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ARTICLE INFO ABSTRACT

Keywords: The spread of language families is hypothesized to have occurred via agricultural and demographic transi-
Sino-Tibetan tions that drove populations outwards from agricultural centres of origin, “demic diffusion”. However, the
Harvesting knives geographical origins of language families are often tied to where greatest linguistic diversity is seen. For the
S}{"“ldere_d spades Sino-Tibetan language family this creates a conflict, as maximal linguistic diversity lies in North-Eastern India
xﬁiag“cu“ure and Nepal, whereas centres of Neolithic crop domestication in the Yellow and Yangtze River Basins have

low linguistic diversity today. Therefore either Sino-Tibetan languages originated in North-Eastern India, and
spread by means other than demic diffusion; or multiple diffusions of agriculturalists occurred from a once
linguistically diverse homeland, in which linguistic diversity was maintained or increased as peoples spread
westwards, but was lost in the homeland.

To explore these two hypotheses, using evidence from linguistics, archaeology and genetics, we compiled
existing data on Chinese millets, cultivated trees, and agricultural tools (harvesting knives, shouldered spades)
alongside data for wheat and barley from Western Eurasia. These elements were explored alongside existing
information from genetic studies and for West Asian animal domesticates.

We differentiate a northern cultural and southern demic diffusion for various elements originating in
East Asia. In Central Asia a small number of eastern Eurasian elements (millets by 2500 BC, spades by
1st millennium BC) spread west through pre-existing agricultural populations by cultural-diffusion, but
significantly did not include language families nor genetic lineages. The southern dispersal driven by demic
diffusion of millet farmers carried a more expansive range of eastern cultural elements; millets, spades, hairpins,
harvesting knives, house plans, and significantly languages and genetic lineages. We hypothesize a period
of demic diffusion beginning ¢.2500-2000 BC from the southeastern Plateau through Eastern Tibet and the
Himalayan foothills, brought peoples, languages and Eastern Eurasian cultural elements eventually to the
Kashmir region. We conclude two routes, the Sichuan-Tibet-Kashmir and Yunnan-Assam ones, are the most
plausible pathways linking Northern China and Northern India during this period.

Demic diffusion

1. Introduction (Sagart, 2008; Fuller and Stevens, 2017; Wang et al., 2021b; Liu et al.,

2022a; Yang et al., 2024; Bradley et al., 2024), it has been proposed in

As stated by Bellwood (2024), ‘Through their reconstructed phylo-
genetic history, the Sino-Tibetan languages record one of the greatest
Holocene human dispersals in global prehistory’, and has been argued
to constitute a major example of the farming/language dispersal hy-
pothesis (Bellwood, 2002; Sagart et al., 2019; Zhang et al., 2019bj;
Bradley, 2022; Bradley et al., 2024).

While evidence from genetics, archaeology and linguistics has been
seen as supporting a Neolithic demic diffusion from the Yellow River
Basin to the current areas where Sino-Tibetan languages are spoken

* Corresponding author.

some cases that agriculture and other aspects of Neolithic Culture were
spread through cultural rather than demic diffusion (Ren et al., 2020;
d’Alpoim Guedes and Aldenderfer, 2020).

Further there is a question of the direction of linguistic diffusion;
be it from China to the west, with millet agriculture; or from Northeast
India to China (Blench and Post, 2014).

Currently a main driver of agricultural spread is seen to be demic
diffusion (Bellwood, 2005; Stevens et al.,, 2022), both for millet
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agriculture in East Asia (Fuller and Stevens, 2017) and for wheat and
barley in the Eastern Fertile Crescent into Europe (Vander Linden and
Silva, 2021). Such diffusion is then hypothesized to spread genetic
lineages and language families from a homeland that generally equates
with where these crops were first brought into cultivation (Bellwood
and Renfrew, 2002). Present archaeological evidence argues that mil-
lets diffused to the north of the Tibetan Plateau through Central Asia
into Western Eurasia, with wheat dispersing eastwards through this
same region (Spengler, 2015; Stevens et al., 2016). However, there is
some discussion, particularly for barley, that the westwards dispersal
also took a southern route (Liu et al., 2017a). The mode of diffusion of
crops, and other aspects of culture, is not always clearly distinguished
in the literature, be it though exchange, cultural diffusion or demic
diffusion. However, the earliest spread of language families is only
likely to be associated with demic diffusion (Diamond and Bellwood,
2003).

In the case of the Sino-Tibetan family, the fact that only one
subgroup (Sinitic), is found in the domestication centre of millets in
the Yellow River Basin, and the absence of any Early Neolithic centre
of domestication for a major crop in Nepal and North-Eastern India
(where the majority of the basal subgroups are located), contradicts the
view that the geographical area of maximal diversity within a language
family corresponds to its original homeland Sagart et al. (2019).

In order to solve this contradiction, this paper reviews and attempts
to reconcile evidence from all three disciplines, linguistics, archaeology,
and genetics, regarding the possible routes of diffusion from China to
the north of the India subcontinent during the last three millennia BC.
After presenting this issue from the point of view of linguistic phyloge-
nies, we turn to archaeological evidence, including cultivated plants
(millets, wheat, barley, peach and apricots), agricultural tools (har-
vesting knives and shouldered spades), and other cultural implements
(hairpins), (Supplementary databases). This is discussed alongside ev-
idence for domesticated animals (sheep, goat and cattle). Finally we
summarize the most recent work on aDNA pertinent to question of the
origin of the Sino-Tibetan speaking people, and ancient populations
within Central Asia.

2. Linguistic phylogenies and inferred migrations
2.1. Were Proto-Sino-Tibetan speakers farmers or hunter gatherers?

The Sino-Tibetan (ST) or Trans-Himalayan family, is the second
largest language family in the world in terms of the number of speakers,
comprising some 500 languages spread over China, Burma, Northern
Thailand, Bangladesh, North-Eastern India, Nepal, Bhutan, and the
northernmost states of India and Pakistan (Sikkim, Uttarakhand, Hi-
machal Pradesh, Ladakh and Baltistan). One single subgroup, Sinitic
languages (or ‘Chinese dialects’), constitutes the overwhelming ma-
jority of ST language speakers, spread over most of the present-day
People’s Republic of China.

Given the large geographical extent of this family, its original
homeland is the topic of an ongoing controversy. Some linguists ar-
gue for the primacy of linguistic evidence to resolve this issue, and
favour North-Eastern India as the point of origin of the Sino-Tibetan
family (Blench and Post, 2014), following the idea that the most likely
localization of the homeland of a family corresponds to its area of
maximal diversity (Heggarty, 2014).

In this hypothesis, Sino-Tibetan languages spoken in China (in-
cluding Sinitic languages) originated in the north of the South Asian
subcontinent. Blench and Post (2014) also propose that proto-ST speak-
ers were foragers, based on the fact that some Sino-Tibetan people of
North-East India (in particular Puroik, Idu and Milang) are thought to
have adopted rice agriculture relatively recently (Stonor, 1952; Deuri,
1982; Post and Modi, 2011), and continue to consume sago as a staple
food and manage semi-domesticated mithuns (Bos frontalis). In their
view, these people have preserved an archaic lifestyle and have never
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developed agriculture. They also suggest that agriculture was a late
development among speakers of ST languages, and that ST speakers
only reached China by 3000 BC.

This view is rejected by scholars such as Sagart et al. (2019) who
follow the Renfrew—Bellwood model of demic diffusion, according to
which the expansion of agriculture is largely correlated to that of
language families (Diamond and Bellwood, 2003), and therefore seek
the homeland of ST in the areas where the crops used by ST speakers,
most importantly the millets (Setaria italica and Panicum miliaceum)
were first cultivated, and where pigs were first domesticated.

In the following section, we examine evidence from phylogenies
and reconstructed vocabulary to evaluate the plausibility of the North-
Eastern Indian vs. the Yellow River hypotheses.

2.2. Phylogenetic analysis

In order to evaluate whether the diversity of Sino-Tibetan languages
spoken in North-Eastern India arose due to a recent diversification,
or reflects a split that occurred early in the history of Sino-Tibetan,
we analysed the tree distributions from Wu et al. (2022). This study
on North-Eastern India ST languages expands the dataset of Sagart
et al. (2019), and the authors provide two phylogenies in their supple-
mentary materials https://osf.io/9x4s8/, a partial one comprising most
of the subgroups of Arunachal Pradesh, excluding most Sino-Tibetan
languages outside of North-Eastern India (such as Sinitic and Kiranti),
and a second with the complete set of data. However, Wu et al. (2022)
themselves only discuss the partial phylogeny, and the phylogeny of
the complete set has never been analysed in previous publications.

Using the method described in Pellard et al. (2024) on the Co-
varion relaxed clock analysis of the ST phylogeny in this materi-
als (bodtst.full80.BDSKY-vfrequency.tinymodify.tree), we analysed the
dates at which the lineages spoken in North-Eastern India split from
each other.

Fig. 1 represents the majority-rule (50%) consensus tree of this
distribution, while Fig. 2 plots the distribution of the ages of the MRCA
(most-recent common ancestor) of the entire Sino-Tibetan family, of the
subgroups spoken in North-Eastern India (including Sal, Macro-Kuki-
Chin, and the Arunachal groups) and of the languages of Arunachal
Pradesh (Kho-Bwa, Mishmi, Tani and Hrusish).

The topology of the complete Sino-Tibetan phylogenies from the
supplementary materials of Wu et al. (2022) in Fig. 1 is very rake-like,
with little evidence for one single outgroup. These results are generally
compatible with those of Sagart et al. (2019), with the exception of the
placement of West-Himalayish and Tshangla, which appears as basal
subgroups in Sagart et al. (2019), while they are clustered with Tibetic
languages in Fig. 1. This discrepancy is due to the fact that these two
subgroups contain a significant quantity of Tibetan loanwords, which
have been excluded from the cognate sets by Sagart et al. (2019), but
included by Wu et al. (2022). While this difference has incidence on the
topology and dating of the phylogeny, it is less critical for the languages
of North-Eastern India, which have only received a limited influence
from Tibetan.

