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Abstract

In southwest Asia, the accelerated impact of human activities on the landscape has often
been linked to the development of fully agricultural societies during the middle and late
PrePottery Neolithic B (PPNB) period (around 123 ka cal. BP).This work
contributes to the debate on the environmental impact of themalkeal Neolitisation
process by identifying the climatic and anthropogenic factors that contributed to change
local and regional vegetation at the time when domesticated plantsr apmedeveloped

in southern Syria (around 16979 ka cal. BP). In this work an intdrsciplinary analyses

of botanical microremains (pollen and phytoliths) and macroremains (wood charcoal) is
carried out along with stable carbon isotope discriminatfowamd charcoals in an early
PPNB site (Tell Qarassa North, west of the Jab&lrab area). Prior to 10.5 ka cal. BP,

the results indicate a dynamic equilibrium in the local and regional vegetation, which
comprised woodlandteppe, Mediterranean evergramkwoodlands, wetland vegetation

and coniferous forests. Around 1@9% ka cal. BP, the elements that regulated the
vegetation system changed, resulting in reduced proportions of arboreal cover and the
spread of coldolerant and wetlands species. Oatadshow that a reinforcing interactions
between the elements of the anthropogenic (e.g. herdingrefated activities) and
climatic systems (e.g. temperature, rainfall) contributed to the transformation of early

Holocene vegetation during the emergeotckilly agricultural societies in southern Syria.

Keywords
Pabeovegetation Early Holocenge Climate change Southwest Af; Domestication

Archaeobotayy Anthropogenic impact

Highlights
X Multi-proxy analyses reveal diverse vegetation around4@.ka cal. BP
x Cereals wer domesticated in wetter conditions than at present in southern Syria
X Dynamic equilibrium around 10-¥0.5 ka cal. BP, changes around 19.8 ka cal.
BP.

x RCCs as trigger for the expansion of ctdterant and wetland vegetation
X Increased anthropogenic iagts and RCCs coincided with decreased arboreal

cover
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1. Introduction

The PrePottery Neolithic (PPN) represents a key time period to understand the
emergence of agriculture in southwest Asia. During theP@iteery Neolithic A (PPNA,
11.610.7 ka cal. B), there is evidence for the development of plant food production
activities involving morphologically wild plant species (Willcox et al., 2008), along with
the evidence of early control or management of wild animal populations (Ervynck et al.,
2001; Vigre, 2013). Subsequently, during the early-Pottery Neolithic B (EPPNB, 10.7
10.2 ka cal. BP), the first morphologically domesticated plants (Tanno and Willcox, 2012)
and animal species (Helmer et al., 2005; Peters et al. 2005; Zeder, 2011) appear in the
archaeological record, yet the exploitation of morphologically wild species predominated
during this time. Agriculture, defined as a subsistence system largely relying on
domesticated resources (Zeder, 2015), evolved only arouned Ixzal. BP, duringhe
middle and late PPNB (Asouti and Fuller, 2012, 2013; Zeder, 2011).

The environmental settings of the PPN period, exception made fhthmian period
that developed within the last years of the Younger Dnyase primarily those of there
boreal éimatic oscillations(Maher et al., 2011)This period was characterised by rapid
warming, with increased mean yearly temperatures of about 7°C (Alley, 2000), combined
with minimum rainfall rates in excess of 350 mm/yr, makingni¢ of the wettest periods
in Southwest Asia in the last 25,000 ye@®®binson et al., 2006; Weninger et al., 2009).
However, early Holocene climate was not stable, and several Rapid Climatic Changes
(RCCs) occurred in the eastern Mediterranean at the time when agriculture ddvelop
southwest Asia, c. 10.2 ka cal. BMgyewskiet al.,2004; Weningeet al, 2009). Such
RCCscomprised cold/dry (e.g. 10.2 and 8.2 ka cal. BP) and wet/warm (Levantine Moist
Period and Sapropel S1, 18% ka cal. BP) spellsSome of these events se¢o have
caused considerable changes in the vegetation. For example, maxiisiatia
percentages (the sB D O (Pi$t@cia3 3KDVH’ ZHUH UHFRUGHG GXULQJ
depositions (around-8 ka cal. BP) in several pollen diagrams from the Adriatic and
lonian Sea, Lake loannina and Lake Xinias (Greece), Tenaghi Phillippon (Greece), and
Ghab (Syria) indicating relatively warm winters and mild summers (Ross&nok
1995; 1999). Reductions in the proportions of evergi@aarcuswere recorded shortly
after e dry 8.2 ka cal. BP event at Tenaghi Phillippon Greece (Pross et al., 2009). During
the same time period in the Eastern Mediterranean (close to the Israel coast) pollen records
from deepsea cores indicate maximum values for-thigrantArtemisia(Laggunt et al.,

2011). Yet, the understanding of the effects that early Holocene RCCs caused in the
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vegetation, and by extension, in the subsistence of the early agricultural groups during the
PrePottery Neolithic is still limited (Weninger et al., 2009; Fletral., 2016; Berger et
al., 2016).

Despite the diverse bioclimatic regions and vegetation zones in southwest Asia (see a
short summary in Asouti et al., 2015), the available pollen records indicab@sistent
reduction in norarboreal pollen (NAPJluring the early Holocenend an overall increase
in arboreal pollen (AP), characterised, in particular, by the spread of woestkpue taxa
(Pistaciaand Amygdalus pistachio and almond) ar@uercus(oak) woodlands (van Zeist
and Bottema, 1977; van Zeiahd Woldring, 1978; Rossign@trick, 1993, 1995, 1997,
1999; Stevens et al., 2001, 2006; Wright and Thorpe, 2003; Wtick., 2003; Rosen,

2007; Hajaret al, 2010; Rambeau, 2010){lowever, the time at which oakoodlands
developed across southwest Agaied from one region to the othén.the Mediterranean

area of the western Levant the spread of decid@uescusoccurred 10.8.4 ka cal. BP
(Wright and Thorpe, 2003; Rosen, 2007; van Zeist et al., 2009), whereas pollen records
from the IraneAnatolian region including southwest Iran (Zagros area) and central and
eastern Anatolia point to a later expansion, around4A5ka cal. BP (Bottema and
Woldring, 1984; van Zeist and Bottema, 1977; Stevens et al., 2001; Wick et al., 2003;
Djamali et al., 2008L.itt et al., 2009).

