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Abstract

Charred remains of wild rye from five sites in the Middle Euphrates region in Syria dated to the end of the Pleistocene and
the beginning of the Holocene are examined. This period spans the transition from gathering to the beginnings of cultiva-
tion. Today wild rye cannot grow in the region because temperatures and aridity are too pronounced. Wild rye grains and
wild two-grained einkorn are morphologically similar, which has led to difficulties in identification; in some cases rye may
have been identified as two-grained einkorn or as Triticum/Secale. In this paper, with reference to modern specimens and
re-examination of charred material from Dja’de el-Mughara, Jerf el-Ahmar and Mureybet, we examine the criteria for iden-
tification and revise the results for charred caryopses and wild spikelet bases. We then present these new results which show
that at the early Neolithic sites of Jerf el-Ahmar, Mureybet, Dja’de el-Mughara and Tell ‘Abr 3 wild rye frequencies are much
higher than einkorn but wild barley is the dominant cereal. This is followed by discussions of how and why wild rye may have
been exploited during the early Neolithic and why rye disappears from Euphrates sites with the advent of mixed farming.
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Introduction

At the end of the Younger Dryas and the beginning of the
Holocene, at least two Natufian sites and seven Pre-Pottery
Neolithic villages were inhabited in the Middle Euphrates
valley in northern Syria. As in other areas of the Fertile
Crescent a wide variety of plants were exploited, including
the eight taxa which make up the ‘Neolithic founder crops’
defined by Zohary. These include barley, einkorn, emmer,
bitter vetch, chickpea, lentil, pea and flax (Weiss and Zohary
2011); to these, on the basis of recent finds, fig, broad (or
horse) bean, timopheevi wheat and possibly wild rye should
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be added (Denham 2007; Caracuta et al. 2017; Czajkowska
et al. 2020).

With few exceptions, the exploitation of wild rye is
restricted to the Middle Euphrates valley during the late
Younger Dryas and the early Holocene. Significantly, wild
rye cannot grow in the area today because the climate is
too hot and arid. In the past, identifying wild rye and in
particular distinguishing between charred grains of wild rye
and those of two-grained wild einkorn has been problematic
(Moore et al. 1975; Willcox 1996). Thus the identifications
are sometimes referred to as Triticum/Secale (Willcox et al.
2008; Table 1). Hillman was the first to recognize rye grains
in Natufian levels at Abu Hureyra, on the Euphrates (Moore
et al. 1975; Hillman et al. 1989, 1997). He suggested that a
few plump grains were domestic types (Fig. 12.6 and 12.23
in Hillman 2000). However, this was later nuanced (Hill-
man et al. 2001) and most archaeobotanists today agree
that there is not enough evidence indicating domestic rye
at Abu Hureyra (Colledge and Conolly 2010). Hordeum
spontaneum (wild barley) is absent in Natufian levels at Abu
Hureyra, only three grains were recovered from Natufian lev-
els at Mureybet (van Zeist and Bakker-Heeres 1984; Willcox
2008), but it is dominant on the later early Holocene sites.
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Table 1 Summary of rye (or potential rye) finds from late Pleistocene and early Holocene sites in Southwest Asia

Site Date/period Rye identification References
Abu Hureyra Epipalaeolithic Secale montanum grains Hillman 2000; Hillman et al. 2001; Colledge and
(N Syria) (11th mill. Bc) S. vavilovii grains Conolly 2010
S. cereale grains

Kortik Tepe Epipalaeolithic— Secale grains Coskun et al. 2012; Benz et al. 2015; Rossner
(SE Anatolia) Early Neolithic Secale cereale brittle rachis etal. 2018

(11-10th mill. Bc)
Hallan Cemi PPNA Triticum/Secale grains Savard 2018
(SE Anatolia) (10th mill. Bc)
Qermez Dere PPNA Triticum/Secale grains Savard et al. 2006

(N Iraq)

Tell Mureybet
(N Syria)

Jerf el-Ahmar
(N Syria)

Tell ‘Abr 3
(N Syria)
Dja’de el-Mughara

(10th mill. Bc)

PPNA
(10th mill. Bc)

PPNA
(10th mill. Bc)

PPNA
(10th mill. Bc)

PPNA-EPPNB

Secale spikelet impressions

Secale grains (revised grains, among those
previously identified as 7. boeoticum ssp.
thaoudar)

Secale spikelet bases impressions & charred
remains

Secale grains (revised grains, among those
previously identified as Triticum/Secale)

Secale grains

Secale grains (including some of those previ-

van Zeist and Casparie 1968; van Zeist and
Bakker-Heeres 1984; Willcox and Fornite 1999;
Willcox 2008

