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Abstract
Zohary and Hopf coined the term ‘founder crops’ to refer to a specific group of eight plants, namely three cereals (einkorn, 
emmer and barley), four legumes (lentil, pea, bitter vetch and chickpea), and a fibre/oil crop (flax), that founded early 
Neolithic agriculture in southwest Asia. Zohary considered these taxa as the first cultivated and domesticated species, as 
well as those that agricultural communities exploited and eventually spread to Europe and other regions. As a result, these 
eight species soon become the hallmark of the Neolithic plant-based subsistence. However, the ‘founder crops’ concept was 
defined at the end of the 1980s, when the development of agriculture was considered a rapid event, and therefore, terms 
like domestication, agriculture and plant cultivation were used interchangeably in the literature. The aim of this paper is 
thus to revisit concept of the ‘Neolithic founder crops’. Through a critical review of the archaeobotanical evidence gathered 
in the last 40 years, we evaluate the relative contribution of the ‘eight founder crop’ species to the plant-based subsistence 
across different periods of the southwest Asian Neolithic. We conclude that multiple groups of ‘founder’ species could be 
defined depending on whether one seeks to represent the most exploited plants of the Neolithic period, the first cultivated 
and domesticated crops, or the species that agricultural communities cultivated and eventually spread to Europe. Improved 
understanding of Neolithic plant-based subsistence in general, and agriculture in particular, will be attained by moving 
beyond conventional narratives and exploring the evolutionary history of plants other than the original ‘founder’ species.
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Introduction

The ‘founder crops’ concept was introduced by Zohary and 
Hopf in their pioneering book, Domestication of Plants in 
the Old World, to designate the plants that founded early 
Neolithic agriculture during the Pre-Pottery Neolithic B 

period in southwest Asia (Zohary and Hopf 1988, pp. 1–2, 
Table 1). In the conclusion section of this book they write:

“The crops of early Neolithic agriculture in southwest 
Asia are fairly well recognised. The most numerous 
vegetable remains in early farming villages come 
from three cereals: emmer wheat (Triticum turgidum 
subsp. dicoccum), einkorn wheat (T. monococcum 
subsp. monococcum), and barley (Hordeum vulgare) 
[...] Several grain legumes appear as constant com-
panions of the cereals. The most frequent pulses in 
the early Neolithic southwest Asian context are lentil 
(Lens culinaris) and pea (Pisum sativum). Two more 
local legume crops are bitter vetch (Vicia ervilia) and 
chickpea (Cicer arietinum) [...] Probably all four leg-
umes were cultivated somewhat earlier, either together 
with wheats and barley or soon after the domestica-
tion of those cereals. Finally, flax (Linum usitatis-
simum) belongs to the Near East group of founder 
crops” (Zohary and Hopf 1988, pp. 207–208 as well 
as Zohary et al. 2012, pp. 1–2).
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Shortly after, in another publication, Zohary (1989) linked 
these eight species (Table 1) with the earliest cultivars, 
domesticated crops, as well as the first plants that were trans-
located and initiated agriculture in other regions. He wrote:

“(a) Three cereal crops: emmer wheat Triticum turgi-
dum subsp. dicoccum, barley Hordeum vulgare, and 
einkorn wheat Triticum monoccoccum (in this order 
of importance) were the principal founder crops of 
Neolithic agriculture in this part of the world. Defi-
nite signs of their cultivation first appear in Southwest 
Asia (the Near East) in the 8th and 7th millennia BC.
(b) The domestication of these cereals went hand in 
hand with the introduction into cultivation of five 
companion plants: pea Pisum sativum, lentil Lens 
culinaris, chickpea Cicer arietinum, bitter vetch Vicia 
ervilia and flax Linum usitatissimum, all of which were 
very probably domesticated simultaneously with wheat 
and barley, or taken into cultivation just a short time 
later.
(c) The subsequent expansion of Neolithic agriculture 
to Europe, Central Asia and the Nile Valley was based 
on this same crop assemblage. The same crops that 
started food production in the Near Eastern ‘nuclear 
area’ also initiated agriculture in these vast territories” 
(Zohary 1989, p. 358; see also Zohary 1996).

In the 1990s and early 2000s the concept of the Neolithic 
founder crops was used to explain the origins of agriculture 
in southwest Asia and to justify the ‘core-area hypothesis’ 
for plant domestication (Lev-Yadun et al. 2000; Gopher et al. 
2001; Abbo et al. 2010, 2012). According to this view, the 
eight Neolithic founder crops were selected and domesti-
cated once, in a rapid event that took place in a single region 
or ‘core area’ located in southeast Turkey, as suggested pri-
marily by some genetic studies (e.g. Ladizinsky and Adler 
1976; Heun et al. 1997; Mori et al. 2003; Özkan et al. 2005; 
Luo et al. 2007). From here, domesticated or semi-domesti-
cated plants (and consequently agriculture) radiated to other 
regions (Abbo et al. 2006; Kilian et al. 2007; Özkan et al. 
2011). As such, these eight species were soon equated with 
the earliest (wild) cultivars (i.e. the species that “initiated 

food production” in southwest Asia as indicated by Zohary 
1989, 1996), the species that were first domesticated, as well 
as the crops that fully-fledged Neolithic agricultural econo-
mies exploited and eventually spread to other regions (see 
Table 2, and also Lev-Yadun et al. 2000; Gopher et al. 2001; 
Abbo et al. 2005; Abbo and Gopher 2020).

However, archaeobotanical advances in the last dec-
ades have made clear that to fully understand the origins 
and development of food production in southwest Asia, 
it is necessary to separate biological processes like plant 
domestication from management practices like plant cultiva-
tion and socio-economic systems like agriculture (see Har-
ris 1996; Fuller 2007; Harris and Fuller 2014; Fuller et al. 
2018). Plant domestication makes reference to a biological 
phenomenon, represented by a series of phenotypic changes 
that result from the adaptation of the plants to human-made 
habitats (Fuller 2007; Harris and Fuller 2014; Fuller et al. 
2018). In accordance with previous definitions, domestica-
tion and cultivation are related as cause and effect (Harris 
and Fuller 2014, p. 105). In our view, plant cultivation (i.e. 
sowing) would represent one of the many plant manage-
ment practices that could have taken place in the past, and 
it would essentially make reference to an economic activity 
(see Table 3). Agriculture instead represents the end result of 
the combination of plant cultivation and domestication (Har-
ris and Fuller 2014; Fuller et al. 2018). It makes reference 
to a new subsistence strategy or way of life (Table 3), and it 
was the ultimate consequence of a long-term or protracted 
process that initiated (necessarily) with the management of 
morphologically wild species (i.e. pre-domestication culti-
vation), and which brought significant transformations in 
human economy and society, as well as impacts in the sur-
rounding environment (see Harris 1996; Harris and Fuller 
2014; Fuller et al. 2018). Overall, the fact that the ‘founder 
crops’ concept was defined at the end of the 1980s, when 
the ‘core-area/ short gestation’ model for the development 
of agriculture was the main explanatory model and terms 
such as plant cultivation, domestication and agriculture were 
used interchangeably in the literature, means that we have to 
revisit its meaning in the light of the key scientific advances 
made in the last decades.

Table 1  The eight founder crops 
and their wild progenitors as 
originally indicated by Zohary 
and Hopf (1988, see also 
Zohary et al. 2012)

Common name Domesticated crop Wild progenitor

Einkorn wheat Triticum monococcum ssp. monococcum T. monococcum ssp. boeoticum
Emmer wheat Triticum turgidum ssp. dicoccum T. turgidum ssp. dicoccoides
Barley Hordeum vulgare ssp. distichum H. vulgare ssp. spontaneum
Lentil Lens culinaris Lens orientalis
Pea Pisum sativum Pisum humile
Chickpea Cicer arietinum Cicer reticulatum
Bitter vetch Vicia ervilia Vicia ervilia
Flax Linum usitatissimum Linum bienne
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Thus, the general aim of this paper is to revaluate the 
meaning of the ‘founder crops’ concept. In particular, we 
seek an answer for a number of key questions like: What 
does this concept exactly refer to? Do these eight crops 
represent the ‘most numerous vegetable remains at early 
farming sites’ as originally claimed by Zohary and Hopf? 
Were they the first cultivated and domesticated plants? 
Does this crop package represent the plant species that 
founded Neolithic agriculture in southwest Asia and they 
were eventually translocated to other regions? To answer 
these question we consider the archaeobotanical evidence 
published in the last forty years, and assess the role that 
these species played at Neolithic sites dated to between 
11.6 and 6.5 ka cal bp. We examine the quantitative data 
for species occurrence for different plant categories 
(grasses, legumes, fruits and nuts, and other wild plants) 
and evaluate the species that were primarily exploited dur-
ing the different phases of Neolithic period. We also con-
sider the qualitative archaeobotanical data for plant culti-
vation and domestication, and define the group of species 

that, based on the information available to date, seem to 
have been first cultivated and domesticated in southwest 
Asia, as well as those that Neolithic agricultural commu-
nities exploited and spread to other regions. We conclude 
the paper by drawing some final reflections on the founder 
crops concept, highlighting the research biases related to 
the overall characterization of the Neolithic plant-based 
subsistence, and suggesting a number of new avenues for 
future research.

Materials and methods

In this paper we evaluate four main processes: plant 
exploitation practices (i.e. including economic uses as 
food, fodder, raw materials etc.); management of plant 
resources (which can involve activities like cultivation, 
pruning, coppicing etc.); biological evidence for plant 
domestication (i.e. morphological changes that separate 

Table 2  Different terms and processes used to define the ‘founder crops’, and the associated chrono-cultural periods based on the archaeobotani-
cal evidence we have nowadays
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wild, semi-domestic and domestic species); and the trans-
location or spread of crops and other plant resources to 
non-native regions. To identify and characterise each of 
these aspects both qualitative and quantitative data is 
considered.

