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1. Archaeological information for sites and individuals included in this study

We selected samples for this study from sites and individuals spanning the Eneolithic through to the
Late Bronze Age in the Pontic Caspian region. Individuals were sampled from three different
institutions: All individuals except those from Kammenyi Ambar 5 and Botai are curated at Samara
State University’s Department of Archaeology. The three individuals from the site of Kammenyi
Ambar 5 belong to the scientific collections of the Museum at the Institute of Plant and Animal
Ecology (Ural Branch of the Russian Academy of Sciences). The two samples collected from
individuals from the site of Botai were sampled by Alan Outram and delivered to MPI-SHH, the
individuals are stored by Victor F. Zaibert at the Botai Research Station. Sampled individuals were
dated using both established archaeological material culture associations and radiocarbon dating.
While many of the radiocarbon dates had been previously published, we also obtained unpublished
new dates issued by the PSUAMD lab at Penn State University through the cooperation of the David
Reich Laboratory at Harvard University. We present all cultural assignments and absolute dates here.

We also provide archaeological information on the mortuary sites where the samples were collected
for this study; in each case we include site name, date(s), number of individuals, and GPS
coordinates; see summary in Supplementary Table S1. All individuals included in this study are
adults, and the protein identifications for each are included in Supplementary Table S3. We classified
the sites following three date ranges: 1) Eneolithic (ca. 4600 to 3300 BCE): 2) Early Bronze Age (ca.
3300 to 2500 BCE; EBA); and 3) Middle/Late Bronze Age (ca. 2500 to 1700 BCE; MLBA). Dates
obtained from direct radiocarbon analysis of human skeletal remains are listed as cal BCE, and those
estimated from either archaeological artifact seriation or direct dates on associated material are listed
as ca. BCE.

Eneolithic sites

During the Eneolithic (ca. 4500 to 3300 BCE), the area that today covers western Russia was
occupied primarily by sedentary hunter-gatherer-fisher (HGF) populations. Archaeological remains of
domesticated ruminants appear at low prevalence in occasional burials, but played an uneven role in
the diet, varying from site to site. Stable isotope analysis was used to establish that the typical
Eneolithic diet included significant amounts of freshwater fish'. Freshwater foods are typically
depleted in "*C content when compared to the contemporaneous atmosphere, and their consumption,
accordingly, results in radiocarbon dates that appear older, an effect known as the dietary freshwater
radiocarbon reservoir effect’’. We employed a Bayesian mixing model and estimates of local
freshwater radiocarbon reservoir effects to produce a more accurate age estimate for each Eneolithic
individual (the method is described in two papers by Fernandes et al.>* and our main text methods
section). Such age estimates result in wider chronological ranges than direct calibration of human
radiocarbon measurements and show that actual chronologies of human remains may be younger by
several centuries. However, in every Eneolithic sample in the present study, these are still within
chronological ranges that do not alter their cultural assignment.

Ekaterinovsky Mys
(Number of Individuals: 1; Individual Archaeology Code: EKAT N-74)

This Eneolithic non-kurgan cemetery contains more than 100 burials and is located in the southern
part of the Middle Volga region near the modern city of Samara. Grave goods included items similar
to those at Khvalynsk (described below) and domesticated ruminant bones, but, unlike Khvalynsk, the



graves lacked copper items. For example, one male burial from grave number 45 contained the
remains of a young goat, three stone maces, and a carved antler in the shape of a bird’s head. Traces
of ochre staining were apparent above the body along with discarded pottery, representing mortuary
rituals. This individual was not the individual sampled for our study, but rather a contemporaneous
one. The ceramics in the graves at Ekaterinovka Mys were of a local northern style, called the
Samara type, which is different from Khvalynsk, but similar to other Eneolithic sites along the
Samara River. The human remains were extended in the standard burial posture for the Samara region
at this time (supine extended), which was different from the Khvalynsk posture (supine and
contracted, with raised knees). A domesticated goat tooth from the above-mentioned young goat in
grave 45 yielded a date of 4578-4451 calBCE (5680+20 BP/PSUAMS-4568), and four other
unpublished dates on terrestrial animals or organic residues fall in the 4700-4500 BCE range, so this
cemetery was in use one or two centuries before Khvalynsk. The possibility that Ekaterinovka Mys is
slightly older was supported by the near lack of copper artifacts, whereas there are abundant copper
finds at Khvalynsk. The human skeleton from grave 45, a male aged 20-25, yielded a radiocarbon
date of 5363-5224 calBCE (6325+25 BP, PSUAMS-2880) which was 800 '*C years older than his
associated goat offering. Dates on human remains in this cemetery are clearly skewed by the
freshwater reservoir effects, like the sampled individual that we used in our study, originating from
grave 74*°.

