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Abstract

The present dissertation project focuses on the reconstruction of plant-based subsistence pra
tices at the aceramic Neolithic site of Chogha Golan in the foothills of the central Zagros
Mountains of Iran. A team of the Tuebingen-lranian Stone Age Research Project (TISARP)

excavated two trenches at the site in 2009 and 2010, recovering abundant inorgamic and o

ganic remains for studying the sff¢/ RFFXSDWLRQ KLVWRU\ 5DGLRFDUERC

that Chogha Golan was first settled during th& aflllennium and occupied until ca. 9,600

cal BP. Major goals therefore include the study of subsistence strategies through time and the
comparison of the local socioeconomic record with regional and supra-regional develop-
ments. In building upon previous analyses, | studied macrobotanical remains from the mid-
sequence (~10,600 cal BP) to the final settlement phase. This period is of major importance
for investigating Near Eastern agricultural origins, because morphologically domesticated
plants appeared throughout the Levant and central Anatolia between ca. 10,700 and 10,200
cal BP. At Chogha Golan, chaff remains of non-shattering emmer wheat only apmeared t
wards 9,800 cal BP, marking the beginnings of crop cultivation at the site. A major question
thus focuses on possible resource management strategies prior to the adoption of emmer
wheat. A high abundance of wild grasses, including wild bartéyrdeum spontaneum
Aegilopssp., wild oats Avenaspp.) and many other medium to large-seeded taxa, chraracte

ize the complete sequence. In light of the long occupation history and the continuousi-exploit
tion of these wild grasses, the active management of local grasslands likely assured the long-
term use of these important food resources before emmer was cultivated. These results rese
ble patterns from many other sites in the Zagros arc, highlighting the importance of wild
grasses for local pre-agricultural subsistence strategies. This is in contrast with patterns from
the Levantine corridor, where Early Holocene groups heavily focused on a few wild cereal
species, which they presumably cultivated for approximately 1,000 years before marpholog
cal domestication traits became fixed. This protracted domestication process has often been
interpreted from an economic and environmental perspective, but | suggest a significant influ-
ence of the slow development of social organizations to be responsible for these patterns.
With an emphasis on the emergence of households and individual ownership systgms, | su
gest that only private food storage allowed a group of cultivators to maintain a selection chain
that eventually gave rise to domesticated plants. In this perspective, the social organization of
a community is of crucial importance to understand patterns in the emergence of plaat cultiv

tion and domestication, which we must integrate in the available explanatory frameworks.



6" " L 7" G $
J G 4" & 2 1"H O # G4&21% *++C
*++ & >
4 $2 >
4 " *$5 $ C$0++ $B$ $!
4
3 $& 4
B 4 $ ,+30++ $B$ $! 7
3 & > $ +$;++
8+ $BS " 8 7
$& 6" " 2 " $
C$-++ $BS$> " 4 F
F 1 " $! 1
: 4 ! ! & (
> $$ ( # %> ( #! :$% B
# :$% $! ( F >
> 5
$ P
> ( 3
4 $! " 8 > -
( $
B (
+++ 5 momooo $!
JE F K " o F""
> ! ( $
4 B
< "> & Q
8 F > I
$! 1 : >
1 >






List of Publications and Personal Contributions

Published Articles

1) Weide, A, Riehl, S., Zeidi, M., Conard, N.J., 2017. Reconstructing subsistence pra
tices: taphonomic constraints and the interpretation of wild plant remains at aceramic
Neolithic Chogha Golan, Iran. Vegetation History and Archaeobotany 26, 487-504.
(Appendix A)

2) Weide, A, Riehl, S., Zeidi, M., Conard, N.J., 2018. A systematic review of wild grass
exploitation in relation to emerging cereal cultivation throughout the Epipalaeolithic
and aceramic Neolithic of the Fertile Crescent. PLoS ONE 13(1): e0189811.
(Appendix B)

Submitted Manuscripts

3) Weide, A. The significance of social change for understanding patterns in Near Eas
ern cereal domestication. Under review for Paléorient.
(AppendixC)

Personal Contribution

For articles 1 and 2, | was responsible for the data collection, analyses, interpretations and
writing of the manuscripts. Simone Riehl supervised the studies and the laboratory work and
reviewed the articles before submission. Mohsen Zeidi and Nicholas J. Conard excavated the
site, recovered the archaeobotanical material and also reviewed the articles before submission.
Article 3 represents a theoretical approach to the Neolithic transition and was reviewed before

submission by S. Riehl.






Introduction and Goals of Study

Chapter 1

Introduction and Goals of Study

Domestication and the Neolithic Transition in the Near East

Vere Gordon Childe (1936) coined the transition to the Neolithic in the Near East as an essen-
tially economic revolution - the beginnings of food production - made possible by the-dome
tication of plants and animals. Ever since, scholars investigating the Neolithic transition have
focused on locating and timing the emergence of domesticates and on reconstructing the con-
current cultural development. While the leading questionstafre whenand how equally

shaped research projects, scholars took up very different positionByatomestication ©

curred. In the various models put forward since the 1960s, climatic and environmental factors
are interwoven with population growth, technological innovations and societal factors.
Among the huge number of explanatory frameworks, the most influential ones can broadly be
GLYLGHG LQWR B3SXVK”™ DQG 3SXOO" VFHQDULRMMre @&KaH IRUPF
response to resource shortages due to climate change and/or population growth (Pumpelly
1908; Childe 1936; Binford 1968; Flannery 1969; Cohen 1977; Bar-Yosef and Belfer-Cohen
1989, 2002; McCorriston and Hole 1991; Bar-Yosef and Meadow 1995; Rosenberg 1998;
Hillman et al. 2001; Winterhalder and Kennett 2006; Darabi 2012), whereas the latter view
opportunistic human behavior and technological innovations in favorable resource zones as
major factors that pulled humans down the pathway to cultivation and domestication (Braid-
wood R. and Howe 1960; Smith 2007, 2011a; Zeder 2009, 2012a; Zeder and Smith 2009).
Arguing within frameworks that reject external stress as a major trigger for the Neolithic tran-
sition, many authors concentrated on the social and cognitive factors of the domestication
process (Bender 1978; Wilson 1988; Hayden 1990, 2009; Hodder 1990; Cauvin 2@00; Wa
kins 2004; Schmidt 2006; Dietrickt al. 2012). These socio-cultural hypotheses do not put
much emphasis on explaining the domestication of plants and animals from an ecological or
technological perspective. They perceive domestication as the outcome of deeper changes in
human social relations or the human mind, sometimes with a religious connotation, which has

been profoundly criticized (e.g. Rollefson 2001; Abbo and Gopher 2017).
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Introduction and Goals of Study

spontaneously modify and transmit socially learned behavior for differentiating between do-
mestication and other mutual relationships, e.g. between fungus-growing ants and their fungi
(Zeder 2006, 2012b). Moreover, this component of the definition also addresses the issue of
conscious selection and the exertion of control over the domestic species.

In his comprehensive study of the variation among plants and animals under domestication,
Darwin (1868) recognized that selection for domestication traits can be conscious or uncon-
scious. Conscious selection refers to the directed breeding of a population with the aim of
achieving a deliberate goal. It presupposes that the human partner has an understanding of
domestication and the selection process. In contrast, unconscious selection refers to automatic
effects on a plant or animal population subjected to different selection pressures after they
entered a domesticatory relationship with humans (Zohary D. 2004: 5). Factors that induce
automatic selection include the replacement of a population from its original habitat, the asso-
ciated change in ecological conditions and the specific harvesting or culling practices (Harlan
et al. 1973; Hillman and Davies 1990; Zohary D. et al. 1998; Zohary D. 2004). Both kinds of
selection certainly complemented each other, but disagreement still exists among scholars to
which extent the domestication process of plants was initiated and driven by conscious or
unconscious selection (Abbo and Gopher 2017).

Due to the fact that animal domestication involves taming and often fencing, scholaks focu
ing on animals have a tendency to understand the domestication process as obtaining control
over the managed individuals (Reed 1959; Bokonyi 1989; Ducos 1989; Meadow 1989;
Clutton-Brock 1994; Vigne 2011). In this perspective, Price (1999) puts a major emphasis on
behavioral aspects in animal domestication, which are only accompanied much latar by mo
phological change. Accordingly, research on caprine domestication in the Taurus-Zagros arc
has recognized a considerable time gap of at least 1,000 years between selective hinting stra
egies focusing on young males and the herding of morphologically wild animals (Peters et al.
1999; Zeder and Hesse 2000; Redding 2005; Arbuckle and Ozkaya 2006; Helmer 2008). The
first reduced horn cores indicative of morphological change appear at Ali Kosh in the foothills
of the central Zagros after an additional millennium (Hole et al. 1969; Zeder 2008, 2011b).
Comparable to these slowly changing relations between humans and caprines, data on pig
exploitation from Cay6nu in southeastern Anatolia similarly indicate slowly changing culling
patterns and the gradual establishment of morphological change over two millennia (Ervnyck
et al. 2001). In combination, these patterns make clear why animal domestication must be
seen as a slowly developing interdependency between humans and animal species;-with mo

phological change being a poor marker for detecting the initial stages of domestication.
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Subsistence Strategies and Plant Domestication during the Near Eastern Neolithic Transition

The same applies to plant domestication. Although experimental wild cereal cultivagion su
gests that central morphological domestication traits among cereals could have emerged with-
in 20 to 200 years (Hillman and Davies 1990), the archaeobotanical record documents a much
longer period of wild cereal and presumably also legume cultivation predating the establish-
ment of morphological change. This phenomenon is conventionally labeled pre-domestication
cultivation and has originally been described for PPNA sites along the upper Euphrates dating
to between ca. 11,500 and 10,700 cal BP (van Zeist and Bakker-Heeres 1984; Colledge 2002;
Willcox 2004, 2012; Willcox et al. 2008, 2009; Willcox and Stordeur 2012) and even for the
Younger Dryas occupation at Abu Hureyra (Hillman 1975; Hillman et al. 2001). Suggestions
of pre-domestication cultivation are mostly based on the increasing abundance of cereals and
legumes parallel to a decrease in previously collected taxa, the concurrent establishment of
potential arable weeds and an increase in cereal grain size over time. Taken together, scholars
interpret these observations as indicative of cultivation practices allowing for the establish-
ment of early weed floras (Willcox 2012) and selecting for larger grain sizes as one of the first
automatic effects of sowing cereals in tilled soils (Fuller 2007). Authors studying botanical
assemblages from the southern Levant rely on similar criteria and proposed pre-domestication
cultivation of wild cereals and legumes for several PPNA sites as well (Kislev 1997; Colledge
2001; Meadows 2004; Weiss et al. 2006; Melamed et al. 2008; Kislev et al. 2010; White and
Makarewicz 2012; Colledge and Conolly 2018). Clear evidence for morphological change
based on genetic mutations appeared between 10,700 and 10,200 cal BP througheut the L
vant and Anatolia, after approximately 1,000 years of pre-domestication cultivation (Tanno
and Willcox 2012; Arranz-Otaegui et al. 2016a). These early evidences for morphological
domestication traits consist of proportions of non-shattering spikelets that exceed those found
in modern unmanaged populations (Kislev 1989). Whereas non-shattering spikelets comprise
between 25-30 % of the cereal chaff from early PPRBOO $VZDG 7HOO 4DUDVVD
Hoyuk, it took an additional 2,000 years until fully non-shattering populations became estab-
lished (Tanno and Willcox 2006a, 2012; Fuller 2007; Fuller et al. 2012a). Similar totthe pa
terns for animals, plant domestication represents a continuum of increasing human-gplant rel
tionships with morphological change appearing slowly and quite late in the chronological
sequence. We must, however, note that solid evidence for Near Eastern plant domestication is
almost entirely based upon cereals, since the lack of preserved legume pod remains does not
allow to investigate the establishment of non-shattering among pulse species (Zohary D. et al.
2012). Seed coat thickness represents a second important domestication marker, but charred

legume seeds rarely exhibit the seed coat (Tanno and Willcox 2006b; Sonnante et al. 2009).
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Introduction and Goals of Study

These protracted patterns represent the main arguments why most scholars nowadays reject
the idea of animal and plant domestication being predominantly driven by conscious selection
(Zohary D. et al. 1998; Tanno and Willcox 2006a, 2012; Purugganan and Fuller 2011; Vigne
2011; Fuller et al. 2012a; Allaby et al. 2017; but see Abbo and Gopher 2017 for a different
perspective on plant domestication). Although Zeder (2006, 2012b) defines human intent as
the basic characteristic that differentiates between domestication and any other matual rel
tionship, she emphasizes that this principle refers to the ability of humans to spontaneously
change and transmit socially learned behavior and with this play a much more active role in a
domesticatory relationship than plants or animals do. Contrastingly, she rejects the idea that
human intent was responsible for inventing agriculture by deliberately and with foresight do-
mesticating a species (Zeder 2015: 3192), a view which is widely shared today.

Since it became clear that domestication followed protracted pathways and took sdveral mi
lennia to unfold, scholars have built up different frameworks for explaining the slow pace of
domestication, predominantly focusing on agro-technological and environmental issues. After
we have clarified the essential terminology for discussing the origins of agriculture, we will
survey these explanations for the slow pace of Near Eastern plant domestication in order to

identify unsolved questions and the major research goals for the current study.

Terminology

The terms domestication, cultivation and agriculture are essential for discussing the origins of
agricultural societies and therefore need clarification before we continue to use them. Without
going into the history of the terms, we will broadly follow the evolutionary model of Harris
(1989, 19964, b, 2007) and extend his concept where it seems necessary.

As we have seemomestication primarily refers to genetic and phenotypic change induced

by an increasing relationship between a human and a plant or animal partner. The set of traits
that differentiate a domesticated species from its wild progenitor is conventionally called the
SGRPHVWLFDWLRQ VI\QGURPH" +DUODQ HW DO +DPPHU
span in which this domestication syndrome became established has been used to separate the
domestication process from subsequent evolution as characterized by the continuous selection
on domesticates and landraces (Fuller 2007; Fuller et al. 2012a, 2014). Abbo and Gopher
(2017) provide a different perspective and understand plant domestication as a pristine event
of transferring seeds into prepared soil. They isolate this event from subsequent crop evolu-
tion, which in their model immediately starts with selection on the managed plants (Abbo et

al. 2012, 2014a). However, this refined definition of plant domestication and crop evolution
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Subsistence Strategies and Plant Domestication during the Near Eastern Neolithic Transition

primarily builds up a different narrative for the Neolithic transition, but relies on the same
archaeobotanical datasets (see below). For evaluating the differences between these two pe
spectives, we need to remember that domestication as a continuum does not necessarily need
an end point to be applicable to prehistory. Most importantly, domestication unfolds with the
gradual establishment of genetic and phenotypic traits that enhance the adaptability-of an o
JDQLVP WR WKH GRPHVWLFDWRU\ UHODWLRQVKLS :H ZLOO
of domestication as not having fixed thresholds that differentiate distinct phases of tlse dome
tication process (Zeder 2006: 107), although the establishment of single domestication traits
of course indicates changes in management practices.

Cultivation refers to the process of propagating and harvesting fruits and seeds or any other
desired organ of a plant. It commonly involves some sort of soil preparation, the sowing of
seeds and possibly tending of the cultivars. Additional practices to promote plant growth may
include weeding, manuring and irrigation. Harris (2007) notes that these practices pan be a
plied to wild and domesticated plants and most scholars agree that domestication can only
occur under cultivation (Harlan et al. 1973; Hammer 1984; Hillman and Davies 1990; but see
Ladizinsky 1987). Turned around, this implies that cultivation should have started with wild
plants (Helbaek 1960) and must have maintained a cultivated lineage in annually harvesting
and sowing seeds for facilitating the genetic fixation of phenotypic changes.

For differentiating between cultivation and the promotion of resources in general, archaeolo-
gists adopted the termesource managemenor related expressions and acknowledge that

also non-agricultural communities engage in activities to enhance the productivity of an eco-
system and the abundance of valuable resources (Zvelebil 1995; Smith 2001, 2007, 2011a;
Chatters and Prentiss 2005; Zeder 2009; Zeder and Smith 2009; Matthews W. 2016). Key to
this concept is the realization that subsistence strategies cannot satisfyingly be divided into a
dichotomy of hunting-gathering and farming. This strict dualism has often been criticized and
Smith (2001) proposed a third category for recognizing that societies of the so-called middle
ground often engage in resource management, sometimes even in the cultivation of domestic
plants, but do not correspond to the traditional concepts of hunter-gatherers or farmers. He
FULWLFL]JHY WHUPV VXFIOWKHEFERPSORU KX QWdidhasResy IDUPH
W K gbvieties of the middle ground are not pale reflectionsogical extensions of either
agriculturalists or hunteggatherers, but a separate general class of extremely variakge, su
cessful long-term socioeconomic solutiobns6 P L W K33-34).

The important question arises hagriculture can be differentiated from the economies of
PLGGOH JURXQG VRFLHWLHVOHEXHPKIBRGWKUBDBEKHR®GY RQRZL

6



Introduction and Goals of Study

olds have been proposed, with agriculture relying to more than ®3% SODUJH®\" XSRQ
mesticated resources (Harris 1996a, b; Zvelebil 1996). However, this definition contains an
inherent problem, because we defined domestication as not corresponding to a fixae state e
ther. If we understand domestication as a process, it would make sense to regard ttie associa
ed subsistence economies as a continuum as well, along which the involvement of genetically
altered organisms in resource management systems gradually increases. We will see that these
rather flexible definitions correspond well with the actual socioeconomic development
throughout the Near Eastern Neolithic transition, which in my opinion provides the strongest
argument to reject fixed dichotomies of wild vs. domestic or hunter-gatherers vs. agiicultura
ists. Nevertheless, for distinguishing between different subsistence practices and associated
impacts on a population, it is still helpful to apply the tevitd to resources that do nat-e

hibit any phenotypic domestication traits. The tefmmesticapplies to individuals or popaH

tions that already exhibit phenotypic domestication traits, indicative of altered selecgen pre
sures in a domesticatory relationship.

Explaining Patterns in Near Eastern Plant Domestication

The dominant model for Near Eastern plant domestication assumes a geographically dispersed
development of early cultivation and a temporally protracted establishment of the damestic
tion syndrome. Whereas most current scholars favor this model for explaining the aghaeolo
ical and archaeobotanical record (e.g. Willcox 2002, 2005, 2013; Gebel 2004; Nesbitt 2002,
2004, Tanno and Willcox 2006a, b, 2012; Weiss et al. 2006; Feldman and Kislev 2007; Fuller
2007, 2010; Melamed et al. 2008; Willcox et al. 2008, 2009; Kuijt and Finlayson 2009; Fuller
et al. 2010, 2011, 2012a, b, 2017; Zeder 2011b; Asouti and Fuller 2012, 2013; Asouti 2013,
2017; Riehl et al. 2013; Whitlam 2015; Snir et al. 2015a; Arranz-Otaegui et al. 2016a; Allaby
et al. 2017), some authors have profoundly criticized this domestication model and tell a very
different story of Near Eastern agricultural origins (e.g. Lev-Yadun et al. 2000; Gopher et al.
2001; Honne and Heun 2009; Abbo et al. 2010a, b, 2012, 2013a, 2014a, b; Haldorsen et al.
2011; Heun et al. 2012; Abbo and Gopher 2017). Major debates on Near Eastern pant dome
tication therefore involve its temporal development, whether domestication was centered or
regionally dispersed and whether the single founder crop species (Weiss and Zohary D. 2011,
Zohary D. et al. 2012) were domesticated more than once. In the following overview we will
survey the two models and their argumentation in favor of distinct pathways into demestic

tion and agricultural systems.



Subsistence Strategies and Plant Domestication during the Near Eastern Neolithic Transition

The Geography of Near Eastern Plant Domestication

More than 30 years after Helbaek (1959, 1960, 1969) pioneered archaeobotanical research on
WKH 1HDU (DVWHUQ 1HROLWKLF OLOOHU FRQFOXGHG WKDYV
LQJO\ LQFRPSOHWH" O0OLOOHU DQG VKH GLG QRW LC
cultivation and domestication started. Bar-Yosef and his colleagues expressed a contrasting
view, expecting a core area for agricultural origins in the southern Levant where the most
complete archaeological record had been compiled (Kislev 1984; Bar-Yosef and Belfer-
Cohen 1989, 1991). Numerous excavations during the 1990s at sites along the uper Euphr
WHV LQFOXGLQJ -HUI HO $KPDU 6WRUGHXU HW DO 6 W
and Gobekli Tepe (Schmidt 2000), changed this picture and urged scholars to include this
region in their considerations about the geography of early plant domestication. Willcox
(1996) significantly contributed to this development when he reported the recovery of wild
FHUHDOV DQG SXOVHV IURP -HUI HO $KPDpoten@aGaramMd 1GH V
weeds included in the assemblages could reflect cultivation practices. The assumption of a
confined southern Levantine core area was subsequently questioned and Belfer-Cohen and
Bar-Yosef (2000) extended the center of origin to the whole Levantine corridor including the
upper Euphrates region. Lev-Yadun et al. (2000) and Gopher et al. (2001) even argued for a
new core area between the upper Euphrates and Tigris rivers (see also Kozlowski and
Aurenche 2005). In an influential article, however, Nesbitt (2002) revised the evidence for the
appearance of domesticated cereals throughout the Near East and concluded that the
archaeobotanical record back then did not allow identifying a precise center of origin for the
earliest domesticates within the Fertile Crescent. He reinforced this argument some years later
(Nesbhitt 2004) and his view was supported by several archaeologists, demanding to view the
Neolithic transition as a mosaic-like process involving distinct socioeconomic trajectories
among the sub-regions of the Fertile Crescent (e.g. Watkins 2003; Gebel 2004; Rollefson
2004).

These suggestions have widely been supported by archaeological and archaeobetanical r
search projects of the last two decades. Willcox (2002, 2005) recognized that the composition

of exploited cereal species significantly differs between the sub-regions of the Fersde Cre

cent during the Early Holocene, but correspond well with modern species distributions. He
concluded that PPNA groups increasingly exploited and eventually cultivated the locally
available species, which represents the most important argument for rejecting a center of agr
cultural origins. Fuller et al. (2011, 2012b) and Arranz-Otaegui et al. (2016a) recently sup-
ported the multiregional model based on additional data and confirmed that a core area where

8



Introduction and Goals of Study

crop cultivation and domestication emerged and subsequently spread out from cannot be iden-
tified.

Independently from archaeobotanical data, Abbo and Gopher (2017) rely on genetic studies
that argue for monophyletic origins of several founder crops for supporting the idea of a core
area between the upper Euphrates and Tigris rivers (deah 1997; Ozkaret al 2002;

Allaby et al 2005; van Osst al 2015). This represents a quite ambiguous line of evidence,

as genetic data long indicate that barley domestication happened at least twice and outside of
the proposed core area (Zohary D. 1999; Morrell and Clegg 2007; €adt2015; Allaby

2015; Pourkheirandisét al. 2015; Mascher et al. 2016), while other studies placed doubt on a
monophyletic origin of modern einkorn and emmer wheat (Moral 2003; Kilianet al

2007; Luoet al 2007; CLY iet al 2Q0\ LQ LIJQRULQJ VXFKe-3FRQWU
VROYHG  SDWanNaH2001V24)ythe Eoe area model can still be maintained.

Additional significant arguments for understanding the Neolithic transition as a multiregional
process provide the results of excavations at Early Neolithic sites in the Zagros Mountains
and its foothills. Most importantly, Sheikh-e Abad (Matthews R. et al. 2013a) and Chogha
Golan (Zeidi et al. 2012; Riehl et al. 2013) have been occupied since the late Younger Dryas
and the earliest Holocene, respectively, suggesting that agricultural societies in the eastern arc

of the Fertile Crescent evolved out of regional traditions and did not migrate into the region
(Matthews R. et al. 2013b). Nashli and R. Matthews provide an interesting perspective on
how to integrate this widespread record of Early Neolithic trajectories into a general model
DQG UHIHU WR :KLWWOHTV QRWLRQ RI WKH 1HROLWE
the diffusion of an economy out of a core-area (Nashli and Matthews R. 2013: 2). This view
primarily reflects the claim to move beyond an economic paradigm for investigating domest
FDWLRQ DQG DJULF X QNSWHO inkllbe dvitl\our Hlnidgnkihése commu-

nities of Southwest Asia who were clearly still hunter-foragers, in purely subsistence terms,

but who at the same time were already developing a sense of community and attachment to
locale, and to available resources, that enabled the earliest stages of sedentism and all that
followed on from itt 1DVKOL DQG ODWWKHZV 5 ,Q DGGLWI]
(2013b) summarized the evidence for a continuous occupation of the Zagros Mountains since

ca. 17,000 cal BP, emphasizing evidences for cultural continuity throughout the Pleistocene-
Holocene transitioncf. Kozlowski 1999). A similar claim has been made by Baird et al.

(2013) for the Neolithization process in central Anatolia. The Late Epipalaeolithic occupation

DW 3LQDUEDUL SURYLGHG HY L it &3pekdts ldarivemidnaliywasSoOiated/ R FL R
with the Natufian (e.g. Bar-Yosef 1998) including a more permanent site occupation, a broad-
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spectrum subsistence strategy and elaborated burial and ritual practices. Baird ahd his co
leagues conclude that the NeolithW UDQVLWLRQ FDQQRW ORQJHU EH YLE
SDUDGLJP” L H WR H[SHFW W KddltuRal frdredisiteR fortbh€3tid LF D Q W
tion exclusively in the southern Levantine Epipalaeolithic (Baird et al. 2013: 177).

This brief survey highlights two important aspects for investigating plant domestication. First,
since the archaeobotanical record does not allow to identify a core area where plaat cultiv

tion initially developed, we must focus on integrating the various regional trajectories towards
agricultural economies into a supra-regional framework. Second, we have to expect regionally
distinctive and autochthonous trajectories of socioeconomic evolution throughout the Neolith-

ic transition. As a consequence, plant domestication can only be understood by investigating
the development of subsistence strategies against the backdrop of regional environmental and
socio-cultural change. Such a perspective necessarily assesses the Neolithic transifion on di
ferent geographic levelsfa Zeder 2009). Regionally, we might expect specific compositions

of social, economic and environmental factors that shaped individual trajectories. On a supra-
regional scale, we must search for overriding factors that shaped the general development

towards the first agricultural societies in the Fertile Crescent.

The Temporal Development of Near Eastern Plant Domestication

In addition to the geographic origin of the first domestic plants, the temporal development of
subsistence strategies and the appearance of domestication traits under cultivation are still
highly debated. Whereas our knowledge on the geographic aspects of plant domestication
relies on archaeobotanical materials and its identification and dating, the current models for
explaining the temporal development of the domestication process much more depend upon
experimental data and theoretical expectations.

Hillman and Davies (1990) cultivated wild einkorn in order to calculate domestication rates
under distinct cultivation conditions. They applied different harvesting methods and conclud-
ed that sickle-reaping and uprooting of whole plants would select for non-shattering individu-
als, as the ripe ears of wild cereals shatter at maturity and would do so if they are shaken du
ing the harvesting process. Accordingly, beating ripe ears into a container utilizes this trait
and represents an effective harvesting method that would strongly discriminate against non-
shattering mutants. They eventually conclude that the applied harvesting method represents a
crucial factor for accelerating or inhibiting the establishment of non-brittle ears. Given sickle-
reaping would have been applied by early cultivators, which they expected in light of the

presence of sickle blades in Natufian and PPN lithic assemblages, non-shattering mutants
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would have increased in a cultivated population even in the absence of conscious selection.
They eventually proposed a rapid domestication model for cereals involving 20-200 years
until a population would comprise 100% non-shattering ears.
During the last two decades the analysis of numerous plant assemblages from the northern
and southern Levant suggests that morphological domestication traits were only slowly and
gradually established. As we briefly addressed above, the cultivation of shattering cereals ha
been proposed for numerous PPNA sites and is primarily based on the identification of poten-
tial weed floras, increased cereal grain sizes and the generally high proportions of cereal
grains in charred assemblages (van Zeist and Bakker-Heeres 1984; Kislev 1997; Colledge
2001, 2002; Meadows 2004; Willcox 2004, 2012; Weiss et al. 2006; Willcox et al. 2008,
2009; Kislev et al. 2010; White and Makarewicz 2012; Colledge and Conolly 2018). First
evidences for the establishment of morphological domestication traits is based orechaff r
mains containing more than 10 % of non-shattering spikelets and derive from early PPNB
sites in the Levantine corridor and central Anatolia, dating to between ca. 10,700 and 10,200
cal BP after at least one millennium of pre-domestication cultivation activities (Nesbitt 2002;
Tanno and Willcox 2012; Arranz-Otaegui et al. 2016a, b). The oldest evidence for increased
percentages of non-shattering spikelets in the eastern arc of the Fertile Crescent derives from
Chogha Golan in the foothills of the central Zagros and dates to about 9,800 cal BP (Riehl et
al. 2013; Weide et al. 2015).
In plotting the percentages of non-shattering spikelets vs. shattering spikelets through time,
Tanno and Willcox (2006a) were the first to propose a remarkably slow establishment of fully
non-shattering cereal populations over more than 2,000 years, which has since then been sup-
ported by numerous additional studies involving quantitative data on non-shattering spikelets
and grain sizes of cereals and legumes (Fuller 2007; Purugganan and Fuller 2009, 2011,
Fuller et al. 2012a, 2017; Allaby et al. 2017). This protracted process of morphological do-
mestication is in sharp contrast to the expected rapid fixation of phenotypic domestication
traits and many authors have provided possible explanations for this disagreement between
theoretical expectations and the archaeobotanical data. The absence of conscious selection
represents a major paradigm in many contributions, emphasizing that selection should natura
ly be slow when domestication is viewed as a form of co-evolutionary development that was
primarily driven by natural selection (Tanno and Willcox 2006a, 2012; Purugganan and Fuller
YXOOHU HW DO D +LOOMa®everg GarvBsY LHV |
ing practices would inhibit the selection for non-shattering ears also figures prominently in

the explanatory frameworks. Utilizing the brittleness of wild cereal ears by beating ripe spik
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lets into a basket or by collecting shed spikelets from the ground would continuously favor
shattering spikelets (Hillman and Davies 1990; Kislev et al. 2004; Willcox et al. 2008). Add
tional possible factors include the harvesting of partially green ears to avoid yield loss through
shattering or replenishing cultivated seed stocks after poor harvests by gathering in unman-
aged stands (Tanno and Willcox 2006a, 2012; Willcox et al. 2008; Fuller et al. 2010; White
and Makarewicz 2012). However, except for harvesting green cereals at sites along the upper
Euphrates (Ibafiez et al. 2016) and possibly ground collecting at some sites in the southern
Levant (Kislev et al. 2004), none of these practices could be linked to archaeobotanical d
tasets. Moreover, whether the use-wear patterns of sickles that suggest the cutting of green
ears reflect continuous harvesting in unmanaged stands or reaping green culms of cultivated
plants is unclear as well. The actual set of practices inhibiting selection for non-shattering ears
under cultivation during the PPNA and protracting the establishment of fully non-shattering
populations during the PPNB is therefore widely speculative.

This situation urged scholars to search for additional factors that possibly prolonged the pre-
domestication cultivation phase. Based on a careful evaluation of radiocarbon dated; associa
ed inconsistencies in the occupation of PPNA sites and the general criticism that permanent
residential structures in PPNA settlements do not necessarily imply year-round occupation,
Asouti and Fuller (2013) conclude that PPNA subsistence strategies should rather be seen as a
diverse array of practices, of which wild plant cultivation was only one of various strategies.
7KH SsGHOD\HG” DSSHDUDQFH RI PRUSKRORJLFDO GRPHVWLI
cultivation in the PPNA was simply not as widespread and continuous as most scholars a
sume. In addition, Asouti (2017) refers to episodes of climatic instability during the Early
Holocene for suggesting that subsistence strategies prior to the emergence of fully agro-
pastoral systems in the late PPNB were attuned to regularly changing and hardly predictable
ecological conditions. With this, she transfers the expectation that climatic instability during
the Late Pleistocene inhibited the long-term adoption of cultivation (e.g. Bettinger et al. 2009;
Haldorsen et al. 2011; Asouti 2013) into the Early Holocene.

A certain school of thought completely dismisses the protracted domestication model, which
UHSUHVHQWY DQ H[WUHPH DOWHU Q DVAIY dnd BaphtHPSIGD L QL Q.
recently summarized the arguments for rejecting evidence for a slow and gradual demestic
tion process, which mostly relies on a different definition of domestication and crop evolution
and the principal rejection of a pre-domestication cultivation phase. As we saw above, they
perceive domestication as a pristine event of consciously selecting suitable genotypks for cu

tivation and regard any subsequent phenotypic change as crop evolution (Abbo et al. 2012,
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2014a). This refined definition of domestication and crop evolution mostly relies on-exper
mental evidence for the inefficiency of wild legume exploitation and cultivation. Wild legume
species such as lentilsgnsspp.), peasRisumspp.) and chickpeaC{cer judaicum produce

few seeds per plant and the seeds have a very high dormancy éAbb®008a, b, 2011,
2013b). These results suggest a different scenario for legume domestication, which has been
argued since the 1980s, expecting the presence of free-germination wild stocks to groductiv
ly cultivate wild legumes (Ladizinsky 1987, 1989, 1993; but see Zohary D. 1989). In addition,
proponents of this alternative modBIVVXPH D GHHS (QDWXUDOLVW NQRZO
first cultivators to reasonably assemble a nutritionally and agronomically balanced crop pack-
age that was crucial to render agriculture a reliable subsistence strategyeffdib2010Db,

2014b). Based on these theoretical expectations, they dismiss any claim for a prolonged per
od of pre-domestication cultivation, which in their perspective represents a paradox in itself.
However, the reason why fully non-shattering cereal spikelets only appeared 2,000 years after
the first selection for non-shattering ears at early PPNB sites cannot reliably be explained by
proponents of the one-event model either. Heun et al. (2012) suspect that the analyzed cereal
chaff from PPNB sites does not derive from cultivated plots only, possibly reflecting various
activities including continuous gathering in unmanaged stands and the use of wild cereals for
multiple purposes (see also Haldorsen et al. 2011). This argument has also been utilized for
explaining the exact opposite scenario (e.g. Tanno and Willcox 2006a, 2012) andipredom
nantly represents an unverified speculation. Heun and his colleagues further stress that the
founder crops are self-fertilizing, which should support a rapid genetic isolation and a fast
establishment of domestication traits (Honne and Heun 2009). In light of this important con-
clusion, it is even more intriguing why non-shattering individuals needed so long to dominate
PPNB cereal assemblages.

