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Abstract

We present a comprehensive data-based characterization of the subsistence economy of Chalcolithic Cucuteni–Trypillia 
societies (CTS) on the Moldovian and Suceava plateaus and the Podolian and the Dnieper uplands. This study is based on 
a quantitative evaluation of archaeobotanical samples from 34 settlement sites, with a focus on Trypillia mega-sites and on 
stable isotopic analysis of ancient crop residues. The isotopic analysis allows us to identify specific cultivation strategies, 
which show a close relationship with animal husbandry for manure. We describe the economy of the Trypillia mega-sites as 
having been based on an elaborate agricultural system, in which the inhabitants knew how to grow crops that could withstand 
the ecological constraints of growth, especially along the forest steppe ecotone. We also argue that the agglomeration of 
greater population densities at these mega-sites contributed to landscape change from woodland and forest to open grassland 
and steppe. Following on from this, we suggest that cultivation practices of the CTS were important in the establishment of 
the present-day cultural steppe in this region.

Keywords Archaeobotany · Stable isotopes · Population agglomeration · Chalcolithic · Eneolithic · Urbanism

Introduction

Population agglomerations of thousands of inhabitants in 
Chalcolithic mega-sites of the Cucuteni–Trypillia socie-
ties (CTS) occurred across the Suceava and the Moldovian 
plateaus and the Podolian and the Dnieper uplands. This 
region is in the semi-arid forest steppe ecotone (Fig. 1) 
and has a humid continental climate, with wet winters and 
warm summers (Dfb zone; Köppen and Geiger 1939). The 
Trypillia settlements represented a new spatial concept of 
social organization which spread eastwards from the Car-
pathian mountains around 4800 BCE, with their core area in 
the southern river Bug region in the late 5th and early 4th 
millennia BCE. The chronology of CTS is divided into three 
archaeological phases (in which Trypillia is shortened to 
Tryp.), early (Tryp. A-B1), middle (divided into Tryp. B1/
B2 and Tryp. B2-C1) and late (Tryp. C2). The mega-sites 
were built in the middle phases (Tryp. B1/B2-C1), between 
ca. 4300/4100 and 3650 BCE. The mega-site period was pre-
ceded and followed, for the most part, by dispersed small 
and mid-sized settlements.
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Previous research has shown that the decline of the Tryp-
illia mega-sites was caused by the centralization of political 
power (Hofmann et al. 2019) and not by environmental fac-
tors. The soils, hydrology and vegetation should have been 
able to sustain this society with its subsistence economy (Dal 
Corso et al. 2019; Dreibrodt et al. 2020).

To add to our understanding of the rise and fall of the 
Trypillia mega-sites, we investigate economic, social and 
political changes during this period from a study of eco-
nomically significant plants, through a statistical analysis of 
charred botanical macroremains from 34 sites, many of them 
Trypillia mega-sites, supplemented by stable isotope analy-
ses of charred crop remains from some of these same sites.

The Trypillia mega‑sites

Trypillia mega-sites cover 100 to 320 ha each and con-
tained thousands of houses built in rings around a central 
open space, a layout that implies the intention of social 
congregation (Rassmann et al. 2014). The inhabitants were 
organised into neighbourhoods, each with a mega-structure 
interpreted as an assembly hall and some with pottery work-
shops (Chapman et al. 2016; Ohlrau 2020). Most authors 
suggest that the large sites were permanent settlements with 
populations exceeding 10,000 inhabitants (Kruts et al. 2008; 
Rassmann et al. 2014; Müller and Rassmann 2016; Hofmann 

et al. 2019; Ohlrau 2020). The social organization at these 
sites can be reconstructed from the remains of buildings and 
the finds of the house inventories. Dwellings with a standard 
shape and standardised inventories were spatially arranged 
in neighbourhoods or quarters, each of which had a slightly 
larger “mega-structure” that according to its specific inven-
tory is interpreted as a communal building. This indicates 
a society in which decision-making processes were com-
munally negotiated. The involvement of the whole commu-
nity in decision-making seems to have ended at a certain 
time, when political power was centralised. In the case of 
the site of Maidanetske, such a communal society existed 
for more than 150 years and then collapsed, it is assumed 
due to political centralization, as the archaeological record 
shows the decline of medium sized mega-structures and 
the establishment of one large megastructure there (Müller 
et al. 2016, 2018; Hofmann et al. 2019). The technological 
innovation of animal-drawn sledges facilitated agriculture by 
making it possible to cover long distances in and around the 
mega-sites. The fields within the sites, that most probably 
were located a relatively long way from the dwellings and 
storage areas, were reached in this way, as well as those at 
the centre of the settlement (Shatilo 2021, pp 229–234). Ani-
mal husbandry practices involved a dual pasturing system, 
combining extensive pasturing of sheep, goats and some 
cattle outside the settlement, and also intensive keeping of 

Fig. 1  Distribution of Cucuteni–Trypillia sites in the forest steppe 
ecotone, shown as blue dots, in sizes indicating the number of inves-
tigated features per site. Dnieper upland (1–12); 1, Grebenjukiv; 
2, Chyzhivka; 3, Veselyi Kut; 4, Nebelivka; 6, Volodymyrivka; 
7, Moshuriv; 8, Maidanetske*; 9, Talianky; 10, Apolianka; 11, 
Kosenivka; 12, Rohy. Podolian upland (5, 13–24); 5, Trostianchyk; 
13, Bernashivka; 14, Hariachkivka 3; 15, Hariachkivka 7; 16, Hari-
achkivka 8; 17, Ternivka; 18, Vilshanka; 19, Zabolotne; 20, Bilyi 

Kamin; 21, Chechelnyk; 22, Viitivka; 23, Kisnytsia; 24, Krynychky-
Ferma. Suceava Plateau; 25, Valeni-Cetatuie. Moldavian plateau (26–
34); 26, Shcherbaky-Cuconesti Vechi; 27, Carbuna 1; 28, Brinzeni 
IV; 29, Ozheve; 30, Rusestii Noi; 31, Stefanesti-Hulboca; 32, Stol-
niceni; 33, Cunicea 1; 34, Cunicea 3, 4. Italics indicate sites from 
the literature, asterix (*) indicates the site with data from our own 
research and from the literature (from Map of the Natural Vegetation 
of Europe, Bohn et al. 2004; graphics by Esther Thelen, IUFG Kiel)
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cattle in the settlement for milk and meat and the rearing 
of pigs which were fed on household waste (Makarewicz 
et al. 2022).