Radiocarbon date from the individual sampled in the present study:
EKAT N-74: 5361 to 4555* cal BCE (6330+25 BP, PSUAMS-4313)*
*The calibrated date for this individual is the modeled date for freshwater radiocarbon reservoir effect.

Khlopkovsky Bugor
(Number of Individuals: 2; Individual Archaecology Codes: KB N-7; KN N-8)

This Eneolithic flat cemetery contains 24 burials and is located in the Middle Volga region on the
right bank of the river. The associated artifacts have been assigned to the Khvalynsk archaeological
culture. Individuals from the site fall on the same genetic cline as those at Khvalynsk, and our
sampled individual at Khlopkov Bugor, the female in grave 7, was a second-degree relative (possibly
an aunt or grand-mother) of a male buried at Khvalynsk II°.

Radiocarbon date from the individual sampled in the present study:
KB N-7: 5211 to 4339 cal BCE* (6170+25 BP, PSUAMS-2908").
*The calibrated date for this individual is the modeled date for freshwater radiocarbon reservoir effect.

Khvalynsk I

(Number of Individuals: 5; Individual Archaeology Codes: KHA1 N-A; KHA1 N-39, KHA1 N-61/62
KHAT1 N-125; KHA1 N-127)

Khvalynsk 11

(Number of Individuals: 4; Individual Archaeology Codes: KHA2 N-1, KHA2 N-2; KHA2 N-12;
KHA2 N-4)

These two cemeteries are situated in the Middle Volga region on the right bank of the river.
Excavators recovered 158 individuals from Khvalynsk I, while Khvalynsk II contained 39 graves with
43 individuals. These two cemeteries were 120 m apart and exhibit the same dates and archaeological
culture, and were almost certainly used by the same population. Khvalynsk I presents a normal
demographic profile of adult males, females, and children, but Khvalynsk II contained 3 males for



each female and few children, and seems to have been a burial place primarily for adult males with
greater abundances of copper offerings. The Khvalynsk I and II cemeteries collectively contained
more than 370 copper items, probably made of imported Balkan copper, the largest number of copper
objects from any fifth-millennium BCE site in the Pontic-Caspian steppes. Archaeological and
isotopic data suggest that people maintained a diet focused on fish and wild resources, as well as a
smaller percentage of domesticated animals. The human remains generally date between 400-700
years older than the terrestrial animals included in the same graves, indicating a reservoir effect from
the consumption of aquatic resources (See Supplementary Table S4). Sheep and cattle bones from the
site have been dated to between ca. 4500 to 4300 BCE. While there are a small number of clearly
domesticated animals in these burials, archaeologists have assumed that these animals were used in

more of a ritual manner rather than as a consistent feature of daily subsistence®®’.

A date of 4450-4355 cal BCE was obtained on a ring made of sheep bone (GrA-29178, 5565+40 BP)
from grave 147 at Khvalynsk I. The human female buried with this bone ring was dated to 4789-4618
cal BCE (PSUAMS 2886, 5845+25 BP); this suggests that there was a 280+147 '“C year discrepancy,
due to the reservoir effect. A date of 4448-4362 cal BCE (GrA-34100, 5570+ 40 BP) was obtained on
a cow bone from grave 10 at Khvalynsk II. These ruminant grazers would not have been subject to the
reservoir effect, with dates of 4450—4355 cal BCE from Khvalynsk I and 44484362 cal BCE from
Khvalynsk II. These two dates provide the best estimate currently available for the true age of the two
cemeteries.

If we compare the radiocarbon ages of the ruminants to those of the humans, the resulting offsets
range between 55+47 and 405+47 '“C years.

Radiocarbon dates from individuals sampled for the present study:

KHA2 N-127: 4499 to 3800 cal BCE* (5625+25 BP, PSUAMS-2885)

KHA2 N-1: 4685 to 3818 cal BCE* (5760+25 BP, PSUAMS-4032)

KHA2 N-4: 4899 to 4056 cal BCE* (5965+20 BP, PSUAMS-2903)

KHA2 N-2: 4932 to 4058 cal BCE* (5975+25 BP, PSUAMS-2902)

KHA2 N-12: 4900 to 4059 cal BCE* (5960+25 BP, PSUAMS-4031)

*The calibrated date for this individual is a modeled date for freshwater radiocarbon reservoir effect
(See Supplementary Table S5).