An interesting case of potentially high relevance for reconsidering these explanatagy fram
works can be found in the Early Epipalaeolithic site of Ohalo II. After several publications
about the archaeobotanical assemblage from the site and its context (Kislev et al. 1992; Weiss
et al. 2004a, b, 2008; Snir et al. 2015b), Snir et al. (2015a) recently reported emmar and ba
ley chaff comprising between 25 and 36 % non-shattering spikelets, respectively. Ina&combin
tion with a potential weed flora, these astonishing findings suggest that cereal cultivation was
already practiced 23,000 years ago, indicating that the agro-technological requirements to
select for non-shattering ears were already present back then. Concentrating on hypothetical
mixtures of non-selective cultivation practices for explaining why pre-domesticationaeultiv

tion did not select for non-shattering individuals at any PPNA site for which this practice has
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been proposed therefore seems rather insufficient. Of course, climatic instability and a poss
bly still high mobility of PPNA groups, as suggested by Asouti (2017), would have inhibited
the long-term establishment of domestic cereals, but both factors cannot sufficiently explain
the striking absence of domestic-type chaff before the early BPNB

In sum, we can conclude that the currently available archaeobotanical data suggest a slow and
gradual establishment of non-shattering cereals throughout the Early Holocene. Sites dating to
the PPNA in the Levant provide widespread evidence for the exploitation of morphologically
wild cereals and pulses. Several strains of evidence suggest that cultivation started during the
PPNA and an isolated dataset even dates to the Early Epipalaeolithic. The nature of evidence
does not allow to precisely evaluate the importance of such early cultivation activities, leaving
the question relatively open whether cultivation regimes during the PPNA did simplg-not s

lect for non-shattering ears or whether PPNA communities engaged in cultivation at a much
lower level than most researchers assume. The appearance of increased proportions of non-
shattering spikelets since the early PPNB would then not only indicate changed cultivation
regimes, but a significant intensification of cereal cultivation in general. Nevertheless, we can
conclude that the main arguments for explaining this protracted process focus on agro-
technological and environmental issues such as specific harvesting practices, contiritous gat
ering in the wild for replenishing cultivated seed stocks, phases of climatic instability and
argue within a paradigm of unconscious selection. An alternative perspective rejects evidence
for this protracted scenario and assumes a conscious and rapid domestication event, based on
a deep knowledge of the ecology of the wild progenitor species and their biological precond

tion to rapidly fix genetic mutations due to their tendency towards self-fertilization.

Goals of Study

The main goals of my dissertation project focus on the reconstruction of subsisteriee deve
opments on a site-specific, regional and supra-regional scale and an assessment of factors that
potentially influenced socioeconomic evolution throughout the Near Eastern Neolithie trans

tion in these three geographical perspectives.

! Note that Fuller et al. (2012a: Fig. 3, 2012b: Fig. 2) and Allaby et al7(&)Ieport a mean value of 22 % of
non-shattering einkorn spikelets from the late Younger Dryas occupatiogll @aramel in northern Syria. In
contrast, Willcox et al. (2008: 315) and Willcox and Herveux (2012: ¢@8¢lude in the full publication of the
Qaramel assemblage that no evidence for domestic cereals could beriduhdtaall einkorn spikelets belong
to the wild type. Fuller, Allaby and their colleagues still assume 22 %rosdtic-type einkorn spikelets,eb
cause they rely on the preliminary data from Tanno and Willcox @0@thich include 0 domestic spikelet
bases, 4 possible domestic bases, 14 wild bases and 88 non-diagnosticdmseplementary materials in
Fuller et al. 2012a). Assuming a mean of 22 % domestic-type spiketetisef@ssemblage from Qaramel is
therefore highly misleading and entirely based on the identificatitwuofspecimens gsossiblydomestic.
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The first part of the study (chapter 2) includes the analysis of charred archaeobotargeal mat
rial from the aceramic Neolithic site of Chogha Golan (Iran) in order to reconstruct local sub-
sistence strategies and their development through time (site-specific scale). Major goals in-

clude:

x The analysis and interpretation of the taxonomic composition of the flotation samples
with a focus on reconstructing their taphonomic history and the role of different taxa
in the subsistence economy.

x Identifying phenotypic domestication traits with a focus on non-shattering cereal
spikelets in order to assess whether the subsistence economy included the cultivation
of domestic cereals.

x Assessing whether the common criteria for recognizing the cultivation of morpholog
cally wild species can successfully be applied to the archaeobotanical record.

X Reconstructing the temporal development of subsistence strategies at the site.

The second part of the dissertation (chapter 3) focuses on identifying patterns and important
factors in the socioeconomic evolution of Late Pleistocene and Early Holocene societies in the
Zagros Mountains (regional scale) as compared to the Levantine corridor (supra-regional

scale):

x Which patterns in the subsistence economies of aceramic Neolithic sites are typical for
the Zagros Mountains?

x Can we identify a set of ecological and social factors that shaped this local trajectory
towards agricultural societies?

x How do subsistence strategies throughout the Neolithic transition in the Zagros Moun-
tains differ from other regions in the Fertile Crescent?

X In comparing the potential social and ecological factors that characterized economic
developments in the Levantine corridor and the Zagros Mountains, which factors do
considerably differ and might be responsible for different pathways towards the first

agricultural societies?
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The Aceramic Neolithic Site of Chogha Golan

Chapter 2

The Aceramic Neolithic Site of Chogha Golan

Excavations, Stratigraphy and Artifact Assemblages

7KH VLWH RI &KRJKD *RODQ MPORXQG RI )ORZHUVY gLV VLWX
ros Mountains of Iran at an elevation of ca. 485 m asl and has been first described sind inve
tigated by Khalilian (1999: 36) and Nokandeh (2001). With a central mound rising 7-8 m
above the surrounding landscape, the settlement covers about 3 hectares and is located 200 m
from the right bank of the Konjan Cham River. The site is today situated in a desertic area
with low agricultural potential, receiving 200-250 mm annual precipitation (Zeidi et al. 2012;
Riehl et al. 2015).

A team of the Tubingen-Iranian Stone Age Research Project (TISARP) conducted the first
systematic investigations at Chogha Golan during two field seasons in 2009 and 2010 (Zeidi
et al. 2012), excavating a deep sounding and an excavation area A in the center of the mound.
The deep sounding with an extent of 1.5 x 2 m reached sterile sediments at ca. 8 m below the
current tell surface and the excavators divided the stratigraphy into eleven argitdio-

rizons (AH XI-I). A radiocarbon date from the geological horizon beneath the tell gaxe a
minus post querof 11,740 £ 187 cal BP (KIA45647) for the accumulation of the oldest pr
served anthropogenic deposits (Riehl et al. 2015: Tab. 1). AH XI with remarkably mgh co
centrations of lithic artifacts and carbonized plant remains is about one meter thick and gave a
radiocarbon date of 11,162 + 220 cal BP (KIA44943) for its uppermost section, suggesting
the beginning of repeated occupations at the site during fheni2nnium BP, postdating

the Younger Dryas and contemporary to the early phase of the Levantine PPNA. Directly on
top of the deposits of AH Xl appear the first substantial architectural remains in form of a
mudbrick wall and an associated plaster floor (Riehl et al. 2015: Fig. 2). The following AHs
were separated from each other by further plaster floors or the accumulation of middens and
the youngest deposits (AH I) date to 9,637 + 54 cal BP (Beta336508). The full sequence spans
about 2,000 years, whereas it is not fully clear when the lowermost anthropogenic deposits

started to accumulate. If we take the first appearance of a mudbrick wall in AH Xra$-an
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cator for a more permanent occupation, then we may expect that the site represented a seden-
tary village since the late T2millennium BP. Whether this translated into a seasonal or a
year-round occupation will be evaluated below by discussing the bio-archaeological datasets.
Due to the small horizontal extent of the deep sounding, the recovered materials and artifacts
cannot be further contextualized.

Five meters from the deep sounding, a 2 x 4 m trench (area A) was excavated to a depth of
about 1.5 m below the surface and contains the two uppermost horizons Il and | (Zeidi et al.
2012). The stratigraphic correlation with the deep sounding is based on the Z-values, as no
radiocarbon dates are available from this second excavation area. Architectural remains in-
clude an extensive plaster floor, an associated mudbrick wall and a hearth, suggesting an in-
door area in AH Il of this trench (Zeidi et al. 2012: Fig. 5; unpublished data).

The ground stone tools include a diverse array of mortars, pestles, grinding slabs, pounders
and handstones (Conard and Zeidi 2013). Most of the material derives from the larger expo-
sures in the two uppermost horizons, but two pestles were also recovered from AH X- In add
tion to expected food processing activities, the presence of pigments in a mortar and on
handstones and traces of asphalt on a pestle indicate the multifunctional use of the tools.
Bladelet production from conical and bullet-shaped bladelet cores characterizes the chipped
lithic industry (Zeidi and Conard 2013). Bladelets exhibiting sickle gloss indicative of the
reaping of plant stems, typically the culms of grasses or sedges, are surprisingly rare among
the tools in the two uppermost horizons (Zeidi and Conard 2013: Tab. 3). Throughaet the s
guence there is little variance in tool types (Zeidi, pers. comm.). Miscellaneous artifacts in-
clude a plaster vessel, stone and bone pendants, clay cones and numerous anthropomorphic

and animal clay figurines (Zeidi et al. 2012; Riehl et al. 2015).

The Palacoenvironmental Setting

A comparison between the modern climate and vegetation in the Zagros arc and the situation
during the Pleistocene-Holocene transition provides first valuable insights for reconstructing
the palaeoenvironmental setting of Chogha Golan. The principal reconstruction of modern
potential vegetation zones in the region mainly depends on the studies of M. Zohary (1963,
1973). We speak of the potential vegetation, because much of the landscape has been signif
cantly affected by anthropogenic impacts including agriculture, overgrazing, forest clearance
and unsustainable woodland management, associated vegetation degradation and soil erosion
(Zohary M. 1963; Ghazanfari et al. 2004; Pourhashemi et al. 2004; Pourreza et al. 2008).
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Chogha Golan is today located in the treeless Mesopotamian steppe belonging to the Irano-
Turanian phytogeographical zone, which is penetrated by elements of the Nubo-Sindian hot
desert vegetation (Zohary M. 1963, 1973; Riehl et al. 2015: Fig. 3). Towards the cegtral Za
ros at elevations between ca. 700 and 2,000 m asl, the vegetation turns into an oak-dominated
park-forest that is typical for many regions of the Fertile Creséastacia Amygdalusvood-

lands characterize the semi-arid interior regions of the central Zagros highlands. The cont
nental climate is today marked by cool winters and very hot and dry summers, while we have
to expect variable climatic zones within short distances due to the multifaceted topography.
The most important sources for Early Holocene climate proxies represent Lake Mirabad (800
m asl) and Lake Zeribar (1,285 m asl), both located in the central Zagros at distances of 140
and 240 km from Chogha Golan, respectively. An Early Holocene low lake-level phase has
been reconstructed from the ostracod fauna of Lake Mirabad (Griffiths et al. 2001) and the
plant macrofossils from Lake Zeribar (Wasylikowa 1967). Based on multi-proxy studies at
both lakes, Stevens et al. (2001, 2006) suggested increased summer evaporatian-as an i
portant factor that resulted in these low lake-levels, which only began to rise by the mid-
Holocene. Comparatively negative oxygen isotope values presumably indicate a distinct Early
Holocene seasonality with mainly winter rainfalls as opposed to the modern patterns with
more spring precipitation. However, several authors have doubted that these patterns indicate
a drier Early Holocene climate as opposed to the Levant or present conditions in the central
Zagros (Matthews W. et al. 2013c and references therein). For instance, Jones and Roberts
(2008) hypothesize whether t i WU R QJO\ QHJIJDWLYH / 2 YDOXHV FRXOG
by the distance of the lakes from the source area of precipitations or a change in storm tracks
during the Early Holocene. For explaining the local palynological record (see below), W.
Matthews (2016) puts much emphasis on the possible influence of human resource-manag
ment including vegetation burning, which would mean that climatic conditions were not the
primary cause for differences in Early Holocene vegetation cover throughout the Fegile Cre
cent. This view was first expressed by Roberts (2002), but subsequently doubted by
Wasylikowa (2005), because she could not identify an increase in charred plant macroremains
during the Early Holocene at Lake Zeribar. The set of climatic and anthropogenic factors that
shaped prehistoric landscapes in the Zagros is therefore somewhat unclear, althoegh the r
gional vegetation development is today well reconstructed based on off- and on-site data.
Palynological analyses from both lakes generally indicate a replacement of the regional Late
Pleistocene Chenopodiaceaddemisia steppe by grasslands aRistaciadominated wood-

lands after the Younger Dryas (van Zeist and Bottema 1977, 1991). This pattern differs from
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the Levantine palaeoenvironmental sequence, where oak woodlands spread with warmer and
wetter conditions after cal 11,600 cal BP and multi-proxy studies even indicate higheir precip
tations than at present (Robinson et al. 2006). Oak forests today characterize the lower and
mid-elevations of the Zagros Mountains (Zohary M. 1963), but only arrived from their main
glacial refuges in the Levant by the mid-Holocene (van Zeist and Bottema 1977, 1991,
Djamali et al. 2010: Fig. 2). As we have seen, this delayed spread of oak woodlands through-
out the eastern arc of the Fertile Crescent was possibly influenced by an Early Holosene moi
ture deficit in the Taurus-Zagros arc (Griffiths et al. 2001; Stevens et al. 2001, 2006;
Wasylikowa 2005; Djamali et al. 2010). Authors who doubt that predominantly climatic fa

tors inhibited the establishment of oak woodlands in the Zagros suggested a significant an-
thropogenic influence on the vegetation development including anthropogenic fires to support
grasslands and the development of agro-pastoral economies in general (Roberts 2002; Ma
thews W. 2016). Asouti and Kabukcu (2014) went a step further and suggested a key role of
pastoralism and woodland management practices for eventually reducing the grass cover and
supporting the growth of trees and the establishment of oak woodlands throughout Anatolia
and the Taurus-Zagros arc, which they principally regard as anthropogenic vegetation.

The data from Mirabad and Zeribar do not directly inform us about the environmental cond
tions around Chogha Golan. One important question concerns the extendRi$tHuea
dominated woodlands, which seem to characterize Early Holocene landscapes between ca.
800 and 1,300 m asl, where we today find the typical Zagrosian oak forests. Based on the
anthracological analyses from Chogha Golan, Asouti reconstructed two major vegetation
zones in the vicinity of the site that have been exploited throughout its occupation (Riehl et al.
2015: Fig. 9). One of them was indeed the semi-BralaciaAmygdaluswoodland, which
apparently characterized vast regions of the Zagros and its foothills during the Early Holo-
cene. A second important vegetation unit represents the riparian vegetation along the ancient
Konjan Cham River, indicated by Salicaceae @atharixsp. charcoal. As we will discuss in

the next section, an integration of all bio-archaeological datasets contributes to aemore d
tailed understanding of the surrounding landscapes and how they were exploited by the inhab-

itants of Chogha Golan and possibly affected by climatic developments through time.

Patterns in Site Occupation and Subsistence Strategies

The reconstruction of the principal patterns in site occupation and subsistence strategies is

based on the available datasets from anthracological, carpological, faunal, stable isotope and
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micromorphological analyses (Riehl et al. 2012, 2013, 2015; Karakaya 2013; Zanoni 2014;
Baines 2015; Weide et al. 2015; Starkovich et al. 2016) in connection with the alesady d
scribed stratigraphic observations and artifact assemblages. The results of the archaeo-
botanical analyses of this dissertation project will be integrated into the general discussion
and have been published separately (Weide et al. 2017 [Appendix A], 2018 [Appendix B]).

In light of the relatively long sequence at Chogha Golan, the question to which degree sub-
sistence strategies changed through time dominated most analyses. To begin with the lower
part of the sequence, we can already see high percentages of wild progenitorasykpies

tential arable weeds in AH XI (Riehl et al. 2013: Fig. S1, 2015: Fig. 5). The wild progenitors
include barley lordeum spontaneunand lentil Lenssp.), but are accompanied by various
vetches I(athyrusspp. andVicia spp.) and abunda®tegilopssp. remains as a second large-
seeded grass taxon. Interestingly, the proportions of wild progenitors, particularly barley, in-
crease towards AH IX and the percentages of potential weeds parallel the wild progenitors
throughout the whole sequence. Riehl et al. (2013, 2015) interpreted these patterngas indic
tive of developing cultivation activities during the early occupation of the site. Increasing ba
ley grain dimensions supported this suggestion together with stable carbon isotopeimeasur
ments that signal good growing conditions due to enhanced moisture availability towards AH
IX (Riehl et al. 2015: Fig. 7, 10). Interestingly, the lowermost horizons XI and X ane co
posed of soft, silty deposits, whereas AH IX accumulated above the oldest plaster floor and
contains building debris (Zanoni 2014: 59-60). The intensification of barley exploitation
therefore likely accompanied a general change in resident patterns towards more permanent
occupations after ca. 11,000 cal BP that also included the construction of permanent build-
ings. Anthracological results indicate the regular exploitation of RistaciaAmygdalus
woodlands during this early phase and the faunal data are dominated by caprines &nd fish r
mains (Starkovich et al. 2016).

Changing exploitation strategies of several resources characterize the develoment towards the
mid-sequence. PercentagesRidtaciacharcoal decrease to only ca. 6 % in AH VI and wood
seem to have primarily been obtained from the riparian vegetation, dominated by Salicaceae
and salt-toleranffamarix sp. Caprines still dominate the faunal assemblage, but increased
percentages of gazelles first occur in AH VI and continue in AH V. Stable carbon isotope
values from barley grains show a moderate drought stress signal for AH VI, corresponding to
low proportions of barley in general. All these patterns point towards increasingly diy cond
tions in the surrounding of Chogha Golan towards the mid-sequence, which could explain the

opening of théPistaciaAmygdalusvoodlands and increased values for gazelles that are cha

21



Subsistence Strategies and Plant Domestication during the Near Eastern Neolithic Transition

acteristic for more open landscapes (Martin 2000). Interestingly, Borrell and his colleagues
refer to an event of rapid climate change (RCC) that is visible in several palaeoclimatic re
ords and associated with cooler conditions in the northern hemisphere at about 10,200 cal BP
(Borrell et al. 2015 and references therein). A correlation of this RCC with the sequence at
Chogha Golan is, however, problematic. AH VIII gave a radiocarbon date of ca. 10,600 cal
BP and AHs VI-IV center around 10,000 to 9,900 cal BP (Riehl et al. 2015: Table 1), so the
start of the development towards drier conditions that affected the overall landscape and r
source availability cannot be dated precisely. Exploring the possibility that the observed d
velopments at Chogha Golan could have been associated with this RCC is compelling, but the
chronological resolution of the sequence does currently not allow such a correlation.
Pistaciapercentages rapidly stabilize after AH VI between 20 and 40 % and increase towards
ca. 90 % in the uppermost horizon. The riparian vegetation was continuously exploited for
wood resources and only decreased in percentages towaristdm@adominated AH Il and

|. The faunal data show decreased values for gazelles after AH VI, supporting the conclusion
that PistaciaAmygdalusvoodlands again spread in the region. Particularly intriguing patterns
derive from the carpological data and the isotope measurements. Towards AH V and IV, ba
ley grain dimensions increase again and the isotope data indicate increased moisturk availabi
ity comparable to the values from AH IX. These patterns are accompanied by generally in-
creasing percentages for barley in the overall assemblage, which Riehl et al. (2015) take as the
basis to suggest a second phase of intensified barley cultivation at Chogha Golan.
Contemporaneously, small-seeded grasses inclUelvadaris, Eragrostisand grains thater

semble species dthleumsubstantially increase and contribute between 45 and more than 60
% to the plant remains from AH V-III (Riehl et al. 2015: Fig. 5; Weide et al. 2018: Fig. 2).
Reconstructing the origin of these high amounts of small caryopses is crucial and difficult at
once. Generally, such high amounts of small seeds and fruits represent a potential indicator
for the use of herbivore dung as fuel (e.g. Miller 1984; Miller and Smart 1984), which has
been confirmed in various archaeological and experimental studies (e.g. Charles 1996;
O9DODPRWL DQG &KDUOHV %RJDDUG HW DO :DC
2014; Whitlam 2015). However, recovering high amounts of small fruits is not sufficient to
reliably identify dung burning as an important taphonomic factor for the formation of a
charred archaeobotanical assemblage. Additional criteria include the lack of sufficient wood
resources in the landscape, the evidence for herbivore management at a site to collect large
amounts of dung and the presence of actual burned dung pellets, ideally containing carbo
ized plant materials (Charles 1996; Miller 1996; Cappers and Neef 2012).
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Quantifying the availability of wood resources in the landscape relative to the neednaf a co
munity is almost impossible, but the anthracological data from Chogha Golan principally con-
firm that wood was exploited from two forested habitats throughout all levels of occupation.
The horizons with indicators for heavily depleteidtaciawoodlands predate the increase in
small caryopses, which could still indicate a delayed response to a shortage ofewood r
sources. Generally, the absence of wood in the landscape, as e.g. evident from the site of Ali
Kosh (Miller 1996), cannot be expected for Chogha Golan, but this leaves the queation rel
tively open whether the available wood resources must have been supplemented by dung.
Equally inconclusive is the evidence for animal management at the site. The zooarchaeo-
logical data currently do not allow to draw conclusions on possible management practices or
the domestication status of ungulates (Starkovich et al. 2016). A few dung fragments have
been identified via micromorphology in thin sections from the midden deposits of AH VI
and in gypsum and mud plaster floors in AH IIl and I, respectively (Zanoni 2014). in add
tion, dung spherulites occur randomly throughout the whole sequence. These occasional finds
suggest that dung was indeed collected and brought to the site, possibly as a building material,
but burned dung pellets have not been retrieved. These patterns are quite ambiguous and can-
not provide a final answer to the question whether the large amounts of small cargspses d
rive from the burning of herbivore dung or if they were brought to the site by other activities.
Additional candidates for dung-derived plant remains are the numerous small legume seeds,
but they are more abundant in the lower part of the sequence and do not increase with the
amount of small grasses in AH V-1l (Riehl et al. 2015; Weide et al. 2018).

To conclude, whether the small grasses and possibly also the small legumes derive from dung
burning or other subsistence activities currently remains unclear. This is not surpmsing, b
cause most studies that reliably argued for the burning of dung as an important taphonomic
factor found burned dung pellets during the excavations (Miller 1996; Fairbairn et al. 2002)
and could apply common criteria to recognize dung-derived plant remains in combinatio
with multivariate statistics to disentangle various routes of entry of different botanical taxa
(Bogaard et al. 2013, 2014;LOLSRYL :KLWODP :HLGH HW DQ
concluded that such a multivariate approach is currently the only method for reliablyyidentif

ing dung-derived plant remains, but also for disentangling arable weeds, crops and gathered
resources. A fundamental prerequisite for applying this approach, however, is a sufficiently
large horizontal exposure that provides the opportunity to extensively sample several contexts
per settlement phase. The excavations at Chogha Golan concentrated at sampling the co

plete sequence in the deep sounding, which provided us with valuable insights into-the te
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poral development of subsistence strategies at the expense of a horizontal analysis-of the r
covered materials.

These considerations lead us to the general question to which degree the inhabitants of
Chogha Golan engaged in wild plant gathering in relation to possible cultivation practices.
Until now we concentrated on possible evidences for cultivation of the wild progergtor sp
cies between AH Xl and Il and how the exploitation of the main wood and animal resources
changed through time. In building up on the results from Riehl et al. (2012, 2013, 2015),
Weide et al. (2018) analyzed an additional number of 23 flotation samples including ca.
23,500 plant remains from AH VIl to Il in order to increase the sample size for thase hor
zons. This period is of particular importance for evaluating different trajectories towards early
agricultural societies within the Fertile Crescent, because it dates to between 10,600 and
10,000 cal BP, where the first morphologically domesticated cereals appear in Anatolia and
the Levant.

The general taxonomic composition and the proportions of the identified taxa from these
samples are highly comparable to the already discussed samples. The patterns for the small-
seeded grasses, the wild progenitor speciesAggilopsas a second important large-seeded
grass could be confirmed and we generally expect that the sample size throughaudt the s
guence in the deep sounding was sufficient to reflect the actual archaeobotanical assemblages
without a sampling bias. What has gained particular attention of Weide et al. (2018) are the
numerous medium to large-seeded grasses otheHibraeum spontaneymegilopssp. and

the small-seeded taxa. The analyzed samples between AH VIl and Il yielded high numbers of
grains from wild oatAvenasp.), bromesBromusspp.), other wild barleydHordeumspp.),
Eremopyrunsp., medusahead deniatherum caput-medugaend a member of the Triticeae

with no known modern counterpart, called Triticoid type grains after van Zeist et al. (1984)
(see Riehl et al. 2013: 66). Chaff from caput-medusaand an indeterminate spikelet type

that does not correspond to any of the identified caryopses accompany the non-cereal taxa. All
these remains add up té. spontaneurmand Aegilops with their grains being even more
abundant than caryopses of these two species (Weide et al. 2018: Fig. 2B). Such a high abun-
dance of wild grasses generally characterizes the archaeobotanical assemblage from Chogha
Golan and is also evident from the lower part of the sequence (Riehl et al. 2013: Tab. S1).
Experiments with ruminant dung proved that grains of cereals and comparable size-classes do
not survive digestion (Valamoti and Charles 2005; Wallace and Charles 2013; see #&lso Whi
lam 2015: Tab. 7.9), so the abundant Poaceae remains should not derive from burned dung.

Whether they were all collected for consumption is difficult to assess, but the scarcity of chaff
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from these taxa and culm nodes in general throughout the sequence seem to speak against a
primary function as fuel or possible construction materieisWillcox and Stordeur 2012;
Fairbairn et al. 2014). Hence, the abundant medium and large caryopses most probably repr
sent foods, which we also expect for grains fidmspontaneunandAegilops This conclu-

sion is supported by the overall abundance of wild grasses from contemporary sites in the
Zagros and adjacent areas (see Chapter 3), reflecting the reconstructed Early Holocene land-
scapes that exhibited a large grassland component.

The abundance of non-cereal grasses throughout the sequence raise the question whether we
can focus on one species only for assessing possible cultivation practices of morphologically
wild grasses. The evidence from proportions, grain sizes and stable carbon isotopes indeed
speaks for the managementtbf spontaneunpopulations, but the other taxa share the same
habitat and grow together with wild barley in primary and secondary stands today (Zohary M.
1973; Zohary D. et al. 2012; Weide et al. 2018: Fig. 10). This indicates that all medium to
large-seeded Poaceae taxa identified at Chogha Golan possibly grew together. My-own ha
vesting experiments in the Upper Galilee and the Golan Heights in Israel in early May 2017
showed that all these species have a distinct growth habit, so they would not automatically
end up in one harvest if only one of the species is targeted. The abundant occurrence of grains
from smallerHordeum species, oats, brome$aeniatherumand the Triticoid type grains
therefore should reflect their deliberate harvesting alongsaggiopsandH. spontaneumif

we now assume th&t. spontaneunstands have been intensively managed or cultivated, we
might expand this expectation to the grass stands in general, which leads us to the éthnograp
ically well documented concept of resource management (e.g. Smith 2001, 2007, 2011a and
references therein). As defined in the introduction, resource management refers to the practice
of facilitating the growth and productivity of resources in general and does not automaticall
involve domesticated resources, nor does it identify an economy as agriculture. It figures
prominently in the application of Niche Construction Theory (NCT) to reconstruct prehistoric
subsistence behaviors and also the behavioral context of plant and animal domestication (e.g.
Zeder and Smith 2009; Smith 2011b; Wollstonecroft 2011; Zeder 2012a, 2016). Proponents
of NCT assume that organisms, including humans, shape their own living habitat and with
this influence the selection pressures acting on their own evolutionary pathway (Odling-Smee
et al. 2003). Applied to prehistoric humans this would mean that also pre-agricultueal soci
ties could have engaged in activities that altered the landscapes they inhabited. Indeed, ev
dence for active resource management in the Fertile Crescent dates back to the Early and

Middle Epipalaeolithic of the southern Levant (Ramsey et al. 2015; Snir et al. 2015a) and has
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been suggested for grasslands and wild caprines in the Zagros Mountains (Zeder and Hesse
2000; Roberts 2002; Zeder 2008, 2011b; Matthews W. 2016). Most important for us; howe

er, is to recognize that active management practices for maintaining the availabikty of r
sources around a settlement go far beyond cultivation in its traditional sense (Anderson 2005),
which we have to take into account for Chogha Golan as well. Ethnographically documented
practices comprise broadcast sowing of seeds on alluvial sediments to ensure sufficient soil

moisture (Smith 1992, 2011a: 839), the digging of simple irrigation canals to support the

JURZWK Rl 3SQDWXUDO" FRPPXQLWLHYV RI XQGRPHVWLFDWH!

Smith 2001; Anderson 2005) or the deliberate burning of vegetation for supporting grasslands
over trees and attracting game species (Mellars 1976; Laris 2002; Sheuyange et al. 2005).
However, the available data from Chogha Golan do not allow to identify specific resource
management practices that could have been very diverse, but urge us to go beyond a simple
differentiation between cultivating wild progenitors and gathering from unmanaged habitats.
Several points raised by Weide et al. (2018: 22) further support this suggestion. At the upper
Euphrates sites where pre-domestication cultivation of morphologically wild cerealssand po
sibly pulses has been suggested, gathered river valley species clearly decline coneempora
ous to an increase in wild progenitor species (Willcox et al. 2008, 2009). At Chogha Golan we
do not see such a clear focus on a few intensively managed taxa or the decline in gathered
resources, which provides additional arguments that possible management practices did rather
target at whole vegetation units and not single species. This issue will be further discussed in
the supra-regional perspective in chapter 3.

Generally, to which degree and how long the inhabitants of Chogha Golan possibly engaged
in resource management practices or even cultivation before AH Il is very difficult to assess
and specific residence patterns as one important factor that could have influenced subsistence
strategies is widely unknown. If we assume a sedentary community that harvests-wild r
sources on an annual basis, we should expect a depletion of these resources with time. Turned
around, evidence for a year-round occupation would provide an additional argumext for e
pecting active resource management. The problem for Chogha Golan is that we cumently ca
not draw reliable conclusions on the permanence of occupation throughout the roughly 2,000
years. In assuming that the site was possibly not inhabited for several years or even decades
and repeatedly re-settled, the inhabitants could possibly have relied on the available resources
without engaging in management practices for considerable periods. Likewise, it is not fully
clear whether the site was inhabited the whole year round. The carpological assemblage in-

cludes indicators for mainly spring (e.g. grasses) and late summer to early autumn occupation
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(Pistacig, but evidence for a presence of humans during winter is not available. As no fruits
ripen between autumn and early spring, only a few exploited resources such as migratory
birds could inform about winter occupatioef.(Simmons and Nadel 1998; Snir et al. 2015a:

S1 Fig). However, the faunal assemblage at Chogha Golan only contains a low proportion of
bird bones (Starkovich et al. 2016), so the question whether the site was occupied the whole
year-round remains open.

An additional problem concerns the interpretation of grain sizes for assessing whether cereals
have been cultivated or gathered from unmanaged stands. Increased grain dimensions are
commonly explained by a deeper burial depth indicative of cultivation (Fuller 2007), but are
also correlated with overall growing conditions and climatic variables that considerably varied
throughout the Early Holocene (Asouti 2017: 34). Whether the increased barley grain dimen-
sions coupled with isotope values indicative of enhanced moisture availability indeed imply
active management or simply changing precipitation regimes through time is somewhat open
and the fluctuating values for both size and isotopes also show that possible management
practices could have significantly varied through time (Riehl et al. 2015; Asouti 2017: 38).
The most important conclusion is therefore that the sequence of Chogha Golan reflects su
cessful long-term adaptations to the regional environments throughout roughly two millennia,
presumably involving the active management of various resources or vegetation units before
the cultivation of morphologically domesticated emmer wh&ati€um dicoccun started
towards 9,800 cal BP (Riehl et al. 2013; Weide et al. 2015). Riehl et al. (2015) characterized
the long-term patterns from the site as reflecting diverse and resilient subsistence strategies, a
conclusion that is not significantly affected by the analyses of the additional samples. Particu-
larly the stable values for the abundant medium and large-seeded wild grasses sugaest a rel
tively secure and continuous exploitation of taxonomically diverse grasslands throughout vi
tually the complete occupation period of Chogha Golan (Riehl et al. 2013; Weide et al. 2017,
2018). More precise reconstructions can currently not be achieved and would also require
methodological advancements to reconstruct ethnographically documented resourae manag
ment practices from archaeological data (e.g. Smith 2011a: 839).

We will complete this discussion of long-term patterns in the subsistence economy of Chogha
Golan with the data from the final settlement phase between ca. 9,800 and 9,600 cal BP (AH
Il and I, respectively). Since taphonomic analyses using a multivariate approach identified the
assemblage from AH | as biased towards robust plant remains and heavily dominated by cer
al chaff (Weide et al. 2017: Fig. 3, 4a), we will concentrate on the result from AH II. This

horizon provided the first reliable evidence for the cultivation of morphologically dontestica
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ed emmer wheat, although the chaff remains still include considerable proportions of shatte
ing spikelets (Riehl et al. 2013, Weide et al. 2017: Tab. 3). By implication, the archaeo-
botanical assemblage from this horizon should contain an arable weed flora, for which many
identified taxa come into question (Riehl et al. 2013: Tab. S1; Weide et al. 2017: Tab. 4).
However, a correlation of these potential arable weeds with chaff and grains from the cereal
species of AH I did only yield very few positive and significant correlatiehg=airbairn et

al. 2002; Tab. 2). Seeds Atragalusand/orTrigonellapositively correlate with barley chaff,

while Medicagospp. seeds correlate with barley and emmer grains, possibly indicating that
small-seeded legumes grew as weeds in fields orAsiaagalusbushes were used as fuel
alongside barley chaff. These are the only positive correlations possibly informing us about
the state of some taxa as weeds and we are therefore left with a rather unclear origin of the
diverse wild taxa in AH II. This situation could either reflect an insufficient numbernof sa
pled contexts for obtaining statistically significant results, or the fact that many fruits and
seeds did simply not arrive at the site as arable weeds. For evaluating this second possibility,
Weide et al (2017: Tab. 4) compiled ethnobotanical data from mainly the Near and Middle
East for all taxa that have a ubiquity of >10 % in AH Il and I. In combination with archaeo-
logical evidence for their deliberate use at other prehistoric sites, | argued that several wild
taxa likely represent deliberately harvested and utilized resources. These include the nume
ous fruits or seeds frorMalva, Bolboschoenus glaucu€apsellaor Descurainiaand of
course thePistacianuts. Seeds of the crucifefdyssumsp. andLepidiumsp. together with
Atriplex sp. fruits are particularly abundant in samples from the midden deposits of AH VI,
likewise suggesting deliberate gathering activities (Weide et al. 2018: S2 Table). In addition,
the abundant wild grasses includiflg spontaneumAegilopsand several other non-cereal
taxa still make up considerable proportions of AH Il and seem to have been continxeusly e
ploited alongside the early cultivation of domestic emmer. These patterns show thatithe cult
vation of a morphologically domestic cereal was integrated into a traditional economy that to

a large extent depended on wild resources and continued to do so.
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Table 2. Pearson correlations of seeds/fruits of potential arable weeds ith(cii) and grains (gr) of the cereals includihggilopssp. based on 30 samples with more t
100 identifiable items from AH Il of both excavation areas. Statistically signif@amelations (p < 0.05) are given in bold numbers. Analyses e conducted with JM
(©2016 SAS Institute Inc.13).

