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Supplementary Note 1

Archaeological background of the Polish samples

Anna Juras, Maciej Chylenski, L.ukasz Pospieszny, Stanistaw Wilk, & Helena Malmstrom

MESOLITHIC INDIVIDUALS

Although traces of Mesolithic hunter-gatherer communities can be found across present-day
Poland, they are denser in northern Poland while being less frequent in the south?3, Some
exotic novelties associated with early farmers are seen in later hunter-gatherer societies*.

Kamienskie 1, Masurian Lake District, Poland (Maglemose culture)

A barrow at Kamienskie, site 1, was excavated in 1996°. Under the mound, a Mesolithic grave
was found. Bone materials are curated by the Folk Culture Museum in We¢gorzewo.

poz503: Came from the burial in feature 3b®. This was a poorly preserved skeleton of a young
individual who died at an age of 13-15 years. Morphological assessment indicated that this was
possibly female, and no pathological changes was observed. The AMS radiocarbon date 95.4
% (2-sigma) range from this study was 8,763-8,430 cal BP (P0z-91104, 8310+50 BP) assuming
fresh water reservoir effect (FRE) correction of 500 years (see Supplementary Note 4 for
details). Stable isotope values for this individual were 6*3C —20.0 %o and ¢*°N 13.3 %o. The
petrous portion of a temporal bone was sampled for DNA extraction. Our genetic analyses
corroborate that this was a female and further showed that she belonged to mtDNA haplogroup
USa2c.

Lojewo, Kuvavia region, Poland (Maglemose culture)

A human skull and 12 animal teeth found accidently in 19417. All finds are curated by the
Archaeological Museum in Poznan.

poz297: From an incidental find from Lojewo (inventory numbers 1942:68 and 1942:272). A
skull of this individual was collected (Supplementary Fig. 1) which belonged to a male who
died at an age of 30-40 years. The find was accompanied with animal teeth (most likely of a
red deer) with perforated roots which originally were elements of a necklace. Both the skull and
teeth were covered with red ocher. This individual was AMS radiocarbon dated in this study to
7,570-7,429 cal BP (Poz-77893, 7360+40 BP) assuming FRE correction of 750 years (see
Supplementary Note 4 for details). Stable isotope values for this individual were 5**C —21.6 %o
and 6N 12.1 %o. A tooth was sampled for DNA extraction. We show that this was a male,
carrying mtDNA haplogoup U4b1b1 and Y-chromosomal haplogroup I2c.



Supplementary Figure 1 Individual poz297 from Lojewo (photo by Patrycja Silska).

NEOLITHIC INDIVIDUALS
A. Linear Pottery culture (LBK)

The beginning of the Neolithic in Poland is associated with the appearance of northeastern-
most range of the agro-pastoralist Linear Pottery culture (LBK) expansion, appearing after the
mid-8th millennium BP8910.11.1213 /| BK is thought to have been originating from the Staréevo
-Koros culture in the Hungarian Plain and then rapidly expanding into Europe, from France in
the west to Ukraine in the east®>14151617.18 ‘Material culture similarities with LBK south of the
Carpathians and Sudetes, indicate that the LBK people came to the region of present-day Poland
from the south?®, and similarly to LBK in other areas, they seem to have moved mostly into
areas with favorable conditions for their agricultural lifestyle. This resulted in an enclave-like
distribution of LBK settlements?®. LBK in present-day Poland has been suggested to either
replace hunter-gatherer populations or to coexist although utilizing different resources in
different areas?-?2. There are signs of contact between these groups in the archaeological lithic
material'®?, LBK people commonly buried their dead in their settlements®*? similar to
Neolithic communities in e.g., Anatolia or to Staréevo-Koros culture?®?7,

Kruszyn 13, Kuyavia region, Poland

Kruszyn 13 is a multicultural archaeological site with several phases of occupation ranging
from Neolithic to early modern times. It was excavated between 2004 and 2009 by a team from
the Institute of Archeology and Ethnology of the Polish Academy of Sciences under the
supervision of lwona Sobkowiak-Tabaka. The earliest phase of occupation was interpreted as
a LBK settlement consisting of at least three groups of archaeological features, each of which

3



were identified to represent one household based on the clusters of pits. Within those pits,
thought to originally be construction pits of LBK houses and subsequently reused for various
purposes, three burials were found?® two of which were sampled for this study.

Ibk102: From feature 107. This rectangular pit was found within a large construction pit of one
of the houses. It contained a burial of a flexed individual placed on the left side with the head
to E and facing S* (see photo of individual Ibk102 from feature 107 at Kruszyn®?). The human
remains were relatively poorly preserved and interpreted as belonging to a c. 40-50 years old
male. The burial fill contained multiple fragments of LBK pottery, some of which were
ornamented with musical note pattern. The remains were dated to 6,719-6,497 cal BP (Poz-
31418, 5,810+40 BP)?. We do not, however, consider this date reliable. This is based on two
things, first, the date came from the carbonate fraction of bone and not from the collagen
fraction, and second, the soil on the site is thought to be rich with potentially contaminating
calcium carbonate. In comparison with other LBK sites in this region, the obtained **C based
ages are too late. Based on the archaeological context, this individual was dated to c. 7,300-
7,000 cal BP3L. Two teeth were sampled for DNA extraction. This individual was genetically a
female carrying mtDNA haplogroup Nlalal.

Ibk104: From feature 110. This was also a rectangular pit, found within the same construction
pit as burial 107. It contained the remains of a flexed individual placed on the left side on a
NW-SE axis with the head in NW32 (see a photo of individual Ibk104 from burial 110 at
Kruszyn®). The human remains were relatively poorly preserved and interpreted as belonging
to a 5-7 years old child. Fragments of LBK pottery were found in the burial fill. The remains
were dated to 6,795-6,565 cal BP (Poz-31417, 5,880+40 BP)?°. However, as in the case of the
individual from feature 107, a carbonate fraction of bone was used to acquire the date and hence
not considered reliable. The archaeological context-based age of this sample is c. 7,300 — 7,000
cal BP®. A temporal bone was sampled for DNA extraction. This child was also female and
belonged to mtDNA haplogroup Klal.

Ludwinowo 6, Kuyavia region, Poland

Ludwinowo 6 is another multicultural site excavated between 2008 and 2009 by the same team
from the Institute of Archeology and Ethnology of the Polish Academy of Sciences under the
supervision of Iwona Sobkowiak-Tabaka. The site is characterized by at least 5 phases of
occupation, one of those phases is interpreted as medium sized LBK settlement composed of
household complexes identified by clusters of pits®3. Two burials attributed to LBK were found
on the site, and one of these was included in this study.

Ibk101: Feature C46. This oval burial contained the poorly preserved remains of an adult
individual. It was badly truncated by an Iron Age intrusion. Attempts to radiocarbon date this
specimen failed. From the archaeological context this individual is dated to c. 7,300-7,000 cal
BP3!. Two teeth were selected for this study. This individual was genetically a female carrying
mtDNA haplogroup H.

B. Post-LBK Late Lengyel culture

One of the latest representatives of Early Neolithic traditions in Central Europe is the post-LBK
Late Lengyel culture, also called Brzes¢ Kujawski culture/Brzes¢ Kujawski Group of the
Lengyel culture®*3 or Late Band Pottery culture (phase 11-111)%. Post-LBK Late Lengyel sites
occur in the archaeological record between 6,500 and 5,800 cal BP in the northern parts of
present-day Poland. They are associated with large and densely occupied settlements sites, such
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as Krusza Zamkowa and Racot included in this study, with trapezoidal long houses with
adjacent burials*’8, Most burials consist of single pit graves with crouched bodies where
females are buried on their left side and males on their right side®*“°. Some of these burials,
such as the Krusza Zamkowa individuals in this study, had richly furnished graves®’*, Exotic
goods, dietary patterns and sex differentiation in these burials suggest an increase in social
differentiation as well as new exchange networks appearing*..

Racot 18, Greater Poland region, Poland

Racot 18 is a Late Lengyel Culture settlement site located in the western part of the Polish
lowlands*2. The site was excavated by Lech Czerniak between 1984-1987 and consisted of 12-
14 longhouses, several pits and one burial. It is likely much larger and it has been estimated that
about 10% of the site has been excavated. Some of the houses had been burnt and rebuilt.
Interred within one of the houses, House 88, was a single burial®.

poz236: Grave 82, located within House 88, consisted of a skeleton buried in a crouched
position on the right side with the head facing S*'. The skeleton belonged to a 30-35-year-old
female. The grave was likely constructed after the house was abandoned*®. Grave goods
included copper beads, a necklace made of animal teeth, 18 richly ornamented armlets, a hip
belt made of shells as well as two pots (see Czerniak®’ for illustration). This individual was
previously radiocarbon dated to 6,260-6,001 cal BP (combined Gd-2729 5,220+90; OxA-30501
5,366+32; Poz-76057 5,300+35 BP to 5,329+23 BP)*2. Stable isotope values for this individual
have been shown to be §*3C —20.1 %o and 5*°N 9.1 %0*2. A tooth was sampled for DNA analyses.
Our results corroborate that this individual was a female. Both our previous mitochondrial DNA
study (where this sample was called R18 1, see Chylenski et al.°) and this study further
corroborate that she belonged to haplogroup K2a.

Siniarzewo 1, Kuyavia region, Poland

Grave discovered during rescue excavation along gas pipeline in 1996. Human remains are
curated by the Institute of Human Biology and Evolution at the Adam Mickiewicz University
in Poznan.

poz252: From feature M1. A skeleton found in a crouched position on the right side, with the
head towards S-W. It was equipped with two pottery vessels. One badly preserved perforated
animal tooth was found close to the head. 0.15 m above head and chest of the deceased red
ochre was observed. This individual was AMS radiocarbon dated in this study to 6,480-6,302
cal BP (Poz-87727, 560535 BP). The petrous portion of a temporal bone was sampled for
DNA. The genetic sex of this individual was female and she belonged to mtDNA haplogroup
K2a.

Krusza Zamkowa 3, Kuyavia region, Poland

Krusza Zamkowa is a post-LBK Late Lengyel settlement site located in north-central Poland.
The site was excavated in the 1970s and in 2013. It displays settlement features as well as
several burial pits with human remains in connection to the house structures*. Some of these
burials have been called princess burials as they contained a wealth adornment including vast
amounts of beads made from shells and copper***>46, Some of the artefacts in these burials are
exotic and some have stylistic features resembling hunter-gatherer artefacts, such as triangular
bone plates with crosses and lines?. Individuals from one double burial and from three pits with



single burials have been subjected to anthropological, paleopathological and archaeogenetic
(mitochondrial genomes and kin estimations based on SNPs from the SNP HID-lon
AmpliSeq™ Identity panel) analyses previously*’. In this study, we present genome data from
three of these individuals.

poz120: Came from a double burial pit, feature 6/2013. This skeleton (also called KZ1) was
laying on the right side with contracted legs and belonged to a female who died at the age of
20-25 (Supplementary Fig. 2 and Juras et al.*). Her teeth displayed linear enamel hypoplasia
and dental calculus. She was buried together with a ca. 6-months-old infant (KZ3, not included
in this study). The genetic sex assessment in this study corroborates her sex. It has previously
been shown that this female belongs to mitochondrial haplogroup U5b2ala*’, which we again
confirm in this study. Based on previous mitochondrial data, we can conclude that this female
is not the mother of the infant (who belonged to haplogroup H3d). Poz120 was previously AMS
radiocarbon dated to 6,282-6,006 cal BP (P0z-69312, 5,375+35BP) and stable isotope analyses
were performed (6*3C —19.0 %o and 6*°N 7.0 %o) indicating that her diet was mainly plant-based
with relatively small amounts of animal protein intake*’. A tooth was sampled from poz120 for
the DNA analyses.

