile inside the cist [sud002] and
dated to BA II, and a small child [sud001] inside the cist was dated to
BA III. Mitochondrial DNA was only retrieved from the child that
showed a unique haplotype [K1b2a] (Table 1).

6.1. The Late Neolithic burials
5.4.4. Utalskog
Two adult individuals were analyzed (Table S1 and Section S1.4).
One of the individuals [uta002] dated to LN II, and the other [uta001]

The Häﬃnds stone cist [n = 20], the largest and most elaborate
burial in terms of size, had also been used for the longest time-period, as
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Fig. 7. A. The Häﬃns stone cist burial (modiﬁed from Burenhult, 1986) (Section S1.1). Colors indicate time periods: red = LN I; brown = LN II; blue = BA I;
green = BA II; black = not included in the analyses. B. Radiocarbon dating series for ten individuals from inside the cist, 95% CI. C. Strontium values for seven
individuals inside the cist: Circles depict M1 and M3; Diamonds depict individuals with only M1 values; Square depict only M2. Gray area depicts current mean Srvalues, 2 SD for Gotland, and light green area depicts local Sr-range for the Burs/När region presented in the text. (For interpretation of the references to color in this
ﬁgure legend, the reader is referred to the web version of this article.)

that they came from the same area (Fig. 10B).The BA I individual belonged to a unique haplotype [H1e] (Tables 1 and S4).
The ﬁnd circumstances for the partial skeleton [SKA] outside the
cist at Suderkvie is more diﬃcult to evaluate (Fig. 9 and Section S1.2)
(Gustavsson, unpublished; Manneke, 1963b, 1963a). Her LN II dating is
several hundred years older than the other individuals at this burial
site. Some of her skeletal elements were found in correct anatomical
position whereas all the other individuals inside the cist were completely disarticulated and commingled (Fig. S7E–G). She could have
belonged to another burial which since has been destroyed (Section
S1.2). Further dating of the other human remains found scattered across
this site, will help to clarify the context of this burial.

it had been used continuously from LN I to BA II (Fig. 7). At least four
individuals were buried within the cist during the LN period [three
adults and a child]. One adult and the child was also analyzed for
childhood mobility and showed local Sr-signals. It seems as the remains
of their bodies had been moved to the sides when additional individuals
were added to this burial. This is also consistent with the ritual burial
activities documented for these types of graves in Sweden (e.g.
Stensköld, 2004). As there were at least twenty individuals buried inside the cist at Häﬃnds we have probably not identiﬁed all individuals
from the LN period.
The natural limestone burial in Utalskog [n = 26] was the largest of
the four in terms of number of individuals. Although very fragmented,
both males and females of all age groups, including several children
were noticed (Sjöstrand, 2012). The individuals had been packed
tightly together, and it appeared as if some had been moved to make
room for others (Bergman, 1927) (Section S1.4). The dating showed
that it had been in use for at least 200–400 years [1910–1530 cal BCE,
95% CI] bordering the LN/EBA transition and continuing into BA I.
However, it could have been in use longer as, due to the fragmented
state of the material, we only analyzed two individuals from this burial.
Both individuals analyzed presented similar local Sr-signals indicating

6.2. The Early Bronze Age burials
The EBA usage in Häﬃnds shows a diﬀerent burial pattern than that
of the LN. Most individuals were dated to BA I; the mature male and
female, and three young adults inside the cist. An additional small child
and a juvenile located in feature #3, as well as one adult located just
outside the cist also dated to BA I (Figs. S2 and S9), indicating some
type of burial activity involving disarticulated human remains. Partial
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Fig. 8. A. The Hägur stone cist burial and cairn [outer oval] (modiﬁed from Stenberger, 1944b) (Section S1.2). Locations of human remains are depicted by numbers:
1. inside the cist; 2. inside the south part of the cist; 3. North-northeast part of the cairn; 4. ﬁndings place C; 5. inner circle depicts the area around the cist on a high
level. B. Radiocarbon dating series, 95% CI. C. Strontium values. Symbols, colors and Sr-baseline values are displayed as in (Fig. 7A–C).