Some argued that climatic conditions that would have allowedwoakiland expansion
did not develop in these areas until later (van Zeist and Bottema, 1991; Roberts and
Wright, 1993; Rossignebtrick, 1997). Yet, others have attributdtis delay to
anthropogenic factors. Several researchers proposed that increased wildfires at the
beginning of the Holocene could have contributed to the development of grasslands in
central and eastern Anatolia (considered as competitors fesemahing), which would
have hindered oak growth and expansion (Wick et al., 2003; Turner et al., 2010). Roberts
(2002) suggested that the human activities that developed with the establishment of
agriculture in southwest Asia (e.g. land clearance for crop clittiyaburning, animal
grazing/browsing, and wood cutting for fuel and liplaster manufacture), besides a more
marked seasonality and the intensified occurrence of wild fires during the early Holocene,
were overall responsible for the late establishménbai-woodlands in centradastern
Anatolia and the Zagros (see also Turner et al., 2Ba&3ed on wood charcoal analyses,
pollen records and observations on modern vegetation in central Anatolia, Asouti and
Kabukcu (2014) suggested ths¢miarid deciduas oak woodlands in this particular

region evolved progressively, for around 3000 years, enhanced by several anthropogenic
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activities (i.e. selective exploitation of Rosacéé&loideae, lighimoderate grazing by
ruminants and managementsQidiercusstands)carried out by M/LPPNB groups starting
around 98 ka cal. BP. They argued that early Neolithic anthropogenic activities
contributed to, rather than hampered, the spread efvoakiland vegetation in the Irano
Anatolian region, and they considered thesg-ttiversity oakdominated woodlands as
one of the earliest anthropogenic vegetation types in southwest Asia.

Nevertheless, the type and scale of the impacts caused by human groups around 10.0 ka
cal. BP in southwest Asia was regionally diverse, probably a®nsequence of the
different environmental conditions and economic activities carried out by local human
populations. In the Zagros area, increased proportioridlasftago lanceolata English
plantain)in the pollen recordeas been interpreted as ewnde of highly disturbed habitats
caused by fires set by local hunters and herders (van Zeist and Bottema, 1977; see also
Wasylikowaet al, 2006). h the northern Levant (Ghab area, northwest Syria), Yasuda et
al. (2000) recorded an increase of miclarmals and the decline dpuercuspollen
around 10.19.5 ka cal. BP, interpreting it as the oldest evidewéelargescale
anthropogenic forest clearance or deforestagme Roberts, 2002 and Meadows, 2005,
for an alternative interpretation of the data). the southern Levant, several authors
claimed that agricultural and lime production activities by PPNB groups in areas that
nowadays receive low average rainfall for -fiayming (i.e. marginal areagompletely
modified the preexisting landscape and cduhave led to deforestation (KohRollefson
1988, BarYosef, 1995; Rollefson 1990, Kohi&ollefson and Rollefson, 1989.999.

Yet, authors such as Blumler (2007) have put into questions that deforestation occurred
during the early Holocene in Southwessia, since the rexamination of 13 primary
pollen datasets from Greece, Turkey, Syria and Israel do not show strong reduction in
arboreal cover during this time (e.g. from 90% to 30%). This view is reinforced by pollen
records in norttwestern Turkey ah Northern Israel (Golan Heights), where
anthropogenic activities (e.g. herding) were identified only during the Early Bronze Age
(ca. 4.8 ka cal. BP) (Miebach et al. 2015; Schwab et al. 2004), and slightly later, around
3.8 ka cal. BP, in the Lake Van &earn Anatolia) (Wick et al., 2003). Asouti et al. (2015)
proposed that far from causing degradation, anthropogenic activities could have enhanced
woodlandexpansion not only in the Irasnatolian region but also in the arid area of the
southern Levant (g. Jordan Rift Valley). High proportions Bistaciawood charcoal and
nutshells found at P¥ottery Neolithic Wadi eHemmeh were interpreted as evidence for

the intensive management of these trees as a source of food, fuel and fodder, and along
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with ealy Holocene climatic improvements, they would have contributed to the gradual
expansion oPistaciawoodlands in the area (Asouti et al., 2015).

All perspectives considered, the degree to which early Holocene climate and Neolithic
activities shaped locand regional vegetation in southwest Asia remains still an open
question. There are as yet no enough data to address the effects of early Holocene RCC in
the vegetation across southwest Asia, and depending on the author and the region under
study, there i@ multiple views regarding the impact of Neolithic activities in the landscape
(e.g. severe impacts in the form of deforestation, contribution to woodland expansion, no
impact in the landscape until later periods). In addition to this, most of the ssadias
have focused on the anthropogenic impacts of {filéiglged agricultural societies in
southwest Asia (i.e. 10.2 ka cal. BP onwards), and as a result, there is a significant lack of
evidence to characterise the environmental setting and anthropogpaitts that concern
the period immediately preceding the emergence of agriculture (e.g. the PPNA and
EPPNB, around 11-60.2 ka cal. BP), despite animal and plant management activities

were already common practice during this time.

2. Aims and scope

In this study we focus on the local and regional setting of Tell Qarassa North, an
EPPNB site located in southern Syria (west of the JabArad area). The site was
occupied around 10:9.9 ka cal. BP (lbafiez et al., 2010), the time at which
morphologicallydomesticated plants first appear in southwest Asia (Tanno and Willcox,
2012; ArranzOtaegui et al.,, 2016a). Tell Qarassa provides direct evidence from plant
micro and macroremains found in archaeological context, correlated by micro and
macrostratigraphistudies and radiocarbon dating (Ibafiez et al., 2010b; Balbo et al., 2012;
Santana et al., 2012, 2015; Arra@traegui et al., 2016a). The aim of this work is twofold:
(i) to use the highiesolution datasets from Tell Qarassa North to reconstruct the comple
dynamics of the local and regional vegetation and environmental conditions around 10.7
9.9 ka cal. BP, tracing the evolution of different plant formations at the time when
morphologically domesticated cereals appeared and developed in southern Syfid; and
to explore the factors that regulate the evolution of plant formations over time considering
that changes in the vegetation occur as a result of the complex interaction patterns between
the vegetation system and others systems (e.g. climate). Tesadtiese issues we carry
out, for the first time, amter-disciplinary study ombining pollen, opal phytoliths, wood

charcoal remains and stable carbon isotope signature of wood charcoals from
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archaeological contexts. This work constitutes a substamietribution to the
understanding of environmental conditions at the time of cereal domestication in southern
Syria and the climatic and anthropogenic factors that shaped past vegetation prior and
during the development of agriculture in southwest Asia.

3. Tell Qarassa North and its current environmental context

The site of Tell Qarassa North was excavate@009 and 2010 by a Spanish team
(Ibafiez et al., 2009, 2010a, 2010b) as part of the Si@amchSpanish archaeological
research project around thalgeclake of Qarassa (Braemer et al., 2007, 20Tk site is
located 25 km to the west of the JaballlUDE PRXQWDLQ UDQZHT E7T(T 971
750 m a.s.l.) and 20 km from the city of Sweida, south Syria (Figurdhe)early PPNB
levels of Tell Qarassa North comprise square shaped wwoade and stonrmade
architecture (lbafiez et al., 2009; Balbo et al., 2012), ground stone tools such as saddle
querns and mortars, imported materials such as obsidian (Ibafiez et al., 2009), diverse
funerary customgSantana et al., 2012, 2015), anthropogenic figurines (Ibafiez et al.,
2014), as well as faunal remains including primarily goat (L. Gourichon in Ibafiez et al.,
2010a). Tell Qarassa North is one of the two sites in the soutkatral Levant (along
with Tdl Aswad, Tanno and Willcox, 2012) that has provided evidence for the presence of
morphologically domesticatetype cereals (Arran®taegui et al., 2016a).

