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A B S T R A C T

The initial spread of pastoralist subsistence to Inner Asia remains poorly defined due in part to limited research
on settlement sites dating to the Eneolithic period (ca. 3600–2900 cal BC) in the Altai Mountains. The emergence
of the Afanasievo culture in the Altai Mountains appears to have coincided with the arrival of domesticated
sheep, goats, and cattle. However, Afanasievo sites also contain wild counterparts of these domesticated live-
stock species, which calls into question previous faunal identifications between analysts. We analyzed sequences
of the mitochondrial cytochrome b gene of faunal skeletal remains from the Afanasievo settlement site
Nizhnyaya Sooru to test for the presence of domesticated sheep (Ovis aries) and goats (Capra hircus). Five out of
five analyzed tooth specimens were identified as Ovis aries, and radiocarbon determinations taken from two of
these date to ca. 3300–2900 cal BC. This research provides an important chronological point of reference for the
earliest spread of Near Eastern domesticated animals to Inner Asia.

1. Introduction

Archaeologists have long thought that the initial spread of domes-
ticated sheep, goats, and cattle to Inner Asia coincided with the emer-
gence of the Eneolithic Afanasievo culture in the Altai Mountains
during the second half of the fourth millennium BCE (Gryaznov, 1999;
Gryaznov and Vadetskaya, 1968; Kiselev, 1938; Pogozheva, 2006;
Teploukhov, 1929; Tsyb, 1984). Similarity in ceramic forms and dec-
orative styles, as well as mortuary practices that involved placing in-
dividuals in a crouched position in kurgan burials, used by Afanasievo
communities and those located in the Circum-Pontic steppe supported
narratives that migrations of so-called Yamnaya or Repin herders to the
Altai gave rise to the Afanasievo culture (e.g., Anthony, 2007). More
likely, however, Yamnaya and Afanasievo peoples shared a cultural
source and subsequently developed similar material culture.

Human genomic research showing indistinguishable genetic varia-
tion between individuals recovered from Yamnaya and Afanasievo sites
thus far suggests that long-distance movements across the vast steppe

grasslands took place without in-coming people genetically admixing
with communities characterized by “Ancient North Eurasian” ancestry
along the way (Allentoft et al., 2015; Damgaard et al., 2018; Haak et al.,
2015; Jeong et al., 2020; Mathieson et al., 2015; Narasimhan et al.,
2019; Wang et al., 2020). Eneolithic herders moving from the western
steppe into the Altai region may have passed the steppes of northern
Kazakhstan and southwest Siberia that were occupied by communities
managing domesticated Przewalski's horses (Equus przewalskii) (Fig. 1)
(Gaunitz et al., 2018; Outram et al., 2009), but so far, no evidence
suggests that exchanges of domesticates occurred.

Interestingly, both the scale of “western steppe” population move-
ment into the Altai and depth of integration with diverse communities
of local hunter-gatherers appear to have been rather limited during the
Eneolithic period. So far, only faint signals of Yamnaya-related ancestry
are detectable in subsequent populations of the Altai and proximal re-
gions to the east (Damgaard et al., 2018; Jeong et al., 2020; Jeong et al.,
2018; Narasimhan et al., 2019; Wang et al., 2020). In contrast, up to ca.
50% Yamnaya-related ancestry is present in individuals recovered from
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steppe regions adjacent to the Tian Shan and western Pamir Mountains
dating to ca. 1700 cal BC and centuries later (Narasimhan et al., 2019;
Ning et al., 2019). Afanasievo communities appear to have maintained
strong intra-group exclusivity, when considering that Afanasievo ce-
meteries contain tight-knit kin groups of first, second, and third degree
relatives (Narasimhan et al., 2019). Out of 36 Afanasievo individuals
yielding genome-wide data, researchers have identified only four in-
dividuals prominently exhibiting Ancient North Eurasian ancestry with
minor western steppe components that were buried according to Afa-
nasievo traditions, which were dated to the early-late third millennium
BC at the end of the Afanasievo cultural sequence (Damgaard et al.,
2018; Jeong et al., 2020; Wang et al., 2020). Durable group cohesion by
Afanasievo newcomers to the Altai and by subsequent generations
corresponds to social mechanisms of migrants memorializing their
distant homeland through high-fidelity replication of material culture
(Trabert, 2019). Nonetheless, answering questions about the nature of
Afanasievo animal exploitation strategies, including the use of domes-
ticates remains impeded by limited research on Afanasievo settlements.

