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A B S T R A C T

In recent years it has been shown that the Neolithization of Europe was partly driven by migration of farming
groups admixing with local hunter-gatherer groups as they dispersed across the continent. However, little re-
search has been done on the cultural duality of contemporaneous foragers and farming populations in the same
region. Here we investigate the demographic history of the Funnel Beaker culture [Trichterbecherkultur or TRB, c.
4000–2800 cal BCE], and the sub-Neolithic Pitted Ware culture complex [PWC, c. 3300–2300 cal BCE] during
the Nordic Middle Neolithic period on the island of Gotland, Sweden. We use a multidisciplinary approach to
investigate individuals buried in the Ansarve dolmen, the only confirmed TRB burial on the island. We present
new radiocarbon dating, isotopic analyses for diet and mobility, and mitochondrial DNA haplogroup data to
infer maternal inheritance. We also present a new Sr-baseline of 0.71208 ± 0.0016 for the local isotope var-
iation. We compare and discuss our findings together with that of contemporaneous populations in Sweden and
the North European mainland.

The radiocarbon dating and Strontium isotopic ratios show that the dolmen was used between c.
3300–2700 cal BCE by a population which displayed local Sr-signals. Mitochondrial data show that the in-
dividuals buried in the Ansarve dolmen had maternal genetic affinity to that of other Early and Middle Neolithic
farming cultures in Europe, distinct from that of the contemporaneous PWC on the island. Furthermore, they
exhibited a strict terrestrial and/or slightly varied diet in contrast to the strict marine diet of the PWC. The
findings indicate that two different contemporary groups coexisted on the same island for several hundred years
with separate cultural identity, lifestyles, as well as dietary patterns.

1. Introduction

Recent genomic analyses of humans remains from the Neolithic
period from western Eurasia have revolutionized our understanding of
the Neolithic transition, in that it was largely driven by migration of
farmers (Gamba et al., 2014; Günther and Jakobsson, 2016; Lazaridis
et al., 2014; Skoglund et al., 2014, 2012), with ancestry in Anatolia
around c. 8000 years before present (Kılınç et al., 2016; Lazaridis et al.,
2016; Mathieson et al., 2015; Omrak et al., 2016), that dispersed into
territories previously inhabited by Mesolithic foragers (Fu et al., 2016;
Posth et al., 2016; Sánchez-Quinto et al., 2012). Still, there are areas
where this process is not fully understood, i.e. in Scandinavia, which

was one of the last frontiers of the Neolithic expansion on the north
European mainland.

During the Nordic Late Mesolithic period, the Ertebølle culture
[EBK, c. 5300–3950 cal BCE] and the central European Linear pottery
culture [LBK, c. 5500–4500 cal BCE], which upheld different cultural
identities and economies, coexisted in areas south of the Baltic Sea for
almost a millennium (Fischer and Kristiansen, 2002; Midgley, 1992;
Persson, 1999; Price, 2015). The LBK culture did not advance into
Scandinavia and little is known about the cultural interactions of these
different groups (e.g. Price, 2015). Instead it is the Funnel Beaker cul-
ture [TRB] that is associated to the first Neolithic phenomena in
Scandinavia, with an onset from around c. 4000 cal BCE (e.g. Fischer
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and Kristiansen, 2002; Hallgren, 2008; Malmer, 2002; Midgley, 1992;
Persson, 1999; Price, 2015, 2000). TRB was a large culture complex
that spanned from the Netherlands to Poland and from the Czech Re-
public to southern Scandinavia. The culture has been divided into re-
gional groups based on typochronology of pottery (Bakker, 1979;
Müller, 2011), where present day Scandinavia and northern Germany
belong to the TRB-north group (Fig. 1). The northern expansion of the
TRB culture was a rapid process, beginning in northern Germany and
Denmark, and continuing north into southeastern Norway and central
Sweden, including the islands Gotland and Öland in the Baltic Sea,
(Eriksson et al., 2008; Fischer and Kristiansen, 2002; Hallgren, 2008;
Lindqvist, 1997; Papmehl-Dufay, 2012; Persson, 1999; Price, 2015).
However, the mechanism for the process of dispersal of the TRB com-
plex into Scandinavia continues to be debated (e.g. Andersson, 2016;
Price, 2015).

Even though the TRB culture on the north European mainland is
well studied (e.g. Bakker, 1979; Midgley, 1992; Müller, 2011), its exact
origin and chronology is not known. Recent genetic studies of TRB
groups in Sweden (Malmström et al., 2015, 2009; Skoglund et al., 2014,
2012) and Germany (Brandt et al., 2013; Haak et al., 2015; Lee et al.,
2014) have shown that these groups have continuity with earlier
Neolithic cultures on the European mainland, and differ from LM

forager groups in Scandinavia and central Europe (Lazaridis et al.,
2014; Skoglund et al., 2014). Other studies of mitochondrial DNA
[mtDNA] and dietary isotopes have revealed the coexistence of sub-
Neolithic foragers and farming populations; e.g. the TRB-North group
burial ground at Ostorf in Mecklenburg-Vorpommern (Fig. 1) (Bramanti
et al., 2009; Lübke et al., 2009), and the Blätterhöle cave in Hagen
(Bollongino et al., 2013), in present day Germany.

Towards the end of the Nordic Early Neolithic period [EN:
4000–3300 cal BCE], a new type of burial tradition is seen in the TRB
culture, largely in the form of megalithic tombs such as dolmens and
passage graves. Although thousands of tombs have been located in both
northern Germany and Denmark (Midgley, 2008; Müller, 2011), only c.
500–600 are known in Sweden to date. They are primarily distributed
in the south and along the west coast, as well as a large group of over
250 passage graves in the Falköping area in Västergötland (Fig. 1)
(Blomqvist, 1989; Sjögren, 2004, 2003; Tilley, 1999). However, only a
few tombs have been located to the east, including the islands Gotland
and Öland (Arne, 1923, 1909; Browall, 2016; Bägerfeldt, 1992; Janzon,
2009, 1984; Lithberg, 1914; Martinsson-Wallin and Wallin, 2010).
Several of these tombs have been excavated and examined revealing
that many were used for the duration of the TRB culture complex
Middle Neolithic phase, also with extensions into later time periods
(Eriksson et al., 2008; Fornander, 2011; Persson and Sjögren, 1995).

In the beginning of the Nordic Middle Neolithic period [MN:
3300–2400 cal BCE], cultural remains from the sub-Neolithic PWC
complex appear at coastal sites in present day Sweden, northern
Denmark, as well as, the islands Bornholm, Gotland, Öland, and Åland
in the Baltic Sea (Fig. 1) (Larsson, 2009; Malmer, 2002; Wyszomirska,
1984). The PWC culture had distinct pottery, as well as some evidence
of domesticates. Yet they were mainly hunter-gatherers with a marine
economy based on sea mammals and fish (Eriksson et al., 2008, 2004;
Larsson, 2009; Lindqvist and Possnert, 1997; Martinsson-Wallin, 2008).
In some areas PWC sites had been established either adjacent to, or on
top of, seasonal coastal sites formerly used by the TRB (Malmer, 2002).
Hybridization of pottery have also been discovered at some of these
locations, and it has been suggested that TRB groups in these areas
abandoned farming in favor to a marine hunter-gatherer lifestyle
(Larsson, 2009; Malmer, 2002). While in eastern Denmark there is
evidence of cultural hybridization between local TRB and PWC groups
(Iversen, 2016). The PWC culture performed inhumation burials in
large grave fields, often located in older PWC cultural layers, and al-
though many sites exist on the Swedish mainland, few have well pre-
served human remains (Wyszomirska, 1984). On Gotland, however,
there are several PWC sites and burial grounds totaling over 200 burials
(Fig. S1B). Which through more than 130 years of investigation has
generated much information on the PWC (e.g. Bartholin and Burenhult,
1997; Brandt and Burenhult, 2002; Eriksson, 2004; Hansson, 1897;
Hildebrand, 1887; Janzon, 1974; Lithberg, 1914; Martinsson-Wallin,
2008; Molnar, 2008; Nihlén, 1927; Norderäng, 2008; Wallin, 2016;
Wallin and Martinsson-Wallin, 2016; Wallin and von Hackwitz, 2015;
Österholm, 2008, 1989).

Malmström et al. (2015, 2010, 2009) and Skoglund et al. (2014,
2012) presented the first direct insights into the genetic makeup of
these two contemporary cultures in Sweden. Analyses of mtDNA from
TRB passage grave burials from Västergötland and Öland (Fig. 1), as
well as PWC contexts on Öland and Gotland revealed some overlap in
haplogroup distribution [K, T and H] between the two groups
(Malmström et al., 2015). However, haplogroups unique to both cul-
tures such as: J1 and J2 in TRB, plus U4 and U5 exclusively in PWC
were also observed. Further genomic analyses of the TRB passage grave
burial in Gökhem, Västergötland and PWC groups on Gotland demon-
strated that the two groups had different demographic origins
(Skoglund et al., 2012). Skoglund et al. (2014) also revealed evidence of
admixing from foragers into the Gökhem TRB group.