Fig. 1 shows that languages of North-Eastern India and Nepal cannot
be clustered in a single subgroup. In North-Eastern India, at least three
subgroups need to be posited Sal (Bodo-Garo and Jinghpo), Macro-
Kuki-Chin (Tangkhul, Karbi, Kuki-Chin) and an Arunachal group (with
moderate support of 82% posterior probabilities) comprising Tani,
Kho-Bwa, Hru and Mishmi. The dataset is however incomplete, and
subgroups such as Ao Naga, Angami-Pochuri, Zeliangrong, Milang-
Koro and Meyor Zakhring have not been included (Post and Burling,
2017), and it is possible that some of them represent yet further basal
subgroups. These groups are themselves all very distinct from Kham,
Magar, Chepang and Kiranti, which are spoken in Nepal.

Although there is evidence for an Arunachal clade (Wu et al., 2022),
the age of this clade itself is surprisingly early. The phylogeny provides
a date of 8421 BP [11428 BP-5613 BP] for Proto-Sino-Tibetan, 7996
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Fig. 1. Majority-rule consensus tree of the Sino-Tibetan family (bodtst.full80.BDSKY-vfrequency.tinymodify.tree).
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Fig. 2. Distribution of the ages (in millennia) of the entire Sino-Tibetan family, the
subset of Sino-Tibetan languages spoken in North-Eastern India, and the languages of
Arunachal Pradesh (bodtst.full80.BDSKY-vfrequency.tinymodify.tree). See also S4 of the
supplementary materials.

BP [10693 BP-5350 BP] for the most recent common ancestor (MRCA)
of Sal, Arunachal and Macro-Kuki-Chin and 6929 BP [9737 BP-4807
BP] for the Arunachal group. Moreover, in view of the complex contact
situation in Arunachal (Post, 2013), it is possible that some of the etyma
coded as cognates reflect ancient intra-group loanwords or borrowings
from unknown subtratum languages, in which case the age of the MRCA
of Arunachal would be more ancient and the support for the Arunachal
clade lower. Moreover, future progress in the historical phonology of
the languages of North-Eastern India in particular may reveal cognates
that have been overlooked in phylogenetic studies. Therefore, the re-
sults presented here will need to be continuously updated and improved
upon in future studies.

From these results, the age range of the MRCA of all languages
of North-Eastern India largely overlaps with that of proto-ST, imply-
ing that the subgroups in this region started to diverge in the early
Neolithic. Moreover, even if the four Arunachal subgroups could be
a monophyletic group, their age of divergence goes back to the fifth
millennium BC.

These results are in part compatible with the North-Eastern In-
dia hypothesis (Blench and Post, 2014). In this framework, proto-
Sino-Tibetan was located in North-Eastern India, and started diverging
locally long before any evidence of agriculture in this region. The sub-
groups located in China, in particular Sinitic and Burmo-Rgyalrongic,
would then have resulted from later migrations out of North-Eastern
India.

The results also refute one version of the Yellow River hypothesis, in
which all languages of North-Eastern India and Nepal have diversified
locally after one single migration (Bradley, 2022).

They are however also compatible with another, less parsimonious,
version of the Yellow River hypothesis: that various subgroups of
Sino-Tibetan located in North-Eastern India ultimately came from an
already linguistically diversified population situated the Yellow River
through numerous migrations, possibly along different pathways. In
this view, even the (possibly paraphyletic) Arunachal group could not
have diversified in North-Eastern India, and would be the result of
independent migrations. In the following discussion, it is this second
version of the Yellow River hypothesis that is explored.

Quaternary International 711 (2024) 1-20

Table 1
Correspondences of the rhyme -d? in Bulu Puroik (Lieberherr, 2017) with selected
Sino-Tibetan languages.

Puroik Japhug Dulong Tibetan Chinese

ljd? ‘lick’ la?*® Idag 1 *mlok ‘eat’
avjd? ‘cliff pray a*’puaz>® brag

wd? ‘pig’ pas wa?*® plag

tsd? ‘do’ 1E *ts'ak
natfd? ‘millet’ tea?>® B *tsok

2.3. Etymological evidence for agriculture and animal domestication in
Sino-Tibetan languages of North-Eastern India

The North-Eastern India hypothesis predicts that the languages of
North-Eastern populations lacking (or having only recently converted
to) agriculture should not have any inherited terms for crops, do-
mesticated animals or agricultural activities, and should rather have
innovated these recently, possibly through loanwords from other lan-
guages. By contrast, the Yellow River hypothesis implies that these
languages should have some trace of inherited agricultural vocabulary
related to Sino-Tibetan languages, originating outside of North-Eastern
India and not explainable as borrowings.

Historical linguistics provides a methodology to identify words in-
herited from a common ancestor (cognates) and distinguish them from
borrowings or chance resemblance. This method however requires a
precise understanding of sound correspondences, which is available for
some families, such as Indo-European and Austronesian, but not at the
same level of granularity for Sino-Tibetan (Fellner and Hill, 2019).

However, solid reconstruction systems are available for Western
Kho-Bwa (Bodt and List, 2019; Bodt, 2021) and Tani (Sun, 1993; Post,
2022), and for these two groups at least it is possible to distinguish
between inherited words and recent borrowings. In addition, using
methodology developed for Rgyalrongic (Jacques, 2004), we can iden-
tify with confidence the majority of borrowings from Tibetic languages
using our knowledge of Tibetan historical phonology and morphology.

2.3.1. Puroik and Kho-Bwa

Puroik, which belongs to the Kho-Bwa subgroup (Lieberherr and
Bodt, 2017, see also the phylogeny in Fig. 1), is the language of one
of the populations cited by Blench and Post (2014) as evidence for the
idea that proto-Sino-Tibetans lacked agriculture. Table 1 shows that the
rhyme -d? in Bulu Puroik regularly corresponds to -ax in Japhug, -a? in
Dulong, -ag in Tibetan and *-ak or *-ok in Old Chinese (the Old Chinese
vowels *a and *2 both correspond to a in non-Sinitic languages, Handel,
2008).

This correspondence supports the idea that the resemblance be-
tween these forms is not due to chance, but rather should be ascribed to
either common inheritance or borrowing. This list contains two nouns
that are relevant to the current question: ‘pig’ and ‘foxtail millet’.

Puroik wd? ‘pig’ reflects the most common etymon to designate this
animal in Sino-Tibetan. This form cannot have been borrowed from
Tibetan (no Tibetic language has the change p* > *w-), Tshangla or
Tani, and there is no evidence that it is not an inherited word.

In proto-Western Kho-Bwa, a group closely related to Puroik, (Bodt,
2021) reconstructs *s‘a.pak ‘pig’, and analysed it as inherited.

Puroik natfd? ‘foxtail millet’ is phonetically compatible with Old
Chinese #& tsik « *[ts]ok and Dulong t¢a?*® ‘foxtail millet’, a compar-
ison which supports the reconstruction of a root for ‘foxtail millet’
in proto-Sino-Tibetan (Sagart et al., 2017, 196). It is also related
to Proto-Western Kho-Bwa *rip.ts"ak ‘broomcorn millet’ (Duhumbi
nyingchak ‘broomcorn millet’, Bodt, 2020, 28). The first syllable na- in
Puroik corresponds to the proto-West Kho-Bwa *n/ip- grain prefix (Bodt,
2024). Bradley (2022), Bradley et al. (2024) also propose that Burmic
*ts"ap “foxtail millet’ is related to Old Chinese # tsik « *[ts]ok, though
the correspondence of the coda remains difficult to explain.
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Table 2
The Tani cognate set for ‘peach’, compared to the near homophone ‘speech’, illustrating
the sound correspondences across languages.

Language ‘peach’ ‘speech’ Reference
proto-Tani *(ta-)kom *agom

Galo ‘kompa agom Ribaa et al. (2009)
Apatani takil agil Bouchery (2009)
Tangam tekon agon Post et al. (2017)
Lower Adi kompi agom Post et al. (2017)

Since millet cultivation has largely been replaced by rice, wheat,
barley as the main staple crops among speakers of Sino-Tibetan lan-
guages, inherited terms for millets are rare, but Puroik seems to be one
of the few languages that preserve the ancient root.

The Puroik word natfd? ‘best sago variety’ is homophonous with
the etymon for ‘foxtail millet’, though the resemblance is fortuitous,
as the first syllable na- is a match for Western Kho-Bwa *nuk instead
(Lieberherr, 2017, 93, Bodt, 2020, 7).

2.3.2. Tani

There is no lack of reconstructible terms for crops in Tani (for
instance *jak for ‘foxtail millet’) but few are comparable to languages
outside of North-Eastern India.

Unlike Kho-Bwa, Tani languages lack the etymon for ‘pig’ illustrated
in Table 1, and instead present a root *rjek, which Sun (1993, 199)
proposes to be borrowed from Austroasiatic (Shorto, 2006, #417).
However, Sagart et al. (2019, SI:31) shows that since proto-Tani *rj-
originates in part from *Jj- (Sun, 1993, 293-298), and since Old Chinese
*-2 can correspond to velar stop codas in the non-Sinitic languages, this
etymon can be compared with Old Chinese % *I[e]? ‘pig, boar’, and
may reflect another proto-Sino-Tibetan root for pigs, without any need
to suppose an Austroasiatic influence.

Previous work on Sino-Tibetan etymology did not mention any
reconstructible etymon for ‘peach’. However, the data in Table 2
(from Ribaa et al., 2009; Bouchery, 2009; Post et al., 2017) show
that a term for ‘peach’ is reconstructible in Tani languages, one of
the subgroups of Sino-Tibetan spoken in North-Eastern India, as *kom,
following the sound laws in Sun (1993), whose regularity is illustrated
by comparison with the near-homophone ‘speech’.

This etymon is a phonetic match with Tibetan k"am.bu ‘peach, apri-
cot’: Tibetan -a corresponds to both proto-Tani *a and *o in syllables
with a labial coda, as shown by examples such as proto-Tani *pop
‘yeast’ to Tibetan p"abs ‘yeast’. The formative -pa in Galo and -pi in Adi
goes back to proto-Tani *pi ‘globe; pellet; fruit (apple-like)’ (Mark Post,
p.c.) and is unrelated to the diminutive suffix -bu in Tibetan, despite
superficial resemblance.

