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The resilience of pioneer crops
in the highlands of Central Asia:
Archaeobotanical investigation
at the Chap II site in Kyrgyzstan
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Ruta Karaliute 1 and Kubatbek Tabaldiev 2

1Department of Archaeology, Faculty of History, Vilnius University, Vilnius, Lithuania, 2Department of

History, Faculty of Humanities, Kyrgyz Manas University, Bishkek, Kyrgyzstan, 3Faculty of

Archaeology, Leiden University, Leiden, Netherlands

This paper presents archaeobotanical research results from an occupation

horizon of the Chap II site left by the earliest known farming community

in the Central Tien Shan mountains in the current territory of Kyrgyzstan.

The archaeobotanical samples were recovered from well-defined contexts in

domestic waste pits, house floors, fireplaces, and an oven, all of which date

to a narrow period of occupation between 2474 and 2162 cal BCE (based on

n-14 AMS dates). The archaeobotanical assemblage is dominated by the SW

package crops of bread wheat and naked barley. Those are the only species

to have progressed further east across the mountain ranges of Central Asia

during the earliest wave of crop dispersal. However, other species in small

quantities were also identified at the Chap II site, such as T. durum/turgidum

and T. carthlicum, possibly glume wheats and hulled barley. Here, we argue

that the dominant compact morphotypes seen only in bread wheat and naked

barley caryopses hint toward a selection for the specific adaptive traits of

cultigens that enabled successful agriculture in high-altitude ecogeographies.

Large variations in cereal caryopses size possibly indicate that crops endured

stress (e.g., insu�cient nutrients, water, or other) during plant development.

More research is needed for a better understanding of the developmental

plasticity between di�erent crop species and the formation of unique landraces

in diverse environmental niches in the past.

KEYWORDS

crop resilience, crop adaptation, pioneer crop package, Central Asia, archaeobotany,

Bronze Age, earliest farmers, agropastoralists

Introduction

The adaptation of plant species to novel ecotones as they dispersed away from their

centers of domestication has been a subject of many scientific studies (Coward et al.,

2008; Spengler et al., 2016; Fuller and Lucas, 2017; Stevens and Fuller, 2017). These

adaptation processes are complex and multi-dimensional for the successful adaptation

and cultivation of novel crops in new environmental circumstances under different

climatic and day length regimes. When and what species first reached any given novel
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geographical regions very much depends on plant adaptability,

genetic changes in the crops themselves, changes in the

crop package which involve new additional crops that allow

minimization of agricultural risk, human culinary preferences,

and the human ability to facilitate crop cultivation with plowing,

irrigation, or manuring (Liu et al., 2016; Fuller and Lucas, 2017;

Lister et al., 2018;MotuzaiteMatuzeviciute, 2018). To assess how

well crops adapt to novel environments from archaeobotanical

perspectives, we can look at several criteria such as crop

biodiversity or cereal caryopses dimensionality. It has previously

been shown that crop response to climatic stresses is expressed

in high variability of caryopses sizes (Motuzaite Matuzeviciute

et al., 2015, 2018, 2021a) or reduction in the overall caryopses

size (Fuller et al., 2017). On the contrary, the reduction of

caryopses size in wheat and barley in monsoonal China has led

researchers to infer the influence of culinary preferences (Liu

et al., 2016; Ritchey et al., 2021).

The Chap II site is situated at the highest elevation ecocline

for successful cereal cultivation at 2000m.a.s.l in the Tien Shan

Mountains of Kyrgyzstan (Figure 1). The agriculture in the

Kochkor valley is currently concentrated on the valley bottom,

as surrounding slopes promptly increase in elevation. In the

summer, the south-facing slopes can receive snowstorms at

2,600m.a.s.l., drawing the line for successful cereal cultivation.

Currently, the main cultivated species in the vicinity of Chap

archaeological site are spring and winter barley (mostly naked

varieties), bread wheat, lucerne grass, and potatoes. The key

limiting factor of agriculture in high-altitude valleys—such as

Kochkor—are unstable climates that can generate strong winds,

rain storms, water shortages, and short growing seasons due to

the continental climate. Therefore, current agricultural practices

around the Chap II site are highly susceptible to minor climatic

fluctuations and therefore can only be successful by targeting

crop species that are adapted to local environments, along with

facilitating their growth viamanuring and irrigation.

The occupation horizon of the Chap II site was formed by

the first farming communities that settled the highland valleys of

Central Tien Shan during the second half of the 3rd millennium

BCE (Motuzaite Matuzeviciute et al., 2021a). Previous research

at the Chap II site has shown that southwest Asian cereal

crops facilitated high-elevation agriculture in the Central Tien

Shan; the crop species consisted mainly of free-threshing wheat

species and naked barley varieties but also possibly some glume

wheat and hulled barleys (MotuzaiteMatuzeviciute et al., 2020a).