The population agglomeration in the Trypillia mega-sites 
is unique for Europe at this time. They were partly con-
temporary with the Chalcolithic urbanization processes in 
northern Mesopotamia, with settlements of 10–20 ha, for 
example, at Tell Brak (Lawrence and Wilkinson 2015). They 
pre-date the second wave of urbanization in Mesopotamia 
in the Early Bronze Age (EBA, 2600−2000 BCE), which 
saw settlement sizes of 40–120 ha as at Uruk (Akkermans 
and Schwartz 2003, p 186; Müller and Pollock 2016). Their 
exceptional nature raises two questions: (1) How was the 
subsistence economy of these Trypillia mega-sites organised 
to make them sustainable? And (2) What made so many 
people gather or permanently settle in this forest steppe 
region? Our data presented here suggest that the people were 
growing crops and raising livestock all year round and that 
the Trypillia mega-sites can be characterized as rural set-
tlements, although of exceptional size and with a complex, 
communally organised subsistence system, in contrast to 
the urban settlements of Tell Brak and Uruk (Lawrence and 
Wilkinson 2015; Styring et al. 2022).

State of the art for Cucuteni–Trypillia (CTS) 
archaeobotany

CTS sites have been the subject of archaeobotanical study 
since 1930 (see discussions in Pashkevych and Videiko 2006; 
Kirleis and Dal Corso 2016). In earlier analyses, due the focus 
on house structures by the field archaeologists, early data on 
the plant economy came from plants used as temper in daub, 
accidental impressions of plant remains on potsherds and mass 
finds of plant remains in vessel fills. These studies identified 
the main crops as the cereals Triticum monococcum (einkorn), 
T. dicoccum (emmer) and Hordeum vulgare (barley), as well 
as pulses such as Pisum sativum (pea) and Vicia ervilia (bitter 
vetch). Single finds of Triticum aestivum (bread wheat), cf. T. 
spelta (possibly spelt) and Lens culinaris (lentil) broadened 
the crop spectrum. The drawback of plant impressions is that 
they are hard to identify and that their representativeness is 
difficult to judge (An et al. 2019; Endo et al. 2022). Their 
advantage is that they reveal the presence of plants that are 
rarely found in assemblages of charred material, such as ones 
which were eaten raw and soft tissues from leaves (Videiko 
2017). Thus, the gathering of wild fruits from the native wood-
lands is shown by imprints of whole fruits, seeds, pips and 
fruitstones of apple Malus (apple), pear Pyrus (pear), Pru-
nus avium (cherry), P. spinosa (sloe), Cornus mas (cornelian 
cherry), Crataegus (hawthorn), Viburnum lantana (wayfaring 
tree), Sambucus ebulus (dwarf elder), Solanum nigrum (black 
nightshade) and Corylus avellana (hazel), as well as acorns 
of Quercus (oak). Imprints of rather large grape pips indicate 

the use of Vitis vinifera ssp. sylvestris, (wild grape) which is 
native to Ukraine. Further imprints, some of which may need 
critical reassessment, were identified as Prunus armeniaca 
(apricot), P. insititia (damson) and P. cerasifera (cherry plum) 
(Yanushevich 1975, 1978, 1980; Körber-Grohne 1996, pp 181, 
211; Pashkevych and Videiko 2006, p 41; Zohary et al. 2012; 
Gluza 2013).

Archaeobotanical investigation of soil samples from the 
Trypillia sites of Bernashivka, Ozheve, Nebelivka and Talianki 
has recently begun (Kruts et al. 2008, 2009; Pashkevych 2014; 
Chapman et al. 2020), as well as in our own work on Maid-
anetske, where in the 2013 excavations (Müller et al. 2017), 
systematic sampling for archaeobotanical remains covered 
various archaeological contexts, not only house structures, the 
larger of which included mega-structures, but also pits, kilns, 
fireplaces, ditches, occupational layers, levelling layers, topsoil 
and buried soil. The systematic sampling of different archaeo-
logical contexts in the settlements has enabled us to secure 
charred archaeobotanical material, which represents a sound 
basis for evaluating the role of plants in the CTS economy, 
and is complemented by the results from find concentrations 
such as from vessel fills, impressions in potsherds and temper 
in daub. Our archaeobotanical investigations were hampered 
by the fact that archaeologists traditionally concentrated on 
house structures, with masses of often burnt daub from house 
construction, and distribution of artefacts and clay structures 
in situ (for example, Chernovol 2012; Müller et al. 2017; 
Rud et al. 2019). Since the remains of house structures are 
preserved close to the modern land surface, the preservation 
conditions for archaeobotanical assemblages relating to these 
structures are far from ideal and they yield only very few, often 
poorly preserved plant remains, and in some cases analysis is 
further complicated by inclusion of modern charred material 
from the burning of straw and chaff on the fields after the har-
vest. Bucket flotation using sieves of 0.3 mm mesh led to the 
recovery, for the first time at any of the CTS sites, of tiny plant 
remains, such as cereal by-products, weed seeds, fruits and 
tiny awn fragments of Stipa (feather grass). This refinement 
of recovery methods has allowed us to distinguish various dif-
ferent plant-related activities and their spatial organization on 
the site. Stable isotopic analyses of the charred plant remains 
have revealed specific cultivation practices and environmental 
conditions, and thus can hint at climatic variability.