Plant exploitation practices

To test whether Zohary and Hopf's statement holds true, 
i.e. that the founder crops were the “most numerous vegetal 
remains” at early Neolithic/agricultural sites in southwest 
Asia (1988, p 207) we primarily examined plant species 
ubiquity and frequencies (see section ‘Were the founder 
crops the “most numerous” plants?’ below). Our quantitative 

Table 3  Classification of the terminology used in this work (to be read in columns)

Chrono-Cultural periods Subsistence strategies Economic activities Biological form

Epipalaeolithic Foraging Plant gathering Wild
Neolithic Agriculture Plant management: cultivation (i.e. sowing), coppicing, 

pruning, irrigation, manuring, tilling…
Domestic

Chalcolithic Horticulture …
Bronze Age Pastoralism Plant use: food, fuel, raw materials...
… … …

Fig. 1  Distribution of sites included in the meta-analysis
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analyses are based on a comprehensive dataset of previously 
published species occurrence data from the Neolithic of 
southwest Asia. A compendium of R code and data support-
ing this meta-analysis is available at https:// doi. org/ 10. 5281/ 
zenodo. 59112 18 and described in ESM 1. The processed 
data underlying the analyses are also included in ESM 3.

We collated raw data from three existing regional data-
bases: the Archaeobotanical Database of Eastern Medi-
terranean and Near Eastern Sites (ADEMNES, Riehl and 
Kümmel 2005); the database of the Comparative Pathways 
to Agriculture project (COMPAG; Lucas and Fuller 2018; 
Fuller et al. 2018), which incorporates an earlier dataset 
compiled by Colledge, Connolly, and Shennan (Colledge 
et al. 2004; Shennan and Conolly 2007); and the Origins 
of Agriculture database (ORIGINS, Wallace et al. 2018). 
All assemblages from sites in Southwest Asia and dated to 
the Neolithic period (11.7–6.5 ka cal bp) according to the 
source databases were integrated. Site names were stand-
ardised across databases to prevent duplication of the same 
assemblages, and where the same site was found in multiple 
databases, we included only the most recent and detailed 
records (i.e. ORIGINS was preferred over COMPAG over 
ADEMNES). In total, our meta-analysis includes 135 sites, 
78 of which have Neolithic phases, distributed fairly evenly 
across Southwest Asia (Fig. 1)—though the Southern Levant 
and Upper Euphrates are somewhat over-represented, espe-
cially in earlier periods.

Our collated dataset covers six key chrono-cultural peri-
ods: the Pre-Pottery Neolithic A (PPNA), early Pre-Pottery 
Neolithic B (EPPNB), the middle Pre-Pottery Neolithic B 
(MPPNB), the late Pre-Pottery Neolithic B (LPPNB), Pre-
Pottery Neolithic C (PPNC), and the Pottery Neolithic (PN). 
It should be noted that in regions like Anatolia, southeast 
Turkey, Iran and Iraq, these chrono-cultural phases are not 
always recognised and terms like ‘Aceramic Neolithic’ are 
used instead. We also included assemblages from the pre-
ceding Late Epipalaeolithic period (15–11.7 ka cal bp) and 
succeeding Chalcolithic period (6.5–5 ka cal bp) in portions 

of the analysis that might otherwise be distorted by the ‘edge 
effect’ of a strict cut-off date.

The chronological resolution of our analysis was deter-
mined by the level of detail available in the source databases, 
and since only the ORIGINS database included sample-level 
data, we selected aggregated assemblages from individual 
‘site-phases’ as the common unit of analysis (e.g. Nahal 
Oren PPNA, Nahal Oren PPNB, …), though many sites were 
recorded as having only one phase. The assemblages were 
assigned to both a cultural period (e.g. PPNA, PPNB etc. 
see Table 4) and to a calendar century based on the absolute 
chronological information available in the source database. 
240 assemblages were included in total, including 145 from 
the Neolithic.

Taxonomic information was standardised across the 
source databases using a thesaurus of variant names—where 
possible to a specific species, and at least to genus, with one 
exception: potentially edible but otherwise indeterminate 
members of the Brassicaceae family were included, given 
the difficulties of identifying these taxa.

To this we added further classifications of each record by 
plant category (grasses, fruits and nuts, pulses, and ‘wild 
plants’), status as a founder crop or progenitor, edibility, 
and seed size (for grasses and legumes). Wood remains were 
excluded. The lack of sample-level data in two of the source 
databases limited the quantification strategies available to 
us, so all our analyses are based either on presence or rela-
tive proportion per site-phase assemblage. From these we 
derived two main measures of cross-assemblage ubiquity 
and abundance, respectively: the proportion of assemblages 
in which a taxon or group of taxa is present (or constitutes 
greater than a quarter of the assemblage, or a half, etc.); and 
the average proportion or relative frequency of a taxon or 
group of taxon across assemblages. We rely primarily on 
per-assemblage proportions because it is the only statistic 
that can be feasibly calculated for all assemblages, given the 
scale of our analysis. We acknowledge that in prioritising a 
large sample size and broad spatio-temporal coverage, our 
approach inevitably sacrifices precision and the possibility 

Table 4  Number of sites and 
assemblages included in the 
meta-analysis by period

Neolithic periods in bold

Period Ka cal bp Subsistence N sites N 
assem-
blages

Late Epipal 15–11.7 Foraging 4 6
PPNA 11.7–10.7 Pre-domestication cultivation 23 27
EPPNB 10.7–10.2 Cultivation of domesticated species 8 9
MPPNB 10.2–9.5 Cultivation of domesticated species 20 34
LPPNB/C 9.5–8.5 Agriculture 29 40
Pottery Neolithic 8.5–6.5 Agriculture 23 33
Chalcolithic 6.5–5 Agriculture 58 86

https://doi.org/10.5281/zenodo.5911218
https://doi.org/10.5281/zenodo.5911218


480 Vegetation History and Archaeobotany (2023) 32:475–499

1 3

to consider site-specific contextual factors. Still, we believe 
this is a trade-off worth making, given that this approach is 
relatively under-represented in the regional literature com-
pared to ‘high precision, modest sample size’ studies, and 
that the conclusions we have drawn stand despite the limita-
tions of the data and method (see also Colledge et al. 2005). 
In total, occurrence data on 457 taxa were included in the 
meta-analysis.

The interpretation of ubiquity and frequency data is 
not straightforward. In this work, ‘intense exploitation’ is 
inferred from high ubiquity and frequency values, but it is 
acknowledged that multiple factors including different plant 
uses, preservation, sampling strategies, recovery methods, 
quantification approaches etc. can affect these values (see 
Popper 1988). Previous studies show that, despite the com-
plex taphonomic histories of archaeobotanical assemblages 
in southwest Asia, statistically significant patterns can be 
obtained when comparing multiple sites in a broad perspec-
tive (see Colledge et al. 2004, 2005; Fuller et al. 2018; Wal-
lace et al. 2019). Nevertheless, in depth examination of how 
taphonomic factors affect archaeobotanical assemblages at 
a site level are necessary to understand the compositional 
variation of archaeobotanical assemblages (Colledge et al. 
2004, p S46). Our previous review evaluating taphonomic 
factors at 27 Epipalaeolithic and Neolithic sites indicated 
that archaeobotanists reported recurrent patterns, with clear 
tendency towards the over-representation of Boraginaceae 
species (which have a siliceous outer coat that make them 
more resistant), Ficus spp. (which produces a large number 
of seeds, and these are often individually quantified, i.e. 1 
item 1 score) and to a lesser extent Pistacia spp. (the wood 
of which has been intensively used as fuel, leading to con-
centrations of pistachio nut shells at some sites) (supple-
ment text S1, supplement Table S2 in Arranz-Otaegui et al. 
2018a). In addition, carbonate-rich endocarps of Celtis sp. 
can also tend to over-representation, as they naturally resist 
decay (see Fairbairn et al. 2014; Baird et al. 2018). As such, 
to limit both the over/under-representation of specific taxa, 
as well as the discrepancies between taxa targeted for the 
seeds versus those targeted for fleshy fruits, in this study 
we made comparisons primarily between species within the 
same plant category (i.e. cereals, pulses, wild plants etc.), 
and highlighted particular cases where taxa over-representa-
tion was made clear by the original archaeobotanist.

Plant management and domestication

To evaluate whether the eight founder species were the ear-
liest group of plants cultivated and domesticated, we also 
undertook a qualitative assessment of the evidence for plant 
management and domestication. We followed a species-by-
species approach, separating the taxa for which evidence of 
management and domestication has been studied, from the 

plant species that show ubiquity and frequencies similar or 
even higher than those reported for the founder crops, but 
for which detailed studies have not been yet carried out. 
The site-by-site data for each of the founder cereal/legume 
species has been previously gathered and summarised in 
Arranz-Otaegui (2015). This has now been updated, and 
it includes a total of 86 Epipalaeolithic and Neolithic site/
phases (see ESM 2, Tables 1–9).

We define plant management as a set of activities that 
increase or improve the overall harvest yields. Plant man-
agement may involve practices like cultivation (i.e. sow-
ing), tillage, pruning, coppicing, manuring and irrigation 
among others, but direct identification of these practises in 
the archaeological record is still limited. As such, in this 
study we evaluate the evidence for the cultivation of cereals 
and pulses, as well as discuss several studies reporting the 
possible management of other plant resources. The identifi-
cation of pre-domestication cultivation in the archaeological 
record primarily involves cereals, and its identification relies 
on the presence of plump or cultivated/domestic-type grains 
(i.e. they are considered ‘pre-domestic’ as they have not still 
developed tough-rachises, which represents the key trait of 
domestication, see Hammer 1984; Hillman and Davies 1990; 
Fuller 2007). In addition, other secondary evidence such 
as the presence of potential arable flora, storage structures, 
reduction in ‘gathered’ plant resources, and large concentra-
tions of plant remains has also been taken into account to 
infer early cultivation practices (see rationale in Colledge 
2001; Willcox et al. 2008).

Domestication refers to a biological process driven by 
human action, and which produces a number of different phe-
notypic changes (sensu Hammer 1984; Hillman and Davies 
1990; Fuller 2007; Harris and Fuller 2014). To identify 
domesticated cereals the proportion of non-shattering (i.e. 
domestic-type) rachis remains was evaluated. As in previ-
ous works, proportions of non-shattering < 10% were con-
sidered representative of wild populations, and above that 
threshold, primarily > 20%, as representative of populations 
in process of domestication (see also Kislev 1989a; Tanno 
and Willcox 2006a, b, 2012; as well as Fuller et al. 2018, who 
consider > 80% non-shattering along with > 20% increase in 
average crop seed size as representative of full domestica-
tion). The identification of domesticated legume species in 
the archaeological record is not straightforward. Key traits 
include pod indehiscence and smooth testa (Zohary and 
Hopf 1973; Butler 1995, 2009), but these are not commonly 
preserved or systematically recorded. In fact, Zohary et al. 
(2012, p. 2) acknowledge that “pulses usually lack morpho-
logical features by which initial stages of domestication can 
be recognized”. As such, indirect evidence, like the recur-
rent presence of legume species in storage contexts and the 
intense exploitation of particular species, is discussed. These 
practises would not have been possible in populations that 
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did not previously developed key domestication traits like 
non-dormancy and indehiscence (the presence of large grain 
sizes in pulses is instead more difficult to evaluate and its 
interpretation varies depending on the species under study). 
Criteria and data to evaluate domestication processes in plant 
categories like ‘the wild plants’ and fruits and nuts during 
the Neolithic in southwest Asia is currently very limited, and 
often relies on the presence of plants outside their wild natu-
ral range (see Zohary et al. 2012). Nonetheless, the available 
data has also been integrated.

