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Abstract
Cereal grains recovered from recent excavations at two early Neolithic tenth millennium (BP non cal.) sites on the Euphrates
were measured. The results presented as scatter diagrams showed that there was an increase in grain size between early and later
levels. This led to the question of whether or not the changes were due to the eﬀects of domestication. The data provided an
opportunity to evaluate the use of measurements as a method to identify morphological domestication from early farming sites.
Results were compared to domesticated specimens from a site dating to the end of the seventh millennium situated in the same
geographical area and it was found that the upper size range from the Neolithic levels corresponded well with domesticated grains.
Data from some published sites was also plotted. The factors aﬀecting grain size such as morphological domestication, charring,
environmental factors and crop processing are discussed in relation to the results.
 2003 Elsevier Ltd. All rights reserved.
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1. Introduction
An increase in grain size is one of the traits or
consequences of domestication of Near Eastern cereals
([7]:63 [18]:19). This can be seen most readily for
emmer by comparing present-day domestic accessions
(Triticum dicoccum), which have plump grains, to
the slimmer grains of wild populations (T. dicoccoides).
The diﬀerences are less marked for barley (Hordeum
distichon and H. spontaneum) and diﬃcult to assess
for two-grained einkorn (T. boeoticum ssp thauodar),
because present-day domestic representatives are
extremely rare. Comparisons between ancient charred
material and modern grains can be misleading because
accessions have been grown under optimal conditions,
which is not the case for archaeobotanical material. In
addition crops have evolved considerably over the last
seven or eight millennia and may no longer resemble
their ancestors. When or how the augmentation in
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grain size occurred has not been clearly established.
Moreover, domestication is just one factor that could
aﬀect grain size; others include environmental conditions, genetic variability, crop processing and, for
archaeological material, conditions of charring.
Measuring grain size is a descriptive method that has
been used on early Neolithic sites in the Near East by a
number of researchers. Over the past twenty years data
on grain size from early Neolithic sites has become
available. Using both her own data and van Zeist’s,
Colledge presented much of the information available
[1,2]. Unusually plump grains have been identified at
several early Neolithic sites, for example, at Cayönü in
Turkey [17], at Jerf el Ahmar [14] and Abu Hureyra [4,5]
in Syria, at Zad 2 in Jordan ([3]:143) and at Mylouthkia
in Cyprus ([10]:44) (for site locations see Fig. 1). Charred
spikelet bases and rachis material, which can also be
used to identify domestication based on whether the ear
shatters or not, were absent from Abu Hureyra, where
domestication was reported on the basis of some plump
rye grains among a population that was essentially wild.
At Jerf el Ahmar and Zad 2 the spikelet bases were wild
and here the authors were more cautious. At Cayönü
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Fig. 1. Map giving locations of sites mentioned in the text.

and Mylouthkia spikelet bases of emmer and einkorn
were reported to be domesticated along with the grains.
Experimental charring has shown that grains shrink
in the length axis and puﬀ in the breadth and thickness
axes when subjected to heat under reducing conditions.
Results of the eﬀects of charring are given by Renfrew
who charred grains at 200 (C for 12 h ([11]:10). Colledge
also provides results from grains charred at 230 (C
([2]:122). She found that the wild archaeological grains
were smaller than experimentally charred wild grains.
Experimental results carried out under my supervision
(unpublished data) show that puﬃng could increase
breadth by up to 35%. Hulled spikelets from several wild
populations were charred at approximately 350 (C for
3.5 h in a bed of sand. The resulting charred grains
showed excessive puﬃng compared to archaeological
material. Experimental charring has not for the moment
replicated archaeological conditions; therefore the
results obtained could be misleading.
2. Material and methods
In this study the method adopted by Colledge was
used in which breadth and thickness are measured for
each grain and the results are presented in the form of
scatter diagrams [1]. Many archaeological grains are
broken, but, by using this method incomplete grains can
be measured, which increases sample size and enables
diﬀerent populations to be readily compared in scatter
diagrams. Measurements of all grains were obtained
using an image-processing programme, with a calibrated
measuring facility, connected to a stereo microscope
equipped with a camera. Measurements were taken from
the widest point on each grain.
Early Neolithic material for this study was recovered
by flotation from Jerf el Ahmar and Dja’dé (Fig. 1)