poz121: Came from feature 7/2013. This burial pit was located next to feature 6/2013 and was
thus in close proximity to the poz121 female (see Supplementary Fig. 2). Here, the skeleton
(also called KZ2) of a 2-year-old child was laying on the left side with extended arms and flexed
legs*’. The health status of this child was relatively poor as linear enamel hypoplasia and
skeletal indicators of cribra orbitalia and scurvy were observed. We confirmed the results from
the previous study*’ that the child was genetically female and that she belonged to
mitochondrial haplogroup K1/K1c. This burial may be relatively contemporaneous to poz120
as this child has been AMS dated to 6,282-6,003 cal BP (P0oz-69313, 5370+40 BP)*'. Stable
isotope values were 6*3C —18.4 %o and 0*°N 12.1 %.. The high d*°N ratio is likely a signal
coupled with breastfeeding. Both previous mitochondrial analyses and HID-lon AmpliSeqTM
Identity panel SNP kinship analyses as well as kinship analyses in this study based on genome-
wide data indicate that this child was unrelated (at least up to second degree kinship) to the
female in the adjacent grave (or to the Ibk138 female from the same site). A tooth was sampled
from poz121 for DNA analyses.
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Supplementary Figure 2 The poz120 female (green) and poz121 child (blue) from feature 6/2013 and
7/2013 at Krusza Zamkowa. Reprinted from Forensic Science International: Genetics, 26, Juras et al.,
Investigating kinship of Neolithic post-LBK human remains from Krusza Zamkowa, Poland using
ancient DNA, 30-39, Copyright (2017)*, with permission from Elsevier

Ibk138: Came from feature 392 which was also situated adjacent to a house structure, but
located ca. 25 meters away from the burials containing poz120 and poz121. This pit contained
one of the richly adorned so-called princess graves with grave goods including bracelets, a
decorated pauldron, and copper embellishments*#454¢_ |t contained an articulated skeleton of a
35-45 -year-old female (also denoted KZ4) buried on the left side with flexed limbs (see
Supplementary Fig. 3). Dental calculus was observed on some of her lower teeth. A tooth was
sampled for DNA analyses. The sex assessment was supported by a previous archaeogenetic
study*’ and the results from this study. The AMS radiocarbon date, 6,279-5,942 cal BP (BIn-
1811, 5330+65 BP)*¢, overlaps with the dates from poz120 and poz1214’. This adult female
belonged to a different mtDNA haplogroup (K1a4) compared to the female poz120 and the 2-
year-old girl poz121 (U5b2ala and K1/K1c respectively). In close proximity to Ibk138 was
another burial (KZ5, feature 412, not included in this study) that was also denoted as a princess
burial. It contained the remains of a 6-year-old child that was accompanied by equally as rich
grave goods as Ibk138*.



Supplementary Figure 3 The Ibk138 female from feature 392 at Kruzsa Zamkowa. Reprinted from
Forensic Science International: Genetics, 26, Juras et al., Investigating kinship of Neolithic post-LBK
human remains from Krusza Zamkowa, Poland using ancient DNA, 30-39, Copyright (2017)*, with
permission from Elsevier.

C. Lublin-Volhynian culture

The Lublin-Volhynian culture is the first Eneolithic culture in Lesser Poland. The territory of
this culture covered the strip of the loess uplands in South-Eastern Poland and Western Ukraine.
According to the new typological and chronological data the beginning of the Lublin-Volhynian
culture was connected with the influences from the middle Copper Age Bodrogkeresztur culture
from the Tisza River valley basin, together with the Ludanice group and Balaton-Lasinja culture
from Western Slovakia and Transdanubia to the local late Pleszéw-Modlnica group and Malice
culture. During the younger phase it was under strong influence of the Hunyadihalom-Laznhany
culture from the Eastern part of the Carpathian Basin. According to the radiocarbon data the
Lublin-Volhynian culture developed between 6,000 and 5,700 cal BP*. The characteristic
shapes of the funerary practice were a diversification of the burial due to gender, separated
cemeteries from settlements, as well as the presence of a well-equipped group of burials
contaigirg'lg prestige objects made of copper, flint, and exotic shells, belonging to the local
elites™*.

Ksiaznice 2, district Busko Zdréj, Swietokrzyski region, Poland

Site 2 in Ksigznice is located on top of a small hill in the eastern part of the Pinczow Hummock
in southern Poland. During sixteen excavation seasons (2001/2002-2006, 2008, 2010-2019), a
complex of Eneolithic and Early Bronze Age cemeteries (Lublin-Volhynian culture, Ztota

8



culture, Corded Ware culture, Mierzanowice culture) and settlements (Funnel Beaker culture,
Mierzanowice culture) were discovered. The Lublin-Volhynian cemetery dated between 6,000
and 5,700 cal BP, consisted of eighteen confirmed and three unconfirmed graves*.

poz177: Came from grave no. 4, feature 9/03. This was a flat grave of rectangular shape,
oriented along the N-S axis, explored in 2003 (Supplementary Fig. 4). At the bottom of the
grave, in a contracted position on the right side with the skull facing S, the skeleton of a 50-60-
year-old male was discovered™. Grave goods consisted of a copper chisel, three clay vessels
and a set of flint artefacts including two blades and sixteen arrow heads (thirteen trapezes and
three So$nia type arrowheads), as well as a few animal bones®®2. A tooth sample from this
individual was AMS radiocarbon dated for this study to 6,101-5,753 cal BP (P0z-91024,
5,160+£40 BP). A tooth was also sampled for DNA extraction. This individual was confirmed
to be a male, and he carried the mtDNA haplogroup J2b1 and Y-chromosomal haplogroup
12alb.

Classification: Lublin-Volhynian culture — the older phase*.

S

Supplementary Figure 4 The poz177 male from grave no 4 at site 2 in Ksiaznice (photo by Stanistaw
Wilk)

poz264: Came from grave no. 2, feature 9a/02. Flat grave of rectangular shape, oriented along
the NW-SE axis, excavated in 2002 (Supplementary Fig. 5). The southern part of the grave-pit
collapsed into the niche of the Ztota culture grave no. 1. Inside the grave, the skeleton of an 11—
13-year-old child laying in the contracted position on its left side with the skull pointing S-E
was discovered®. The skull and upper part of the postcranial skeleton were 0.20-0.30 m lower
than the northern part of the skeleton. The grave was equipped with four pottery vessels, five
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flint artefacts, a necklace and an earring made of copper wire as well as a bracelet made of
copper sheet*®>!, This individual was AMS radiocarbon dated in this study to 5,905-5,664 cal
BP (P0z-91025, 5,050+35 BP). A tooth was also sampled for DNA extraction. Ancient DNA
analyses indicate that this child was female and belonging to the mtDNA haplogroup H5.

Classification: Lublin-Volhynian culture — the younger phase*.

Supplementary Figure 5 The poz264 child II from grave no 2 at site 2 in Ksigznice (photo by Stanistaw
Wilk)

poz275: Came from grave no. 10, feature 8/11. Flat grave of rectangular shape, oriented along
the N-S axis, excavated in 2011 (Supplementary Fig. 6). Most of the grave-pit was destroyed
by the feature no. 10/11 (trapezoid pit belonged to the Funnel Beaker culture). In the southern
part of the grave-pit six clay vessels were found as well as seven flint artefacts and one polishing
stone. Loose fragments of a human skeleton were discovered at the bottom of the feature
10/11%8. A phalange was AMS radiocarbon dated for this study to 5,903-5,660 cal BP (95.4 %)
(P0oz-91026, 5040+40 BP). A phalange was sampled for DNA. The results of the analysis
indicate that this was a female belonging to mtDNA haplogroup HV+16311.

Classification: Lublin-Volhynian culture — the younger phase*.
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Supplementary Figure 6 SW part of the 10/11 feature at site 2 in Ksigznice, containing poz275 from
grave no 10 (photo by Stanistaw Wilk)

Bronocice site 1, district Pinczéw, Swietokrzyski region, Poland

Bronocice site 1 is located on the edge of the Nidzica River valley in the north-eastern part of
the Proszowice Plateau in southern Poland. Excavation was carried out by Janusz Kruk and
Sarunas Milisauskas between 1974 and 1977 which led to the discovery of a large Neolithic
complex including settlement and burials of the Funnel Beaker culture and Funnel Beaker—
Baden culture, relicts of a defensive settlement and one grave of the Lublin-Volhynian culture
and burial of the Corded Ware culture®54°,

poz375: Skeleton Il from Grave VI. This grave represents a unique funerary construction of the
Lublin-Volhynian culture. It consists of two chambers: the upper chamber in an oval shape and
rectangular cross section and the lower chamber in a circular outline and pear shape cross
section. The lower chamber was closed by a ceiling made of burned clay and wooden planks.
At the bottom of the lower chamber two skeletons were discovered. Skeleton Il belonging to a
30-40-year-old female laid in a flexed position on the left side with the skull pointing E. Directly
above skeleton 11, laid skeleton | (not included in this study). The latter belonged to a 30-year-
old man who was buried in a supine position, oriented N-S with the skull facing N and the legs
splayed. Grave goods were arranged in two layers. Four clay vessels, goat, cattle, and pig bones
were discovered inside the lower chamber, while in the upper chamber, one ceramic vessel, five
flint artefacts including a truncated blade, a sickle blade knife, an end scraper, a retouched flake,
and a tanged bifacial arrowhead, as well as a sandstone slab and aurochs' horn, a red deer antler
and goat horn were found®. The described burial has, through analysis of a femur from skeleton
I, been radiocarbon dated to 5,900-5,659 cal BP (95.4 %) (AA-90114, 5,032+41 BP) (raw
results obtained from®8, re-calibrated in this study). A tooth was sampled for DNA analyses.
Our genetic data corroborate that this individual was a female who belonged to mtDNA
haplogroup T2b3+151. Classification: Lublin-Volhynian culture — the younger phase®.
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Supplementary Note 2

Archaeological description of the samples from Romania

The Lower Danube basin has been intensively inhabited since the Upper Paleolithic, one of the
oldest Homo sapiens fossils in Europe (ca. 34,000-36,000 radiocarbon years BP), combining
archaic Homo, derived early modern human and possibly also Neanderthal features, being
discovered in the area® (for the other two even earlier discoveries of modern Homo sapiens
remains in Europe, see®®>°). Particularly the Iron Gates area, where the Lepenski Vir — Schela
Cladovei culture is located, provided some of the best evidence in Europe for the Mesolithic
and Early Neolithic periods (ca. 12,500-5,000 cal BC), in particular in terms of the appearance
of the first farmers and the transition to agriculture of the late Mesolithic communities®-5?,
Generally, in the period here of interest, the Danube provided an excellent habitation
environment while at the same time serving as a transition area for the early European farmers
in their movement towards more eastern and western parts of Europe®?.

MESOLITHIC (ca. 13,000 — 5,500 CAL BC)
Mihai Rotea, Nona Palincas, & Mihai Netea

The Mesolithic period in the Danube Gorges (also known as the Iron Gates region) spans the
Late Glacial and the entire Early Holocene®®®3, The samples discussed here belong to the
Lepenski Vir-Schela Cladovei culture, the best documented hunter-gatherer culture in the post-
glacial period of the region and which lasted until the beginning of the Neolithic, when the
region was included into the Starcevo-Cris-Koros area. The over 20 sites situated along the
Danube, on both the Serbian and Romanian riverbanks, yielded numerous remains of daily life
(architectonic structures, mundane objects, etc.) as well as those of a variety of mortuary and
other ritual practices®%¢36°,

15 Mesolithic sites from this area contain more than 400 burials, with a variety of treatments of
the human remains: burials in the settlements, inside and around the pit houses, in pits and
rarely under stone piles, with a high variability of position (more often supine and rarely flexed),
orientation and often with secondary burials. In the Late Mesolithic, after c. 7,200 cal BC, there
is evidence of multistage rituals in the burials, with disinterred primary burials, inhumation of
body parts, skull removal etc.®.