In this work, agriculture is defined as a socio-economic 
system that relies primarily on the cultivation of domesti-
cated crops (as previously defined by Harris 1996; Harris 
and Fuller 2014). Agriculture is linked to several manage-
ment practices such as tillage, manuring, irrigation etc. 
which go hand in hand with significant changes in demog-
raphy (increased population), society (shifts in social organi-
sation, work force and food storage), and human impacts in 
the landscape (due to grazing, land-cultivation and woodland 
exploitation). In southwest Asia, the development of agri-
culture is thought to have crystallised during the Middle 
Pre-Pottery Neolithic B, ca. 10.2–9.5 ka cal bp.

Species translocation

To evaluate whether the eight founder crops were the first 
plant species that spread or were taken into other regions, 
we considered the earliest records for plant species outside 
their natural distribution in southwest Asia (as recorded by 
Zohary et al. 2012). Some of the wild relatives (e.g. Hor-
deum spontaneum, Pisum, Lens etc.) have wide natural 
distribution areas, so for these we looked beyond Greece 
and Cyprus for evidence of translocation. Archaeological 
examples were extracted from an existing compilation of 
archaeobotanical data from Europe (Colledge et al. 2005), 
with absolute dates estimated from the relevant literature 
cited in that dataset.

Results

Were the founder crops the “most numerous” 
plants?

The exploitation of plants during the Neolithic involved 
several plant categories, including grasses, legumes, wild 
plants, and fruits and nuts. Results show large differences 
in terms of the frequencies of the different plant categories 
and species exploited over time (see detailed descriptions 
in ESM 1).

In terms of abundance and ubiquity values, grasses 
were the most common plant category present during the 
Neolithic (average proportion of ca. 41%), and in 34% of 
the sites grasses made up more than half of the total plant 
remains recovered (see Table 3.3 in ESM 1). The second 
most common plant categories were the wild plants, fol-
lowed by legumes and fruit and nuts. However, it has been 
shown that cereals and pulses are over-represented in charred 
assemblages, whereas the range of edible wild plant taxa is 
commonly incomplete, with losses in taxa diversity of up 
to 65% (College and Conolly 2004). This is an important 
aspect to highlight when it comes to interpretation, since it 
means that even at Neolithic sites where cereals and pulses 
predominate, wild plant resources could have still played a 
major role in subsistence.

Significant differences were also observed by period 
(Fig.  2 and Table  3.4 in ESM 1). During the PPNA, 
grasses become the most important plant category rep-
resenting 30% of the assemblages. This contrasts with 
the previous Epipalaeolithic period, when plants in the 
‘wild plant’ category were most commonly exploited, 
and grasses represented only 9% of the finds. During 
the EPPNB, the increase in the exploitation of grasses 
becomes more acute with values reaching up to 41%. It 
is also during this time that legumes become the second 
most exploited plant category and there is a significant 

Fig. 2  Abundance of plant 
categories in Neolithic assem-
blages through time
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decrease in the overall exploitation of wild plant resources 
(from 14% during the PPNA, to 7% during the EPPNB). 
The results also indicate that the exploitation of plants 
during the MPPNB, LPPNB/PPNC and Pottery Neolithic 
remained stable, with grasses gradually increasing their 
presence over time, and representing the most important 
plant category, followed by wild plant resources. Indeed, 

it is not until the Chalcolithic period that the presence of 
wild plants decreased, and grasses and pulses became the 
two most recurrently exploited plant resources.

Grasses (Fig. 3, first panel)—the species that showed 
highest frequencies during the Neolithic are H. sponta-
neum/distichum and the founder Triticum spp. (i.e. einkorn 
and emmer). However, during the first millennia of the 

Fig. 3  Abundance (mean proportion of assemblage) of plant taxa by category in the Neolithic through time
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Neolithic, the exploitation of H. spontaneum predomi-
nated, whilst from 10.5 ka cal bp the exploitation of Triti-
cum spp. increased, and from ca. 10 ka cal bp this taxon 
became predominant. Within the wheat species, the exploi-
tation of T. dicoccoides/dicoccum increased over time, with 
clear peaks around 10.5 ka cal bp and from 7.5 ka cal bp 
onwards, whereas T. boeoticum/monoccoum was prevalent 
ca. 12–11.5 ka cal bp, but its presence fluctuated in subse-
quent phases. The presence of Aegilops spp., Bromus spp. 
and Lolium spp. remained stable during the whole Neolithic 
period, whilst other taxa including Phalaris spp., Avena spp., 
Stipa spp. and T. aestivum/durum (referred to as ‘Other’ in 
Fig. 3) gradually increased, especially from 8.5 ka cal bp 
onwards.

Pulses (Fig. 3, second panel)—Lens spp. was the most 
recurrently exploited taxon during the whole Neolithic 
period, with a clear peak around 8 ka cal bp. However, for 
the first 1,000 years of the Neolithic, i.e. until ca. 10.5 ka cal 
bp, non-founder taxa such as Vicia spp. and small-seeded 
legumes (primarily Astragalus spp. and Trigonella spp.) 
showed values similar to Lens spp. Moreover, until ca. 
9 ka cal bp, several vetch species (e.g. V. faba, V. narbon-
ense, V. peregrina) were more commonly exploited than 
founder species Pisum spp. and Vicia ervilia, whose exploi-
tation increased only at the end of the Pre-Pottery Neolithic 
B/beginning of the Pottery Neolithic.

‘Wild plants’ (Fig.  3, third panel)—unsurprisingly, 
when it comes to wild plant resources, the most abundant 
taxa comprised species that are most resistant to post-dep-
ositional processes (e.g. Boraginaceae family including 
Arnebia spp., Buglossoides spp. and Heliotropium spp.). 
However, apart from these, the presence of Bolboschoenus 

spp. is remarkable. This edible taxon seemed to have been 
intensively exploited from the beginning of the Neolithic 
until ca. 9.5 ka cal bp, when it started to decrease in terms 
of abundance. The Brassicaceae family was also recurrently 
exploited since the earliest phases of the Neolithic period. Its 
presence increased significantly from 9 ka cal bp onwards, 
with an important peak around 8 ka cal bp. It is also interest-
ing to note that from 8.5 ka cal bp there is a marked reduction 
in the diversity of wild plant resources, and only the Boragi-
naceae family, the Brassicaceae family, and after 7.5 ka cal 
bp Galium spp. (a common weed of cultivated fields), main-
tained relatively high abundance values.

Fruits and nuts (Fig. 3, fourth panel)—Pistacia spp. and 
Ficus spp. were the most frequent taxa during the whole 
Neolithic period (but note that this might be in part the result 
of an over-representation of these two taxa, see Material and 
methods). However, chronological differences exist. From 
ca. 11.5 to 9 ka cal bp, Amygdalus spp., Prunus spp. and 
Capparis spp. seemed to have been exploited with some 
intensity, whereas after 9 ka cal bp, especially from 8 ka cal 
bp onwards, the exploitation of Vitis spp. and Olea spp. 
increased, and together with Pistacia spp. and Ficus spp., 
become the most commonly exploited taxa in the fruit/nut 
category.

In terms of ubiquity, of the 240 assemblages in our meta-
analysis, only 3 (1.25%) report the presence of all of the 
founder crops, and none of these are dated to before the 
MPPNB. The cross-assemblage ubiquity of the founder 
crops was generally low before this period, with peaks 
around the LPPNB-Pottery Neolithic, when around 25% of 
assemblages included 5 or more of the crops (see full data in 
Table 3.2 in ESM 1). If ubiquity statistics are evaluated on 

Fig. 4  Cross-assemblage 
ubiquity (top) and abundance 
(bottom) of founder crops in the 
Neolithic through time
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an absolute time scale (Fig. 4, upper panel), clear patterns 
emerged. As reported in our previous work (Arranz-Otaegui 
et al. 2018a), the exploitation of founder species was uncom-
mon in the Epipalaeolithic and remained so during the first 
millennium of the Neolithic (the PPNA). It primarily devel-
oped during the EPPNB (ca. 10.5 ka cal bp), where there is 
an early peak in ubiquity, remaining relatively stable through 
the remainder of the PPNB, before another peak and sub-
sequent decline in the Pottery Neolithic, ca. 7.5 ka cal bp.

The abundance (Fig. 4, lower panel) of different founder 
crop species also changed markedly over the course of the 
Neolithic (see Fig. 3.1 in ESM 1 for values by century). 

The most dramatic trend was observed in Triticum spp., 
which went from comprising an average of less than 5% 
of assemblages at the beginning of the Neolithic, to nearly 
a quarter at its end. This is significant, as this shift alone 
could account for nearly all of the observed increase in 
founder crop abundance over the period. Abundance scores 
for Hordeum spontaneum/distichum fluctuated. Highest val-
ues were observed during the PPNA, the MPPNB, and the 
PN, whereas during the EPPNB and the LPPNB/PPNC a 
marked decrease was observed. Linum spp. began to appear 
ca. 10.2 ka cal bp but declined in use again ca. 8.5 ka cal bp. 
Vicia ervilia and Pisum spp. did not become abundant until 

Fig. 5  Ubiquity of specific taxa across Neolithic assemblages. Founder crops in bold. Includes only the 15 most ubiquitous taxa in each cat-
egory; for full data, see Table 3.1 in ESM 1
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even later, during the second half of the Late PPNB/PPNC, 
ca. 9 ka cal bp. The case of Cicer spp. is paradoxical since 
the presence of this founder species is extremely rare during 
the whole Neolithic period.