Stordeur and Willcox 2009; Willcox and Stordeur
2012

Stordeur and Willcox 2009; Yartah 2013

Willcox 1996; Willcox et al. 2008; Douché and

(N Syria) (10th-9th mill. Bc)

Secale spikelet bases
Cafer Hoyiik
(C Anatolia)

EPPNB-LPPNB
(8th-7th mill. BC) als)

ously identified as Triticum/Secale)

Triticum/Secale grains and spikelet forks (cere-

Willcox 2018

De Moulins 1997

Secale montanum/vavilovii grains (as wild/

weed taxa)

Attempts were made to identify the species of wild rye
grains from Abu Hureyra using SEM examination but these
were not successful (Hillman et al. 1989). Studies of the
grain morphology from the Abu Hureyra material allowed
G. Hillman and colleagues (Hillman et al. 1993) to sug-
gest that some grains resemble the perennial wild species
Secale montanum and this identification was purportedly
confirmed by infra-red spectroscopy (Hillman et al. 1989,
1993 p. 106). In addition, another species, S. vavilovii, was
identified (Hillman 2000).

Spikelet bases of wild rye were identified for the first
time from impressions of chaff used as a tempering material
for the pisé (i.e. daub or building earth) from a burnt house
dated to Pre-Pottery Neolithic A at Tell Mureybet (Willcox
and Fornite 1999). Unlike the grains, Secale spikelet bases
are readily distinguishable from those of einkorn. Earlier
analyses by W. van Zeist (van Zeist and Bakker-Heeres
1984) listed only two-grained einkorn grains (Triticum boe-
oticum ssp. thaoudar) and not wild rye. Thus the identifica-
tion of wild rye spikelet bases in the same levels as charred
two-grained einkorn suggest the possibility that wild rye
had been overlooked or misidentified in the earlier studies.

When in 2008 the results from three Euphrates sites
were published (Willcox et al. 2008), einkorn and rye
grains were not separated, thus a large proportion of
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charred grains from Jerf el-Ahmar, Dja’de el-Mughara and
Tell ‘Abr 3 were recorded as Triticum/Secale (Fig. 1 and
Table 1). However, charred wild rye spikelet bases were
identified among the assemblage and these were more fre-
quent than einkorn spikelet bases. More comprehensive
examination showed that wild rye grains were dominant
over two-grained einkorn (Willcox and Stordeur 2012).
Outside the Middle Euphrates (Table 1), Triticum/Secale
has been reported from Hallan Cemi (Savard 2018), Qer-
mez Dere (Savard et al. 2003, 2006) and Cafer Hoyiik (De
Moulins 1997). Wild type Secale grains and chaff have
been reported at Epipalaeolithic-early Neolithic Kor-
tik Tepe (SE Anatolia), about 250 km northeast of the
Euphrates sites (Coskun et al. 2012; Benz et al. 2015;
Rossner et al. 2018). Rye identified from later periods in
Anatolia, for example at Can Hasan III (Hillman 1978),
Alaca Hoylik (Gokgol 1944) and in Europe, appear to be
unrelated and morphologically different from the wild
types from the Euphrates sites. Indeed, these later finds
are large-grained domestic rye or weedy forms of Secale
cereale (Behre 1992; Grikpédis and Matuzeviciate 2016;
Filatova et al. 2021) and are not included in this study.
Having re-examined the material from Jerf el-Ahmar,
Dja’de el-Mughara, Tell ‘Abr 3 and Tell Mureybet, we
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Fig. 1 Map showing the posi-
tions of the sites mentioned in
the text, locations of modern
stands of wild rye (not exhaus-
tive) and major basalt outcrops
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provide in this paper more precise identifications of wild
rye found on these sites compared to previous publications.

The Middle Euphrates valley at the end
of the Pleistocene and beginning of the Holocene

Today the area receives an average annual rainfall of
between 150 and 300 mm. The vegetation is that of a highly
degraded steppe and wild barley is the only wild cereal
growing in the area today. However, during the early Holo-
cene an open woodland steppe-forest with Pistacia atlan-
tica, Amygdalus sp. and possibly Quercus sp. was present in
the area, together with a rich riparian vegetation along the
Euphrates river (Willcox 1996 p. 149, 2002; Helmer et al.
1998). Violent annual floods caused by a combination of
snow melts in the Taurus and spring rains in April inundated
the floodplain until dams were constructed upstream (Will-
cox and Roitel 1998). The settlements were protected from
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flooding by being located on terraces some 10 m above the
floodplain. The seasonal floods coincided with the point at
which the cereals approached maturity, not during the grow-
ing season when moisture was necessary; their cultivation on
the flood plain would have been impossible before the recent
construction of dams. Similarly wild cereals could not have
grown on the flood plain. Downstream in Iraq, where the
Euphrates valley broadens and the flow is slower, water can
be channeled away from the flood plain so that crops can be
irrigated during the growing season, out of reach of all but
the most extreme floods.

