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ABSTRACT

The Eastern Mediterranean Basin includiNgrthern Levanhas a long historpf archaeological
researchDespite of this, archaeobotanical data from Bronze and Iron Age settlements in this region
are relatively scarc@ell Tayinat is a multperiod site in the Amuq Valley, Northern Levant, which
was occupied during the Early B Age and Early Iron Age. This dissertation addresses the
archaeobotanical analysis of plant ma@mains including a detailed set of stable carbon and
nitrogen isotopic signatures of crops from Tell Tayinat. The analyses intend to document crop
managemet strategies as well dse compositiorof plant community from the Early Bronze Age

IVB (ca. 2350 and 2200 BCE) and the Iron Age (ca. 12@D0 BCE). The general aim of the
present dissertation is to increase our understanding of the diachrony oftagligroduction and

of the growing conditions of crop plants of Tell Tayinat as well as the wider Northern Levant.
Furthermore, this dissertation offers a systematic contextualization of the investigated

archaeobotanical data into the local and regionkiire, politics, climate and environment.

Tell Tayinat is characterized by a wealth of plant maernains with a finescaled chronological
sequence of succeeding occupational phases. This allows studying the crop management strategies
and disentanglinghe potential impact of climate degradation on plant community composition
during the end of "3 and 2¢ millennia BCE. Overall, the archaeobotanical investigation at Tell
Tayinat indicated that the inhabitants used a similar range of crops during th&Baze and Iron

Ages.

During the Early Bronze Age, barleid¢rdeum vulgarewas proportionally dominant over other
crops plants. In Iron Age |, watdlemanding freghreshing wheatTfiticum aestivup became
predominant over barley. Bitter vetcYi¢ia ervilia), emmer Triticum dicoccuy and lentil Lens
culinaris) are other typical crop plants in Iron Age I. In contrast, the assemblage of wild/weedy

plant taxa differed dramatically between Early Bronze and Iron Ages. A possible explanation might



be thatthe local vegetation around Tell Tayinat was disrupted by environmental and/or climatic

factors during early phase thfe Iron Age |.

To test whether the locahrchaeobotanicafindings at Tell Tayinat was in line with other
settlements in the Near Easlte available archaeobotanical data from several other sites has been
compiled. This compilation was used to look for general, i.e. asitess patterns that might allow

us to determine changes in the agricultural production during the Late HronzAge transition.

My results demonstrate that several features of the crop assemblage at Tell Tayinat are in
accordance with the regional developments recognized in the published archaeobotanical records.
There is a definitive change from widpread use ofdrley to freethreshing wheat in the Levant.
Additionally, the stable isotopes afarbon and nitrogefrom Tell Tayind and the Near Eastern

sites havebeen studied to find possible trends toward increasing aridity in the region during the
Late Bronzelron Age transition. The stable carbon and nitrogen isotope results from Tell Tayinat
show a small decrease for both barley and-tfheeshing wheat during the Iron Age I. This
decreasing trend in stable isotope values coisci#h the regional climatic chaje towards

increasing aridity during this transitional period.

During the Iron Il and lll,the crop repertory of Tell Tayinat included some new taxa such as
almond and pistachio. Alsthe sampleare devoid of hulled wheats, chaff remains as well ad lenti
and other leguminous crops. Additionally, theraasevidence for the introduction of summer crops
such as sesam&égsamum indicuyrand millets. This is in contrast to Cilician sites at the seaward
side of the Amanos Mountains where these crop plants aleeady present in the later periods of

Iron Age.

Regionally, the occurrences field crops, spices/condiments and trees were studied to comprehend
the alternations of crop production in the larger scale. It is argued that during thidehnium

BCE, the regional variability of crop production was linked to the increasing connectedness of trade



networks across the Eastern Mediterranean basin as well as the emergence of territorial empires

such as the Assyrians and the Urartians.

Earlier archaeologa approaches on subsistence and diet largely focused on quantitative
evaluations of food resources and nutritional values of the studied population and tended to neglect
the role of food within the wider cultural context. Recently, however, archaeologszdrch is
increasingly exploring how past food practices were interwoven by culturally expressive behaviors
in the material record. Food does not only provide an essential biological constant to sustain life but
also is an important representation otiab status, gender roles, religious and ethnic affiliations.

This thesis includes a novel contextual analysis of archaeobotanical remains as a representation of
past food practices into cultural practices. Specifically, the contextual analysis of anthaeath

remains of the newly excavated ruins of a Mesyrian temple, Building XVI, aims to document

the food consumption practices in a symbolica
of Tell Tayinat. The archaeobotanical analysis dematesrthat the plant remains to the west of the
monument are rich in food preparation waste while the deposits inside the temple only consist of
pure crop concentrationglbeit in low counts. Contextual analysis of plant remains in the-Neo
Assyrian SacredPrecinct provided potential insights of human crop use from such similar contexts

in the Near East.



KURZFASSUNG

Der ©°stliche Mittel meerraum einschlieClich de

arch2ol ogi schen ForbBtdohotganiTs oh e -dbdeisenneitiahansa r lcr

Siedlungen in dieser Region relativ selten.

mehreren Bauperioden im Andiga | n°rdliche Levant-enddife¢hea
Eisenzeit besiedet war . Diese Dissertation befasst S i
pflanzlichen Makroresten, einschlieCl rFand det

Stickstoffisotopensignaturen von Nutzpflanzen des Fundorts. Die Analysen dienen der
Dokumentation der Anbaustrategien der Nutzpflanzen und von der Zusammensetzung der
Pfl anzengesell schaften aus der Fr¢hen Bronze
Eisenzeit (ca. 1200600 v. Chr.). Das allgemeine Ziel der vorliegenden Dissentasioes, unser
Verst2andnis f¢gr die Entwicklung der | andwirt
der Nutzpflanzen von Tel/l Tayinat sowi e der
bietet diese Dissertation eine systematische Kontextua i er ung der untersuch

Daten in die lokale und regionale Kultur, Politik, Klima und Umwelt.

Tell Tayinat zeichnet sich durch eine F¢glle v
chronologischen Abfolge aus aufeinandegfd nden Kul turschichten aus.
Strategien des Nutzpflanzenanbaus und die m°g
am Ende des 3. und 2. Jahrtausends v. Chr. zu
in Tell Tayinatz ei gt en, dass die BewomderEiisendert fei

Auswahl an Nutzpflanzen anbauten.

I n der fr ¢hen BrMHordeanevulgaret pwerp oGdrn otheal ( domi nant
Kulturpflanzen. In der Eisenzeit | wurd&eichweken (Triticum aestivujn h2 uf i ger al
gefunden.LinsenWicke (Vicia ervilia), Emmer (Triticum dicoccum und Linse ens culinaris)

sind weitere typische Kulturpflanzen in der Eisenzeit I. Im Gegensatz zu den Kulturpflanzen
Vi



unterschied sich die Zusaremsetzung der Taxa von Wildind Unkrautpflanzen zwischen der
fr¢hen-uBirdonEziesenzeit dramati sch. Eine m°glich
lokalen Vegetation um Tell Tayinat durch Umwaltn d / oder Kl i maf aktoren i

der Esenzeit | sein.

Um zu testen, ob die Il okalen arch?2obotaniscl
Siedlungen im Nahen Osten stehen, wurden die
anderen Standorten gesammelt. Diese Sammlung wurde vextwemd nach allgemeinen, d.h.
standort¢bergreifenden Mustern zu suchen, di e
l andwirtschaftlichen Produkti on w dHmseneert dzu d e s
bestimmen. Meine Ergebnisse zeigen, dass mehMerkmale der Zusammenstellung der
Kulturpflanzen mit der anerkannten, ver©°ffent
cbereinsti mmen. I n der Levante voll zieht sich
der weit verbreiteten Verwelung von Gerste hin zuiWweichweizen Dar ¢ber hi naus
stabilen Isotope von Kohlenstoff und Stickstoff von Tell Tayinat und den Standorten im Nahen
Osten untersucht, um m°gliche Trends zur Erh©
i berggsani n der -guwEidermeit zuBfindem Rie Isotopenuntersuchungen des stabilen
Kohler und Stickstoffs zeigen einen | eichten Rg¢
Weichweizenin der Eisenzeit |. Dieser abnehmende Trend bei den stabdepénwerten deckt

sich mit dem regionalen Klimawandel in Richtung zunehmende Trockenheit in dieser

i bergangszeit.

In der Eisenzeit Il und Il enthielt die Auswahl an Kulturpflanzen von Tell Tayinat einige neue
Taxa wie Mandel und Pistazie. Des Weiterelnt gis keinen Spelzweizen, Spelzreste, Linsen oder
ander e Legumi nosen. Dar ¢ber hi naus gi bt es

Sommerkulturpflanzen wie Sesa®eSamum indicunoder Hirsen. Dies steht im Gegensatz zu den

VI



kilikischen Standorten auf deese w2 r t i ge n S eGeliirges, e dieseXuitarpflanzen

bereits in den sp2teren Perioden der Eisenzei

Regi onal wurden das Vorkommen von Feldfrg¢gcht
Produktionsmuster deemKMAGutrapd | amzepr snhelger®.Ce
dass w2hrend des 1. Jahrtausends v. Chr. die
der zunehmenden Vernetzung der Handel snetze i

der Entstehung tatorialer Reiche wie der Assyrer und der Urarier verbunden war.

Fr¢here arch2ol ogi sche Studienans?2tze zum

konzentrierten sich weitgehend auf quantitative Bewertungen der Nahrungsressourcen und
N2 hrwerte chdrenurmBteerr®°dker ung und vernachl @ ssi
breiteren kulturellen Kontext. Il n jé¢ngster Z
zunehmend, wi e fr¢here Ern2hrungsprakti ken [

F u n dkert vewvoben wurden. Nahrungsmittel stellen nicht nur eine wesentliche biologische

Konstante f ¢r die Lebenserhaltung dar, sonde
Status, Geschlechterroll en, r el i garafbeitebeinhaitet et h
eine neuartige kontextuelle Analyse arch2obo

Lebensmittelpraktiken in kulturellen Praktiken. Konkret zielt die kontextuelle Analyse

arch2obotani scher l ber r est eeined emeuassyischen dempetse g r
Geb?2ude XVI , dar auf ab, di e Ern2hrungsgewolt
st2dtischen Umgebung aus dem " Sacred Preci ni

arch2obotani sche Anal ys eenzZendgin Westta des Mahumentsa r ¢
reich an Speiseresten sind, wahrend die Fun
unverarbeiteten Kulturpflanzen bestehen, wenn auch in geringen Mengen. Die kontextuelle Analyse
von d en arch?2obot aiminsuwssyeschen Feiligeh eBezirk lieferte potenzielle

Erkenntnisse ¢ber di e Nut kchenigontexeemim blahéniOstdne r P f

VIl



DECLARATION OF OWN CONTRIBUTION

Chapter 6 isoriginally a manuscript which will be published in Archaeology andstbliy in
Lebanonjournal in a special edition in summer 2019. This manuscript jint productof the
present author and. SRiehl, t i t Subsistente in posbllapse societies: patterns of agro
production from the Late BnzeAge to the Iron Age in thorthernle v ant a n.drigupee y o n d
52 and 53 has been produced byriehl, otherwise the rest of figures in this chapter were created

by D. KarakayaHanan Charaf and Lynn Weltqeditors of the journal helped to improve the

language of the manuscrigthe full citation and the contributions of bdth Karakaya and S. Riehl

were presented below.

Karakaya, D., & Riehl, S. (in pressiubsistence in posbllapse societies: patterns of agro
production from the Late Bronze Age to the Iron Age in the NorthLevant and beyond. In
H. Charaf & L. Welton (Eds.)The Iron Age | in the Levant: The View from the Nd¢Rhrt
1), Archaeology and History in Lebandsi-51.

(%)

(%)

(%)

Nr. Accepted List of authors Position of Scientific Data ge- Analysis and Paper writing
publicatio candidate in ideas by the neration by Interpretation by done
n yes/no list of authors | candidate the candidate | the candidate by the candidate

(%)

yes

Karakaya, Doga; Riehl

Simone

First

50

75

50

90




LIST OF FIGURES

Figure 1 The geographical position of Tell Tayinat and other major settlements in the Amugq
VAUIBY ...ttt et e e e e e e e e e e e e e e e e e e 22
Figure 2 The archaeological settlements in the NortHegvant mentioned in the text.....26

Figure 3 Topographic map of Tell Tayinat showing the principal excavation areas and surface
pottery collection in the lower settlement by density.........cccooeiviiiiiiiceciicceeeenn 40

Figure 4 The topplan of Early Bronze Age (FP8) in 2012 and some archaeological exposures

of Iron Age | phases (FP6) at Tell Tayinat..........c.ccoeeeeeeivieeeeiiii e 43
Figure 5 The tpplan of FP6 and associated subphases witksloombers....................... 45
Figure 6 The topplan of FP5 and associated subphases with locus numbers.............. 46
Figure 7 Silo structure (G4.56:111/112) with dividing wall (G4.581) in FP5.................46
Figure 8 The topplan of Field Phase 4 and.3............cccooiiiiiiicceeiiccee e eeeeeereeeee a7

Figure 9 The topplan of Field.. 5, .. .t.he..jiCour.tbhard E
Figure 10  Loomweights in pit G4.56:196 found SitU...............ccceeeiieiiiiicccciiiiiiccee e 72
Figure 11  The topographical mapf the Amuq Valley and rainfall isohyets...................... 81

Figure 12  Schematic representation of several engp categories according to their social
value,scale of cultivation, and distance from the regiomhith production occurs.

Figure 13  Find density scores of three categories including all crops and crpmbyicts, four
wild and weedy taxa (ryegrass, canarygrass, aggregate cloverg)gstth@momile)

and the rest of wild plants identified at Tell Tayinat.........ccccccceveiiiieannnnnnnn. 175
Figure 14  Relative percentages of crop categories across the Early Bronze Age IV phases (FP9
8b, 8a, and 7) and Iron Ag&RPG6, 5, 43). ....cccooeieieeeeieeeeeeeeeeee e 175
Figure 15  Relative percentages of various cereal crop categories............ccevvvvvveemnnnnnn. 176
Figure 16  Ratio of barley to fre¢hreshing findsicross field phases............cccccoooiiiiiceen. 176
Figure 17  Ratio of barley finds to all wheat finds including durum/bread wheat, emmer wheat
ANATIIHICUM SP. ittt e et e e e e e e e e e eeeneeees 177
Figure 18  Ratio analysis of selected crop categories and associaadéfdreimains across field
PRASES. ...ttt 177
Figure 19  Relative percentages of legume crops across field phases.............ccccvueeee. 178
Figure 20  Relative percentages of perennial trees across field phases..............ccccuueee. 178
Figure 21 Ubiquity scores of perennial tre@S..........ccooveeieeiiiiiieeeii e 178

X


file:///C:\Users\Doga\Desktop\THESIS_Version_L.docx%23_Toc11980423
file:///C:\Users\Doga\Desktop\THESIS_Version_L.docx%23_Toc11980423

Figure 22

Figure 23
Figure 24
Figure 25
Figure 26

Figure 27

Figure 28

Figure 29

Figure 30

Figure 31

Figure 32
Figure 33
Figure 34
Figure 35

Figure 36

Figure 37

Figure 38

Figure 39

Figure 40

Percentage scores of mediuamd smalseeded wildyrasses across the field phases

...................................................................................................................... 179
Percentages of four wild taxa across the EBA IV and Iroeld fphases............ 179
Ratio of wild [egumes t0 ClOVEIS..........ciiiiiii e 179
Percentages Of WatdIViNg taXal.......ccouviiiieiiiiiiiiiiie e 180
Ubiquity scores of selected wallewing taxa..............ccoevveveviiiivimmmeeeeeceeeceeienns 180

Ordination diagram of the redundancy analysis for the widces community
o o3 (0 1T 1= o Lo KO 181

Ordination diagram of the redundancy analysis for the wild species community
ACIOSS SUD/PIBRS.......cooiiiiiieie et e e e e e e e e aeee s 182

Ordination diagam of the redundancy analysis for the wild species community
across occupational periods of Tell AtchanaA)Bnd Tell Tayinat (EBA, IRON).

Ordination diagram of the redundancy as& for the wild species community
across phases/levels of Tell Atchana and Tell Tayinat................ooooviiceeeee. 183

Accumulatedp v al ues of -threshiny wheat dunnd thé EadyeBronze
Age and IrorAge at Tell Tayinat. Highlighted area shows the threshold axferate

water StreSS CONAITIONS .......ooiiiiiiiiiterer e enens e e e eaeeeeas 186
Stable carbon isotope values across field phases............cccvvvvvieeeiiiiinnnee. 187
Me a °C wplues with standard diation across the field phases................... 187
15N Values @CrOSS PEIIOUS..........cveveveeeeeerrieeeeieeeeeeeees s s eeseseseeese e n s e eeeeens 188
15N values across field PRASES...........coveeeeeeieeeeee e e et eeeees e 188

Stable carbon and nitrogen isotope values of-tineeshing wheat across field
phases. Triangles denote Iron Age phases (blue: EB3FP5, green: FP6), circles
are the Early Bronze Age phases (purple: FP7, orange:.ER8)............ccc....e 189

Stable carbon and nitrogen isotope values of barley across field phases. Triangles
denote Irm Age phases (blue: FP3; red: FP5, green: FP6), circles represent the Early
Bronze Age phases (purple: FP7, orange: ER8)..........ccooviiiiiiiieiiiiiiieeeee, 189

Water input values calculated from stable carbon isotopeirdisation across field
phases. Red and blue zones denote the upper and lower limits of leeward and
seaward meteorological stations in the Amuq Plain................ccccoooeriiiinnnne 190

Mean water input values of bayldred) and freghreshing wheat (blue). Lines
indicate the total rai nf.al.l..amouni0 dur i

Minima water input values of barley (red) and fteeeshing wheat (blue). Lines
indicate the total rainfallamounudr i ng | Ap.r.i.l..+...Ma.y.191

Xl



Figure 41

Figure 42

Figure 43

Figure 44

Figure 45

Figure 46

Figure 47

Figure 48

Figure 49

Figure 50

Figure 51

Figure 52

Figure 53

Figure 54

Figure 55

Figure 56

Figure 57

Figure 58

Figure 59

Maxima water input values of barley (red) and fieeshing wheat (blue). Lines

indicate the total raiaf | | a mo u n pril dMay.i..n.g.....L.....A........... 191
Map of the Late Bronze Age s#tevith archaeobotanical records..................... 238
Map of the Iron Age sitewith archaobotanical records...............cceeeevvvvieeenn. 239

The ubiquity scores of several crop taxa in the Late Bronze Age (LBA) and the Iron
Age (IA) in the Southern Levant (denoted as SL) and the Northern Levant and the
northern Mesopotamia (denoted as NL)..........ooovvviiiiiiiicneeeeeeeeeii e 246

The proportions of crop taxa during the Late Bronze and Iron Age in the Northern
Levant and northern Mesopotamia...........ccccuuuvriiirimmmniiiiiiiiiieeeee e 246

The proportions of crop taxa during the Late Bronze and Iron Age in the Southern

The relative proportions of selected cereal cropinduhe Late Bronze Age in the
Levant and northern Mesopotamia...........ccccuuuveuiiiimmmniiiiiiiiieieee e 247

The relative proportions of selected cereal crops during the Iron Age in the Levant
and Northern MeSOPOTAMIA. .........cooviiiiiiieeee e e e e 248

The relative proportions of selected legume crops during the Late Bronze Age in the
Levant and northern Mesopotamia...........ccccuvuvvuiiiimmmnniiiiiiiiieieee e 248

The relative proportions of selected legume crops during the Iron Age in the Levant
and Northern MeSOPOTAMIA. .........coiiiiiiiiieeee e eee e 249

The number of sites with dominant cereal and pulse taxa according tofuetipns
of the individual sites during the Late Bronze and Iron Ages.............cccccueee 249

Box pl o'C valfes impbarley Hordeum vulgarp and freethreshing wheat
(Triticum aestivum/durulfrom Tayinat.............oooviiiiiiiiirer e 251

od°C record for barley gras from 33 archaeological Sites..............cocvevevevmn.. 251

The ubiquity scores of field and tree crops from the beginning of Iron | to the end of
the ' MIlleNNIUM BCE..... ..ottt 272

Regional distributions of Panicum miliaceum (broomcorn millet), Setaria italica
(foxtail millet), Oryza sativgrice), andSesamunndicum(sesame).................. 273

Regional distributions ofCorylus avellena(hazelnut), Amygdalussp. (almond),
Punicum granatunjpomegranate), antuglans regigwalnut)..................cc....... 274

Regional distributions of Malus/Pyrus (apple/pedyunusarmeniaca(apricot),
Persicavulgaris(peach), anceratoniasiliqua(carob)..........ccccccoooeeeiiiiiiiceennnn. 274

Regional distributions ofTrigonella foenicumgreacum (fenugreek),Coriandrum
sativum(coriander) Cuminum cyminurCUMIin)............cooeeeeiumiiiemmmmmmeeeeeeeeeenens 275

Archaeological features and artifacts from inside and around Building. XV1.315

Xl



Figure 60

Figure 61

Figure 62

The locations of archaeobotanical samples aealyand their dertgs in and around
2 T0 1] Lo [T o 10,2 P 320

An unindetified object with a grape pip embedded iDtO.J...........ccoooviiiiiiieen.. 322

Simplified version of find density scores showing the most important finds from the
area UNder INVESHIAtIQI..........uuuuuuuiiiee e e e e e e e e e enensa e e e e e e e e e e e eeeeeeens 324

Xl



LIST OF TABLE S

Table 1

Table 2

Table 3

Table 4

Table 5

Table6

Table 7

Table 8

Table 9

Table 10

Table 11

Table 12

Table 13

Table 14

An overall chronological sequence thfe Near East from the Late Chalcolithic (ca.
4000 BCE) to the Achaemenid period (ca. 500 BCE) (modified after Liverani, 2@14).

Iron Age | chronological sequence at Tell Tayinat showihg field phases and

SUDPNASES IN FIeI du.oooiiiiiiieeee e e eeeeae 47
Monthly and annual means of rainfall from the meteorological stations in the Amuq
and neighbouring regions from 1958 t0 1967............ccooiiiimmmn e 82
Selected crop taxa and their ecological information...............ccccccvceeeveeevvinnnnns 118

The overall characteristics of the Tell Tayinat plant assemblage includinghatfon

on the total number of samples analyzed, total volume of sediment processed, find
density scores per phases, total counts per phase, the counts of cereals, pulses,
perennial trees, chaff remains and four frequentiguring wild taxa (ryegrass,
canaygrass, clovers, stinking chamomile)..............ccccoiiiimn e 162

The absolute counts, ubiquity scores, proportions and find density scores of all crop
categories and horticultural plants identified at Tell Tayin..............cccccceeiiiiiceee. 166

The absolute counts, ubiquity scores, relative percentages of all crop categories
identified at Level % (ALA_L5-4) and 32 (ALA_L3-2) of Tell Atchana and Iron Age
| field phasesTAY_P6, P5, P®8) of Tell Tayinat...........ccccceeeeeiiiiiiicceciienn. 167

The table charts the explained variation (%) of the field phases to the overall variation
in the assemblage, the contribution of the field phasdbeovariation in the current
analysis together with pseudfoandp-ValUues..............couvviiiiiiiiiiiccceeeeee 172

The absolute counts, ubiquity scores, proportions and find density scores of wild plant
(0= 1T [0 1= 174

The mean carbon and nitrogen isotope values, range and standard deviation of barley
and freethreshing wheat across field phases.............cooooiiii 186

Crops, crop byproducts and wild plant taxa (over 10% ubiquities) during the Iron I
AN T At TAYINAL. ... e e e e e e e e e e e e s e s s s ammneeeas 270

The periodization of deposits recovered from Building XVI...........ccccoooeevivvieeee. 314

The absolute counts, ubiquity scores and percentages of the selected plant taxa
according to the suphases of FP2 in Field 2...............coooiiiiiiiiemr s 318

Absolute counts, sediment volume processed and find density scores according to sub
phases of BUildiNg XV L. ...t e e e 320

XV


file:///C:\Users\Doga\Desktop\THESIS_Version_L.docx%23_Toc11981037
file:///C:\Users\Doga\Desktop\THESIS_Version_L.docx%23_Toc11981037
file:///C:\Users\Doga\Desktop\THESIS_Version_L.docx%23_Toc11981038

CHAPTER 1. GENERAL INTRODUCTION

11 RESEARCH FRAMEWORK and OBJECTIVES

AAs archaeol ogi sts, we hav
responsibility to present our prehistories in ways that

make distorted appropriations of the past as difficult

as possible, and, as stiists, we need to work with

models that expose our implicit assumptions
concerning human roles and capabilities to critical
reflection and hypd¥9hesi s t es

Investigating past subsistence systems is a particularly important resetamstirand
numerous archaeobotanical studies contributed to this topic over the decades covering the
area of the ancient Near East (e.g. ChagleBogaard 2001; Miller, 1997; McCorriston&
Weisberg 2002; van Zeist1999, Riehl 2009%). Processuain hasnotably improved the
theoretical (e.g. systems theory) and methodological (e.g. sampling) potential of the studies
on subsistence and dietary practices in archaeology. The main emphasis of processualism
(alternatively referred to as ecosystemic apprbactes to examine adaptive cultural
adjustments to alternating natural environments in search for-antiasal predictive laws

and generalizations from a behavieeablogi@al perspective (Binfordl968 Flannery 1972).

In doing so, the subsistence systeafispast societies was reconstructed through various
met hods such as quantitative resource opti mi
and maximization strategies, focusing the evaluation of the nutritional intake of past

populations (e.gEllison 1981; Ellen 1982).

The use of ethnographic analogies as a method of archaeological inference has been widely

discussed in archaeological literature (Binfod®65 Hodder 2012). The contemporary

! The ecosystemic explanations are not restricted to the processualism. In the same line, resilience thinking (or
resilience theoryyecently gained popularity among scholars to develop models of social change from within
another ecosystemic understanding of change (Folke, 2006). Resilience theory was originally developed in
community ecology to explore the response mechanisms of compleiral ecosystems to external stress
factors, this conceptual framework aims to disentangle the -@abeffect relationship among the components

of a structured, ordered system, and may it be ecological plant community or human society.
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ethnographic and ethnohistoric (e.g., Jewish Biblejoants of prendustrial farming
communities are an important source to investigate past subsistence systems in archaeobotany
(e.g., Hillman 1981, 1984a1985 G. Jones 1987, 1992; N. Miller 1984; N. Miller Smart
1984; see HoddeR012, p.114 for symbbic potency of crop processing activities). However,
in general, it isassumed that the ethnographic analogies on subsistence systems (e.qg.
transhumance, tremop specialization, bare fallowing and crop rotation) between
contemporary prenechanized agridwral communities and to those in the past, become
circumstantial when lacking the analysis of inherent social and cultural contexts of past
populations (Hodder1982,2012; Halstead?014). Concerning this issue, Halstead notes that:

fé Traditional practte was highly variable, however, and demonstrably shaped

also by mediumterm historical contingencies and cultural preferences and by

shortterm tactical decisiomaking. These influences must be disentangled to
enable judicious use of recent practicesaanal ogi es 4m2). the pasto (201

Hodder (1982p. 13) is more optimistic on this issue; particularly for the type of analogies

that he callgelational. This term refers that ethnograph
define the relevant cultar| context for soci al and ecol ogic
used for the comparison could be specified and if it is combined with a general theory of

practice (e.ghabitug (Hodder 1982, p5).

Several studies on modern indigenous commundigsonstrated that cultural values are
deeply entrenched in how people perceive their environment (e.g., Noy2Did®; Ohneku
Tierney, 1993. For instance, marginality is usually conceived from a dualistic perspective
between resouregch andipoor enwonments (e.g., Wilkinsgn1994). However, cultural
factors would also be significant in the perception of the environment for ancient

communities (Riehl2017). Simone Riehétresses this fact from within archaeobotany; that

16



such perspectives on enviroamal marginality are cultural constructs and not fixed

analytical categories:

fiArchaeological literature often provides authoritative valuation on ancient Near

Eastern | andscapes. Characterizations such 8
fenvironmemtsad tchhatstaati on ancient societies or
need to import wood due lackof | oc al t r e e feadiaggamitnast i ono é or i

with stored barleyé t o mai ntain hi gher number s of ani me
permited by restricted summer grazn§ nouri sh our view of the anc
East as a meagre landscape with an impoverished flora in a modern sense. We thus

judge on environmental conditions that would set limitations to a western way of

life, thus in a very classical sense we use an argtatien that constructivism

rejects (Riehl2019, p. 17%

In close connection, the essential mearohgubsistence has gathered substantial skepticism

in archaeological thinking (Boserup965; Sahlins1972) . The fimere subsi st
means a netdl term forfoodget t i ng but a rhetori cal one i nc
of a world without foothe \bctoian obseovers ofithedi@emturp i di t y

(A. Sherratt 1999):

f¢ Subsistence is not an autonomous domain, but is bastdered as one aspect

of a larger set of relationships é Although ma
term, O6subsistenced is in fact heavily freighte
principal uses in modern English: to describe the economidar-afvay regions,

and to specify an element of allowalger diemexpenses after secowthss travel

by rail. Its use in the latter context clearly has a moral content: it is a bureaucratic

warning against the temptatiaherfansofpotl atch ¢é F
consumption) are not so environmentally or economically determined as to be fully

predictable, but not so arbitrary as to preclude useful comparison. Values are

socially constructed, but they are constructed for similar reasons in different
cultures.vhBEpbebdbAdded!|l ways the i mpression of mea
the manufacture of a commodity: it carries an imprinted message (however much

that message can be inteABheedatt2999ph32). i ts ul ti mat e

This reactionary approach engages an intellectual position against theevwationary
thinking in archaeology, favoring agenbgsed models to emphasize the indigenous

motivations in the formation and reproduction of social and cultural structure@U4).

’Sahlims&srame worth to be noted: ié¢ The remote and
theater of modern hunters have an effect on Europea
formerdés plight. Mar gi nal erais to dniailturd, wistb everydayaEuropean Kal a
experience, it is a source of wonder to the untutor ect
inference that the natives manage only to eke out a bare existence is apt to be reinfdne@dnigreelously

varied diets é Ordinarily including objects deemed r ¢

itself to the supposition that the people are starvin
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The processual conceptualization of subsistence regafdls as At i mel-efses®0,and
thereby reducing the human behavior into quantitative measures of nutritional Faakies
reason, A. Sherratt Suggest s therbainfof dalougpblet he s
determinism of economics into the interpret:ze
into a larger cultural and social context of ancient societies (Sh&g& p. 33; see also
Twiss 2007, 2012; Palme& van der Veen2002; Hodder, 2012p. 101 for theoretical

discussions).

Inregardtoni s criticism to fimere subsistenceo, [
interpretations to the political developmental modsintered on consumption of organic
resources, Shetrat 6 s over al | emphasi s provides an ess
subsistence, food behaviors and vatueation.Social archaeology of food aims to serve this

purpose by providing enhanced understanding of individual and/or communal magvatio
around the notion of foodways (Hastd2016; Twiss, 2012; Bray 2003) in connection to the

cultural anthropological literature (e.g. Tierney and Ohili&rney 2012; Mintz and di

Bois, 2002 for an overview). The notion of foodwaigssignificant to caonprehend diverse

material and symbolic dispositions of food practices in the cultural milieu; as an alternative to
positivistic understanding of subsistence an
literature has been dominated until recertly questions about production, subsistence,
husbandry and ecology, with only scant attention paid to the fact that culture is constructed
through consumption and not just through production. Foodways, along with other forms of
material culture consumptiprserve to materialise, temporalise, spatialiase and substantiate

human c¢2003tpa)r e o (

Foodways, on this conceptual |l evel , can be wu

and meanings that surround the production, harvesting, progessioking, serving, and
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consumpti on of t B0A% p. 428)o0 Mares specificidly acearsling to
Appaduraif ood renders fia peculiarly power f ul sen
which i s capable of nAbdardimngofurtselodath|ldygf ce eec
food, its inherent connection to landscape, and its symbolic potency make it a medium rife for
exploitation and for the communication of both homogenizing and differentiating social

me s s aAppasiuraj 1081, p.494).

I n connection to Appadurai 6s emphasis on se
Afoodways are not just a passive reflection
al so an arena f or aclfd3,qpil6)avoeoves,dood and bevaraggsot i at
are targeted to be destroyed by ingestion and leave no or little trace in archaeological record.
Michael Dietler (2011) and Yannis Hamilakis (1999) stress the importance of another concept

to relate archaeological inferences te gubjectivity and the construction of identity in the

p a s embodiéd material cultuge.Dietler (2011, p.179) elaborately summarizes an

archaeological perspective of food, agency and structure as follows;

Al é] This fact | ends dnt affectiva resormnicgihthened sy mbol i
soci al construction of the self é Moreover, gi v
acts that must be repeated virtually every day for biological survival, they occupy a

salient place among the various routinized practices a t é serve to i ncul ca

habitusi that is, the set of embodied dispositions that structure action in the world

and that unconsciously instantiate social roles and cultural categories and perception

of identity and difference. Furthermore, because sustnirthis process of

consumption requires continual replenishing production through both agricultural

and culinary labour, this domain of material culture is one where the intimate

linkages between the domestic and political eco

AThe intimate | inkages between domestic and
attention for this introductory section. Political economy, as it is used today in political
sciences, refers to fAan anal y<essto welalthandci al

power 0, 1996, ipR2G5h The social structure is not superimposed over human actors

(Eisenstadtl 9 8 8 ) but Acontinually created by thei
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subconsciously according to these structures but ofeermwaare of them and can creatively
mani pul ate them f 2014, 9.8).cTheaefore,mBlumbied asserdsdhat(inJr
archaeol ogy nfné we must recognize that cul t
composite outcomes of negotiation betwegmsitioned social agents pursuing their goals
under both ecol ogi c 4992, m51]. Fuler and &tevens suggsest thea i nt
i mportance of studying the political econon
stapl e r es ouddranslacal eommuniteex byrnaiood @oducing elites and
specialistsZ00, p. 37);

ié One particular aspect that needs to be furt/

increasing social complexity impact on the organization of Joadiucing

households, omdeed whether they alter their structure at all. Ethnographic studies

do suggest that major soes@onomicc hange filters down to the hous:

while archaeologists have long been aware that changes within settlement patterns

are also indicatveaf uch change ¢é What have been neglected

the relationships between general structure of economy and the organization of the

individual components that contribute to it, the households. We believe

archaeobotany can help to detect whemtralizel political power affected the
organizabn of agricultur al producti ono

To sum up, Elizabeth Brumfiel recapitulates all of these perspectives within an explanatory
framework by considering cultural S pgsget e ms  a
outcome of strategy, counterstrategy and th
unl i ke processual i smbds ¢e1892,p&59)i Gn oremand dumant i v e
actors are the active agents in the reproduction of the social steugturei € human ac
devise complex strategies to solve their problems and meet their goals, and these strategies
are neither random nor shaped solely by differential survival either at the population level as
ecosystem theorists would have it, or at thell®@f the individual as more recent evolutionary
culture theorists claim €éo. On other hand,
costs and benefits of different production strategies while in contrary to the processualists,
accessibility of resurces and power depebdsed orgender, class and factional affiliations.

Lastl vy, and perhaps mor e i mpcourlttaunrtally , g esnheer ad
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by stating that fAé the discour sdturalysinslas ci al
ecological and social strategies should leave broadly similainimpr s on mat er i al
(1992, p.560). As a result, comprehending the nature of economic organization would be
crucial to investigating the degree of active participation ofasaitors (e.g. authorities,
peasants, specialists, merchants) into food production and consumption, in regards to
obtaining material benefits, to recognize the cumulative efforts of these agents in actively
transforming the landscape for food productigrnigkson 2006 p. 348), to develop strategies

in times of social and environmental crises (Ri€B0%; Marston 2011) or to use the plants

in symbolic and rhetorical purposes to transmit differentiating and homogenizing messages
(Winter, 2003; N. Miler, Jones, & Pittman 20}5Plant subsistence as an integral part of
Afoodwayso reflects the interconnectedness
economic and environmental characteristics of any given society independeeatle¥el of

social complexity A. Sherratt1999.

Seen in this way, the present study aims to answer what the dynamics of human crop
preferences were during the Bronze and Iron Ages, and why and when certain crop plants
occurred more often than others in the archatmical record of the Near Ea3the present

inquiry assumes that the recognition of local,-sjpecific patterns of agfproduction with a
synthesis of regional crop data can produce an avenue to disentangle social, environmental
and climatic constrats over agricultural resources during the Bronze and Iron Ages in the

Near East.
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Three research objectives of this dissertation are clasaifiag these lines;

1) Defining the local patterns of aggroduction at Tell Tayinat and in the Amug Valley

during Bronze and Iron Ages;

In this respect, Tell Tayinat and its sister site Tell Atchana (Fig. 1) have been used as case
studies for determining change and continuity in plant subsistence and foodways during the
Bronze and Iron Ages in the fertile plaif the Amuq Valley. Tell Tayinat is a mulieriod

site which has beenccupied in the Early Bronze Age VI of the latérillennium BCE, and

after ahiatus of occupation during the Middle and Late Bronze Ages, when the settlement
shifted to nearby TelAtchana, resettled during the Iron Age ca. 1.200 to 600 BCE (see Table

1 for a general chronology of the Near East). Both sites are located 700 meters to each other

in the fertile plain called the Amuq along important trade routes which connected tha coast

Elevation

Value %
High : 2210m

Low: 1m

Figure1l The geographical position of Tell Tayinat and other major settlemerstin the Amuqg Valley.
(Graphic courtesy: S. Batiuk,after Batiuk 2013).
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northwestern Syria to the inner parts of the Mesopotamia. Therefore, Tell Tayinat and its
sister site Tell Atchana of thé®millennium BCE are in a geographically and historically
strategic position to investigate the regiwide historical developmes in the Near East (Fig.

2).

The history of crop husbandry still remains relatively obscure despite the lengthy history of
archaeological research (Haines, 1971; Woolley, 1955; Braidwood & Braidwood, 1960) and
textual evidence in this region (Wiseman, 39Zeeb, 2001). The history of agricultural

practices in the Amuq Valley remains poorly understood from only a few archaeobotanical
reports. Tell Judaidah which is a myperiod site at the Afrin Valley, east of the Amuq

Valley, was initially excavated ding the Ol excavations only reported of plant impressions

on the inner surface of pottery sherds (Helbaek, 1960). This was the only study conducted for

a long period. Later after the-oemmencement of targeted investigations at Tell Atchana and

Tell Tayinat, more archaeobotanical research had been undertaken. Tell Atchana plant
assembl age has been reported by Riehl (2010

Tell Tayinat plant assemblage is only known from the master thesis of Capper (2013).

2) Defining the regional patterns of crop use and dissemination during the Bronze and Iron

Ages across the Near East;

As more and more plant data has been produced in recent years, the necessity to synthesize
the regional plant developments has emerged an@mohportant accomplishment in the

2 0 0-@isiasy of the archaeobotany. This coincides well with the new digital age of super
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Tablel  An overall chronological sequenc®f the Near East fromthe Late Chalcolithic (ca. 4000 BCE)
to the Achaemenid period (ca. 500 BCE)Ymodified after Liverani, 2014).
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computers providing the ease of processing immense data points, or as widely known the
ABi g Dataodo approach, and the emergence of
opportunites to disseminate the plant data, easier and quicker for every scholar. This trend
was reflected in several synthesizing studies of recent years that delivered themidgion
character of plant subsistence, and crop dissemination patterns across tHeadle@.g.

Riehl, 200%, 2010b; Colledge, Conolly, & Shennag005).

In case of the second objective, contemporary archaeobotanical research can greatly benefit
from al o n g u e appraach®y investigating the linkages between the domestic and
political economies during the Bronze and Iron Ages in the Near East. Leaving aside the
guestion as to whether the identification of the political economy in plant mac@ns is

truly possible or notthe impact of the development of complex seuiditical strudures on
subsistence base of fo@doducing communitiehas been previousliargely addressed in
American archaeology (e.g., Hastof993. However, the same issue has only been
marginally studied in archaeobotanical studies in the Near Eagt Rosenaveig, 2018;

Charles & Bogaard 2001; Hald 2010; Fuller & Stevens 2009 McCorriston 1998;
Rosenzweig & Marshton 2018) rather more attention has been devoted to the
palaeoenvironmental reconstructions and subsistence strategies. Also in these studies, a
greater emphasis was concentrated on the Northern Mesopotamian agricultural economy

rather than the Levant (see Rig200% for a synthetical approactvhere historical, climatic,
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1. Norsuntepe
2. Arslantepe/Malatya
3.Tille Hoyuk
| 4. Lidar Hoyuk
| 5.Karkamis
6. Kinet Hoyik
7. Sirkeli Hoylik
8. Porsuk
9. Kilise Tepe
10. Mersin-Yumuktepe
11. Tarsus-Gozlikule
12. Arsuz
13.Tell Tayinat
14.Tell Atchana
15. Catal Hoyuk
16.Tell Judaidah
17. Gindaris
18. ‘Ain Dara
19. Aleppo
20.Tell Afis
21.Tell Qarqur
22. Ras el-Bassit
23. Ras Shamra (Ugarit)
24. Ras |bn Hani

Figure 2 The archaeological settlements
courtesy: S. Batiuk; after Welton et al. 2019).
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25.Tell Tweini
26.Tell Sukas
27.Tell ‘Acharneh

28. Meharde/Sheizar
29.Hama

30. Tell Mishrifeh-Qatna
31.Tell Kazel

32.Tell Arqa

33. Kamid el-Loz

34. Sidon

35. Sarepta

36.Tyre

37.Tell Abu Hawam
38.Tel Dor

39. Beth Shean

40. Tell Hammeh

41. Ashdod

42.Tell Migne (Ekron)
43, Beth Shemesh

44, Tell es-Safi (Gath)
45. Lachish

46.Troy

47. Bogazkoy (Hattusa)

in theNorthern Levant mentioned in the text (Graphic




and environmental settings were differahtan in the Levant. The topography of the
Levantine/Eastern Mediterranean landscapes is highly heterogeneous whéagby p
communities are temporally and spatially fragmented by diverse climatic, environmental
and/or anthropogenic factors (Halstead, 1987). Forrdason, the Mesopotamian models

concerning the agrproductioncannotbe critically extrapolated to the Leviine conditions.

A second objective within this same generalizing framework is dissemination of economically
(also symbolically) important plants across the Near East. Food iglatii@h or transference

of cropplants, spices, and botanical exotics frone oegion to another has been investigated
by numerous authors for #aus time periods (e.g. Watsoh983). Several comprehensive
studies in archaeobotany were basically focused either on the Neolithic period for
dissemination of domesticated crops (eGplledge, Conolly, & Shenna20@b; see also M.
Jones et al2011; Boivin Fuller, & Crowther2012) or on the classical and medieval times in
which the archaeobotanical data is more abundantWagder Veen2008 van der Veer&

Morales 2015.

Nonetteless, early centuries of th& millennium BCE represent an interesting time frame to
understand the connections between the Bronze Ages and classical periods. Developing from
the collapse of the Late Bronze Age territorial states, on the one hand rtileeinium BCE
becomes a period of continuity indicating the strong cultural and material connections with
the Late Bronze Age. On the other hand, tfimillennium is a period of increasing global
networks or as sometimes called globalization, reastabent of the interregional trade
networks (and maritime routes were established more decisively in comparison to the Late
Bronze Age), the emergence of powerful imperial domains which covers larger geographical
stretches than ever achieved before. The obplants remampoorly understood in this early

stage of global encounters from an archaeobotanical perspective.
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3) Investigating the plant macir@mains from the Sacred Precinct of Tell Tayinat to identify

ceremonial food consumption;

Commensality ath feasting are two other notions which gathered substantial attention in past
decades (e.g. several contributions in DiefleHayden 2001 Twiss 2012; Pollock 2003;
SchmandBesserat 2001). Archaeologists usually examine the production and processing
stages from the contexts where the food has been prepared such as hearths and kitchen floors
and discarded like midden and pit fills (Gumerma@97, p. 120). Direct evidence of food
consumption, on the other hand, is more difficult to reconstruct frorartih@etogical data.
Identification of feasting and commensal events provides the opportunity to understand how

food was consumed.

Michael Dietler asks an important question in relation to the role of feasting and
commensality i n ¢ omlemghfeastmg plag inisecieties tliaMHa\ee t
developed such institutions, are no longarall in population or community size, and have
acquired the means to produce more permanent markers of social prestige on a relatively
substanti al, p 8d)aTher®is a ravindtBnd in archaeological literature to
focus on micrepolitics of ancient societies as negotiated in the arena of everyday life rather
than investigating the maeceyvolutionary processes (Bray003 p. 2). Commensality
concerns pe type of such micrpolitics in reference to the physical expression offtcal
sharingwhether it is practiced in a lavish feast, religious ceremonies or a mundane domestic
meal (Pollock 2003, p. 18,2012 p. 4). Concurrentlyi and fortunately, thereis a great
numberof discrete sources of information on commensal eating and feasting in archaeology.
The visual and textual data on feasting anthmensality in the Near Easteigonography
including visual imagery on seals, scarabs, cultic objects bhasveeramic assemblages and

contemporary written records, are common sources to identify commensality and feasting
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activities (Pollock 2003; Zuckerman 2007; Collon1992. This emergent area of research,
therefore, ordained to provide potentially sigraht knowledge to understand the foodways
and political statecraft as will be demonstrated in the-Aesyrian Sacred Precinct at Tell

Tayinat.

1.2 ORGANIZATION of THE MONOGRAPH

The succeeding chapters, therefore, will provide an overall understangifebsubsistence

and foodways of the ancient Near Eastern socieGespter 2and 3 are two introductory
chapters that focus on the archaeological and environmental background of the studied site.
Chapter 2conveys a general view for the earlier archagichl research at Tell Tayinat as

well as in other sites in the Amuq Plain from the Chalcolithic to the Iron Bpapter 3
includes the historical settings and in addition contemporary climatic, environmental
conditions in northwestern Syria. More spixGifly, the sociepolitical developments in the
studied site and the region will be summariredhis chapter to place the site into a larger
historical framework. Furthermore, the chapter purgoedevelop an understanding for the
overall discussion ahe landscape changes in the Mediterranean region during the Holocene.
These discussions mostly focused on the establishment of typical maquis vegetation in the
Mediterranean region and the anthropogenic and/or climatic reasons behind the changes in the
past vegetation. This is followed by describing the present environmental and climatic
conditions in the regiorfocusing and taking into consideration primarily the studies on the

Amugq Plain and its surroundings.

Chapter 4 describes the methodology used timis dissertation. It provides a general
introduction to the methods in archaeobotany and of those undertaken in this dissertation.

Because of the reason that every chapter
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describe the methodological approestand materials handled to study the research questions
in particular to that individual chapter, only a general description of the methods will be
provided in chapter 4. Taphonomy is central in the interpretation of archaeobotanical samples;
therefore,the literature was reviewed in this chapter. For this reason, an understanding of
taphonomic conditions and processes remain critical for developing a better archaeobotanical
evaluation. This and the following sections in this chapter, furthermore, ingitaary
information on the quantitative methods used in this dissertation, as well as the summary of
stable isotope studies in plant biochemistry and archaeobotany. The methodological

limitations for both archaeobotanical and stable isotope data arebeelsicrithis chapter.

Given that agriculture was the principal productive system to sustain a functioning economy
in the agrarian world of the ancient Near East, understanding the crop husbandry becomes a
central aspect, especially in the discussions oifetaccollapse and sustainability of food
resources during the transitional perio@hapter 5aims to fill the knowledge gap on
subsistence strategies in the Amuq through archaeobotanical investigation of the Tayinat plant
assemblage. This research at ¢inel provided a detailed dataset of plant taxa with phgse

phase precision, according to the ceramic chronology while some of those plants in the

dataset had been reported for the first time in the Amuq in the present research.

The focus of this chaptas the two transitional periods which had attained considerable
attention during the last decades. The first period under consideration covers thé late 3
millennium BCE or the &rly BronzeAge IVB according to the north Syrian chronolo¢pee

Table 1) At the same time, this period coincides wviltle secalled Intermediate Bronze Age

in the southern Levant chronology whidh characterized with regiewide settlerent
abandonment#n certain parts of the Near East (e.g. H. Wei15), although opposing

opinions are also presenMérro & Ku z u c u2007). The second transitional period
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concerns the Late Bronze Age to Iron Age transition. The transition from the Late Bronze to
the Iron Age is a longlebated and remarkably complex period which is still eyatly
considerable attention in archaeological literature. The-egtblished territorial states
collapsed retreated or completely vanished from history. Overall, this section aims to
determine whether any changes in the crop and wild plant assemblagedl Tayinat
happened during these two transitional periods in combination with the published plant

datasets of Tell Atchana.

Concurrently, the role of climate and human adaptation to the climate degradation was
analyzed by the archaeobotanical andlstahrbon isotope resultgithin this chapter Global

climate change today becomes focused and is of growing public concern and intense debates
over the sustainability of food resources in modern societies. The release of greenhouse gases
into the atmosphre and the steady increase of hurganerated carbon dioxide levels are
recognized to be the outcome of the increas
increasing number of studies in archaeology becomes interested in the causal link between
climatic degradation and cultural evolution (e.&taubweiser & H.Weiss 2005). This

interest started to generate more archaeological research of past climate change events and

theirimpact onhuman communities (e.g., Kaniewski et 2013).

A common problento link climatic to societal change, on the other hand, is to identify the
magnitude and temporal resolution of climatic degradation. This is due to the low
chronological resolution of several paleoclimate proxies and spatial variation of climatic
archives across the Near East. These two aspects hinder the comparability of cultural
developments in geographically discrete areas to climate (MaKai z u ¢ WR2007;IRieh)

200%; Roberts et a).2011a; Knapp& Manning 2016; see further Butze2012 for a dtical

assessment). For this reason, archaeobotanical studies are particularly important to understand
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the coping mechanisms of human communities in the face of past climatic instabilities (Riehl
2009). In this section o€Chapter 5 the aim is to make @etailed discussion of palaeoclimatic
records; mainly focusing on what these records demonstrate for past climatic changes and
how palaeoclimatologists and other scholars explain the past climatic events as driver of

social change.

Chapter 6is concerned Wth two aspects in relation to the demise of ttagelBronze Age
territorial states from an archaeobotanical and stable isotopic perspective. Firstly, the cycle of
urban decline and regeneration is a recurrent pattern in the archaeological recordseair the N
Eastern societies (Yoffe&995). Howeverpur knowledge of agricultural change during such
periods of collapse and regeneration remain rather fragmentary (FoiBab). The
adherents of a climatic decline hypaileesuggest a catastrophic tdiaeoring famine and

food shortage explanations during the Late Bronze/lron Age transition (ca. 1200 BCE)
although in most cases chronological imprecision becomes problematic for these proxy
records to pinpoint the exact duration and the conditions for suctaretmns. This
discrepancy makes any climaticathgrived conclusions on soetultural aspects unfounded

(see Knapp& Manning 2016 for this issue). In this chapter, a regional survey of plant
evidence has accomplished to comprehend the changes inphehoroes during the LBA/IA
transition period. Stable carbon isotope determination of charred barley remains additionally
implemented, to provide direct information on the water availability of this crop, to
understand whether any decrease or increaseatarwptake was discernible regionally, or

not.

Chapter 7aims to provide a general overview of crop use and introductions across the diverse
subregions of the Near East as reflected in the archaeobotanical record of Tell Tayinat and

beyond. The geograpal and periodical distributions of some economically important crops
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have been studied in this chapter together with the new archaeobotanical results from Tell

Tayinat.

On the other hand;hapter 8focuses on the contextual analysfsarchaeobotanicakmains

in acultic monument at Tell Tayinat. This chapter aims to deliver the contextual analysis of

carbonized plant remains from the newly discovered monument, Building XVI, to develop an

understanding of commensality in ancient religious practicese Moportantly, this chapter

aims to interpret the plant data in relation to their contextual occurrences in and around
Building XVI and to establish a broader perspective to disentangle the food consumption

practices in the fAiSacred Precincto of Tayina

The final Chapter 9includes the summary of the inferences derived from the analysis of
archaeobotanical results of Tell Tayinat and the region in general. The periods under
investigation of this inquiry are particularly significant to comprehend the regida
developments of subsistence change, not only in plant use, but also in agricultural -decision
making and food consumption. Therefore, this chapter of the dissertation summarizes the
concluding remarks derived from the plant data and their intergnesafrom climatic,

environmental, social perspectives.
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CHAPTER 2.  ARCHAEOLOGY of TELL TA YINAT

2.1 HISTORY of ARCHA EOLOGICAL INVESTIGATIONS IN THE AMUQ VALLEY

Amuq Valley has a long history of archaeological research. Tell Tayinat as well as some other
stes in the Plain, i ncluding ¢at al Hey ¢k and
excavations i n ttehaem B X300 st hbey Uani versity o f
I nstituteo-tlatt ede fi8ypedivi).i Aso,oTulaf tdahargie Tl
TayinatalSaghir and Tel | -Hammamowere soundad 8y thigaexpeditian |

team (Yener 2005 p. 5). Another team of excavators, which was led by Sir Leonard
Wodlley, had visited the site of Tell Atchana and some other sites in the Plagudgeaf this

reason, Schwartz and Akkermans note that these excavations remain the most informative
source of evidence for understanding the temporal developments in northwestern S¢ia (200

p.201).

The survey project undertaken by Robert Braidwood@&th1 93 06s when he was:-
student in the Ol had accomplished to provide one of the most foundational cultural
sequences for northwestern Syria (Braidw&o8raidwood 1960). The ceramic sequence of

Amugq helped to establish a concrete basis for tlaive chronology of the western Syrian
settlements allowing the cressltural comparison with the neighboring regions. In the late
19906s the cultur al sequence of the Amuq si
launched with the cooperation ofveeal institutions and universities, the leading institution

was again t he Uni versity o(®I). This i regi@ryvided s 0Or
archaeological survey, the Amuq Valley Regional Project (AVRP), aimed to document the
settlement dynamics and eemic chronology of the sites in the Amuq Plain (Yeaeml.,

200Q Gerritsen et al.2008). This survey project further elaborated the seminal accotim of
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Braidwood$ (Braidwood& Braidwood 1960) and enlarged the number of identified sites in
the Valkey from 178 to over 400 settlements, chronologically ranging from Neolithic to

Islamic periodsYener,2005).