Ostrovu(l) Corbului — ‘Botul Cliuciului’, Hinova commune, Mehedinti County, Romania

An open-air settlement on an island situated downstream of the Iron Gates. Excavations
performed between 1973 and 1984 revealed abundant remains of the Lepenski Vir—Schela
Cladovei culture®®®7 including intra-settlement burials with human bodies placed in a variety
of positions. The site also has deposits from the Early Neolithic and later prehistory®’-% (and
literature cited in these references).

rom061 from Burial M 2 was found in 1973, in Trench VII, at the depth of 0.75-1.0 m below
ground level. The burial pit measured 0.80 m x 0.63 m and was 0.5 m deep. The skeleton was
placed in an upright crouched position and had no associated grave goods®°. The skeleton
was determined as a middle-age adult male, with highly robust muscle insertions, squatting
facets and traces of a blunt force lesion near the base of the skull™.
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The skeleton was dated by radiocarbon on two occasions. The first sample, OxA-31595, was
taken from the right femur. The date, corrected for FRE according to Method 1 from Cook et
al.”t, was 7,581-7,191 cal BC.

The second radiocarbon dating, Beta-458007, was performed in the frame of this project, on
tooth collagen (mandibular right first molar). The date, corrected for FRE was 7584—7491 cal
BC. (cf. Supplementary Note 4). In this investigation just the Beta-458007 is considered. For
further discussion of these results see Supplementary Note 4.

In line with previous investigation (1408172) of this individual, we found that this individual
was a male, carrying mtDNA haplogroup H13 and Y-haplogroup R1b1la.

rom066 stems from Burial M 32 and was excavated in 1979 from Trench Xlla, sq. 3a-4a-4b.
The skeleton was in supine position, oriented ENE-WSW, at a depth of 4.23 m below site
datum. No grave goods were identified as such, but several items were found close to the
skeleton: underneath the cranium and the cervical vertebrae there were a few mussel shells and
two quartzite pieces, while around and on top of the skeleton there were a flint dihedral burin,
a small piece of red ochre, and animal and fish bones®. According to the osteological analysis,
the skeleton belonged to a male of about 50 years of age, with an estimated stature of 172 cm
and traces of dental abscesses and osteoarthritis on the preserved vertebras’®"®. See Paunescu’
for burial M 32 illustration.

Burial M32 was dated by radiocarbon on three occasions. The first sample OxA-31598, was
obtained from collagen from the right femur. The date, corrected for FRE according to Method
1 from Cook et al.”*, was 7024-6466 cal BC (see page 47-48 and Table 4 in reference®). It was
also dated with two datings in connection with an earlier genetic investigation (PSUAMS-1749,
PSUAMS-190472, In that investigation an average of three datings was used; 7,021-6,473 cal
BC after FRE correction.

A fourth radiocarbon dating, Beta-458006, was performed in the frame of this project, on tooth
collagen (mandibular left first molar). The date, corrected for FRE was 6,641-6,481 cal BC.
(cf. Supplementary Note 4).

In this investigation, just the Beta-458006 is considered and no average has been calculated for
the four datings. For further discussion on diet and **C dating see Supplementary Note 4.

In conflict with the osteological classification, we found that this individual was genetically
female. She carried mtDNA haplogroup K1+16362. These results are in line with the previous
genetic investigation of this individual 14582 by Mathieson et al.”.

Location of the bones: Olga Necrasov Centre for Anthropological Research, Romanian
Academy, lasi.

EARLY NEOLITHIC (ca. 6,100 — 5,400 CAL BC)
Mihai Constantinescu, Mihai Rotea, Nona Palincas, & Mihai Netea

For the present-day territory of Romania here of interest is the Cris culture. This is part of the
Starcevo-Crig-Kords group of cultures (the name being composed of the terms used in the
Serbian, Romanian and Hungarian archaeologies) that introduced into a vast territory around
the Lower and Middle Danube the cultural package considered typical for the Neolithic: the
practicing of agriculture, animal husbandry, sedentary life, pottery production. Further
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characteristics of the Cris culture are a domestic architecture with rectangular structures built
using wattle and daub, the use of new types of polished stone tools and exotic materials obtained
through long distance trade (e.g., obsidian), the performing of previously unknown funerary
practices with origins in the Near East’, etc. Based on the stratigraphy of the eponymous site
at Star¢evo’®, the culture was divided into four phases (I-1V). In Romania, the earliest phase is
also called the Gura Baciului - Carcea - Ocna Sibiului Horizon’""8, Chronologically, the
beginning of this culture should be placed most probably around 6100 cal BC% and its end
at ca. 5,500/5,400 cal BC, when it was replaced by the Vinéa culture®:2. All the known burials
were placed inside the settlements, in individual graves, the small number of buried individuals
indicating that this was not the only funerary treatment they practiced. Inhumation is the main
funerary rite, the bodies being buried almost exclusively with their legs crouched, and only
rarely with grave goods (ceramics, stone tools, beads)®3.

Baciu — ‘Gura Baciului’, Cluj County, Romania

Located near the city of Cluj-Napoca, south-west of the village of Baciu (Cluj County), on the
left bank of a stream that flows into the Nadas River. The site, excavated in several
campaigns’"8+® is a settlement that includes nine inhumation graves and a presumed
cremation grave’’.

rom057=rom058 stems from Burial M 2 and was found in 1960 at the depth of 3.20 m. The
skeleton belonged to a mature woman, was in a good state of preservation, lying on its right
side, being oriented N-S. No grave goods were identified with certainty, but three boulders and
an animal bone were reported as found near the skeleton®.

Burial M 2 was attributed by some authors to the first phase of the Staréevo-Cris culture, called
the Gura Baciului-Cércea | phase®, and by others to the following phases’’.

The previous radiocarbon dating of the skeleton in Grave M 2 (Beta-320673) placed it in the
interval of ca. 5,210-4,960 cal BC®®,

Because two samples (rom057 and rom058) were initially considered as two individuals, this
grave has been dated no less than four times in this study: Beta-386397, Beta-386398, Beta-
458001 and Beta-458002 (cf. Supplementary Note 4). All four datings are in good agreement
with each other and an average is calculated. The result gave the date 5623-5487 cal BC. This
differs from the Beta-320673 that was carried out earlier. The new date corresponds much better
to the archaeologically expected date for the phases to which M2 belongs, that of the late
Star¢evo-Cris culture.

The present study confirms that M 2 was genetically female and, as stated in the previous
study®’, that she belonged to mitochondrial haplogroup J/J1c2.

Negrilesti-‘Stadion’, Galati County

buk002 stems from Grave 01/2013, excavated by Ilie Costel in a Star¢evo-Cris settlement. The
individual was laid in ventral decubitus, with his legs crouched on the right side, the left hand
near the face, and the right one under the chest. Near the pelvis, there were snail shells and a
stone and further west there were a few pottery sherds®®. The skeleton belongs to a 35-45-year-
old male, who has two caries on the maxillary teeth, mild traces of osteoarthrosis on all the
preserved joints, and more pronounced osteoarthritis on the vertebral column. The left femur
shows traces of an active infection on the insertion of the vastus intermedius muscle and a
possible healed fracture on the 3rd proximal phalanx. Dated 5,612-5,477 cal BC (Beta-448534.
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cf. Supplementary Note 4). This study confirms that this is a male, who belong within Y
chromosomal haplogroup I and mitochondrial haplogroup J2b1.

Location of the bones: Paul Paltanea History Museum, Galati.
Gradinile-‘La Izlaz’, Olt County

buk003 was found in Grave 01/1977, excavated by M. Nica in the Early Neolithic layer of a
multilayered settlement. The skeleton was found in lateral decubitus, with the legs crouched on
the right side, oriented N-S, with few ceramic sherds around the pelvis®. The individual was a
male, aged adultus/maturus and may be attributed archeologically to the Staréevo-Cris
culture®. Dated to 5,801-5,661 cal BC (Beta-430665: cf. Supplementary Note 4). We show
that this was a genetic male who belong in mitochondrial haplogroup T2b.

Location of the bones: “Fr. 1. Rainer” Institute of Anthropology, Bucharest

LATE NEOLITHIC & EARLY ENEOLITHIC/CHALCOLITHIC (ca. 5,000-3,950 cal BC)

Mihai Constantinescu, Mihai Rotea, Andrei Soficaru, Nona Palincas & Mihai Netea

In the Lower Danube valley, the most representative archaeological cultures for the
Developed/Late Neolithic and Early Eneolithic/Chalcolithic/Copper Age are the Boian-Maritza
culture and the succeeding Kodjadermen-Gumelnita-Karanovo VI culture. Compared to the
previous period, that of the Early Neolithic, the settlement structure, technology and funerary
practices changed drastically. One major change consists in the appearance of tell settlements
(multilayered settlements raising high above the Lower Danube plain and dominating their
adjacent regions), with a variety of constructions, from small huts to large rectangular houses,
with wooden or adobe platforms. A variety of new tools made from stone, horns or animal
bones and copper objects are also introduced in this period. Their economy relied mostly on
agriculture, animal husbandry, hunting, fishing and shell gathering®. The first extra-mural,
sometimes also very large, cemeteries from the eastern Balkans appear now — e.g., Durankulak
with over 1200 graves®, Cernica with 378 graves®?, Sultana — ‘Valea Orbului’, with 253
graves® — most of them situated in the close vicinity of settlements. At the same time,
alternative treatments of corpses or parts thereof (such as intra-settlement burials, manipulation
of human remains in the settlement areas) are still widely used. The dominating rite continued
to be the inhumation, with flexed burials, mostly on the left side, although differentiations
appear between different sites, such as the presence of supine burials, which may be related to
local burial practices. Although more numerous and varied than in the previous period, the
grave goods continue to be scarce, the personal adornments, stone tools and ceramics being the
most common discoveries®.

In Central and Northern Transylvania, the Late Neolithic period is represented by the Iclod
Group (also called Zau culture). The group is divided into three phases®®. The excavation of the
eponymous site was initiated by M. Roska at the beginning of the 20th century® and resumed
in 1972 by Gh. Lazarovici, who directed many campaigns®®. The main discoveries consist in
numerous habitation features (pit- and surface houses), a complex system of fortifications as
well as 109 inhumation burials, clustered into two groups (Cemetery A and B). The skeletons
were mostly in supine position and more rarely crouched. The grave goods consisted of pottery
and various artefacts of flint, obsidian, antler, bone, etc.®**’. Two samples from cemetery B
were analyzed here. From the Early Eneolithic period, here of interest is the Decea Muresului
group. This was defined based on only one site — a small cemetery from the village of Decea
Muresului - with characteristics that differ from any other contemporaneous Early Eneolithic
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sites in Transylvania to a degree that makes any attribution of other sites to this group highly
uncertain. Its appearance was explained through the westward movement of the Suvorovo
culture (for this culture see®) from the Pontic steppe8:98-100,

Iclod, Cluj County

romO011 stems from Burial M 8, discovered in S 1/1976. The skeleton, in supine position and
oriented N-S, belongs to a sub-adult of ca. 6-6.5 years. Two vessels are reported as associated
with the skeleton%101-102,

The previous radiocarbon dating of the skeleton (Poz-53754) placed it in the interval of ca.
4,729-4,580 cal BC%, The date obtained for this study, on tooth collagen, Beta-448539, is
4836-4687 cal BC (cf. Supplementary Note 4).

The two datings overlap, but in this investigation just the Beta-448539 is considered and no
average has been calculated for the two datings.

In our investigation this individual was assigned genetically male, carrying mtDNA haplogoup
J1c3 and Y-haplogroup 12a2.

rom046 stems from Burial M 17, discovered in trench S4/1977. The skeleton, in supine
position, was oriented E-W, belonged probably to an adult and was associated with three
vessels: one bowl and two pots®102-102,

This grave is dated to 4,711-4,546 cal BC (Beta-458000: cf. Supplementary Note 4). This
compares well with the dates obtained by radiocarbon dating for Graves M 20, M 57 and M 68
from the same cemetery, as these delivered the interval 4830-4690 cal BC (pages 25-26, pl.
XIX in reference®®) and falls in the interval obtained for Cemetery B as a whole: ca. 50004450
cal BC86:103,

The analysis of other samples from graves of the Iclod cultural group showed the presence of
haplogroups J and T1la; both haplogroups were suggested as genetic markers of the demic
diffusion of populations arriving from the Near East and attributed to the Late Neolithic®®®’,

We found that this individual was genetically female and her mtDNA haplogoup was
Nlalala3.