S1.1). The burial was later completely covered by a cairn and a large
earthen mound (Burenhult, 1986). The diﬀerent haplotypes in the ﬁve
individuals reported indicated that they were not related maternally.
However, the nonlocal female [hgb010] and the child [hgb002] both
belonged to the haplogroup lineage T2b which has been found in TRB,
PWC and CWC individuals in the datasets analyzed here (Fig. S12 and
Table S4). The haplogroup lineage J1c has been found in both TRB and
CWC individuals, and lineages HV0a and T1a has been found exclusively in TRB and CWC individuals, respectively.
The Suderkvie cist burial [n = 12] had been destroyed and plundered and skeletal remains were found scattered across the whole site
(Gustavsson, unpublished; Manneke, 1963a, 1963b). Although, this
stone cist burial must have been destroyed a very long time ago as the
whole site was covered by a thick humic layer and not visible above

remains from several individuals were found in each of the three features outside the cist (Persson, unpublished) (Fig. S2 and Section S1.1).
An additional child from the cist was dated to BA II (Fig. 7). The two
older male and female individuals were placed in anatomical position
in the center of the grave but were separated temporally by c. 100 years
(Fig. 7A). The mature female did not grow up on Gotland, and she was
also placed in the opposite direction to that of the other individuals
buried in the cist. The older male and two of the young adults from BA
I, plus the young child dated to BA II, all showed local early childhood
Sr-signals. The mature male and the young child were among the last to
be buried in the cist. The male was represented by an almost complete
skeleton, whereas the child was completely disarticulated and commingled. The top cover of the cist was missing, and the top layer in the
cist was also reported to have been disturbed (Lindh, 1997) (Section

Fig. 9. A. Partial plan of the Suderkvie stone cist and Skeleton A (modiﬁed from Lidman, 2015; and Manneke, 1963b) (Section S1.3). The squares are 2 m2. Skeletal
remains from inside the cist and Skeleton A have been colored in yellow. B. Radiocarbon dating series, 95% CI. Colors indicate same time periods as in (Fig. 7A–C)
with the addition of the color purple which indicate BA III. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version
of this article.)
333

Journal of Archaeological Science: Reports 20 (2018) 324–337

M. Fraser et al.

Fig. 10. A. Radiocarbon dating series for the two individuals, 95% CI. B. Strontium values for the individuals. Symbols, colors and Sr-baseline values are displayed as
in (Fig. 7A–C), pyramid depicts only M3.

poor. We only retrieved mtDNA from the young child which showed a
unique haplogroup lineage [K1b] (Table S4).
The ﬁnal burial at Hägur [n = 16] consisted of a cist with a cairn.
This burial had also been plundered and partially destroyed prior to
excavation. The cist cover had been pushed to the side, and the cist was
ﬁlled with large cobblestones. Human remains were found commingled
in ﬁve locations within the cist, and in the cairn surrounding the cist
(Fig. 8A–C and Section S1.2) (Stenberger, 1944b, 1944a). Four juvenile
and adult individuals from two locations were analyzed which showed
that at least three were contemporaneous and dated to BA I, and the
fouth dated to BA II. Although separated in time by at least 500 years,
this burial site is located only 1 km north of the large MN PWC burial
site of Ajvide. The four individuals showed local Sr-values for the area
and they seem to have resided in the same location for their lifetime
(Fig. 8C). All four individuals displayed diﬀerent haplotypes, thus they
were not related maternally (Table 1). One unique haplogroup lineage
[H1a] was found (Table S4). The U5a lineage has been found in both
PWC and CWC datasets, and the H2a and U4a lineages have been found
exclusively in CWC (Table S4). Although, the U4-lineages in some of the
PWC individuals on Gotland has not been fully resolved (Table S4).

ground (Fig. S6A, B and H). This is in contrast to many of the other
destroyed burials on Gotland that were plundered and damaged in the
near past during historical times (Lindquist, 2007). The long bones of
several individuals had been piled up in the center of the cist, and
partial skeletal remains of at least four adults, and eight smaller children and infants were present (Gustavsson, unpublished) (Fig. S6E–F
and Section S1.3). However, these assemblages do not necessarily indicate a primary prehistoric ritual burial activity as the diﬀerent bone
concentrations may have been associated with the destruction of the
cist. A juvenile from the cist and the adult in square R7 were contemporaneous and dated to BA II. A small child in the cist dated to BA
III, this is the only individual from this study that belong to this timeperiod.
If the LN [SKA] female belonged to another cist burial the stone
packing surrounding the EBA stone cist connected these two burials
spatially (Fig. S6B, C and G). Interestingly, both graves were situated on
top of a MN TRB-pottery site, and TRB pottery was scattered across the
whole site and was also found in pits located below the stone packing
(Section S1.3) (Lidman, 2014; Manneke, 1963a, 1963b). However,
these features might not have been visible above ground at the time
when the cist burial was constructed over 2000 years later. The burials
were constructed on top of beach sand which at the time of the MN TRB
site was c. 190 to 350 m from the shore (Lidman, 2015). However, due
to the isostatic uplift, the distance to the shoreline was c. 700 m at the
end of the LN period, and c. 1400 m at the end of the EBA, presenting
diﬀerent landscapes for the activities at this site during the diﬀerent
time periods. The preservation of DNA for these individuals was also

