
S1 Archaeological background 

S1.1 Introduction

The late-glacial and early post-glacial dispersal of humans to Scandinavia has been the focus of
extensive  archaeological  debate.  The  complex  history  of  climatic  fluctuations  during  the
Eurasian deglaciation (Figure S1.1) created a variety of habitats for the first humans in the region
[1–7]. How the dispersal took place varied over time and in the beginning it followed a wave and
advance model with expansions and contractions, linked both to changes in climate and to the
geological  development  of  Scandinavia  and  the  Baltic  Sea  [8–14].  The  fact  that  many
Pleistocene coastal areas became submerged due to the post-glacial rise in sea level makes it
particularly  challenging  to  explore  the  earliest  coastal  activities.  In  Northern  Scandinavia,
however, where the Eurasian Ice sheet was at its thickest, isostatic land-uplift in many places
more  than  compensated  sea-level  rise,  thus  permitting  studies  of  early  Holocene  coastal
settlement. The first human colonization of the region followed a wave of advance model with
expansions and contractions linked to these climatic and landscape developments in Scandinavia
and  the  Baltic  Sea  Area  [8–14].  Our  present  knowledge  of  the  various  pulses  of  human
colonization  of  the  areas  influenced  by  the  Eurasian  Ice  Sheet  rests  on  typological  and
technological analyses of lithic assemblages, information on subsistence and dietary pattern but
also natural history proxy data. We here present novel genetic data of human remains dating
between 9,500 and 6,000 cal BP that offer a unique possibility to examine the demographic
history of the Early Holocene in northern Europe.  

The earliest  evidence for  human presence in southern Scandinavia consists  of lithic  artifacts
assigned  to  the  Hamburgian  culture.  These  date  to  c.  16,000  cal  BP;  thus  roughly
contemporaneous with the earliest radiocarbon dated finds of reindeers, the most important prey
during this period. However, around 14,000 cal BP the evidence of human presence becomes
scarce [10,11], only to be followed by a new advance of apparently episodic pioneer settlements
from around 12,800 cal BP [15–18]. 
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Figure S.1.1 Time-slice reconstruction of the extent of the Eurasian ice sheet, during the Last 
Glacial Maximum (LGM) and the relevant periods. Dates are expressed in calibrated years BP. 
From Hughes et al. [19], Figure 6. Published under CC-BY 4.0.

From around  11,700  cal  BP the  archaeological  record  indicates  a  more  consistent  northern
expansion along the Norwegian coast, following the retreat of the ice sheet. By c. 11,500–11,300
cal BP there are approximately 800 settlements throughout the Norwegian coast-line connected
to  this  pulse  of  migration,  often  linked to  the  Fosna and Komsa complexes  in  western  and
northern Norway  [20–25]. Artefacts and tools associated with these pioneer settlements show
links to mobile hunter-gatherer groups with a southern origin in the Ahrensburgian tradition [26].
The  hunter-gatherers  that  had  previously  hunted  reindeer, later  on  adopted  a  strictly  marine
economy. Seals and other marine mammals constituted an important pull factor for the terrestrial
hunter-gatherers that became marine foragers in early Holocene Scandinavia [27–29]. The use of
marine resources seems to have been the main mode of subsistence along the Norwegian coast,
although terrestrial mammals like reindeer were also exploited during occasional mountain hunts
[6,30–34]. Thus, the current hypothesis concerning the colonization of Scandinavia assumes that
settlements  rapidly  advanced  from the  south  to  western  Norway  (Fosna)  and  finally  to  the
Varanger area in the north (Komsa)  [24–26,30,31,33,35–38]. Coastal areas of western Sweden
and northern Norway were now free of ice and represented a partially protected archipelago rich
in marine resources where boats were important [14,30,31,35,39]. 

The oldest settlements on the eastern side of the Baltic Sea, from southern Finland, are dated to
around  11,100  cal  BP  [36–38],  and  for  Northern  Finland  around  10,300 cal  BP  [37,38,40].
Further south, in the Baltic countries dates fall around 10,800-10,200 cal BP [41]. Archaeological
finds indicate  two pulses of migration into north eastern Fennoscandia  [40].  The first  pulse,
however,  did  not  reach  far  into  northernmost  Finland  and Norway  and  was,  followed  by a
decline,  possibly  because  of  a  cold  event  around  10,300  cal  BP. A stronger  Late  Preboreal
migration reached northern Norway after around 10,150 cal BP. The material culture found at
these  sites,  especially  the  lithic  technology, labelled  as  Post-Swiderian  [42],  has  its  closest
counterparts within the Late Glacial microlithic Swiderian complexes of northeastern Europe,
found to the east of the Ahrensburgian complexes [16,43]. Further east, to the north of the Ural
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Mountains in Russia, human settlements have been found on the northern coasts of the continent
dating to the Late Paleolithic, possibly as early as around 43,000-40,000 cal BP [44]. Recent data
on the deglaciation [19,45], and archaeological evidence [46], such as the Pymva Shor and other
sites (dated to c. 26,300 - 11,600 cal BP) indicate that a north-eastern route for human migration
into Scandinavia may also be considered. Several Early Mesolithic sites are known along the
Kola  Peninsula  [47] and  the  White  Sea  coast,  which  are  contemporaneous  to  the  northern
Scandinavian  sites  [35].  However,  at  present  we  do  not  have  detailed  knowledge  of  their
chronology (Tikhonov, A. pers. comm.).