Presentay climate in the Jabal-Alrab comprise cold winters (average temperature of
-2 °C, and sow accumulations in some areas) and hot summers (mean temperatures of
around 29 C°). The area where Tell Qarassa North is locatsives a mean annual
precipitation of around 350 mrfChikhali and Amri, 2000; Traboulsi, 2013), and it is
characterized bg large basaltic field with many locally interconnected multilayer aquifers
that act as water conduits at different depths, allowing the formation of numerous springs,
water ponds and lakes (Braemer et al., 2009; E. Iriarte and A. Balbo in Ibafez et al.,
2010a). Tell Qarassa is located in the southern border of a Pleistocene lava field, which is
characterised by very scarce soil cover (Figure 1b). To the south of the tell Pliocene
basaltic materials are found, which provide rich soils to carry out agrauétctivities. To
the east of the site, there is evidence of an ancient lake (dated broadly from the late
Pleistocene to the miHolocene) and towards the south a temporary river is found
(Braemer et al., 2009; E. Iriarte and A. Balbo in Ibafiez et &9,20010a).
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Figure 1. A) Location of Tell Qarassa North in southwest Asia and B) detail of the
surrounding area, including the paleolake (in blue) and the Leja Basaltic plain to the north
(in yellow). B) Stratigraphy profiles of excavation areas XYZ and ¥t Tell Qarassa
North showing site phases and chronold@yr interpretation of the referencts colour

in this figure legend, the reader is referred to the web version of this article)
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The Jabal aArab is considered a Mediterranean island withe traneTuranian
region (Chikhali and Amri, 2000). The current vegetation in the area is rich and diverse
with at least 900 species and various endemic taxa. Three main plant communities
characterize the study area (Mouterde, 19%3)to the north (Lejaarea), a degraded

woodlandsteppe community dPistacia atlantica(Persian turpentine treepndAmygdalus
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korschinskii(wild almond)is dominant; b) in the central area of the Jaba\rab, with

altitudes reaching 1000500 m a.s.l., an opemoodland commnity of Quercus

calliprinos (Palestine oak) an@rataegus azarolughawthorn) grows, along witRyrus

syriaca (Syrian pear),Pistacia atlantica Acer microphyllum(small leaf maple) and
Crataegus sinaicgSinai hawthorn), the latter indicating the infleenof altitude and

dryness; in additionQuercus ithaburensisORXQW 7KDERUTV RDN KDV DOVR
this area (Willcox, 1999); and, c) to the east of the uplands, at an altitude around 700 m
a.s.l., with a mean annual rainfall of-800 mm, drysteppe vegetation dominated by

Artemisia(wormwood) and some Chenopodiaceae (goosefoot) extends.

4. Materials and Methods

The plant macrgemains and microemains analysed in this work come from Tell
Qarassa North, Zone 1, which comprises two excavatieaisa XYZ67/68/69 (hereafter
referred to as area XYZ) and V& (hereafter referred to as area VU) (Figure 1c) (see
Balbo et al., 2012; Santana et al., 2015 for micromorphological description of the
stratigraphic units)In Table S1 the available C14 datéom Tell Qarassa North are
summarisedArea XYZ is dated to 10:-10.2 ka cal. BPwhich is consistent with the
EPPNB period in the LevanK(ijt and Goring-Morris, 2002). In this area, a square
shaped stone structure (space A) and an open patio aezz Bjp were foundThe
stratigraphy consists of six phases (Figure 1c; see detailed description in Santana et al.,
2015). Phase | corresponds to an occupation phase characterised by beaten earth floors
within the stone structures. In phase Il a fire ewea$ documented, which enabled the
situ preservation of a collapsed roof structure in space A (Balbo et al., 2012). After this
fire event, a new phase of occupation was identified which included the construction of a
new beaten earth floor (phase lll)rea XYZ was abandoned after phase lll, leading to the
accumulation of a first layer of architectural and colluvial debris (phase IV). A second
layer of debris dated to 1010.3 ka cal. BP, including large blocks from the sidewalls,
was deposited inside a@hperimeter both in space A and B (unit 21, phase V). During this
time (around 1040.2 ka cal. BP), the abandoned structures wetesed as a funerary
area (Santana et al., 2015). Phase VI in area XYZ corresponds to surface layers slightly
affected by gricultural activities.

In the VU area, two main occupation phases were attested. A lower phase dated to 10.5
10.2 ka cal. BP, which was characterised by a thin layer of wood charcoal remains, similar

to that attested in phase IV of the XYZ area; and@reuphase where a stemade wall
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was found associated to human remains. The upper phase was dateebt® k@.4al. BP
and it is, probably, contemporary to the funerary phase V in area XYZ (see Santana et al.,
2015).

4.1. Pollen analysis

Thirty-four pollen samples were taken frotine soutkfacing profile of square E2 in
area XYZ (space Aand twentyone from the soutfacing profile of the excavation area
VU. The profiles were sapted from bottom to top at 10 cm intervals, avoiding the
mixture of macoscopic visible layers or structures (Figure 1c). The sedimentary
accumulation is interpreted as a sequence of aggradational soils (or surfaces) with very
low edaphization imprint. The origin of the sediment is interpreted as aeolian and also
derived fromthe reworking of nearby building materials (see detailed descriptions in
Santana et al., 2015). Samples from the top of each profile correspond to levels affected by
current agricultural activities (samples 1 to 6 from phase VI in area XYZ; samples 1 to 4
from VU, Figure 1c) and they were not included in the analyses. An average of 10 g of
sediment was chemically treated to remove the mineral fractions. The method followed for
pollen and nofpollen palynomorphs (NPPs) extraction is that described by Bisrjetcal.
(2003), where palynomorphs were concentrated using Thoulet liquor (Goeury and de
Beaulieu, 1979). The final residue was suspended in glycerine and counted until a pollen
sum of 250 grains was reached, excluding NPPs and ang®oigo taxa such
Cichorioideae and Cardueae (Boha, 1975; LOpeBaez et al.,, 2003). Slides were
examined with a light microscope using a magnification of 400x or 1000x. Pollen types
were identified with pollen keys (Moore et al., 1991), pollen atlases (Reille, 199)end
reference collection of the Archaeobotany Laboratory (CSIC, Madrid, Spaangalia
W\SH ZDV GHILQHG DV 3RDFHDH H[FHHGLQJ PAZLWK D F

P %HXJ -Saes &h{l Lopeklerino, 2005). The majority of NPPs present o
the pollen slides were identified and their nomenclature conforms to van Geel (2001).
Pollen diagrams were drawn using TGView (Grimm, 2004). To establish the zonation of
the pollen sequences, we tested several divisive and agglomerative methods with the
program IBM SPSS Statistics 21. Based on the ecological meaning of the obtained zones,
five and two local pollen assemblage zones (LPAZs) were constructed respectively for
area XYZ and VU on the basis of agglomerative constrained cluster analysis of

increnmental sum of squares (Coniss) with square root transformed percentage data
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(Grimm, 1987). The number of statistically significant zones was determined using the
brokenstick model (Bennett, 1996).