This etymon is also attested in other branches of Sino-Tibetan, in-
cluding Kiranti (Thulung k"amsi, Allen, 1975, 248 and Limbu kha:mb’rek,
Michailovsky, 2002).

While a borrowing from Tibetan into proto-Tani or Kiranti may
not be completely excluded, it is possible that a word for ‘peach’ is
reconstructible to the common ancestor of Tibetan and Tani (dated
5996 BP [7895 BP-4250 BP] in the results of Sagart et al., 2019).

This etymology supports the idea that the spread of peach in the
Neolithic (Section 3.5) could be related in part to migrations of Sino-
Tibetan-speaking people.

3. Archaeological evidence

Strong archaeological evidence for cultural affiliations between the
Yellow River Basin into the Kashmir and Swat area, south of the Hi-
malayas, via Eastern Tibet has been identified in the last decades (Sharif
and Thapar, 1992; Lii, 2016). Such evidence includes stone harvesting
knives, bone hairpins, painted pottery, cord-marked ceramic tripods,
spindle whorls, jade pendants, stone adzes, axes and semi-subterranean
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houses, to which millets can be potentially added. However, many
authors attribute the presence of East Asian cultural elements in the
Kashmir and Swat area, as resulting from contact or trans-Himalayan
trade rather than population movement.

Not all of these data constitute equally compelling evidence of
cultural influence from China to India, as some implements (spindles
whorls, adzes and axes) are not sufficiently specific and are found
in other neighbouring Neolithic cultures of the Indian subcontinent
(most notably the Indus civilization) and the degree of similarity of the
pottery styles between Kashmir/Swat and Northern China is difficult to
establish.

In the present paper, we focus on the evidence for Neolithic contacts
between Northern China and the Indian subcontinent that are specific,
clearly datable, and potentially point to demic diffusion as opposed to
cultural diffusion or trade. They include farming implements (stone
harvesting knives and shouldered spades), crops (millet, wheat and
barley), domesticated animals (sheep, goats and cattle), fruit trees
(peach and apricot), and hairpins.

3.1. Millets

Two millets, foxtail (Setaria italica) and broomcorn millet (Panicum
miliaceum) were domesticated in Northern China. Current evidence
places their earliest cultivation at ¢.8300 BC, although the main body
of evidence demonstrates domestication as occurring between 6000 and
4000 BC (Fuller and Stevens, 2017; Stevens et al., 2024). The process
of millet domestication is also tied to the appearance of long-term
sedentary settlement across Northern China. From 6000 to 5300 BC
broomcorn millet dominates these early sites, which in the west are
associated with the Dadiwan KX culture of the Upper Wei Valley of
Gansu, with the Laoguantai £ E {5 culture in the eastern Wei Valley. To
the east, in the Central Plains region of the Middle Yellow River Valley,
are the Peiligang #4%{x cultures, with the Houli J54* culture located
in the lower Yellow Valley region of western Shandong. Finally, to the
north of this region, are further sites associated with the Xinglongwa
W culture, located in northern Hubei, Liaoning, and the adjacent
region of Inner Mongolia (Stevens et al., 2021).

Whilst these cultures form distinctive entities, some genetic inter-
change between partially to fully domesticated crops spanning wide
regions has been postulated (Allaby et al., 2022). Not all of these
regions necessarily witnessed the full evolution to fully domesticated
millets, and a period of population decline between 5500 to 5000 BC
in many regions of Northern China has been noted (Ren et al., 2021).
For the Dadiwan culture a break in cultural continuity is seen, with
the later demic diffusion of Early Yangshao culture from the lower Wei
Valley into this region bringing with it fully domesticated foxtail and
broomcorn millet around 4400-4000 BC (Fuller and Stevens, 2017).
The end of Houli culture in Shandong is dated to around 5500 BC, with
the succeeding Beixin ]t culture dated from 5000-4100 BC. While
the extent of cultural continuity is uncertain, it has been proposed
that some degree of demic diffusion from Peiligang/Early Yangshao
M cultures eastwards towards Shandong may have occurred (Wang,
2013).

The earliest evidence for substantial demic diffusion, dating to
between 4500-4000 BC (Fig. 3), likely coincides with the emergence of
more fully domesticated millets, with a change from the dominance of
broomcorn to foxtail millet (He et al., 2022) signifying the development
of a larger more productive panicle in the latter compared to the
former (Stevens et al., 2024). The dispersal of millets into Qinghai and
the establishment of millet growing communities on the edge of the
Tibetan Plateau largely dates from 3500 BC (Dong et al., 2013). It is
notable that the spread of millet agricultural systems, in which wheat
and barley are absent initially stops at the eastern edge of the Tibetan
Plateau and the eastern edge of the Tarim Basin. The subsequent
movement of agriculturalists onto Tibetan Plateau is then aided by the
integration of wheat and barley into this subsistence system during
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Fig. 3. Spread of millet and wheat/barley in Eastern Eurasia in the Middle to Late Neolithic (cyan = foxtail and broomcorn millet, yellow = wheat/barley, red = rice, but is only
recorded where it occurs with wheat/barley, millet, peach or apricot). Data is available in Table S3.
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the second millennium BC (d’Alpoim Guedes et al., 2015; Fahu et al.,
2015).

While agricultural societies based primarily on millet spread east-
wards into the Korean Peninsula and the Russian Primorye by 3500
BC (Stevens et al., 2022), their westwards spread into Central Asia is
tied to the emergence of agro-pastoral systems based on wheat, barley
and domesticated animals originating in the west. Currently the earliest
millet outside China, specifically broomcorn millet was directly-dated
at Pethpuran Teng, Kashmir to 2500 BC (Yatoo et al., 2020), prior
to the earliest dates for millets in Central Asia. These early millet
dates in Central Asia come from a handful of sites, where they are
always accompanied by finds of wheat and/or barley; for example,
Tongtian Cave K in the far northern Altai region of Xinjiang at
2200-2000 BC (Zhou et al., 2020), Begash, Kazakhstan dating to 2280-
2030 BC (Spengler, 2015), and Togolok 1, Turkmenistan at 2200-1980
BC (Billings et al., 2022).

The spread of millets west to the edge of the Tibetan Plateau in
Sichuan, is dated to ¢.3300 BC, at Yingpanshan #4#till (Zhao and
Chen, 2011). Several sites on the edge of the Tibetan Plateau, dating
between 3300-2800 BC, have only millets, and combined millet and
rice agriculture was initially proposed to only appear later in Sichuan
after ¢.2700 BC (d’Alpoim Guedes et al., 2015; Lee et al., 2019), with
rice coming from the Middle Yangtze valley. However, recent evidence
from Guijiabao fx % #&, in central Sichuan yielded both millet and rice
at 3000 BC, and the authors of this study propose an early south-
ern dispersal of mixed rice-millet agriculture from the Majiayao/Late
Yangshao cultures of the Yellow River Valley Basin Huan et al. (2022).

The earliest sites in Eastern Tibet, Mkhar-ro/Karuo ¥ and Gsho-
rngul-mda/Xiaoenda /)NEJE, dating to 2800 BC, have only millets,
with wheat present only after ¢.1770 BC (d’Alpoim Guedes et al.,
2014; Zhang et al., 2019a; Song et al., 2021). The earliest phases at
Gsho-rngul-mda yielded remains of hunted wild animals including wild
caprines, however, zooarchaeological examination of these sites has not
yet revealed any domesticated animals, and although domesticated pigs
might be present the evidence is not conclusive (Zhang et al., 2019a).

In Yunnan, as with Guijiabao 200 km to the north, the site of
Baiyangcun [1£4Y, supports the dispersal of rice and millet together
into southwest China by 2600 BC (Dal Martello et al., 2018), expanding
into Southeast Asia by 2500-2200 BC (Stevens et al., 2016). In Central
Tibet the earliest millets are found at Chu-gong/Qugong [ivi and
’Phreng-po-lung/Changguogou & #74, 580 km southwest of MKkhar-
ro/Karuo, from after 1500 BC, where they are accompanied by wheat,
barley, and pea (Gao et al., 2020).

For Kashmir, evidence for broomcorn millet continues after 2500
BC into the 1st millennium BC, at Qasim Bagh (1900-1859 BC) (Spate
et al., 2017), Yunteng (1620-1500 BC) (Betts et al., 2019), and Semthan
(200-1 BC) (Lone et al., 1993). However, it is only in the historic period
at Kanispur (100-300 AD) (Pokharia et al., 2018) and Semthan (1-500
AD) that foxtail millet is recorded. Away from Kashmir broomcorn
millet is found at Late Harappan Pirak (c.1950-1550 BC) and more
significantly at Charda (900-600 BC), Uttar Pradesh, in the middle
Ganges Basin. A number of specimens of possible foxtail millets are
known from earlier second millennium BC Harappan sites in India, but
issues arise due to distinguishing it from locally domesticated yellow
foxtail millet (Setaria pumila) (Stevens et al., 2016). Presently, only
five sites with Chinese millets, dating from the late 2nd to the 1st
millennium BC, are known in the Gangetic region of Uttar Pradesh and
central western India in Maharashtra (Stevens et al., 2016).

The cultural origins of the people in southwest China, are widely
accepted to originate with the Majiayao £ %% culture of Gansu, them-
selves derived from the later Yangshao cultures of the Middle Yellow
River Basin d’Alpoim Guedes (2018), Huan et al. (2022). However, rice
is present at very few Majiayao sites in Gansu between 3500-2500 BC
(Fig. 3), an exception being Xishanping Ii1li}F, where rice has been
recovered and radiocarbon dated from at least 3000 BC (Li et al., 2007).
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There is evidence for the dispersal of foxtail millet southwards to
the Middle Yangtze, where they were farmed alongside rice, in Daxi
Ki% culture sites in Hubei (Fuller and Stevens, 2017), and Zhejiang
by around 4000 BC (Tang et al., 2022). However, there is no cul-
tural evidence that these people subsequently dispersed westwards into
southwest China (Huan et al., 2022).