Those sites occupied in the Amug before the-ilanillennium BCE with some degree of

archaeological information are listed below;
For Tell Tayirat, seesection 2.2and2.3 below.

Tell Kurdu in the Afrin Valley (west of the Amuq) represents the oldest excavated settlement
in the Amug. This 18ectare settlement was occupied during theutd 3" millennia BCE.
The archaeological investigation firsealized by the Ol team in 1938 (Braidwoéd
Braidwood 1960); further targeted excavations were carried out between 1996 and 2001

( ¥z 2612).

Tel | es Shei kh is another Chalcolithic site

years (194819). This excavation yielded evidence for Ubaid type ceramics (Wpal955

p. 8).

Tabara al Akrad, a site clogg to Tell Atchana only known from a sondage by Sinclair Hood
is characterized by Uruk type ceramics as well as the Early Bronze Age pottiegy} ef/ant.

Findings of Khirbet Kerak pottery had also been reported in the final Ia&sliey, 1955,

pp. 8-9).

Tell Judaidah is an important site overlooking the Afrin and the Amugq valleys. The site was
excavated by the Ol team and provides a long seguainaccupation. Therefore, the pottery

evidence had been used to establish the Amuqg Sequence by Robert Braidwood.

% See Gerritsen et al., 2008 for the most recent asses®f Amuq Sequence after the AVRP completed.
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¢at al Hy¢k i s |l ocated near Tell Judai dah a
Amugq Valleys. It is also the second largest IrogeAl settlement in the region with 10 ha in

size. Haines (1971) reports that the physical characteristics of the mound may have changed

as a result of surface erosion and other geological factors. This site has also a long

occupational history uninterrugd during the Bronze and Iron Ages like Tell Judaidah.

Sir Leonard Woolley visited the site of Tell Atchana (ancient Alalakh) after the completion of

his groundbreaking research at the ancient city of Ur in southern Mesopotamia. After his

work at Ur, in B 3 5, his renewed research interest !
between the Aegean and the Asiatic mainland, throwing light if possible, upon the
development of Cretan civilization and its connections with the great civilization of Nearer

Asia; tis meant that my search must be conditioned by political and economic history, by
harbours and overland tradeo u t e s,@®. 1) Th® BxBavations at Tell Atchana yielded

several potentially significant results for the Near Eastern history, althougtintisehad

usually suffered from poor provenanaedstratigraphyand were subject to debates over the

years. After the initial excavations of Leonard Woolley, further excavations are still being

conducted at Tell AtchanaYebey20i3he Ko- Univers

Toprakhisar is the newest excavation project in the region conducted by the Archaeological
Museum of Hatay and the Mustafa Kemal University. This salvage excavation started to
produce valuable data for the MBA levels so far, whilst the odmupaequence is much

longer than a possible start during the Chalcolithic. The location differs from any other
excavation in the region. It is located on the Kuseyr Plauteau (alternatively Jé&ughah
Arabic in Altin®°z¢ Co umountginousfand draltlaging topograpltyi n c e )

of this area is the most intriguing reason for the importance of the site &AlKara 2018.
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Al-Mina (modern Tell Sheikh Yusuf) is a small (1 ha.) but important trade hub in the Orontes
Delta. The excavations by Leard Woolley at this site produced a considerable amount of
Greek Geometric pottery, suggestimgingthe exemplary of the interaction zone between the
Near Eastern and the Greek worlds during the seventargeBCE, although more recent
excavations showevidence for its greater Levantine character in terms of pottery and

architectural remains (Osborr2013 p.783).

2.2 EARLI ER ARCHAEOLOGI CAL RESEARCH AT TELL TAOGOYI

2.2.1 Excavations

The Oriental I nstitute of-Hitite expetiton lasted OUrt y o f
seasons from 1935 to 1938 and achieved to document five distinct architectural phases of the
Iron 1l and 11l levels on the site (Harrisp@014)*. These architectural phases were then
named as ABuil ding Perimasioly Thesesedkcawnrat i
A r e-asthe excavators called @n the upper mound where the large exposures of the Iron

Il and Il levels (Amug Phase O, ca. 90850 BCE) had been uncovered.

The SyriarHittite expedition, most famously, idefid the Building | which waghe bit

hilani palace of the Tayinat. THat-hilani type is characteristic of the SyAmatolian states
(Akkermans& Schwartz 2009, p.368). These public buildings have usually a porticoed
entryway, with one to three columnshich were elaborately carved. This entryway connects
to the long side of a rectangular central room. To the souttegaronstyle temple (Building

I) was uncovered which was also constructed during the Second Building Period; more

specifically ca. 825 720 BCE Anotherbit-hilani palaceBuilding IV, and Building VI were

* The mound physically changed after the end of initial research of Ol teamin 1938. Over the years, the mound
was allocated toagriculture and grazing which left a distinct mark on the composition of mogetatioa on

the mound. Additionally, a farmstead and a cotton factory have been built on top, more specifically on the
Assyrian palace to the south of the mound, despite the strict legal regulations of the modern Turkish state.
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also assigned to this perio@lll these buildings were part of a larger complex connected with
Courtyard VIII. This complex has an entrance through a large gate (Gateway XIlI) from the
southwest. A second gate (Gateway VII) is located on the eastern edge of the upper mound.
Two other gateways were also found in the lower t@darrison, 2018, pp.405-6). They all

are assigned to the Second Building Period which was the most exteranclyelt
preserved level uncovered during the Ol excavations. On the other hand, this period ended,
most likely, after the annexation of the town by the N&ssyrian Empire in 738 BCE

(Osborne 2013, p.781).

This level is also distinct from the earlierréti Building Period although the architectural
evidence is more fragmentary. Two more buildings had been identified by the Chicago
excavations on this level. These fragmentary monuments are listed as Buildings XlIl and XIV
and were uncovered under the fle@nd walls of several structures of the Second Building
Period. These buildings are of a considerably large structure, but their flooraptamet
reminiscent to dit-hilani. The foundations of Building XlIl were constructed by deegly
through, vetically-faced trenches, filled with unbaked brick. This construction technique
remains identical tdhe technique used on other excavated buildings in the West Central
Area. Some finds of unproven origin, such as Luwian Hieroglyphic ptsmns, two large
column baseand carved basalt orthostats, found in the secondary and tertiary contexts of the
Second Building Period, were most probably part of this Building Period (Har280&, p.

63).

The annexation of the town by Assyrians also follows a chemtie urban layout of Tayinat.
The Third and Fourth Building Periods largely account for the renovations of the Buildings |
and Il and subsequent Néssyrian construction activity in the town. During Building Period

lll, a large elevated structure in tangular form, Platform XV was built to the northwest of
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Building I. The latter monument and the-hitani palace have shown evidence of continued
occupation in Building Period IV, but the adjacent temple (Building II) had been abandoned
(Haines 1971). Ao, a new complex, an Assyriatyle palatial complex, Building IX was
constructed at the southeastern part of the upper malumihg this periodHaines (1971)

also assigned the pavement (Floor 1) of the adjacent Gateway VIl to this occupation phase

(cf. Harrison 2016 p.31).

During the final occupation phase, Building Period V, the excavators identified Building X as
another architectural addition to the urban layout of Tayinat. Building X is a series of walls to

the northeast of Building 1X possiblyrictioning as retaining walls.

2.2.2 Test Trenches

A series of soundings on the upper mound were carried out by the -Gijttiéen expedition.

These soundings produced the earlier history of occupation on the site. According to these
soundings, the habiian was extended to thé*3nillennium BCE levels. Evaluations of the
ceramic evidence show that the {or@n Age occupation lasted during the Amuq Phases H, I,

J (Haines1971).

2.3 TAYINAT ARCHAEOLOGICAL PROJECT (TAP)

Since 2004, the University of Tooo 6 s Tayi nat Archaeol ogi cal
interdisciplinary research concerning the emergence of complex social, political and
economic institutions in the Early Bronze Age, as well as the demise and regeneration of
social complexity during theon Age, in this historically important region (Harris@®07a).

The specific goals undertaken in the first years were to define physical characteristics

® Today, the architecturaémains of this complex reside under the cotton factory on the upper mound.
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Figure 3 Topographic mapof Tell Tayinat showing theprincipal excavation areas and surface pottery
collection in the lower settlement by density Grey areas and Roman numbersdemonstrate the
excavation areasand attested building numbers bythe Oriental Institute team (Graphic courtesy: S.
Batiuk, after Welton et al. 2019).
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of the mound, to document all visible architectural remains on the site and tiserfade
remains by remote sensing, to assemble extensive collections of archaeobotanical, faunal,
ceramic and other artefactual remains and to integrate the findings latianad database
(Harrison, 2007a). The excavations in 2004 and 2005 first targeted to uncover what remained
from the initial excavations of the Syridfittite expedition.This aim was achieved by
designing two excavation areas called Field 1 and 2 rgugtthe south of the West Central

Area as designated by the Ol team.

One of the specific goals of the resumed excavations by the University of Toronto was to
have a better understanding on the stratigraphic sequence of Early Bronze and Iron Age levels
on the site (Harrison, 2012). The longest stratigraphic sequence excavated so far had been
attained from Fieldl, which contained nine superimposed sequential phases (see below
section 2.3.1for details). According to relative chronology basedceramic eviénce, the
occupation at Tayinat primarily covers EBA IMBind possibly the earliest occupation was at
EBA Il coinciding with mid-3 millennium BCE regarding soundings and shard finds, but
EBA 1l and EBA IVA levels were not uncovered until today. Targetxcavations to
uncover these earlier levels will be carried out in the coming seasons. The occupation has
resumed on the upper mound with the start of Iron Age | fromtwedfth into the early tenth
centuries. Iron Il and Il exposures are relativelyarbut nonetheless informative. Iron I
deposits were encountered in Field 7. The deposits most likely date t& treedrly &
centuries. Iron 1l deposits which were uncovered in Field 5, on the other hand, roughly

coincide with 7' century occupatin of Tayinat (Fig. 3).
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2.3.1 Overview of archaeological findings and chronology at Tell Tayinat

2.3.1.1 Early Bronze Age remains at Tell Tayinat

The EBA levels had been encountered in two excavation areas; Field 1 and 3. The most
substantial amount of empures had been achieved in Field 1; therefore, the primary
archaeobotanical investigations focused on this area. However, to mention briefly, the
excavations in Field 3 started in 2005 fto
clarify the depthandccessi bi l ity of 200/ p.6). Theernevatos 0 ( Ha
team reached the EBA levels at the depth of 2 meters in G4.72 while the exposamalias

to a limited 2 x 10 m sondage. A series of walls, a plaster installation and arpititeshad

been uncovered from this sondage.

2.3.1.1.1 Field 1 excavations

The EBA levels in the Field (Fig. 4) contain several welpreserved archaeological features.
FP 9, which is identified as the earliest occupational layer unearthed at the sitersdtuides
mixed deposits of EBA Il and EBA/ from a relatively limited exposure. The remains of FP
8b consist of a destruction layer of a waleserved EBA building witln-situ ceramics on
the floors and one and hatheterhigh walls. FP 8a, on the oth hand, contains the

destruction debris accumulated within this particular building (Wek0h4 p.342).

Welton (2014) observes that the remains of FP 7 constitute a phase of ephemeral post
occupational debris with no permanent architectural elemeatxnly pits and surrounding

fill deposits were recovered. FP 7 dateshe later part of the Amug Phase J in the sequence
of Braidwood. It is observed that the fill deposits are stratigraphically younger than the pit

deposits which represent the termiB8A occupation at the sii@Velton 2014 pp.341-2).
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The investigations on animal bones are still limited. Although preliminary, Lipovitch (Welton
et al., 2011) analyzed some 3.500 animal bones from the EBA levels of Tayinat. According to
his analysis,FP 8 is characterized by the predominance of ovicaprid and unidentified
mediumsized mammals with a substantial amount of fish bones (29.4 % of the bone

assemblage). Also interesting is the thermal alteration of the bones which was considered as

T ————— s 47_‘5‘%7A‘ Tell Tayinat 2012:
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Figure 4 The topplan of Early Bronze Age (FP8)in 2012 and some archaeological exposures dfon
Age | phases (FP6xat Tell Tayinat (after Harrison, 2012, unpublished seasonal report. Retrieved from
http://sites.utoronto.cal/tap/assets/2012report_eng.pHf

unusually high (9.9%) by the zooarchaeologist of Tayinat. FP 7 results also indicate that the
majority of the remains are mammalian bones. Fish bones, 11% of the etkespicimen,
had also been recovered from the sorting of heavy fractions alongside a few bones of birds,

turtle/tortoise and one fragment of an amphibian bone. As usual, ovicaprids represent the
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largest portion of the identified animal bones while largeammals such a®os are
represented with only fortfive fragments (2.2 % of the total). Lipovitch argues that the finds
of Cervus elaphusas also recorded in the FP 8, suggest the continuation of hunting large

game animals during the FP 7.

2.3.1.2 Iron Aye | remains at Tell Tayinat

2.3.1.2.1 Field 1 excavations

The largest exposure of Iron | levels has been documented in Kieig. & 6). In 2004, an
excavation teanopenedwo 10 x 10 trenches (G4.55 and G4.56) to document what remained
intact afterthe SyriarHittite excavation. These trenches are just located on top of the
megaronstyle temple Building Il which was first uncovered by Systdittite excavations.
However, over the years, only a fragmented stone surface is left intact from this mbnumen
Fortunately, this structure sealed a wekserved sequence of Iron Age | remains with a
wealth of pottery and other material cultulre the following year in 2005, two more 10 x 10
trenches (G4.65 and G4.66) had been opened up to the south ohibe does to expand the

area of research (Harrison 2@0387).

The extent of Iron | occupation at Tayinat is estimated as ca. 12 ha. The Iron Age | levels had
been delineated intafour-phased stratigraphic sequence (FP3) since the same sequence
was dcumented in other excavation areas and neighboring sites in the region (Harrison 2007:
88) (see Table 2 for an overview of regional chronology)series of pits and silos with
fragmentary wall segments and surfaces had been unearthed from these amessn(Ha
2007, p. 87, 2018, p. 399). FP 6 and 5 represents the earliest occupation at the site. These
two phases are heavily disturbed by later building activity. However, Harrisona(20.GB7)
observes a large storage silo (G4.56:153/154. 7) with several smaller pits distributed

between these larger silike features. The remains from FP 4, instead, only recovered in the
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Figure 5 The topplan of FP6 and associated subphases with locus numbers (Graphic courtesy: L.
Welton; after Welton etl. 2019).

two northern squares, include a weteserved rectilinear structure (G4.56:23) and a stone
pavement or platform (G4.56:20). It is apparent that this level was much damaged due to later
building activity to construct the foundatioof Building Il and extensive pitting activity
during FP 3Fig. 8) This phase of the sequence is characterized by several pit features which
was best identified with two pits in G4:55. No walls or fst@nding structures had been
uncovered. The FP 2 waassigned to the foundation deposits of Building Il which was
roughly dated to the laté"®r early &' centuries BCE. The last phase (FP 1) in the sequence

consists of the posiccupational plow zone and topsdilgrrison, 200@, pp.87-88).
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Figure 6 The topplan of FP5 and associated subphases with locus numbers (Grapldourtesy: L.
Welton; after Welton et al. 2019).

Figure 7  Silo structure (G4.56:111/112) with dividing wall (G4.56:131) in FP5; arrowpoints north
(Photo courtesy: S. Batiuk, after Welton et al., 2019).
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Tayinat Archaeological
Absolute Sequence
Chronology Chicago Tayinat History (after Mazzoni
(B.CE) Field 1 Field 4 Excavations Weeden 2013) Periodization
Qalparundalll
Sapalulme (+Lubarna?)
BP2 Iron IIA
900
BP1 Halparuntiya |
Suppiluliuma |
1000 FP5a
FP5b
Taita |
Workshop
FP6a Iron |1B
FP6c
Iron IA
1200

Table2 Iron Age | chronological sequence at Tell Tayinat showing the field phases and subphases
Field 1 (after Welton et al., 2019).
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2.3.1.2.2 Field 2 excavations

Another excavation area which was opened in the West Central Area of the-IShiytitan
excavations, specifically in ¢hlocation of the previously excavated Building I, is Field 2.
According to Harrison (20@&/ p.9 0 ) , Athe primary objectives
identified as Field I, were to determine whether anything remained of Building I, and then to
excavate the earlier levels associated with Building XIV, and thereby better establish the
stratigraphic relationships bet ween t hese
recovered from this field are most probably dated to the later Iron | and ther éamh I
although more precise dating still awaits clarification (see Harradi/a for a discussion of

periodization of archaeological finds).

In regards to this purpose, a 10 x 10 square (G4.35) was opened in 2005 where a series of
large mudbrick wils had been found. In the subsequent years of 2006 and 2007, the
excavation area was enlarged with two more 10 x 10 meters squares (G4.45 and G4.46) to the
south and east. These squares also link Field 1 and Field 2. More significantly, the
excavations strting from the 2005 excavation seasemealed the remains of a particularly

large structure with -Bneterwalls on averagemmediately 1520 cm below the modern
topsoil. This structure has a grid layout with no emtgys. The probes had been opened in
Squares G4.35 and G4.45 to find floors and to uncover the depths of these walls. The probes
did not produce any surfaces or floors corresponding to the use phase of this structure, but the
foundations of the walls had been reached at the depth of 3 méiersndicates that there

was once a massive building in this location which can be attributed to Building XIV of

SyrianHittite excavationsHarrison,2007a, p. 902007k p. 5, 2008, p.179).
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2.3.1.2.3 Field 4 excavations

This area of excavation yieldedmetal workshop in square G4.34 with several features and
artifacts dating to earlier Iron I. The square is located to the western part of the upper mound.
Harrison (2018, p. 400) and Roames (2011) report that the chemical analyses of the metal
slags ad the debitage which had shown that iron smiting, copper smelting and copper
alloying were all performed in this location. The workshop seems to bepemmalized to a
certain metal and produced both utilitarian and prestige objects (Ro2@ids p. 154, see

Welton et al., 2019 fathe mostecent assessmeént

This field was omitted from the archaeobotanical investigation. The samples gathered from
this location were rich in carbonized plant materials. Therefore, they were scanned in hope of
finding the pant materials of archaeobotanical importance. However, the samples do not
contain seeds and fruits, but pure charcoals, which is understandable since the location had

been used as a metal workshop.

2.3.1.3 Iron Age Il remains at Tell Tayinat

2.3.1.3.1 Feld 2 excavations

The excavations of TAP for Iron Il levels are still limited. TAP opened a new trench in 2007
to expand the excavations in Field 2 to go further aadtto uncover layers not previously
disturbed by the SyriaHlittite expedition. TAP reoceered a shardtrewn surface. This
surface contains ceramic finds of RBthck Burnished Ware (Iron Il). It is stratigraphically
sealed by an expansive cobitene surface which also covers the area south and west to the

small tripartite temple (see tisection8.2below fordetailed descriptionf Building XVI).
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2.3.1.3.2 Field 7 excavations

In 2011 and 2012, th&oronto team continued to excavate south of the monument and
revealedseveralizeable sculptures and archaeological featoweed under theobblestone

surface in Field 7. These sculptures incluue torso and head & u p p i | lu(likélythe a
Patinean king Sapalulme mentioned by Assyrian king Shalmaneser Ill, who was part of the
antirAssyrian coalition of Syrd\natolian states), an elalately carved stone lion, a basalt
statue base depicting the master and animal motif and a column base with figures of a winged

bull and sphinxHarrison 2014, p.407)

It is argued, that most likely there was a large gate complex, providing entraheeujper

citadel once during the Iron Harrison (2018, p.4 07) observes that A[ é]
uppermost traces of the gate have been excavated, and therefore its plan remains unclear.
Nevertheless, deep probes to the southwest of the gatendieste a steep slope to the south

in this part of the site, likely part of a trough or shoulder that helped to elevate and separate
the northern part of the upper mound from the rest of the settlement, forming a-ld@adel
acropoliso. Twas most gp@ssibly maoddied i removed during the Assyrian
occupation of the sitdn the 2017 excavation season, the Toronto team had found another
sizeable statue belonging to a female figure, but unfortunately it lacks any inscriptions unlike

the statuefGu ppi Ilul i uma

Two squares (G4.68 and G4.69) which were opened in 2012 are also interesting. These
squares are located to the south of G4.58. A cedtblee surface had been reached at the
depth of 2 m in G4.68 which partly continues in the southeagt@t of G4.69. Excavators
suggest that this cobb#tone surface could be a road that reaches to the southwest of the gate

complex.
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2.3.1.4 Iron Age Illl remains at Tell Tayinat

2.3.1.4.1 Field 2 excavations

Recent excavations have unearthed an exaeghowell-preserved structure at the heart of
the upper mound in 2008. Building X\ds named by the TAP teais,elegantly positioned
in a larger monumental complex including the renowrdhilani palace of Tayinat
(Building 1) to the west and an adgt temple to the southwest (Building II). This building
measured 9 x 21 m in size. On the other hand, both the Syttisie and TAP excavations
have unearthed several Hieroglyphic Luwian fragments on the cstarle surface in the

vicinity of Building XVI (Harrison, 2014, p.406).

For a thorough description of Building XVI, sseb-section 8.2

2.3.1.4.2 Field 5 excavations

Field 5 was designed as a stegnch along the northeastern slope of the upper mound in 2008

(Fig. 9). The aim of openingnewgsu ar es over this area was fto
sequence in a part of the site not explored by the S¥fitite Expedition, particularly the
ronlll (ca. 72516 00 BCE) and | ater phases of Tayinat

2016).

Two 10 x 10 m squares (F5.98 and F5.99) were opened in this excavation area in 2008 which
revealed part of the remains of a Late Assyrian courtiggié building. During the next
season in 2009 the area was extended to the south and east with two adines. SHue
remains, so far, represent three small rooms, partly plastered, and flanked to the north by
another larger room (courtyard). This layout possibly forms an internal courtyard of the
building. The eastern part of the building has suffered fromesépsion. To the north of

F5.98, a &yer of pottery and animal borm®ncentration had been uncovered. The pottery
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finds include CypreGeometric and Cypr@hoenician imports, large amount of Red slipped
Burnished Ware as well as some other ware typesatidéicof the late 87" centuries BCE.
There are also several small finds such as stamp seals and clay bullae which may indicate an

administrative function according to the excavators (Harrison, 2016).
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Figure9 The topplan of H el d 5, the fACourtyard Buildingodo (Harri
report. Retrieved from http://sites.utoronto.ca/tap/assets/2012report_eng.pdf

2.3.2 Computational Research in thAncient Near East ProjectCRANE)

One of the primary goals of TAP among others is to provide an outline of the -reigien
developments in climatic and environmental dynamics during the Early Bronze and Iron
Ages. Concurrently, another largeale data pject, Computational Research in the Ancient
Near East (CRANE) initiative, directed by Timothy Harrison of the University of Toronto,
has been i mpl e me ndiseiglinary consortiue,arade ugioh archedlogists,
historians, palaeoenvironmengié and computer scientists, that seeks to facilitate the

creation of such a <coll abor a,t20M8)einclsdnghsxl ar | y
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important sites in the Orontes Watershed, Tell Tayinat, Zincirli, Tell Acharneh, Tell Nebi

Mend and Qatna anell Qarqur.

The project goal aims to complement the data integration from different study fields of
archaeological research at Tayinat and at sites along the Orontes Watershed. This focus of
research enables the researchers to investigate every aspeatiasft societies in a more

holistic perspective as the acquisition had become easier through the implementation of a
computational platform in cooperation with the University of Chicago, called Online Cultural

and Historical Research Environment (OCHR&ce being operational, this platform serves

to provi-waer eah ofiudsaetoa t o t he heterogeneous dat ¢

the same research problems from disparate data types of various archaeological disciplines.

Ot her ai ms ilopafully dtegrated, mpdrally and spatially controlled cultural

and palaeoenvironmental record for the Eastern Mediterranean that can support complex
anal yzes of heterogeneous datasets drawn fr
forward andinverse simulations of past humanvironment dynamics and a range of social
practices, including both climatic and anthropogenic impacts based on parameters supplied by
empirical dat aset so,; Acreate spat coadiructed accur
ancient landscapes and human activity based on empirical data and the output of simulated

scenari osZ018pHRaTr ri son

2.3.3 Surveys and corings

Prior to the resumed excavations of the University of Toronto in 2004, a surface collection
survey in 1999 had been initiated to uncover the physical properties of the mound @atiuk

al. 2005). According to the findings of this survey, the site formed ca. 18 ha in size in the
upper mound, with a lower town (ca. 20 ha.) which extends to the, mash and soutbast

of the mound. To the west of the mound, no shards were present in the surface collection
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which indicates that most probably the Orontes River would have flowed to the side of the
mound during the Iron AgeBatiuk, 2007, p. 56). The laver townis nowadays buried under
sedimentary deposits of the Orontes River and colluvial deposits from uplands about 6 to 3
meters in places. Due to difficulties to remove this alluvial fill to reach the occupational

levels, the excavations have not yatdsed on the lower town.

Additionally, in the 20022003 field seasons, a magnetometry survey had been conducted to
better understand the physical properties of the lower town of Tayinat. This study revealed
that the Iron Age levels of the lower town amsizally constructed with mudbrick and not
stones. Batiuk reports that most probably the stratigraphy includes multiple phases of Iron
Age occupation in the lower town. Furthermore, it is also known that the city walls are
conspicuously narrower with 2% meters in width in comparison to the regulamiwide

city walls of contemporary sites (200@p.54-55).

More interestingly, TAP launched a coring prograndétermine the full extent of the lower
mound. This study confirms the earlier findings of Hai(#&d71) that the lower town is
located about -3 m below the surface levels. During this coring program initiated in 2004
and continued in 2005, the cores produced archaeological deposits reaching a depth of 8 m
below the modern topsoil at the easternaeat investigation. However, the accumulation of
cultural deposits at the western sector of the base of the upper mound seem to differ since this
area only showed evidence of sand and shell deposits. According to the excavators, these
findings can suggeshe presence of a relic water channel or lake bed to the west of the site

(Harrison 2003, p. 6).

Also surprising is the soil data where this coring program brought to light some interesting
results for the past environmental settings. To the west, aodheast of the mound, the

consistent trend is the appearance of cegreand sand grains at about 3d®pth which
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extends further to the southwest to a nearby small mound called as TayBtageir.
According to Batiuk, i tahagound the whaund @rid the graind e x t
were too large to have been deposited by river sediments, rather they appear to be the result of

a body of still wa20@7rp.56).d3hispassiblylindicatbsahatithe townl a k e 0
was moated during its Irof\ge 1l occupation in the early"century which also fits well the

presence of thinner city wals well aghe textual and visual description (Balawat Gates) of

Shal maneserds campaign to the |l and of Ungqgi

Another recent survey launched by James Ogbormrai mi ng t o compr ehend
density as reflected by the differential concentration of artefacts; b) detect the presence of
elite and norelite neighborhoods through analysis of find distributions; and c) determine
differences in functional usefo s pace as iindicated by pthe ne
92).This study revealed that the occupation density was much denser in certain areas of the
lower town regarding the distribution of artefacts across the sampled areas. Moreover, the
pottery evidene mostly belongs to Iron Age Il and Il periods roughly covering ninth, eight

and seventh centuries BCE. Largely two ceramic traditions appear in the pottery assemblage;
Common Ware and Red Slipped Burnished Ware while the Assyrian Palace Ware was only
minimally represented. Osborne observes that the find density of these two ware traditions
were spatially distributed unevenly indicating possible status differentiation between elites

and norelites in the town (Osborn2017, pp.100-1).
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CHAPTER 3. HISTORICAL, ENVIRONMENTAL and CLIMATIC SETTINGS
OF NORTH SYRIA

3.1 GEOGRAPHY

The geographical terms Levant and north Syria are somewhat problematic when defining the
geographic extent and limits of these derivations. Suriano describes the term Levant as
stretching three prominent components, including the coastal Mediterranean region, the great
Syro-African Rift, and the vast desert which lay on the east of these geographic units (2014
p. 9). According to him, the northernmost limit of the region is the AmuinRiatending

south up to the north coast of the Sinai Peninsula. The-Ayican Rift represents a long
geographical trough, covering the Orontes, t
further southward to reach the East African Rift. To the¢, &sgiano (2014) regards the Jebel
el-Bishri and Euphrates River as the eastern boundary of the northern Levant while to the
south, the Litani River in Lebanon marks the southern boundary for the northern Levant (see
Mantellini, Micale & Peyronel 2013 fo the delimitation of northern Syria including the

archaeological surveys in the region).

The topography of coastal northern Syria including modern Turkey and Lebanon, on the other
hand, is characterized by a series of mountain chains which is locas#ieélgarthe Eastern
Mediterranean coast in NS direction. From north to south, the mountains discontinuously
follow each other while the Rift Valley exte
another depression unit there. Brice describesithan consequence of rel at
and discontinuous structure of mountains in this section, the climatic influence of the
Mediterranean extends here more noticeably and more deeply into the interior than anywhere

farther sp204). Bice (19669.2@3) notes that
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Al é] the mountain ranges are in general only
splintered and separated by croifng into distinct blocks of very varying height

and geological constitution; the rift valley ranges in elevafrom 3,600 feet above

to 2,600 feet below the sea level, is drained by four different river systems, and

sometimes takes the form of a broad trough, sometimes of a narrow ravine; finally,

the hills of Translordan and AntiLebanon may form a high anddad barrier as in

mount Hermon, or may decline to an insignificant swell of the ground, as between

Antakya and Al eppoo.

Suriano classifies the geography of the northern Levant into two parts defining the Orontes
river for the lower half and the uplifteddak (the Lebanon and Artiebanon Mountains)

with mountain ranges for the upper ha#0{4, p.10). The Orontes River is the major
hydrol ogi cal system in the northern Levant
the uplands of the Lebanon andtAbebanon Mountains drains to the south. It immediately
enters its first regulator, the Lake Homs, in the Homs Valley between the towns of Homs and
Hama (ancient Hamath}-ollowing, the Orontes River enters thedhained Ghab Valley
before reaching thémuq Plain between Jebel Akra and the Kurt Dag mountain system

(Brice, 1966, p209).

3.2 HISTORICAL DEVELOPMENTS

3.2.1 Late ChalcolithicEarly Bronze Age: The emergence of urbanism

The emergence of early urban centers often varies from one region a fweanother. The
influence of Southern Mesopotamian developments in the north (western Syria and Northern
Mesopotamia) is still a matter of debate. There are three models in the development of urban
centers in north Syria; 1) Elites emulated southern lpi@senian symbols and technologies

of authority in order to legitimize and intensify their own positions while the complex centers
developed on their own; 2) North Syrian participation to the southern Mesopotamian demand
for trade goods and raw material9; Birect interference in the politics of northern Syrian

centers to secure the trade routes of raw materials such as metals, timber and stone
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(Akkermans& Schwartz 2009, p.277). Akkermans and Schwartz notes that the third aspect

is unlikely to be the reson for the development of early urban centers in northern Syria since
the direct interference with military campaigns are only evident frdfrcdtury BCE, when

the urban centers had already emerged in northern Syria. The first and second model of
devebpment would most likely apply to different regions in the wider northern part of Syria.
The trade would be important for the middle Euphrates region while according to the authors

the second applies more to the Khabur and western Syria, (2Q).

The advent, of the first urban centers, which seem to be a later phenomenonreyis

occurred during the mi8™ millennium BCE(Oateset al, 2007; Stein2004; Akkermans&

Schwartz 2009; Lawrence & Wilkinson, 2015). Lawrence and Wilkinson (2015and

Wil kinson et al . (2014) investigate the dAurhb
undertaken in Northern Mesopotamia and northern Syria. They define two phases of
urbanization in the northern Mesopotamia. The first covers the Late Chalc¢fth@0 i

3.000 BCE) and the second phase coincides with the latter part of the Early Bronze Age (mid

3 millennium BCE). These two phases differ from each other by size, spatial organization,
settlement layout and regional developmental trajectoriesrérame& Wilkinson, 2015, p.

334). According to their observations, there are three pathways of urban development: the
first one is the older urban centers growing gradually to become the nucleus of satellite sites.
Secondly, the endogenous upstarts, asthiors call it, represent the reorganization of local
settlement patterns and movement from external population reservoir towards older towns.
Lastly exogenous upstart means the movement from external population reservoir towards
previously smaller townsThey also recognized that the exogenous upstarts tend to locate in

mar gi nal |l ocations (fizone of wuncertaintyo as
rainfed agriculture must be supplemented with irrigation agriculture to sustain the plant

ecoromy.
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Some of the features of early urbanization have already been observed in northern Syria
during t he #fUrhelate Ehalpoitmcs(Yotiegl®95iMazzonj 2000, Stein

2012). The Uruk influence outside of southern Mesopotamia remainsesmall The At r L
Uruk colonies with strong southern Mesopotamian character are largely concentrated in the
Middle Euphrates valley, at sites like Habuba Kabira and Jebel Aruda, which were new
foundations on virgin soil. To the west and north of this redierevidence of Uruk influence

is more fragmentary and not identical to the southern Mesopotamian developments (Stein
2012).The excavated sites in this region demonstrate a mixture of local and Uruk materials
(Akkermans & Schwartz 2009 p. 203). Stein (202) argues thateven thoughsome
ideological and administrative elements had reached to Northern Mesopotamia during this
period, the political system shall be conceived decentralized since the monumental art, the

size of palaces and temples remained inBggmt comparatively to Southern Mesopotamia.

The8"mi |l l ennium site Tell Kdrnde osicewsa me ¢isd avin ¢ e
continuation of northern MesopaDI2apB26a Mhisi nf | u e
evidence shows that the A sites have had already some connections with the other regions

of the Near East. Regarding th& millennium developments, the archaeological sites in
Amug represent the main providers of i nforn
Syria during tle fourth millennium BCE, whilst there are still only few sites investigated
compared to the Khabur sitesd to the west ofthe Euphrates (Akkerman& Schwartz

2009). According to the Amuqg sequence, this period coincides to Phase G that roughly covers
thetimespan between Late Chalcolithic to the EBA Il period. Although Tell Kurdu is already
abandoned in Phase F, Welton argues that there was a continsgtyl@fent patterns in the

Amugq in addition a sort of settlement hierarchy had been identified. és&hargi emerges

as the dominant settlement of the valley with smaller satellite settlements which do not exceed

2-4 ha in size 2011, p.20). The Amuq F period is predominated with local cliafied
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pottery in the earlier fourth millennium BCE whildeav beveled rim bowls were also present

in late F strata.
3.2.2 Early Bronze Age Ill: The second urban revolution in northern Syria

The subsequent Ninevite 5 (ca. 3.1002.550 BCE) period corresponds to the Late
ChalcolithicEarly Bronze Age transitiorifhe Ninevite Swas a period of increasing social
complexity in southern Mesopotamia, but there is little evidence of state formation and
urbanism in the north of Syria. However, from the 48 millennium onwards a
phenomenon, call edoltiti oinsctecloynd Ak dbramanrsevand
becomes apparent in the archaeological record in the north of Syria. The emergence of early
urban centers in the north of Syria seems to have happened during this period with the
establishment of settlement hiariaies including regional capitals, secondary centers and

small villages. The towns were heavily fortified; occasionally earthen ramparts or glacis were
constructed while largecale administrative complexes evidence the political and economic

powers of thee early states.

The pottery sequence had been known from the site of Tell Judaidah. Braidwood and
Braidwood argue that during this phase, there is strong evidence of the emerging
administration in the form of the first appearance of cylinder seals, @ease in the
standardization of the pottery and the existence of a metal industry, (19880; pp. 300-

313). Sequentially, the chafémpered pottery of Phase F is replaced by winesle, mineral
tempered APl ain Simpl e Warthi®is thenonlyAgany @rone Mo r

Age phase where no ceramic evidence had been found at Tell Tayinat.

Nonetheless, the settlement hierarchies further changed to develop into-tetleesystem
when Tayinat turned to be the dominant settlement, along witlte snoderatebgized and
smaller sitesn the Amuqg Phase H. Unlike the concentration of sites in the central part of the
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valley in Phase G, starting from Amuq H, the sites became more dispersed along the southern
edge of the plain, possibly indicating arentation along the trade routes (Welton 204.1

20). The pottery evidence from this phase had been investigated in four sites; Tell Judaidah,
¢at al Hoy¢k, Tell Tayinat and Dhahab. Welton
the continuation of Rin Simple Ware and the remainder of the standard Phase G cultural
assemblage, along with substantial appearance of Red Black Burnished Ware, a distinctive

and highly bur n20d,lp82). pottery typeo (

There is greater continuity in ceramic assemblagtween Pase | and J. Ae main difference

among these two phases are to be found in the relative occurrences of the various ware types
which is characterized by the sharp decline in-Rkatk Burnished WareWelton 2014, p.

343). The recent excavatiorsg Tayinat helped to clarify the Braidwood sequence with
additional data about Phase J. Although Tayinat was presumably the biggest settlement in the
Amugq Valley, the exact size of the EBA settlement is still unknown as the remains are largely
hidden undethe later archaeological and sedimentary deposits (Welton 80all, Welton

2011, 2014).

The most relevant documentary and archaeological information to understand the socio
cultural settings of the second half of third millennium BCE, had been heddrom the site

of Ebla (modern Tell Mardikh) which is situated about 60 km south of Aleppo. A large
concentration of cuneiform tablets had been found in the destroyed palace G°offRet®
documents are mostly administrative records of a royal hoicdsednd demonstrate the
presence of a highly organized political entity. The Eblaite texts also refer to the political

struggle among Ebla and Mari. Both sites possioinpeteto control resources and/or trade

® According to the ceramic periodization of the north Syria, the Level IIB1 at Ebla when the palace G is burned
down, is contemporaneous with the EBAIVA period in regional peritidizaln regard to the Amuq sequence,

this coincidesto the Amugq | while the subsequent period at Ebla, Level 1IB2, is simultaneously occupied in
Amug Phase J or the EBAIVB (Welton, 2011, p. 20).
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networks. But at the same time, the texts ti@na town calledA-la-la-hu in the Amug

Valley over which the Eblaite state possessed control. Despite earlier understandings for this
site to be the nearby Tell Atchana because of the Hettawn textual attestations to Alalakh

in the kingdom of Mukishin the Middle Bronze Age texts, the recent excavations and
refinement in ceramic repertoire, at both sites, revealed that this Eblaite reference most
probably indicate a contemporaneous settlement at Tell Tayinat during the Early Bronze Age

IVA (Welton, 2011, p.19).
3.2.3 Early Bronze Age IV: Urban crisis at the end of th& 8nillennium BCE

The end of the "8 millennium BCE demonstrates evidence of urban decline, collapse, and
regionwide abandonment, although in varying degrees among the regions fegrnddlyria.
Tayinat also had been abandoned during the the Early Bronze Age IVB period which roughly
coincides, sometime after, or during 2.200 BCE. While more detailed explanations of stress
factors over complex societies will be described belo®hapte 5, two collapse events need

to be mentioned here since they are central in the discussions of transitional societies. The
first is the fall of the Old Kingdom of Egypt. In this case, the power of political authority
declined sharply for the benefits afopincial rulers while many small polities emerged in the

Nile Delta subsequently and continued their prominence until the Middle Kingdom rulers

reunite the land (Taintet999 pp.10067).

The second event is the Akkadian collapse in northern Mesootimthe Khabur region in
northern Syria, regiowide abandonment of settlements was the most evident. This process
happened either synchronously or just after the Akkadian presence in northern Mesopotamia
about 2.200 BCE (Akkermar& Schwartz 2009p. 283). Tell Leilan and other settlements in

its environs in the Khabur plains were totally abandoned, simply leaving no trace of
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resettlement for the next 300 years (Westsal, 1993. Additionally, other sites such as

Chuera, Tell Beydar and other middleaabur sites were abandoned during this period.

On the other hand, archaeological and survey data demonstrates contrasting settlement
trajectories during the laté®3millennium BCE in northern Mesopotamia (L2010, 2015).

The continuity of habitation idiscernible in some other Khabur, Middle Euphrates sites and

at the Lebanese coast during the pdtadian period (Akkerman& Schwartz 2009; Marro
&Kuzucuogly 2007; Cooper2006; Genz2015). These sites with continuation of habitation

are Tell Hamou&r and Tell Brak(Ur, 2012)as well asT e | | Mo z a,201Q) mthé | zner
Khabur basin and several sites in the middle Euphrates (C@f)f4). On the other hand, the
evidence of disintegration of the urban system in western Syria is culminated at tifetend

3“ millennium ca. 2.000 BCE at sites like Ebla, Sweyhat, Selenkahiye and many others
(Akkermans& Schwartz 2009p. 283). Schwartz (201 %.114), however, indicates that there

were discernible changes in settlement organization at Ebla, butmmete abandonment of

the site. He suggests a longue duree approach to comprehend major transformations appearing
as distinct clusters of abandonment, site reduction and political fragmentation which were rare
and culminated basically in the laté &illennium andmid-second millennium BCE (2017,

p. 114). What the survey results demonstrate is that the arid margins east of tHiamBhla

line had been deserted during this transitional period as seen in the Middle Bronze I. The
same trend is also visible the east of the Qatna region where there is a substantiaticeduc

of settlementst the beginning of the Middle Bronze Age (20f£7116).

The apparent changes in urban structure at the surviving sites have been noted in several
studies (Uy 2010, 2012Pf 2 |, 2 & 0 , 2012) . Pf2l zner conceiyv
settl ement at Tell Mozan as an urban crisis

2012), the urban crisis was caused due to the inefficiency of the centrally administrated
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political organization to maintain social order. In connection, theSemitic Hurrian names

of rulers appear in the peskkadian period at Tell Mozan (Urkesh) and Tell Brak (possibly
ancient Nagar). These sites continued to be powerful political cedteirsy the post
Akkadian period, but the reduction of their sizesvident in the archaeological records.
Akkermans and Schwartz (2008. 286) argue that the control of trade routes would have
been an important factor for the continuity of settlement at NMlezan. Mari was another
powerful center in the middle Euphrates confluence and became another exception. Most
probably this site had survived in the pé&kadian period because of its commercial and
economic significance for the trade networks. The-pd&iadian period stretching well into

the first century of the MBA (ca. 2.2501.900 BCE) is termed as the periodsbaikkanaku

rulers where prosperity is evidenced by monumental building projects at Mari. However,
Akkermans and Schwarta ot e t h aeh at Marié thereemay have been a period of

di fficulty, considering abandonment of t he
break in textual documentation between the end ofhlaékanakyperiod (twentieth century

BCE) and the era of the king Ydim| i mo , H.290)0 9

3.2.4 Middle Bronze AgeThe prevalence oAmorite kingdoms

Middle Bronze Age is marked by the increasing internationalism founded through seizure of
political control by Semitic Amorite kings and the prevalence of the Akkadiathen
succeeding periods, as the common diplomatic language over Sumerian, of the previous era.
Various text records mention this group of nomadic folks as threatening the political order of
the Ur IIl dynasty in southern Mesopotamia. Overall, certain ctearsiics of MBA societies

are distinguishable in comparison to the earlier periods. During the MBA | period (c.i2.000
1.800 BCE), marked differences in ceramic typology as well as in architectural layout of
towns and houses has been identified (Akkes@aschwartz 2009). Nonetheless, the MBA

is characterized by ceramic mgs®duction; with different painted traditions containing
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similar motifs and shapes. AkkermafasSchwartz (2009p. 323) argue that thisharacteristic

i n Syri a mayquéntaordnuoicatior of deborativé ideas throughout the eastern
Medi terranean wor | d i n t his periodo. Such
Mediterranean are also appairdrom the Mari texts in whichiulers from Mesopotamia,

Levant and Minoan Crete ave exchanging gifts and commodities among each other.
Moreover, the site layout of the MBA cities shoan emphasis to defense structures such as

the fortifications systems (incl. the mudbrick enclosures of inner and outer towns, earthen or

stone ramparbr glacis).

Sever al texts had been uncovered from the
K¢l tepe which is situated in central Anatolii
trade hub for the Assyrian merchants of the town of Assur, avtitgh was named after the

name of the national deity. As extant texts demonstrate, the Assyrian merchants brought
textile and tin, in exchange of silver and gold, from their Anatolian counterparts (Michel

2008.

These texts, although mostly valued fomdalistance trade and with no particularly
descriptive for the agricultural production, also mention a certain king named-BAirbm

who ruled a kingdom which possibly covered secghtral Turkey, roughly the lands

bet ween K¢l telier,2000d . Madmi welks.t ern Syri a, Ebl :
during the MBA | (Akkermang Schwartz 2009). Earlier during this period, the occupation

at Tell Tayinat had abandoned in the lafé rBillennium BCE and with the beginning of

MBA, a new settlement was fouad at Tell Atchana (ancient Alalak®lthough the timing

and significance of this settlement shift is still poorly understood, Alalakh continued to be the
largest settlement in the Amuq Valley during the subsequent Middle Bronze and Late Bronze

Ages untilthe beginning of the 13th century. Several transformations in the site function, use
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of space and layout are revealed by the targeted excavations. This town was the capital of a
small polity called the kingdom dflukishin contemporary texts. This kingdoiinst became
the vassal of a larger polity called Yamkhad kingdom centered in Aleppo dhengBA

(Akkermans& Schwartz 2009.
3.2.5 Late Bronze Age: The international politics of the Amarna Age

The Late Bronze Age is a period of expanding networksefnational connections and

affairs. This is the first period in human history when the territorial empiresgedand the

political configuration was comparatively stable for 400 years until 1200 BCE. Some actors

of the LBA political scene were alreadontrolling their lands for some time, like Egypt in

the Nile Valley and Babylon in Southern Mesopotamia. Hittites in central Anatolia and
Mitanni in Northern Mesopotamia were new powers in the political scene and appeared first

at the beginning of theRA. There were Minoans based in Crete and after their collapse, the
Mycenaean <civilization started to control t !

2014).

The 14" and 13" centuries, the last two centuries of the LBA are particularly infagesBoth
centuries are usually called the Amarna Age in order to refer to increasing social and
economic connections between different empires of the Near East. A new sort of international
relationships was established between the LBA kings who dependddaade and gift
exchanges among the royal households. At the same time, coastal Syrian towns were
extensively involved in the international maritime trade. Ugarit was a capital town of coastal
Syria and a powerful trade hub. The two LBA shipwrecks, Ulubwand Gelidonya are also
examples of this maritime trade not least the textual evidence ofdistajce trade

(Akkermans& Schwartz 2009).
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Alalakh became part of the Mitanni Empire during the 15th and 14th centfien Hittites

ran sacked the citylongside many other kingdoms in the northern Levant after the military
campaign ofGu p pi | U tai 1360aBCE, e Hittite king reorganized the political
dependencies of the small kingdoms in the region by implementing his sons as viceroys at
Karkemish or political and military control and in Aleppo for religious and judicial affairs

(Harrison, 2008, p.172).

Hittite activities at Alalakh had been documented with the foundation of a casemate fortress

in the northwestern sector of the mound. Thiscab ed @A Northern Fortre:
excavated by Sir Leonard Woolley. It is argued that this building had replaced the entire
palatial complex of local elites and was a testimony of Hittite hegemony on thélsite (

2013, p.42). On the other hand, recantcavations at Alalakh revealed another building with

the same layout in the southwestern sector of the tell. This strengthens the archaeologically
attested military role for Alalakh during Hittite occupation (see AR&13 for a detailed

description).

According to Yener (201,3. 19) and Beckmanl@92 p.45), Mukish -or at least south of the

Amug was most possibly incorporated into the Ugaritic kingdom and was governed by a
Hittite governor, regarding the overall lack of its reference in the listaséal kingdoms,
contributing to the War of Qadesh and Mursh
punish Mukish for its lack of cooperation. The recent archaeological radiocarbon assessments
demonstrate that the final habitation at the site (L&yé dated to the f4century, whilst the
occupation continued intothel8@ ent ury in the fATempled area.
area was still in use in miti?" century considering the occurrence of Late Helladic 11IC

pottery finds (Yener2013, pp.20-1).
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3.2.6 Iron Age I: Collapse and regeneration cfocialcomplexity

The transitional period between the Late Bronze to Iron Age is characterized by a number of
conflagrated and abandoned sites, although the timing of these conflagratiompéenassue

and still no consensus reached in the literature (D&@&2. The site abandonment process

has been recognized in various regions of the Near East, most notably in the Central Anatolia
and the Levant. Overall, Akkermans and Schwartz definet At he | ron Age we
new political and economic developments drawing Syria into a network of international
affiliations even wider (009 p. 366)hNonethadess, thishe L a
development seems to be gradual, the regeasrat complexity appears to have been a later
phenomenon with the beginning of the first millennium BCE. According to the Syrian
chronology of Mazzoni (20@1), the Iron Age of Syria is divided into three subsequent
periods; Iron | is ca. between 1.20®@00, Iron Il between ca. 900700 and Iron Il between

ca. 7001 550 BCE. Iron | in the Near East and the Aegean is the most poorly documented
phase and conventionally called as the Dark Ages regarding the overall absence of textual

evidence (Akkerman& Schwartz 2009; Snodgras4983).

Whatever the real cause(s) of the collapse were, the emerging picture-In208sBCE Near

East was that the great empires of the LBA either retreated to their heartlands (Egypt,
Assyria) or totally vanished from histoiike the Hittites and Myceneans (Clin2014).
Nonetheless, in contrast to the ldiagting paradigm of a catastrophic break designated with
the decline of sophisticated Late Bronze Age urban life and literacy in the Near East and the
Aegean, the accumulay archaeological (Harrisor2014; Venturi 2010) and epigraphic

finds (Hawkins 2009, 2011; Weeden2013) demonstrates evidence for continuity of
architectural and material culture traditions in the 1&fenflllennium in the northern Levant.

This has Bo been observed in some settlements of the southern Levant after two imperial

powers, the Hittites and Egypt retreated from the Levant during thel @8 BCE period
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(Dever, 1992; Porter 2016). It is highly probable that the Egyptian control overabert
locations in the southern Levant had continued until the end of they2sty and until the

last quarter of 12 century.

Although the Hittite Empire crumbled and eventually completely vanish from the history at
the end of LBA, the increasing eviuee for continuity of Hittite culture and material evidence

is manifested in the northern Levant, which distinguishes from the surrounding areas, from
Central Anatolia and the southern Levant. Mazzoni suggests that two towns Karkemish and
Hama had most pbably a central role during this period for the transference of Hittite
cultural elements into the succeeding centuries (20082). More importantly, the dynastic

lines at Karkemish enjoyed increasing political autonomy during the last decades 8} the 1
centuries alongside some other appendage kingdoms (e.g. Tarhuntassa) in northern Syria.
That consolidation of power at the hands of the more and more independent viceroys, against
the weakening imperial center at Hattusas, opened up more activentitargeThere is also
evidence of continuity of the dynastic control of the viceroys after the collapse of the Hittite
inearly 12'cent ur y. Two seal i mpressions discover
the line of viceroys extended to fifth geneoaticontemporaneous to the final ruler of the

Hittites,Gu p p i | Iu(Hairisom200%, p.172; Weeden2013, pb).

What becomes apparent from the settlement data during the Iron Age | is that the settlement
system had recovered at different rates acttosdNear East (Devel992; Porter2016). In
common, the regional surveys demonstrate a general increase in the number of settlements in
the Levant in contrast to the overall decline of settlements in the LBA. One of the most
striking developments is trexpansion of the small rural settlements into topographically and
climatically-challenging landscapes like those of the Central Highlands and Transjordan in

the southern Levant (BloeBmith & Nakhaj 1999). Similarly, the settlement system around
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Ugarit (Ras Shamra) changed decisively in the Iron Age when this town which was an
important trade center and vassal to the Hittite Empire i déntury BCE, was not
reoccupied for the following centuries. However, the occupation continugdnie smaller

settlanents including Tell Tweini and several others in the same region (FRU1€).

The Amuqg Plain was no exception in this trend. The number of settlements had almost
doubled to 47 settlements in the I ron Age
Phase M) sites that have been identified by surface survey, 17 also preserved evidence of
early Iron Age (Amuqg Phase N) occupation, or almosttiwals of the LB sites, suggesting
significant settl ement c o0 nat p. h76)i Futherniore,thee e n
informs that about 75 % of all known Amuqg N sites were new settlements. Additionally, the
75 % of Amuqg N sites were occupied during the later Iron Il (Amug Phase O) indicating
strong settlement continuity among periods. But the aggregatedsatda diminishes to 4.76

ha in LateBronze Ageg(Phase M) to 3.61 in Iron Age | and 3.63 in Iron Il (Harris200%, p.

175).

Recent discoveries of the temple of the St@od at Aleppocitadel radically changed our

view on the developments, of the lateon | period in the northern Levant. Excavators at
Aleppo citadel have unearthed some beautifully preserved orthostats furnishings and the outer
walls of the StorrGod temple. These monuments celebrate the achievements of a king
named Taita who declarés be the king of the lands of Pala/istin or Wala/istin. These two
names were previously normalized as WaDasatini while this particular attestation had been
found in two different inscriptions at Tell Tayinat (Hawki2609, 2011, Weede2013). No

exact étes can yet be established for his reign but in respect to palaeographic parallels,

Hawkins locates his reign to sometime after th8dr110" century BCE (2009, 20)1
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This finding in the northern Levant invoked a renewed interest to the problemlof Phit i ne s 6
origin and their distribution through which Tayinat was somewhat at the center of discussions
(Singer 2010; Harrison2007a). The reason was that there are some other textual references
which mention, about the land of Walistin, which was mesbgably another rendering of the
Taitads nNPal20l6f onodi( Weedenspelling20lbddr t he
another mention in the region). A fragmentary Luwian inscription (Tell Tayinat Inscription I)
bears the same i WaglthkesSSyriarditlite exavationseat Teelt Taydnat.
According to Harrison (20@), Tayinat would have been the capital town of this kingdom
regardingits prominent size in comparison to other settlements in the Amuq and the presence
of large monumentalWildings such as Building Xl and XIV superimposed on the earlier

Iron Age levels. These monuments were most probably stratigraphically simultaneous in
regard to the paleoegraphic observations of Hawkins for the Luwian inscription at Aleppo
(Hawking 2009 Galil, 2014).This and other evidences show that it is highly likely that there
existed an extensive kingdom during the earlier Iron Age which was more or less covering the
geographical area of the former territories of the LBA vassal kingdoms of Mg ,and
Nuhasse, in addition to Aleppo roughly coincides to the administrative territories of the LBA
Aleppo after its reorganization by the Hittite kiggu p p i | ILu(Hawking 2009; Harrison

200%).