situated on the Euphrates in northern Syria [13–15]. The
former produced eleven radiocarbon dates indicating
that the early levels were occupied between 9800 and
9700, the later levels between 9300 and 9200 BP non cal.
[12]. Thus there was a minimum of 400 years between
these two occupation levels. The site of Dja’dé with
thirteen dates is later, and samples came from levels
dated to between 9400 and 9000 BP non cal. At both
these sites cultivation of cereals was suspected because
of the presence of a weed assemblage. The two cereal
taxa which could have been subjected to the selective
pressures of domestication were two-grained wild
einkorn and/or rye (T. boeoticum/urartu/Secale) and
barley (H. spontaneum/distichon) [13,15]. Spikelet bases
show wild-type abscission scars for rye and einkorn and
over 90% of barley rachis fragments are of wild type. It
has been shown that in present-day wild populations
basal spikelets representing approximately 10% remain
intact as in domesticated populations [6].
In order to establish whether the grains from the
two Neolithic sites were wild or domesticated it was
necessary to compare them with a reference set. Modern
domesticates from the area would not have been comparable for reasons stated above, thus measurements from domestic grains were obtained from the
Chalcolithic site of Kosak Shamali (Fig. 1), situated on
the Euphrates in the same region where domesticated
two-grained einkorn, emmer and barley, were recovered
from burnt storage structures dated to 6050100 BP
non cal. ([8]:160). The emmer from Kosak Shamali was
compared to published data from two early Neolithic
sites, Aswad in southern Syria and Cayönü in eastern
Turkey [16,17].
3. Results
Results are presented in the form of scatter diagrams.
Each point represents measurements from a single grain;
thickness is given in the y-axis and breadth in the x-axis.
Grains of rye and einkorn from Jerf el Ahmar and
Dja’dé could not be separated on the basis of their
morphology; however, identification of a small number
of spikelet fragments indicated that both taxa were
present (Fig. 2 plots A, B, C). The early levels at Jerf el
Ahmar produced a cluster of small grains, which is
distinct from the domesticated grains from Kosak
Shamali (Fig. 2 plot A). Later levels from Jerf el Ahmar,
which are at least 400 years younger, produced grains
with a much higher size range (Fig. 2 plot C). This
second spread is comparable in size and corresponds to
the domesticated grains from Kosak Shamali (Fig. 2
plot A and B). Measurements from the site of Dja’dé
(Fig. 2 plot B) produced two clusters one similar to that
of the early levels at Jerf el Ahmar and another with a
higher size range similar to those from Kosak Shamali.
Fig. 2 plot D gives the means from the earliest levels at
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Fig. 2. Scatter diagrams giving plots of grains measured from domesticated two-grained einkorn from Chalcolithic Kosak Shamali (plot A); where
it is compared to the early levels from Jerf el Ahmar, they fall into two distinct clusters. Plot B gives the measurements from the site of Dja’dé, which
also fall into two similar clusters. Plot C compares early and late levels from Jerf el Ahmar where we see the appearance of large grains in the later
levels comparable in size to domesticated grains from Kosak Shamali. The distinction between wild rye and wild einkorn grains is not possible, thus
grains from Dja’dé and Jerf el Ahmar may represent both taxa. Plot D gives the means for the two populations, which are pure.

Jerf el Ahmar that represent only the small grains and
those from Kosak Shamali, which represents only the
large sized grains.
For barley, the early levels at Jerf el Ahmar produced
small grains compared to the domesticated grains from
Kosak Shamali (Fig. 3 A). The late levels from Jerf el
Ahmar (Fig. 3 B) show a considerable increase in size
compared to the early levels and the upper size range is
comparable to that of the domesticated grains from
Kosak Shamali. Dja’dé (Fig. 3 C) produced a wide size
range from small grains similar to those from the early
levels at Jerf el Ahmar and a large size range comparable
to Kosak Shamali. Fig. 3D gives the means from all four
archaeological levels. The most significant is the mean
from the early levels at Jerf el Ahmar and the mean from
domesticated grains from Kosak Shamali because these
two levels represent single populations.
The measurements of domesticated emmer grains
obtained from Kosak Shamali are slightly larger in size
compared to the early Neolithic sites (Fig. 4). Data from