3.2. Harvesting knives

3.2.1. Basic characteristics and function

Harvesting knives are a very distinctive crop-reaping implement
found on Neolithic and Bronze age sites in China, Korea, Japan, as
well as on the flanks of the Tibet Plateau in Northern India and
Pakistan (Luo, 2004), but are absent from other areas of the world.

First discovered by Torii (1915) in Liaoning, they were originally
interpreted as meat-cutting knives, like those used by Eskimo people,
but were later hypothesized to be used for harvesting crops (Andersson,
1923), and detailed studies of blade wear confirm this view (Harada,
2015). However, there is also evidence of secondary uses such as for
scraping wood and bones and cutting meat according to Chen et al.
(2023).

Stone and ceramic (reused potsherds) harvesting knives appear
early at Yangshao culture sites around 4600 BC in the Yellow River
Basin and Guanzhong (An, 1955), considerably later than stone sickles,
which are found in sites of the preceding Peiligang culture (6500-5000
BC) (for instance, Kaifeng wenguanhui 1978).

In the earliest Yangshao period (4600-3900 BC), ceramic knives
were more common than stone ones. At Banpo >/*3} for instance, the
proportion of ceramic to stone knives is 119:35, but by the second
period (3900-2900 BC), at Miaodigou JiJiki4), the proportion falls to
80:92 (Luo, 2007, 74), and subsequently, ceramic knives progressively
disappear.

Stones knives have a much wider temporal and spatial range than
ceramic knives, being attested up to the Tang dynasty (Luo, 2004),
although becoming superseded by metal harvesting knives. Harvesting
knives are mentioned in the oldest Chinese texts (An, 1955), and were
still used in Miao areas up into the 1990s (Luo and Li, 2013).

Not all stone or ceramic knives qualify as harvesting knives, which
are quite specific in form. These implements are held in the hand,
between the middle and the ring fingers, or between the ring and
the little fingers, with a cord attached around all fingers opposing the
thumb, and fixed on the blade of the knife by a hole in the middle (Luo
and Li, 2013)

This arrangement serves to stabilize the blade while cutting the ears,
which are kept in the palm after being cut. Although no direct evidence
remains of these cords, their existence can nevertheless be inferred from
the presence of holes, or of notches on both sides of the knives. For this
reason, Chinese archaeologists, such as Luo (2004), favour the term
‘cord-attached stone knife’ (jishéng shiddo #%E41JJ)) to designate this
type of implement from other tools with a stone blade.

3.2.2. The spread of harvesting knives from the Yellow River to Swat

We compiled a database of stone harvesting knives (Table S5 of
the supplementary materials), based on Luo’s (2004) survey (which
includes references on Chinese sites published up to 1999), expanded
with data from Kashmir and Swat, and Chinese references published
after 1999. This database excludes stone knives without either notches
or holes, which lack a handling cord.

The map in Fig. 4 shows the spread of stone knives in the Neolithic
up to the Han dynasty.

In the fifth millennium BC, harvesting knives are only found in a
core area along the Yellow River, and the Loess Plateau, mainly in
Shaanxi, Gansu and Inner Mongolia.

By the late 4th millennium, harvesting knives have extended into
three areas; to the east into Shandong and the Liaodong peninsula, in
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Fig. 4. The spread of stone harvesting knives from the Middle Yellow river valley to Kashmir/Swat (the black dots are undated or AD). Data is available in Table S5.

the southeast towards Jiangsu and Fujian, and in the west into Qinghai
and Northwestern Sichuan (Liujiazhai XI5 %£).

In the third millennium, harvesting knives reach Yunnan at Baiyang-
cun (whose earliest phase of occupation was 2650-2450 BC, Dal Martello,
2020, 167), and East Tibet, at the Mkhar-ro/Karuo site (dated 2700-
2400 BC, d’Alpoim Guedes et al., 2014).

By the second millennium BC harvesting knives are present in Cen-
tral Tibet (Chu-gong/Qugong, 1800-1550 BC), Kashmir (Burzahom II
and Gufkral IC, 2000-1500 BC, Fonia, 2022, 199-207) and slightly Later
Swat (Kalakoderay and Loebanr III, 1700-1400 BC, Stacul, 1993b).

Harvesting knives are however largely absent in Xinjiang, Central
Asia or North-Eastern India. Chen and Zhang (1991) do report stone
knives from Xinjiang, but they lack perforations or notches, and appear
therefore not to be cord-attached harvesting knives of the type dis-
cussed in this section. In South Asia, perforated or notched stone knives
are only attested in Swat and Kashmir, and absent from sites of the
Harappan civilization for instance, suggesting some cultural separation.
Given that such knives are made from local stone (Stacul, 1993a)
indicates production by local craftsmen as opposed to being products
of trade, supporting the hypothesis of a demic diffusion of peoples, at
least by the early 2nd millennium BC, whose lineages originated in the
Yangshao cultures of the east (Stevens et al., 2016).

Thus, the highly specialized technique for making the harvesting
knives found in Swat and Kashmir probably ultimately originated in
Northern China and spread with millet agriculturalists through the
Tibetan Plateau (Mkhar-ro and then Chu-gong). The alternative pos-
sibility, first south to Yunnan, then west through Northern Burma and
North-Eastern India presently appears unlikely in view of the absence of
harvesting knives in the Neolithic sites of Assam and Meghalaya, such
as Daojali Hading or Law Nongthroh.

3.3. Wheat and barley

Wheat and barley were domesticated in Western Asia, with agri-
cultural communities reaching western Turkmenistan by at least 6000
BC (Harris et al., 1993). While further agricultural sites dating to the
4th millennium BC in this region of west Turkmenistan are known, sites
with wheat and barley further east in Central Asia dating from the later
4th to 3rd millennium BC are relatively rare (Fig. 3). Within East Asia
and Central Asia archaeobotanical assemblages are dominated by free-
threshing, likely hexaploid, wheat, along with barley (Stevens et al.,
2016). Currently the earliest site with evidence for wheat and barley,
along with sheep, is Tongtian Cave, at 3350-2900 BC (Zhou et al.,
2020), with 3rd to 2nd millennium dates for wheat and barley coming
from Kazakhstan (Tasbas I 2840-2490 BC, Spengler et al., 2014), Tajik-
istan (Sarazm, 2600-2000 BC, Spengler and Willcox, 2013), Uzbekistan

(Djarkutan, 2200-1700 BC) (Miller, 1999), Turkmenistan (Togolok 1,
2200-1980 BC, Billings et al., 2022) and Kyrgyzstan (Uch-Kurbu 1600-
1120 BC, Motuzaite Matuzeviciute et al., 2018). Presently the earliest
dates in China, aside from Tongtian, suggest an introduction of wheat
agriculture around 2200-1800 BC (Stevens et al., 2016), while slightly
earlier dates in Shandong, ¢.2400 BC, potentially relate to importation
or exchange with agro-pastoral communities to the north (Long et al.,
2018). However, the wider uptake and contribution of wheat to the
diet is only clearly seen after c.1000 BC during the Zhou Dynasty (Deng
et al., 2020).

The introduction particularly of barley, along with wheat, to ex-
isting subsistence systems, appears to have played a significant role
in enabling larger populations to be supported on the Tibetan Plateau
after ¢.1650 BC (Fahu et al., 2015). As adopted crops, wheat and barley
appear to have spread within likely pre-existing farming communities
situated around the edge of the Tibetan Plateau in the 2nd millennium
BC (d’Alpoim Guedes et al., 2015) and are recorded at the site of
Haimenkou #§[]JI1 in Yunnan after 1450 BC, where they play an
increasingly important role comparatively to rice and millet over the
following millennium (Xue et al., 2022).

Also during the 2nd millennium BC, it has been proposed based on
cultural similarities, that the southwards dispersal of wheat and barley
into southwest China, is associated with the movement of peoples of
the Qijia 7 X culture, of northern Gansu (Jin et al.). Notably, on earlier
Qijia sites (2500-2000 BC) wheat and barley are generally rare, and it
is only in the 2nd millennium BC after their adoption and incorporation
into existing millet dominated agricultural regimes, that their presence
in archaeobotanical assemblages becomes commonplace (Chen et al.,
2019). As such we might hypothesize that the introduction of these
crops drove a second wave of demic diffusion into southwest China in
the 2nd millennium BC, following that of the Majiayao culture which
began a millennium (some 40 human generations) earlier.

While there is significant evidence for the movement of wheat and
barley eastwards across Central Asia into China from the late 4th to 3rd
millennium BC, the movement of these two crops to the south of the
Tibetan Plateau is less well established. The earliest agricultural site
in southeastern Iran, with wheat and barley, Tepe Yahya, is dated to
around 5500-5000 BC (Meadow, 1986), while the recently excavated
Neolithic site at Tell-e Atashi is dated from 5500-4500 BC, during
which it remained aceramic (Mutin and Garazhian, 2020). The earliest
well dated site with wheat, barley, sheep/goat and cattle, in Southwest
Pakistan, Shari Tump, is also aceramic in its earliest phase 4500-
4000 BC (Tengberg, 1999). The subsequent dispersal of agriculturalists
bringing wheat, barley, sheep, and goat into the Indus Valley and
Northern India, can be placed around the start of the 4th millennium
BC. Wheat and barley were to form the basis of the Harappan culture
(3300-1900 BC), and appear at pre-Harappan sites in the southern
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Indus, such as Balakot, along with sheep and goat from around 4000
BC, and in the northern Indus at Sheri Khan Tarakai from 3800 BC,
along with zebu cattle (Khan et al., 2010). In Gujarat from around 3500
BC western domesticated crops mix with locally domesticated beans
and millets (Kingwell-Banham et al., 2015), with the first evidence for
barley seen around the Early Harappan Period 3300-3000 BC at Datura
IV (Garcia-Granero et al., 2015).