Material, methods and radiocarbon dating

Sampling strategy, taphonomy and sample 
preparation

Archaeobotanical analyses on sites of the CTS have 
increased considerably in the past 10 years in the number of 
investigated sites (Fig. 1; ESM 1, 2). Our desire to research 
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economic questions led us to change our excavation strategy 
to one that concentrated on pits associated with houses, since 
most pits reflect the spatial patterns of the houses within 
the site (Rassmann et al. 2014, p 132) and a combination of 
house and pit (or house pit) is considered to be representa-
tive of a household as a socio-economic unit on a mega-site 
(Müller et al. 2016). Therefore, the finds from these pits, 
which contain secondary fills, should reflect the activities 
of these households, including remains from food process-
ing, preparation and storage. This sampling by house pits 
improves archaeobotanical recovery in particular, as these 
pits, which go deep down into the loess soil substrate, offer 
very good preservation conditions for ancient charred plant 
remains and are usually undisturbed by modern farming. The 
pits turned out to be the best archive for investigation of the 
consumption, production, specialization and hierarchy of the 
socio-economic unit of a household (Dal Corso et al. 2018). 
The relatively high find concentrations compared with other 
archaeological contexts have already been documented, as 
for the sites Maidanetske (Dal Corso and Kirleis in press), 
Bilyi Kamin and Kisnytsia in Ukraine and the site Stolniceni 
in Moldova. The potential of these pits for Trypillia research 
has been described in detail by Terna (2021, pp 42–45, 55), 
who invented “pit archaeology” and interprets “houses as 
snapshots and pits as durable narratives”.

We undertook careful bucket flotation with fine mesh 
sieves of 0.3 mm in order to optimize our chances of recov-
ering even tiny and fragile plant remains (Dal Corso et al. 
2019; Dal Corso and Kirleis in press). We sorted all the plant 
remains with an Olympus SZ51 stereomicroscope at 8–40× 
magnification and identified them with help of the literature, 
such as Bojňanský and Fargošová (2007), and Cappers et al. 
(2012), and the large reference collection of seeds and fruits 
at the Institute for Prehistoric and Protohistoric Archaeol-
ogy in Kiel.

The dataset

Our dataset includes charred plant remains from the 23 sites 
for which we undertaken flotation and analysis, supple-
mented by published data for another 11 sites, in all 34 sites 
(with Maidanetske represented in both categories) (ESM 1). 
We restricted comparisons between sites to the 16 sites with 
more than ten cereal grains each. The remaining 18 sites 
have small plant assemblages, with between zero and five 
cereal grains; some of these are mass finds, often vessel fills, 
of non-cereals such as Pisum. For most sites, we considered 
1–10 features, yielding a total of 1–30 samples. For two 
sites, we considered many more features and samples, as 
from Stolniceni (map site identifier 32) with 289 samples 
from 92 features and Maidanetske (8) with 752 samples from 
162 features (Fig. 1).

Of the 34 sites, seven date to the early phase Cucuteni 
(Cuc.) A, Tryp. A, B1, 4750−4300/4100 BCE) slightly pre-
ceding the mega-sites phenomenon of Trypillia (Tryp.) 
B1/B2, 4300/4100−3900/3800 BCE); 13 belong to the 
middle phase, the mega-site phenomenon (Tryp. B2, C1, 
3900/3800−3650 BCE) and another seven belong to the late 
phase (Tryp. C2, 3650−3000 BCE), with dispersed settle-
ments. The site chronology is intertwined with the geo-
graphical site distribution, which follows a west-east gradi-
ent, with the early sites in the west and the large mega-sites 
(> 100 ha) in the Dnieper upland, in the east.

Overall, we recorded 21,550 charred plant remains from 
the 34 sites, including indeterminates and estimates for 
abundance and ubiquity in data from publications, with 
10,361 seeds and fruits in all. Note that for the sites marked 
with * in ESM 1, the number of finds had to be estimated 
based on the semi-quantitative information available in the 
literature. For three of the sites where flotation was used, the 
Kiel team identified an additional 3,505 mineralized seeds 
and fruits, dominated by a mass find concentration of Che-
nopods from Maidanetske.

Correspondence analysis (CA) was carried out with 
CAPCA v. 3.1 add-in for Microsoft Excel and boxplots 
were created with PAST v. 4.11 (Hammer et al. 2001; Mad-
sen 2016). For CA, we considered all the cereal grains and 
by-products from archaeological sites where more than ten 
cereal grains were recovered.

14C dates on charred plant remains

We directly AMS dated remains of the main crops and some 
other plant taxa retrieved from Cucuteni–Trypillia sites 
(Fig. 2, ESM 3). Direct radiocarbon dating of plant remains 
is important to confirm (or, indeed, disprove) whether they 
are the same date as the archaeological context of recov-
ery, especially if another chronology might be expected (for 
example, Grikpėdis and Motuzaite Matuzeviciute 2018; 
Golea et al. 2023), especially for remains prone to being 
intrusive such as Panicum (millet) grains (Filipović et al. 
2020), as shown by ones from Maidanetske that gave a date 
in the 1st millenium CE (Dal Corso et al. 2022; ESM 3). Con-
versely, 14 C dating of tiny awn fragments of the steppe plant 
Stipa (feather grass) from Maidanetske and Stolniceni ruled 
out that they had moved down from later layers through bio-
turbation (Fig. 2). Single grains of hulled barley from Maid-
anetske were revealed to be recent, but Hordeum vulgare var 
nudum (naked barley) was shown to be contemporary with 
the site (Fig. 2; ESM 3). The hulled wheats Triticum dicoc-
cum (emmer), T. monococcum (einkorn) and T. timopheevii 
(Timopheev’s wheat) and also Pisum sativum (pea), Corylus 
(hazelnut), Chenopodium album (goosefoot) and Sambucus 
ebulus (dwarf elder) were identified from Trypillia. The 14C 
dating programme allowed us to confirm that most of the 
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plant remains are contemporary with the sites where they 
were retrieved and thus contribute to the clarification of the 
site chronologies.