Previous zooarchaeological research at Afanasievo settlement and
mortuary sites argues for the exploitation of both domesticated and
wild cattle, sheep, and goats (Derevianko and Molodin, 1994;
Gryaznov, 1999; Kosintsev, 2005; Kosintsev and Stepanova, 2010;
Pogozheva, 2006). However, the biogeographic distribution of Siberian
ibex (Capra sibirica) and argali sheep (Ovis ammon) includes the Altai
(Baskin and Danell, 2003), while aurochsen (Bos primigenius) were also
likely present in the region. Consequently, the relative importance of
hunting and herding in Afanasievo communities remains ambiguous
(Frachetti, 2012). Shared skeletal morphology between domesticated
livestock bovids and their wild counterparts complicates establishing

species representation, while high fragmentation of faunal skeletal re-
mains recovered from Afanasievo sites further impedes biometrical
analysis that can assist in assessing the use of domesticated animals
(Shul’ga, 2012).

Here, we test for the presence of domesticated sheep (Ovis aries) and
goat (Capra hircus) at the Afanasievo settlement Nizhnyaya Sooru lo-
cated in the upper Karakol river in the Altai Republic, Russia (Fig. 1).
Previous archaeological research at Nizhnyaya Sooru identified occu-
pational layers containing Afanasievo ceramics and stone tools, in ad-
dition to abundant faunal skeletal remains (Larin et al., 1998). To
provide concrete taxonomic identifications of both domesticated and
wild sheep and goats, we employ ancient DNA analysis of the mi-
tochondrial cytochrome b gene (MT-CYB), which codes for a protein
used in cellular respiration that is highly conserved and useful for re-
solving taxonomic relationships (Irwin et al., 1991). Laboratory
methods and analytical protocols followed Hermes et al. (2019). We
also obtained radiocarbon determinations from faunal specimens pro-
viding MT-CYB sequences.

2. Previous research at Nizhnyaya Sooru

Excavations of Nizhnyaya Sooru were conducted in 1994 and
opened 2.4 m2 of the settlement area, revealing a 16-cm cultural layer
approximately 60 cm below the modern surface that contained faunal
skeletal remains, ceramics sherds, and lithics (Larin et al., 1998). Unlike
the relatively few Afanasievo settlements discovered to date, Nizhnyaya
Sooru does not contain later occupational layers and, thus, provides a
pristine record of Afanasievo cultural deposits (Larin et al., 1998).

The material culture recovered at Nizhnyaya Sooru is linked to the

Fig. 1. Map of Inner Asia showing the location of Nizhnyaya Sooru relative to other sites providing radiocarbon dates for early domesticated sheep/goat remains
listed in Table 2, in addition to key sites representing the Eneolithic Botai-Borly cultural sphere.
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regional Afanasievo archaeological horizon, but Larin et al. (1998) note
that ceramic decorations exhibit some stylistic departures from the
canonical definition of the Afanasievo ceramic material assemblage
(Fig. 2). This distinction is most visible in a decorative technique of
tear-drop marks around the rims (Fig. 2 B, C, & E), including a rim with
rocking stamp impressions, showing a regular zigzag pattern with sharp
angles (Fig. 2 E). Vessels with unusual ornamental elements have also
been observed at several other Afanasievo sites, including Perviy
Mezhelik-1, Malinovyj Log, Karasuk-3, and Ust’-Kuyumskij (Stepanova,
2010). While the ceramics assemblage of Nizhnyaya Sooru is not unique
in general terms, additional research is needed to assess bilateral cul-
tural exchanges with local hunter-gatherer communities that produced
pottery prior to the Afanasievo horizon (cf. Kiryushin and Kiryushin,
2005).