The reported values of bread wheat caryopses (n-311) ranged

between 6 and 2.4mm (mean values 3.9mm) in length, 4.2 and

1.8mm in width (mean values 2.9mm), and 3.4 and 1.3mm

in depth (mean values 2.2mm), while naked barley (n-256)

caryopses ranged between 6.4 and 2.7mm in length (mean

values 4.3mm), 4.3 and 1.8mm in width (mean values 3mm),

and 3.5 and 1.2mm in depth (mean values 2.3mm) (Motuzaite

Matuzeviciute et al., 2021a). Such large variation in caryopses

size is usually associated with environmental conditions during

crop development that is common for many plant species

(Salisbury, 1974; Goodman and Brown, 1988; Moles et al., 2005).

Plant exposure to heat, for example, can decrease seed size

during development (Reed et al., 2022). Previous studies have

suggested that the variability in cereal caryopses can arise from

unstable temperatures and/or strong winds and rains, which can

enable the survival of certain landraces while eliminating others

over time (Motuzaite Matuzeviciute et al., 2018).

The previously published archaeobotanical assemblage from

the Chap II site constitutes the largest in the Central Tien

Shan to date (Motuzaite Matuzeviciute et al., 2021a). Yet,

all previously analyzed archaeobotanical remains at this site

were recovered just from two adjacent ash pits. These pits

were recovered during the last days of the 2019 archeological

excavation after opening a 2 x 2m test pit, raising many

questions regarding the representativity of the analyzed contexts

and the function of the pits themselves. It was not clear

whether the pits constituted a part of a wider domestic context

or were ritual deposits, as has been previously suggested at

contemporaneous sites in the Semirechye region of Kazakhstan

(Frachetti, 2014). During the Chap II archeological excavations

in the year 2020–2021, an extensive horizon of Chap II

occupation was recovered. Additional archaeobotanical samples

were taken from fireplaces, clay ovens, domestic pits, burial

pits (dug into the oven), and house floors, suggesting domestic

occupation horizons.

This paper presents extensive and detailed archaeobotanical

research results that, together with new radiocarbon dates,

have facilitated the development of a much broader picture

of agricultural practices, the paleoenvironment, and plant

adaptation during the earliest episodes of crop cultivation in the

Tien Central Shan Mountains.

Methods

Archaeobotany

The archaeobotanical samples were collected from the

domestic occupation horizon of the Chap II site, targeting

fireplaces, a clay oven, domestic waste pits, and house floors,

all of which were distributed at a depth between 170 and

300 cm below the present-day surface (Figure 2). A total of

550 l of sediments were floated from 12 archeological contexts

collected during the 2020–2021 excavations, while 136 l were

collected during the 2019 excavation (previously published in

Motuzaite Matuzeviciute et al. (2020a) and added to Table 1).

For sediment flotation, we used a 0.3mm sieve size and

water from the irrigation channel at the Kara Suu village. We

also collected additional sediment samples from every context

(40 l bag), which are currently stored as archival material at

the excavation site. After sediments were floated using the

bucket flotation method, the dried flotation samples were
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FIGURE 1

Map of Kyrgyzstan showing Chap and other sites mentioned in the text. The red rectangle marks the position of the Kyrgyzstan on the

Eurasian map. SRTM (NASA) for DEM, Digital Chart of the World (DCW) for water surface, Global Administrative Areas (GADM) for boundaries.

transported to the Bioarchaeology Research Center of Vilnius

University, where they are currently archived. During the

sorting, each sample was collected in a stack of three sieves

of the following mesh sizes to facilitate the analysis of the

material: 2mm, 0,6mm, and 0,14mm. The finest fraction was

collected in a separate container at the bottom of the sieves.

This fraction was not analyzed, as it was mainly composed

of very fine silt size sediment and/or charcoal “dust.” The

stereomicroscope and reference collection of the Bioarchaeology

Research Center, including botanical seed atlases, such as

Cappers et al. (2006) and Martin and Barkley, 1961; were

used to identify and quantify both wild and domesticated

plant taxa. In addition, for the identification of the cereal

crop caryopses, rachis internodes, and glume bases were

relied on identification criteria as presented by Jacomet and

Schlichtherle (1984), Zohary and Hopf (2000), Hillman (2001),

Hillman et al. (1996), Renfrew (1973), and Jacomet (2006),

Neef et al. (2012). In addition, for the identification of wheat

rachis internodes to species, we consulted with archaeobotanist

Nana Rusishvili from the Georgian National Museum and the

botanist and wheat specialist Marine Mosulishvili from Ilia State

University, Georgia. A more detailed description of the crop

identification and quantification criteria applied is found in the

results section.

Radiocarbon dating

Radiocarbon dating of carbonized grains, animal bones,

and human bones was performed by the accelerator mass

spectrometer (AMS) method. The dating was performed

at the Center for Physical Science and Technology in

Vilnius. Radiocarbon results were calibrated using the IntCal20

calibration curve (Bronk Ramsey, 2009; Reimer et al., 2020)

(Table 2). Bayesian modeling of the Chap II site archeological

contexts was modeled in OxCal v. 4.4.4 according to their

stratigraphic positions (n-14) together with the Chap I site (n-

10) (Bronk Ramsey, 2021). The previously published dates from

the Chap I site, which is situated above the occupation horizon of

Chap II, were used for comparison and visualization of the Chap

occupations phases as these two phases together are published

for the first time (SOM1). Date ranges are reported as 95%

posterior probabilities on individual dates and the start and end

dates of site occupations.
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FIGURE 2

The aerial photography of Chap II excavation area with marked contexts of archaeobotanical samples as listed in Table 1 (photograph by

Kunbolot Akmatov).