While broomcorn millet in Kashmir dates from 2500 BC, wheat and
barley, along with western animal domesticates potentially date some
500 years or more earlier (Betts et al., 2019; Pokharia et al., 2018).
These late 4th to early 3rd millennium BC settlements are aceramic,
and include Kanispur, Gufkral and possibly Burzahom. At Gufkral
aceramic levels dating from 2700-2400 BC yielded barley and wheat,
but only a small amount of sheep/goat in comparison to wild animal
remains (Betts et al., 2019). Later ceramic levels from 2500 to 2000
BC, from direct dating demonstrate the presence of Chinese millets at
Pethpuran Teng, and Qasim Bagh, along with free-threshing wheat and
barley, while emmer wheat is also present at Kanispur. Wheat and
barley are the dominant crops at these sites, often accompanied by
lentil and pea, with rice appearing during the 1st millennium BC. As
discussed below, of particular interest at these sites, dating at least to
the early 2nd millennium BC, are the earliest potential identifications
of stones of both peach and apricot outside China.

Regarding the movement of wheat and barley beyond the Indus
Valley Cultures, across Northern India to the south of the Himalayas,
the earliest dates place this event around the middle to later 3rd
millennium BC. A direct date on cereal remains of 2400-2200 BC comes
from Lahuradewa, Uttar Pradesh (Pokharia, 2011) and similarly dated
evidence for these West Asian crops is seen to the south at Senuwar,
Bihar (Saraswat, 2004). These dates signal the first diffusion of agricul-
turalists with western crops eastwards along the middle Ganges basin.
It is however, not until after 2000 BC that an increase in settlements
associated with rice, wheat, barley, indigenous Indian domesticates and
West Asian animal domesticates is seen to spread more widely across
the Gangetic Plain Kingwell-Banham and Fuller (2012).

3.4. Sheep, goat and cattle

Three main animal domesticates, sheep, goat and cattle, accompa-
nied wheat and barley eastwards out from the Fertile Crescent. Carried
by successive generations of early agriculturalists, animal domesticates
reached Western Turkmenistan by at least 6000 BC at the site of
Jeitun (Harris et al., 1993). An aDNA analysis has recently identified
domesticated sheep bones at broadly the same date from a cave site,
Obishir V, lying on the border with Uzbekistan, in Southern Kyrgyzstan,
some 1140 km east of Jeitun (Taylor et al.,, 2021). Faunal remains
from a further site, Kaynar Kamar, Uzbekistan, were interpreted on
size ratios as representing potential domesticated sheep and goat, from
around 4200 to 2900 BC, and possibly a millennia earlier (Nishiaki
et al., 2022). The earliest well established agricultural culture in this
region is that of the Afanasievo, spanning the period from 3500-
2500 BC, representing the first definitive expansion of agro-pastoralists
eastwards across the Inner Asian Steppe.

Within China itself the earliest proposed evidence for domesticated
sheep, comes from the site of Shihushan 7ij%1li, in Inner Mongolia,
where direct dating on their bones placed their introduction at around
4700-4450 cal. BC, associated with the Hougang J X, Early Yangshao
culture (Dodson et al., 2014). However, this same study was only able
to confirm the presence of domesticated sheep through aDNA analysis
for Youyao ¥jii#, Shanxi at 2292-2029 BC. As such the early presence
of domesticated sheep at Shihushan is still open to question (Brunson,
2015; Owlett, 2016), and the earliest reliable current evidence for
domesticated sheep, along with wheat and barley in China is that from
Tongtian Cave, at 3350-2900 BC, in northern Xinjiang (Zhou et al.,
2020) associated with the earliest easternmost extent of the Eurasian
Afanasievo Steppe culture. Reliable evidence for the integration of
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domesticated sheep into indigenous Chinese archaeological cultures
comes from Taosi [4=F, Shanxi (2550-1950 BC) (Brunson et al., 2016),
Haojiatai /% & and Wadian )i, Henan (2500-1850 BC) (Li et al.,
2021).

By the late 3rd to early 2nd millennium BC, at Huoshiliang ‘K {1 %%
(ca. 2150-1900 BC) in Yulin, northern Shaanxi, sheep, as well as goat
have become relatively commonplace (Hu et al., 2008). Taurine cattle
have been proposed to have been introduced into Northern China,
most likely through the Hexi Corridor, at a similar date, 3600-2000
BC and into in Yellow River Basin by 2550-2050 BC at Shantaisi
11155F, Henan (Flad et al., 2007; Brunson et al., 2016; Lu et al., 2017;
Peters et al., 2005). On this basis current evidence generally supports a
dispersal of sheep, goat and cattle from Central Asia into China around
3000-2000 BC.

Sheep play an important role, along with wheat, barley and mil-
lets, in enabling increased settlement and permanency of agropastoral
communities at higher altitudes, after 1600 BC, in the northeastern
Tibetan Plateau region centred on Qinghai (Fahu et al., 2015). This
development is associated with the division of the Qijia culture into that
of the Kayue <% of Qinghai and the Siwa =4 culture of Gansu (Chen,
2013).

The dispersal and adoption of sheep, goat and cattle within south-
west China, remains currently more elusive. Baiyangcun and Dadunzi
KT have recorded cattle, goat and sheep from 2650-1690 BC and
2140-1630 BC, respectively (Dal Martello et al., 2018; Dal Martello,
2020). However, the identification of these animals as domesticated
is questionable (Wang, 2017, II, 295-296). Further, even if confirmed,
it might be that they only date to the final stages of both sites. At
Haimenkou, sheep and goat are potentially present from ¢.1600 BC, and
the increase of sheep/goat remains with wheat after 1450 BC seems
in keeping with the presence of domesticated animals, coming from
northwest China, based on similarities in ceramics (Xue et al., 2022).

To the southwest of the Tibetan Plateau, sheep, goat and zebu cattle
are recorded in the Upper Indus at Sheri Khan Tarakai by the 4th mil-
lennium BC (Khan et al., 2010). Within the region of Kashmir sheep and
goat, are present in the lowest levels of Gufkral and Burzahom within
the 3rd millennium BC becoming dominant after 2000 BC (Coningham
and Young, 2015, 101-278). As with wheat and barley, domesticated
sheep, goat and zebu cattle, form an important component of early
Harappan Indus valley sites within the 4th millennium BC, but their
spread eastwards into the Gangeric plains, and through the Ganges
River basin, is only securely dated from 2500-2000 BC (Coningham and
Young, 2015).

Moving to sites in the southeast of the Tibetan Plateau, bones of
domesticated yaks were recovered from an ash-pit dated to 1700 BC
(Qugong excavation report 1999; 237-243), and linguistic evidence
also supports yak domestication as occurring in the mid-second mil-
lennium BC (Jacques et al., 2021). This same pit contained bones of
sheep that have been theorized along with more definitive evidence for
barley, wheat and foxtail millet to provide evidence for agro-pastoral
communities in the mid 2nd millennium BC (Tang et al., 2021; Lii et al.,
2021). Sheep and goat are both attested at Spang-dkar/Bangga I
(c.1000-200 BC), and while wheat and barley were present notably
millets were absent, signifying a shift in economy compared to earlier
sites in the region.

As such the dates for domesticated Asiatic animals in the south-
eastern Tibetan Plateau are later than those of the Hexi corridor. But
appear broadly contemporary if not slightly earlier than those presently
confirmed for southwest China and for the movement of sheep/goat
and barley onto the northeastern Tibetan Plateau in Qinghai c.1650
BC (Fahu et al., 2015). Significantly, they are somewhat later than dates
on sites in the Ganges Basin to the southwest, and as such their route
to this part of the Tibetan Plateau, coming either from the southwest
or from the east, appears uncertain Wang et al. (2023a).
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Fig. 5. Remains of peaches and apricots in East and Central Asia (7000 BC-1000 AD). Data is available in Table S3.

3.5. Prunus

Both peach (Prunus persica) and apricot (Prunus armeniaca) are first
archaeobotanically attested in the 6th millennium BC in China (Fig. 5).
The earliest remains of peach are predominantly in the areas associated
with rice domestication in the Lower Yangtze (Fuller and Stevens,
2019). The wild ancestor of domesticated peach is unknown but it
seems probable that wild peach came under cultivation following the
domestication of rice, after 4000 BC, in this same region (Fuller and
Stevens, 2019; Zheng et al., 2014). Early finds from sites outside this
region, e.g. Chengtoushan kil (Hunan), and Nanjiaokou F%ZI
(Henan) c. 4200-3700 BC, might represent its early spread with domes-
ticated rice, rather than utilization of the wild progenitor. The origin of
apricot is also uncertain, as is the wild progenitor, with two possible do-
mestications, one in Northern China where a number of sites with wild
apricot are recorded from 6000-5500 BC (Dal Martello et al., 2023) and
one in the Lower Yangtze where similar early dates are known (Stevens
et al.,, 2016; Spengler et al., 2018). Genetic work has suggested that
in addition to China apricot came under cultivation and domestication
in Central Asia, being closer genetically to wild populations in this
region (Groppi et al., 2021). However, the absence of early records of
apricot for Central Asia make this theory controversial.

The westward spread of both apricot and peach is seen in the
pre-second millennium BC, with evidence from Sichuan (Yingpanshan,
3350-2650 BC, Zhao and Chen, 2011) and Yunnan (Baiyangcun, 2500-
1750 BC). However, given that it is not always easy to distinguish

10

stones of domesticates from other wild species, such identifications
might still be subject to change. Archaeobotanical finds of peach and
apricot remain confined to East Asia until the second millennium
BC (Dal Martello et al., 2023, 8-10). The site with the earliest record
outside of East Asia is Burzahom I in Kashmir, between 2400-1700
BC (Stevens et al., 2016). The date and certainty of identification of
these earliest finds, however remains slightly problematic (Dal Martello
et al.,, 2023, 8-10). The chronology of Burzahom has since been re-
fined (Betts et al., 2019), and it is possible that the appearance of
peach and apricot is more broadly contemporary with the appearance
of harvesting knives between 2000-1700 BC. Early records of peach and
apricot from Kanispur (2500-2000 BC) appear less certain, and it should
be noted that almond is likely present also at Kanispur (Pokharia et al.,
2018). Remains of peach and/or apricot are absent from the earliest
southeastern Tibetan sites, although apricot is recorded from Mustang
sites in Nepal in the first millennium BC (Knorzer, 2000), with a single
record from northwestern Iran (Aali et al., 2012). Outside this region
possible apricot stones have been recorded from Barikot, just to the
west in Northern Pakistan (Dal Martello et al., 2023). In Europe both
textual and archaeological evidence suggest that peach was present in
mid to late 1st millennium BC (Dal Martello et al., 2023), while good
evidence for apricot outside this region appears less certain.