Previous zooarchaeological analysis of the faunal assemblage from
Nizhnyaya Sooru concluded that domesticated herbivores were of pri-
mary importance (Kosintsev, 2005). Out of 476 recovered faunal spe-
cimens from Nizhnyaya Sooru, 278 were at the time identified to spe-
cies (Table 1; Kosintsev, 2005). Caprines (Ovis or Capra) were the
predominant taxon recovered at Nizhnyaya Sooru (n = 229),

representing 82.3% of identified specimens. Moreover, 41 caprine
specimens were recorded as likely belonging to Ovis. Bos spp., either
domesticated Bos taurus or wild aurochs (Bos primigenius), were the
second most abundant species representing 14.7% of identified speci-
mens. Other large mammals in the assemblage are represented by horse
(Equus sp.) and red deer (Cervus sp.), together accounting for ca. 2% of
identified specimens. Small game includes one bone each from a fox
(Vulpes sp.) and a badger (Meles sp.).

3. Results

3.1. Genetic species identification

MT-CYB sequences (110-bp) were successfully recovered from five
out of five tooth specimens with duplicates from two independent ex-
tractions. Three haplotypes were represented in the sample set, which
are identical to known haplotypes of Ovis aries (Fig. 3). Notably, the
recovery of a rare MT-CYB haplotype from sample KO182010 was
surprising given a limited sample size. As mitochondrial DNA does not
recombine, this haplotype has been shown to accompany D lineage
haplotypes in hypervariable region 1 based on reference data. So far,
only six individuals out of 1231 modern sheep previously analyzed
from Eurasia belong to haplogroup D (Demirci et al., 2013; Meadows
et al., 2011; Tapio et al., 2006). A recent paleogenetic study of sheep
dating from the early Bronze Age to historical periods in the Altai re-
gion recovered one D haplotype out of 40 samples tested (Kechin et al.,
2019). TheMT-CYB sequence of sample KO182010 was identical to that
of a domesticated sheep recovered from the early Bronze Age site of
Dali (ca. 2700 cal BC) located in the Dzhungar Mountains of south-
eastern Kazakhstan (Fig. 3; Hermes et al., 2019).

3.2. Radiocarbon dating

AMS radiocarbon determinations were obtained from dentinal col-
lagen of two samples providing domesticated sheep MT-CYB sequences,

Fig. 2. Ceramic sherds recovered by Larin et al. (1998) from the Nizhnyaya Sooru settlement. (A-C) rims of vessels, including (B) a large spherical pot and (C) a small
bowl with thick walls, thought to be used for incense burning. (D) Fragment of a base. (E-H) Sherds exhibiting rocker-stamp impressions that are common in
Afanasievo ceramic assemblages. Rim decorations consisting of tear-drop incisions (B, C, and E) and highly regular rocking zigzags (E) are uncommon Afanasievo
styles.

Table 1
Number of identified specimens (NISP), percent NISP, and minimum number of
individuals (MNI) of faunal taxa recovered from Nizhnyaya Sooru after
Kosintsev (2005). Taxonomic groups are reconfigured here to reflect genus-
level identifications.

Taxon NISP %NISP MNI

Bos spp. 41 14.7 5
Ovis/Capra spp. 229 82.3 19
Equus sp. 4 1.4 2
Cervus sp. 2 < 1 1
Vulpes sp. 1 < 1 1
Meles sp. 1 < 1 1
Total 278 100 29
Unidentifiable 198 – –
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following established protocols at the Poznan Radiocarbon Laboratory
(Piotrowska and Goslar, 2002). Raw 14C ages were calibrated using the
IntCal13 curve in OxCal v4.3.2 (Bronk Ramsey, 2017; Reimer et al.,
2013). The two obtained dates overlap and collectively range from ca.
3350 to 2900 cal BC (Table 2). The older determination calibrates to a
wide interval of 3346–2945 cal BC (KO182009), in part due to a 250-
year period of shifting directionality set within a plateau in the radio-
carbon calibration curve (Fig. 4). The younger determination dating to
3081–2883 cal BC (KO182013) provides a relatively narrow calibrated
range, despite falling on the end of a 75-year plateau (Fig. 4).