6.3. Demography
Interestingly, we ﬁnd that most individuals studied showed local Srsignals. However, we detected an increase of migration to Gotland
compared to the MN period but mainly in the individuals buried in the
Ansarve Dolmen (Fig. 5). Only one individual [hgb010, BA I] from the
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settlement intensity on Gotland have recently been identiﬁed through
modeling of summed probability distributions of radiocarbon dates
from the Mesolithic to the LN, which indicated multiple population
events (Apel et al., 2018). Gotland was settled for diﬀerent reasons
during the diﬀerent time-periods, which are seen in the diﬀerences in
subsistence patterns, reﬂected by stable isotopes and material culture.
The LN period is a paradox as the apparent lack of settlement sites,
and directly dated ﬁnds, is in contrast to the high number of stray ﬁnds
and burial monuments. This is, however due the fact that settlement
sites are diﬃcult to ﬁnd in the landscape without the large scale exploitation-excavations performed in connection with new infrastructure, as has been done on the Swedish mainland. The same problem has been noted for the apparent lack of BA settlement sites on the
island (Runesson, 2014).
The introduction of new female lineages and the mtDNA haplogroup
variation within these stone cist burials, together with an increase of
nonlocal individuals, and a dietary shift, indicates that a demographic
event has happened. The LN period shows traces of activity all over the
island compared to the MN period with ten TRB, and eighteen PWC
sites (e.g. Bägerfeldt, 1992; Luthander, 1988; Wallin, 2010; Österholm,
1989). This pattern seems to continue into the EBA as seen by the wellestablished local groups identiﬁed by their Sr-signals, as well as the
monumental burials.
It has been shown that the CWC migration across central Europe
was based predominantly on migrating males (Goldberg et al., 2017).
Our genetic results show that there also were incoming females to
Gotland as new maternal lineages were introduced and established in
local populations. This has recently also been shown in mtDNA analyses
of LN/EBA populations in southern Germany (Knipper et al., 2017). As
we had very limited genetic data from the LN period in this study, we
can only base our interpretation on what we found in the local EBA
individuals. Moreover, as we are analyzing mtDNA we only see the
female lineages and a very small fraction of the human genome. Thus,
the full extent of population continuity from the local PWC groups is
not known. However, we can show that there has been a clear shift in
the population demography from that of the MN period on Gotland.
Further genomic analyses of these groups on Gotland [TRB, PWC, and
the LN/EBA cist burials] will help to clarify the demographic history of
the Gotlandic island inhabitants during the Stone Age and Early Bronze
Age.