The site locations are given in Fig. 1. Seven sites are
known to have been inhabited during the late Pleistocene/
early Holocene in the Euphrates valley; of these, five pro-
duced finds of wild rye (dates for the sites are given in
Table 2). Note that the PPNA (Pre-Pottery Neolithic A)
— PPNB (Pre-Pottery Neolithic B) site of Cheikh Hassan

Table 2 List of archaeological sites located in the Middle Euphrates mentioned in the text and their dates of occupation

Site Cultural period Dates (cal Bc) References

Abu Hureyra Late Natufian ca. 11,100-10,000 Colledge and Conolly 2010
Tell ‘Abr 3 PPNA 9th mill. Yartah 2005

Jerf el-Ahmar PPNA ca. 9400-8900 Stordeur and Willcox 2009
Dja’de el-Mughara PPNA, EPPNB ca. 9310-8830, 8800-8290 Coqueugniot 2014

Tell Mureybet PPNA, EPPNB, MPPNB 9500-8700, 8700-8200, 8200-8000 Ibafiez 2008
Tell Halula MPPNB, LPPNB 8200-7500, 7500-7000 Molist 2013 (see Bux6 and
Rovira 2013)
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is not included because there are no archaeobotanical data
(see Abbes et al. 2001).

The occupation periods of these sites coincide with
the climatic fluctuations occurring at the end of the Pleisto-
cene and the beginning of the Holocene; thus Abu Hureyra
I (late Natufian) dates to the end of the Pleistocene just
before the Younger Dryas; Mureybet I (late Natufian) and
Mureybet II (Khiamian) date to the Younger Dryas, a period
of aridity and cooling. The PPNA sites of Jerf el-Ahmar,
Tell ‘Abr 3 and Mureybet III date to the early Holocene,
when the temperature increased but the climate was prob-
ably cooler and moister than today. Dja’de el-Mughara (late
PPNA/early PPNB) also dates to the early Holocene. Jerf el-
Ahmar, Mureybet, and Abu Hureyra are the most southerly
sites, situated in an area which receives an average annual
rainfall of 150-200 mm. Dja’de el-Mughara (Coqueugniot
2000, 2014) has an annual average rainfall of about 300 mm
and is situated 50 km upstream from Jerf el-Ahmar. Tell ‘Abr
3 (Yartah 2004, 2005) is situated about 25 km farther north
in an area with an annual rainfall similar to that of Dja’de
el-Mughara.

Materials and methods
Modern species of wild rye

The classifications of wild ryes by botanists and geneticists
are not always in agreement. This may be partly due to
hybridization which can take place between different spe-
cies. We use classification adopted by Maraci et al. (2018)
which includes four species, two of which do not concern
us: S. cereale which consists of several weedy and domestic
subspecies and S. sylvestris which occurs outside our geo-
graphical range. Of the two remaining species which are
relevant to this study, S. vavilovii is often cited as being the
possible progenitor of domestic rye, and S. strictum (for-
merly S. montanum, the name we use here) has four subspe-
cies and a wide range.

Secale cereale, S. montanum and S. vavilovii are hetero-
gamous, unlike wheat and barley which are autogamous
(self-fertilizing). This factor may have led to a more com-
plex domestication process compared to wheat and barley
and explains why the domestication of rye remains poorly
understood. Interspecific hybridization is possible, for exam-
ple between S. cereale and S. montanum, although this often
leads to low-fertility hybrids (Stutz 1957; Singh et al. 1997).
Genetic studies suggest that S. vavilovii is probably the wild
rye that is closest to domestic rye (Schreiber et al. 2019),
which evolved into a weedy form and then domestic S. cere-
ale ssp. cereale (Sun et al. 2022).