Stable C and N isotopes of cereals and pulses

Paired measurements of the carbon and nitrogen isotopes 
δ13C and δ15N on 96 samples of botanical remains have 
been done for the Trypillia sites Maidanetske, Stolniceni, 
Chechelnyk and Bilyi Kamin, and the later Trypillia C2 
site of Kosenivka (ESM 4). Most of the measurements 
were on single cereal grains (n = 77) of emmer, einkorn, 
naked barley or T. timopheevii, and a further 19 on peas. 
Photographs of all seeds and fruits are stored in the Land-
Man portal of CRC1266, a database of research at Kiel 
university. For stable carbon isotope analyses on plants, 
the fractionation during photosynthesis has to be consid-
ered to allow for comparison between data from different 
sites. We calculated the degree of 13C fractionation, as 
expressed in Δ13C values, based on an atmospheric δ13C 
value of 6.38‰ for the time of Trypillia (Ferrio et al. 
2005). Due to the low and inconsistently reported influence 
of charring, no δ13C corrections were made. δ15N results 
were moderately corrected (− 0.5‰) for comparisons with 

uncharred material (Poole et al. 2002; Heaton et al. 2009; 
Fraser et al. 2013; Nitsch et al. 2015; Philippsen et al. 
2019). Unless otherwise stated, δ15N values in the text and 
figures represent adjusted values.

Fourier-transform infrared (FTIR) spectroscopy pre-
treatment on selected finds (two peas and 13 cereal grains) 
was carried out at the Archaeological Stable Isotope Labo-
ratory in Kiel. The pulses revealed no probable trace of 
contamination. The cereal grains showed the presence of 
carbonates and were therefore processed for stable iso-
tope measurements following Vaiglova et al. (2014), at 
the Department of Earth and Environmental Sciences 
of the Katholieke Universiteit Leuven, Belgium. The 
charred plant material was analysed for stable isotopes 
through combustion using an elemental analyser (Thermo 
Flash HT/EA or EA 1110) coupled to an IRMS system 
(Thermo Delta V Advantage) via a Conflo IV interface 
from Thermo with the isotope standards IAEA600 (δ13C 
− 27.77, δ15N 1‰), Tuna (δ13C − 18.72‰, δ15N 13.77‰) 
and Leucine (δ13C − 13.73‰, δ15N 1.07‰). The standard 
deviations on measured isotope values are typically below 
0.1‰. Isotope δ values are expressed relative to the inter-
national Vienna PeeDee Belemnite (VPDB) standard for 
13C and AIR for 15N.

Fig. 2  Radiocarbon dates calibrated using the Intcal20 (Reimer et al. 
2020) calibration curve and Oxcal v. 4.4, function R_Date (Bronk 
Ramsey 2009). Bars indicate 95.4% probability intervals, plus sym-
bols indicate median ages. The samples come from the Tryp. B1 
site of Chyzhivka (CHI); the Tryp. B2/C1 sites Stolniceni (STO), 

Chechelnyk (CHE) and Bilyi Kamin (BiK); the Tryp. C1 site Maid-
anetske (MAID); and the Tryp. C2 sites Kosenivka (KOS) and Cuni-
cea (CUN). Sample taxonomic abbreviations: n-barley, naked barley; 
ngw, new glume wheat syn. Triticum timopheevii; Chenopod, goose-
foot; d-elder, dwarf elder (graphic by Carsten Reckweg, IUFG Kiel)
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Results and discussion

Trypillia mega‑sites as drivers for the expansion 
of grasslands

The forest steppe ecotone, a transitional zone that is par-
ticularly sensitive to alteration, has archaeological traces 
of human impact going back to the Palaeolithic and con-
tinuing into the Mesolithic and Neolithic, which intensified 
considerably in the Chalcolithic, with the establishment 
of the Trypillia mega-sites (Dreibrodt et al. 2020, Table 2; 
Saile 2020). The charcoal record, as well as wood imprints 
in daub used in house construction, prove the existence of 
patches of deciduous woodland in the vicinity of the CTS 
sites, showing the use of ash and oak in particular, from the 
riverside woodlands and from forest stands on the slopes 
and plateaus (Dal Corso et al. 2019). Studies of the soils at 
Maidanetske have revealed that the site was established on 
cambisol formed under woodland which was converted into 
chernozem (black soil) during occupation of the site. The 
cultivation methods of the Trypillia farmers stimulated the 
formation of this dark steppe soil by encouraging the digging 
and casting activity of anecic earthworms at Maidanetske 
and began the formation of the modern cultivated steppe 
landscape (Dreibrodt et al. 2022).

This steppe formation is confirmed by the macrobotani-
cal record of charred Stipa (feather grass) awns from the 
CTS sites, the percentages of which can be used as proxy 
evidence for steppe expansion, and Stipa percentages 
increase steadily from the earliest to the latest Trypillia 
stage, C2 (Fig. 3). Although the recovery of Stipa remains 
is better when using bucket flotation with fine 0.3 mm 
sieves, inadequate recovery methods are not the only rea-
son why it may be absent from the assemblage from a 
particular site. The areas where it occurs seem to correlate 
with closeness to the southern steppe region (Fig. 4). The 
fact that the awns are charred may indicate management of 
open grasslands with fire in order to expand land available 
for arable fields or pasture, as is known from ethnographic 
sources (Boivin and Crowther 2021).

General overview of the Trypillia plant 
economy

The plant economy of the Cucuteni–Trypillia sites was, 
in general, mainly based on cereals, pulses and gathered 
plants (Fig. 4; ESM 1), see overviews in Pashkevych and 
Videiko (2006) and Kirleis and Dal Corso (2016).

The main plant components in the diet of the Tryp-
illia people were cereals (Fig. 5a, b). Emmer dominates 

in our results and is followed in numerical importance 
by barley. For some barley grains, the analyst was able 
to distinguish between Hordeum vulgare var nudum free-
threshing barley and H. vulgare var vulgare (hulled bar-
ley), thus providing confirmation that both varieties were 
present in the assemblages. However, 14C dating indicates 
that the hulled barley grains, which were present as iso-
lated finds, are modern intrusions. Triticum monococ-
cum (einkorn) is the second most important hulled wheat 
species and T. timopheevii (Fig. 6) was also part of the 
Trypillia cereal spectrum, possibly grown as a mixed crop 
together with einkorn and/or emmer. The first identifica-
tion of T. timopheevii for a Trypillia context came from 
the Stolniceni site, and single glume bases have since been 
identified from the Tryp. B1/B2 sites Hariachkivka 7 and 
8 (Filipović et al. in review).