Concurrently, the Iron | phases of Tayinatoduceda considerable amount of locally
manufactured Myceanean llICdbttery. This particular ware tradition largely appears in the
Aegean and in Cyprus starting from Late Helladic Il (ca. 1.400 BCE) period. Janew&y (200
argues that a number of diagnostiasts in Myceanean IlIC:1 demonstrates an Aegeanizing
influenceat Tell Tayinat. The same Aegemspired pottery tradition appeaalso at Tell
Afis, a closeby site in Idlib region, 50 km SW of Aleppo (Ventu2010, p.5). On the other

hand, Venturi desibes that the new settlements in the northern Levant with some evidence
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of Aegeaninspired pottery demonstrate ldevel of urban organization which lacks coherent
urban layout and fortifications analas largely characterized by domestic units, open areas
and massive use of silos. This trend is different than other sites in the Levant where the

material culture related to the Sea Peoples has been 0@, (0.9).

The Tayinat ceramic assemblage mostly includes the shallow rounded bowls and deeper bell
shaped bowls (skyphoi); the latter is also the most common pottery type found at Tell Afis.
Some vessel types ofdhMyceanean IT:1war e al so appear at nearb
Hoy¢k and Tell Judai d aohd, p.399)tab well dsnately Afi§ Har r i s
(Venturi, 2013 p. 235). At the same time, this potting tradition had been identified in at least
eighteen other sites in the Amuq Valley. Another LBA potting tradition, Hittite Monochrome

Ware, had also been recovered from the sigrison, 204b, p. 399). More importantly, the

ceramic assemblag&as progressively replacetly Red Slipped Burnished Ware tradition

over the course of the Iron | (Harris@007%, p.89).

Figure 10 Loomweights inpit G4.56:196 foundin situ (Photo Courtesy: D. Lumb, as appeared inWelton et
al., 2019 p. 299).
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Meanwhile, other types of material cultumso reflect some Aegean derivations at the site.
Aegeantype loomweights are the most obvious of such derivations including the figurines
and pottersd mar kperforafett morveeightsi (Rigl r10) @@éar from o n
earlier Iron | phases on at Tayinat (Harrison, 2007a). On the other hand, that heavier emphasis
on pig consumption, usually accepted as a distinctive feature of Riglisites, in the
southern Levant had not been recorded in the faunal remains at Tayinat. According to the
zooarchaeological investigations, the dominance of ovicaprids prevail in the assemblage as
commonly recognized in other Near Eastern sites while omease in the pig bones are

discernible (Lipovitch, 2002007).
3.2.7 Iron Age Il: The formation of the SyreAnatolian states

After the dust had settled in Ironih the 18" and 9" centuries BC, the emerging picture in
northern Syriawhere once roughlthe former territories of Hittitewere, that of a balkanized
political landscape with several petty kingdoms and of incursions from possibly nomadic
Aramean populations as recorded in Middle Assyrian and later Arameséuml sources
(Niehr, 2014; Sader2000) emergedThese new states are usually called by different names
such as Syrd\natolian, NeeHittite or LuwianAramean kingdomsn the literature. It is
thought that the main ethnic component of these petty states would be the Luwian and
Aramean, bupossibly different ethnic stocks were also present (Welton,&Cdl9). Luwian
affiliations are somewhat emerged in the archaeological records culminated in the polities
centered on Carchemish, Masuwari (laterBalrsib), Hamath, Melid, Kummuh and Gurg

(Akkermans& Schwartz 2009p. 367).

The excavations in the Assyrian homeland provided a wealth of textual records about the
political entities in the region (Graysal®91). These records do not only provide information

about Assyrian military campaig to distant regions, but also include information on the
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historical geography of the Levant. Regarding this evidence, the earliest surviving reference
in the NeeAssyrian texts for the Amuq was recovered from the reign of Ashurnasirpal Il
following a military campaign to the Orontes Valley (Gald014 p. 88). Tayinat was
mentioned as the capital towealled Kunulud or alternativelyKinalia, andpossibly biblical

Calno of a small SyreAnatolian kingdom governed by Lubarna, variously mentioned as
Patira in the NeeAssyrian textual records (Harrisd& Osborne 2012). Galil (2014, p.77)
asserts that this shift frofalistin- to Pat(t)in is highly reasonable in the transference of the

word from Hieroglyphic Luwian to cuneiform Akkadian.

Akkermans and Schavtz (2009 p. 366) note that these polities may have had certain kin
affiliations to the Hittite dynastic line just as evidenced at Carchemish. More importantly,
these polities emulated Hittite monumental architecture and sculpture, all share the same
iconographic repertoire with the use of guardian figures, like lions and sphinxes at gates,
orthostats aligned on the base of the walls and other artistic details. Besides the artistic
parallels among these politigdsborne (2015, d.1) states that

fi [ é ] eadh wase the city is subdivided into three sectors: a walled lower city, a

walled acropolis, and a palace compound, access to each of which was controlled by

gateway structures. The increasingly restrictive accessibility as one passed from

outside throul the city toward the palace was intended to emphasize the prestige of
the palacesd6 occupantso.

Moreover, the Assyrian records demonstrate the {lieeed settlement hierarchy in the
territories of SyreAnatolian kingdoms comprising a royal city, seconydfortified centers

and smaller rural settlements (Osbqr2@13, pp776-779).Many Iron Age settlements which

are situated on top of Bronze Age layers were surrounded by an extensive lower town while

some of them demonstrate clear indications for cepleaining in layout (Casan&010.

" Other candidates for the capital town of this Sfwmtolian ki ngdom were 6Ain Dar a,
Hey¢k and Tell Kunadna mentioned by several aut hor s
Harrison and Osborne (2012) the newest textual reference on Kunulua found from a temple context at Tell
Tayinat confirms conclusively its location at Tell Tayinat.
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Li ver ani, 6ps 138) lopdyraphical analysis from Assyrian military accounts
demonstrate that every royal city contains three fortified towns and every fortified town
approximately 20 village®sborne (2013, 79 suggests that this was a durable settlement
pattern of hi erarchy which was also recoghni
after a native royal inscription of mil" century date. Regarding the AVRP survey in the
Amugq, there are 55 additionaites which have been recorded and which were dated to the
early ' millennium BCE 015, p.13). On regional level, it is indicated that the pottery
assemblage of Tayinat had close similarities with the Levantine and northwestern Syria

rather than thénatolian traditions (Osborn@013, p.781).

3.2.8 Iron Age Ill: Neo-Assyrian expansion in the*imillennium BCE

The 1° millennium BCE witnessed the expansion of the Mesyrian Empire when
Assyrians became the dominant power in the internationabaiidre NeeAssyrian Empire
invaded much of the Near East and Egypt during-8fidnd 7" century BCE and established

a powerful empire which stretches a far greater territorial distanceetr®mencountered
before. Assyrian aggression over the Siratdian states resulted in the integration of these
small polities into the imperial rule in a gradual manner.-Nssyrians referred to the Syro
Anatolian kingdom of Carhemish as Hatti in general, but this toponym became to represent

the whole other Syrdnatolian realm in later centurieRédney2000.

The proliferation of small settlements has been recorded during the period in question
regarding the regional surveys carried out in Northern Mesopotamia (Parker 2003: 536,
footnote 84 for other reference§)omparing the Late Bronze Age, Ur and Osborne (2016)

identify a 125 % increase in the number of sites which were small settlements with an average
of 2.63 ha. The authors interpret this pattern as the reflection of the forced emigration which

was intensiely employed by the Assyrian administration to stabilize the political upheavals

75



in the conquered regions and to boost the agricultural productivity in the heartland of Assyria

(Osborne 2015, p15; Ur& Osborne2016)

Tayinat was annexed into the Assyriampire in 738 BCE by Tiglathileser Ill. During this

period, the kingdom is alternatively referred to as either Patina or Unqi. Textual records show
that Tiglathpileser accused the king of Ungi for breaking the loyalty oath with Assyria.
Consequently,after the city was ransacked by NA&ssyrians, the population had been
forcefully deported elsewhere. The Assyrian king then declared that he installed an eunuch as
governor and transformed the town into a provincial capital. In a separate fragment, the
Assyrian king also states that he forcefully settled 600 captives from the city of Amlatu and

5.400 other captives from the city of Der into seleitées of Unqgi (Harrison2012).

3.3 LOCAL CLIMATE AND ENVIRONMENT IN THE AMUQ VALLEY

3.3.1 Geology and geonrphology

The region is located at the intersection of the Afréaabian and Eurasian plates (Anatolian

platelet). The lower Orontes basin covers approximately 43%7wkthin the Provinces of

Hatay, Gaziatep, Kilis, Osmaniye and Kahramanmaras. The &rgertion of this basirs in

the Province of Hatay. The average altitude is 387 m while the highest elevation is 2.240 m at
Migir Tepe in the Amanos Mnts. The lowest altitude is atleeal in Samandag County of

the Province &fAtasdbn 2085yp. 1(3¥6z)s.ahTime coast al [ i ne
County (or the deltaic zone of the Orontes) had altered over the millegaiadingthe recent
geomorphological assessments of vpebserved sekevel markers belonging to the late

Pl ei st ocene. cdleaguasn(20i2n identifred $wo notable increases in the
Quaternary history of the shoreline corresponding teleesl changes during ca. 72 ka and

53 ka.
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The Amuqg Plain or sometimes referred as valley, allomg depression at 8000 mts.

(a.s.l), islocated along the northern delimination of the Dead Sea Fault Zone (C&asana
Wilkinson, 2005). This seismically active zone is called Hakghramanmaras fault. There

are three geomorphological units in the Basin. These are mountain, plateau and plain
(¥ zabin& Atasoy 2015). The Amuq is enveloped by a series of limestone hills and basaltic
ranges to the eastern and southern ends while the Amanus Mountains (Turkish: Nur or Gavur
Mountains) shape the landscape to the wHEs& Amuq is covered by Quaternatgposits
(Altunel, 2009 p. 1314) while the sedimentation was highly variable throughout the Holocene
(Casana& Wilkinson, 2005, p.29). The Amanos range is predominantly composed of non
calcareous rocks with no significant limestone formations in conteastther Levantine
regions where most of the mountains are calcareous. Pridotite and serpentine rocks occur in
several outcrops in the Amanos Mnts. marking the boundary of a shallow Levantine Sea of

Miocene Age (Mill 1994, pp338-9).

The Amanos range fms the border between the Plains of Cilicia and the Amug. It consists

of several important passes that coni®gia to Anatolia. The routes from Cilicia and central
Anatolia to Syria by Hasanbeyli (the mountainous road over the Amanos overlooking the
Islahi ye Vall ey) or Belen (Syrian Gates) pass
north and from the <coast at S¢veydiye (the
deltaic zone of the Orontes, at Latakia and Tripoli, all converge to reach Alepgpo, an
eventually from Aleppdo the EuphrateRiver, which is the shortest route to cross the desert.

This route was of particularly importance for the past towns along the road to achieve
historically a greater level of significandeeing the principal gateay betweerthe eastern
Mediterranean and Mesopotamia. On the contrary, the travelling routes from north to south or

vice versavere always more problematic. The coastal plains are basically too broken to allow
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continuous travels. Therefore, the most uninfgted travel route aligned east of the

mountains to the desert margin (Brid®66, p206; Surianp2014, pl11).

3.3.2 Hydrogeography and water potential

The Orontes River section from Tell Tayinat flows westwards to the city of modern Antioch,

to rexh the Mediterranean Sea about 30 km downstream of Antakya.Orontes is
characterized by strong meanderiag soon as it entereeg Amuq (Bridgland et gl2012

Suriang 2014, p.11). Flowing downstream of Antakya, the Orontes enters in arBig

a ea between the moun t-AkranThe flowf ratekoétze@®rontesjvariesn d J
seasonally. It flows at a rate of 200 cubic metres per second during February and March, but
after these high seasons, the rate of flow progressively decredsel®wn50 cubic metres

from July to December (Bricd 966, p210).

Two other streams cross the Plain from the north, Karasu River, and from the northeast, Afrin
River, once forming the Lake of Antioch before its drainage as part of a governmental
programwasimplemented by the modern Republic of Turkey. It is reported the drainage was
compl eted in the 1e3ked AntiochBndtsurrbunding wetlands have y , t
been mentioned in several texts as early as the Late AntiagigEQer, 2011 fora full
discussion). Théake of Antiochwas a shallow body of water with surrounding marshlands,

the coverage of wetlands were fluctuating regularly during the summer months wheethe

shrank. The shrinkage turned the northern part of the lake inshes(Kara& Tiryakioglu,

2012). The lake covered an area of 31.000 hectares of which 2/3 of this area was composed of

marshlandsl ur i ng t he 195006s

I n the 196006s Brice observes that T1HOKE§ The
not held back byany obvious topographic barrier, and it may have accumulated in
consequence of a disturbance in the drainage following an earthquake, for the district is

78



notoriously liable to seismic action, and the massive silting of the suburbs of classical Antioch
would indicate that the Orontes has been retarded in this section of its course at some time
during the Chr i ¥66i pa2i0). élip obsenvation(c&ncides well with the
recent geomorphological assessment of Wilkinson (1999), Casana and WiliZ68&yand
historical records (EgeR011) on the development of the Lake of Antioch (see below section
3.4). Atasoy and Gecen reports that the plain at the Reyhanli County (to the east of the Amuq)
is separated by a fault thereby elevated aboutlB00meters than the Amug. The increase in

elevation eventually affected the flows of the riviensards the plain floors (2014, 4).

From a similar perspective, the Orontegr channel, in the deltaic zone, was most possibly
dredged deep enough to allow aimmarine vessels to reach as far as Antioch. The
archaeological site AMina was a thriving trade port during the Iron Age and the Crusader
periods (Brice 1966, p211).Although speculative without more definite information, at least
two LBA texts on he grain shipments by sea to the Hittite heartland there is mention of
Mukish as the origin of exportation of grains téra, possibly another town in the Cilician
plain, demonstrating that the region was already part of the maritime activity in the LBA

(Knapp 1991).

3.3.3 Saoils

Akman reports five types of soils recognized in the Amanos Mnts. Erosional soil on the marls
has been identified at the lower altitude4@ m.) between Iskenderun and Ulucinar. He
reports that this erosional soil represents alsihgrizon. It is heavilycalcareousand the
organic matter content is very low. The permeability of this soil type is also very low. Terra
rossa, typical Mediterrenean red soil, is fowmdcalcareous bedrock in the high rainfall zone,
but with particulaly intense solar radiation, on the S and W slopes of the Amanos. This soil

type has a brown color when covered under the forest vegetation, but it gains red color in the
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areas where the vegetation is degraded. The third type is the calcareous brolire oilrth

type of soil is found in midand high altitudes of the Amanos; is the brown forest soil under
the forests oPinus brutiaandQuercus pseudocerti®é\kman (1973) reports that this soil type

is biologically activeand also rich in humus. It is idntified on serpentine, and ophiolite
bedrocks. He identifies leached brown soils under the forestagfs orientalisrom 1.200

m in the north of the Amanos where the rainfall exceeds 1.500 mm within the humid and sub

humid zone. This soil type is righith organic humus content.

As for the vegetation (see below subsection 3.3.5), the soil types of the Amugq is less known.
I n general, ¥zkahin and Atasoy report that

temperature is 15 22 °C up to 50 cndepth. They define the soil temperature regime as

thermic. The authors define 7 solil series and 8 soil textures in the Lower Orontes basin (2015:

141-2, Table 2). Poorly developed horizons of entisols and inceptisols are widespread in the
lower Orontes Bas. Thesetwo soil serie composes the 73.43% of the basin according to the
study of ¥zkahin and Atasoy (2015). The al
as identified in the Amuqgq and &tAtasoy 20EIpt ai ¢
145) while inceptisolsare largely documented on the slopes of the Amanos. Atasoy and
Ge-en (2014) report t hat the alluvial SOi
case, they suggest that this part of the
east ofthe Reyhanli County, due to diverse topography, the various types of soils as described

above by Akman appear on the Reyhanleée Pl ai

3.3.4 Climate

The bimodal Mediterranean climate determines the precipitation regime in the region, with
winters havingnog of theannual rainfall, while summers are almost completely dry. Due to

the complex topography of the region, the annual rainfall is not evenly distributed within the
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Figure 11 The topographical map of the Amuq Valley and rairfall isohyets (dter Akman, 1973).
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Mean monthly rainfall Annual
Altitude rainfall
Stations (m) 1 2 3 4 5 6 7 8 9 10 | 11 | 12 (mm) Observations
Samandag 31 158 | 145| 121| 78 | 50 | 30 | 11| 6 | 61 | 86 | 64 | 190| 1000.7
Seaward
Antakya 93 185|194 | 167|151 | 62 | 40| 4 | 8 | 45| 57 | 63 | 217| 1206.5
Kirikhan 69 |142|103| 80| 37| 12| 41| o | o | 6 | 25| 53 |135| 5827 teh"’::t o
Hassa 450 | 173|148|106| 63 | 25| 6 | O | 1 | 22| 28 | 51 | 183| 804.5 Leeward |Amanos
Islahiye 518 | 167|133| 97| 63| 40| 6 | 0 | 0 | 10| 28 | 56 | 164| 757.8
Maras 700 | 136|128| 96 | 62 | 31| 8 | 1 | 1| 6 | 37| 67 | 122| 693.7
Ulucinar 7 125|103 | 100| 56 | 47 | 15| 2 | 6 | 29 | 53 | 59 | 142| 734.2
Iskenderl’m 3 120 101|114| 72 | 62 | 17| 3 | 9 | 40| 71| 58 | 103| 760 Partly leewardVest o
51 NI g2 t70 119| 109| 107 | 114| 74 | 44 | 24 | 19| 69 | 65 | 53 | 129| 943.2 the
Amanos
Osmaniye 120 |121|108| 90| 66| 21| 7 | 6 | 15| 63 | 60 | 78 | 137| 7695
Yarpuz 980 | 157|186 169| 142| 76 | 40 5 | 19 | 60 | 70 | 174| 1099.4 Leeward
Table 3 Monthly and annual means of rainfall from the meteorological stations in the Amuqg and
neighbouring regions from 1958 to 1967 (except Osmaniye station: 194951) fnodified from Akman,
1973, p. 80).
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Despite

study site, Tell Tayinat, the annual rainfall amount presumably locates within mm

rainfall isohyets (Fig. 11see Table 3 for the loAgrm records from meteorological stations

in and around the Amugq Valley).

The variance of the annual rainfall amount and its periodicity also show notable differences as

is usually recorded in the Mediterranean region (Atalay22&londel et al., 2010; Akman,

1973). For example, Akman (1973, p. 88) reports the amount of annual rainfall differs up to

800 mm at the Antakya meteorological station (mean annual rainfall ca. 1.200 mm per year)

during two consecutive years in 1963.
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The relative humidity is another climatic factor showing marked differences during the
summer season (Judely-August). Amanos Mountains block the available moisture to
infiltrate into the Amuq Plain; which leads to comparatively drier conditions ataitteoé the
mountains. While the mean of relative humidity is about 80% in the deltaic zone of the
Orontes, this variable drops to 60 % further inland in the Amuq Plain and decreasing
eastwards. Thisnland decline generates higher level of evapotranspmatwhen the water
deficit is expected to become prevalent in summer sed&mkriaz & Faki, 2009; Atalay

2012).

3.3.5 Vegetation

3.3.5.1 Floristic history of the Mediterranean region

The fl oral | andscapes of t oda yrénsbiolfeedityiner r an ¢
the basin, have been typically tropical until the Oligocene, when a mixture of forests and
savanndike environments prevailed. With the onset of Oligocene and specifically from the
end of the Miocene and the Pliocene, the typical iMe@nean floras as we know today, have
been progressively developed with the establishment of bimodal patterning of a
Mediterraneastype climate around ca. 2.8 to 3.2 mya (Blondel et28114 p. 37). Climate
changes over Pliocene onwards mark the epischanges in the floral composition from sub
tropical species (e.g. Lauraceae, Myrtaceae, Palmae, etc.). The species of theagamis
today for example, represents a relic from when the subtropical conditions prevailed. The
Quaternary history of the &fliterranean flora is determined by climatic impact between
glacial and interglacial episodes. The Last Glacial Maximum (LGM) has impacted the
northern regions of the Mediterranean by the increase in pollens of herbaceous plants, like

Artemisiaandvariouschenopods. This trend consecutively changed tehsunid conditions
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with the start of the Holocene, which leads to the expansion of feasdd deciduous trees

(Roberts, Meadows, & Dodso2Q01).

Blondel and his colleagueq14, pp.32-8) argue that thre are five main groups of floristic
components which make up 4rdpieal dorappriemsocsnsidt of o r a
hardleaved evergreen species includidgparagus Capparis Ceratoniga Chamaerops
Jasminum Nerium Olea and Phillyrea (palaeotopical relicts) and many others from
Fabaceae, Moraceae, Myrtaceae and Vitaceae. The Holarctic floristic elements include many
deciduous broatkaved tree genera (elglatanus orientalisJuglans regiaCorylus avellana

beech) with an extrropical nothern distribution either from boreal or Holarctic origin,
including Acer, Alnus Betula Fagus Quercus andUImus The third group ar¢he Irane
Turanian components such Ademisig Ephedra Haloxylon Pistacig Salsola andSuaeda

An important aspects the migration of Irand@uranian elements into the Mediterranean
phytogeograpical zone which intensified when the human impact on Holocene landscapes
grew greater. The SahaArabian components encompass taxa adapted to desert and semi
desert conditionsappearing in southern and southeastern localities of the Basin. The
distribution of these plants (e.g. some members of Chenopodiaceae family, Zygophyllaceae)
coincides with the 150 mm isohyets. The final categasrythe indigenous components
originating in the coastal regions around the Tethys Sea which were scattered between
African land mass and the Eurasian supercontinent. Thesalled palaeoendemics includes

the strawberry tree and several sclerophyllous oaks as well as many gerdeliarthemum

Lavaterg Salvig CupressusPinus andJuniperus

Zohary (1973) andlondel et al. (2014, p37) mention another group, the anthropogenic
elements, as indigenous. These floristic elements basically comprise of 1500 segetal and

ruderal annuals of which ¢hmain area of speciation is thought to be the Mediterranean and
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the Middle East. Zohary argues that Near East is a center of speciation and more than 30 % of
the weeds around the world are endemic to the Near East and the largest center of local weeds
aretheeastern and southern fringefsthe Mediterranean territory and the adjacent borderland

with the IraneTuranian territory. Furthermore, theretvgo-way traffic in the migration of the

weeds that induce many typical Mediterranean weeds sudhifaium, Medicagq Vicia,

Bromus Erodium pushed eastwards into Iraff@ranian cultivated lands and many others

occurring among Eastern Mediterranean crops are-famanian by originZohary, 1973).

The Mediterraneatype environments only comprise of 5%toh e Eart hés sur f ac
number of vascular plants present compose 20 % of the total identified species on the earth
(Cowling et al., 1996). This situation is basically related to the topographic and climatic
diversity of the Mediterranean. Moreover,should be mentioned that the Mediterranean

climate is not bound to the Mediterranean basin, but it is found in four other regions around

the globe. These four geographically distant regions are the Cape Region of South Africa,
South and Western Australisouthern California and central ChiRRoperts et al. 2001, p.

631). Shared characteristics of these regions are that the floras of all of these regions are plant

species which are wedldapted to the summer dryness of the climate.

It should be notedhit Turkey itself is spectacular in terms of topographic and climatic
variability. This makes Tur key 0 sMegitereameéan bi od i
Europe with an estimated 8.600 species, of which one third of this amowemdamicplants

(EkKim & G ¢, 2000, p.48). In some regions of Turkey, endemic plant species compose

25% of all species recordethe limitation of Mediterraneam-Turkey is defined by Zohary

(1973) via the distribution range Binus brutia This covers the southern awestern coastal

regions of Turkey where the landscape is fragmented by a series of mountains running in E

W direction to the Aegean coast. Thi s and
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Menderes Rivers in western Anatolia allow the penetration of Meditean floristic

elements much deeper into inner Anatolia. In contrast, the Taurus Mountain chain aligns
parallel to the Mediterranean Seatbe southern Anatolian coast. This topographic situation
prevents summer moisture to infiltrate into the innegion north of the Taurus range.
Therefore, the soutfacing slopes of Taurus are more humid than the drier fiacthg

slopes which remain under the impact of +sivmdow (Atalay Ef e, & ¥ Z145) r k , 2 (
The mean annual temperature in the Meditezaa is about 18C on the coastal belt while at

1000 m high, the temperature drops te1P1°C. The temperature changes daily abouf@0

between day and night (Atal&y Efe, 2008).

A significant phytegeographical factor in Turkey has been identifiedDayis (1971) after

the completion of the first volume of his seminal stuelpra of Turkey Davis observed an

oblique belt of floral distribution, which is called the Anatolian Diagonal, running across

Inner Anatolia from the northernmost extension lodatethe southern slopes of the Pontic

range (Bayburt G¢ m¢ k hane Pr ovi nces i Hwestnardséorthe Arfiur key
Taurus ranges when it further bifurcates in the Amanos and in the Cilician Taurus at the
southernmost extension. In regard to flosal break, a substantial amount of western species

of the IraneTuranian phytegeographical region, do not occur in the east of the Anatolian
Diagonal while the same is true for the plant species located at the eastern side. It is also
indicated thathe Diagonal had served as a migration route for the Euxine taxa of the Black

Sea coast, to reach as far south as the Amddaaq 1991, p.26). Davis describes this as

stations on the way of migration which ultimately ended up in the Amanos and aksasther

some evidence of these floral elements further south in the Alouite Mnts in western Syria

( Nahal 1962) . Ekim and G¢gner, on the other h
mostly occurring due to ecological differences between east astloiithe Diagonal, rather

than being a result of the palageological history of Anatolia (198§.76).
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As a matter of fact, this type of vegetation exchange among different phytogeographical units

is not uncommon in Turkey. There are some other regianTurkey where the native
vegetation contains some geographically distant floristic elements. The alluvial fans of
Yeki |l er mak and Kéeézeéel ér mak Rivers create t
Mediterranean elements from the Black Sea coast imtantier regions of Central Anatolia.
Moreover, Mediterranean elements are also representide avestern Black Sea coast where

the climatic conditions, especially summer drought, become an important factor to prevent the
establishment of Euxine forest fasind in the eastern regions of the Black Sea coast (Atalay

2012 p. 19; EkKim & G ¢ n, €000, pp.49-51). The history of this penetration of Euxine
elements into the Amanos is unknovidavis (1991, p19) argues that these elements might

have been trapped the region during the glacial phases of Pleistocene.

3.3.5.2 Major terrestrial habitat categories in the Mediterranean Basin

The landscape of the Eastern Mediterranean Basin, especially in the Levant, is
topographically and climatically heterogeneoushwocal diversity of habitats occurring in
rather close proximitieJowling et al. 1996, @365, Table 3)Blondel et al. (2014) describe

this regionwide diversity of habitats as mosaic or patchwork. This is principally justified
regarding the bioand topographic diversity of the region. Forests and woodlands usually
favour more open formations due to climatic and edaphic factors rather than dense stands.
Turkey, itself alone, compriseof 27 % (21.2 million ha) of the total forested area on the
northen shores of the Mediterranean. The forests are highly diverse in their composition,
architecture and appearance. On the other hand, the growth form, morphology and phenology
of the dominant species are varied in each region (Blondel ef@l4, p.119). The
magnitude of human and climatic impact on Mediterrartgpa environments is also a topic

of discussion. Quezel and Med#2003) estimated that only 15 % of the potential forest

vegetation remasxconserved toay in the Mediterranean region
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The res of vegetation had been subject to deforestation or soil degradation (B20d@!p.

716). Blondel describes that there were two consequences of the forest destruction in the
Mediterranean region; 1) the replacement of deciduous #eaaed forests byvergreen
sclerophyl |l ous forests and mattoral s, Awhi
patchiness over time, affected both the distribution of populations and species and genetic

di versityo; 2) t he climatic das sai whola tardo n of
subsequently thinning of the plant cover leads to the dramatic indgreas#é erosion (2006,

p. 716).

A second plant habitat category is mattorals. These formations have different local names in
the region and in other Mediterranean typmates around the globeThe mostwidely used

term is the maquis which designate the shrubby vegetation (shrublands). Because of diversity
of microclimates, substrates, local lanse histories, these formations demonstrate a wide
range of structural fons and floristic composition. Basically, mattorals are dominated by
shrubs and/or small trees with evergreen thick sclerophyllous leaves and a rich understorey of
annuals and herbaceous perennials. This type of vegetation iadaplied to the factors of
anthropogenic and natural disturbance and frequent fire regimes of the Mediterranean;

thereforejts initial appearance is considered secondary (Blondel, &4, p122).

Steppes and grasslands are also prominent habitat units in the MediterranearMBag
plant species dominate in steppes and grasslands are intrusions from thR€uhaman

phyt ogeographical zone. Thi s i s explained |

® These terms differ as follows; garrigue/garriga in France and Italy; xerovuni and phrygana in Greece; matorral
and tomillares in Spain; choresh andlInatleqgMeditsrrarean | sr ae
environments; chapparal and coastal sage in California; mattoral and jarral in Chile; fynbos, renosterveld,
karroid shrubland and strandveld in South Africa; mallee in southern Australia (Blondel et al., 2014, p. 122).

Note Blondeland his colleagues describe also diverse meaning of these terms in case of the vegetation
development (2014, pp.128) . A The Spanish term tomillares, the Ara
phrygana all refer to much lower formations than thetonals, but closely related to them floristically and
historically. The tomillares of Spain are shrublands characterized by a large nhumiygnef(Tymus) species

(tomillo in Spanish). Phrygana in Greece and Turkey also consists of formations dominatedrb shrubs

typically201 70 cm tal l o.
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Adi sturbed areas are gener al |y thendviemlohbitdts by ¢ C
in the vicinity rather t ha20l4fpl25mThe suecessfidt t er
colonization of Iraneruranian elements has resulted from their lengthy history of adaptation

to the disturbed sites like arable fields, lmmsettlements, fire etc.

Abandoned fields (including other humealated landscape features, like fallowed fields,
terraces and managed pasturelands) have been considered another habitaBlypdebyet

al. (2014, p.125). According to the authors,etreabandoned fields rapidly become foci of
colonization by various widespread annuals and biennials at the early stage of succession as

well as the recolonization of the same habitat by herbaceous and woody plants.

Riparian forests are salient habitateggiries in the Mediterranean Basin. These habitats
contain favourable conditions for diverse woody plants mostly dominated by deciduous trees
such as oaks, poplars, elms, alders and willows. Vines such as wild gvitpesilestris,

hops Humulus lupulils) and various species of clemati@ématid are also elements of these

habitats (Blondel et al2014, p127).

The last habitat category under consideration is wetlands. Wetlands in the Mediterranean
region are highly diversified in terms of their hgtirgical regimes including freshwater
lakes, alluvial floodplains, deltas, and marshes. Turkey canadimost 1.3 million ha water
with approximately 250 bodies of water. These bodies of water fluctuate sharply in water
levels and salinity. The freshwatiakes are important aquatic ecosystems for various plants,
most of them are also economic plants for humanRlsedel et al. (2014, [1.28) states that

AA recurrent feature of al | coast al Medi terrar

variation in biologcally important factors, such as flooding periodicity, water

salinity, and soil salinity, which all have profound influence in the structure and

dynamics of plant and animal communities. Many of these factors vary enormously

during the course of the yedirom year to year or even longer periods of time. As a

result, plant and animal communities are highly dynamic and do not exhibit long
term predictable successional changes in specie
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Temporary marshes are particularly important for pladtiamman communities in the Amugq

(e.g. Eger2011).Because of their drying and wetting cycles within the year according to the
bimodal climate of the Mediterranean, certain adaptive traits are more prominent among
marshland plants such as the short groveiygje, mostly dominated by annuals and biennials

as well as the production of large quantities of seeds that remain in the soil for a long period
of time (Blondel et a).2014, p.132). Of particular importance, all of these abovementioned
wetland habita, in fact, appear significant for the palaeovegetation of the Amucéstien

3.3.5.2below).
3.3.5.1 Amanos Mountains

The contemporary vegetation of the Amanos Mountanseavilywooded and exhibits
exceptionally high levels of biodiversttin relaion to the Anatolian DiagongFZohary, 1973;
Mill, 1994). Due to this exceptional biodiversity, the flora of Amanos has been under
investigation and welstudied (see Wagen|tz962 for the history of ecological investigations
in the Amanos)Atalay et al.(2014, p.151) state that
iThe west facing sl opes of NDKjMountame Tur ki sh nam
form a distinct habitat because there is a general air flow from Gulf of Iskenderun to
Antakyai Kahr amanmar ak depressi on. The rising humid
from Gulf of Iskenderun on the west facing slopes lead to the formation of fog and
orographic rain, which supports the growth of bréealved forests composed of
Fagus orientalis species ofAlnus, Acer, Castaneand Carpinusetc. and some

hydrophytic shrubs li&k Cornus masCorylus avellanaBuxus sempervirerend so
on. 0

The flora of the Amanos Mountains largely includes Mediterranean species (about 65%)
which were adapted to the bimodal Mediterranean climate. The-Traramian floristic
elements are interestinglfew (2.5%) in spite of the close distance of this region to the
Mesopotamian subzone. Ed&iberian elements compose 7% in the study afdanan

(1973, p. 122-3) notes that

° Note the endemism in Amanos Mnts. As a distinctive example, Davis (1971, p. 19) deStubesia
orientalisof which the other 3 species of the genus only appears in the Alps, east Balkans and west Himalayas.
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ié Malgr® | a forte pl-99%mnm paRen)runedaiblepas ez ®|1 ev ®e ( 8
seul ement est mi se ° la disposition de v®g®t :
rui ssell ement et par ®vaporation. Pour cette de
ada p'tcete sonditiol®c ol ogi que. Elles sont x®rophil es. C
son cependant hygrophiles et poss dent des feu
transpiration, mai s Elplaegs i se 800 oumveddtal It o ¢ aldies
expositions N et W. Cbdest |l e cQuercusde nombreuse:

psudocerrisFagus oriatalis, Quercus cerris .

Akman (1973, p.123) describes diverse adaptive traits of these plant species such as the
species reducing the transpiratory surface (Rigus brutig Erica varticillata), ephemeral

leaves (e.gCalycotome villosaGenista acantbcladg Spartaum junceumwith protective

hairs on their surface (e.g@istus Ononisand many genera in Labiateae), cutinization of the
leave epidermis for the typical Mediterranean species (@eggatonia siliqua Pistacia
lentiscu3, leaf orientationdr a smaller area of solar radiati@@g.Cercis siliquastrumVitex
Agnuscastu3, water reservoir for the warm season (eéSgdum Roularia, Umbilicug,
bulbous species with their raciness appear to develop after the first rains in the autumn (e.qg.
Musari, Ornithagalum Orchis and Iris), and watedemanding woody plants (e.§agus

orientalis, Abies cilicicg Quercus cerrisSorbus torminalis

Zohary (1973) descrilsedhe Amanos vegetation different than the Siilmanese and Cyprian
sectors with the awrrences of Pinetum nigrae and thagus forest. Overall, Wagenitz
(1962, p.231), after an expedition in 1957, remarks two aspects of the flora in the Amanos in

relation to the neighboring regions;

iGegen¢gber der Fl ora undnAhetgiens lzatdieales des ¢bri gen

Amanus einen besonderen Charakter durch zwei Ei
wi r ei ne gr°cCere Zahl von Arten, der en Haupt
Antilibanon | iegt und die hier ihhere n°rdlichste
solche Arten nich ©bis in den <cilicischen Taur
AmanusGebi r ge eine Exkl ave kol chischer und s
Laubwal darten mit der Buche, Fagus orientalis,

According to the geobotanical assessnm@nZohary (1973, ppl56-7), the zonation of the
vegetation in the Amanos is typically Mediterranean. The lower zone of Amanos Mountains,
the EuMediterranean zone, mainly consists of evergreen maquis elements without well
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developed trees from sea leved to 700 mts. The pistachio and carob (the Ceratonieto
Pistacietum) constitute primary elements of evergreen maquis vegetation at the lower flanks
of the Amanos Mnt. Where this maquis vegetation is degraded, Pinetum brutiae, leading
species iinus brutia(red pine), rapidly colonizes every possible terrain up to 1.200 mts.
Thus, maquis elements occur as undergrowtRimdis brutiaforests while regenerating in the
southeastern exposures and on basalt Ziaffi&ry, 1973, p157). The common constituents of

the OreMediterranean belt, the middle zone, which extends above tHdeBiierranean

zone up to the upper limit of timberline at about 1.800 m, include Heas@d deciduous
forests of EureSiberian elements such a&cer platanoides Alnus incana Ostrya
carpinifolia, Tilia argentea, Ulmus glabrand of Euxine elementssuch agus orientalis

llex colchica Juglans regiaRhododendron ponticurStaphylea pinnatand many woodland
herbs (Mill, 1994, p.339). This is only possible due to the parallel ahgent of the Amanos

and the direction of moistw@arrying air masses coming from the Mediterranean Sea which
create a suitable stiftumid condition for these extzonal floristic elements to survive.
Mixed forests ofPinus nigraandQuercus cerrisand Q. petraeaappearon the slopes facing

the north without fogs, at the elevation between 1.00D.600 mts. An undergrowth of
maquis vegetation alsappearsn these forests. The higher elevations of this belt correspond
mixed coniferous oPinus spp Cedruslibani, Abies cilicicaand Juniperus excel§Zohary,

1973; Atalayet al.2014).

Equally significant is thaCedrus libani(cedar) grow on the eastern slopes of the Amanos
between 500 1.800 mts. Atalay and his colleagues (2014: 150) tlod¢ cedar is we
adapted to different edaphic conditions while the species is particularly found on the humid
slopes open to the prevailing winds, but not tolerant to fog and excessive moisture. Optimal
annual rainfall for cedar is over 600 mm. The cadahe-Amanos § found mixed with a

large array of other species such@usercus cerrisQ. petraeaQ, libani, Fagus orientalis
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Styraxofficinalis, etc. Additionally,Abies cilicicaforests are widespread between 1300 and

1500 m, in the Amanos where therfation of f@ becomes intenseast of Iskenderun.

Since the Amanos is not high enough in comparison to the Taurus mountain chain, the
subalpine and alpine vegetation above the timberline (1.80000 meters) is restricted to a
short strip of land. In generatalay et al. (2014, p153) states that the subalpine zones in the
Taurus Mnts. are either composed of karstic rocks with shallow soil profile and very sparse
floral elements or karstic depressions where thick soil accumulated to allow plant growth.
They regad such karstic depressions as important for the many local and maibitaits in the
Taurus. AtalayZ012 p.27) notes that the vegetation of spiny cushion species develtye

alpine and subalpine zone well, due to insufficient moisture in the Higidak of the Taurus

Mnts. The main herbaceous species in the -Ratirus Mnts. as reported in Yurdadéll
(1977) areAstragalus gummiferA. angustifoliusAshodeline tauricaEuphorbia kotschyana

Barbarea eriopodaFestuca variaBromus erectusar. tricolor.

Although fragmentary and preliminary in nature, Akm@®73) had recovered two pollen
profiles (YA 1 and YA 2) about 50 m to each other, from the turba formatiottsedvitisirn-
Zorkun plateaus near the Province of Osmaniye in the northern p#re dimanos. The

preliminary analysis of these profiles shedwmid and temperate climate conditions.

3352 !'Ydd tfl Py

Modern vegetation of the Amuq Plain is lds®wn in comparison. Following the
vegetational transect eastwards from Arsuz, south of Iskenderun towards Aleppo (eventually
to Khurasan in Iran), Zohary observes that steppic elements besoragorominent when the
Amuq approaches the Mesopotamian lowlaiiti373, p.269, Figire 128, Segment A).
Zohary (1973, p.638) describes the rhizomatoldosopis farcta,a perennial segetal,

occasionally occupies the cultivated fields and as a leadingespgsually forms one of the

93



richest plant associations occupying fertile, fgrained alluvial soils. The rich segetal

Prosopidetum farctaeommunity largely dominates the alluvial soils in the Amugq

(Zohary, 1973, p. 269). In moister soils this plant comunity is

replaced by

Glycyrrhizetum glabraeFurthermore, stands of thermophildigiphus lotusoccur

in warm, secluded valleys up to 300 meters.

Furthermore, Zohary describes the tabor d@kigrcus ithaburensjsas the prominent tree

species of the AmiPlain as well as the Adana Plain to the west. He observes the association

Quercus ithaburensi$ Pistacia atlanticaziziphetosum loti in a fragmentary stage in the

Amuqg (1973, p.52 1) . Nonet hel ess, further north

condtions are relatively drier, Zohary describes the association Pinetum brutiae typicum in

the alliance Pinion brutiae. According to his sample record, the following species appear as

undergrowth tahe dominant specidinus brutia Quercus calliprinosPistacia palaestina

Cotinus coggygria Quercus cerris Cercis siliquastrum Phillyrea media Juniperus

oxycedrusRhamnus punctatu&ryngium falcatumOsyris alba Dactylis glomerataTymbra

spicatg Stipa bromoidesCistus creticusetc..

It is important tonote that Zohary conceives the associations of Quercion ithaburensis to be

part of two different types of Mediterranean vegetation in the eastern subregion of the

Mediterranean phytogeographical zone, in contrast to the westesregioh where only

evergeen maquis and forest components occupy thbl&diterrenean zone;

iThe one comprises the true veget-ation

Pistacion, the Quercion calliprini, Pinion halepensis, the Pinion brutiae. The other is

a type of deciduous fose occurring in the same altitudinal zone and comprising

mainly the Quercion macrolepidis and Quercion ithaburensis, the former being

almost exclusively centred in Anatolia, while the latter has its main centre in

Palestine. These two sets are set quitagtdppm one another, although there is some

overlap in their floristic composition and some similarity in their ecological

requirements. However, it is the evergreen maquis and forest that occupy the more

favourable habitats, that are richer in speciesl, that manifest the Mediterranean

nature more faithfully than do the two aliane of t he deci duous o0oaksbo

518).
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Concurrently, he el aborates that the ©prese
vegetational relict of a former perifd These bservations on this particular characteristic of
Mediterranean vegetation are also supported

components of the evergreen maquis and forests are sugnmeren tr ees and shr

Furthermore Zohary (1973, p607) reports the hydrophytes from and near the shores of the
lake of Antioch before it was draine®.otamogetonspp., Lemnaspp., Salvinia natans
Ceratophyllum demersuynHydrocharis morsusanae Nuphar luteum Nymphaea alba
Utricularia vulgaris are listed aghe representative of the Potamot#ass Regarding the
Phragmitetea, Typha australis Phragmites communisScirpus maritimus S. lacustris
Cyperus longuslris pseudacorusSparganium neglectuniulicaria siculg P. dysenterica

Lythrum salicaria Glycyrhiza glabrawere part of the pld communities around the lake.

Anot her aguatic ecosystem studied in the de
Milleyha wetland ecosystem covers about 100 ha. According to an ecological study
conducted by Altay an& zt ¢r k (2012) this area consists
families, specifically the plants adapted to saline soil conditions, the halophytes, were in their
focus. They describes three halophytic plant communities in the aréharagmites austiés

(dom.) with companionsAeluropis littoralis Bolboschoenug[syn.] Scirpug maritimus

Juncus rigidusand Polypogon monspeliensi) Halimione portulacoidegdom.) Limoniu
angustifolium PolypogonmonspeliensisArthrocnemum macrostachyuweluropis Ittoralis,

Juncus rigidus Melilotus messanensind Inula crithmoides 3) Bolboschoenus maritimus
(dom.)Aeluropis littoralis Polypogon monspelensiBhragmites australidnula crithmoides

Thypa domingensis

19 See also Blondel et al. (2014, Chapter 7) for more details. Also informibtie page 153, Table 7.3 for
vicariant series among the Mediterranean oaks.

95



Ecological assessment of the pasturelandsthe northwest of the Amuq (Kirikhan)
demonstrate thatolium perennendLotus corniculatusre decreaser species whilgnodon
dactylon Coronilla varia and Dianthus multicaulisrepresent the increasers. Any other
species in these pasturelands are desdrias invaders includingdordeum marinum

Alopecurus myosuroide€entaurea ibericatc.(Cinar et al,2014).

3.4 PREVIOUS STUDIES IN ENVIRONMENTAL ARCHAEOLOGY IN AMUQ PLAIN

AND ITS ENVIRONS

3.4.1 Palynology

To date, only circumstantial evidence existcomprehend the past vegetation of the Amugq
Plain due to lack of local pollen reservoirs suitable for sampling. A small water body at the
northeast of the Amugqg, G°Il bakeée LarkteeAmsy t he
which isa relic of the lager hydrological system of the Amiq Lake. The pollen coring from

this lake site had been undertaken by Henk Woldf@sgecited in Riehl 2010djut the results

have never been published.

The overall reconstruction of the Holocene palaeovegetation in regagslen indicators

and modern vegetation data locates the vegetation ofrieg Plain within the extended
riverine forestand typical maquis elements of the -Hediterranean vegetation zone
(Hillman, 2000;van Zeist &Bottema 1991, p. 43). Charcoal aalysis from LBA levels of

Tell Atchana show the presence of the oak woodland, as well as riverine trees and possibly
some wood resources, from the Amanos (Dec¢i&%0). Also significant is the abundance of
deciduous oak charcoals which indicate that Zokad s  +day dobserwation for the

prevalence of oak forests in the Levantine zone was possibly still standing during the LBA.
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The palynological studies in the Ghab Valley (van Zd&stWoldring, 1980; Yasuda
Kitagawa, & Nakagawa2000), south of the Antualong the Orontes are the only cldse
source of information for the regional palaeovegetatiofowever, the chronological
resolution of this pollen site had become subject of criticism, due to the reservoir effect of
determinations from the freshwaterollusk shells Cappers, Bottema, & Woldrind,998;
Meadows 2005). In general, although th@w-resolutionchronology becomes problematic to
interpret the pollen data, van Zeist and Woldring (1980) suggested that the Ghab | core covers
the transitional eriod from Younger Dryas to Holocene, reaching this conclusion from the
composition of plant taxa&entified (the Chenopodiceae chronozone with minimal arboreal
influx), although there is only single radiocarbon determination. The supposedly Holocene
pala@vegetation in the Ghab Il and Il cores indicaieat oak and pine were the dominant
floristic elements with a large diversity of steppic and wetland taxa (van &&igoldring,

198Q p. 118, Figure 3). The Ghab Il core of van Zeist and Woldring (18&0gates that the
deciduous oak(uercus cerrigype) had decreased steadily together with the evergreen oak
(Quercus calliprinogype) and partially replaced by namboreal pollens. The same trend is
also visible for the Chenopodiceae aademisiapollen valuesThey were replaced by other
nonarborealtaxa at the sampling site. Yasuda et al. had obtained their core3®5km
downstream from the core of van Zeist and Woldiings t u. dhys stgdidereonstrates a
different vegetation pattern. The déwous oak is completely replaced by evergreen oak
towards the upper zones of the pollen profifaguda et al.2000, p.131). This process is not
largely visible in the pollen core of van Zeist and Woldring. On the other hand, both profiles

show the incrase of olive pollen values at the upper pollen zones.

Nonetheless, perhaps more importantly, the detdit@dstigations of both palynological

studies record the occurrences of the extnaal elements (van Zeig Woldring, 1980).

91t is important to note that the contempeemblety veget

that of the Amanos as described by van Zeist and Woldring (1980).
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Although van Zeist and Wdring do not discuss this subject in their account, the presence of

these relictic floral elements in their pollen record coincides well with the modern ecological
studies of Nahal (1962) in the same area; e.g. the presence of @azglig, chestnutiree

(Castanea and walnut treeJuglang. Such figure also confirathe results from an eastern
pollen site, Ytahe t®%| bbaxréd elrakbeet ween the Pr ¢
Kahramanmar ak i n T prlOeRgure 8Babsetvesagasin (this 9o8st

pollen recordalbeit in low counts as obviously thiset is in refugia in this environment.
Radiocarbon determination locates the earliest occurrence of thisStedan element to"4

millennium BCE.
3.4.2 Zooarchaeology

The zooarchaeological studies are as limited as the archaeobotanical accountggiothe r

The investigations which are carried out at Tell Atchana, Tell Tayinat (as treated in previous
sections) and Zincirli form the basis of our understanding on stockherding and animal
exploitation. The animal bones recovered from the lafecbfturycontexts of Tell Atchana
demonstrate no distinct signal in the composition of animal species after the Hittite
occupation start ed 2#H4). ThelZiacirlissiudy éocuge¢ ankhé changes et
in the animal bone assemblage with the annewmaif the town into the Assyrian
administrative system. The zooarchaeological results indicate a marked process of
specialization in animal economy towards husbandry of sheep and cattle, at the expense of

goat and pig, during the Assyrian hegemoniron lll (Marom& Herrmann2014).
3.4.3 Geoarchaeology

Wilkinson (1999 suggests a major phase of marsh and lake development during thie mid

late first millennium BCEas the upper layers of lacustrine clays at the tell sites of AS 180 and

2This is a different laketmm t he G° |l basi Lake in the Amugq.
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AS 1812 have show. AS 180 (ca. 3 ha), also called Tell Hijar, contains the sherd finds of
mid-third to second millennium BCE and sealed below clayey loam deposits by the later lake
(Wilkinson, 1999, p.562). According to his reconstruction from cores drilled at the ceiter

the Lake of Antioch, a certain body of water was present"im#lennium BCE, which
became a marsh environment or a larger lake in the following millennia. Around 4.000 BCE,
this body of water became drier, or rexistent, between the beginning bét4th millennium

until the mid1® millennium BCE Wilkinson et al, 2001, pp200-22). Otherwise Wilkinson
characterizes the landscape of the Amuq with dry and wet environments intermingled with

each other throughout the Holocene.

Two geological processavere found significant for this development; 1) sedimentation from
upland erosion, most probably from the Amanos as recognized in the increasing amount of
chromium deposited on the plain and 2) sedimentation from river and canal flooding through
avulsionand aggradation (Casa8aWilkinson, 2005). The sedimentological assessment of

the Orontes River demonstrated regular aggradation of alluvial sediments into the plain
(Wilkinson, 1999, p.562) which corresponds to the archaeological observations atwke lo
town of Tayinat Batiuk (2007) estimatespproximately 1 meter of sedimentation per
millennia in the lower town of Tell Tayinat. The sediment profile of the Orontes floodplain
has been studied by Wilkinson (1999). He describes nine superimposed $daymenfrom

a N1 S drain from east of Tell Atchana. According to his results (1999, Fig. 6a), the base of
section A (the layers A7, A8, A9) is chaich floodplain deposits and show evidence of an
archaeological site of"5millennium BCE age. The sulmeent layers show evidence of
ceramic shards which are more abraded in A5 and A6. He locates these two layers to be
contemporaneous to th&%nillennium BCE Tell Atchana. On top of A5, there is a hiatus of

sedimentation and there followed higher energpdks with sandy and silty clays which had

B“5ASO abbreviation denotes fAAmuq Surveyodo as used in
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been defined for A4 and A2 with sedimentary hiatus in A3 and Al. He attests the evidence
from A4 onwards to the late Roman peri@P99, p.565). According to these results,
Wilkinson states that

i Or ont e srgyflévelsy as estimated from the Atshana sediments, were low

when the |l ake was | ow or absent ¢é The rise in |

millennium BC and Roman times therefore corresponds approximately to the period

of increased flood energy or ahnel shift of the Orontes (layers #42 ) 6 ( 1999 :
566).

Furthermore, Casana (2008) observes that the settlement types had changed in the late 1
millennium BCE. The detailed sedimentary analysis in three drainage basins in the County of
Al t i n°z ¢ r Rlaeau oKlelsekedgra as alternatively known) demonstrate parallel
erosional histories of the sampled sediments culminating during the Antiquity and the Late
Antiquity. The increasing erosion detected and dated to the Roman Period coincidé with
archaeological survey data for the transformation of the settlement system. The typical
moundbased settlement system of the Bronze and the Iron Ages transformed to the small
dispersed farmsteads during the Hellenistic and Roman periods. He argues thétathe
consequence of this settlement expansion towards uplands was the increased settlement
density in the uplands which contributed to further sedimentation through colluvial erosion
when vegetation cover had been removed to open up new agriculture$*zand

pasturelands.

' His observation becomes potentially signifitavhen comparing the magnitude of timber exploitation (and
eventually deforestation) in the written records from the antiquity in other regions. Strabo (XIV, vi, 5) reports the

ti mber exploitation in Cyprus,; fidlBundet with ttirmbern and wesea y s , t
covered with forests, which prevented cultivation; the mines were of some service towards clearing the surface,

for trees were cut down to smelt the copper and silver. Besides this, timber was required for the construction of
fleets, as the sea was now navigated with security and by a large naval force; but when even these means were
insufficient to check the growth of timber in the forests, permission was given, to such as were able and inclined,

to cut down the treesandtolh d t he | and thus cleared as their own pr
Brice, 1978, p. 142).
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CHAPTER 4. METHODS

This chapter discusses the methodological approaches and limitations undertaken during this
dissertation. The chapter has been divided into six sections. The first part describes the overall
introduction to data halling in archaeobotany such as sampling strategies, sample size,
preservation and taphonomy (section 4.1). The following sections focus, on the description of
models to evaluate the plant data in archaeobotany (section 4.2) and on quantitative analysis
in archaeobotany (section 4.3). The remaining three sections (4.4, 4.5 and 4.6) introduce the

methods used in the present study ik methodological limitations.

4.1 GENERAL INFORMATION ON DATA HANDLING IN ARCHAEOBOTANY

4.1.1 Sampling strategies

Sampling is the principal factor influencing the representativeness and reliability of
archaeobotanical datasets. Binford (1964) mentions that selecting correct sampling strategies

is fundamental for archaeological investigations. The principal method in whide tho
samples are selected from the archaeological context will also possibly influence every later
phase of the analysis and interpreta(iean der Veenl984). There are four different types of

sampling stragies implemented in accordantcethe physicakcharacteristics of the site or
excavation strategigd/. Jonesl 9 9 1) . AHaphazard or grab sampl
without a predefined sampling strategy of how and where to sample. This is considered
ineffective since different contexts would bampled more often than othetserefore,can
create a biased view of the plant evidence.
method and this was found the most suitable for the tell sites in the Near East. Since the
cultural deposits appear asntimuous superimposed layersnrostsites, the excavators have

to consider their judgment in collecting the samples from particular contexts. Howetdr,
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(1999, p.1 5) mentions that this could turn to be
intertion to define the context or due to bad documentation of the provenance of the samples.