Results

Archaeobotany

All archaeobotanically analyzed contexts contained large

quantities of cultivated cereal grains, grain fragments, and

cereal chaff (Table 1). The barley grains and chaff were of

two varieties—naked (Hordeum vulgare var. nudum) and

hulled (Hordeum vulgare var. vulgare). The naked forms

constituted the absolute majority of all barleys and belonged

to compact morphotypes that are highly variable in size

(Figures 3A–D,G, 4). We also identified fragments of rachis

internodes belonging to naked barley varieties, as characterized

by the “spiky” attachment platform on the central floret

(Motuzaite Matuzeviciute et al., 2021b) (Figures 5A–C). We also

found some hulled varieties of barley as seen from the barley

caryopses that still had glumes attached (Figure 3E) and from

rachis internodes that contained glumes on the side of the glume

base platform but none in the middle.

The free-threshing wheat species constituted the second

major component of all cultivated cereal remains in all analyzed

assemblages, belonging to the free-threshing species of Triticum

aestivum/durum/turgidum (Figures 6A,B). The majority of

rachis internodes belonged to bread wheat and contained a

characteristic “shield shape” or curved rachis (Figures 5D,F).

The widest part of such rachises is just above the middle

portion, without a swelling below the glumes (Hillman et al.,

1996; Hillman, 2001; Jacomet, 2006). However, some rachis

internodes also belonged to other free-threshing wheat species,

which did not fit into the shield shape rachis internode

category. The former group of rachis internodes had straight

side contours where the maximum width of the rachis was

located in the upper portion; these internodes also contained

a distinct swelling below the glume insertion (Figures 5G–J).
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TABLE 1 Archaeobotanical identifications from Chap II.
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L
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(1
0
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L
-4
.5
(1
0
l)

L
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.7
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Family Plant taxa

Domesticated Poaceae Avena sp. 1

Triticum

aestivum/durum/turgidum

118 204 16 11 58 56 21 43 80 35 1 37 242

Triticum

aestivum/durum/turgidum

(fragment)

81 258 2 4 4 78

Triticum aestivum (rachis

internode)

1 3 4 14 3 3

Triticum carthlicum (rachis

internode)

1

cf. Triticum durum/turgidum

(rachis internode)

1 3

cf. Triticum dicoccum/carthlicum 5 11 5

cf. Triticum cf. dicoccum (rachis

internode)

1 1 1

Hordeum vulgare (naked)

(compact)

125 132 50 14 53 45 34 3 195 31 23 22 181

Hordeum vulgare (hulled) 2 1 7 4 1 2

Hordeum (non-compact) 6 4

Hordeum sp. 8 52

Hordeum sp. (fragment) 106 116 5 22

Hordeum sp. (rachis internode) 3 1 5 4 4 6 6 8

Hordeum sp. (glume) 1

Cerealia (fragment) 688 1361 61 100 500+ 172 80 98 509 108 25 249 1119

Allium sp. 9 6
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TABLE 1 (Continued)

Context (sediment volume) P
it
1
(4
0
l)

P
it
2
(9
6
l)

L
.2
.6
/3
.1
(6
0
l)

L
.2
.7
(u
n
d
er

b
u
ri
al
)
(2
0
l)

L
-3
.3

=
P
IT

2
(2
0
l)

L
-3
.4
/4
.2
(7
0
l)

L
.3
.6
(2
0
l)

L
-2
.8
(2
0
l)

L
-3
.7
(1
2
0
l)

L
-3
.8
(6
0
l)

L
-4
.3
(1
0
l)

L
-4
.5
(1
0
l)

L
.4
.7
(1
4
0
l)

Wild Amaryllidaceae 4 2 25

Amaranthaceae Atriplex sp. 9 54 2 9 3

Bassia cf. scoparia (fruit) 10 2 2 23

Bassia cf. scoparia (seed) 6

Bassia cf. scoparia/Atriplex sp. 33

Chenopodium hybridum 1

Chenopodium sp. 280 480 14 80 5 62 113 6 103 46 88 274 159

Salsola kali 12 18 1 1 1 1 4 6 4

Anthriscus sp. 1 1 3

Apiaceae Apium/Glebionis sp. (Asteraceae) 6

Asteraceae Artemisia campestris 2 1

Sonchus sp. 1

Brassicaceae Sinapis sp.