Evidence from northwest China and Central Asia is later than the
Kashmir sites, with the earliest evidence for peach from Xiawatai
A, in Qinghai dating to 1000-800 BC (Jia, 2012). Records of peach
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and apricot from Central Asia are later still, with a single find from
Sampula, Xinjiang, dating to the late 1st millennium BC (Jiang et al.,
2008), with further records from Central Asia being no earlier than
the late 1st millennium BC to 1st millennium AD. This is significant in
terms of the suggested possible domestication of European apricots in
Central Asia (Groppi et al., 2021), given the absence of good evidence
for the exploitation of wild or domesticated species prior to the 1st mil-
lennium AD over much of this region. This would support the argument
that modern Central Asian “wild” populations of apricot populations
are in fact feral. The estimated date of the split by Groppi et al.
(2021) of the lineages that gave rise to cultivated apricots in China and
that which gave rise to “wild” Central Asian and European Cultivated
apricots is estimated at around 900 BC. This date is later than the
3rd to the 2nd millennium BC evidence for the presence of apricots in
Kashmir, Sichuan and Yunnan. As such we might hypothesize that the
origin of Central Asian “wild” and cultivated European apricots lies not
in Central Asia but with a western, potentially Himalayan, dispersal,
that separated this lineage from that of eastern Chinese apricots. The
estimated date of the divergence between “wild” southern Central
Asian and European apricots at ¢.250 BC (Groppi et al., 2021), might
then suggest that feral apricots emerged in Central Asia at this date.
A similar scenario might exist for peach (Fuller and Stevens, 2019).

3.6. Shouldered hoes/spades

Early work such as Wheeler (1959, 87-89) and Dani (1960, 48—
50) have pointed to resemblances between the stone shouldered spades
from Northern China, South-East Asia and North-Eastern India, and
suggests a Chinese origin for them. Shouldered hoes have more recently
been noted as one of the distinctive features of Neolithic North-Eastern
India cultures (Dikshit and Hazarika, 2012; Jamir, 2022). Radiocarbon
dates are available for some of these sites, for example a date of
2960 =+ 30 years BP (1262-1053 cal. BC) for the site of Law Nongthroh
in Meghalaya (Mitri and Neog, 2016), and a slightly later luminescence
date on pottery of 2700 + 300 years BP has been provided for Daojali
Hading in Assam (Sharma and Singh, 2017), both indicating that this
culture dates from the early first millennium BC.

Tada et al. (2012, 51) further provides evidence of ‘shouldered
adzes’ made of jadeite, which they view as “unmistakable evidence
of Chinese Neolithic over Arunachal Pradesh” from Yunnan through
Northern Myanmar. Bodt (2020, 14) indicates that Duhumbi (Western
Kho-Bwa) speakers of the Chug valley also know about these Neolithic
stone adzes, which they call atha nambaq pha ‘axes of grandfather
moon’ and believe to originate from sky deities.

The origin and evolution of such stone spades/hoes has received
little attention, and is difficult to study exhaustively due to confusion
with stone axes-adzes in many excavation reports. Stone shouldered
spades or hoes are found across a large area of East Asia during the
Neolithic, with the earliest examples coming from around 6000-5400
BC, associated with the Peiligang cultures, of Henan (Huang, 1992; An,
1979), and the Xinglongwa cultures of northeast China (Liu and Chen,
2012, 129-131, Shelach and Teng, 2013). As shown in Table 3, similar
tools are known from the Yangshao cultures (5000-3000 BC) of the
Middle Yellow River Basin, which continue into the Longshan (3500-
1800 BC). From the Upper Yellow River, shouldered spades spread
westwards to the Tibetan Plateau at Rdzong-ru/Zongri %% H (3600-2050
BCE) (Chen et al., 1998).

While bone scapula and wooden spades are known from early rice
cultivating sites in the Lower Yangtze from at least Hemudu i 4%3¥
culture (5000 BC), shouldered stone spades appear in Liangzhu K%
culture (3400-2200 BC) sites (Tang et al., 2020) at a similar time to
the appearance of stone harvesting knives, originating in the north.
From this point in time stone spades/hoes are evident from a number
of later sites, following the westwards spread of agriculture to Xinjiang
(Shirenzigou f1 A 174, 1000-700), and on into Central Asia, including
the Fergana Valley (Dalverzin) where they associated with the Chust
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culture (1500-900 BC) (Zadneprovskij, 1962, 76;274, Spengler et al.,
2021).

Towards the south and southeast of China, shouldered spades are
present on third millennium BC sites from Guangdong and Guangxi,
and continue to diffuse with agriculture into Hainan and Vietnam
(Rispoli, 2007).

Shouldered spades also spread to the southwest towards Sichuan
and Yunnan, and have been recovered from sites located in the Qingy-
ijlang HAXIL River area, near Leshan in Sichuan (Wu, 1988), and
around the Nujiang river such as Chuankouba M| 13 (the Manghuai
type f:#£25%), near to the border with Burma (Wang, 1991), dated
around 1000 BC.

The distribution of shouldered spades thus suggests a spread from
Yunnan into North-Eastern India, with a gap of 730 km between
Chuankouba in Yunnan and Lawnongthroh in Meghalaya, plausibly due
to the paucity of archaeological excavations in Northern Burma.

Further to the west, shouldered spades are also found in the second
layer of the Chu-gong culture (Qugong excavation report, 1999; 176—
181;217), dated 1530-1210 BC (Gao et al., 2020). It is unclear however
whether these spades reflect influence from Northeastern India, or from
the eastern part of the Tibetan Plateau.

3.7. Hairpins

In the Yellow River valley, bone hairpins are attested in the Yang-
shao culture (for instance at Anban Z#%, Shaanxi, Liu et al., 2017b),
with either no or a very simple top element. Decorative hairpin tops
are however quite prominent in Shang dynasty sites, for instance
Yinxu %3, where Chen (2022) and other authors have identified eight
distinct subtypes.

Among these, the subtype described as ‘shaped like the character =’
(CEF4JE, 21 items discovered at the Yinxu site), with a flap top having
a notch in the centre, with symmetrical grooves on both sides, strongly
resemble the style of hairpins found in Loebanr in Swat, which Stacul
(1980, 74) argued were ‘shaped like a t’aot’iech mask’, a type of a
symmetrical zoomorphic pattern with eyes and horns and no lower
jaw found on Shang and Zhou period bronzes. While the resemblance
of the hairpin heads found at Loebanr with the tdotié ¥% pattern
is disputable, their commonalities with the Yinxu hairpins is strong
enough to support a cultural diffusion from the east rather that than
arising by pure chance.

Another subtype with symmetrical triangular saw-like grooves in
Yinxu also presents resemblances with hairpins found at Bir-kot-ghundai
in Swat (Table 4).

4. Genetic evidence

Within this section we review the genetic evidence for the peopling
of firstly Central Asia, followed by that relating to the origins of the
people on the Tibetan Plateau.

4.1. Central asia

The current available research on aDNA in Xinjiang does not reveal
any evidence of early population movement from the Yellow River to
Central Asia. Wang et al. (2021a), Wang et al. (2021b) and Zhang
et al. (2021) indicate that the Bronze Age inhabitants of Xinjiang were
quite mixed genetically, comprising both Yamnaya/Afanasievo-related
and Northern Eurasian ancestry. Zhang et al. (2021) demonstrated that
one group of individuals from the Dzungarian Basin, dating to 3000-
2800 BC had its origins with agropastoral steppe communities of the
Afanasievo culture. However, another group, associated with the Tarim
mummies, were agropastoralists with cattle, sheep, goat, wheat, barley,
and millet, dating to 2100-1700 BC, but showed no relationship to
either Yamnaya nor Yellow River ancient populations, being likely of
an as yet unsampled Northern Eurasian people to the northwest, more
closely related to the Botai (c. 3500-3000 BC) horse pastoralists.
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Table 3
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Shouldered spades from China and from North-Eastern India (Hu, 2002; Le, 2010; Li, 2023; Yang et al., 2022; Zhao and Wang, 2012).

Egou 34, Henan (Peiligang
culture), (Li 2023) (5900-5700 BC)

Gouwan 747, Henan (Yangshao
culture), (Le 2010) (4500-4000 BC)

Fengtou =F3k, Shaanxi (Yangshao
culture), (Yang et al. 2022) (3500-2800 BC)

Woufengbei 7141, Jiangsu (Liangzhu
culture (Tang et al. 2020) (3400-2200)

Dingcun qushetou ] #f i 3k, Shanxi (Taosi
culture), (Hu 2002) (2300-1900 BC)

Xinzhang %, Shanxi (Longshan
culture), (Zhao and Wang 2012) (2200-1800 BC)

Rdzong-ru/Zongri 7 H (Chen et al. 1998)
(3600-2050 BC)

Qugong II {fi77, Tibet, (Excavation
report 1999: 180 (1530-1210 BC)

N>

Wanghuacun E#44, Hongya, Sichuan
(Wu 1988) (Shang-Zhou ? 1500-800 BC)

Chuankouba ffi 13, Longling, Yunnan
(Wang 1991)(1000 BC)

Lawnongthroh, Meghalaya
(Mitri and Neog 2016) (1220-770 BC)

Daojali Hading, Assam
(Dikshit and Hazarika 2012) (750 £300 BC)

4.2. The Tibetan Plateau

A number of recent studies examining both mitochondrial DNA (Ding
et al., 2020; Wang et al., 2023b; Ganyu et al., 2023; Li et al., 2023),
non-recombining Y-chromosome (Wang et al.,, 2021b) and whole
genome (Liu et al., 2022b) have supported the origin of Ancient
Tibetans (e.g. 5100 BP to 2500 BP, Wang et al., 2023b) as situated
within Northern East Asian lineages with admixture from possibly
palaeolithic hunter-gatherer populations. A similar conclusion also is
reached by studies modelling Y-chromosome sequences (Wang et al.,
2018) from modern Tibeto-Burman and East Asian populations, and
whole genome data from both ancient and modern populations (He
et al., 2021).