H. spontanunch H. spontaneungr Aegilopsch Aegilopsgr Triticumch Triticumgr
rho p rho p rho p rho p rho p rho p

AstragalugTrigonella 0.5117  0.0038 0.3274  0.0774 -0.1577  0.4053 -0.1866  0.3235 0.3078  0.098 -0.2427  0.1963
Avena 0.2715  0.1466 0.0442  0.8167 -0.0009 0.9964 -0.2947  0.1139 0.2397  0.2019 0.0363  0.8489
Atriplex 0.0537 0.7781 0.3273  0.0775 -0.0129 0.9459 -0.1428 0.4515 -0.0736  0.6991 -0.0194 0.919

Bell/MuscariOrnitho.  0.0549  0.7734 0.2975  0.1103 -0.2218 0.2388 -0.1436  0.4492 -0.3119 0.0933 -0.1307  0.4912
Bolboschoenus 0.2748  0.1416 -0.1541  0.4163 -0.2278 0.226 -0.1622  0.3918 -0.1336  0.4816 -0.1703 0.3681
Bromus -0.379 0.0389 -0.4593  0.0107 0.039 0.838 0.399 0.0289 -0.4792 0.0074 0.0587  0.7579
Buglossoides arvensis -0.0346  0.8558 0.0475 0.8033 -0.3754  0.0409 -0.2294  0.2226 0.0901  0.6357 0.1974  0.2958
Buglossoides tenuiflora 0.1762  0.3517 0.1292  0.4964 -0.1522 0.422 -0.1247 0.5114 0.0034  0.9856 0.015 0.9371
CapselldDescurainia  0.3097  0.0958 0.0365  0.8483 0.2098  0.2658 -0.1395  0.4622 0.2073  0.2717 -0.2133  0.2578
Centaureaype 0.1779  0.3469 0.3045 0.1018 -0.0658 0.7298 -0.1471  0.4378 -0.0303 0.8736 0.0996  0.6004
Galium 0.1674  0.3766 0.3249  0.0798 0.3582  0.052 -0.1402  0.4599 0.0522  0.7842 -0.132 0.4869
Gypsophil@Silene -0.0773 0.6848 0.0349  0.8548 -0.0023  0.9904 -0.079 0.6781 -0.4339 0.0166 -0.1313  0.489

Heliotropium 0.1237  0.5148 0.086 0.6515 -0.3147 0.0903 0.1016  0.5932 0.2168  0.2498 0.0014  0.9943
Hordeum 0.0624  0.7432 -0.3768  0.0401 0.0784  0.6804 0.0837  0.6603 -0.0232  0.9033 -0.353 0.0557
Malva -0.276 0.1398 0.0716  0.707 -0.1715 0.3648 0.1665  0.3791 -0.177 0.3493 0.0043  0.9822
Medicago -0.0024 0.99 0.3772  0.0399 -0.0639 0.7372 -0.2065 0.2736 0.1565  0.4089 0.0265  0.8895
Medicago radiata 0.2679  0.1523 0.1355  0.4753 -0.6631 <.0001 -0.2471  0.188 0.483 0.0069 0.0566  0.7664
Phalaris -0.229 0.2236 0.0052  0.978 -0.3183 0.0865 0.1399  0.4609 -0.199 0.2918 0.0339  0.8588
Phleumtype -0.1686  0.3732 -0.3481  0.0594 0.0843  0.658 0.1161  0.5413 -0.2397 0.202 0.2045 0.2784
Taeniatherun{gr+ch) -0.0864 0.65 0.08 0.6742 0.2533  0.1769 -0.0633 0.7397 0.0519  0.7853

Triticoid type 0.101 0.5954 -0.206 0.2748 -0.1679 0.375 -0.0302 0.8742 0.1901  0.3144 0.0388  0.8385
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Chapter 3

The Zagros Mountains during the Neolithic Transition

The Epipalaeolithic-Neolithic Sequence in the Zagros Mountains

Figure 1 gives an overview of the chronology of the most important sites in the central and
northern Zagros Mountains and the adjacent Mesopotamian plain. After abandonment of vast
areas of the Zagros during the LGM (Hole 1996), Epipalaeolithic occupations are attested for
several sites including Zarzi rock shelter (Garrod 1930; Wahida 1981) and Shanidar Cave
(Solecki 1963; Solecki and Solecki 1983) in the northern Zagros and Palegawra (Braidwood
R. and Howe 1960; Turnbull and Reed 1974), Warwasi (Braidwood R. et al. 1961; Turnbull
1975; Olszewski 1993) and Pa Sangar (Hole and Flannery 1967) in the central Zagros
(Olszewski 2012; Matthews R. et al. 2013Db).

A possible settlement gap in the Zagros highlands during the Younger Dryas represents a
highly debated issue. Whereas scholars traditionally assume that the highlands of the Zagros
were not inhabited during the time between ca. 13,000 to 11,500 cal BP (Hole 1996; Darabi
2012: Fig. 1), R. Matthews et al. (2013b) refer to several sites farther north to argue that at
least the mid-altitudes of the Zagros were not fully abandoned. Excavations at Shanidar Cave
(layer B1) yielded an early cemetery that dates to roughly 12,400 cal BP (SoleclZ0ial.

5). The nearby site of Zawi Chemi Shanidar yielded a comparable radiocarbon date (~12,800
cal BP) and supports the evidence for a Younger Dryas occupation of the northern Zagros
between ca. 425 and 750 m asl (Solecki et al. 2004: 5). Whether Karim Shahir at ca. 850 m
asl, ca. 200 km to the south-east, was also inhabited during the Younger Dryas is somewhat
unclear since no radiocarbon date is available, but the similarity of the artifact assemblage to
Shanidar and Zawi Chemi might indicate a contemporary occupation (Howe 1983; Matthews
R. et al. 2013b). Zeder (2008: Tab. 3, 2012: Fig. 2) also dates the late occupation at Palegawra
into the Younger Dryas. Although Darabi (2012) still emphasized that no contingeus s
guence from the Late Pleistocene to Early Holocene can currently be reconstructed for the
central Zagros, indirect evidence for continuous traditions from the Epipalaeolithic tethe N

olithic comes from chipped lithic assemblages (Olszewski 1994; Kozlowski 1999) and from
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the focus on wild caprines that were presumably managed since the later Epipalaeolithic and
herded since at least 10,000 cal BP (Zeder and Hesse 2000; Zeder 2008). These evidences
point towards autochthonous developments of early agricultural societies in the Zagros and
the perceived settlement gap might be more realistically explained by a researcil tfag a
possibility that many prehistoric sites in the Zagros region were buried under thick Holocene
deposits (Kozlowski 1999; Nashli and Matthews R. 2013). Moreover, numerous sites with
lithic components attributed to the Epipalaeolithic are known from surveys in the Zagros, also
from further south (Conard et al. 2006), and have the potential to provide valualle info
mation on the settlement history and continuity of the Zagros during the Late Pleistocene.

For the Early Holocene, we will follow the chronological scheme adopted by Nashli and R.
ODWWKHZV DQG DYRLG WHUPV VXFK DV 37UDQVLWLRQDO
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Fig. 1.Chronology of selected sites from the central and northern Zlhfgrostains and the adjacent Mesep
tamian plain. Absolute dates are based on Zeder (2008, 2011b), Ex(2@t® and references given in text.
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stage including a reliance on domesticates. Nashli and R. Matthews (2013: 7) only distinguish
an Early Neolithic (EN) between ca. 11,700 - 9,000 cal BP and a Later Neolithidb@-N)
tween ca. 9,000 and 7,500 cal BP. The Early Neolithic includes all Early Holoceme settl
ments and occupation phases without ceramics (= aceramic Neolithic), while towards ca.
9,000 cal BP ceramic vessels become widely used in the region (Aurenche et al. 2001).
Evidence for occupation of the central Zagros highlands at ca. 1,400 m asl during the earliest
Holocene comes from Sheikh-e Abad. Several radiocarbon dates place the sequence between
ca. 12,000 cal BP and 9,600 cal BP (Matthews et al. R. 2013a). Chogha Golan in the foothills
of the central Zagros provided comparable dates, although the age of the earliest occupations
is not fully clear and might date to the second half of tH& rhllennium (see Chapter 2).

Both sites represent the only known Early Holocene settlements of the central Zagros until
Asiab and East Chia Sabz were settled between ca. 10,700 and 10,500 cal BP (Braidwood R.
1960; Zeder 2008; Darabi et al. 2011). Occupation at Ganj Dareh started around 10,100 cal
BP and possibly lasted for only two to three centuries (Zeder and Hesse 2000; Meiklejohn et
al. 2017). Abdul Hosein should be roughly contemporaneous (Hole 1987; Pullar 1990), while
the only date from Jani so far available places its mid-sequence to ca. 10,100 caltBP (Ma
thews R. et al. 2013a). Adjacent to the central Zagros and bordering the Mesopotamian plain,
Chogha Bonut (Alizadeh 2003) and Ali Kosh (Hole et al. 1969; Zeder and Hesse 2060) repr
sent the first sites that include deposits from the Later Neolithic, to which also the campsite of
Sarab (Braidwood R. 1960) in the highlands is dating (Zeder 2008: Tab. 3). Qermez Dere and
OYOHIDDW QHDU WKH 7LJULV LQ QRUWKHUQ ,UDT FRPSOH
(Watkins et al. 1989; Kozlowski 1998). Both sites were occupied during the earliest Holocene
until ca. 10,800 cal BP, while the earliest dates from Qermez Dere even date to the late

Younger Dryas (see overview in Exoriente 2018).

Exploiting Early Holocene Ecosystems

Based on this chronological sequence we can assume a continuous occupation of the Zagros
Mountains throughout the Pleistocene-Holocene transition, although settlement actigiies pr
sumably shifted to lower altitudes during the Younger Dryas. Evidence for a regional tradition
without a fundamental influence of the Levantine Pre-Pottery Neolithic predominantly comes
from lithic and faunal data. Olszewski (1994: 85-87) first addressed evidence for continuities
in chipped stone assemblages from the Zarzian to the Early Neolithic and put emphasis on the
presence of microliths in both techno-complexes. Kozlowski (1999: 59-62) built up on

33



Subsistence Strategies and Plant Domestication during the Near Eastern Neolithic Transition

20V]IHZVNLYV VXJIJHVWLRQ DQG VXSSRUWHG KHU DUJXPHQ
between the assemblage of Zawi Chemi ShanidarwhdH OfOHIDWLDQ LQGXVWU
many Early Neolithic sites of the region. In addition to the chipped stone artifacts, Zarzian
and Early Neolithic assemblages include ground stone tools that were presumably used for
processing plant foods (Olszewski 2012) and raw materials including asphalt (Conard and
Zeidi 2013). Zarzian sites did not yield plant remains, but they provide evidence for the in-
creasing exploitation of small mammals, fishes and molluscs alongside a wide range of wild
ungulates including goat, sheep, gazelle, onager, boar, red deer and aurochs (Garrod 1930;
Turnbull and Reed 1974; Turnbull 1975; Wahida 1981; Solecki and Solecki 1983; Olszewski
2012). Solecki et al (2004: 180) reported particularly intriguing patterns from the stable ca
bon isotope data of human skeletal remains from the cemetery at Shanidar B1, which docu-
ment significant contributions of C3 plants to the overall diet during the Younger Dryas. Th

se few Late Pleistocene case studies suggest that Epipalaeolithic groups of the Zagros arc e
ploited a high diversity of resources and may represent an important precursor for local Early
Neolithic economic adaptations.

Research on animal domestication in the Zagros has long indicated an autochtlnous s
guence of specialized exploitation strategies for caprines since the Late Pleistocene. In his
investigation of the Zawi Chemi Shanidar faunal assemblage, Perkins (1964) deteated an e
phasis on young males among the sheep and suggested, in combination with other arguments,
Late Epipalaeolithic sheep domestication. Zeder (2008) re-analyzed this assemblage and co
ILUPHG 3HUNLQVY UHVXOWY EXW DOVR DUJXHG WKDW WKH
fully correspond to typical herding signatures characterized by a focus on young males and a
delayed slaughtering of females (Redding 1981). Zeder compared her data to the assemblages
from Ganj Dareh (Hesse 1978; Zeder 1999, 2005; Hesse and Zeder 2000) and Ali Kosh (Hole
et al. 1969; Zeder and Hesse 2000), which both provide early reliable evidence for goat herd-
ing in the central Zagros region after ca. 9,900 and 9,500 cal BP, respectively. In addition, the
goats from Ali Kosh show a gradual change in horn core shape and size over a period of ca.
1,000 years, indicative of the early appearance of morphological domestication traits (Hole et
al. 1969). Evidence for early caprine herding has also recently been proposed foreSheikh-
Abad and Jani. Multi-proxy studies involving archaeozoological, micromorphological and
micro-archaeological analyses suggest goat herding at both sites, based on thedusauy a

lation of unburned and burned dung in all sampled layers that date to or after ca. 10,000 cal
BP (Matthews R. et al. 2013a, d). The pattern detected at Zawi Chemi Shanidar maght ther

fore better be explained as a selective hunting strategy in the Epipalaeolithic focusing on
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young males to assure a vital free-living population (Zeder 2008, 2011b). It compares well
with the assemblages of the PPNA sites of Hallan Cemi and Kortik Tepe in the upper Tigris
area, which both seem to reflect similar hunting strategies that predate active herd-manag
ment (Arbuckle and Ozkaya 2005; Redding 2005). The available data do not fully clarify
where and when goat domestication initially took place within the Zagros, but they strongly
suggest that an autochthonous development towards goat herding and selection for morpho-
logical domestication traits started at least around ca. 10,000 cal BP and is predatect by sele
tive hunting strategies that date back to the late Epipalaeolithic.

Whereas faunal data have long served for highlighting the importance of the Zagros arc for
the Neolithization process in the Near East (e.g. Reed 1959; Hole et al. 1969; Hole 1984,
1996), archaeobotanical data that could shed light on plant cultivation and domestication du
ing the first millennia of the Holocene were absent until recently. We surely can regard
&KDUOHVY UHYLHZ RQ WKH VSUHDG RI IDUPLQJ LQWR V
the state of research one decade ago that also demonstrates how profoundly our picture of
socioeconomic developments can change with the excavation of only a few sites. When
Charles wrote his article, Ganj Dareh yielded the oldest known and fully published archaeo-
botanical assemblage from the central Zagros highlands and the older lowland settlements of
4HUPH] '"HUH OYOHIDDW DQG 1HPULN GLG QRW \LHOG KLJK
domestic crops (Kozlowski 1989; Nesbitt 1995, 1998). The reasonable conclusion was ther
fore to assume that plant cultivation and domestication emerged farther west in the Levantine
corridor and subsequently spread into the Zagros, comparable to the spread of farming into
Anatolia and southeast Europe (Colledge et al. 2004; Charles 2007).

This picture changed with the excavation of several Early Neolithic sites during thedast de
DGH %DVHG RQ WKH IXOO SXEOLFDWLRQ RI WKH SODQW
(Savard 2004; Savard et al. 2006) and the recently investigated assemblages frone Sheikh-
Abad (Whitlam 2015; Whitlam et al. 2018) and Chogha Golan (Riehl et al. 2013, 2015;
Weide et al. 2015, 2017), Weide et al. (2018) suggested that local subsistence strategies since
the late Younger Dryas focused on the exploitation of the regional grasslands, sirsze all a
semblages included considerable proportions of medium- to large seeded wild gragses alon
sideHordeum spontaneurnd several large-seeded legume species. Wild progenitors do not
dominate any of these assemblages, which include grains of otheHuwittkum species,

Avena Bromus Lolium, Piptatherum Stipa Taeniatherumand the Triticoid type. Savard et

al. (2006) and Whitlam (2015) both interpreted the abundant wild grasses from Qermez Dere,
OfOHIDDW DReQABadds lddlibeikately gathered foods, which Weide et al. (2017, 2018)
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likewise concluded for the medium and large- seeded Poaceae taxa from Chogha Golan (see
above). Remains of one or possibly sevéyagilopsspecies outnumber those ldf spon-
taneumDW OfOHIDDW LQ VRPHGHR @nd & @ast DMa SakAR(Riehl et al.
2012), which indicates that this large-seeded taxon played an important role in locat subsis
ence economies during the™and 11" millennium BP. These patterns are in good accord-
ance with the palaeoenvironmental reconstructions of the central Zagros, characterized by
open landscapes with a large grassland component (van Zeist and Bottema 1977).

As we discussed in chapter 2, the patterns from Chogha Golan with the continuous-exploit
tion of local grasslands coupled with fluctuating barley grain dimensions and isotope data
point towards active resource management that invativespontaneunand possibly targeted

on whole stands or vegetation units rather than the cultivation of only one species. Whitlam et
al. (20 DOVR VXJJHVWHG D SRVVLEOH PDQDJHPHQWs-RU 3DXG
es from Sheikh-e Abad, comparable to our interpretation of the Chogha Golan material. Based
on the identification of a crop-weed-group including domestic-type barley grains and a poten-
tial weed flora in the scatter plot of a correspondence analysis, Whitlam (2015; et al. 2018)
assumes the cultivation of domestic barley at Sheikh-e Abad since ca. 10,000 cal BP. She
does not expect a local pre-domestication cultivation phase, badagpentaneurmemains

were not retrieved from the older deposits. These patterns match the data from Chogha Golan,
where emmer wheat chaff abundantly appears around the same time and includes increased
proportions of non-shattering rachises in samples dating to about 9,800 cal BP (Riehl et al.
2013; Weide et al. 2015, 2018: Fig. 3). The emergence of barley and emmer cultivation coi
cides with the decrease of gathered wild grasses in assemblages that roughly date to or are
younger than 9,800 cal BP. Ganj Dareh already shows a dominance of domestic-type barley
grains (van Zeist et al. 1984), whereas the few wild grasses at Ali Kosh (Helbaek 1969) and
Chogha Bonut (Miller 2003) most likely represent arable weeds. The domestication status of
the legumes is less clear for these sites, but lentil is ubiquitous since"tneiltEdinium and
represents the most important cultivated legume species. We can therefore principally follow
Charles (2007), who concluded that barley, emmer and lentil characterized early cr@p cultiv
tion of the Zagrosian Neolithic. The fact that barley and lentils have already been exploited in
the 12" millennium supports the hypothesis of a local and autochthonous emergence of crop
cultivation (Riehl et al. 2013, 2015). Less clear, however, is the origin of morphologically
domesticated emmer at Chogha Golan, as there are no older finds for this taxon in the region.
Whether emmer was domesticated locally or introduced from somewhere in the Levant will

be discussed in the next section.
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We close this discussion of Early Holocene subsistence strategies in the Zagros arc with more
general considerations on the development of sedentism and possibly associated resource
management practices. In several articles, the team of the Central Zagros Archaeological Pro-
ject (CZAP) incorporated their results from Sheikh-e Abad and Jani in a wider perspective of
regional socioeconomic developments (Matthews R. et al. 2013a, b; Matthews W. et al.
2013c; Matthews W. 2016). They draw particular attention to the basal deposits ofenany r
gional sites, which commonly lack substantial architectural remains such as plaster floors or
mudbrick and pisé walls, but exhibit thick ash layers rich in burned materials. Such deposits
occur at the base of e.g. Sheikh-e Abad (Matthews W. 2016: Fig. 3), Ganj Dareh (Smith 1975,
1978), Jani (Matthews W. 2016: Fig. 5) and Chogha Golan (Riehl et al. 2013: Fig. 2; Zanoni
2014), where they all predate deposits with evidence for more permanent occupations. In the
highlands, rectangular buildings start to appear at several sites around 10,000 cal BP without
comparable round or oval predecessors that are so typical for the Levantine PPNA (Kuijt and
Goring-Morris 2002; Darabi 2012). The appearance of permanent rectangular buildiegs corr
sponds well with the earliest evidences for the cultivation of morphologically domesticated
cereals and caprine herding, marking a significant stage in the regional socioeconoiric deve
opment.

Apparently, many Early Neolithic tells of the central Zagros highlands developed out of more
ephemeral occupations, resembling developments at sites in the adjacent regions including
dD\|Qs g]GR=+DQ AHUPH] '"HUH :DWNLQV HW DO DQ
These patterns provide an additional important argument for an autochthonous Neolithization
process, involving mobile communities that over time developed a strong commitment to
fixed places (Matthews R. et al. 2013b, d; Darabi 2012, 2016). Interestingly, the early date of
the oldest mudbrick wall and associated plaster floors of AH X at Chogha Golan might point
to a different development in Zagros foothills. Directly built on top of AH XI, these acehite

tural remains are possibly not much younger than 11,000 cal BP and definitely predate 10,600
cal BP, the age of AH VIII. Given the date of 10,000 cal BP is representative for thralgene
appearance of comparable architectural features in the central Zagros highlands, elrly deve
opments towards increased sedentism and permanent buildings in the lowlands could be up to
one millennium older. Differing mobility patterns continue in the highlands after 10,000 cal
%3 DV WKH /DWHU 1HROLWKLF FDPSVLWHV RI| B.OWDE DQG 7
Hole 1974, 2004). Based on these data we must assume distinct mobility patterns throughout
the local Neolithic, with some groups maintaining a mobile lifestyle while the first tells ap-

pear that provide evidence for crop cultivation and animal husbandry (Matthews R. et al.
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2013Db, d). Whether these patterns suggest an early development of mobile pastorafism is di
ficult to evaluate, but they are significant for understanding local socioeconomic develop-
ments.

In linking these general patterns to the palaeoenvironmental record of the central Zagros
Mountains, W. Matthews (2016) argues for a strong interrelatedness between the regional
environmental and cultural developments. Many authors highlighted the increased influx of
microcharcoal particles in Near Eastern lake sediments during the Early Holocene, including
Lake Zeribar (Yasuda et al. 2000; Wick et al. 2003; Wasylikowa et al. 2006; Turner et al.
2008, 2010), indicating a growing influence of wildfires on the vegetation developmeént. Al
hough it is hardly possible to differentiate between natural and human-induced wildfires, W.
Matthews follows Roberts (2002) in hypothesizing that the higher fire frequencies in the Early
Holocene possibly involved deliberate vegetation burning in order to maintain grass-
dominated vegetation units. She refers to the thick ashy deposits at the base of many regional
tells, which provide additional evidence for a possibly significant influence of anthropogenic
fire activities on the Early Holocene landscapes. The goal for engaging in large-scade veget
tion burning could have been the creation of pastures for livestock or open areas for dryland
cultivation (Roberts 2002: 1008), but could also have been applied by foragers for maintain-
ing suitable hunting grounds in connection with wild game management and for maintaining
vegetation units rich in edible grasses (Matthews W. 2016: 116). These interpretations must
of course receive further support by future research and clearly stand in a tradition of Niche
Construction Theory, which generally assumes an active resource and landscape management
of prehistoric humans. They generally build up a scenario in which Early Holocene groups in
the Zagros engaged in resource management activities before the cultivation of setected sp
cies started around ca. 10,000 cal BP. Of course, the question arises whether we can take th
se regional patterns to further interpret the site-specific patterns from Chogha Golan. On the
one hand, the data from the site may point towards the management of grassland communities
over considerable parts of its occupation history, a hypothesis that would be supported by the
regional perspective. On the other hand, we currently cannot draw reliable conclusions on the
specific character of possible management strategies at Chogha Golan using the data from the
site only and we must be cautious in applying patterns from the Zagros highlands onto a site
in the lowlands, where at least mobility patterns seem to have been different. A reasonable
conclusion would therefore be to regard the active management of grasslands around Chogha
Golan and in the whole central Zagros region as a working hypothesis, which needsrto be ve

ified by future research. This must involve the application of a multivariate approach to more
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sites and archaeobotanical assemblages (Weide et al. 2018: 31) and methodologicet advanc
ments in general for more reliably reconstructing ethnographically documented resource man-

agement practices from archaeological datasets (Smith 2011a: 839).

The Zagros Mountains in the Near Eastern Perspective

The new data from several Early Holocene sites in the central Zagros Mountains considerably
expand our knowledge on local subsistence developments during the Neolithic transition. In
order to more comprehensively understand and characterize these patterns, we wilenow int
grate the Zagros Mountains into a supra-regional perspective and concentrate on a comparison
with the record from the Levantine corridor. This discussion includes the results of a review
on wild grass use throughout the Epipalaeolitic and Pre-Pottery Neolithic in the whole Fertile
Crescent (Weide et al. 2018 [Appendix B]) and a theoretical approach for correlatinghecono

ic, architectural and social developments in the Levant in order to better understand patterns

in the emergence of cereal cultivation and domestication (Appendix C).

Regional Ecosystems and Subsistence Economies

A striking feature of Early Neolithic subsistence strategies in the Zagros arc represents the
exploitation of various large-seeded grasses and legumes since "thaillghnium BP.
Chogha Golan yielded abundant remains frelerdeum spontaneunmientils and various

vetch species from the earliest horizon onwards, highlighting that wild progenitor species and
comparable resources thrived in the local ecosystems at least since the Early Holocene. A lack
of wild cereal and legume species can therefore not account for potentially different socioeco-
nomic developments in this region of the Fertile Cresagfnt\(right 1983: 508; Hole 1984:

50) and on-site data generally place doubt on the assumption that the Early Holocene in the
Zagros was much drier than in Anatolia or the Levant (Matthews W. et al. 2013c; Riehl et al.
2015). Moreover, the relatively high proportionsA#gilopssp. remains at Chogha Golan,
OfOHIDDW DQG &KLD 6DE] S Rfligs\viarg-BeeDeq graRSiR l0cal BuBsi¥ UR O H
ence economies. Weide et al. (2017, 2018) inclulegilopsin the cereal category for the
analyses at Chogha Golan and suggested an equal importakegilopsandH. spontaneum
throughout the sequence. Particularly intriguing is the absence of wild wheats in the region,
which have been abundantly exploited in the southern Levant since at least the LGM (Kislev
et al. 1992; Feldman and Kislev 2007; Snir et al. 2015a). Except for some grains identified as

Triticum sp. at Qermez Dere, no site further east yielded significant proportioingiofim
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remains prior to approx. 10,000 cal BP. Weide et al. (2018: 27) therefore suggested that r
gional stands ofegilopspossibly compensated for the lack of indigenous wheat populations,
which also raises the question where the early domestic emmer remains at Chogha Golan
came from?

Modern wild emmer Triticum dicoccoideshas its main area of distribution in the southern
Levant, while isolated stands occur throughout the whole Fertile Crescent and also im the ce
tral Zagros Mountains (Zohary D. et al. 2012). Early archaeobotanical finds of securely iden-
tified emmer grains or chaff equally concentrate on the southern Levant and only appear in
the upper Euphrates region and central Anatolia during the early PPNB (Nesbitt 2002; Feld-
man and Kislev 2007; Willcox et al. 2008; Tanno and Willcox 2012; Weide 2015). This pa
tern may principally suggest that emmer was first exploited in and around the Jordar-Rift Va
ley and only later outside the southern Levant. However, genetic analyses on the geographic
origin of modern domesticated emmer provided ambiguous result and most scholars located
the origin of domestic emmer somewhere in southeast Anatolia (Ozkan et al. 2002, 2005; Mo-
ri et al. 2003; Luo et al. 2007). Ozkan et al. (2011) tried to explain these patterns with the
SGLVS-WSHHGILF" GRPHVWLFDWLRQ PRGHO ZKLFK @mVVXPHYV
tion in a particular location and then brought to other regions before domesticationeraits b
came genetically fixed. Genetic analyses would then point towards a monophyletic origin,
although the archaeobotanical record does not indicate such a core area. This intéresting a
tempt to integrate the archaeobotanical and genetic data received surprisingly strong support
in a recent genetic studk L Yi HW Ddahalyzed wild and domestic emmer from all over

the Fertile Crescent and found that domestic accessions share polygenetic signals with virtua
ly all wild populations. They interpret this as a reticulated origin of domesticated emmer
wheat and propose a model in which early cultivated emmer from several regions became
intermixed during the pre-domestication cultivation phase. Quite similar to the dispersed-
specific model,& L Y i d Poleagues do not assume a linear development from the initial cu
tivation to the subsequent genetic fixation of morphological domestication traits within one
genetic line. They rather expect the transport of early cultivars over significant distefnces (
Willcox 2005) and even speculate whether the wild populations east of the Euphrates could in
general descend from such dispersals of early cultivated but genetically wild grains. Since
wild Triticum stands seem to have been absent from the Zagros in the Early Holocene, but
emmer chaff appears towards 10,000 cal BP and includes increased proportions of non-
shattering spikelets since 9,800 cal BP, this model might indeed explain current pattern in

emmer domestication, although we need more data to confirm such a hypothesis.

40



$*++-S (" 4"

% <

6 #++%
6 $3 <
||: " n >

Cvo# o 2

$G "

~k+,*%$ (

>11

'$G

<

$*+,A>*+,9S (

*+,9%
6" " $( "#+A%

& " 8 o
#( $*+,- $9%>

" " #(
$#++C/ $*% " <

# $*%$ o<

U >+++ 31

©O#1 $ *+,9%>

7 (1]

" A%S G <> B #,COC/ A;+>



Subsistence Strategies and Plant Domestication during the Near Eastern Neolithic Transition

A Gathering in (& management of ?) grass

@l Cultivation of cereals with
non-shattering ears>10%

Enlarged grains

100%
50%
M Pulses
M Cereals incl. Aegilops
Large/medium wild
o grasses
0 T T T T T T T 1
X
& & N NP & &
@1' @\\ (\"\ (D\A Q o ('\\ \@
& & @ & &
. i IO
N

B Gathering in river valley
Pre-domestic cultivation

Enlarged Cultivation of cereals with
SCIUCEANN non-shattering ears>10%

100% -
50% -—
T . M Pulses
1] M Cereals
0% . ‘ . . : ‘ T . Rumex/Polygonum
% % % 3 & v G B

SN M S A LN

‘00 e&o Q’&o e&o \Q’ \Q’ Q\ Q"b

¥ Qo‘ \&o‘ \&e}

Fig. 2. A comparison of models for subsistence developments in the easteshthe Fertile Crescent (A) and
the upper Euphrates region (B) including proportions of wild progegfiecies and gathered resources during
the Pleistocene-Holocene transition. Proportions of the displayed taxasae ¢n their total abundance on the
respective sites and exclude chaff. Note the significant increase in cereal gthén&aphrates sites prior to the
appearance of morphological domestication traits. This increase correspéinelptstulated pre-domestication
cultivation phase, which is not indicated by increasing proportionsvifdr progenitors in the Zagros region.
Data from Helbaek (1969); van Zeist et al. (1984); Savard (2004); Wilitad. (2009); Riehl et al. (2013);
Whitlam (2015); Weide et al. (2017, 2018). B = barley; E = einkorn; CGoglthGolan.

42



The Zagros Mountains during the Neolithic Transition

1969: 401) emphasizes the wild-type character of the two-row barley remains from Jarmo and
Ali Kosh, possibly indicating that morphological domestication traitél ofpontaneunstill

needed several centuries to become established. In combination with the evidence from do-
mestic emmer, these patterns suggest that domestic cereals in the central Zagros possibly have
different origins, which highlights that there was no linear and uniform development towards
SObQW GRPHVWLFDWLRQ LQ WKH HUWLOH &UHVFHQW )X
Allaby 2015; Poets et al. 2015; Allaby et al. 2017) and that we have to expect diverse inter-
regional contacts that shaped local socioeconomic trajectories (Gebel 2004; Nashlitand Ma
thews R. 2013). Equally, an autochthonous development towards cultivation and dmmestic
tion of lentils in the Zagros is supported by the long sequence of wild lentil exploitation from
Chogha Golan. More important, however, is the fact that lentils and various other large-
seeded pulses have been locally exploited since tfendi®ennium, definitely speaking

against a centered domestication event during the early PPNB in the upper Euphrates area that
transformed pulses into an effective food resource (e.g. Lev-Yadun et al. 2000; Abbo and Go-
pher 2017).

We have now established that communities in the Levant heavily focused on wild cereals
since the late Younger Dryas, while groups in the Zagros exploited the indigenous grasslands
without such a strong focus on single species. This also raises the question to which degree
non-cereal grasses were exploited in the Levantine Neolithic, since they made up large pro-
portions of the plant remains from the Early Epipalaeolithic site of Ohalo Il (Weiss et al.
2004a). In general, only a few Epipalaeolithic sites yielded macrobotanical remaing-and al
hough wild grasses are abundant at most of these sites, e.g. at Abu Hureyra 1 and Wadi al-
Hammeh 27, phytolith analyses suggest a focus on wetland resources including sedges and
reed grasses in other locations (Ramsey and Rosen 2016; Ramsey et al. 2016, 2017). Based on
these patterns we can expect the routine exploitation of grasses, also non-cereal taxa, during
the Levantine Epipalaeolithic, but this conclusion is based on a limited number of sites and
grasses were apparently not the only important plant resource (Weide et al. 2018).

For the subsequent development during the PPNA, Weiss et al. (2004b) concluded that non-
cereal Poaceae taxa substantially lost in importance and have negligible proportions. Howev-
er, after Weiss and his colleagues reviewed wild grass use in the Levant, several BRN asse
blages with important evidences for the possible use of wild grasses have been published.
7TKHVH LQFOXGH 4DUDPHO -HUI HO $KPDU DQG '"MDYGH :LO
2012) in the upper Euphrates region and el-Hemmeh (White and Makarewicz 2012) in the

southern Levant. Taxa such Asgilops Avena Hordeum Stipaor Taeniatheruntould theo-
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retically represent arable weeds at these sites, also at Netiv Hagdud (Kislev 1997), but there is
actually no further evidence for this conclusion and all authors regarded these taxa as poten-
tially edible resources that were possibly exploited alongside the wild cereals (Weide et al.
2018: Tab. 2). In light of the widespread evidence for wild grass use from the Levantine
Epipalaeolithic and also the Zagros Mountains, these patterns suggest the exploitation of wild
grasses alongside wild cereals during the PPNA. However, a more precise conclusien is cu
rently not possible and would require a re-analysis of these assemblages using multivariate
statistics.