Cerastium sp. 2

CaryophyllaceaeSilene cf. noctiflora 45 3 1

Spergula sp. 1

Stellaria sp. 1

Vaccaria cf. hispanica 17 4

Vaccaria sp. 2 2 10

Carex spicata 2

Cyperaceae Carex ssp. 209

(five

types)

449

(five

types)

4 (three

types)

7 (two

types)

8 (two

types)

8 (two

types)

4 (two

types)

9 (two

types)

9 (four

types)

2 (two

types)

28 61

(three

types)

Fabaceae Astragalus/Medicago spp. 1 1

Hippocrepis comosa 1

Medicago/Trifolium spp. 6 5 13 2
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TABLE 1 (Continued)

Context (sediment volume) P
it
1
(4
0
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P
it
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(9
6
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L
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L
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L
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0
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L
.4
.7
(1
4
0
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Melilotus cf. altissimus 1 1

Melilotus/Medicago/Trifolium spp. 2 16 (two

types)

1 6 4 5 (two

types)

14

Melilotus/Trigonella spp. 5 3

Melitotus sp. 2 5 5 3

Pisum/Vicia spp. 1 1

Lamiaceae Lamiaceae 2

cf. Thymus sp. 1 1 1 1

Clinopodium sp. 1

Prunella sp. 1 2

Stachys cf. alpina 1

Papaveraceae cf. Papaver sp. 1

Plantaginaceae Plantago lanceolata 1 1 4 1

Poaceae Poaceae 1 4 16 1 1 8 11 15

Poaceae (inflorescences) cf.

Eragrostis

1 2 9 40 2

Agrostis sp. 1

Bromus sp. 5 1 2 15 10

Bromus/Elytrigia/Leymus sp. 4

Eragrostis sp. 5 1 2 3 4 2 120

Melica sp. 1

Poa sp. 1 2 4

Setaria viridis 2

Stipa type 2
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TABLE 1 (Continued)

Context (sediment volume) P
it
1
(4
0
l)

P
it
2
(9
6
l)

L
.2
.6
/3
.1
(6
0
l)

L
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.7
(u
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b
u
ri
al
)
(2
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L
-4
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L
-4
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(1
0
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L
.4
.7
(1
4
0
l)

Polygonaceae Polygonum sp. 5 1 1 2 5 7

Rumex spp. 1 2 1

Ranunculaceae Ranunculus sp. 2

Rosaceae Alchemilla sp. 1

Potentilla anserina 1

Potentilla sp. 1 3 1

Rubiaceae Galium spp. 14 24 7 (two

types)

4 4 1 2 3 15 (two

types)

4 13 (two

types)

2 10 (two

types)

Other Bread/food remains 9 25 10 7 35 11 (two

types)

2

cf. Launaea (Thorns) 1 50+ 50+ 7 1 15 50+ 50+ 16

Well-preserved inflorescences (cf.

Artemisia)

22 1 20 44

Vitrified remains 11

Charred dung pellets 10

Unidentified seeds/fruits 7 5 1 27 25 10
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TABLE 2 Radiocarbon dates from the Chap II site according to the contexts.

Dated material Context Lab number Conventional
14C age BP

± Calibrated age

(cal. BCE 95.4%

hpd range) 4.3

Bayesian modeled

age (BCE 95.4%)

Occupation START 2474-2302

Barley grain 3.8 FTMC-SH26-3 3,909 29 2470-2297 2430-2291

Barley grain 2.7 FTMC-SH26-6 3,913 28 2472-2297 2430-2292

wheat grain 3.8.1 FTMC-SH26-5 3,837 30 2454-2155 2432-2242

Barley grain 3.7 FTMC-SH26-4 3,870 28 2462-2209 2431-2287

wheat grain 4.7 FTMC-SH26-2 3,834 29 2454-2151 2409-2242

wheat grain 4.2 FTMC-SH26-1 3,831 29 2452-2150 2408-2241

human rib 2.7 FTMC-SY08-3 3,882 27 2465-2238 2426-2289

Ovicaprid 2.7 FTMC-SY08-2 3,894 27 2466-2293 2425-2291

Barley grain 2.7 FTMC-SY08-1 3,888 29 2467-2239 2426-2297

Burnt bone 3.7 FTMC-OD82-2 3,847 29 2456-2203 2435-2298

Burnt bone 3.4 FTMC-OD82-1 3,802 29 2342-2141 2404-2241

Barley Pit 2 UBA-41507 3,899 30 2469-2297 2338-2214

Wheat Pit 1 UBA-41508 3,857 31 2462-2208 2332-2206

Wheat Pit 1 UBA-41509 3,754 33 2284-2038 2337-2184

Occupation FINISH 2336-2162

The three dates from pit 1 and 2 were previously published in Motuzaite Matuzeviciute et al. (2020b).

Such rachises were attributed to Triticum durum/turgidum

species (Table 1). Having internodes that belonged to more

than one free-threshing wheat species, it was impossible to

attribute free-threshing wheat caryopses to particular wheat

species. Therefore, all caryopses belonging to free-threshing

wheats were clustered as Triticum aestivum/durum/turgidum

according to the spherical caryopses. Similarly to barley,

the free-threshing wheat grains possessed highly compact

caryopses morphotypes with a strikingly large variation in grain

size (Figure 4).