TRB on Gotland represents the northeastern most extension of this
culture complex, and several sites with TRB pottery have been located

Fig. 1. Map indicating distribution of TRB-North group megalithic tombs (Blomqvist,
1989; Midgley, 2008; Sjögren, 2003; Tilley, 1999) and PWC areas (Larsson, 2009)
modified from (Malmström et al., 2009). Swedish megalithic TRB burial sites included in
the analyses: 1. Gökhem passage grave, Falköping, Västergötland, 2. Alvastra dolmen,
Östergötland, 3. Mysinge passage grave, Resmo, Öland, 4. Ansarve dolmen, Tofta, Got-
land, and 5. the Ostorf TRB burial ground, Mecklenburg-Vorpommern, Germany.
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from c. 4000 cal BCE (Fig. S1B, see Section S1 for additional informa-
tion on the archaeological background on Gotland). There are also two
partially destroyed dolmens, Ansarve and Lixarve, from which only the
dolmen in Ansarve has previously been excavated (Figs. S1B and S3)
(Bägerfeldt, 1992; Lithberg, 1914; Martinsson-Wallin and Wallin,
2010). A minimum of 31 individuals were buried in the tomb (Wallin
and Martinsson, 1986), and three mandibles have been dated to c.
3300–3000 cal BCE (Fig. S2, Table S1, and Section S1.2) (Lindqvist,
1997). Currently few TRB contexts on Gotland date after 3000 cal BCE,
but the chronological time span is not fully clear (Figs. S1A and S2,
Table S1). Neither is it known to which extent the culture coexisted
alongside PWC, particularly since the TRB culture on the Swedish
mainland thrived at least up until 2800 cal BCE (Hallgren, 2008;
Malmer, 2002). The different economy, cultural expressions, and pos-
sible interrelations of the two complexes on Gotland have been heavily
debated for more than a century (e.g. Andersson, 2016; Lindqvist, 1997;
Lithberg, 1914; Stenberger, 1964; Stjerna, 1911; Österholm, 1989), and
this debate has not yet been resolved. As the lime-stone bedrock of the
island offers excellent preservation for biological remains there is great
potential for archaeogenetic research. Thus, Gotland is an ideal locality
to study the interactions and relationships between local farming and
forager groups over time.

In this study we investigate seventeen of the individuals buried in
the Ansarve dolmen and present new radiocarbon dates, isotopic ana-
lyses for diet and mobility, as well as, maternal inheritance patterns
based on mitochondrial haplogroups. The genetic results are compared
and discussed in light of data from nearby PWC sites on Gotland and
Öland, TRB passage graves from Öland and Västergötland (Malmström
et al., 2015; 2009; Skoglund et al., 2014, 2012) (Fig. 1), as well as,
mitochondrial data from Neolithic sites across the European mainland
(Table S4). In order to establish the Sr-baseline for the Gotland bio-
sphere we also analyze new environmental samples from different lo-
cations on the island, together with recent Sr-isotopic data (Peschel
et al., 2017).

2. Materials and methods

The human remains from the Ansarve dolmen were found com-
mingled and fragmented, thus we separated individuals based on pre-
vious osteological evaluation for teeth [mainly M1, loose and in situ]
distinguished by position[upper, lower, and side], plus tooth wear and
age of death (Wallin and Martinsson, 1986), including the three pre-
viously dated mandibles (Lindqvist, 1997) (Table S2 and Section S2).
Additional bone elements were also screened for DNA preservation but
were later excluded from the analyses due to low levels of endogenous
DNA.

2.1. Radiocarbon dating and isotopic analyses

Sixteen samples were AMS radiocarbon dated and IRMS analyzed
for Carbon and Nitrogen isotopes at Ångströmlaboratoriet (Uppsala
University, Sweden) and BETA analytic Inc. (Miami, Florida) (Section
S2.1-2, Table S2). The multiplot radiocarbon series were calibrated
using Oxcal online software version 4.2.4 (Bronk Ramsey, 2009), based
on the IntCal13 atmospheric curve (Reimer et al., 2013). A mean offset
of 70 ± 40 (Eriksson, 2004), was used for the marine reservoir age
correction in ans016 (Section 3.1). The M1 stable isotope results were
compared to published M1 isotopic-ratios from Swedish TRB megalithic
burials [Öland and Östergötland] and PWC groups [Gotland and
Öland], together with local Gotlandic fauna (Eriksson, 2004; Eriksson
et al., 2008; Fornander, 2011) (Section S2.2 and Table S2). Additional
stable isotope results from bone of other individuals were included for

marine reservoir age evaluation, and isotopic versus dating compar-
isons. Strontium isotope analysis [87Sr/86Sr] for eleven M1 was per-
formed at NERC, Isotope Geosciences Laboratory (Nottingham, UK)
together with sixteen additional soil and faunal tooth samples from
Gotland archaeological sites (Table S2 and sections S2.3-4).

2.2. Genetic analyses; sample preparation, DNA extraction and sequencing

All samples were prepared in facilities dedicated to analyses of
ancient DNA (aDNA) at Campus Gotland, and at the Evolutionary
Biology Centre at Uppsala University, according to strict standards for
working with degraded samples (Cooper and Poinar, 2000; Gilbert
et al., 2005). DNA was extracted from bones and teeth (Yang et al.,
1998) with modifications as in (Svensson et al., 2007) (Section S2.5).
DNA extracts were converted into Blunt-End Illumina libraries (Meyer
and Kircher, 2010) and sequenced on the Illumina HiSeq 2500 or Hi-
SeqX as described in (Günther et al., 2015) (Section S2.6). Twenty-two
samples were screened for human DNA (Table S2), and fourteen sam-
ples, totaling ten individuals, were used for downstream analysis.

2.3. Next generation sequence processing, alignment and authentication

Paired-end reads were merged and their adapters trimmed (Kircher,
2012) and subsequently mapped to the human reference genome using
BWA (Li and Durbin, 2009) following (Lazaridis et al., 2014; Skoglund
et al., 2014) (Section S2.7). PCR duplicates with identical start and end
coordinates were collapsed into consensus sequences (Kircher, 2012).
The data showed the characteristic deamination pattern towards the
read fragment-ends (Briggs et al., 2007). Contamination was estimated
based on (Green et al., 2008) (Section S2.8).

2.4. Mitochondrial haplogroup assignment, frequency histogram and PCA
analyses

Mitochondrial consensus sequences were generated using ANGSD
v.0.902 (Korneliussen et al., 2014), and haplogroups were assigned
using HaploFind (Vianello et al., 2013) and PhyloTree mtDNA Build
17 (18 Feb 2016) (Van Oven and Kayser, 2009) (Table S3, Section
S2.9). A mtDNA haplogroup frequency profile was generated based on
the nine MN Ansarve individuals as described in (Brandt et al., 2013)
(Table S4, for a detailed description of the ancient cultures [n = 26]
see Section S2.10). The boxplots were generated with Rstudio
(v0.99.903), and principal component analyses (PCA) were performed
with the prcomp R function, using the ancient mtDNA haplogroup
diversity profiles.

3. Results and discussion

A total of seventeen individuals of varying ages were distinguished
within the archaeological material; three children [5–12 years], three
juveniles [13–17 years], and eleven adults based on previous osteolo-
gical evaluations (Lindqvist, 1997; Wallin and Martinsson, 1986) (Table
S2, Section S1.2–3).

3.1. Radiocarbon and diet

Sixteen new radiocarbon dates were performed on teeth or bone
from the human remains (Fig. 2, Table S2), which showed that the tomb
was used from c. 3300–2800 cal BCE [3500 to 2630 cal BCE, 2σ], but
also during the LN period; ans004 [Ua-45390, 3763 ± 30 BP,
2290–2050 cal BCE, 2σ] and ans010 [Ua-45397, 3608 ± 30 BP,
2030–1890 cal BCE, 2σ].
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The stable isotope data of the Ansarve individuals show a terres-
trial dietary pattern clearly distinct from the diet of PWC (Fig. 3A),
although there seem to be two clusters (Fig. 3B). Some individuals
show a strict terrestrial dietary pattern. The others a pattern that could
be the result of mixing terrestrial protein sources with marine and/or
freshwater fish similar to what has been seen in TRB on Öland
(Eriksson et al., 2008) (Fig. 3A). This pattern is not as apparent when
studied temporally (Fig. S5A–B). However, the majority of the in-
dividuals with a strict terrestrial diet are dated between c.
3000–2800 cal BCE indicating some level of chronological change in
dietary pattern.

Three individuals [ans004, ans005 and ans016] had elevated δ15N-
isotope values of 13‰ or more (Fig. 3B, Table S2), and one of them
[ans016] also showed an elevated δ13C-value [−17.5] which indicate
higher marine protein intake. The reservoir effect from marine and
freshwater fish food consumption affects radiocarbon dating results,
thus such results need to be corrected for carbon reservoir age before
calibrated. However, due to the complex natural history of the Baltic

Sea (Andrén et al., 2011) the marine reservoir effect has fluctuated over
time and thus varies temporally, but also spatially due to the topo-
graphy of the sea floor affecting the circulation, the saline inflow, and
freshwater runoff from different river systems (Lougheed et al., 2013).
Similarly, the freshwater reservoir effect in inland lakes and rivers can
be problematic to evaluate as it fluctuates heavily, even within the same
body of water, and time is also a factor (Philippsen, 2013).

In this study, we chose to use a mean offset of 70 ± 40 for the
marine reservoir effect, which previously was suggested for the
strict marine diet of MN PWC on Gotland [mean δ13C-value
−15.4 ± 1.2‰] based on analyses of closed contexts in PWC burials
(Eriksson, 2004). This marine reservoir offset is likely the most relevant
for Gotland at this stage of the Baltic Sea. Different offsets have been
suggested for other areas in the Baltic (e.g. Piličiauskas and Heron,
2015), as well as from other time periods on Gotland when the salinity
was different (e.g. Boethius et al., 2017). The 70 ± 40 offset value was
also applied on individuals from TRB contexts on Öland, where
Eriksson et al. (2008) used an isotopic cut-off point at Carbon values
higher than −18.0‰ for the marine reservoir age correction. This re-
servoir age correction lowers the date for ans016 [Beta-402963,
4160 ± 30 BP, reservoir 70 ± 40, 2810–2580 cal BCE, 2σ], and also
extend the main period of usage of the dolmen [c. 3300–2700 cal BCE]
(Fig. 2, Table 2). This new dating result is late considering the temporal
range of the TRB culture in Scandinavia and could indicate secondary
usage of the tomb, but also uncertain regarding the magnitude of the
reservoir effect. However, the end of the TRB culture varies in different

Fig. 2. Radiocarbon dating series for 17 individuals from the Ansarve dolmen. Three
individuals had previously been dated [ans001, ans003, and ans005] (Lindqvist, 1997).
The latter two were re-dated; combined dates for ans003 [Ua-3783 (Lindqvist, 1997) and
Beta-432258] and ans005 [Ua-3785 (Lindqvist, 1997) and Beta-432259]. Ans016 also
corrected for reservoir age [70 ± 40] (Table S2).