4.2. Wood charcoal analysis

The wood charcoal remains aysed in this study were collected from 64 sediment
samples processed with machassisted flotation (59 from spaces A and B in area XYZ,
and five from area VU) (see Arraiztaegui, 2016 and Arrartaegui et al., 2016a for
details about the sampling asdmple processing). The remains corresponded to dispersed
wood charcoal fragments found in contexts such as infill of structures, open areas,
processing areas, pits, refuse and burial cont&tsod charcoal was identified using
descriptions from severatlasesahn et al., 198@Neumann et al., 2001; Schweingruber,
1990; Vernet, 2001) and the modern wood reference collections housed at the
Palaeobotany Laboratory Lydia Zapata (University of the Basque Country;BbBRY
Vitoria-Gasteiz), Institute of Attaeology (University College London) abeépartment of
Archaeology, Classics and Egyptologynfversity of Liverpool). Identifications were
carried out with the aid of an incident light microscope (Olympus BX50) with different
magnifications (18 to 50x). The majority of the wood fragments analysed at Tell Qarassa
North was sized betweenf2mm. In accordance with Chabal (1989, 1991), rare taxa were
always smaller than 4 mm, whilst the most common taxa were found both wighimn2
and >4 mm size ranges.t8eation curves were used to establish the minimum number of
charcoal fragments to be analysed per sample. These curves are exponential, the higher the
number of species represented in a given sample, the higher the number of charcoal
fragments that need tbe analysed to grant their statistical representativeAestell
Qarassa North, saturation curves were used in all samples containing more than 100 wood
charcoal fragments and indicated that the identification of 100 wood charcoal fragments

was sufficent to ensure taxa representation.

4.3. Stable carbon isotope analysis

Stable carbon isotope analysis was carried out in wood charcoal remRissacfasp.
(pistachio) andAmygdalussp. (almond}o characterize the water availability conditions of
this site (Araus et al., 2014; Fiorentino et al., 2018)e assemblage includes dispersed
wood charcoal remains from different contexts processed with flotation (as described
above), as well as charcoal remains from a primary deposit, a burnt roof structure

recoveredin situ (Balbo et al., 2012). The growting curvature of the wood charcoal
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fragments was evaluated following Marguerie and Hunot (2007). This method provides
information to characterise what part of the tree was used (e.g. trunks or braarahes)
assess whether biases exist in the isotopic content of biologically old (i.e. trunk) or young
(i.e. branch) specimens.

Carbonate crusts in charcoals were removed by soaking each charcoal sample
separately in 6M HCI for 24 h at room temperature aed tfinsing the grain repeatedly
with distilled water (DeNiro and Hastorf, 1985; Ferrio et al., 2004). All samples were
ovendried at 60°C for 24 h before milling to a fine powder for isotope analyses. The stable
isotope composition of carbon*fC, referred to the VPDB standard) was determined by
elemental analysis and isotope ratio mass spectrometry (EA/IRMS) at the Isotope Services
of the University of Barcelona (Barcelona, Spain). The overall analytical precision was
about 0.1%. Carbon iso®H G LV F U L P#Q) bfWatcRa€obotanical samples was

calculated from grain*3C and from the/**C of atmospheric Cg) as follows:

'3 A &Car &Cpian) / [1+ (ECpiant/ 1000)]

where &C,ir and &Cpanidenote air and plan®C, respectiely (Farquhar et al., 1989).
The &Cair was inferred by interpolating a range of data from Antarctiecare records
together with modern data from two Antarctic stations (Halley Bay and Palmer Station) of
the CUINSTAAR/NOAA-CMDL network for atmospheri (6{0))
(ftp://ftp.cmdl.noaa.gov/ccg/co2cl3/flask/readme.htrak described elsewhere (Ferrio et
al., 2005). The whole®’C,;r dataset thus obtained covered the period from 16,100 BCE to
2003 CE (data available attp://web.udl.es/usuaris/x3845331/AIRCO2_LOESS.XIse

provenance, dating as well as tHéC and ' ®C of each samplased in this studgnd the

corresponding&®Cair are detailed in the Supplemental Information Table S2.

4.4. Phytolith analysis

Seven samples from area XYZ (square E2, séatimg profile) andeleven from area
VU (south profile)were selected for phytolith analysis. Samples were obtained from
differentcontexts described in the field as filling deposits, open spaces and funerary areas.
The methods used are similar to those developed by Katz et al. (2010). A weighed aliquot
of between 3@0 mg of dried sediment was treated with 50 pl of a volsoletion of 6N
HCI. The mineral components of the samples were then separated according to their
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densities in order to concentrate the phytoliths using 450 pl 2.4 g/ml sodium polytungstate
solution [Na(H2W12040)]. Microscope slides were mounted with 50 qf material. A
minimum of 200 phytoliths with recognizable morphologies was examined at 200x and
400%x using an Olympus BX41 optical microscope at the Department of Prehistory,
Ancient History and Archaeology from the University of Barcelona. The estimate
phytolith numbers per gram of sediment are related to the initial sample weight and allow
guantitative comparisons between the samples and excavation areas. Phytoliths that were
unidentifiable because of dissolution are listed as weathered morphotypkiseMlar
structures (multcelled or interconnected phytoliths) were also recorded. These latter data
may provide information regarding the extent of silification of plant cells, as well as of
preservation conditions (Albert and Weiner, 2001; Albetlgt2008, 2011; Portillo et al.,
2014, 2016). Morphological identification was based on modern plant reference
collections from the Mediterranean region (Albert and Weiner, 2001; Albert et al., 2008,
2011; Portillo et al., 2014; Tsartsidou et al., 208@)l standard literature (Brown, 1984;
Mulholland and Rapp, 1992; Piperno, 1988, 2006; Rosen, 1992; Twiss, 1992; Twiss et al.,
1969). The terms used follow the International Code for Phytolith Nomenclature (Madella
et al., 2005).

5. Results
5.1. Pollen anbysis

An overall good state of preservation of pollen grains and NPPs was found at Tell
Qarassa North. A total of 38 pollen and rwilen palynomorph types were identified.
Total pollen and NPP percentages from area XYZ and VU are given in Figures 2 and 3
The percentage pollen diagrams can be divided into five LPAZ zones in area XYZ and two
in area VU, which correspond to phaseé in area XYZ (LPAZs XYZI to XYZ-V) and
the lower and upper phases in area VU (LPAZsMwer and VUUpper).