In addition, a rachis internode belonging to Triticum

carthlicum, which contains very characteristic elongated rachis

internodes with visible veneration, was identified for the first

time (Figure 5E). The caryopses of this free-threshing species

of wheat were more elongated than Triticum durum/turgidum

caryopses and contained a deeper ventral furrow and higher

dorsal keel, similar to emmer glume wheat. Other wheat species,

likely glume wheats, were probably also present in the Chap

II assemblage, as seen from the recovered glume bases with

visible striations (Figures 5K,L) and more elongated caryopses

with a pronounced keel (Figures 6C,E,F). Therefore, such wheat

caryopses were clustered together with Triticum carthlicum,

which is known to be present in the assemblage. Among other

cultivated crops, the remains of oat (Avena sp.) (Figure 6G)

and one poppy (Papaver sp.) were identified. Yet, those solitary

finds do not allow us to make any further interpretation or

identification of species.

Thousands of fragmented cereals, counted as “Cerealia,”

were recovered from food preparation places or waste pits.

They were found together with carbonized food fragments

characterized by porous or amorphous-like matrices and

burned, lumpy conglomerates (Figure 7). These charred food

pieces probably represent the remains of bread or porridge. Yet,

future analysis using SEMmicroscopy needs to be done to allow

further identification of these conglomerates.

The wild plants belonged to 14 plant families and over

56 species (Table 1) as more than one species within a genus

of Galium or Carex were noted. The prevailing wild plant

remains belonged to Amaranthaceae family, dominated by

Chenopodium sp. (goosefoot). The second and third most

abundant plant genus is the Cyperaceae family, represented

by at least five Carex sp. (sedges), and the Rubiaceae family

represented by a few species of Galium sp. (Table 1, Figure 8).

The Caryophyllaceae family is represented by Silene noctiflora

and Vaccaria sp.; the Fabaceae family is represented by the

Melilotus, Medicago, Trifolium species. It was not always possible

to separate Melilotus/Medicago/Trifolium sp. apart as charring

frequently distorted the seed shape and size. Among the Poaceae

family, cf. Eragrostis sp. (both caryopses and florescence) was the

most frequently found in most of the analyzed contexts.

Taphonomy

The analyzed assemblage represents food cooking and

crop processing and domestic waste discharge locations that

contain preserved carbonized plant remains. The taphonomic

conditions were very good for preserving charred plant remains
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FIGURE 3

Barley varieties from Chap II site: compact naked barley morphotypes (Hordeum vulgare var. nudum) (A–D,G) and hulled barley (Hordeum

vulgare var. vulgare) (E).

at Chap II, as not only cereal grains and chaff were present,

but also fragile fluorescence and thorns were abundantly found

in the archaeobotanical assemblages. Future experimental work

should be conducted to identify whether the plant remains

preserve better in high-altitude environments due to reduced

oxygen conditions during charring than in lowland sites.

The wood charcoals were not quantified at the Chap II

site, but they were present in all analyzed contexts. The largest

fragments of wood charcoal (up to 1 cm in size) were recovered

in fireplaces and oven as well as in the pit 4.3. An anoxic

condition in the enclosed ovens undoubtedly had an influence

on wood preservation. No pellets of carbonized sheep dung,

as previously abundantly recovered at Chap I site (Motuzaite

Matuzeviciute et al., 2020b), were noted at Chap II site, and it is

likely that wood rather than dung was the main fuel source here.

Unusually, high quantities (over 2,000 fragments) of cereal

fragments were identified in pit 2 (that is the same context as 3.7)

(Figure 2). This could indicate a waste dump from the fireplace

where some sort of crop processing activities took place. More

detailed analysis is needed to identify whether the fragmentation

of cereal is a part of taphonomic process of fragmentation during

entire grain charring or a part of food preparation activity, such

as course porridge or bulgur wheat-type food.

Small seeded plants were identified together with larger

caryopses of domesticated grasses in all contexts. That would

infer that the domestic waste where crop processing and cooking

activities took place was discarded into fires and later into waste

pits. The presence of wild plant seeds in all the contexts could

also indicate that alongwith wood, dried animal dung could have

also been used as a fuel (although no pellets were identified).

Frontiers in Ecology andEvolution 10 frontiersin.org

https://doi.org/10.3389/fevo.2022.934340
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org


Motuzaite Matuzeviciute et al. 10.3389/fevo.2022.934340

FIGURE 4

Variation in size between caryopses of the same species of barley (A) and wheat (B) at Chap II site.

Radiocarbon dating

Radiocarbon dates modeled with Bayesian statistics

from the Chap II site all fell into a very tight occupation

phase dated between the 2474–2302 cal BCE period and

finished between 2336–2162 cal BCE. Despite differences

in stratigraphy, where fireplace 3.7/2.8 was located higher

than the oven/hearth 3.8, and where the human grave

buried inside of the abandoned oven was dug at a later

date, it looks like all activities at the site took place between

2474–2162 cal BCE (Table 2, Figure 9). The radiocarbon

dates from the Chap I sites were also included in the

Bayesian statistics model, clearly showing an occupation

horizon from over a thousand years later, which started

between 1102–926 cal BCE and ended 916–816 cal

BCE (SOM 1).