Fig. 3. A. 13C/15N diet isotope plot for M1 in Ansarve individuals [n = 13] (Table S2)
compared to other MN megalithic burials and PWC groups in Sweden, projected on top of
local marine and terrestrial faunal baselines (Eriksson, 2004; Eriksson et al., 2008;
Fornander, 2011). B. 13C/15N diet isotope plot for M1 [n = 13] and bone [n = 3] in
Ansarve individuals (Table S2).
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regions, and a range between 2900 and 2700 cal BCE for the final phase
of this culture complex has been suggested previously (Midgley, 2008).

The other two individuals [ans004 and ans005] had lower Carbon
values [−19.1 for both] (Fig. 3B), which together with elevated Ni-
trogen values could indicate a mixed diet including freshwater
fish (Fernandes et al., 2012). Though, it has been shown that elevated
nitrogen values alone cannot determine the extent of the freshwater
reservoir effect (Lübke et al., 2009). Moreover, the Carbon and Ni-
trogen isotopic values for inland freshwater fish have not been estab-
lished on Gotland, nor has the radiocarbon age offset for any inland
Carbon reservoir. Thus, the radiocarbon dates from these two in-
dividuals may show dates that are too old, but they could also be
correct (Lübke et al., 2009). The other fourteen individuals showed
mainly a terrestrial diet and did not need reservoir age correction
(Fig. 3A–B).

3.2. Mobility

Our results for the faunal and soil samples show that there are re-
gional differences in the Sr-values from the Gotland island biosphere
(Fig. S6A–C, Table S2 and Sections S2.3–S2.4). The combined
Strontium isotopic values for the environmental samples range from
0.70984–0.71689. This is a much larger span than the previous sug-
gestion for the Gotland faunal Sr-baseline of 0.7100–0.7112, 2 SD (Fig.
S6C) (Preice et al., 2014; Wilhelmson and Ahlström, 2015). However,
the high Häffinds soil value of 0.71689 is a bit surprising as it is quite
different from the fox from the same location [0.71361], as well as a pig
tooth from Hemmor in close vicinity [0.71145] (Fig. S6A–C). Soil
samples can be problematic and can deviate from the local geological
signals. Foxes are also quite mobile and could display a Sr-signal from
another part of Gotland. More samples from Gotland need to be ana-
lyzed to confirm this result.

A recent study from the Viking Age trading port Ridanäs in Fröjel on
Gotland has presented faunal Sr-values of domestic animals ranging
between 0.71051 and 0.71532 (Peschel et al., 2017). The results from
this single location show a large span compared to what we see for the
different sites in this study (Fig. S6A and C). As Ridanäs was a trading
port it is possible that some of these animals were of nonlocal origin.
However, it is also possible that they came from different areas of the
island, thus representing several regions on Gotland. The Ridanäs
faunal values support our findings as they overlap our environmental
results, with the exception of the Häffinds soil sample (Fig. S6C). The
combined mean range of our study (without the Häffinds sample) and
the Ridanäs faunal values show 0.71208 ± 0.0016 (Table 1), which is
somewhat lower than the mean presented for the Ridanäs samples
[0.71242 ± 0.0016] (Peschel et al., 2017). This combination presents
a Sr-baseline for Gotland of 0.70981–0.71534, 2 SD (n= 26). More
environmental Sr-data from additional locations across the island will
help to further calibrate the Gotland Sr-baseline.

The Strontium results from eleven juvenile and adult individuals
from the Ansarve Dolmen show that the nine individuals belonging to
the primary period of use all exhibit early childhood 87Sr/86Sr values
within the 2 SD range of the baseline value presented in this study
(Fig. 4, S6C, and Table S2). Only one individual, ans010 from the LN
period, exhibited an obvious nonlocal Sr-isotope ratio showing that this
person came to the island at a later stage in life. However, there is still
the possibility that the two individuals, ans016 and ans004, also were
of nonlocal origin as the two standard deviations from the mean
method provides a conservative measurement of the environmental Sr-
data currently available from the island. Moreover, they both showed
indications of an increase of marine or fresh water fish protein in their
diet which could lower Sr-values (Fornander et al., 2015), and their
values [0.71492 and 0.71531, respectively] are close to the upper
baseline boundary of 0.71534 (Fig. 4). Interestingly, ans016 shows a
similar value to the Västergarn site [0.71515] which is close to the TRB-
pottery site Stora Mafrids, only 10 km from the dolmen (Fig. S1B and
sections S1 and S2.3). The other MN individuals seem to be divided into
two clusters, although their Sr-values fall within the range of the An-
sarve burial soils samples [0.71133–0.71342] (Fig. S6C and Table S2).

3.3. mtDNA haplogroups and maternal inheritance patterns

Ten mitochondrial genomes were generated which ranged between
23 X–1593 X coverage: nine individuals from different time-periods
during the MN period, and one of the LN individuals [ans010] (Table 2
and Table S2-S3).

All samples showed expected cytocine deamination patterns (Fig.
S7) and a typical average read length; mtDNA contamination estimates
for all samples were predicted to be low (Table 2). The results show that
the haplogroups from the MN period of usage [K1a2b, T2b8, J1c5,
HV0a, J1c8a, K2b1a and Hd7] resemble those of other European EN
and MN individuals from a farming context (Fig. 5 and Table S4). The
LN individual displayed Haplogroup U5b2a1a1.

According to the mtDNA frequency analysis the MN Ansarve in-
dividuals are most similar to the TRB group from Swedish passage
graves [TRB-P], but differ from Mesolithic hunter-gatherers and
PWC (Fig. 5). The Neolithic maternal affinity is also confirmed in the
PCA plots where Ansarve cluster with other EN and MN groups
from northcentral mainland Europe distinct from the PWC group
(Fig. 6A–B).

Fig. 4. Strontium histogram for juvenile and adult individuals from different time periods
in the Ansarve burial [n = 11]. Timeline is based on average values, cal BCE, 2σ (Table
S2, Fig. S6C). Sr baseline equals combined mean value, 2 SD for faunal and soil samples
this study (without Häffinds soil sample) and the Ridanäs faunal samples (Peschel et al.,
2017) (Table 1).

Table 1
Table listing details of the baseline calculations.

Sample N No of
sampled sites

Mean 1σ

Faunal and soil 16 6 0.71214 0.0020 This study
Faunal and soil⁎ 15 6 0.71183 0.0017 This study
Ridanäs faunal 11 1 0.71242 0.0016 (Peschel et al.,

2017)
Combined results 27 7 0.71226 0.0018
Combined results⁎ 26 7 0.71208 0.0016

⁎ Without the Häffinds soil sample.
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3.4. Discussion

The thirty-one individuals buried in the Ansarve dolmen represent
the northeastern most extension of the TRB complex. Sixteen in-
dividuals in the Ansarve skeletal material were AMS dated and IRMS
analyzed for stable isotopes, eleven of those were Sr-analyzed for
childhood mobility, and a total of ten individuals yielded results for
mtDNA. The dating showed that the tomb was used from c. 3300 to
2700 cal BCE (Fig. 2). Thus, contemporaneous with the earlier phase of
the PWC on Gotland that date between c. 3200–2300 cal BCE (Wallin
and Martinsson-Wallin, 2016). The chamber was also reused during the
LN period, as well as the secondary burial from the Iron Age (Section
S1.3), which is in accordance with other MN megalithic TRB burials in
Sweden (Eriksson et al., 2008; Fornander, 2011; Persson and Sjögren,
1995; Sjögren, 2003). Nine adult and juvenile individuals from the MN
phase displayed local Sr-signals within the 2 SD range of our Gotland
Sr-baseline value (Fig. 4, Tables 1–2), which shows that these in-
dividuals could have been local residents on the island. This is further
supported by TRB pottery, domestic animal remains, and the many
settlement sites that show that TRB was well established on Gotland

during the MN period. Some of the Ansarve individuals share mtDNA
haplogroups; such as J1c5 [ans008 and ans014] and K2b1a [ans007
and ans009] which may be a result of close relatedness on the female
lineage for these pairs of individuals. However, the large haplogroup
variation within the Ansarve MN group [seven in nine individuals carry
distinct haplogroups] suggests that the Ansarve burial was not confined
to one closely related group [on the maternal side]. A pattern that has
previously been noticed in the Swedish TRB-P group (Malmström et al.,
2015), as well as LBKT from Hungary (Szécsényi-Nagy et al., 2015), and
the chalcolithic Treilles culture [TRE] in France (Lacan et al., 2011).

The haplogroups K1, T2b, and HV0 have previously also been found
in HVS1 sequence analyses of PWC from Gotland (Malmström et al.,
2015) although haplogroup HV0 was later confirmed as haplogroup V
by further analyses of mitogenomic data (Günther et al., 2015;
Skoglund et al., 2012). Interestingly, the Mesolithic U5b haplogroup
does not appear in the Ansarve individuals analyzed here until the LN
period which is after the duration of the TRB culture. Although only a
third of the individuals buried in the dolmen have yielded mtDNA re-
sults, the absence of the U′ haplogroups in the Swedish MN megalithic
burials to date [n = 17] (Fig. 5), including the nine Ansarve individuals

Table 2
Radiocarbon dating, biological age, sequencing stats, mtDNA contamination estimation, and Strontium results for Ansarve dolmen.