An additional point regards the subsequent development into the PPNB, where domestic
plants are present and provide inevitable evidence for crop cultivation. Interestingly, all grass
taxa that were ubiquitous during the Epipalaeolithic and PPNA are continuously present at
farming sites, which is indicative for their development from gathered resources to common
arable weeds. Some typical weed taxa, suchaiism spp. andBromusspp., even show a
remarkable increase in ubiquity values since the early PPNB (Weide et al. 2018: Fig. 9),
which presumably indicates that cultivation and crop processing techniques were ferther d
veloped with the cultivation of domestic crops. Single sites such as Catalhdyik, where high
concentrations of aeniatherunremains point to the deliberate storage and use of a wild grass
towards the end of the aceramic Neolithic (Fairbairn et al. 2007), highlight that long after do-
mestic crops were established wild resources may still have played a role in food consumption
practices. The fact that many segetal grasses had been gathered previously supports the sug-
gestion that edible weeds liKeaeniatherummay have been intentionally utilized or even
promoted during the Early Neolithic (Hillman 1978: 168; White 2013: 483-484). All these
results together provide an interesting perspective on wild grass use throughout the Neolithic
transition in the Levant, which seems to continue for longer and includes additional aspects
than Weiss et al. (2004b) suggested.

To conclude on the differences among ecosystems and subsistence strategies between lan
scapes throughout the Fertile Crescent, locally distinct trajectories do not seem to have been
significantly predicted by the availability of resources. Wild cereals were present in the vast
and diverse grasslands of the Zagros since the earliest Holocene and have been exploited
alongside other wild grasses and pulses. A pre-domestication cultivation phase equivalent to
the Levantine corridor can currently not be reconstructed, which means that econornic deve
opments towards early farming societies took different pathways. In the Levant we see a
strong focus on wild cereals since the late Younger Dryas, which certainly explains why non-

cereal Poaceae taxa were not as intensively used. However, we must emphasize that evidence
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for the exploitation of wild grasses exists, even at late PPNB sites. Concerning plani-domest
cation in the central Zagros, the currently available evidence points towards a possibly a
tochthonous domestication process of two-row barley and lentil, while emmer wheat was
most probably introduced. These patterns point towards contacts to neighboring regions, pr
sumably involving the area between the upper Tigris and Euphrates, and draw attention to
socio-cultural developments that co-evolved with subsistence strategies and allowed the tran-
sition to societies with an agro-pastoral economy during tferiillennium BP in all regions

of the Fertile Crescent (Zeder 2008; Asouti and Fuller 2013; Weide et al. 2018).

Trends in Socio-Cultural Developments

While we are able to reconstruct the basic features of changing subsistence strategies in the
Zagros Mountains, we can only draw preliminary conclusions on the concurrent soclal deve
opments and how they interrelated with resource management practices and the emergence of
morphologically domestic crops. This is mostly due to the relatively small number af exc
vated sites, some of which have not been fully published. However, some featuresgef chan
ing social relations can be reconstructed from the current archaeological record of the central
Zagros and give interesting insights into possible differences and similarities to the Levantine
VHTXHQFH 5RJHU DQG :HQG\ ODWWKHZVY WHDP HPSKDVL]I
Zagrosian Neolithic (Matthews R. et al. 2013b), of which the egalitarian character of Early
Holocene societies and the absence of evidences for central leaders represents a clear analogy
to the Levantine Neolithiccf. Kuijt and Goring-Morris 2002: 420-423). Darabi (2016} fo

lows this assumption, which is primarily based upon the fact that mortuary practices show no
marked differences between individuals, although grave goods are sometimes present. In a
dition, obsidian is very rare during the Early Neolithic and first appeared after 10,000 cal BP

in the upper levels at Chia Sabz and Chogha Golan (Darabi et al. 2011; Darabi and Glascock
2013; Zeidi and Conard 2013), whereas it is absent at Sheikh-e Abad (Nasab et al. 2013). R.
Matthews and his colleagues interpret this as possibly reflecting social sanctionirg mech
nisms, which served for limiting social inequalities and inhibited the accumulation of valuable
raw materials such as obsidian or exotic sea shells (Matthews R. et al. 2013d: 232). They also
speculate whether the fire-related activities that formed the thick ash layers at the base of
many mounds included feasts, which would have represented a possible context fot-negotia
ing social tensions (Benz 2006, 2010; Twiss 2008).

As we will see further below, widespread evidence for ritual behavior and the construction of

communal and ceremonial buildings characterize PPN sites in the southern Levant and the
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upper Euphrates region. In contrast, Bernbeck (2004) concluded that the Iranian Neolithic
does not provide any evidence for an own symbolical or ideological tradition. This recently
changed with two important discoveries at Sheikh-e Abad and Bestansur, both providing
striking evidence for long-term ritual traditions and the construction of public or ritual build-
ings in the central Zagros. At Sheikh-e Abad, the remains of a T-shaped building were unco
ered just below the modern tell surface and included the deliberate deposit of skulls from four
wild goats and a wild sheep at one end of the room (Matthews R. et al. 2013b: Fig. 2.4, 2.5).
This building dates to about 9,500 cal BP and also includes a large wing bone associated with
a pestle. The deposition of five wild caprine skulls in this building might hint to a ritual con-
text that interestingly involved animals that were being kept at the site by this time. Moreover,
the large wing bone in the same room resembles an interesting find at Zawi Chemi Shanidar,
where more than two dozens of caprine skulls and large wing bones of predatory birds were
placed in a pit (Solecki and McGovern 1980). The association of wing bones and caprine
skulls in the special building at Sheikh-e Abad might therefore hint at continuities in ritual
practices from the Younger Dryas into the mid*tfillennium BP and indeed provide the

local Neolithic with an own ritual tradition that seems to have its roots in the Epipalaeolithic.

At Bestansur, a site in the Iraqi Zagros Mountains, excavations revealed a relatively large
building with 55 secondary burials placed under the floor of the largest room (Matthews R. et
al. 2016: Fig. 3). The building is roughly contemporary to the special building at Skheikh-
$EDG DQG WKH H[FDYDWRUV FOHDUO\ DWWULEXWH D 3VRFL
UHVLGHQW IDPLO\" WR WKLV KR23) Baséidieiinograpticzompsy D O
isons, secondary mortuary practices and associated ceremonies have been interpreted as i
portant means to integrate single social units, e.g. nuclear households, into the wider commu-
nity (Kuijt 2000a, 2001). Such findings therefore generally pose the question how Eafly Ne
lithic societies in the central Zagros were socially constructed, which cannot be convincingly
answered at the moment.

Research on the social organization of societies focuses on themes like the formatren of co
porate groups and households, associated notions of ownership, storage systems, leadership
and the gaining and possible transmission of authority (Woodburn 1982; Testart 1982; Ingold
1983; Kuijt 2000b; Bar-Yosef 2001; Flannery 2002; Banning 2003; Benz et al. 2017). We
already saw that R. Matthews et al. (2013b) and Darabi (2016) principally reconstruct Early
Neolithic societies in the Zagros as widely egalitarian. Changing social relations withsthe po
sible emergence of households is expected for around 10,000 cal. BP, when the fast perm

nent buildings appear in the highlands (Darabi 2012, 2016). Additional evidence for-an e
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phasis on the house as a confined social space comes from architectural and micro-
stratigraphic observations at several sites. For instance, floor surfaces from theeadpper s
guence at Jani have repeatedly been cleaned and renewed, indicative of theriangtds-

nance of building space by the associated social units (Matthews W. 2012: 204-207). At
Jarmo, outdoor fireplaces have been relocated into houses during the occupation of the site,
reflecting an increasing privatization of domestic activities and possibly the hiding of stored
foods (Matthews W. 2016: 120-123 with reference to Braidwood L. et al. 1983). A related
issue concerns private or individual ownership, which is associated with the emergence of
households and private space (Flannery 2002; Kuijt 2008, 2015). Darabi (2016) refers to the
appearance of the first permanent buildings around 10,000 cal BP in the Zagros highlands and
suggests that early forms of ownership systems developed during “thmilldnnium and
subsequently allowed for the emergence of private ownership systems alongside rthe eme
gence of crop cultivation and animal herding. This suggestion generally follows ethno-
archaeological theories on the development of food storage, ownership systems and farming
(Testart 1982; Benz 2000; Kuijt 2008; Bowles and Choi 2013), but is also based on a very
small number of sites and contexts in the Zagros, particularly for the period before 10,000 cal
BP. We may therefore conclude that the available data seem to support certain aspects of a
thropological theories on the evolution of agricultural societies, e.g. the gradual appearance of
households and private ownership alongside the adoption of crop cultivation, but we are still
far from having an archaeological sequence that allows us to support or adjust these general
hypotheses with solid data and detailed observations.

The Levantine Pre-Pottery Neolithic offers profoundly different opportunities for investiga

ing the interrelatedness of social and economic change, because much more excavated sites
are available and many explanatory frameworks that rely on archaeological dataebave
developed, tested and adjusted since ca. 50 years (e.g. Binford 1968; Flannery 1969; Wilson
1988; Bar-Yosef and Belfer-Cohen 1989; Hayden 1990; Hodder 1990; McCorriston and Hole
1991; Cauvin 2000; Byrd 2005; Zeder 2009; Atakuman 2014; Sterelny and Watkins 2015;
Watkins 2016). It is generally accepted that the origins of sedentism date back to the Early
Natufian during the Late Epipalaeolithic, where central base-camps such as at Ain Mallaha
include substantial residential structures indicative of more permanent occupations (Bar-
Yosef and Belfer-Cohen 1989; Bar-Yosef 1998; Byrd 2005). Important aspects of the social
development since the Natufian and during the PPN include population growth (Rosenberg
1998; Kuijt 2000c, 2008), the emergence of households (Flannery 1972, 2002; Byrd 1994;

Kuijt 2000c), associated social inequalities, the negotiation of social tensions (Hayden 1990,
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2009; Kuijt 1996, 2002; Bar-Yosef 2001; Benz 2010) and the development of symbolism and
ritual life in general (Cauvin 2000; Goring-Morris 2000; Kuijt 2000a, 2001; Schmidt 2000,
2010; Rollefson 2000; Kuijt and Goring-Morris 2002; Watkins 2004, 2016; Atakuman 2014).
We see a continuous increase in the number and size of sites throughout the PPN, which ind
cates a continuous population growth during the Early Holocene (Kuijt 2000c). Sites in the
upper Euphrates area and the southern Levant that date to the PPNA period (ca. 11,700 -
10,700 cal BP) yielded evidence for a communal engagement in the construction aed maint
nance of monumental buildings including the enclosures at Gobekli Tepe (Schmidt 2000,
2010) and the tower at Jericho (Kenyon 1981). Smaller public buildings are present at e.g.
Wadi Faynan 16 (Mithen et al. 2011), Hallan Cemi (Rosenberg and Redding 2000), Jerf el
Ahmar and Mureybet (Stordeur et al. 2001). Associated with these abundant communal and
ritual structures are rich symbolic expressions, manifested in engravings on portable objects
(Benz and Bauer 2013), figurines and high reliefs on stone pillars (Schmidt 2010; Hauptmann
2011). Watkins interprete® KLV SH[SORVLRQ RI V\PEROLF LPDJHU\ DQ
2004: 6) in the PPNA as a necessary response to the new social challenges in largei-commun
ties, in which every individual is confronted with a multitude of relations that need to be o
ganized and structured. In a feedback mechanism, this new world of symbolic expressions
significantly shaped the perception and cognition of humans, triggering the evolutieaary d
velopment towards larger societies that will eventually organize themselves as no society ever
did before (Watkins 2008, 2016). This reading of the PPN puts much emphasis on carrying
human cognitive evolution across the Pleistocene-Holocene border and regards the Neolithic
as a major period for the emergence of modern humans from a psychological and social pe
spective (Sterelny and Watkins 2015; Watkins 2017). An additional feature of the PPNA is
the widespread evidence for a communal organization of subsistence practices in contrast to
the emergence of nuclear households and presumably private ownership systems since the
early PPNB (Flannery 2002; Banning 2003; Kuijt 2008; Asouti and Fuller 2013). Several
structures at sites in the southern Levant have been interpreted as communal granaries (Bar-
Yosef and Gopher 1997; Kuijt and Finlayson 2009; Finlayson et al. 2011), while cells in a
public building at Jerf el Ahmar even yielded charred grains and chaff of wild cereals
(Willcox and Stordeur 2012). Other contexts provide evidence for an association of possible
ritual buildings with stored pl@ W IRRGV DQG JURXQG VWRQH WRROV H
Ahmar (Stordeur et al. 2001; Yartah 2005; Willcox et al. 2008; Willcox and Stordeur 2012).
This communal and sometimes ritual character of many contexts in which cereal storages and

plant processing tools have been found represents the main argument for reconstructing sub-
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sistence practices and particularly wild cereal cultivation during the PPNA as comrounal a
tivities, possibly related to feasts (Asouti and Fuller 2013; Asouti 2017; see also Dietrich et al.
2012).

Kuijt (2008, 2015) emphasized that the difficulty of recognizing prehistoric storage structures
represents a major limitation for reconstructing changing storage practices throughout the
PPN, but he also demonstrates that there is a significant change from predominantly extramu-
ral storage facilities to indoor storage from the PPNA to the PPNB. In relying on anthropolog-
ical theories on the association of storage and ownership systems (e.g. Woodburn 1982;
Testart 1982; Ingold 1983), Kuijt interprets the shift towards indoor storage and eventually
dedicated storage rooms as a clear indicator for the emergence of households and private
property €f. Flannery 1972, 2002). This development was accompanied by the appearance of
new aspects of mortuary rites, an increased engagement in feasts, and interconneeted hous
hold and community ceremonies in general (Byrd 1994; 2005; Rollefson 2000; Kuijt 2001;
Kuijt and Goring-Morris 2002). Secondary mortuary rites including skull removal wetce pra
ticed since the Natufian, but during and after the middle PPNB selected skulls have been
elaborately prepared for ritual use by covering them with plaster and the modeling of facial
traits. Although being an indication of social inequality among household members, Kuijt
(2000a, 2001) regards secondary mortuary rituals as important contexts for integrating single
households into the community. Many authors offered similar perspectives in interpreting the
evidence for public and ritual buildings at middle and late PPNB sites, emphasizing that
communal ceremonies represent important contexts for building up group identity @&d coh
sion and negotiating tensions in light of increasing social inequalities (Byrd 1994; 2005;
Rollefson 2000; Simmons and Najjar 2006; Benz et al. 2017). The increasing numbet- of feas
ing contexts since the middle PPNB support these interpretations (Twiss 2008), particularly as
meat sharing presumably represented an important means for legitimating private food storage
(Bogaard et al. 2009).

The last contribution to this dissertation (see Appendix C) builds up on the socioeconomic
developments outlined above and argues for a causal connection between the development
towards households and private ownership systems and the concurrent appearance of morpho-
logically domesticated cereals. Many authors reconstruct PPNA subsistence practices as in-
volving pre-domestication cultivation activities to differing degrees (e.g. Colledge 2002;
Fuller 2007; Willcox et al. 2008; Fuller et al. 2012b; Asouti and Fuller 2013; Asouti 2017),
while it is still debated why morphologically domestic cereals only appear after ca. 1,000

years towards the early PPNB. As discussed in the introduction to this thesis, explanations for
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this delayed establishment of domestic traits focus on agro-technological and environmental
issues, while some authors emphasized the importance of social developments for explaining
the emergence of plant domestication (Willcox 2005; Fuller 2007; Bettinger et al. 2009;
Asouti 2017; Weide et al. 2018). The change from a communal organization of cultivation
and storage towards a privatized household-level organization also involved a reduction in the
size of a social unit that together engages in cereal cultivation. This translates into more ho-
mogeneous cultivation and harvesting practices within a group, which in turn suppat the s
lection for morphological domestication traitsf.(Hodder 2017: 167). Turned around, all
grains harvested from cultivated populations that were under selection for domestic traits du
ing the PPNA ended up in communal granaries together with all grains that were not under
selection for domestic traits or even harvested from unmanaged stands. Hence, selection for
domestic traits would be strongly inhibited as long as different harvesting practices ¢ontribu
ed to one seed stockla Hillman and Davies 1990). Only the development of individual
ownership systems that allowed a household to store the harvested grains separhtely esta
lished the conditions for the selection of domestic traits. In this perspective, differentiating
between conscious and unconscious selection for explaining the slow pace of plant demestic
tion only becomes reasonable after the social mechanisms that allowed individuals to main-
tain a selection chain had been developed. Moreover, the case from Ohalo Il, wherelSnir et a
(2015a) documented the selection for non-shattering ears 23,000 years ago, clearly shows that
the agro-technological prerequisites for morphological domestication traits to become fixed
were long present. A focus on non-selective cultivation or harvesting techniques connected to
climatic instabilities can therefore not be sufficient for explaining the total absence af-dome
tic-type cereal chaff throughout the complete PPNA.

This attempt to integrate social factors in the explanatory framework for the evolution of plant
cultivation and domestication in the Levantine corridor shows that the emergence af agricu
tural societies involved complex and interrelated societal and economic developments. Fo
investigating the Neolithic in the Zagros Mountains this means that we are currently not in a
situation where we can comprehensively integrate all these factors into an explanatory
IUDPHZRUN 1HYHUWKHOHVV 'DUDEL DQQVatRewsl U DQG
R. et al. 2013b, d) recently developed models for approaching the fammyuguestion of
agricultural origins in the central Zagros. Surprisingly, both models heavily rely on human-
induced resource pressure for explaining why Early Holocene groups in the Zagros developed
plant cultivation and animal husbandry. Darabi puts much emphasis on increased population

growth induced by a warmer and wetter climate during the Early Holocene, which then
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caused the depletion of important resources (Darabi 2012: Fig. 5). With the management of
these important but depleting resources, humans had to decrease their mobility, beeame se
entary and eventually secured a sedentary life in cultivating plants and herding animals. The
model of R. Matthews et al. (2013b, d) argues in a quite similar way and emphasizes the ev
dence for the heavy use of herbivore dung and an animal pen at Sheikh-e Abad and Jani since
ca. 10,000 cal BP. In their model, Early Holocene groups were increasingly engageg in r
source management practices including vegetation burcidatthews W. 2016), which
resulted in the depletion of wood resources that had to be replaced by an alternative fuel
source. As only the penning of animals would supply sufficient and predictable amounts of
dung, the lack of wood resources subsequently triggered the development of animal herding.
For feeding the herds the whole year-round, R. Matthews et al. suggest that humans had to
intensify cereal cultivation in order to feed their livestock, which eventually forced them to
EHFRPH VHGHQWDU\ IDUPHUV 7KH\ L ¢n@udetl@nwiéirhéntal RI WK
GLVDVWHU" ODWWKHZV 5 HW DO Enade chainDoSemXnglL QJ KXP
ments that could only be dealt with in intensifying cultivation for feeding herded animals the
whole year-round.

We need to remember that both these models rely on a very small number of excavated and
fully published sites and make use of predominantly palaeoenvironmental and bioarchaeo-
logical data, logically emphasizing the ecological aspects of the Neolithization process in the
Zagros. Darabi (2016) recently made an attempt to reconstruct the concurrent social develop-
ment, but with the excavation of e.g. Sheikh-e Abad, Bestansur and Chogha Golan, we are
only beginning to understand the enormous dimension of the local Neolithic in both its rich-
ness in ritual activities and the autochthonous development of resource managengnt strat
gies. Our knowledge on the development of households and associated ownership systems in
the central Zagros in relation to subsistence strategies and plant domestication isgvery fra
mentary. The lack of a comprehensive data basis for reconstructing the social development of
course results in models that lack a strong social component, but should also make us cautious
in explaining local agricultural origins in a manner that scholars focusing on the Levant long
abandoned. After the social relations of the Levantine Neolithic with its rich symbolic record
have been studied in more detail since the 1990s and particularly during the 2000s (e.g.
Hodder 1990; Benz 2000, 2004; Cauvin 2000; Kuijt 2000a, b, 2001, 2008; Schmidt 2000,
2010; Flannery 2002; Kuijt and Goring-Morris 2002; Watkins 2004, 2016, 2017; Twiss 2008;
Bogaard et al. 2009), most authors rejected a focus on resource pressure and population

growth for understanding the Neolithic transition (e.g. Verhoeven 2004; Byrd 2005; Zeder
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2009, 2011a; Zeder and Smith 2009; Sterelny and Watkins 2015; Hodder 2017). As a result, |
regard the models of Daradb DQG IURP 5 DQG : ODWWKHZVY WHDP DV 1
understand the ecological and economic dimension of the Neolithic in the Zagros, but we
must remember that these factors do not explain the Neolithic transition as a whole, i.e. in-

cluding the transformation of society in all its social, cognitive and mythological aspects.
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focus on caprines and fish. Seeds and fruits of several edible wild plants that are commonly
interpreted as arable weeds show high ubiquities in the samples from the upper sequence and
occur in abundance in other horizons, possibly indicating their deliberate collection. The ap-
pearance of morphologically domesticated emmer around 9,800 cal BP marks the beginnings
of crop cultivation at the site. The inhabitants integrated this economic practice in a traditional
economic system that made use of a high diversity of wild resources and continued to do so
alongside the cultivation of a domestic crop. Emmer was presumably introduced to the site
and does not derive from local wild populations, which hints at inter-regional contacts that
influenced the local developments. Contrastinglyspontaneurmvas exploited for more than

1,500 years without selecting for morphological domestication traits, but later becanne a typ
cal crop in the region. These patterns stand for different pathways towards domestication that
did not follow a linear development from gathering to cultivation and domesticationmbut e
phasize the complexity of the domestication process that can only be understood by moving

beyond the site-specific perspective.

The Regional Perspective

The Neolithization process in the Zagros Mountains was rooted in the local Epipalaeolithic.
Several lines of evidence point to a long tradition of subsistence and ritual practices, including
specialized caprine hunting, a broad spectrum diet, features of local lithic industries and the
association of caprine skulls and large wing bones in ritual contexts. Ecosystems profoundly
changed with the onset of the Holocene and the spreBtaiciadominated woodlands and

vast grasslands provided local groups with an abundance of resources that represented the
basis for the following socioeconomic developments. Early Neolithic sites throughout the
entire Zagros Mountains provide evidence for the regular exploitation of wild pulseseand m
dium to large-seeded wild grasses. Subsistence strategies did not focus on wild progenitor
species, although these were present in the local ecosystems and have been exploited since the
earliest Holocene. This makes clear that the socioeconomic development of the Zagros arc
was not shaped by the lack of resources, but by an individual pathway into early agricultural
societies. Differing mobility patterns characterize the economic adaptations of local commu-
nities and possibly indicate an early development towards mobile pastoralism and transhu-
mance. Long after the first tells appeared, ephemeral campsites were inhabited by groups that
continued to live a more mobile lifestyle in the same environmental zones. Although the exact

relation between these tells and campsites is poorly understood, it shows that local socioeco-
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nomic developments were influenced by differing residence patterns. Thick ash layers repr
sent a remarkable feature of the basal deposits of many tell sites, indicative of a lokal deve
opment towards sedentism out of less permanent occupations that involved fire-related activ
ties. To which degree these ash layers reflect region-wide vegetation burning must be debated,
but evidence for resource management practices of local groups accumulates and may point
towards traditions that even date back to the Epipalaeolithic. These patterns are based on a
limited data basis and definitely require further research, but they demonstrate that the Levan-
tine sequence with its long Epipalaeolithic tradition may not be unique among the landscapes
of the Fertile Crescent. This conclusion is supported by patterns of domestication processes in
the Zagros arc. Whereas we may expect an introduction of emmer wheat due to the absence of
wild wheat populations in the Early Holocene ecosystems, barley and lentil were exploited
since the 1% millennium and presumably domesticated within the Zagros arc. All theee sp

cies became principal crops of the local Neolithic, while an autochthonous domestication of
goats is well documented either and adds up to the evidence for local domestication pathways.
Unfortunately, the currently known archaeological record does not allow to comprehensively
evaluate the interrelatedness of social and economic developments in the Zagros. However,
the data we have indicate that themes such as emerging households as basic social units of
agricultural societies associated with household and community-wide rituals and private own-

ership systems were also important for the Zagrosian Neolithic.

The Supra-Regional Perspective

Although there is no general agreement on the specific causal factors that pushed and pulled
humans through the Neolithic transition in the Levantine corridor, the available archaeolog
cal data allow a much more detailed reconstruction of socioeconomic developments compared
to the Zagros arc. Rooted in ethno-archaeological and psycho-cognitive theories, the socioe
onomic developments during the PPN have often been interpreted from a social and cognitive
perspective, emphasizing the fundamental role of symbols, architecture and associated rituals
for carrying societies through times of profound socioeconomic changes, until agricultural
systems with their private organization of social and economic life were legitimated.

The PPNA is characterized by a communal organization of subsistence practicetedrulca

the prevalence of storage facilities in extramural locations and communal buildings. Faced
with social challenges and tensions in growing societies, public rituals gained in importance

and communities even constructed monumental buildings at central ritual places to create the
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contexts for building up identity and group cohesion. This early florescence of ritual activities
became consolidated during the early and middle PPNB, where cult buildings appeared at
many sites and were accompanied by the appearance of rectangular domestic dwellings. Most
scholars interpret this architectural development as the emergence of nuclear households,
which organized their subsistence individually, including private food storage. It is n@- coinc
dence that ritual life and also extended mortuary practices flourish during the middle PPNB,
where morphologically domestic crops have appeared at many sites throughout the Levantine
corridor. Apparently, social and economic developments we co-dependent on each other and
cannot be understood as separate spheres of human societies. A nuanced approach-to link th
se two dimensions puts emphasis on the emergence of private ownership systems that allowed
single households to store their own harvests, establishing the conditions under whish dome
tication traits could be selected and fixed. In this perspective, differentiating between co
scious and unconscious selection for domestication traits only becomes reasonable when we
speak about societies in which individuals have the incentive and the possibility to censciou

ly select favorable traits. Understanding the protracted development of plant and animal do-
mestication therefore requires a much more holistic view, which regards the socialarganiz
tion of a society as deeply entangled with the management of resources and the appearance of
domesticatory relationships. This fundamental principle must likewise be applied to the Neo-
lithic transition in the Zagros arc. The currently available models that aim at understanding
this individual trajectory put much emphasis on the environmental and economic components
of Early Holocene socioeconomic developments. | consider this situation as a logieal cons
guence of our biased understanding of the local archaeological record and we must keep in
mind that overarching explanatory frameworks for the Levantine Neolithic long abandoned
population growth and resource pressure as primary causal factors. In moving beyond the
paradigm of agriculture as being a solution to resource stress situations, we will be able to put
more emphasis on the socio-cultural developments that represent the actual substrate on
which subsistence choices are negotiated. As we already concluded, however, the reurrent a
chaeological record of the Zagros does not allow to reconstruct this development in sufficient
detail. We must therefore admit that our understanding of the Neolithic transition inghe Za
ros Mountains is enormously incomplete, particularly regarding the social developments, but
archaeological research in the region definitely has the potential to equate the importance of
the Zagrosian Neolithic with the better known sequence in the Levantine corridor.
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Abstract In this paper we discuss the plant-based subsisthe taxonomic composition of charred archaeobotanical
ence economy during the formation of archaeological horiassemblages. Considering these results, we discuss the
zons (AH) Il and | at the aceramic Neolithic site of Choghaubsistence economy of Chogha Golan. Domestic emmer
Golan, Iran. The deposits date to between 9,800 angheat was cultivated from AH Il onwards. Wild barley,
9,600 calsr. In order to reconstruct subsistence practicegegilopssp., lentils, peas and various vetches may have
and their development reliably, we conducted a taphonomleeen cultivated as well. This spectrum of typical Neolithic
analysis to identify factors that in uenced the compositiorfood plants was supplemented by a high diversity of other
of the archaeobotanical assemblage. The otation samplgmtential wild food resources, including medium and small-
derive from two excavation areas in the centre of the telseeded grasse®istacia, Bolboschoenus glaucus, Malva
the deep sounding and area A. Using correspondence anahd Brassicaceae. A compilation of ethnobotanical data,
ysis, we link the biased composition of the plant remainmainly from the Near and Middle East, represents the basis
from AH | to their relatively poor preservation. Two dif- for assessing the potential uses of the wild plants.

ferent sampling strategies applied in excavation area A also

a ected the composition of the samples. In contrast, w&eywords Aceramic Neolithic - Central Zagros

did not nd compositional di erences among the samplesMountains - Taphonomy - Cultivation - Gathering -

from AH Il of both excavation areas. Our results emphaEthnobotany

size the need for taphonomic analyses prior to interpreting

Introduction
Communicated by A. Fairbairn.

Since the rst Neolithic sites were excavated in the Zagros
Mountains and the Levant, archaeobotanists have aimed to
reconstruct the origin and evolution of early agricultural
systems (Helbselk959 1966 1969 van; Zeist and Bak-
ker-Heeresl982 1984 Hopf 1983 van; Zeist et al1984).
During decades of research, detecting the rst attempts at
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cultivation and identifying the earliest domesticated crops
became the main aims of aceramic Neolithic archaeobot-
any. Whereas identi cation methods for domestic cere-

als are still subject to debate and investigation (Tanno and
Willcox 2012 Snir and Weis2014 Weide et al2015), cri-

teria applied to argue for pre-domestication cultivation are
well established. A relatively common argument for pre-

domestication cultivation is the presence of a weed ora,

which consists of taxa nowadays thriving in agricultural
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elds (Colledge 2002 Willcox et al. 2008 White and The site of Chogha Golan and its environment
Makarewicz2012), or whose fruits and seeds have no eth-
nographically documented use (Willca®12. Other argu- The aceramic Neolithic site of Chogha Golan is located
ments include the presence of wild cereals outside theim the foothills of the central Zagros Mountains in Iran
natural distribution range (Willco000), their large-scale (Fig. 1). Members of the Tubingen Iranian Stone Age
storage in permanently occupied habitations (Weiss et dResearch Project (TISARP) and the Iranian Center for
20089, or the high frequency of wild plants that are equallyArchaeological Research excavated the site in 2009 and
abundant as presumably cultivated crops (Melamed et &010 (Zeidi et al2012. The tell covers an area of about
2008. 3 ha and is situated at an elevation of 485 m a.s.l. near the
Focusing on pre-domestication cultivation and domesright bank of the river Konjan Cham. Radiocarbon dates
tication led to the tendency that archaeobotanists oftesuggest occupation from about 11,700 to 9,600 seal
regard wild plant remains as mostly representing crofRiehl et al.2015. Two trenches were opened in the cen-
processing by-products. Only specic contexts, such atre of the mound (ESM Fig. 1a, b). The deep sounding was
the wild seed storage features at Catalhdylk East, cleayx 1.5 m in area and was excavated down as far as sterile
reveal the exploitation of wild plants in farming communi-sediments that represented the palaeosurface below the tell.
ties (Fairbairn et aR007). However, at late Epipalaeolithic The excavators divided the stratigraphy of the deep sound-
and early Neolithic sites without evidence for pre-domesing into eleven archaeological horizons (ESM Fig. 1c). At
tication cultivation of wild cereals or pulses, namely afta distance of about 5 m from the deep sounding, excavation
Hallan Cemi, Demirkdy, Qermez Dere, M’lefaat and Kor-area A, with an area of 2 x4 m, was excavated to a depth of
tik Tepe in the northern Fertile Crescent, wild plant taxabout 1.5 m below the modern ground surface. The ground
regularly interpreted as arable weeds are alternatively intestone implement assemblage consisted of mortars, pestles,
preted as intentionally gathered resources (Savard et gkinding slabs, handstones and pounders, while the chipped
2008 Benz et al2015. For instance, Hillman et aR@01), stone industry was dominated by bladelet production and
White and Makarewicz2012 and Arranz-Otaegui et al. there was little variance in tool types (Conard and Zeidi
(20163 regard small-seeded grass taxa suchi@sleum, 2013 Zeidi and Conar@013.
Eremopyrumand Phalaris small-seeded legumes belong- Riehl et al. 2015 presented the rst results on the
ing to the Trifolieae as well as the gromwellsmebiaand  environments surrounding Chogha Golan. According to
Buglossoidess arable weeds. In contrast, all these taxa athe charcoal analysis, the village was located in the semi-
abundant at one or several of the sites mentioned abowjd PistaciaAmygdaluswoodland steppe. The riparian
where the authors interpret them as deliberately gathereggetation along the nearby river, indicated by Salicaceae
resources. Although it is understandable to interpret thessd Tamarix wood charcoal, represented a second major
taxa as arable weeds, the examples from the northern Feegetation unit. The proximity to both these ecotopes set
tile Crescent indicate that alternative interpretations arthe basis for a resilient long-term occupation of the site,
fully justi ed, and particularly as most fruits or seeds areproviding the inhabitants with su cient fuel and food
only identi ed to the genus level and most genera includeesources for over 2,000 years. This is also indicated by the
arable weeds and economically or medicinally valuabléaunal data, which are characterized by a predominance of
species. The importance of wild plants among farmingingulates and a high abundance of sh remains (Starkovich
communities is further demonstrated by ethnobotanicadt al.2016.
research conducted in the Near and Middle East, which
clearly shows how intensively wild plants are gathered in
traditional farming societies up to the present time (Ertu Materials and methods
200Q Ibrar et al.2007 Mosaddegh et ak012 Akan et al.
2013 Ahmad et al2014 Nawash et al2014). In both trenches, AH | and Il consisted of homogenous
In this paper we present a reconstruction of the subsistediments that represented collapsed building materials
ence economy of archaeological horizons (AH) | and Il aintermixed with occupation deposits (FRa—c; Zeidi et al.
the aceramic Neolithic site of Chogha Golan in llam prov2012 Zanoni unpublished). Judgment samples were col-
ince, Iran. The economy during this occupation phase wdscted for otation from ashy deposits and all sediments
already characterized as an early agricultural system, baseghtaining visible plant remains. In area A, no such sedi-
on the identi cation of domestic emmer wheat (Riehl et alments occurred in AH I, but several ash lenses were sam-
2013 Weide et al2015. Here, we focus on understanding pled in the building debris that formed AH Il (Figb).
the taphonomy of the plant remains and on assessing tNene of the judgment samples were associated with spe-
role of the diverse wild plant resources in the subsistenag c structures or artefacts, and most probably contained
economy. accumulations of charred plant remains deriving from a
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Fig. 1 The location of Chogha
Golan and other aceramic Neo-
lithic sites of the central Zagros
Mountains region
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variety of activities. In addition to the judgment samples, Using CANOCO 5, we applied correspondence analysis
all excavated buckets from two subsquares in area A wete examine how the analysed otation samples diered in
systematically oated (Fig2d). This strategy resulted in their taxonomic composition. Correspondence analysis is
two entirely oated columns throughout AH | and Il of areaan established multivariate statistical method, developed
A. to evaluate the complex relationships between variables of
Virtually all plant remains extracted from the soil a contingency table (Greenad®84). In the rst analysis,
by water otation were charred, and the few uncharredve tested whether the samples from AH | and Il analysed
specimens may represent modern intrusions. A numbéor this study formed separate groups. The second corre-
of samples from the two systematically sampled columnspondence analysis tested for di erences between the judg-
contained only a few charred plant remains. We therefomrment and systematic samples from AH Il within area A.
excluded all samples with less than one item per litre soWith a third analysis we tested, whether the samples from
from the analysis. Consequently, the number of samplesH Il of area A and the deep sounding had distinct com-
from AH | considered in this paper was reduced from 3Positions. Data preparation followed the protocol outlined
to 25. Tablel gives the number of analysed otation sam-by van der Veen1©092 and was modi ed for this study.
ples and basic data on the identi ed plant remains. Thé/e omitted all samples containing less than 50 items from
analysis of wheat cha includes 20 additional samples thahe analysis. Only for the rst correspondence analysis, 30
were screened for cha remains only and this material haisems per sample were used as a threshold, because only 3
already been published by Weide et aDX5. This makes samples from AH | contained more than 50 plant remains.
a total of 108 samples of AH IlI, from which we analysedTo condense the data matrix and to reduce the impact of
wheat cha . Another 22 samples from AH | and Il in therare taxa, we de ned a ubiquity of 5% as the threshold to
deep sounding have already been analysed and publishadlude taxa and plant groups. By reasonably combining
by S. Riehl and D. Karakaya (Riehl et2013 2015. They taxa with less than 5% ubiquity, a reduction in the num-
are not included in the statistical analysis of this papeber of cases (or columns in the contingency table) has
but will be considered in the nal discussion. Laboratorybeen achieved without substantially altering the dataset.
and quanti cation methods and information on taxonomicThis form of data preparation reduced the number of taxa
identi cations of Triticum, Aegilopsand Bolboschoenus and groups for analyses 2 and 3 from 56 to 38, but main-
remains are given in ESM Figs. 2 and 3. tained the total number of counts. For the rst analysis we
condensed the dataset to only seven variables, which rep-
resent the major plant categories of the assemblage (ESM

