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Abstract
The so-called Triticoid-type grains are known from several prehistoric sites in southwest Asia and their identification has 
long been unclear. They resemble the grains of wheats and researchers suggested they may represent an extinct Triticeae 
species, possibly closely related to wild crop progenitors. In this study we identify the Triticoid-type grains as Heteranthelium 
piliferum (Banks & Sol.) Hochst. and describe the key identification criteria. The identification is based on morphologi-
cal analyses of modern and archaeological material from several grass species and was first achieved with well-preserved 
specimens from Early Neolithic Chogha Golan, Iran. We further examined the Triticoid-type grains from recently excavated 
samples from Early Neolithic Ganj Dareh, Iran, and archived samples from Late Chalcolithic and Late Bronze Age Tell 
Brak in northeast Syria, confirming their identification as H. piliferum. Based on the study of herbarium specimens at Royal 
Botanic Gardens Kew, London, we provide a detailed distribution map and review the species’ biology and ecological adapta-
tions. Collected and cultivated herbarium specimens were analysed in order to understand the high phenotypic plasticity of 
the growth habit, its correlation with environmental variables and its relation to grain size. In order to understand the high 
morphological variability of the charred Triticoid-type grains from archaeological deposits, we assessed the effects of experi-
mental carbonisation at different temperatures on grains of H. piliferum, Triticum dicoccum, T. thaoudar and Secale vavilovii. 
In light of the present study, we discuss the relevance of H. piliferum for reconstructing prehistoric subsistence strategies.

Keywords Near East · Neolithic · Wild grass · Arable weed · Grain size · Carbonisation

Introduction

Willem van Zeist and colleagues described an unidentified 
Poaceae grain type in their archaeobotanical report from 
the Early Neolithic site of Ganj Dareh in the central Zagros 
Mountains of Iran (van Zeist et al. 1984). Due to its mor-
phological similarity to species of the tribe Triticeae, they 
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referred to the unidentified grains as ‘Triticoid type’ (van 
Zeist et al. 1984, p. 212). The authors speculated whether 
more than one species could be represented by these grains, 
given their large variability in size and shape. The second 
published record derives from Early Dynastic layers at Tell 
Bderi in northeast Syria, dating to the 3rd millennium bc 
(van Zeist 1999/2000). Savard et al. (2003) mentioned some 
grains resembling the Triticoid-types in the assemblage 
from Early Neolithic M’lefaat in northern Iraq, which they 
included in a Triticum boeoticum/Secale category. Riehl 
et al. (2012, 2013) documented Triticoid-type grains from 
the Early Neolithic sites of East Chia Sabz and Chogha 
Golan in the central Zagros region of Iran, where this grain 
type is now reported at a cluster of sites dating from the early 
10th to the early 7th millennia bc.

The fact that the Triticoid-type grains remained unidenti-
fied is unsatisfactory for several reasons. As different authors 
emphasised, they clearly resemble Triticeae taxa and can 
easily be confused with grains of wild or domestic einkorn, 
rye or even emmer (Savard et al. 2003; Riehl et al. 2013). 
Their concentration at three, probably four, Early Neolithic 
sites in the eastern arc of the Fertile Crescent is particularly 
puzzling and authors hypothesised whether they represent 
a local variety of a wild wheat progenitor or a separate spe-
cies that is now extinct (Riehl et al. 2013), while Kenéz 
et al. (2014) suggested Dasypyrum villosum as a possible 
candidate. Moreover, our understanding of the ecological 
and potential economic significance of the species repre-
sented by the Triticoid-type grains in prehistoric subsist-
ence strategies remains limited if we cannot reconstruct its 
growing habit and modern ecological niche. This is of par-
ticular interest for Early Neolithic sites in northern Iraq and 
western Iran, as archaeobotanical data indicate that a diverse 
complex of wild grasses played an important role in local 
subsistence practices (Savard et al. 2006; Weide et al. 2018; 
Whitlam et al. 2018).

Here we identify the Triticoid-type grains as Heteran-
thelium piliferum (Banks & Sol.) Hochst. and describe the 
key identification criteria for this Triticeae species. The 
identification is based on morphological analyses of mod-
ern and archaeological material from several grass species 
and was first achieved with well-preserved specimens from 
Chogha Golan. We further examined Triticoid-type grains 
from recently excavated samples from Early Neolithic Ganj 
Dareh (Darabi et al. 2019) and archived samples from Tell 
Brak in northeast Syria, dating from the Late Chalcolithic 
to the Late Bronze Age (McMahon et al. 2007; Hald 2008), 
which confirmed their identification as H. piliferum. We 
provide a detailed distribution map of H. piliferum, based 
on the study of herbarium specimens at Royal Botanic Gar-
dens Kew, London, and review the species’ biology and 
ecological adaptations. Collected and cultivated herbarium 
specimens were analysed in order to understand the high 

phenotypic plasticity of the growth habit, its correlation 
with environmental variables and its relation to grain size. 
Theoretically, increased growth rates should be correlated 
with enhanced growing conditions (Sugiyama and Bazzaz 
1998; Lutman et al. 2011), so variability in grain size might 
also give insights into the palaeoecology of H. piliferum. In 
order to understand the high morphological variability of the 
charred Triticoid-type grains from archaeological deposits 
and their similarity to other Triticeae species, we assessed 
the effects of experimental carbonisation at different tem-
peratures on grains of H. piliferum, Triticum dicoccum, T. 
thaoudar and Secale vavilovii (see ESM 1 Table 1 for a note 
on taxonomy). The goal of these charring experiments was 
to evaluate how the grains of these species respond to heat 
and to determine at which temperature H. piliferum grains 
become indistinguishable from the other taxa. Considering 
the results of the present study, we discuss the relevance 
of H. piliferum for reconstructing prehistoric subsistence 
strategies.

Heteranthelium piliferum (Banks & Sol.) 
Hochst.