Regarding multiple migrations several genetic studies touch on
the issue of the movement of agriculturalists onto the higher plateau
regions following the introduction of wheat and barley from the 2nd
millennium BC (Fahu et al., 2015). An ancient genetic study from
Nepal noted that individuals dating from 1500 BC onwards shared a
strong related ancestry with Late Neolithic individuals from the Upper
Yellow River Valley (Liu et al., 2022b). They hypothesized that while
this related ancestry could be correlated with the barley—wheat-driven
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population expansion onto the Plateau, that it would require a very
rapid expansion of such agriculturalists over 1000 km in a period of
perhaps just 200 years. A further study also suggested that the mixed
ancestry on the Plateau likely predates the dispersal of wheat and
barley agriculturalists (Wang et al., 2023b, 3-4). It is interesting to
note on this point that an unrelated study of ancient mtDNA, covering
much of the Tibetan Plateau, did detect a strong matrilineal input
from Northern East Asian populations throughout the 2nd millennium
BC (Ganyu et al., 2023). However, this article did not connect this event
to the expansion of wheat and barley farmers. This latter study also
noted a decline in such influence from 1st millennium BC to the 1st
millennium AD which the authors related to climatic deterioration.

A few genetic studies also point to the possibility of multiple migra-
tions onto the Plateau over the last 5000 years, although many also
stress periods of genetic continuity. For example, Liu et al. (2022b)
points to the existence of two genetic clines in modern and ancient
populations of the Tibetan Plateau and neighbouring areas, the Tibetan
cline and the non-Tibetan Tibeto-Burman, respectively. These they in-
terpret as corresponding to two distinct routes of population dispersal,
one through the Tibetan Plateau and a second through Sichuan, Yunnan
and Northern Burma to North-Eastern India. Pertinent to our paper, a
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Table 4
Comparison of bone hairpins from The Yellow River basin and Swat (Stacul, 1978,
1979).

Site Symmetrical, Symmetrical

central notch triangular patterns

Yinxu, Henan
(Chen 2022)
1500-1000 BC

Loebanr III, Swat
(Stacul 1979)
1700-1400 BC

AENRRRRNRRRTS

Bir-kot-ghundai, Swat
(Stacul 1978)
1700-1200 BC

further study modelling modern populations based on Y-chromosome
haplotypes did suggest two ancestral groups relating to two migration
routes one via Tibet and the other through Yunnan (Wang et al., 2018).
For southwest China, Tao et al. (2023) show that at Haimenkou in
Yunnan on the Sichuan-Assam route, aDNA evidence also points to a
millet farmer Yellow River ancestry, with little contribution from rice
farmers from the Lower Yangtze, despite the presence of rice on these
sites, lending support to the theory that such people did not migrate
along the Yangtze River into southwest China (Huan et al., 2022).

5. Synthesis

In this section, we will evaluate to what degree the evidence dis-
cussed above supports the spread of Sino-Tibetan languages through
demic diffusion as opposed to cultural diffusion, and whether the
evidence would support a homeland in the Yellow River Basin rather
than in Northeast India. This discussion is framed and explored within
the context of three main routes of potential transmission that link
Northern China to the Indian subcontinent during the Neolithic: a
Sichuan-Tibet-Kashmir route (previously discussed by Han (2012), Lii
(2016), a Sichuan-Assam route (which Ma et al., 2023 refer to as ‘Shu-
Shendu Road’ %j £ #ii&) and a Central Asian route through Xinjiang
and then south to Kashmir (van Driem, 2002, 243).

Fig. 6 represents these routes, the Sichuan-Tibet-Kashmir route in
red the Yunnan-Assam route in orange, and the Central Asian route in
green, mapped onto the current distribution of Sino-Tibetan languages
(in purple).
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5.1. Sichuan-Tibet-Kashmir route

The Sichuan-Tibet-Kashmir route, linking Sichuan and Yunnan to
Kashmir through the Tibetan Plateau is supported by evidence for the
temporal distribution of harvesting knives, millet, peaches, apricot, and
hairpins presented above. Other types of data, including a jade pendant
and beads in Swat and semi-subterranean houses (Stacul, 1993b; Lii,
2016), cowrie shells (Ma et al., 2023) and perceived similarities in
painted and corded ware pottery (Han, 2012, 2021), as well as black-
burnished ceramics (Chen et al., 2024), all contribute to support the
plausibility of a migration or cultural diffusion through this path. While
some, in particular jade beads and pendants, might plausibly be items
of exchange, others such as crops, house-styles, hairpins, cultivation
tools and locally made harvesting knives, when combined as a cultural
package with linguistic evidence, we would see as more probably the
result of the movement of peoples.

The dates of sites displaying such evidence become younger as
one moves west, from Sichuan (Liujiazhai), to Chamdo (Mkhar-ro) to
Kashmir and finally Swat, the directionality of this route of dispersal
can therefore only be from the east to the west rather than the other
way round.

As shown in Fig. 6, this route overlaps with zones where Sino-
Tibetan languages are currently spoken, and even the Kashmir/Swat
sites could be interpreted as remains of ancient populations possibly
related to the westernmost Sino-Tibetan speaking people, from the
West-Himalayish subgroup.

While we lack archaeological evidence for harvesting knives or mil-
let in the second millennium BC between Sikkim and Kashmir, as stated
in Section 4.2 above, aDNA demonstrates the presence of individuals
whose ancestors originated from the Yellow River, as far west as even
Mustang in Nepal, in Suila cal. 1491-1317 BC and Lubrak cal. 1263-
1127 BC (Liu et al., 2022b). While radiocarbon dates are available
for both individuals unfortunately 6C13 values that might provide an
indication of millet consumption are not at present available.

This genetic evidence has the potential to shed light on two com-
peting theories for the origin of the earliest presence of agriculture
on the Tibetan Plateau, for example at Mkhar-ro/Karuo and Gsho-
rngul-mda/Xiaoenda. The first theory is the adoption of millet culti-
vation, along with many other aspects of millet agricultural cultures,
by pre-existing indigenous hunter-gatherer communities inhabiting the
Plateau - cultural diffusion; the second is the movement or migration of
agriculturalists peoples onto the Plateau through population expansion
— demic diffusion. The first argument for adoption of agriculture has
been made for communities on the Northeastern Tibetan Plateau (Ren
et al., 2020) and for Eastern Tibet (d’Alpoim Guedes, 2018; d’Alpoim
Guedes and Aldenderfer, 2020). The second argument for demic dif-
fusion of agriculturalists, accompanied by language families has been
made for East Asia in general (Bellwood, 2005). In this latter frame-
work, the origin of Rdzong-ru/Zongri Culture is seen not as adoption by
foragers, but through the spread of Majiayao agriculturalists founding
smaller settlements, while that of Mkhar-ro might have also involved
some interaction and intermarriage between local hunter-foragers and
agriculturalists (Lii, 2022).

Regarding the adoption of agriculture by indigenous peoples a cau-
tionary tale comes from European Neolithic studies. The high amount of
wild foods, evidence for hunting, and substantial cultural regional vari-
ation between many Neolithic societies in Europe led many to support
the cultural diffusion and adoption of crops by pre-existing hunter-
gatherers (e.g. Zvelebil, 2001), a position which only more recent
aDNA studies conducted in just over the last decade have decisively
refuted (Stevens et al., 2022; Rowley-Conwy, 2024).

Current genetic evidence, summarized above, suggests an origin
for ancient Tibetan ancestry dating from 5000 years ago largely sit-
uated within northern East Asia, with a minor input possibly from
indigenous pre-Holocene communities (Wang et al., 2018, 2021b). This
pattern would be most in keeping with the expansion of millet farmers
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Fig. 6. Hypothetical migrations of Sino-Tibetan speakers: (I) Sichuan-Tibet-Kashmir route in red, (II) Yunnan-Assam route in orange and (III) Central Asia route in green. Purple
dots represent the current localization of Sino-Tibetan languages, and the black and red dots correspond to sites where harvesting knives and shouldered spades have been found,

respectively.

through demic diffusion as suggested in some papers (Wang et al.,
2023b, 2021b). This does not negate the possibility of initially only
small founding populations, e.g. subsets of pre-existing populations,
their interaction and inter-marriage with hunter-gatherers, and poten-
tial increased isolation, all leading to the emergence of distinctive
unique Neolithic cultures (Thomas, 2023). However, the adoption of
agriculture, not to mention other aspects of farming cultures, by hunter-
gatherers without long periods of integration with agriculturalists has
been seen as ethnographically and archaeologically unsupported (Bell-
wood, 2005; Rowley-Conwy, 2024), and argued also to be theoretically
unlikely (Stevens et al., 2022).

In addition to the genetic evidence, the very spread of Sino-Tibetan
languages themselves would generally support the diffusion of peoples
rather than the adoption of agriculture by indigenous groups across the
Tibetan Plateau. While it is possible that languages spread much later,
replacing earlier non-Sino-Tibetan languages, the existence of broad
genetic continuity and the divergence of such languages would lend
support to the spread of agriculture alongside languages through the
movement of peoples (Sagart, 2008).

Among the subgroups of Sino-Tibetan, those whose speakers are
most likely to have reached their current location by migrations through
the Sichuan-Tibet-Kashmir route are West Himalayish — the western-
most subgroup, located a mere 100 km from Gufkral and Burzahom,
and the Bodish subgroup, comprising Tibetic, East Bodish (in Bhutan)
and Tamangic languages (in Nepal), whose common ancestor is eval-
uated to date back to 3423 BP [4970 BP-2254 BP] according to the
results of the Sino-Tibetan phylogeny in Wu et al. (2022). This date is
compatible with a migration related to the spread of barley agriculture
on the Tibetan Plateau, which also fits the observation that Bodish
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languages share a cognate for ‘barley’ (Hyslop and d’Alpoim Guedes,
2020).