Table 1).
Table 1 Floated sediments, analysed otation samples and macrobo-
tanical remains from AH | and Il of Chogha Golan

Archaeological Horizon (AH) AH | AHIl  Results
Radiocarbon date (cab 9,600 9,800 . . .
. (ca) General composition of the archaeobotanical material
Excavation Area Area A Area A bs . .
, and di erences between horizons, sample types
Floated sediments ([) 211 732 178
and trenches
Judgment samples 2 28 15
Systematic samples 23 32 . . . .
Table 2 gives the taxa identi ed in samples from AH |
Total 25 60 15 . . i
. and Il of both excavation areasegilopssp., Triticum spp.
Highest z-value (m) 19.51 18.68 18.33 . . .
and Hordeum spontaneumontribute a major portion to
Lowest z-value (m) 18.67 17.96 17.73 . . . .
the plant remains of both horizons (FR). Their remains
Mean sample volume (I) 8 12 12 . . .
. ) mainly consist of rachis and glume fragments, whereas
Items per liter soil 2.8 7.7 18.1
i caryopses are less abundant. Small-seeded grasses and
Identi ed taxa 41 56 56 .
medium to small-seeded legumes represent the two other
Total number of counts 581 5,645 3,222

categories that characterize the plant remains from AH
Z values refer to the minimum and maximum depth from which samH. Both considerably decrease towards AH I. In contrast,
ples were analysed medium-seeded grasses remain relatively stable and large-
The number of identi ed taxa represents the number of identi edseeded legumed 4thyrus, Lens, Pisurand Vicia) occur

genera and species in the assemblage; categories such as grains : . -
cha were not counted separately. This table does not include the gg@auently, but have low proportions in both horizons.

samples from the deep sounding that were screened for wheat Chépart from the cereals, only wild fruits and segds of fami-
only lies other than grasses or legumes substantially increase

3Deep sounding towards AH I. This is partly due to a signi cantly greater
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Table 2 Identi ed macrobotanical remains from AH | and Il of Chogha Golan
AH | AH 11
Total (n) Percentage Ubiquity Totah) Percentage Ubiquity

Amaranthaceae

Atriplex sp. bract - - - 2 0.02 3

Atriplex sp. seed - - - 5 0.06 7

cf. Salsolasp. - - - 1 0.01 1

Suaedasp. 1 0.17 4 16 0.18 8

Amaranthaceae 2 0.34 8 15 0.17 16
Anacardiaceae

Pistaciasp. 20 3.44 40 236 2.66 89
Apiaceae

Apiaceae 1 0.17 4 - - -
Asparagaceae

BellevalidMuscariOrnithogalum 3 0.52 12 31 0.35 31

MuscariOrnithogalum - - - 1 0.01 1
Asteraceae

Centaureasp. 3 0.52 12 7 0.08 8

Asteraceae 3 0.52 8 4 0.05 4
Boraginaceae

Buglossoides arvensisicarbonized 34 5.85 48 76 0.86 44

Buglossoides tenui oraincarbonized 3 0.52 12 12 0.14 12

Heliotropiumsp. - - - 14 0.17 13
Brassicaceae

Camelinatype - - - 3 0.03 3

CapselldDescurainia 3 0.52 12 19 0.21 16

ErysimumSisymbriuntype - - - 2 0.02 1

Brassicaceae - - - 5 0.06 5
Caryophyllaceae

Dianthussp. 1 0.17 4 - - -

Gypsophilasp. 1 0.17 4 5 0.06 7

Silenesp. 2 0.34 8 13 0.15 13

SilenéGypsophila - - - 13 0.15 15

cf. Vaccariasp. - - - 1 0.01 1

Caryophyllaceae - - - 14 0.16 13
Cyperaceae

Bolboschoenus glaucus 4 0.69 16 63 0.71 43

Cyperaceae 1 0.17 4 14 0.16 13
Euphorbiaceae

Euphorbiasp. - - - 1 0.01 1
Fabaceae

Astragalussp. 5 0.86 16 308 3.47 75

Lathyrustype - - - 12 0.14 13

LathyrugVicia 1 0.17 4 18 0.20 16

LathyrugVicia/Pisum 15 2.58 44 186 2.10 81

Lenssp. 14 241 36 154 1.74 71

Medicagosp. - - - 9 0.10 9

Medicago radiata 2 0.34 8 35 0.39 25

Onobrychissp. - - - 1 0.01 1

Pisumsp. - - - 3 0.03 4

Trigonella astroitesype 8 1.38 24 266 3.00 75
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Table 2 (continued)

AH | AH 1l
Total (n) Percentage Ubiquity Totah) Percentage Ubiquity
Trigonellatype 2 2 0.34 4 239 2.70 65
TrigonelladAstragalus 35 6.02 44 591 6.66 92
Fabaceae medium-small 10 1.72 24 377 4.25 84
Malvaceae
Malva sp. 23 3.96 12 175 1.97 72
Malvaceae - - - 7 0.08 8
Poaceae
Aegilopssp. grain 2 0.34 8 86 0.97 52
Aegilopssp. spikelet 77 13.25 76 1,007 11.36 99
AgropyrorEremopyrum 1 0.17 4 1 0.01 1
Avenasp. 3 0.52 8 28 0.32 24
Bromustype 1 - - - 20 0.23 20
Bromustype 2 - - - 4 0.05 4
Hordeumsp. 2 0.34 8 66 0.74 48
Hordeum spontaneuggrain 6 1.03 12 111 1.25 61
Hordeum spontaneuspikelet 12 2.07 32 238 2.68 73
Pennisetuntype - - - 3 0.03 1
Phalarissp. 20 3.44 52 573 6.46 89
Phleumtype 1 0.17 4 671 7.57 73
Phragmitessp. - - - 1 0.01 1
Taeniatherum caput-medusgeain - - - 16 0.18 17
Taeniatherum caput-medusspikelet 5 0.86 20 8 0.09 11
Triticoid type grain - - - 31 0.35 28
cf. Triticum spp. grain 1 0.17 4 30 0.34 17
Triticum spp. spikelet 55 9.46 88 499 5.63 91
Indet. spikelet type 9 1.55 24 105 1.18 49
Indet. cereal rachis - - - 3 0.03 3
Indet. spikelets 49 8.43 88 251 2.83 89
Poaceae large 16 2.75 44 261 2.94 89
Poaceae medium 47 8.09 72 496 5.59 99
Poaceae small 18 3.10 48 1,070 12.07 96
Polygonaceae
RumexPolygonum - - - 3 0.03 4
Rubiaceae
Galiumsp. 2 0.34 4 12 0.14 12
Rubiaceae - - - 1 0.01 1
Indet. fruits and seeds 58 9.98 64 318 3.64 64
Total 581 100 8,867 100

The data for AH Il comprise the material of both trenches. If no other information is given, identi cations represent charred fruits or seeds

amount of Buglossoides arvensiautlets, but mainly a reduced number of plant remains per litre sediment

result of the proportional decrease in small-seeded grassagpports this view (Tabl&). As a result, many identi

and medium to small-seeded legumes. For the same reas@d taxa exclusively occur in AH Il, such a&triplex,

the percentage of unidenti ed fruits and seeds increases &amelinatype, ErysimuniSisymbriuratype, Pisum and

well. Phragmites We identi ed most of these taxa by using
The plant remains from AH | have a worse preservafew but well preserved specimens (TaB)eThis implies

tion than those from AH II. This is re ected in the greaterthat the reduced diversity of identi ed plant taxa in AH |
fragmentation and surface erosion of the material. The

13



Veget Hist Archaeobot (2017) 26:487-504 493

F|g 3 Overall Composition of AH | (Area A) AH 11 (Area A) AH Il (Deep Sounding)
the archaeobotanical remains Cereals and Aegilops '
from AH | and Il of Chogha

Golan in the samples analysed
for this study. Proportions for Small seeded grasses
the grass categories include
grains and cha

Medium seeded grasses

Large seeded legumes
Medium/small seeded legumes
Other wild taxa

Indeterminate fruits/seeds

0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Proportion (%)

primarily re ects the worse preservation conditions andGolan and place it in the same functional category. All
not cultural preferences. cereals are mainly represented by cha , which presumably
Figure 4 gives the results of the correspondence analyeontributed to the domination degilops particularly as
ses. In the rst analysis, six of the seven AH | samples ariés glume bases are very thick and robust, preserving better
divided from the bulk of AH Il samples along axis 1, whichcompared to th&riticum glume bases and the thin rachis
separates samples dominated by cereal cha from thosegments oH. spontaneumA few poorly preserved and
dominated by medium to small-seeded legumes and smathostly fragmented grains resem@idticum, but they can-
seeded grasses (Fi4p). This con rms the patterns already not be reliably identi ed Aegilopsgrains are clearly under-
visible in Fig.3 by only using the richest samples. The secfepresented in relation to the amount of cha remains,
ond correspondence analysis separates the systematic sarhile those ofH. spontaneumare relatively abundant
ples of AH Il in area A from the judgment samples alongTable?2).
axis 2 (Fig.4b). The proportion offriticum cha , which is Table 3 shows the categorization bif. spontaneunand
substantially higher in the systematically collected sampledriticum cha remains from AH Il. The domestic-type bar-
is the main variable that leads to this pattern. Apart frontey rachises make up only 2.1% of all recovered rachises
this, these samples yielded fewer small-seeded grasses amdl 9.6% of the diagnhostic specimens, which is still in the
a smaller number of wild taxa (absent &waeda Aster- range for wild populations (Kisle®989 Snir and Weiss
aceae, Boraginacea€amelinatype, BrassicaceadMed- 2014. Among theTriticum cha remains, specimens that
icago, Onobrychis Malvaceae,Phragmites Rubiaceae). show features typical off. monococcumare relatively
The third correspondence analysis did not lead to a cleacarce, wherea§. dicoccurtype specimens make up the
separation of the AH Il samples from area A and the deepajority of the diagnostic glume and rachis fragments. The
sounding (Fig4c). Although the samples from area A con-identi cation of domesticated emmer in AH Il at Chogha
tained fewer plant remains per litre soil, this does not biaGolan has already been suggested (Weide &04dh. In
their taxonomic composition (Fi@). We therefore com- the present study we con rm this identi cation based on
bined all samples from AH Il to reconstruct the subsistenca larger amount of analysed wheat cha . Only 13% of all
economy during the formation of this horizon. However, itwheat rachis fragments exhibited an abscission scar diag-
is surprising that the total number of identi ed taxa fromnostic of the domestication status, which is thought to be
area A, from where four times the amount of sediment has result of dehusking practices (Tanno and Will2612
been analysed, is equal to the number of taxa from the deapd carbonization (Weide et &015. But a considerable
sounding. This either re ects a loss of taxa due to taphgaroportion of the diagnostic emmer rachises belong to the
nomic reasons in area A, or it indicates that the smalletomestic morphotype, indicating the establishment of non-
amount of analysed sediments from the deep sounding walsattering ears in a cultivated population (Ta)le

su cient to record the full taxonomic diversity in AH Il. The medium-seeded grass®gena, Bromus, Hordeum,
Taeniatherum caput-medusaed the triticoid type grains
The grasses (Poaceae) (Fig. 5e—i) each have a ubiquity of 20% or more in AH 1.

Taken together, they are as numerous as the grains of large-
The Poaceae remains are dominated by cereals and sma#teded taxa. Even more abundant are the small-seeded taxa
seeded grasses. Among the ceresdglilops(Fig. 5a, b) is  such asPhalaris and a type resemblinBhleum (Fig. 5j,
most abundant followed biriticum andHordeum sponta- k), which make up a considerable proportion of the grains
neum(Fig. 5¢c, d, I, m). Based on its high abundance andecovered from this horizon. Both these groups are diverse
ubiquity, we regarddegilopsas equally important as the and contain a high variety of undetermined morphotypes.
classic cereals for the subsistence economy of Chogfide fragmentation of grains within the medium-seeded
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Fig. 4 Results of the three correspondence analysexatter plot

of otation samples from AH | and AH Il of both excavation areas,
axis 1 accounts for 41.85% of the total variation, axis 2 for 18.57%.
CerGr, cereal grains; LarLeg, large legume seeds; MedGr, medium-
sized grass fruits; MeSmLeg, medium-small legume seeds; OWP,
other wild plants; PoacCh, Poaceae cha; SmGr, small grass fruits.
b scatter plot of di erent sample types from AH Il in area A, axis 1
accounts for 13.69% of the total variation, axis 2 for 11.Z786atter

plot of otation samples from AH Il in the deep sounding and excava-
tion area A, axis 1 accounts for 12.6% of the total variation, axis 2 for
11.03%

grasses hampered further reliable identi cations, wheree
the subtle dierences between the well preserved sma
grass seeds generally make their identi cation a formidabl
challenge (NeshitP00§. We do not provide an estimate
of the total number of di erent grass species present in th
analysed samples, but the results indicate that there wa:
high diversity of Poaceae species in the surrounding vei
etation units.

The legumes (Fabaceae)

Four pulse genera which include wild progenitor specie
were present in the analysed samples. Seetsnsfcould
easily be distinguished, but we were confronted with a hig
morphological diversity within thé.athyrugPisuniVicia
group (Fig.6a—c). Because seeds exhibiting the hilum ani
testa were very rare, we hardly achieved more precise ide
ti cations. Only for AH 1l, some seeds with the hilum pre-
served conrmed the presence Bfsum and alathyrus
seed type has been identi ed by its angular outline. In terr
of absolute counts, medium to small-sized seeds doming
the legumes by far. They mostly consistAsftragalusand
Trigonella species, as well adedicagospp. and various
undetermined morphotypes (Figd—h). This spectrum
is very similar to the taxa which van Zeist et dl9§4
reported for Ganj Dareh and presumably also to the spe
trum that Helbaek1©69 found in the Ali Kosh material,
although he did not provide a detailed description of thi
small-seeded legumes.

Additional wild plant resources

Plant remains other than grasses and legumes yielded
di erent wild plant taxa, of which only 17 occurred in
AH 1, while 28 were present in AH Il (see Figi—o for

examples of more frequent taxa). The importance of these
taxa is mostly re ected in their ubiquity valueBuglos-
soides arvensigubiquity of 48%) andPistacia (40%) rep-

resent the most frequent wild plants in AH I, followed bycus (43%),

Bolboschoenus glaucu§16%), BellevalidMuscariOrnit
hogalum, Buglossoides tenuiora, Capsdlascurainia,
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AH I, Pistaciais most frequent (89%), followed bjalva
(72%),Buglossoides arvensig4%),Bolboschoenus glau-
BellevalidMuscariOrnithogalum (32%),
CapselldDescurainia (16%), Heliotropium (15%), Silene
(13%) andGalium (12%). The high to very high ubiquity
Centaureaand Malva (all 12%). Among the wild taxa of values forPistacia and B. arvensisfruits re ect, at least
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m

Fig. 5 aAegilopssp.;b Aegilopssp. spikelet base from aboueff) mustype 1;i Avenasp.;j Phalaris sp.;k Phleumtype;| H. sponta-
and below fight) with a detailed picture of the heart-shaped abscisnheumrachis fragment (wild type)n H. spontaneumachis fragment
sion scar ¢utlined by the dashed lijiec, d Hordeum spontaneung (domestic type)Barsrepresent 1 mm

Hordeumsp.;f Triticoid type;g Taeniatherum caput-medusdeBro-
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Table 3 Classi cation of

Hordeumand Triticum cha Hordeum sponta—Trjticum boe- T. dicoccoideslicoccum Triticunsp.
remains from AH Il neum oticum
Glume bases 56 427 936
Upper abscission scars
Domestic-type 5 21
Wild-type a7 1 13 3
Not diagnostic 186 15 87 154
Terminal spikelets 23
Total 238 72 571 1,093

This table includeSriticum cha from the additional 20 samples of the deep sounding and the material
published in Weide et al2015, which makes a total of 108 samples sortedifiticum cha remains

partly, their robustness. Particularly the high amount oin area A as unsuited to reliably reconstruct the subsistence
Buglossoidegruits should be treated with caution. The facteconomy of the nal settlement phase, as their composi-
that their silica skeletons survive over millennia withouttion seems to be signi cantly a ected by the poor pres-
being carbonized easily leads to accumulations in archaervation conditions. This suggestion nds support in the
obotanical assemblages with a high risk of modern intrudata published by Riehl et aq13, in which only sam-
sions (van Zeist and Bakker-Heed382). In contrast, less ples from the deep sounding were analysed. The decrease
resistant fruits and seeds were also frequently found. This small-seeded grasses and medium to small-seeded leg-
requires alternative explanations, such as deliberate gathmes towards AH | is much less pronounced here. This
ering or their occurrence as common weeds in cultivatecon rms that the preservation conditions of AH | in area A
elds. Table 4 gives the potential uses for wild taxa from are worse compared to AH Il in the same trench, but also to
AH | or Il with ubiquity values of 10% or higher. If more AH I in the deep sounding. The on-site sampling strategy
than one taxon may be represented in a morphotype, \ire excavation area A combined judgment and systematic
listed the respective taxa separately. sampling. Whereas most taxa are equally present in the two
sample types from AH IlI, systematically collected samples
contained a much higher proportionTafticum cha . Sur-

Discussion prisingly, cha of Hordeum spontaneuror Aegilopsdoes
not show such a clear trend, which we cannot explain at this
Implications of the taphonomic analyses stage of our research. The systematic samples contained

fewer small-seeded grasses and a smaller number of wild
The composition of the plant remains in the samples frortaxa. This again indicates a bias towards more resistant
AH | and AH Il analysed for this study is di erent. A logi- plant remains, although the relatively similar proportions of
cal explanation for the observed patterns would be a changfmrdeumandAegilopscha are not supportive of such an
in the subsistence strategy of the inhabitants towards tleterpretation. These compositional di erences between the
nal occupation phase. A decrease in small-seeded grassesigment and systematic samples o er an additional expla-
and medium to small-seeded legumes, coinciding witimation for the observed patterns in AH I. Here, all but two
a pronounced dominance of wild and domestic cerealsamples derive from the systematically sampled columns
could indicate an increased focus on farming and a reducé@iable 1). This lack of judgment samples possibly ampli-
investment in wild plant gathering. However, a closer looked the bias towards resistant plant parts.
at the identied plant remains from both horizons sug- The similar composition of otation samples from AH
gests taphonomic reasons for this pattern. The small nui-in both excavation areas indicates that neither the sam-
bers of recovered items per litre of soil from AH | in aregpling locations nor the di erent sampling strategies sig-
A, together with a stronger fragmentation and erosion afi cantly a ected the data obtained from this horizon. The
the archaeobotanical remains, re ects the poor preservanhanced preservation of charred plant remains in AH I
tion conditions there. High values for cereal cha and theand the availability of both systematic and judgment sam-
marked decrease in medium and small fruits and seeges reduced the e ect of the di erent sampling strategies.
rather indicate a bias towards resistant plant remains. The Taphonomic analyses of archaeobotanical assemblages
increased proportions duglossoides arvensisuits and are not con ned to questions regarding the preservation
the smaller number of identi ed taxa in AH | add to thisand representivity of the studied material. Central ques
picture. We therefore regard the plant remains from AH tions concern the origin and deposition of the recovered
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Fig. 6 a Lens sp.; b Pisum sp.; ¢ LathyrugVicia; d Trigonella  endosperm cell structureight); j Bolboschoenus glaucuk Malva
astroitestype; e Trigonellatype 2 with a detailed picture of the testa sp.; | CapselldDescurainia m Galium sp.; n Heliotropium sp.; 0
surface;f Astragalusspp.; g Medicago radiata h Medicago sp.; Silenesp.Barsrepresent 1 mm

i BellevalidMuscariOrnithogalum with a detailed picture of the

plant remains, particularly the identi cation of dung Valamoti and Charles2009 demonstrated that glume
used as fuel (Miller and Smat®84 Miller 1996. Riehl wheat grains fed to goats, as whole spikelets or after
et al. 015 already discussed why we do not regard thelehusking, do not survive digestion in an identi able
archaeobotanical material from Chogha Golan as mainlfiprm. There is no reason why this should only apply to
dung-derived. Wood resources were available throughogiume wheat grains and we therefore regard the presence
the occupation period, but overall no herd managememf identi able large and medium-sized caryopses in vir
of wild ruminants could be proven at the site. The largeually all of the studied samples as further evidence that
number of additional samples analysed for this studgung-derived plant remains do not represent the major
supports this view. They yielded abundant graindHof portion of the studied material.

spontaneum, Aegilopss well as various other grass taxa.
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Table 4 (continued)

References for potential uses

Species concerned in the ethnobotanical literature

Potential uses

Food

Pot

Taxon

arable
weed

Medicine Others

Rea (997, Chaudhari et al2013

P. caroliniana, minor

P. minorstored with

Sé

Phalaris

wheat grains to keep

away mice

P. atlantica, eurycarpa, khinjuk, lentiscus, palaes-Ertu (2000, Uysal et al. 2010, Bozorgi et al.

Resin as glue, oil

Fr/L/ISe Ae/Re

Pistacia

(2013, Nawash et al.2014), Do an and Tuzlac

(2019
S. ampulata, compacta, coni ora, conoidea, peduiertu (2000, Simsek et al.Z004), Akan et al. 2013,

tina, terebinthus, vera

WC

Silene

Chandra and Rawa2@15, Do an and Tuzlac

(2019

T. aurantiaca, coelesyriaca, corniculata, mesopo-Ertu (2000, Singh 2006, Akan et al. 2013

cularis, vulgaris

Fl

Trigonella

tamica

Aeall aerial partsB bulbs,Fl owers, Fr fruits, L leavesReresin,Roroots,SeseedsStstemsW whole plant

The used literature on arable weeds includes ZoH&%(, Feinbrun-Dothan1©78, Wollstonecroft et al.3011) and Willcox @012. Potential uses of wild plant taxa were compiled using

mainly the ethnobotanical literature from the Near and Middle East

a0nly present/frequent in AH |

bOnly present/frequent in AH II

Includes ethnobotanical records from beyond the Near and Middle East

Which plants were cultivated at Chogha Golan?

Here we only brie y address plant cultivation and domesti-
cation, as Riehl et al2015 and Weide et al.2015 have
already discussed these topics. The analysis of wheat cha
from AH Il indicates the presence of cultivated emmer,
which produced an increased proportion of non-shattering
ears compared to wild populations. A minor component
of the wheat cha belongs to wild einkorn, which possibly
grew in the elds as a weed (HelbaR69 Miller 2003.

H. spontaneunrepresents a further staple, but still pro-
duced shattering ears. Riehl et @015 suggest that wild
barley was cultivated at Chogha Golan, based on the devel-
opment of grain sizes and staple carbon isotope ratios. The
appearance of emmer in AH Il corresponds to decreasing
grain sizes oH. spontaneumwhich may re ect reduced

e orts in barley cultivation. Apart from the cereals, the
large seeded pulséens, PisunandLathyrugVicia are the
most likely candidates for having been cultivated plants at
Chogha Golan.

Scholars commonly focus on the wild progenitors of the
Near Eastern founder crops to identify early plant cultiva-
tion in the aceramic Neolithic (for example, Kisl&997,
Colledge2002 Willcox et al.2008 White and Makarewicz
2012. However, several wild grasses and legumes have
been interpreted as cultivars that did not become estab-
lished as domesticated crops during the emergence of agri-
culture or they became extinct at an early stage, such as rye,
wild oat orVicia peregrina(Hillman 1978 Hillman et al.

2001, Weiss et al2006 Melamed et al2008 Abbo et al.
2013. Following this, we interprefegilops at Chogha
Golan as an important food resource, which may even have
been cultivated. We do not argue that the pure abundance of
a wild plant in an archaeobotanical assemblage can be used
to assess its state as a gathered resource or cultivated crop,
because it has been demonstrated that wild grasses can be
harvested with a high e ciency (Harlah989. But as cha

and grains ofAegilopsare as abundant and frequent as
those of domestic emmer and presumably-cultivated barley,
we regard it as the logical consequence to likewise interpret
Aegilopsas a pre-domestic cultivar.

Gathering of wild plant resources

The under-representation of gathered wild plants in prehis-
toric archaeobotanical assemblages is widely recognized
and attributed to several taphonomic rather than cultural
factors (Colledge and Conolg014). Taphonomic agents
resulting in this pattern include diering survival ranges
of plant organs and taxa exposed to heat (Wilt9&4
Boardman and Jone%¥99Q Wright 2003 Markle and
Rosch2009, the fact that most wild plants are gathered for
their vegetative parts and not for their fruiting structures
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(for example, Jacomet et dl989 but see also Tablé), have a reduced probability of being preserved by carboni-
and also di erences in site formation, which allow plantszation (Wilson1984 Wright 2003 and we see a clear bias
from a wider range of origins to accumulate in waterloggetbwards resistant plant remains in the uppermost sediments.
sediments (Jacom@&013. Demonstrating the edibility of The presence dfapselldDescurainiaseeds in AH | there-
arch$$$aeologically recorded wild plants is a further chalfore suggests that they were much more abundant at the site
lenge (Jacome2009 Tolar et al.2011 van Amerongen prior to charring and this may indicate their deliberate col-
2016. lection. Seeds of these and related taxa are well suited to
In order to identify wild plant resources which pos-being used to produce a vegetable oil (Fairbairn @087
sibly played a role in the subsistence economy at Chogleend are gathered in Pakistan and Iran for medicinal pur-
Golan, we use the ubiquity of wild fruits and seeds rathgroses today (Hussain et 2008 Mosaddegh et ak012).
than their absolute counts. As Tableindicates, 20 out They have been found as storage nds in the Neolithic lake-
of 22 taxa with a ubiquity of at least 10% can principallyshore settlement of Hornstaad-Hérnle (Schlichth&8ieQ
be interpreted as arable weeds, based on their present didgier 2001) and at Catalhdylk East (Fairbairn et2d07).
ecology. In light of the evidence for emmer cultivation inDespite the small size of the see@spsellaand Descu-
AH I, such an interpretation would be fully justi ed, and rainia plants produce high yields and can be e ectively
we consider crop processing activities and subsequent diexploited (Maie2001, Maier and Harwat011).
posal of by-products in domestic res as a likely scenario, A striking feature of many charred plant assemblages
which resulted in the accumulation of charred weed fruitfrom the Near Eastern Neolithic is the great abundance of
and seeds in the sampled deposits. However, ethnobotamrifolieae seeds, which at Chogha Golan are mainly repre-
cal research demonstrates how intensively wild plants asented byAstragalusandTrigonella spp. In discussing this
gathered in non-industrial farming communities all over thdeature for Abu Hureyra, de Moulind997) concludes that
world (Johnston and Clelari®43 Harlan1989 Real997  various hypotheses could explain their high abundance.
Ertu 200Q Ibrar et al.2007 Mosaddegh et ak012. We  Possible explanations include their having been gathered
predominantly use the results of ethnobotanical researdbr food or animal fodder, their cultivation together with
in Near and Middle Eastern countries to assess the potetrops to naturally fertilize the elds, or they became abun-
tial uses of wild taxa regularly interpreted as arable weeddantly charred through the burning of dung. In addition,
This ethnobotanical database clearly indicates that mosthnographic reports have documented the regular col-
of these taxa are used for various purposes and therefdeetion of Astragalusshrubs as fuel (Ertu200Q Ozgen
they may represent the remains of intentionally gathereet al. 2004 Ajaib et al.201Q Giine and Ozhatap011;
resources and not necessarily crop processing by-productkan et al.2013. As is the case with other sites like Abu
In the following paragraphs, we will discuss this possibilityHureyra, the record from Chogha Golan does not give us a
for the most frequent wild fruits and seeds. OnlyRista-  solution to this issue.
cia nuts do not require a more detailed discussion, as they Hillman (2000 and Wollstonecroft et al2008 investi-
represent the most obvious example of collected wild fruitgated possible ways of prepariBglboschoenuplant parts
at Chogha Golan. and concluded that particularly nutlets and tubers can be
The green parts of severdllalva species are regularly processed into delicate foods. We did not nd tubers in the
gathered for food and medicinal purposes in rural Anatoliaotation samples from Chogha Golan, but charred nutlets
and Jordan today (Ozgen et 2004 Simsek et al2004  occur frequently. According to G. C. Hillman, they need to
Kargolu et al. 2008 Kultir 2008 Uysal et al.201Q  be roasted and can then be consumed pure or pounded into
K z larslan and Ozhatag012 Nawash et al2014 Do an our. Whether theB. glaucusnutlets from Chogha Golan
and Tuzlac 2019. Ertu (2000 and Gune and Ozhatay were roasted to prepare them for consumption is unclear.
(2011 document the gathering ofl. neglectaseeds in However, based on the experimental results we consider
particular for their medical properties. Archaeobotanicathese fruits as a potential food resource that was possibly
evidence for the gathering and processinifloparviora  gathered. Wollstonecroft already discussed the frequent
has been reported from a working space in a brush hut atcurrence ofBolboschoenusnutlets in archaeobotani-
Ohalo Il (Weiss et al2008. Based on this ethnographic cal assemblages from the Fertile Crescent and regarded it
and archaeobotanical evidence for the use of several mals “entirely feasible that this plant was used as a food by
low species, the high frequency Mhlva seeds at Chogha late Pleistocene and Holocene Near Eastern people” (Wol-
Golan may be interpreted as indicating their deliberatéstonecroft et al2011, p 460).
collection. The two last groups to be considered here are the fre-
The tiny seeds of eithe@apsellaor Descurainiaoccur  quent medium and small-seeded grasses and the wild taxa
with a ubiquity of 16% in AH Il and 12% among the samfor which the ethnobotanical literature does not report
ples from AH | in Area A. This is surprising, as oily seedsknown uses of their fruits or seeds. We interpret the high
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frequency and diversity of medium and small caryopses and a reduced taxonomic diversity. In contrast, the taxo-
representing the harvesting of wild grasses in the enviromomic composition of the samples from AH Il was similar
ments around Chogha Golan. Exploiting natural stands dfetween the two di erent excavation areas. These statisti-
grasses demonstrably has a long tradition in the Epipalaeal analyses demonstrate the need for taphonomic analy-
olithic and even the Palaeolithic of the Near East (Weisses prior to the reconstruction of the subsistence economy
et al.2004 Lev et al.2005 Savard et al2006 Benz et al. and its development through time, as the preservation of
2015 Arranz et al.2016h, which seems to have been charred botanical assemblages can signi cantly be a ected
replaced only gradually by domestic cereals. The rich ettby post-depositional processes as well as the applied sam-
nographic record for the exploitation of wild grasses bypling strategy.
hunter-gatherers as well as traditional farmers around the The subsistence economy during the formation of the
world supports this interpretation (Johnston and Clelantivo uppermost horizons is characterized by the emerg-
1943 Bohrer1975 Harlan1989 1999 Real997 Batello ing cultivation of domestic emmer wheat. Wild barley,
et al.2004. Aegilopssp., lentils, peas and various vetches were possibly
Among the wild plants with a ubiquity of more than cultivated as well. Archaeobotanical analyses of prehistoric
10% and without reported uses for their fruiting structuredakeshore settlements and ethnobotanical investigations in
we mostly nd genera containing classic arable weedshe Near and Middle East indicate that wild plant resources
(Table 4). However, all these taxa include species whosare routinely gathered by non-industrial farming communi-
vegetative parts can be consumed or used as a remetigs. The high frequency and diversity of medium to small
Although the deliberate gathering of such plant parts carruits and seeds such as grasses, nutleBolifoschoenus
not be demonstrated using charred plant assemblages, glaucus seeds ofMalva and CapselldDescurainia may
want to emphasize the huge use potential of the recordduerefore indicate their deliberate gathering. Although
genera. Regardless of whether the fruits and seeds rec@rehaeobotanists regularly interpret many of the medium
ered from the deposits represent crop processing by-prodnd small-seeded taxa identi ed at Chogha Golan as arable
ucts or not, these taxa grew in the environments aroungleeds, we make use of alternative explanations for their
Chogha Golan. As Hillmarn2000 pointed out, they alter- frequent occurrence. The ethno- and the archaeobotani-
natively may represent exploited resources, for which weal record from the Near and Middle East justi es such an
will hardly nd direct evidence in charred archaeobotanicalpproach, although we do not rule out that crop processing
assemblages from the Near East. activities contributed to the formation of the archaeobotani-
cal assemblage.
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ESM Fig. 1 aOutline of Chogha Golan with the location of the deep sounding andatiaraArea A in the
center of the moundy The deep sounding and excavation Area A in 2010, not©tReR W kvithfhMheSdutline
of the deep sounding The south profile of the deep sounding showing the positiordapth(z-values in m) of
AH I and II. All figures and photos by M. Zeidi



Laboratory and quantification methods

Sediments were floated on-site using sieves with mesh sizes ci200/e conducted all laboratory
work in the Institute for Archaeological Sciences at the University of figebi The botanicaler
mains were identified using a Euromex binocular with 10x to 60x magnifications and thecdlotani
comparative collection. Measurements and photos were taken with a Keyence VHX-500FD Digit
Microscope with 20x to 200x magnifications. For convenience, designation of specias tvéhi
Triticeae follows the traditional classification.