Discussion

Chap II represents the earliest settlement site on the

southeastern fringes of Central Asia to have revealed the

established agricultural practices in the region. The Chap II

site shows a broad assemblage of cultigens consisting of at

least three species of free-threshing wheats and possibly glume

wheats, naked, and some hulled barleys. Although the free-

threshing wheats were not differentiated into species, it is

most likely that the majority of free-threshing grains belong to

bread wheat (Triticum aestivum), while the majority of barley

belong to naked varieties. The solitary finds of oat and poppy

identified only to genus level likely represent wild species. The

cereal chaff remains, belonging to hulled and naked barleys,

free-threshing and possibly glume wheats, show local cereal

cultivation and processing.
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FIGURE 5

Rachis internodes from Chap II site of Hordeum vulgare var. nudum (A–C), Triticum aestivum (D, F), Titicum carthlicum (E), tetraploid

free-threshing wheats cf. Triticum durum/turgidum (G–J), and rachis internodes of possibly glume wheats (K,L).
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FIGURE 6

Caryopses of Triticum aestivum (A,B), Triticum sp. (cf. glume/ tetraploid wheat or T. carthlicum) (C,E,F), and Avena sp. (G).

The Chap II assemblage represents the initial array of

cultigens that left southwest Asia and dispersed to the east

following the Inner AsianMountain Corridor. As this southwest

crop package continued to journey further east and north across

subsequent mountain ranges, only hexaploid free-threshing

wheat (Triticum aestivum) and naked barley (Hordeum vulgare

var. nudum) have been found across the other side of the

mountain range, at 3rd millennium BCE sites in present-day

China (Flad et al., 2010; Liu et al., 2016; Stevens et al., 2016;

Zhou et al., 2020). From this period, hulled barley or glume

wheats have also been found in the foothill sites of Tajikistan and

Kashmir (Spengler and Willcox, 2013; Betts et al., 2019; Yatoo

et al., 2020). Yet, in most archaeobotanical assemblages from

foothill or mountain valley sites of Central Asia, naked barley

and bread wheat dominate the recovered assemblages (Spengler

et al., 2014; Motuzaite Matuzeviciute et al., 2020a). Although

future and more extensive studies, especially in western China,

might change this current pattern, it appears that during the 3rd

millennium BCE, the crop package on the western side of the

mountain chain contained a much wider array of southwestern

crop packages than that identified on the eastern side. This

could possibly suggest that the mountain highlands acted as
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FIGURE 7

Remains of charred starchy conglomerates found in the context

3.8 interpreted as a oven.

a filter for a selective set of species. Only those landraces of

naked barley and bread wheat were selected that provided an

adaptive advantage to mountain environments as they dispersed

into novel ecogeographies. The selection of compact caryopses

morphotypes for free-threshing wheats and naked barley is

clear at the Chap II site. Yet, Chap II site is not unique in

this respect, as the compact morphotypes of bread wheat and

naked barley were also identified at other high-altitude sites in

the Tien Shan, Dzhungar Alatau, and Altai Mountains dated

between the 3rd and 2ndmillennium BCE (Figure 1) (Motuzaite

Matuzeviciute et al., 2021a) as well as in other ecogeographies of

western Central Asia and India that are dated earlier than the

assemblages in the mountainous regions of eastern Central Asia

(Weber, 1991; Moore et al., 1994; Miller, 1999, 2003). Therefore,

it should be emphasized that such compact morphotypes of

wheat and barley did not evolve in the mountains but were

selected as preferred morphotypes during the pioneer crop

dispersal from the west further to the east. Very little is

known about where those compact wheats originated, what

their growing requirements were, and whether those varieties

are related to modern landraces of wheat that are cultivated in

Central Asia (Spengler, 2019).

The observations of barley landraces across the world

collected by botanist A. Vavilov show unique adaptations of

barley to specific ecogeographies, and the barleys in Central

Asia, in particular, are characterized by being diverse in their

morphological and adaptive characteristics (Knüpffer et al.,

2003). According to modern analogies, the barley or wheat

that possess compact and spherical grains usually, but not

always, have short compact plant morphology. For example,

the East Asiatic barleys are generally characterized by short

straw (dwarfness) containing short spikes, and small, almost

spherical caryopses, while the dwarf wheats (Triticum aestivum

L. ssp. sphaerococcum) also have compact grain morphotypes

(see, e.g., Knüpffer et al., 2003; Mori et al., 2013; Skrajda-Brdak

et al., 2020). Landraces of barleys from Syria and Palestine are

short and characterized by compact, very rigid spikes, and a

strong waxy cover on culm and leaves, while barleys in Tibet at

4,500m.a.s.l. contain dense spikes and small-to-medium-sized

caryopses, tall plants that are extraordinarily prostrate, with

thick straw, and long, very broad leaves, moderately resistant

to lodging (Knüpffer et al., 2003). Compared to non-compact

forms, compact varieties of cereals exhibit greater standing

power against extreme weather conditions, such as strong winds

and intense rains that can cause lodging and stem breakage

(Motuzaite Matuzeviciute et al., 2018, 2021a; Spengler, 2019).