Murziha I1
(Number of Individuals: 6; Individual Archaeology Codes: MUR2 N-98; MUR2 N-94/7; MUR2 N-
128; MUR2 N-130.1; MUR2 K-1 N-130; MUR2 N-91-1)

The multi-period burial ground (n=19 burials) is located in the northern forest region of the Volga-
Kama River. The Eneolithic burials are related to the Ust-Kama culture, and funeral rituals appear to
share some similarities to those from Ekaterinovsky Mys. While the Khvalynsk burials also contained
domesticated animal bones, the Murzikha II burials did not. However, at a similar and nearby
cemetery, Gulkinsky II, a Bos sp. scapula (probably a tool) was included in grave number 124, and
some bones of domesticated calves were also recovered from the grave cluster. Several graves at
Murzikha II contained small rings made of copper, a cultural feature also present at Khvalynsk. Ten
burials from the site have been dated, including three that are included in this study. The calibrated
dates range from 4599 to 3526 cal BCE. The isotopic composition of the bones has not been studied,
but the associated artifacts indicate that the diet was likely hunting and fishing-based; hence, we can
assume that the reservoir effect has influenced the dates'”.



Radiocarbon dates from individuals sampled in the present study:
MUR2 N-91-1: 4552 to 4340 cal BCE (5610+60 BP, GIN-9436)
MUR2 N-94: 4541 to 4361 cal BCE (5630+40 BP, GIN-9428)

MUR2 N-128: 4364 to 4052 cal BCE (5390+60 BP, GIN-10039)

Early Bronze Age Yamnaya (Pit-Grave) sites

The earliest radiocarbon dates associated with graves that have artifacts assigned to the Yamnaya
culture fall between ca. 3300-3000 BCE. The Yamnaya culture is normally equated with the beginning
of the EBA in the chronology of the Pontic Caspian region. This region is seen as a focal one where a
number of key genetic and cultural traits critical to the development of the Yamnaya were assembled,
with potential links to the oldest phase of Proto-Indo-European®. The Yamnaya culture introduced
marked changes in funeral rites and settlement patterns, and stable isotopes from human bones suggest
dietary changes as well. We can now confirm the dietary shift towards a complementary pastoralist
component to the existing hunting and fishing economy with new protein evidence for dairy
consumption from dental calculus, as presented in this paper. The shift from riverine (Eneolithic) to
grassland and riverbank resources (EBA), seen isotopically, was accompanied by the widespread
abandonment of riverine Eneolithic residential sites and by the initial appearance of kurgan cemeteries
in the grassland plateaus of major river valleys. While zooarchaeological remains are limited, they
nonetheless support the evidence for a shift to pastoral resources. Early Bronze Age and Yamnaya
zooarchaeological remains in the Volga-Ural study area are limited to occasional sacrifices in graves,
70-90% of which were sheep-goat™. In the Dnieper Valley, two Yamnaya settlements had primarily
cattle, followed by sheep-goat and horse® ***°. Furthermore, a majority of the sites from which the
individuals in the present study derive fall across a landscape that would have been ideal for large
ruminant herds'', and archaeologists have suggested that regional Bronze Age populations relied on

semi-sedentary cattle, sheep, and goat pastoralism'*™">,

From this data as well as the modeled Bayesian radiocarbon age estimates discussed in the section
above, it is evident that there was a dramatic increase in the use of domesticated ruminant animal
products in the Early Bronze Age. In comparison to the Eneolithic period, freshwater fish
consumption was lower in the Early Bronze Age; and stable isotope studies on Bronze Age
populations from the region show that an increase in nitrogen values in humans corresponded to
higher values in local herbivores as well rather than from freshwater fish consumption''®. While we
acknowledge that fish may have been consumed at a small scale, it likely did not affect AMS dates
from this period to the extent of individuals living during the Eneolithic period. Therefore,
radiocarbon date ranges for individuals from the Bronze Age were not adjusted (Supplementary Table
S5).