Complete seeds and fruits including fragments of which >50% is preserved were couated as
Specimens with <50% preservation were also counted as one, except if two dfabosnts of the
same sample complemented each other. Specific quantification methods were applied t@ pistachi
shell fragments, Poaceae grain fragments and cereal chaff remains.

The material from Chogha Golan hardly contains complete pistachios, which couldepsokefe-

ence value for the mean weight of one complete pistachio shell. We therefore applialdi¢hased

by van Zeist and Bakker-Heeres (1982), who weighed 37 complete nutshells from Ramdd and o
tained a mean weight of 0.021 g.

Most samples contain a high amount of large to medium-sized Poaceae grain fragmenimai® es
the minimum number of whole grains present in one sample, only fragments repgegengmbryo-

end of a grain were counted and added to the number of whole grains (cf. Jones 1990).eSametim
few caryopsis fragments of a certain species occur in a sample and none shtivesrthe embryo-
end. In this case we calculated a MNI by counting all caryopses with >50% predeaitiedm chaff

was quantified according to the method proposed by Hillman et al. (1996), witegduve bases
were counted to equal one spikelet folegilopschaff was quantified in the same way with a spikelet
base (cf. Fig. 4b) being equivalent to a wheat spikelet fork.

Information on morphological identification criteria

Among the taxa which we attempted to identify to the species [Ekigtum dicoccoidefslicoccum
and boeoticum Aegilopssp. andBolboschoenus glaucugquire additional information. Among the
Triticum chaff remains we differentiated between einkorn- and emmer-type chaff. Eictkaifnis
characterized by glumes with large primary keels, well developed secondary keels and a smooth glume
surface. The keels are less prominent among the emmer specimens, which show a pienngnt
venation on the glume surface (cf. Hillman et al. 1996). However, only glumes anctisfokied in
which these features are very distinctive can be assigned to either einkorn en. dimenmajority of
chaff remains did now allow distinguishing between both taxa, because the tgptoa¢s were hard-
ly characteristic or badly preserved. The high number of terminal spikeldtsrfiurtlicates a predo-
inance of emmer in the wheat remains from Chogha Golan.

Aegilopsspikes produce two different types of diaspores, according to their mode isfdeseinticué-
tion: the wedge type and the barrel type spikelets (Morrison 1994). Among the arhafhs from
Chogha Golan, no wedge type spikelets were found and all complete spikelet bases have a heart-
shaped abscission scar, which is small in relation to the whole spikelet masébjFThis combia-
tion of morphological features is characteristic for the sedffieriebrata in which Hammer (1980)
places the species. tauschij crassa ventricosa juvenalisandturcomanica However, the morp
logical differences between these species are yet to be studied in nidtait @o not provide a more
precise identification.

The size range as well as the shape of the ch&uo#dibschoenusutlets from Chogha Golan cesr
sponds to that of archaeobotaniBalglaucusfinds from Near Eastern Neolithic sites (Wollstonecroft
et al. 2011; ESM Fig. 1). The nutlets from Chogha Golan have a thin exocarp ackl mdbocarp
and are therefore distinguishable fr@nmaritimus which has a thick exocarp consisting of radially
elongated, cylindrical cells (cf. Wollstonecroft et al. 2011, Fig. 1). Based ea therphological and
anatomical features, we identified the nutlets from Chogha GolBnglaucus
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ESM Fig. 2 Shape and size variability Bolboschoenusutlets from AH Il of Chogha Golan. Mean dimensions
and size ranges of 17 nutlets are 1.93(1.57-2.29) x 1.43(162%+hm

ESM Table 1 Taxa and groups represented by the major plant categories that werp theeéirst correspai
ence analysis and for characterizing the overall botanical compositiompfesaanalyzed for this study. The
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ESM Fig. 3 The influence of the two different sampling strategies on the catiggoand proportion of plant
remainsin AH Il of excavation area A. Note that particularly small seeded grasses incRideagntype have
higher proportions in the judgment samples, whefledium chaff has significantly higher proportions in the
systematically floated columnéegilopschaff only shows a weak trend towards such a pattern. All other taxa
are equally present in both sample types
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Abstract

The present study investigates the occurrence of wild grasses at Epipalaeolithic and acera-
mic Neolithic sites in the Near East in order to assess their role in subsistence economies
S . alongside the emergence of cereal cultivation. We use Chogha Golan in the foothills of the

(2018) A systematic review of wild grass .
exploitation in relation to emerging cereal central Zagros Mountains (ca. 11.7+9.6 ka cal. BP) as a case study, where the archaeobota-
cultivation throughout the Epipalaeolithicand ~ hical data suggest the frequent exploitation of a complex of wild grasses for almost 2,000
aceramic Neolithic of the Fertile Crescent. PLOS years. Domesticated emmer replaced these wild grasses as the major food resources
Sﬂi;ﬁi‘;ﬁ:ﬁ:ﬁnps'//dO"Org/lo'l371/ towards the end of occupation at the site (ca. 9.8 ka cal. BP). We discuss possible implica-

tions of this development and conclude that the traditional concept of pre-domestication cul-
tivation seems unsuited for explaining the patterns from Chogha Golan. These data are in
good accordance with the overall picture in the Zagros Mountains, where wild grasses were
routinely gathered throughout the early Holocene. In contrast, wild grasses were gradually
AcceptedDecember 1, 2017 replaced by wild cereals in the Levantine corridor since the end of the Pleistocene. However,
Published:January 2, 2018 several sites located in this region provide evidence for a continuous exploitation of wild
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agriculture has long focused on the origins and identification of domesticated ce?éalzf,

which represents a major research area until tod&yP7]. The last 20 years saw major

advances in methodological and theoretical approaches, which eventually resulted in the prop-
osition of the pre-domestication cultivation hypothesi&f37. This scenario assumes that

the focus on wild cereals at sites in the southern and northern Levant during the early Pre-Pot-
tery Neolithic (PPN) reflects the beginnings of cultivation, although morphological signs of
domestication are still rare or absent. Besides evidence for increasing grain sizes over time
[33t35 and the gradual replacement of gathered wild species by wild progeniaf], this
hypothesis is based on the interpretation of potential arable weeds as indicators for cultivation
activities B7,39].

Today we owe this intensive archaeobotanical research a much clearer picture of emerging
cultivation than during the 1990s and substantial methodological advances for the analysis of
Neolithic plant assemblages. However, such a heavy focus on emerging cereal cultivation and
domestication automatically tends to neglect the exploitation of wild plant resources by early
farming communities. Many authors acknowledged the presence of a high diversity of poten-
tially usable wild plants in aceramic Neolithic assemblages, but predominantly interpreted
fruits and nuts from , , , or as gathered food2B,28,
32,353%41]. This is mainly due to the fact that these fruit-bearing trees, shrubs and climbers
produce large, calorie-rich fruits and do not contribute to crop-processing products or by-
products. In contrast, many potentially usable wild plants are part of arable weed floras and
their fruiting structures often accumulate in archaeobotanical assemblages consisting of
threshing and sieving remains. Disentangling gathered species and arable weeds therefore rep:
resents a major challenge in interpreting prehistoric archaeobotanical assemblage$.[

Based on finds from Ohalo Il, Hayonim cave and Kebara cave we know that wild plant
foods, including grasses and legumes, have been exploited by Middle Palaeolithic and Epipa-
laeolithic hunter-gatherersifz47]. Particularly Ohalo Il yielded a rich archaeobotanical
assemblage with a high proportion of wild grasses. Weiss et al. interpreted these finds as repre-
sentative of staple foods that have been gathered alongside wild cereals and formed part of the
aproad spectrum revolution® originally postulated by Flannery in 196%p50. Additional
evidence for the frequent exploitation of wild Poaceae species that have never been domesti-
cated came from sites in the eastern wing of the Fertile Crescent. Savard et al. found high pro-
portions of wild grains in the early Holocene assemblages from Qermez Dere and M'lefaat
[5]], supporting the view of Weiss and his colleagues that non-cereal taxa played an important
role in subsistence economies prior to the beginnings of cultivation. Similarly surprising were
the storage finds of wild grains from PPNA Gilgal and the aceramic levéiatati@y ik,
suggesting that wild grasses have been continuously consumed alongside cultivated wild and
possibly even domestic cered&,p3. However, Weiss et al. demonstrated a decrease in abun-
dance for non-cereal taxa towards the PPNA in the Levant, having negligible proportions dur-
ing the PPN and being insignificant for the diet of the earliest farmég [This assumption
was in accordance with the overall development of early Holocene subsistence strategies in the
Levantine corridor, but at the same time raises the question of whether this view is applicable
to the aceramic Neolithic as a whole? Particularly as scholars seem to agree upon a substantial
diversity in subsistence strategies that characterize the late Pleistocene and early Holocene
human groups in the Near East?,1851,54+6(]. Moreover, several rich archaeobotanical
assemblages from the Levantine corridor have been investigated and published since 2004,
making it sensible to re-evaluate the relation between wild grass use and emerging cereal culti-
vation in this region.
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Focus and goals of the study

In this paper we present additional evidence for the routine exploitation of wild grasses along-
side wild cereals from the aceramic Neolithic site of Chogha Golan in the foothills of the cen-
tral Zagros Mountains. Based on this case study we discuss how the emergence of agriculture
on the site relates to the gathering of wild grains that directly @competed® with domesticated
cereals in the subsistence economy. In this regard, our main goals are to investigate how the
roles of wild grasses and wild and domestic cereals change throughout the site's occupation
and whether the traditional pre-domestication cultivation hypothesis is suited to explain this
development.

By using Chogha Golan as a starting point, we systematically reviewed the occurrence of
wild grasses at Epipalaeolithic and aceramic Neolithic sites in the entire Fertile Crescent. Our
main goal is to trace the development of wild grass exploitation in relation to emerging cereal
cultivation and domestication. For investigating this, we conducted a spatial and temporal
analysis on the occurrence of wild grasses and cereals. In addition to proportions and ubiquity
values, we considered the interpretation of the wild grasses by the individual authors and their
occurrence in specific contexts. The major aims of these analyses are to evaluate how the role
of wild grasses changed through time and whether we see differences in plant exploitation
strategies among the sub-regions of the Fertile Crescent. This is of major significance for
understanding the Neolithic transition, because the harvests of wild grasses directly compete
with cultivated grains and may shed light on the reasons why initial cereal cultivation appeared
with a high temporal variability throughout the Near East.

A further goal of this paper is to identify constraints in the currently available information
on Near Eastern wild grass use and to evaluate how future research should address this issue t
proceed in reconstructing the origin of charred grains in anthropogenic deposits.

Material and methods

The site of Chogha Golan and its palaeoecology

The aceramic Neolithic site of Chogha Golan is located in the foothills of the Central Zagros
Mountains in Iran (Fig 1). Members of the Baingen Iranian Stone Age Research Project
(TISARP) and the Iranian Center for Archaeological Research excavated the site in 2009 and
2010 B1]. The tell covers an area of about 3 hectares and is situated near the right bank of the
Konjan Cham River$1A Fig. Two trenches, a deep sounding and excavation area A, were
opened in the center of the moun&( B Fij. The deep sounding has an extentof2x 1.5m
and was excavated into sterile sediments 8 m below the tell surface. The excavators divided the
stratigraphy of the deep sounding into eleven archaeological horizons (hereaft&r1AH: 9.
A series of radiocarbon dates places the occupation between ca. 11,700 and 9,600 t€]. B.P. [
First evidences for substantial architecture, represented by remains of a mud-brick wall and a
plaster floor, date to between ca. 11,000 and 10,600 cal. B.P., suggesting that permanent occu-
pation at Chogha Golan lasted for at least 1,000 years or longer. The ground stone assemblage
consists of mortars, pestles, grinding slabs, handstones, and pounders, while the chipped stone
industry is characterized by bladelet production and little variance in tool typa8§3J.

Riehl et al. presented first results on the palaeoecology of Chogha GdlaA¢cording to
the anthracological analysis, the nearby semiarid - woodland steppe and the
riparian vegetation were exploited for wood resources. The faunal material is dominated by
ungulates and contains a high abundance of fish remains, but the preliminary results and the
small sample size do not allow drawing final conclusions on possible management practices or
morphological domesticatiorsp]. The available archaeobotanical data indicate the
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Fig 1. Epipalaeolithic and aceramic Neolithic sites mentioned in the text. (1) Chogha Golan; (2) Ali
Kosh; (3) Chogha Bonut; (4) Chia Sabz; (5) Ganj Dareh; (6) Sheikh-e Abad; (7) M'lefaat; (8) Qermez Dere; (9)
Hallan Gemi; (10) Demirk&y; (11) Ké&ttik Tepe; (12) Gayéni (13) Cafer H&yilik; (14) Gritille; (15) Nevali ori;
(16) Tell “Abr; (17) Dja'de; (18) Halula; (19) Jerf el Ahmar; (20) Sabi Abyad II; (21) Tell Qaramel; (22)
Mureybet; (23) Abu Hureyra; (24) EI Kowm II; (25) Tell Bougras; (26) A Gkli H&yiik; (27) Eatalh&yik; (28)
Pinarba (i; (29) Can Hasan III; (30) Ras Shamra; (31) Tell Ghoraifé; (32) Tell Aswad; (33) Tell Ramad; (34)
Eynan; (35) Hilazon Tahtit; (36) Ohalo II; (37) Wadi al-Hammeh 27; (38) Irag ed-Dubb; (39) Gilgal; (40) Netiv
Hagdud; (41) ZAD 2; (42) el-Hemmeh; (43) Wadi Faynan 16; (44) Kharaneh 1V; (45) Wadi el-Jilat 6 & 7.

https://doi.org/10.1371/journal.pone.0189811.9001

exploitation of a high diversity of wild plant resources including a large component of wild
progenitor specieslg44]. A considerable increase in small-seeded grasses between AH V and
Il may indicate a shift in resource availability with a possible contribution of climatic fluctua-
tions. The abundant wild barley grain and chaff remains, combined with temporal grain size
increases paralleled by high3C values indicative of enhanced growing conditions, may

reflect management practices during this pha&@ &nd we do not rule out this possibility for

the equally abundant sp. remains44]. Domestic-type emmer wheat chaff dominates

the cereal remains of AH Il and | and represents the first unequivocal evidence for the cultiva-
tion of a domestic crop at the site by ca. 9,800 cal. BR2[,44].

Sampling and laboratory methods

For the present study the first author analyzed 23 additional flotation samples from AH VIl to
Il of the deep sounding in order to increase the sample size for the occupation period that pre-
cedes the beginnings of agriculture at Chogha Golan and is contemporary to the early and
middle PPNB of the Levantine sequence. A radiocarbon date from AH VIl dates to about
10,600 cal. BP and predates the sediments studied in this paper, for which radiocarbon dates
accumulate between ca. 10,000 (AH VI-1V) and 9,800 (AH IlI-11) cal. B&.[Whether the

age of AH VIl is more close to 10,600 or 10,000 cal. BP is currently not clear. For illustrating
the development of gathering and cultivation practices after the accumulation of these sedi-
ments, we use the data from 15 samples from AH Il of the deep sounding. These have been
analyzed by Weide et al., who showed that they are representative of the general subsistence
economy during this final settlement phasef.
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The analyzed flotation samples derive from two main sediment types. Collapsed and
decayed building debris intermixed with occupation deposits formed AHs II, 1ll, V and VI,
whereas AHs IV and VI represent midden deposits mostly consisting of ash, charcoal, bone
fragments and stone artifact8]]. Sediments macroscopically containing a high ash compo-
nent and carbonized plant remains were sampled for bucket flotation using a 0.2 mm mesh.
All laboratory work was conducted at the Institute for Archaeological Sciences at the Univer-
sity of Tuebingen, where the archaeobotanical material is currently archived. The botanical
remains were identified using a Euromex binocular with 10 to 60x magnifications and the
botanical comparative collection. For convenience, designation of species within the Triticeae
follows the traditional classificatiorbf]. Quantification methods followed the procedure
described elsewheré4]. We did not calculate ubiquity values for the taxa in the samples from
the deep sounding, because most of them would have a very high frequency of up to 100% as
an artifact of the small sampling area.

Classification of the Poaceae taxa

Archaeobotanists traditionally divide Poaceae taxa into groups according to the dimensions of
their caryopses. As an alternative approach we decided to use grain weight, based on the aver-
age 1000 seed weight given in the Seed Information Database of the Royal Botanic Gardens
Kew [67]. Due to the variability and overlap in grain dimensions and weight, a strict division

of taxa into size classes can hardly be achieved without additional critgriagbleS2 Fig.

We therefore used the common functional interpretation of grasses alongside grain weight to
form groups for our analyse§ &ble J.

The 2small-seeded wild grasses® comprise genera with an average grain weight of less than
3g. Many species in this group are commonly interpreted as representative of dung-burning or
fuel collection activities. From this group we separate all genera with an average grain weight
of 3g or more. These taxa are commonly regarded as potential food plants or arable weeds and
most of them have a reduced probability of being preserved in herbivore dung due to their

Table 1. Classification of Poaceae taxa frequently identified among Epipalaeolithic and aceramic Neolithic archaeobotanical assemblages from
the Near East.

1 2 3

Wild and/or domestic cereals

Large to medium-seeded wild grasses Small-seeded wild grasses

Hordeum spontaneum/distichum Aegilops spp. Aeluropus spp.*

Triticum boeoticum/monococcum/urartu Avena spp. Alopecurus spp.

Triticum dicoccoides/dicoccum Bromus spp. Agrostis spp.*
Echinaria capitata Crypsis spp.*
Eremopyrum spp. Echinochloa spp.
Hordeum spp. (without spontaneum) Eragrostis spp.*
Lolium spp. Phalaris spp.
Piptatherum spp. (only the larger Phleum spp.
holciforme-type has been identified) Poa spp.*
Secale spp. Puccinellia spp.*
Stipa spp. Setaria spp.
Taeniatherum caput-medusae Sporobolus spp.*

1 wild progenitor species and their domesticated relatives; commonly interpreted as food plants

2 Wild grasses with an average 1000 seed weight of 3g or more that do not belong to the founder crops; commonly interpreted as food plants and/or weeds
3 wild grasses with an average 1000 seed weight less than 3g; high proportions are often interpreted as representing dung-burning or fuel collection

4 These taxa have been interpreted as fuel or dung-derived [18,39,57,85,87,90].

https://doi.org/10.1371/journal.pone.0189811.t001
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larger grain size]86869. We further differentiate among these taxa between grasses that

were domesticated during the aceramic Neolithic and were thus often interpreted as pre-
domestic cultivars, and those that are no progenitors of the classical founder ¢@pa/e

refer to this second group as 2large to medium-seeded wild grasses®, whereas the first group
contains the 2wild and domestic cereals®. A possible classification of some large-seeded wild
grasses such as or spp. as cereals will be discussed below. In this regard it

is important to note that the functional interpretations assigned to taxa within a group are not
mandatory and single taxa can still be interpreted differently. Combining different criteria

based on physiological characteristics of grains and possible usage currently provides the most
plausible, knowledge-based classification for our analyses.

Correspondence analysis

Correspondence analysis is a multivariate statistical method routinely used by archaeologists
to examine the complex relationships between variables in a contingency Taplm[our

analysis the variables represent the botanical taxa identified from the charred plant remains,
whereas the cases represent the flotation samples. We applied correspondence analysis to
investigate how the samples from AH VII-1l of the deep sounding differ in their taxonomic
composition and whether these differences can be attributed to the chronological order of the
horizons or the sediment types.

The original dataset included 93 taxa in 38 samples. To avoid the bias of rare species and a
poor preservation, we omitted all taxa with a ubiquity lower than 10% and all samples contain-
ing less than 100 identified specimens from the analysis. Because this procedure would have
substantially influenced the original dataset, we combined rare taxa with a similar taxonomic
rank or ecological implication in order to reach a ubiquity of 10%. Following this procedure
we could maintain the majority of the original data and generated a table comprising 47 taxa
in 36 samples.

Multivariate statistics can be used to disentangle cultivated species, arable weeds, gathered
resources and dung-derived plant remains, given a large dataset deriving from a multitude of
contexts is available (see ef]]. As the majority of samples from Chogha Golan derives
from the relatively narrow deep sounding, only representing one context per settlement phase,
we could unfortunately not apply a multivariate approach to disentangle the botanical taxa in
this regard.

A temporal and spatial analysis of Near Eastern wild grass use

We systematically reviewed the published archaeobotanical literature for examining wild grass
use throughout the Epipalaeolithic and aceramic Neolithic. After screening all published
reports, we defined standard criteria for subsequent analyses, which resulted in differing sets
of sites for the conducted analyses and allowed to consider a maximum number of datasets for
reviewing wild grass us&8 Fig. A total of 14 individual archaeobotanical assemblages were
excluded, because the plant remains were too poorly preserved or not fully published. Assem-
blages deriving from only one single context, e.g. the grain storage from Gilgal I, were also
omitted from the quantitative analyses.

For our analyses we used the proportions of the different Poaceae taxa and categories
together with their ubiquity values. Taphonomic processes and diverging quantification meth-
ods can result in a heavy overrepresentation of single botanical taxa in charred assemblages.
For instance, several PPNA sites in the southern Levant yielded extremely high counts for fig
nutlets and shell fragments, which resulted in a strong proportional decrease of all
other plant groups2835,77. To avoid such biases in our interpretations, we did not plot the
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proportions of the grass categories together with all other plant remains. Instead, we only ana-
lyzed the proportions of the different grass categories for all sites that yielded more than 100
caryopses, regardless of the analyzed sample number. Furthermore, we excluded Poaceae che
remains and indeterminate cereal grain fragments from this analysis. Chaff of non-cereal taxa
is rarely preserved in charred archaeobotanical assemblages, which often contain high propor-
tions of identifiable cereal chaff. This disproportion in the occurrence of spikelet remains from
different groups would substantially bias our results towards decreased percentages for non-
cereal taxa. Similarly, indeterminate cereal grain fragments are often very abundant and
included in the published data. Their numbers are rather indicative of fragmentation rates and
regularly result in extremely high proportions of the cereal grain category. Therefore, we only
compared the identifiable cereal grains with the number of caryopses from non-cereal taxa,
which rarely contain high counts of indeterminate fragments. This procedure gave consistent
results and effectively reduced the influence of different survival ranges or quantification
methods.

Ubiquity values were used to plot the occurrence and frequency of selected genera over
time. We defined a threshold of ten flotation samples to include sites into this analysis. Differ-
ent occupation phases have occasionally been combined in order to reach this minimum num-
ber of samples. For Chogha Golan we combined the samples from the deep sounding with
those from excavation area A4 to obtain unbiased frequencies. Ten samples is a quite low
number to calculate ubiquity values, but as we can show below, it proved sufficient to investi-
gate wild grass abundance over time. In addition, we included all sites with more than ten ana-
lyzed flotation samples into this analysis, from which ubiquity values could not be calculated
based on the way the data were published. For these sites we only indicated the presence or
absence of taxa. Interestingly, such publications accumulate in the Epipalaeolithic and PPNA.
Excluding them would have resulted in a biased occurrence of wild grasses for these periods.
Finally we have to clarify that, for practical reasons, we only use the term Pre-Pottery Neolithic
and its subdivisions into PPNA, early, middle and late PPNB in a strict chronological and not
in a cultural sense.

Results

The composition of the archaeobotanical material from Chogha Golan

S2 Tablayives the plant remains from the samples analyzed for this study. The assemblage
comprises 81 taxa from 20 families, summing up to about 23,500 items. The midden deposits
of AH IV and VI provided the richest samples with an average find density of 195 items/liter
soil and a maximum of 360 items/liter soil in a sample from AH IV. Samples from the decayed
building debris had lower find densities with an average of 55 items/liter soil and a maximum
of 147 items/liter soil in AH III.

The Poaceae remains.Poaceae grains and chaff represent the most abundant plant
remains in the analyzed samples with overall proportions between 34% in AH VI and 75% in

AH IV (Fig 2A). The small-seeded taxa sp. and type, together with small inde-
terminate grains, contribute the major portion to the grass remains. Large to medium-seeded
taxa such as sp., sp., sp., sp.,

and Triticoid type form a second abundant group. They are mostly represented by grains
and yielded only few identifiable chaff remains. Along with fragmented spikelet bases of
, sSpikelets of an indeterminate type have been frequently found. Among the
cereal species, is well represented by both grains and rachis segments.
The domestic-type rachises reach their highest proportion in AH VIl with 3.6%, still indicative
of a population with shattering ears. Species of only yielded glume bases and spikelet
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Fig 2. Proportional development of the major taxonomic groups from AH VI to Il in the deep sounding
of Chogha Golan. (A) Proportions of all analyzed plant remains; (B) proportions of all seeds and fruits without
the small-seeded grasses; (C) proportions of Poaceae chaff only. Numbers in brackets give absolute counts.

https://doi.org/10.1371/journal.pone.0189811.9002

forks, but virtually no identifiable grains. The major portion of the identifiable rachis and
glume base fragments could be attributed to emmer wheat, whereas einkorn constitutes a
minor component of the wheat chaff. The emmer chaff from AH Il was identified as pheno-
typically domesticatedlfg,27,44], whereas the chaff remains from the older horizons mostly
contain non-diagnostic specimens. sp. grains and chaff yielded proportions
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comparable to these typical cereal species. We therefore regard sp. as economically
equally important as . and the species and include it into the cereal cat-
egory at Chogha Golan (but see tiecussiorbelow).

Since the cereals yielded such abundant identifiable chaff remains, but the other wild grass
taxa did not, we excluded the Poaceae chaff to evaluate the relative proportions between cereal
and the large to medium-seeded wild grasses. Here, the small-seeded grasses have also been
omitted, because their high percentages have a large impact on the relative proportions of all
other taxonomic categories. Excluding these two groups allowed interpreting the proportional
development of the cereals and large to medium-seeded wild grasses more ditieci) (

Now, grains of . and sp. continuously make up about 10% of the assem-
blage, whereas the other large to medium-seeded wild grasses show a gradual development
throughout the analyzed sequence. They increase from AH VII (18%) to AH IV (23%) and

again decrease towards AH Il (15%). In their entirety, these large to medium-sized grains con-
stitute higher proportions to the analyzed material than cereal grains. However, the lower

grain volumes of the medium-seeded grasses have to be taken into account while assessing the
relative importance of these taxa compared the cerealsS&€€).

Fig 2Cgives the relative proportions of the analyzed chaff remains. Rachises and spikelet
bases of . and sp. dominate AH VIl to I, where they contribute
between 62% and 87% to all chaff remains. In these horizons they are equally abundant except
for AH IV, where . rachises outnumber spikelets by far. This trend is
also visible for the grains and might represent a bias due to unknown factors that contributed
to the formation of these midden deposits. chaff has relatively low values between
AH VIl and Ill, but substantially increases towards AH Il where it dominates the chaff remains
(42%). The spikelets of the indeterminate type and fluctuate
throughout the sequence (10+34%) and only reach proportions comparable to the cereal spe-
ciesin AHV.

Although most grass taxa are solely represented by grains and  spp. only yielded
chaff, the temporal development of the different grasses becomes apparent by plotting all these
data togetherkig 3. Despite the paucity of identifiable chaff remains among the large to
medium-seeded wild grasses, they reach counts as high or higher as the cereals between AH
VIl and IV, indicating an important role in the subsistence of Chogha Golan. With the appear-
ance of spp. chaff in AH Il and its dominating status in AH II, all wild grasses
together with . and sp. decrease in absolute and relative numbers.

Fruits and seeds of other plant groups. Legume seeds represent the second largest group
of plant remains in the analyzed samples. Large legumes such ap., sp. and species
of and contribute about 17% to AH VI, but range between 3% to 8% in all other
horizons. These values are only slightly smaller than the proportions for the cereal grains,
which remain constant while the large legume seeds steadily decline towards Ailg BA
and 2B. In contrast, small legume seeds belonging to the genera . and

reach percentages between 14% and Z5%04A). The development of their relative
abundance is significantly affected when plotted together with the small-seeded grasses and
the Poaceae chaff. Then they seem to decline from the older horizons towards AH IIl, but
show rather constant percentages after the small grasses and chaff remains are ekajuded (
2B).

In addition to the grasses and legumes, between 6% and 24% of the assemblages per horizo
consist of fruits and seeds of other wild ta¥ag 2A; S2 Tablg After excluding the small
grasses and chaff remains, they have fluctuating percentages between 17% and 28%. Among
them, edible fruits and seeds of sp., , sp. and several cru-
cifers ( sp., N , sp.) abundantly occur in the analyzed
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Fig 3. Composition of identifiable Poaceae remains in samples from AH VIl to Il in the deep sounding of Chogha

Golan. Note that the categories are represented by different plant organs. The x-axis gives z-values of the deep sounding
starting with 20m at the tell surface; the y-axis gives absolute counts up to 500, higher counts are given above the
respective bars.

https://doi.org/10.1371/journal.pone.0189811.g003

samples. Particularly sp. and sp. seeds reach high counts in the samples from
the midden deposits of AH VI. Nutshell fragments of represent the only remains of a
gathered tree-fruit. They constantly occur in all samples, but are significantly less abundant in
the middens of AH VI and IV 62 Tablg

Major factors influencing sample composition at Chogha Golan

The correspondence analysis plotiim 4shows a sample distribution that follows a parabola,
which is also known as 2horseshoe-effectq][ Samples from AH Il are placed at the left end

Fig 4. Scatter plots of a correspondence analysis testing for inter-sample variation in the deep sounding. The plots show the distribution of (A) 47
taxa/categories from (B) 36 flotation samples. See S3 Table for coding of the variables and S4 Fig for the composition of Poaceae remains in the samples
used in the correspondence analysis.

https://doi.org/10.1371/journal.pone.0189811.g004
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of the first axis and are clearly separated from samples of the underlying horizons Il to VII
along axis one. Chaff of spp. together with seeds from the Caryophyllaceae family and
uncarbonized " nutlets are the most important variables that induce this
separation. Among the other horizons, AH lll is separated from AH IV and V along the first
axis. These two horizons completely overlap and are again separated from the oldest horizons
VI and VII. Three samples from AH VI form a distinct group at the right end of axis one. This
is particularly due to a high proportion of sp. and sp. seeds and bulbils of

in these midden-derived samples. Only here the taxonomic composition of the sam-
ples is significantly influenced by the type of deposit, whereas all other samples follow a strong
chronological trend throughout the stratigraphy. The overall composition of Poaceae remains
also follows this temporal trends@ Fig.

Wild grasses in the Epipalaeolithic and aceramic Neolithic of the Near
East

Grain proportions, single contexts and author's interpretations. Fig 5shows the pro-
portions of four groups within the Poaceae grains identified at Epipalaeolithic to late PPNB
sites of the Near East. References for all investigated sites including their general chronological
order and basic information about the author's interpretations of the wild grass remains are

Fig 5. The composition of Poaceae grains in archaeobotanical assemblages dating to the Epipalaeolithic and Pre-Pottery Neolithic of the Near
East. See S5 Fig for a detailed key to the sites represented by the pie charts.

https://doi.org/10.1371/journal.pone.0189811.g005
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given inTable 2 From 72 published archaeobotanical datasets including distinct sub-phases of
several sites, we used 46 datasets that yielded more than 100 Poaceae grains.

The data from the Epipalaeolithic comprise six sites that span a relatively large time period
from ca. 23,000 to the ¥2millennium cal. BP Eig 54). Ohalo Il is the oldest of these sites and
contains, like Wadi al-Hammeh 27 andEik Tepe, a minor proportion of wild cereal grains.
These sites are dominated by large to medium-seeded wild grasses, indeterminate specimens
and small-seeded taxa, respectively. Despite these differences in the dominant groups, wild
grasses have been regarded as important food resources at all three sites, possibly representini
staples at Ohalo Il and Ktik Tepe [40,49,60,73,74). Wild progenitors are completely absent at
Pinarbai, where small-seeded taxa were possibly gathered for fuel or construction materials
[79). In contrast, horizon 2 at Qaramel and the early phases at Mureybet date to the Pleisto-
cene-Holocene transition and already show increased values for the cereal group. Non-cereal
taxa including sp., sp. and a type resemblirg still make up the
major portion of grains at Mureybet and were regarded as possible food resoarest|
Qaramel cereal grains clearly dominate the assemblage and seem to represent the earliest evi-
dence for such a strong focus on wild progenitor species, in this case einkorn and barley. Will-
cox and Herveux regarded the large to medium-sized grains, of which the far majority comes
from one single sample and was identifieddas sp., as a possible contaminant of the wild
cereal harvestsf.

During the PPNA wild cereals became the dominating taxa at sites in the Levantine corri-
dor (Fig 5B. This development was associated with the emergence of potential arable weed flo-
ras, a gradual decrease of formerly gathered species and an increase in cereal grain size at site
in the upper Euphrates region. Willcox et al. interpreted this pattern as the beginnings of wild
cereal cultivation at Jerf el Ahmar, Qaramel, Dja'de and "&b}. [Colledge explored the data
from Mureybet with multivariate statistics and came to the same conclusitnds already
hypothesized by van Zeist and Bakker-Heets$. [Large to medium-seeded wild taxa are not
numerous at these sites except for Jerf el Ahmar and Dja'de. Willcox et al. regarded them as
potential arable weeds, but also noted that they represent potentially edible res@#cas [

Jerf el Ahmar, / grains have very high counts and a single concen-
tration of spikelet bases possibly represents the remains of threshing. For Dja'de,
grains of reach counts comparable to the wild cereals. These pat-

terns possibly indicate deliberate gathering of several wild grasses alongside early cereal culti-
vation in the upper Euphrates region. However, as the authors pointed out, their lower overall
grain volume speaks against an economic role comparable to the cereals.

Although the assemblages from the southern Levant show a less marked dominance of wild
cereal grains, pre-domestic cultivation has been proposed for all sites included in this analysis
[283540,77. Identifiable large to small-seeded wild grasses represent a minor component of
the grains from these sites. However, the major portion of the non-cereal grains from most
sites remained unidentified, but would significantly add up to the percentages of identified
specimens. Except for ZAD 2, where Meadows did not explicitly discuss these non-cereal taxa
[77, all authors regarded them as possible food sources. Particularly for Netiv Hagdud and
Iraq ed-Dubb, species of or were possibly exploited alongside wild cereals
[2840. However, with the proposition of pre-domestication cultivation for many PPNA sites,
scholars increasingly view crop-processing activities as possible explanations for the occur-
rence of these wild grasses in archaeobotanical assemblages. For instance, White and Makare-
wicz listed sp., and sp. as potential arable weeds, although
they admitted that 2there are many distinct plant exploitation strategies that could each pro-
duce an archaeobotanical assemblage exhibiting a weedy botanical spect)@iiy{]. Fol-
lowing this, they regarded the potential weed taxa as resources that were possibly harvested
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Table 2. The sites included in the quantitative analyses of this study with information on the number of samples, mesh size used during water flo-
Periods follow the Levantine sequence and have no strict cultural

tation and the interpretation of the wild grass finds by the respective authors.

implications.