Decea Muresului (presently named Decea), Miraslau commune, Alba County, Romania

On the territory of the village, in 1912, 1. Kovacs discovered a group of 19 flat graves!®4. They
contained red ochre and the grave goods consisted mainly of ceramic pots, beads made from
Unio shells, copper beads, flint knives and a granite mace-head with four lobes'®. Two of the
skulls underwent trephination, in both cases the surgery being followed shortly by death'%. The
group was included in stage Il of the Early Ochre Burial Complex, dated from ca. 4,650 to
4,000 cal BC% (for further literature, see referencel®).

rom047 was taken from the skeleton in Burial M 10. This was found at the depth of 1 m, in
good state of preservation, oriented SSW-NNE, with the upper part of the body in supine
position, the arms placed along each side of the body and bent knees pointing to the right. The
recorded measurements of the skeleton are: 170 cm in length, 44 cm width at the shoulders and
39 cm width of pelvis!®. Around the skeleton there was a layer of red ochre that was thicker
around the skull, under the right arm and pelvis and near the lower legs. Close to the cranium
there was also a thin black layer (most probably of charcoal). At the tip of the right foot there
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was a lump (ca. 1 liter) of iron oxide!®*, Near and beneath the iron oxide lump there were the
fragments of a clay vessel. A thin, 64 mm long and 3 mm thick, copper needle, pointed at both
ends was found on the right hipbone. The grave goods were surrounded by sherds stemming
from a bowl and from another small vessel with a short handle®.

A previous radiocarbon analysis, Beta-317252, of the skeleton in Grave M 10 yielded the date
4,230-3,990 cal BC (page 27, pl. XIX in reference®). The second radiocarbon dating, Beta
458008, was performed in the frame of this project, on tooth collagen and resulted in 4,343—
4,176 cal BC (cf. Supplementary Note 4). The two datings overlap, but in this investigation just
the Beta 458008 is considered, and no average has been calculated for the two datings. Also,
our date, which is somewhat higher than the previous one, is in better agreement with the dating
of Grave M12 from the same cemetery (page 73, pl. 9 in reference'®) as well as with the
archaeologically expected date for the Decea Muresului group, attributed, on ground of artefact
comparison, to the final stage of the Early Eneolithic®®.

We show this individual was a male carrying mtDNA haplogroup H26 (Supplementary Data
1). This mtDNA haplogroup deviates from results in an early aDNA study of the same
individual, based on PCR and sequencing of the mtDNA control region 8. We consider our
new results as more reliable.

Location of the bones: National History Museum of Transylvania — Cluj-Napoca.
Garlesti-‘Siliste’, Dolj County

A small cemetery with 15 graves attributed to the Eneolithic Salcuta culture was excavated by
M. Nica in 1989. Most of the individuals were adults, oriented towards NNV-SSE, placed on
lateral decubitus, with their legs crouched on the left side. Three sub-adults were oriented SE-
NW and placed in lateral decubitus, with their legs crouched on the right side. Grave goods are
scarce, consisting in copper beads and a pendant laid in the graves of the subadults'.

buk010 stems from Grave 01 A/1989. The skeleton was found at a depth of 1.70 m, placed in
lateral decubitus, with the legs crouched on the left side, oriented NNW-SSE, facing eastwards
and with the hands under the chin. It belongs to a 35-45-year-old female, with a stature of
15.,74+4.1 cm, showing a dental abscess on the mandible, cribra cranii and mild traces of
osteoarthrosis on the preserved joints. Dated 5,548-5,376 cal BC (Beta-440965: cf.
Supplementary Note 4). This individual was shown to also be a genetic female with
mitochondrial haplogroup K1a5.

buk012 stems from the skeleton in Grave 03/1989. It was found at a depth of 1.60 m, placed in
dorsal decubitus, with the legs crouched on the left side, oriented NNW-SSE, facing eastwards,
with the hands on the shoulders. It belongs to a 35-45 years old male, with a stature of
164.88+4.8 cm, showing dental calculus and moderate traces of osteoarthritis on the preserved
joints. Dated 5,624-5,483 cal BC (Beta-440961: cf. Supplementary Note 4). The low coverage
data from this individual indicate that this individual was like genetic male. No haplogroup
assignments were possible.

buk013 stems from skeleton in Grave 04/1989. It was found at a depth of 1.00 m, placed in
dorsal decubitus, with the legs crouched on the left side, oriented NNW-SSE, facing eastwards,
with the hands in front of the face. It belongs to 35-45-years-old possibly male individual, with
severe dental lesions, cribra orbitalia and cribra cranii, with deformation, atrophy and
resorption of several cranial and post-cranial bones, signs of a severe infection, the differential
diagnosis indicating Mycobacterium leprae as the most probable causative agent'®’. Dated
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5,557-5,381 cal BC (Beta-430660: cf. Supplementary Note 4). Our genetic investigation
assigned this individual as female with a J1c mitochondrial haplotype (Supplementary Data 1).

The **C results obtained in this study placed all these individuals (buk010, buk012 & buk013)
to c. 5,650-5,350 cal BP (Supplementary Data 1) which fell within the time frame of Early
Neolithic. We hence classified them accordingly (as Early Neolithic) in the genetic analyses
regardless of their contextual classification.

Location of the bones: “Fr. I. Rainer” Institute of Anthropology, Bucharest.

Curatesti-‘Biserica Veche’, Calarasi County

Starting from 2005, at least 20 graves attributed to the Eneolithic Boian culture and further four
attributed to the Early Bronze Age were excavated by Done Serbanescu on the shore of the
Mostistea Lake. The skeletons were found in oval shape pits, in lateral or ventral decubitus,
with their legs crouched on the left side, oriented eastward and rarely southward. Several graves
had grave goods: ceramics, flint blades, stone tools and shell beads'®.

buk018 stems from Grave 01/2004, from the skeleton of a 24-34.7 years old female, with a
stature of 151.55+4.1 cm, having traces of parturition. Dated 4,931-4,726 cal BC (Beta-440973:
cf. Supplementary Note 4). In this study we confirm that this is a female who belonged within
mitochondrial macro haplogroup H.

buk019 stems from Grave 02/2004, from the skeleton of a 33-46 years old female, with a stature
of 159.15+4.1 cm, having caries and traces of parturition. Dated 4,984-4,784 cal BC (Beta-
440974 cf. Supplementary Note 4). Our data show that this was a genetic female carrying
mitochondrial haplogroup K1a+195.

buk022 stems from Grave 05/2004, from the skeleton of a 25-35-year-old female, with a stature
of 156.2+4.1 cm having traces of parturition, severe dental attrition and bilateral cribra
orbitalia. Dated 4,984-4,784 cal BC (Beta-430663: cf. Supplementary Note 4). Our data show
that this was a genetic female carrying mitochondrial haplogroup K1a+195.

buk023 stems from Grave 06/2004, from the skeleton of a 26-32-year-old male, with a stature
of 153.64+4.8 cm. The individual shows supernumerary teeth on the maxilla, bilateral cribra
cranii, traces of infections on the left diaphysis of the forearm®, Dated 4,938-4,728 cal BC
(Beta-440977: cf. Supplementary Note 4). Our genetic analyses confirm that this was a male,
carrying Kla+195 mitochondrial DNA (as buk019 and buk022) and Y chromosomal
haplogroup G2a2b2al.

Location of the bones: “Fr. I. Rainer” Institute of Anthropology, Bucharest.

Cascioarele-‘D-aia parte’, Calarasi County

Starting from 1989, on the high terrace near the eastern shore of the Catalui Lake, Done
Serbanescu excavated a Eneolithic cemetery as well as several contemporary settlements and
burials being also excavated in the vicinity of this site. The cemetery, which remained
unpublished, has at least 28 graves. The skeletons had the legs crouched on the left side and the
skulls oriented eastwards. Information on the grave goods is scarce, the graves being attributed
to either Boian or Gumelnita cultures or both°,

buk029 from Grave 01/1993, dated 4,715-4,548 cal BC (Beta-430679); buk031 from Grave
23/1992, dated 4,938-4,728 cal BC (Beta-440971); and buk033 from Grave 25/1997, dated
4,721-4,549 cal BC (Beta-430664) (cf. Supplementary Note 4) — no archaeological or
anthropological description is available for these individuals. The present study shows that
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buk029 and buk031 were females carrying mitochondrial haplogroups 14a and N respectively,
while buk033 is likely a male who belong within mitochondrial haplogroup HV.

Location of the bones: “Fr. I. Rainer” Institute of Anthropology, Bucharest.

Gumelnita-‘Terasa de langa tell’, Cilarasi County

A small cemetery consisting of eight inhumation graves was excavated by V. Dumitrescu and
S. Marinescu-Bilcu, the inventory of further 7-8 graves being partially recovered later, after
construction works in the area. Most of the buried individuals were laid on lateral or ventral
decubitus, with their legs crouched on the left side and oriented eastward. The grave goods
consist of ceramics, flint blades, a hammer-axe and two cooper tools. Three of these graves
were excavated in 1962 and are kept in the “Fr. I. Rainer” Institute of Anthropology,
Bucharest*!!.

buk004 stems from Grave 01/1962, from a 30-35-year-old male (courtesy of dr. M. Culea from
“Fr. 1. Rainer” Institute of Anthropology, Bucharest). Dated 4,045-3,816 cal BC (Beta-
430670). In this study we show that this was a genetic male with a K1a+195 mitochondrial
haplotype who belonged within Y chromosomal macro haplogroup J.

Location of the bones: “Fr. I. Rainer” Institute of Anthropology, Bucharest.

Sultana-‘Valea Orbului’, Calirasi County

Starting from 1974, a large cemetery with more than 250 graves, attributed to the Eneolithic
Boian culture was excavated by Done Serbanescu. The cemetery, for which the archaeological
data are not yet published, is located in the proximity of several tell settlements and other
Eneolithic cemeteries, all situated on the shores of the Mostistea Lake. There are only
inhumation graves, usually single burials, with oval shape pits in which the bodies were placed
on lateral and dorsal decubitus, their legs crouched and placed more often on the left side,
oriented especially eastwards. About half of the graves had grave goods (beads, pendants,
bracele;ts) made from marine shells, animal bones and different minerals, flint blades and stone
toolst!?,

buk040 was taken from Grave 114/2002 (see Supplementary Fig. 7 and Serbinescu et al.'*®),
with reference to which the skeleton of a 26-34.7 years old female is mentioned'®. Dated
5,204-4,851 cal BC (Beta-440982: cf. Supplementary Note 4). Our study confirms that this
individual was a genetic female.

Location of the bones: “Fr. I. Rainer” Institute of Anthropology, Bucharest.
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Supplementary Figure 7 Illustration of the buk040 burial from Sultana. Reprinted from Serbanescu et
al.13, with permission from the Institutul National al Patrimoniului (on behalf of the former Institute for
Cultural Memory-cIMeC).
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Supplementary Note 3

Archaeological background of ancient individuals from Ukraine
Natalija Kashuba, Alexey G. Nikitin, & Inna Potekhina

The area along the banks of the Dnipro River in central and southern Ukraine was continuously
occupied by human populations since at least the terminal Pleistocene. The Middle Dnipro,
Lower Dnipro and the Dnipro Rapids region contain over 20 Epipaleolithic, Mesolithic,
Neolithic, and Eneolithic cemeteries. Many of these cemeteries contain burials belonging to a
wide chronological range. For example, the interments at the Deriivka | cemetery have been
shown to range in date from the Mesolithic to the Eneolithic and the Early Bronze Age (EBA)2.
Transitional changes in burial practices, radiocarbon dates, and cultural assemblages testify to
millennia-long continuity of human occupation in this part of the North Pontic region.

The chronologically oldest of the lower Dnipro sites are the Volos'ke cemetery (its western
side) and the Vasylivka | and 111 cemeteries, the latter dated to 10,400-9,200 cal BP!*. Other
cemeteries along the lower Dnipro River from which Mesolithic dates have been obtained
include Vasylivka Il, Deriivka I, Marievka, and Osipovka’21>11¢ Burials of the Epipaleolithic
— Mesolithic cemeteries are characterized by contracted (Vasylivka I) or both contracted and
extended supine (Volos'ke and Vasylivka I11) positions of skeletons.