Krasnoholm III

(Number of Individuals: 1; Individual Archaeology Codes: KRA3 K.1 N-1)

This burial mound was discovered on the left bank of the Ural River in the Pre-Urals region. It is one
of the three mounds that contained artifacts ranging in age from the EBA to the Early Iron Age. The
individual in our study was buried in a grave in the style of the Yamnaya culture. It was a single
burial, sprinkled with ochre, and the grave included charcoal and four polished bone tubes. The
complex has not yet been radiocarbon dated'’.



Krasikovskyi I

(Number of Individuals: 2; Individual Archaeology Code: KRS K.2 N-1; KRS K.1 N-1)

This burial mound cluster is located in the Volga-Ural region in the forest-steppe zone of the Tok
River, a tributary of the Samara River. The cluster consists of five kurgans, which contained five
Yamnaya culture graves (EBA) and one grave associated with the Abashevo culture (MLBA). Early
graves with individual burials were disturbed, but accompanying artefacts included a pectoral
ornament made of a wild boar tusk and the stone tip of a dart'®.

Radiocarbon dates from the individual sampled for the present study:

(This individual was dated repeatedly over multiple studies by different researchers, and we consider
the AMS-date in bold to be the most reliable)

KRS K.2 N-1: 2952 to cal BCE (4259+34 BP, AAR-27477)

3508 to 3020 cal BCE (4542+70BP, SPb-2092)

3488 to 3037 cal BCE (4535+50BP, SPb-2093)

2872 to 2580 cal BCE (4130440 BP, Ki-19485)

2623 to 2473 cal BCE (4030430 BP, Ki-19480)

3340 to 2913 cal BCE (4425+67 BP, IMCES 14C-1521).

Krivyanskyi IX

(Number of Individuals: 2; Individual Archaeology Codes: EBA: KRI9 K.4 N-21; KRI9 K.2 N-2)
This burial ground is located between three small rivers in the Don basin, 30 km northeast of Rostov-
on-Don. It consists of seven kurgans that in total contained 92 burials. The site was used from the
Eneolithic through the LBA, and also included some later household pits of the medieval Khazar
period. The analyzed archaeological remains come from four mounds; the earliest phase of mound
construction dates to the EBA Yamnaya culture (No. 1, 2, 4) and MBA (No. 5). The EBA burials
were in pit graves, the MBA burials were interred in catacombs. Individual and collective burials (up
to five skeletons), with traces of ochre, were characteristic of both periods. There were few funeral
offerings or artifacts in any of these graves; and most of the deceased had no accompanying artefacts.
Exceptions include a single ceramic vessel in one burial from the Yamnaya culture, as well as a stone
flake and small cattle bones in one of the MBA Catacomb burials'’.

Radiocarbon dates from individuals sampled in the present study:

KRI9 K.4 N-21A: 3345 to 3096 cal BCE (4495+25 BP, PSUAMS-7979) This was a collective grave
containing five individuals, two adults and three immatures. The dental calculus sample was taken from
adult A, pictured below. A second date on adult C was significantly different: 2904-2701 calBCE
(4225+25 BP, PSUAMS-7980).

KRI9 K.2 N-2: 2881 to 2633 cal BCE (4165+£25 BP, PSUAMS-7978) This was a single grave
containing an EBA ceramic vessel.

Kutuluk I

(Number of Individuals: 2; Individual Archaeology Codes: KUT1 K.3 N-4; KUT1 K.4 N-1)

This is a kurgan cluster in the Volga-Ural region that consisted of four kurgans, constructed during
the EBA. Grave 1 in kurgan 4 is heavily cited, due to the presence of a male with a mace and metal
weapons®’. Two radiocarbon dates have been run on this individual. The other burials likely also
belong to the early phase of the Yamnaya culture.



Radiocarbon date from the individual sampled in the present study:
KUT1 K.4 N-1: 3360 to 2928 cal BCE (4470+70 BP, OxA-4306)*'

Leshchevsky 1

(Number of Individuals: 1; Individual Archaeology Code: LES K.1 N-1)

This burial mound is located in the Middle Volga steppe zone on the Samara River and two of the
three kurgans at the site have been investigated. Two central graves contained artifacts linked to the
Yamnaya culture and included a metal dagger and stone tools. Our sample was taken from the
skeleton of a young woman, and two dates for this individual are presented here.