Heteranthelium is a monotypic genus within the tribe Trit-
iceae with only one annual species H. piliferum. Synonyms 
include Elymus pilifer Banks & Sol. (= basionym), Agropy-
ron piliferum (Sol.) Benth. ex Aitch., Eremopyrum olgae 
(Regel) P. Candargy, Heteranthelium aleppicum Gand., H. 
assyriacum Gand. and H. hermoneum Gand. (WCSP 2020). 
Based on hybridisation experiments, Sakamoto (1974) 
expected H. piliferum to form a distinct taxonomic entity 
within the Triticeae, which departed from other clades dur-
ing a process of adaptation to relatively dry environments. 
These limited insights into the species’ phylogeny were 
recently complemented by more detailed genetic analy-
ses. Hodge et al. (2010) analysed relationships within the 
Triticeae using one chloroplast gene and found the taxon to 
cluster with Triticum monococcum, Secale cereale and all 
Aegilops species involved in the study. Escobar et al. (2011) 
broadly confirmed this pattern in their comprehensive study 
involving one chloroplast and 26 nuclear genes. Their results 
suggest that H. piliferum groups sister to a clade including T. 
monococcum, S. cereale, Taeniatherum caput-medusae and 
all analysed Aegilops species. This complex, also includ-
ing Dasypyrum villosum, seem to have evolved in a reticu-
lated manner due to a series of introgressive events. The 
close relationship of H. piliferum to wheat and rye species 
explains why their grain morphologies are so similar.

As a winter annual, H. piliferum has a short flowering 
period of ca 2 month around April–May (Feinbrun-Dothan 
1986). It is a short grass with a distinct spike morphology, 
reaching a maximum plant height of ca. 25–30 cm, but often 
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not more than 5–10 cm (Bor 1970; Feinbrun-Dothan 1986). 
Figure 1 illustrates the typical habit of the species with 
erect and decumbent culms. The relatively short spikes are 
composed of spikelets with two awn-like glumes, two or 
more fertile florets at the base and rudimentary sterile florets 
towards the apex (Fig. 2). The lemmas of the basal florets are 
distinctively tuberculate, which is a rare feature among Trit-
iceae taxa. The lower fertile florets produce relatively large 
and elongated grains, whereas grains from the upper fertile 
florets are significantly smaller and shorter, contributing to 
the observed variability in grain size and shape (Fig. 2b).

Modern populations are known from Jordan, Palestine, 
Israel, Lebanon, Syria, Turkey, Iraq, Iran, Afghanistan, 
Pakistan, Uzbekistan and Kyrgyzstan (Fig. 3a). The species’ 
distribution in southwest Asia mirrors a belt that receives 
between 250 and 750 mm annual precipitation, known as 
the Fertile Crescent, and follows this rainfall zone into 
areas of central Asia (Fig. 3b). The lowest collection sites at 
below 100 m a.s.l. are found in the northern Mesopotamian 
plain in Iraq and the species climbs to elevations of about 
2,000 m a.s.l. in the Levantine Anti-Lebanon Mountains 
and the Zagros and Alborz Mountains in Iran. The highest 
known collection site at ca 2,700 m a.s.l. is located near 
Gardez in eastern Afghanistan. Some labels of herbarium 
vouchers at Royal Botanic Gardens Kew (ESM 1 Table 2) 
give more information about the collection sites, indicating 
that H. piliferum grows on a variety of clay and sandy soils, 
often on limestone and shale. Dry rocky hilltops and steep 
slopes represent a main habitat in which the species thrives 
today, however, H. piliferum also occurs in lowland steppes 
in northern Iraq, southeast Anatolia and the Levant (Russi 
et al. 1992; Abu-Zanat et al. 1998), and oak-dominated 
woodlands in the Zagros Mountains (Heydari et al. 2013; 
Pourbabae et al. 2014). The species seems to be well adapted 
to a variety of semi-arid habitats and grows in disturbed 
places, along roadsides and as an arable weed in wheat and 
barley fields. Malekpour (1975) lists H. piliferum among 
a complex of annual grasses in central Iranian rangelands, 
which he principally considers as weeds that are highly 
adapted to disturbed environments.

Only a few labels of the recorded herbarium vouchers 
mention an association of H. piliferum with other species, 
including Stipa capensis, Aegilops spp. and wild Hordeum 
spp. Further insights into the species’ associations and adap-
tations to drought and herbivory derive from published veg-
etation surveys which recorded H. piliferum.

Abu-Zanat et al. (1998) investigated the soil seed bank 
at four sites in western Jordanian grasslands that were sub-
jected to uncontrolled grazing by sheep and goats. Although 
they do not report the stocking density and did not compare 
their results to control plots, they consider the investigated 
sites as representative of relatively high grazing pressures 
that lower species diversity and cause soil degradation. 

Mean annual precipitation at the sites ranges between 250 
and 450 mm at elevations from 380 to 950 m a.s.l. H. pilif-
erum was present at all four sites and occurred in 50–90% of 
the surveyed plots at three sites. The associated vegetation 
was dominated by the annual grasses Bromus lanceolatus, 
Lophochloa pumila, Lolium multiflorum, Nardurus mariti-
mus and Poa bulbosa, and small-seeded annual legume spe-
cies of the genera Astragalus, Medicago, Onobrychis, Trifo-
lium and Trigonella. As H. piliferum also dominated the soil 
seed bank, together with a few other Poaceae and Fabaceae 
species, the authors concluded that it is well adapted to high 
grazing pressures. Moreover, the authors collected caprine 
dung pellets from the soil samples, which contained seeds 
that were dominated by either Poaceae or Fabaceae species. 
Unfortunately, they did not report which species were pre-
sent in the analysed pellets.