Secale montanum is widely distributed in central and
eastern Anatolia above 800 m a.s.l. on basalt soils (Figs. 1
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and 2a, b) and was identified in the Akher Dagh, north of
Kermanshah (Post and Dinsmore 1932; Davis 1985). Far-
ther south, Willcox collected S. montanum at above 1,000
m on the Djebel Druze in southern Syria and it has been
recorded on Mount Hermon in northern Israel. According to
the Flora Palaestina (Feinbrun-Dothan 1986 pp. 178-179),
the online Flora Syria (http://florasyria.com/) and Flora of
Israel and adjacent areas (https://flora.org.il/en/plants/sec-
mon/), S. montanum is the only wild rye species recorded
in Syria. S. vavilovii has a more restricted distribution in
eastern Anatolia (Map 7 in Zohary et al. 2012). Photos in
Fig. 2¢c, d show wild stands, where in 1992 G. Hillman and
his colleagues collected S. vavilovii on the foothills of Mount
Ararat and around Lake Van. In conclusion, S. montanum
has a more widespread distribution compared to S. vavilovii,
which may be due to its wider tolerance to soil and climatic
conditions.

Morphology of modern wild rye species
Spikelet bases

Spikelet bases of wild rye are readily distinguishable from
other cereal spikelet bases. Their identification, unlike
that of the grains, provides unequivocal evidence for the
presence of wild rye. Rye species, except for S. sylvestre
(Schlegel 2016 p. 11), contain two fertile florets (two grains
per spikelet ) alternating in two ranks. The lemmas of wild
rye are long with an awn and characterized by “pectilinate-
ciliate keels” (Willcox and Fornite 1999) which do not occur
on einkorn (Fig. 3a, b). In general, the glumes of rye are
reduced but thick at the base and are inserted into the spike-
let base at a more horizontal angle (aprox. 90°) than the
glumes of einkorn, which are wide and thin at the base and
inserted into the rachis at a more vertical angle. In addition,
einkorn spikelet bases exhibit a primary keel arising at the
same level as the abscission scar. The abscission scars of
rye and einkorn can also be distinguished: the scar of the
former is deep and defined by a pronounced lip; on the latter
it is wide and shallow. Finally, vertical lines running along
the internodes of rye are highly pronounced compared to
einkorn.

Grains

Hillman (2000) provided the following observations on
rye: (1) the grains are relatively narrow and triangular in
transverse section; (2) the ventral furrow forms a lacunate
T-shape in cross-section and extends around the apical end;
(3) the apical end is conoidal-truncate in side view; (4) the
coleoptile is narrow and pointed. Because the distinction
between the caryopses of wild rye and wild two-grained
einkorn has been problematical in the past (Willcox 1996),
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Fig.2 Photos of wild rye. a Wild rye (Secale montanum) flowering
at Jalés, France (photo taken by G. Willcox in 1995), b Wild stand
in the Karadag (Turkey) including a mixture of oat, wheat and rye

we attempt here to clarify the morphological differences
between two-grained einkorn and wild rye (see Table 3;
Fig. 3c—f). The ventral surface of wild rye is slightly convex,
whereas for two-grained einkorn it is flat (Kreuz and Boenke
2002). A ridge and striations often run longitudinally on
the dorsal surface of wild rye, while a single dorsal line
formed by a shallow groove is usually visible on einkorn.
Two-grained einkorn grains are also characterized by the
presence of a longitudinal line running on their lateral side
due to the pressure of the glumes (Weide et al. 2021), and
they sometimes present a ventral compression (notch) at the
apex, whereas rye is more truncated. Rye and einkorn also
differ in the size of the embryo which is relatively long for
rye and short for einkorn. Finally, the cell pattern of the
epidermis is often clearly visible on rye grains and forms
longitudinal lines, formed by large cells seen in a lateral
view (Hillman et al. 1993).

Charring affects grain morphology. Recent experimen-
tal charring indicates that wild rye grains (Secale cere-
ale ssp. vavilovii) become more rounded when charred at

(photo taken G. Willcox in 2004), ¢ Photos of S. vavilovii growing on
the foothills of Mount Ararat (Turkey) and d along a roadside (photos
taken by P. Anderson in 1992)

260-300 °C (Weide et al. 2021). Our results from char-
ring experiments on S. vavilovii at lower temperatures
(150-200 °C) produced shrinkage (Fig. 4). In general,
experimental charring of cereal grains has demonstrated that
various distortions (i.e. shrinkage or puffing ) can occur,
depending on several conditions such as humidity, tempera-
ture, oxygen levels etc. which would produce a wider size
range compared to fresh material (Willcox 2004; Braadbaart
2008; Charles et al. 2015).