Period of
usage

Individual 14C cal BCE, 2σ Biological agea mtDNA
coverage

Average read
length bp

mtDNA Hg Contamination
estimation [%]b

Number of
sites

Contamination
interval [%]

87Sr/86Sr

MN ans005 3500–3130c 17–25 114.73 77 K1a2b 1.25 6 0.255–2.235 0.71267
ans003 3490–3110c 25–35 300.87 69 T2b8 0.98 11 0.514–1.438 0.71231
ans008 3340–3030 35–64 1462.38 56 J1c5 3.08 12 2.799–3.360 nd
ans014 3330–2950 35–64 431.47 82 J1c5 1.72 11 1.311–2.128 0.71245
ans017 3330–2930 13–17 491.04 93 HV0a 0.03 2 0.000–0.080 0.71146
ans006 3090–2920 13–17 137.06 69 J1c8a 0.43 9 0.009–0.850 0.71220
ans007 3010–2890 13–17 24.54 59 K2b1a 1.39 6 0.000–3.300 0.71163
ans009 2880–2630 18–60 26.73 68 K2b1a 2.37 6 0.075–4.659 0.71156
ans016 2810–2580d 35–64 23.17 94 H7d 3.57 3 0.000–7.540 0.71492

LN ans004 2290–2050 18–60 nd nd nd nd nd nd 0.71531
ans010 2030–1890 18–60 187.75 71 U5b2a1a1 0.89 6 0.234–1.549 0.71760

bp = base pair, Hg = haplogroup, nd = none determined, all dates rounded to nearest tenth value, for additional information see Tables S2–S3.
a (Bass 1971; Sjøvold 1978).
b (Green et al. 2008).
c Combined dates.
d Corrected for reservoir age.

Fig. 5. MtDNA haplogroup [Hg] frequency histogram for 20 ancient groups divided by cultural affinity and time. This study presents the Ansarve dolmen [ANS], (for details regarding
published prehistoric cultures see Table S4, and Section S2.10). For explanation of symbols, present day country color codes, and haplogroups, see boxes in figure. Groups with no color
are represented by more than one present day country, see text below. Mesolithic Hunter gatherers: Eastern [HGE]; Southern [HGS: Spain & Portugal]; Central European [HGC: Germany,
Lithuania and Luxembourg]; Northern [HGN]; MN Pitted Ware culture [PWC]; Barcin Höyük culture Anatolia [AEN]; Starčevo culture [STC: Hungary and Croatia]; Linear pottery culture
in Transdanubia [LBKT]; Linear pottery culture [LBK: Austria and Germany]; Gurgy ‘Les Noisat’ group [GUR], Brześć Kujawski Group of the Lengyel culture [BKG]; Rössen culture [RSC];
Schöningen group [SCG]; Baalberge culture [BAC]; Ostorf TRB flat grave burials [TRB-F]; Swedish TRB passage graves [TRB-P]; Central German MN communal burials [TRB-C];
Salzmünde culture [SMC]; Bernburg culture [BEC].
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who resided on the same island as PWC for several hundred years, in-
dicate that TRB and PWC were rather separate units and did not admix
to a greater extent. This is further supported by the different dietary
patterns of the two cultural groups analyzed here (Fig. 3A). Though,
further investigation of the extent of admixture between these groups
requires analyses of genome data.

The U′ haplogroups are also lacking in the collective [TRB-C] burials
in central Germany (Lee et al., 2014), contrary to the other German MN
TRB groups, where U5a and U5b haplogroups have been found in
contemporaneous individuals from the Ostorf flat grave burial site
[TRB-F] in Mecklenburg-Vorpommern (Bramanti et al., 2009), and to
some extent also in the TRB-South groups; Baalberge, Salzmünde and
Bernburg in Saxony-Anhalt (Brandt et al., 2013) (Fig. 5, Table S4). The
MN TRB group named FBC previously reported in Brandt et al. (2013)

contained combined mtDNA haplogroup frequency data based on the
Ostorf individuals (Bramanti et al., 2009), and data from the TRB
passage grave burial from Gökhem, Västergötland in southwestern
Sweden (Malmström et al., 2009; Skoglund et al., 2012). However, the
archaeological context of the Ostorf individuals has been described as a
sub-Neolithic group, or a group of the TRB society neighboring obvious
TRB farming communities, which had subsequently reverted back to a
hunter-gatherer subsistence strategy (Lübke et al., 2009). This un-
certainty for the Ostorf individuals suggest that they should not be
considered together with the megalithic burials in Västergötland re-
presenting developed TRB farming communities (Persson and Sjögren,
2001). The higher hunter-gatherer relatedness in the Ostorf individuals
is also evident in the PCA plots, where [TRB-F] fall in between PWC and
the EN-MN groups from a farming context (Fig. 6A–B).

Although the sample sizes for Ansarve and some of the other MN
TRB groups are limited, we note some patterns among the groups that
warrant further investigation. For instance, the Ansarve group exhibits
more similar variation to central European EN-MN farming groups in
the PCA (Fig. 6A) (Brandt et al., 2013; Szécsényi-Nagy et al., 2015), and
TRB-P (Malmström et al., 2015) cluster with the EN Gurgy group [GUR]
from the Paris Basin (Rivollat et al., 2015) based on the higher fre-
quency of haplogroup H. The southwestern affinity of the TRB-P group
is further supported when adding southern European Neolithic and
Chalcolithic groups (Fig. 6B and Table S4). The high frequency of
haplogroup H [> 50%] is also noticed in the central European TRB
collective burials [TRB-C: H, HV0 and X] (Lee et al., 2014) and the
Polish Lengyel group [BKG: H, HV0, T2 and U5a] (Lorkiewicz et al.,
2015), which cluster with EN Iberian populations (Chandler et al.,
2005; Hervella et al., 2012). This points to interesting social relation-
ships among and between European MN groups, but will need greater
sample sizes or genome data to be explored further.

4. Conclusion

Our study investigated the relationship between two con-
temporaneous MN cultural complexes, TRB and PWC, on the Island of
Gotland. We examined the collective burial in the Ansarve dolmen
through AMS 14C dating, isotopic analyses for diet and mobility, and
mitochondrial DNA. We find that the dolmen was used from c.
3300–2700 cal BCE, and also contained secondary LN burials (Fig. 2).
Although few TRB locales exist after 3000 cal BCE on Gotland, the AMS
results show that the tomb was used continuously during the MN phase.

The stable isotope analyses show that the dietary pattern in the
Ansarve group was markedly different than that of the con-
temporaneous PWC (Fig. 3A). Especially the individuals buried be-
tween 3000 and 2800 cal BCE showed a strict terrestrial diet (Fig.
S5A–B). The other individuals showed a slightly varied terrestrial diet
with some marine or freshwater fish input. One individual, ans016 from
the end of the MN phase, displayed more marine protein in the diet and
the dating was corrected for marine reservoir effect.

We determined the Sr-baseline for the Gotland biosphere to be
0.70981–0.71534, 2 SD (n = 26) (Table 1), and find that there are
regional Sr-signals on the island (Fig. S6A–C). However, more en-
vironmental sampling is needed to fine-tune the Sr-ranges on Gotland.
We find one obvious nonlocal individual from a LN secondary burial
[ans010] which show that there were some mobility among individuals
during the latter part of the Nordic Neolithic time period on Gotland.
Two additional individuals, ans016 and the other LN individual
[ans004], were just under the upper boundary of the 2 SD Sr-baseline
value and could also have been of nonlocal origin. These individuals
also displayed elevated marine or freshwater fish dietary signals (Fig.
S5A-B) which could lower Sr-values, as well as affect radiocarbon
dating results. Though, their Sr-values correspond with our result for
the Västergarn soil sample located only 10 km south of Ansarve (Fig.
S6C). The Sr-results for the other individuals from the MN phase, al-
though divided into two clusters, still fall within the Sr-range we find

Fig. 6. A. MtDNA Hg frequency PCA of the same populations as in (Fig. 5), for ex-
planation of symbols and colors see (Fig. 5). B. MtDNA Hg frequency PCA with additional
populations from Southwestern Europe [n = 26]. Additional cultures: EN Portugal [PO-
EN]; EN Spain [SP-EN]; EN Navarre culture [NAV]; MN Cardial culture [MNC]; El Mir-
ador, non-Bell Beaker [MIR]; Treilles culture, non-Bell beaker [TRE] (Fig. S8, Table S4,
and Section S2.10).
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for the Ansarve soil samples (Fig. S6C).
The MN Ansarve individuals show maternal continuity with central

European farming populations. The mtDNA haplogroup composition
closely resembles individuals buried in MN passage graves in Sweden,
but differs from PWC groups on Gotland (Figs. 5 and 6A–B). Although
some Ansarve individuals share the same mtDNA haplogroups, the high
haplogroup variation within the group indicate that the burial site was
not dominated [maternally] by one closely related group. This suggests
that there were regional TRB groups present on the island which is
further supported by the distinct Strontium signals in the Ansarve group
(Fig. 4, A6C and Section S2.4), as well as the archaeological record (Fig.
S1B and Section S1).

Even though the mtDNA haplogroup composition of the Ansarve
group show close resemblance to the other Swedish megalithic burials
[TRB-P] (Fig. 5) there also appear to be differences in the TRB groups
that would need further investigation (Fig. 6B). The Ansarve group
seems to show closer affinity to EN and MN central European groups,
while TRB-P seems to have some more southwestern European influ-
ence. This southwestern influence has recently also been noticed in
genomic analyses of Gok2 from the TRB passage grave in Västergötland
(Cassidy et al., 2016; Martiniano et al., 2017). A similar scenario can be
seen in the TRB collective burials [TRB-C] from central Europe, which
cluster with EN Iberian populations based on the high frequency of
haplogroup H (Figs. 6B and A8). The contemporaneous individuals at
the Ostrof TRB burial site [TRB-F] cluster in between PWC and the
Neolithic farmers in the PCAs (Fig. 6A–B). These individuals have also
been described as a sub-Neolithic group with a hunter-gatherer sub-
sistence strategy based on freshwater fish (Lübke et al., 2009). These
results show that there were regional differences within the TRB-North
group complex, and that different scenarios shaped the genetic makeup
of the TRB groups in different regions.

Our results indicate that two different cultural complexes, TRB and
PWC, coexisted on the island of Gotland for half a century with different
cultural affiliations and subsistence strategies. Further multidisciplinary
analyses of TRB megalithic burials in different geographic regions
across northern mainland Europe and Scandinavia will help to clarify
local and regional differences in the TRB culture.