In area XYZ theoldest phases | to IV show overall high valuesQueercus calliprinos
(7-15%) andQ. ithaburensig15-25%), along with anthropogenic herfisch as Cardueae
(5-10%), Cichorioideae (3Q0%) andPoaceae @3%) (Figure 2). Anthropozoogenous
taxa such aPlantago lanceolatg2-6%), Rumex acetos@-2%), R. acetoselld~2%) and
Chenopodiaceae {B%) are mainly attested in phase #§sociated with maximum values
of coprophilous fungi(Sordariaceae -8%; Chaetomium4%). Increasing proportions of
Cerealiaare atested from phase(around 2.25.4%) to phase Il (around 3675%). Most

herbs show continuous presence during phases | to IV, but during destruction phases Il and



417 1V, anthropogenic and zoogenous taxa (Cardueae, Cichorioideae, Chenopodtaoceae,
418 acetsa sharply decrease, and CerealRlantago lanceolataand Rumex acetosella
419 disappear. In addition, the highest concentratio®Gloimusis recorded during these two
420 destruction phases, whilst Sordariaceae disappear. The only difference between the two
421 degruction phases (Il and V) is the high percentageShaietomiun{6-12%) in the latter.

422 Apart from thesephases -IV are overall characterized by noticeable percentages of
423  Juniperus(1-3%), Pistacia (4-7%), Periploca (2-4%), Phillyrea (1-2%), Prunus (2-4%),

424  Olea (1-2%), Rhamnug(2-4%), Sarcopoterium(4-6%) andZizyphus(3-5%) among the
425 shrubs (note thatPistacia and Amygdalus are commonly underepresented in
426 palynological analyses, e.g. Rossigbtick, 1993; Roberts, 2002)Vet meadow steppe
427 taxa (Cypeaceae) show very low values (<2%), whikttemisia shows its highest
428 percentages during phase \V16%). Values for the rest of taxa, suchAa®r(1-2%) and

429 Pinus nigra(3-5%) remain stable during phase$Vl whilst Betula Cedrus Corylus

430 Tamarix Fraxinug PopulusandSalixtypes are raré<2%) and sporadic

431

432  Figure 2. Pollen and NPEliagram from Tell Qarassa North XYZ.

433

434
435

436 During phase V (LPAZ XYZ5), which corresponds to the abandonment and later re
437 use of the area for funerary purposes, imparizhanges occur in terms of vegetation
438 composition (Figure 2). On the one hand, taxa sucBlag Pistacia (2-4%), Quercus
439 calliprinos (2-4%), Q. ithaburensig6-11%), Rhamnusand Zizyphussteadily decline and
440 Periploca and Sarcopoteriumdisappear. On # other handBetula (maximum 4%),
441  Cedrus (7%), Fraxinus (4%), Populus (5%), Salix (10%) andTamarix (10%) notably
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increase,as well asJuglans which is recorded for the first time. Anthropogenic
(Cardueae, Cichorioideae) and anthropozoogenic (Chenopadifiantago lanceolata
Rumex acetosaR. acetosellp herbs increase slightly, although Cerealia are absent.
Sordariaceae are documented agai6%d, whereahaetomiumand Glomusmaintain a
continuous presence. Also, wet meadow steppe taxa (CypetE&&&8€6; Ranunculaceae

2-3%) show highest values during this time, whiistemisiadrops sharply (<2%).

Figure 3. Pollen and NPRiagram from Tell Qarassa North VU.

In area VU (Figure 3), results for the lower phase (LPAZMwer) indicate relatigly
high percentages of arboreal pollen mainly compri§ugrcus ithaburensi€l2-16%), Q.
calliprinos (5-10%) andPistacia(10-14%), and to lesser extefiter, Betulg Salix (<4%)
and Pinus nigra(3-6%). Other trees such damarix Populusand Fraxinusas well as
Cedrusare present, but show low percentages (<2%). Shrubs are abundarRyunitis
(~3%), Olea (~2%), Periploca (~2%), Phillyrea (1-2%), Rhamnug2-3%), Sarcopoterium
(3-5%) andZizyphug3-4%) being the most important taxa. Poacea&2%) ae the main
herbaceous component. Anthropogenic taxa (Cardueae, Cichorioideae), and
anthropozoogenic nitrophilous herd3ufmex acetosellaare also present although with
low percentages, similar to those attested during destruction phases Il and IVAiYZrea
Hygrophytic taxa (Cyperaceae, Ranunculaceae) are represented by low percentages (~2%),
while dry steppe taxa such astemisiashow high values (@1%), very similar to the
evidence attested in phase IV in area XYZ. However, the lower phase of VUhsiow



466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499

values of Cerealid3.3-6.6%), which are similar to those identified during occupation
phase Il in area XYZ.

During the upper phase of area VU (Figure 3, LPAZ-Mpber), the results indicate a
synchronous decrease Bistacia(4-8%), Quercus callprinos (3-5%) andQ. ithaburensis
(9-11%), comparable to the decrease observed during phase V in areaddgefZPinus
nigra and Juniperusmaintain similar percentages as those attested during the previous
period. Betula Cedrus(4-6%), Fraxinus Populus Salix (8-11%) andTamarix (4-7%)
increase significantly, anduglans(1-2%) appears for the first time. Most of the shrubs
(Prunus Olea, Phillyrea) maintain a continuous and significant presence throughout the
zone, although other shrub taxa percentagd®ihnus Zizyphu$ display a decreasing
trend, andSarcopoteriumand Periplocadisappear. In comparison to the previous phase,
anthropogenic and anthropozoogenic taxa such as Cardud@8o}3 Cichorioideae (9
21%), Rumex acetosdR. acetosellaand Plantagp lanceolata(~2%) show an increasing
trend, as well as Chenopodiacead {86), while Cerealia disappear. This is also observed
in phase V from area XYZArtemisia decreases (<1%) whereas Poaceael@P3),
Ranunculaceae and Cyperaceaeld%) significantly increase their values. NPPs
indicative of erosion and fire events, as well as pastoral activitieaetomiumGlomus
are at their maximum values in this pollen sequence (23 and 17%, respectively), following

synchronous trends.

5.2. Wood charcoal anadis

A total of 5274 wood charcoal fragments were analysed and 14 taxa were identified in
areas XYZ and VU (see the main taxa found in Figure 4). It must be noted that there were
no significant differences in terms of species representation by phaseYZe-¥X) and
by type of context (i.e. infill of structure, open areas etc.). Thus, in Table 1 a summary of
the ubiquity and absolute counts for area XYZ and VU is given. The results show that
PistaciaandAmygdalusvere the most common taxa in all analysathples, both in terms
of ubiquity (between 96:98.4% of samples) and absolute counts (betwed?-50%)
(Note that these two taxa might be cvepresented in the wood charcoal assemblage,
ArranzOtaegui, 2016). In general, the percentages of Anacaaka@ncludingPistacig
slightly decreased from 58.7% in area XYZ to 54.4% in area VU, whereas Rosaceae
maintained similar proportions (from 34.2 to 35.5%). The rest of taxa were rare both in
terms of ubiquity (<35% of samples) and absolute counts (degercounts <1%).