Archaeological material

For details of recovery and processing of the charred mate-
rial see van Zeist and Bakker-Heeres (1984), Hillman
(2000), Willcox et al. (2008) and Douché and Willcox
(2018). Samples collected from a variety of archaeologi-
cal contexts (including floors, pits, accumulated ash and
hearths) were processed by flotation. Six cereal taxa were
identified at the five sites. For simplicity we use the ‘tradi-
tional taxonomy’ (Zohary et al. 2012 p. 29) as follows: (1)
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Fig.3 Modern specimens of

a Secale vavilovii, spikelet

base (MNHN, LAB 2621), b
Secale montanum, spikelet base
(MNHN, G1986-181), ¢ Secale
vavilovii, grain (MNHN, LAB
2621), d Secale montanum,
grain (MNHN, G1986-181),

e Secale sylvestre, grain (IPK
R1129), f Triticum boeoticum
2gr. (Beysehir, Turkey—Gro-
ningen collection). Note the
angle and the position of where
the glumes joint the rachis on
wild rye and the flat ventral
face in 2gr. einkorn caryop-

sis. MNHN Muséum National
d’Histoire Naturelle (LAB Refer-
ence collection of the archaeo-
botanical laboratory; G ”Graine-
terie”’/seedbank), IPK Leibniz
Institute of Plant Genetics and
Crop Plant Research. Scale
bars=1 mm
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Table 3 Morphological differences between wild two-grained einkorn and wild rye based on our observations, and descriptions given by Kreuz
and Boenke (2002) and Nesbitt (2017)

2¢gr Einkorn (Triticum boeoticum)

Wild rye (Secale spp.)

Spikelet and floret
Lemma
Glumes

Internode
Abscission scar
Caryopsis
Shape
Ventral face
Dorsal ridging
Dorsal markings
Lateral view
Apex
Embryo
Scutellum size
Scutellum shape

Lemma wide with a long awn
Wide but thin at the base. Little or no veining near the base.

Glume inserted into the rachis at an oblique angle. Primary

keel, arising at the same level as the attachment scar

Wide and shallow

Flat

Single dorsal groove
Groove impression left by the glumes often visible
Ventral compression ending well short of the apex (notch)

Narrow and short (1/6 of the grain length)
Linear short

Lemma wide with a medium awn. Keel pectilinate-ciliate

Narrow but thick at the base. Little or no veining near the
base. Glume inserted into the rachis at an abrupt angle
(c.90°)

Vertical lines

Deep with protruding lips

Slightly more convex

Sharp ridge running longitudinally on the back
Striations

Groove impression left by the lemmas rarely visible
Truncation

Long (1/4 —1/3 of the grain length)
Basal V-shape

Cell pattern of the epidermis forming well defined longi-
tudinal lines

Bran
Epidermis
4
+ Archaeological material
35 | x Charred Secale vavilovii X
3

g
o

Thickness (mm)
o on

-

% S. vavilovii
S. montanum

[
o

0 0.5 1 1.5 2 25 3
Breadth (mm)

Fig.4 Scatter diagram giving measurements of archaeological grains
from Abr’3 (n=90), Jerf (n=273), Mureybet (n=50) and Dja’de
(n=75) compared to modern fresh S. montanum and S. vavilovii and
charred S. vavilovii (experimental charring made by G. Willcox).
The charred S. vavilovii grains exhibit shrinkage compared to the
fresh material due to charring. The archaeological charred grain are
the smallest, the group nearest in size to them are uncharred S. mon-
tanum. While more work needs to be carried out, the best match for
the early Neolithic rye grain is with S. montanum; see Supplementary
material 1 for measurement details

Hordeum spontaneum (wild barley); (2) Triticum boeoticum
ssp. aegilopoides (wild single-grained einkorn); (3) T. boe-
oticum ssp. thaoudar or T. urartu (two-grained einkorn); (4)
T. turgidum ssp. dicoccoides (wild emmer); (5) Secale spp.

(wild rye); with problematic grains identified as Triticum/
Secale. This taxonomy is based on morphology and may
or may not reflect the underlying biomolecular taxonomy.

As is the case for other early Neolithic sites, the cereal
grains were often fragmented, and it is for this reason that
we adopted the method pioneered by S. Colledge where only
breadth and thickness measurements were used (Willcox
2004; Colledge and Conolly 2010).