If separated by species (Fig. 5), the most common founder 
crops, i.e. the taxa present in the largest number of sites, 
were Lens spp. and H. spontaneum/distichum present in ca. 
68% of assemblages, closely followed by T. dicoccoides/
dicoccum (44%), and T. boeoticum/monococcum (34%). The 
rest of the founder crops were comparatively less ubiqui-
tous, with values similar to those reported for other edible 
plant species (see Table 3.1 in ESM 1 for the full data). 
Vicia ervilia, Cicer spp. and Linum spp. were the less ubiq-
uitous founder taxa, present in between 22% and 12.5% of 
the Neolithic sites. Besides, the founder species were not 
even amongst the top 10 most ubiquitous plants exploited 
during the Neolithic. Edible taxa like Pistacia spp., Ficus 
spp., Bromus spp., Lolium spp., Vicia spp., Bolboschoenus 
spp. and Malva spp. among others, showed overall higher 
ubiquity values than several founder taxa. Besides, only in 
a very small number of cases (less than 5%) did any of the 
founder crop species make up more than a quarter of the 
archaeobotanical assemblages.

Were the founder crops the ‘earliest’ cultivated, 
domesticated and translocated species?

To evaluate the common belief that the founder crops rep-
resented the groups of plants that were first cultivated and 
domesticated in southwest Asia, as well as those that spread 
to other regions, in the following lines we review the archae-
obotanical evidence for the management and translocation 
of plant resources during the Neolithic (see Tables 1–8 in 
ESM 2 for further information).

Grasses

There were at least eight cereal species taken into cultivation 
in the Neolithic, plus around five or six additional taxa that 
were recurrently exploited and could therefore have been 
managed.

Hordeum spontaneum/vulgare ssp. distichum (wild/
domestic barley)

Wild barley was the most frequent cereal at PPNA sites 
in the Levant (see Table 1 in ESM 2), and it could have 
constituted a cultivar at sites such as Gilgal I (Weiss et al. 
2006), where more than 260,000 grains were found in a 
storage context, and Jerf el Ahmar, based primarily on a 
gradual increase in grain size and the presence of arable 
flora (Willcox et al. 2008; although see Weide et al. 2022 
for the interpretation of the arable flora at early Neolithic 

sites). At one of the contemporary PPNA sites in the south-
ern Levant, ZAD 2, relatively large numbers of domestic-
type barley rachises were reported (ca. 30%), certainly larger 
than those that could be found in wild barley populations 
(Kislev 1989a), although the dataset comprises a relatively 
small number of chaff remains (Edwards et al. 2004). Thus, 
the clearest evidence for the presence of domesticated-type 
barley so far is recorded ca. 10.5 ka cal bp at EPPNB sites in 
central/southern Syria, with percentages of domestic-type 
barley rachises reaching up to 30–40% (Tanno and Willcox 
2012; Arranz-Otaegui et al. 2016a). It is in these chronolo-
gies, ca. 10.8–10.6 ka cal bp, that barley is for the first time 
attested in Cyprus, and although this species could have 
been growing locally, it is suggested that it could have been 
introduced from mainland Levant together with emmer, and 
thus locally cultivated (Vigne et al. 2012). Barley is later 
reported outside the Fertile Crescent in a number of early 
Neolithic sites, such as Franchthi Cave in Greece (Asouti 
et al. 2018; see also Zohary et al. 2012).

Avena sterilis/sativa (wild/domestic oat)

Remains of wild oat have been found at a number of sites 
starting from the Epipalaeolithic period (Snir et al. 2015; 
Arranz-Otaegui et al. 2018a, b), but its contribution to sub-
sistence is thought to have been minor except for the PPNA 
site of Gilgal I (Israel). Here more than 120,000 Avena steri-
lis grains were found in situ in a storage structure dated to 
ca. 11.5–11.1 ka cal bp, indicating their possible cultivation 
(Weiss et al. 2006). There is no doubt that this species played 
a major economic role at the site, but additional evidence, 
like metrical analysis of the grains, would help elucidate the 
status of oat as an early cultivar. Around 10.5–10.1 ka cal 
bp oat was translocated along with other cereals to Cyprus 
(Murray 2003), but the overall presence of this taxon dur-
ing the Neolithic is rare, and its domestication is thought to 
have occurred during the Bronze and/or Iron Ages in Europe 
(Zohary et al. 2012).

Secale spp./T. boeoticum thaoudar/urartu (rye/wild 
two‑grained einkorn and T. urartu)

Willcox (2004) showed that the size of Triticum/Secale 
grains, which mostly represented wild rye (see Willcox and 
Stordeur 2012; Douché and Willcox 2023), from PPNA Jerf 
el Ahmar increased from early to the later phases and was 
comparable to the domestic-type grain sizes documented 
at the Chalcolithic site of Kosak Shamali. This evidence 
along with a number of secondary data such as the presence 
of an arable flora and the location of the site beyond the 
natural habitats of wild rye, led the authors to conclude that 
it must have been subject to cultivation during the PPNA 
(Willcox et  al. 2008). A recent publication using weed 
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functional analyses to discriminate between arable fields 
and wild cereal habitats indicates that the previously identi-
fied ‘weeds’ represented non-arable grassland communities, 
and that management practices, if ever carried out, would 
have entailed active re-sowing of cereals and their protection 
from grazers, but certainly not tillage (Weide et al. 2022). 
Nevertheless, wild rye was regularly exploited at contempo-
rary sites in the Euphrates and northern Syria (Willcox et al. 
2008; Willcox 2008), as well as later EPPNB (Douché and 
Willcox 2018, 2023) and MPPNB sites in the area (Hillman 
1978; although see Fairbairn 2019 who reports the finds 
from Can Hassan as intrusive). Besides, the species is later 
attested in a number of Neolithic sites in Europe, including 
Cyprus ca. 6 ka cal bp (Kyllo 1982), although its presence 
increased primarily from the Bronze Age onwards (Gyulai 
2014).

T. boeoticum/monococcum (wild/domestic einkorn)

Both one and two-grained einkorn were exploited, culti-
vated and domesticated in the Neolithic (Table 2 in ESM 
2). One-grained einkorn was one of the main cereal spe-
cies at Tell Qaramel, dated to 12.3–10.8 ka cal bp (Will-
cox et al. 2008), but clear evidence of cultivation is not 
found until ca. 10.7–10.2  ka  cal bp, when this species 
showed cultivated-type grain sizes and was predominant 
at several sites in southeast Turkey (Pasternak 1998; van 
Zeist and de Roller 1991/1992). Around the same time, 
one grained-einkorn seemed to have been translocated to 
Cyprus ca. 10.5–10.1 ka cal bp, as recorded at Mylouthkia 
(Murray 2003). The evidence of domestication for one-
grained einkorn is limited (see Table 2 in ESM 2). At Nevali 
Çori, domestic-type rachises constitute only 13.8% of the 
assemblage, whereas at Çayönü van Zeist and de Roller 
(1991/1992) argue that all the wheat spikelet forks were 
domestic-type, but published drawings do not provide clear 
evidence. Indeed, the material would benefit from re-exam-
ination following recent categorizations (Tanno and Willcox 
2012; Charles et al. 2021). The evidence for the presence of 
domestic type one-grained einkorn chaff during the MPPNB 
is also meagre (see Table 2 in ESM 2), and it is therefore 
considered that so far, one of the earliest and most convinc-
ing cases of domestication for one-grained einkorn is found 
at Çatalhöyük, where large quantities of both domestic-
type grains and chaff remains were recovered dated to ca. 
9.1–8.4 ka cal bp (Fairbairn et al. 2002).

The initial exploitation of two-grained einkorn is diffi-
cult to trace, as the wild species share some morphologi-
cal characteristics with wild rye, and in the literature these 
have been often reported as Triticum/Secale (see Table 2 in 
ESM 2). The initial cultivation of morphologically wild two-
grained einkorn could have occurred during the PPNA in the 
Euphrates, but it never constituted the main crop (van Zeist 

and Bakker-Heeres 1982; Willcox et al. 2008). Evidence for 
two-grained einkorn domestication is found at the EPPNB 
site of Tell Qarassa North, in the central-southern Levant, 
where it constituted one of the main cereal taxa alongside 
emmer (Arranz-Otaegui et al. 2016a, b). However, whether 
these remains represent two-grained T. monococcum or a 
domesticated but currently extinct form of T. urartu is not 
yet possible to determine. This crop continued to be pre-
sent at sites dated to ca. 9.8–8.3 ka cal bp (Willcox 2005 
and Table 3 in Asouti and Fuller 2013) and it was translo-
cated, possibly as a second wave introduction, to Cyprus 
ca. 9.5 ka cal bp (Lucas et al. 2012). Fully domesticated 
two-grained einkorn (i.e. showing > 90% of non-shattering 
chaff) is attested only during the Chalcolithic period (Will-
cox 2003; Tanno and Willcox 2006a).

T. dicoccoides/dicoccum (wild/domestic emmer)

Although regarded as a founder species, the presence of 
emmer during the PPNA is rare overall (see Table 3 in ESM 
2), and its deliberate exploitation cannot be inferred until the 
ca. 10.7–10.2 ka cal bp, at sites such as Tell Qarassa North, 
where it represented the main cereal crop (Arranz-Otaegui 
et al. 2016a, b). By ca. 10.7 ka cal bp domesticated-type 
emmer chaff is recorded in the central Levant (Arranz-Otae-
gui et al. 2016a, b) and a few centuries later in central Ana-
tolia (Ergun et al. 2018), whereas in Iran, domesticated-type 
emmer chaff is not found until ca. 9.8 ka cal bp (Riehl et al. 
2013). Around 10.8–10.4 ka cal bp emmer is translocated to 
Cyprus (Murray 2003; Vigne et al. 2012), soon becoming 
one of the most commonly exploited cereal species across 
southwest Asia and Europe (Zohary et al. 2012).

Triticum aestivum/durum and Hordeum var. nudum (bread 
wheat, durum wheat and naked barley)

The widespread presence of naked cereals in southwest Asia 
is recorded around 10 ka cal bp, during the MPPNB, but 
recent evidence from Anatolia shows that these domesti-
cated species could have been deliberately exploited just 
few centuries after the development of domestic emmer, ca. 
10.4 ka cal bp (Ergun et al. 2018). Free-threshing wheat and 
barley are later attested in Cyprus ca. 8.5 ka cal bp (Stew-
art 1974; Waines and Price 1977; Hansen 1994; Parés and 
Tengberg 2017) and Crete ca. 8.6–8.4 ka cal bp (Colledge 
and Conolly 2007; Douka et al. 2017). It is overall difficult 
to distinguish between naked hexaploid and tetraploid wheat 
in absence of rachis remain and thus the origin and develop-
ment of naked wheats is still subject of intense debate (see 
Zohary 1969; Hillman 1978; de Moulins 1997; Özkan et al. 
2005; Pozzi and Salamini 2007; Oliveira et al. 2012; Pont 
et al. 2019). Nevertheless, it is interesting to note that at 
many PPNB sites, free-threshing cereals are found at higher 
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proportions than founder species like hulled barley, chick-
pea, pea and bitter vetch. Moreover, naked cereals, wheat in 
particular, replaced hulled cereals at several early Neolithic 
sites in Europe (Zohary et al. 2012; Antolín et al. 2015).