Al nterval samplingo is conducted by coll ect
sampled unit. This can be implemented with a grid system that provides &earation for

the exact provenance of the sampl es. The |
samplingo. Thi s i's diff er edefinedtsamplihgaspdiegyz a r d
operational under the conditions that all viné-sampled units aralready known to the
excavator (Riehl 1999). This strategy implies a probabilistic approach because each
excavated unit has the same chance to be represented in the dataset (van,dE982¢en

Riehl rightly puts forward that the archaeobotanists idesirch for a sampling strategy that

can be adaptable to all sites; however, certain factors (e.g. physical properties of the site,
excavation strategies)ften affect thesampling strategies in the Near Eastern archaeology.
Therefore, she mentions thaffdrent sampling strategies are practiced in most archaeological

sites (999, p.15).

In relation to the research goal of the excavation, the range of archaeological contexts from
where the soil sediments were recovered can also differ. The range obérgltaé contexts
unearthed and sampled in a settlement is highly related to the excavation strategies handled by
the research teanit has been suggested that recovering a wide range of samples from a
variety of archaeological contexts would be the bessiple sampling strategy to avoid
biased conclusions (Dennell972, p.149). The strategy to reduce accidental patterns in the
sample composition is to enlarge the coverage of the sampling vertically and horizontally
(Riehl, 1999),but usually it is nopossible to sample a whole site to test the reliability of this
sampling method. What is mostly assumed is that a laugeerof samples from the widest

possible range of contexts, should be accepted as representative, to get the most diverse range
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of plant species possible (RigHl999, p.15). Nevertheless, it is not always expected #tlat

archaeological features yield sufficient amounts of plant remains.

4.1.2 Sample size

An important aspect of archaeobotanical sampling is estimating the requirpte sare to
recover a representative and a@te dataset (van der Ved®84. It is generally agreed that

the archaeobotanical material represents only a small fraction of what was once gresent
settlementsNonetheless, the principal problem is howamwolume of soil sediment to
extract from a large feature (i.e., silo) since floating all soil sediments within a certain feature

would be impossiblévan der Veen1984.

The minimum sample size of a reliable and representative dataset has been emdgrtak

der Veen (198). Her mathematical model resulted in the estimation of a minimum of 541
seeds/objects irfour comparative levels of investigation. These levels of investigation
contain; the site as a whole, each occupation phase of the site,catadory of features
(ditch, pit, postholes etc.) and the individual samphkescording to her formulation, the
archaeobotanical material would be representative only by including 541 seeds in every level
described above. Some other scholars have defifiededt figures like 10200 seeds per

soil sediment@. Jones1991;Kenward, Hall, & Jonesl98Q p. 3) and 500 seeds per deposit

to achieve reliable samplin@édham &Jones1985 p. 25).

4.1.3 Conditions for preservation

Different modes of preserniah conditions favor particular types of plants and plant parts in
connection to the environmental and cultural contexts preserved in an archaeological site
(Miksicek, 1987;van der Veen2007). This reflects the importance of the environmental and

climatic settings for the preservation of plant evidence. Carbonization is the most widely
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encountered preservation condition in the Near East while desiccated plant remains were also
uncovered in the southern Mediterranean basin and Southern Mesopotamia. sbhis al
indicates that for example, carbonization of plants would lead to a differential preservation of
some species at the expense of others. Therefore, only a small portion of the actual plants are
represented in archaeobotanical assemblages after carlwmiZaft tissues of vegetables

such as leaves or tubers,-odh seeds with high flammability are less likely to become
preserved through charring. For example, comprehensive studies show that desiccated
assemblages afe57 2 times richer in taxa divsity than the carbonized assemblafem

der Veen2007).

Boardman and Jones (1990) observed that the effects of charring are varied for different plant
componentslight chaff fragments such as lemna and paleslikely to be lost in a fire faster,

then the chaff components of glume wheats, while the cereal grains survive the charring
comparatively better. Plants or plant parts with hardy structures such as cereal and pulse
grains, cereal chaffs, shells and stones of fralits more likely preserved reims. Wright

(2003) indicates that the temperature, length of exposure, moisture content, and portions of
plants to be exposed to fire area important determinant for the preservation by carbonization.
On the other handjan der Veen observes that the sammmposition contaga few larger
categories in charred assemblages across different periods. Most other plant emains
represented by chance factor or29Q7, p.978). That means;. Jones (1992, 66) suggests

t hat Apr eser vattopostcharring conditiogsedthybefore dnd dfter Hurial

in particular due to mechanical damage and t

Mineralized seeds and fruits are frequently encountered in archaeobotanical assemblages.
However, these appeances have found no correlation with the archaeological context

(Messager et gl2010) except the cess pits, latrines, sewage systems (Faebaikn2019;
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Jacomet2007). There are two sorts of mineralization identified: 1) the first type of remains
recovered in archaeological deposits through impregnation with mineral solution (Jacomet
2007)Messager et al. note that A[ T] he organic
the plant tissues are har denpe#d5) The sepoactypal | y
of mineralization related to those plants which have capacity to produce mineral matter (i.e.
biomineralization) usually by biogenic carbonate or silica before the burial of seeds. The

generaBuglossoideandCeltisare known to gpear in this way (Messaget al,2010).
4.1.4 Taphonomy and deposition

Taphonomy, as used in environmental archaeology, indicates the depositional and post
depositional processes leading to preservatbrplant macreremains in cultural debris
(Jacomet 2007). However, before describing the archaeobotanical undertakings of
taphonomic and depositional processes, it is necessary to mention the remarks of Binford
(1982):

i Archaeol ogi sttherensuns hecessarp felatoreshiptbétaetn

depositimal episodes and occupational episodesat es and magnitudes of 06D

of archaeological remains are generally consequences of processes operating

independently or at least semdependently of occupational episodes. The primary

determinantal 6f of har 6bhaeol ogi cal remains are t

dynamics resulting in surficial deposition of matter. Floods, exfoliation of the walls

of a rock shelter, loess deposition, slope wash, etc., are the major determinants of the

6proveni ersceibn ptaecrknasg eo f which we O0seebd6 archaeo
(Binford, 1982, p16, italics from original text

Therefore, Binford emphasized the fact that the composition of archaeological assemblages is

not solely a product of a cultural system but derivesom fi nt eracti on betyv
system and the processes which are,gbnditiol
The source of patterning in any plant assemblage is influenced by diverse factors ranging
from particular ways of humaplant interactions in antiquity to the recording of each taxon

by the archaeobotanist in the laboratfPppper 1988; van der Veer2007; G. Jonesl992).

In other words, the plant species represented in archaeobotanical assemblages are affected
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through vaious taphonomic processes (i.e., dung burning or crop processing) as well as the
effects of postlepositional disturbances such as bioturbation or alluvial processes (Mjksicek
1987 pp. 231-3), constant daily drying and wetting cycle of the soil, andedsfitial
preservation of plants under carbonization (G. Jobh@382).On the other hand, it has been
argued that contextual differentiation would be another factasurvival of plant macro
remains in archaeological deposits. Colledge 2@fformsthatonce the plantemains were
deposited in the pits, they suffered less from the -gepbsitional attrition than the

accumulation on the living surfaces due to trampling.

Hubbard and Clapham (1998gscribe three distinct groups of deposition accordindnéo t

relationship between archaeological context and assemblage.finithest gr ou p, cal

Ao, are the archaeol ognsduan thercantera iromsvhidifte\at wer

were recovered (primary depositiofRurthermorethe context in thigase should indicate the

signs of burning. The second group of findings (class B) represents an assemblage that
comesfrom an event (here a burning event) but has bedeaposited from the original
context to asecondary one (secondary deposition). The tgoup (class C) includes the
assemblage frordiverse charring events and many different activities and is considered the
most ubiquitousfind class in archaeobotany. Following are the routes of entry of plant
remains into an archaeological context, dfiel the first two represent recurrent daily
activities while the other three display rarer events in the formation of an archaeobotanical
assemblage:

1) First and foremost, pl ant remains used as
Causal 0s to the discasdfintora fire of firmeving residues of glume

wheats, dehusked on daily basis, as well as of nut shells, fruit stones, and similar.

Intentional use represents the deliberate use of chaff and straw dhrigeking

cereals as fuel (in Rom&gypt traded for such a purpose), and in arid and-a&thi

regions the use of animal dung (which will include chaff and straw remains as well

as arable weeds and seeds of grazed vegetation); 2) foods (especially cereal grains

and pulses) accidentally bt during food preparatio(e.g. bread baking, cooking,

roasting), including parching of glume wheats where practi®@dtored foods and
fodder destroyed by fire in accidents or in deliberate and/or hostilefijgsiants

i
i
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destroyed during the cleanirgut of grain storage pits using firé) diseased or
infested crop seeds vahdetVeeng2e0d,pu9®.o be destroyed

It would be advisable not to attest the finding of each plant taxon to a single activity type
above, because the samet &6 seeds may have been deposited from diverse human activities

at different times (Pearsall988 p.108).

4.2 MODELS FOR EVALUATING ARCHAEOBOTANICAL REMAINS

This section undertakes some models developed within the study of archaeobotany to evaluate
the plant evidence in archaeological sites. A characteristic feature of archaeobotanical
research is to interpret the temporal and spatial variations of plant assemblages interpreted as

a factor of past human activities (G. JornE392, p.70).

4.2.1 Crop pocessing

Crop processing is one of the most widely discussed taphonomic processes in archaeobotany.
The composition of plants during various stages of crop processing differs among each other
according to type of cereal product (e.g., fleeeshing wheaand glume wheatsH(liman

1985, p.1). Crop processing stages can be, therefore, reconstructed by investigating the
relative abundance of grain, processing debris and wild plants found in the archaeobotanical

samples (Fulle& Stevens2009.

Processingremoves the weed seeds, straw, rachis segments andsigednstones in a
selective manner . Jonesd ethnographitatr eseal
each crop processing stafijeers different weedy species and plant components witlindist
physiological attributes that can be discriminated by the statistical analysis. It is assumed that
through investigating the physiological characteristics of weedy plants found in the

archaeobotanical assemblage, it is possible to determine aftdr prbicessing stage the crop
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productwasbrought into the site. This indicates that, for instance, winnowing stage includes a
different composition of plants and plant parts than the threshing or coarse sieving stages
(Hillman, 1973, 1984; G. Jone4984, B87; Charles Bogaard 2001; Popperl988). For

this, G. Jones (1984, 1987) defined three categories to distinguish the processing stages. Wild
seeds are categorized according to: 1) size of seeds (small or big, greater or less than 2 mm),
2) dispersal chracteristics (free or headed, dispersed at threshing or still contained in heads,
spikes or clusters, 3) aerodynamic features (light or heavy, features that provide for dispersal).
Then these variables are coded by combinations of each other that mesiMltanalytical

categories to be entered in the statistical analysis

Moreover, ethnographic research has shown that the crop processingattadesve a

impact o the relative appearance of two sets of phytosociological groupings of arable weeds
(G. bnes 1992). The ratio of weedy plants associated withGleenopodietealass, it
appears nowadays the sprsgw rootrow crops with intensivecultivation, become
progressively reduced compared to 8ecalinetealass of weeds which are indicators of
extensive cultivation when crop processing proceeds from the winnowing to fine sieving. This
reduction of theChenopodieteaspecies is assumed to be related to the seed dispersal
mechanism, as this class of weeds is adapted to rapid seed burial in rel#tiersinall seed

size or seHburial mechanism. Th8ecalineteapecies, in contrast, are adapted to dispersal
by crop through mimicking the growth habit and seed size and shape of crops to be resown
together with cropBogaard, Jones, & Charle®005). Evaluation of crop processing stages
from the relative measures 6henopodieteandSecalinetealasses is hampered by an
ecological bias concerning the underrepresentation of spring sowing indicators, as well as
signatures of intensive cultivation in crppcessing products (an over representations in crop
processing byroducts instead). A certain problem is that neit@drenopoditeanor

Secalineteapecies are directly associated with just one of the processing stages or another
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while these species uslyahave a wider adaptive range agricultural habitats anidh nature

(G. Jonesl1992 Bogaard et al2005; Rieh]|1999).

4.2.2 Dung as fuel

Dung burning is an important taphonomic pathway for the seed and fruits to be brought into
the site N. Miller, 1984; N. Miller & Sma r t 1984) . Naomi Mi |l |l erds
been notably recognized within experimental archaeology (e.g. WallaCharles 2013;
Valamoti& Charles2005) in regards to the formation of archaeobotanical assemblages while
ethnograhic studies had also been undertaken to understand this particular taphonomic
pathway (e.g. Anderso& E r t-Yug r, 4988). Many different types of dung have been
identified in a study from Central Anatolia whicbrresponds to different animals, season and
methods of preparation. Dung preparation is an important activity for traditional farming
communities,especially in semarid and arid environments where the wood resources are
scarce andusually stored for the winter seasofinflerson &E r t-Yug r, 4909. Miller
(1997 p. 100) describes certain conditions of dung burning in contemporary and prehistoric
communities as follows:

née (1) plant materials arriving in a settlement

ways (e.g., cess and trash deposits), (2) burning of fuel routinely occurs in the

controlled setting of hearths, ovens, and fireplaces, (3) ism$bss likely to be

burned within the confines of the settlement, (4) charred remains scattered in the

trash deposits that are most analogous to archa
remnants of fuel, (5) many seeds persist in bur

Riel (1999 p.25) stresses that fAthe taphonomic pr o
cakes are relatively complicated. Food selection by animals and humans and digestion are the
most important filters between the available plants in the environmdrtha seeds in animal
dungo. That indicates that the palatability
determinants of animal selection for feed from nature (REID9, p.25). Similarly, Akeret

et al. reporthat the rate of survival of sé& and fruits in dung of small ruminants is between
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0.8 and 55.5% in relation to the size, shape and hardseedednessof the DBE;tp.178;

see also Wallac& Charles 2013). Anderson and Erttigaras observe that there is a greater
potential for certen plants to be incorporate into the archeobotanical assemblages by dung
burning. These are the smaiked wild plants which have a better chance to survive than the
largeseeded cereal and pulses; processing the grain increases the chance of destthetion
animal digestive tract; harcbated wild plants are likely to be preserved and also small wild
pl ants may fdescapeo the grinding of grain

animal feed 1998, p.103).

Additionally, it is ethnographicall reported that raw dung is mixed with chopped straw and
chaff to strengthen the dung matrix (van der Ve&d07, p.972; Andersor& E r t-Yugr, a K
1998; Charles 1998).Charles (1998, pl12) andN. Miller and Smart (1984, [l8) observe

that the examination of the discarded soil matrix from his experimental studies demonstrates
that in some cases, there wereseed and chaff remainsfi, but only the fine ash, when the

dung cake had burned until it was spent. That indicates combustion properties, dung type,
time of combustion, moisture and contents would have some relevance of identifying dung
burning (Wallace& Charles 2013). Expemental data of Anderson amtlr t-Yug r (49@8)

show that the potential bias over some plant parts involve the majority of surviving plant
objects such as straw (rachis and culm segments) and wild/weedy seeds. On the other hand,

cereal grains are poorly preserved after burning.

Thereare several criteria for identification of dungginated remains in the archaeobotanical
assemblages (Mille& Smart 1984; Charles1998): 1) scarcity of woody plants in the
environment, 2) suitable dumgoducing animals, 3) the presence of recogneahing
pellets or availability of potential seeds eaten by livestock, 4) the recovery of such items from

hearth contexts where the most likely archaeological feature to be used for dung burning, 5)
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the biology and ecology of nesrop species, time of gromg, 6) to compare the namop
seeds for crogprocessing stages to test whether their source origin would be crop processing,
7) grain to chaff ratio which relates to preparation and use for human and animal

consumption.

Moreover, dung can have anothergtieal use as fertilizers in arable fields as manure (Miller

& Gleason 1994). Dung burning may become necessary or practical for one period and
manuring may turn into a successful management strategy to enhance soil fertility for another
period (Miller & Smart 1984; Charles1998). This issue will be mentioned further below in

relation to stable nitrogen isotope analysisubrsection 4.3.3.2

Many researchers often agreed to use methods of seed:wood mass ratios to focus on questions
of alterations in ladscapes and pasturing or foddering activities (MfleMarston 2012).
Although the primary argument seems logical at first glance (the samystinclude large
amounts of seeds rather than charcoal fragments), this indicates a linear relationstep betwe
depositions of seeds and charcoals. Due to several unknown variables on how the
archaeobotanical assemblages are formed, it is difficult to assess the exact nature of human
activity in question. Therefore, an understanding of archaeological contexhserniéical to

this method and cannot be applied if characteristics of a particular context are not well
defined in the field.Valamoti and Charles suggetitat considering the glume wheat
component of their experimental dung pellets, the remains oflsfEkare likely to survive

the animal digestive tract and would leave a similar composition like that of cereal dehusking
duringcrop processing activitie2Q05, p.531). That being the case, it is difficult to find such
homogeneous samples with greatertainty that the sole taphonomic process for fuel use.

For this reason, this ratio method can be applied if the human activity was solely aimed for

fuel use from certain archaeological contexts like hearths. Even identifying dung use in ovens
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can be diffcult to assess since the ovens can be also used for other activities such as pottery
firing or lime melting. These activities may have required different types of fuel with varying

combustibility properties.

Two alternative ways to overcome this diffigu are the physical finds of dunby
investigating its contents and the applicatiorspheruliteanalysis to differentiate the dung
burning events from other taphonomic procesSesith et al. 2018). The first aspect is the

most direct evidence for ugirdung as fuel and animal feed selection. Riehl (2019) identified

a hoard of dung containing large amountRoimexs e eds i nsi de the dung
representinglirect evidenceglso Akeret et al. 1999 for Arbomleiche 3). Thespherulite
analysis isanother way for a more precise understanding of this taphonomic process.
Spherulitesare microscopic features developed in the stomach of the ruminants and in their
digestive track . Miller & Gleason 1994; Smith et al.2018). Recent research showsttha
these microscopic remains, as well as micromorphological analysis of sediments, can be used
to reconstruct fuel use patterns across the studied site (Smith et al. 2015, 2018). However,
although promising, the applicability of this method is still limitesl simply too little is

known on the spatial distribution spherulite, their depositional and survival characteristics

in archaeological sites.

4.2.3 The ecological evaluation of plant macnemains

The reconstruction of the palaeoenvironmental comastithrough charred seed recovass
guestioned by numerous authors f&everalreasons (van Zeistl993, p501; Behre&
Jacomet 1991, p.83; Cappers 1995). To start with, the level of identification in
archaeobotany is often too rough to place the ifiedtspecies into coherent ecological

categoriesvan Zeist notes that
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nfé A great number of <c¢charred seeds and fruits
level. No ecological conclusions can be drawn from seed types which may include
species from differan habi t ats €é Various species are repor
well as for steppe vegetation. This in itself is no surprise as it is assumed that the

majority of the originalNe a r Eastern segetal flora stems fro
(1993, p.501).

Classifying the ancient plants by ecological groupings dependuniformitarianism principle

which means the present ecological characteristics have to be reflected in ancient plants.
Behre and Jacomet (1994 83) and Jacomet (200. 827), however, argue ththe human

made environments shall be understood differettign natural environmentsin which

humans create show considerable changes in plant associations. Secondly, only an incomplete
list of plant taxa can be studied from archaeobotanical asserabdangk this is not truly

reflective of past vegetation due to the destructive effect of preservation and burial &Behre
Jacomet 1991). On the other hand, it is difficult to assess the composition of vegetation
through <charred s e ebdtweersthiemuriber éf seeds prodededaand tloen s h i
number of plants reachi ng ,n2816,p6)i Tthe plantseedc o mp | «
production may vary from species to species. For some plants, a few large seeds with a
potentially higher seedling stivorship, or many small widely dispersed seeds depending

upon ecological circumstances (Bogaard e28l16).

Many plants in the Near East are watlapted to the disturbance caused by climatic,
environmental or anthropogenic conditions. In theory, @xigected that the decline of rainfall

in semtarid and arid environments should result in the penetration of dradgipted wild

plants through expanding their range of distribution at the expense of less ekdagted

plants. This is coined by sometah or s as fAZohar y §d1gltcarefedr thd Bl o n d
ecological assessment of Mich&alharyfor Mediterranean environmentat the same time,

the identification of climaténduced changes from archaeobotanical material poses certain
limitations. Maeover, it is widely acknowledged that technologicaltivanced societies can

mitigate the risk of crop failure as a result of potential drought episodes through changing
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their agricultural management method& (Miller, 1997; Marston 2011; Riehl, Brysor&
Pustovoytov,2008). It is methodologically rather uncertain how to distinguish the climate
induced signals in the plant assemblage, from other environmental and/or anthropogenic
factors (cf. OlsvigWhittaker, 2015). The principal problem to apply to susfodels of
vegetation changes relatedwith abovementioned methodological limitations (e.g. the coarse
level of identification to assess the ecological characteristics of ancient plants, the plant

adaptation to diverse habitats, intraspecific functiortst of plants in their adaptation).

4.2.4 The economic evaluation of plant macn@mains

As this dissertation is mainly concerns with the local and regional occurrences of crop and
wild plants, it shall be justified to start with the problems in gaugdfrey importance of
particular crop taxa in human economy. Numerous authors mentioned that the relative
importance of crop plants cannot be assessed by investigating the simple figures of
proportions and ubiquitieqyut that sample composition can be therenaomportant factor

(Dennell 1976).

It is difficult to derive conclusions on the economic importance of tree fruits from their
differing relative proportions and ubiquities in any plant assemblage (ClarBsgaard

2001, p.324;Charles, Pessin, & Hal@010, p.194). For example, the proportion of fig finds
would be much higher than any other plaatslyzed, but caution has to be taken when
interpreting this figure because a single fig fruit usually contains hundreds of Aésals.
since the fig seedare extremely small in size, many researchers who do not analyze the
smallest fractions of their samples tend to dismiss the recording of this crop taxon. For this
reason, the only indication with any scientific rigour would be their presence/absence and

geographical distribution across the studied site/refgiothe arboricultural fruits.
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Functional Interpretations of Botanical Surve{sIBS) is another approach in which
ethnoarchaeological knowledge provides the empirical basis for the interpretation of
archaeological plant data. FIBgaspar t |y derived from Jonesd et
the Greek island of Amorgos and Hillnlas r esear ch at Akvan in Eas
well as from modern ecological studies at the University of Sheffield. This approach defines

the functional attributes of plants (e.g. maximum canopy height, maximum canopy diameter,

leaf area per nodeotthickness of leaf, specific leaf area, flowering period, stomatal
distribution) to reflect the major ecological differences in cultivation methods. This method is
basically applied to understand the degree of cultivation inte(esityensive vs. intensav

cultivation) in reference to modern agronomic observations (Bogaalgd 2005, 2018).

There is a longdasting discussion in archaeobotany whether a site was mainly involved in
production of crop plants or it was a regional center attracting the kigraduresources for
consumption rather than primarily producing these products (M. J48&«; Valamoti
2005). This opinion indicates that certain sites which do not involve the production activities
have to show assemblages with less chaff remaindimiteéd presence of weed remains,
more specifically the lack of early stages of crop processing residues. This is basically
identified for the sites in Britain (van der Vee2D07) where some Iron Age settlements
produced plant assemblages rich in weeds @raff, but some others have more girash
samples than average. On the other hand, it is complicated to establish this distinction by just
looking at archaeobotanical data as argueddyder Veen and Jones (2006) and Valamoti
(2005). The authors meah that the difference between two types of settlement would not
have been related to function, but to scale of how to handle the crop products. Thilgrain
samples are often formed through accidental inclusions of plants ne wWieegrain is handled

in bulk; therefore archaeological context would also be an important determinant rather than

function of site yan der Veer& Jones2006; Valamoti2005).
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In the Near East, it is not illogical to assume that regional settlement patterns and site
hierarchy would have beerindicative to the consumption/production patterns of crops.
Certainly, a more nefood producing population may have inhabited larger sites at the top of

the hierarchy. However, to identify this pattern in archaeobotany remhisive ashe site

size which is the basic characteristic to identify the hierarchical position of any settlement,
does not always correspaib the function of the sitdzor instance, a-hasite, the Bronze

Age site of Til men H°y¢ lepRravinceé dof Burkéysseemmb fo pee  V a |
relatively small in comparison to other sites within the same region. However, the excavations
revealed that the site contains sprawled palaces, gates, temples and administrative complexes
(Duru, 2003). For this reason,are care is needed to define a site as consumer or producer

site around the Near East.

It is noteworthy to mention that the agwooduction in the past can be defined under four
categories (Brookfield1972); 1)for subsistencesimply delineates the reqad agricultural

output to sustain the household and the community neetisp2) A n or mahisreersr pl us
to the agricultural produce reserved to minimize the various risksf 8)r Asoci al
r e pr od bywhichahe agricultural surplus was devoteditaals, religious celebrations

and feastings. Morrison (1994) emphasized that this is the most variable and unpredictable
form of production given its connection to the political economyfo#)trade cash crops,

although anachronistic for a period vatit money, is the term that has been used to refer to

those cultivars produced for trade exchange anefyiiihg; those also contribute little to the
subsistence while the significance resides to a high degree in convertibility with other
commodities, inome and prestigagenerating properties. The importance of easps lays

on the fact that they provide a basis for wealth accumulation and aggrandizing the status of
elites in an agrarian state (Cur®t Pestle 2010; Sherraft 1999, p.21; see also sewar

contributions in Dietlel& Hayden 2001). Asshown in Fig. 12Boivin and her colleagues
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(2012, p.462) rightly arguehatthese distinctions necessitate identifying the crop categories

in their usevalues:

ié [S]ystematic c o mp aaltermtiven trajectories df espe pat hways

introductionsi DK] necessitates classification of crope types and changes
through time, and we propose one possible system in which such broad categories as
6casrhops, 6spicbsasférotngadbcgrlops éfkomachsdd o6&t ap

di stinguished ¢é We can draw upon these categor

interacting variables: the social value placed on a crop, from lesser to greater; the

scale of production of a crop, from lower to higher intensity; and the destaom

which a crop is obtained by direct trade f
(Boivin et al, 2012, p462).

high 7distant
N staple foods cash-~
_Trops
o c@ //
production _"@0/,
scale oM
//
///
risk- -~ spices/
low buffering exotica
> %
/-7 low < > high
local value

Figure 12 Schematic representation of several crofuse categories according to their social value,seabf
cultivation, and distance from the region in which production occurs fterBoivin et al. 2012, p462).

In this mannerRiehl describes that agricultural decisimma Kk i ng 1 s HfAbased
complex relationships of environmental conditions ahdnge, economic interests, political

goals and cultural preferences, each of them with the potential to play a dominant role,
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Crop spedies Drought tolerance Salinity Tolerance Economic value

high (higher yields than H: vulgare,

Two-row barley (Hordeum higher starch content, thus

distichum ) high {more than H. vulgare) high preferred for beer fermentation}
high (higher protein content than H.

Six-row barley (Hordeumn vulgare} |high high Distichum)

Free-threshing wheat, tetraploid not as labour-intensive as emmer

(Triticum turgidum spp.) |good (high water-holding capacity) no data wheat

moderate (low water-holding capacity); better
response to increased rainfall than T. Turgidum
Free-threshing wheat, hexaploid  [spp. in areas with >400 mm annual precipitation,
[Triticum aestivum ) but T. Aestivum is little flooding-tolerant no data

good (high water-holding capacity}; high

Emmer wheat (7riticumn turgidurmn  |resistance to poor soils and fungaldiseases if hulled wheat, labour-intensive in
ssp. dicoccum ) stored within the glumes probably high processing for consumption
Einkorn wheat (Triticum prrocessing for consumption, low
monococcum ) low {frought-susceptible) yiekl

maoderate; rainfall accounts for most of the
Lentil [Lens culinaris ) variance in mean seed yield high economic and dietary value
Grass pea [Lathyrus sativus ) high toxicity

maderate to low; linear decrease of pea yield

Garden pea (Pisumn sativum ) with an increase in the soil moisture deficit high to moderate high economic and dietary value
Bitter vetch (Vicia ervilia ) high high toxicity

high value for fibre and oil
Flax (Linum usitatissimum ) low {frought-susceptible) low production
Safflower (Carthamus tinctorius)  |high high

high value for consumption, storage
Grape (Vitis vinifera ) and vine fermentation
Fig (Ficus carica)) nutrious, storable

Table4  Selected crop taxa and their ecological information (modified after Riehl 201).

dependingot he societyds concrete perception of
consequence, it is assumed that e.g. in periods with increased envirorstressgakconomic

or political decisions are rather influenced by such stress factors, while durig stab
environmental conditions decissisma ki ng i s based mainly on ecor

(20093, p. 96).

On the other hand, the different metabolic requirements of crop plants are considered
important indicators for comprehending the agriculturgisienrmaking mechanisms (Riehl,

2009a, 2010b). Water availability was assumed to be the main stress factor in arid and semi
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arid environments to influence the productivity of crop plants (Riehl 2009).idmthanner,

modern physiognomistudies of crop jgints demonstrate that some plants are more drought
tolerant and others are not (RieB0D0% for a comprehensive research). Furthermore, Riehl

(2009) suggested that increased water stress due to environmental and climatic reasons
should be observable the disappearance &fdr ought suscepti bl ed cro
Adr oughér ant 0o species (see Riehl, 20009 a, Tab

data used in the present study).
4.2.5 Evaluation of crop growing conditions by the analysis siible isotopes

Comprehensive studies on stable isotope research of modern cultivars demonstrates that the
metabolic processes of plants are determined by biochemical fractionation of different
isotopes, of each element, through which the analysis ctdée isotope values illustrate the
intercellular ratio of the heavier isotopes, in comparison to lighter isotopes, when the plant
tissues developedFérquhar, Ehleringer, & Hubick1989). It is known that the mass
differences between elements react ddfdly in plant metabolism (Schoeninger995.
Therefore, the basic tenet of the stable isotope analysis depends on the fact that chemical
bonds of #fAlighter 0 thasthetchgens clad e blondeswm f f d dhtee
The stable isotope vadus o f ¢ ar b o n’C andifN nespectivelygi® anmeastire of

the molar abundance ratio of the heavier to lighter isotop&s'iC and *®N:*N). The
proportions in which the different isotopes of each element get assimilated into any
o r g a n iissuasd(such tas animal muscles/bones, and crop grain/straw)were determined
through the process of biochemical fractionation. In this case, orgafimmsarioustrophic

levels have usually distinct isotopic signatures when any organism consumes ths @iksue
other organismthe stable isotope values of the consumer faithfully reftbet isotope

signature of the food source in addition to an enrichment factor (Schoerifggrvaiglova

et al, 2014).
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4.25.1 Stable carbon isotopes of charred plant remai

Atmospheric CQ serves as a source for all terrestrial plants. The two naturally occurring
stable carbon isotoped®C and'%C) existin the atmosphere in &:98 ratio (Voltas et al.
2008). P | a '@ vallies are determined by two factors; the photosyicttpathway and
source carbonThere are three photosynthetic pathways commonly referred te, & énd

the less frequent CAM (Crassulacean Acid Metabolism) with different rates of fractionation
among each otheburing photosynthesis, when the trangbéiCO, from the atmosphere to

the plant tissue occurs, a further depletioi®6f through kinetic isotope fractionation occurs.
Especially,the photosynthetic pathway of;@lants preferentially take¥C instead of-*C.
Therefore, the €plants generallyontain proportionally les§C than does the atmospheric
CO,. Thisis approximately d:99ratio. There are two steps of carbon isotope discrimination
during photosynthesis ins@lants; 1) during diffusion of C& hr ough st omat a ( +.
2) during a@arbon fixation by the enzyme RuBisCO which accounts for the major
di scri mi natModem bigchehi¢ad $tudies demonstrated that when the water
conditions are at optimal level, the stomata remain fully open to allow the flow oh€iGe

the cellularspace of the leaf without limitation. THisads to maximum discriminatigmore
negativel*°C values)similar to that by RuBisCOHowever, in a case when soil moisture
levels are diminishedthis situation usually leads to a common response sirplants to
simultaneously decrease in photosynthesis, transpiration, and leaf conduktashmeg so,

the plants under stress lower the stomatal conductance to prevent further water loss thus
restricting the flow of C@ (Farquar& Richards 1984; Farquar et al.1989). Limiting
photosynthesis and increasing the strength of the discrimination during diffusion ceuses

3C molecules than those which have been used for carbon assimilattoeory, from the

analysis of stable carbon discrimination of grainshibuld be possible to infer the variations
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in wateruse efficiencyof the plants during their growth period (FarqdamRichards 1984;

Arauset al.1999).

Therefore, the measurement of carbon isotope discriminptioro vi des fian i

of the rato of intercellular to atmospheric partial pressure ob,&O ( A 4997, . 730).

3c/?C molar ratio R), therefore, isinvestigated by mass spectrometric analysis. The

resulting values were normalized by the PeeDee Belemnite standard with delta rfot@ipn

(Voltaset al.,2008; Ferricet al., 20032005).

0cC = [ (Reamplel Rreferencd / Reeference] X 1000 (1)

Thé®Ctuvalues of ancient plants are known
modern plants; for the reason that, our aur@mosphere is enriched ifC prior to the 28
centuryThi s at mos p h®Bavalees is rblated tp ¢he largeal@icombustion of £

biomass (trees by wildfires) and fossil fuels by huma¥bkile comparing large timeframes

which comprise of thusands of years of stable isotope data points, the changes in the

atmospheric C®( %C.;) composition through time has to be taken into consideration.The

t

(0]

principal reason for correcting the stable carbon isotope determinations is that the atmospheric

CO, values changes over time (Ferrio et @D05); therefore the differences among,CO
values can be significantly higher, especially when comparing the values fronf"tentL@y
onwards,due to the increasing amount of greenhouse gases released itmwspbere (see

Methods inChapter 5and6 for the same issue).
q:)l3c( a ) 13@air' ﬁ13CpIant/ ( 13(:]5|am/]i'000) (2)

Furthermore Araus et al.(2014) have offered methodology to estimate the water input of

crop plants (precipitation NewaluesrokcereatsiThimt i on

estimaton had been modeled through modern agronomic studies over years across a wide
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range of Mediterranean conditions. Ideally, this estimation reflects the water intake amount
during the graifilling period which covers roughly the second half of April to tredl of

May.
Wi= 39 . %84 560.36p (3)

Past isotope research in archaeobotany, mainly focused on the stable carbon and much
recently stable nitrogen analysis of crop plants, enabled to study particular paoEeted
research topics; for instance, the rofemanuring in farming systems (Bogaard ef 2013;
Vaiglova et al. 2014; Fraser et al. 201Kanstrupet al, 2011), the climate patterns toward
increasing aridity during Holocene (Riehl et, @008, 2013, crop provenancing (Fiorentino

et al, 2012)or the periodical changes in water availability of ancient plants from a more site
focused approactMasi et al, 2014; Fiorentincet al, 2012; Rieh) 2010, Riehl & Marinova

2016).

The analysis of archaeobotanical remains pairing with the stable isatapgsis offers an
importantmethodologicatool to gather information both on the human cultivation strategies,
i.e. agricultural management methods and the changing local palaeoclimatic conditions due to
the increasing aridity. The application of staidetope analysis to archaeological research
questions, proved the usefulness of this research technique, to determine the crop growing
conditions (e.g. water availability, manuring practices), particularly in arid and-asemi
environments under raifed farming regimes(see generally Bogaar& Outram 2013;
Fiorentinoet al.2015, Ferrio et al. 2003, 2005; Araus et, dl997a, 1997h 1999; Wallaceet

al. 2013;Riehl et al, 2014). Riehlet al. (2014) found a high correlation between modeled
moisture leels, at different sites in the Northern Mesopotamia, anddfié values from
barley, indicating that stable carbon isotope values demonstrate natural soil moisture

availability. This basic premise depends on the fact that barley was most probably not
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irrigated in ancient times due to its adaptive capacity to -wadging environments.
Therefore, it (% vaugspbharteyg can faitafdlly refleat the dhanging

water uptake conditions (Fiorentino et 2008, 2015).

From the analysis of stable carbon isotope discrimination, it is possible tothefevater
availability of the crop plants, especially in arid and sand environments (Araus et al.

199, p. 730). Plants tend to react to decreasing amounts of water by closing their stomata
(Ferrio et al, 2005). Although this was mainly studied fro leaf material, but further
experimental research also showed similar relationships for other plant tissues, such as seeds
and wood in experimental conditions. This relationship indicates that plants show higher (less
n e g a tYiCwadups witen they grounder water stress (Ferrio et, &005). It is known that

the grain filling period, of typical Near Eastern winter crops like barley and wheat, coincides
4-6 weeks in midApril and May for barley and-6 weeks in May and early June for wheat.

This is theperiod when the rainfall idecreasingand evaporation rates are increasing in the
entire Mediterranean basin. Both decreased water availability and increased evaporation tend
to cause lower stable carbon isotope discrimination because of their effestenoatal
conductance and photosynthetic capacity of plants. Also, by investigating multiple crop taxa
together, it is possible to establish the water availability conditions during a prolonged period

from mid-April to early June (Araus et all999, 2014)
4.25.2 Stable nitrogen isotopes of charred plant remains

In case of nitrogen, the major nitrogen reservoir is the atmosphere. However, the transfer of
inorganic nitrogen (B cannot be directly metabolized by the higher life forms such as
animals and pints; therefore,the transfer of K into the biological realm necessitates
specialized microorganisms, such as the bacterial nodules at the roots of leguminous plants.

~

For this r eason N oftropiplantsdas glose cbnnectioast toioedpie U
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composition of their nitrogen sourcéhe main problem in the nitrogen isotope analysis is
identifying the correct sour c €N offlegumindus o ge n .
plants is close to that i n ints @ke ap theondrggéne r e a
form of the soil that was made available by the decomposition of organic materials. This
process tends to % wvakesdSckoeninger 16895; Forentirto ietvaé U

2015).
UEN (&) N NG PR U NGmosn] T 1) x 16 (4)

Soil is the medium for plant growth, however, until recently this aspect has not been widely
taken into consideration from an archaeobotanical perspective. Nonetheless, the role of
nitrogen intake of plants from manuring has been roaatl earlier by Miller and Gleason
(1994) Halstead (1987) and Wilkinsdi994). The authors emphasize that fertilizing has an
important impact, not only on enhancing soil nutrients, but also the ability of plants to use air,
water and nutrients by changirsoil structure and texture (Millé& Gleason 1994, p.27;
Halstead 1987, p.82). It is argued that if available, fertilizing the arable fields with animal
dung can increase productivity more than the bare fallowing/cereal cultivation system
(Halstead 1987, p.82). Organic trash and settlement debris were thought to be the principal
agent for fertilizing soils inancient times (Wilkinson1994, Miller & Gleason 1994).
Nonetheless, the prevalence of bare fallowing in traditional societies would bativeliof

the water availability, thisvas more important rather than the nutrieahtents;since bare
fallowing can help to restore the soil moisture in arable figtidstead 1987, p.82). In this
manner, manure application, although more productiag,ahpotentially deleterious effect on

soil moisture since it requires opening the field up before implementing. The reason that the
bare fallowing was so pervasive over cereal/pulse rotatioine Mediterranean countries

until recently can be explained migher human labor cost of the latter. Regarding the scale
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of traditional farming, targeted decisions may have been taken todeafge production of
cereals with baréallowing in alternate years, but more labotensive pulses may have
tended to beestricted to smaicale gardens often worked intensively (e.g. weeding out,

manuring) (HalstegdL987, p82).

The stable nitrogen analysis shbeen much more recently integrated in archaeobotanical
studiesto determine manuringntensity (Bogaard et al.2013, 2016), other interacting
variableslike rainfall (Styring et al. 2016, 2017), and nutritional status of arable soils
(Aguilera et al, 2008; Fiorentino et gl2015). Aguilera et al. (2008) and Araus et al. (2014)
demonstrated a progressive deceeasi™>N thridughout time in the western Mediterranean
basin. According to these authors, such a decrease is related to the loss of soil fertility as the
amounts of rainfall remain constant in their study area. Moreover, it is assumed that stable
nitrogenisotope analysis can be used to investigate the provenance of different harvesting
sites (e.g.different growthite conditions like nutrientich vs. T poor arable fields) in

~

combinati on t o (Ri@entnoetal.20125i ze and U

4.3 QUANTITATIV E ANALYSIS

Archaeobotanists use quantitative methods for three reasons; to compare 1) samples of
unequal size; 2) samples differing in circumstances of deposition or preservation, and 3)
samples differing in quantities of the types of botanical contéitdvifller, 1988, p.72).
Quantitative measurements are necessary methodological tools to search and describe the
patterning in the data and to distinguish the patterning defined by the research questions from
other sources of patterning. Different methoflgjwantification would perhapseat the data

with different degrees, specificity, require different conditions and provide different

information (Popperl988; G. Joned 992; Rieh| 1999;Hubbard& Clapman1992.
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It should also be noted that every éolling chapter includes information for the methodology

and materials used in that particular chapter. Various quantification techniques used in the
dissertation will be described within the respectivapters 5, 6, 7, and 8. Therefore, this
section aimsd only give a general overview of quantitative analysis in archaeobotany.The
purpose of numerical description aims at delivering the inferences of past human behavior. In
this manner, t wo analytical categor inedd wer e
anal ysiso which is the archaeobotanical S amyg
activity described is the unit of analysis. If the data described is on the level of the site or
phase, it usually results in the conflation of numerous heravepisodes diminishing the
purpose of description. Moreover, as the plant data is usually fragmented and the variable
production of seeds between plants, to quantify the samples in a standardized manner, it is

necessary to choo®®Joaes®®hi t of observation

4.3.1 Descriptive methods

4.3.1.1 Presence analysis

The presence/absence analysis records the absence or presence of plant remains in cultural
layers across samples. The occurrences are equated to 1 for presence and 0 for absence.
Therdore, this analysis is not affected from the alternating counts amondrieke (1999, p.

20) and M. Jones (199P. 58) noted that since the presence/absence analysis does not
consider total seed counts, thereby equating all species by a single ssboeild be noted

that the absence of data can be related to the inadequate reporting and presence of certain taxa
would be related to larger size of the samples. The grd postdepositional admixture of
sediments can become problematic for this typeardlysis. The contaminatiomust be
considered through stratigraphic and spatial informabtiefiore the analysis starts (G. Jgnes

1984).
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4.3.1.2 Ubiquity (frequency)

The ubiquity analysis is similar descriptive method. The ubiquity as used in archdaanipo

is a method to comprehend the percentage occurrences of certain taxon across the total
number of samples within a particular timefranhe Killer, 1988). The ubiquity scordsas

well as presence/absence analyare useful tools to delineate the letegm occurrences of

plants across cultural layers in a site or regional patterning in spatial distribution of selected
plant taxa, because the score of one taxon does not affect the other one, (Pegper
However, in case of multiple sampling of thengacontext and if there is a limited amount of

samples, the results can vary substantially in both methods (G, 16é&sMiller, 2011).

4.3.1.3 Percentages

The percentage occurrence (or otherwise called proportions) of crops and wild/weedy plants
descibe the relative and/or absolute proportions of plant taxa within the same morphological
category (e.g. crops) or ecological (wetland taxa) within the dataset. This method provides a
relative quantitative measure for the occurrences of plant taxa adfessmdicontextual units

and/or archaeological phases. The percentage occurrences of crop taxa are widely applied in
the present inquiry to record the overall changes within different periods and phases.
However, if large storage contexts or a single cominates the assemblage, the percentage

analysis becomes problematic and its descriptive potential diminishes, gRIe¢d).

4.3.1.4 Ratios

Another descriptive measure used is ratios. Ratio analysis aims to delineate the comparative
differences betweetwo sets of categories (e.g. barley to wheat grains) by standardizing their
values through timeN. Miller, 1988, 201; N. Marston& Miller, 2014). The relationship

between these selected categories is largely the result of some logical inferences dl@velope
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archaeobotany over the years. For instance, barley is known to be tolerant to different
environmental and climatic conditions while the ftheeshing wheat varieties are more
susceptible to soil and environmental conditions, as well as water intdiezefore,
comparing both crop plants can indicate the agricultural risk management over the long term

(Marston 2011, 205).

4.3.1.5 Find density

Find density describes the quantity of botanical finds relative to the soil sediment processed
(G. Jones1992). This is recorded as the number of objects divided by the volume of the
sediment. The density of plant magemains is also helpful to reflect the rate of deposition

by which, for certain well preserved deposits, especially for conflagrations, itdwomsil
possible to distinguish whether the plant materials were discarded all at once or piecemeal
over a longer period and/or mixed stage (G. Jo#882). Using the volume rather than
weight has been argued to be advantageous for certain reasons. Volagwements are

more easily done during esite processing rather than weight, because it magpnatysbe

easy to find a balancat disposal during the excavations. Secondly, this provides a
standardization of the amount of soil sediment processed dbms#te. That means, it can
serve as a measure to calculate comparable amounts of samples across different contexts at
the site. It has been argued that a standard weight or volume of soil should be determined to
process different quantities of soil seeims from different contexts in order to obtain a

representative dataset (Rieh999).

4.3.2 Multivariate methods

Multivariate analysis helps pattern searching in large datasets which would otherwise be

impossible to find with the senguantitative methds. There are two ways to approach the

data in the statistical anal ysis of Apatter
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preliminary research problem to handle, searching for clustering patterns of plants across the
periods, archaeological featus and t he ootrhieerntae df parnoabl | yesm s 0

defined research problem is investigated by statistical (Gol3ones1992).

4.3.2.1 Ordination techniques

Principal Component Analysis (PCA) and Correspondence analysis (CA) are two
unconstained ordination techniques to cluster the variables according to their species
composition to be shown as relative proximities (occurrences) to each other in the plot. Both
techniques do not assuraepriori knowledge of the potential variables which cdiect the
dataset (Smith2014). The principal difference between both ordination techniques are that
PCA presents a linear model where the variables are formed after linear relationships of
increase and decrease in comparison to each other. On theatdeCA employs weighted
averaging of data points. That means, data points (samples and taxa in this study) close to 0.0
coordinates show similarities among each other in their occurrences while distance from the
0.0 coordinates indicate the degree of dyemce among data points from the frequent
compositional attribute in the assemblage. Both ordination techniques arrange the variables, if
samples are considered, along the &sised ortheir composition. The first axis, horizontal

axis, aims to differemte the greatest amount of variation within the dataset. The remaining
axes are subsequently displaying decreasing variations along the data points 18idith
However, both PCA and CA suffered from distorted scaling of the sampling units so that units
at the ends of the gradient are getting closer to each other than they should bleridbaie

original positon (e.g. arch effect and hostwe effect) (Legendr& Legendre 1998).
Detrending is proposed to be the solution for this problem which $taakirst axis upnto a
number of segments to be further rescaled and the second axis accordingseghesesso

the average tends to become similar across all segments &#ieaugh 2001).
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CA is widely used in archaeobotanical studies duettam advantageSmith (2014, p188)

not es t hat CA <can be more functional for
accommodate (1) a large number of speciesi(BD0); (2) show the presence/absence of
species data; (3) abundance data sets (icemnts of taxa within a sample) that include
numerous zero values (given that many species may be present, but not in all samples); and
(4) a nonlinear, unimodal relationship between species and quantitative environmental
vari abl es, wh e r eficg peaks githire & set marige akohguaemdronmental

gradient o.

Redundancy AnalysifRDA) and Canonical Correspondence AnalygiSCA) are both
constained ordination methods. RDA is simileo a PCA extracts gradients of variation
inresponse tovariables, bt their relationship is explained by independent variables
(constrained). That is the benefit of using an RDA instead of a PCA, in that the major patterns
in species compositiooan be described and related to tiBEA, in this caseis similar to

CA in using weighted averaging of species or samples to extract the major explanatory

gradients.

There are several applications which aim to disentangle the clustering patterns of the wild
plants which usually account the largest number of taxa entries in ¢haeabotanical
datasets. The multivariate analysis helps to group the large amounts of wild taxa into coherent
characteristics such as site, dating, and ecological groups if proVided:hoice of correct
ordination technique is related to the heteroggradithe species composition. If theagient

length is short anlomogeneous speciescomposition it is advisable to use linear methods
(PCA or RDA) but in the other way around for heterogeneous species composition, the

weighted averaging method (CA GCA) is more suitable (Leg& Smilauer 2003).
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4.3.2.2 Generating pralue

RDA and CCA arepreferable techniques if the ordination is constrained bydefieed
variables such as time periods or context type. Both ordination methods are particufatly use
to allow the statistical significance of null hypothesis tested via the Monte Carlo permutation

test.

4.3.2.2 Software

CANOCO 5.0 for Windows has been used in this dissertation. The dependent (species and
samples) and independent variables (so calwitt@nmental variables in the software as it is
designed for ecological purposes), such as time, have been integrated into the software to
comprehend the variations through age (e. g.
the only independent variabbecause of the constraining reasons mentioned in section 4.4.
The choice of ordination technique has been determined according to the gradient length
given by CANOCO. For the graphs concerning the Amugq sites, the linear method has been

selected becausé the homogeneity of the datase2(SD).

44  ARCHAEOBOTANY OF TELL TAYINAT

4.4.1 Sampling strategies

The systematic recovery of archaeobotanical samples in TAPbleaveconducted as soon as

the resumed excavations started in 2084redefined orsite sanpling strategy, which is
basically #Apurposive and judgment sampl i ngoc
possible archaeological exposure since then. This sampling strategy has flaws, as mentioned
before, not to give each sample equal chance to betextlét contrast to probabilistic

sampling in which an equal chance is given every potential sample. This flaw has been
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partially tackled with intensive sampling of every observational unit at the site by excavators.
Considering sampling the contexts, aideone sample has been taken from every context
identified. This systemic sampling approach

e v er y plovwdngaswide range of samples from diverse archaeological contexts.

The onsite recording systemt Tayinat contains four levels of observations. From the biggest

to the smallest, Afieldo I s iishealdasgeshi ek
conventionally 10x10 meter units designed according to thdgfieed excavation strategies.

Af tferelidd and fAsquareo, tollsevativhalounittasTayinatelher e s e n
loci are identified by the excavator at the site, representing all ranges of archaeological
features recovered such as pits, fleorfaces, fills, ovens, hearts ets the size, shape, depth

and contents of each archaeological context can be different from one observation to another
(e. g. floor sur face VS. pits), t he excava
archaeological deposit identified within that partér locus. Collected soil samples are given
separate pail numbers when recording the exact provenance. In addition, all soil samples are
assigned another sample number for documentation. Also, multiple samples coming from the

same locus have been docuneehin separate sample numbers.

Overall, the excavators had identified a number of archaeological features at Tayinat. Pit
features have been identified more often than any other archaeological &dheesite. The
majority of the samples we selected Tayinat were confined into a limited number of
contexts and of archaeological exposures which make a spatial investigation of plant remains
i mpossi bl e i n most,p. 54awoads help td recodcoentresdadt withlth@e 9 1
research objectives hdlled during this dissertation:
iThe most i mportant theoretical shi ft this <cen
explain changing environments has been towards a contention that human action can

actually deflect environmental trajectories, in different wayddifferent places,
rather than simply proceed at varying rates along a single progressive axis of
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environmental improvement. The latter theoretical position places no requirements

on spatial and contextual sampling, but merely requires a chronologicedree of

findspots, from whichplant remains may be extracted and analysed. It is only when

particular human actions are seen as of qualitative significance that spatial and
contextual sampling assumes a central positionbo

Due to the complicated nature siratigraphy in Field 1 (i.e, pits and foundation trenches
intercutting the earlier layers), multiple sampling and limited horizontal exposures at Tayinat
become particularly problematic when trying to comprehend the spatial scale of plant use at
the site.For instance, the EBA building in FP8a of Field 1 demonstrates a surface layer from

a collapse event but not conflagration. The deposits recovered from the floor surfaces show a
very particular composition across several samples taken from differennpnoee of the

same room. In contrast, spatial distribution of these deposits does not demonstrate any clear
patterning across the rooms of this particular building. One possibility is that these deposits
which are supposedly recovered from the surface @nirb fact, discarded debris, in

secondary or tertiary contextgposited after the use phase of the building.

Although the field phases provide a figeined chronological precision, the sequence of
plant data are coming from a single excavation urtie Best method would have been the
comparison of plant identifications from two and more sequences to test the potential
temporal and spatial variability within the time units or archaeological phases. In relation to
the obvious difficulties to find compaible find contexts, this research foesisn the temporal
aspects of food use at Tayinat. However, this potentially significant research objective was
only achieved foIChapter 8which investigates the spatial and temporal variations of plant

remains in ad around the temple structure, Building XVI.

4.4.2 Sample selection and sample size

Thus far, the intensive sampling proddcehe recovery of over 1.000 archaeobotanical

samples across the site. Archaeobotanical samples were selected from Field 1 by #mal 7
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help of excavators to minimize the inclusion of mixed deposits with imprecise age and
contents. The selection of archaeobotanical samples has been undertaken after the floated
samples have been imported to the laboratory of the Eberhard KarlsdJnidery of T ¢bi ng
2015. An advantageous methodological tool at Tayinat is that relevant archaeological data for
every locus has been entered to the relational database of OCHRE by the excavators. This
database provides an easy access of all archaedlogmanation produced for a particular

Al ocus o, i n-sittand dffsitegarchaedobicalmimservations.

Despite the fact that many samples were derived from the pit features in Field 1, having
limited amounts of contexts was a particular problemstatistical terms and research
objectives. In order to minimize the effects of this constraint, the amount of samples analyzed
per every phase in Field 1 were kept at the level of the above 15 samples to reach a reliable
breadth of taxa recurring oveha sampled units. Before there are more archaeological
exposures unearthed from different parts of the mound, it is difficult to test the effect of
multiple sampling over the representativeness of the whole assemblage. At least, however, the
samples comingrom the same loci were merged to avoid the recordings of multiple

samplings in quantitative analysis.

4.4.3 Processing of soil sediments

Most soil samples used in this dissertatiorreprocessed using an Ankatiygpe floatation

machineas described by dad French (1971p. 59) from 2014 onwardby the author. The
Ankaratype floatation machine has widpread use in the Near Eastern archaeological sites
because of its simplicity, efficiency and comparatively unbiased recovery of plant-macro
remains (Samel, 1986, p.84; Riehl, 1999, p.17; Wagner19&). Previous team members in
charge of floatation used fAbucket fIThiat ati ol

method, although simpler and less costly in terms of implements used, involves plating
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sediment into a bucket of water to sieve the floating remains by stirring and pouring the water
out (Samuel 1986, p.84). After that, in the subsequent years, the Ankara machine has been

implemented at the site to process the soil sediment samples.