Aswad were based on maximum, minimum and average
(N=40), given in the published report [16]. Taken as a
whole, the size distribution of emmer grains from Kosak
Shamali, Aswad II and Cayönü demonstrate a slight
diachronic increase in size, and as van Zeist noted, the
early levels from Cayönü in eastern Turkey produced
smaller, narrow wild type grains and the upper levels
larger plumper grains ([17], tables 5 and 6 fig. 7.1).
4. Discussion
These measurements indicate a diachronic increase in
grain size for the three taxa. This is clearly demonstrated
by the plots of the means for the Neolithic levels and the
Chalcolithic period. The sites share similar environmental conditions being located in the same region. This
increase in size of the charred grains could result from
various factors, which we will now examine.
Crop processing activities such as the use of sieves to
remove weeds would also remove tail grain, and this
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Fig. 3. Scatter diagrams comparing measurements of Neolithic barley grains with those from Chalcolithic Kosak Shamali. In plot A, early levels
from Jerf el Ahmar show a distinct cluster compared to the domesticated grains from Kosak Shamali. In plot B we can see the clear increase in size
between the two Neolithic levels, while in plot C the site of Dja’dé shows a mixture. Plot D shows the progressive increase in size of the means from
each level.

would eﬀect grain size. Thus cleaned grain would have
on average a bigger size range than the residue from
grain cleaning. This could be an explanation for the
presence of small grains from the earliest Neolithic
levels. However because the samples from the sites of
Jerf el Ahmar and Dja’dé come from a wide variety of
archaeological contexts, it is improbable that only tail
grain was recovered from the early levels. The fact
that the large size range from the Neolithic levels
corresponds to that of Kosak Shamali is significant.
An alternative explanation for the increase in size is
that growing conditions became more favourable, which
would increase the frequencies of plump well-formed
grains. This might have happened when cereals were
brought into cultivation for the first time by early
farmers who deliberately chose fields where soils had
good moisture retention. In this case we would expect an
increase in the frequencies of well-formed grains. But
this is not the case, rather what we see is the appearance
of grains representing a much bigger size range.

The eﬀects of charring on grain size are diﬃcult to
assess for the archaeobotanical material. So far experimental data has not provided a set of reference data
which may be used for comparison. Certainly what is
clear is that charring will increase size variation through
both puﬃng and shrinkage. In order to compare the size
ranges between diﬀerent levels and diﬀerent sites we
must assume that conditions of charring were fairly
uniform. This would appear a reasonable assumption
and bearing in mind that the most significant result is the
similarity in the maximum size range between some
Neolithic levels and the domesticated grains from Kosak
Shamali.
This leaves us with the possibility that the increase in
grain size could have a genetic basis. Genetic change at
the population level could result from, (a) conscious
selection, (b) unconscious selection or (c) the introduction of plump grained varieties from elsewhere. Little is
known about the process of selection for plump grains,
whether unconscious or conscious. The selection process
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Fig. 4. Scatter diagrams comparing measurements of emmer from Neolithic sites published by van Zeist [16,17] to those of domesticated emmer from
Kosak Shamali. There is evidence for a small increase in size during the early Neolithic.

is complicated by the fact that most variability in grain
size is phenotypic in origin resulting from the position of
grains on the ear, and to a lesser extent environmental
factors which aﬀect growing conditions. This means that
conscious selection for plump grains will not lead to a
rapid increase in grain size at the population level
because the variability is not genetically controlled.
Furthermore, grain size is probably controlled by
multiple genes, which would make selection extremely
slow. Natural unconscious selection would also have
been very slow for the reasons mentioned above, indeed
why under cultivation large sized grains were favoured,
while in the wild they were apparently not, remains
unexplained. Perhaps the simplest way to select for a
population with big grains would be for early farmers to
locate and introduce naturally occurring ecotypes with
bigger grains from elsewhere. This would account for
any sudden increase in grain size detected in archaeological samples. This large grained variety might then
diﬀuse over a wider region and we might expect to find
it with or without a shattering ear.
Let us now look again in detail at the plots for each
taxon. Fig. 2 gives the plots of two-grained einkorn from
Kosak Shamali and what may be a mixture of rye and
two-grained einkorn from the two Neolithic sites. Two
populations are clearly represented by two clusters. The
smaller is clearly visible in the early levels from Jerf el
Ahmar and the bigger represented by Kosak Shamali
(plot A). In the later levels at Jerf el Ahmar (plot C), we
see the appearance of bigger grains which correspond to
those from Kosak Shamali which have been identified
as domesticated two-grained einkorn on the basis of
spikelet bases. At Dja’dé (plot B) we have a mixture of
both types (plot B) which fall into two clusters. The
small grains appear to represent either wild einkorn or,
wild rye, or both. Evidence from chaﬀ identifications
shows that, of the seven spikelet bases from the lower