Acknowledgments

We thank the anonymous reviewers for valuable comments that helped
to improve this manuscript. We thank Daniel Gómez-Sánchez for technical
support implementing a modified version of the biplot R function in order to
produce the mtDNA frequencies PCA. We also thank Alexandra Coutinho for
proof reading and language check, Helena Malmström, Emma Svensson and
Torsten Günther for valuable discussions, as well as Arielle Munters and
Hanna Edlund for bioinformatics and laboratory support, and Leena Drenzel
at the National History Museum of Sweden for suppling materials. This work
was supported by the Berit Wallenbergs stiftelse, Gunvor och Josef Arnérs
stiftelse, Helge Ax:son Johnssons stiftelse, and Riksbankens Jubileumsfond.
Sequencing was performed at SciLifeLab's National Genomics Infrastructure
(NGI) Uppsala. The authors declare that they have no conflict of interest.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jasrep.2017.09.002.

References

Andersson, H., 2016. Gotländska stenåldersstudier Människor och djur, platser och
landskap. Stockholm Studies in Archaeology. 68.

Andrén, T., Björck, S., Andrén, E., Conley, D., Zillén, L., Anjar, J., 2011. The development
of the Baltic Sea basin during the last 130 kA. In: Harff, J., Björck, S., Hoth, P. (Eds.),
The Baltic Sea Basin [Internet]. Springer Berlin Heidelberg, Berlin, Heidelberg, pp.
75–97. [cited 2017 Aug 20]. Available from: http://link.springer.com/10.1007/978-
3-642-17220-5_4.

Arne, T.J., 1909. Stenåldersundersökningar. II–IV. Fornvännen 4, 86–108. http://samla.
raa.se/xmlui/bitstream/handle/raa/571/1909_086.pdf?sequence=1.

Arne, T.J., 1923. Avrättningsplatsen vid Alvastra - en stenåldersgrav. Fornvännen 18,
81–84, http://samla.raa.se/xmlui/bitstream/handle/raa/735/1923_081.pdf?se-
quence=1. http://samla.raa.se/xmlui/bitstream/handle/raa/735/1923_081.pdf?
sequence=1.

Bakker, J.A., 1979. The TRB West Group: Studies in the Chronology and Geography of the
Makers of Hunebeds and Tiefstich Pottery. Amsterdam: [Albert Egges van Giffen
Instituut voor Prae- en Protohistorie]. 238 p. (Cingula).

Bartholin, T., Burenhult, G., 1997. Remote sensing: applied techniques for the study of
cultural resources and the localization, identification and documentation of sub-
surface prehistoric remains in Swedish archaeology. In: Osteo-Anthropological,
Economic, Environmental and Technical Analyses. 1 Dep. of Archaeology, Stockholm
Univ, Stockholm 194 p. (Theses and papers in North-European archaeology).

Bass, W.M., 1971. Human Osteology: A laboratory and field manual of the human ske-
leton, 2nd ed. Missouri Archaeological Society, pp. 288.

Blomqvist, L., 1989. Sveriges Megalitgravar, Thesis and papers in Archaeology 1.
Stockholm University.

Boethius, A., Storå, J., Hongslo Vala, C., Apel, J., 2017. The importance of freshwater fish
in Early Holocene subsistence: exemplified with the human colonization of the island
of Gotland in the Baltic basin. J. Archaeol. Sci. Rep. 13, 625–634. https://doi.org/10.
1016/j.jasrep.2017.05.014.

Bollongino, R., Nehlich, O., Richards, M.P., Orschiedt, J., Thomas, M.G., Sell, C., et al.,
2013. 2000 Years of Parallel Societies in Stone Age Central Europe. Science.
Available from: http://science.sciencemag.org/content/early/2013/10/09/science.
1245049.abstract.

Bramanti, B., Thomas, M.G., Haak, W., Unterlaender, M., Jores, P., Tambets, K., et al.,
2009. Genetic discontinuity between local hunter-gatherers and central Europe's first
farmers. Science 326 (5949), 137–140. https://doi.org/10.1126/science.1176869.

Brandt, B., Burenhult, G., 2002. Remote sensing: applied techniques for the study of
cultural resources and the localization, identification and documentation of sub-
surface prehistoric remains in Swedish archaeology. In: Archaeological
Investigations, Remote Sensing Case Studies and Osteo-Anthropological Studies. 2
Dep. of Archaeology, Stockholm Univ, Stockholm 428 p. (Theses and papers in North-
European archaeology).

Brandt, et al., 2013. Ancient DNA reveals key stages in the formation of Central European
mitochondrial genetic diversity. Science 342 (6155), 257–261. https://doi.org/10.
1126/science.1241844.

Briggs, A.W., Stenzel, U., Johnson, P.L., Green, R.E., Kelso, J., Prüfer, K., et al., 2007.
Patterns of damage in genomic DNA sequences from a Neandertal. Proc. Natl. Acad.
Sci. 104 (37), 14616–14621. https://doi.org/10.1073/pnas.0704665104.

Bronk, Ramsey C., 2009. Bayesian analysis of radiocarbon dates. Radiocarbon 51 (1),
337–360.

Browall, H., 2016. Alvastra pålbyggnad : 1976–1980 års utgrävningar : västra schaktet.
(Kungl. Vitterhets-, historie- och antikvitetsakademien handlingar. Antikvariska
serien; vol. 52).

Bägerfeldt, L., 1992. Neolitikum på Gotland. Problem och konsekvenser. ARKEO-Förlaget.
Gamleby.

Cassidy, L.M., Martiniano, R., Murphy, E.M., Teasdale, M.D., Mallory, J., Hartwell, B.,
et al., 2016. Neolithic and Bronze Age migration to Ireland and establishment of the
insular Atlantic genome. Proc. Natl. Acad. Sci. 113 (2), 368–373. https://doi.org/10.
1073/pnas.1518445113.

Chandler, H., Sykes, B., Zilhão, J., 2005. Using ancient DNA to examine genetic continuity
at the Mesolithic-Neolithic transition in Portugal. In: Actas del III Congreso del
Neolítico en la Península Ibérica: Santander, 5 a 8 de octubre de 2003 [Internet].
Servicio de Publicaciones, pp. 781–786. [cited 2016 Oct 2]. Available from: http://
www.academia.edu/download/37257110/dna2005.pdf.

Cooper, A., Poinar, H.N., 2000. Ancient DNA: do it right or not at all. Science 289 (5482),
1139. https://doi.org/10.1126/science.289.5482.1139b.

Eriksson, G., 2004. Part-time farmers or hard-core sealers? Västerbjers studied by means
of stable isotope analysis. J. Antropol. Archaeol. 23, 135–162.

Eriksson, G., Linderholm, A., Fornander, E., Kanstrup, M., Schoultz, P., Olofsson, H., et al.,
2008. Same island, different diet: cultural evolution of food practice on Öland,
Sweden, from the Mesolithic to the roman period. J. Anthropol. Archaeol. 27 (4),
520–543. https://doi.org/10.1016/j.jaa.2008.08.004.

Fernandes, R., Rinne, C., Grootes, P.M., Nadeau, M.-J., 2012. Revisiting the chronology of
Northern German monumentality sites: preliminary results. In: Hinz, M., Müller, J.
(Eds.), Siedlung, Grabenwerk, Großsteingrab Studien zu Gesellschaft, Wirtschaft und
Umwelt der Trichterbechergruppen im nördlichen Mitteleuropa Frühe
Monumentalität und soziale Differenzierung 2. Bonn, pp. 87–103.

Fischer, A., Kristiansen, K. (Eds.), 2002. The Neolithisation of Denmark: 150 Years of
Debate. J.R. Collis, Sheffield (398 p).

Fornander, E., 2011. A Shattered Tomb of Scattered People. Curr Swed Archaeol
[Internet]. [cited 2016 Jan 31];19. Available from: http://www.
arkeologiskasamfundet.se/csa/Dokument/Volumes/csa_vol_19_2011/csa_vol_19_
2011_s113-141_fornander.pdf.

Fornander, E., Liden, K., Eriksson, G., Andersson, P., 2015. Identifying mobility in po-
pulations with mixed marine/terrestrial diets: strontium isotope analysis of skeletal
material from a passage grave in Resmo, Öland, Sweden. In: Suchowska-Ducke, P.,
Reiter, S.S., Vandkilde, H. (Eds.), Forging Identities: The Mobility of Culture in
Bronze Age Europe, Volume 1 (Report from a Marie Curie project 2009–2012 with
Concluding Conference at Aarhus University, Moesgaard 2012),. Oxford, England,
pp. 183–192 (BAR International Series).

Fu, Q., Posth, C., Hajdinjak, M., Petr, M., Mallick, S., Fernandes, D., et al., 2016. The
genetic history of Ice Age Europe. Nature [Internet]. 2 [cited 2016 May 18];
Available from: http://www.nature.com/doifinder/10.1038/nature17993.