At the Mesolithic-Neolithic boundary, a shift from contracted to an extended supine burial
position became dominant, starting in the late Mesolithic and continuing through the Neolithic
and beyond. The eponymic cemetery of extended supine burials was first excavated in the 1930s
in the city of Mariupol!!” and the extended supine-type cemeteries became subsequently known
as cemeteries of the Mariupol type (or M-t cemeteries). The burials of Mariupol type are found
at Vasylivka Il and V, Vovnigy Il, Vilnyananka, Deriivka I, Yasinovatka, Nikol’ske, and other
sites.

During the Eneolithic, the burial tradition in the North Pontic region underwent another
transformation. The burial position on the back with legs flexed started to spread through the
area during the Eneolithic, to eventually become dominant in the Early Bronze Age (EBA). The
Eneolithic sequence of cemeteries along the Dnipro is represented by Vinogradnyj Island, Igren
8, Molukhov Bugor, and Deriivka 11'8, Kurgan complexes at Shevchenko and Kamyanka-
Dniprovs'ka in the lower Dnipro area provide a link between the Eneolithic burial complexes
and kurgan burials of the Early Bronze Age in the North Pontic steppe.

Cultural affiliation of the Neolithic cemeteries along the Dnipro is rather complex, partially
because cultural designations often reflect classifications of individual scholars, but this
complexity is also due to the layered nature of the sites. The Neolithic burials of the Dnipro
cemeteries are generally attributed to the Dnipro-Donets Cultural Community (DDCC), in
which individual local cultures are distinguished. Sometimes, these individual cultures are
viewed separately from DDCC, such as the Surskaya (Sursko- Dnipro) culture, viewed as the
local Neolithic development of the Mesolithic Kukrek culture!*®. The Eneolithic burial
complexes along the Dnipro belong to the nomadic pastoralists of the Serednyostogivs'ka
(Sredny Stog) Culture horizon'?,

The process of the Neolithization (in the sense of the shift to producing economy) is distinct in
Ukraine compared to other parts of Europe. Trypillian-culture agricultural practices were
established in western and central Ukraine during the Eneolithic, that is, ca. 500 years later than
the establishment of agriculture in central Europe. The economy of the Early Neolithic groups
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in Central Ukraine, the lower Dnipro region, and Dnipro Rapids area of Southern Ukraine
continued to be based on hunting and fishing. In the Eneolithic, populations of the North Pontic
steppes belonging to the Serednyostogivs'ka (Sredny Stog) horizon began to turn to pastoralism,
which became the dominant economy in the EBA. There continuity of non-agricultural
economy in the North Pontic steppe area despite that agriculture was introduced in neighboring
areas, has parallels in other riverine and coastal regions of Europe, North-Eastern Russia and
Scandinavia®?.

The transition to the EBA in the Dnipro area can be broadly described as a socio-cultural and
economic change from hunting and fishing-based subsistence of the preceding groups to
pastoralism and cultural practices of the Yamnaya people. In the Yamna burial-rite, the flat
Meso-Eneolithic cemeteries were replaced by burials under an earth mound (kurgan), likely
reflecting a shift in the collective worldview, often associated with the Indo-European
tradition?2,

Specimen description by site

Specimens from the Deriivka I, 11, 111, Nikol’ske, Yasinovatka, and Vasylivka V were obtained
from the Department of Bioarchaeology of the Institute of Archaeology, Academy of Sciences
of Ukraine, Kyiv, Ukraine. The cemeteries were excavated and described by D. Ya. Telegin'?3,
Anthropological material was studied and provided by I. D. Potekhina'?*1%>, Anthropological
investigations conclude that people from Mesolithic and Neolithic cemeteries had a massive
skeletal structure, with features like tall stature and robust skull bones. According to these and
other anthropological features the Neolithic populations of the Dnipro -Donets community can
be roughly divided in two groups, the first one associated with the local Mesolithic groups,
while the second group had similarities with the earliest population of the Baltic region,
specifically represented by the individuals from Vedbak Mesolithic burial grounds in Denmark
and the individuals buried at Skateholm in Sweden. The features of the mentioned second group
are particularly marked in the early burial ground of Vasylivka I1'%,

All individuals described below were dated within this study, for details see Supplementary
Note 4 and Supplementary Data 1.

Deriivka | cemetery

Deriivka | of central Ukraine, situated in the Middle Dnipro Basin, is the largest of the M-t
cemeteries, with a total of 173 excavated burials. Excavated by D. Ya. Telegin in 1960-1961
and 1964-1965. The cemetery is situated on the right bank of the Omelnyk River, a tributary to
the Dnipro. Deriivka I is located further north that most of the large M-t cemeteries, within the
forest-steppe and forest zone boundary. The cemetery contains burials of the chronological span
from the Mesolithic to the Bronze Age. Burials of the west part of the cemetery (52 burials in
total) mostly concentrate in one pit with dimensions of 6 x 3.5 m. Over ten single burials and
one pit with three burials were located in close proximity to the large collective pit. Most of the
burials in the eastern part of the cemetery were arranged in four rows. About 20 single burials
were excavated to the east of the burial rows. In addition, a group burial of three skeletons was
located in the eastern part of the cemetery.

ukr117: Burial 12, genome data have also published by Mathieson et. al.”? under the number
15886. Anthropological description can be found in'2,
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ukr005: Burial 41 is a single burial with the skeleton placed in a sitting position. Genomic data
of this individual was also published in Mathieson et. al.”? under the number 15878 and is only
used in Supplementary Data 15, excluded from the main analysis due to being close related to
another individual in that study. The C values from Beta analytics obtained in this study are
different that those published in Mathieson et. al.”? and they do not overlap.

ukrl1l: Burial 64 is a single burial of a male in the western part of the cemetery. 6,783-6,570
cal BP (Beta-445790, 6370+30 BP) (this study; see Supplementary Note 4 and Supplementary
Data 1 for details).

ukr113: From burial 87. Genomic data of this individual was also published in Mathieson et.
al.”? under the number 15890. *C values Beta Analytic obtained in this study are different that
those published in Mathieson et. al.”? (Penn State's Radiocarbon Laboratory) and they do not
overlap. Anthropological description can be found from IMorexuna®?®.

ukr116: Burial 130 consisted of a partial skeleton of a female, and was located in the eastern
part of the cemetery. 6,395-6,217 cal BP (this study; see Supplementary Note 4 and
Supplementary Data 1 for details).

ukr108: Burial 134 consisted of a skeleton of a male individual, from the third row of the four
burial rows in the eastern part of the cemetery. 8,015-7,870 cal BP (this study; see
Supplementary Note 4 and Supplementary Data 1 for details).

ukr102: This individual in burial 141 was part of the triple burial from the Mesolithic in the
easternmost corner of the eastern part of the cemetery. 8,420-8,346 cal BP (this study; see
Supplementary Note 4 and Supplementary Data 1 for details).

Skeletons 145-149 were excavated by D. Ya. Telegin in 1964-1965. Anthropological
description can be found from ITorexuna'?®.

ukr112: Burial 145a consisted of a skeleton of a female individual, of which age at death was
estimated to be 25-35 years. Represented by cranial fragments and a mandible. 6,395-6,285 cal
BP (this study; see Supplementary Note 4 and Supplementary Data 1 for details).

ukr123: In burial 149, a skeleton of a male individual was found, of which age at death 35-55
years. Represented by cranial fragments. 6,291-6,120 cal BP (this study; see Supplementary
Note 4 and Supplementary Data 1 for details).

Deriivka Il cemetery

The cemetery is situated in central Ukraine, the Middle Dnipro Basin, belongs to the
Serednyostogivs'ka (Sredny Stog) Culture of the Eneolithic horse keepers.

The Deriivka 1l cemetery is associated with the Deriivka settlement of the Eneolithic
Serednyostogivs'ka Culture horizon. The M-t Deriivka | cemetery described above is situated
between the settlement and the Eneolithic Deriivka Il cemetery. Fourteen ground burials were
uncovered at the cemetery during 1959-1961%

Burial 5 (ukr104). In burial 5, an adult female was found. She was placed contracted on her
back in close to anatomical position*?®?”, Dated to 4,366-3,987 cal BCE (5,380+90 BP, OxA-
5032) in previous studies?-12° and 5,650-5,477 cal BP in this study.

Deriivka Il cemetery

23



No records of the cemetery can be located in the Archives of the Institute of Archaeology. The
cemetery is known by a single specimen, Box #24, Inventory #3187.

ukrl125: From burial 1, consisted of a male individual whose age at death was estimated to be
45-55 years. The specimen was represented by cranial fragments. 10,657-10,430 cal BP (this
study; see Supplementary Note 4 and Supplementary Data 1 for details).

Nikol’ske cemetery

Nikol’ske cemetery is situated on a steep promontory of the right bank of the Dnipro, the Dnipro
Rapids region of Ukraine. The cemetery was excavated by D. Ya. Telegin and V.F. Peshanov
in 1959 and 1967. Most of the burials at Nikol’ske are organized in nine collective pits, with
four being located beneath the main burial hollow, which had an ochre-stained fill. In addition,
three single burials and one triple burial were excavated in the cemetery area. All burials
described in the current study were single crania located in the largest pit of the cemetery (pit
3), which was located away from the main burial hollow. This pit contained 42 skeletons, and
was originally attributed to the late phase of the cemetery'?. Radiocarbon dates on the
Nikol’ske remains obtained in the current study indicate a ~700-year time difference between
the oldest and the youngest crania. Thus, it is conceivable that while pit 3 might have been
established during the later phase of cemetery use, it utilized an area that contained earlier
interments. The following burials were without mandibles:

ukrl44: This individual was from burial 88 and was dated to 7,158-6,896 cal BP (this study;
see Supplementary Note 4 and Supplementary Data 1 for details)

ukr033: This individual came from burial 92 and was dated to 6,630-6,412 cal BP (this study;
see Supplementary Note 4 and Supplementary Data 1 for details)

ukr149: This individual was found in burial 97 and was dated to 6,551-6,352 cal BP (this study;
see Supplementary Note 4 and Supplementary Data 1 for details)

ukr040: This individual was found in burial 129 and was radiocarbon dated to 6,391-6,206 cal
BP (this study; see Supplementary Note 4 and Supplementary Data 1 for details)

ukrl147: In burial 85, a cranium with associated mandible was found and dated to 6,733-6,501
cal BP (this study; see Supplementary Note 4 and Supplementary Data 1 for details). The
previously published dates on individuals 94 and 137 from pit 3 were radiocarbon dated to
5,356-4,944 and 5,296-4,910 cal BC, respectively (OxA-6155 and OxA-5052) (Lillie 1998).
The age range of usage of the burial ground suggests that the main phase of interment in this
feature occurs towards between the end of the 8" millennium BP and middle 7" millennium
BP, issues with the FRE aside!?°.

Yasinovatka cemetery

The Yasinovatka cemetery is located on the high left bank of the Dnipro and represent the
Dnipro-Donets culture complex. It is in the Dnipro Rapids region of Ukraine. It was discovered
by A. V. Bodyansky and excavated by D. Ya. Telegin in 1978. Of the total of 68 interments, 36
adult males, 15 adult females, four adolescents and nine children were identified'?*. The earliest
chronological stage at the cemetery is characterized by small oval pit burials (A) of single or
paired individuals. The second stage was characterized by a large rectangular grave pit (b) with
collective burials saturated with red ochre.
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ukr162: Burial 35 consisted of an adult (aged 30-40) male burial in the collective pit b-1, one
of 30 burials in total. He was buried before #34 after #36 and dated to 6,733-6,501 cal BP (this
study; see Supplementary Note 4 and Supplementary Data 1 for details).

ukr161 Burial 55 consisted of an adult male, located in in pit A2 and dated to 7,158-6,954 cal
BP (this study; see Supplementary Note 4 and Supplementary Data 1 for details).

ukr159: Burial 57 was another adult male, also located in the pit A2, and dated to7,159-6,946
cal BCE or 9,109-8,896 cal BP (this study; see Supplementary Note 4 and Supplementary Data
1 for details).