Radiocarbon date from the individual sampled in the present study:
LES K.1 N-1: 3091 to 2918 cal BCE (4390+20 BP, PSUAMS-4159)

Lopatino I

(Number of Individuals: 1; Individual Archaeology Code: LOP1 K.3P N-1)

Lopatino [ is a large kurgan cemetery containing 35 burial mounds located on the Sok River, in the
forest-steppe zone on the left bank of the Middle Volga. Eight burial mounds have been excavated,
yielding pit graves of the Yamnaya (EBA), Poltavka (MBA), and Srubnaya (LBA) cultures®.

Radiocarbon date from the Yamnaya individual sampled in the present study:
LOPI k.3p N-1: 3522 to 3020 cal BCE, (4560480 BP, Ki-7764)

From a pit associated with this grave:
3339-2916 cal BCE (4432+66 BP, AA-47804)

Mustayevo V

(Number of Individuals: 2; Individual Archaeology Codes: MUS V K.1 N-1; MUS V K.8 N-2)

The site was located on the right bank of the Ural River in the northern steppe Pre-Urals region. The
three mounds investigated during excavations contained burials of the Yamnaya and Srubnaya
cultures, as well as burials of the Early Iron and Middle Ages. The samples examined in the present
study were obtained from the Yamnaya culture burials and the skeletons had been sprinkled with
ochre and interred with grave goods including a ceramic vessel®.

Radiocarbon dates from individuals sampled in the present study:
MUS V K.1 N-1: 2698 to 2488 cal BCE (4070+30 BP, IGAN-2780)
MUS V K.8 N-2: 3377 to 2903 cal BCE (4480100 BP, IGAN-3016)>.

Nizhnaya Pavlovka V

(Number of Individuals: 1; Individual Archaeology Code: NP V K.2 N-3)

This burial mound cluster was discovered on the left bank of the Ural River in the steppe Pre-Urals;
three mounds were excavated, and the earliest burials contain artifacts associated with the Yamnaya
culture. Unusual features from the grave of the individual in this study included a massive metal
hammer-axe. Sheep bones accompanied one of the burials.

Radiocarbon date from the individual sampled from a previous study (not from the individual
analyzed in the present study):
2886 to 2662 cal BCE. (4175+35BP, GrA-54391)*.



Panitskoe 6B

(Number of Individuals: 1; Individual Archaeology Code: PAN N-6)

A single kurgan, Panitskoe 6B, was excavated in the steppe zone of the Lower Volga region, along the
Karamysh River, a tributary of the Volga. The burial mound contained seven burials, including an EBA
grave with two individuals (adult male and child)*’. The mortuary tradition and grave goods included
ochre, vessels of the Khvalynsk-Berezhnovka type, and a bone pin. All of these features have attributed
it to the early phase of the Yamnaya complex.

Radiocarbon date from the individual sampled in the present study:
PAN N-6 (adult): 3516 to 2904 cal BCE (4500120 BP, Ki-13050)
On Yamnaya grave 1 3346-3101 calBCE (4505+20 BP, PSUAMS-4161)

Podlesny

(Number of Individuals: 1; Individual Archaeology Code: POD K.1 N-3)

This mound cluster was discovered on the left bank of the Samara River, a tributary of the Volga in
the Middle Volga forest-steppe region, and two out of the eight mounds in the cluster have been
excavated. The excavators believed that the burials belonged to the Poltavka and Srubnaya cultures;
however, the ceramic vessel that was used to assign a phase to the burial was not found at the bottom
of the grave (which contained only the skeleton), but rather higher up. Judging by the AMS date for
the individual in our study, the burial belongs to the Yamnaya culture. The location of the skeleton, its
orientation, and the use of ochre do not contradict this assumption.

Radiocarbon date from the individual sampled in the present study:
POD K.3 N-3: 3330 to 3028 cal BCE (4465+20 BP, PSUAMS-4412);

Pyatiletka

(Number of Individuals: 1; Individual Archaeology Code: PYA K.6 N-2)

Three mounds were found and excavated on the left bank of the Ural River in the northern Pre-Urals
region. The main burials of each barrow belong to the Yamnaya culture, as determined by the specific
grave features (ochre, burial position, and inhumation style). Some noteworthy features of these
burials include rare examples of paired burials, a ditch around a mound, and metal tools, all of which
differentiate this site from other contemporaneous regional sites.