Site (phase or area) C-14 dates (ka cal. Samples Mesh size |Author(s) Contextual evidence References for
BP; or interpretation(s) botanical
based on individual |loci (n) (mm) of wild grasses for wild grass  use/ data and
site origin interpretations
reports and
[133,134])

Epipalaeolithic

Ohalo Il 23 unknown unknown Staple food/arable in situ working area [38,49,73,74]
weeds
Pinarba G 16.2+12.9 25 0.1 Fuel, construction [75]
(Epipalaeolithic) materials
Wadi al-Hammeh 27 14+13.7 140 0.3 Potential food [40]
Wadi el-Jilat 6 13.7 10%° 0.3 Potential food [40]
Abu Hureyra (1) 13.2+12.8 unknown |1 Potential food/arable [121]
weeds
K& rtik Tepe (Younger | 12.4+11.7 116° 0.2 Staple food [60]
Dryas)
Epipalaeolithic/PPNA
Tell Qaramel (H2) 12.3+11.3 108 (H1-3) | 0.5 Harvested accidentally | Stipa sp. grains [76]
with concentrated
wild cereals in one sample
Mureybet (I-11) 12.2+11.3 33up unknown Potential food [24]
Qermez Dere 12.1+10.8 479 0.35 Staple food [51,130]
PPNA
Sheikh-e Abad 11.8+11.2 5 0.25 Potential food and dung | Separated in CA from [18]
(Trench 1) crop/
burning (esp. Poatype | weed group
1
Hallan & emi 11.7+11.3 178° 0.35 Potential food [51,130]
M'lefaat 11.7+£10.8 4 0.35 Staple food [51,130]
Kéitik Tepe (Early 11.6+11.3 231%° 0.2 Staple food [60]
Holocene)
Chogha Golan 11.7+10.6 13 0.2 Undetermined [16]

(XI-vI)

Iraq ed-Dubb 11.5+11.3 7 0.3 Potential food/arable [40]

(structures) weeds

Jerf el Ahmar 11.5+10.6 2660 0.5 Potential food/arable Context with [32]
weeds concentration of
Aegilops sp. spikelet
bases
Demirkéy 11.4+11.3 12v° 0.35 Potential food [51,130]
Mureybet (111) 11.4+10.5 280 unknown Potential food [24]
Netiv Hagdud 11.3+10.9 58 0.5 Potential food [28]
Tell Qaramel (H3) 11.3+10.9 108 (H1-3) | 0.5 Harvested accidentally [76]
with
wild cereals
Tell'‘Abr 11.3+10.9 30Y° 0.5 Arable weeds [32]
el-Hemmeh 11.2+10.6 15 loci’® 0.25 Potential food/arable [35,80]
weeds
ZAD 2 (Structure 1) 11.1+10.8 18 loci”® 0.5 Subsistence sensu lato [33,72]
(Continued)
PLOS ONE | https://doi.org/10.1371/journal.pone.0189811 January 2, 2018 13/38



Wild grass exploitation in relation to emerging cereal cultivation

Table 2. (Continued)

Site (phase or area) C-14 dates (ka cal. Samples Mesh size |Author(s) Contextual evidence References for
BP; or interpretation(s) botanical
based on individual |loci (n) mm) of wild grasses for wild grass  use/ data and
site origin interpretations
reports and
[133,134])

Pinarba t (early) 11+10.6 13vP 0.1 Potential food or fuel [57]

PPNA/early PPNB

Wadi Faynan 16 11.4+10.3 44 0.25 Potential food [131]

Tell Aswad (1) 11.3+10.4 9 unknown Arable weeds [23]

Dja'de 11.1+10.3 227 0.5 Potential food/arable [32]
weeds

early PPNB

ZAD 2 (Structure 2) 10.7+£10.5 8 loci 0.5 Subsistence sensu lato [72]
Tell Qarassa (Area 10.7+10.2 58P 0.25 Arable weeds/ [81]

XYZ) undetermined

€ ayE (grill-channel)| 10.6+10.2 98" unknown | Arable weeds/ [79]
undetermined

early/middle PPNB

Tell Aswad (II) 10.6+£9.5 219 unknown Arable weeds [23]
Pinarba a (late) 10.6+9.7 27 0.1 Potential food or fuel [57]
Nevali € ori 10.5+9.6 267 0.35 Arable weeds/ [94]
undetermined
Cafer H&yE k 10.3+9.5 62" 0.3 Undetermined [42]
A (ikli HEY & k 10.3+9.4 144" unknown | Undetermined [82]
middle PPNB
Chogha Golan (VII-Il) | 10.2+9.8 9g’° 0.2 Staple food This paper and [44]
Ganj Dareh 10+£9.5 12240 unknown | Potential food/ [39]
undetermined
Sheikh-e Abad 10 9 0.25 Potential food and dung | Separated in CA from [18]
(Trench 2) crop/
burning (esp. Poatype | weed group
1
el-Hemmeh 9.8+9.6 31loci’® | 0.25 Arable weeds/animal [80]
fodder
Sheikh-e Abad 9.6 27 0.25 Potential food and dung | Poa type 1 constitutes [18]
(Trench 3) over
burning (esp. Poatype | 90% to the samples
1
middle/late PPNB
€ ayinit (cobble-cell) | 10.3+9.4 105® unknown Arable weeds/ [79]
unspecified
Abu Hurerya (2A) 9.8+9.4 419 1 Potential food/arable [42]
weeds
Tell Halula 9.8+9 96 0.2 Potential food [108]
(Aegilops)/
arable weeds
Wadi el-Jilat 7 9.7+9.4 2190 0.3 Potential food/arable [40]
(Middle) weeds
Tell Ghoraifé(l) 9.9+9.4 18%° unknown | Arable weeds [23]
late PPNB
(Continued)
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Table 2. (Continued)

Site (phase or area)

Ali Kosh (BM-AK)

Sabi Abyad Il
Ras Shamra (Vc)
Gritille

Can Hasan llI

Abu Hurerya (2B)

Tell Bougras (Sq. 16/
13)

Tell Ramad (1)
Tell Ghoraifé(ll)

€ atalHgyi k East
(VI-PXII)

El Kowm (Il)

C-14 dates (ka cal.
BP;
based on individual
site
reports and
[133,134])
9.5+9

9.5+8.8
9.5+9.1
9.5+8.7
9.5+8.5

9.4+9.1
9.4+8.2

9.3+9
9.1
9.1+8.5

9+8.5

Samples Mesh size |Author(s) Contextual evidence References for

or interpretation(s) botanical

loci (n) (mm) of wild grasses for wild grass  use/ data and

origin interpretations

unknown unknown Arable weeds/wild [21]
resources

10 unknown Arable weeds [89]

25P unknown Arable weeds [95]

521° 1 Undetermined [132]

4 1 Arable weeds/ [83,129]
undetermined

43Y° 1 Potential food/arable [42]
weeds

g7ye unknown Undetermined [96]

130 unknown Arable weeds [23]

17v%° unknown Arable weeds [23]

61Y° 0.3 Potential food/arable Storage finds of [41,53,87,88]
weeds/ Taeniatherum
dung burning, basketry | caput-medusae grains

3P 0.3 Arable weeds/dung [42]

burning

Ub ybiquity was given in/calculated based on publication
regardless of the wild cereals, which might be interpreted differently
no information available, but small-seeded grasses were recovered in considerable abundance
CA = correspondence analysis

https://doi.org/10.1371/journal.pone.0189811.t002

from the fields as a minor food source alongside the cultivated wild cereals. Based on similar
considerations, Colledge did also not strictly distinguish between the non-cereal taxa as possi-
ble weeds or collected foods during the PPNA phase of Irag ed-Da@blp contrast, grains

and chaff remains of associated with in a storage context

at Gilgal clearly indicate that some large to medium-seeded wild grasses did represent impor-
tant foods in the Levantine PPNAf. Weiss et al. even raised the possibility that this finding
represents a harvest from cultivated field§][ which would attribute wild oats a status as

early cultivars.

Outside the Levantine corridor, evidence for an increased focus on the wild progenitor spe-
cies during the PPNA does not exist. For central Anatolia we are currently left with only one
site, Pinarbd, where wild cereals are virtually absent. The only abundant grass remains are
charred culm nodes and the small grains of a species, which Fairbairn et al. inter-
preted as a possible fuel souréé][ In contrast, many sites in the Zagros and Taurus Moun-
tains and the adjacent lowlands provide good evidence for diverse wild grasses gathered as
food sources during the PPNA, with large to medium-seeded taxa being more abundant than
the wild cereals. Whereas at Hall&e1@i and Demirkey the gathered grasses did not contrib-
ute a large portion to the whole charred assemblage and might represent a minor food
resource, they are regarded as major foods and even staples at all other sites of this region
included in the present analysi$§51,60,64]. Pre-domestication cultivation was recently
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proposed for Katik Tepe and Chogha Golarip,60,64). However, on both sites the wild pro-
genitor grains are less abundant than the entirety of non-cereal taxa.

The overall pattern that was characteristic for the PPNA continues into the early and mid-
dle PPNB, where domestic cereals provide unequivocal evidence for the beginnings of farming
[6,29). Sites in the Levantine corridor display a clear focus on cereals, now including domestic
speciesKig 5Q. Large to medium-seeded wild grasses make up considerable proportions of
many assemblages and were much more confidently interpreted as arable @geées31].

Sites where the abundant non-cereal taxa were still regarded as possible foods are Abu Hureyre
and Wadi el-Jilat 7, but also here domestic cereals are present and the wild grasses could repre
sent weeds4047].

Such a clear focus on a cereal-based subsistence strategy continues to be rare outside the
Levantine corridor in the early and middle PPNB.iRli Hdy &k represents the only site in cen-
tral Anatolia where domestic cereals were cultivategdZ]. Recent analyses indicate that wild
grasses are still frequent at the site (M. Ergun, pers. communication) and we should wait for
the final publication of the new results. In contrast, Pinaiilvapresents a presumably seden-
tary hunter-gatherer community, indicating the co-occurrence of distinct subsistence econo-
mies during the local establishment of agricultut&][ In the central Zagros Mountains, plant
domestication was proposed based on domestic-type emmer chaff for Chogha Golan and on
domestic-type barley grains for Sheikh-e Abad and Ganj Dat€éfi§27,3944. As shown
above, large to medium-seeded wild grasses represent major foods at Chogha Golan and
decrease with the emergence of domestic emmer. At Sheikh-e Abad wild grasses are also abun
dant in the levels dating to the middle PPNB, whereas they are outhnumbered by barley grains
at Ganj Dareh. Whitlam interpreted the non-cereal taxa at Sheikh-e Abad as gathered wild
foods based on the outcome of correspondence analy§gsr her plots, the large to
medium-seeded wild grasses are separated from a crop-weed-group comprising the domestic-
type barley grains and potential arable weeds.

Full agricultural societies are established in all regions of the Fertile Crescent with the late
PPNB €ig 50). The archaeobotanical record for central Anatolia and the central Zagros is
again very poor and the few investigated sites represent typical farming villages with a clear
focus on crop cultivationg1,41,83. Dung burning seems to have played a critical role in the
formation of the charred plant assemblages fré&atalhig/ék and Ali Kosh and dung pellets
were found during both excavationé1,84,85. Fairbairn and his colleagues used Pearson cor-
relations for associating the potential weeds with cereal grains and cHadtathiyak.

Among the analyzed taxa, -type and#  sp. grains positively and significantly
correlated with cereal grains, supporting their interpretation as common field weeds. Interest-
ingly, grains of did not show a significant correlation, but were
found in storage contexts together with -type grains $3. The authors regarded

these edible grains as potential resources, which were possibly utilized after crop procession
rather than being disposed. In applying standard criteria for the recognition of dung-derived
plant material in archaeobotanical assemblagésdnd correspondence analysis, Filipovi

confirmed the state of and as arable weeds at the si#&][ Grasses
have also been gathered for other purposes, incl. basketry, which was demonstrated via phyto-
lith analyses§¢g|.

A remarkable development in the Levantine corridor, particularly the upper Euphrates
area, is the increase in non-cereal taxa towards the late PPNB. Whereas de Moulins did not
strictly rule out continuing gathering activities at Abu Hureyr&, this pattern clearly reflects
the establishment of some grass species as successful arable weeds at sites suchfas Ghoraife
Ramad, El Kowm and Sabi Abyad B342,89. sp. represents the most common weed
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Fig 6. The proportions of small-seeded grasses among all Poaceae grains in relation to the mesh size
used during water flotation.

https://doi.org/10.1371/journal.pone.0189811.9006

at these sites, which is accompanied by sp. at Sabi Abyad Il and by sp. at El
Kowm.

Patterns in the record of the small-seeded grasses:ig 6shows the proportions of small-
seeded grasses among Poaceae grains in relation to the mesh size applied during water flota-
tion. This analysis includes 32 assemblages that yielded more than 100 grains. We found a
decrease in the abundance of small-sized caryopses at sites where sieves had mesh sizes
of > 0.25mm. The absence or scarcity of small-seeded taxa at these sites might therefore be
biased by the applied field methods. However, the proportions of small caryopses can also be
very low despite the application of fine sieves. At sites where sieves had mesh sizes of 0.25mm
or less, the percentage of small-seeded grasses among all Poaceae grains varies between 0 an
almost 100%. This suggests taphonomic rather than methodological factors for explaining the
observed variability.

Plotting the proportions of small caryopses through time did not reveal a temporal trend
towards increasing or decreasing percentagés 1). Instead, sites where small grasses clearly
dominate the Poaceae grains are missing in the southern Levant. Here, the highest proportions
of small caryopses occur at Epipalaeolithic Iraq ed-Dubb (exclusively , 42%) and ZAD

2 (cf. bulbils and# type, 38%). Colledge regarded the grains as pos-
sible food sources or arable weed€ [ whereas Meadows did not explicitly discuss these small
grains B377.

The highest proportions of small-seeded grasses with more than 60% of all grains occur,
with increasing percentages, at Ganj Dar&htalhyik East (VI-PXI1), Chogha Golan (AH
VII-11), Kdatik Tepe (Younger Dryas occupation), Pinarband Sheikh-e Abad (Trench 3).
Most authors explained this phenomenon with the collection of herbivore dung or the grasses
itself for fuel [L8,39,57,90]. For Eatalhgyk, the combination of multivariate statistics, contex-
tualized sampling and the application of common criteria to recognize dung-derived plant
materials reliably demonstrated that dung was used as a fuel source throughout the whole
occupation period $587,91]. As a result, small grains from taxa such#as ,
or were abundantly brought into the site. Besidésalhiyeik, such an approach to
disentangle arable weeds, crops and dung-derived seeds was only applied to Sheikh-e Abad,
where Whitlam also argued for dung burning as the most likely source for the high abundance
of the Poa-type caryopses]. Riehl and her colleagues reject the dung-burning hypothesis
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Fig 7. The proportions of small-seeded grasses among all Poaceae grains recovered from sites dating to the Epipalaeolithic and Pre-Pottery
Neolithic. At sites thatyielded ! 60% of small-seeded grasses, types resembling Agrostis, Alopecurus, Eragrostis, Phalaris, Phleum, Poa or Puccinellia
contributed the major portions.

https://doi.org/10.1371/journal.pone.0189811.g007

for Chogha Golan and Kitik Tepe, because they view animal management as an important
requirement for the routine use of dung as fuel and such evidence is absent at both sites
[6064).

The long-term development of selected wild grasses based on ubiquity valuestotal
of 47 sites/phases could be included in the analysis of wild grass ubiquity over time. Most iden-
tified Poaceae taxa in Epipalaeolithic and aceramic Neolithic assemblages occur infrequently
among these sites and their identification rarely has major implications for reconstructing
gathering or cultivation activities. In contrast, some genera are very frequent among the ana-
lyzed datasets, which possibly indicates a role in the prehistoric subsistence economies.
Among these frequently identified non-cereal taxa, two different developments through time
can be observed.

The first set of taxa abundantly occurs at Epipalaeolithic to PPNA sites as well as during the
PPNB €ig 9. They do not follow an overall trend towards increasing or decreasing ubiquity
values and show a relatively equal occurrence among the sites of the different periods. This set
of taxa comprises species of . , , ,#  andthe monotypic
genus . Many authors consider them as gathered resources at Epipalaeolithic
and PPNA sites, with food as the most frequently mentioned usage. Particularly remains of

spp., spp., spp.#  spp.and seemto
be uniformly interpreted in this way, given they occur with a certain abundance in the ana-
lyzed assemblagezd51,60,7374,88. Other authors interpreted their occurrence more cau-
tiously, mostly because they discussed pre-domestication cultivation for sites where wild
cereals are clearly dominarit4,32,35,76). Here we start to see a pattern where the relative
abundance between wild cereals and other wild grass species seems to influence the interpreta
tion of the wild grains as food sources or arable weeds indicative for cultivation. We should
therefore be cautious to follow these original interpretations, if they are not supported by more
detailed taphonomic analyses.
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Fig 8. The ubiquity of grains from selected Poaceae taxa representing gathered resources at many Epipalaeolithic and PPNA sites and became
common arable weeds during the PPNB.  (P) present; (d) proposed pre-domestication cultivation; (D) presence of domestic cereal chaff; (G) domestic
status of cereals based on grains.

https://doi.org/10.1371/journal.pone.0189811.9008
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species are relatively rare on most PPNA sites except for the early phases of
Mureybet, where grains occur in many samples but always with low numbers. Van Zeist and
Bakker-Heeres discussed a possible interpretation of as an arable wee@{].
However, they note that the frequency of grains and other potential weeds
decreases alongside the increase of einkorn towards phase Ill. This seems to speak against an
interpretation as crop-processing by-products and they leave the interpretation of these taxa
undetermined.

With the appearance of domestic cereals during the early and middle PPNB, the abundance
of these taxa does not substantially change. All above mentioned genera comprise species
which occur as arable weeds in the Near East to8ap§]. Based to this, many archaeobota-
nists interpreted them as arable weeds at early and middle PPNBZA#4877,79,81,94]. Oth-
ers still considered these grasses as possible food resources at sites outside the Levantine
corridor [183944,57]. At Abu Hureyra and Wadi el-Jilat 7, where especially ,

and#  grains have very high ubiquities, de Moulins and Colledge did not rule out
deliberate gathering activitie§(,427). These relatively diverse interpretations apparently reflect
the difficulty to assess the route of entry of wild taxa into agricultural assemblages. Following
this, for Cafer Heyek and A ikli Hdg/ek, these wild grasses were not interpretéé $7].

The role of the considered grass taxa as arable weeds at late PPNB sites is mostly unques-
tioned [21,2389,9596. For Eatalhiyik, the state of the wild grasses as arable weeds is sup-
ported by the results of the statistical analyses and the authors also discussed whether the

grain storages represent stored weeds outsorted from the crop
harvests41,53. De Moulins had problems to solely interpret the abundant wild grasses at
Abu Hureyra as weeds, where grass gathering seems to have had a long tradition [

Fig 9gives the development of ubiquity values for taxa that follow a different temporal pat-
tern. and spp. grains substantially increase in abundance towards
the PPNB, where they are present at much more sites than during the Epipalaeolitic and
PPNA. spp. grains occur on most sites of all periods, but similarly show higher ubig-
uity values in the PPNB. The increase in abundance of  species can be seen in their fre-
guency among the sites. spp. grains are present at around 23% of the Epipalaeolitic to
PPNA sites and at 52% of the PPNB sites.

Evidence for the exploitation of these taxa prior to the PPNB is limited. Weiss and his col-

leagues interpreted / as gathered foods at Ohalo II, where
the grains occur with high numbers in a plant-food preparation area in a brush4#it 74].
sp. was presumably gathered at Sheikh-e A& but nowhere else and may

have been exploited at PinarlyaNetiv Hagdud, el-Hemmeh and Chogha Golan (28,64,75,77).
During the PPNB, all these taxa apparently became common arable weeds. species
developed into the most successful segetals, whose grains are present in 94% to 100% of all
samples from late PPNB GhorAdad RamadZ3. A regional exception is Chogha Golan,
where and are abundant prior to the emergence of domestic emmer and may
represent gathered resources.

Discussion
Subsistence strategies at Chogha Golan and in the Zagros Mountains

Explaining variability among the charred assemblages from Chogha GolanNe con-
ducted a correspondence analysis to test, whether the analyzed flotation samples from occupa-
tion and midden deposits differ in their taxonomic composition. Interestingly, the samples
followed a parabolic distribution in the scatter plot. Such a pattern is the result of a factor
within the data table, which orders the samples along a specific gradient. This means that the
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Fig 9. The ubiquity of grains from selected Poaceae taxa, which increase in abundance during the PPNB due to their establishment as typical
arable weeds. (P) present; (d) proposed pre-domestication cultivation; (D) presence of domestic cereal chaff; (G) domestic status of cereals based on grains.

https://doi.org/10.1371/journal.pone.0189811.g009

samples at both ends of the ordered data table show the largest difference and all other sample:
are gradually more similar to one another. Such a pattern can be problematic, e.g. for ecolo-
gists, because the distances between the data points in a parabolic plot do not reflect the 2real®
distances between the observed cases. However, this issue is of limited importance in an
archaeological applicatio®]]. The cases that archaeologists use, for example artifact types

that occur at sites in a given region, often follow a chronological order. Here, the absolute
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distances between the data points are of no interest, because the aim is to order the sites
according to their relative chronolog®§.

At Chogha Golan the cases represent flotation samples characterized by their taxonomic
composition, which derive from the deep sounding of a tell excavation. The parabolic distribu-
tion of the samples therefore means that their composition follows a strong temporal trend
throughout the sequence, which allows us to interpret the compositional differences between
the samples as a temporal development. The type of deposit is only a secondary factor influenc-
ing the formation of the charred assemblages. As an exception to this overall pattern, only
three samples from the midden deposits of AH VI are clearly separated from the other samples
along axis one, because possibly gathered seeds of sp. and sp. and bulbils of

accumulated here.

Wild grasses in the subsistence of Chogha Golann the first archaeobotanical reports
about Chogha Golan the presence of cereals, their status as pre-domestic or domestic cultivars
and the high proportions of small-seeded grasses between AH V and Il were discussed in
detail [L6,27,44,56,64). Therefore, the significance of the new results lies in the high amount
and diversity of the large to medium-seeded wild grasses. Their grains are considerably more
abundant among the analyzed samples from horizons VIl to 11l than grains of

, spp. and sp., which also applies to the older horizons Xl to VIII
[16,64]. These high proportions of large to medium-sized grains from wild ,
and species, the indeterminate Triticoid type and
raise the question of whether they were exploited as food resources and how their
state in the subsistence economy relates to the wild cereals.

We previously argued that. and possibly even sp. were cultivated
at Chogha Golan]6,44,64. Such pre-domestication cultivation systems are traditionally seen
as scenarios in which grains of wild species are sown on tilled soils where they experience
enhanced growing conditions and are accompanied by arable wégdsl5,2831,32,35,37,

99. Applied to Chogha Golan this scenario could explain the high abundance of wild cereal
remains, the temporal grain size increases of and the presence of many wild
grasses representing potential segetals. However, in light of accumulating archaeobotanical
data for Chogha Golan and other aceramic Neolithic sites in the Zagros Mountains, we became
increasingly cautious in interpreting the observed patterns using this explanatory framework.
Although the patterns from Chogha Golan basically fulfill the criteria commonly used to apply
the pre-domestication cultivation hypothesis, we see considerable differences between this
dataset and those from the Levantine corridor.

Central for the proposition of pre-domestication cultivation, particularly for sites in the
upper Euphrates area, was the interpretation of several potential weeds as representative of an
early segetal flora, but also the gradual and clear decrease of gathered resources contemporant
ous to a marked increase in wild cere&®,B6. This development resulted in a strong domi-
nance of wild cereal remains and only minor portions for other wild grasses at all PPNA sites
of this region (seéiscussiorbelow). Contrastingly, the sequence at Chogha Golan does not
display a major shift towards an increasing focus on wild cereals and a gradual decrease of
gathered wild plants. These data seem to indicate constant exploitation strategies throughout
the sequence and are in good accordance with datasets from other sites in the Zagros Moun-
tains (seeliscussiorbelow and [L851,56). In fact, the patterns seem to be reversed here, with
diverse large to medium-seeded grasses dominating the assemblages and wild cereals only ref
resenting a few among many important food resources.

Applying the traditional concept of pre-domestication cultivation to Chogha Golan would
ignore all these patterns, which we identified during our ongoing analyses. In light of this con-
clusion we have to ask how we will now characterize this subsistence economy? We are left
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with the finding that . and sp. presumably represent staple foods and
that they were routinely exploited throughout the entire occupation period. Large to medium-
seeded grasses exhibit the same patterns and, following the general picture for wild grass
exploitation in the Zagros Mountains, they presumably represent routinely gathered foods as
well. However, we are still confronted with the exploitation of diverse wild grasses throughout
an occupation period of about 2,000 years. During the major part of this period, but at least
1,000 years, the inhabitants constructed permanent architecture indicative of a sedentary com-
munity. This leads us to the question if humans could continuously rely on these resources
without any form of resource management? A look at the taxonomic composition of the iden-
tified wild grasses with regard to their present day ecology might give an additional clue for
reconstructing subsistence practices.

In extant Near Eastern ecosystems, where we find the species under discussion, wild cereals
including spp., often dominate the herbaceous vegetation and grow together with e.g.

, spp., or (Fig 10
[66,93. Itis important to note that many of these taxa include well known synanthropic spe-
cies, today adapted to ruderal and segetal habitats, which substantially affects their present day
distribution [92,100101]. Using the modern ecology of wild cereals and other wild grasses for
interpreting prehistoric botanical assemblages therefore includes the danger of drawing false
assumptions based on differing ecological adaptations in present and ancient ecosystems.
However, the botanical remains from Chogha Golan are surprisingly similar in their taxo-
nomic composition to these extant stands, suggesting that the exploited early Holocene grass-
lands were not very different from populations we can observe today. This finding possibly
indicates that the wild cereals and grasses at Chogha Golan were gathered from 2natural®
stands rather than harvested from a cultivated field. Moreover, the fact that most wild cereals
and many of these wild grasses developed into successful synanthropic species and dominate
many primary as well as secondary habitats today raises the question of how early these traits
developed and if they played a role in the ability of the inhabitants of Chogha Golan to exploit
them as major food resources for almost two millennia? We will not be able to draw final con-
clusions on this issue in the present paper, also because more research in this field is needed,
but we want to emphasize the importance of the potential synanthropic ecology of many of the
wild grasses under discussion. As we will demonstrate below, several typical segetals abun-
dantly occur among charred botanical assemblages as soon as domesticated cereals appeared
in the early PPNB. These taxa were able to quickly adapt to human disturbances, in this case
soil tillage and crop cultivation. We can therefore principally expect that some extant synan-
thropic species could immediately adapt to anthropogenic disturbances by prehistoric humans
[39 and, as a result, were possibly 2pulled® into the sedentary human environment.

In the surroundings of Chogha Golan, the exploited wild grasses were presumably favored
by anthropogenic disturbances, which inevitably and increasingly must have occurred after
humans became sedentary. The creation of disturbed and open habitats did not play a primary
role in the choice of the inhabitants to exploit wild grasses as major foods, because local
palaeoenvironmental data indicate generally open landscapes with a large grass component
during the early Holocenel[02103. However, they could have facilitated the long-term
exploitation of wild grasses. Size increases.of grains indicative of enhanced
growing conditions towards AH IX and IV possibly point towards deliberate management
practices p4], but their exact nature is yet to be established.

Independent from these issues we can conclude that the inhabitants of Chogha Golan
developed an effective and sustainable subsistence strategy, which allowed a sedentary lifestyl
for at least one millenium, if not substantially longer, without relying on domesticated plant
resources. This subsistence strategy must be characterized as a resilient long-term solution anc
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Fig 10. Associations of wild cereals and other wild grasses in northern Israel. (A) Rich stands of Aegilops peregrinain open woodlands of
Quercus calliprinos and Pistacia palaestina at Mount Carmel, accompanied by Hordeum bulbosum, Bromus lanceolatus and Avena sterilis, whereas
Hordeum spontaneum represents a minor component; (B) ruderal habitat along the road between Rosh Pina and Safed in the Upper Galilee
Mountains, dominated by Avena sterilis and Aegilops peregrinaand accompanied by Hordeum spontaneum and Triticum dicoccoides. Wild emmer
wheat even grew within the village of Safed on waste places, which it apparently invaded from nearby primary stands; (C) same location near Safed,
only about 50m away; dominated by Hordeum spontaneum (ears below) and Hordeum bulbosum (ears above) with Triticum dicoccoides, Avena
sterilis and Aegilops peregrina as minor components. These wild stands display a considerable diversity in taxonomic composition on a small spatial
scale. Small to medium-seeded taxa such as Bromus spp., Lolium rigidum, Poa bulbosa and Phalaris spp. were regularly associated with these wild
cereal stands. Photos by A. Weide, 2017.

https://doi.org/10.1371/journal.pone.0189811.9010

not as @on the way® to domestication, which the term pre-domestication cultivation would

imply. The only obvious and presumably permanent shift in this subsistence economy was the
adoption of domesticated emmer wheat towards the end of occupation at the site. This coin-
cided with decreasing percentages of the formerly exploited wild grasses, representing an addi-
tional argument for why we consider the wild cereals and the large to medium-seeded grasses
as representative of one uniform exploitation strategy. Otherwise they would not have equally
competed with domesticated emmer wheat.

Patterns in subsistence economies of the Zagros Mountains

The archaeobotanical remains from Chogha Golan with the high proportions of non-cereal
taxa are in good accordance with results from many other broadly contemporaneous sites of
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the eastern wing of the Fertile Crescent. These include East Chia Sabz and Sheikh-e Abad in
the central Zagrosl[85€] as well as M'lefaat and Qermez Dere, located in the Mesopotamian
plain in northern Irag (51). At all these sites wild grasses, including species of

B , and the Triticoid type, are abundant and accom-
pany the cereals. Savard et al. and Whltlam clearly regard these wild taxa as gathered food
resources]851]. At East Chia Sabz and M'lefaat, grains or chaff outnumber those of

, supporting our view that one or several species were among

the local staples, whose role in the subsistence economies was equally important than that of
[44). Towards the Taurus Mountains, patterns in subsistence strategies seem to

have been different. The wild grasses &ithkaT epe, predominantly small-seeded taxa, are

regarded as staple foods that decrease in importance with the onset of the early Hokidene [

This development matches the data from Hall&en@ and Demirkgy, where Savard et al.

found valley-bottom species 8f , and to be the major food

plants [1]. The high importance of large to medium-seeded wild grasses in the diet of early

Holocene sedentary communities therefore seems to be a regional pattern in the Zagros

Mountains and the adjacent Mesopotamian plain, where domestic plants appear later than in

the Levantine corridor 9.

Wild grasses start to decrease in abundance in the central Zagros with the onset dfthe 10
millennium cal. BP. At Chogha Golan, this correlates with the emergence of domestic emmer
in AH Il at around 9,800 cal. BP. These finds of domestic emmer chaff currently represent the
oldest evidence for a non-shattering cultivar in the eastern wing of the Fertile Crescent and
seem to mark a major change in regional subsistence strategies. The assemblage from trench 2
of Sheikh-e Abad still contains a considerable portion of gathered large to medium-seeded
grasses and is roughly of the same age as the middle and upper horizons of Chogha Golan
[18). Domestic-type barley grains have been identified, but the subsequent development is
hardly detectable, because the samples from the youngest layers in trench 3 are heavily domi-
nated by small-seeded grasses. Whether the proposed onset of barley cultivation at Sheikh-e
Abad resulted in a decreased importance of other wild grass resources can unfortunately not
be evaluated due to this huge taphonomic bias.

All sites and settlement phases in the central Zagros, which roughly date to or are younger
than 9,800 cal. BP, show a different pattern. At Ganj Dareh, van Zeist et al. found a minor com-
ponent of large to medium-seeded grasses accompanying domestic-type barley3fijains [
Whether these grains derive from non-shattering barley ears is impossible to assess, but the
overall patterns continue a trend where wild grasses show decreasing proportions. At the sub-
sequent sites of Ali Kosh and Chogha Bon2ii,[L04, the few wild grasses most likely repre-
sent weeds and emmer, barley and lentils are well established as domestic crops throughout
the central Zagros by the middle of the"1fnillennium cal. BP §.

The role of wild grasses at hunter-gatherer and farming sites of the
Fertile Crescent

Epipalaeolithic and PPNA: Gathered resources compete with early cultivarsAlmost
all Epipalaeolithic sites with a rich record of macro-botanical plant remains provide evidence
for wild grass gathering and their state as important food resources. Weiss et al. suggested that
wild grasses were part of the food diversification during the late Pleistodé&henhich Flan-
nery originally named the @broad spectrum revolutiori]. Among the routinely exploited
grasses of the Epipalaeolithic, small and medium-seeded taxa suchas or

similarly contributed to the grain harvests as opposed to the wild cereals. However,

this pattern is based on a limited number of sites and only phytolith analyses from the two
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Late Natufian sites of Eynan and Hilazon Tabhtit in the Hula valley and Galilee provide addi-
tional evidence for the frequent exploitation of wild grasses and cereals We therefore

have to speculate whether wild grasses were continuously gathered throughout the Epipalaeo-
lithic and the phytolith evidence rather points to shifting subsistence strategies, depending on
the changing availability of plant resources through space and time. Phytolith evidence from
Kharaneh IV in the Azraq basin in Jordan, combined with Ohalo I, indeed suggests that local-
ized year-round habitations during the Early-Middle Epipaleolithic in the southern Levant

were mainly based on wetland resources and not primarily on the exploitation of wild grasses
and cerealsi8106107.

Even though Snir et al. saw the earliest evidence for wild cereal cultivation at Ohas, Il [
it is not until the end of the Epipalaeolithic and the onset of the early Holocene in the Levan-
tine corridor that the wild progenitors were primarily used as staple foods. During the early
phases at Qaramel, Mureybet and Abu Hureyra, wild cereals were increasingly exploited, indi-
cating the beginnings of a major change in human subsistence strategies. All sites in the Levan-
tine corridor dating to the PPNA now show a very pronounced focus on wild cereals, which
most scholars explained with the emergence of wild cereal cultivation (28,32,35,40,48,52).