These individuals represent two of the four single crania located in pit A2, under burial 31. The
pit also contained three skeletons and many disarticulated postcranial elements, piled in an 80
cm-thick layer.

ukr160: Burial 60 was a single burial with an adult male in pit A5. His remains were dated to
7,306-7,163 cal BP (this study; see Supplementary Note 4 and Supplementary Data 1 for
details).

(ukr158: Burial 63 consisted of a male individual covered in ochre, and was one of six burials
in pit Al. This individual was dated to 7,263-7,025 cal BP (this study; see Supplementary Note
4 and Supplementary Data 1 for details). A radiocarbon age of 5,437-5,064 cal BC was obtained
in previous studies for individual 64 from this grave pit'?é,

Vasylivka V cemetery

Vasylivka V is situated to the south of Vasylivka Il on the left bank of the Dnipro, the Dnipro
Rapids region of Ukraine. Vasylivka VV was excavated by D. Ya. Telegin in 1967. Burials
consisted of single, paired and group burials. Overall, 37 skeletons have been studied. Burial
37 is a paired burial, which is not noted in the original burial description%,

ukr087: Burial 32 consisted of an extended supine single burial of a female individual (aged
18-30 years) with evidence of body wrapping; ample red ochre covering the body. Her remains
were dated to 7,305-7,161 cal BP (this study; see Supplementary Note 4 and Supplementary
Data 1 for details). This date is fully commensurate with those obtained previously*?, being in-
line with the ages obtained for the second phase of interment at this location, after ca. 5,500 cal.
BC (OxA-6171 and OxA-6198 — 5,480-5,273 cal BC and 5,369-5,059 cal BC respectively).
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Supplementary Note 4

Diet reconstruction and reservoir age corrections

Per Persson, Lukasz Pospieszny, & Nona Palincas

Diet indications

Among the individuals investigated for ancient DNA in this study, there are 45 for whom carbon
(6*3C) and nitrogen (6'°N) stable isotope ratios in collagen from bones or teeth were measured.
The analyses were performed using an isotope ratio mass spectrometer (IRMS), mainly at Beta
Analytic (Miami, USA). Typical error of these measurements is 0.3 %o. For 36 of them also
atomic C:N ratios were measured. They all are within the limit 2.9-3.5 expected for well-
preserved collagen®*®13!, Among the analyzed individuals 20 come from Romania, five from
Poland, and the remaining 20 from Ukraine. Supplementary Figure 8 shows §*C and ¢°N
values for these 45 individuals.
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Supplementary Figure 8 Carbon (6**C) and nitrogen (6*°N) stable isotope values for 45 individuals.
Labels show the Sample ID for individuals outside the two main groups. Group a includes: buk002,
buk003, buk010, buk012, buk013, buk018, buk019, buk022, buk023, buk029, buk031, buk033, buk040,
rom011, rom046, rom047, and rom057/058. Group b includes: poz297, ukr005, ukr033, ukr040, ukr102,
ukrl04, ukr108, ukr111, ukrl12, ukrl13, ukrl16, ukr123, ukrl25, ukrl44, ukrl47, ukrl49, ukrl58,
ukr159, ukr160, and ukrl62.

Both 6'3C and ¢6*°N are relevant for the investigation of the protein part of the diet. The §*C
values in humans are ca. 1 %o more positive than their foods, the 5*°N increases with 3-5 %o at
each stage of the food chain'*>1**, Marine foods have high 5*3C ratios'*® while freshwater fish
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usually exhibit low §*3C values'® but locally these values might be as high as among terrestrial
animals, due to specific geological conditions®*”. Both marine and freshwater fish usually show
elevated 6°N values as they are high in the trophic level. Many Mesolithic human populations
living along the seashores have ¢*3C values from eating fish, seal, whale, etc., typically between
—17 %o and —11 %08, 5N values for humans with marine and freshwater diets are usually
higher than 12 %o.

In our data set, there is a distinct difference in stable isotope values between 17 of the Romanian
individuals (a in Supplementary Fig. 8) and the remaining ones. These 17 exhibit values typical
for Neolithic farmers'®¥-14! (and references therein). Their 6*3C ratios are typical for diets based
on terrestrial diet, and the span of 5*°N ratios is characteristic of a mixed diet of plants and
animal products. Individuals with the highest §*°N ratios in this group are probably those that
had most meat and/or dairy products in their diet.

Most of the Ukrainian humans and one Polish (poz297) form a second group (b in
Supplementary Fig. 8). These individuals share high 6*°N and low ¢*3C values. Individuals with
O™N values over 12 %o most probably have eaten meat of animals high in the trophic level such
as fish. As these individuals originate from inland sites located close to large rivers, they might
have consumed freshwater and migratory fish. The low ¢3C values for the individuals in this
group (b in Supplementary Fig. 8) suggest exploitation of freshwater organisms but their 5**C
ratios can also reflect local geological conditions. Such condition determines the scale and
variability of freshwater reservoir effect, and its impact on human radiocarbon ages (see below).

There are earlier investigations employing 6*°N and 6'3C analyses of Mesolithic and Neolithic
human skeletal remains from Ukraine!#? (and references therein). They included humans from
the same three cemeteries as in our study and show similar results to ours (Fig. 7 in**?). Our
analyses reveal the same general distribution of 6™°N and 6*3C values. Such pattern has been
explained by a large proportion of freshwater fish in the diet. However, this must be further
investigated since only a few samples of fauna from that region have been isotopically
investigated. Most importantly, the few studied fishes show a much wider 6*°N and 6**C range
of values than the human samples (Fig. 4 in'43).

There were four individuals that are characterized by elevated 5'3C ratios (rom066, rom061,
poz120 and poz121) (Supplementary Fig. 8). The two Romanian ones (rom066 and rom061)
are Mesolithic, and both come from the Ostrovul Corbului site located by the Danube. Most
likely, those individuals have had a large proportion of freshwater fish in their diet, along with
small contribution of marine fish. Many individuals with similar values have been reported
from nearby sites along the Danube®. The third individual in this group, the Polish one
(poz121), is a 2-year-old child. It is a Neolithic human and its high 5*°N signature is most
probably caused by breastfeeding*. Individual poz120 has high 5*3C and low ¢*°N signatures,
which excludes consumption of marine or migratory fish from nearby Vistula. One possibility
is that this woman is an immigrant from more arid regions, rich in wild C4 plants.

The remaining individuals outside the two main groups in Supplementary Fig. 8 are harder to
interpret regarding their diet: a Mesolithic individual (poz503) and a Neolithic individual
(poz236) from Poland, one Neolithic Ukrainian (ukr087) and one Neolithic Romanian
(buk004). The two Polish ones are Mesolithic, and they have values similar to other Mesolithic
people from northern Poland#,

27



Trend in diet over time in Ukraine

To investigate if there are any trends over time among the Ukrainian samples Supplementary
Figure 9 shows all dated human Stone Age human bones with both §*3C and ¢°N values.
Besides the individuals from Ukraine investigated for aDNA in our study, all other available
Mesolithic, and Neolithic individuals from Ukraine with both radiocarbon dating, 5*°N, and
o'3C, are included. In total, these are 64 individuals, whereof 41 is from our investigation and
the remaining ones from Mathieson et al.”>1%® and Lillie et al.'?°. Two individuals have just 6*3C
values (Supplementary Data 15).

Correlation for §*3C respective 8*°N vs time, were calculated with the cor-command in R,
method = "Pearson”. Trendlines were drawn by the Im-command in R.
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Supplementary Figure 9 5*C and 6*°N values plotted against uncalibrated radiocarbon dates for human
bone collagen. Stone Age individuals from Ukraine, n = 64 for 6*3C and n = 62 for 6*°N

For both ¢*C and 6N no significant changes through time were observed. (Correlation
coefficients, 5**C = —0.021, p-value = 0.8822, 5'°N=—0.184, p-value = 0.152; Supplementary
Fig. 9). Hence, we conclude that at this area the diet was stable throughout the period
investigated, and agricultural diet was not important in the Dnipro Rapids region during this
period.

Reservoir effect and age correction

The marine reservoir effect (MRE) on radiocarbon datings has been known for long**’. It is due
to that the carbon in the oceans comes from the atmosphere as carbon-dioxide solves in the
water. In this process, the *C isotope ratio is reduced. Living organisms in the sea therefore
have a higher *C-age than organisms on land already while they are alive. If humans eat a lot
of fish from the sea, they also get an apparent age while they are alive. The amount of this effect
is rather manageable and can, to a certain extent, be compensated for. High intake of protein
from sea fish and marine mammals can be detected by high 6*3C value. None of our samples is
from people with a high intake of marine food as they have §*3C values lower than —17%o.

The freshwater reservoir effect (FRE) was noticed first in late 1970s'81%° It is due to
carbonates from the bedrock that are solved in the water of some rivers and lakes. The carbon
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from carbonates is old and does not contain any **C. This carbon of high age is mixed with
carbon from the atmosphere plus, to make it even more complicated, many water plants also
take all/part of their carbon directly from the air. This results in an apparent age of freshwater
organisms being transferred upwards in the food chain and to people eating fish. Most inland
waters in the Scandinavian Peninsula today are situated in areas with acidic soils and are
therefore not expected to exhibit a reservoir effect, while in Denmark, with a lot of Cretaceous
and Cambro-Silurian bedrock, it can be significant'*®. So, if people that lived in areas affected
by FRE, eat a lot of fish, then radiocarbon dating of their skeletons will give a too high age.

An investigation of later prehistoric and historic samples from the Schelde river basin in
Belgium found that the reservoir effect varied considerably, with fish bones showing a FRE up
to 1850 years but with a variation in the span down to 100 years. In this case, no correlation
was found between FRE and stable isotopes, as the values of the latter varied not only among
species but also within species, depending mostly on the fish’s size. This study warned against
assessing FREs for a particular aquatic system on the basis of small sample sizes of aquatic
species and too few size classes within those species and, implicitly, that it will be extremely
difficult to establish correction factor for 14C-dating of human skeletons and to reconstruct diet
based on stable isotopes®®?.

From the Mesolithic graves at Minino by Lake Kubenskoye along the Volga River in NW
Russia, the average reservoir effect has been calculated to 490+80 years, and a variation for the
mean value for each case at ¢. 300 and 650 years®®?. The buried individuals at Minino show
stable isotope values that indicate a high proportion of fish in their diet. The authors did not,
however, find any correlation between the measured reservoir effect and 6°N values, in this
case.

In a study of Stone and Bronze Age graves at Lake Baikal in Siberia, Schulting and co-
workers'® used 33 pairs of datings and found a positive correlation between 6°N and reservoir
effect; 77+10 years per 1 %o increase in 0*°N (starting with zero at 9.5 %o). In Lake Baikal, there
are seals, and they are living entirely on fish, their reservoir effect offset is c. 700 years so that
would be the same for a human that lived solely on fish.

Individuals with 6*3C and 5*°N signature like those in the group a, Supplementary Figure 8,
have typical terrestrial signatures, and their radiocarbon dating can be used without any
correction. The same is the case with the close by poz236, poz120, poz121 and buk004.

All the Ukrainian individuals come from an area known to be affected by FRE*?°. The only way
to investigate how high the reservoir effect is on datings of human bones is to compare it with
datings on terrestrial material found in the same grave. In most cases, tools or ornaments made
of bones from terrestrial mammals are found in the same grave. For the Ukrainian sites, there
are only two cases where datings were made on both human bone and terrestrial material
associated with the same individual: Deriivka, grave 29 with a reservoir effect of 250 years,
and Yasinovatka, grave 54, with the offset of 470 years'?°. Just two such datings is too few to
say much about the scale of reservoir effect in the Ukrainian Stone Age in general.

Based on one observation only'3’ the reservoir effect offset is estimated to be 750 years for the
Mesolithic Polish individual (poz297).

From these cases mentioned above, it is clear that there is a considerable variation in FRE, both
local and between different species of fish. For the Ukrainian individuals, we have just two
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observations and judged from these the reservoir effect offset is likely to be between 250 and
500 years. It is not possible to come any further regarding the reservoir effect without new
datings of terrestrial material from the graves. The effect of adjustment of 250 and 500 years
on the two earliest dated individuals in our material can be seen in Supplementary Fig. 10.