Häﬃnds burial showed an obvious nonlocal Sr-signal. Although still
within the local baseline range for Gotland, the Häﬃnds individuals
[n = 8] seem to have been quite mobile during their lifetime, and also
appeared to have originated from diﬀerent locations (Fig. 7C). In contrast, the individuals from the EBA Hägur stone cist [n = 4] seem to
have resided in the same location during their lifetime (Fig. 8C). Although, the local Sr-range for the Alskog area has not been determined
both individuals showed similar Sr-values which fall within the local Srrange found for the Burs/När area in close vicinity (Fig. 10B).
The individual [ans016] from the end of the MN phase with the
deviating Sr-value (Fraser et al., 2018) is close to the upper Sr-baseline
boundry and could thus be of nonlocal origin (Fig. S10C). The two LN
individuals [ans004 and ans010] from the dolmen also display nonlocal
early childhood Sr-signals (Fig. S10C). While the sample size for the MN
usage of the Ansarve dolmen is small [n = 8], these individuals are
evenly distributed over the whole period of usage showing that there
were local groups on the island throughout this time period (Fraser
et al., 2018). Interestingly, the LN Ansarve individuals, buried in what
may be considered a deviating burial context, also exhibited diﬀerent
diet and life history patterns than those of the individuals buried in the
cists (Fig. 3 and Fig. S10C). The stable isotope analyses revealed a strict
terrestrial diet in the LN/EBA individuals in this study [n = 21], also in
contrast to the earlier TRB and PWC groups (Fig. 3). Only two of the
seventeen dated individuals from the dolmen [n = 31] were from the
LN period (Fraser et al., 2018; Lindqvist, 1997), indicating an infrequent, but still recurrent, use of the dolmen in the LN period by
people not local to the island (Table 1).
Unfortunately, due to poor preservation, mitochondrial haplotype
calls were only obtained from the EBA individuals in this study.
However, some interesting ﬁndings were observed. We ﬁnd two adult
local individuals with unique haplogroup lineages [H1a, H1e], and two
juvenile individuals with haplogroup lineages [H2a and T1a] previously found exclusively in the CWC individuals analyzed here, all four
dated to BA I showing that new lineages had already been established
on Gotland at this time period. Another unique haplogroup lineage
[K1b] is found in the child dated to BA III at Suderkvie, indicating
continued migration to the island. Additionally, the two nonlocal individuals [LN II; ans010 and BA I; hgb010], were adding to the already
existing haplogroup lineages [U5b and T2b, respectively] previously
found in the PWC individuals analyzed here. The T2b lineage has also
been found in the TRB individuals from the dolmen (Table S4).
Our ancestral contribution modeling for the maternal lineages
showed that, among the models tested, the only models with a good ﬁt
were 55/45 CWC/TRB contribution (Fig. 6), or a 3-way mixture of 55%
CWC, 40% TRB, and 5% PWC (Fig. S15). All other models had poor
support, including the models with 100% contribution from either
group present on Gotland in the preceding period. The PWC group had
the weakest ﬁt of all models which is quite surprising as the PWC was
the only preceding group that was established on the island in the beginning of the LN period. Although separated temporally by more than
500 years, the individuals from the Hägur burial seems to have been
well established in the Eksta area which previously was inhabited by
PWC groups. However, the new haplogroup lineages [H1a and H2a] in
the Hägur burial suggest some migration to Gotland in a period succeeding the PWC. Archaeologically, it is diﬃcult to reconcile a 55/45
CWC/TRB contribution on Gotland as the temporal range of the TRB
culture ends around c. 2700 cal BCE, and presently there is little archaeological evidence of assimilation of TRB and BAC/CWC on Gotland
during the latter part of the MN period (e.g. Andersson, 2016).
The apparent decline of human activity on the island post TRB, and
also later postPWC is intriguing. As we do not see cultural assimilation
of TRB and PWC on Gotland one can only speculate as to why TRB
disapears from the archaeological record. We know that there was TRB
connected activity at several sites spanning between c. 4000 to
3000 cal BCE. However, only one burial has been conﬁrmed to date,
also showing later activity up to c. 2700 cal BCE. The ﬂuctuations in

7. Conclusion
We use a multidisciplinary approach to investigate the LN to EBA
population demographic developments on the island of Gotland via
analyses of individuals buried in four previously excavated stone cist
burials. LN activity is recorded at three of the sites, and the stone cist
most extensively dated showed continuous burial activity from LN I to
BA II. We ﬁnd an increased intensity in burial activity during BA I,
where there also appear to be some activities outside the cists involving
human remains. Only one burial revealed usage in BA III.
We ﬁnd a shift in population demography compared to the preceding cultural developments on the island recorded from the Neolithic
TRB, and sub-Neolithic PWC groups. We ﬁnd that these burials were
used by local groups that were well established in the regions where the
burials were situated. These individuals also displayed a diﬀerent
dietary pattern than that noted for the preceding TRB and PWC groups
on the island. We also detect sporadic reuse of the MN TRB dolmen in
the LN period by nonlocal individuals, who also shows deviating
dietary patterns to the LN/EBA individuals in the stone cist burials.
We see an increase of new mitochondrial lineages in the EBA individuals, of which some also were noted in the CWC reference dataset
used in this study. Our modeling for maternal ancestry suggests a 3-way
model of 55% CWC, 40% TRB, and 5% PWC. Given the broad absence
of archaeological evidence for the typical BAC/CWC burials, as well as
no archaeological evidence of assimilation of TRB and PWC during the
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latter part of the MN period on Gotland, it seems probable that the
major process of admixture did not occur on the island. Instead, the
data indicates an admixture process that occurred elsewhere and prior
to migrating to Gotland. Thus, our results suggest later migration to the
island during the LN period by people with a new economy, as well as
new burial customs. A likely scenario, taking all these factors into account, is a sizable migration of people, with a ~50/50 (maternal) ancestry in TRB and CWC associated groups, possibly admixing with much
smaller local groups of PWC associated individuals on the island.
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jasrep.2018.02.045.
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