4. Discussion

Domesticated sheep at Nizhnyaya Sooru directly dated to the late
fourth and early third millennia BCE represent the earliest known food
producing technology in Inner Asia that had its origins in the Near East.
Prior to this study, only three radiocarbon dates were obtained from
faunal remains recovered from the Afanasievo settlement Malyi Dugan

and cemetery Perviy Mezhelik-1; two of these specimens were am-
biguously identified to Ovis/Capra or Ovis/Capra/Capreolus, while the
third was identified as Capreolus (Svyatko et al., 2017a, 2017b). These
Eneolithic dates are broadly contemporaneous with the new dates from
Nizhnyaya Sooru (Table 2), which coincide with a revised “core”
chronology for the Afanasievo cultural horizon in the Altai ranging
between ca. 3100 to 2900 cal BC (cf. Poliakov et al., 2019).

Human remains in direct association with faunal skeletal remains
identified as Ovis/Capra in an Afanasievo-style burial at the site of
Karagash located in central Kazakhstan were directly dated to
2920–2712 cal BC (Table 2; Motuzaite Matuzeviciute et al., 2015). A
critical issue with radiocarbon determinations measured from human
bone collagen in regions where aquatic resources were available is the
reservoir effect causing dates to appear older, which may be an issue in
central Eurasia due to ancient fish consumption (Svyatko et al., 2017b;
Svyatko et al., 2015). Analysts have long suspected that ancient steppe
pastoralists consumed fish, based on high nitrogen isotopic values of
bulk human bone collagen (Lightfoot et al., 2015; Murphy et al., 2013;

Fig. 3. Median joining network of MT-CYB sequences recovered from Nizhnyaya Sooru in comparison to MT-CYB sequences recovered by Hermes et al. (2019) from
multi-period sites of Dali, Begash, and Tasbas located in the central Inner Asian Mountain Corridor of southeastern Kazakhstan. Reference MT-CYB sequences of Ovis
aries and Capra hircus and wild Ovis and Capra spp. and Capreolus pygargus help visualize the genetic diversity observed between species. The network was produced
using PopART v. 1.7.2 (Bandelt et al., 1999; Leigh and Bryant, 2015).

Table 2
AMS 14C dates of domesticated sheep from Nizhnyaya Sooru and faunal specimens from the Afanasievo settlement Malyi Dugan and human burial #12 from Perviy
Mezhelik-1 (Altai Republic, Russia). Also included are AMS 14C dates from specimens providing a MT-CYB sequence of Ovis aries from the early Bronze Age sites Dali
and Begash located in the Dzhungar Mountains (Kazakhstan), in addition to an AMS 14C date from a human buried with purported domesticated caprine remains at
Karagash located in central Kazakhstan. 1Data from Svyatko et al. (2017a). 2Data from Hermes et al. (2019). 3Data from Motuzaite Matuzeviciute et al. (2015).

Calibrated BC (2σ)

Site aDNA ID 14C ID Taxon Material 14C years (BP) ± From To Mean

Nizhnyaya Sooru KO182009 Poz-113280 Ovis aries Dentine 4460 40 3346 2945 3173
Nizhnyaya Sooru KO182013 Poz-113281 Ovis aries Dentine 4320 40 3081 2883 2952
Malyi Dugan1 – UBA-22989 Ovicaprid Collagen 4209 34 2901 2677 2796
Malyi Dugan1 – UBA-22990 Capreolus Collagen 4197 36 2896 2666 2782
Perviy Mezhelik-11 – UBA-29309 Ovicaprid/Capreolus Collagen 4473 35 3341 3026 3197
Dali2 KO180909 Beta-484122 Ovis aries Dentine 4080 30 2855 2495 2645
Begash2 KO180907 Poz-88835 Ovis aries Collagen 3830 30 2460 2150 2285
Karagash3 – UBA-22949 Human Collagen 4257 32 2920 2759 2876
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O’Connell, 2003; Privat et al., 2007; Svyatko et al., 2013; Ventresca
Miller et al., 2014). Notwithstanding, a vast majority of radiocarbon
dates from Afanasievo sites were measured on human bone collagen or
unidentified charcoals recovered from burial tumuli (Damgaard et al.,
2018; Narasimhan et al., 2019; Poliakov et al., 2019; Taylor et al.,
2019; Wilkin et al., 2020), the latter of which may give inbuilt ages due
to the “old wood effect” (Schiffer, 1986). Therefore, our radiocarbon
determinations from specimens confirmed to be Ovis aries with MT-CYB
sequences provide a robust chronological marker in Inner Asia for the
earliest so far identified pastoralist livestock that were domesticated in
the Near East.