T. turgidum/timophevii (the new glume wheat)

Recent aDNA evidence shows that the previously called 
‘new glume wheat’ is indeed a member of the T. timopheevii 
group (Czajkowska et al. 2020). This species may have been 
domesticated from the T. timopheevi ssp. araticum (Jones 
et al. 2021). Some of the earliest records for the new glume 
wheat come from Aşıklı Höyük ca. 10.4 ka cal bp, where 
it was cultivated along with emmer and had signs of being 
in the process of domestication based on the presence of 
non-shattering rachises (Ergun et al. 2018). This species was 
also attested slightly later at Cafer Höyük, ca. 10.2 ka cal 
bp, where it seemed to have been cultivated from the very 
beginning of the occupation (de Moulins 1997), as well 
as at Çatalhoÿuk, where the domestication of new glume 
wheat was still on going at least during the early and middle 
phases of the site (Charles et al. 2021). Considering that the 
identification criteria for this species have been established 
relatively recently, it is likely that exploitation of the new 
glume wheat during the Neolithic was more extended than 
previously thought (Jones et al. 2000; Kohler-Schneider 
2003; Bogaard et al. 2013). Although it has been consid-
ered a ‘lost crop’, this species spread to Europe, and it is 
attested in a number of sites as late as the third millennium 
bp, indicating that its exploitation persisted over millennia 
(Jones et al. 2000).

Aegilops spp., Taeniatherum caput‑medusae, Piptatherum 
holciforme, Stipa spp., cf. Eragostris spp. and Heteranthelium 
piliferum (goatgrass, medusahead, rice grass, feathergrass, 
lovegrass)

At several early Neolithic sites, dated to ca. 11.6–10 ka cal 
bp, deliberate exploitation and consumption of small and 
medium-seeded grasses such as Aegilops spp., Taeniatherum 
caput-medusae, Stipa sp. and Piptatherum holciforme has 
been suggested based on their high frequencies and the pres-
ence of several taphonomic features associated with food 
processing (Weide et al. 2017, 2018; Whitlam et al. 2018). 
Weide et al. (2017, 2018) report that goatgrass was one of 
the main grasses exploited at Chogha Golan 11.7–9.6 ka cal 
bp, and that it could have represented an important source 
of food that was under management. Medusahead is another 
plant that shows counts comparable to the those reported 
for wild cereals at several PPNA and EPPNB sites in the 
Euphrates and Turkey, suggesting it was deliberately gath-
ered and possibly consumed (Savard et  al. 2006; Will-
cox et al. 2008; Weide et al. 2017, 2018; Ergun 2018). 

Additionally, the Triticoid remains found at several early 
Neolithic sites in Iran and Iraq, recently identified as a win-
ter annual species of the Triticeae tribe called Heteranthe-
lium piliferum, could also have been part of the plant-food 
resources exploited during the early Neolithic in the eastern 
Fertile Crescent (Weide et al. 2021). Whether these grass 
species were collected from the wild or could have been 
subject to management is yet unknown, primarily due to the 
lack of metrical analyses or close examination of associated 
chaff remains.

Legumes

The evidence suggests that at least five legume species were 
under cultivation during the Neolithic, and additional five or 
six taxa were regularly exploited and could have been under 
management.

Lens orientalis/culinaris (wild/domestic lentil)

The earliest clear-cut evidence of exploitation of lentils in 
the Neolithic is attested ca. 12 ka cal bp in northern Syria, 
at the site of Tell Qaramel (Willcox et al. 2008), and at a 
number slightly later PPNA and EPPNB sites across the 
Levant (see Table 4 in ESM 2). The high ubiquity and fre-
quencies attested for this species (sometimes higher than 
those reported for cereals) could indicate the development 
of dormancy-free lentil mutants around 11.6–10.7 ka cal bp, 
as wild lentil is characterised by high seed dormancy and 
poor yield, meaning that its harvest and cultivation would 
not have been efficient (Zohary and Hopf 1973; Ladizinsky 
1979). Nevertheless, it is traditionally accepted that domes-
ticated lentils developed around 10.2 ka cal bp at sites such 
as Cafer Höyük, where lentils were present in high amounts, 
and showed domestic-type seed sizes (de Moulins 1997), 
and at the broadly contemporary site of Yiftahel (Garfinkel 
et al. 1988), where 1.4 million lentils were found along with 
Galium tricornutum (corn cleavers), a weed characteristic of 
lentil fields. Lentils became one of the key crops that spread 
to Europe during the Neolithic, as attested at the Aceramic 
site of Mylouthkia in Cyprus ca. 10.5-10.1 ka cal bp (Mur-
ray 2003). However, recent evidence at the multi-period 
site of Franchthi cave in Greece shows that this species was 
exploited since the Mesolithic, and it was not incorporated 
into Neolithic plant-based subsistence (Asouti et al. 2018).

Pisum elatium/sativum (wild/domestic pea)

Pea has been exploited since at least the Late Natufian 
(Tanno et al. 2013; van Zeist and Bakker Heeres 1984) and 
the wild species, identified on the basis of its rough testa, 
is reported at a small number of PPNA and EPPNB sites in 
the Euphrates (see Willcox et al. 2008, also Table 5 in ESM 
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2). At Çayönü, sizes of peas dated to ca. 10.6–10.2 ka cal bp 
were similar to domestic varieties dated to ca. 9.5–9.3 ka cal 
bp, suggesting they could have constituted cultivars, but 
rough testa characteristic of wild species were reported (van 
Zeist and de Roller 1991/1992). Thus, the earliest clear evi-
dence for pea domestication based on the presence of soft 
testa varieties is reported at Jericho II (Hopf 1983) dated to 
ca. 10.2–9.9 ka cal bp. Slightly later, by ca. 9.7–9.5 ka cal 
bp, domestic peas with smooth testa are found at sites in 
Turkey (Renfrew 1968; van Zeist and Waterbolk-van Rooijen 
1985; van Zeist and de Roller 1991/1992). Nevertheless, 
at Çatalhöyük both wild and domestic peas were exploited 
(Fairbairn et al. 2002, 2005), and even at later Neolithic 
sites, such as Hacilar, the presence of wild peas is still 
attested (Helbaek 1970). Pea was translocated to Cyprus ca. 
10.5–10.1 ka cal bp (Murray 2003), and later to other regions 
in Europe (see Zohary et al. 2012).

Vicia ervilia (bitter vetch)

Bitter vetch was present at a number of Pre-Pottery Neolithic 
sites starting ca. 11.5 ka cal bp, but except for M’lefaat and 
Çayönü, its deliberate exploitation cannot be clearly argued 
for due to the overall low number of finds reported (see 
Table 6 in ESM 2). Some of the earliest evidence for bitter 
vetch cultivation, storage and probably also domestication 
is found at Çayönü, and dates to 9.5–9.3 ka cal bp (van Zeist 
and de Roller 1991/1992). Here, a deposit containing over 
3,800 bitter vetch seeds was found inside a house, indicat-
ing that this species was grown for human consumption. 
Later PPNB and Pottery Neolithic finds are also remark-
able. At Çatalhöyük ca. 9.1–8.4 ka cal bp a total of 571 bit-
ter vetch remains were found (Fairbairn et al. 2002), and 
recent reports indicate the presence of this species in storage 
contexts (Bogaard et al. 2021). Bitter vetch is documented 
ca. 9.6–7.8 ka cal bp in Cyprus (Hansen 2005), and ca. 
8.4–8.1 ka cal bp at Neolithic sites in Greece (van Zeist and 
Bottema 1971).

Cicer reticulatum/arietinum (wild/domestic chickpea)

The presence of chickpea is very rare during the Neolithic 
(see Table 7 in ESM 2). Evidence for chickpea exploita-
tion and possible cultivation is attested at Tell el-Kerkh 
dated to ca. 10.5–10.3 ka cal bp, where 138 seeds were 
recovered (Tanno and Willcox 2006b). Chickpeas similar 
in morphology to the wild progenitor C. reticulatum and 
others that had the characteristics of modern cultivated spe-
cies were reported at this site (Tanno and Willcox 2006b, p 
200). Yet, the so far earliest domesticated forms of chickpea 
characterised by soft testa are documented at Jericho (II), 
ca. 10.2–9.5 ka cal bp, and are similar in size to specimens 
recovered at PPNB and Early Bronze Age sites (Hopf 1983). 

As Zohary et al. (2012) noted, this species is rare even at 
Pottery-Neolithic sites, indicating that chickpea was not a 
major Neolithic cultivar. Nevertheless, it was introduced to 
Cyprus ca. 8.5 ka cal bp (Stewart 1974), and its exploitation 
increased primarily during the Bronze ages (Zohary et al. 
2012).

Vicia faba (faba bean)

The earliest evidence for faba bean was found at the late 
Epipaleolithic site of El Wad (Caracuta et al. 2016), and 
later on at the PPNA Iraq ed-Dubb, although its identifica-
tion was tentative (i.e. Vicia cf. faba-type, Colledge 2001). 
At the EPPNB Tell el-Kerkh (Tanno and Willcox 2006b), 
437 faba bean seeds were recovered, representing one of 
the largest assemblages dated to this time period. Recent 
finds show that this species was regularly exploited from 
10.2 ka cal bp onwards at sites in Israel, and most likely 
represented domesticated varieties (Kislev 1985; Caracuta 
et al. 2015, 2017). At the LPPNB Yiftahel 2750 seeds were 
recovered in a storage structure dated to ca. 8.8 ka cal bp, 
suggesting that this species represented a domestic cultivar 
(Kislev 1985). Around the same time, ca. 8.8 ka cal bp, faba 
bean was translocated to Cyprus (van Zeist 1981) and sub-
sequently, ca. 7.5 ka cal bp, it appears at Neolithic sites in 
Europe (Costantini et al. 1997).