Figure S1.2 Distribution of ‘direct blade’ and ‘pressure blade’ lithic artifacts from radiocarbon
dated archaeological sites. The map was produced using rworldmap [48]. Locations and dates are
based on [5,49,50].

S1.2 Lithic technology in Mesolithic Northern Scandinavia 

The pioneer settlements of central and northern Scandinavia c. 11,500-11,300 cal BP shared a
flint industry characterized by a macro-flake technology and a direct knapping blade technique
that can also be found in southern Scandinavia. Certain artefact types such as tanged points and
single-edged  points,  have  their  closest  counterparts  in  the  Ahrensburgian  tradition  in  south
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Scandinavia and northern Europe  [7,26,30,49–51].  This  technology is  widespread in  western
Sweden and Norway, the Hensbacka, Fosna and Komsa complexes, and evolved slowly for c.
1,200 years.

Around  10,300  cal  BP  archaeological  finds  of  another  lithic  technology  (pressure  blade
technique) appear in northern Finland and northernmost Norway, this time showing similarities
with  the  post-Swiderian  sites  in  north-western  Russia  dated  to  11,300–7,700  cal  BP
[14,32,33,38,49–52].  This technology consists  of slotted-bone tools with flint  edges  made of
regular micro-blades that were pressed from conical blade cores. It has an eastern origin with its
earliest  appearance  in  northern  East  Asia  between  30,000-20,000  cal  BP  [53–55] and  is
introduced to the Baltic area via the Upper Volga area in Russia [56]. From here, the technology
spread, either by direct migration of people, or by knowledge transmission, via a northern or a
southeastern  route.  Rankama  &  Kankaanpää  [38] conclude  that  the  closest  technological
influences on the north Finnish site at  Sujala and the Norwegian site Fállegoahtesajeguolbba
provide strong evidence for people of the post-Swiderian groups coming from north-western
Russia and establishing themselves in northern Lapland.

The pressure blade technology developed in areas where flint was an important raw material, but
was  adapted  to  local  raw  materials  in  northern  Scandinavia  and  Finland  [14,32,33] and
eventually in middle Sweden [52]. Raw materials such as quartz, quartzite, sandstone, slate and
flint have variable and different fracture patterns and they offer different possibilities for tool
production. In northern Norway, Sweden and all of Finland [52,57] other techniques were also
adopted and in e.g. Finland a flake based technology was much more common than a blade
technology [57].

It has been suggested that the pressure blade technology dispersed to southern Scandinavia from
the north  [14,32,33,38,49,52] (Figure S1.2).  The technology is  found in southern Norway as
early as c. 10,300 cal BP [32,33,49,50,52,57] and in southern Scandinavia and western Europe
around 9,000 cal BP to 7,800 cal BP [50,58]. It is interesting that the technology appears earlier
in southern Norway than in both Denmark and south of the Baltic.  

S1.3 Site description and analyzed individuals

We have studied the genetic variation in eight samples (representing 7 unique individuals) from
four  Mesolithic  coastal  sites:  Hummervikholmen  in  Southern  Norway,  Steigen  in  Northern
Norway, and Stora Förvar and Stora Bjers on islands off the Swedish coast in the Baltic proper.
The samples and/or other skeletal elements from the same individuals have also been subjected
to stable carbon and nitrogen isotope analysis and radiocarbon dating (Table 1). The individuals
from Hummervikholmen, Stora Förvar and Stora Bjers all date between c. 9,500 and 8,600 cal
BP, i.e. the Boreal chronozone in the Early Holocene, while the individual from Steigen dates
considerably later, c. 6,000–5,800 cal BP, i.e. the Atlantic chronozone in the Middle Holocene.
Previously published genetic, stable isotope and radiocarbon data from two Mesolithic sites in
Motala  on  the  Swedish  mainland,  spanning  the  period  8,200–6,800  cal  BP  (the  Atlantic
chronozone in the Middle Holocene) were used for comparison.
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Table S.1.1 Overview of all  samples analyzed sorted by site:  individuals,  elements,  analysis
performed, and lab codes used. Detailed data in Tables S1.1-2.