Again, we speculate that the selection of adaptive to

mountainous or any marginal environments properties, such

as reduced tillering, lodging, thick straw, drought-resistant

waxy forms, or breaking of photoperiod sensitivity, could

have resulted in the caryopses compact morphotypes as

we see in Chap II and other archeological sites. The

evolution of more compact grain morphotypes in wheat

and barley could have resulted from pleiotropic effects in

selecting plants that were advantageous for crop adaptation in

marginal environments.

As was already mentioned, at the Chap II site, the resilience

of naked barley and bread wheat in mountainous environments

can be seen not only from the compact grain morphotypes but

also from the large variation in cereal grain sizes (Figure 4). It

should be mentioned that the Chap II site for this matter is not

an exception. Large variability in caryopses sizes was detected in

all archaeobotanical samples from the mountain regions of the

Central Tien Shan (Motuzaite Matuzeviciute et al., 2018). The

high variation in compact caryopses size in both bread wheat

and naked barley varieties at the Chap II and other sites of

the Central Tien Shan can be linked with thermal and water

stress at the stage of grain filling during the summer (Magliano

et al., 2014) or varying soil fertility in cultivated fields (van

Bommel et al., 2021). Previous experimental research has shown

that plants experiencing physiological stress from differences in

water availability, ambient temperature, or amount of nutrients
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FIGURE 8

Most dominant wild plant taxa from Chap II site: Medicago/Melilotus spp. (A), Galium sp. (B), Eragrostis sp. (C), Carex spp. (D), and Eragrostis sp.

inflorescence (E).

during grain filling resulted in grain size diminution, due to

interference in the deposition of carbohydrates in the grains

(Nicolas et al., 1984; Blum, 1996a,b, 1998). Furthermore, the

growth rate per grain depends also on the floret position

within the ear (Sofield et al., 1977). Therefore, variation of

grain size, as seen in the archaeobotanical assemblage, could

also be from large grain differences within the same ear

(Reed et al., 2019).

Along with adaptability to the local environment, naked

barley and bread wheat were preferred by pioneer farmers

probably also due to the simplicity of their threshing and

culinary properties as human food. Knüpffer et al. (2003)

note from landrace examples in diverse ecogeographies that in

the high-altitude regions, the naked barleys were selected by

mountain populations due to their greater cold-hardiness. The

“naked” or “hulless” barley caryopses could also be an important

trait for cultivation in high altitudes due to its ability to produce

purple or black pigmented caryopses caused by anthocyanins

(Zhang et al., 2021). These compounds are antioxidants and

have protective properties against damage caused by high

levels of UV radiation at high altitude. In turn, the intensive

UV light eliminated various fungal diseases that naked barley

caryopses are prone to in lower altitudes. Anthocyanin-rich

purple highland barley also provides multiple health benefits

to humans (Zhang et al., 2021). It was suggested that naked

barley in the highlands produces higher grain yields, generates

more overall biomass, and matures faster than hulled varieties

(Ghimire et al., 2019).

The reasons why other species such as hulled barley or glume

wheats were filtered out along the way during the initial stage of

crop dispersal are probably due to their poorer adaptability to

mountainous ecosystems during their early stages of dispersal,

and their inability to adapt to seasonal climatic changes. Genetic

changes in plants through alteration in flowering and length of

the growing season can have a dramatic effect on a crop’s ability

to grow successfully in novel environments (Fuller and Lucas,

2017). The seasonal pattern of free-threshing wheat and naked

barley planting at the Chap II site was probably unsuitable for

other wheat species and hulled barley varieties; therefore, they

were found in such small quantities. It is likely that the dominant

species of the pioneer crops were planted just during the

autumn, as winter crops, or just in spring as summer crops. The

seasonality pattern of crop planting became much more variable

during the 1st millennium BCE with both winter and summer

cereals present (Lister et al., 2018; Motuzaite Matuzeviciute

et al., 2021b). During the 1st millennium BCE, both hulled

and naked barleys are frequently identified in archaeobotanical

assemblage of the Chap I site (Motuzaite Matuzeviciute et al.,

2021b). Previous research using a niche model to examine the

impact of changing temperatures across a wider geographical

scope on the human ability to cultivate different crop species has

shown a strong correlation between temperature variation and

crop transmission across time and space (d’Alpoim Guedes and

Bocinsky, 2018).

It is interesting that out of 686 l of sediment samples from

multiple archeological contexts floated and analyzed at the
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FIGURE 9

Radiocarbon chronology for Chap II. Modeled radiocarbon dates measured on plant seeds, human, and faunal bone from Chap II in relation to

the later occupational period of Chap I. Three AMS dates from Chap II and all dates from the Chap I site were previously published (Motuzaite

Matuzeviciute et al., 2020a,b).