M. Fraser et al. Journal of Archaeological Science: Reports 17 (2018) 325–334

332

http://dx.doi.org/10.1016/j.jasrep.2017.09.002
http://dx.doi.org/10.1016/j.jasrep.2017.09.002
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0005
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0005
http://link.springer.com/10.1007/978-3-642-17220-5_4
http://link.springer.com/10.1007/978-3-642-17220-5_4
http://samla.raa.se/xmlui/bitstream/handle/raa/571/1909_086.pdf?sequence=1
http://samla.raa.se/xmlui/bitstream/handle/raa/571/1909_086.pdf?sequence=1
http://samla.raa.se/xmlui/bitstream/handle/raa/735/1923_081.pdf?sequence=1
http://samla.raa.se/xmlui/bitstream/handle/raa/735/1923_081.pdf?sequence=1
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0030
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0030
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0030
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0035
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0035
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0035
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0035
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0035
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf201709282330042974
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf201709282330042974
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0040
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0040
https://doi.org/10.1016/j.jasrep.2017.05.014
https://doi.org/10.1016/j.jasrep.2017.05.014
http://science.sciencemag.org/content/early/2013/10/09/science.1245049.abstract
http://science.sciencemag.org/content/early/2013/10/09/science.1245049.abstract
https://doi.org/10.1126/science.1176869
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0060
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0060
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0060
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0060
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0060
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0060
https://doi.org/10.1126/science.1241844
https://doi.org/10.1126/science.1241844
https://doi.org/10.1073/pnas.0704665104
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0075
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0075
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0080
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0080
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0080
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0025
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0025
https://doi.org/10.1073/pnas.1518445113
https://doi.org/10.1073/pnas.1518445113
http://www.academia.edu/download/37257110/dna2005.pdf
http://www.academia.edu/download/37257110/dna2005.pdf
https://doi.org/10.1126/science.289.5482.1139b
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0105
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0105
https://doi.org/10.1016/j.jaa.2008.08.004
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0115
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0115
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0115
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0115
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0115
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0120
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0120
http://www.arkeologiskasamfundet.se/csa/Dokument/Volumes/csa_vol_19_2011/csa_vol_19_2011_s113-141_fornander.pdf
http://www.arkeologiskasamfundet.se/csa/Dokument/Volumes/csa_vol_19_2011/csa_vol_19_2011_s113-141_fornander.pdf
http://www.arkeologiskasamfundet.se/csa/Dokument/Volumes/csa_vol_19_2011/csa_vol_19_2011_s113-141_fornander.pdf
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0130
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0130
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0130
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0130
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0130
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0130
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0130
http://www.nature.com/doifinder/10.1038/nature17993


Gamba, C., Jones, E.R., Teasdale, M.D., McLaughlin, R.L., Gonzalez-Fortes, G.,
Mattiangeli, V., et al., 2014. Genome flux and stasis in a five millennium transect of
European prehistory. Nat. Commun. 5, 5257. https://doi.org/10.1038/ncomms6257.

Gilbert, M.T.P., Bandelt, H.-J., Hofreiter, M., Barnes, I., 2005 Oct. Assessing ancient DNA
studies. Trends Ecol. Evol. 20 (10), 541–544. https://doi.org/10.1016/j.tree.2005.
07.005.

Green, R.E., Malaspinas, A.-S., Krause, J., Briggs, A.W., Johnson, P.L.F., Uhler, C., et al.,
2008 Aug. A complete Neandertal mitochondrial genome sequence determined by
high-throughput sequencing. Cell 134 (3), 416–426. https://doi.org/10.1016/j.cell.
2008.06.021.

Günther, T., Jakobsson, M., 2016 Dec. Genes mirror migrations and cultures in prehistoric
Europe—a population genomic perspective. Curr. Opin. Genet. Dev. 41, 115–123.
https://doi.org/10.1016/j.gde.2016.09.004.

Günther, T., Valdiosera, C., Malmström, H., Ureña, I., Rodriguez-Varela, R., Sverrisdóttir,
Ó.O., et al., 2015. Ancient genomes link early farmers from Atapuerca in Spain to
modern-day Basques. Proc. Natl. Acad. Sci. 112 (38), 11917–11922. https://doi.org/
10.1073/pnas.1509851112.

Haak, W., Lazaridis, I., Patterson, N., Rohland, N., Mallick, S., Llamas, B., et al., 2015.
Massive migration from the steppe was a source for indo-European languages in
Europe. Nature 522 (7555), 207–211. https://doi.org/10.1038/nature14317.

Hallgren, F., 2008. Identitet i praktik: lokala, regionala och överregionala sociala sam-
manhang inom nordlig trattbägarkultur. Uppsala Univ., Department of Archaeology
and Ancient History, Uppsala 324 p. (Coast to coast books).

Hansson, H., 1897. En stenåldersboplats på Gotland, på Kungl. Vitterhets, historie, och
antikvitets akademiens bekostnad undersökt åren 1891–1893. Svenska
Fornminnesföreningens Tidskr. 10 (1), 1–16.

Hervella, Izagirre, Alonso, Fregel, Alonso, Cabrera, et al., 2012. Ancient DNA from
Hunter-Gatherer and Farmer Groups from Northern Spain Supports a Random
Dispersion Model for the Neolithic Expansion into Europe. PLoS ONE 7 (4) [cited
2016 Jul 5]. Available from: http://journals.plos.org/plosone/article/asset?id=10.
1371%2Fjournal.pone.0034417.PDF.

Hildebrand, H., 1887. En stenåldersgraf på Gotland. KVHAA Månadsbl Stockh. 16,
110–112.

Iversen, R., 2016. Was there ever a single grave culture in East Denmark? Traditions and
transformations in the 3rd millennium BC. In: proceedings of the international
workshop “socio-environmental dynamics over the last 12,000 years: the creation of
landscapes III (15th–18th April 2013)”. In: Eds, Kiel, Furholt, Martin, Großmann,
Ralph, Szmyt, Marzena (Eds.), Kommission bei Verlag Dr. Rudolf Habelt GmbH,
Bonn, pp. 159–170.

Janzon, G.O., 1974. Gotlands mellanneolitiska gravar. In: Acta Universitatis
Stockholmiensis. Studies in North-European Archaeology. 6 Almqvist & Wiksell,
Stockholm.

Janzon, G.O., 1984. A megalithic grave at Alvastra in Östergötland, Sweden. In:
Burenhult, G. (Ed.), The Archaeology of Carrowmore, pp. 361–366 (Stockholm:
Theses and Papers in North-European Archaeology).

Janzon, G.O., 2009. The dolmen in Alvastra. Stockholm: Kungl. Vitterhets Historie och
Antikvitets Akad. 156 p. (Kungl. Vitterhets Historie och Antikvitets Akademiens
Handlingar Antikvariska serien).

Kılınç, G.M., Omrak, A., Özer, F., Günther, T., Büyükkarakaya, A.M., Bıçakçı, E., et al.,
2016 Oct. The demographic development of the first farmers in Anatolia. Curr. Biol.
26 (19), 2659–2666. https://doi.org/10.1016/j.cub.2016.07.057.

Kircher, M., 2012. Analysis of high-throughput ancient DNA sequencing data. In: Shapiro,
B., Hofreiter, M. (Eds.), Ancient DNA: Methods and Protocols [Internet]. Humana
Press, Totowa, NJ, pp. 197–228. http://dx.doi.org/10.1007/978-1-61779-516-9_23.

Korneliussen, T.S., Albrechtsen, A., Nielsen, R., 2014. ANGSD: analysis of next generation
sequencing data. BMC Bioinforma. 15 (1), 1. https://doi.org/10.1186/s12859-014-
0356-4.

Lacan, M., Keyser, C., Ricaut, F.-X., Brucato, N., Tarrus, J., Bosch, A., et al., 2011. Ancient
DNA suggests the leading role played by men in the Neolithic dissemination. Proc.
Natl. Acad. Sci. 108 (45), 18255–18259. https://doi.org/10.1073/pnas.1113061108.

Larsson, Å.M., 2009. Breaking and Making Bodies and Pots: Material and Ritual Practices
in Sweden in the Third Millenium BC. Uppsala Universitet, Uppsala 455 p. (Aun).

Lazaridis, I., Patterson, N., Mittnik, A., Renaud, G., Mallick, S., Kirsanow, K., et al., 2014.
Ancient human genomes suggest three ancestral populations for present-day
Europeans. Nature 513 (7518), 409–413. https://doi.org/10.1038/nature13673.

Lazaridis, I., Nadel, D., Rollefson, G., Merrett, D.C., Rohland, N., Mallick, S., et al., 2016.
The Genetic Structure of the World's First Farmers [Internet]. 2016 Jun [cited 2016
Jul 21]. Report No.: biorxiv;059311v1. Available from: http://biorxiv.org/lookup/
doi/10.1101/059311.

Lee, E.J., Renneberg, R., Harder, M., Krause-Kyora, B., Rinne, C., Müller, J., et al., 2014.
Collective burials among agro-pastoral societies in later Neolithic Germany: per-
spectives from ancient DNA. J. Archaeol. Sci. 51, 174–180. https://doi.org/10.1016/
j.jas.2012.08.037.

Li, H., Durbin, R., 2009. Fast and accurate short read alignment with Burrows-Wheeler
transform. Bioinformatics 25 (14), 1754–1760. https://doi.org/10.1093/
bioinformatics/btp324.

Lindqvist, C., 1997. Ansarve hage-dösen. Tvärvetenskapliga aspekter på kontext och den
neolitiska förändringen på Gotland. In: Åkerlund, A., Bergh, S., Nordbladh, J.,
Taffinder, J. (Eds.), Till Gunborg Arkeologiska samtal. Stockholm Archaeological
Reports 33, pp. 361–378.

Lindqvist, C., Possnert, G., 1997. The subsistence economy and diet at Jakobs/Ajvide and
Stora Förvar, Eksta parish and other prehistoric dwelling and burial sites on Gotland
in long-term perspective. In: Burenhult, G. (Ed.), Remote Sensing. vol I. Department
of Archaeology, Stockholm Universit, Stockholm, pp. 29–90.

Lithberg, N., 1914. Gotlands stenålder. Bagge, Stockholm.
Lorkiewicz, W., Płoszaj, T., Jędrychowska-Dańska, K., Żądzińska, E., Strapagiel, D.,

Haduch, E., et al., 2015. Between the Baltic and Danubian worlds: the genetic affi-
nities of a Middle Neolithic population from Central Poland. Chaubey G, editor. PLoS
ONE 10 (2)(e0118316), https://doi.org/10.1371/journal.pone.0118316.

Lougheed, B.C., Filipsson, H.L., Snowball, I., 2013. Large spatial variations in coastal 14C
reservoir age - a case study from the Baltic Sea. Clim. Past 9 (3), 1015–1028. https://
doi.org/10.5194/cp-9-1015-2013.

Lübke, H., Lüth, F., Terberger, T., 2009. Fishers or farmers? The archeology of the Ostorrf
cemetary and related Nelithic finds in the light of new data. In: Larsson, L., Lüth, F.,
Terberger, T. (Eds.), Innovation and Continuity - Non-Megalithic Mortuary Practices
in the Baltic. New Methods and Research into the Development of Stone Age society.
International Workshop at Schwerin on 24–26 March 2006. Bericht der
Römisch_Germaischen Kommission 88 (Mainz 2009), pp. 307–339.