Site Short 
name

Individual Skeletal element DNA IRMS
δ13C/ δ15N

14C date AMS δ13C Lab codes
used (DNA,

IRMS,
AMS)

Hummervikholmen, 
Norway

Hum1 Hummervikholmen Ind.
1

Cranial fragment x x x SOG105, 
TRa-954, 
TUa-1257

Hummervikholmen, 
Norway

Hum1 Hummervikholmen Ind.
1

Left 2nd 
maxillary incisor 

x x H22, 
SOG106

Hummervikholmen, 
Norway

Hum Occipital bone 
(cranium) 

x x x SOG103, 
TRa-952, 
TUa-2106

Hummervikholmen, 
Norway

Hum2 Hummervikholmen Ind.
2

Left 1st maxillary
molar 

x x H26, 
SOG107

Hummervikholmen, 
Norway

Hum Frontal bone 
(cranium)

x x x SOG101, 
TRa-951, 
TUa-2105

Hummervikholmen, 
Norway

Hum Tibia x x x SOG104, 
TRa-953, 
TUa-2108

Hummervikholmen, 
Norway

Hum Femur x x TUa-2107

Steigen, Norway Steigen Steigen 
Ind. 1

Right 1st 
mandibular molar

x STE 01

Steigen, Norway Steigen Steigen 
Ind. 1

Right 2nd 
mandibular molar

x x Stg001, 
STE 02

Steigen, Norway Steigen Steigen 
Ind. 1

Left 3rd 
mandibular molar

x STE 03

Steigen, Norway Steigen Steigen 
Ind. 1

Mandible x x x STE 04, 
Beta-
349961

Stora Förvar, Sweden SF9 Parietal bone 
(cranium)

x x x Sf9, Beta-
399027

Stora Förvar, Sweden SF11 Tibia x x x x Sf11, Ua-
45742, 
Beta-
448532

Stora Förvar, Sweden SF12 Femur x x x x Sf12, Ua-
45741, 
Beta-
448531 

Stora Förvar, Sweden SF13 Os coxae x x x x Sf13, Beta-
386399, 
Beta-
448533

Stora Bjers, Sweden SBj Stora Bjers Ind. 1 Right 1st, 2nd 
and 3rd 
mandibular 
molars, tibia

x x x sbj001, Ua-
46147

S1.3.1 Hummervikholmen, Norway
In 1994, human skeletal remains were found at Hummervikholmen, a small island in the Søgne
archipelago in Vest-Agder County in southernmost Norway [34,59,60]. These remains turned out
to  be  the  oldest  dated  skeletal  remains  from  Norway  [34,59,60].  The  submerged  site  was
investigated by the Norwegian Maritime Museum (NMM) in 1994-95 [59]. Recent dredging had
damaged c. 60% of the site, and a stone foundation had disturbed the original beach-zone. The
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shallow sub-sea sediments had been partially removed down to the bedrock. During the sieving
of  the  re-deposited  sediments  several  human  bone  fragments  were  recovered.  Only  a  large,
almost complete skull, a tooth, and a thighbone appeared to be  in situ  [59]. The two samples
included in the present study were found in situ: the cranium of Individual 1 (Hum1) and a tooth
from another individual (Hum 2). 

Five distinct stratigraphic layers were identified, described from the top down: (1) marine silty
sand,  (2)  compact  oyster  bank,  (3)  clay  deposit  with  decomposed  organic  material,  (4)
intermittently occurring organic layer with skeletal remains, covering, (5) sterile moraine and/or
bedrock [59]. The dating of the layer sequence is consistent and suggests that the oyster bank
was deposited during the Tapes maximum (Atlantic period) in the relatively warm, calm waters,
thus preserving the skeletal remains by sealing them in the thin organic bottom layer.

Figure S1.3 The Søgne archipelago indicating the location of Hummervikholmen (site marked
with arrow) and the – 2 m a.s.l. contour line (marked in white). Drawing by Pål Nymoen. Source:
www.kulturminnesok.no.

At least three to five individuals are represented in the material from Hummervikholmen, and the
bone remains are well preserved, Figure S1.4. The assemblage consists of an almost complete
skull  (Individual1/Hum1),  an occipital fragment (Individual2/Hum2),  a frontal  bone fragment
(Individual 3), an almost intact left femur, and a damaged left tibia. The two postcranial bones
are gracile; but it is not clear which of these adult bones belongs to which individual. The most
complete skull (Individual1/Hum1) is probably a female,  c. 35–40 years of age at death. The
skull is robust, resembling other Scandinavian Mesolithic female skulls [59,61]. 

The findings indicate the presence of a burial tradition in Norway during the Middle Mesolithic.
The remains represent unburnt burials, inhumations. The most complete skull was positioned
with the back of the head downwards—this is the only potential indication of a dorsal position,
but it could have been caused by marine erosion during the Tapes transgression. A more detailed
knowledge of the original position of the bodies cannot be established. There are neither signs
that the dead were provided with any grave goods nor of rituals, e.g. ochre or physical cutting.
The Hummervikholmen grave site thus adds to a diverse image of Middle Mesolithic burial
traditions in Scandinavia that is clearly distinguished from the later, larger and more elaborate
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known Mesolithic grave sites from the Atlantic period like Skateholm and Vedbæk [62–64]. To
date, Hummervikholmen is the most prominent submerged Mesolithic site in Norway.