Spikelet bases recovered at Dja’de el-Mughara and Jerf
el-Ahmar are particularly well preserved, presenting the base
of the lemmas in line with the abscission scar (Fig. Sa—d).
The characteristic pectilinate-ciliate keels on the lemmas
seen in the impressions (Willcox and Fornite 1999) are
not preserved in the charred material. However, the thick
glume bases present an angle of approximately 90° to the
axis and the internodes bear vertical lines. Compared to
einkorn (Fig. 5e), on the wild specimens of rye the abscis-
sion scars are wide, deep and delimited by protruding lips.
The domestic-type specimens have a fragment of the adja-
cent spikelet adhering to the scar (Fig. 5b). Concerning the
grains (Fig. 5f—j), the ventral sides are slightly convex. The
dorsal ridge extends along the middle in the dorsal view
towards a truncated apex (Fig. 5g—i). The cell patterns of the
epidermis are aligned longitudinally and are clearly visible,
especially in the lateral view.
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Fig.5 Example of archaeological charred material; a rye spikelet base of wild type from the Neolithic site of Dispilio (Greece), f exam-
base of wild-type recovered at Dja’de el-Mughara, b rye spikelet base ple of 2gr. einkorn caryopsis from Aswad, g rye grain from Dja’de, h
of domestic-type from Dja’de, ¢ rye spikelet base of wild-type from rye grain from Jerf, i rye grain from Mureybet, j rye grain from ‘Abr
Jerf. This specimen is very narrow, d rye spikelet base of wild-type 3. Scale bars=1mm

from Jerf (with a more regular shape), e example of einkorn spikelet
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Results: revised identifications

Table 4 presents new revised identifications of wild rye and
wild einkorn from Dja’de el-Mughara, Jerf el-Ahmar and
‘Abr 3, originally listed in Willcox et al. (2008) as Triticum/
Secale. The data from Dja’de el-Mughara include additional
results from samples from the earliest levels (DJ I) taken
after the 2008 publication (Douché and Willcox 2018).
Results from Mureybet (Ibifiez 2008) are based on a re-
examination of the material originally identified as wild two-
grained einkorn (van Zeist and Casparie 1968; van Zeist
and Bakker-Heeres 1984). We thank Prof. René Cappers for
allowing C. Douché to access the material from Mureybet at
the University of Groningen. The numbers for Abu Hureyra
were obtained from S. Colledge, who states “As none of the
original score sheets are available we calculated numbers of
taxa per sample by measuring the bar lengths in Fig. 12.7 in
Moore et al. 2000 [...] our totals are therefore approxima-
tions” (Colledge and Conolly 2010 p. 130).

These new results make it clear that wild rye grains were
dominant over wild einkorn grains and spikelet bases at
these sites. Wild einkorn grains were rare with the exception
of Abu Hureyra and Dja’de el-Mughara III. We separated
one- and two-grained einkorn but present them as a sin-
gle taxon in Table 4 because present-day wild two-grained
einkorn has a mixture of one- and two-grained spikelets
(Fig. 12.3 in Willcox 2007). Thus the grains should be con-
sidered as coming from populations of Triticum boeoticum
ssp. thaoudar.

Taken as a whole, the finds of both charred grains and
spikelet bases indicate morphologically wild populations.
In order to distinguish between wild and domestic spikelet

Table 4 Revised counts of charred grains and spikelet bases (spk)
of wild rye and wild einkorn from the five sites. Impressions of wild
rye spikelet bases found at Jerf and Mureybet III are not included. An

bases, we used the criteria described by Tanno and Willcox
(2012) and Weide et al. (2015). Dja’de el-Mughara II pro-
duced 8% domestic-type rye spikelet bases, but the propor-
tion is not high enough (< 10%) to designate morphological
domestication (see Discussion below).

The identification of the charred rye to species level is
tenuous to say the least, due to the incompleteness of the
charred spikelet bases and the distortions of grains caused
by charring. In addition, the morphological similarity of
modern species of wild rye makes the distinction even more
difficult. The only criterion we were able to use was grain
size. Measurements of the grains (and spikelet bases) from
Dja’de el-Mughara, Jerf el-Ahmar, Tell ‘Abr 3 and Mureybet
(Figs. 4 and 6) show a strong clustering, suggesting that they
come from the same population and therefore probably the
same species. Taking into account the present-day distribu-
tions and the environmental constraints of wild ryes, the two
most likely candidates are S. montanum and S. vavilovii. The
former has smaller grains than the latter. Overlaps occur but
overall, the ancient charred grains are smaller than those of
fresh S. montanum, and smaller than charred S. vavilovii.
Given that charring often causes shrinkage, the ancient
grains appear to be closer in size to S. montanum than to S.
vavilovii. In conclusion, more work needs to be carried out
in order to reach a more secure species identification. This is
not an easy task, considering specialists are not in agreement
with regard to the taxonomy and specimens in reference col-
lections or from gene banks may be inaccurately identified.
Caution is also necessary because there is the possibility that
we are dealing with an extinct species.

explanation of the counts for Abu Hureyra is given in the text. Note
that wild rye has much higher frequencies than wild einkorn for
grains and spikelet bases