Remains of chaff from cereal processing have also been 
identified, almost exclusively of hulled wheat, with the 
glume bases mainly deposited in the pits accompanying the 
houses. The cereal by-products which could be identified to 
genus or species were mainly einkorn followed by emmer. 
The cereal grains showed the opposite ratio. However, 
because the proportion of unidentifiable threshing remains is 
very high at 51%, we need to consider the possibility that the 
overall proportions of the threshing remains may be closer to 
those of the grains themselves. Barley rachis fragments are 
almost completely absent, presumably because hulled wheat 
and free-threshing barley were treated differently after har-
vesting. The early processing steps for barley, which would 

Fig. 3  Boxplot diagram showing charred Stipa (feather grass) awn 
fragments from the 17 sites as a proportion of all charred finds per 
site. Site numbers as in Fig. 1. (graphic by Carsten Reckweg, IUFG 
Kiel)
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have resulted in the removal of the rachis segments, probably 
occurred outside the settlement, possibly near the cornfields, 
as is common practice for all the free-threshing cereals (Hill-
man 1981; van der Veen and Jones 2006). Therefore, the 
barley would have been free of rachis fragments by the time 
it was stored in the settlement. In contrast, the early process-
ing steps for hulled wheats resulted in the grains remaining 

protected by the glumes. Thus, the hulled wheats were most 
probably stored still articulated in their spikelets. Based on 
the waste from the pits, we think that de-husking of hulled 
wheats took place within the settlement, possibly on a day-
to-day basis in each household and probably to some extent 
as a collective activity in the mega-structures as at Stolniceni 
and Kisnytsia.

Fig. 4  Charred macroremains 
from Trypillia organized 
into plant groups for the 16 
sites with > 10 cereal grains. 
Site dates are shown by 
triangle, Early Tryp. (A-B1) 
(4750−4300/4100 BCE); 
starburst circles, Middle Tryp. 
preceding mega-sites (B1/
B2, 4300/4100−3900/3800 
BCE); solid dots, Middle 
Tryp. with mega-sites (B2, 
C1, 3900/3800−3650 BCE); 
diamonds, Late Tryp. (C2, 
3650−3000 BCE). Site names 
and numbers as in Fig. 1 and 
ESM 1 (graphic by Esther 
Thelen, IUFG Kiel)

Fig. 5  Pie diagram showing 
percentage representation at 
Trypillia sites of  a, cereal 
grains (n = 2,935 for all 34 
sites); b, cereal by-products 
(n = 5,016 for all 34 sites). 
(Graphic by Carsten Reckweg, 
IUFG Kiel)
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For the CTS, the charred mass finds of pulses from ves-
sel fills from Carbuna 1 (Vicia ervilia, bitter vetch, Tryp. 
A) and Valeni-Cetatuie (Pisum, pea Cuc. B1/Tryp. C1), 
both Romania, and Maidanetske (Pisum, Tryp. C1), indi-
cate that pulses were part of the diet (ESM 1). However, 
most archaeobotanists believe that pulses are, in general, 
under-represented in samples obtained through systematic 
sampling (Fig. 4), because some of them can be consumed 
green, while others are processed for food preparation by 
removal of the seed coat and leaching without using fire 
and they may also be used to feed livestock (Filatova 2020). 
Thus, they do not necessarily contribute to charred plant 
assemblages from the economic unit of a household. From 
the Neolithic in south-eastern Europe, for example, the type 
of storage facility used is known to influence the survival 
of remains of certain plants in the archaeobotanical record 
(Filipović et al. 2018). The fact that the CTS pulses were 
stored in small pots fits with ethnographic observations, for 
example from Iberia. It may reflect cultivation of pulses in 
small, garden-like areas resulting in low yields. It is also 
possible that pulses were stored in containers made of per-
ishable materials (Tarongi et al. 2020). Our stable isotope 
results such as those for Maidanetske, for example, show 
that small-scale legume cultivation is likely to have involved 
intensive cultivation strategies, with the addition of animal 
manure, as described below.

Perspective on the Trypillia plant economy 
through time

Overall, we see the usual Late Neolithic crop spectrum at 
the CTS sites, consisting of hulled wheat and barley, with a 
noteworthy component of Triticum timopheevii at the Stol-
niceni site. Despite the development of society shown by the 
transition from dispersed to agglomerated populations and 
back again, the spectrum of cereals cultivated by CTS people 
remains, overall, quite conservative.

When we look at individual sites, we see that the record 
is more heterogeneous in terms of the relative amounts of 
different cereals, although we cannot exclude the possibility 

that this picture has been influenced by formation processes 
of the archaeological record, sampling strategies and extrac-
tion methods applied (taphonomy). The records of the indi-
vidual sites (Fig. 7a, b) show that emmer is a strong crop 
component at the mega-sites of Maidanetske (site 8), Nebe-
livka (4) and Kosenivka (11), the latter being a site of 80 ha 
at the transition to Tryp. C2. The importance of emmer in 
times of population agglomeration may relate to its yield, 
which is much higher per plant and unit area than that of 
einkorn, making it possible to feed many people (Miedaner 
and Longin 2017, pp 26–27; Kreuz 2012, p 56). Looking 
into the records through time, we see that after the col-
lapse of the mega-sites, when a dispersed settlement system 
was established einkorn increased, while barley decreased 
(Figs. 8 and 9). The decrease is particularly evident at the 
Tryp. C2 site of Kisnytsia (23; Fig. 7a, b) in both grains and 
by-products, although einkorn was important as well at the 
earlier Tryp. B1/B2 site of Ternivka (17; Fig. 7a) and the 
early Trypillia site of Bernashivka (13; Fig. 7a). It remains 
to be seen whether this development is an indication of 
changes in culinary practices, a change in storage techniques 
or re-organization of society into dispersed settlements. The 
fact that einkorn was valued in the later Trypillia dispersed 
settlements (Tryp. C2) may be due to its tough stalks being 
increasingly used for binding or thatching. Moreover, being 
a robust plant, it could have ensured the yield in mixed crop-
ping. Growing einkorn with emmer helps the emmer stalks 
stay upright under conditions of heavy rain (Kreuz 2012, p 
56).