Figure S1.4 Skeletal fragments from the Hummervikholmen site (Photo: Beate Kjørslevik)

S1.3.2. Steigen, Norway
The Steigen human remains were discovered in a cave on a small island, Måløya, in Steigen
municipality, Nordland County, Norway. The island is situated in a small archipelago some 5 km
west  of  Sørskott  on  the  Norwegian  mainland (Figure  S1.5).  The cave,  situated  in  a  crevice
running in a north-south direction, was discovered in 1996, but was not properly analyzed and
documented  until  2011,  when a human mandible  was found inside the cave and brought  to
Tromsø Museum (Figure S1.6). Today the opening of the cave is situated c. 30 m above present
sea level, whereas the actual find place for the mandible is situated some 25 m above the present-
day sea level, which coincides with the sea level at c. 8,500–5,500 cal BP. It is a natural cave
with an inner height exceeding 20 m in some places. An investigation in 2013, with the purpose
of measuring the cave and assessing the security and potential for an archaeological excavation,
indicated there was a great possibility to recover more finds. A large piece of wood, later to be
determined as spruce (Picea sp.) or larch (Larix sp.) was also retrieved. The radiocarbon date of
the mandible of the individual demonstrated that these were the oldest human skeletal remains
from  northern  Norway,  further  stressing  the  importance  of  an  excavation  in  the  cave.
Accordingly, in 2014 two archaeologists, Keth Lind and Roger Jørgensen from Tromsø Museum,
performed an archaeological investigation. The access to the cave is somewhat limited, mainly
due to the fact that it has partly collapsed at the entrance, causing flooding of the cave, and it was
consequently impossible to get to the inner part of the cave without an inflatable canoe. The site
where the mandible was found is situated c. 100 m from the cave entrance some 10-15 m from
the inner end of the cave. Here the cave was 2x3 m wide and the height was 2.5 m. The mandible
was found on the gravel floor, next to a large boulder. The excavation of the surrounding area
revealed  no cultural  layers  and only  a  molar  tooth belonging to  the mandible,  but  no other
skeletal remains. At some distance from the large boulder and the mandible, where the floor was
more clayish, a few small  fish bones were retrieved. It  was decided that it  was too risky to
remove the large boulder where the mandible had been found, but also that the likelihood to find
further human skeletal remains was small and no further excavations were carried out [65].
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Figure S1.5. Måløya, in Steigen municipality, with the entrance to the cave marked. From [64].

Figure S1.6 Steigen mandible in situ (left,  photo by Gunnar Svalbjørg) and close-up (right,
photo by Kerstin Lidén)
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S1.3.3 Stora Förvar, Sweden 
The cave of Stora Förvar, situated on the small island of Stora Karlsö, off the west coast of
Gotland in the Baltic Sea, was excavated between 1888 and 1893 when extensive cultural layers
of up to 4.5 m thickness of the cave were removed [66] (Figure S1.7). Large amounts of finds
dating from the Mesolithic and up to the medieval period were recovered. Radiocarbon dates
show that the duration of the Mesolithic occupation lasted from around 9,300 cal BP and the
ending around 7,000 cal BP. The zooarchaeological finds indicate that the site was mainly used
for seal hunting, but the importance of fish and birds is difficult to evaluate because of the crude
recovery techniques [67,68]. The layers were excavated by hand and finds were recovered in 0.3
m thick layers (one foot) in ten different sections/columns (Sw.  parcell), labelled A to J. The
Mesolithic  layers  (approximately  Layers  13-9)  produced more  than  1,500 kg of  bones.  The
assemblage included scattered human remains from up to ten individuals [69], among them two
almost complete crania that unfortunately were lost during storage. The identified individuals are
represented by a few skeletal elements each and in some cases, the bones may in fact originate
from the same individual. 

Figure S1.7 Photograph of the excavations of Stora Förvar on Stora Karlsö. Photo: Hjalmar
Stolpe. Antiquarian Topographical Archives (ATA), Stockholm.

The field documentation shows that a few human ribs and vertebrae were found in anatomical
position indicating the presence of at least one – probably damaged – inhumation burial [69]. It
is evident that the long-term use of the cave to some extent has affected the stratigraphic integrity
and also the potential to estimate the number of individuals present in the assemblage. It is,
however, clear that the human bones originate from at least one infant (maximum 6 months of
age) and one or possibly two children at the age of 10-14 years. At least one juvenile male (10-21
years)  is  present  and  finally, bones  from 3-5  adult  individuals  (this  is  a  more  conservative
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estimate than the one presented in Lindqvist and Possnert [69]. We took four samples from adult
individuals: SF12 recovered in Section A and Layers 12-14, SF9 in Section G/Layer 9, SF11
from Section G/Layer 11 and SF13 found in Section F/Layer 13. 

Lithic tools on the Mesolithic sites on Gotland were mostly manufactured from local Ordovician
flint and procured with a simple direct technique in a manner similar to the tradition in the south
(the  Maglemose  techno group I  and II  [67,70]).  There  are  occasional  examples  of  pressure
technique and slotted bone point technology, but these are from a slightly younger period (9,000–
8,500 cal BP) than those found in northern Scandinavia. At that time, the pressure technique was
also known in Southern Scandinavia. The first pioneers on Gotland seem to have practiced a
technology that had more in common with a south-west Scandinavian tradition than the south-
east/northern  tradition.  Such  a  view  is  also  supported  by  the  find  of  a  core  axe  of  south
Scandinavian flint in the Mesolithic culture layers from the Stora Förvar cave  [66,67] and of
several finds on Gotland of polished Limhamn axes with a south Scandinavian origin.