Vicia peregrina (rambling vetch)

It has been suggested that rambling vetch was cultivated 
at the PPNA site of Netiv Hagdud, where 313 seeds were 
found scattered along with thousands of wild barley grains 
(Melamed et al. 2008). Nevertheless, not all authors are in 
agreement with its status as a cultivar (see Abbo et al. 2013), 
as a detailed study of the associated domestication traits (e.g. 
seed size, testa etc.) is yet not available.

Vicia spp., Lathyrus spp. and small/medium‑seeded 
Fabaceae (vetch species, grass pea species and small/
medium‑seeded legumes)

It is interesting to note that aside from the founder taxa, 
the exploitation of several other legume species was prac-
ticed during the Pre-Pottery and Pottery Neolithic periods. 
For example, at the site of Çatalhöyük two pure deposits of 
Vicia noeana (broad-podded vetch), and an indeterminate 
legume seed, identified as Lathyrus/Vicia sp., with a con-
centration of 126 seeds dominating a sample from an occu-
pation deposit were documented (Helbaek 1964; Fairbairn 
et al. 2002). In Cyprus, Vicia narbonensis-type seeds were 
reported ca. 8.8–8.1 ka cal bp (van Zeist 1981), indicating 
that not only founder species were translocated during the 
Neolithic. In the mainland, Lathyrus sativus/cicera (grass 
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pea/chickling vetch) is attested at several PPNB sites such 
as Çayönü and Çatalhöyük (Kislev 1986; van Zeist and de 
Roller 1991/1992; Fairbairn et al. 2002), including storage 
concentrations (Bogaard et al. 2021). Significant finds of ca. 
800 seeds were also found at Gritille dated to the final PPNB 
(Miller 2002). This species is attested along with the tradi-
tional founder crops at several Neolithic sites in Greece and 
Bulgaria (Kislev 1989b; Halstead and Jones 1980). In Ahi-
hud (Israel), Lathyrus inconspicuus (inconspicuous pea) was 
found in similar contexts as other founder legumes, showed 
the same frequencies as lentil (195 remains) and was even 
more common than bitter vetch, which was represented by 
only 36 remains. However, this species, along with Lathyrus 
hierosolymitanus was interpreted as fodder, based on uses 
attested in modern ethnobotanical studies (Caracuta et al. 
2017, yet note that inconspicuous pea is reported as food in 
other ethnobotanical works; see Rivera Nuñez et al. 2012). 
This is also the case for most small and medium-seeded leg-
umes (e.g. Astragalus sp., Trigonella sp., Melilotus sp. etc.), 
the role of which during the Neolithic has been subject to 
much debate (see Butler 1995). These types of legumes are 
present since the late Epipalaeolithic, through the PPNA, 
PPNB and Pottery Neolithic sites (see Table 3.4 and Fig. 3.4 
in ESM 1), and according to ethnographic records they could 
have constituted plant-foods, fodder resources and/or weeds 
of cultivated crops (see Rivera Nuñez and Obón de Castro 
1991; Rivera Nuñez et al. 2012). Small and medium-seeded 
legumes such as Trigonella sp., Astragalus sp. (milk vetch) 
or Medicago sp. (medick) were the main legume taxa at least 
at eight aceramic sites (11.6–10.2 ka cal bp). They showed 
particularly high frequencies at Chogha Golan (X-XI) and 
Körtik Tepe (1,737 and 462 remains respectively, Riehl et al. 
2013; Rössner et al. 2018). At Tell Aswad (I) more than 400 
Trigonella astroites-type seeds were recorded, which they 
clearly outnumbered wild wheat and pea finds (< 25 remains, 
van Zeist and Bakker Heeres 1984). However, whether small 
and medium-seeded legumes were deliberately exploited 
and cultivated during the Neolithic has not been sufficiently 
investigated yet. It may well be that, just as shown by eth-
nobotanical literature, these plants served indeed for multi-
ple purposes (food, fodder, medicines, sources of gum, soil 
fertilisers etc. see detailed accounts for multiple species in 
Rivera Nuñez et al. 2012).

Other potentially managed plant resources

Apart from cereals and pulses, Neolithic communities 
exploited a wide range of other plant resources, which 
included at least 19 of the so-called ‘wild plant’ taxa and 
five fruit-bearing trees and shrubs (see also Wallace et al. 
2019).

The ‘wild plants’

Plants other than cereal and legumes have been tradition-
ally interpreted as ‘wild’ gathered plant resources, but we 
here argue that these plant resources could have also been 
subject to management practices and consequently, domes-
tication. Indeed, mounting archaeobotanical evidence shows 
that a number of species of the Brassicaceae, Polygonaceae, 
Cyperaceae, Amaranthaceae, Malvaceae and Papaveraceae 
(mustard, buckwheat, sedge, amaranth and poppy families) 
were intensively exploited during the Neolithic across south-
west Asia (see Table 3.1 in ESM 1 and Wallace et al. 2019). 
It is well-known that during the first part of the Neolithic, 
ca. 11.6 ka cal bp, human groups in southeast Turkey relied 
on the exploitation of plants other than the wild progeni-
tors of domesticated cereals (Savard et al. 2006; Kabukcu 
et al. 2021). The use of genera such as Scirpus/Bolboschoe-
nus sp. (club rush, Savard et al. 2006; Douché and Willcox 
2018; Rössner et al. 2018; Kabukcu et al. 2021), Papaver 
sp. (poppy, Whitlam et al. 2018), and Polygonum/Rumex 
sp. (knotweed/curly dock Willcox et al. 2008) is well docu-
mented across the area. At sites in the Euphrates, the eco-
nomic use of plants of the mustard family is attested by the 
presence two ‘cakes’ made of crushed seeds, and the overall 
high numbers of crucifer seeds found in the non-woody plant 
assemblages (Willcox 2002; Willcox et al. 2008). Absolute 
counts for other ‘wild’ taxa such as Caryophyllaceae and 
Chenopodiaceae (more than 2,491 remains), and aromatic 
Ziziphora sp. (553 remains) indicate that these edible species 
were recurrently used at Körtik Tepe (Rössner et al. 2018). 
Interestingly, the exploitation of Ziziphora sp. is also docu-
mented at broadly contemporary sites in northwest Syria and 
southeast Turkey (Willcox et al. 2008; Savard et al. 2006). 
The presence of edible ‘wild plant’ taxa continued to be sig-
nificant during the PPNB. At Aşıklı Höyük, concentrations 
of Papaver cf. rhoeas/dubium (poppy) seeds, Camelina sp. 
(false flax), Helianthemum (rock rose) and Verbascum spp. 
(mullein) fruits were recorded (Ergun 2018). Helianthemum 
is also present with significant counts at broadly contempo-
rary Nevali Çori, and it could have constituted a source of 
food (Pasternak 1998). Recent reports from Çatalhöyük also 
indicate that the seeds of this plant were deliberately stored, 
possibly for consumption, during the LPPNB (Bogaard et al. 
2021). At this site, stores of Capsella bursa-pastoris (shep-
herd’s-purse) and Descurainia sophia (fixweed) were also 
found dated to ca. 8.8–8.2 ka cal bp (Bogaard et al. 2005, 
2013, 2021; Fairbairn et al. 2007). The analyses of carbon-
ised food remains from the site confirms that Brassicaceae 
seeds and club-rush tubers were used as food together with 
a number of cereals and pulses (González-Carretero et al. 
2017). The evidence overall indicates that a number of 
‘wild plant’ resources were repetitively and quite intensively 
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exploited during the Neolithic, which opens up the possibil-
ity for their cultivation.

In this sense, we consider that flax could have been 
regarded as an additional plant within the wide range of eco-
nomically relevant plant resources exploited during the Neo-
lithic (see Table 8 in ESM 2). This species is attested primar-
ily at sites dated to between 10.2–8.5 ka cal bp (Fig. 4), and 
overall show lower ubiquity and absolute counts than other 
economically useful ‘wild plant’ taxa (see Table 3 in ESM 
1). Nevertheless, it is likely that this species was domesti-
cated during the Neolithic period in southwest Asia. At the 
MPPNB site of Jericho a flax capsule dated to ca. 9.9 ka cal 
bp was identified, and the plant was interpreted as a cultivar 
(Hopf 1983). At the LPPNB site of Tell Ramad in Syria, 
flax seeds fall within the size of domesticated species (van 
Zeist and Bakker Heeres 1984), and its spread to Europe is 
well documented at a number of Neolithic sites (see Fig. 1 
in Karg 2011), starting ca. 10.5–10.1 ka cal bp in Cyprus 
(Murray 2003). Yet, it is interesting to point out that the 
frequencies of this species in southwest Asia declined sig-
nificantly with the development of the Pottery Neolithic, ca. 
8.5 ka cal bp (Fig. 4).

Management of fruit‑bearing trees and shrubs

Zohary et al. (2012, p 115) postulated that Olea (olive), Vitis 
(grapevine), Ficus carica and F. sycomorus (fig and syca-
more fig), Phoenix dactylifera (date palm) and Punica gra-
natum (pomegranate) constituted the earliest fruit trees that 
were taken into cultivation in southwest Asia and Europe 
(see also Zohary and Spiegel-Roy 1975; Weiss 2015). But, 
with the possible exception of fig, which could have been 
managed during the early Neolithic ca. 11.5 ka cal bp as 
evidenced at Gilgal I (Kislev et al. 2006; contra Lev-Yadun 
et al. 2006 and Denham 2007, who argue that the evidence 
gathered at this site could have resulted from the prefer-
ential exploitation of wild and ‘seedless’ female figs), the 
process of tree cultivation would have taken place after the 
development of agriculture, during the Chalcolithic-Bronze 
Age. As a result, fruit bearing trees have been traditionally 
considered as a ‘second-wave’ of domesticates. Yet, there 
is no reason to think that cutting and rooting of twigs, dig-
ging out of suckers, planting basal knobs or transplanting of 
shoots were not conducted during the Neolithic. Indeed, the 
archaeobotanical evidence shows at the time when Neolithic 
cereal and pulse cultivation practices were developing, taxa 
such as Pistacia spp. (pistachio), Amygdalus spp. (almond) 
and Capparis sp. (caper) were recurrently, and often quite 
intensively exploited across southwest Asia (see Table 3 in 
ESM 1). Finds from Anatolia show that the use of almond 
as a source of food had a long tradition that could be traced 
back to at least to the Epipalaeolithic (Martinoli and Jacomet 
2004). Considering that wild almond relatives are commonly 