Spatial perspective on the Trypillia plant economy

Mega-sites exceeding 100 ha are restricted to the Dnieper 
upland, where the plant economy shows a correlation with 
the occurrence of hulled wheats, but not with barley. This 
spatial pattern in crop preferences is deeply intertwined 
with the chronological change with decreasing amounts of 
barley over time (Fig. 10). At the level of the individual 
settlements, however, a more diverse and complex picture 
emerges (Fig. 7a, b), but it is difficult to know whether this 

Fig. 6  Charred spikelet forks of 
Triticum timopheevii from the 
mega-site (Feature 21,009, find 
ID 211,366) from Stolniceni, 
Moldova; scale bars, 1 mm 
(photos by Agnes Heitmann and 
Wiebke Kirleis, IUFG Kiel)
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site-specific diversity in crop spectra is due to cultural pref-
erences, the growing requirements of the crops, or sampling 
bias. The diversity seen in the genetic makeup of individual 
CTS human remains (Mathieson et al. 2018; Immel et al. 
2020) indicates that the populations at these sites included 
people with a number of different geographical origins, 
which may have been expressed as specific culinary tradi-
tions. In a geographical sense, we see a tendency for the 
earlier western sites of Bernashivka (site 13), Shcherbaky 
(26) and Ozheve (29) to show diverse cereal assemblages, 
with barley and the hulled wheats emmer and einkorn. We 

see a similar tendency at the early ring-shaped settlements of 
Hariachkivka 7, 8 (15, 16) and Ternivka (17), in the Podo-
lian upland (4300−4000 BCE, Rud et al. 2022), and in the 
Tryp. B2 and B2/C1 sites spanning the period 4000−3800 
BCE (Nebelivka (4), Trostianchyk (5), Bilyi Kamin (20), Stol-
niceni (32) and Brinzeni IV (28). All of these sites show 
quite diverse crop assemblages, with emmer, einkorn, Triti-
cum timopheevii and barley. At Maidanetske (8), with its 
more than 150 years of occupation, the population peak in 
phase 3 is expressed through a high abundance of emmer 
finds, which clearly dominate the record.

Fig. 7  Pie diagrams showing numbers of remains from the 16 sites 
with > 10 cereal grains; A, cereal grains; B, cereal by-products. Open 
circles, sites with > 10 cereal grains with no by-products recorded; 
triangles, Early Tryp. (A-B1) (4750−4300/4100 BCE; starburst circle, 
Middle Tryp. preceding mega-sites (B1/B2, 4300/4100−3900/3800 

BCE); solid circles, Middle Tryp. with mega-sites (B2, C1, 
3900/3800−3650 BCE); diamonds, Late Tryp. (C2, 3650−3000 BCE). 
Site names and numbers as in Fig. 1 and ESM 1 (graphic by Esther 
Thelen, IUFG Kiel)

Fig. 8  Bar diagram showing 
absolute numbers and pro-
portions of cereal grains per 
phase (n = 2,935 for all 34 sites 
combined) (graphic by Carsten 
Reckweg, IUFG Kiel)
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The data for the west-central Trypillia A and B1 sites Ber-
nashivka (13), Shcherbaky (26) and Ozheve (29), as well as 
for the later sites Brinzeni IV (28), Nebelivka (4), Chechel-
nyk (21) and Kosenivka (11), come from publications of 
investigations that often predate systematic archaeobotanical 
sampling and fine-mesh sieving. That is why all three data-
sets are dominated by a relatively large abundance of cereal 
grains and include hardly any other plant groups (Fig. 4). 
In contrast, in sites where “pit archaeology” was applied, 
cereal processing by-products occur in massive quantities, 
together with tiny amounts of remains from gathered plants 
(here mainly chenopods), independently of the number of 
samples analysed. The rich plant assemblages from the 
Trypillia sites (Fig. 4) thus reflect recent methodological 
progress. There are two exceptions that are not as diverse, 
the assemblages from the mega-site of Maidanetske (site 8; 

Dal Corso and Kirleis in press), with its low proportions of 
cereal by-products and massive indication for chenopods as 
a gathered plant, and the site of Bilyi Kamin (20; Rud et al. 
2019), with its record dominated by cereal grains. For Maid-
anetske, however, where many archaeological contexts were 
sampled, the picture changes when only the pits are consid-
ered. From the pits, cereal grains and remains of threshing 
residue are almost equal in number, with a slightly higher 
number of grains. The presence of cereal threshing remains 
at Maidanetske (8) is further proven through phytolith analy-
ses on deposits from pits and temper in daub (Dal Corso 
et al. 2019, Fig. 6). The over-representation of cereal grains 
at Bilyi Kamin can most easily be explained by the fact that 
barley dominates the cereal spectrum (Fig. 7a) and it is com-
monly stored as grain only. Environmental constraints on the 
choice of different crops seem a less likely explanation if we 

Fig. 9  Absolute numbers and 
proportions of cereal by-prod-
ucts per phase (n = 5016 for all 
34 sites combined) (graphic by 
Carsten Reckweg, IUFG Kiel)

Fig. 10  Correspondence 
analysis of cereal grain and by-
products data. from sites with 
> 10 grains; axis 1, eigenvalues 
8, explanation 32%; axis 2 
eigenvalues 6, explanation 26%; 
combination of variables (grains 
and by-products) and objects 
(archaeological sites on an east-
west transect); option “Auto-
matic weighting of objects”. 
GB, glume base; RS, rachis 
segment (graphic by Carsten 
Reckweg, IUFG Kiel)
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consider that among the crops from neighbouring sites such 
as Bilyi Kamin (20), barley dominates, while at Chechelnyk 
(21), emmer dominates. The latter, however, is a mass find 
from a vessel fill (Pashkevych and Kosakivskyi 1991) and 
is therefore to be regarded as exceptional.