S1.3.4. Stora Bjers, Sweden
The Stora Bjers burial, located in Stenkyrka parish, is one of the oldest burials on Gotland. We
included the c. 45-year-old male that was found in a crouched position in a sandbank [71]. The
grave was found in 1954 and the complete burial was brought to the Museum of Gotland where
it is exhibited today. Interestingly, a fragmented slotted bone point with an associated regular
microblade with a straight profile (Figure S1.8) were found, still attached to the pelvis bone. The
regular shape and straight profile of the microblades are strong indicators of the use of pressure
technique [58], they likely originate from a pressure blade core. The arrow had likely been shot
into the body since only the tip of the point is preserved. The male from Stora Bjers also had
severe crush wounds on the skull and left jaw, further indicating a violent death. 

Figure S1.8 Fragmented slotted bone point and two blade fragments was found near the pelvis of
the  Stora  Bjers  male  (left,  photo  by  Jan  Apel,  right,  photo  by  Johan  Norderäng,  Gotland
Museum).

S1.3.5. Motala, Sweden
Motala is situated at the river Motala Ström, by the outlet of Lake Vättern in the province of
Östergötland, in east central Sweden. Two sites on opposite sides of the river, Kanaljorden and
Strandvägen, have been excavated during the past two decades, yielding a large amount of well-
preserved organic remains  [72]. Radiocarbon dates of faunal and human remains from the two
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sites span the period 8,200–6,800 cal BP. The two sites overlap chronologically but they differ
contextually. While the Strandvägen site includes a cemetery, associated settlement remains and
disarticulated human remains deposited along the shore of the river, the Kanaljorden site consists
of a ceremonial wetland deposition of mainly human calvaria on a stone-packing. The lithic
assemblages have common features with both the Lihult/Nøstvet Culture of south-west Sweden
and south-east Norway [73–75] and the late Kongemose Culture of southern Scandinavia [76–
80].  But  it  also  resembles  the  stone  technology  found  further  to  the  north  east  [78–80],
demonstrating  that  this  is  a  border  zone  where  different  stone  technologies  met,  a  cultural
mixture contact zone [81]. Previous genetic analyses on the skeletal material from Kanaljorden
seem to confirm this hypothesis, suggesting that the population has ancestry both from eastern
and western hunter-gatherers [82,83].

Stable carbon and nitrogen isotope analysis  demonstrate  that  all  humans were  high aquatic-
protein consumers, where the aquatic resources ranged from freshwater to brackish/marine origin
(Figure S1.9). The overall pattern in the dietary life histories for the Kanaljorden individuals is
one of a stable diet throughout childhood, as reflected in δ13C and δ15N values  [72]. Strontium
isotope  analysis  (87Sr/86Sr)  of  human  tooth  enamel  from both  Kanaljorden  and  Strandvägen
shows that there is a clear difference in strontium isotopic compositions between the two sites.
While the Strandvägen humans generally exhibit strontium isotope values which fall within the
local  strontium bio-available  range,  by  contrast,  the  Kanaljorden  individuals  generally  have
strontium isotopic values which fall outside the local range, indicative of a non-local population.
The results of stable and radiogenic isotope analysis of human remains from Motala indicate a
considerable variation in diet within the two sites as well as a substantial difference in origin
between the sites.

S1.4 Stable isotope analysis and diet 

Human bones and, where available, teeth from Hummervikholmen, Steigen and Stora Förvar
were subjected to stable carbon and nitrogen isotope analysis to investigate dietary patterns. The
δ13C and δ15N data are reported in Table S1.3 and Figure S1.9. The sampling, collagen extraction
and EA-IRMS analysis were performed accordingly: 

For the Hummervikholmen and Steigen samples, bone and dentine powder was obtained using a
dentist’s  drill.  Collagen  was  extracted  following  Brown  et  al.  [84],  which  includes
demineralization in a weak acid (0.25 M HCl) for two days, gelatinization with 0.01 M HCl in
58°C  overnight,  followed  by  ultrafiltration  to  remove  remnants  <30  kDa,  and  subsequent
lyophilization. Approximately 0.5 mg of collagen was weighed into tin capsules, and combusted
in a Carlo Erba NC2500 elemental analyzer connected to a Finnigan MAT Delta+ isotope ratio
mass spectrometer run in continuous flow. All the sampling and extractions were performed at
the Archaeological Research Laboratory, and the subsequent EA-IRMS analysis took place at the
Stable Isotope Laboratory (SIL), Dept. of Geological Sciences, both at Stockholm University.
The precision of the δ13C and δ15N measurements was ±0.15‰ or better. For the Stora Förvar
samples, all sampling, extraction and EA-IRMS analysis were performed at the Beta analytic
radiocarbon facility. No detailed data on extraction and measurement precision was reported,
other than that collagen was extracted using HCl, followed by treatment with NaOH, and that no
ultrafiltration took place. 
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Figure S1.9 Stable carbon and nitrogen isotope data for Scandinavian and East Baltic individuals
dated pre-6,000 cal BP. Data from [34,72,85–90], Table S1.2 and Table S1.3.