OxCal v4.4.2 Bronk Ramsey (2020); r:5 Atmospheric data from Reimer et al (2020)
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Supplementary Figure 10 The two earliest dated individuals from Ukraine (ukrl02, ukrl25) with
radiocarbon dates corrected with 250 and 500 years (grey) for freshwater reservoir effect.

It is hard to handle the reservoir effect on the Ukrainian datings. One way is to add 500 years
to all and accept that it might be too little in some case and too much in some other.

Among the human individuals investigated for aDNA, there are nine for whom isotope ratios
in bone collagen were not measured and two from Ukraine with just 5**C values (-22.1 and —
21.7 %o) only. In the latter case the 6*°C ratios are low and can indicate a similar diet with high
proportion of freshwater fish, as the others from Ukraine. We therefore assume a reservoir effect
offset of 500 years for them as well as for the others from Ukraine.

The Polish Neolithic individuals come from the region of Kuyavia for which Budd et al.*>
published a dataset of §*°N and §*3C values for human specimens contemporary with those in
our investigation. They can be characterized by low variability of diet, based mostly on plants
and to lesser degree on terrestrial animals. Therefore, we assume that there is no FRE affecting
Polish Neolithic individuals which have not been measured for stable isotopes (Ibk102, Ibk104,
Ibk138, poz177, poz252, poz264, poz275, poz375).

For the sites at the Iron Gates, from where two of our Romanian samples originate (rom066 and
rom061), the reservoir effect offset is calculated to 545+70 years for a person that lived entirely
on fish. Cook et al.* also found that the 5'°N value gave an estimate for the proportion of fish
in the individual’s diet. Applying their formula for correction of our two samples (i.e., rom066
and rom061) give that their age shall be reduced by 460 and 340 years, respectively
(Supplementary Fig. 11). This correction is used for dating those two individuals in our genetic
investigation. The FRE and isotopic investigation of them are discussed from an archaeological
point of view here below.
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OxCal v4.4.2 Bronk Ramsey (2020); r:5 Atmospheric data from Reimer et al (2020)
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Supplementary Figure 11 The two Mesolithic individuals from Romania (rom066 and rom061) with

radiocarbon dates corrected (grey) for the reservoir effect according to the method proposed by Cook et
al.*.

Archaeological comments on FRE and stable isotopes on the rom061 and rom066 samples

These two samples originate from the site Ostrovu(l) Corbului — ‘Botul Cliuciului’, in Hinova
commune, Mehedinti County, Romania. This is an open-air settlement on an island situated
downstream of the Iron Gates. For more information about the site and the graves, see
Supplementary Note 2.

The following discussion was considered necessary because for each of these individuals, there
are several sets of data that do not always coincide (for a further example from a
contemporaneous nearby site, see Bonsall et al.*®®. The samples were analyzed over a longer
period of time, with even the most recent laying several years back — i.e., they stem from a
period when it was believed that the collagen turnover takes place at the same rate in the entire
skeleton and irrespective of age and sex so that the isotopic values were comparable irrespective
of the skeleton part the collagen came from. Lately, the domain underwent quick progress, the
most relevant of which, for this study, being the discovery that different skeleton parts contain
collagen formed in different periods of the individual’s life as some skeleton parts do not
remodel — i.e., do not renew their collagen (e.g., for primary dentine®®") — while others remodel
at different rate'®®; that in the same parts of the skeleton there are regions which do remodel
and regions which do not'*%; that even if the collagen from different body parts comes from the
same period of life, the ¢°N value does not always record the same physiological events
(e.9.%%9); that there seem to be differences between isotopic values of females and males of the
same age due to different remodeling rates of the bones'**!%; that there are ecosystems where
no correlation could be established between the FRE and the ¢*3C and §*°N ratios, meaning at
least that we should be cautious about correction methods based on a small number of samples
if not that there might be cases where the correction of 24C dates for FRE is not possible at all*®%,
This means that the current interpretation has to deal with the limitations of the available data
as well as with those of the FRE correction method generally used for the Iron Gates gorge’*6.
Conceived more than two decades ago, the correction method is based on three human and five
angulate individuals with samples described less detailed than we wish for to date, particularly
for the human ones®; we can deduce that they were not taken from teeth and that they were
past childhood (in infants, the value of the 6N value is influenced by breastfeeding
considerably more than in an adult skeleton: for an example of lack of correlation between the
local FRE effect and the dating of an infant’s skeleton see fig. 2 in'®?). Nevertheless, even so,
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this method seems to have worked well for the Iron Gates gorge, the finding place of our
samples, and until further development, it is justified to use it here.

rom061 stems from Burial M 2, found in 1973, and had no associated grave goods®®®. The
skeleton was dated by radiocarbon on two occasions, Supplementary Data 17. The first sample
was taken from the right femur and yielded: OxA-31595: 8820+45 BP, with §°*C = —18.7 %o
and 6N = 15.5 %o. These values of the stable isotopes are not uncommon in the Iron Gates
Mesolithic, being characteristic for a diet with high percentage of aquatic sources (e.g.’11%6:163),
The correction of the radiocarbon age for FRE was performed based on the value of 5'°N, as
this was considered a better indicator for protein intake than the ¢*3C values, because to the
latter contribute not only proteins, but also carbohydrates and lipids (page 81 in"*). The resulting
date, based on correction Method 1 from Cook et al.”t, was 8369+73 BP before calibration,
corresponding to the interval 7,577-7,179 cal BC (2 probability) (see Bonsall et al.®, pages
46-48 and table 4).

The second radiocarbon dating, Beta-458007, was performed in the frame of this project, on
tooth collagen, and resulted in the following values: 8800+30 BP, with ¢*3C = —18.6 %o and
0PN = 13.7 %o. The value of 6*°N, even if lower than that of the OxA-31595 sample, is still
typical of significant aquatic food intake. By using the same Method 1 from Cook et al.”*, we
obtained an age corrected for FRE of 8,460+53 BP, which, calculated for the 20 error term,
corresponds to the interval 7,591-7,460 (at 91.2% probability) and 7,402-7,374 (at 4.3%
probability) (calibration with Oxcal v4.4.4, IntCal 20). The two corrected dates agree well at
the upper limit, while the lower limit of the Beta-458007 sample is approx. 200-280 years
higher than that obtained from the OxA-31595 sample. This is a significant age difference and
raises the question of which of the two dates should be retained as correct. This difference can
only come from the lower error range of the Beta-458007 and the difference in the *°N values
of the two samples. While we are in no position to discussion the difference in the conventional
radiocarbon age (CRA) inasmuch as it stems from technical differences among the two
laboratories, the value of the 5*°N ratio will be discussed further. This is considerably higher
than the error margin of the respective laboratories (£0.2 %o for the OxA-sample®® and +0.3 %o
for the Beta-sample dated in this study) and has bearing not only of the correction of the
radiocarbon dates for the FRE, but also on the understanding of the diet of this individual. The
aforementioned correction-method started from the observation that in the Iron Gates region
the end value of 6°N for an entirely terrestrial diet was 8 %o, and the largest known ¢*°N value
was 17 %o'! so that a difference of 1 %o in the value of the 5*°N ratio corresponds to approx.
11.1% difference in aquatic food intake. In the case of our individual, this means that the 6*°N
ratio indicates a difference of nearly 20% in consumption of aquatic food between the two
samples taken from the same skeleton. This difference between the two 5*°N values is possible
because the two samples contain different proportions of collagen from the different periods of
the lifetime of the individual; to this the possibility of partly different physiological processes
must be added.

The OxA-31595 sample was taken from the femur. At the time it was not known that the
pericortical region of the femur mid-shaft forms in the growth period of an individual and does
not remodel, while the perimedullary region remodels continually>®. As the sample description
lacks these details, we assume here that the sample included all regions of the mid-shaft. The
Beta-458007 sample is a right mandibular first molar from which one root was used for DNA
analysis, while the rest of the tooth was dated by radiocarbon and analyzed §*3C and §*°N. Thus,
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the measured collagen resulted from both the primary dentine, which forms in the years 0 to 10
of life and does not undergo any later collagen turnover, as well as the secondary dentine, which
is laid down slowly, throughout life, after the tooth is fully developed; as the tooth had no injury,
there is no reason to believe that it contained any tertiary dentine®*. Nevertheless — as secondary
dentine is found only on the wall of the pulp chamber and thus occupies a smaller part of the
tooth than the primary dentine, which is present in the rest of the tooth — the secondary dentine
must have contributed less than the primary dentine to the total amount of collagen extracted
from M1 and thus to the value of 5°N. The values of the ¢'°N in the primary dentine is
determined by events occurring in childhood: breastfeeding, protein intake after weaning
(which can include fish) and possibly also periods of physiological stress
(undernourishment)®*”1% The value the *°N resulted from breastfeeding depends on the
mother’s diet!®"1%418 compared to which it is increased by the isotopic fractionation
corresponding to one trophic level and, together with the protein intake after weaning, it should
be also reflected by the pericortical region of the femur mid-shaft, but only in the part formed
in the same period as M1. Thus, the contribution of breastfeeding and post-weaning food to the
overall 6*°*N value is smaller in the femur sample than in the molar sample. Possible
undernourishment periods from the growth period of an individual’s lifetime are not reflected
at all by the femur, meaning that, in case such events occurred, the value of 5*°N would be
higher in the primary dentine than in the corresponding — i.e., contemporaneous — pericortical
part of the femur®®. In sum, given the characteristics of these two samples, it is probable that
the 5*°N value of the Beta-sample (molar) is determined mostly by childhood events (primary
dentine) and less by those from the rest of the individual’s life (secondary dentine), while in the
OxA sample (femur) it is determined to a higher degree by events from the post-childhood
growth period (reflected in the pericortical region) and a period from the later life of this mature
(middle-aged) individual (reflected in the perimedullary region). Given that the OxA-sample
has a higher 5**N value than the Beta-sample, the most probable interpretation is that fish
consumption increased in the post-childhood period of this adult individual.

rom066 stems from Burial M 32, excavated in 1979. No grave goods were identified with
certainty® (for more details see Supplementary Note 2). The skeleton was dated by radiocarbon
on three occasions. The first date, obtained from collagen from the right femur, is OxA-31598:
830550 BP with 63C = —18.5 %o and 6'°N = 16.3 %o. Given the very high value of 6*°N, the
date was corrected for FRE by using the aforementioned Method 1 from Cook et al.”* and it
resulted in 7,804+82 BP corrected age before calibration, which in turn corresponds to 7,024-
6,466 cal BC (Bonsall et al.®8, pages 47-48 and Table 4).

The second radiocarbon date, PSUAMS-1749: 8,300+40 with 6*3C = —19.01 %o and 6*°N =
16.13 %o, was obtained from collagen from the petrous bone, as supplementary date to a
previous DNA study (on that occasion another 1“C date, PSUAMS-1904: 8335+45 BP, but with
no associated 6*3C and §*°N data, was acquired)'*®. Corrected for FRE by the aforementioned
method, the PSUMAS-1749 date results in 7,810+63 BP age before calibration and a calendar
interval situated between 7,029 and 6,467 cal BC, with several interruptions (calibration with
Oxcal v.4.4.4, IntCal 20) (see also Mathieson et al.**¢, were the weighted average of the two
PSUAMS and the OxA 31598 date — i.e., 8,302+32 BP - was corrected for FRE based on the
ORAU &N value and resulted in 7,812+69 BP). The PSUMAS-1749 and the OxA 31598 date
agree very well, as it was to be expected given the similar CRAs and the respective values of
OPN.
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The third *C dating, Beta-458006, performed in the frame of this project, was obtained from
collagen from the left mandibular first molar extracted after one root was used for DNA analysis
and dated to 820030 BP, with ¢3C = —18.5 %o and N = 15.6 %o. Given the high value of
the N-isotopic ratio, sample Beta-458006 was also corrected for FRE. By the same Method 1
from Cook et al.”* we obtained a CRA before calibration of 7,745+66 BP, corresponding to the
interval 6,693-6,446 cal BC (calibration with Oxcal v4.4.4, IntCal 20).