Stable nitrogen and carbon isotopes in cereals 
and pulses

In a forest steppe ecotone, where there are no natural depos-
its to provide a well dated climate reconstruction, it is dif-
ficult to draw conclusions about past cultivation conditions. 
Plant remains from archaeological excavations can help 
here, in that measurements of their stable carbon isotopes 
provide information about the hydrology of the soil and can 
thus provide clues about the past climate. For the CTS sites 
overall, and for each individual site, the Δ13C values and 
means of emmer grains (min. 15.3-mean 17.1-max. 18.5‰) 
and einkorn (15.9–17.4–19.9‰) are in the same range. The 
higher 13C depletion seen in barley (17.6–18.7–20.0‰; 
Fig. 11; ESM 4) can most easily be explained by its higher 
efficiency of water use (Ferrio et al. 2005). The 1.5‰ higher 
13 C depletion in naked barley matches that from cultivation 
experiments with it (Kanstrup et al. 2011). The Δ13C values 
from CTS plant remains indicate damp climatic conditions 
during filling of the cereal ears, which probably occurred 
in late spring to midsummer, a timing that matches that of 
modern-day naked barley, and they fall within the range 
of well-watered cereals (Flohr et al. 2011). The Δ13C of 
the peas (17.1–18.5–19.6‰) also seems to reflect good 
water availability, as it is comparable to that of pulses from 

well-irrigated fields (Wallace et al. 2013). However, such 
comparisons with results from the arid environments of 
southwest Asia should be taken with a degree of caution, 
but may help to overcome the lack of a local Δ13C baseline. 
The Δ13C range of the peas is almost identical to that of bar-
ley, an observation already reported by Mora-González et al. 
(2019), and is indicative of a comparably good water use 
efficiency of Pisum sativum or a good water supply, possibly 
relating to the high water storage capacity of the humus-rich 
soils. So far there is no sign that the fields were irrigated. 
A canopy effect can most likely be ruled out as a reason 
for the Δ13C values of the CTS plant remains, as they were 
cultivated in close connection to the settlements and situated 
in a very open forest steppe. Even within the settlements 
there was sufficient open land for growing crops, as shown 
by the occurrence of certain snail species, as at Maidanetske 
(Schlütz et al. in press).

We can use the stable carbon values not only to under-
stand the growing conditions of individual plants, but also to 
reconstruct the climate as it relates to CTS sites. The Δ13C 
values for all taxa suggest that farming was not affected by 
harsh droughts, and those from cereal grains and peas indi-
cate a natural hydrological regime that was fully suitable for 
crop cultivation.

We can use the stable nitrogen isotope values to under-
stand the cultivation methods. The δ15N values of plants 
show the availability of nitrogen in the soil and atmos-
phere for the production of plant biomass. The δ15N val-
ues of the CTS cereal grains cover a quite wide spectrum. 
For the hulled wheats, values corrected for charring range 
between 3.1 and 11.3‰ (emmer 3.4–7.6–11.3‰; einkorn 

Fig. 11  Stable isotope values of cereals and peas from Trypillia 
mega-sites, going from west to east. A Δ13C; B δ15N corrected for 
charring. The sites are Stolniceni (32), Chechelnyk (21), Bilyi Kamin 
(20), Maidanetske (8) and Kosenivka (11). Diamonds, Triticum dico-

ccum; squares, T. monococcum; crosses, T. timopheevii (NGW); tri-
angles, H. nudum; circles, Pisum sativum. Details in ESM 4 and the 
CRC1266 LandMan portal at Kiel university



 Vegetation History and Archaeobotany

1 3

3.1–7.9–10.4‰; and T. timopheevii 3.24‰), while for 
naked barley, the range is narrower (6.1–7.3–7.9‰).

All of the mean values are above the 6‰ threshold 
argued by Bogaard et al. (2013) to indicate manuring and 
thus would indicate high manuring intensity. The mini-
mum values are below this threshold and would indicate 
low manuring intensity. However, due to the isotope results 
from local palaeosoils described in Dreibrodt et al. (2022), 
we argue for the need to investigate whether the fertile 
soils in the CTS area have naturally higher stable nitro-
gen baseline values, in which case higher threshold val-
ues for manuring would need to be established. Also, the 
two soils that predate agriculture (Dreibrodt et al. 2022) 
show δ15N values of around 7‰, as known from natural 
loess soils in the Carpathian basin (Pötter et al. 2021). 
Nevertheless, the difference between δ15N in the soil and 
in plants is influenced by several factors and is difficult to 
estimate without local cultivation experiments. However, 
establishing a local geological map of isotope distribution 
(isoscape) and seasonal baseline is beyond the scope of 
this paper. The δ15N values of the three peas (Pisum sati-
vum) from Stolniceni are low (0.7–1.1–1.7‰), while those 
of the 16 examples from the Maidanetske vessel fill (8) are 
significantly higher (2.8–5.6–7.0‰). Since pulses, includ-
ing pea, meet their nitrogen requirements by fixing it from 
the air with symbiotic bacteria (atmosphere δ15N=0‰), 
manuring barely increases the δ15N in their tissues. Under 
the same manuring practice, pulse δ15N values can be 
more than 5‰ lower than those of cereal grains (Fraser 
et al. 2011). Therefore, even low pulse values of about 1‰ 
δ15N can indicate manuring (Nitsch et al. 2015). The high-
est values reported for modern pulses are 3–5‰ δ15N for 
Vicia faba (broad bean) grown on “dung soils” in Greece 
(Fraser et al. 2011). Such soils are a labour-intensive, spe-
cific type of anthrosol (soil resulting from human activ-
ity) that develops under long-term manuring and is often 
associated with dwellings and/or stables. Beans grown on 
a mixture of sheep dung and decomposed leaf litter during 
a short-term cultivation experiment showed δ15N values of 
3‰ maximum for individual beans (Treasure et al. 2016). 
As the example of Maidanetske shows, the fertiliser avail-
able in the large settlements probably consisted of dung 
from cattle and pigs that may have been kept in the central 
square of the settlement (Makarewicz et al. 2022). Human 
faeces and household waste were also available as possible 
fertiliser for garden-like cultivated areas within the settle-
ment. Against this background, it seems quite plausible 
that the peas and possibly some of the cereals retrieved 
from Maidanetske were grown in such small garden-like 
areas within the settlement or nearby, with intensive use 
of labour and manuring resembling that described for 
the formation of terra preta (Amazonian dark earth) and 
anthropogenic dark earth (Glaser et al. 2001; Wiedner 

et al. 2015). However, archaeologists have not yet identi-
fied garden or field structures at Trypillia sites.