The Norwegian samples have values ranging between –14.2‰ and –13.5‰ for δ13C, and 18.2–
20.5‰  for  δ15N,  indicative  of  a  massive  intake  of  marine  mammal  protein  in  both
Hummervikholmen and Steigen (Figure S1.9). Although no faunal reference data from the sites
are available to enhance interpretation, the human isotopic signatures are so elevated that they
are only comparable to previously analyzed high marine-protein consumers [91,92]. For the two
individuals with life history data, Hummervikholmen Individual 1 (Hum1) and Steigen, there is
no suggestion of any significant changes in diet during their lifetimes. 

The Stora Förvar samples have considerably lower values, between –18.8‰ and –16.4‰ for
δ13C and 9.8–12.9‰ for δ15N. The nitrogen isotope values suggest a diet predominated by protein
from fish rather than seals. This is further corroborated by stable isotope data from a Stora Förvar
grey seal (Halichoerus grypus) of approximately the same radiocarbon age (8100±30 BP, Beta-
399028), and δ13C and δ15N values of –19.6‰ and 13.1‰, respectively. Because of the trophic-
level effect, consumption of seal would result in human δ15N values around 16‰, which is much
higher than the measured human values. With regard to the δ13C values, the present-day brackish
Baltic Sea was at this time in the Ancylus Lake Phase, with freshwater conditions, which should
typically render δ13C values even lower than the ones for the Stora Förvar humans. However,
consumption of littoral fish, such as pike and perch, or possibly of migrating seals, may help to
explain the range of human δ13C values.

The genetic data indicate that the samples SF9 and SF13 derive from one single individual. The
δ13C values match (–18.8‰ and –19.1‰, respectively), while the δ15N values differ by 1.7‰
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(11.5‰ and 9.8‰, respectively). This is a larger difference than one would expect if the bones
actually derive from the same person. However, since the analysis was performed on different
parts of the skeleton, the cranium and the pelvis, respectively, it is possible that this difference
merely reflects seasonal variation in protein intake, or a shift in diet [93]. Variation in collagen
turnover rate between different bone elements could thus explain why the δ15N values do not
match, and accordingly still be compatible with the assumption that SF9 and SF13 represent one
individual. The stable isotope data in this case are not conclusive. 

For Stora Bjers there are no IRMS stable isotope data,  only an AMS δ13C measurement,  for
which the precision is poorer. Given that uncertainty, however, the AMS δ13C value, –16.1‰,
indicates that also this individual may have consumed substantial amounts of aquatic resources.

The stable isotope data from Motala confirms a high level of mobility in hunter-gatherers during
the  Mesolithic,  as  demonstrated  by  intra-individual  data  from  dentine  and  bone  collagen.
However, in high marine-protein consumers, such mobility is more difficult to trace, based solely
on carbon and nitrogen isotope data. The isotope data from the Hummervikholmen and Steigen
individuals do not contradict high mobility. They do, however, demonstrate a pronounced coastal
adaptation which requires transportation by/use of boats [31,39,94].
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Table  S1.2 Previously  unpublished  stable  isotope  data  for  human  individuals  from Vedbæk
(Vedbæk  Boldbaner  and  Henriksholm-Bøgebakken  in  Denmark)  and  Donkalnis  (Lithuania),
plotted in Figure S1.9. All samples were processed at the Archaeological Research Laboratory
and SIL, in the same manner as the Hummervikholmen and Steigen samples.

Site Grave
no.

Lab code Sex 
(age)

Skeletal element δ13C 
(‰)

δ15N 
(‰)

Collagen
yield
(%)

%C %C C/N

Vedbæk Boldbaner - VED 29 M Radius -15.9 15.2 6.2 42.6 15.2 3.3
Henriksholm-Bøgebakken 1 VED 30 juv. M Cranium -14.3 15.8 0.5 40.0 14.4 3.2
Henriksholm-Bøgebakken 3 VED 02 F Femur -14.1 15.0 2.6 41.7 14.7 3.3
Henriksholm-Bøgebakken 4 VED 03 M Ulna -15.6 14.6 4.5 43.1 15.2 3.3
Henriksholm-Bøgebakken 5 VED 04 M Femur -13.5 16.4 1.2 35.9 12.9 3.2

Henriksholm-Bøgebakken 5 VED 48 M

Second 
mandibular 
molar -14.4 16.4 0.6 37.7 12.8 3.4

Henriksholm-Bøgebakken 5 VED 49 M
Third mandibular
molar -14.5 15.8 0.5 36.9 12.7 3.4

Henriksholm-Bøgebakken 6 VED 09 M Metatarsal -14.5 16.2 4.2 41.1 14.6 3.3
Henriksholm-Bøgebakken 8A VED 25 F Cranium -14.0 15.3 1.1 40.7 14.8 3.2
Henriksholm-Bøgebakken 8A VED 24 F Premolar -13.9 15.6 1.5 38.9 14.0 3.3
Henriksholm-Bøgebakken 12 VED 28 M Long bone -14.8 15.6 1.2 38.4 13.7 3.3
Henriksholm-Bøgebakken 14 VED 05 M Femur -13.6 16.5 1.3 36.1 12.9 3.3
Henriksholm-Bøgebakken 14 VED 52 M Premolar -15.5 11.9 5.6 40.6 15.4 3.1