bitter and toxic, processing activities and the selection and 
propagation of preferred varieties could have been practised 
in the past. Indeed, the evidence for wood charcoal exploi-
tation in the southern Levant shows the intensive exploita-
tion of both pistachio fruits (Rousou et al. 2021), and wood 
resources during the PPNA and the PPNB (see review of 
early Holocene wood charcoal records in southwest Asia in 
Table S5 in Arranz-Otaegui et al. 2017), and some authors 
suggest that that this species could have been managed dur-
ing the Neolithic for the collection of nuts and firewood 
(Asouti et al. 2015). In addition, Quercus spp. (oak) seems 
to have been recurrently exploited at Çatalhöyük, as evi-
denced by the presence of acorn stores, and the use of its 
wood as fuel and building material (Asouti 2013; Bogaard 
et al. 2013). Indeed, it has also been suggested that semi-arid 
deciduous oak woodlands in the Irano-Anatolian regions 
represented anthropogenic vegetation types that evolved 
during the first half of the Holocene, as a result of human 
activities like tree coppicing, pollarding and shredding, as 
well as sheep grazing (Asouti and Kabukcu 2014). How-
ever, even if the archaeobotanical record shows that several 
fruit-bearing trees and shrubs were recurrently exploited 
during the Neolithic, clear-cut evidence of management 
and/or cultivation is still missing for the largest part of the 
period. Similarly, there is not enough data yet to determine 
whether the fruit-bearing trees/shrubs attested at aceramic 
sites in Cyprus such as caper, fig and pistachio in the early 
phases (ca. 10.5–10.1 ka cal bp, Willcox 2001; Murray 2003) 
and olive, Celtis sp. (hackberry), and Prunus spp. (plum 
genus) slightly later ca. 8.4–8.1 ka cal bp (Hansen 2005), 
were locally available or imported together with the rest of 
the grain crops from the mainland area.

Discussion

Revisiting the significance of the founder crops

Zohary and Hopf (1988) originally claimed that the founder 
crops were the “most numerous vegetable remains” at early 
Neolithic farming villages, and since then, these eight spe-
cies have become the hallmark of the Neolithic period, lead-
ing several authors to suggest that einkorn, emmer, barley, 
pea, bitter vetch, chickpea and flax represented the original 
group of plants that were first cultivated and domesticated in 
southwest Asia, as well as the species that agricultural com-
munities exploited and translocated to other regions (Zohary 
1989, 1996; Lev-Yadun et al. 2000; Gopher et al. 2001; Abbo 
et al. 2012). Yet, these claims can now be empirically re-
evaluated through the archaeobotanical data accumulated 
in the last four decades.

Considering both the ubiquity and absolute values of 
the different taxa it can be concluded that the eight founder 
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species were neither the most numerous nor the most com-
mon edible plant species attested during the Neolithic in 
southwest Asia. Archaeobotanical data indicate that early 
and late Neolithic communities exploited dozens of differ-
ent edible plant resources and that the particular species 
selected varied greatly through the period and across the 
region (see also Savard et al. 2006; Arranz-Otaegui et al. 
2016a, b; Wallace et al. 2019). In fact, for the first thousand 
years of the Neolithic, i.e. 11.6–10.2 ka cal bp, the founder 
crops were extremely rare; only barley and lentils seem to 
have been exploited with some regularity. A relative increase 
in the founder crops is attested during the middle PPNB, 
10.2–9.5 ka cal bp, which coincides with the start of the early 
Neolithic agricultural phase. But the founder species attested 
during this time only comprised barley, emmer, einkorn, 
lentil and flax (Fig. 4) along with several other crops (e.g. 
naked wheat, naked barley, new glume wheat, faba bean, 
grass pea). It is not until the end of the Pre-Pottery Neolithic, 
and particularly, during the late Neolithic agricultural phase 
(i.e. Pottery Neolithic, 8.5 ka cal bp onwards), that founder 
species increased more significantly and that taxa such as 
pea and bitter vetch were incorporated (Fig. 4). Yet, even 
during this late Neolithic agricultural phase, the frequencies 
for chickpea, pea, bitter vetch and flax continued to be very 
low in comparison to non-founder taxa such as naked cere-
als, and other food resources such as fruits and nuts, and the 
edible ‘wild plants’. Overall, results show that the gradual 
increase in the exploitation of the founder crops over time is 
almost entirely explained by the increased presence of wheat 
in archaeological sites (Fig. 4), and not so much because the 
eight founder species become predominant over other taxa.

The archaeobotanical data also suggests that the founder 
crops were not the first group of plants taken under cultiva-
tion. According to the information available to date, the first 
cultivated crops would be attested during the Pre-Pottery 
Neolithic A (11.6–10.7 ka cal bp). But of the eight founder 
species, only wild barley and perhaps lentil appear to have 
been cultivated during this time period. The cultivation of 
emmer, einkorn, bitter vetch, chickpea, pea and flax is not 
documented until later, during the PPNB (10.7–9.0 ka cal 
bp). Indeed, the evidence indicates that early Neolithic plant 
cultivation activities involved (at least) taxa such as wild 
rye, and that therefore, the beginning of food production 
in southwest Asia included species other than the original 
founder taxa.

Results also show that the eight Neolithic founder crops 
were not the group of plants first domesticated in southwest 
Asia. Key domestication traits for the founder cereal and 
legume species (i.e. non-shattering rachis and smooth testa) 
are documented from 10.7 to 9.6 ka cal bp. Yet, within this 
time frame, there is clear-cut evidence for the development 
of domestication traits for other crops like faba bean ca. 
10.7–10.2 ka cal bp, free-threshing cereals and new glume 

wheat ca. 10.4 ka cal bp, as well as broad-vetch, grass-pea 
and other legumes, domesticated between 10.2–9.6 ka cal bp, 
during the MPPNB and the LPPNB. As such, the idea that 
the eight founder crops represented the first group of spe-
cies that underwent domestication during the Neolithic, and 
that ultimately led to the development of agriculture (sensu 
Lev-Yadun et al. 2000; Gopher et al. 2001; Abbo et al. 2010, 
2012), should be discarded.

Actually, it is not even accurate to consider this group 
of eight plants as the species that ‘founded’ agriculture in 
southwest Asia. Whilst taxa like barley and emmer, and to 
a lesser extent einkorn, were recurrently exploited during 
the whole agricultural period (i.e. MPPNB, 10.2 ka cal bp 
onwards, Fig. 4), bitter vetch and pea did not become com-
mon cultivars until ca. 8.5 ka cal bp, that is, almost one mil-
lennium after the development of agriculture (see Fig. 4). 
The same applies to chickpea, but this taxon remained 
extremely rare during the whole Neolithic period, includ-
ing the Pottery Neolithic, which raises the question of why 
Zohary and Hopf ever regarded this plant as a founder. 
Indeed, what is clear from the data accumulated in the last 
40 years is that aside from the founder species, a large num-
ber of crops comprising at least free-threshing wheat, grass 
pea, faba bean, ‘new’ glume wheat, but probably many more 
(potentially plants of the mustard family, fruit-bearing trees 
etc.), were recurrently exploited during the agricultural 
period. Consequently, it can be argued that not only one, 
but mostly likely multiple agricultures existed during the 
Neolithic, each comprising different combinations of culti-
vars and ‘crop packages’.

Overall, we consider that the focus on the eight founder 
crops in the literature has inevitably resulted in a stereotyp-
ing of Neolithic subsistence (see also Arranz-Otaegui 2021). 
The plant-based economy of the Neolithic is often portrayed 
as a rather homogeneous entity, where plant cultivation was 
the primary activity, and the species targeted were exclu-
sively—or at least primarily—the eight founder species. Yet 
this widespread view contradicts the archaeobotanical data 
gathered in the last decades, which shows that the Neolithic 
was a dynamic period that included multiple plant-based 
subsistence strategies and the exploitation of many more 
species than the traditional eight founders (Colledge 2001; 
Savard et al. 2006; Fairbairn et al. 2007; Willcox et al. 2008; 
Asouti 2013; Bogaard et al. 2013, 2021; Arranz-Otaegui 
et al. 2016b; Caracuta et al. 2016, 2017; Baird et al. 2018; 
Colledge et al. 2018; Douché and Willcox 2018; Ergun 
2018; Ergun et al. 2018; Weide et al. 2018; Whitlam et al. 
2018; Wallace et al. 2019; Kabukcu et al. 2021).

We know that once an agricultural way of life was fully 
established, the Neolithic founder crops spread outward in 
different waves: to the west into Europe; to the north, into 
the Caucasus and Turkmenistan; and to the east, towards 
the Iranian Plateau and southern central Asia (see Colledge 
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et al. 2004; Charles and Bogaard 2010). However, these 
eight species were taken to other regions, but not necessarily 
as a clear package. As previously shown, at most Neolithic 
sites between one and four of the eight founder species are 
attested along with several other economically useful plant 
species (Colledge et al. 2004, 2005; Charles and Bogaard 
2010; Weiss and Zohary 2011; Asouti and Fuller 2013). 
Perhaps more importantly, the Neolithic founder species 
were neither the first nor the only crops that spread from 
southwest Asia to other regions, and recent archaeobotani-
cal evidence in Cyprus clearly exemplifies this fact. In this 
island several introductions of plant species are attested 
during the Neolithic, including: (1) barley and emmer ca. 
10.8–10.6 ka cal bp; (2) one-grained einkorn, pea, bitter 
vetch, flax, oat and perhaps several fruit-bearing trees like 
caper, fig and pistachio ca. 10.5–10.1 ka cal bp; (3) two-
grained einkorn ca. 9.5 ka cal bp; (4) faba bean/narbon vetch 
ca. 8.8 ka cal bp; and (5) naked barley and wheat, along 
with chickpea, and probably other taxa like hackberry, olive 
and plum, slightly later ca. 8.4–8.1 ka cal bp (Stewart 1974; 
van Zeist 1981; Willcox 2001; Murray 2003; Hansen 2005; 
Colledge and Conolly 2007; Lucas et al. 2012; Vigne et al. 
2012; Parés and Tengberg 2017; Lucas and Fuller 2020).