Malmer, M.P., 2002. The Neolithic of south Sweden: TRB, GRK, and STR. Stockholm:
Royal Swedish Academy of Letters, History, and Antiquities: Distributed by Almquist
& Wiksell International. (284 p).

Malmström, H., Gilbert, M.T.P., Thomas, M.G., Brandström, M., Storå, J., Molnar, P.,
et al., 2009 Nov. Ancient DNA reveals lack of continuity between Neolithic hunter-
gatherers and contemporary Scandinavians. Curr. Biol. 19 (20), 1758–1762. https://
doi.org/10.1016/j.cub.2009.09.017.

Malmström, H., Linderholm, A., Lidén, K., Stor, A.J., Molnar, P., Holmlund, G., et al.,
2010. High frequency of lactose intolerance in a prehistoric hunter-gatherer popu-
lation in northern Europe. BMC Evol. Biol. 10 (1), 1. https://doi.org/10.1186/1471-
2148-10-89.

Malmström, H., Linderholm, A., Skoglund, P., Stora, J., Sjodin, P., Gilbert, M.T.P., et al.,
2015. Ancient mitochondrial DNA from the northern fringe of the Neolithic farming
expansion in Europe sheds light on the dispersion process. Philos. Trans. R. Soc. B
Biol. Sci. 370 (1660)(20130373–20130373), https://doi.org/10.1098/rstb.2013.
0373.

Martiniano, R., Cassidy, L.M., Ó'Maoldúin, R., McLaughlin, R., Silva, N.M., Manco, L.,
et al., 2017. The population genomics of archaeological transition in west Iberia:
Investigation of ancient substructure using imputation and haplotype-based methods.
Di Rienzo A, editor. PLoS Genet. 13 (7)(e1006852), https://doi.org/10.1371/journal.
pgen.1006852.

Martinsson-Wallin, H., 2008. Land and sea animal remains from Middle Neolithic pitted
ware sites on Gotland Island in the Baltic Sea, Sweden. Isl. Inq. Colon. Seafar.
Archaeol. Marit. Landsc. 29, 171.

Martinsson-Wallin, H., Wallin, P., 2010. In: Budja, M. (Ed.), The story of the only (?)
megalith grave on Gotland Island, pp. 77–84 Ljubljana. (Dokumenta Praehistorica
XXXVII).

Mathieson, I., Lazaridis, I., Rohland, N., Mallick, S., Patterson, N., Roodenberg, S.A.,
et al., 2015 Nov 23. Genome-wide patterns of selection in 230 ancient Eurasians.
Nature 528 (7583), 499–503. https://doi.org/10.1038/nature16152.

Meyer, M., Kircher, M., 2010. Illumina Sequencing Library Preparation for Highly
Multiplexed Target Capture and Sequencing. Cold Spring Harb Protocol.
6(pdb.prot5448-pdb.prot5448), http://www.cshprotocols.org/cgi/doi/10.1101/pdb.
prot5448.

Midgley, M.S., 1992. TRB Culture: The First Farmers of the North European Plain.
Edinburgh University Press, Edinburgh (550 p.

Midgley, M., 2008. The Megaliths of Northern Europe. London and New York,
Routhledge.

Molnar, P., 2008. Tracing Prehistoric Activities: Life Ways, Habitual Behaviour and
Health of Hunter-Gatherers on Gotland. Dep. of Archaeology and Classical Studies,
Stockholm Univ, Stockholm (Theses and papers in osteoarchaeology).

Müller, J., 2011. Megaliths and Funnel Beakers: Societies in Change 4100–2700 BC. In
Drieendertigste Kroon-Voordracht (Amsterdam 2011).

Nihlén, J., 1927. Gotlands stenåldersboplatser. In: Kungliga Vitterhets historie och anti-
kvitets akademiens handlingar; vol. 1927. Viktor Petterssons bokindustriaktiebolag,
Stockholm.

Norderäng, J., 2008. 14C-dateringar från Ajvide. In Österholm (ed.). In: Jakobs/Ajvide:
undersökningar på en gotländsk boplatsudde från stenåldern. Gotland University
Press, Visby, pp. 296–297.

Omrak, A., Günther, T., Valdiosera, C., Svensson, E.M., Malmström, H., Kiesewetter, H.,
et al., 2016 Jan. Genomic evidence establishes Anatolia as the source of the European
Neolithic Gene Pool. Curr. Biol. 26 (2), 270–275. https://doi.org/10.1016/j.cub.
2015.12.019.

Papmehl-Dufay, L., 2012. Trattbägarkulturen på Öland i ljuset av äldre och nyare
undersökningar. Fornvännen 1073s. pp. 153–166. http://samla.raa.se/xmlui/
bitstream/handle/raa/5475/2012_153.pdf?sequence=1.

Persson, P., 1999. Neolitikums början: undersökningar kring jordbrukets introduktion i
Nordeuropa. Göteborg : Uppsala: Dept. of Archeology, University of Gothenburg;
Dept. of Archaeology and Ancient History, University of Uppsala. 263 p. (Kust till
kust-böcker).

Persson, P., Sjögren, K.-G., 1995. Radiocarbon and the chronology of Scandinavian
megalithic tombs. J. Eur. Archaeol. 3 (2), 59–88. https://doi.org/10.1179/
096576695800703694.

Persson, P., Sjögren, K.-G., 2001. Falbygdens gånggrifter. 1: Undersökningar 1985–1998.
Göteborg: Göteborgs Univ.,Inst. för arkeologi. 369 p. (GOTARC Serie C, Arkeologiska
skrifter).

Peschel, E.M., Carlsson, D., Bethard, J., Beaudry, M.C., 2017 Jun. Who resided in Ridans?
A study of mobility on a Viking Age trading port in Gotland, Sweden. J. Archaeol. Sci.
Rep. 13, 175–184. https://doi.org/10.1016/j.jasrep.2017.03.049.

Philippsen, B., 2013. The freshwater reservoir effect in radiocarbon dating. Herit. Sci. 1
(1), 24. http://link.springer.com/article/10.1186/2050-7445-1-24.

Piličiauskas, G., Heron, C., 2015. Aquatic radiocarbon reservoir offsets in the south-
eastern Baltic. Radiocarbon 57 (04), 539–556. https://doi.org/10.2458/azu_rc.57.
18447.

M. Fraser et al. Journal of Archaeological Science: Reports 17 (2018) 325–334

333

https://doi.org/10.1038/ncomms6257
https://doi.org/10.1016/j.tree.2005.07.005
https://doi.org/10.1016/j.tree.2005.07.005
https://doi.org/10.1016/j.cell.2008.06.021
https://doi.org/10.1016/j.cell.2008.06.021
https://doi.org/10.1016/j.gde.2016.09.004
https://doi.org/10.1073/pnas.1509851112
https://doi.org/10.1073/pnas.1509851112
https://doi.org/10.1038/nature14317
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0195
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0195
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0195
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0200
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0200
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0200
http://journals.plos.org/plosone/article/asset?id=10.1371%2Fjournal.pone.0034417.PDF
http://journals.plos.org/plosone/article/asset?id=10.1371%2Fjournal.pone.0034417.PDF
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0210
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0210
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0215
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0215
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0215
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0215
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0215
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0215
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0220
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0220
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0220
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0225
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0225
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0225
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0230
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0230
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0230
https://doi.org/10.1016/j.cub.2016.07.057
http://dx.doi.org/10.1007/978-1-61779-516-9_23
https://doi.org/10.1186/s12859-014-0356-4
https://doi.org/10.1186/s12859-014-0356-4
https://doi.org/10.1073/pnas.1113061108
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0260
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0260
https://doi.org/10.1038/nature13673
http://biorxiv.org/lookup/doi/10.1101/059311
http://biorxiv.org/lookup/doi/10.1101/059311
https://doi.org/10.1016/j.jas.2012.08.037
https://doi.org/10.1016/j.jas.2012.08.037
https://doi.org/10.1093/bioinformatics/btp324
https://doi.org/10.1093/bioinformatics/btp324
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0285
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0285
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0285
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0285
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0290
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0290
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0290
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0290
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0295
https://doi.org/10.1371/journal.pone.0118316
https://doi.org/10.5194/cp-9-1015-2013
https://doi.org/10.5194/cp-9-1015-2013
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0310
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0310
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0310
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0310
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0310
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0310
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0315
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0315
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0315
https://doi.org/10.1016/j.cub.2009.09.017
https://doi.org/10.1016/j.cub.2009.09.017
https://doi.org/10.1186/1471-2148-10-89
https://doi.org/10.1186/1471-2148-10-89
https://doi.org/10.1098/rstb.2013.0373
https://doi.org/10.1098/rstb.2013.0373
https://doi.org/10.1371/journal.pgen.1006852
https://doi.org/10.1371/journal.pgen.1006852
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0340
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0340
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0340
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0345
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0345
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0345
https://doi.org/10.1038/nature16152
http://www.cshprotocols.org/cgi/doi/10.1101/pdb.prot5448
http://www.cshprotocols.org/cgi/doi/10.1101/pdb.prot5448
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0360
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0360
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0365
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0365
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0370
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0370
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0370
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0375
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0375
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0380
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0380
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0380
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0385
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0385
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0385
https://doi.org/10.1016/j.cub.2015.12.019
https://doi.org/10.1016/j.cub.2015.12.019
http://samla.raa.se/xmlui/bitstream/handle/raa/5475/2012_153.pdf?sequence=1
http://samla.raa.se/xmlui/bitstream/handle/raa/5475/2012_153.pdf?sequence=1
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0410
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0410
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0410
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0410
https://doi.org/10.1179/096576695800703694
https://doi.org/10.1179/096576695800703694
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0420
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0420
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0420
https://doi.org/10.1016/j.jasrep.2017.03.049
http://link.springer.com/article/10.1186/2050-7445-1-24
https://doi.org/10.2458/azu_rc.57.18447
https://doi.org/10.2458/azu_rc.57.18447


Posth, C., Renaud, G., Mittnik, A., Drucker, D.G., Rougier, H., Cupillard, C., et al., 2016
Mar. Pleistocene mitochondrial genomes suggest a single major dispersal of non-
Africans and a late glacial population turnover in Europe. Curr. Biol. 26 (6), 827–833.
https://doi.org/10.1016/j.cub.2016.01.037.