It is probable that herders moving from the western steppes to the
Altai region were managing sheep, goats, and cattle together.
Domesticated sheep may have reached the Altai as western steppe
herders passed through steppe regions in northern Kazakhstan. There,
Przewalski's horses were indigenously domesticated by communities of
the Botai-Borly cultural sphere by 3600–3100 cal BC (Gaunitz et al.,
2018; Outram et al., 2009), which likely extended into southwestern
Siberia where the contemporaneous Novoilinka-III settlement further
echoes a narrowly focused, horse-based subsistence economy (Fig. 1)
(Kiryushin, 2015; Kuslij et al., 2019; Vasil’ev et al., 2011). So far, there
remains a lack of evidence for cultural contact between Afanasievo
forerunners and Botai-Borly communities (cf. Anthony, 2007).

5. Future directions

Overall, more research is needed on stratified settlements con-
taining Afanasievo cultural material. Series of new radiocarbon dates
from collagen of well-identified terrestrial faunal remains sourced from
secure occupational strata would 1) inform Bayesian radiocarbon
chronologies to work through the plateau in the radiocarbon calibration
curve between 3325 and 2900 cal BC, and 2) circumvent aging effects
that have so far hampered chronologies of the Afanasievo horizon (cf.
Poliakov et al., 2019). To date, only a handful of settlement sites
yielding Afanasievo materials have been radiocarbon dated, which after
Nizhnyaya Sooru include, Kara-Tenesh, Malyi Dugan, Kaminnaya Cave,
and Denisova Cave (Derevianko and Molodin, 1994; Orlova, 1995;
Svyatko et al., 2017a). While these dating efforts provided an initial
chronological scaffolding for the Eneolithic, most of these dates were
obtained using older instrumentation that generated wide analytical
errors. Improved chronological resolution of Afanasievo occupations
would bolster further zooarchaeological analyses in order to illuminate
precise pastoralist strategies in effect at Afanasievo sites and possible
subsistence shifts through time. Along these lines, additional analysis of
material culture from Afanasievo and local hunter-gathering commu-
nities in the Altai may reveal cultural dynamics that are poorly reflected
in human paleogenetic data.

The recovery of a rare MT-CYB haplotype of domesticated sheep

Fig. 4. Calibrated radiocarbon determinations of domesticated sheep recovered from Nizhnyaya Sooru are shown superimposed on the IntCal13 curve (blue).
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that is diagnostic of haplogroup D at Nizhnyaya Sooru, which was also
recovered from layers dating to the mid-third millennium BCE at Dali,
does not yet resolve the earliest transmission of pastoralist livestock to
Inner Asia. In strict chronological terms, these data would suggest that
pastoralism spread into the Altai Mountains and then southward into
the central Inner Asian Mountain Corridor (IAMC). Previous paleoge-
netic work on domesticated sheep from archaeological sites in the Altai
region postdating the Afanasievo period show that the region was
characterized by diverse mitochondrial haplotypes (Dymova et al.,
2019; Dymova et al., 2017; Kechin et al., 2019). Additional paleoge-
netic research spanning whole genomes of directly radiocarbon dated
specimens is needed to test whether this scenario, a northward trans-
mission of domesticated ruminants via the IAMC, or a complex com-
bination of both contributed to the spread of pastoralism into Inner Asia
and farther east into Mongolia and China.

Data availability

Genetic sequences recovered in this study have been deposited in
GenBank (https://www.ncbi.nlm.nih.gov/genbank), accession nos.
MN794054-MN794058.
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