Memories of some migrations may be maintained in the oral tra-
dition of some groups of Arunachal Pradesh such as the Apatani,
which contends at a northern origin from Tibet rather than from
Burma (Blackburn, 2003; Post, 2012).

5.2. Yunnan-Assam route

Archaeological evidence for an alternative migration pathway, the
Sichuan-Yunnan-Assam route, is supported by a different range of
evidence, in particular stone shouldered spades, ceramics (Hazarika,
2013) and jadeite objects (Tada et al., 2012, 51). Hazarika (2017, 111-
112) argues that ceramic tripods found in Neolithic sites of Manipur
such as Napachik (dated 1450 BC according to Singh, 1993) resemble
the tripods found at Ban Kao in Thailand (dated 2900-2100 BC, Qiao,
2002) as well as the jia 5¢ or li # tripods that are common in Longshan
(3000-1900 BC) and Shijiahe (2500-2000 BC) cultures.

Further, such a route of dispersal from Yunnan into Northeast India
has been suggested from modern genetic studies on Y-chromosome
haplogroups (Wang et al., 2018, 1298).

However, currently there is little evidence for cereal crops, includ-
ing millet within this region potentially due to limited archaeobotanical
investigation. The nearest definitive evidence for foxtail millet comes
from Waina, in Uttar Pradesh some 900 km from Daojali Hading.

On the other hand, there is clear evidence of continuous migrations
and contacts between Southwest Yunnan, Northern Burma and North-
eastern India, as shown by the current distribution of speakers of the
Jinghpo language, who are spread in a patches over a 400 km zone from
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the Luxi ¥4 and Yingjiang #%{L. counties in Yunnan, Kachin State in
Burma up to Titabor in Central Assam and the Burhi Dihing River in
Upper Assam (Kurabe, 2014).

This southern route could account for some of the Sino-Tibetan mi-
grations into Northern India, especially those involving groups located
south of the Lohit river (Post and Burling, 2017), some of which such as
Sal and Kuki-Chin are spread over India and Burma. It could also reflect
Austroasiatic-speaking migrations, corresponding to the ancestors of
Khasi and Mundas. At the present moment we lack any means of
distinguishing between the movements of Sino-Tibetan vs. Austroasiatic
speakers, or even groups combining speakers of languages from these
two families.

5.3. Central Asian route

A competing westward migration route in the third/second mil-
lennia BC, from Majiayao into Kashmir through Xinjiang, and then
eastwards from Kashmir into Nepal was proposed by van Driem (2002,
243).

The main evidence for agricultural diffusion from Northern China to
Central Asia is evidence for the spread of millets westwards from the
Yellow River basin to Xinjiang and Central Asia, and then southwards
to Kashmir during the third millennium BC. However, whether this was
through cultural or demic diffusion is seldom discussed in depth.

The initial eastward spread of agro-pastoral communities across
Central Asia, originating in Western Eurasia, is likely to have been
driven by demic diffusion. It has been noted that the dispersal of
early millet cultures is more rapid and widespread than that of rice
cultivators. This is potentially because the carrying capacity per unit
of land is much lower for millet than rice agriculture, meaning millet
farmers would have reached population thresholds quicker than rice
farmers (Stevens et al., 2024). Extending this argument to the dispersal
of wheat, barley across Central Asia, it is probable that only the
combination of these elements, which included domesticated livestock
(sheep, goat and cattle), allowed sufficient population growth to drive
an eastward demic diffusion. Which combined with the lower carrying
capacity of the region, drove a relatively rapid dispersal of agro-
pastoralists across Central Asia to the edges of the landscape occupied
by millet farmers.

In contrast, the absence of suitable animal domesticates within East-
ern Eurasia likely initially curtailed the opposite flow of millet farmers
west into Central Asia from the Upper Yellow River Basin. Especially
given the reduced suitability of soils to millet farming once populations
began to extend westwards beyond the Loess Plateau. For example, mil-
let agriculture is seen from archaeobotanical evidence to be restricted
in its distribution in Central Asia to “rain-fed locales” (Ventresca-Miller
et al., 2023).

To the west, the demic diffusion of agriculturalists out from the
Fertile Crescent appears to pause in western Turkmenistan between the
6th and early 4th millennia BC (Stevens et al., 2016). It is likely only
after the establishment of agro-pastoral communities in this region, that
domesticates and people were able to spread relatively rapidly across
this region. This interpretation is reflected in the archaeological record,
with only wheat and/or barley along with sheep/goat, appearing ini-
tially at key sites across Central Asia, with no millets, e.g. both at Tasbas
I (Spengler et al., 2014; Spengler, 2015) and Tongtian Cave, in the
millennia between 3500-2500 BC (Zhou et al., 2020).

The conclusive dating of millets in Kashmir at 2500 BC (Spate
et al.,, 2017), and the current absence of evidence for an early 3rd
millennium dispersal route along the Himalayas, would support the
theory that millets were adopted by Central Asian agro-pastoral groups
(cf. Ventresca-Miller et al., 2023), at this time of largely Western
Eurasian lineage, and they subsequently rapidly spread west across
Central Asian.

This westwards diffusion of millets across Central Asia is then
argued to be largely through cultural and not demic diffusion, a theory
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supported by both genetic evidence (Zhang et al., 2021) and linguistic
evidence. With regard to the latter there is no trace of languages from
East Asian families, such as Sino-Tibetan, either in ancient written
documents, attested languages or toponymy in Xinjiang and Central
Asia: the most ancient attested languages of this area, Tocharian,
Khotanese and Tumshugese, have loanwords from Old Chinese or Tur-
kic languages dating from the historical period (Lubotsky and Starostin,
2003), but no trace of prehistorical borrowing from Sino-Tibetan lan-
guages, as would have been expected if Yellow River millet farmers had
migrated through this area. Moreover, cuisine, associated ceramics and
sticky millets did not spread to Xinjiang and Central Asia (Fuller and
Rowlands, 2009; Hunt et al., 2024).

Given the spread of millets through Central Asia is thought to be
largely through cultural diffusion, it is notable that harvesting knives
are largely absent from Central Asia. Although Chen and Zhang (1991)
do report stone knives from three sites in Kashgar prefecture, Xinjiang
at ¢.1000 BC, they lack perforations or notches, and were not cord-
attached harvesting knives of the type discussed above. This in itself
would imply that such items did not generally culturally diffuse with
millets west with agro-pastoralists. Notably there is also no evidence
to date for peach or apricot within this region for at least this earlier
period dispersing with agro-pastoralists (Dal Martello et al., 2023).

5.4. Can farmers revert to foraging?

Blench and Post’s (2014) hypothesis, according to which proto-
Sino-Tibetan speakers were foragers practising sago arboriculture in
the Eastern slopes of the Himalayas 9000 years ago is supported by
two main pieces of evidence: the extreme diversity of Sino-Tibetan lan-
guages in North-Eastern India, confirmed by the phylogenetic analysis
in Section 2.2, and the interpretation that some groups of Arunachal
Pradesh, such as the Puroik, are thought to have acquired agriculture
only very recently (Stonor, 1952).

Blench and Post (2014) further propose that Sino-Tibetan speakers
spread to China through the Sichuan-Tibet route by 5000 BP, but in the
opposite direction, and obtained domestic pigs and millet cultivation
only once they reached China.

The status of the Puroik as hunter-gatherers who have adopted agri-
culture, as opposed to agriculturalists who have increased their reliance
on the exploitation of sago, is however, problematic. Archaeological
evidence has demonstrated that early agricultural societies often relied
heavily on wild foods, indeed to the point that in some cases agriculture
was abandoned entirely (Stevens et al., 2022). Further, historical exam-
ples include the Polynesian people, whose Austronesian ancestors were
millet and rice farmers, but abandoned cereal cultivation (Bellwood,
1987), as well as the case of the Mlabri, Austro-asiatic speaking hunter-
gatherers who are both genetically (Oota et al., 2005; Xu et al., 2010)
and linguistically (Rischel, 1995) closely related to the rice farming
Tin people, demonstrating a cultural reversion and abandonment of
agriculture.

In keeping with this, it can be argued that the peoples of Mkhar-
ro may have diversified their subsistence to minimize risks of crop
failures (Song et al.,, 2021), hence resembling more foragers than
farmers.

The presence of terms for pigs and millet in Puroik etymolog-
ically related to those of Sino-Tibetan languages located in China
(Section 2.3) is difficult to reconcile with the hypothesis that they have
never known agriculture. To salvage it, one would need to posit that
some unspecified Sino-Tibetan group went back through the same route
from China to North-Eastern India, and transmitted the words for pig
and millets to the ancestors of Kho-Bwa speakers, early enough for
these loanwords to remain undetectable.
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6. Conclusion

The linguistic, genetic and archaeological evidence reviewed in
this work, comprising cultivated plants, agricultural tools and other
cultural implements, is compatible with theories proposing a series of
migrations of millet farmers originating from the Yellow River basin
along two routes. A proposed likely earlier established route, dating to
the third millennium BC, we see as being from Sichuan through Eastern
Tibet to Kashmir. The second one, dating to the second millennium BC,
involves in our hypothesis demic diffusion through Yunnan to North-
East India. Linguistic evidence examined in this work is consistent with
multiple distinct episodes of migration across both routes, and a two-
pronged westward migration of Sino-Tibetan is supported by the results
of Yang et al. (2024), which use a different dataset and method. Con-
versely, demic diffusion from the Yellow River basin through Xinjiang
and Central Asia to Kashmir appears to be unsupported by the present
evidence, and the earliest spread of the millets through Central Asia
can be associated with their adoption by existing agro-pastoral groups
who spread them back into Western Eurasia and the northwest part of
South Asia.

While the authors of this paper consider that the presented evi-
dence supports the hypothesis of agriculture spreading together with
languages from the Yellow River Basin into Tibet and Northeast India,
further work is still required. Regarding the mode of agricultural and
cultural dispersal through adoption or the movement of peoples, and
the direction of linguistic spread, future genetic work could provide
crucial evidence, if it were more directed towards these questions.
Future archaeological work in Northeast India also has the potential to
shed more light on the issue on whether population expansions from
this region might have spread Sino-Tibetan languages into the Tibetan
Plateau.
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