The Tayinat device contains three large oil barrels with different heights in which the water is
circulated by a water pump to regulate and minimize the waste of water. A 1 mm plastic mesh
has been maneuvered on the first tank to pour the soil down. Buphgnt materials have

been collected into clothes with openings smaller than 0.2 mm which was small enough to
retain the smallest materials less than 0.50 mm in height. In addition, since the third tank is
crucial for the cleanliness of the circulatingter among the tanks, another mesh with a 0.25
mm in size was used for the third tank to prevent modern environmental contamination from

the locality.

It is known that the buoyancy of plant taxa diffeamongst each other (Riehl999).
Therefore, in addiion to the recovery of botanical remains by floatation (those sorted as light
fraction), heavy residue that remains unfloated on the mesh is visually sorted in thEhigld.
allows for any charred material that did not float to be collected (thosed sastdeavy
fraction) for further investigationRiehl (1999, pp.16-7) notes that the specific sediment
characteristics, such as soil types and alluvial pebhblesimportant factors affecting the
buoyancy of plant remains recovered through ksortingthe heavy fractions, but the sorting
would not change the sample composition dramatically, yet it is still important to check
because of the proportions of different plant taxa. At Tayinat, less buoyant categories
recovered during harsbrting were bigsealed grasses and pulses and ravated fruits such

as olives and almonds while smsited weeds are rarely found R$ehl (1999, p.16)

mentions.
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Additionally, the contents of heavy residues were rich with other kinds of finds, such as
microfaunal remais, diagnostic pottery sherds, shell, metal slags, and occasional small finds.

These are also sorted and documented during this operation.

4.4.4 Data preparation

4.4.41 Identification

The identification of plant remains was carried out in the archaeobatdaboratory in the

I nstitute for Archaeol ogi cal Sciences, Uni ve
the Laboratory of Archaeobotany at the Unive
archaeobotanical publications were used foritlemtifications of charred botanical remains

(e.g., Anderbergl1994; Berggren1969, 1981; van Zeist & Bakkéteeres 1984, b, 1985

Nesbitt 2006; Bojnans8& F ar g a,209.v §

The plant remains were identified using a Euromex brand binocular witB0xX.0
magnification During the laboratory process, the samples were separated by dry sieving them
into different fractions (2 mm, 1 mm, 0.63 mmda0.090 mm)to capture as many plant
remains as possible for efficient sorting. Typical remains of the 2 mm fraction are cereal
grains, large seeded pulses and charcoal. The 1 mm fraction mostly containsesahedl

pulses and most of the other taxa/ganélost of the smakeeded grasses were recovered
from the smaller fractions. Other types of objects such as charcoals, increments, and
carbonized straw segments are not directly relevant to the purpose of this research and have

been omitted from the alyais.

Nomenclature proposed in Zohagd Hopf (2000, Table 3 &) was followed for naming the
identified crop remains in this dissertation. In case of insecure identifications, the object was

categorized under Atypeo. fie@ ftaxad dued ® seithgrn at i o
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interspecific similarities of seed morphology or the unknowreat$f of carbonization
complicating the speciegevel identifications. Otherwise, the taxon is left in the

Auni denti fiedod group with t heguenthoappearimgrtaxeb ab |l e
had not been securely identifiuendi diennttoi fa neyd ol
They were also included ithe quantitative analysis in order to document their distinct

periodical occurrences. Otherwise, no effonve been undertaken to identify sparsely

occurring unidentified objects.

44.4.2 Off-site sampling

No subsampling of floated samples by a rifti®x splitter was conducted due to the low seed

counts of samples.

4.4.4.3 Documentation

Each complete seed awit was counted as one. For counting the fragmented plant objects,
the method was to combine the fragmented parts into a whole in the case of grasses and
pulses. The grape pips and olive pits have been counted with the same method, if there were
enough fagments to combine (e.g. Number of Minimum Specimen). Ifsarhe specimens

with only one fragment, but an obvious identificatadrthe object was apparent, also counted

as oneFor the chaff remains, the spikelet bases were accepted as one unitywtglerne

bases were equated as one spikelet base to better quantify both object types.

4.4.4.4 Data standardization

To ease pattern searching, some taxa from the same genera (e.g. cuivakean) were
amalgamated. For example, morphological identifaca.of cultivatedHordeumvarieties is
difficult from the seeds, but rachis segments were found more useful to distinguish the two

rowed and sixowed varieties. In this study, the rachis segments of barley do not show the
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typical morphological charactstics of sixrowed barley, although many rachis objects were
heavily corroded to make a secure identification. Due to such uncertainties, the crop finds of

this taxon are comprised under tHerdeumvulgarecategory.

4.4.45 Data reduction

A certain problen with the CA and PCA is that the plots can be too much crowded with large
amounts of rare taxa, with few counts or samples, since this method considered weighted
averaging of data points. To reduce the data to a certaioffclevel was advisableRjehl

1999, p.22; G. Jonesl992, p.67); therefore it helps to increase the comprehélityilof the
graphs.Lange (1990, as cited Bmith, 2014 suggests excluding the outliers from the dataset

for multivariate methods. The samples with few species or samplk large counts of one

taxon can be problematic in searching for the patterns in the dataset.

G. Jones rightly notes that the threshold for data reduction is difficult to da&€é2, (p.67).

In case of Tayinat, a cuff level of 20 seeds in eachrsple has been established to avoid the
effect of samples with few taxa forming the large shares of the sample. For the species
variables, the data was transformed in the original data sheet because CANOCO already
provided the best fitting species option emhselected. Therefore, whenever needed this
option has been used to avoid visual crowding of the species data points, instead of omitting

the species less than the-ofit level.

4.45 Preservation and depositional conditions

At Tayinat, the state of pressation of most finds was mostly carbonization while some
mineralized objects had also been encountered. Another condition which might have possibly
affected the depositional conditions of plant maeimains would be the physical shape of

the mound. Its difficult to assess the impact of physical shape of the mound on deposition of
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plant materials in general in archaeological sites. Some samples at Tayinat which were
recovered from the sloping edge of the mound do not yield particularly good samples for
analysis. A certain level of weathering of occupational deposits at the periphery of the tell

would be considered a factor that influence the preservability of the material.

4.4.6 Modern seed contamination

The mound is supposed to be protected byditiies Law but certain parts of the mound are

still being used for agriculture due to conflicting and complicated land tenure rights and
intereststhese appeared before the initiation of the law in Turkey. Therefore, the excavation
areas were subject farming and pasturing activities until recently, before the start of the
resumed excavations of TAP, while some other unexcavated portions of the mound are still
being cultivated. The impact of animal grazing is also seen in the vegetation on the mound
where the dominant element are spiny shrubs and succulents as have been observed by the
author during the fieldwork. The natural vegetation on the mound is possibly incorporated
into the archaeological sediments regularly, as reflected by some archaeobstmigles
analyzedKeepax (1977, p225) suggests four sources of contamination in an archaeological
site: 1) careless excavation and collection of samples 2) cross contamination in the collection
apparatus, 3) aerial contamination of exposed surfaces 4)ndpostdepositional

contamination.

The first and second aspects were not particularly a problem since the TAP team has a very
precise recording system for every sample and all objectsddtementation of collected
samples has been done firstsite, given by a particular sample number and again another
number for floatation and heavy residues. Therefore, there is little room of possible errors
originating from the excavator to mix the soil sediments. In case of the third potential source

of contaminabn, however, some samples, especially those taken close to the topsoil, were
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sometimes heavitgontaminated with modern seeds (especially weeds and crops), and roots,

stem fragments and beetles as a rule.

One intriguing case of such possible contamamatias the appearance of Charaaeagonia

in the plant assemblage. Characeae is an important group of freshwater green algae which
resemble vascular plants because of their ability to fix lime in their tissues (Blondel, et al.
2014, p.130). These remasnwere not in a carbonized state and for each case there was an
opening on the oogoniabds external, 19899data and
detailed description of carbonize@hara finds). This indicates that oogania reached full
maturity inthesespecimensthereby suggesting that they are most possibly components of
current vegetation entered to the archaeobotanical deposits from the upper layers. Regarding
the small size of these objects, it is not unthinkable that they moved down dutiimg\aad

drying cycles of the soil.

The abovementioned fourth type of contamination was the most problematic one. Stubble
burning and wild fires seem to be other factors for contamination on the mound. Perhaps
stubble burning is not being practiced anyeon the mound due to the lawful protection of

the ancient mounds, but occasional wild fires would be still common due to dry climatic
conditions in the summer season as also observed recently (C2pp2y. Certain slightly
carbonized plant remains haleen found mixed with the soil sediments. These plant taxa
reflect well the current vegetation on the mound. Therefore, the samples which contain these
plant taxa were ignored in the analysis (€éapter 8for the excluded samples). Even more
problematicthan this one was possible root activities of modern vegetation delving into the
deeper soils which can have an impact on translocation of the carbonized seeds from later

levels into earlier ones as Samuel mentioned (19887).
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4.5 REGIONAL SURVEY OF PL ANT MACRO -REMAINS

A considerable amount of tinieand energyhas been spent to analyze the plant recoveries
from other archaeobotanical sources which were relevant to the research scope of this
dissertation. The majority of plant data from the Near Eastb®en already confined in
ademnes.devebsite created by Simone Riehl over the years (RieKl ¢ mme | 2005) .
database provides valuable information for the occurrences of charred seed records across the
Near East comprising roughly from the early Bredge to the Hellenistic period. This time

span covers almost 3000 years of archaeobotanical data points presented together with the
level of accuracy of identifications. Presence/absence, ubiquity and percentage scores were

basically used for surveyingdtoccurrences of regional plant data.

45.1 Data standardization

In case of crop plants many species had been amalgamated into the higher taxonomic rank to
avoid reporting the data in fragmentary fashion. That mdarigsum aestivum(bread wheat)

andT. durum(durum wheat) were merged for analytical purposes, because in many cases, it
is difficult to identify the correct species if spikelet bases are absent in the assemblages. This
is combined inT. aestivum/duruninstead. The same was repeated for mahgrocrops and

wild species (e.gdordeumvulgarecategory for both twoand sixrowed barley varieties).

45.2 Limitations of regional approach

While handling the plant data in a regional scale, some interrelated factors in relation to
sampling, complextgatigraphy of tell sites, chronological uncertainties and varying methods

of data handling hamper the representativeness of a regional plant datasets. Riehl (2008,
2014) describes three factors affecting the overall comparability of archaeobotanical

asserblages as follow;
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fil. Archaeobotanical publications are of vari al
strategy, quantity, and representivity of the d&aArchaeological sites are very

unevenly distributed throughout the various periods, and archaeolabtesearch

i s still i mited in many areas é There ar e
archaeobotanically investigated sites for the Early Bronze Age than for the Middle

Bronze Age, resulting in complex visibility of geographical patterns. 3. Any fine

resolution & the periods into phases that would be necessary for tracingsras!

variability is extrg2088/p@s).di fficult to realize |

45.2.1 Sampling

Tell sites frequently havébut not always complex stratigraphy with several successive

layers suprimposed on each other. This aspect becomes more complicated when
archaeological features such as a pit or building trenches intercut earlier layers or habitation
phases. M. Jones (@9, p.56) descri bes that @dAa partofcul ar |l
the regional approach is how to collect the samples such that different sites within a region
may be adequately comparedo. He favors the
remains which can provide datasets that allow the broad relationsbiyeen sites for
economic plantsAlthough his observation mainly concerns British sites, in which the
scientific and commercial research projects have been undertaken for years and collecting soll
sediments is welintegrated, it is hard to envisage tliais sort of sampling consistency has

(and will be) ever been achieved in the Near Eastern archaeology.

Two reasons can be argufedl this reluctancekirst, systematic recovery of archaeobotanical
samples is still an exception rather than being an intsdyn@art of archaeological projects.
While many excavators express their wishes to collect the soil sediments from the site, based
on onsite conditions, the time and financial constraints do not allow to fully establishing such

a strategy. Secondly, detpithe new methods of scanning the belowground features with
remote sensing and magnetographic tools, it is still difficult to establish a sampling strategy
that induces probabilistic distribution of samples across any given site due to the complex
stratigaphy of tell sites. Therefore, in most cases, excavators have only a rough idea what

kind of archaeological feature, phase or layer they are digging up at the start of the
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excavation. For these reasons, especially for tell sites, more communicatiombledizeecal
specialists and archaeologists is needed to determine the correct strategy to collect the soil
sedi ment s, to determine provenance of depos

analysis.
4.5.2.2 Chronology

As Riehl puts it for such synthett st udy, Afany fine resolutio
which would be necessary for tracing srslale variability, is extremelg i f f i cul t t o r
(2010b, p.20). Generally, the plant data is reported according to very broad chronological
grouping, without delivering any information where and how the plant data was collected.

That basically hampers research to follow, pHagsehase developments, in plant economy.

This limitation affects the regional survey of plants with the difficulty to plheesttes into a

correct chronological framework. In many archaeobotanical reports, the local chronologies
have been used (e.g. Archaic period, Middle Assyrian) in reference to ceramic chronology.

The radiocarbon datings are hard to find in general in aotiaiany.

This chronological uncertainty has been partly eliminated by categorizing the sites into much
larger groupings in this dissertation. A certain level of chronological control can be achieved
in Chapter 6as an example. The sites from the Late Beo\ge demonstrate imprecise
datings. Many of these sites were reported as the Late Bronze Age without any specifications.
However, the chronological resolution in this chapter is better for the Iron Age sites. The
plant data of many Iron Age sites areaeered from the Iron Age |, approximately covers the
period from 1.200 to 900 BCE. @hapter 7 finding a concrete chronological resolution was
more difficult due to varying local chronologies in the Near East. For this reason, the sites

were categorizeihto three large temporal periods during tiiendillennium BCE as 1200
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900 BCE, 906600 BCE and 500 BCE (see Material and Methods Chapter 7for more

information).

45.2.3 Comparability of datasets

Another problem occurs to the varying approachegléatification of plant remains. The
amount of identified plant remains changes from one report to another while some are
concerned only with crops, others are concerned with both crops and weeds. Also, limited
sampling (few samples, small sample volunieg; diversity of sampled contexts) causes a
similar situation (Riehl2014). Storage contexts are the best examples for such low taxon
diversity of sampled context. Although the investigation on storage units is potentially
important, the predominance aingle taxon in the storage would basically skew the
analytical resultsThese aspec@lso perhaps limit to determine possible identification errors
originating from researchers, as well as to reach scholarly consensus on the reliability of such

identifications.

On the other hand, the identification levels in many reports from the southern Levant tend to
be unexpectedly too precise, resulting in inconsistencies in comparison to other identifications
with broader groupings under the genus level. Thisticedmainly depends on matching the
modern distribution range of wild plants with identified remains (e.g. E. \\&i&3slev,

2004) given the fingrained ecological studies in Israel over several generatitmsever,

from an archaeobotanical point of wigit is hard to conduct a followp for the accuracy of

these identifications. No disciplinary consensus in archaeobdianyeen reported on the
reliability of these proposed identifications (elgrumin et al, 20195. For instance, a
monotypic genusOcthodium aegypticumfrom the Brassicaceae family has been reported
from the southern Levant; however, modern ecological assessments show that this species is

endemic to the northern Levant comprising Cilicia, the Amuq and as far south as Lebanon but
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not inthe southern Levant (modern Israel, Palestine, Jordan). The appearance of this species
in the southern Levant in the Iron Age (Frumin et 2015) would have been significant to
comprehend regional distribution of wild plant species. On the other hafodtumately, we

have no means to compare the morphological characteristics of these particular specimens
with other morphologicallgloseby species/genersuch aBuniasorientalis, due to the lack

of a proper way to disclosthe visual and written desptions in many studies from the
Southern Levant. This approach and lack of disclosing the identifications become too

problematic to single out and compare taxonomic connections of different plant species.

4.6 STABLE ISOTOPE ANALYSIS

TAP provided funding foa joint stable carbon and nitrogen analysis of the Tayinat plant
material. For this analysis, barley (n=30) and -teeshing wheat (n=35) grains were

selected from all phases of Field 1 to attain a diachronic representation of crop growing
conditions.This diachronic analysis has been presented in Chapter 5. Moreover, in Chapter 6,

the Iron Age averages of barley and fteeeshing wheatalues were integrated into the

regional dataset of stable carbon isotope values from several different regioitssamdhich

was previously published by Riehl et al. (2014). The stable isotope carbon and nitrogen ratios
had been analyzed at the I nstitute of Geosci
NC 2500 connected to a Thermo Quest DeltXL mass spectmmeter. The carbon and

nitrogen contents and ratios have been determined in two independent measurements from the
same grain. To eliminate the sedimentary carbonate from the surface of the samples, the
grains were subjected ®% HCL before taking the measue me € walues iof ancient
grains were calculated based on the VPDB con
acquire the intercellular ratio of’C/*%C in our samples. The analytical precision of
measurements wa'lC amautoi®.a1 & ofror U
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The discrimination in plant remains was calibrated through comparing them to standardized
atmospheric C@®values acquired from Antarctic and Greenlanddoee projects. Following

the working protocol in Ferrio et al. (2008012, an AIRCO2LOESS d#a calibrator is used

to calculate this ne w0 Burtherenoraythe veater inpwut of bothf e r e r
cereals was calculated to compare the values with the pregefall data gathered from the

modern meteorological stations in the region.

Furthermore, experimental studies have shown that the charred grains of crop plants faithfully
preser ve tNsignah moieffect has teporied because of carbonization (Aguilera et
al,2008) while Fraser et al .agega2cOubtdg thefeffectsnoli o u't
car boni z &N signals. Gnhe atherthand, Styring et al. (2016) proposed a correction

factor to normalize th&"N values according to the altitudinal changes of rainfall amounts.

Al s o, see i Mat ern @hlapmer Gfar dhe &ffectshod dasbonization in
determining the stable isotope values (also informative Voltas @088, p24 for additional

references on the same issue).

4.6.1 Limitations of stable isotope analysis

4.6.1.1 Factors affecting the stibcarbon isotope discrimination

Variation has been reported in isotopic values at both interspecific and intraspecific levels
among plantgplus different environmental growth conditioflsarquar et al.1989). It has

been indicated that a number of otfemtors may influence the cellular isotopic ratio of plants

in their natural environments and perhaips heterogeneity of stable carbon isotope values.
Other factors such as atmospheric humidity, potential evapotranspiration, light intensity, soil
salinity and soil wateholding capacity are indicated to affect the heterogeneity of stable

carbon i sotope vvalles leage. b¥ea repoddad inaataton o teaf gze and
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thickness, stomatal density, branch length and canopy height (T,id®8 Farquar et a).

1989; Fiorentino et gl2008; Dawson et al2002, p513 and references therein).

Furthermore, the models to assess water inputs for ancient plants have been developed using
od°C values of modern cultivars. The modern crop plants have sagsect to plant breeding
experiments in order to obtain increased crop performance through improvements in water
use, wateuse efficiency and harvest index under optimal agricultural conditions (Araus et
al., 2003; Fiorentino et al.2015. Studies she that the plant yield becomes highest when
wateruse efficiency is low, demonstrating selection strategies for high yield of crops in ample
water availability (Tieszen1991). Also, the modern studies usually work on the isotope
composition of leaf mateal rather than grain (Fiorentino et,&012). It is known that the
distinct physiological features of plant tissues determine slight differences due to additional
fractionation of carbon isotopes after photosynthesis (Fiorenting 20&R). For instace, as

is relevant to archaeobotanical material, isotope composition of rachis internodes is found to

be around 2a more t [R@&8&. grains (Wall ace et al

The local precipitation, atmospheric humidity, and soil moisture are proposed to occupy the
largestpart of variation for stable carbon isotope values in arid and-aedthenvironments
(Fiorentino et al.2008). Araus et al. (200&and Merah et al. (2001) demonstrated that the
water regi me was the most i mportamndhbothactor
correlated to this factor, whilshe combined effect of nitrogen source and water regime has
been found the significant effect on photosynthesis, plant growth and carbon isotope

discrimination, at least for barley (Lopes et 2004).

However, cationmustb e t ak en wh e HC variatior in planeracreemainsp
because the results may also reflect the regional variability of growing conditions; e.g. due to

interannual variations in precipitation levels and/or local variations in soiistore
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conditions le Gruchy, Deckers, & RiehR016; Araus et gl.2003. Flohr, M¢l dner '
Jenkins (2011) and Flohr et a20(9) recommend caution when interpreting the relationship

bet we'nvalups and water availability in Levantine settings cosimgi large
environmental and climatic variability within short distancekeaton, et al. (2009), for

i nstance, identified around 2a difference fc
up t o beBveep aites several hundredskidbmetersapart. Therefore, it is advisable to

expect a Z arange for different sites. Thus, the authors suggest that the consistent trends in
stable carbon isotope values can be established by minima and maxima valuesy hibnwev

@ mean valaesufdulNt&as® and cannot be concl u

Furthermore, anot her I°C waludsaas & praxy far dimatenis ther pr et
difficulty to distinguish anthropogenic watering of plants drigh-watertable from geater

rainfalls. Water availability describes many different forms of water input, for instance,
rainfall, groundwater flow, irrigation as well as water losses through evaporation and
evapotranspiration which is influenced by several other factors, suemgerature, humidity

and wind speed (Wallace et,a2013). Araus et al. (1987 p. 730) indicate that some crop
management strategies such as irrigation or cultivation in naturally wet soils may erase the
negative effects of reduced rainfall; therelwystress would be recognizable. A possible way

to distinguish the anthropogenic watering from natural pathways of water intake is to compare

the carbon isotope signature of cultivated crops with the wglgl&ts such as treeblési et

al., 2014 Araus efal., 2005; Ferrio et al2003).
4.6.1.2 Identifying increasing water stress

Similarly, the question how to establish a threshold, to test the increasing water stress
conditions from the differing stable carbon isotope values has been previously disoussed

the literature (Araus et all997; Wallace et al.2013). This uncertainty seems to largely
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affect the interpretation of the researchers. Through investigating a series of stable carbon
isotope values of ancient wheat and barley grains from the Besdern sites, Wallace et al.

(2015) argues that the mean values of stable isotope composition of barley remain mostly

ei ther under their accepted range of moder a
below that whilst the results of freélreshing what indicate morestressed conditions to be

bet ween or above their accepted mbid&rmamrgaevat
Il nstead, Ri ehl et al (2014) wuses a ml6a to
stress regarding the fact thaétbhorter graiilling period of modern barley would equal to a

total water input below 50 mm as it is shown in Fegtoal. (2003). The authors further

normalize the total water input as 40 mm in the spring seasdhef@oastal and hilly regions

oftheir investigati on a'fCeoRx3 & ot thaet erqauwad hlty cao rv
@’C of 16a. They accept any values below this

for barley.

Nonetheless, comparing these results to a larger staldencésotope dataset of ancient
barley published by Riehl et al. (2014) indicates certain problems in the proposition of
Wallace and his colleagues (2015). A thorough examination from different geographical
locations of the Near East shows that the majorito f @ v@lnes ftpctuates within the

range of 161 7a wh i c hs wellowitm tha mrimary assumption of i€hl and her
colleagues (2014, Fi@) . Therefore, Wall ace et al . ob6s (2
water stress for barley may be amoneous interpretation of modern agronomic data while
trying to extrapolate the modern values into the past. In this manner, | assume that Riehl et
al .6s assumption is more plausible since it
of the present study. For frethreshing wheat, we follow the proposition of Wallace et al.
(2013) as regarding stable isotope discrimination of-tineeshing wheat should be placed

l1a | ower than barl ey, this s efdinmgperiodofavhenn abl e
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crop species in general is longer than the barley cultivars, which was most probably within the
diminishing period of rainfall at the end of May and the beginning of July. Therefore, in the
respectivegraphs used in this dissertation,abroradnge of fAmoder ate wat e

been implemented between-157 a f or bot h pl ant s.
4.6.1.3 Variability of stable nitrogen values

It has been reported that variability@PN valuesc an di f f er #@soooturing as 1

plant speciein the same environmersimilarly, "N values of different plant parts, organs

and compounds can vagyongst each othef.hi s rate i s typically sm
but can ,eepedi alaly in desert pl ant s. For t hi
sources with distinct Il sotopic values, e,

variation in N availability, and changes in plant demand can all influence @i in a
plantsoil system (Dawson et aR002). Although the process behind nitrogen (N) input is
much more complicated to discern due to the large number of contributing factors that
influence plantsoil systems, it is hypothesized that 98% of the organicgatrgool is fixed

by microorganisms through the decomposition of organic matter in soils (Fiorentalo

2015).

Aguilera et al. (2008) argued thaN signal in plant matter would be affected in most cases
through either thé®N of different nittogensur ces, fAnitrogen excesso
nitrogen exceeds the plant demand, and the changing amount of nitrogen derived from the
decomposition of organic matter or combination of all. In spite of the difficulty to distinguish

all of these factors frormach other, however, it is known that manuring can significantly alter

the UN values of cultivated cereals up to 10% because of volatilization, which leads to the

enrichment of heavierN, since the lightet*N is preferentially lost in the atmosphere; taken
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up by plants in the form of nitrates (Fiorentino et 2015; Styringet al, 2016; Bogaard et

al., 2016; Aguilera et al2008; Vaiglova et al2014; Fraser et al2011).

Several comprehensive research projects have recently demonstrated that the relationship
between nitrogen intake of crop plants and ecological conditino the arable fields are
positively corelated (Bogaard et aR016 Styringet al.,2017). Environmental factors such

as aridity have been found to increase the pl&his values whilstrainfall, although the
mechanisms behind this enrichment, still remains speculative (Styring 80h6; but cf.

Fraser et a].2011). It is proposed that decreasing soil moisture can be a factor to reduce the
plant growth and microbiaactivity, thereby an excess of volatilized mineraloccurs
(Styringetal.2 016) . On the ot he™Nvawenad wild plants tendaor i at i
correlate with rainfall Hartman &Danin, 2010) although more factors such as mychorrhizal
interactons, soil texture and plant type, denitrification in marshlands are argued to influence

0N values (Styring et gl2016; Vaiglova et al2014).

| mportant!l y, TNvaldes Hatedeer founcbetweaer bread wheat and barley,
growing undersimilar manuring treatment, however, rainfall, in fact, becomes an important
factor foftNiwmalrieeasimfg hioth crops signNficant
values of bread wheat (Fraser et 2011). A negative correlation was found betwegrain

U*°N and temperature, however, positive with rainfall according to the results of Aguilera et

al. (2008).
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CHAPTER 5. SUBSISTENCE IN TRANSITION FROM EARLY BRONZE AGE
IVB to IRON AGE | (ca. 220071 1000 BCE)

5.1 INTRODUCTION

The emergence of compigolitical systems is often investigated as either an outcome of the
control of production systems or the contblexchange systems (Hirth, 1996,20.7). From

the first perspective, the elite control of production systemsedious theory focuses on
redistributiort® of commodities and servicesnong different segments of the sociéfe
accumulation of agricultural surpftfswaged’, services and commodities at the hands of a

group of ruling elites required new administrative structures such as pataties templt

®The definition of redistribution and mobilization i
suggest thamobilization more accuratelydescribes the system of finance used to obtain goods from both
subsistence producers and the local elites than does the more genera&distributioné Redi st r i but i o1
complex societies combines aspects ocf icnetnetgrraaltliyo na démiw
extraction of the goods needed to fund centrally controlled activities. As societies become more complex and a
larger fraction of the collected goods is allocated to support a managerial sector, what appears structurally to be
redistribution takes on the role of centralized finance (i.e., becomes mobilization) while maintaining the
trappings of political and ritual integration. The Kk
capacity to enforce an extractiveomomic relationship with the subordinate populations, while reinvesting a

smaller proportion of the goods collected in supporting unattached producers or political relations with the
subordinate populationso (D6AIt ready(20K), Nakassis €2010)1a8d8 5 , p.
Nakassis et al. (2011) for characterization of redistributive economies.

“This is whationasl cwildwd, fAmaiandliyt attested to Childe (1
surplus production as a precondition tbe development of social complexity. But cf. Pearson (1957) and
Halstead (1989) for a lenghty discussion on the topic.

YI't should be noted that wages and rations represent
only system dominatimthe picture of early Mesopotamian economic history is that afseenclass of laborers
receivinggdafir ati ons o, and it was not unt il the | ater sta
Babylonian on, that the rise of free laborers, offgriheir services, asi-hunga,6 hi r el i ngs o, brougt
radical change in the economic and social system of the country, and with it the instit@ondf wages 60 ( Ge
1965, p. 230).

18 Stein notes significant differences between polities in Soutard Northern Mesopotamia as the ideological

and economic role of temples during the dnportant opi ng
economic institutions capable of generating large surpluses, providing a source of finance, and creating a
subsistence buffer. Their wealth derived mainly from enormous holdings of agricultural land and irrigation
works in the surrounding countryeid € T e mp | e s nlygplayad ssdifferente and smaller, economic and

ideological role in the third millenmm B . C. North Mesopotamian cities é& Th
smal | é astdamdiend rwieth no associated complex of store
Northern temples likely had a much smaller social role than their southentecpart§ t hey wer e not a
institutiono; i nstead, the palace appears to have be

dry-farming zone® (2004, pp. 45
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organizations (Liverani2014; Foster1987; Hirth 1996). Specialized craft industries, the
expansion of urban centers, the appearance of settlement hierarchies, of scribal traditions, and
extensive trade networks were all derivativeshid emerging complexity at the onsdtthe

Early Bronze Age (Steir012; Yoffeg 1995).

Complex societies entail oveentralization and organizational rigidity (Flanney972;
Schwartz 2006). The development of the complexity signifies the growtlinahte systems

to mobilize the needed resources from the local population to the central administrative and
religiousi nsti tuti ons ( D985\ ITwor forms obh state fifarece (staple and
wealth) were proposed to exist in prelustrial state fonations, either sidby-side and
deeply intertwinetf to each other, or one dominant type of finance (Halsté882;
Frangi pane, 2018; N aBardes1985; Brumfi2l R Edyle 199790 é t r oy
notion of staple and wealth finance characterizes discussions on how the central
authorities were mobilizinthe commodities (Nakassis, 2Q1Staple finance basically refers

to the obligatory payments of basic goods including foodstuffs, livestock and siropéa

clothes which were common to all hobells under the governance of the palatial or temple
authorities. The staple finance systems were categorized in the form of redistribution,
mobilization and taxation. Equally important to notice is that bulk storage and transportation
of staple items waslisadvantageoud ue t o iits high ma&Baleri al
1985). Wealth finance, instead, employs hsgatus goods which were manufactured in

palatial and temple workshops by specialists for the international trade exchange, other

9 Based on the Linear B tablets found in the palatial centers of dMwpceGreece, Nakassis and his colleagues

(2011) suggest a wider scale of interactions in comparison to earlier model of resource extraction. According to
the author s, istaple financed would have bbega an i nt
precursor of fiwealth financebo. I n their theory as we
such as crop cultivating, animal husbandry and weaving of simple cloths. The palace authorities use the
accumulated goods to provide wmats for the specialists who were working in the textile workshops. The
reprocessed textiles were traded internationally to acquire rare products or metatsprocity to the local

communities palatial authorities periodically organized feasts to give some of the accumulated goods back.
Summarizing, Nakassis et al. envisages a larger and more complicated scale of interactions among the economic
actors.
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reciprocal exbange systems like gifting or special use during religious ceremonies,

festivities, or burials (Nakassis, 20deeSchmandBesserat2010 for visual imagery).

While this characterization is largely heuristic, that financial base of complexsuidioal
structures invol ves & Earle ¥985u Knapp 1985; Halstead®& ( D6 Al
O 06 S h¥&9; Hirth 1996; Brumfiel & Earle 1987, it helps to differentiate the broad
dissimilarities between the pteon Age political structures from the clasdicGreek and

Roman political economies (Halste&D11, p229). There were varying degrees of emphasis

on the control of staples and controlto§h-statusgoods among the different world empires

( D6 A l&tEarkg ¥985). Nakassis (2010, p38) observethat most of the staples recorded

in the Linear B tablets were not documenting direct forms of paynemigver, the majority

indicates that the staples were used to fund large feasting ceremonies. According to Nakassis,
this allows the palatial authority o fit ransf orm t he basic foodsH
while he proposes the same function for ksgitus wealth items to gain honor and prestige

and to establish relationships of debt and dependency among social actorsiefhat
institutional sygems of resource mobilization were confined to reciprocity and the exchange

of symbolic capital, irrespective to the type of finances.

The impact of external trade is another subject of interest among scholars to explain the rise
and maintenance of compleocicpolitical structures. This perspective concentrates on the
role of nonperishable luxury items as crucial elements in developing, defining and expanding
both regional and supraregional networks (Hirll®96; Brumfiel & Earle 1987) The
commercial dvelopmental model is often thought to stimulate the social complexity, while
the emphasis on the elteterventionas organizing agents of the economynaé less
stressed (Brumfiel &Earle 1987 seeKnapp 1985 for an overview)Sherratt and Sherratt

(1991), on the other handyostulated aconsumptiororiented model incorporating the
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production of specialized commodities as the principal role of the palatial system.
Accordingly, the Bronze Age economies developed out of the economic incentive to
monopolize the production and exchange of the processed goods, withaaldedRenfrew
1972),while palatial organizations, like those appearing in the Mycenean Greece were not
only storage areas, but also the workshops for manufacturing goods surroundia@ties.p
Sherratt and Sherattoés mai n argument i s
international trade and on the labours of those who do not participate in the consumption of
the products whi c& Sherag 1991 pa3a80¢. dleréofe Stineeauthmors t t
envisage the palaces as exploitative rather than sharing the benefits of the central
administration to the general populace. Sherratt and Sherratt (1993) and S. Sherratt (1998)
applied this understanding to the Late Brohp® Ages tranision by contrasting the decline

of monopolistic palatial systems of the Late Bronze Age and the rise of international long
distance trade at the hands of thecalled sukelites. These sublites who were previously
entrepreneurial middlemen in the La®eonze Age world accumulated significant political
power due to the Eastern Mediterranean trduténg the course of theImillennium BCE.

The decline and collapse of the palace economy gave way to the two characteristic
developments of the*1millennium BCE: the emergence of territorial empire and the

mercantile city state (Sherr&tSherratt 1993).

Very recently, the study of the collapse of those early complex societies became a research
focus (Schwartz& Nichols 2006; Yoffee& Cowgill, 1988; McAnay & Yoffee, 2010;

Tainter, 1988). The collapse of complex sogiolitical structures, in general terms, may be
defined as arabrupt, significant loss of an established level of sgaiitical complexity
(Tainter 1988, p4) t hat ent aiohd stafes ihte sméllergpdaitioa entitiast the
partial abandonment or complete desertion of urban centers, along with the loss or depletion

of their centralizing functions; the breakdown of regional economic systems; and the failure
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of civilizational ide o | o ¢Schevarta,2006, pp.5-6). Tainter (1999) and Eisenstadt (1988)

outline a paradox in relation to the conceptualization of collapse. They argued that collapse
encompasses the various types of social reorganization; however, the complete end of the
civilizational framework was never the case (Eisensthd 8 8 ) . Namel vy, Aa pr
regard as the worst fate that can befall a society may actually bring economic and

administrative gains. What may be a catastrophe to elites and administratorsonéedto

most peop,ledd, pl025ai nt er

Two factors were morwidely debated as the most probable reasons of societal collapse in
the Near Eastern archaeology: climatic aridification and environmental overshoot (e.g.

Diamond 2005; Middleton2012).

Parallelism was established between climate change and the Near Eastern cultural evolution
by numerous authors (e.g. Migowski et, @006, deMenocal2001; H. Weiss 2000, 2014,

2015; Wiener2014). The adherents of the climatic hypothesis in regardscollection of
historical events were primarily triggered by letegm drought episodes (4.200 BP and 3.200

BP events) at the end of th€ &nd 2?millennia BCE(H. Weiss et a).1993; H. Weiss2000,

2014, 2015; Neuman& Parpola 1987; Kaniewski,Guiot & Van Campo 2015; Wiener

2014; see deMenoga2001; Staubwassek Weiss 2006 for an overview). According to
Weiss, the impact of climatic degradation was manifold and included regional abandonments,
habitattracking to springied riparian environmnts, and nomadization (subsistence transfer
from agriculure to pastoral nomadism) (2014, p. 367, 20134p.see also Carpentdro66;
Bunimovitz& Lederman2014). Opposingopinions on the magnitude of such climate impact
have also been put into worfdarro & Kuzucuogly 2007); human adaptation and resilience

to changing climatic conditions became the subjects of considerable attention pasthe
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decades (Holling2002; Haldon &Rosen 2018; Marshton 2015, Riehl 2017; Redman

2005).

The current delia on the increasing anthropogenic impact over the environment is
highlighted in terms such as fiecoci deo, i ma
Environmental overshoot may pose a threat to sustainability of food resources, as well as to
resilience towards environmental disturbances of past societies (Dian2®@5b). Past
societies overshoot the carrying capacities of their environments which was seemingly
detrimental to the ecological system and consequently to human societal organization.
Specfically, the increasing population size, aggregation of population and the emergence of
complex hierarchical sociopolitical organization create an increasing impetus to extract more
resources from the surrounding landscapeis process determines the dedation of the
landscape and resource base. Malthusian recognition of the relationship between finite
resources and demographic growth contemplates the anthropogenic environmental damage as
a negative factor for food sustainability (see Middleta®12, p.270 and references therein).
Boserup (1965) arges differently than Malthusiahinking that the population increase was
limited to the agricultural productivity, suggesting that the demographic pressure was the
reason, not limitation, for agrarian changmvards more intensive forms of agricultural
practices. Otherwise, the agrarian communities were unwilling to change their subsistence
base in the lack of demographic growth, because their main objective was to invest the least
amount of labor. Her argumeon the intensification of agricultural production was based on

cropping/fallowing frequencies in various subsistebased societies along a continuum from
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extensive treatments to more intensive fallowing regimes (see Mqrii8é4d, ppl116-7 for a

review of Boserupian approach; cf. Ericks@006, pp336Y°.

The anthropogenic impact on environmental conditions causing societal collapse has been
investigated by numerous archaeologigtg. Jacobsen and Adams 1938ost famously by
Adams (1988 who relded the progressive salinization of irrigated fields in southern
Mesopotamia to the overexploitation of arable fields by complex institutions. This
consequently caused to the breakdown of the Ur Il dynasty in the'fatgl@nnium BCE

(cf. Powell 1985) Similarly, Wilkinson (1994) established an environmental overshoot
model to describe the changes in settlement dynamics and food sustainability during the late
3“ millennium BCE. This model describes the expansion infamying settlements in
NorthernMesopotamia towards marginally drier environments. These environments,- the so
called Azones of uncertaintyo, are below t he
lower limit for a successful raifed cultivation of barley. This expansion was ainedd
supporting the emerging textile industry in the northern sites and eventually thaistarce

textile trade. Thus, the maximization strategy in zones of uncertainty was vulnerable to
increased drought conditions which eventually caused the terrmnatidhe dry-farming
settlement system in Northern Mesopotamia during the end of "thell@nium BCE

(Wilkinson, 1994; Lawrence &Vilkinson, 2015).

Specifically, three interrelated questions will be investigated in this chapter;

2011 this manner, it wuld be useful to distinguish the intensification of production and of productivity. The
intensification of production indicates the increase in labor and capital inputs to a fixed land (Erickson, 2006, p.

337). On the other hand, the intensificatonafpruct i vity refers fAto an increase
result of innovationo (Porter et al., 2014, p. 133).
minimize total work expenditures by targeting production at subsistenads| (Sahlins, 1972) while this

incentive provides the political basis for the establishment of larger-sooimomic institutions to gather more

surpluses (Hirth, 1996However, complexity is not a prerequisite for increasing productivity. That means fo

instance, locally organized irrigation systems historically more efficient and stable than centrally managed canals
(Erickson, 2006, p. 340).
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1) What are the charactistics of crop repertory at Tell Tayinat? And are there any changes

in the range of crops during the transitional periods under consideratidhWhat are the
changes in the composition of wild/weedy flora during the periods under consideration in the
Amug Plain and the north of Syria and if any were detected, how can these changes be
interpreted in apalaeoenvironmental perspective®); Can we trace any climatic signals for
changes in water availability and/or soil nutrient content of crop plants dutieglate &'

and 2 millennia BCE at Tell Tayinat?

5.2 MATERIALS and METHODS

5.2.1 Archaeobotanical data

| studied 117archeobotanical sampléselating to 1304 liters of sediment volusm@ which

63 samples were from the EBA IVB and 54 from the Iron Abases, excavated in 2005
2013. 16083 objects were identified and classified It analytical plant categories. These
were further merged odiscarded;resulting in 135 taxa/genera entering the descriptive
analysis.A multivariate approach was employed evaluatetemporal variations in the
composition of wild/weedy flora. performeda Redundancy Analysis (RDAyith species
composition (total countsps response to variables categorized by archaeologically
identified phasesNote that for simplicity inthe multivariate analysis, all samples with less
than 20counts, and taxa with less than 10 % ubiquities in each period were excluded. This
reduced the total number samples frbf¥ to 101 and the total number of taxa from 135 to

54for Tell Tayinat.

The published archaeobotanical data from Tell Atchana (Alalakh) were further amalgamated
with the present study, to facilitate analysis of diachronic changes in crop and wild plant

assemblages in the Amugq. This dataset includes the archaeobotanical repats (#0D6),
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Riehl (2010) and Stirn (2013). For the ubiquity scores, only the dataset of Stirn (2013) was
taken into consideration, because of a better stratigraphic control of these samples rather than
the former two. The total counts and the percentagesde all studies of Tell Atchana
because these analyses were less affected by a sampling bias. Another RDA plot was
produced for both sites comprising the wild plants of both settlem&hts.multivariate

analysis was performed using CANOCO 5 @eaak& G mi | ,2QL2).r

5.2.2 Stable carbon and nitrogen isotope data

Barley (n=30) and freghreshing wheat (n=35) grains were selected for joint stable carbon

and nitrogen isotopes analysis. When available, 6 grains of both barley aithréseng

wheat wee analyzed from each of the field phases. Mature anedbesaged grainsvere

used to ensur e € WwaueseThe Eaalc BronpenAgeodamplés contain
numerically less fre¢hreshing grains so that fewer grains, of this sort, were included from

this period. The stable isotope carbon and nitrogen ratios were anatyttexl lastitute of
Geosciences of the University T¢gbingen, Ger
Quest Delta+XL mass spectrometer. To eliminate the sedimentary carbonate from the surface

of samples, thergins were subjected with 5% HQiefore takingg he meas Ut€ement s
values of ancient grains were calculated to the VPDB common standard (Vienna Peedee
belemnite &) to acaqui PGCinhoer sampléseThe anblytiaall ar r

precision of measur elfite mtngd fVoa’® ilabout 0. 1a for

The mean water input values were calculated with the equation of Araus et al. (2014; see
Chapter 4 for more information) and were compared with the modern meteorological data in
the Amuq by calculatingt he t ot al amount o f . This Iéngruni | + I
met eor ol ogi cal data has been gat hered from

meteorological stations, as leeward and seaward, has been integrated in the figures. The
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former stations are located at the leeward side of the Amlslimds. and include Islahiye,
Hassa and Kirikhanyhile the latterwhich are situated on the seaward side of Amanos and
having a good amount of atmospheric moisture, include Iskenderun, Antakya and Samandag

stations (see Tabl&for more information).

5.3 RESULTS

5.3.1 Archaeobotanical results

The overall composition of the assemblage includes typical archaeobotanical findings such as
crops, chaff remains, and a large number of wild plants from across the field phases (see
Table 5). The assemblage of Tell Tayine divided into three categories to describe the
relative densities of these find categories. In general, the inclusion of all crop plants and crop
by-products (stalk, chaff remains) represents 1/3 of all finds. Similarly, four wild taxa/genera
occur withhigh ubiquity scores in every occupational layer. Only these four taxa/genera form
at least 1/3 of all finds identified. The remaining tarta confined to the other 1/3 of the
assemblage (Figl3). The find density scores show that the FPOcontains thelenser
deposits with 20 objects per soil sediment while FP8a and FP7 include 14 and 13 objects per
1 liter of soil sediment. Similar figures were reached for the Iron | deposits (FP6 as8);FP4
however, the density scores of archaeobotanical object®3nig- comparatively too low,

below 5 objects per 1 liter of soil sediment (Fi§). Looking at the relative percentages of

crop finds, cereals comprise the majority of findings with over 40% in each field phase. This
value becomes the highest in FP5 w#0%. The relative percentages of the other two
categories, pulses and perennial trees, appear comparatively less often. These finds compose
55% at most, in the FP8b, but this figure becomes the lowest in the FP5 and3F240%

and 25% respectively) (Fid4).
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Phases| FP9-8b | FP8a FP7 FP6 FP5 FP4-3

Period EBA IVB IRON I TOTALS
Total number of samples analyzed| 21 12 30 27 16 11

Total sediment processed| 151 108.25 | 37875 | 364.75 219 100 1321.75

Objects per one liter of sediment| 20.78 | 14.00 13.78 11.55 4.34 12.00
Total counts| 3138 1515 5219 4214 950 1200 16236
Cereals| 171 103 369 502 267 179 159
Pulses| 100 49 233 131 30 23 566
Perennial trees| 100 79 169 220 23 36 627
Chaffs| 637 121 539 255 27 9 1588
Selected wild taxa| 1129 672 2191 1477 343 602 6414

Table5  The overall characteristics of the Tell Tayinat plant assemblage including information on the
total number of samples analyzed, total volume of sediment processed, find density scores per phases,
total counts per phase, the counts of cereals, pulses, perennial trees, chaff remains and four frequently
occuring wild taxa (ryegrass, canarygrass, clovers, stinking chamomile).

5.3.1.1 Cereals

Across all samplesnostidentified crops are cereals (Fith).The three most ecomon cereal
species are twoowed barley lordeum vulgary emmer wheatT{riticum dicoccum and
free-threshing wheatT{riticum aestivum/durum Some remains could not be successfully
identified to any of th@riticum categoriestherefore classified adriticum sp. Additionally,
einkorn wheat Triticum monococcumwas only encountered sporadically. In genetiad

glume wheat grains (emmer and einkorn) tend to occur at low counts in all phases

investigated.

During the Early Bronze Age, barlgyoportionaly outnumbers emmer and bread/durum
wheat. The relative percentage of this crop is above 30% during the Early Bronze Age phases.
However, when combined, the crops frdmticum genuscompose 6&/0% of the cereal
assemblage. Bread/durum wheat accounts faurat 1030% of the cereals during the Early
Bronze Age phases. A slight decrease in barley values happens during the FP8a and FP7

when the wheat categories are composed of almost 70% of the cereal assemblHge (Fig
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During the Late Bronze Age and Iron &g, a higher proportion of fredareshing wheat, than
two-rowed barley or emmer wheat,was detected (E&). Nonetheless, there is a notable
increase in ubiquity scores bif. vulgareduring FP6 and FP5 in comparison to the LBA Tell
Atchana and the FP3 dkll Tayinat.The ubiquity scores @f dicoccumare higher during all

Iron | field phases at Tell Tayinat, thémose observed at the LBA Tell Atchana (Tab)e
During FP6, and FR3, the proportions of bread/durum wheat reach to 40%. This value is
25% n the FP5. However, there are proportionally more emmer finds during FP5. Einkorn

wheat also appears with higher proportions in the same phasé&g%¥ig.

The ratio of barley to bread/durum wheat also demonstrates this trend towards greater
representatiorof bread/wheat throughout this time. Figuté shows that higher barley
occurrences during the Early Bronze Age are getting lower in the Iron Age |, although a small
increase in barley occurrences is discernible during the FP5. When comparing the ratio of
barley to all wheat finds (FidL7), it becomes clear that greater values of barley finds were
concentrated during the Early Bronze Age. The barley to wheat ratio is never over 1 which
indicates that barley is always found less than wheat finds. Thisisagjetting smaller to
around 0,30,4 values in the Iron Age | which indicates increasing numbers of wheat during

this period.

The chaff remains of barley, bread/durum wheat and emmer ateatell represented in all
deposits. During the Early Bronze Agie ratio of grains to chaff remains demonstrates
abundant chaff remains early in the sequence-8P8 especially rich with chaff remains
while FP8a shows an increase in grain finds of bread/durum wheat. The other two cereal
categories contained mordaff than seeds. Nevertheless, the ratio shows that there is a
steady decrease of chaff finds during the Iron Age I|. This decrease seems to have

concentrated in the FP5 and FR4{Fig.18).
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5.3.1.2 Pulses

Lentils (Lens culinari3, bitter vetch and an aggrate category of vetches, including both
bitter vetch and grass pea/red vetchliMici@/Lathyrug, are relatively more common than

field bean Vicia faba) and garden ped&{sumsativun). The latter two are only occasionally
present in a few samples bothriohg the Early Bronze and Iron | Age. However, during the
FP938b, there are more field bean finds, while garden pea appears mainly during the FP5.
Lentils occur less often than the aggregate¥iofa/Lathyrusin each of the occupational
phases and perisdof Tell Tayinat. The specific identification of the aggregates of
Vicia/Lathyrus into any of these generavas not reliable enough due to the state of

preservation and fragmentation (Fig).

While comparing the relative percentages of pulses betweém\itblana and Tell Tayinat,
Vicia ervilia and Vicia/Lathyruscategories appear proportionally more often at both sites
during the Late Bronze and Iron Age transitidficia ervilia is proportionally the most
common pulse species at Tell Atchana. Duringltba Age, this trend continues to be the
dominant pattern; however, the identification of the objextess secure during this period.
Therefore, many objects were classifiedVasia/Lathyrus Nevertheless, it was eith¥ficia

ervilia or Lathyrus satiws/cicerathese were the abundant pulse taxa in this period. The
ubiquity scores demonstrate high occurrencekenfs culinarisand Vicia ervilia during the

Late Bronze Age at Tell Atchana. Eith¥icia ervilia or Vicia/Lathyrusare always higher
scoring han lentils. This trend continues during the Iron Age. During the FP6, the lentil
occurrences are notably high while it drops to lower values in the succeeding phases of Tell
Tayinat.Vicia fabawas recorded during the latest level of Tell Atchana (n=d)the earliest
phase of Tell Tayinat (n=1). Apart from these entries, it is missing during the Late Bronze and
the Iron Age.Pisumsativum,on the other hand, demonstrates a more substantial appearance

with the beginning of ocqation at Tell Tayinat
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5.31.3 Flax

Flax (Linum usitatissimu is a minor component of the crop repertoire and it appears
sporadically during the Early Bronze and the Iron Age the assemblage with low counts.
There are five securely identified flax objects during the Early BroAgewith a 6,35%
ubiquity score. The Late Bronze Age levels of Tell Atchana show the same trend with
ubiquity scores between 9,7% and?%,fespectively to Level 8 and Level 2.This trend
continues during the Iron Age, demonstrating ubiquities witB%0and 4,5% during the FP6

and FP5. In total, the ubiquity scores are close to each other with 8,9% and 7,5% at Tell

Atchana and Tell Tayinat respectively.

5.3.1.4 Possible horticultural crops

Caper(Cappariscf. spinosa)and fenugreekT{rigonella foenicun-graceum)appear only in
the earliest phasef the Iron Age I, FP 6. CoriandeCg@riandrumsativum)was recovered at

the end of Iron Age | (FP 3).

5.3.1.5 Perennial trees

The remains of grape/(tis vinifera), fig (Ficus carica) and olive Qlea europaepare well
represented in the Early Bronze Age and the Iron Age assemblage&Q)Fio addition to

regular welldeveloped grape pips, a large number of rudimentary/miniature pips occurs.
These smalkized grape pips comprise one fourth ofgalipe finds recovered. On the other
hand,these al | ed fAskel etonizedo gr theste htorp.No us u al

raisinswere found in the Tell Tayinat assemblage.

The relative percentage shewigher values during the Early Bronze Age phdeegrapes
while olive and fig finds are second and third most common categories, respectively. The

absolute percentage of grape in the plant assemblage is around 2,20%. The same value of
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other tree cropss much lower (Tableb). Olive proportions are lower duringe FP98 but

were increasing in the following two phases of the Early Bronze Age. The same is also visible
for fig proportions which are higher in the FP7 compared to the previous phases. The LBA
proportions of all three perennial trees are low in thele®4 of Tell Atchana; however, it

rises rapidly to higher values in the next level. During the Iron Age, grape and fig show
higher values while the olive proportions are getting lower until the rest of Iron Age I. During
the Iron Age |, instead, thegfiproportions are increasing during the FP6 and¥R4hile the
values of olive stones are lower than in the Early Bronze Age and the Late Bronze Age Level

3-2. (Fig.20, Table6, Table7?).

eBAV | IRONI | eBAN [ IRONI | EBAN | IRONI | EBAN | IRONI
Absolute counts Ubiquity scores Proportions Find density

Total counts of crops [Total number of samples Total soil sediment

CROPS 2675 1733 63 54 638 683,75
Hordeum vulgare (grs.) 225 238 85,71 68,52 2,27 3,74 0,35 0,35
Hordeum vulgare {rachis) 381 123 66,67 27,78 3,85 1,93 0,60 0,18
Triticum spp. {fr. thres/gl.) 205 250 71,43 70,37 2,07 393 032 037
Triticum aestivum/durum (grs.) 124 333 53,97 64,81 1,25 5,23 0,19 0,49
Triticum aestivum/durum {spi. bases) 116 94 38,10 31,48 117 1,48 018 014
Triticum dicoccum 84 118 53,97 37,04 0,85 1,85 013 017
Triticum dicoccum {spi. bases) 800 74 84,13 35,19 8,08 1,16 1,25 0,11
Triticum monococcum/boeticum 5 9 7,94 1,85 0,05 0,14 0,01 0,01
Vicia/Lathyrus 280 120 82,54 64,81 2,83 1,89 0,44 018
Vicia faba 4 1 6,35 1,85 0,04 0,02 0,01 0,00
Lens culinaris 93 54 52,38 35,19 0,94 0,85 0,15 0,08
Pisum sativum 5 9 794 3,70 0,05 0,14 0,01 0,01
Olea europaea 84 22 73,02 25,93 0,85 0,35 013 0,03
Vitis vinifera 229 140 74,60 64,81 231 2,20 0,36 0,20
Ficus carica 34 116 26,98 29,63 0,34 1,82 0,05 017
Linum sp. 5 10 6,35 5,56 0,05 0,14 0,01 0,01
Pistacia cf. lentiscus 1 1 1,59 1,85 0,01 0,02 0,00 0,00
Coriandrum sativum 4 0,00 3,70 0,00 0,06 0,00 0,01
Trigonella foenum-graecum 5 0,00 1,85 0,00 0,08 0,00 0,01
Capparis cf. spinosa 12 0,00 3,70 0,00 0,19 0,00 0,02

Table6  The absolute counts, ubiquity seores, proportions and find density scores of all crop
categories and horticultural plants identified at Tell Tayinat.