Radiocarbon date from the individual sampled in the present study:
PYA K.6 N-2: 2875 to 2621 cal BCE (4140+35BP, GrA-54392) ',

Trudovoy II

(Number of Individuals: 1; Individual Archaeology Code: TRU K.5 N-1)

A large burial mound was found on the right bank of the Ural River in the Pre-Urals of the northern
steppe. Two of the three largest excavated mounds were erected over the graves of Yamnaya burials.
The grave of the individual analyzed in the present study was constructed after the original kurgan
monument was completed. It was identified as a Yamnaya burial based on structural details, body
position, the presence of a ceramic vessel-censer, and other artifacts. In addition, the mandible of a
sheep was found in the burial. The site has no associated radiocarbon dates®.

Middle and Late Bronze Age Sites



The Middle/Late Bronze Age (ca. 2500 to 1700 BCE) of the Pontic Caspian region was dominated by
Poltavka, Catacombnaya, Abashevo, Sintashta, Srubnaya, and Andronovo culture groups who relied
heavily on horses and ruminant animals®**?’. Originating from the earlier Yamnaya, these populations
shared similar ceramic styles, metal tools, kurgan burials, and chariots'****, As opposed to the EBA
populations, the Abashevo, Sintashta, Srubnaya and Andronovo groups became more sedentary and
began building larger, more permanent settlements”. Zooarchaeological evidence combined with
stable isotope analysis of Sintashta individuals from western Kazakhstan’s Kamennyi Ambar 5 and

Bestamak indicate that while diets included both horses and ruminants, they were weighted towards
the latter”®*°,

Bolshekaraganskyi

(Number of Individuals: 1; Individual Archaeology Code: BKK Kurgan 25 Grave 24)

This MBA burial cluster has been linked to the Sintashta culture in the Trans-Urals, and continued to
be used until the end of the Iron Age. The cemetery contains multiple kurgans (n = 26), some of
which have been excavated. At least five are assumed to date to the MBA. Kurgan 25 is a large
kurgan with multiple pits, some of them with a single skeleton, while others contained multiple
individuals®*'*2. Overall, kurgan 25 contained human and faunal remains, including horse, cow, sheep,
and pig bones. From isotopic studies of the humans and domesticated animals, it is clear that humans
were consuming animal products, but it is not clear whether they were consuming both meat and
dairy™.

Kalinovsky 1

(Number of Individuals: 2; Individual Archaeology Codes: KAL1 K.1 N-6; KAL1 K.1 N-4)

This burial mound cluster is located in the Middle Volga region on the left bank of Volga River in the
forest-steppe zone. It is one of the northernmost sites of the Poltavka culture. Kurgan 1 contained four
graves, with artifacts, such as ceramic vessels, a bronze awl, a tool for decorating ceramics, and cattle
and sheep/goat bones™.

Kammenyi Abmar 5

(Number of Individuals: 3; Individual Archaeology Codes: KAS K.2 MR11 CK-1 A944; KAS K.2
A987; KAS5 K.4 MR-5 CK-2 A937)

The site is well-studied and has been dated to the MBA, specifically between 2040 and 1730 cal BCE.
Kammenyi Abmar 5 lies just to the east of the Ural Mountains and close to the Kazakhstan border.
Four kurgans (26 graves and more than 100 individuals) contain graves of the Sintashta culture**=°,
Subsistence at the site is assumed to have been based primarily on pastoralism, but was likely
supplemented with wild plants and animals. There is no direct evidence for use of domesticated crops,
but the possibility for cultivation cannot be completely discounted. At the site, other material artifacts
were also dated to between ca. 2000 to 1700 BCE, indicating date ranges closer to the unmodelled
human individual dates that did not take the freshwater reservoir effect into account. The faunal
assemblage at KAS is composed of 98.8% domesticated animals and 1.2% wild fauna, and of the
domesticated animals, ruminants make up 91.6%, with horses at 6.3%°.