In terms of *4C dating, the difference between the Beta-458006 and the other two dates is at the
level of the upper limit, which is by approx. 330 calendar years more recent for the former. This
resulted from the considerable difference in CRAs of the samples and not from the difference
in the values of 6*°N: as the value of the ¢*°N ratio in the Beta-458006 sample is smaller than
that in the OxA-31598 and PSUAMS-1749 samples, the former can only result in an older
corrected date and not in a more recent one, as it is here the case (i.e., the higher the value of
the 0N ratio, the more recent would be the corrected date).

In terms of diet reconstruction, the data for this individual are even more difficult to interpret
than in case of rom061. The discussion concerning the femur and tooth (first molar) samples
from rom061, a middle-aged male, applies to rom066, an approx. 50 years old woman as well.
Nevertheless, the difference of the 5N value between the tooth and the femur sample is
considerably smaller in case of rom066 and it suggests an even later introduction of aquatic
food in this individual’s diet than it was the case with rom061.

The 6N ratio in the PSUAMS-sample, 16.13 %o — statistically the same as that in the OxA-
sample and different from the Beta-sample (by 0.53 %o) —, was obtained from the petrous bone.
We are not aware of any study dedicated to this bone in particular, but being similar to the
occipital in structure — i.e., it is composed predominantly of cortical bone — it is reasonable to
believe that it also has a slower remodeling rate than the postcranial skeleton. Thus, like the
occipital, the petrous bone gives a longer-term dietary signal than the rest of the skeleton (for
the occipital bone, see Fahy et al.’®). Adding to this the assumption that rom066 had what we
believed to have been a typical woman’s life — i.e., carried and breastfed several children — this
sample raises a problem of interpretation concerning the value of 5*°N and the correction for
FRE: because the value of 5°N decreases during pregnancy and breastfeeding (e.g.%%) and the
petrous bone covers the female fertile period (more evenly than the other two samples), in case
of a larger number of pregnancies, each followed by periods of breastfeeding, the measured
0N values of the PSUAMS-sample might have been lowered by motherhood. Measurements
made on samples taken from fingernails of contemporary women indicate a decrease of the
0N value by 0.5-1 %o during the later period of pregnancy and during breastfeeding®*. As
according to the aforementioned Model 1 for correction of the FRE, a difference of 1 %o in the
o™N ratio corresponds to an increase of 11.1 % in aquatic food intake, in case of a large number
of pregnancies and breastfeeding periods, the female skeleton, having a lower value of the 6*°N
ratio, could in fact appear as of an older date than that of a contemporaneous male of the same
age and identical diet by up to 60+12 *C years. However, at this stage of the research there are
not enough data on how to deal with this issue.

The PSUAMS-sample also has a lower value of the 5*3C (=19.01 %o) than the other two samples
(—18.5 %o). Possible explanations are an increase in C3 plant consumption or consumption of
fish with lower 63C values (for variability of the 6*3C in fish and its lack of correlation with
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0N in the same species as among different species, see Ervynck et al.'®%) that occurred in the
period of this individual’s life less well represented in the other two samples.

What the discussion from above means for the absolute dating of the samples rom061 and
rom066 is that for now the corrected 4C dates have to be taken as they stand, but having in
mind that the FRE correction method is based on a very small number of individuals and that
in the lack of high-resolution sampling, the dated samples reflect to various proportions various
periods of the individual’s lifetime. As it was said for future nitrogen isotope studies®8, for 14C
dating as well, standardization of bone sampling according to the specifics of the collagen
formation and turnover rate would most probably work better when reservoir corrections are
necessary.
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Supplementary Note 5
Genetic analyses

Tiina M. Mattila, Helena Malmstrom, Terhi Ala-Hulkko, James McKenna, & Torsten Glinther

Results

We produced whole-genome sequencing data and radiocarbon dates from 59 Stone Age
specimens from Ukraine (lower Dnipro Valley), Romania, and Poland. Four samples from
the Romanian dataset were identified as identical (rom002, rom003, rom057 & rom058),
and we merged these data for the final dataset. We also detected replicated samples between
datasets (I4081 & romO061, 14582 & rom066, 15408 & OCI1, 15890 & ukrll3)
(Supplementary Data 13). The detected duplicate comparative samples were excluded from
the population genetic analyses. Another individual, ukr005, was also analyzed previously
(15878 from Mathieson et al.”?) but it was initially excluded from the analysis due to
relatedness in the original dataset.

The mean genome-wide sequencing depth per sample ranged from 0.01 x to 4.55 x
(Supplementary Data 1). All the samples had read length distribution and DNA
deamination damage patterns on the fragment end, verifying the sequenced material's
ancient origin (Supplementary Data 15). In general, the contamination point estimates were
low, but limited data for many samples increased the estimates' uncertainty. For four
specimens (buk003, buk033, ukr005, ukr033), all contamination estimation methods
indicated considerable contamination (point estimate > 6% or upper point of 95% CI >
15%). We note however, that only mitochondrial contamination estimates were available
for female individuals.

Chronologically earliest samples from Poland were Mesolithic individuals poz503 - a
female dated to 8,763-8,430 cal BP, and poz297 - a male dated to 7,570-7,429 cal BP.
Chronologically earliest Polish samples from farming context were Early Neolithic
individuals associated with the Linear Pottery culture (LBK) (Ibk101, Ibk102, Ibk104), and
individuals associated with the Lublin-Volhynian culture (LVC) (poz177, poz264, poz275
and poz375). We note that the radiocarbon dating was not possible for the Ibk individuals
but according to the archaeological interpretation (context / grave goods) these are the
earliest LBK graves found in Poland and should be dated c. 7,300 — 7,000 cal BP (see
Supplementary Note 1 for details).

The individual ukr125 from Deriivka is chronologically the earliest Holocene specimen
from Ukraine to produce whole genome data in our dataset. The '*C date for this individual
was 10,657- 10,430 cal BP (Supplementary Data 1) assuming FRE correction of 500 years.
We note that the FRE correction is not warranted for this specimen, considering the lack of
isotope data from contextual fauna (See Supplementary Note 4 for details).

Two of the Danube basin samples from the Lepenski Vir/Schela Cladovei (rom061 and
rom066) were classified as Mesolithic. The other 18 specimens were from Starevo-Koros-
Cris, Gumelnita, Salcuta, Boian, Iclod, and Decea Muresului Neolithic-Eneolithic
contexts. Radiocarbon dating of all the samples supported the broad archeological
classifications.
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Mitochondrial haplogroups

The assigned mitochondrial haplogroups (Supplementary Data 1 & 4) were consistent with
the observed pattern of contrasting genetic change in the Mesolithic/Neolithic boundary.
The Mesolithic individuals from Poland and the lower Dnipro Valley carried haplogroups
U4a/b and US5a, in line with what has been found previously’?, as did most of the Neolithic
Ukrainian individuals. At the same time, haplogroup H1 was also detected in a Neolithic
individual (ukr147) from the Nikol’ske Dnipro Rapids cemetery dated to 6,733-6,501 cal
BP (Supplementary Data 1). This finding adds to the previously reported evidence of the
presence of the lineages of the H clade!®®, including H172, in the Pontic steppe during the
Neolithic, which may be due to early genetic exchanges with European and/or Middle
Eastern farmers. Haplogroup T2alb was detected in a Neolithic individual from the
Yasinovatka cemetery, (ukr161, 7,158-6,954 cal BP, Suppelementary Data 1) which is the
earliest recorded appearance of this haplogroup. The Eneolithic c¢. 5,650-5,477 cal BP
Serednyostogivs'ka (Sredny Stog) individual from the Deriivka II cemetery (ukr104) also
carried T2alb, suggesting a mtDNA lineage continuum between the Neolithic hunter-
gatherers and Eneolithic pastoralists in the North Pontic steppe region. In line with the
previously published data'®’, the Romanian Mesolithic individuals carried mt-haplogroups
K1 and H13. An additional T16362C mutation was detected on the rom066 K1 haplogroup
(K1+16362) (Supplementary Data 4).

The Neolithic and Eneolithic Romanian and Polish samples belonged to haplogroups

common in Neolithic Europe, such as H, HV, J1, K1, K2, Nla, and T2 (Supplementary
Data 1).
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Supplementary Figure 12 The proportion derived through time in sites heterozygous in the anchor individual (Loschbour, WHG) for Polish (a), Romanian (b)
and Ukrainian (c) Mesolithic-Neolithic transect. The results presented for transversions (tv) and for blunt-end libraries only. The shaded blocks show the
Mesolithic individuals. The error bars represent 95% confidence intervals, calculated as two times the standard error of the estimate.
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Supplementary Figure 13 Mesolithic admixture cline. (a) Test of allele sharing between individual X and AfontovaGora3 (Paleolithic Siberian) relative to
Loschbour (Western Hunter-Gatherers) estimated using the Human Origins overlap panel*®®. (b) Test of allele sharing between individual X and Sidelkino
(Eastern Hunter-Gatherers) relative to Loschbour (Western Hunter-Gatherers) estimated using 1.9 million transversion SNPs from the 1000 genomes overlap
panel®®-17° Only tests are shown which are based on at least 10,000 sites. Error bars represent the 95 % confidence intervals from block Jackknife standard
errors.
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Supplementary Figure 14 Three different possible tree models between Paleo Siberian (PaleoSib) lineage leading to AfontovaGora3, Western Hunter-Gatherers
(WHG, represented by Loschbour), and Eastern Hunter-Gatherers (EHG, represented by Sidelkino). The additional admixed nodes included here were the
Ukrainian Mesolithic (ukr102) and Scandinavian Mesolithic (ble008) individuals. The tests with the worst Z-scores are shown next to each graph.
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Supplementary Figure 15 Estimated least-cost routes from five Western Hunter-Gatherer and AfontovaGora3 sites (black pins) to 17 Mesolithic admixed hunter-
gatherer sites (white dots). The estimated level of the Baltic Sea Basin approximately 9,000 years BP was obtained from Rosentau et al.}’t. The estimated region
covered by ice sheet in Northern Europe was obtained from PANGAEA DATED-1'"% 173, The map graphic was produced using ArcGIS® software by Esri.
ArcGIS® and ArcMap™ are licensed through Esri. Copyright © Esri. All rights reserved. See www.esri.com for more information about the Esri® software.
The basemap World Imagery was used from the ArcGIS online basemap collection; Sources: Esri, DigitalGlobe, GeoEye, i-cubed, USDA FSA, USGS, AEX,
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Supplementary Figure 16 Linear regression diagnostic plots for the European Mesolithic isolation-by-

distance analysis including all the samples investigated.
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Supplementary Figure 17 Scatterplot of f4 (Chimpanzee, X; AfontovaGora3, Loschbour) statistics and
the shortest distance from five different Western Hunter-Gatherer sites excluding four extreme values
from the full dataset. The estimated regression model and the adjusted R? value are also shown.
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Supplementary Figure 18 Linear regression diagnostic plots for the European Mesolithic isolation-by-
distance regression analysis excluding the four datapoints with the most extreme distance values from
the full dataset.
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Supplementary Figure 19 Individual labels of the principal component bi-plot for selected Stone Age
and Bronze Age West Eurasian individuals projected onto eigenvectors estimated from modern West
European groups from the Human Origins dataset.
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Supplementary Figure 20 Admixture plot showing the major mode among 10 independent clustering
runs for 281 Stone Age West Eurasian ancient individuals and selected West Eurasian, Central Asian,
and Siberian populations. The sample names are shown for ancient individuals from this study.
Abbreviations: AN = Anatolian Neolithic, BHG = Baltic Hunter-Gatherers, CCC = Comb Ceramic
Culture from the Baltics, CHG = Caucasus Hunter-Gatherers, EN = European Neolithic, EHG =
Eastern Hunter-Gatherers, IGHG = Iron Gates Hunter-Gatherers, PWC = Pitted Ware Culture from the
Scandinavian Peninsula, SHG = Scandinavian Mesolithic Hunter-Gatherers, WHG = Western Hunter-
Gatherers, WRUHG = West Russian Hunter-Gatherers.
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