Russi et  al. (1992) found contrasting patterns in the 
response of H. piliferum to increased grazing pressures 
by sheep in their study of Mediterranean grasslands near 
Aleppo in northwest Syria. The study region receives ca. 
340 mm rainfall per year at an elevation of 284 m a.s.l. In the 
studied fields, H. piliferum belonged to the most common 
grasses and was associated with several species of Avena, 
Bromus and Trifolium. The authors analysed the composition 
and development of the soil seed bank over three vegetation 
seasons between fields with grazing pressures of 0.8 and 1.7 
to sheep/ha, respectively. In the last year, the stocking rates 
were increased to 1.1 and 2.3 sheep/ha, respectively, which 
was below the regional mean stocking rate of 4.14 sheep/ha. 
These minor differences still had effects on several species, 
including H. piliferum, whose contribution to the soil seed 
bank under increased grazing pressures showed the most 
pronounced decline among all species. Ca. 41% of its total 
seed set was lost during summer, which the authors mainly 
attributed to grazing. This may be taken as an indicator that 
H. piliferum seeds would not regularly survive ruminant 
digestion, as we would expect given the lack of a hard seed 
enclosure and the larger size compared to seeds that survive 
ruminant digestion (Valamoti and Charles 2005; Wallace and 
Charles 2013). However, there seem to be unknown factors 
that allowed H. piliferum to dominate the vegetation cover 
and soil seed bank in overgrazed Jordanian grasslands, so 
the two studies are not fully conclusive regarding the spe-
cies’ adaptation to herbivory. In general terms, its life history 
(short lived/annual), morphology (short grass) and coloni-
sation ability (ruderal, colonises gaps) should make it well 
adapted to grazing (Lavorel et al. 1997; Bullock et al. 2001).

Pourbabae et  al. (2014) investigated the response of 
understorey vegetation in a Zagrosian oak forest to a local 
drought event in 2008. The area, located at ca. 1,850 m a.s.l., 
receives ca. 400 mm of rainfall per year, while the drought 
year only received ca. 220 mm. Throughout three consecu-
tive years, including the drought year, H. piliferum showed 
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Fig. 1  Habit of H. piliferum (HUJHERB 131228)
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no response in ground cover and biomass production, while 
both values increased or decreased with the drought event 
for most other species (86%). This is not surprising, as the 
species’ distribution also covers marginal areas that may 
receive less than 250 mm rainfall in some years (Fig. 3b). 
In this more closed woodland habitat, H. piliferum was not 

among the species with the highest contribution to ground 
cover, which included mostly perennials such as Euphorbia 
aucheri (Euphorbiaceae), Phlomis kurdica (Lamiaceae), 
Ferula haussknechtii (Apiaceae), Gundelia tournefortii and 
Eryngium caucasicum (Asteraceae).

Material and methods

The morphology of the charred Triticoid-type grains from 
Chogha Golan was examined at the Institute for Archaeolog-
ical Sciences, University of Tübingen, with a binocular light 
microscope with 10 to 60× magnifications. Their identifica-
tion as H. piliferum was confirmed with modern reference 
material from Israel, Iran and Uzbekistan, provided by the 
Israel Gene Bank and the Gene Bank of the Crop Research 
Institute Prague. Charred archaeological specimens from 
Ganj Dareh and Tell Brak were examined using binocular 
light microscopes at the Centre for the Study of Early Agri-
cultural Societies, University of Copenhagen, and the School 
of Archaeology, University of Oxford, respectively. In order 
to obtain a representative number of Triticoid-type grains 
from each archaeological site, samples were screened for 
complete grains and a total of 116 specimens were selected 
for analysis and photographed with digital microscopes. 
ESM 1 Table 2 gives information about all archaeological 
and modern specimens examined for this study, including 
their provenance and/or stratigraphic context. Hereafter, we 
use the term ‘Triticoid-type’ for grains from archaeologi-
cal deposits, which always refers to its identification as H. 
piliferum.

Loose H. piliferum grains from modern herbarium speci-
mens and modern grains from comparative collections and 
gene banks were examined and photographed with digital 
microscopes at the Israel National Herbarium of the Hebrew 
University of Jerusalem, the Archaeobotany Laboratory 
at the Bar-Ilan University of Ramat Gan, the Institute of 
Archaeology at University College London (UCL) and Royal 
Botanic Gardens Kew, London. Dimensions of modern and 
archaeological grains (ESM 2) were measured digitally at 
the School of Archaeology, University of Oxford, and at the 
Centre for the Study of Early Agricultural Societies, Uni-
versity of Copenhagen, using ImageJ version 1.52a (Sch-
neider et al. 2012) and integrated measurement programs of 
the digital microscopes. Triticoid-type grain measurements 
obtained in this study were compared to published grains 
measurements from the Early Neolithic sites of Çayönü 
(Turkey), Mureybet, Tell Aswad and Tell Ramad (Syria) 
(van Zeist and Bakker-Heeres 1982, 1984; van Zeist and 
de Roller 1991/1992). SEM photographs were taken at the 
Senckenberg Center for Human Evolution and Palaeoenvi-
ronment, Eberhard Karls University of Tübingen.

Fig. 2  a Spikelet of H. piliferum; b unfolded spikelet with five florets 
and three developed grains (numbers indicate single florets and their 
corresponding grains)
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Maximum plant height of herbarium specimens could 
be measured at Royal Botanic Gardens Kew, including 
specimens that were cultivated under greenhouse condi-
tions at the Plant Germplasm Institute at Kyoto University 
(ESM 1 Table 2). These cultivated specimens all derived 
from seed material collected by S. Sakamoto in Iraq during 
the 1960s and 1970s. Unfortunately, it was not possible 
to obtain detailed information about the specific growing 
conditions. Maximum plant height was measured from 
the lowest end of the culm to the upper tip of the highest 
spike. If one voucher carried more than one specimen, we 
took the mean value from all specimens that had roots. As 
H. piliferum is a relatively short grass, rarely exceeding 
30 cm, we do not expect a bias in plant height among spec-
imens collected for herbarium vouchers. Culms of speci-
mens cultivated under greenhouse conditions were bent 
to fit on vouchers, so maximum plant height could also 

be reliably measured in these cases. However, we could 
not quantify the number of tillers and spikes per plant, as 
most collected herbarium specimens did not represent a 
complete ramet.