Taking together the evidence that has accumulated over 
the last four decades, we can conclude that while the eight 
species listed by Zohary and Hopf undoubtedly played a 
relevant economic, cultural and social role during the Neo-
lithic, as well as subsequent prehistoric and historic peri-
ods up to the present day, it is misleading to consider these 
eight plants as the founder species or as a clear package. 
If it is deemed of use for scientific discussion, the concept 
of the ‘founder crops’ should at least be revised to include 
other species (e.g. see previous suggestions by Melamed 
et al. 2008; Fuller et al. 2011, 2012a, b), as well as to evalu-
ate the suitability of maintaining some of the original taxa 
(e.g. chickpea). But in our view, it is not enough to merely 
modify the lists of species. We propose that instead of, or at 
least in addition to, defining the first cultivars, domesticates, 
translocated species etc., it could perhaps be more helpful 
to define the plants that founded the Neolithic subsistence 
as a whole, irrespective of their form (wild, domestic, inter-
mediate), procurement strategy (cultivated, gathered) and 
uses (food, fuel, raw materials…). We consider that by so 
doing, we would be best positioned to compare long-term 
plant exploitation strategies through direct comparisons with 
the evidence found in other time periods (e.g. by comparing 
‘the plants of the Epipaleolithic subsistence’ v. ‘the plants 
of the Neolithic subsistence’). The removal of long-estab-
lished dichotomies (i.e. wild/domestic, crop/gathered plant 
etc.) would also allow us to evaluate more accurately the 
relevance of the wide range of different plant species these 
communities exploited.

Current challenges and future prospects 
in relation to the study of the origins of agriculture 
in southwest Asia

Considering the data accumulated in the last decades, it is 
clear that there are important challenges at both theoreti-
cal and methodological levels in our understanding of the 
origins of agriculture in southwest Asia. Research in plant 
domestication has primarily focused on tracing the evolu-
tionary history of particular cereal and legume species (see 
Arranz-Otaegui 2021). As such, there is plenty of work to 
be done in order to investigate the domestication process of 
crop species that have not traditionally been included in the 
founder crop category, but for which there is clear archaeo-
botanical evidence of cultivation, domestication and trans-
location during the Neolithic (e.g. rye, naked cereals, new 
glume wheat, faba bean and grass pea among many others). 
Yet, perhaps more interestingly, it remains to be investigated 
whether some of the so-called ‘wild plant’ resources (includ-
ing the fruit and nut category), underwent management pro-
cesses during the Neolithic even if they resulted in evolu-
tionary dead ends. In this sense, the archaeobotanical data 
suggest a number of taxa that would be worth exploring.

In terms of grasses, species like goatgrass, medusahead, 
feathergrass and several other medium and small-seeded 
grasses were predominant and seemed to have played an 
important role in the economy of early Neolithic sites in 
Turkey, Iran and Iraq (Baird et al. 2018; Whitlam et al. 2018; 
Rössner et al. 2018; see Weide et al. 2018 for a detailed revi-
sion for the exploitation of wild grasses in southwest Asia). 
Indeed, the exploitation of these ‘other’ types of grasses as a 
source of food dates back at least to the Upper Palaeolithic-
Early Epipaleolithic period (Weiss et al. 2004) and contin-
ued throughout the Late Epipalaeolithic (Hillman 2000; 
Colledge and Conolly 2010; Tanno et al. 2013; Rössner et al. 
2018). The fact that many of these species are edible and 
have been economically relevant for modern populations as 
indicated by ethnobotanical accounts (Adams 1999; Rivera 
Nuñez et al. 2012; Fairbairn et al. 2014;), along with the evi-
dence for the cultivation and domestication of similar small/
medium-seeded grasses around the world (e.g. Eragrostis 
tef, Pannisetum glaucum, Panicum/Setaria, Echinochloa 
crus-galli, Phalaris caroliniana, Hordeum pusilum), pro-
vides solid grounds to open the possibility for their manage-
ment during the Neolithic in southwest Asia.

The cultivation and domestication process of legumes like 
rambling vetch, broad-podded vetch and inconspicuous pea 
could be explored to better understand the economic role 
that these species played in the subsistence of Neolithic com-
munities in southwest Asia (Melamed et al. 2008; Caracuta 
et al. 2017). In this sense, it is important to note that some of 
these taxa appear in larger proportions than founder legumes 
like chickpea and pea; they have been documented in storage 
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contexts, just like other founder crop species; and ethnobot-
anical records show they have been used as food in the past 
(Rivera Nuñez and Obón de Castro 1991; Rivera Nuñez et al. 
2012). This also applies to small-seeded legumes, like milk 
vetch or medick (see ethnobotanical examples of the eco-
nomic uses of several species in Rivera Nuñez and Obón de 
Castro 1991; Rivera Nuñez et al. 2012). It has been consid-
ered that small-seeded legumes could have played an impor-
tant role in terms of subsistence, either as food or fodder, in 
particular regions like Iran and/or Iraq (Savard et al. 2006; 
Riehl et al. 2013). Empirical evidence for the cultivation 
of these species is currently non-existent, and research is 
constrained by the inherent difficulties associated with the 
identification of legume domestication, as well as the cul-
tural biases and modern preconceptions behind the potential 
exploitation of non-founder plants (Arranz-Otaegui 2021). 
As previously noted by Butler (2009, p 99), “these types of 
‘other’ pulse species have been labelled ‘wild’ seemingly 
because they are not from any of today’s known crops, while 
ancient pulse crops have been partially so defined by asso-
ciation with known cereal and the modern crops status”.

The cultivation and domestication of plants that belong 
to families other than the Poaceae and Fabaceae is a pos-
sibility that, except for flax and some fruit-tree crops, has 
been neither seriously considered nor positively explored 
yet in southwest Asia. Archaeobotanical evidence shows 
that during the earliest phases of the Neolithic a wide 
range of resources including plants of the Cyperaceae, 
Polygonaceae, Chenopodiaceae and Brassicaceae families 
was exploited in southwest Asia (see also Wallace et al. 
2019). Some of these species showed very high frequen-
cies, even higher than founder cereals and legumes, and 
they were found in storage contexts or large concentra-
tions, just like other cultivated crops (Fairbairn et al. 2002; 
Willcox 2002; Willcox et al. 2008; Ergun 2018). We know 
that during prehistory, the cultivation and domestication 
of plants in the mustard, goosefoot and buckwheat fami-
lies, among others, occurred in other parts of the world 
(Bruno 2006; Smith and Yarnell 2009; Mueller 2017; Hunt 
et al. 2018; see Meyer et al. 2012 for a review). As such, 
a fundamental question to be tackled in southwest Asia is 
whether these so-called ‘wild plant’ resources were being 
managed during the Neolithic period, and whether they 
also spread from southwest Asia along with the founder 
cereals and legumes to other regions in the north, south 
and east.

Finally, it should be noted that landscape and woodland 
management practices are one of the major gaps in our 
knowledge of anthropogenic land-uses and plant manage-
ment activities in southwest Asia. We consider that the over-
all late empirical records for the management of fruit trees 
could be primarily a result of our lack of ability to trace 
these practices archaeologically. Indeed, recent scholarship 

is showing that Pleistocene human groups around the world 
were already managing the land and the plant resources 
around them through the use of fire and the translocation 
of plant species (Boivin et al. 2016). Such early land and 
plant management activities have also been suggested for 
the Epipalaeolithic period in southwest Asia (Emery-Barbier 
and Thiébault 2005; Turner et al. 2010; Ramsey and Rosen 
2016). It is therefore one of the key topics that deserves to be 
further investigated in future archaeobotanical studies, and 
which would benefit from the application of multiple lines of 
evidence (e.g. morphometric study of seeds/fruits, dendro-
anthracological studies, pollen and micro-charcoal analyses, 
and plant provenance analyses, among others).

Conclusions

The concept of the ‘founder crops’ developed by Zohary 
and Hopf represented a before and after in our under-
standing of the Neolithic plant-based subsistence and the 
origins of agriculture in southwest Asia. It largely influ-
enced the grand explanatory models for the transition to 
food production, and shaped our research agendas. But 
this concept was developed in the 1980s, when processes 
such as plant cultivation, domestication and agriculture 
were used interchangeably in the literature. As such, this 
paper has sought to revisit the significance of the founder 
crops concept in the light of the archaeobotanical advances 
carried out in the last decades.

Zohary and Hopf (1988) considered these eight species 
as the “most numerous vegetable remains in early farm-
ing villages”, “the species that initiated food production 
in southwest Asia”, the first domesticated plants, as well 
as the crops that founded early Neolithic agriculture and 
spread from southwest Asia to other regions. In this work 
we have shown that these definitions are not accurate, and 
that for each of these key aspects (i.e. plant cultivation, 
domestication, agriculture, translocation) the list of spe-
cies that would need to be regarded as ‘founders’ would be 
significantly different. There is no doubt that individually, 
species like barley, emmer, lentil and einkorn played a 
fundamental role during the Neolithic, but results showed 
that taxa such as flax, pea, bitter vetch and chickpea were 
not more common than other economically useful plant 
species. Overall, we consider that our knowledge about 
plant domestication and the development of agriculture 
is retrospective, and it has been largely biased by mod-
ern views and expectations of past subsistence practices 
and agriculture (Arranz-Otaegui 2021). Just as it has been 
argued for when reflecting on the very nature of the Neo-
lithic “by looking for this long-established and recognized 
suite of traits that form a Neolithic ‘package’ we tend to 
ignore the diversity from which these features emerge, a 
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diversity that appears to be a central part of the transition” 
(Finlayson 2013, p 133).

This paper has also highlighted current gaps and exist-
ing limitations in our knowledge about Neolithic plant 
exploitation. There has been (and continues to be) a clear 
underestimation of the role that non-founder plant taxa 
played during this time. In our view, the narratives of Neo-
lithic subsistence, the process of domestication, and devel-
opment and spread of agriculture in southwest Asia cannot 
be limited to the evolution of these eight taxa alone. We 
therefore propose that in order to move our understanding 
of the Neolithic plant-based subsistence and agriculture 
forward, we have to raise new questions like: Which of 
the many exploited plant species were under management 
during the Neolithic? Could some of the so-called ‘wild 
plant’ taxa be cultivated too? Did some of these species 
ever become domesticated? Could we trace their spread 
to other regions?

Overall, if the same amount of time, effort and interest 
invested in documenting the domestication process of the 
founder crops was applied to identify the evolutionary his-
tory of other plant species, our knowledge about the transi-
tion from foraging to plant-food production in southwest 
Asia would have been much more comprehensive and factual 
than at present, and we would therefore be better positioned 
to understand the origins and development of this funda-
mental process.
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