Chap II site, no evidence of broomcorn or foxtail millets was

found. On the cont, broomcorn millet was recovered at the

contemporaneous site of Begash located at 900m.a.s.l. in the

neighboring region of Semirechye (southeastern Kazakhstan)

(Frachetti et al., 2010). Both broomcorn and foxtail millets

and wild Panicoid grasses appear in Kyrgyzstan at the sites of
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Uch-Kurbu (in a layer dated to 1366–1124 BCE) and Chap I

(dated to c. 1065–825 BCE) (Motuzaite Matuzeviciute et al.,

2018, 2020b). Stable isotope analysis of both human and animal

bone collagen showed that during the 3rd millennium BCE

in Kyrgyzstan, only solitary individuals were eating C4 plants,

while between 1300 and 1000 BCE there was a clear increase

in C4 plant consumption among both humans and animals

as millet became a frequent dietary source for the ancient

population of Kyrgyzstan (Motuzaite Matuzeviciute et al.,

2022). Here, we can support a previous argument (Motuzaite

Matuzeviciute et al., 2020a) that the definitive absence of millet

at Chap II at 2000m.a.s.l. altitude during the second half of the

3rd millennium BCE represents an elevational ceiling for millet

cultivation, likely influenced by climatic conditions during this

particular episode of farming establishment.

Although it is outside of the scope of this paper to discuss

in detail ecological niches and adaptation of wild plant taxa at

the Chap II site, some of which probably traveled together with

the agricultural package, instead we only focus on dominant

plant taxa that infer human action in facilitating crop adaptation

in alpine ecosystems. During the occupation of the Chap II

site, wild plant taxa reveal a set of well-watered meadow

vegetation dominated by sedges (Carex sp.) and various legumes

(Melilotus/Medicago/Trifolium sp.). Goosefoot (Chenopodium

sp.) was also frequent together with bedstraw (Galium sp.

genus). The majority of Galium and Chenopodium genus plants

of Central Asia inhabit nitrogen-rich, often moist, meadows

modified by intensive agricultural and pastoralist activities

(Fisyunov, 1984; Spengler, 2018). Together with a favorable and

more humid climate, it is plausible that irrigation technologies

were also present in the Chap II surroundings to facilitate

successful crop cultivation in the highlands of the Tien Shan.

Similar vegetation consisting of alfalfa (Medicago sativa) also

called lucerne of the legume family, together with foxtail and

barnyards grasses, currently grows in well-irrigated meadows in

the Kochkor valley, while sedges nowadays are frequently found

along water irrigation channels. Research by Rouse et al. (2021)

has shown the past existence of complex ancient irrigation

channels in the Kochkor valley. Although their dating is not

clear, the existence of ancient irrigation systems demonstrates

the importance of water management systems in the past for

maintaining agriculture in the valley.

Paleoclimatic data from this part of the Tien Shanmountains

show an increase in moisture at the onset of agricultural

dispersal around 4000 BCE (Chen et al., 2016). Within the

humid episodes that likely facilitated agriculture dispersal in the

mountain highlands, several rapid cold episodes were detected

at around ∼2200 BCE and ∼700 BCE (Leroy and Giralt, 2021;

Spate et al., 2022). The identified cooling episodes roughly

overlap with the abandonment of the Chap II and Chap I sites

(Figure 9). Yet, further research needs to be done to understand

the reasons for the site abandonment and the influence of

the changing climate on these events. The populations in the

high-altitude mountains are particularly sensitive to cold spells

and long-term climatic changes as they inhabited marginal

territories situated at the edge of the agricultural limit.

Conclusion

The archaeobotanical assemblage of Chap II represents the

earliest known occupation by an agropastoral community in

the Central Tien Shan at 2,000m.a.s.l. dated between 2474

and 2162 cal BCE (AMS n-14). It also represents the largest

assemblage of cultivated plant species, their chaff, and wild

plant taxa in the region showing local crop production and

processing. The archaeobotanical samples were obtained from

12 contexts totaling 680 l of floated sediment. Therefore, the

Chap II site represents a role model site for understanding

agricultural resilience and adaptation by the first farmers in the

Central Tien Shan mountains.

The Chap II site constitutes the eastern pocket of the

southwest agricultural package within the mountains of Central

Asia dominated by compact bread wheat species and naked

barley, while other free-threshing wheats belonging to T.

turgidum/durum and T. carthlicum along with hulled barley,

probably glume wheat were also present. Therefore, the

Chap II site represents a tipping point where the wider

array of SW Asian cultigens gets reduced just to two

species as agriculture advanced further into the territories

of present-day China along the IAMC during the 3rd

millennium BCE.

While it is beyond archaeobotanical research methods, it

could be only speculated what adaptive qualities of bread wheat

and naked barley provided these species with the necessary

resilience to survive in high-altitude mountainous climates

and withstand strong winds, rainstorms, and other climatic

stressors. The environmental stress and climatic variability that

early crops were affected by can be observed from the large

variability in caryopses size among plants. Other genetic and

phenotypic changes, invisible in archaeobotanical datasets, such

as adaptation to growing season and resistance to diseases,

thick straw, and sturdy plant morphotype could have given

an advantage to naked barley and bread wheat crops in

high altitudes.

In addition, the pioneer farming systems in the

mountain zones of Central Asia were likely facilitated by

additional watering and possibly manuring of crops. Yet,

further research measuring carbon (δ13C) and nitrogen

(δ15N) isotopic compositions of cereal grain and changes

in stable isotope values over time could help to validate

this claim.
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