In case of ubiquitycores, grape and olive are fairly wetpresented during the Early Bronze
Age phases. The scores are betweetr8®@® for both tree crops. The higher scores are

concentrated at

166



ABSOLUTE COUNTS
ALA 154 | ALA 132 | TAY P6 TAY P5 | TAY P4-3 |ALA_TOTAL| TAY-TOTAL
Sample amount 54 59 39 22 6 113 67
Hordeum vulgare 438 34 126 78 31 472 235
Triticum spp. {fr. thres/gl.) 307 30 129 69 52 337 250
Triticum aestivum/durum 1551 98 192 66 63 1649 n
Triticum dicoccum 30 16 56 45 15 46 116
Triticum monococcum 2 2
Hordeum vulgare (chaff) 101 1 113 8 2 102 123
Triticum aestivum/durum (chaff) 227 6 78 9 7 233 94
Triticum dicoccum (chaff) 44 66 10 44 76
Vicia/Lathyrus 8 7 63 5 11 15 79
Vicia ervilia 818 70 21 10 2 888 33
Lathyrus sativus/cicera 4 6 2 4 4 12
Vicia faba 4 1 4 1
Lens culinaris 94 33 44 5 5 127 54
Pisum sativum 1 8 9
Linum sp. 13 1 9 1 14 10
Vitis vinifera 26 61 921 15 6 87 112
Olea europaea L. 7 14 89 5 22 21 116
Ficus carica L. 20 57 21 1 1 77 23
UBIQUITY SCORES
ALA 154 | ALA 132 | TAY P6 | TAY P5 | TAY P43 [ALA TOTAL| TAY-TOTAL
Sample amount 31 14 39 22 6 45 67
Hordeum vulgare 74.2 21.4 821 409 83.3 57.8 68.7
Triticum spp. (fr. thres/gl.) 419 429 69.2 68.2 83.3 42.2 70.1
Triticum aestivum/durum 935 429 564 545 83.3 77.8 58.2
Triticum dicoccum 25.8 214 333 364 66.7 244 37.3
Triticum monococcum 0.0 0.0 0.0 4.5 0.0 0.0 1.5
Hordeum vulgare (chaff) 38.7 7.1 538 13.6 333 289 388
Triticum aestivum/durum (chaff) 29.0 0.0 385 273 333 15.6 343
Triticum dicoccum (chaff) 22.6 0.0 487 273 0.0 200 373
Vicia/Lathyrus 0.0 0.0 66.7 13.6 33.3 0.0 463
Vicia ervilia 74.2 57.1 231 318 333 689 26.9
Lathyrus sativus/cicera 0.0 0.0 103 9.1 50.0 0.0 134
Vicia faba 0.0 0.0 2.6 0.0 0.0 0.0 15
Lens culinaris 516 21.4 4110 227 333 42.2 343
Pisum sativum 0.0 0.0 2.6 9.1 0.0 0.0 4.5
Linum sp. 9.7 7.1 103 4.5 0.0 89 7.5
Vitis vinifera 323 28.6 615 318 50.0 311 50.7
Olea europaea L. 19.4 35.7 48.7 4.5 16.7 244 313
Ficus carica L. 9.7 7.1 30.8 18.2 50.0 8.9 284
PROPORTIONS
ALA 154 | ALA 132 | TAY P6 | TAY P5 | TAY P43 |ALA_TOTAL| TAY-TOTAL
Sample amount 54 59 39 22 6 113 67
Hordeum vulgare 11.9 7.9 114 23.0 14.0 115 13.9
Triticum spp. {fr. thres/gl.) 8.3 6.9 11.7 204 235 8.2 14.8
Triticum aestivum/durum 42.0 22.7 174 195 28.5 40.0 19.0
Triticum dicoccum 0.8 3.7 5.1 133 6.8 11 6.9
Triticum monococcum 0.0 0.0 0.0 0.6 0.0 0.0 0.1
Hordeum vulgare (chaff) 2.7 0.2 10.2 24 0.9 25 7.3
Triticum aestivum/durum {chaff) 6.2 1.4 74 2.7 32 57 56
Triticum dicoccum {chaff) 1.2 0.0 6.0 29 0.0 11 4.5
Vicia/Lathyrus 0.2 1.6 5.7 1.5 50 0.4 4.7
Vicia ervilia 22.2 16.2 19 2.9 09 215 20
Lathyrus sativus/cicera 0.1 0.0 0.5 0.6 1.8 0.1 0.7
Vicia faba 0.0 0.9 0.1 0.0 0.0 0.1 0.1
Lens culinaris 2.5 7.6 4.0 15 23 31 3.2
Pisum sativum 0.0 0.0 0.1 2.4 0.0 0.0 0.5
Linum sp. 04 0.2 0.8 0.3 0.0 0.3 0.6
Vitis vinifera 0.7 14.1 8.2 4.4 2.7 21 6.6
Olea europaea L. 0.5 13.2 19 0.3 05 1.9 14
Ficus carica L. 0.2 3.2 8.0 1.5 10.0 0.5 6.9

Table7  The absolute counts, ubiquity scores, relative percentages of all crop categories identified at
Level 54 (ALA_L5-4) and Level 3-2 (ALA_L3-2) of Tell Atchana and Iron Age | field phasesof Tell
Tayinat in succession from the earliest phase on (TAY_P6, P5, B}
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the end of the Early Bronze Age sequence. Fig ubiquities, however is much lower than the
other two during this period. Olive pits are found in most oatiapal deposits with
comparatively higher ubiquity scores in the Early Bronze Age than in the Iron Age samples.
Fig finds, most of them carbonized and less mineralized, are also present throughout the

whole sequence with slightly higher ubiquities in blwe | samples (Fig. 21).

5.3.1.7 Wild plants

Four wild taxa,Lolium (ryegrass)Phalaris (canarygrass)Melilotus/Trifolium (clovers) and
Anthemiscotula (stinking chamomile) occur frequently and consistently in each sample and
phase (Fig.23). The ubiquiy scores of the first three taxa are over 90% and stinking
chamomile is aroun@0% of ubiquity during the Early Bronze Age and the Iron Age | (Table

8). The absolute percentages of these four wild taxa also show high values. Ryegrass is
prominent among thothers if considering the percentages. This wild genus possibly includes
several different species at Tell Tayinat. Its percentage score increased to over 35% during the
end of the Iron I. The increasing trend of this genus continues during the Inod Il §see
Chapter 7. A decrease is discernible in find density scores on the other hand. There are 3,03
Lolium caryopses per sediment during the EBA while this score diminishes to 1,28 during the
Iron Age I. Canarygrass also demonstrate a similar @enokss the Tell Tayinat phases. This

wild plant is so abundant during both periods with ubiquity scores of over 90%. The
percentage of canarygrass, on the other hand, was about 6,63% during the EBA and is getting
notably higher during the Iron | period,creasing to 14,16%. Its densities are also getting
higher from 1,03 to 1,32 per 1 liter volume of sediment during the Iron Age | (Bable
Clovers (also possibly including several smsbdedMelilotus and Trifolium species)
demonstrate the same tread Lolium with notably high ubiquity and percentage scores
during the Early Bronze Age. Similar to thelium category, the percentage score of this

plant decreasefsom 11,88 to 6,76 respectively during the Iron Age |. Such decrease is also
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visible in the ind density scores (Tab®. Stinking chamomile has been added to this list,
apart from other members of Asteraceae family, this species appears continuously in both
periods. The ubiquity scores of this species slightly decreases from about 60% to 53%
compared to both periods, but an increase is visible in percentage from 2,30 to ®/}dk%o,

find density scores remain steady (0,36 and 0,31 per sediment volume respectivelyd)(Table

Apart from these four wild taxa, the remaining wild plants also deirate some
dissimilarity between both periods. The EBA samples are composed of numerlous
leguminous plants other thavielilotus/Trifolium, including Prosopiscf. farcta, Coronilla,
Trigonella, Scorpiurus Securigerasecurigedaand Medicago The ubiquiy scores of wild
leguminous plants vary from genera to genera during the Early Bronze Age. However, in
comparison to the Iron Age |, the entire wild leguminous pleategory shows highe
ubiquity, percentage and findensity scores during the Early BrenAge (Tabled). When
comparing the smaBeeded clovers to the resttbé relatively bigger wild legumes, it shows

the higher ratios achieved during the Early Bronze Age phases andrivesr during the

FP6 and FP5, but not in FB34(Fig. 24). Prosopiscf. farcta is the most conspicuous among

all wild legumes as it occurs with 68,25% ubiquity in the EBA, whilst this score falls down to
5% in the Iron Age I. Such a decrease also appears for other leguminous taxa such as
Securigerasecurigedaand Trigonela. This decrease in ubiquity is less pronounced in
consideration ofScorpiurusand Coronilla; however, percentage and find density scores are
consistently low for all of these wild leguminous plants during the Iron Age I. This trend of
decreasealso inclulesMedicagoin the case of ubiquity and density scores. Nonetheless, it is
apparent that the percentage of this planbnaemains steady between both periods (Table

9).
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Similar to Lolium and wildleguminous plantsnediumseeded wild grassesi¢rdeum sp.,
Bromus spp.StipadStipagrostis Festucatype; Avenatype) follow the same decreasing trend,
except the wildHordeum sppwhich increased its values in all scores during the Iron Age I.
The comparison of percentages of mediamd smalseeded wild grsses (inclLolium into
medium categoryPhalaris into small category) demonstrates a distinct pattern towards
greater occurrences of sma#eded grasses in FP6 and FP5, but not in3-fg. 22). This
diminishing trend is visible iBromus spp Festucatype andStipatype at bestiron Age | is
characterized by theelatively high abundance of smakeded grasses (eAjJopecurugPoa
Phleum cf. phleoides Agrostis canina type, Aeluropus cf. littoralis and Cynodon cf.
dactylon. These smalseeded gramoids were not new additions to the assemblage since
they also occured in the Early Bronze Age in varying ubiquities. However, they become more
visible in the Iron Age | assemblage with higher percentage and density scores. The same
trend is also seen ithe unidentified smalteeded graminoidss they account for a

comparatively major part of wild grasses (Tad)e

A similar dissimilarity appears within the various plant taxa from different families. The taxa
strongly associated to EBA levels @dene Thymelaealithospermumarvensis Vaccaria

cf. pyramidata Ranunculus cf. arvense, Valerianetlantata,and Bupleurum Largerseeded

plant taxa from the Rubiaceae family also show a strong clustering pattern in the early Bronze
Age phases. These taxa luae Galium aparine/spurium Asperulaand Sherardiaarvensis

Galium cf. parisiense on the other hand, a smakeded Rubiaceae plant, demonstrates the
same ubiquity and find density scores between both periods and shows an increase in
percentages durinthe Iron Age I. In general, unidentified sma#ieded Rubiaceae finds

show a notable increase in all scores during this period.
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The remaining taxa are associated with the Iron | phases. These taxa appear in higher scores
in all analysesThese are made upf several wild plantsfrom the families of Cyperaceae
(Scirpusmaritimus Eleocharis Fimbrystriscf. annug, of Asteraceae (incCichorium Picris
hieracoides Centaureatype; see also Fig. 14as well as several other taxa such as
Chenopodiummurale Malva, Rumex Torilis leptophylla cf. Octhodium aegypticum,
Ornithagalum/Muscarand Verbascum/ScrophulariaThey all show a trendf increase

during the Iron Age ITable 9.

For all taxa which thrive in good soil moisture conditipttse analysis demotrates that there

is a steady increase in their representations during the Iron Age R8ridduring the FP4B,

these moisturdoving taxa reach the highest value with 8% of the entire assemblage. The
majority of these findings are coming froRumexand Scirpus maritimus The ubiquity
scores ofRumexare fairly high during the early Bronze Age; nonethelesstéxisnslightly
diminishes during the Iron Age I. A certain increase in ubiquity scores is visible for both
Rumexand cyperious plants during tR€7 which is the final Early Bronze Age occupational
layer. Also, during the Iron Age |, in combination wiRumex the cyperious plants are

getting more ubiquitous (Fig6).

The ordination diagram of the redundancy analysis revealed that time periogdsclearly
associated with the wild species community (R2@). The variation in the wild species
composition explained by time amounted to 7,8% with the first two pdRi2A axes as
well as each of the time periods independently havingsignificant eféct in the
composition of plant remains. Specifically, the wild species community was separtated
three clustersgarly Bronze Age and the IrorAl(FP6) the first partial RDA axis with

explained variation of 7,8% (pseu#fo=2.0, P=0.0245, n = 126, peautations n =9999).
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After breaking the dataset into phases of Field 1, the RDA demonstrates that the species
composition is more different in FP6c, the earliest Iron Ageshdse, from the rest of the
assemblage. The contribution of this suiase to thedotal variation of this analysis is
about 30% while this explanatory variable accounts for 4.3% of the variation in the whole
dataset (pseudb = 5.6;P=0.0018, n = 12ermutations n 9999). Two other clusters are
discriminated in the plot. The Earlyr@hze Age phases show a close clustering pattern
with each other. FP7 explains 2.2% of total variation. This phase accounts for 15.5% of
variation in the present plot (pseuffo= 2.2;p=0.0016, n =126, permutations n 9999). It

is important to note thahe p-value of FP8b is 0.043 and of FP8a is 0.071 respectively.
The other cluster includes Iron Age field phases other than FP6c demonstrating a
diminishing significance level and contributing much smaller variation than the rest of the
phased-ig.28, Tabé 8). Among other Iron | phases, the FP3 explains for 1.8% variation of
the entire assemblage. The contribution of this phase to the total variation of this analysis

is 12.5% (pseud®=2.4;P=0.0535, n£26, permutations n £€999).

Contribution

Name Explains % % pseudo-F P

Field 1 Phases.6¢ 43 303 5.6 0.0018
Ficld 1 Phases.7 22 155 29 0.0016
Ficld 1 Phases.3 1.8 12.5 24 0.0535
Ficld 1 Phases.8b 1.6 114 22 0.0434
Field 1 Phases.8a 1.4 10.1 2 0.0711
Field 1 Phases.5b 13 94 1.8 0.1163
Field 1 Phases.6b 1.1 1.7 1.5 0.1175
Field 1 Phases.5a 0.3 1.8 04 0.9905
Ficld 1 Phases.6a <0.1 0.1 <0.1 0.9998

Table8  The table charts the explained variation (%) of the field phases to the overall variation in the
assemblage, the contribution of the field phases to the variation in the current analysis together with
pseudceF and p-values.
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When repeating the RD#£echnique of all available datasets from the Tell Tayinat and Tell
Atchan&, wild plant community tends to react to time variation with significance at all axes.
Three time periods were clearly clustered separat@lyne as an explanatory variable
accountdor 45.8% variation of the analysi§he horizontal axis separates the Late Bronze
Age from Early Bronze and Iron Ages that accounts for 27.41% of the total variation
(pseudeF=1.9; P=0.0032, n=60permutations ng999). The vertical axis, instead, show a
separation of the Early Bronze Age from the other two succeeding phases. This axis
explains 18% of the total variation. The Monte Carlo permutation test results, on all axes,
demonstrates that time, as a variable, has a significant effect on the specpssition

(pseudeF=2.1;p=0.0023, n=60permutations n&999) (Fig29).

To test if there was a significant change in the species composition from the Late-t8ronze
Iron Age transition another RDA plot was designed. Looking closer to the sampled
phases/leels, the ordination diagram of RDA separates the phases/levels of both sites into
three clusters; the LBA levels of Tell Atchana, FP6 and the remaining Iron Age | levels. The
pattern described in previous plots also appears in this one. The FP6 of yiedt &how

more similarities along the horizontal axis to the succeeding Iron Age phases, but also differs
from them along the vertical axis. These two Iron Age phases of Tell Tayinat have more

similarities with the Late Bronze Age Tell Atchana levels gltre vertical axis (Fig30).

2L Note that the initial multivariate analysis of Tell Tayinat plant material included 126 plant taxa while thi
reduced to 60 in the the comparative analysis of Tell Atchana and Tell Tayinat to remove rare taxa.
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EBA vV IRON | EBA vV IRON | EBA vV IRON | EBA vV IRON |
Absolute counts Ubiquity scores Proportions Find density
Total counts of wild plants Total number of samples Total soil sediment
WILD PLANTS 6536 L - 63 54 638 683.75
Lolium sp. 1932 B78 95.24 BB.R9 19.52 13_80 3.03 1.28
Phalaris sp. 656 a0 90.48 90.74 6.63 14.16 1.03 1.32
Hordeum spp. 30 48 31.75 33.33 0.30 0.75 0.05 0.07
Festuca-type 25 ] 19.05 3.70 0.25 0.13 0.04 0.01
Bromus spp. 39 15 a41.27 11.11 0.39 0.24 0.06 0.02
Stipa type 17 2 2222 3.70 0.17 0.03 0.03 0.00
Phleum cf. phleoides 24 96 20.63 24.07 0.24 1.51 0.04 0.14
Aeluropus cf. ittoralls 24 29 1270 24.07 0.24 0.46 0.04 0.04
Alopecurus/Poa 3 22 3.17 11.11 0.03 0.35 0.00 0.03
cf. Cynodon dactylon 13 13 19.05 12.96 0.13 0.20 0.02 0.02
Poacsag, indet (large) 178 202 60.32 72.22 1.80 3.17 0.28 0.30
Poaceae, indet. (medium}) 405 183 66.67 59.26 4.09 2.88 0.63 0.27
Poacsag, indet (small) 26 30 17.46 2593 0.26 0.47 0.04 0.04
Poaceae, embryo {indet.) 112 68 491 2593 1.13 1.07 0.18 0.10
Poacsae, chaff {indet) 15 26 11.11 14.81 0.15 0.41 0.02 0.04
Coronilla sp. 146 16 79.37 20.37 1.47 0.25 0.23 0.02
Scorplurus sp. 54 10 49.21 18.52 a.55 0.16 0.08 0.01
Prosopis cf. farcta 101 3 6B.25 5.56 1.02 0.05 0.16 0.00
Securigera securigeda 97 3 61.90 5.56 0.98 0.05 0.15 0.00
Medicago sp. {+pod frags) 14 10 14.29 7.41 0.14 0.16 0.02 0.01
Mealliotus/ Trifollum 1176 430 93.65 90.74 11.88 6.76 1.84 0.63
Trifollum cf. alexandrium 11 9 12.70 7.41 0.11 0.14 0.02 0.01
Trigonelia sp. 19 1 20.63 1.85 0.19 0.02 0.03 0.00
Fabaceae, indet {medium)} 26 13 23.81 12.96 0.26 0.20 0.04 0.02
Fabaceae, indet {large) 200 59 76.19 3333 2.02 0.93 0.31 0.09
Bupleurum sp. 42 39 31.75 14.81 0.42 0.61 0.07 0.06
Aplaceae, indet. small-seeded 99 44 53.97 20.37 1.00 0.69 0.16 0.06
Centaurea type 25 130 2222 2593 0.25 2.04 0.04 0.19
Anthemis cotula 228 213 60.32 53.70 2.30 3.35 0.36 0.31
Cichorium sp. [ 30 6.35 1296 0.06 0.47 0.01 0.04
Asteraceae, indet 26 10 23.81 12.96 0.26 0.16 0.04 0.01
Lithospermum arvense/tenuifollum 31 10 28 57 11.11 031 0.16 0.05 0.01
Qchthodium of. aegyptl 1 12 1.59 11.11 0.01 0.19 0.00 0.02
Valerianella dentata 13 4 17.46 7.41 0.13 0.06 0.02 0.01
Vaccaria cf. pyramidata 10 19 1270 1.85 0.10 0.30 0.02 0.03
Sllene sp. 55 8 47.62 14.81 0.56 0.13 0.09 0.01
Caryophyllaceae, indet. 12 17.46 0.00 0.12 0.00 0.02 0.00
Sdrpus maritimus 51 64 2540 44.44 052 1.01 0.08 0.09
Rumex sp. 110 226 63.49 53.70 1.11 3.55 0.17 0.33
Eleacharis sp. 8 10 7.94 14.81 0.08 0.16 0.01 0.01
Fimbristylls cf. annua 2 16 3.17 11.11 0.02 0.25 0.00 0.02
Cyperaceae, indet. [ 17 6.35 11.11 0.06 0.27 0.01 0.02
Gallum aparine fspurium 60 10 47.62 14.81 0.61 0.16 0.09 0.01
Gallum cf parislense 20 27 12.70 1296 0.20 0.42 0.03 0.04
Asperula sp. 93 23 47.62 11.11 0.94 0.36 0.15 0.03
Sherardia arvensis 14 4 19.05 1.85 0.14 0.06 0.02 0.01
Rublaceas, indet {frags) 67 22 49.21 14.81 0.68 0.35 0.11 0.03
Rubiaceae, indet. (small seeded) 5 18 7.94 1296 0.05 0.28 0.01 0.03
Thymelaca sp. 140 22 60.32 24.07 1.41 0.35 0.22 0.03
Chenopodium murale 4 52 6.35 11.11 0.04 0.82 0.01 0.08
Omithagakum/Muscarl 6 8 7.94 11.11 0.06 0.13 0.01 0.01
Malva sp. 10 64 12.70 2593 0.10 1.01 0.02 0.09
Anagallis sp. 8 7 11.11 9.26 0.08 0.11 0.01 0.01
Verbascum/fScrophularia 8 20 11.11 16.67 0.08 0.31 0.01 0.03
Ranunculus of. arvense 7 1 11.11 1.85 0.07 0.02 0.01 0.00
Mouse droppings 26 17 2857 9.26 0.26 0.27 0.04 0.02

Table9  The absolute counts, ubiquity scores, proportions and find density scores of wild plant
categories with an ubiquity score higher than at least 10% in either Early Bronze Age or Iron Age at Tle
Tayinat.
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Figure 13 Find density scores of three categories including all crops and crop #products, four wild
and weedy taxa (ryegrass, canarygrass, aggregate clovers, stinking chamomile) and the rest of wild plants
identified at Tell Tayinat.
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Figure 14 Relative percentages of crop categories across the Early Bronze Age IV phases (f8B98a,
and 7) and Iron Age | (FP6, 5, 43).
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Figure 15 Relative percentages of various ceal crop categories.
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Figure 16 Ratio of barley to free-threshing finds across field phases.
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Figure 17 Ratio of barley finds to all wheat finds including durum/bread wheat, emmer wheat and
Triticum sp.
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Figure 18 Ratio analysis of selected crop categories and associated chaff remains across field phases.
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Figure 19 Relative percentages of legume crops across field phases.
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Figure 20 Relative percentages of perennial trees across field phases.
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Figure 21 Ubiquity scores of perennial trees.
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Figure 22 Percentage scores of mediurmand smallseeded wild grasses across the field pless
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Figure 23 Percentages of four wild taxa across the EBA IV and Iron | field phases.
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Figure 24 Ratio of wild legumes to clovers.

179



10,00
8,00
6,00
4,00
2,00
0,00

FP9-8h FP8a

FP7 FP6  FP5 FP4-3

Figure 25 Percentages of watedoving taxa.
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Figure 26 Ubiquity scores of selected wateloving taxa.
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Figure 27 Ordination diagram of the redundancy analysis for the wild species communityacross
periods. Triangles indicate samples. Dots represerthange in species position along the ordination axes.
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Figure 28 Ordination diagram of the redundancy analysis for the wild species community across
sub/phases. Triangles indicate samples. Dots represent change in species pwositlong the ordination

axes.
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Figure 29 Ordination diagram of the redundancy analysis for the wild species community across
occupational periods of Tell Atchana (LBA) and Tell Tayinat (EBA, IRON). Triangles indicate samples.
Dots represent change in species position along the ordination axes.
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Figure 30 Ordination diagram of the redundancy analysis for the wild species community across
phases/levels of Tell Atchana and Tell TayinaCircles indicate sampes. Dots represent change in species
position along the ordination axes.

5.3.2 Stable carbon and nitrogen isotope results

Both crop plants in the EBA show either favorable or moderate water stress but never under

the expected thresholds of-167 a f ®y andl&lréla f othresHing eheatFig. 31)

The mEanvap ues during FP8 and FP 7 are over
@’ values is 17,51a NO, 50 f or-thiesningwheat.land 17
the following occupation phase dur i ng FP7, the mean values a

and 17,274 Na,ht%eshfiog fwheat. “Thearaegeaoné |
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duringthe FP8 and O, 6a during tdhédrERPRAIi nFhwheanges

1,8a dur i n g-P%réspectireRTabled0). d

The mear™N valuesduring the EBA demonstratehe r esul ts with arounc
for barl ey a ntdeshing wheadFig.f34)rThefmean aitrogersotopic values

by phases are betihesing 5wit8atNlal® 5059&ArNE, 90
FP8. In the foll owing FP7 phases the mean ni
N1, 46, but fofalsbar BepOBhiNd, Qal Tdve range of
5,8a for bar | esthreahingwhéat didng theoEBA. Minima value of barley

is 2,35a, whil e t he 4heshimg wheat. Maxima \alued forlbath f or
pl ants are close to each ot he rthreshing wihea8an® a a n (

barley(Fig. 35, kg. 36, Fig. 37;Table10).

The mean carbon isotope values of the 1lron
freet hr eshing whé@tvalThe imeaRPeép ifosfredtifrestinga RNoO
wheat . TH® vreelamme g n the same phase ©pBP516, 893
the mean values are similar to taedopiteéyvidbas
N O, 6 4or fiedthreshing wheat and barley respectively. During the FP3 instead, the mean

values of both plants are gett fonfgethmeshing e r . T
wheat and 17, 43& NO, 98 SD for barley. The r a8
1,6a during the I ron | . Ttowards the arld of¢he seguenset e a d i
For both plants, t he wal ule s7 ai-tefesting Gilieateed F P 6 ;
barley respectively during FPsyhi | st t hi s value is much smal |

freet hr eshi ng wheat (Fg.r82 Fid 33Pi@ 36f Figr 37 talzel0). e y

The meart™N values duringthe lrond how t hat t hdedrease cosmpasethto the 2 a

EBA values(Fig. 34, Fig. 35) The mean Iron | stable nitrogen valume3 , 5 84, 64 f or
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barl ey and 3, 1-héshifglwhé&t A phads-phbse doek at the stable

nitrogen values demonstrate t hat t he values are fluctuatin
range of nitrogen values for bot h-thnedhiagnt s i s
wheat . Whil e the minima value of wheat s 1

This is Ma)aarfadanak, 2a ( 1fFgn36, kg B7Tdblel0). bar | ey

The mean water input amount demonstrates no stress conditions during the Early Bronze Age
phases (FR8 and FP7). The amount of water input coincides well to the current rainfall
amount derivedfrom the Antakya meteorological station. During the Iron Age |, more
specifically in FB, themean water input diminishes by about 40 mm, decreasing to 100 mm
for barley and 80 mm for freareshing wheat. This amount of water input coincides to the
Iskerderun, Samandag and Islahiye meteorological stations. This trend continues during the
FP5 whilstat the end of Iron Age | in FP3 it is marked with well water input conditions

coincident to the modern values in the Antakya meteorological station3§HHy. 39).

When comparing to minima and maxima values of water input, the same trend towards
greater water input appears in the Early Bronze Age. The minima values do not fall down
under the values of Iskenderun and Samandag for both plants. The saméoisRR& ofthe

Iron Age |. For the FP6 and FP5 of Iron Age I, instead, the minima values diminish to the
rainfall values of the leeward side of the Amanos. These values coincide to the modern
rainfall amountsat Islahiye, Hassa and Kirikhan. On the othand, the maxima values show
well wateedinput conditions even for the FP6 and Fd*®ver 150 mm. The lowest maxima
values are measured for the FP5 which coincwiéis the modern values of the Iskenderun

station at about 100 m(kig. 40, Fig. 41)
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Carbon Nitrogen
Period Phases Crop Mean A (%o) | Range (%) SD+ Mean 15N (%) | Range (%o) SD+
P8 WHEAT 17,30 2,4 0,90 5,63 4 1,66
EBA BARLEY 17,51 1,4 0,50 5,59 6 1,90
£p7 WHEAT 17,27 18 0,75 5,23 3 1,46
BARLEY 17,88 0,6 0,43 3,60 2 1,09
£P6 WHEAT 16,01 2,5 0,78 3,77 6 1,82
BARLEY 16,89 2,5 0,83 4,04 5 1,69
WHEAT 15,77 2,2 0,77 3,05 4 1,23
IRON'1 FPS  ImaRiey 16,71 17 0,64 2,22 3 0,90
£p3 WHEAT 17,67 16 0,60 2,36 2 0,85
BARLEY 17,43 1,9 0,98 4,29 3 1,44

Table 10 The meancarbon and nitrogen isotopevalues, range and standard deviation of barley and
free-threshing wheat across field phases.
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Figure 38 Water input values calculated from stable carbon isotope discrimination across field phases.
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Figure 41 Maxima water input values of barley (red) and freethreshing wheat (blue).Lines indicate the
total rainfall amount during | April + May (meteorol o

5.4 DISCUSSION

Maintaining the complexity is costly since mosecial groups are involved in the social
networks like specialists and administrators who did not engage in food producing activities

for their own sustenance (Taint@©99). The overcentralization of complex political systems
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was often marked by the itsitional interference of palace and temples into agricultural
production. Renfrew (1972) argues that the palatial system controls redistribution of
specialized production over gramil-wine polyculture in the Aegean region. It is often
assumed stihsatte nfteeubagr i c ul-tomplex dormrokefpopmduetiont s a |
system with a greater emphasis of seifficiency (e.g. Tainter 1999). Subsistence
agriculture is more associated with the commoners, who had no or less means to produce
agriculturalsurplus, to have personal gains and eventually to record these into the clay tablets.

On the other hand, Ai nstitut i -oremddactvgyrandc ul t ur
propensity of the Acompl exd ci vsystemwéuelthens of
needs of the neproducers (cf. Frangipan2018;van Koppen200L; also see Hirth1996 for

various interpretations).

This understanding largely treats social structures as static, timeless categories, as well as
some social actors @svisible and subordinate to othershistory-making What follows is a
unilinear comprehension otultural evolution in which subsistence agriculture eventually
transforms into the more complex forms of productive and exchange systems, after the
complexadministrative and political entities emerged during the Late Chalcolithic in the Near
East. Also, this distinction by no means impléegriori lacks of surplus for the subsistence
agriculturalists (Halstead 989). Instead, more archaeologicallgcurag¢ interpretation would

be to define the pathways of resource mobilization andougtering strategies among both
types of agcultural practiceHirth (1996, p.223) defines twaypes of resource accumulation

in preindustrial societies targeted at differ purposes; 1) individuariented: where the
resources were accumulated at the level of household or lineage organization to successfully
manage important rites of passage or rituals for the community; 2) camiexted: where

elites accumulate resas in pecial social contexts which wexalidated by social rank,

status and cosmolog$chloen (2001) proposes that Bronze Age communities were structured
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through hierarchical kinship model (called the Patrimonial Household model). This model
indicatesthat all agricultural lands were possessed by extended patrimonial households and
organi zed by a steep hierarchy. The top of
household, while at the bottom there are sia@alitiholders who owe some kind obrvee

service to hold the rights to work on their lands. Nonetheless, this Weberian understénding

ancient society egar ds the soci al structure as modul

ordinary farmer s hous e h orpadizatioralhpengiples, & tha t e
scale of operations differs. Seen in this way, in a case of what is called institutional
agriculture, more managerial information has to be transmitted and processed among the
diverse social segmentgin relation to class, professional, gender, etc.)n which the
information has to be centralized and processed to reach the correct social actors (Tainter
1988, p.91-92), but this information transmission is not necessarily presupposing a higher

level of technological sigficance in food production.

Traditional agricultural economy encompasses various risk buffering mechanisms against
stress factors (Halstea®l O 6 S h¥089). The three riskuffering mechanisms of agro
production are crop diversification, intensificatiordaspecializationaiming at reducing the
variability of food supplies due to climate, pest infestation, environmental hazards or political
instabilities (Marshton2011; Morrisorn 1994). Other ristbuffering strategies were practiced

by ancient farming comunities, such as transferring the agricultural surplus into livestock,

by feeding the animals, this was one of those strategies to cope with possible future bad years
(Halstead 1996, p.23). Water management in the form of terrAc@dding to minimize tle

risk of crop failure is not a propensity of complex seuaditical organizations, but also
appeared in smaficale secalled subsistence agriculturalists of the early Iron Age when

expansion of settlements in the topographically challenging landscapbeofCentral
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Highlands in the Southern Levant took place (Hopkir®37, p.184; cf. Wilkinson 2003, p.

135).

Storage has been considered another mechanism to average out the resource variations over

t i me ( [ROEArletl98%).YDne type of storageisad | ed MAsoci al storage
the buffering effects of lineage organizations over fluctuating reso(rééa | st ead and O
1989). Survival in unpredictable environments, where the seasonality is a significant factor

over agricultural production,etcessitates creating larger social units among kin groups which

can buffer the risks of <c¢crop &ODiSIhiOB.The hr ou gl
pal ati al economy in Mycenaean Greece is ar
inhabitants @ buffer the various risks from unpredictable climatic and environmental
fluctuations (Halstead 1996). In this line of thinking, Cooper (2006) notes thditaked

networks and affiliations could become Fisuffering social structures during the post

collapse period. On the other hand, physical storage of resources was a necessity where the
mar ked fluctuations hapReEaleti 985 0 PéAkbbnayVi s
(1985) mention that,; né Wher e s emaepooduation ty i s
in the political economy, however, the intensification of agriculture associated with the rise of

early states exacerbates the risks involved in relying on such crops, because of a reduction in

the complexity of the agricultural base (i.g.ibcreasing dependeeac on a | i mi ted ¢

(1985, p.191).

According to Middleton (2012), the palatial organizationMgcenaean Greece was never
fully encompassing every segment of society. FoxHi#P%, p.243) and Halsteadl995, p.

232) suggesthat the palatial control over food suppligas highly specialized. #ALinear B
tablets demonstrate, the palace did not hold control over the whole food supply, but only

incomegenerating products were produced under the palatial administration. Theucgep
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from the norinstitutional sector tends to be more varied aiming atssdffciency( O 6 Sé& e a
Halstead 1989). For instance, the Linear B tablets do not record the leguminous crops which

were generallyfound in the storage units in the LBA Mycenaeant e s . Akin to H
interpretation othe Linear B texts from the Aegean, Charles and Bogaard (2001) suggest that

the lack of pulse crops at certain archaeological exposures, like public courtyards, during the
Akkadian occupation at Tell Brak consdered as evidence of specialized agriculture, while

the wider range of crop remains uncovered frodomestic contexts has been argued to be

the soecalled privatésector agricultureTherefore, Halstea@995) mentions that all pulses

and some cereals nfigghave been acquired for the palatial storerooms via excHemmge

local farming communities

How was the agricultural system affected by the loss of complexity during theglegtse

period when the political instabilities occurred? FoxhdaB®95 argles that although the
framework (political economy) changed dr amas
components of the agricultural system are i
political economy remained constant in the succeedingqudisipse periodn respect to the

fall of the Mycenaean civilization in Greece. The range of staple crops represents no change
after the fall of the palatial economy in Greece while the principal changes were detected in
relation to the proximities of commui@s to a major palatial center, the dependence and
integration to the agrarian economies of the palace during the Late Bronze Age.Therefore, the
postcollapse period was characterized with cultural continuity although changes in the
settlement organizationere detected in many cases (Middlet®d12, p284). Thus, instead,
postcollapse periods may be better interpreted as a period of social adaptation rather than a

Atedious interlude between, 1989 p.a030) ortfrer @ st i ng

1

a&t astrophi s seeMiddletan 2qiZar 4 review of approachps
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Moreover, the administrative records demonstrate a significant change in labour organization

with the transition from the Early Bronze to the Middle Bronze Age, in relation to the

transformation of the Mesopotamian society according to GO, p. 243

Ge l

i The -freeealass of thegurus workers and the ration system dominated the

sociceconomic life of early Mesopotamia all through the periods of Fara through

pre-Sargonic and Sgonic to Ur lll. Beginning with the Old Babylonian period, the

term g u r forghe semifree class disappeared completely and was replaced by

others. At the same time the ration system was slowly dying out in Babylonia

proper, although it continued strongdty outlying regions, such as Mari and Chagar

Bazar. After a brief period of revival in the Kassite period, the ration system seems

to have died out in Mesopotamia by the end of

iThese changes ar e t utien ofrtlee Medofdotandah soeihhe r adi c al
economic system, which began at the end of the Ur Ill period and reached a full

form in Old Babylonian times. The growing urbanization of the country brought

about a rise of industry and an increased number of artisans ereofrge to work

for wages; and the redistribution of land as a result of Amorite invasions created a

new class of small peasants who paid taxes and owed service to the palace. While in

the older periods major productive forcesre concentrated and corted by the

state (palace, king), temples, and large landholders, by the Old Babylonian period

the major production seems to have been achieved by the lamditiolders and

arti.sanso

béds remar ks ar e yndetstandimngheaHtistonch deveigpment of n t

agroproduction in the Amug. Although the archaeobotanical data from the Middle Bronze

Age levels at Tell Atchanare to date noexistent, the textual evidence from Level Vi

shows the predominance of barley rationing for dependent werkdrthe palace (Zeeb

2001).Despite the favorable micrdimatic conditions at the Amugq, the dependency of barley

as principal crop taxon for rations would be related to diverse historical and economic

reasons. Firstly, the conversion and equivalencypfaanade barley more suitable to be used

for economic activities since the crop provides dependable yield structure. Hirth mentions that

resource conversion is an important factor for the growth of the political economy to structure

the form of exchangeelations, to stimulate the flow of resources through exchange systems,

t

o

and to allow accumulation of wealth items in the dsaof the political elite (1996, [226).

These properties of barley possibly relate to the minimal fluctuations in yield and also the
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total weight of harvested crops would be equal from one year to another. This confidence
level in yield structure possibly brings greater emphasis on thesddrihty of barley into

other goods and servicesefisulato, Nakassis 2010) and even credits (e.g. PaulR814).
Secondly, the continuation of a ration system rather than wages could be indicative of the
Mesopotamian impact on the development of spailitical complexity that continued even

after the ration system was abandoned in Southern Mesopotamia.

5.4.1 Local and regional patterns of crop productionin the Amuqg and northern Syria

54.1.1 Cereals

As commonwith archaeobotanical assemblages in Mear East, cereals comprise the
majority of crop finds at Tell Tayinat. The EBA ubiquities and proportions of cereal crops in
the Tell Tayinat assemblage temporally coincide well to the regional patterns of agricultural
production. At Tell Tayinat, this ialso recognized in other Bronze Age si{Bsehl, 2009;

Riehl & Deckers, 2012 the prominence of barley cultivation remained unchanged
throughout the Bronze AgeRiehl identifies a continuous trend for the dominance of barley
during the transition frorthe Early Bronze to the Middle Bronze Age at another settlement in
the Orontes watershed, Qatna (Rj&2007). Similar observations have been made at Ebla

(WatcherSarkady 2013, p.377).

The emmer wheat, on the other hand substitutes a marginal rble fiood economy of Tell

Tayinat with substantially lower densities and ubiquity scores. Another cereal crop, einkorn
wheat, on the other hand is almost absent in the crop repertory of Tell TayinatdiAgco

Riehl and Deckers (20)2his crop plant hashe lowest yield structure and high water
requirements. The authors argue that this cr
a factor for its virtual disappearance from the crop assemblages during the Middle Bronze
Age.
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At Tell Atchana, the radn lists from the Middle and Late Bronze Age also shows the
distribution of barley (Wisemari953). The archaeobotanical finds, on the other hand, from
the Late Bronze Age levels of this settlement present an alestdglished use of free
threshing whetaas the preferred crop for human consumption; barley becomes the second
most occurring cereal in these levels (St2A13; Rieh] 2010). However, it should also be
noted that the intrgite variability of dietary practices within a settlement remainshawk

to usat this site. Contextual information can further elucidate the prevalence -tfifesiing
wheat at this site. Thisneans, the presence of frweshing grains in these particular
contexts may be related to the provisions allocated to théangilpersonnel, who would be
expected to be given more valuable fteeeshing wheat rather than barley. Therefore, the
deposition of crop remains onto the cultural layers of Tell Atchewoaild be more
complicated to reconstruct due to its changing sitetfan and depositional characteristics of

crop plants.

In general, freghreshing wheat outnumbers other crop plants for all Iron | deposits of Tell
Tayinat, although a slight increase in the proportions of barley is discernible in the present
study. Thistrend appears at nehy sites along the Orontes Watershed. The patterns of agro
production at Tell Tweini demonstrate close similarities with the sites in the North Orontes
Valley and Cilicia (KinetH® y ¢ k a nTeépe)Knith ai sgyreficant focus on frélereshing
wheat, barley and bitter vetch (Linseele et ial.press). At Tell Afis, a similar situation is
recorded with a greater emphasis on igeshing wheat in the assemblage, rather than
barley use, which was consistently dominant during the EBrohges (WachteBarkady

1998).

Both periods show high amounts of chaff remains of all three cerealsomezhtabove.

Hillman (1984, p. 126suggests that the settlements in dry climates would generally process
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their products just after the harvestmpleely to the clean grain stage, to be stored in the

storage units. On the other hand, the inhabitants of wetter climates mostly pracessed
semicleaned stage, to store their product as spikelets to be consumed daily. Nesbitt and
Samuel inform that thisvas not the case in ancient Egypt where the grain was stored as
spikeletsat semicleaned stagalthough bhe climate was fairly dry (1995, p0). This practice

was also identified in the Aegean, at Assifbsumba during the Iron Age and at a
Chalcolithics i t e Kuru-ay in western Anthe aherihand, | nst
Hillman (1985, p.10) observes that the frélereshing wheat is generally stored in a semi

clean stageln regards to this recurrent evidence, it is not implausible to assanthéhfinal
stages of crop processing, after podMW4),bly co

were handled indoor at Tell Tayinat during both periods.

54111 Barley

Barley, especially the twmwed variety, provides certain advantagesitnreproductive

habits (e.g. shorter growing cycle, low water demand and high salinity tolerance) and its
suitability to malting, foddering and/or human consumption (Ri€B09; Miller, 1997,

Powell 1985). Abbo, Gopher, and LeYadun (2015 p. 350) alsomentions that the
differential adaptive profile of the Near Eastern grain crops could be a factor in the wider
ecogeographic range of certain crop plants. Among others, wild barley has a wider range of
ecogeographic adaptive capability which is refleatedhe wider agronomic adaptation of
domesticated barley into €#rent environments (Abbo, Levadun, & Gopher, 2010 Barley

ripens two to three weeks earlier than wheat species therefore early harvests make it resistant
to rust. These selective advargagan also be seen for the yield structure of barley. The yield

of this crop species ogyiroduces emmer and frélereshing wheat over aaverage of

numerous years, although single year yields can be comparatively higheetiaia extent
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(Powell, 1985p. 16). In some Ur lll records, emmer wheat-petformsbarley in volume

but never in weight (PowellL985, pl15).

Two-rowed varieties of barley are dominant in the Early Bronze Age repertoire of Tell
Tayinat as identifiable barley rachis segments destnate. The selection of twowed

barley, instead of the sibowed one, is a general trend in the Near East, while in the Aegean
the sixrow variety was more common (Rieh2010, p.22). In the case of Northern
Mesopotamian sites, McCorriston and Weisb@@02) as well as Hald and Charles (2008)
define a temporal trend toward greater occurrences of barley caryopses and processing debris
in the Khabur Basin in Northern Mesopotamia from Late Chalcolithic to the Early Bronze
Age. The same trend towards gezabccurrences of barley over other crop plants has also
been identified at Tell Hammam-Eurkman, in comparison to Ubaid on Bronze Age levels

of this settlemmt (van Zeist, Waterbolkan Rooijen, & Bottema, 1988, @10). Later early

Bronze Age levels aivo other sites, Selenkahiye and TeHRaqai, in the Middle Euphrates
confluence demonstrate the same prance of barley (van Zeist 1993, $.0 0 ; D° nme z
2006, p.14). The sites in the Balikh basin showngar results (van Zeisi999, kgure 19.4).
Furthermore, a clear norgouth gradient coincident to rainfall amounts for crop choices in
Middle Euphrates sites has also been identified and is indicating the increase of barley
proportions, at southern sites, at the expense of wheat (Mi&&7, p.128). Nonetheless,

even much further north, barley was recorded abundantly rather than wheat species (Sadori

Susanna, & Persiani, 2006,21.0).

Although Powell (1985, p. 13) rightfully notes the difficulties of identifying the exact
attestations of otlecrop plants than barley and emmer in cuneiform tektseems that
several other crop plants have been used in rationing thegupendent workers (Gelb,

1965, p.236), barley singikhandedly dominates the majority of agricultural production in
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terms of sowing rates and rations or wages in the administrative records recovered from
Mesopotamia and northwestern Syria (Liver&il4, pp101-102; A. Cohen2007, pp411-

412; Ellison 1981; Marchesi 2013, p.274; Archi 2015, p.321; Dornauer2017; van
Koppen 2001; Sallabergeer & r u2Q15; Gelb1965. This trend in the confluence of the
Euphrates and Northern Mesopotamia in general demonstaatgsater focus on barley
monao-culture, rather than diversification of crop repertoire for a-bigiering strategy and to
minimize failure of the whole yield due ® single crop (Riehl2019; Marston2011; see
Halstead 2011, p.230 for the same issue in the Aegean). Hald (2010) puts forward that the
similarity in the range of agricultural goods and of cnmcessing debris among the
households of newly devel bpggkomagri hdiwoabé
role of the political authority in food redistributiofihat being the case, in regards to the
concentration of barley mormulture in tle Khabur basin, it being administered by palatial
organization must have been in concert with the setalle farming activities, to maximize

the annual returns and to secure the subsistence base of households in times of

environmental/climatic and politit criseqWeiss et al. 1993

It is also suggested that the dominant character of barley cultivation may also be related to the
specialized pastoral production beeing destined as animal(féeQorriston & Weisberg

2002; Miller, 1997, p.128; Sallaberger1996 for textual evidence from Tell Beydar).In
respect to the | arge storage structures, su
Miller (1997) points out that these should have been used for storing fédo@&ronmental
aridification was als@roposed as a factor for the prevalence of barlefaasrable crop to

sustain he subsistence economy (Hald@harles 2008; Charles, Pessin, & Hal#Q10Y>.

2 Charles et al. (2010) repeats this argument of climatic aridification and the predominance of barley at Tell
Brak from Late Chalcolithic onwards to clatic aridification brought by 5.200 BP event. However, the flax
finds also become more common at the turnover of LC3 to 4. That indicates that it is also likely that the fields
previously allocated to hulled wheat cultivation can be used this time focdiléixation while barley became

the principal crop for human consumption to have been practiced in poor soil.
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Akin to Wil kinsonbés theory of zone of uncer

pressue can be a determining factor for the increasing presence of barley as the cultivable
areas in Hammam -@turkman were restricted to the river valley, but the comparatively
unproductive plateau near the settlement was the only area with arable fieldabecatops

(1999, p363).
54112 Freethreshing wheat

The appearance of wheat taxa, in lower proportions in the EBA Tell Tayinat assemblage, also
corroborates the plant evidence from the neighboring sites. The archaeobotanical analysis
from the desuction layer of the Palace G at Ebla, which is roughly contemporary to Tell
Tayinatin the second half of the third millennium BC (Welt@911)confirms the limited
occurrence of wheat species (Wacksarkady 2013, p. 377). Tell Qarqur, another multi

period site along the Orontes, represents a similar pattern with a certain greater emphasis on
barley use, however, as recorded at Tell TayinatTtliezum species become more common

than barley when allriticum taxa are considered together during thelyEBronze Age IV

(Smith, 2005, kgure 6.3). Further south at Qatna, although barley was the dominant crop, a
shift occurred in the crop assemblage including moretfreeshing wheat rather than emmer
wheat at the end of the“3millennium BCE (Riehl 2007). Barley also continued to be
dominant athe Middle Euphrates sites while ubiquities of fteeeshing wheat remain high

in this region.Moreover, Riehl and Deckers 12D describe that the freareshing wheat
proportions are getting lower in the Euplesasettiements during the Middle Bronze Age in
comparison to the Early Bronze Age values. The use oftfireshing wheat is discernible at
much more easterly sites in th€éhabur Basin (Riehl 2009, 2010p Smith, 2012; cf.
McCorriston & Weisberg 2002, p491) where the rainfall amount wgstting higher than at

southerner sites.
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It is known thathexaploidyTriticum aestivumand tetraploidT. durumstrains differ in their
waterholding capacity, as the latter has the highest capacity level, comparegttordiding

and emmer wheat (Riehl 200201(; Samuel 1986, p. 92 On ecological grounds, durum
wheat would be a more likely candidate for Tell Tayinat-treeshing wheat grains since it is
known that durum wheats are walilapted to the bimodal cotidns of a Meditemneantype
climate and toleraterought stress comparatively better (Percival 1974). On the other hand,
the aestivumtype is suggested to be meadapted to continental conditions and tgudr
humid temperate climate gn Zeist 1999, p.360) which responds better to the increased

rainfall (Riehl 2010)ut is les tolerant to floods (Davies Blillman, 1988).

54.1.1.3 Emmer wheat

Grains and spikelet bases of emmer wheat have relatively high occurrences during the EBA
but never higher #m barley. During this period, emmer wheat grain occurrences are half of
those for barley. Modern agricultural experiments in long demonstrate that emmer was

not reliable enough taverageyield over long years. Powell (1985) notes the experimental
studies of the US Department of Agriculture Experimental Station. According to their results

in the longr u n, Aié in a total of 58 crop years, e
than barley, whereas, in a total of 187 crop years, barley averaffednd8et han e mmer 0
(Powell, 1985, p.17). However, from the Alalakh tablets, it is known that emmer was
allocated to the royal horses during the MBA (Wiseni53). The occurrences of emmer

wheat during the Iron Age show constantly diminishing values that msigedy contain less

and less finds in the course from Iron | to Iron Ill at Tell Tayinat (seeGitspter 7and8 for

emmer).

Emmer wheat apparently seems to obtain a much wider preference in the Southern Levant as

a staple foodduring the Bronze AgeéChernoff & Paley 1998). The figure presented by
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Riehl (2009, p. 109, Figurg3) shows a certain geographic differentiation among barley and
emmer wheat. Barley is predominant the settlements close to the coastal zones while
emmer wheat occurs at inlasdes. It is difficult to describe this patterning according to the
bioclimatic properties, as both crop species comparatively tolerate drought conditions well.
However, such a focus on emmer cultivation in this region would be related to the
relationshipto Pharaonic Egypt where studies show that emmer wheat was the prevalent crop
for a long time up until the Roman period (NeskittSamuel 1996). Economic and social
impacts of the Old Kingdom over the Southern Levant were known from textual sources
(Nesbit & Samuel, 1995 This could indicate that the organizational patterns of agro

production may have been another aspect of such interaction.

Regarding the overall evidence of crop production, the cultivation of the glume wheat species
becomes less andske evident from the Early Bronze Age onwards and is largely replaced by
free-threshing wheat in the course of the Iron Age (Ri2B09). This evidence coincides well

with the evidence derived from Tell Tayinat. One explanation for thistemg trend wold

be that the processing cost of glume wheats is higher than ethfeshing wheat species,
therefore, in operational terms, freweshing wheat requires less labor input during-post
harvest processing compared to glumeatsJike emmer and einkorrHjliman, 1984). This
economic explanation considers that the centralization of markets necessitates the
reorganization of labor force towards crop plants that require lower labor input in the post
harvest operation like fretireshing wheafNesbitt & Samel, 1996; \an der Veen2007).

van der Veen also points out that since -tteeshing wheats are nowadays fully processed,
immediately after the harvest, this agricultural change from glume wheats 4ihrieshing
wheats requires a shift in greater lakalocations of the household during the harvest
operati ons. She argues that this shiffvan woul 0

der Veen2007). Instead of piecemeal processing the glume wheats in the household, cleaning
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the crop product orhe field can liberate womefrom this laborious task (2007, §85) while
women can allocate more time to manufacture textiles for inggmerating (McCorristgn
1997. Therefore, this specific shift may indicate a labptimizing strategy for the

devel@ing textile industry.

Despite the fact that emmer wheat is becoming less ubiquitous over the Bronze Ages; taste,
on the other hand, would still be a significant factor for its sunagah minor crop. Hillman

(1984, p.135) observes that emmer wheat s only crop product which was preferred for
bulgur-making by the farmers in the Asvan area of Turkey. The antiquity of this type of use is
certainly unknown to us although the identification of bullike plant objects was
previously proposed in litenate (Valamotj 2002). As Hillman (1984, [35) reports, Pliny

the Elder, mentionethe same particular situation of emmer preference during the Roman
period, although the exact association of the Latin walich for bulgur is not definitely

proven on liguistic grounds.

5.4.1.2 Pulses

At Tell Tayinat, the pulse crops display a more prominent focus on two large vetches, bitter
vetch {icia ervilia) and to a lesser extent on grass pedhyrussativus/cicerg, rather than

lentil (Lens culinari3, garden pa (Pisumsativun) and faba beanVfcia faba). The latter

pulse crops, as well as chick pe2ider arietanun), occur frequently in varying degrees in

other regions (see the next chapter) while the characteristic emphasis on bitter vetch
consumption is recagzable in the accumulated data along the Orontes (R2EHI%, p.

110) . This diversity, i n contrast, doesnodt
millennium BCE. These sites show that the richness of crop legumes was diminished to
lentils, gass pea and pea, while other taxa such as bitehand chickpea, to a certain

extent disappeared (McCorrist&nWeisberg 2002, p492).
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54121 Large vetches

Bitter vetch and grass pea/red vetchling can be classified under large vetches duwsno cert
common physiological characteristics of both crop plants. These characteristics are their
ability to fix nitrogen by symbiosis with bacteria (this trait is widespread in leguminous plants
except for trees from this family); secondly, the toxicity ofithseeds which are causing
neurological malfunction if consumed in quantity for a prolonged period. Additionally,
regional distribution of both plants shows that they were more common in the Northern
Levant and Northern Mesopotamia except for singulaumweaces in other regions (Riehl

201(). This impatant regional patterning wasli@ssed again i@hapter 6.