Although non-cereal taxa occur on many of these sites, sometimes in considerable quanti-
ties, and many authors regard these grains as potential food sources, wild grass gathering has
been regarded as negligible in importance after the onset of the early Holocene. Weiss and his
colleagues came to this conclusion by examining a selection of Levantine sites and calculating
the ratio of the cereals compared to the other wild grasses with respect to the steep gradient of
declining grain volumes. It is absolutely right that the non-cereal taxa did not contribute sub-
stantial proportions to the whole grain harvests after humans began to focus on cereals. How-
ever, studies accomplished during the last ten years provided evidence for the possible
exploitation of wild grasses during the PPNA in the Levantine corridor, even though most of
them focused on the interpretation of the wild cereal8$55276,7810g. We must therefore
adjust our presumptions about the demise of wild grass exploitation with the onset of the early
Holocene.

A consistent line of evidence we found for the PPNA in the Levantine corridor indicates a
continuous tradition of wild grass use at many sites, although wild cereals start to heavily dom-
inate the assemblages. The accumulated finds and high counts for wild grasses such as

, JH#or at sites such as Netiv Hagdud, el-Hemmeh, Qaramel,
Jerf el Ahmar or Dja'de could theoretically be explained by their state as arable weeds in pre-
domestic cereal fields, but there is no contextual evidence at either of these sites that would
support this conclusion. Typical segetals only increased in abundance with the appearance of
domestic cereals in the early and middle PPNB, but all above mentioned taxa were already
ubiquitous throughout the Epipalaeolithic and PPNA. This is at best explained by their contin-
uous exploitation as food resources, most apparent at Gilgal, where and

grains were found together in one storage cont&4{g. Weiss et al. were right

when they stated that the cereals replaced the wild grasses as major foods, but new data indi-
cate a continuous exploitation of wild grasses by PPNA communities in the Levant, which
were only later fully replaced by domestic cereals in established agricultural systems. However,
we must keep in mind that these interpretations are mostly based on the relative frequency of
wild grass and cereal remains. As we will more clearly point out below, comprehensive tapho-
nomic analyses using a multivariate approach should be applied to datasets suited for such an
analysis in order to more reliably disentangle arable weeds and deliberately gathered
resources.

Another issue is the study region. The origins of agriculture are traditionally seen in the
Levantine corridor L0%111]. Hence, many studies on the subsistence development in the
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early Holocene focused on this region, although recent evidence suggests multiple trajectories
towards farming in different regions within the Fertile Crescet,]L§. In this paper we pres-

ent additional evidence for a significant regional variability in subsistence strategies, support-
ing previous evidence for a reliance on wild grasses in the Zagros Mountains during'the 12
and 11" millennia BP [L851]. Here, in contrast to the Levantine corridor, wild grasses were

not replaced by the wild cereals as major food sources after the end of the Younger Dryas.
Although different climatic and environmental conditions contributed to an uneven availabil-
ity of wild cereal species throughout the Fertile Crescéstd117, they were present and

have been exploited in the Taurus-Zagros Mountains from the very beginnings of the Holo-
cene onwards1851,60,64. species are almost absent from this record, but

is present in high quantities at M'lefaat, Chia Sabz and Chogha Golan and occurs frequently
among the samples from Qermez Dere. This again highlights why we include in the

group of wild cereals in the Zagros Mountains, which possibly compensated for the lack of

wild stands.
Taking the Fertile Crescent as a whole, was routinely exploited in all regions
and has been accompanied by and spp. in the southern Levant, one and

two-seeded einkorn and rye in the northern Levant and spp. in the Zagros Mountains.

As Fuller et al. already pointed out, this extended list of intensively exploited and increasingly
managed wild cereals characterized subsistence economies during the PPNA, although not all
of these species became established as a domestic crop during the following geiliods [

Based on this evidence, the absence of a heavy focus on wild cereals in the Zagros cannot be
explained by a lack of wild cereal stands. Alternatively, the ecosystems in the eastern wing of
the Fertile Crescent seem to have been exploited in a different way that was equally successful.
Discussing possible reasons for such different trajectories is beyond the focus of this paper, but
we want to refer to important contributions that discuss early cultivation in the light of evolv-

ing sedentism, monumental architecture, food storage, feasting, symbolism and emerging
property, which are highly entangled with one another in the archaeological record, suggesting
the socio-cultural background as a determining factor influencing the development of subsis-
tence strategies L 312(.

PPNB: Invading the fields. With the appearance of domestic cereals in the early and mid-
dle PPNB, many grasses became common arable weeds. We could identify two different pat-
terns that are indicative of this development. A first one in which formerly exploited grasses
seem to have invaded fields and are equally abundant at sites occupied by hunter-gatherers
and farmers. These taxa include species of , , ,# and

, all of which include known segetals today and have been interpreted as such by
the respective authors at PPNB sites. The second pattern is representative for species which
considerably increase in abundance with the appearance of domestic cereals, suggesting that
they are more indicative of arable weeds in the overall archaeobotanical record than as gath-
ered resources. Among them, spp., spp. and show the most
profound increase in abundance and occur on more sites and in greater abundance during the
PPNB. However, these taxa are not fully absent from the list of potentially gathered resources
in the earlier periods. Particularly is present on most Epipalaeolithic and PPNA sites,
but then occurs more frequently in the charred assemblages of farming villages. Likewise,

species seem to have been exploited at some PPNA sites, possibly also at Chogha Golan,
but then clearly developed into successful arable weeds. An interesting pattern is the increasing
abundance of in the southern Levant and at Halula at the upper Euphrates
[109. The species is not known as a typical arable weed to@ia9d, but was apparently part
of PPNB segetal communities.
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The overall proportions of large to medium-seeded wild grasses do not substantially
decrease after the PPNA. Particularly at late PPNB sites such as Sabi Abyad II, El Kowm and
Ghoraif8 they outnumber the cereal grains. Apparently,  species have developed into
successful segetals, making up the majority of arable weed remains at these sites. Here it is
important to note that the weeds are not solely representative of cereal agriculture. Van Zeist
examined the proportions of grains for sites in the Balikh basin in northern Syria,
which show a fair correlation with sp. seeds, indicating that species were major
weeds in flax fieldsg9. The continuously high percentages of wild grasses also highlight the
different taphonomic agents that now contributed to the formation of charred archaeobotani-
cal assemblages. As de Moulins discusé&g\vild plant use is hardly detectable as soon as
farming developed, because crop-processing by-products will end up in the charred plant
materials. Without applying multivariate methods it is then often impossible to identify the
deliberately gathered species. This is a well-known problem and has been addressed by many
studies, who sought to disentangle the archaeobotanical assemblages in this18geeir|
404344,81,87,91]. Concerning the wild grasses that have been exploited during the Epipalaeo-
lithic and PPNA, but still frequently occur in PPNB assemblages, we are mostly left with the
overall assumption that these taxa now represent weeds and not gathered resources. A central
argument for this interpretation is that the cultivation of domestic cereals makes wild grass
gathering redundant, because they would not significantly contribute to the grain4hiétd.
Moreover, the substantial increase of major segetal taxa like or since the early
PPNB is indicative of developing crop-processing techniques, which increasingly contribute to
the formation of charred botanical assemblages at PPNB sites including high proportions of
weed seeds.

Despite this general agreement, several authors were confronted with patterns or features
that led them to discuss a potential utilization of wild grasses at middle and late PPNB sites
such as Abu Hureyra, Wadi el-Jilat 7 &atlhigyfik [4042,53. For Abu Hureyra, de Moulins
emphasized the taxonomic composition of the PPNB plant remains, which is strikingly similar
to the Epipalaeolithic remains of the site. At most middle or late PPNB sites where wild grasses
make up large proportions of the plant remains they are commonly dominated by a few weeds
such as sp. or sp. In contrast, the abundant wild grasses at Abu Hureyra
include many more taxa, of which ,# or wild species were interpreted as
exploited resources during the Epipalaeolithic occupatibifl27. This pattern may indicate
that most taxa gathered during the Epipalaeolithic entered cultivated fields as arable weeds
during the PPNB at the site, or it is indicative of a continuous exploitation of these grasses. The
information we currently have do unfortunately not allow to distinguish between these two
hypotheses, emphasizing the need for more detailed taphonomic analyses.

At Wadi el-Jilat 7, it is the location in the @marginal zone® of the environments in the south-
ern Levant that provides an argument to have a closer look at the wild grasses. The develop-
ment of distinct subsistence strategies has long been recognized for the drier and steppic
regions of the southern Levant, where archaeological sites have a more ephemeral character
in contrast to the Mediterranean zone with its rich record of sedentary farming villaiges [

124. Although Garrard and colleagues solely discussed the finds of domestic crops for sites in
the Azrag basin in eastern Jordasy], Colledge included the abundant non-cereal taxa domi-
nated by and into her list of plants that 2would have provided sources

of food® at Jilat 7 123. As indicated by this dataset, wild grasses were possibly exploited along-
side domestic cereals in environments bordering the deserts of the Sinai, Negev and Jordan,
from which informative archaeobotanical datasets are almost absent. Although this must
remain hypothetical, we should be cautious in regarding wild grasses as generally outcompeted
and unattractive resources among PPNB societies, which apparently display a considerable
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diversity in settlement patterns and subsistence strategies and of which some continued to live
a more mobile lifestyle in these 2marginal environments812q. Furthermore, it is conspic-
uous that wild and grains, but also and# ,reach their most
frequent occurrence during the PPNB at Abu Hureyra, Jilat 7, Chogha Golarkatadhéy gk
(see~ig 9, which are all sites where wild grass exploitation has been addressed.
At Eatalhgytk this was inferred by the two possible storage finds of
, accompanied by -type grains. Both taxa seem to represent common
weeds at the sitel[,53 and this particular case highlights the importance of singular contexts
for our understanding of wild plant exploitation in farming societies. Although Fairbairn and
his colleagues are cautious in interpreting as a stored food, its
accumulated appearance in two subsequent settlement phases clearly speaks for a planned uti:
lization of the grains. Apparently, the status of a taxon as a common arable weed, like
in Anatolia, cannot be taken as a strict indicator of its role in
subsistence economies. Modern societies have very different conceptions of Waeds]
and Hillman reported an interesting case of Anatolian families preferring a bread from wheat
harvests that were @severely infested® by weedy fornis of and [129.
In contrast to the concept of a weed as an undesired plant without any value, early Holocene
people could have accepted, utilized and probably even supported edible weed species, particu
larly as many segetals represented exploited resources prior to the emergence of crop cultiva-
tion. The patterns from Abu Hureyra anéfaZalhiyfik may be indicative of such practices,
which White also discussed for el-Hemmeidt]. By specifically addressing this issue in future
archaeobotanical analyses, implementing multivariate methods more intensively, we can hope-
fully shed more light on the treatment and status of arable weeds in prehistoric subsistence
economies.

The small-seeded grassesAccumulations of small caryopses heavily dominate some
charred archaeobotanical assemblages we considered in the present study. This phenomenon
occurs from the Epipalaeolithic through to the late PPNB, mainly in the Zagros Mountains
and Anatolia. Types resembling , , , , and
have been reported as the dominating taxa contributing to these assemblages. The classifica-
tion of nearly all taxa as acf.° or 2types® illustrates the difficulty of identifying these charred
grains, which are extremely small and are often measure less than 1mm in length. Recovering
large amounts of such small-seeded grasses require particular recovery techniques. We are
therefore confronted with the question to which degree methodological aspects, such as the
mesh sizes applied during water flotation, bias the observed patterns.

By plotting the proportions of small grasses among all Poaceae grains against the applied
mesh sizes, we found that sieving seems to have an impact on the abundance of small caryop-
ses, given the mesh sizes were 0.3mm or larger. However, we do not know whether the lower
percentages of small grains at sites where larger meshes have been used are really due to a
methodological bias. Willcox et al. tested mesh sizes smaller than 0.5mm at Jerf el Ahmar,
Dja'de, Qaramel and “Abr without retrieving significant amounts of identifiable plant remains
(they did not indicate which mesh sizes were test&d).[In addition, at many sites where
mesh sizes smaller than 0.3mm have been used, small caryopses are likewise rare or absent.
Field methods, as far as this can be evaluated using the published literature, therefore seem not
to be a major cause of variation for the proportions of small-seeded grasses, which Weiss and
colleagues similarly concludedd].

When we assume taphonomic processes as the main factors causing this variability, we are
confronted with a geographical rather than a temporal pattern. As concluded above, the Tau-
rus-Zagros Mountains and central Anatolia display considerably different developments in
subsistence practices as opposed to sites in the Levantine corridor. All sites with small-seeded
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grasses making up more than 60% of the Poaceae grains are located here, which suggests loca
subsistence practices being a major factor that induces this pattern. In the Zagros Mountains,
subsistence strategies are characterized by the exploitation of wild grasses for food and the
small-seeded taxa possibly represent deliberately collected resources as well. Riehl and her col
leagues favor this explanation for Chogha Golan akitiK@epe, whereas the collection of

grasses or herbivore dung as fuel has been suggested by most other al3&s{9d.

Fairbairn et al. reported dung-pellets for the early phasdésdl@s Bk and considered par-
ticularly nutlets as being dung-derived, because their ecology made sedges the
most plausible taxa being grazed by livestock and not harvested with the grown ¢ihgaur-
ther studies could later confirm that the nutlets as well as the small grains from

sp., sp., sp. and# sp. are indeed dung-derive@$,87,91],

whereas the origin of the abundant cf. grains from the early levels remains unclear.
Eatalhgyik is therefore the only early Neolithic site where most small-seeded grasses could reli-
ably be linked to dung-burning. The comprehensive application of multivariate statistics, in
combination with a good situation for contextualized sampling and the application of estab-
lished criteria to recognize dung-derived plant materials, represents the basis for these very
informative archaeobotanical studies. Such a comprehensive approach was/could not be appliec
the other Anatolian or Zagrosian sites and we are therefore left with a quite unsatisfactory pic-
ture, which does not allow us to draw robust conclusions on the high proportions of small-
seeded grasses at the sites under discussion. We should not take abundant small-seeded grasse

as indicators for dung-burning, because different taphonomic factors also resulted in the
incorporation of large to medium-sized grains in charred assemblages and include gathering
and crop-processing. Whitlam eventually noted that herbivore dung as a major source for large
amounts of small-seeded grasses in charred assemblages must remain hypothetical unless dun
pellets including identifiable grains are fountd and we fully agree with this assumption.
However, it needs to be emphasized that a multivariate approach is currently the most promis-
ing way to reconstruct the taphonomic history of burned plant remains and must be applied
more regularly in the future to proceed with solving such interpretative problems.

Synthesis, main conclusions, and a future perspective

Chogha Golan provides an exceptional case for analyzing the development of early Neolithic
subsistence strategies and for evaluating the importance of gathered resources in relation to
emerging crop cultivation. The inhabitants of the Neolithic village routinely exploited a com-
plex of wild grasses comprising wild cereals, large to medium-seeded and possibly also small-
seeded taxa. formed a major component of the consumed grasses and
was harvested for almost 2,000 years without inducing the establishment of non-shattering
ears. Then, as soon as domesticated emmer wheat dominates the cereal remains by ca. 9,800
cal. BP, all wild grasses decrease in relative abundance. This complex of wild grasses was pre-
sumably harvested as staple foods and was subsequently outcompeted by a domestic crop.
Whether the wild cereals were ever cultivated at Chogha Golan is therefore not clear and we
consider the ability of the exploited wild grasses to invade anthropogenically disturbed habitats
around the sedentary village as an important factor that possibly facilitated their sustainable
long-term exploitation. To which degree management practices were applied to maintain the
wild grass stands is unclear, but this scenario significantly deviates from the traditional concept
of pre-domestication cultivation and must be seen as a successful and resilient long-term sub-
sistence strategy that did not heavily focus on wild progenitor species.

The archaeobotanical results from Chogha Golan are in good accordance with the overall
patterns of the aceramic Neolithic in the Zagros Mountains. Wild grasses were exploited as
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major food sources at many sites in the uplands and in the foothills bordering the Mesopota-
mian plain throughout the 19 and 11" millennium cal. BP. This is in sharp contrast to the
development in the Levantine corridor, where wild grasses formed important components of
Epipalaeolithic subsistence strategies and were gradually replaced by wild cereals as major
food sources since the end of the Younger Dryas.

For evaluating wild grass gathering in relation to the emergence of cereal cultivation, we
analyzed the occurrence of wild grasses throughout almost 15,000 years considering the entire
Fertile Crescent. We were able to visualize spatial patterns and long-term developments, which
we regard as crucial for interpreting the role of wild grasses throughout the aceramic Neolithic.
We provide additional evidence for a considerable diversity among early Neolithic subsistence
strategies on the inter-regional level and conclude that many wild grasses were gathered for
food, fuel or other purposes from the Epipalaeolithic onwards and demonstrably into the
PPNA period. Many of these gathered grasses were part of the earliest segetal communities
that emerged with the beginnings of farming, emphasizing the potential dietary value of these
weed species. This pattern is of major importance for evaluating the status of weeds in early
farming communities. The archaeobotanical datasets fromiagli@yék, Abu Hureyra or
el-Hemmeh suggest the utilization of arable weed species, which is plausible in light of this
result. A high diversity of wild grasses also co-occurs with domestic cereals at some sites in the
amarginal zones® of the Levant, such as Jilat 7, which presumably indicates the utilization of
these species by groups that maintained a more mobile lifestyle.

Finally we want to emphasize the great potential multivariate approaches have to recon-
struct prehistoric subsistence practices. Our review unmistakably shows that we will not pro-
ceed in disentangling arable weeds, deliberately collected food resources and dung burning
activities if we do not implement the full spectrum of analytical techniques available to date.
Among these, multivariate statistical methods such as correspondence analysis, coupled with
contextualized sampling from relatively extensive excavations, represent the most promising
approach that has been successfully applied to a small number of sites. Itis clear that some
assemblages are not suited for such analyses due to a poor preservation of the plant remains or
small excavation areas, but many published assemblages fulfill these criteria and can be investi
gated in future analyses to more reliably interpret the role of wild resources in relation to
emerging cultivation and domestication.
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S1 Table. Average 1000 seed weight of Poaceae spec
Based on the Seed Information Databaisithe Royal Botanic

Gardens Kew [67].

Taxon

Average 1000
seed weight (g)

S1 Table.Continued.

Aegilopsspp. mean
Aegilops bicornis
Aegilops crassa
Aegilops cylindrica
Aegilops geniculata
Aegilops juvenalis
Aegilops kotschyi
Aegilops peregrina
Aegilops speltoides
Aegilops tauschii

Aeluropusspp. mean
Aeluropus lagopoides
Aeluropus littoralis

Agrostisspp. mean
Agrostis canina
Agrostis capillaris
Agrostis castellana
Agrostis gigantea
Agrostis stolonifera

Alopecurusspp. mean
Alopecurus aequalis
Alopecurus apiatus
Alopecurus arundinaceus
Alopecurus bulbosus
Alopecurus geniculatus
Alopecurus gerardii
Alopecurus glacialis
Alopecurus myosuroides
Alopecurus pratensis
Alopecurus rendlei
Alopecurus textilis
Alopecurus utriculatus
Alopecurus vaginatus

Avenaspp. mean
Avena barbata
Avena fatua
Avena sterilis
Avena ventricosa

Bromusspp. mean
Bromus alopecurus
Bromus arvensis
Bromus danthoniae
Bromus fasciculatus
Bromus japonicus
Bromus lanceolatus
Bromus madritensis

36.55
9.20
17.31
26.60
71.50
18.76
47.60
87.80
22.85
27.30
0.23
0.26
0.20
0.09
0.06
0.08
0.17
0.08
0.07
1.02
0.17
1.50
0.50
0.46
0.28
1.17
0.66
1.99
0.90
2.66
1.73
0.87
0.33
26.12
11.00
28.00
50.00
15.48
4.43
2.20
2.20
5.67
1.76
261
3.93
3.33

Taxon Average 1000
seed weight (g)
Bromus pectinatus 4.10
Bromus rigidus 10.19
Bromus sterilis 9.50
Bromus tectorum 3.20
Crypsisspp. mean 0.27
Crypsis aculeata 0.29
Crypsis acuminata 0.19
Crypsis alupecuroides 0.20
Crypsis factorovskyi 0.33
Crypsis minuartioides 0.37
Crypsis schoenoides 0.24
Echinaria capitata 5.50
Echinochloaspp. mean 1.15
Echinochloa colonum 0.80
Echinochloa crus-galli 1.50
Eragrostisspp. mean 0.07
Eragrostis barrelieri 0.09
Eragrostis cilianensis 0.08
Eragrostis japonica 0.03
Eragrostis minor 0.09
Eragrostis pilosa 0.07
Eremopyrumspp. mean 3.09
Eremopyrum bonaepartis 3.95
Eremopyrum distans 4.98
Eremopyrum orientale 0.34
Hordeum spp. mean 13.33
Hordeum brevisubulatum 3.52
Hordeum bulbosum 11.00
Hordeum glaucum 3.24
Hordeum leporinum 6.84
Hordeum marinum 11.80
Hordeum murinum 23.40
Hordeum secalinum 6.43
Hordeum spontaneum 41.70
Hordeum violaceum 12.00
Lolium spp. mean 5.74
Lolium multiflorum 2.90
Lolium perenne 2.20
Lolium persicum 9.64
Lolium rigidum 3.45
Lolium temulentum 10.50
Panicum spp. mean 1.19
Panicum antidotale 1.00
Panicum maximum 1.10
Panicum repens 0.65
Panicum turgidum 2.00




S1 Table.Continued.

Taxon

Average 1000
seed weight (g)

S1 Table.Continued.

Phalaris spp. mean
Phalaris aquatica

Phalaris arundinacea
Phalaris brachystachis

Phalaris canariensis

Phalaris minor

Phalaris paradoxa
Phleum spp. mean

Phleum alpinum

Phleum arenarium

Phleum bertolonii

Phleum exaratum

Phleum montanum

Phleum phleoides

Phleum pratense
Poaspp. mean

Poa alpina

Poa angustifolia

Poa annua

Poa bulbosa

Poa caucasica

Poa compressa

Poa nemoralis

Poa pratensis

Poa trivialis
Puccinellia spp. mean

Puccinellia bulbosa

Puccinellia ciliata

Puccinellia distans

2.05
1.69
0.70
1.90
5.20
1.50
1.30
0.28
0.41
0.20
0.41
0.25
0.12
0.15
0.40
0.31
0.36
0.22
0.30
0.90
0.25
0.20
0.20
0.25
0.10
0.17
0.10
0.20
0.20

Taxon

Average 1000
seed weight (g)

Secalespp. mean
Secale anatolicum
Secale montanum
Secale sylvestre

Setariaspp. mean
Setaria glauca
Setaria verticillata
Setaria viridis

Sporobolusspp. mean
Sporobolus spicatus

Sporobolus virginicus

Stipaspp. mean
Stipa arabica
Stipa bromoides
Stipa capensis
Stipa capillata
Stipa caucasica
Stipa holoserica
Stipa lagascae
Stipa parviflora
Stipa pennata
Stipa pulcherrima
Stipa tirsa
Stipa turkestanica

Taeniatherumspp. mean
Taeniatherum caput-medusae
Taeniatherum crinitum

Triticum spp. mean
Triticum boeoticum

Triticum diccoccoides

8.17
3.70
12.10
8.70
1.82
3.75
0.70
1.00
0.14
0.14
0.15
8.97
2.79
5.15
1.68
8.20
5.61
8.65
9.10
1.19
20.46
25.95
14.65
4.15
6.19
7.03
5.35
27.21
13.00
41.41




S2 Table.Analyzed flotation samples and identified plant remains from AH 11-VII from the deending of Chogha Golan.

Archaeological Horizon (AH) Il [l \ V Vi Vil
Floated sediments (1) 178 58 32 56 40 54
Samples 15 5 3 5 5 5
Mean sample volume (I) 12 12 11 11 8 11
Items per liter soil 175 732 3009 54.7 1191 338
Number of identified taxa 58 68 66 53 64 67
Total number of analyzed plant remains 3107 4246 9628 3061 4765 1824
n % n % n % n % n % n %
Amaranthaceae
Atriplex sp. 1 003 - - 3 003 3 010 255 535 32 1.75
cf. Atriplex sp. - - - - - - 3 010 - - 3 0.16
Atriplex sp. bracts - - - - - - - - 35 0.73 4 022
Chenopodiunsp. - - - - 1 001 - - - - - -
cf. Salsolasp. - - - - - - - - - - 2 011
Suaedasp. 1 003 - - 8 008 - - 16 034 10 055
Amaranthaceae indet. 4 013 4 0.09 9 009 12 039 1 002 8 044
Anacardiaceae
Pistaciasp. 38 122 70 165 38 039 79 258 10 021 37 203
Apiaceae
Apiaceae type 1 - - 1 0.02 - - 1 003 14 0.29 6 033
Coriandrumsp. - - 1 002 - - - - - - - -
Apiaceae indet. - - 1 002 - - - - - - - -
Asparagaceae
BellevalidMuscariOrnithogalum 11 035 6 014 17 018 26 085 117 246 25 137
MuscariOrnithogalum - - 1 002 - - - - - - 1 005
Asteraceae - - - - - - - - - - - -
Centaureasp. 2 006 7 016 20 021 9 029 60 126 6 033
cf. Centaureasp. - - 1 0.02 2 002 - - - - 2 011
Cirsiumtype - - - - 2 002 - - - - 1 005
Asteraceae indet. 3 0.10 2 005 1 001 - - - - 4 022
Boraginaceae
Buglossoides arvens{gincharred) 7 023 1 002 1 001 - - 8 017 - -
Buglossoides tenuifloruncharred) 5 016 1 0.02 - - - - - - 1 0.05
Heliotropiumsp. 6 019 1 002 8 0.08 2 007 3 006 6 033
Brassicaceae
Alyssunsp. - - 1 002 - - - - 126 264 14 077
CapselldDescurainia 7 023 - - 19 0.20 4 013 40 084 24 132
ErysimuniSisymbriuntype 2 006 - - - - - - - - - -
Lepidiumsp. - - 4 009 20 o021 8 026 43 090 7 038
cf. Lepidiumsp. - - 1 002 - - 1 003 - - - -
Brassicaceae indet. 3 010 20 o047 1 001 2 007 4 008 6 033
cf. Brassicaceae indet. - - - - - - - - - - 4 022
Brassicaceae silique fragments - - 5 012 1 001 - - 1 002 1 005
Caryophyllaceae
Dianthus sp. 1 003 - - - - - - - - - -
Gypsophilasp. 2 006 2 005 26 027 7 023 39 082 6 033
Gypsophil@Silene 4 013 6 014 31 032 9 029 44 092 8 044
Silenesp. 1 003 1 002 21 022 7 023 8 017 5 027
Caryophyllaceae indet. 2 0.06 2 005 1 001 - - - - - -
Cyperaceae
Bolboschoenus glaucus 34 109 20 047 35 0.36 17 056 18 0.38 12 0.66
Cyperaceae indet. 9 029 3 007 3 003 1 003 8 017 6 033
Euphorbiaceae
Euphorbiatype 1 003 1 002 - - - - - - - -
Fabaceae
Astragalussp. 122 393 112 264 357 371 118 385 402 844 114 6.25
Lathyrustype 6 019 8 0.19 9 009 7 023 5 010 3 016



LathyrugVicia
LathyrugPisuniVicia
Lenssp.
Medicagosp.
cf. Medicagosp.
Medicago radiata
Onobrychissp.
Pisumsp.
cf. Pisumsp.
Trigonella astroitegype
Trigonellatype 2
Trigonella foenum-graecutype
Trigonella/Astragalus
Vicia ervilia
Fabaceae indet. large
Fabaceae indet. medium-small
Lamiaceae
cf. Salvia
Ziziphorasp.
Lamiaceae indet.
Linaceae
Linumsp.
Malvaceae
Malva sp.
Papaveraceae
Fumariasp.
Plantaginaceae
Plantagosp.
Poaceae
Aegilopssp.
Aegilopssp. spikelets
Avenasp.
cf. Avenasp.
Avenasp. awn fragments
Bromussp.
Eremopyrunsp.
EremopyrumAgropyron
Hordeumsp.
Hordeum spontaneum
Hordeumcf. spontaneum
Hordeum spontaneuspikelets
Pennisetuntype
Phalaris sp.
Phleumtype
Poa bulbosaulbils
Taeniatherum caput-medusae
Taeniatherum caput-medusspikelets
Triticoid type
cf. Triticum sp.
Triticum boeoticunmspikelets
Triticum dicoccoide&licoccumspikelets
Triticum sp. spikelets
Indeterminate spikelet type
Poaceae indet. glumes
Poaceae indet. spikelets
Poaceae indet. large
Poaceae indet. medium
Poaceae indet. small
Polygonaceae
RumexPolygonum

113
83

284

105

20
121

111

337
295

w

17

11
77
165
60
47

66
163
337

2

0.10
129
119
0.13

0.74
0.03
0.03

3.64
267

9.14

0.03
3.38

0.64
3.89
042

045

0.03
0.74
164
0.10
3.57
0.10
10.85
949

0.10
0.16
0.55
0.19
0.35
2.45
5.34
193
151
0.10
212
5.25
10.85

0.06

11 0.26 19
43 101 150
34 080 170
8 019 23
1 0.02 -
17 040 43
3 007 23
1 002 -
75 177 167
115 271 66
1 002 1
191 450 637
- - 1
11 026 23
87 205 97
- - 1
1 002 1
- - 1
47 111 52
24 057 28
187 440 71
54 127 259
12 028 42
p p
29 068 123
2 005 11
24 057 46
79 186 293
18 042 18
166 391 372
151 356 498
977 2301 2943
1 002 1
14 033 26
12 028 10
41 097 113
7 0.16
16 0.38 2
25 0.59 3
80 188 48
8 019 -
8 019 4
33 078 59
129 304 214

974 2294 2054

0.20
156
177
0.24

045

0.24

1.73
0.69
0.01
6.62
001
0.24
101

0.01
0.01

001

0.54

0.29
0.74
269
044

1.28

0.11
048
3.04
0.19
3.86

517
3057
001
0.27
0.10
117

0.02
0.03
0.50

0.04
061
222
21.33

174

23
27

19
139

114

116

128
776

322

0.26
248
2.65
0.26
0.03
0.69

0.23

167
0.98

5.68

0.75
0.88

0.62
452
261
0.29

8
233
517

66

18

145
46

467

16
70

93
129
117

15

79

181
275

22
112

37
109
76
10

49

w

26

(o]

21
69
198

0.17
489
10.85
139

0.38

0.15
0.02
3.04
0.97
0.02
9.80

034
147

0.08

0.65

0.02

195
270
246
031

1.66
0.17

3.80
5.77
046
235

0.78
2.29
159
021
0.02
103

0.02
0.06
0.55

0.17
044
145
416

177

34

107

112

17
30

w o

11

=

14
57

19
10
60
100

0.16
247
477
071
0.16
049

0.05
011
181
351

9.70

0.44
1.86

192

0.05

110
5.87
3.29
0.88

1.86
0.16
0.05
269
5.37
110
6.14

0.93
164
0.33
0.16
0.11
0.60

0.05
0.27
0.77
3.13

1.04
0.55
3.29
548



Ranunculaceae

Adonissp. - - 2 005 2 002 - - 4 008 - -
Rubiaceae - - - - - - - - - - - -
Galiumsp. 5 016 3 007 3 003 9 029 8 017 1 0.05
Indeterminate types
Indeterminate type 1 - - 2 005 - - - - - - - -
Indeterminate type 2 - - 3 007 - - - - 1 002 - -
Indeterminate type 3 - - - - 4 004 - - 4 0.08 - -
Indeterminate type 4 - - - - 4 0.04 - - - - - -
Indeterminate type 5 - - - - - - - - 3 0.06 - -
Indeterminate type 6 - - - - 8 0.08 - - 25 052 8 044
Indeterminate 139 447 236 556 260 270 94 307 193 405 87 4.77

If no other information is given, identifications represent charred fouitsgeds. Note that the data from AH Il were already published
elsewhere [44]; p = present.



S3 Table.Coding of the variables in the correspondence analysis.

Number/Code Taxon/category

1 Aegilopsgrain

2 Aegilopsspikelets

3 Amaranthaceae

4 Asteraceae

5 AstragalugMedicagdTrigonella
6 Avena

7 Bolboschoenus glaucus

8 Brassicaceae

9 Bromus

10 Cyperaceae

11 Fabaceae inet. large

12 Fabaceae indet. medium-small
13 Galium

14 Heliotropium

15 Hordeum

16 Hordeum spontaneugrain

17 Hordeum spontaneuspikelets
18 Indet. spikelet type

19 LathyrugPisunmVicia

20 Lens

21 Malva

22 Phalaris

23 Phleumtype

24 Pistacia

25 Pisum

26 Poaceae chaff indet.

27 Poaceae indet. large

28 Poaceae indet. medium

29 Poaceae indet. small

30 SilenéGypsophila

31 Taeniatherum caput-medusgeain
32 Taeniatherum caput-medussapgikelets
33 Triticoid type

Agr/Erem AgropyrornEremopyrum
Bell/Mus/Orni  BellevalidMuscariOrnithogalum
BugArv Buglossoides arvensis
BugTen Buglossoides tenuiflora
Cap/Des CapselldDescurainia

Caryop Caryophyllaceae

PoaBulb Poa bulbosaulbils

TritSpik Triticum spikelets




S1 Fig. The site of Chogha Golan(A) The landscape around Chogha Golan; (B) outline of the sitetkdth
location of the deep sounding and excavation Area A in the center tiithgC) the south profile of the deep

sounding showing Archaeological Horizons | to XI and the related z-vatimses and photos by M. Zeidi.



S2 Fig. Average grain weight of Poaceae taxa frequently identified among charred arawbotanical
assemblages from the Near EastCalculations are based on the average 1000 seed weight given in the Seed
Information Database (SID) of the Royal Botanic Gardens Kew [67]. Numbédmsackets give the number of
extant Near Eastern species or subspecies for which measurements were avadallerage seed weight for

the single species is also based on multiple measurements from differesicas;eer information on these

data please see SID.



S3 Fig. PRISMA flow diagram showing the impact of the selection criteria on the scneed datasets.



S4 Fig. The composition of Poaceae remains in the samples used in the correspondanedysis. Note that

the strong temporal trend throughout the sequence is also visilile iRoaceae remains. Whereas the older
samples from AH VII and VI have low percentages of small grains (rightoérackis 1), samples from the
middle part of the analyzed sequence are dominated by these taxa. Eimsaerchaff remains characterize
samples from AH Il and I, where small grains are still very abun¢left end of axis 1). Large to medium

seeded wild grasses are in all samples more abundant than grains aiteinepm and Aegilops sp. together.

S5 Fig. Detailed key for the sites included in the temporal and spatial analysis of grain proportians
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