Salicaceae (comprising ckalix, Salix,and cf. Populug was only present in area XYZ
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(phases-1V), along with Tamarix Cedrus libaniand Fraxinus which were also present

but in slightly lower proportions (percentage counts <1Queraiswas only identified in

area VU (upper phase) and comprised 1.8% of the assemBladmast one frgment
correspoded to evergreetype Quercus(Fig. 4F), although the presence of deciduous
Quercuscannot be excluded. Other taxa were rare and only found in specific contexts of
the excavation area XYZ, such Aserin a pit sample, Chenopodiaceae in th##l of

structure and cRhamnusssociated to a burial.

5.3. Isotope analysis on wood charcoal

&DUERQ LVRWRSH 8a) Wwalugs PiarQaDtdfdloR @4 Pistacia and 28
Amygdaluswood charcoal samples were analysed (Table S2). Curvature was positively
assessed in 57 wood charcoal fragments corresponding to scattered remains and 29
samples from the rood structure (Table S2). The results showedeth@npnance of low
curvature fragments (80.7% and 65.5% respectively), followed by medium curvature
(12.3% and 10.3% respectively) astdbngcurvature (7% and 10.3% respectivelihere
were no significant differences in terms af & EHWZHHQ ELRORJLFDOO\ RO
curvature) and younger (moderate or strong curvature) specimens from the same phase
(Table S3). In fact, in some cases wood charcoal fragments with strong curvature tended to
exhibit lower (phase IV) or higher lfpse V) values than the fragments with weak
curvature. Considering this we cannot conclude that in our study the age of the wood
VDPSOHG PD\ ELDV WKH 0 & RI WKH VDPSOHV DQDO\VHG
phases studied in the XYZ area and upeer and lower phases of the VU area (Fig. 5). In
the case oAmygdalus YDOXHV ZHUH QHDU A WKURXJK DOO WKH
Pistacia YDOXHYV ZHUH LQ JHQHUDO VOLJKWO\ ORZHU EXW D
show lower values in phase FRPSDUHG ZLWK WKH RWKHU ILYH SKD
values of the samples of the two species recovered from the roof and corresponding to
SKDVH ,, LQ ;<= DUHD ZHUH F O Hsth@d DORZ N O L QKVDO O D E RAY I+
for Amygdaluk
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Table 1.Results of the taxonomic analyses of the wood charcoal remains from excavation areas XYZ and VU at Tell Qarassa North.

Taxonomic analysis Scattered

XYZ-67/68/69
(number of samples: 59)

VU-67
(number of samples: 5)

Total fragments by taxa

remains

counts Ofof;i?s. presenceub(';jol;Ity counts (?ofﬂi?s' presencelJb('%'ty counts % fur?fjs presenceeUb(l(;)u)lty

Pistacia sp. 2556 56.3 57 96.6 | 238 52.8 5 100.0 | 2794 56.4 62 96.9

woodland- Anacardiaceae | 108 2.4 33 55.9 7 1.6 3 60.0 115 2.3 36 56.3
steppe  Amygdalussp. 1376 30.3 58 98.3 | 147 32.6 5 100.0 | 1523 30.8 63 98.4
Rosaceae 179 3.9 41 69.5 13 2.9 4 80.0 192 3.9 45 70.3

oak-woodland Acer sp. 4 0.1 1 1.7 0 0.0 0 0.0 4 0.1 1 1.6

Quercussp. 0 0.0 0 0.0 8 1.8 2 40.0 8 0.2 2 3.1

coniferous for. Cedrus libani 37 0.8 14 23.7 0 0.0 0 0.0 37 0.7 14 21.9
Salicaceae 192 4.2 26 44.1 0 0.0 0 0.0 192 3.9 11 17.2

wetland and Fraxinus sp. 27 0.5 12 20.3 0 0.0 0 0.0 24 0.5 12 18.8
salt marsh Tamarix sp. 43 0.9 20 33.9 1 0.2 1 20.0 44 0.9 21 32.8
Tamaricaceae 13 0.3 8 13.6 0 0.0 0 0.0 13 0.3 8 12.5

steppe  Chenopodiaceae 2 0.0 2 3.4 0 0.0 0 0.0 2 0.0 1 1.6

cf. Rhamnus 1 0.0 1 1.7 0 0.0 0 0.0 1 0.0 1 1.6

cf. Fabaceae 1 0.0 1 1.7 0 0.0 0 0.0 1 0.0 1 1.6

Indeterminate 283 49 83.1 37 8.2 4 80.0 320 53 82.8

other (pith, bark) 1 1 1.7 0 0.0 0 0.0 1 1 1.6
Total 4823 100.0 59 100.0 | 451 100.0 5 100.0 | 5274 100.0 64 100.0
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Figure 4. The wood charcoal taxa found at Tell Qarassa North: A and B) transverse and
longitudinal tangential sections of Risia sp.; C and D) transverse and longitudinal
tangentiakections of Amygdalus sp.; E and F) transverse and longitudinal radial section of
Salicaceae cf. Salix; G) transverse section of Fraxinus; H) transverse section of Tamarix; |
and J)transverse andbngitudinal tangential sections of Quercus (evergitgpr); K)
transverse section of Acer; L) transverse section of cf. Fabaceae; M and N) transverse and
radial sections (showing scalloped tori) of Cedrus libani; O) transverse section of
Rhamnus; P) traverse section of Chenopodiaceae.
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Fig. 4.(continued).



552 Figure 5. (YROXWLRQ WKURXJK WLPH RI WKH EDUERQ LVR
553 Amygdalusand Pistacia Phases | to VI correspond to the XYZ area, whereas the lower

554 andupper phases refer to the VU area. Values plotted are means + SE. Details about the
555 individual sanples analysed can be found in Table S2.
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558 5.4. Phytolith analysis

559 Phytoliths were abundant in all the samples examined (ranging from 1 to 2.6 million
560 phytoliths per gram of sediment in XYZ samples and 0.7 to 1.7 in area VU; Téble S
561 Overall, the low prportions of weathered phytoliths, together with the presence of
562 multicellular or anatomically or connected phytoliths in most of the samples, are indicative
563 of a good state of preservation of the assemblages. The morphological results indicated
564 that grasse dominated the phytolith record, with around 80% or more of all the counted
565 morphotypes (Figure 6). In addition to dicotyledonous morphotypes, diagnostic phytoliths
566 from the Cyperaceae family (sedges), which are common in wet environments, were noted
567 in both profiles, although to a lesser extent. Grass phytoliths were divided into the different
568 anatomical plant parts in which they were formed (Figure 6). Epidermal cells from grass
569 leaves and stems, including prickles, bulliform cells and stomata, weneedse all the

570 samples in different amounts (between c:63%6). The results show that mutilled

571 concentrations of these plant parts were high in samples related to mud building materials,
572 such as swdried adobe compounds (up to 42% in sample 2% as@ I, area XYZ; Table

573 $4 and Figure 7a). Additionally, grass phytoliths derived from their floral parts were
574 abundantly noted in most of the sample80% or more of all grass morphotypes).
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Inflorescences were characterized mainly by decorated derahdiechinate long cells in
addition to epidermal papillae cells (Figure 7b). Grasses belonged to the Pooideae
subfamily which are common in welatered woodlands and include major cereals.
Multi-celled phytoliths from the husks and culms of Pooids, oy Triticum sp. and

Hordeumsp. were identified in both profiles (Figure 7c).