Krasikovskyi I

(Number of Individuals: 1; Individual Archaeology Code: KRS K.3 N-1)

This burial mound cluster is located in the Volga-Ural region of the forest zone in the Tok River
basin. Five kurgans contained five Yamnaya-type graves (EBA) and one Abashevo culture grave



(MLBA). The sample for the present study derives from the Abashevo individual, whose grave also
contained a ceramic vessel with traces of repair using bronze staples®’

Radiocarbon date from the individual sampled in the present study:
KRS K.3 N-1: 2145 to 1897 cal BCE (3632+55 BP, SPb-2224)"’

Krivyanskyi IX

(Number of Individuals: 2; Individual Archaeology Codes: MBA: K.1 N-30; KRI9 K.5 N-6)

We presented the details of the Krivyanskyi IX cemetery in the EBA section above, as individuals
from the site sampled in the current study come from both the EBA and M/LBA. The mound cluster
consists of four mounds and 92 burials located between three small tributaries of the Don River; the
earliest phase of their building dates to the EBA (No. 1, 2, 4) and MBA (No. 5). The EBA burials
were pit graves, and the MBA burials were placed within catacombs. Individual and collective burials
(including up to five skeletons) and the use of ochre were characteristic in both periods. Grave goods
were rare in all burials, with the exception of a single ceramic vessel in one of the Yamnaya culture
burials, as well as a stone flake of small cattle bones in one of the burials of the Catacomb culture.
There are no radiocarbon dates for the MBA individuals'’.

Lopatino I

(Number of Individuals: 1) (Individual Archaeology Code: LOP K.3 N-2)

This large kurgan cemetery with 35 burial mounds is located on the Sok River, in the forest-steppe
zone on the left bank of the Middle Volga. Eight burial mounds contained pit graves of the Yamnaya
(EBA), Poltavka (MBA), and Srubnaya (LBA) cultures. The individual in our study is from the MBA
complex, which has not been dated.

Lopatino 11

(Number of Individuals: 1) (Individual Archaecology Code: LOP2 K.1 N-1)

This burial mound is located on the Sok River, two km distant from Lopatino I. The kurgan cemetery
included four mounds, three of them excavated: one was constructed in the EBA (Yamnaya culture),
while two contained graves of the Potapovka tradition. The individual analyzed in the present study
dates to the end of the Bronze Age, as confirmed by associated artifacts and a radiocarbon date®.

Radiocarbon date from the individual sampled in the present study:
LOP2 K.1 N-1: 2887-2636 cal BCE (4180+30 BP, Beta-392492)*

Potapovka I

(Number of Individuals: 1; Individual Archaeology Code: POT K.5 N-3)

This kurgan cemetery is located in the Middle Volga region, in the forest-steppe zone, and four of the
five mounds that have been excavated together contained 31 burials of two MBA cultural groups:
Poltavka (n=6) and Potapovka (n=25). The Potapovka burials are similar to the Sintashta tradition'?
and contain numerous finds and sacrificed domestic animals (horses, cows, sheep, and goats). A series
of previously published dates from the cemetery complex confirms its assignment to the MBA'"*.

Radiocarbon date from the individual sampled in the present study:
POT K.5 N-3: 2113-1620 cal BCE (3510+80, OxA-4266)"

Shumayevo IT
(Number of Individuals: 1; Individual Archaeology Code: SHU2 K.6 N-1)



This large burial mound (containing 12 individuals) is located in the Pre-Urals, on the left bank of the
Irtek River, a tributary of the Ural River. Material artifacts from all periods of the Bronze Age, as well
as the Early Iron Age and the Medieval period, were recovered during excavations. The individual
sampled in the present study originated from Burial 1 of kurgan 6, and did not contain any grave
goods, but can be clearly assigned to the MBA based on the burial style*®.

Utevka VI

(Number of Individuals: 5; Individual Archaecology Codes: UTE6 K4 N-5; UTE6 K4 N-6; UTE6 K.4
N-1; UTE6 K.6 N-2 K-1; UTE6 K-6 N-6)

This burial ground is located in the Middle Volga region, in the forest-steppe zone. Seven excavated
kurgans mostly contained the graves of the Potapovka culture group (similar to the Sintashta
tradition). They contained weapons, horse burials, and equipment for chariots, as well as gold
ornaments. While most Sintashta sites were fortified settlements, the Potapovka people were more
likely mobile pastoralists®.