Site Dja’de Jerf Abr3  Mureybet Abu Hureyra
Phase I I I 1A 1I I v 1

Period PPNA PPNB PPNA PPNA Natufian Khiamian PPNA PPNB Natufian
Triticum boeoticum (1 and 2 grained) grain 4 42 222 67 90 5 1 89 252

Triticum boeoticum spk 9 59 1

Triticum/Secale grain 12 48 694 8 1 2 461 303

Secale montanum/vavilovii grain 57 273 287 1,778 2991 3 5 1,734 7 333

Secale spk (indeterminated type) 8 308 20 34

Secale spk (wild) 2 266 88

Secale spk (domestic type) 50
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Discussion

In previous studies, wild einkorn and wild rye were not
clearly distinguished on early Neolithic Middle Euphra-
tes sites (Willcox et al. 2008). In some later publications
this was partially corrected (Stordeur and Willcox 2009;
Willcox and Stordeur 2012). This study attempts to elu-
cidate the distinction between wild rye and wild einkorn
and update earlier results. The new results clearly indi-
cate that wild rye was dominant over wild einkorn at the
four sites examined and that during the Natufian it was
the most frequent cereal at Abu Hureyra (for Mureybet
I and II frequencies are too low to make comparisons).
During the PPNA and EPPNB wild rye was the dominant
cereal at Mureybet III and second to wild barley at Jerf
el-Ahmar and Dja’de el-Mughara (Fig. 7). On these sites,
there are no signs of domestication. The small percentage
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of domestic spikelet bases from Dja’de el-Mughara II
(8%, n=150 out of 624) should not be considered mor-
phological domestication because similar small percent-
ages have been found occurring in wild cereal populations
(Kislev 1989 p. 150, 1992). The identification at species
level remains problematical, particularly when comparing
charred material with fresh uncharred specimens. Hillman
separated grains of S. montanum and S. vavilovii (Hillman
2000; Hillman et al. 2001). Our data, based on grain size,
suggest closer similarities with the perennial S. monta-
num than with S. vavilovii. Although S. montanum is not
adapted to today’s environmental conditions in the Middle
Euphrates area, of all the wild rye species it has the widest
geographical range and hence the widest environmental
tolerance, including high altitudes (Akhalkatsi and Girgv-
liani 2016). At the end of the Pleistocene and beginning of
the Holocene when the climate was cooler, its range could
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Fig. 7 Bar charts comparing the percentages of selected taxa (includ-
ing rye) from sites located in the Middle Euphrates valley. The Natu-
fian results from Abu Hureyra are not included due to the absence of
counts in the publication (approximate extrapolated counts for rye
and einkorn are provided in Table 4). Counts from Mureybet and
Dja’de combine all periods (for counts by period see Table 4). Results
from Halula come from MPPNB levels. FTW Free-threshing wheat,
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have been more widespread, allowing it to grow closer to
the Middle Euphrates area than today. Where exactly the
wild rye which was exploited at these sites was growing,
is difficult to establish. Furthermore, we cannot exclude
the possibility of long-distance transport on the Euphrates
river itself or the possibility that these finds represent an
extinct species of wild rye.

Significantly, with the increase in temperature after
the Younger Dryas during the early Holocene, wild rye
becomes less frequent and disappears from the middle
PPNB onwards in the Middle Euphrates area. For example,
it was absent from Middle PPNB Tell Halula (Buxé and
Rovira 2013), located at about 5 km north of Jerf el-Ahmar
and was rare in Middle PPNB levels at Abu Hureyra com-
pared to the Natufian levels (De Moulins 1997 p. 400;
Hillman 2000). But factors other than climate may have
contributed to the decline of Secale; in particular, on Mid-
dle PPNB sites important economic and cultural changes
occurred (Goring-Morris and Belfer-Cohen 2011, 2014),
with widespread cultivation of domestic emmer and barley
and a sudden increase in settlement size (Kuijt 2006, 2008;
Willcox et al. 2009; Goring-Morris and Belfer-Cohen
2010; Tanno and Willcox 2012). During the same period
of warming, H. spontaneum, which was absent during the
Younger Dryas at Abu Hureyra, becomes dominant in the
PPNA and PPNB levels at Jerf el-Ahmar, Mureybet and
Dja’de el-Mughara at the beginning of the Holocene and
can still be found growing in the area today where it toler-
ates the current hot and arid climate.