levels, all were identified as rye on the basis of their
glume morphology, while in the upper levels, spikelet
bases of both einkorn and rye occurred. This leads one
to suspect that the clusters of smaller grains are dominated by rye and the larger grains, which only appear in
the later levels, are those of einkorn. The sudden appearance of this large grained population suggests that the
inhabitants brought it in from elsewhere. Strong cultural
aﬃnities with sites further north, where einkorn was
frequent, support this theory [9,12]. The clusters produced by the plump grains from Dja’dé and Jerf el
Ahmar are close to those from Kosak Shamali. Thus
there was no augmentation in size between these late
tenth millennium populations and the Chalcolithic.
Plots of barley (Fig. 3A) from the earliest levels at
Jerf el Ahmar and Kosak Shamali fall into two distinct
overlapping clusters. The later levels from Jerf el Ahmar
and Dja’dé show an increase in the upper size range and
these plump grains correspond well with the domesticated grains from Kosak Shamali (Plot B, C, D). The
increase in size between the earliest and latest levels at
Jerf el Ahmar is indisputable. The size of the grains from
the later levels corresponds with that of from Kosak
Shamali, suggesting that we have a domesticated population. Yet rachis fragments from Jerf el Ahmar and
Dja’dé are overwhelmingly of the wild type and those
from Kosak Shamali are domesticated.
Plots of emmer (Fig. 4) show an increase in size from
older to younger levels. Even if some of the grains in the
lower size range were einkorn there is still a net increase.
This is clearly seen when comparing the early and late
levels from Cayönü. As with the other taxa the upper
size range from the Neolithic levels is similar to the
cluster produced by the domesticated grains from Kosak
Shamali.
In conclusion, the indisputable diachronic increase in
size of all three taxa suggests that we are dealing with a
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genetic change at the population level, as opposed to
phenotypic variation. The bimodal plots for einkorn/rye
and to lesser extent for barley suggest two populations.
The large size range from the Neolithic sites corresponds
to the domesticated grains from Kosak Shamali. Similar
results were obtained by Sue Colledge [10]. She presented plots for emmer, einkorn and barley from a large
number of Near Eastern sites which also produced
bimodal plots of corresponding size ranges to the results
presented here. This corroboration adds weight to the
reliability of the method and verifies the results. For Sue
Colledge the small grains are wild, the bigger ones
domesticated for each of the three taxa. In both studies
the increase in size occurs during the early Neolithic. If
the increase resulted from the long term pressures of
selection under cultivation then one would expect a
change to non-shattering ears but the shattering ears
persist at Jerf el Ahmar and Dja’dé. Thus the size change
appears to result from the introduction of plump
grained ecotypes from elsewhere, and the solid ear
character did not appear until later. The plump grains
from the later periods at Jerf el Ahmar and Dja’dé have
the same size range as the domesticated population with
non-shattering ears from Kosak Shamali. Thus there
was no increase in grain size between the late tenth
millennium and the late seventh millennium (BP non
cal.), at least within the confines of this investigation,
indicating that grain size was stable following the initial
increase. Finally, this study shows that measuring
charred grains does appear to be a valuable research tool
in identifying changes in grain size which are linked to
domestication, provided samples are numerically viable.
The identification, in two separate studies of a bimodal
pattern which indicates a jump in size during the early
Neolithic is promising and will, it is hoped, encourage
researchers to make more measurements in the future to
help elucidate the little understood process of cereal
domestication in the Near East.
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