Henriksholm-Bøgebakken 15A VED 13 F
First mandibular 
molar -17.4 16.5 1.1 39.6 14.0 3.3

Henriksholm-Bøgebakken 15A VED 14 F

Second 
mandibular 
molar -15.3 15.5 1.4 40.3 13.6 3.5

Henriksholm-Bøgebakken 19A VED 23 F Incisor -14.6 14.1 0.9 36.0 12.9 3.3
Henriksholm-Bøgebakken 19A VED 21 F Mandible -14.7 13.3 0.4 38.4 13.5 3.3

Henriksholm-Bøgebakken 19A VED 22 F
Third mandibular
molar -14.4 13.8 1.9 40.5 14.9 3.2

Henriksholm-Bøgebakken 19B VED 26 infant Cranium -14.4 16.9 1.6 42.0 15.3 3.2

Henriksholm-Bøgebakken 19B VED 18 infant

Second 
deciduous molar 
(germ) -14.5 18.1 2.4 42.6 15.2 3.3

Henriksholm-Bøgebakken 20 VED 06 F Femur -15.7 15.5 0.8 33.4 10.8 3.6
Donkalnis 2 DON 02+04 M Cranium -23.0 12.9 0.6 16.7 5.6 3.5
Donkalnis 3 DON 01+03 F Cranium -21.6 12.3 0.4 21.4 7.7 3.2

S1.5 Radiocarbon dating and reservoir effects

S1.5.1 Radiocarbon reservoir correction
As all the human individuals from the investigated sites included portions of aquatic protein in
their diets, it is likely that the radiocarbon dates on the bones have been affected by radiocarbon
reservoir effects. It is, consequently, crucial to correct for any reservoir age in order to get an
accurate estimate of the true age of a sample. The radiocarbon dates and associated calibrated
ranges, with and without reservoir correction for comparison, are presented in Table S1.4. 

For the dates on human bone from Hummervikholmen and Steigen, we have applied a maximum
reservoir  age  correction  of  380±30 radiocarbon  years,  based  on Mangerud  et  al.  [95].  This
correction is based on a 100% marine diet, which seems adequate in both cases, considering their
stable isotope signatures. For Hummervikholmen, situated in southern Norway, this correction
should be regarded as an absolute maximum, whereas for Steigen, located considerably further
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north,  it  may  be  closer  to  the  truth.  Applying  an  age  offset  correction,  rather  than  a  ΔR
correction,  results  in differences  in calibrated ranges  of <30 years,  which can be considered
irrelevant given the time scale.

For the dates on human bone from Stora Förvar and Stora Bjers, we have applied a reservoir age
correction of 70±40 radiocarbon years, following Eriksson  [96]. Although this age offset was
calculated for human seal hunters on Gotland during the Littorina stage of the Baltic Sea, with
admittedly higher salinity, there is no better estimate for the prehistoric Baltic proper that we are
aware of. Without more detailed dietary data it is currently not possible to make a more accurate
estimate than this rather conservative approximation.

Table S1.3 Stable carbon and nitrogen isotope data (measured by IRMS) for the analyzed 
samples and individuals. Hummervikholmen data from Skar et al. [34]; Steigen data this study; 
Stora Förvar data obtained from Beta analytic, reported in conjunction with radiocarbon data. 
2016. Nd = no data.

Short name lab code Skeletal element δ13C (‰) δ15N (‰) collagen yield
(%)

%C %N C/N

Hum1 SOG105 Cranial fragment -13.6 19.7 11.2 40.2 14.6 3.2
Hum1 SOG106 Left 2nd maxillary incisor -13.7 20.5 4.1 39.7 14.0 3.3
Hum SOG103 Occipital bone (cranium) -13.8 19.6 7.9 41.0 14.8 3.2
Hum2 SOG107 Left 1st maxillary molar -13.5 19.8 4.2 39.1 14.1 3.2
Hum SOG101 Frontal bone (cranium) -13.8 19.8 5.2 40.5 14.5 3.2
Hum SOG104 Tibia -13.6 19.6 6.4 41.0 14.8 3.2
Steigen STE 01 Right 1st mandibular molar -13.6 18.6 3.7 40.2 14.8 3.2
Steigen STE 02 Right 2nd mandibular molar -14.2 18.2 0.7 41.8 14.7 3.3
Steigen STE 01 Right 1st mandibular molar -13.6 18.6 3.7 40.2 14.8 3.2
Steigen STE 03 Left 3rd mandibular molar -13.8 18.2 4.0 40.0 14.7 3.2
Steigen STE 04 Mandible -13.8 19.2 0.6 37.2 13.4 3.2
SF9 Beta-399027 Parietal bone (cranium) -18.8 11.5 nd nd nd nd
SF11 Beta-448532 Tibia -16.7 12.9 nd 43.5 15.8 3.2
SF12 Beta-448531 Femur -16.4 12.2 nd 43.4 15.9 3.2
SF13 Beta-448533 Os coxae -19.1 9.8 nd 43.1 15.4 3.3