All statistical analyses were performed with IBM SPSS 
Statistics version 25. We experimentally charred modern 
grains of H. piliferum, T. dicoccum, T. thaoudar and S. 
vavilovii using a muffle furnace at the School of Archaeol-
ogy, University of Oxford. Grains were put in glass crucibles 
and covered with sand to minimise oxygen supply during 
carbonisation. Between 5 to 10 grains were charred at three 
different temperatures (230, 260, 300 °C) in a pre-heated 
oven for four h each. These temperatures overlap with and 
exceed the range of 220–240 °C, in which experimentally 
charred glume wheat grains show the closest match to well 
preserved and only slightly distorted charred grains from 
archaeological deposits (Charles et al. 2015).

Fig. 3  a Origin of modern H. 
piliferum accessions, archaeo-
logical records and archaeo-
logical sites mentioned in the 
text; b mean annual precipita-
tion based on Hijmans et al. 
(2005). Archaeological sites: 
(1) Chogha Golan; (2) East 
Chia Sabz; (3) Ganj Dareh; 
(4) M’lefaat (for presence of 
Triticoid-type grains please see 
text); (5) Tell Bderi; (6) Tell 
Brak; (7) Çayönü; (8) Murey-
bet; (9) Tell Aswad; (10) Tell 
Ramad. This distribution map 
is based on label information 
of herbarium vouchers stored 
at Royal Botanic Gardens Kew, 
London, studied accessions 
from different comparative col-
lections and gene banks (ESM 1 
Table 2) and occurrence records 
in the Global Biodiversity 
Information Facility (20 August 
2019, GBIF occurrence down-
load: https ://doi.org/10.15468 /
dl.mjauy h)

https://doi.org/10.15468/dl.mjauyh
https://doi.org/10.15468/dl.mjauyh
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Results

Phenotypic plasticity of H. piliferum

Individual specimens of H. piliferum vary considerably in 
size, which is expected for an annual grass. The smallest 
collected individuals barely reach a height of 5 cm from 
the base of the culm to the highest spike, while the tallest 
measured about 28 cm. Cultivated individuals were much 
taller and developed more tillers (ESM 1 Fig. 1), although 
the number of tillers and spikes per plant could not be 
reliably quantified among herbarium specimens. This high 
variability in the growth habit indicates that environmental 
conditions have a pronounced effect on the species’ perfor-
mance and raises the question of which ecological varia-
bles are correlated with the observed phenotypic plasticity.

There was no correlation between plant height of the 
collected specimens and the altitude of the collection site 
(Spearman’s rho, rs[57] = − 0.241, p = 0.066). Plants col-
lected from arable fields (N = 17, M = 180.9, SD 64.5) 
were not significantly taller than plants collected from 
non-arable habitats (N = 55, M = 156.4, SD 55.4; t-test, 
t(70) =  − 1.5, p = 0.13). However, plants cultivated under 
greenhouse conditions (N = 44, M = 366.7, SD 64.6) were 
significantly taller than plants collected from arable and 
non-arable habitats (N = 72, M = 162.2, SD 58.1; t-test, 
t(114) =  − 17.6, p =  < 0.0001; Fig. 4a). Scatter plots of 
grain dimensions from cultivated and collected plants 
expressed as breadth by thickness and length by thickness 
do not clearly differentiate between growing conditions 
(Fig. 4b, c). However, mean grain thickness of cultivated 
specimens (N = 49, M = 1.63, SD 0.3) was significantly 
smaller than thickness of collected grains (N = 74, 
M = 1.92, SD 0.33; t-test, t(121) = 4.8, p =  < 0.0001). 
This is due to numerous ‘flat’ grains among the cultivated 
specimens. Variability in length among cultivated grains 
(3.5–5.7 mm, M = 5) was significantly lower than among 
grains of collected individuals (2.9–6.9 mm, M = 5.1; Lev-
ene’s test, F(1,121) = 0.65, p =  < 0.0001).

Morphological features for identifying 
the Triticoid‑type grains and their response 
to experimental carbonisation

The morphology of uncharred H. piliferum grains is very 
characteristic (Fig. 5), although the different florets induce 
some variability in grain size and shape (Fig. 2b). While 
the pointy grain shape in dorsal and ventral view resem-
bles wild progenitor species such as einkorn, grain shape 
in lateral view cannot be confused with that of other spe-
cies. In lateral view the grains are distinctively rhomboid 

with the ventral side describing a curve towards the apical 
end, forming a pointed apex. This appearance is similar 
between grains that are very narrow and were probably 
not fully ripe when collected (Fig. 5a–d) and fully devel-
oped grains with a round cross-section (Fig. 5e–h). An 
additional diagnostic feature of the grains is their lateral 
ridge, an impression caused by the margins of the enclos-
ing lemma and palea. This ridge runs from the lower side 
of the embryo towards the apex, following the curved 
ventral side (Fig. 5g–i). The grains of rye species and 
emmer wheat do not show a lateral ridge, while grains of 
two-grained wild einkorn can have a straight lateral ridge 
that might complicate an identification if grain shape after 
charring is not diagnostic anymore (ESM 1 Fig. 2).

Fig. 4  a Difference in maximum plant height between a H. piliferum 
group cultivated under greenhouse conditions and collected speci-
mens; b scatter plots show grain breadth by thickness and c grain 
length by thickness
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Grain dimensions of charred Triticoid-types from all 
three archaeological sites fully overlap (Fig. 6). The new 
samples from Ganj Dareh yielded some unusually large 
specimens (ESM 1 Fig. 3), which may in part be explaina-
ble by carbonisation (see below). Comparing the grain size 
ranges of related Triticeae taxa shows that cross-section 
measurements cannot distinguish between wild einkorn 
(both one- and two-seeded forms) and Triticoid-types 
(Fig. 6a), whereas length measurements separated the 
Triticoid-types from the wild wheats due to their shorter 

grains (Fig. 6b). Grains of domesticated wheats from Neo-
lithic sites are on average larger, so size measurements 
should allow a separation from Triticoid-types. These 
results confirm that the archaeological Triticoid-type 
grains represent a distinct species and do not include sig-
nificant amounts of misidentified wild wheats. However, 
the large size range of the Ganj Dareh specimens indicates 
that grain dimension alone can be an ambiguous identifica-
tion criterion, which is why we use additional morphologi-
cal criteria to reliably identify the Triticoid-types.