Radiocarbon dates from individuals sampled in the present study:
UTEG6 K.4 N-1: 2047 to 1767 cal BCE (3583+52 BP, AA-53802)
UTEG6 K.6 N-2 K-1: 2468-1925 cal BCE (3760100 BP, AA-12568)
UTEG6 K-6 N-6: 2143 to 1696 cal BCE (358080 BP, OxA-4264)

2. Previous lipid study by Mileto et al., 2017

While the present study points to a clear shift in milk consumption patterns between the Eneolithic
and EBA in the Pontic-Caspian Steppe, a previous study of ceramic lipid residues from sites located
in the steppe zone of Ukraine*® found some evidence for milk consumption prior to the EBA. Lipids
from ruminant dairy products were recovered from ceramics at one site classified as Mid-Eneolithic
and three sites considered to be Late Eneolithic/Early Bronze Age. While these findings seem to
contradict our results from the Eneolithic Volga steppes, where no dairy proteins were identified for
the same time period, the three sites identified as Late Eneolithic/Early Bronze Age sites in the lipid
study are in fact normally regarded as EBA Yamnaya*'™°. While some scholars disagree on the
timing of Yamnaya origins with early (ca. 3800/3900 BCE****%) middle (ca. 3500/3300 BCE""*4"~
), and late (ca. 3000 BCE***"?) onsets, using any of these chronologies, ubiquitous dairy
consumption only occurs during the tenure of the Yamnaya (Supplementary Table S2). The only
evidence for dairy lipids in steppe pottery that precedes the EBA Yamnaya when the more widely
accepted middle chronology (or the late chronology) is employed occurs at Mikhailovka I (ca. 3800-
3000 BCE), which may reflect an initial stage in the production of dairy foods in the steppe, just prior
to the rapid spread of the EBA Yamnaya culture®. If small-scale dairy use did occur in this period, it
could explain the casein peptides found in our single Eneolithic steppe individual. Our results suggest
that whatever the date of arrival of dairying, milk was probably not broadly consumed across steppe
communities until ca. 3300 BCE.

3. Reassignment of period designations from lipid study of Mileto et al., 2017

The time period designations employed in the Mileto et al.*’ study are debated by regional experts.
Here, we outline the long, middle and short chronologies that exist for the transition from the
Eneolithic into the Early Bronze Age Yamnaya culture, and explain why we support the widely
accepted middle chronology that would reassign most of Mileto et al.’s milk findings*’ to the Early
Bronze Age (see also Supplementary Table S2).



The Yamnaya chronology has been established for some decades. Initially, in the 1950s, Yamnaya
culture sites were designated as Late Neolithic™. In the 1960s, however, radiocarbon dates, a growing
number of metal artifacts discovered in Yamnaya graves, and typological links with the Maikop
culture combined to prompt the widespread acceptance of the Yamnaya culture as dating to the
beginning of the EBA. N. I. Merpert’s classic synthesis of the Yamnaya culture* included two
important Yamnaya settlement sites, the Repin site on the Don River and Mikhailovka II on the
Dnieper River, as chronological and typological anchors for what was otherwise a chronology based
entirely on graves, few of which presented stratified sequences. Repin and layer II at Mikhailovka,
which contained Repin-style pottery, are accepted as defining early Yamnaya artifact assemblages
and the start of the EBA by prominent experts on the Yamnaya culture in Ukraine and Russia®*°.
The published dates for Repin and Mikhailovka II (from bone samples) range between 3400-3000 cal
BCE. Layer III at Mikhailovka was defined as late Yamnaya by the archaeologists who excavated the
site”’. Rassamakin’s proposal to make the EBA and early Yamnaya begin with Mikhailovka layer I1I°!
— a late chronology for the EBA — therefore, requires complex adjustments. In the Mileto et al.*°
chronology, following Rassamakin®?, Mikhailovka II and other Yamnaya sites like it are re-assigned
to the preceding Eneolithic phase. While Rassamakin and Mileto support a late start of the Yamnaya

cultural horizon, others, such as Morgunova®2*4¢

, maintain an earlier Yamnaya origin (ca. 3800/3900
BCE). Here we use a more conservative and widely accepted “middle” chronology, mid-way between
the more occasionally referenced early and late chronologies. When interpreting the Mileto et al.*’
results within the more standard middle chronology, there is only one Late Eneolithic site prior to the
onset of the Yamnaya cultural horizon, Mikhailovka level I, that contained possible ruminant dairy
lipid signatures. Importantly, no matter which chronology is utilized, and whether the material studied
is milk lipids or proteins, it is clear that dairy use did not become widely used until the Yamnaya

period (ca. 3300 BCE).
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Supplementary Figure S1 — Maps of all sites and individuals included in this study from the (A)
Eneolithic; (B) Early Bronze Age; and (C) Middle and Late Bronze Age. Base maps were created



using QGIS 3.12 [1] https://qgis.org/en/site/ and uses Natural Earth vector map data from
[2] https://www.naturalearthdata.com/downloads/.
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