Fig. 6. Left: Relative abundances of phytoliths obtained from XYZ and VU samples;
Right: anatomical origin of grass phytoliths.

Figure 7. Photomicrographs of phytoliths ik&ied in XYZ samples (scale 400x): A)
multicellular structure of long cells with stomata from grass stems (sample 29, phase l);
B) epidermal appendage papillae cells (sample 8, phase V); C) multicellular structure of

dendritic long cells with short celbndels from Pooid husk (sample 29, phase II).



593 6. Discussion

594 'H IROORZ OHDGRZYV DSSURDFK RI V\VWHP WKLQNLQ.
595 vegetation at Tell Qarassa North and assess its evolution through time. We consider that
596 vegetation represents astym, and it is defined as an interconnected set of elements (e.g.
597 trees, herbs) that are coherently organised to achieve a particular purpose (e.g. to
598 reproduce and survive through time), and that are regulated by different inflows and
599 outflows. In the fowing lines we describe the elements that define the vegetation system
600 at Tell Qarassa North (section 6.1.), as well as characterise the environmental conditions at
601 the time of cereal domestication (section 6.2.). Following this, we explore the complex
602 patterns of interaction between the local and regional vegetation around Tell Qarassa
603 North and other systems (e.g. climate and human) from 10.7 to 9.9 ka cal. BP (section
604 6.3.).

605

606 6.1. The elements of the vegetation system

607 According to pollen, wood charcoand phytolith evidence, from 10.7 to 9.9 ka cal. BP,

608 four main plant formations grew in the area around Tell Qarassa North. These comprised
609 Pistaciaand Amygdaluswoodlandsteppe, wetland vegetation, Mediterranean open oak
610 woodlandsand highmountain caiferous forests (Figure 8).

611 Wood charcoal remains from archaeological sites represent the remains of local and
612 easily collected wood resources (Smart and Hoffman, 1988). The anthracological
613 assemblage showed tHaitstaciaand Amygdaluswvere the preferred source of fuel during

614 the whole occupation period (19 ka cal. BP) Table 1). Considering the

615 morphological characteristics of the nutshells found at the site (A@#megui et al.,

616 2016a), the remains probably repmseAmygdalus korshinskyiand Pistacia

617 palaestina/atlantica.These species are nowadays leading elements of-Tharamian

618 woodlandsteppe formations, and grow along with an understory of Poaceae,
619 Chenopodieeae and other steppic plantgolary, 1973). Inaddition to theseQ.

620 ithaburensisis also common inPistaciaAmygdaluswoodland and woodlarsteppe

621 formations in the Mediterraneama IrancTuranian borderlandsZfhary, 1973). This

622 association was attested in Bronze Age and Roman sites located plathe and

623 mountainous areas of JabalAaihb, less than 10 km from Tell Qarassa North (Willcox,

624 1999). In modern pollen rain studies conducted in the eastern Mediterranean and the
625 Middle East values oQuercuspollen higher than 20% indicate the localgaece of oak

626 forests or maquis, while percentages of the order Bf/6reflect the regional nature of
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their origin (e.g. Bottema, 1977; Davies and Fall, 2001; Kaniewski et al., 2011 ; Fall,
2012). At Tell Qarassa North percentageQatrcus ithaburensipollen were up to 25%

(Fig. 2), suggesting that this species could have grown in the vicinity. However, the
proportions ofPistacia pollen found at the site (between 4 and 7% in ar¥Z ¥nd 4+

14% in area VU, Fig. ;2Fig. 3) are indicative oPistaciatree dominance ovepuercus
especially inAmygalus-closed forest vegetatiorR¢ssignolStrick, 1995). Considering

the remarkable percentages of grasses and steppic plants in the pollen records ( Fig. 2 ;
Fig. 3) and the nowoody plant macroremains did site (ArranzOtaegui et al., 2016a), it

is likely that the immediate areas around Tell Qarassa North were characterised by vast
open areas with broadly spacBdtacia and Amygdalustrees alternating witlQuercus
ithaburensis shrubby RosaceaBhamnusandAcer, and extensive patches of grasses and
steppe vegetation such @apparis, Camelina, Stipa, Trigonella astroig®wing within

the scattered trees ( Mouterde, 1953 ; Zohary, 1973). This type of vegetation would have
been primarily located to thsouth of the tell, where rich soils that allow agricultural
activities were found (Fig. 8A), as well as to the north of the site, in the Leja area. The
limited tolerance to watesaturated sts of Pistaciaand AmygdalugZohary, 1973) would

have made thm less common at the eastern foot of the tell due to the existence of a lake
(lbafiez et al., 2010a). The prevalence Ristacia and Amygdaluswoodlandsteppe
vegetation is found during the early Holocenenland areas of southwest Askd. S1,

Table %), from southerrtentral Syria ( Pessin, 2004 ; Deckers et al., 2009) up to the
Euphrates area (Roitel, 1997), the Anatolian Plateau ( Willcox, 1991; Asouti, 2003 ;
EmeryBarbier and Thiébault, 2005), southeast Turkey (Neef, 2003) and the Zagros ( van
Zeist et al., 1984 ; Riehl et al., 2015); that is, in areas that nowadays correspond to the
Irano-Turanian phytogeographical region (Zohary, 1973). An open landscape comprising
Pistacia forests and steppe vegetation has also been recorded in early Hgbotlene
records from Anatolia ( Bottema and Woldring, 1984 ; Roberts et al., 2001), southeast
Turkey ( van Zeist and Bottema, 1977; Wick et al., 2003 ; Litt et al., 2014) and Iran ( van
Zeist and Bottema, 1977; Bottema, 1986 ; Djamali et al., 2008ip) SH).