Fig. 5  Modern H. piliferum grains from Mt. Hermon (Comparative 
collection of the Archaeobotanical Laboratory, Bar-Ilan University of 
Ramat Gan, Israel). Note the rhomboid shape in lateral view with a 
distinctively curved ventral side towards the apical end and a ridge 

running from the embryo towards the apex (arrow in g–i). Some 
grains show fragments of the tuberculate lemma adhering to their 
dorsal side (e, f, h)
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The archaeological specimens are often heavily distorted 
and show a high morphological variability in grain shape, 
complicating their identification. Figure 7 shows a compila-
tion of charred Triticoid-type grains from Early Neolithic 
deposits at Chogha Golan and Ganj Dareh. The specimens 
from Chogha Golan that have a fragment of the tuberculate 

lemma preserved on their dorsal surface can be reliably iden-
tified, although some of these grains could easily be con-
fused with two-grained einkorn, rye or emmer wheat based 
on their shape alone. Most grains from Chogha Golan lack 
an adherent lemma fragment but can still be reliably identi-
fied based on their distinctive lateral shape and, in some 

Fig. 6  Mean dimensions and ranges of charred Triticoid-type grains 
and related Triticeae taxa from Early Neolithic archaeological depos-
its expressed as breadth by thickness (a) and length by thickness (b); 

Triticoid-type grain measurements for Ganj Dareh include those pro-
vided from van Zeist et al. (see ESM 1 Fig. 3)
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Fig. 7  Carbonised Triticoid-type grains from a–j Chogha Golan and 
k, l Ganj Dareh. Note the variable shape in lateral view with the dis-
tinctively curved apical end not always present. Some grains show 
fragments of the tuberculate lemma adhering to their dorsal and lat-
eral surface (a–e). Grains without adhering lemma fragments are 

identifiable as H. piliferum based on their distinctive shape in lateral 
view (f, g, i–l) and/or their typical lateral ridge (g, h). Shape alone 
can resemble grains of two-grained einkorn/rye (b, h) or emmer 
wheat (c)
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cases, the visible lateral ridge. The identification of the Trit-
icoid-type grains as H. piliferum from samples dating to the 
Late Bronze Age at Tell Brak is also based on fragments of 
the tuberculate lemma. Such remains are not present among 
the specimens from Late Chalcolithic contexts at Tell Brak 
or from Ganj Dareh, which, however, could be reliably iden-
tified based on grain shape in lateral view. We did not re-
examine the material from Early Bronze Age samples at Tell 
Brak (Charles and Bogaard 2001), but personal communica-
tion with A. Bogaard and M. Charles, and the fact that Trit-
icoid-type grains occur in both older and younger contexts, 
makes us confident that H. piliferum occurs throughout all 
occupation phases of the site. We could also not re-examine 
the grains from M’lefaat, but the description given by the 
authors and the illustrations of the grains closely match the 
Triticoid-type grains we analysed. Several of the illustrated 
grains show the distinctive rhomboid shape in lateral view 
(Savard et al. 2003, Fig. 3b), which does not occur among 
charred T. boeoticum or Secale grains (see below). There-
fore, we consider it highly likely that H. piliferum is present 
at M’lefaat. Table 1 gives an overview over the sites, phases 
and dates where Triticoid-type grains now identified as H. 
piliferum are present.

Figure 8 shows SEM photographs of the lemma surface of 
uncharred modern H. piliferum grains and charred Triticoid-
type grains from Chogha Golan. The tubercles on the lemma 
surface are of varying sizes and unevenly distributed. They 
carry a pointed scale, which is clearly visible in the modern 
specimens and in some of the archaeological ones. Where 
this scale is lost, the tubercles have a crater-like appearance, 
which is still visible in archaeological specimens where 
most tubercles are eroded. The lemmas with the distinctive 
tubercles preserved on some archaeological specimens is the 
most reliable feature to identify the Triticoid-type grains as 
H. piliferum. Moreover, only very few Triticeae taxa have 
a tuberculate lemma. We examined one species of every 

Triticeae genus in the comparative collection of the Insti-
tute of Archaeology at UCL and only found much smaller 
and evenly scattered tubercles and scales on the lemmas of 
Aegilops tauschii, Amblyopyrum muticum, Crithopsis deli-
leana and Eremopyrum bonaepartis.

The effects of experimental carbonisation on grain shape 
revealed three important observations (Fig. 9). First, grains 
of H. piliferum already showed significant signs of defor-
mation at 260 °C and fully lost their characteristic shape at 
300 °C. None of the grains charred at the maximum tem-
perature retained the distinctively rhomboid shape in lateral 
view. In contrast, grain shape of T. thaoudar was hardly 
deformed after being charred at 260 °C and only devel-
oped rounded ventral sides at 300 °C. Grains of S. vavilovii 
showed a stronger response with more rounded grains at 260 
and 300 °C, but most specimens retained their slender form 
and blunt apex. Emmer grains showed the most pronounced 
deformation and became swollen and rounded at 300 °C but 
retained their distinctive humped shape in lateral view (ESM 
1 Fig. 4). These results suggest that we can reliably identify 
grains of H. piliferum and related Triticeae species charred 
at temperatures of up to 260 °C, while higher temperatures 
might complicate a separation of H. piliferum grains due to 
their strong deformation. Second, the effect of charring on 
grain shape was much more variable for H. piliferum than 
for the other species. H. piliferum grains charred at 260 and 
300 °C included swollen specimens that are almost fully 
round in dorsal view, as opposed to grains that retained a 
more slender form. Grains of S. vavilovii and T. thaoudar 
did not show such a strong puffing effect and their response 
to heat was less variable. In contrast, charred T. dicoccum 
grains became increasingly swollen at higher tempera-
tures, but this applied to all grains. Third, the percentage 
of charred Triticoid-type grains with a cracked pericarp 
through which the endosperm emerges is rather low and 
ranges between 14.6 (Chogha Golan, Fig. 7a, g, h), 26.7 