Price, T.D. (Ed.), 2000. Europe's First Farmers. Cambridge University press, New York
(395 p).

Price, T.D., 2015. Ancient Scandinavia: An Archaeological History from the First Humans
to the Vikings. Oxford. Oxford University Press, New York, NY (494 p).

Price, T.D., Frei, K.M., Naumann, E., 2014. Isotopic baselines in the North Atlantic
Region. J. N. Atl. 1, 103–136. https://doi.org/10.3721/037.002.sp707.

Reimer, P.J., Bard, E., Bayliss, A., Beck, J.W., Blackwell, P.G., Bronk Ramsey, C., et al.,
2013. IntCal13 and Marine13 Radiocarbon Age Calibration Curves 0–50,000 years
cal BP. [cited 2016 Aug 5]; Available from. http://researchcommons.waikato.ac.nz/
handle/10289/8955.

Rivollat, M., Mendisco, F., Pemonge, M.-H., Safi, A., Saint-Marc, D., Brémond, A., et al.,
2015. When the waves of European neolithization met: first paleogenetic evidence
from early farmers in the Southern Paris Basin. Orlando L, editor. PLoS ONE 10 (4)
(e0125521), https://doi.org/10.1371/journal.pone.0125521.

Sánchez-Quinto, F., Schroeder, H., Ramirez, O., Ávila-Arcos, M.C., Pybus, M., Olalde, I.,
et al., 2012 Aug. Genomic affinities of two 7,000-year-old Iberian hunter-gatherers.
Curr. Biol. 22 (16), 1494–1499. https://doi.org/10.1016/j.cub.2012.06.005.

Sjögren, K.-G., 2003. Mångfalldige uhrminnes grafar: Megalitgravar och samhälle i
Västsverige. GOTARC. Series B, Gothenburg Archaeological Theses 27 (Göteborg
2003).

Sjögren, K.-G., 2004. Megaliths, settlements and subsistence in Bohuslän, Sweden. In:
Burenhult, G. (Ed.), Stones and Bones Formal Disposal of the Dead in Atlantic Europe
During the Mesoddead lithic-Neolithic interface 6000–3000 BC Proceedings of the
Tones and Bones Conference in Sligo, Ireland, May 1–5, 2002. Oxford, pp. 167–176
(BAR Int Ser).

Sjøvold, T., 1978. Inference concerning the Age Distribution of Skeletal Populations and
some Consequences for Palaeodemography. Anthropologie Kozlemenenyek 22, 199-
114.

Skoglund, P., Malmstrom, H., Raghavan, M., Stora, J., Hall, P., Willerslev, E., et al., 2012.
Origins and genetic legacy of Neolithic farmers and hunter-gatherers in Europe.
Science 336 (6080), 466–469. https://doi.org/10.1126/science.1216304.

Skoglund, P., Malmström, H., Omrak, A., Raghavan, M., Valdiosera, C., Günther, T., et al.,
2014. Genomic diversity and admixture differs for Stone-Age Scandinavian foragers
and farmers. Science 344 (6185), 747–750. https://doi.org/10.1126/science.
1253448.

Stenberger, M., 1964. Det forntida Sverige. Almqvist & Wiksell, Stockholm.
Stjerna, K., 1911. Före hällkisttiden. Stockholm. (KVHAA; vol. 2).
Svensson, E.M., Anderung, C., Baubliene, J., Persson, P., Malmström, H., Smith, C., et al.,

2007. Tracing genetic change over time using nuclear SNPs in ancient and modern
cattle. Anim. Genet. 38 (4), 378–383. https://doi.org/10.1111/j.1365-2052.2007.

01620.x.
Szécsényi-Nagy, A., Brandt, G., Haak, W., Keerl, V., Jakucs, J., Moller-Rieker, S., et al.,

2015. Tracing the genetic origin of Europe's first farmers reveals insights into their
social organization. Proc. R. Soc. B Biol. Sci. 282 (1805), 20150339. https://doi.org/
10.1098/rspb.2015.0339.

Tilley, C., 1999. The Dolmen and Passage Graves of Sweden. An Introduction and Guide.
Institute of Archaeology, ULC.

Van Oven, M., Kayser, M., 2009. Updated comprehensive phylogenetic tree of global
human mitochondrial DNA variation. Hum. Mutat. 30 (2), E3886–E3894. https://doi.
org/10.1002/humu.20921.

Vianello, D., Sevini, F., Castellani, G., Lomartie, L., Carpi, M., Francheschi, C., 2013.
HAPLOFIND: a new method for high-throughput mtDNA Haplogroup assignment.
Hum. Mutat. 34 (9), 1189–1194. https://doi.org/10.1002/humu.22356.

Wallin, P., 2016. The use and organisation of a Middle-Neolithic Pitted Ware coastal site
on the island of Gotland in the Baltic Sea. In: Dupont, Catherine, Marchand, Gregor
(Eds.), Archaeology of Maritime Hunter-Gatherers. From Settlement Function to the
Organization of the Coastal Zone Actes de la séance de la Société préhistorique
française de Rennes, 10–11 avril 2014. In Paris, Société préhistorique française.

Wallin, P., Martinsson, H., 1986. Osteologisk analys av skelettmaterialet från mega-
litgraven i Ansarve, Tofta Socken, Gotland. Unpublished Osteological Report.

Wallin, P., Martinsson-Wallin, H., 2016. Collective spaces and material expressions: ritual
practice and island identities in Neolithic Gotland. In: Nash, Eds George, Townsend,
Andrew (Eds.), Decoding the Neolithic and Mediterranean Island ritual. Oxford
Books, Philadelphia, pp. 1–15.

Wallin P. In: A perfect death: examples of pitted ware ritualization of the dead. In K von
Hackwitz and R Peyroteo Stjerna (Eds.) Ancient Death Ways: Proceedings of the
Workshop on Archaeology and Mortuary Practices, Uppsala, 16–17 May 2013.
Uppsala: Uppsala Universitet; 2015. p. 47–64. (Occational Papers in Archaeology).

Wilhelmson, H., Ahlström, T., 2015. Iron Age migration on the island of Öland: appor-
tionment of strontium by means of Bayesian mixing analysis. J. Archaeol. Sci. 64,
30–45. https://doi.org/10.1016/j.jas.2015.09.007.

Wyszomirska, B., 1984. Figurplastik och gravskick hos Nord- och Nordösteuropas neoli-
tiska fångstkulturer = Figure sculpture and burial customs of North and Northeastern
Europe's Neolithic Hunter-Gatherer Cultures. Bonn [u.a]: Habelt [u.a.]. 303 p. (Acta
archaeologica Lundensia in 4°).

Yang, D.Y., Eng, B., Waye, J.S., Dudar, J.C., Saunders, S.R., 1998. Improved DNA ex-
traction from ancient bones using silica-based spin columns. Am. J. Phys. Anthropol.
105 (4), 539–543. http://dx.doi.org/10.1002/(SICI)1096-8644(199804)
105:4<539::AID-AJPA10>3.0.CO;2-1.

Österholm, I., 1989. Bosättningsmönstret på Gotland under stenåldern. En analys av fy-
sisk miljö, ekonomi och social miljö. Theses and Papers in Archaeology. 3
Stockholms universitet.

Österholm, I., 2008. Jakobs/Ajvide: undersökningar på en gotländsk boplatsudde från
stenåldern. Gotland University Press, Visby 297 p. (Gotland University Press).

M. Fraser et al. Journal of Archaeological Science: Reports 17 (2018) 325–334

334

https://doi.org/10.1016/j.cub.2016.01.037
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0445
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0445
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0450
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0450
https://doi.org/10.3721/037.002.sp707
http://researchcommons.waikato.ac.nz/handle/10289/8955
http://researchcommons.waikato.ac.nz/handle/10289/8955
https://doi.org/10.1371/journal.pone.0125521
https://doi.org/10.1016/j.cub.2012.06.005
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0485
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0485
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0485
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0490
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0490
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0490
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0490
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0490
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf201709290053130071
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf201709290053130071
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf201709290053130071
https://doi.org/10.1126/science.1216304
https://doi.org/10.1126/science.1253448
https://doi.org/10.1126/science.1253448
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0505
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0510
https://doi.org/10.1111/j.1365-2052.2007.01620.x
https://doi.org/10.1111/j.1365-2052.2007.01620.x
https://doi.org/10.1098/rspb.2015.0339
https://doi.org/10.1098/rspb.2015.0339
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0525
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0525
https://doi.org/10.1002/humu.20921
https://doi.org/10.1002/humu.20921
https://doi.org/10.1002/humu.22356
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0545
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0545
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0545
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0545
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0545
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0550
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0550
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0555
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0555
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0555
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0555
https://doi.org/10.1016/j.jas.2015.09.007
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0565
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0565
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0565
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0565
http://dx.doi.org/10.1002/(SICI)1096-8644(199804)105:4<539::AID-AJPA10>3.0.CO;2-1
http://dx.doi.org/10.1002/(SICI)1096-8644(199804)105:4<539::AID-AJPA10>3.0.CO;2-1
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0395
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0395
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0395
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0400
http://refhub.elsevier.com/S2352-409X(17)30323-1/rf0400

	New insights on cultural dualism and population structure in the Middle Neolithic Funnel Beaker culture on the island of Gotland
	Introduction
	Materials and methods
	Radiocarbon dating and isotopic analyses
	Genetic analyses; sample preparation, DNA extraction and sequencing
	Next generation sequence processing, alignment and authentication
	Mitochondrial haplogroup assignment, frequency histogram and PCA analyses

	Results and discussion
	Radiocarbon and diet
	Mobility
	mtDNA haplogroups and maternal inheritance patterns
	Discussion

	Conclusion
	Acknowledgments
	Supplementary data
	References