Wild rye as a food resource has an advantage over
wild barley and wild einkorn in that the grains are easily
released from the glumes and lemmas, as in free-thresh-
ing cereals. But in order to take advantage of this benefit,
the crop cannot be mixed with hulled cereals during pro-
cessing, and indeed wild rye does appear to have been
processed separately. For example, at Tell ‘Abr 3 a large
amount of pure charred wild rye grains was recovered
from a large burnt communal building, where it had been
stored (Yartah 2013). A large-scale sampling at Jerf el-
Ahmar demonstrated that Secale was dominant in some
samples, suggesting that it was harvested and processed
separately from Hordeum (Fig. 9 in Willcox and Stordeur
2012). Whether wild rye was cultivated or gathered from
the wild cannot be demonstrated. Arguments have been
given for evidence of pre-domestic cultivation at Dja’de
el-Mughara and Jerf el-Ahmar (Willcox et al. 2008, 2009;
Willcox 2012), and a recent study based on functional
ecology suggests low levels of disturbance (Weide et al.
2022). Furthermore, it is not clear which of the cereals
and/or pulses may have been cultivated; it is possible
that some cultivation may have been practiced, supple-
mented with harvests from wild stands. Hillman argued
that because S. montanum was perennial and is not known
to have ever been cultivated, it was gathered from wild
stands (Hillman et al. 1993 p. 100). But the possibility that
wild perennials were cultivated should not be totally ruled
out, especially since S. montanum can grow as a weed
in cereal fields (Davis 1985 p. 257). Whatever the case,
the evidence from Abu Hureyra, ‘Abr 3, Jerf el-Ahmar,
Mureybet and Dja’de el-Mughara suggests that the wild
rye found on these Middle Euphrates sites was a distinct
crop and separate from wild barley; the two wild cereals
are not found in the same habitats today. At present we
have no evidence to indicate how wild rye was consumed
at these sites. Rye grains can be prepared in various ways,
to make black bread, rye porridge, or used for fermentation
(Balcerek et al. 2016).

Conclusions

Today wild ryes are not adapted to the climatic conditions
of the Middle Euphrates. However, we have demonstrated
that wild rye was used as a discrete crop there at the end of
the Pleistocene/beginning of the Holocene but then abruptly
ceases to be exploited. The finds of wild rye on these sites
are intriguing, because (1) environmental conditions today
are totally unsuited to wild rye and (2) it proceeded from
being the most common cereal in the Natufian to being
abandoned by the period of the Middle PPNB in the Mid-
dle Euphrates area and (3) it was found with wild barley
despite the fact that these cereals have different habitat
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requirements. The high frequencies of wild rye and the
absence of wild barley during the Natufian at Abu Hureyra
may reflect cooler climatic conditions during the Younger
Dryas, while the occurrence of wild barley and the decline of
wild rye at Jerf el-Ahmar and Dja’de el-Mughara may reflect
the warmer conditions of the early Holocene. The data from
Tell ‘Abr 3 and Mureybet are problematical due to small
sample size, and the samples from Tell ‘Abr 3 come from
a single context, which was a burnt storage area. It is not
possible to know where the wild rye was harvested. It could
have been local or imported from farther afield. Today the
nearest stands of wild rye are found growing in southeastern
Turkey, Israel and southern Syria, some 250-300 km away,
where they are found above 1,000 m a.s.l. Altitudinal zoning
is pronounced in the Near East and zones may have been
lower during cool periods in the past. The wild rye species
that the charred grains represent is difficult to establish; we
suggest tentatively the perennial S. montanum.

With regard to whether wild rye was gathered or culti-
vated, Willcox (2012) and colleagues (Willcox et al. 2008)
have suggested that several lines of evidence indicate the
cultivation of cereals and/or pulses at Jerf el-Ahmar and
Dja’de el-Mughara, in particular the presence of a potential
arable weed assemblage that occurs on later sites with cul-
tivated domesticated plants. This remains controversial due
to the low identification level of wild/weed taxa (Weide et al.
2022) and to complicate the issue, cultivation and gathering
may have occurred simultaneously or gone into and out of
use during the period of pre-domestic cultivation. Because
S. montanum is a perennial (if indeed that is the species we
are dealing with), gathering would appear to be more prob-
able; however, the fact that perennial rye has been found
in arable habitats does suggest that cultivation would have
been possible.

Note: After acceptance of the manuscript, we received
results of '“C AMS dates (Lyon-19,947 GrM) obtained
exclusively from rye caryopsis recovered from Dja’de which
gave DIJI: 9188-8777 cal Bc, DJII: 8818-8614 cal Bc, DJIII:
8635-8389 cal Bc. They are consistent with the established
chronology of the site.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00334-023-00906-4.
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