Table 1  Archaeological sites where Triticoid-type grains were identified, ordered by descending age

Note that the identification from M’lefaat needs confirmation
EN Early Neolithic, LC Late Chalcolithic, EBA Early Bronze Age, LBA Late Bronze Age
*Examined as part of the present study
**Grains from new samples

Site Period Dating (cal  bc) Original designation References

Chogha Golan* EN 9,700–7,600 Triticoid- or Triticum-type Riehl et al. (2013), Weide et al. (2017, 2018)
M’lefaat EN 9,500–9,000 cf. Triticoid-type Savard et al. (2003)
East Chia Sabz EN 8,500–7,600 Triticum-type Riehl et al. (2012)
Ganj Dareh** EN 8,200–7,800 Triticoid-type van Zeist et al. (1984), Meiklejohn et al. (2017), this paper
Tell Brak* LC 3,800–3,100 Medium grass A Hald (2008)
Tell Bderi EBA 2,750–2,350 Triticoid-type van Zeist (2000)
Tell Brak EBA 2,400–1,950 – Charles and Bogaard (2001) and pers. comm
Tell Brak* LBA 1,550–1,300 – This paper, McMahon et al. (2007)
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Fig. 8  SEM photographs of the lemma surface structure of modern 
and ancient H. piliferum grains. a Modern lemma showing tuber-
cles with pointed scales of various sizes; b lemma of a Triticoid-type 
grain from Chogha Golan showing tubercles of which most lost their 

scales; c modern hulled H. piliferum grain in dorso-lateral view, ca 
two-thirds of the lemma are tuberculate while the entire lemma is 
covered with small scales; d, e Triticoid-type grains from Chogha 
Golan in lateral view showing the characteristic tuberculate lemma
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Fig. 9  Effects of charring for 
4 h at different temperatures on 
grains of H. piliferum (22,835), 
wild two-grained einkorn (T. 
thaoudar, TRI 17,076) and 
wild rye (S. vavilovii, R 1126). 
For every charring run, charred 
grains are sorted from slender/
less distorted (top) to round/
more distorted (bottom). For 
information on the accessions 
see ESM 1 Table 2
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(Tell Brak, LBA) and 30.8% (Ganj Dareh). In the charring 
experiment this only happened at 300 but not at 260 °C for 
H. piliferum grains, so we expect that the charring temper-
ature for most analysed archaeological specimens did not 
exceeded 260 °C, resulting in well-preserved and identifiable 
grain assemblages.

Discussion

Identifying H. piliferum grains in archaeobotanical 
assemblages

For reliably identifying H. piliferum in archaeobotanical 
assemblages, we need to understand the morphological 
similarities and differences between charred H. piliferum 
grains and those of emmer wheat, two-grained einkorn and 
ryes. Confusion between these species obviously exists and 
presumably contributed to the T. boeoticum/Secale counts 
at M’lefaat. Grain size measurements alone are a poor tool 
to separate charred H. piliferum grains from other Trit-
iceae species but their shape in lateral view, together with 
additional morphological characteristics, allow a reliable 
identification. As described above, the tuberculate lemma 
is the most reliable identification criterion for H. piliferum 
grains. When lemma remains are not preserved, the distinct 
grain shape in lateral view, combined with the presence and 
direction of the lateral ridge, allows a clear separation from 
wheats or ryes. Charring temperatures above 260 °C compli-
cate an identification. These heavily distorted grains, which 
can be recognised based on pericarp and endosperm features 
(Charles et al. 2015), should be omitted from the identifica-
tion process if they do not show a lemma fragment.

Except for wild barley, Hordeum spontaneum, popu-
lations of wild cereal progenitors were very scarce if not 
regionally absent from the eastern arc of the Fertile Cres-
cent during the Early Holocene, which could have been an 
important factor in shaping local resource choices and dif-
ferent socio-economic developments (Arranz-Otaegui et al. 
2016; Weide et al. 2018; Whitlam et al. 2018). The only 
numerous records for wild wheats or ryes during this period 
currently derive from Qermez Dere and M’lefaat (Savard 
et al. 2006). However, if Triticoid-type grains are included 
in the counts from at least M’lefaat, then the significance of 
this category and the presence of wild wheat or rye popu-
lations in the Tigris basin becomes somewhat ambiguous. 
During the same time, both taxa were frequently exploited 
and possibly taken into cultivation in the upper Euphrates 
basin (Willcox et al. 2008, 2009), so their presence but dif-
ferent treatment a few hundred km further east would be of 
high socio-economic significance. We therefore suggest that 
Early Holocene records of wild einkorn or ryes in the eastern 

arc of the Fertile Crescent would benefit from re-visiting and 
confirmation.

The ecological implications of H. piliferum 
in prehistoric contexts

Although H. piliferum has a large modern distribution range, 
stretching from the northern Negev and Judean deserts in 
Palestine to the highlands of central Asia, the only prehis-
toric records are known from between northern Mesopota-
mia and the Zagros Mountains. At least for the Levant this 
should not reflect a bias in analysed archaeobotanical assem-
blages, particularly as W. van Zeist, who first described the 
Triticoid-type grains, also extensively worked in this region. 
This does not prove the absence of H. piliferum populations 
west of the Euphrates for the early and mid-Holocene but 
may be an indicator for its absence in crop harvests, which 
we will discuss further below. Another explanation for the 
absence of Triticoid grains from archaeobotanical assem-
blages beyond northern Mesopotamia and the Zagros Moun-
tains could be that the modern populations in the Levant 
and central Asia are of a more recent weedy origin. The 
fact that segetal habitats from which H. piliferum was col-
lected during the 20th century also accumulate in northern 
Mesopotamia and the Zagros Mountains speaks against this 
possibility. However, only evidence from population genet-
ics could rule out this scenario, as highlighted by recent 
DNA studies that demonstrate an anthropogenic movement 
of wild emmer populations out of the southern Levant and 
across the entire Fertile Crescent since the Early Neolithic 
(Civáň et al. 2013; Oliveira et al. 2020).