Overall, the CTS δ15N values provide proof of crop 
cultivation on nutrient-rich soils within the settlement, 
probably created with the aid of targeted application of 
animal dung. Many different arable practices were used, 
combining extensive cereal cultivation outside the set-
tlement on arable plots requiring relatively little labour 
investment, either close to or further away from the settle-
ment, but within walking or sledge distance, and within 
the settlement, intensive gardening of legumes with gener-
ous manuring. Depending on the number of people to be 
fed, there might have been differences between the sites. 
For instance, for the mega-site of Maidanetske (200 ha) 
the δ15N of emmer grains is above 6‰ and of peas mostly 
above 4‰, while for the smaller site of Stolniceni (80 ha), 
half of the emmer δ15N was below 6‰ and peas even 
below 2‰.

Urban or rural? Characterising Trypillia mega‑sites

The Chalcolithic Trypillia mega-sites seem to have been 
somewhere between farming and urban communities 
(Ohlrau 2022), with the extraordinary urban scale of their 
population agglomeration affecting both their subsistence 
economy and environment. A comparison of these sites with 
Neolithic to Bronze or Iron Age urban sites in Mesopotamia, 
the Aegean and southwestern Germany indicates that both 
the density and the scale of occupation shaped the agricul-
tural and ecological course of development of these early 
cities. In terms of agricultural strategies, high density urban 
settlement in northern Mesopotamia and the Aegean entailed 
an extensification going along with a radical increase in land 
use, while low-density urbanism in south-western Germany 
allowed for more intensive management of arable land (Sty-
ring et al. 2022). However, both strategies, sometimes inter-
twined, are known to have been practiced in urban contexts 
continuously up to early modern times. Often, the hinterland 
served to provide economic support for feeding the large 
population, and farming in this hinterland was supplemented 
by small-scale growing within the urban space (for exam-
ple, Fischer 2021, pp 115–126). Ever since populations have 
gathered in large agglomerations, urban sites have developed 
various solutions for producing plant foods. For the Tryp-
illia mega-sites, we have been able to reveal that a broad 
spectrum of agricultural practices was the foundation for a 
complex and sustainable subsistence economy, which ranged 
from intensive labour investment in crop growing and animal 
husbandry partly within the site, and extensive crop growing 
and animal herding outside it. On this basis, we can define 
the Trypillia mega-sites as early urban sites that were deeply 
rooted in complex rural arrangements.
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Conclusions

After decades in which knowledge of plant use at 
Cucuteni–Trypillia sites was mainly based on plant 
impressions on pottery and opportunistic finds of ves-
sel fills, the state of research on the CTS plant economy 
has been significantly improved by ten years of intensive 
archaeobotanical investigations using a systematic sam-
pling strategy, the shift to “pit archaeology”, and with 
bucket flotation using fine sieves. These measures have 
expanded archaeobotanical recovery to include cereal pro-
cessing by-products, weeds and steppe components, in the 
form of Stipa (feather grass) awns. We choose to remain 
critical when making statements here about the economy 
of CTS sites, because of the heterogeneity of the archaeo-
botanical datasets. The data come from two sites that were 
intensively and systematically studied, others where up to 
ten 10 features were systematically studied, and still others 
with only incidental finds of vessel fills. Bearing this cau-
tion in mind, we are now in a position to provide a solid 
overview of the plant component of the CTS economy, and 
by including data on stable isotopes in plants, we are able 
to characterize the economic basis and palaeoecology of 
these mega-sites.

The CTS archaeobotanical record allows us to recon-
struct the diachronic development of cultivation in the for-
est steppe ecotone of this part of eastern Europe. Agricul-
tural expansion started with the growing of barley, emmer 
and einkorn together with some Triticum timopheevii at 
the pre-mega-site stage of the CTS (4750−4300/4100 
BCE; then there were changes towards consolidation of 
the diverse cereal spectrum, including intensive emmer 
and pulse cultivation, during the time of the mega-sites 
(3900/3800−3650 BCE), and finally, more einkorn and less 
barley in the late Trypillia dispersed sites (3650−3000 
BCE). The most striking transformation in the crop spec-
trum is observed after the collapse of the mega-sites, when 
a social re-organization into dispersed settlements took 
place, although altogether the composition of the cereal 
assemblage remains conservative.

The farming and land use of the population agglom-
erations in the Trypillia sites in the forest steppe ecotone 
left its effects there and started the establishment of the 
present-day cultural steppe of this region. Cultivation 
practices promoted increased earthworm activity and 
encouraged the spread of Stipa and its burning, as shown 
by numerous charred awns dispersed in the deposits, may 
have been part of a grassland management system to main-
tain an open landscape in CTS times. From an archaeo-
botanical point of view, the Trypillia mega-sites can be 
characterized as a phenomenon that brought together 
diverse traditions of farming, society and culture with 

opportunities for knowledge transfer between what had 
previously been smaller communities that would have ben-
efited from this convergence. CTS crops were cultivated 
on a large scale, on nutrient rich soils within a distance 
that could be reached by sledge from the settlement, and 
intensively, in garden-like areas within the settlement, 
in particular the latter with targeted use of animal dung. 
Intensive practices of growing crops were supplemented 
by less labour intensive growing of emmer, the latter par-
ticularly at the western mega-sites. The organization of 
labour at Trypillia mega-sites for access to land within 
and outside the settlements seems to have been done com-
munally, negotiated between the individual households. 
In addition, we can assume that communal activities 
involved several households for integrative practices such 
as cereal processing. Crop growing by households would 
have needed agreement between them, perhaps negoti-
ated within the built environment of the mega-structures 
that are interpreted as possible assembly halls. Collective 
cereal processing thus promoted social coherence. Overall, 
crop production at the Trypillia mega-sites was sustained 
by a complex subsistence regime in which crop cultivation 
and animal husbandry were deeply intertwined.
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