Bitter vetch is common in the Orontes Watershed in Bronze Age sites like Tell Qarqur
(Smith, 2005,p. 184), Tell Tweini (Marinovat al.,2012a, p.348) and Zincirli (D. Karakaya,
unpublished data) which produced pure bitter vetch concentrations recowversitl.
Moreower, Alalakh tablets demonstrate evidencefioh t y p e kissangwhitchovhsd  (
allocated to ruminants (Wisemaih953; Zeepb2001) According to Stol (1985: 132) this

crop plant in cuneiform texts can be attested to either common Wétsh §ativg or bitter

vetch while the evidence of common vetch is-earstent so faat Tell Tayinat as well as at

Tell Atchana (Stirn2013; Rehl, 2010). Thekissanuhas been referred to several times in the
Alalakh tablets as feed for the oxen, horses, donkeys and birds1(®36l p131). Regarding

the frequent occurrences of thetseo crop plants in the Near East (Rigl@010a), it is

plausble to assume that thisssanucan either belong tWicia or Lathyrusgenera.

Bitter vetch has a dense root network, requires less water to grow than cereals and has a high
tolerance to drought and cold. It does well with shallow soils (M8llétnneking 2004). The
plant is harvested by uprooting because of its compact growth habit. It contains high amounts

of protein, about 227%, and is accepted as good fodder for cattle, sheep and camels.
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However, Miller and Enneking mention that the ruminants shootdave more than 25% of
their diet due to its toxicity. Pliny the Elder notes that the semgstbe soaked for several

days before feeding them to cattle (MilerfEnneking 2014).

It is known that the seeds of bitter vetch as wellLas/hrus sativusticera are toxic to
humans and animals (except ruminants); therefore its use as staple and fodder crop in
antiquity has been discussed by several authors (Zadtasy, 2012; Miller & Enneking

2014; Rieh) 1999,201(; see Valamoti, Moniaki, & Karathano2011for ethnographic and
experimental evidenc®) Dung burning has been proposed as a possible taphonomic pathway
for bitter vetch remains to be incorpomiato the archaeobotanicassemblages (Miller &
Enneking 2014). On the other hand, althougktdyi vetch has been associated with fodder or
famine food in recent texts, therealso ethnographic evidence for its consumption after the
detoxification process (Pet@@hocarro & ZapataPena 1999). Valamoti et al.(2011),
suggesting that soaking in watand boiling can significantly reduce the toxicity of these two
grain legumes, while the removal of testa by either soaking and boiling or mechanically by
pounding or grinding can help todetoxification of these &ofEthnographic evidence from
Spain show that thereare a variety waysof consumptionof the Lathyrus sativus/cicera,
including eating uncooked in the green state, cooked in a stew, milled into flour or as roasted
seeds eaten as snacks. On the other hand, boiling the seeds and the lower @BdtRoto

the selectiveathyruscrops seems to reduce the number of neurolathyrism cases substantially

(PenaChocarro& ZapataPena 1999, p51).

% Latyhrussativuscontain the neurotoxic neprotein amineacid 3N-oxalyl-L-2, 3 diaminopropanoic acid (B
ODAP). If consumed by humans or anima disease caused lathyrism affects the patients with loss of muscular
control, paralysisof lower limbs (Miller & Enneking, 2014, p. 255; PEhacarro & Pena, 1999, p. 51; Kislev &
Hopf, 1985, p. 143).

24 Although there is no ethnographic parallel to kmpwledge, it is also possible that as the toxic substance is
largely concentrated in the seed testa, early harvesting of these crops before the testa is fully formed can be
another way of reducing the toxicity. This treatment, if ever happened, camekglaonspicuously small sizes

that we recognize in the archaeobotanical record of Tell Tayinat in comparison to modern specimens.
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A climatic explanation for the preference of bitter vetch as a dreotgrant crop remains
rather elusivayiven the fact that the rainfall amount is more than sufficient to cultivate-water
demanding crops in the Amug. Furthermore, regarding the dichotomy between drought
susceptible andtolerant crop plants, it should be noted that the moistareanding pulse
crops, like chick pea, are totally absent in the assemblage, while similarly garden pea is only

minimally represented in the whole sequence of Tell Tayinat.

54.1.2.2 Lentil

Lentil is one of the most valued grain legumes in the Near East. The higin proitgent
(25%) makes it a valuable contribution to the diet (Ri2alLM). Riehl (2009, 201l6) notes

that the crop has a moderate stiedsrance while modern agronomic studies show that its
yield reacts to rainfall more than to temperature. Althobghpersistent trend for bitter vetch
findings at Tell Tayinat, at Ebla, lentii seems to have been the dominant legume crop

(WatcherSarkady 2013, p.391).

From the Early Bronze to Middle Bronze Age, the proportions of lentils are reduced
compared to biér vetch in much of the Near East (Ri&2008). An interesting regional trend

is that the lentil which wasnhost widely appearing in the Southern Levant was superseded by
the cultivation of bitter vetch after the end of the Early Bronze Age (R&€09). The
dominance of bitter vetch over other crop legumes continued during the Bronze and Iron
Ages. In northern Mesopotamia, the prevalence of bitter vetch over other pulses is also

visible.

5.4.1.3 Flax/linseed

The general lack of flax/linseed finds in tNear Eastern sites is evident from the end of the

EBA onwards (Riehl2009). Due to its high oil content (which is about 40%aairy weight
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basis (Kislev et al.2011, p.580), the preservation condition is regarded as a contributing

factor for the virtuhabsence of flax/linseed objects. Moreover, more concrete evidence of
flax finds at Tell Tayinat, excluding its sporadic occurrences in EBA, is concentrated in the
later Iron Age at symbolically charged urban spaces like the temple (Building XVI), and the

socal l ed nGate Compl exo i n ChHagterugmgpBr t own of

Also, most probably, this crop had limited culinary use but was largely allocated for textile
fibers and/or oil extraction. This type of use may explain its conspicuouscabsé Tell
Tayinat and elsewhere. Flax cultivation depletes the soil nutrients dramatitiadyefore
Kislev et al. (2011, p580) informs that a flax farmer has to wait at leaétyears to replant

the crop orthe same field.

5.4.1.4 Other economicallyseful plants

Caper remains appeanly sporadically in the assemblage. These remains are only recorded
in the Iron | deposits at Tell Tayinat while its presence has been recorded at several sites in
chronologically disparate sites. The remains of thegpspecies have been reported from the
EBATellesSa d6i di y e h, 2008 anrJardan, ihegBBA Tell €aveyhat (Miller 1997

in Northern Mesopotamia and at the LBA Ulubmirgshipwreck (Ward, 20Q3as concentrated

bud finds in jars. This indicates thide plant has been in use for a long period in the Near
East. Caper seeds are rich in protein, oil and fiber. Also its medicinal use has been recorded

by Dioscorides (Megaloud?005).

Coriander and fenugreek are addressedhapter 7

54.1.3 Tree crop

It is long known that the area of cultivation of the typical perennial trees does not usually

exceed the latitudinal range of their wild progenitors in the Near(Eabary& SpiegeiRoy,
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1975). Moreover, spontaneous hybridization events are common gamald forms and
cultivated forms of these perennial trees (Zoh&y SpiegelRoy, 1975). Occasional
hybridization is reflected in the genetically interconneatédd forms, escapees, and weeds;

this makes it almost impossible to identify whether the or@jigenuine genetic materialas

from wild or weedy forms of these trees. Nonetheless, another important aspect is to note that
the crosgollination syndrome and high heterozygosity of individual clones are important to

yield phenotypically diverse progies from hybridization even{g\bbo et al, 2015, p.350).

The available evidence thus far indicates that the domestication of perennial fruit trees was a
stepwise processis also seen in the domestication of grain c{gp#ier, 2018) The typical

Near Eastern fruit trees cultivated with vegetative propagation which requires a detailed
knowledge of various methods (e.g. stem cuttings and rooting of twigs for vine, stem cuttings
for fig and pomegranate; basal knobs for olive, offshoots for date palm, emus$ $or
almond).On the other hand, these perennial trees require constant care and labor investment
in the longterm. McCorriston 009 andvan der Veen (2014) defined the continuity of
arboricultural cultivation as indicators of stability of commumitend land rights. On the

other hand, Hamilakis suggests that the drinking of wine (and using perfumed oil) became an
exclusive elite activity at the height of the Minoan civilizations in the neopalatial period,
while the palatial authorities controlledetknowledge of production for factional differences

among different palatial centers in Crete (HamilakB&99, p49).

54131 Grape

Grape is one of the Afirst wave of tree dome
date and pomegranat€ohary, Hopf and Weiss2013, p.115; Weiss 2015; Zohary&
SpiegelRoy, 1975). Grape thrives in moist habitats, grows well in the Mediterranean Basin

with the requirement of 560200 mm rainfall during the growing season, between February
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and July (Riehl2009), while submerged conditions and salinity are negative factors for its
cultivation (Powel] 1995, p.104). The main distribution range of wilitis in the Eastern
Mediterranean basin comprises coolersio habitats in the sclerophylegetation belas its
primary habitats (Zohar& SpiegelRoy, 1975). The Amuq is within the distribution range of
wild Vitis. In general, the sizeable amount of rainfall in the Amuq basically provides good
local climatic conditions for the cultivation of arboricultunatoducts. In regard to the
biodiversity of the forested landscape of the Amanos, apart from Vitilsl sylvestrisand
cultivated Vitis vinifera, another species Bmpelopsisa member of Vitaceae thrives in the

mesic forests of the Euxinigdycarnian beland is present in the regi¢Wwagenitz 1962).

The appearance of grape pips during the Early Bronze Age VIB at Tell Tayinat is somewhat a
late date regarding the domestication of grape and the dissemination of viticulture across the
Near East. The earlieevidence forwine production has been found @keorgian and
Armenian sites during the Neolithic and Chalcolithic peridsGovern et al., 2017 By
analyzing a jar through organic residue analyMcGovern et al(1996) offers a Neolithic

date for theearliest evidence of viticulture, contained in a jar from Hajji Fifepe in the
Zagros Mountains in Iran. In the Aegean, the early indications of wine production were
proposed at Dikili Tash (Valamoti et ak007). Wine imports from the Levant to Egypt
appear as early as the Early Bronze Age | as indicated by the organic residue analysis (Batiuk
2013, p458). At the EBA | at Ras aNumayra in Jordan, pressed grape fruits were unearthed
coincident to the late "4 millennium BCE and the early ™3 millennium BCE.
Archaeobotanical record also demonssate early 8 millennium date for the proliferation

of grape finds in the southern Levant (Mi|ll@008 D. Zohary 1995).

The grape pip finds at Tell Tayindb notprovide reliable information for distingshing wild

and domesticated types due to the effects of carbonization and overlapping morphologies
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(Smith & Jones1990; Mangafa&& Kostakis 1996; Jacqua& Martinoli, 1999; Zohary1995;

E. Weiss 2015; cf. Terral et aR009for a new methodology). Kho(1999) however, rightly
argues that the miniatutgpe grape pips (which have been found in quantity in the present
study) may be indicative for the presence of domesticated varieties, since wild dfiiges (
sylvestri3 tend to produce evesized fourto six pips and their shape is somewhat more
robust. The presence of rudimentary seeds is a biological process knowthesquarpy and
stenospermocaypin modern literature. Both indicate the natural or artificially induced
production of fruit withoufertilization of ovules or the abortion of embryo development in a
very early stage (Stoutl936, pp.15-7). For that reason, these two biological processes
govern what we know today as seedlessness, the break of thgypelthisexuality and the

shift tohermaplinoditic flowers D. Zohary, 1995, p24; E. Weiss2015).

Apart from the miniature pips several other objects, like unfertilized fruits, stalks and skin
fragments were identified in the assemblaydrequent member of thi¥itis assemblage at

Tell Tayinatarethe secd | ed fis kel et o¢as Farkaidncet alf2018)oraferrqal itop s
them. Eneryg Dispersive XRay Spectrometeaanalysis revealed that these objects are actually
mineralized seeds in regards to high calcium carbonate and calciwphal® content, while

the carbon content differs from specimen to specimen (Fairbaimh,2018). Therefore, the

authors concluded that these are deriiedlr om mi ner al i zati on after

burnto (2018) .

The grape remains in theientirety resemble the findings of the experimental study
undertaken by Margaritis and Jones (2006). The authors identify these objects as the sieving
by-products of wine production (must) when pouring down the liquid from where the grapes
are crushed (the treiag pit) into the vat. They propose that insufficient filtering of the by

products may be a factor for the incorporation of these objects in the plant assemblages.
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Furthermore, Powell (1995) describes the role of grapes and raisins in S. Mesopotamia as
sweetening agent in foods which may also explain why this crop plant is so ubiquitous in our

assemblage.

Although there were no wine presses unearthed at Tell Tahngtfar, the settlement might

have been an important regional wine supplier regardingautsréble local climate and its
strategic position in the trade networks connecting the Eastern Mediterranean Basin to
Mesopotamia and Central Anato{M/elton, 2011; Batiuk 2013, p471F°. Recent assessment

of ceramic evidence demonstrates that the pottesemblage contains some distinct forms of
ceramics for liquid consumption. In relation to that, Batiuk (2013) and Welton ,(p020)

report the appearance of ceramics characteristic to Early Transcaucasian Culture (ETC)
during the Amuq Phase J. ETCtiought to haveriginated from Eastern Anatolia and the
Caucasus. Possibly this cultural sphere was influential as far south as Palestine during the
course of the "8 millennium in regard to ceramic occurrences. Also significant for the
appearance of esetregional contacts in the Near East, Batiuk suggests that the prevalence of
certain pottery types in th€ell Tayinat assemblage and their regmide distribution (e.g.

jugs and goblets) hints at connections between vitimilind the ETC phenomenor0(3).
According to the author, these pottery types were designed specifically for consumption of
liquids, presumably wine. Therefore, he links the movements of population or ceramic types

to the development of viticulture in the north of Syria.

% Given the fact that Tell Tayinat sits at the hinterland of the forested landscape of AMaisosthe rich

floristic diversity of the region might have providégarge variety of herbal additives and ingredients to be mixed
during wine production analogous to the organic residue analysis results derived from the Middle Bronze Age
Tel Kabri in Southern Levant (Koh, Yasuandau, & Cline, 2014). For example, many ingredients listed by

Koh and his colleagues can be more easily procured elsewhere in the Levantine region, however, the resin of the
storax tree l(iquidambar orientali¥ can only be found either in Southwestern Tur&ejn the Amanodnts. in

the whole Near East in regard to the modern distribution of this tree (see Hepper, 1996, p. 8 for modern
distribution).
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54.1.3.2 Olive

Olive is a prominent tree in the present Mediterranean vegetation. The ftagamtural
distribution of wild olive Qlea europaed.. var. sylvestris(Miller) Lehr.) has been confined
to the coastal areas of the Mediterranean Sea. Its distriblatigaly coincides withthe
bioclimatic level of thermamediterranean (CarrigNtinou, & Badal,2010). The olive tree
requires 40450 mm of rain for commercial harvest today (Zohary et24113). A. Singer
(1996 p. 31) reports that olive trees react imel higher precipitation as the harvest can reach
up to 350 kg per hectare. The tree can also survive oi3@00nm of rainfall amount and it

can provide a suitable harvest every three or four years.

Olive is an important crop plant in the Levant from tR#alcolithic onwards as
archaeobatnical studies show (Riehl 2010a; Kaniewski et al. 20R2hl (201@) stresses

that there is a contrast between the economic importance of this crop and the low amount of
olive finds at archaeological sites inland, timay suggest that this crop plant was not a major
cultivated crop outside of its natural distribution zone. The textual records demonstrate that
olive as oil, wood or fruit was an important traded good in the Near East for various purposes
(Knapp 1993; Kaniewski et al. 2012. The evidence oblive pits appeafrom the earliest
deposits at Tell Tayinat, which would be expected, as this tree was domesticated long before
the establishment of occupation at the site (Zohary,&2@l3). Alalakh, Ugaritic, @d Eblaite

texts demonstrate that olive orchards (as well as vineyards) were part of the agricultural
landscapes of this terrain reflectirtbe significance of olive cultivation and olive oll
production in the Northern Levant (Klengdl979, p.450; Archi 2015, p.333). At Ebla,
administrative records documented the orchards directly controlled by the pAlabg

2015, p.342). The continuation of olive occurrences is uninterrupted fronidkes Bronze

Age to the Iron Age; thigndicates the importanaaf olive production during the early Iron

Age at Tell Tayinat. However, the ubiquity scores of olive finds are getting lower during this
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period in concurrent with the general decrease in other north Syrian and Northern

Mesopotamian sites (s&hapter 6.

In the Southern Levant, Langgut, Adams, & Finkels{@f16)observed that the olive pollen
values in the Sea of Galilee records become abundant from the start of the Early Bronze Age
IB (350071 3000 BCE according to the southern Levantine chronology)ilppsadicating

the Eygptian demand for olive oil according to the authors. Although olive pits and wood in
bioarchaeological records are encountered at several sites, Genz (2003) notes that the olive
pressing installations become common in the domestcpablic contexts during the Early

Bronze Age Il

5.4.1.3.3 Fig

Fig was most probably regarded as a valuable and nutritious dietary element which could be
used yeatong if stored dried (Zohary and Hopf 201Wild figs are floristic elements of the
Mediterranean maquis and garrigue formations. Although their primary habitats are rock
crevices, gorges and stream sides, the feral forms are usually occupyingaa@rhabitats

such as terrace walls, wells, collapsed cisterns and cave entrances etc. & blogfy 2000,

p. 160). Zohary and Spieg&loy (1975) regard this second type of figs as derived from seed

produced by locally cultivated clones which were pollinated by neighboring wild figs.

Fig was continuously present during Bronze and Iron Agé&sll Tayinat. The finds of pips

are getting higher during the Iron I, however, this evidence cannot be used to generalize an
increase in fig use, due to its small size and the abundance of pips within the fruit (syconium).
The ubiquity scoreseem to remain saely across all phases investigated. In general, the
archaeobotanical data @hapter 6on the regional fig finds demonstrate the continuing

contribution of this tree to human diet.
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5.4.2 Ecological evaluation of the Tell Tayinat wild plant assemblage

Amongthe wild plant taxa recorded at Tell Tayinat, only four taxa dominate the assemblage,
thesecould be securely identified as common weeds of arable lands. These four wild taxa
most probably entered into the plant assemblage after-promessing stages. &be
ubiquitously appearing wild plants in the Tell Tayinat assemblage comprise those commonly
recorded taxa in the Northern Levant and Northern Mesopotamia (see Hig@b foran
overview of evidence Riehl notes that when proportionally speakimium appears more
prominently in the Mediterranean zone and the northeastern part of Syria then at the

Euphrates sites (20b0p.44).

Loliumis by far the most common wild taxon in the present study. The typical natural habitats

of this genus are barley fisdldand open meadows on basalt and phrygana (Ri6khib).

Lolium species areomewhat called as one of thepr of es si onal w44 s o (Ve
p. 801), theothers are including wild oat, brome grass and false flax due their ability to
survive in arale fields through mimicking the crop cycle, seed shape and size (Riditla;

Harlan, 1992 Such adaptive features cause difficulties in sorting them out during crop
cleaning,removing themonly at the final stage by hasmicking, prior to food preparadns.

This is necessary since some speciesaium (e.g. Lolium temulenturh are noxious for

human consumption (Rigl2010a), if not a serious pest.

Similarly, Phalaris and Melilotus/Trifoliumand Anthemiscotula are all frequently occurring

taxa acrossthe Near East. These three taxa are normally only slightly lower in their
ubiquities. However, for certain episodé¥jalaris, interestingly reported more ubiquitous
thanLolium. Riehl (2010a) notes th®halarisbecomes more ubiquitous in the™&@nturyat

Tell Atchana. This trend continued in FP6 at Tell Tayinat. Riehl (2010a) reports that some

species of the genus thrives in moist habit&s gquati@, P. arundinacea It is rather
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unknown if this trend can be indicative to the cultivation of moistaits during this

transitional phase from the Late Bronze Age to the Iron Age.

Other than the abovementioned wild taxa, the EBA charred seed réecolargely
characterized by wild leguminous and gramingiénts such asSecurigerasecuridaca
Coronilla, Scorpiurus, Melilotus/Trifolium, Trigonelland Prosopis cf. farcta. Crawford
records that at the Early Il ron Age OAiIin Dar :
the Afrin River, alsodescribesthe same range of wild leguminous plants at Telyifat

(1999, p.118). Neverthelessdue to the small number of samples, temporal trends are not
discernible at this site. Rightfully, she mentions that the high incidence of such occurrences
would have provided good forage for stock animals, similar to aaservations at Tell
Tayinat. Miller 1997 also reaches the same conclusion that these wild herbaceous plants
would have been favored as forage species by the farmers. Many rebded graminoids

such asBromus, Avenawild Hordeum, StipéStipagrostisand Festucaare also abundant
during the Early Bronze Age indicating the species richness of agricultural habitats within

these two abovementioned categories.

Some other frequent taxa, however, lIResopiscf. farcta, Phleum ThymelaeaVerbena
Verbasum/ScrophulariaPlantagoare not typical weeds infesting the agricultdralds (see
Riehl, 2010bfor more information). For example, a possible entrywayPi@sopiscf. farcta
would be dung burning since it flowers later in June after the harveshiarwropsCharles
1998). The modern ethnographic accounts show that the pods of dPikepisspecies are
eaten fresh or boiled into a kind of syrup in Mexico (Flanng&®8y'2). This rhizomatous plant
is a perennial segetal that occasionally occugniescultivated fields and it usually forms one
of the richest plant associations, occupying fertile,-grened alluvial soils, as leading

species (Zoharyl973, p638).
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Iron | levels, more specifically the assemblage of FP6, demonstrate an episkidgltr
different to thepreceding and succeeding periods with diversified and rather contrasting
ecological conditions among the recorded taxa. A multitude of taxa which are indicative of
moistureladen habitats in regards to the current ecological irdéon (Rieh] 1999,2010b)
including grassegAeluropuscf. littoralis, Phleum, Cynodondactylor), cyperious plants
(Scirpusmaritimus, Eleocharis, Cyperus cf. michelianus, Fimbrisgtisug as well aherbs
(Geranium, Alisma, Rumexnd riverine treesike Salix For instance Cynodondactylon
(bermuda grass) is a perennial grass that reproduces vegetatively, spreading by means of
stolon and rhizomes, where the water is abundant (K&ldMelamed 2000, p210).Hillman

(1991 has mentioned th&cirpusmaritimus(clubrush) can grow in arable fields as weeds on
poorly-drained patchesvhile Charles and Bogaard nateat this wild plant produces fruits

later than the traditional harvest period, therefore another explanation is needed for their
incorporationinto the plant assemblage (2001, p. 309). Riehl (201061 pinforms that this

wild plant is a typical weed in irrigated soils. The cyperious plant can tolerate the changing
water levels and saline soilEqually important to recognize is that sevarRamexspecies

have their fruiting time betweedune and September (Riehl, 201.06harles and Bogaard

also mention thaRumexconglomeratusvas hardly incorporated into the assdage via crop
processing (2001, B09). Therefore, the increased amountRafmex finds in the Iron |
assemblage of Tell Tayinat would be indicative of dung burning. Previously, Riehl (2019)
hypothesized that the central management of animal herdsnastsprobably absent ithe
Early Bronze Age | at Tokldrge angounés Afbmild plnisefromt o t h
moist habitats Rumex/Polygonujmin the ruminant coprolithes at this site. Animals have a
better convertibility, therefore feeding the animal stocks with the surplus crop grain, aimed to
fatten the animals for sacrifai or storage purposes and were largely practiced by ancient

communities, as extant textual records demonstrate (Halst&¥Y). The increasing
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appearance of overgrazed plant takdell Tayinat would be indicative of the lack of feeding
the animals wittsurplus grain and therefore the grazing of animals in open habitats would be
a taphonomic factor in the formation of archaeobotanical assemblage during Iron I. This

indicates that possibly dung burning became a viable taphonomic factor in this period.

These results coincide welith the findings of Riehl (201 from Tell Atchana, including

the increasing number of moisttralicating wild plants. The author furthermore, interprets
the finds of saltwort seedS4dlsolg as an indicator for increased sdlnbut notes that most
probably this is not an indicatidior irrigation systemsput this can havéappened due to
periodically highlevel evaporation. Therefore, Riehl concludes that these plant taxa would
have originated from moisture laden habitatsthie Amuq which Wilkinson (1999) also
identified through several geomorphological indicatimrstemporary marshes in the Amug.
The high occurrences of hydrophytic (wakeving) plants in the Iron Age | would be related

to the hydrological history of th®rontes. Regarding the highly dynamic hydrology of the
Orontes (Wilkinson1999), the agricultural lands at the vicinity of Tell Tayinat were likely
affected by the Orontesdé flooding episodes
might have beentsadily expanding and contracting their range of distribution in response to
abiotic, climatic and anthropogenic factors. The immediate landscape of Tell Atcldina ha
also changed abe geophysical surveys and sediment borings Hetermined. According to
Ryter @s cited in Yener et al.,, 2012he Orontes River once covered thsgdes of the
settlement of Tell Atchana, possibly during the Middle Bronze Age. That being thelease,
hydrogeological characteristics of the Amuq would determine the chalagidgse patterns;
thereby reducing the importance of rainfall, by shifting farming localities towards more

moistureladen habitats.
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Some other plants occurring in the Iron | assemblage can provide more information on past
vegetation. The exploitation of aist habitats is accompanidry another group of plants
which thrivesin open vegetation such &henopodiunmurale, CichoriumHordeumspp.,
Centaureatype, Malva (Riehl, 2010b). Chenopodiumspecies are considered as steppic
indicators which are weldaped to arid and saline conditions (Roberts et 2011b).
Artemisia and Astragalusfinds are usually referretb as indicators for the open steppe
vegetation and imply certain degree of vegetation degradation and overgrazambgascum

can be added tdis list of degradd landscapes since Riehl (201@&ports thaVerbascums

also very common in heavily overgrazed landscapes because the herd animals tend to avoid
eating the plants of this genu@rnithogalumand Muscariare two other indicator genena

which the ubiquities and proportions are getting higher during the Iron 1. Both genera are

avoided by grazing animals.

5.4.3 Crop growing conditions at Tell Tayinat

5.4.3.1 The Early Bronze Age IVB

In general, overall climatic angtable carbon isotopgata indicate increasing aridity over the
Near East geeRiehl, 2008, 2009 for an overview). The proxy indicators for the climatic
changes, roughly at about 2.200 B@Egvarious in the Near East and elsewhere in the world
(Kaniewskiet al.,2018 for themost recent assessment). This climatic event is largely visible
in two geographicalhdiscrete and weltlated proxy recordfrom Lake Van (Wick et al.

2003) in southeastern Turkey and the Soreq Cave in IsraeM8#news et a).1999). Both
indicate inceasingly arid conditions after roughly 4300 BP, following a broad regional
pattern of this climatic event (Riehl2008). A highresolution Soreq Cave record
demonstrates about 30 to 40% percent reduction of annual rainfall during this time period

(Bar-Matthews et al.1999). This is basically a considerable amount of rainfall loss in the
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Near Eastwith this data becoming the backbone of the climatic aridification hypothdsis (

Weiss 2015 for the most recent evaluations).

The recent analysis of a vardated pollen sequence from the Dead Sea Lake (Finkektein
Langgut 2014) suggests a different picture. The authors locate the drought episode at the
beginning of the Middle Bronze Ageetween 2000 1800 BCE in the southern Levant.
Another palynologicaltsidy in the Sea of Galilee by the same autlimscribes a ped of
increasing olive polleetween ca. 2250 and 1950 BC in the southern Levant, in contrast to
the results recovered from the Soreq Cévaenggut et al. 2015). The 4.200 BP event is
visible in the Dead Sea sediment cores in which sea levels decreased because of dry
conditions markedby the deposition of gypsum. Migowskd al. (2006 defines this evidence,
abrupt reversal, to drier conditions within a sequence of increasing sea levelPeath8ea

during the migHolocene, indicating an interlude within a humid phase until cal. 3.500 BP.

There is a scholarly agreement on the general trend towards increasing aridity after-the mid
Holocene (Roberts et aR004). However, it should also beentioned that the human impact
becomes more apparent for the periods after 5000 BC. Therefore, the difficulty is to
distinguish the climatic impact from increasing human interference to ancient vegetation
(Robertsetal2 00 4 ) . Marro and Kuzucuojlu suggest t|
nare actwually part of a cyclic pattern of th
sudden degradation of the climate, starting from the second half of the théonmm BCE

it should be understood as interrupted by short but high magnitude drought phases within a
rainfall depletion trend; again interrupted by skterm humid phases. Therefore, the climatic

crisis in4.200 B.P.according to these authotan bejustified in climatic trends only, since

other periods with severe changes in precipitation do not demonstrate settlement changes

appeaing in the Khabur region (2007, ®87). It should also be noted that while the
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traditional temporal frameworks in theebr East relied on the relative chronologies of
ceramic occurrences, recent radiocarbon studies refined this chronology. Radiocarbon
evidence in the case of the southern Levant revised the traditional chronology so that the site
abandonment period is nowated at the end of EBA Il around 2.500 BCE, i.e. several
centuries earlier than previously anticipated °(f | ma y e,rb). Adedtdihg to the
traditional chronology, this abandonment period covered the period between 2.200 to 1.900
BCE in reference to the gy pt i an AFi rst Il ntermedi at e Pe
regionalization and the disintegration of the Old Kingdom Egyp? f | maya& ). 2014
Currently, the dates for the Intermediate Bronze Age in the southern Levant were elevated

between 2.500 BCE ta4900 BCE.

I n relation to the increasing aridity, Ri eh
decrease in carbon isotopic fractionation in crops at the point of transition from the Early to
Middle Bronze Age in the Near East, respectively in UppeMe s opot ami ao. The
to low carbon isotopic values in some sites remained unchanged until the end of the MBA,
implying a longlasting water stress for rafied cultivated crops, at least in some regions. A
notable increase in stable isotopeued was also identified through isotope evidence at a
number of sites in Northern Mesopotamia, while a nedhth distinction in water availability

is also visible inthis isotope record (de Gruchy, Deckers, & Rig016). Riehl and her
colleagues (2014yecognized this local climatic variability as a determining factor for
alternation of stable carbon isotope values in their regional dataset. The impact of Holocene
fluctuati ons i n’ tamset tendsacbe lessodniaable id coastaltss,
illustrated through lower intra @a mp | e v a r°C watuésowhish indiate better water
uptake conditions than the inland sites with greater aridity. KaniewsHi €018, p.1533)

also reached the same conclusion regarding the palynologmats from two pollen sites

(Tell Tweini and Tell Sukas) in the Northern Levant.
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During the late *§ millennium BC, the stable carbon isotope results of Tell Tayinat show no
clear stress conditions. This may be either due to the small sample sizeEiBAsamples,

or perhaps the samples are not chronologically corresponding, to faithfully record the
magnitudeof the 4.200 BP event. The absence of any pronounced stress conditions was also
evident in the estimated values of the modeled available moisttine Amuq Valley. Riehl

et al. (2008) extrapolate a series of modern climatic variables through using the
Macrophysical Climate Model (MCM) to estimate the changing levels of available net
moisture (the modeled evaporation (E) minus the modeled précipitéP)) from Tell
Atchana. According to their prediction, the modeled available moisture shows a conspicuous
increase until a peak is reached at the end of Ef®Aghly coincidingwith 2.200 BCE and a
constant decrease ofEPtowards negative values inthe end of the Middle Bronze Age

when the figure reaches a plateau within a longer timeframe during the LBA.

Although preliminary, as the agkepth model depends on two radiocarbon determinations,
the most recent sedimentological assessment demongiitatestions in the physical course

of the Orontes as well as its sedimentation (Atesar et al., 2019)More specifically, the
authors of this study consider the Ca/Ti ratio as an indicator for measuring the increasing
aridity in the Amug. They show #ih the 4200 BP event in their adepth model does not
show clear evidence of a Ca/Ti increase, theraforelimatic aridity. On the other hand, the
aridification event in 3200 BP shows a sudden peak in the ratio of Ca/Ti. Additional evidence
from microcharcoals demonstrates an increase with the start of roughly-1BU&0 BCE
during the Middle Bronze Age occupation in the valley. The trend became continuous during

the 29and £ millennia BCE.

Comparing the stable carbon isotope results of Tell Tayin#iree Northern Syrian and the

Khabur sites of Ebla, Qatrend Tell Mozan, where the amount of annual rainfall is lower

223



than at Tell Tayinat, between 500 and 300 mm, it is recognizablalthiditese three sites
show a certain degree of water stress dyutime period of roughly between 2.20(02.000
(Fiorentino et al. 2008; Riel@007. It is known that the geographical limit for a successful
rainfed cultivation of barley was 200 mm rainfall isohyet, but this is a critical threshold for
dependence of loagerm rainfed cultivation, due to unpredictable precipitation patterns (Riehl
2009%). Therefore, as Riehl (2089p.94) puts it,
i The mean precipitati on-200mmdesssharrthiees of dr ough
long-term mean annual precipitation (e.get250 mm isohyet in drought years may
be equivalent to the 400 mm isohyet of the lb&ign mean), causing continuous

sequences of crop failures in areas with kgrgn mean annual precipitation below
the critical 400 mm, as was the case in Syrisvben B57 and 1961 0

This indicates that all three sitégcate in regions comparatively more sensitive to any
decrease of precipitation. Combined with the vgélidied chronological sequence, these three
sites demonstrate potentially significant informationtf@ impact of the 4.200 BP event at a
local level. Stable carbon isotope results from Qatna in both studies display the decreasing
stable carbon isotope values during the end of thentlennium BCE. The results attained

from barley and fre¢hreshing vheat according tdRiehl (2007) demonstrate that Qatna,
which is located in the South Orontes Valleyperienced water stress conditions only around
2000 BCE, but such water stress is not visible for emmer wheat. Fiorentino and his colleagues
(2008) also dmonstrated that"*C of AMS-dated barley samples reach less negative values
between 2.200 BEand 2.000 BE at Ebl&®. Tell Mozan, on the other hand, shows the same
trend in three investigated crop plants during the same time interval, but thecstrés®ns

are more prminent at about 2100 BCE, which was dnendred years earlier than @atna

26AIthough the results towards degrading conditions have to be considered important, caution has to be taken
when interpreting the radiocarbon results of this particular study. Roberts (2015, p. 31) specifically notes that the
precision of any individual date fial most &aCdaeyso ri s:¢
Fiorentinouaetahl BPacdapesfito describe their data poi |
when calibrated (also given in the same study), the radiocarbon dates provide a larger temporal range (possibly

with 95% probability range but no information givern).dome measurements, the dates span almost 400 years

which makes the interpretation of stable carbon isotope determinations towards increasing aridity questionable.
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(Riehl, 2007. A fourth settlement, Tell Brak which is situated in the Khabur Basin, close to
Tell Mozan, also demonstrates simi@°C results. An increase is discernible in theter
water uptake conditions through the Early Jezireh Il to -pé&iadian periods, possibly
indicating the impact of climatic aridification was evened out by anthropogenic water
management or changing lande towards naturally moist soils around Riger Jaghjagh

(Bogaard et al2016; Styring et al2017).

Apart from such regional variability of water stress signals in timing and magnitude, in all
studies, the mean values of all determinations do not fall below the respected threshold for
moderatevater stress for any cereals investigated. However, what is interesting te thatie
settlement size appears to be an important factor for determining the cultivation intensity.
Stable nitrogen isotope results show decreasing contribution of manariegption to the
increasing size of settlements leading to agricultural extensification (low labor input per unit
of land) rather than intensification strategy (Strying et 2017). Agreproduction at Tell
Mozan, in this respect has an interesting pattéfhe end of the 3rd millennium is
characterized by the urban retreat to the upper town and the abandonment of the lower town
to a large extent (PfalzneR010). However, the archaeobotanical and stable isotope data
demonstrate that roughly during therlgalezireh 5 (ca. 2.100 BCE), when the climate
proxies show increased aridity, the crop assemblage is dominatededfireshing wheat
(droughtsensitive) rather than barley (drougbsistant) (Riehl 201(). In fact, such
relationships had been estabied from the combined assessment of stable nitrogen isotope
and archaeobotanical (FIBS) results from several sites in Mesopotamia, indicating that the
relatively small settlements like Tell Sabbyad and Tell Zeidan (1 and 12 ha respectively)
demonstraté high intensity manuring compared to the larger settlements which were
characterized for agricultural extensification in spite of the general opinion that the complex

socicpolitical units tended to intensify the agricultural production with more targeted
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investments (Styring et al2017: 8). Although there are some discrepancies, to directly
compare nitrogen isotopic data from different periods, separated by thousands of years (e.g.
Tell SabiAbyad and TdIBrak in Strying et aJ.2017), since there care an overall decrease

in soil nitrogen reservoir through the Holocene (Araus eR@ll4), nonetheless, this evidence
could indicate that settlement size (perhaps also structure) would be an important factor for

differential treatment of arable soils,cacding to labor, water and fertilizer inputs.

At Tell Tayinat, the stable nitrogen isotope values are remarkably high foblad#y and
free-threshing wheat during the EBA. One factor for high nitrogen values would be related to
the presence of wild legninous plants as described in the previous section. Several
leguminous plants are in a symbiotic relationship with a certain type of bacteria which
produces nitrogen. Therefore, leguminous plants, wild and cultivated, except trees, do not
deplete the nitrgen contents of arable soils. This is an important factor which has not been
discussed in the archaeobotanical literature before. Without the need of additional manuring,
in fact, the communities would have been aware of the nitrogen contribution ofwihese

leguminous plants, thereby favoring them in their arable fields to enhance soil fertility.

Furthermore, both the stable carbon and nitrogen isotope values during titrtenium

BCE at Tell Tayinat do not demonstrateckear indicationthat he crops were treated
differently, as for example previously reported in Wallace et al. (2015) for Northern
Mesopotami an s i 'fCevalues far freghresieng wheat, fin their study, tends

to indicate lesstressed conditions in contrast to meeaaues of barley in Northern
Mesopotamian sites. Since barley tolerates the salinity and drought conditions better,
therefore it was most probably cultivated in comparatively poor and saline soils rather than
freethreshing wheat which might have beencspity treated in fertile soils (Riehl et al.

2008; Riehl et al, 2014). In the same line of argumentation, Fiorentino et al.2@0gtated
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that the notable variation of stable carbon and nitrogen values for the barley samples from a
silo context at MBAEbla may indicate that the agricultural produce arrived to the site from
different fields of the Eblaite countryside. However, at Tell Tayinat, the only obvious
di f f er €% wauesiohbotlgpplants can be transcribed to seasonality of the growing
cycles of the two crop plants under consideratisincebarley reaches maturity earlier than

the wheat species, before the temperature rapidly escalates inueariyn the Mediterranean

Basin.
5.4.3.2 Thelron Agel

The carbon isotope sequence shows a stightc r e a'®Cevaluesnto mpderately watered
conditions just fronFP 6to FP 3. FP6 has more positive values compared to the FP5 values.
This trend ends in FP3 when the values are
presented for Tell Tayinat temgdly fits well with the previous claims on climate change

during the Iron I. A certain difficulty to assess significance to such a decrease is that the
natural variation irthe field can be as high as43a (Tiezsen 1991). Therefore, relating the

1 & decrase in Tell Tayinat data to global climate change explanations remains

circumstantial for now.

Another decrease in nitrogen values was detected in our data indicating the nitrogen
accessibility was restricted during the Iron | compared to the Early BrageeThe probable
reasons of such decrease in nitrogen values will be discussed down below. However, as
Tiezsen(1991) notes, the nutriemnpoverished fields can signal less negative effect on the
carbon discrimination rates, thereby, neutralizing thesich of water stress in other direction.

This being the case, the discrimination rates due to water stress would be much more

pronounced than shown in the stable carbon isotope signatures that we attained in our study.
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Concurrently, Riehl et al. (2008) m@nstrated that MCM also records a slight reduction in
projected moisture levels at the locality of Tell Atchana with the start of the Iron Age roughly

until Iron Age Il. Neumann and Parpola (1987) and B. Weiss (1982) reached similar
conclusions after inwtigating the Middle Assyrian textual recoft®mbined to the
interpolated modern climatic data. Interpolated climate data derived from modern weather
stations showed evidence of increasing water stress conditions in Northern Mesopotamia
(Neumann& Parpola 1987) and the rest of the Near East (B. Wel€87®). The authors

locate the climatic degradation roughly between th® 120" centuriesBCE when the

Assyrian Empire retreated to its Northern Mesopotamian heartland near the town of Assur.
NeumannandP ar pol a e st i mtrise intnfreanttempeesaturasemraye rediice the
annual rainfall i n the area by as much as 3(
than 200 mm rainfall per year. B. Weiss, on the other hand, notes two aspects @dudch n

further attention before reaching a climaentered conclusion. First, the calculations made

from modern climate data are not particularly consistent with the observed historical
developments, like the population movements from the Aegean towardsvthat. That

means, when extrapolating modern climate data, the Levant demonstrates higher stress
conditions; therefore, the migrational pattern has tordxersed Second, perhaps more
importantly, he mentions that the timing of precipitation would beahemamportant factor.
ReferringtoCof f i ngds USDA study on theaswitediaB. yi el ¢

Weiss, 1982, p. 194B. Weissnotes that the autumn and spring precipitation would affect the

2" However, it should be noted that the reliance of Middle Assyrian records to proposéméiic cshift is
hampered by the fact that the chronological and geographical distribution of the documentation may not be even
among diverse regions. More importantly, the Assyrian interest to the same environments may have shifted in
relation to the alteed ideological framework from conquest to emgitelding phases (e.g. Liverani, 2014). The
power relationships between the Assyrian kings and the governing officers can also affect the influx and type of
the information processed as asserted by Radféi7§2

% See B. Weiss, 1982, p. 194 for inconsistencies in reconciling the modern climatic data to past climatic
conditions. Alsachis remarksareinformative on the choice of statistical analysis (pp.-2R4
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crop growing conditions more than the pret@pon in winter months; however, temperature

becomes a more significant variable than precipitation during the winter.

The climate records demonstrate regional variability for aridity signals (Bietil,2008). A

global cooling event has been propobgdond et al. (2001) between 3200 and 2700 cal. BP
which coincides to the period between the end of the Late Bronze Age and the beginning of
the Iron Age Il. The Soreq Cave record displays a slight increase in precipitation during the
earlier phase of théron Age; in contrast, the Lake Van record demonstrates a peak of
increased aridity roughly at the same time (Wick et2003). Mayewski et al. (2004) and
Rohling et al. (2009) define the climatic anomalies during 3A800 BP (roughly coincides

to 1500500 BCE) as Rapid Climate Change eféntn the Levant, several recently
published palynological records coincide well with this evidence. The studies from the former
territory of the LBA Ugaritic kingdom in the Northern Levant and from Cyprus alsgesig
period of climatic stress, either during the earlier Iron Age (Tell Tweini: Kaniewski et al.
2008, 2010, 2013, 2015; Hala Sultan Tekke: Kaniewski 2(dl9;see Knapp& Manning

2016 on methodological problems in agdgpth modelling of sediments} duringthe closing
centuries of the LBA (Tell Sukas: Sor&l Mathis 2016). In the Southern Levant, the most

recent evidence corroborates these results in the North (Langgut, Fink&l4figin2013).

Stable carbon isotope results from Tell Atchandidate differential treatment of free
threshing wheat as some individual measurements ocftireshing wheat are higher than the
mean values dfarley measurements (Riehl, 20L(Riehl also interprets the large variance of
olive stable carbon isotope vals witlthe same explanation (20)0#@mportantly, a selective
treatment of crop plants is also visible in stable nitrogen values of the Iron I. The rather

homogenous values dfN values of both fre¢hreshing wheat and barley in the EBA

% Riehl and Marinova were skeptical to classsych short amplitudinal fluctuations in the proxy records as
ffevent sd but rat her fitrendsod would be a maltual pl ausi
systemso (2016, p. 321).
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changed to vary aticeably in Iron I, thereby indicating a greater emphasis on differential
treatment of crop plants during this period. Araus et al. (2014) found a general decrease in
cereal™N values through time in the Near East that was interpreted as decreaséeiriliyil

caused by diverse reasons, such as overexploitation of arable lands or reduced manuring.
Moreover, Styring et al. (2017) suggested that the increasing site sizefafrdigg states of
Northern Mesopotamia can be a significant factor towardsced manuring input as the
catchment area of the towns expanded. In relation to the discussion of manuring levels, it
shall be argued that stable nitrogen values derived from Tell Tayinat bring an important
aspect of soil fertility conditionsspecificall, the nitrogen pool of the soil and the
contributions of wildleguminous plants into this pool. The decrease at Tell Tayinat may be
related to the changes identified in the wild plant assemblages. The conspicuous absence of
nitrogenfixing wild leguminousplants may be a direct reason why the nitrogen values
decreased in the Iron I. Therefore, most probably more competitive wild species, especially
abundant smakbeeded grasses, might have depleted the soil nutrient contents of arable fields

during this peod.

5.5 CONCLUDING REMARKS

The study of the charred seed record of Tell Tayinat demonstrates that the patterns of local
crop production temporally coincide weNith the regional trendsWhile barley is the
prominent crop plant at Tell Tayinat and in rhuaf the Near Eagduring the Early Bronze

Age, freethreshing wheat varieties became important in the Late Bronze Age record of Tell
Atchana andcontinued to be principal crop plants during the Iron Ages, despite a small
increase in the proportions of b&r which is visible in our comparative study. Similar
conclusions can be derived for crop legumes such as bitter vetch, lentil and garden pea.
Despite the comparatively sizeable rainfall in the Amuq Plain, the characteristic focus on a
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limited range of ap plants, especially drougtdlerant barley and bitter vetch, surpasses the
significance of climatic explanations for human crop preferenides finegrained trajectory

of the Tell Tayinat crop assemblage suggests that the disintegration of theddittifgation

at the beginning of the fZentury caused the diversification of crops, which included a large
variety of crop plants largely underrepresented during the LBA, as well as possibly
horticultural crops such as fenugreek, caper and coriaftheriron Age | history of the
wild/weedy flora represented in the archaeobotanical assemblage of Tell Tayinat diverges
starkly from preceding and succeeding periods. It is highly likely that the vegetation in the
immediate vicinity of Tell Tayinat might havesén disturbed due to environmental and/or

climatic reasons.
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CHAPTER 6. SUBSISTENCE IN POST-COLLAPSE SOCIETIES: PATTERNS OF
AGROPRODUCTION FROM THE LATE BRONZE AGE TO THE IRON AGE IN
THE NORTHERN LEVANT AND BEYOND

6.1 INTRODUCTION

Notwithstanding the facthat the causal explanations of the sqmiditical transformations
during late second millennium BC are manifold and have been debated fo(sgea@ine

2014 for an ovesiew) the question as to whether climatic degradation contributed to this
processhas recently received much more substantial attention, possibly stimulated by
contemporary concerns of global climate change and the sustainability of food re¢seeces
Finn®et al, 2011; Roberts et al201%; Staubwasser & eiss 2006; Wanner et al2008 for

an overview of past climatic evidence). The discussion of the role of climate in the demise of
Late Bronze Age territorial states is not new, at least since the seminal work of Carpenter
(1966). However, numerous climatic archives from the easWaditerranean basin have
increasingly provided evidence for prolonged drought conditions at the transition from the
Late Bronze Age to the Iron Age.g. Drake 2012; Fin®et al, 2011; Frumkin &Elitzur

2002; Kaniewski et gl2008,201Q 2013 Langgutet al, 2013, 2015; Neumann et ,a2010;

Sorrel & Mathis 2016. According to the climatic scenario suggested by Kaniewski and his
colleagues (2015), the settlement system of their study site Tell Tweini, which was located in
the hinterland of Late Bronz&ge Ugarit, collapsed at about 1200 BC without any sign of
regeneration or political stability for the next 300 years. The reason may have been the
combined impact of seaborne invaders and increased aridity that may have affected crop
yields The authors u g g e s tis diifiate Jshifttcaused crop failures, dearth and famine,

which precipitated or hastened seeiconomic crises and forced regional human migrations

at the end of the LBA in the E@&aikevwskiatalMedi t e
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2013, p. 9; cf. Langgut et al., 2019)lotably, some textual records during the Late Bronze

Age mention famine, harsh weather conditions, nomadic incursions, and dislocafadngea

groups, as well as frequent grain shipments from Egypt and Ugarit totthe Hit e hear t | a
keep the | and of Hatt.i alived as declared by
of shifting climatic conditions by some authors (CJi014; Kaniewski et al.2015;

Neumann &Parpola 1987).

Despite such compelling pa&aclimatic evidence from recent years and several textual
records, the climataarrative is hampered by several limitations. The exact timing and
magnitude of this particular climatic event is still a matter of discussion due to the conflicting
chronologi@al frameworks of the proxy records. It has been indicated that the chronological
resolution of climatic archives is often too imprecise to securely attribute certain cultural
developments to climatic degradati(see Knapp& Manning 2016 for a critical oveiew).
Furthermore, spatial variation of climatic archives is another inherent problem since it is
rather uncertain how to synchronize geographicallydistant proxy indicators to global climate
events(see in general Fi®et al, 2011, Marro &K u z u ¢ R00j7;IRiehl 2009a; Roberts et

al., 2011a).

Moreover, there are other obstructions to placing the-Babazeto-lron Age transition
within a single deterministic framework. The causal link between climate and social change
remains hardly straightforward &siman societies respond to any particular environmental
stressor in varying waygHaldon et al. 2018; lzdebski et 3l.2016; Rieh] 2009a; see
Middleton, 2012; McAnany &Y offee, 2010a; Tainter2006 for an overview of discussions).
The degree and in whicsocial context ancient human communities perceive climate as a
stress agent still remamoorly understood (RiehR017). Regarding subsistence in times of

climatic stress, reduced crop yields and widespread famine are recurrent themes in the
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climatic decline hypothesis. However, Slavin (2016) rightly warns about the categorical
uncertainties between references to famine and food shortage in the literature. He argues that
food shortages were common in Medieval Europe due to climatic anomalies (ie.ldattl

Age) but whether these shortages transformed into famine was determined by the social

inequities, demographic pressure and/or dietary structure of the population under stress. This

being the casec¢olelnayp sa 0% 0 Oige t@ipeotsodd subsistenteh e e d

crisis, or exhaustion of resources is usually not determined by analyses of skeletal remains for
nutrient deficiencies, but rather remains a-gatrative to reinforce the overall catastrophic

tone of the climate hypothesis. McAnaayn d Yof fee reframe this
societal change with the notion of biologic
in the |iterature, whil e Adams asserts nj[ é]
can fragmentah r ecombi ne on new principleso (1988,

resilience.

Where does archaeobotany stand in these heated discussions of the sustainability of food
resour ces -cdourlianpgs efop opsetr i ods ? Ar c h aldeochrbon any ,
isotope analysis, has tremendous potential to fill the empirical gap concerning subsistence in
times of political instability and/or climatic decline by delivering information on economic
interests, cultural traditions, and environmental litiotas to crop production. Despite the

fact thatavailable archaeobotanical data from Late Bronze and early Iron Age sites in the
Levant are scarce to da@rchaeobotanical studies have already contributed substantially to
our understanding of subsisteneeonomies during the Bronze and Iron Ages. In general,
Riehl (2009b) studied the loAgrm changes in agricultural management strategies in the
Near East, indicating the prominence of regional diversity in human crop selection. Riehl puts
forward that aftethe 4200 BP climatic event, drougbterant crop taxa (e.g. barley, emmer,

bitter vetch) became more common in the plant assemblages, while many ensagyitible
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crops (e.g. flax, einkorn) disappeared or their abundance was reduced (2009b). ilapartic
Riehl and Nesbitt (2003) surveyed the crop plants from published datasets of the Late Bronze
and Iron Ages. Their analysis, based on a limited number of archaeobotanically investigated
sites, suggests continuity of crop cultivation in the Near Badtthe Aegean during this
transitional period. In addition, the later Iron Age is characterized by the gradual introduction
of new crop plants (e.g. millets, sesame) with their growing cycle comprised of summer
months when rainfall is negligible and traditally household labour is allocated for
harvesting of arboricultural products (grape, olive, fig) in the Levant (e.g., Gezer calendar,
Hopkins, 1987)Regionally, irrigation input may have been a necessity to cultivate these field

crops and thereby indites a change in labour organization and timing.

Other archaeobotanical studies have introduced different perspectives on the transition from
the Late Bronze Age to the Iron Age. While Smith and Munro (2009) point out the prevalence
of local environmentatonditions in the composition of archaeobotanical assemblages among
various sukregions of the Northern Levant and northern Mesopotamia, OVgtidtaker et

al. (2015) suggest a progressive change towards greater occurrences of wild xeric taxa during
the murse of the Late Bronze Agmn Age transition in the southern Levant. According to
MahlerSlasky and Kislev (2010), the emergence of a ceramic horizon foreign to the Southern
Levant (attributed to the Biblical Philistines) coincides with the widespuesadof grass
pea/red vetchling L@athyrus sativus/cicejaas a substitute for another species, Spanish
vetchling (athyrus clymenum)which mainly has an Aegean distribution (Sarpaki & G.
Jones, 1990). They consider this pattern as a material manifesthorertain fooetentred
nostalgia invoked through gustatory memory of newcomers for thefiufey homeland.
Furthermore, Frumin and her colleagues argued for the degree of compositional change in
wild plant assemblages of Philistine and Canaanite site®vidence of a vegetational

fingerprint of the same dislocation of population (Frumin et al., 2015). The appearance of
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some introduced species (e.g. opium poppy, coriander, cumin, bay tree) is also connected to

the Philistine phenomenon in the southleenant, according to the same authors.

In recent years, stable carbon isotope analysis has developed into an established
methodological tool to gather information on the availability of water during the-fijitaig

period of crop plants and to assessalggrowing conditions (Araus et al.999; Fiorentino et

al., 2008, 2012; Masi et al2014;Riehl et al., 20082014; Wallace et gl2015; see generally

Araus et al.2014; Bogaard 8utram 2013; Fiorentino et gl2015. Comprehensive studies

on moden cultivars show that stable carbon isotope analysis reflects the assimilation rate of
atmospheric carbondioxide into the photosynthetic metabolism of plants (Farquhar et al.,
1989 for an overview). In particular,s@lants (which include the majority ofultivated

cereals and pulses in the Old World) tend to restrict their stomatal conductance under reduced
water availability to prevent excessive water loss, which leads to an increased involvement of
the heavier*C due to limitation of the continuous aladiility of the lighter**C molecules

(Araus et al.1999; Ferrio et al2003,2005; Wallace et g12013).