Can the presence of H. piliferum in prehistoric assem-
blages give insights into the vegetation units surrounding 
these sites? The species is often described as a ruderal highly 
adapted to disturbed habitats, so it may generally be an indi-
cator for disturbance. However, we do not learn much from 
this label, as annual species and their reproductive strat-
egies are adapted to various kinds of disturbances in the 
landscape including long summer droughts, seasonal fires, 
grazing and human-related disturbances such as ploughing 
(Grime 1977). Which exact disturbances favour H. piliferum 
in different situations, as many other annuals and short-lived 
perennials, may therefore vary. The ecological studies in 
which the species was recorded demonstrate its occurrence 
in relatively dry steppes and mesic woodlands but remain 
ambiguous regarding its adaptation to herbivory. However, 
its ability to quickly colonise gaps (ruderal habitats), its low 
height and short life cycle should make it well adapted to 
grazing as opposed to larger perennials (Lavorel et al. 1997; 
Bullock et al. 2001). Since we expect various disturbances 
in the area surrounding human settlements, which represents 
an anthropogenic disturbance by itself, floras dominated by 
annuals including H. piliferum may develop in proximity to 
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any prehistoric settlement in southwest Asia. Moreover, we 
did not find a correlation between maximum plant height and 
altitude, suggesting that H. piliferum finds equally suitable 
growing conditions in a wide range of different vegetation 
zones. Therefore, rather than treating the species as an eco-
logical indicator, we must focus on its taphonomy and ask 
how Triticoid-type grains became incorporated into charred 
archaeobotanical assemblages and which implications this 
has for reconstructing subsistence practices. Possible routes 
of entry include the collection of animal dung as fuel or 
construction materials, H. piliferum being harvested as an 
arable weed, and its deliberate collection for dietary or other 
purposes.

Due to the size of the grains and the lack of a hard seed 
coat or enclosure (Valamoti and Charles 2005; Wallace and 
Charles 2013) we can regard H. piliferum grains as poorly 
adapted to survive ruminant digestion. The use of dung as 
fuel or construction material is therefore unlikely to be the 
main route of entry into archaeological deposits.

The species is known to thrive in arable fields, so we can 
principally expect it to represent an arable weed at prehis-
toric farming sites as well. Fruit and seed size of annuals 
can rapidly respond to enhanced growing conditions, as e.g. 
K. Hammer demonstrated for Papaver setigerum (Ham-
mer 1984). This poses the question whether an increased 
seed size could also be a feature of annuals growing in 
more productive habitats such as manured and/or irrigated 
fields, especially as the cultivated H. piliferum specimens 
were significantly taller than the collected plants. However, 
specimens collected from arable fields were not on aver-
age taller than plants from other habitats, indicating that at 
least these sampled fields did not provide enhanced grow-
ing conditions. Moreover, the cultivated population did not 
produce larger grains than the collected plants. Mean grain 
thickness was even lower for the cultivars, due to numerous 
‘flat’ specimens, a phenomenon which we cannot explain 
with the available data. The fact that variability in grain 
length was reduced in the cultivated population may simply 
indicate more uniform growing conditions under cultiva-
tion as opposed to the specimens collected from a variety of 
habitats. We must therefore conclude that grain size would 
be a poor indicator for reconstructing growing conditions or 
potential prehistoric habitats of H. piliferum.

The ability of H. piliferum to increase vegetative growth 
under cultivation was probably due to increased nutrient 
levels and the release from competition. Both factors allow 
annual plants to accumulate more biomass and increase their 
reproductive output (Sugiyama and Bazzaz 1998; Neytch-
eva and Aarssen 2008; Lutman et  al. 2011). Generally, 
the relationship between vegetative size and seed produc-
tion in monocarpic plants is allometric, which means that 
larger plants produce a higher total seed mass (Shipley and 
Dion 1992; Aarssen and Jordan 2001; Weiner et al. 2009). 

However, grain size alone is a poor indicator for the total 
seed mass, as larger monocarpic plants also tend to produce 
more seeds. We can therefore assume that the cultivated H. 
piliferum specimens achieved a higher reproductive output, 
but by increasing the number of tillers and spikes (cf. ESM 
1 Fig. 1), and hence grains, not by developing larger indi-
vidual grains.

Independently from the above considerations, the archae-
obotanical analyses from Tell Bderi and Tell Brak clearly 
attest the state of H. piliferum as an arable weed in crop 
fields of Late Chalcolithic and Early Bronze Age urban cen-
tres in northern Mesopotamia. In her assessment of the Late 
Chalcolithic archaeobotanical material from Tell Brak, Hald 
(2008) concluded that the plant remains from the studied 
contexts predominantly represent crops and their process-
ing by-products. While most samples were of mixed origin, 
some samples represent either discarded glume wheat chaff, 
stored grains of two-row hulled barley or stored flax seeds. 
The Triticoid-type grains were analysed as part of a larger 
complex of medium-sized grasses, which predominantly 
occur in samples of mixed origin. These do unfortunately not 
allow to reconstruct with which crops H. piliferum was har-
vested. More informative is a sample from Tell Bderi, repre-
senting an uncleaned two-row hulled barley store (van Zeist 
1999/2000). Only three Triticoid-type grains were identified 
in this storage sample along with hundreds of other Poaceae 
grains and more than 1,500 Aegilops sp. grains and spikelet 
bases. This relative scarcity of H. piliferum grains, which 
only occur in one other sample from Tell Bderi, suggests 
that it was not regularly brought into the site with the barley 
harvest and that the species does not mimic cereal crops as 
e.g. Aegilops spp. or other crop progenitors do (Hammer 
1980; Harlan 1982). To harvest H. piliferum as a weed, the 
harvesting height would need to be very low, between 10 and 
20 cm above the ground, a fact that possibly discriminates 
against H. piliferum in many situations if the straw is not sys-
tematically harvested. However, harvesting heights as low as 
10–15 cm were documented ethnographically from southern 
Mesopotamia (Charles 1990). Its presence, although in low 
numbers, at Tell Bderi and Tell Brak may therefore indicate 
such a low harvesting height, which Hald (2008) suggested 
as well. Nearly all samples from Late Chalcolithic Tell Brak 
contain small weed species (< 30 cm), some with consider-
able amounts of between 40 and 80% of all weeds. Culm 
nodes were fairly common in the samples as well, which 
may also indicate relatively low harvesting heights (Hill-
man 1981). Interestingly, the two samples from Tell Bderi 
in which Triticoid-type grains occur contained the highest 
number of culm fragments among all samples from this site, 
which may support the interpretation that higher numbers of 
culm nodes indicate low harvesting heights.