S1.5.2 Calibrated ranges
There are nine radiocarbon dates from five human skeletal elements from Hummervikholmen
(Table S1.4). The archaeological context strongly suggests that the human bones were deposited
during one single event, so all the dates should match. Combining all the nine dates does not
fulfill the chi-squared test for internal consistency (R_Combine  [97]), but the exclusion of the
two youngest dates (TUa-2105, TUa-2108) results in a combined date that does not violate the
statistical test, giving a combined date of 8,703±27 BP. Alternatively, the selection of the four
TRa dates only (which were produced on collagen extracted for stable isotope analysis, fulfilling
the collagen quality  criteria),  results  in a combined date of 8,730±34 BP. In both cases,  the
calibrated  2σ  range  (95.4%  probability)  is  roughly  9,500–9,300  cal  BP.  For  the  Steigen
individual, there was only one radiocarbon date, with a 2σ range of approximately 6,000–5,800
cal BP. 

From the four Stora Förvar bones, seven radiocarbon dates were produced. The samples do not
originate from a closed context, and therefore they should not be considered coeval. The three
dates on SF9 and SF13, suspected to derive from one single individual, correspond well and thus
support  the  suspicion,  giving  an  approximate  2σ  range  of  9,300–9,000 cal  BP. Of  the  four
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remaining  dates,  one  (for  SF11)  is  considerably  younger  (Ua-45742).  Since  there  was  a
discrepancy  between  this  date  and  the  dates  of  other  individuals,  a  replicate  dating  was
performed. This replicate date (Beta-448532) falls within the same range as the other two, and is
also in accordance with stratigraphic observations. The resulting 2σ range for SF11 and SF12 is
around 9,000–8,800 cal BP, or possibly slightly younger, taking the higher δ13C values for these
two  individuals  into  account.  The  dates  further  suggest  that  the  horizontal  and  vertical
stratigraphic units (Sections and Layers) within the larger Mesolithic stratum cannot be used for
chronological  differentiation.  The  bone  from  the  Stora  Bjers  individual  (SBj)  generated  a
radiocarbon  date  with  an  approximate  2σ  range  of  9,000–8,600  cal  BP,  that  is,  roughly
contemporaneous with SF11 and SF12.

Table S1.4 Radiocarbon dates sorted by site. Dates have been calibrated with Oxcal 3.10 [98], 
using the atmospheric curve Intcal13 [99]. The calibrated ranges (2σ, 95.4% probability) are 
given without and with correction for the marine reservoir effect, respectively. For the 
Norwegian samples, an offset of 380±30 radiocarbon years were applied, following Mangerud et 
al. [95], and for the Swedish samples from Gotland, an offset of 70±40 radiocarbon years was 
applied, following Eriksson [96].

Site Short 
name

AMS lab code Skeletal element AMS 14C
date (BP)

AMS δ13C
(‰)

Calibrated date
(cal BP, 2σ, no

reservoir
correction)

Calibrated
date (cal BP,
2σ, reservoir

corrected)

Hummervikholmen Hum1 TRa-954 Cranial fragment 8690±50 -13.0 9865–9539 9471–9225

Hummervikholmen Hum1 TUa-1257 Cranial fragment 8600±95 -13.4 9890–9438 9461–9011

Hummervikholmen Hum TRa-952
Occipital bone 
(cranium) 

8850±65 -13.4 10176–9700 9732–9368

Hummervikholmen Hum TUa-2106
Occipital bone 
(cranium) 

8635±75 -13.3 9867–9488 9462–9102

Hummervikholmen Hum TRa-951
Frontal bone 
(cranium)

8665±100 -13.0 10125–9476 9555–9065

Hummervikholmen Hum TUa-2105
Frontal bone 
(cranium)

8095±55 -13.6 9249–8777 8789–8441

Hummervikholmen Hum TRa-953 Tibia 8680±85 -13.2 10115–9501 9534–9125

Hummervikholmen Hum TUa-2108 Tibia 8455±75 -12.9 9546–9297 9275–8895

Hummervikholmen Hum TUa-2107 Femur 8700±70 -12.6 9909–9534 9524–9191

Steigen Steigen Beta-349961 Mandible 5450±30 -13.0 6300–6203 5950–5764

Stora Förvar SF9 Beta-399027
Parietal bone 
(cranium)

8260 ±30 -18.8 9400–9128 9300–8988

Stora Förvar SF11 Ua-45742 Tibia 6459±70 -19.1 7495–7255 7434–7147

Stora Förvar SF11 Beta-448532 Tibia 8070±30 -16.7 9089–8786 9023–8760

Stora Förvar SF12 Ua-45741 Femur 7952±53 -17.5 8992–8639 8955–8553

Stora Förvar SF12 Beta-448531 Femur 8080±30 -16.4 9093–8798 9033–8757

Stora Förvar SF13 Beta-386399 Os coxae 8330±40 -19.3 9467–9152 9421–9110

Stora Förvar SF13 Beta-448533 Os coxae 8220±30 -19.1 9290–9033 9252–8978

Stora Bjers SBj Ua-46147 Tibia 7974±49 -16.1 8997–8649 8963–8579
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