Even though synthetical studies are still in their early stages (see also Wallace et al., 2015),
the currently available data suggests two impaoréapects of water stress levels in the Near
East: the recognition of major Holocene fluctuations (e.g. 5200 BP, 4200 BP and 3200 BP
events) in stable carbon isotope data and the significance of local environmental variability in
stress signals (Riehl et,2014). According to Riehl and her colleagues (2014), the latter
finding is particularly important, as it differentiates the stable isotope values found from areas
of higher aridity inland compared to coastal sites, which are characterized by lower intra

sample variation in carbon isotope discrimination and indicate better water uptake conditions.

The aim of the present study is to provide a more intrinsic view of the subsistence economy

and crop growing conditions during the transition from the Late Brdkge to the Iron Age
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in the wider Levantine region from aarchaeobotanical perspectiveigs: 42 and 43
Archaeobotanically investigated sites form only a small portion of the total number of known
archaeological sites for the periods under considerdsee Porter 2016 for the most recent
assessment). Nevertheless, apart from certairregions (e.g. the Central Highlands in the
Southern Levant), comparable plant evidence on crops is available to allowegiosesl
comparisons on a temporal basised Materials and Methods for details). Therefore,
following Riehl (20093, the basic assumption of this paper is that the archaeobotanical record
can demonstrate changes in agroduction patterns towards cultivation of droutggierant

crops rather thadroughtsusceptible crops, which would have allowed ancient farmers to
cope with the reduced rainfall amount. In doing so, we have assembled the available crop data
(which is readily available on the online platfomemnes.deand stable carbon isotope
evidence from the published literature, as well as new evidence that has been compiled from
Tell Tayinat (D. Karakaya, unpublished data), Jaffa (Andrea Orendi, personal
communication) and Tel Burna (Orendi et al, 2017). Specifically, we \téste there any
temporal changes in the crop repertoire and in their growing conditions regarding the wider

region of the Levant during the transition from the Late Bronze Age to the Iron Age?
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Figure 42 Map of the Late Bronze Age sites with athaeobotanical records.Black line indicates the

relative border between the Southern and Northern Levant, as defined in thisstudy. 1) Ki net H°y ¢k,
Tell Atchana/Alalakh, (3) Tell Afis, (4) Shuyukh etFawqgani, (5) Umm etMarra, (6) Tell Hadidi, (7) Tell
Munbaqa/Ekalte, (8) Emar, (9) Tell Mishrifeh/Qatna, (10) Tell Nebi Mend/Qadesh, (11) Sidon, (12)

Megiddo, (13) Beth Shean, (14) Pella, (15) Tell Abu-&lh ar a z , (16) D e i-Umaydi,A18) a , (17)
Tell el-Ifshar, (19) Tel Aphek, (20) Ashdod, (21peir el-Balah, (22) Qubur atWalaydah, (23) Timnah, (24)

Tell esSafi, (25) Tel Migne/Ekron, (26) Lachish, (27) Kamed el @z / Ku mi di , ( @B&aphic Te l Bur

Courtesy: Tuna Kalayci).
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Figure 43 Map of the Iron Age sites with archaobotanical recordsBlack line indicates the relative

border between the southern and northern Levant as defined in this studyl) Tell Tayinat/Kunulua, (2)

6Ain Dar a, (3) Tell Ri faat, (4) Te lFawg@a (7)qlelMaladar gar , (
(8) Tell Sheikh Hamad/Dur Katlimmu, (9) Tell Mishrifeh/Qatna, (10) Tell Nebi Mend/Qadesh, (11) Sidon,

(12) Kamed etLoz/Kumidi, (13) Tell Keisan, (14) Tell Hadar, (15) Kinneret, (16) Yokneam, (17) Megiddo,

(18) Afula, (19) Beth Shean, (20) Pellg, 2 1) Deir O6AIlIl a, (22) Tell Qasi |l e,
Shiloh, (26) Timnah, (27) Tell esSafi, (28) Tall atUmayri, (29) Heschbon, (30Mibon, (31) Tell et uwelfe,

(32) Tel Masos, (33) Qubur aMWalaydah, (34) TelletFar Aa h ( S)-Ifshaf (36 DachiBle (Glaphie |

Courtesy: Tuna Kalayci).

6.2 MATERIALS and METHODS

6.2.1 Archaeobotanical data

The dataset includes 28 sites from the Late Bronze Age and 36 sites from the Iron Age. In
total, the dataset covers 1,362,498 objects from 17diplsa. There are 17 sites that show
continuity of occupation, enabling chronological comparison at the local level. The samples

(total counts of plant objects from each individual site) entered the dataset as absolute counts
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(if counts were provided in theriginal publication) and were further transformed into both
ubiquity scores and percentages. The ubiquity scores in this study are the percentage
expression of how frequently a certain crop plant appears among the total number of sites of
each period. Fosome cases, the crop remains were only reported as either present or absent,
preventing a fully quantitative approach. Therefore, for analysing presence or absence of a
particular crop, all sites have been included; however, for the percentage anaéysis,
discarded the sites containing exclusively presence data. This reduced the total number of
sites to 26 in the Late Bronze Age and 27 in the lIron Age. More methodological limitations
derive from inadequate reporting, sampling strategies, and data ngecoedhods. Some
investigations are based on one particular storage context, often only including a single
sample dominated by a single crop plant. On the other hand, some crop categories were
amalgamated for consistency in nomenclature téogdeum vulgae designates both-ebwed

and 6rowed forms) or discarded to avoid ambiguity (e.g. indeterminate chaff remains). After

data cleaning, 17 crop taxa remained for the final analysis.

Geographical subdivision of the Levant is at best arbitrary and largelyndepgoon
researchersé approach and i nt&eSteieey 2014). fthet he s
Levant is characterized by large environmental diversity of a landscape with rugged
topography and proximity of the Mediterranean Sea (Surz®t4). In ths study, we roughly
divide the Levant into two parts, south and
boundary between the two regions. We further extended the northern assemblages by
including the published datasets of sites in nedbern Mesopotamia to enhance the

comparability of two climatically opposing regions (Levant vs. Mesopotamia).

A major limitation is the periodization of sites, as comparable radiocarbon dates are

unavailable in many cases. Therefore, the only reliable soafcperiodization remains
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relative chronology, and regional chronologies usually have different temporal frameworks
for the Late Bronze Age and the Iron Age in relation to the archaeological tradition dominant
in each country (Shargr2014). Therefore, #htemporal resolution of our archaeobotanical
samples is coarse, preventing the study of the plant evidencelphpkase. It should also be
mentioned that our plant dataset is composed mostly of sites inhabited during the later Late
Bronze Age (LB Il) ad sites from the earlier Iron Age (Iron 1). A few sites in our dataset are

reported in general terms, as Late Bronze Age or Iron Age respectively.
6.2.2 Stable carbon isotope data

New stable carbon isotope evidence has been gathered from Iron Age bfelisTayinat,
roughly covering the mid2" to 10" centuries BC. In all, 21 barley and 26 ftbeeshing

wheat grains have been analysed from this site. All grains from this site are recovered from pit
fills, thereby representing secondary deposititthsas aimed to analyse six individual grains
from each sample to cover the full range of variability within particular samples (Fiorentino et

al, 2015).

U*C values of ancient grains were calculated according to the VPDB common standard
(Vienna Peedee belemnite &)¥Cf6inthegrainsofeur t he i
samples. The analysis of stable isotope carbon ratios was conducted astittde Iof
Geosciences of the University T¢bingen, Ger
Quest Delta+XL mass spectrometer. To eliminate sedimentary carbonate from the surface of
the grains, they were treated with 5% HCI before taking the measurembatsnalytical

precision of measurelf@ents was about 0.1a for

Additionally, changes in atmospheric €0Car) composition through time were taken into
account in the comparison of samples from different periods. Therefore, the discrimination in
plant remains was calibrated by comparing them to standardized atmosphericald€s
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acquired from the Antarctic and Greenland-@oee projects. AIRCO2O0ESS data calibrator

(Ferrio et al. 2012; Ferrio et al. 2005) is used to calculate this new value, iw/nefbrenced

a s Cp
13
@ C =U"Cyd U ¥Chiand (1+ICpiand1,000)

The effect of charring on stable carbon isotope values has been found to induce no significant
change under various experimental settings (Araus et albl1g@rrio et al. 2007; Fraset e

al. 2013; also see references in Fiorentino 2015 for other conclusions). Therefore, no
correction factors were applied. In this study, we follow the proposition of Riehl et al. (2014)

in accepting a®™Cr ebfeetrweenecne 1l6ian et oowatercgtress forr mo d
barley measurements (cf. Wallace et 2013; see further Fiorentino et,&015 and Riehl et

al., 2014 for a summary of interpretations on the variability of stable carbon isotope values).

6.3 RESULTS

6.3.1 Archaeobotanical results

6.31.1 Cereals

The ubiquity scores of selected crop taxa in fig. 3 show that the most prominent cereals were
freethreshing wheat and barley, and to a lesser extent emmer wheat, in each period in the
Northern Levant and northern Mesopotamia. Both -fhreeshng wheat and barley
demonstrate similar ubiquities in the Late Bronze Age and the Iron Age, while a decrease in
emmer wheat values is evident in the same regions. Einkorn wheat, which is a minor
component of the crop repertoire, displays much lower ulyicggores in the Late Bronze
Age but its values significantly anease in the following perio®egarding the proportions of

these cereals in figs. 4 and 6, there is a geographical division between the northern Levantine
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and Mesopotamian sites, as the lattemonstrate a focus on the barley cultivation in both
periods, while the northern Levantine sites are locally more variable in barley and free
threshing wheat percentages. It can be recognized that the sites within the higher rainfall zone,
such aslfellAt chana, Tel | T eaty.,ilocaked in the&northetontds Yajley &nd
Cilicia, tend to include more frereshing wheat. Mesopotamia and inland Syria differ from
these westward sites in their heavier dependence on barleythFesking wheaappears to

be a minor dietary component in this region. Interestingly, the central Levantine sites on the
Lebanese coasSS{don), the Bekaa Valley (Kamed-lebz) and in the south Orontes basin
(Qatna, Qadeglshow a similar focus on barley to sites in Mast@amia. It should be noted

that the plant data is somewhat patchy from this region, questioning its representativity.

The most ubiquitous cereals in the southern Levantine Late Bronze Age sites are free
threshing wheat and barley, like in the Northernvdm, whereas emmer ubiquities are
comparatively low. Fre¢hreshing wheat shows higher proportions than barley in some Late
Bronze Age sites such &eth Shean, Tell dfshar, Tel Aphek, TimnalfFigs. 44 and 45).
Otherwise, the majority of sites are cheterized by the predominance of barley during this
period. Although it is as ubiquitous as ever before during the Iron Age, this trend of heavier
dependence on barley does not continue into the Iron Age in many southern Levantine sites
when considering peentages Kigs. 44 and 46 Freethreshing wheat instead becomes
proportionally dominant in a large number of sites, while many sites in arid aneagdmi
inland zones still display the prominence of barley. The proportions of emmer wheat are

generally bw. This taxon appears in large proportions onlylagidda

6.3.1.2 Pulses

The most ubiquitous pulse taxa are lentiérfs culinari$ and bitter vetch\{icia ervilia) in

both regions. Also, the ubiquity scores of both plants increase from the Late Bgmze
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the Iron Age (fig. 3). In terms of proportions of these pulses, the Late Bronze Age pattern in
the Northern Levant and Mesopotamia is diverse, as no distinct geographical distribution
patterns are recognizable. During the Late Bronze Age, the tyagrsites contain bitter

vetch, grass pea/red vetchling and/or aggregate vetdheis/I(athyrug, while lentil is
abundant in a few sites suchkas net H° vy ¢ k, SMatra During the lbn Agepm e |

however, lentil reached a wider appearanceenNbrthern LevanfFigs.47 and 48

The Late Bronze Age southern assemblages also show mixed production strategies among
sites, with varying types of leguminous crops with a strong reliance on bitter vetch and grass
pea/red vetchling in the majority oftes. During the Iron Age, bitter vetch becomes
proportionally higher particularly in the northern valleys of the Southern Levant (Jezreel and
Beth-Shean valleys) and the Galilee. In contrast, the majority of inland sites are predominated

by greater propoiins of lentil Figs. 47and48).

Grass pealred vetchling, which appears to be less ubiquitous than lentil and bitter vetch, is
more widely present in the Northern Levant and Mesopotamia than the Southern Levant.
During the Late Bronze Age, this crop plappears in high quantities at three geographically
distant sites;Tell Afis, Shuyukh elFawqgani and Qadeslin the Southern Levant, this crop
taxon is also recorded more often during the Late Bronze Age Temmpah, Ekron, Tel

Burng, but not during théron Age, when it appears to be strongly reduced in the Southern
Levant. Legume crops other than lentil, bitter vetch, and grass pea/red vetchling appear less
frequently with regard to ubiquity and percentage scores. There are significant amounts of
broadbean Vicia fabg at Tell Afis and garden pe®ium sativumat Tell Hadidi. Chick pea

(Cicer arietanun) is another legume crop that appears only in Lebanese sites in significant

proportions BA: Sidon, IA: Kamed elLoz).
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6.3.1.3 Flax/linseed

Another feld crop that is valued for its oil and fibre is flakifum usitatissimuiy showing
consistently higher ubiquity scores in Iron Age sites compared to Bronze Age sites in the
Levant fFig. 44). The ubiquity and proportions of flax are generally low congbaoeother

crops, except d@deth Shean and Tell-€asile which show conspicuously high percentages.

6.3.1.4 Tree crops

During the Late Bronze Age, the ubiquity scores of tree crops, including dies (
europaeyd, fig (Ficus caricg, and grape\(itis vinifera) but excluding pomegranat®ynica
granatun) are fairly high in both regions. During the Iron Age, olive ubiquities only
document a decrease in northern Levantine sites. The ubiquity scores of this tree crop
decrease from 66% to 35% when all northsites are considered. In contrast, the ubiquity
scores for olive in the Iron Age Southern Levant increase. Grape pips appear frequently in
northern Mesopotamia (LBALell Hadidi, Umm elMarra, and Emar; IA: Tell Halaf, Shuyukh
el-Fawgani and Tell SheikiHamad, as well as in most of the northern and southern
Levantine sites, without interruption during the transition and even with slightly greater
ubiquities in the Iron Age in the northern sites. Fig follows a similar trend as olive in its
ubiquities, wih a decrease in northern sites but an increase in southern sites,-bytssiée
differences also exist, as there are higher percentages of fig finds at Iron Age Tell Tayinat in
comparison to Late Bronze Age Tell Atchana from the same region. Lasitireartree crop,
pomegranate, appears only with one entry in both periods in the Northern LevantTglBA:

At chana; [ ).An the &duihern LBvant, this tree taxon appears at Timnah in the Late

Bronze Ageandat a f f a, Dei r 0 Ahekimthe IrehédgelFig.449).and Tel A
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HLBA-NL
OIA-NL
ELBA-SL
WIA-SL

Figure 44 The ubiquity scores of several crop taxa in the Late Bronze Age (LBA) and the Iron Age (IA)
in the Southern Levant (denoted as SL) and the Northern Levant and the northern Mesopotamia

(denoted as NL).
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Figure 45 The proportions of crop taxa during the Late Bronze and Iron Age in the Northern Levant

and northern Mesopotamia.
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Figure 46 The proportions of crop taxa during the Late Bronze am Iron Age in the Southern Levant.

m Hordeumvulgare

W Free threshingwheat |

B Triticum dicoccum

Figure 47 The relative proportions of selected cereal crops during the Late Bronze Age in the Levant
and northern Mesopotamia.

247



m Hordeumvulgare
1 Free threshingwheat

W Triticum dicoccum

Figure 48 The relative proportions of sdected cereal crops during the Iron Age in the Levant and
northern Mesopotamia.

m Lathyrus cicera/sativus

¥ Lens culinaris Medik.

® Vicia ervilia (L.) willd.

Vicia/Lathyrus

Figure 49 The relative proportions of selected legume crops during the Late Bronze Age in the Levant
and northern Mesopotamia.
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Figure 50 The relative proportions of selected legume crops during the Iron Age in the Levant and
northern Mesopotamia.
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Figure 51 The number of sites with dominant cereal and pulse taxa according to the proportions of the
individual sites during the Late Bronze and Iron Ages.
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6.3.2 Stable carbon isotope results

T h e®C opalues of barley at Tayinat differ from those of fteeeshing wheat in that they

cover a considerably smaller range of values and aside from single meastsreshow

virtually no drought stress signal. In contrast, most of the values fothireghing wheat
appear to indicate drought stress, i f the b
no or moderate stress in barley, are also applied to whigah). However, due to different
agronomic properties and a longer vegetation cycle for wheat, we may expect a generally
higher risk of negative effects under arid conditions. Trends toward stronger dstregist

signals for freghreshing wheat under rsilar conditions have also been documented in
experimental studies, suggesting that drotggtgss in freghreshing wheat would occur at an

interval 22 a | ower t han i n bar 088y Wallaee e .al,2013.gui | er
Transferring these resultso t he data from TelXC béfveegnibarlayt , t h
and wheat thus may well indicate the different physiological properties of the two species
under equal conditions of agmoduction. Overall, the available data from Tayinat suggests

tha drought stress was not a major problem in barley cultivation, and may have only affected
freethreshing wheat to some degree. Whether selective irrigation practice may have
contributed to the broad range of values in-iteeshing wheat remains unclehre to a lack

of syntheses of modern comparative data for-fnreeshing wheat.

Comparing t“f eecodoy barley to other siteBig. 53), it fits well with the
chronological trend observed at other sites in geographic regions with coastal environments,
which are assumed to have not been affected by drought periodsngtysaioinland regions,

such as the northern Mesopotamian river valleys.
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Figure 53 ¢@°C record for barley grains from 33 archaeological sites (for key to site numbers, see

below); blue diamonds represent means; ed | i ne: reference line for droug
bl ue i ne: reference l'ine for Yea red barsa ¢ldbad climabion di t i on s
fluctuations at roughly 5200 ( ), 4200 () and 3200 BP ( ); MBA: Middle Bronze Age; LBA: Late

Bronze Age; sampling | ocations: (1) Abu Hamid, (2) £
Emar, (8) Gordion, (9) Hirbet ezZeragon, (11) Kamed elL 0 z , (12) Kinet H°yg¢k, (13)
Nerik (16) Qubur al-Walayida, (17) Shuyukh elFawgani, (18) Shir, (19) Tell estShuna, (20) Tell

Atchana, (21) Tell Atij, (22) Tell Beydar Ill, (23) Tell FadousKfarabida, (24) Tell Halaf, (25) Tell Kerma,

(26) Tell Kuran, (27) Tell Raga'i, (28) Tell Tawila, (29) Tell Tweini, (31) Umm Qseir, (33) Tell 'el Abd,

(34) Qatna, (35) Tell Mozan, (36) Ziyade, (53) Tel Burna.
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6.4 DISCUSSION

It becomes increasingly clear that the collapse of Late Bradxge territorial states and
subsequent developments were complex and varied substantially across sites. Divergent
trajectories of settl ement s, with different
second millennium BC, are evident in much oé thear East (Devefl992; Porter2016),

while more nuanced archaeological approaches assign an important role to cultural continuity
superseding the paradigm of a catastrophic break of urban life and literacy during the earlier
Iron Age (Mazzoni 200(b; Harrison 2010). This being the case, the patterns of -agro
production in the Levant during this significant transitional period present an intriguing case
study to comprehend pathways of human adaptation to the alteredpsbtical settings

resulting fran the demise of palaesentred economic structures, rather than the probable

impact of climate degradation.

Bronze Age administrative records make clear that palatial control over agricultural
production focused on a limited number of crop plants; forermoging these was barley,
which seems to be the mastculated agricultural good in the redistributive scheme and
singlehandedly dominates the majority of agricultural production in the administrative
records (see Dornauer 2017 for an extensive treatofethdcumentary records). In concert

with the textual evidence, a prominent feature of Late Bronze Age archaeobotanical
assemblages is the prevalence of barley over other cereal crops. The role of barley as a
common currency in economic transactidriegetrer with silvei (Liverani, 2014) most
probably relates to the fact that this crop taxon provides a stable yield structure under various
ecological conditions with its low water demand and tolerance to saline soils, (FIEBE.
Similarly, the largeseedd vetches, bitter vetch and grass pea/red vetchling, proportionally

appear more often in the Late Bronze Age than lentil or any other leguminous crops, although

252



some exceptions occur. Similar to barley, both bitter vetch and grass pea/red vetchling are
well-adapted to poor soil conditions and low water expense, with short growing cycles less
prone to crop failure caused by erratic periodicity of rainf@iehl, 2009% Because their

seeds are toxic, requiring soaking in water before consumption (Millenré&elng, 2014),

some scholars have regarded these crops as inferior for human use compared to lentil and
other pulse crops, but better suited for animal feed (Zohary, &04R2; Miller & Enneking

2014). Nonetheless, the widespread appearance of cnois pldapted to low water expense
indicates risk management to prevent crop failures and to stabilize crop yields during the Late

Bronze Age.

During the Iron Age, the regional plant data show continuity regarding the range of crops
cultivated, confirming th earlier findings of Riehl and Nesbitt (2003). On the other hand, the
cultivation of droughtsusceptible, watedlemanding field crops like fre@reshing wheat,

lentil, flax, and einkorn, as well as arboricultural crops such as olive, grape, and fignelseco
increasingly apparent in their comparatively greater ubiquity scores during the Iron Age. Such
focus on the cultivation of drougktisceptible crops is in contrast to the scenarios proposing
degrading climatic conditions. Stable carbon isotope measumtsron cereal grasnfrom Tell

Tweini (site 29 in k.42) also do not reflect cereal production that was massively affected by

climatic change at the Late Bronze Algen Age transition, as argued by Kaniewski et al.

(2003) . Rat h¥Q values mggest mmyamoderte drought stress. There is,
however, s 0 mEC between differenb anop $peciespParticularly during the Late
Bronze Ageat Tell Atchana(Riehl, 201G), i n d i '%Ciddterrainatiomp of some free

threshing wheat grains tend be considerably higher than the mean values of barley. This
could indicate different crop production technologies, such as irrigation othireghing
wheat. It is likely that irrigation and/or cultivation on naturally wet soils may have also been

praciced by Iron Age farmers.
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The distribution of the preferred cereal and pulse taxa reveals an interesting pattern regarding

the ecological requirements of crop plants. During the Iron Age, the majority of sitesehat
proportionally enriched with fretreshing wheat also contain large vetches as the dominant
legume crop, while those enriched with barley demonstrate the prominence of lentil. Hopkins
describes labouwptimizing goals in the development of agricultural production in early
Israelite settlemet s as being part o f a risk manageme
mere coping with risk to risk educti on through terracing an
(Hopkins, 1987, p. 189). Labour optimization may be realized by investing in less laborious
crops like freethreshing wheat (see Hillmari984 and 1985for a comparison of crop
processing stages of naked and hulled wheats)-$pisdading is, for example, observable in

the increased appearance of bitter vetch. Such a particular pattern, i.e. thipatiom of
stresstolerant species and lelabourinvestment crops, including the maintenance of soail

fertility, may be interpreted as a strategy of finding a balance between water and labour input

that was probably pursued by Iron Age farmers, rathem telying on the cultivation of
droughttolerant barley and large vetches as their Late Bronze Age predecessors had done

(Fig. 51).

There are also local preferences visible among diverse regions in the Levant and beyond.
Broad bean, chick pea, and pea@mfy minor constituents of the crop repertoire, presumably
used as an additional nutritional supplement for protein intake. Broad bean has an entirely
Levantine distribution, excluding all Mesopotamian sites studied, while chick pea and garden
pea appear rdy sporadically in a few northern Mesopotamian sites (e.g. chick pea at Tell
Halaf, garden pea at Te$heikh Hamad and Tell Had)diand their distribution can be
conceived as virtually Levantine. With regard to food preference, M&fdsky and Kislev

c onc ei \Leatitusiceceravas probably an imported choice of food that may be said to

be associated with the Philistines, thus making itfethnic foody a component of the
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Philistines diet in their Aegean homeland, which they did not give up tegnimmigrated

to the Southern Levant othefedsOnat@nougip evidebcé & Dyr . Ne
dataset to assume that the appearance of grass peal/red vetchling in the Southern Levant
represents a nostalgic dietary substitute for Bilelical Phlistines. The taxon appears
relatively frequently in the Late Bronze Age, but on the other hand, none of our records
demonstrate its appearance in Philistine sites. In fact, fig. 3 in M&ldsky and Kislev

(2010, p. 248Bshows that grass pea/red vditotp was present in just three sites in the whole
Southern Levant from Iron Il onwards, but not before and never more freqtigamtiyitter

vetch.

The prominent focus on high water input during the Iron Age becomes plausible through the
cultivation of varous taxa, such as olive, grape, fig, pomegranate, and flax that require long
term strategies for soil fertility maintenance and substantial labour input to cultivate. The role
of this group of tree crops surpasses pure subsistence, since they are maboolyically
important, income generating products with respect to-thsigince trade (Faust Weiss

2005; Faust2011; Genz 2003; Knapp 1991; Sherratt1999), but are also significant in
cultural traditions such as anointment ceremonies, feastsredigtbus practices (Dothan
&BenShlomg 2 00 7 ; G,¢1968; rHaroilakls 1999; Hoffner 1995; Kaniewski et al.
2012; Stager &\olff, 19817). Olive and fig ubiquities follow the same pattern during the Iron
Age, with a decrease in the north and an ineaeasthe south. Wild olive(lea europaea
subsp.oleaste) is a sclerophyllous species which thrives in dense coastal woodlands, well
adapted to the variability and periodicity of rainfall in the Mediterranean basin (Blondel et al.,
2014), and its naturaistribution widely covers the coastal regions of the Mediterranean
(Zohary & SpiegeRoy, 1975). It is known that water input can significantly increase its
yields Riehl, 2009 Our data shows that it is present in Late Bronze Age northern

Mesopotamiarsites but largely absent during the Iron Age in the same region. Fig has been
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long-valued for its sugaproviding fruits and for timber, and has a wide natural distribution
range in the Near East, including northern Mesopotamia and the eastern FertenCaes
Caucasus (Zohary et al., 2012). Its general decrease in the northern agssnwlmost
probably related tpoor documentation of the smaiked fig seeds, rather than to widespread
abandonment of this crop. The presday distribution of wildgrape Vitis vinifera var.
sylvestri3 also covers a wider range than the typical Mediterranean climatic zone but
penetrates into riparian habitats, including northern MesopotasniMi{ler, 2008, p. 937).

This taxon basically develops well in the Meditéerean Basin, enjoying the sizeable amount
of rainfall here, with 500200 mm per year (Riehl, 2089 while it does not tolerate
submerged growing conditions and salinity (Powell, 1995, p. 104). The presence of grape pips
in our records represents the tioning importance of viticulture in the whole region, which

most probably had been practiced without interruption after the Late Bronze Age collapse.

Apart from these three widely occurring arboricultural products, pomegranate appears to have
been a minoelement of horticulture (Zohary et al., 2012), because archaeobotanical finds are
rare in Near Eastern sites, although this crop is part of the visual iconography as early as the
Uruk period in southern Mesopotamia (Ward, 2003), as well as in differead kif symbolic
pottery and metal objects in the Iron Age Southern Levant. During the Iron Age,
archaeobotanical finds of pomegranate are still rare, but with an increasing number of
occurrences in the Southern Levant. Assessing the significance of ¢théase in the
Southern Levant is difficult, but considering the appearance of cultic objects in the form of
pomegranates in some Philistine sites (DotkaBenShlomqg 2007), as well as the material
evidence from the Late Bronze Age Uluburun shipwreck ¢\W2003) and from Tiryns on the
Aegean peninsula (Papadimitriou et aD15), such an increase may indicate littkgroups

with a possible westward origin, like the Philistines during the Iron Age.
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The regional data on flax/linseed is consistent wittiexaobservations by Riehl (2089p.

106; also see Orendn pressfor a detailed analysis). Due to its high oil content, the
preservation of flax seeds is usually low in archaeological deposits. This may well be a
contributing factor to its virtual absee after the end of the Early Bronze Age (Riehl, 2p09
However, the Iron Age in this case is a period of exception, when this crop taxon resurfaces in
the Levant in general. The large deposit of flax remains at Iron Age Bwtan is rather
conclusive since annual rainfall in the Betbhean Valley is too low to support cultivation of

flax. This crop taxon requires a substantial amount of water input and depletes soil nutrients
during the growing season (Kislev et al., 2011). Interestiigyfr Sheanis not the only site

with evidence of flax located in an unfavourable local climateD e i in thédJaArtdan ®alley

is another example, indicating that low annual rainfall (RGBD0 mm) was almost certainly
supplemented with irrigation to cultivate flaxafv Zeist& Heeres 1973), if it was not an

import.

6.5 CONCLUSION

Although the plant evidence presented here has to be considered cautiously, since it lacks
phaseby-phase resolution in general, the emerging picture as concerns plant subsistence is
that there is no clear evidence that the Late Bronze Age and the Iron Age were periods of
dearth and widespread famine, as some climate models have presupposed. On the contrary,
the cultivation of droughsusceptible crop plants becomes progressively more websspr
during the Iron Age, as shown in our synthetic study. In this manner, the earlier Iron Age can
be seen as a period characterized by better accessibility of various crop plants in relation to
the breakdown of the old palatial regime and of economimtnas embedded into the Late
Bronze Age social structure. That is, the decline of palatial administration at the end of the
Late Bronze Agenight have opened up a new period of emancipation from former economic
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ties and obligations between local farmingnmemunities and their governing bodies (e.g.
taxation, wages¢ o r \al®er, tribute, services). This is akin to the assumption of Tainter
(1999, p. 1025), as the collapse might differently affect various social segments in a given
society. In place of theireliance upon the broader economic framework of the Late Bronze
Age, in which the production of agricultural surplus was critical in maintaining local and
regional networks of palatial centres, the earlier Iron Age farming communities, now liberated
from either the external domination of the distant Pharaoh and-&negtor of local political
leaders, were most possibly able to develop their own versatile subsistence strategies to
mitigate diverse risk factors over agricultural production on a moreizedalevel. Further
archaeobotanical research will definitely add more to this emerging picture of plant
subsistence and agricultural economy, and sharpen our understanding of the impact of diverse

environmental, climatic, and social factors on Near Eastecieties.
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CHAPTER 7. AGRARIAN ECONOMY AT THE PERIPHERY OF THE NEO -
ASSYRIAN EMPIRE

This chapter discusses three interrelated subjects on the cultivation of field crops and
perennial trees during the Late Assyrian periddgBd " centuries BCE): 1)he organizing

role of the NeeAssyrian provincial administration for agpvoduction in peripheral regions;

2) the political discourse of abundance and plenty, the resettlement policy and its impact on
the subsistence base of the local communities in gatgd regions; 3) the translocation of

crop and tree species across the imperial territories and the probable role of Northern Syrian
environments in such transference of biological specimens. These three aspects of the agrarian
economy have been presented disentangle the sHgpecific and regional developments

during the ¥ millennium BCE.

7.1 INTRODUCTION

Empires are defined as geographically expansive political structures encompassing diverse
local communities with different cultural traits (Sinopoli994, p.159). A significant

outcome of imperial expansion depends on the acquisition of regularized revenues through the
collection of tax and tributesS{nopoli, 1994, p165). In general, Sinopoli argues that the
intensity of imperial involvement inrpductive processes varies because of several factors in
relation t o, ifé administrative structure, di
or centers), the distribution of centralized institutions (centers, garrisons, or outposts), and the
eonomic and symbol i c si ghob4 pl6é5n mhe eontwlfovestiee c i f i
labor force affected the control of materials, thus direct regulation of agricultural resources
could become possible. In this manner, the incorporation into theriah economic system

has significant i mpact on t haeowno cmr o ceecsosneosnoi
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tribute payment s, t a x -uapn dp rloacbeosrs edsedmat nhdast osri gi
individual responses to the expanding political, ewoic, and prestige networks (Sinopoli

1994: 171).

The NeoAssyrian Empire was furnished with a provincial administrative apparatus operating
effectively across the different geographies of the Near East (Liverani 1979: 306). During the
8" and 7" centuris when the Nedssyrian expansion reached its full zenith, the upper
citadels became Al andscapes of power o which
the provincial centers (e.g. Tayinat/Kunultdarrison, 2014, p. 92). The political authority
consolidated its legitimacy through a suit of monuments; e.g. palaces, temples, administrative
complexes in every provincial center (Harris@914, p. 92; Liveranj 2012, p.181). Other
administrative measures undertaken by the-Ngsyrians were the pvisions of ploughs, the
storage of grains and straws for men, animals or brickmaking and lastly, the acquisition of
draughthorses for military and messenger purposes (Posttid, p.237; see also Parker

2003, p.541). Moreover, during this periothe standardization of the administration across
the empire was undertaken through the yearly issuing of cuneiform texts by eponyms, the
monthly calendar, fixed standards to weights and measures durin§ tenttiry (Parpola

2003; Fales2012).

The stag-sponsored projects of mass deportations (Qt@d9) and massive irrigation canals
(e.g. Bagg2000; Wilkinson & Rayne 2010) aimed to boost agricultural productivity. Both
policies manifested in a significant increase in small rural settlements irotinéryside as
recorded in many archaeological surveys in the Syrian Jexiekir{son & Barbanes2000;
Wilkinson et al, 2005, pp.37-8) and also the Upper Tigris region (Parkg903) during the
8" and 7" century BCE. Two pathways of settlement growttive been described during the

Late Assyrian period. One was a natural type of development of the settlement system,
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covering regions with higher rainfall such as the Upper Khabur, Balikh and Euphrates
Valleys. This type of settlement growth was imposgdhe direct exploitation of agricultural
potential of these regions, without the implementation of laogde irrigation systems. On

the other side, the Lower Khabur Valley represents the artificial type of settlement growth,
where the Assyrians built rasive irrigation systems and forcefully resettled the population
from other regions. The outcome of this interference was the significant increase in the
agricultural capacity of the region and possibly even neighboring regions (Morandi

Bonacassi200Q pp. 382-3).

The administration was centered in the capital city of every province. The most basic role of
provincial administration was to carry out the collection of commodities for the central
government in Assyria (PostgatE9747). The NeoeAssyrians dishguished their territories
directly administered within the ALand of A
such as the vassal/client kingdoms to the west of the EuphrateqRigtgate1992, p251).
For example, the provinces within tlieL and o f Assur o were oblig:
offerings to the Assur temple, Assur was the national god of the Assyrians, situated in the
town of Assur (Postgatd 974a). On the contrary, client/vassal kingdoms were subjected to
annual tribute paymentsf valuables (e.g. precious metals, linen garments, livestock).
Specifically, these contributions were held by the king and high officials but not temples.
Assyrian administration, in its entiretyyas embedded in agricultural production to perform
its duties,

fi S t-@wheel land given as maintenance land, catteal 6 utb the holder of an

office as a provincial governor was the primary means to sustain the administration.
Maintenance lands are also attested for such institutions as the royal tombsrin Assu

While a fixed share of these estatesd yield had
the central administration the remaining share
AiBy using its crops as temple offamlrings and as
was the important means to support templ es. It

that temples had sufficient land at their disposal. He did so by donating land to the
temples, but also by bestowing land onto people who were supposed to use part o
their fieldsdéd yields as provisions for the temp
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Provincial governors were expected to store grains and straw in case of a military campaign
passing t hrough t hei- nstpeercrtiotrosroi e sver €T h e e sfApvc
administrative issues of the countryside under the direct control of a governor (Postgate
1974, 1992, p.256). For instance, the Assyrian Doomsday Book (or alternatively known as
Harran Census) is a unique example of such recording of agricultural assébar. This is

a group of tablets which were recovered at Nineveh, possibly either tax imposition or tax
exemption records, describing small hol di ng
modern Turkey) according to the size and use of land, ress# buildings, stock of animals,

the quantity of attached personnel listed by sex and age (Podtgads; Lipinski, 1998 for

an Aramean perspective on the same textual evidence).

Another important subject of investigation is the question how th&gabldiscourses shaped
agricultural production across the NAgsyrian territories. A recurrent rhetorical theme in the
Assyrian royal annals is the role of the king bringing prosperity and abundance to the desolate
countryside (Graysgn 1991; Radner 2000; see Rosenzweig2016, 2018 for an
archaeobotanical approach; Wint&003 for iconographic examplé$) One of several
epithets of t he Assyr i an20M)i echped wnatse retwcrent t i v a
emphasis of abundance and plenty of resourcéstinei r wor ds such as fAes
prosperity and abundance in his | ando, Ahee
abundance and prosperity | 2003;tColens Z006eThds of

i conographic repreaeaseontafti 6 hswerfs,fiatbruemedsanand
appeared on artistic mediums such as jewelry, wall reliefs, and carvings (VWiD0S).

Wi nter argues that the symbolic systems and

%9 Such narrative, in fact, has a lengthy history in the Near (®éster, 2007 for an overview and the references
therein; Miller, 2013 same subject for the Royal Cemetery of Ur) and found in other contemporary Luwian and
Aramaic inscriptions from the Swyw@natolian geography (Hawking000) including Tell Tayinat (Hason,

2014, see belowhapter 8for the context of the Tell Tayinat Inscription 2).
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receptive social environmeim which authority structures needed for a requisite surplus could

be r ei 003 prl8)do (

Moreover, Assyrian domination in the Near East also presents an intriguing case for the
translocation of biological specimens towards the Assyrian corelagdReade2004).Bagg

(2000, p.315) considers this within the framework of agrarian politics. The physical
transference of biological organisms represented another propagandistic means to impose the
political control over an imperial domain. During thgeriod, the royal annals and
correspondences involve rigorous recordings of the number of trees and shrubs with their
original provenance and the reason for what they were used (Pp4@@2e Chart 1; Radner

2000, p.239). This practice is known sinceettime of Tiglathpileser | (11747 1076 BCE)

(Bagg 2000) while more recordings appear during the Late Assyrian period (Postgate
199%). The ideological cosmos of the empire has been remodeled in the royal gardens and
game parks in the Assyrian heartlafedg. Foster1998; Radney 2000; Reade2004). More
interestingly, Radner suggests t hat t he r
horticulturalisto or figardenero in royal ann
strategy, nSthe degoiteesho ptecidusetree that are uprooted and replanted in the

best possi bl @1&p2l®.umst anceso (

As the NeoeAssyrianempireincorporatesnuch of the Near East under a new political and
administrative rubric, the crucial question to askuld be whether or not programmatic
agrarian politics were executed in similar managerial principles throughout the Empgire
technology of ploughs or hydraulic systems). For instance, didAdsgrians introduce novel
agricultural implements for mihig and grinding to produce floumore effectively? Or did
they ever tr ansf ewhichtwaseused in SoatheenrMésopotarhiaosinge hinde

immemorial (Postgatd9929- to the peripheral regions like the Levant? It is also rather
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unknown how mule of the repeated discourses of abundance/plenty is rhetorical and how
much of these discourses involve actual political intervention of the Assyrians over
agricultural and arboricultural production (see RadR@00 for an extensive treatment of the

issue from the textual evidence; Rosenzwe@018 for an archaeobotanical approach).
Similarly, as mentioned before @hapter 6 previous archaeobotanical studies demonstrate

that the beginning of the Iron Age marks a gradual introduction of new crop tygessuc

millet, sesame,ricand per haps cotton i f the Assyrian |
into consideration (Rieh%: Nesbitt 2003). However, whether or not the Assyrians designed

crop packages or intentionally introduced novel crops to bevatdtl by their imperial

subjects was hardly ever investigatemm an archaeobotanical perspective.

Investigating the Tayinat plant assemblage in combination with the regional occurrences of
the novel crops, of which we know their use from laterillennium BCE textual resources,

can be beneficial to answer some of these questions. Specifically, Tell Tayinat/Kunulua as the
capital town of an Assyrian province (Patina/Ungi) can demonstrate many aspects of the
Assyrian interference in agricultural life. this chapter, there will be three research questions
under investigation: 1Were there any discernible changes in the crop assemblage of Tell
Tayinat indicating the organization and management of agricultural practices in the Neo
Hittite and Late Assyriaperiods?;2) How were the economicaliynportant field and tree

crops distributed during the*1millennium BCE?; 3) What were the process(es) for the
transference of crop products across various regions of the Near East during®the 1

millennium BCE?
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7.2 MATERIALS and METHODS

7.2.1 Archaeobotanical data

Iron Il samples were recovered from Field 7. In total, 19 samples were analyzed which
correspond to ca. 230 liters of sediment. The samples yielded 717 seeds and fruits. For the
Iron 1ll, 25 soil samples ere analyzed from Field #hich corresponds to 315 liters of
sediment. These samples yielded 956 seeds and fruits. Percentage, find density and ubiquity
analyses were applied to the dataset. For clarity, some plant categories have been

amalgamated to singltaxa as in previous chapters.
7.2.2 Regional plant data

Surveying regional plant data has been done from the online datdeE®aes.deThe data
on the typical Near Eastern crops has been recorded as presence/absence from the beginning
of Iron Age (ca.1200 BCE) to the end of*Imillennium BCE. This data has been analyzed

with ubiquity scores.

Additionally, some rare field crops, perennial trees and condiments/spices were added into the
dataset as presence/absence for the same period. These fialdeaaps include summer
crops (broomcorn and foxtail millet, sesame, and rice), perennial trees (almond, apple/pear,
walnut, hazelnut, carob, pistachio, apricot, and peach) and condiments/spices (coriander,
cumin, and fenugreek). The information on theskected crop species were analyzed for their

distribution across the Near East.

The datasets have been divided into three broad periods, name{9a20200500, and 500
0 BCE. In general, this periodization does not coincide with any local chronolegpaénce
found in the Near Eastern archaeology. Although this periodization seems to be simplistic at

first glance, the basic difficulty to place the archaeological settlements into the correct
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chronological framework was the large number of archaeolatastudies that only reported
according to local chronologies; thereby the lack of 14C dates. For this reason, this

chronological division has to be conceived as preliminary in this study.

The 12007 900 BCE interval largely coincides to the Iron Age VYelepments in the Near
East. This is basically a northern Levantine chronological scheme (Mazzor) 2066 end

of the Late Bronze Age in the Southern Levant conventionally ascribed to the retreat of the
Egyptian Empire during the $alynasty ca. 1130 ®E (LB II). In this case, the LB Il sites

in the Southern Levant were also amalgamated with the Iron | sites of the Northern Levant
within the interval 0f1200900 BCE. This interval also covers the Middle Assyrian sites in
Northern Mesopotamia. This seence covers from the $30 the 18' centuries. Since the
larger portion of this timeframe coincides with the Northern Levantine Iron Age I, this local
sequence was also added into the 12@00 BCE timeframe. On the other hand, the D00

500 BCE timefame saw the imperial expansion and increasing trade networks in the Near
East. This makes an enrichment of local chronologies like theHigte, NecAssyrian

(Late Assyrian), the Urartian, the Phyrgian, the Greek Protogeometric andthe Greek Archaic
period. All of these periods were studied together. The final episode, BOBCE basically

covers the developments of the Achaemenid, Hellenistic, Parthian and Roman periods.

7.3 RESULTS

7.3.1 Overall characteristics of plant assemblage in the Iron Il and periods at Tell Tayinat

The overall results gathered from Field 7 and 5 indicate that there was no change in the crop
spectrum from the Iron 1l to the Iron Ill. The crop spectrum includes typical plants from
preceding periods. The only important additonwere almond and pistachio during these

periods (Tablell). The most common preservation condition is carbonization in both fields.
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Also, there are several mineralized specimens recovered from Field 5. Apart from some
objects with obvious morphological @tacters easy to identify,many of these objects are left

unidentified.

7.3.1.1 Cereals

Cereal crops are limited to freélereshing wheat, barley and to a much lesser extent emmer
wheat. Einkorn wheat is completely absent in the crop assemblagehfasleng wheat and

barley are by far the bestpresented cereal taxauring the Iron Il, the ubiquity scores of
free-threshing wheat and barley indicate that barley was more frequently represented in the
analyzed samples. Frélereshing wheat tends to have alg greater proportions than barley

in the Iron Il sincethe freethreshing wheat appears concentrated in certain deposits. In the
subsequent period, the Iron Ill, the ubiquity scores of-theeshing wheat become higher
than barley reaching up to ca. 6%#d decreasing to ca. 46% for barley. The proportions of

free-threshing wheat remain steady from the Iron Il value in the IrafT&lble 11).

The chaff remains of all cereals are almost absent in both periods. Only few cereal chaff
remains were recovereflom these samples. Frfreshing spikelet bases appear more
frequently than the chaff remains of barley and emmer wheat. The morphological
characteristics of the fre@reshing spikelet bases resemble closeaiyicum durum,but it

should be noted thahany of these objects were severely corroded. For this reason, these
objects were classified under the categoryl oflurum/aestivunspikelet bas@here is only

one barley rachis object that was found in the Iron Il deposits, while none was found in the

Iron IIl. The ubiquity scores of emmer and fteéeeshing wheat chaff remains are about 15%.
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7.3.1.2 Pulses

The same trend recorded in previous periods has also been identified during both periods
under investigation. The amalgamated categoryisfa/Lathymus is the most prominent
leguminous crop taxon; followed by lentil in lower proportions and prevalence than the
Vicia/Lathyruscategory. Other pulse crops (faba bean, pea, chick pea) are consistently absent

during both periodéTable 11)

7.3.1.3 Flax/lirseed

The flax objects appear in two samples of the Iron Il assemblage. Many objects (n=8) were
concentrated in one particular sample (SA 9477). On the other hand, no flax object have been
found in the Iron IIl deposits, except in and around Building X\ée(@hapter or more

details).

7.3.1.4 Wild plants

The largermart of wild plant assemblage is composédhree categoried;olium (ryegrass)
Phalaris (canarygrassiand Melilotus/Trifolium (clovers). Only these tree taxa composed
about 60 % of the en@rron Il assemblage and 50% of the Iron Ill assemblage. Among the
wild/weedy plants recorded for both phases, the wild leguminous plantsP(esppiscf.

farcta, Trigonella, Securigerasecurigeda appear within a range &6 - 15% in the Iron II.
During the Iron Ill, however, the ubiquity scores of all wild leguminous plants increased to
over 10%. Equally interesting is the absenceAnthemiscotula This wild taxon was so
ubiquitous, in the EBA and the Iron | in its entirety, but the subsequent tvaalpashow only
insignificant occurrences. The remaining taxa occur only infrequently in the assemblage.
Similarly, the genera of the Rubiaceae family were also comparably ubiquitous, during the

EBA and the Iron |, becoming less pronounced during the subseperiodgTable 11)
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There are no new plant taxa in the wild plant assemblage which were not recorded in other
periods. However, the botanical contents of SA 9477 are an exception. This sample eontains
comparably good amount of flax finds (n=8) asntiened before, as well as some floristic
elements, belonging to the Brassicaceae (mustard) family, some unidentified plant objects

which have never been recorded in other Tell Tayinat deposits lf&&drte 11)

7.3.1.5 Tree crops

The typical tree cropslive, grape and fig appear in the assemblage alongside to almond and
pistachio (n=1) finds. The ubiquity scores of olive pits are 31% and 34% respectively in Iron
II'and Iron 1ll. A similarly steady increase was also recorded in the percentage okdms ta
from about 0.80% to over 1% of the assemblage during the Iron Il and Il subsequently. In
regards to the ubiquity scores of grape pips, 40% scores follow by an increase in the Iron Il
to 60%. Also, the percentage of grape finds is getting highergithelron Ill. Another tree

crop, fig, has a somewhat different pattern. The ubiquity scores indicate much lower values
for the Iron Il (10%) and then increase to 26% during the Iron Ill. Despite the fact that the
Iron Il is a period of decreasing percage for this crop taxon compared to Iron 1, the Iron IlI

also shows an increased percentage to about 1% in line with the other two abovementioned

tree cropgTable 1).

The two other tree fruits, almond and pistachio, appear less frequently and in lots. coun
There was only one pistachio object which had been recovered from the Iron Ill. Almond
shells appear with only one count in the Iron Il. During the Iron Ill, however, six objects were
recovered. The ubiquity scores reached about 25% during this p&hedpercentage of

almond remains was also comparatively higher in the Iron Il than the previous period.
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PERIOD| IROMII IRON 1l IROM I IRON 1Nl IROM I IROM I IROM 11 IROM I
Counts Ubiquity Proportions Find density
Taotal no of counts Total no of samples Total soil sediment
TOTAL 687 920 19 26 230,50 315,00
Crops
Hordeum vulgare 17 58 63,16 45,15 2,37 5,07 0,07 0,18
Hordeum vulgare (rachis) 1 5,26 0,00 0,14 0,00 0,00 0,00
Triticum spp. (fr. thres/gl.) 10 27 21,05 48,15 1,39 2,82 0,04 0,09
Triticum aestivum/durum 65 86 47 37 65,38 9,07 9,00 0,28 0,27
free-threshing wheat (spikelet bases) 1 5 5,26 15,38 0,14 0,52 0,00 0,02
Triticum dicoccum ] 15,79 0,00 0,70 0,00 0,02 0,00
Triticum dicoccum (spikelet bases) 2 5 10,53 18,23 0,28 0,52 0,01 0,02
Wicia/Lathyrus 15 31 52,63 48,15 2,23 3,24 0,07 0,10
Lens culinaris 3 12 15,78 26,92 042 128 0,01 0,04
Olea europaea 5 11 31,58 3462 0,584 0,03 0,03
Witis vinifera (all objects) 19 30 42,11 61,54 2,65 0,08 0,10
Ficus carica (carbon. + mineralized) 4 11 10,53 28,92 0,58 1,15 0,02 0,03
Linum usitatissimum ] 10,53 0,00 1,26 0,00 0,04 0,00
Amygdalus sp. 1 [ 5.26 23,08 0,14 0,63 0,00 0,02
Pistacia cf. lentiscus 1 0,00 3,85 0,00 0,10 0,00 0,00
Coriandrum sativum 1 0,00 3,85 0,00 0,10 0,00 0,00
Wild Plants (>10%)

Lelium sp. 338 380 73,68 96,15 47,14 39,75 147 1,21
Phalaris sp. 36 45 63,16 69,23 502 471 0,16 0,14
Hordeum spp. (wild and frags, NISP, >dmm) 3 5 15,78 15,38 0,42 052 0,01 0,02
Phleum cf. phleoides 4 0,00 11,54 0,00 0,42 0,00 0,01
Poaceae, indet. (large) 2 17 10,53 18,23 0,28 78 0,01 0,05
Poaceae, indet. (medium) 34 32 47,37 30,77 4,74 3,35 0,15 0,10
Poaceae, embryo (indet.) 4 7 10,53 19,23 0,58 0,73 0,02 0,02
Coronilla sp. 5 5 10,53 19,25 0,70 0,52 0,02 0,02
Scorpiurus sp. 1 7 5.26 23,08 0,14 0,73 0,00 0,02
Prosopis cf. farcta 4 1 15,79 3,85 0,58 0,10 0,02 0,00
Securigera securigeda 2 4 10,53 15,38 0,28 0,42 0,01 0,01
Medicago sp. (+pod frags) 5 3 10,53 11,54 0,70 0,31 0,02 0,01
Melilotus/Trifolium 53 54 57.88 85,38 7.38 5.65 0,23 0,17
Fabaceae, indet (large) 4 7 10,53 18,23 0,56 0,73 0,02 0,02
Bupleurum sp. 2 8 10,53 11,54 0,28 0,584 0,01 0,03
Apiaceae, indet. small-seeded 5 2 10,53 3,85 0,70 0,21 0,02 0,01
Centaurea type 3 1 10,53 3,85 A2 0,10 0,01 0,00
Scirpus maritimus 1 ] 5.26 19,23 0,14 0,52 0,00 0,02
Rumex sp. 17 17 31,58 34,62 2,37 178 0,07 0,05
Thymelzez sp. 3 0,00 11,54 0,00 0,31 0,00 0,01
Ornithagalum/Muscari 3 10,53 0,00 0,42 0,00 0,01 0,00
Malva sp. -] -] 10,53 19,23 0,34 0,83 0,03 0,02
Characeae imodern?) 23 0,00 18,23 0,00 2,41 0,00 0,07

Table 11 Crops, crop by-products and wild plant taxa (over 10% ubiquities) during the Iron Il and Il at
Tayinat.
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7.3.2 Regional distributions of selected crops and condiments/spices

The ubiquity scores of field and tree crops indicate little change duringativse of the®1
millennium BCE. The dominant feature in the dataset is the prevalence of two cereal crops;
barley and freghreshing wheat. Barley becomes more common in latenillennium BCE

in comparison to the time interval between 1200 BCE. Free threshing wheat shows
steady scores in all three investigated time intervals. Emmer wheat is less frequent than these
two cereals. Emmer wheat also shows the same steady trends in thewiegi@tcurrences

(Fig. 54)

The ubiquity scores of pulsesmdenstrate a clear patterning. Bitter vetch finds decrease from
about 70% in the timeframe 1200900 BCE to 40% during the rest of th& rillennium

BCE. Similarly, grass pea/red vetchling shows a similar trend of decrease during the same
periods. 30% saes fall down to 20% during 96800 BCE and about 10% during the 800

BCE time intervals. Lentil values increased about 5% from BZ@D to 906500 BCE
following a decrease during the second half of thenlllennium BCE. An increase is visible

for the est of the leguminous crops. Other pulses, chickpea and pea, demonstrate a consistent
increase in the second half of th&rhillennium BCE. Faba bean values remain steady over

the course of the®Imillennium BCE(Fig. 54)

The flax finds diminish steadilto lower values, from about 30% to 10% occurrences, during

the course of the investigated time intervals.

The four tree crops investigated here show varying degrees of occurrences. Grape is by far the
most widely occurring tree crop, showing higher ssareca. 60% until the second half of the

1% millennium BCE, then a decrease of ca. 30% is recorded in our study. Theubiquity values
of fig and olives vary during the three timeframes investigated. The scores of both tree crops
change within a range of ¥®between different time intervals. Otherwise, their scores remain
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