In term of its ecological implications for reconstructing 
ancient cultivation regimes based on functional attributes, 
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H. piliferum represents a low-growing, early and short-
flowering winter annual that is well adapted to dry soil 
conditions. All these traits correspond to rather extensive, 
autumn-sown cultivation regimes that do not rely on heavy 
manuring or systematic irrigation (Jones et al. 2010 and 
references therein). The functional ecological data of the 
weed floras from Late Chalcolithic and Early Bonze Age 
Tell Brak, together with crop isotope evidence, indicate such 
an extensive, ‘low-input’ cultivation regime, although vari-
ability of course exists (Hald 2008; Bogaard et al. 2018). In 
this sense, the presence of H. piliferum in the weed floras 
of upper Mesopotamian urban centres may predominantly 
be related to their relatively extensive cereal cultivation 
systems. Such extensive systems slowly developed with 
the urbanisation of the region (Styring et al. 2017) and the 
absence of H. piliferum in weed assemblages from earlier 
northern Mesopotamian sites may in part be related to the 
prevalence of more labour-intensive and productive cultiva-
tion regimes. However, we cannot fully rule out that difficul-
ties in its identification contributed to this pattern.

The role of H. piliferum in Early Neolithic subsistence 
practices

In contrast to Chalcolithic and Bronze Age towns, the 
taphonomy of H. piliferum at Early Neolithic sites seems 
to be different. Weide et al. (2018) argued that Early Neo-
lithic communities in the eastern arc of the Fertile Crescent 
until ca 8000 cal bc exploited a complex of large to-medium 
seeded wild grasses and did not heavily focus on wild pro-
genitor species, as opposed to contemporary groups in the 
upper Euphrates basin and the southern Levant (Colledge 
2001; Willcox et al. 2008; Arranz-Otaegui et al. 2016). This 
hypothesis is supported by archaeobotanical data from virtu-
ally all sites in this region where comprehensive archaeobot-
anical analyses were conducted, including Qermez Dere and 
M’lefaat in the upper Tigris basin (Savard et al. 2003, 2006) 
and Chogha Golan, East Chia Sabz and Sheikh-e Abad in the 
central Zagros (Riehl et al. 2012; Weide et al. 2018; Whit-
lam et al. 2018). Significantly, Triticoid-type grains were 
reported from all these sites except for Qermez Dere and 
Sheikh-e Abad (the absence of this grain type at Sheikh-
e Abad was confirmed with J. Whitlam). H. piliferum was 
part of this complex of wild grasses, which among others 
included species of Aegilops, Avena, Hordeum, Stipa, Bro-
mus and Piptatherum. Their grains were regularly and over 
a considerable amount of time (almost 2,000 years) brought 
into settlements. As discussed, H. piliferum is rather short, 
also compared to the other exploited grasses, and is thus 
not very abundant as an arable weed in crop assemblages at 
younger farming sites. Its accumulated occurrence in Early 
Neolithic contexts therefore supports the hypothesis that 
H. piliferum and the other wild grasses were deliberately 

harvested. As a working hypothesis we suggest the grains 
or grain products of these species were consumed, but it is 
challenging to explain their exact utilisation and whether 
grassland resources were managed. However, in ecological 
terms most of these species are well adapted to colonise dis-
turbed areas around settlements, which may have facilitated 
their long-term exploitation. These findings further add to 
the multi-regional character of Early Holocene subsistence 
strategies throughout the Fertile Crescent, highlighting that 
the oldest Neolithic communities in the Tigris basin and 
Zagros Mountains relied on a high diversity of grassland 
resources without depending on the wild progenitors of 
wheats and barley.

Conclusions

Thanks to the careful examination of the archaeobotanical 
assemblage from Ganj Dareh, W. van Zeist and his col-
leagues recognised and described the Triticoid-type grains 
that obviously belonged to a species complex including wild 
progenitors of the Near Eastern founder crops. With the 
identification of these grains as H. piliferum we can clarify 
some confusion about this morphotype, which has been 
thought to represent an extinct Triticeae taxon or several 
different species due to its large morphological variability. 
We are now able to identify this species more reliably in 
archaeobotanical assemblages and can separate it from its 
close cereal relatives. Triticoid-type grains likely contrib-
uted to wheat and rye counts of Early Neolithic assemblages, 
possibly inducing a bias in the ancient distribution of large-
seeded wild cereals and their Early Holocene exploitation 
patterns. Although the exact role of H. piliferum in Early 
Neolithic subsistence strategies is difficult to reconstruct, we 
assume it was part of a complex of wild grasses deliberately 
harvested by groups between the upper Tigris basin and the 
central Zagros Mountains. With the subsequent emergence 
of cereal farming, the species found an additional suitable 
habitat in arable fields, although its ability to reproduce in 
crop fields may depend on the cultivation regime. Therefore, 
as a low-growing, early/short-flowering and drought-resist-
ant winter annual, it has the potential to contribute to our 
understanding of past crop husbandry practices, including 
sowing time, harvesting height and cultivation intensity.
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