Apart from IraneTuranian elements, theood charcoal, pollen and phytolith results
reveal that riparian vegetation constituted an important component of the local vegetation
at Tell Qarassa North (Table 1, Figures 2 and 3, TajleThese included hygrophilous
taxa such as SalicaceaRopulus SaliX), Fraxinus and Tamarix along with Ficus and
Vitex agnuscastusthat were documented within the mewody plant macroremains

(ArranzOtaegui et al., 2016a), and annual and perennial plants of the Cyperaceae (e.g.
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Bolboschoenus glaucuBleocharisandCareX and Ranunculaceae families. Despite their
overall low absolute counts in the wood charcoal assemblage of Tell Qarassa North (Table
1) it is likely they were used as importance source of fuel (Ar@iaegui, 2016) and
building material (Balbo et al2012). Wetland vegetation would have been established
around the shores of the ancient lake that was located at the foot of Tell Qarassa North
(Figure 8B), as well as in the many water springs and the river fed by the volcanic uplands
of the Jabal aArab (Ibafiez et al., 2010b; Braemer et al., 2009). Riparian trees were
commonly used as firewood and were an important element of the vegetation at
contemporary sites across southwest Asia (Western, 1971; Lipshschitz and Noy, 1991,
Roitel, 1997 Pessin, 2004Austin, 2007).

The pollen records from Tell Qarassa Noghow the presence in the area(afercus
calliprinos along with a wide range of Mediterranean taxa suchObms, Rhamnus
Periploca Phillyrea, SarcopoteriumZiziphusandAcer (Figures 2 and 3)Q. calliprinosis
the most important element of the maquis in the seattiern part of the Mediterranean
area (Zohary, 1973), and it is commonly associated Rigkacia palaestinat altitudes
below 900 m, as attested nowadays in the Hermon area (Adnarret al., 2014). Bobek
(1963) notes thaQuercuswoodland and woodlarsteppe formations commonly replace
PistaciaAmygdalussteppe forests in areas where annual precipitation exceed an average
of 500 mm. This pattern is observed in the Jab#rab navadays. Here, the plains (c.
700900 m a.s.l) with average annual precipitation of around-3E0 mm are
characterised by degraded woodlastéppe components, whilst Mediterranean forest
vegetation composed primarily §f. calliprinosare restricted to aattitude between 1000
and 1500 m a.s.l. and precipitation above 500 mm (Willcox, 1999). This would indicate
that evergree@uercts woodlands probably existed, at least, in what is known today as the
SOHGLWHUUDQHDQ L \-ArabQF®urdRBC\Wdwelver ke p@sdnee of several
Mediterranean species such Bshinaria capitata, Poa bulbosa, Psilurus incurvus,
Taeniatherum capunedusae and Tolpis virgata within the norwoody plant
macroremains of the sit¢ArranzOtaegui et al., 2016a) and the id&oation of
evergreertype Quercus in the wood charcoal assemblage (Figure 4F) indicates
infiltrations of Mediterranean vegetation close to the site. This is possible considering that
moister condition than at present prevailed during the EPPNB in ¢he(see Balbo et al.
2012, see section 6.2), which would enable these plants to grow at lower altitudes than
those nowadays (e.g. 1000 m). The regional evidence shows that typically Mediterranean

vegetation was predominant during the early Holocene insthehern Levant. Pollen
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records from Hula (van Zeist et al., 2009), Dead Sea (Litt et al., 2012), Birkat Ram crate
(Schiebel, 20183and Ammiq wetland (Hajar et al., 2008) point out the prevalence of
deciduousQuercusforests in the mountain areas of thel@oand the Beqaa (Figuid).
In the coastal areas of modetay Israel, the wood charcoal evidence around 10.2 ka cal.
BP suggests the presence of Mediterranean ever@aercusforests (Caracuta et al.,
2014) andPistaciaQ. calliprinosassociations (lghschitz, 1997), similar to the vegetation
found nowadays in the same area. In the northern part of the DeaRiSaaiaforests
and halophytic communities (e.§amariy grew at low elevations (i.e. around 250 m
b.s.l., Liphschitz, 2010; Western, 197dhilst in the east, at altitudes around 700 m a.s.l.,
extensive deciduouQuercuswoodlands along with some evergré@nercuscomponents
were found (Neef, 2004). In the Jordan Vall&ystaciatrees (Asouti et al., 2015), and
Juniperus woodlands (Neef, ZB; Austin, 2007) predominated along with some
components of evergreeuercus indicating that arid areas nowadays characterised as
treeless Iranduranian steppe and dwarf shrub were moister and more forested than at
present.

Mountain vegetation is repsented at Tell Qarassa North by the presendgedfus
libani, Betula and Pinus nigratype, as noted in the wood charcoal and pollen records

JLIXUHV DQG 7TDEOH 7TKHVH WD[D DUH OLNHO\ WR

transport of pollen gras from the nearby highland areas (JabaArab mountain range),
or even from more distant regions (eBgtulg, as suggested in the pollen records from
Hula (van Zeist et al. 2009Mixed deciduous and coniferous forests, which grow in the
oromediterraean bioclimatic zone of the Syrian and Lebanese mountains, include
deciduous oaksRinus nigrag Juniperus excelsandJ. oxycedruseaching up to 1900 m
a.s.| (Zohary, 1973)At higher elevations coniferous forests mainly compHRs®iIs nigra
Abies cilidca andCedrus libanj along with various juniper speciedufiiperus excelsa, J.
drupacea, J. phoenicggZohary, 1973).Cedrus libaniis now found primarily in the
mountainous areas of Lebanon, northern Syria and Turkey (Hajar et al., 2010), although it
has also been observed in the Mount Hermon and the northern Golan (Neumann et al.,
2007), around 60 km from Tell Qarassa North. Pollen records from Ammiq wetland in
Lebanon (Hajar et al., 2008) suggest that coniferous forests with species <Letiras
coud have been found during the early Holocene in the Barouk Mountains (FS@ure
The presence afedruswood charcoal at the PPNB site of Tell Aswad, in the Damascus
Basin, was interpreted as evidence of loigjance transportation of exotic materials

(Willcox, 2005). HoweverCedrus libanican adapt to a wide range of soil types and
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moisture contents, including seianiid regions with precipitation between 300 and 600 mm
per year (Semerci, 2005), and altitudes above 900 m a.s.l., often betweeh8050M

a.s.l. (Liphschitz and Biger, 1992; Hajar et al., 2010). At 25 km to the east of Tell Qarassa
North the uplands of the Jabal-Aalab rise to 1800 m a.s.l., and they could have
constituted a suitable area for the growth of these conifer forests duringythelelocene
(Figure 8D).

Figure 8. Reconstruction of the local vegetation around Tell Qarassa North, view towards
the south of the site (Author: C. Carlson). A) Woodlasteppe components such as
Pistaciaand Amygdalusgrowing close to the site; B) @pian vegetation growing along

the shore of the lake and nearby water ponds; C) evergreen oak stands growing in more
distant areas; D) coniferous forests growing in the mountain areas of the JAbal al

(around 25 km from the site).

Overall, the evidence from Tell Qarassa North adds to the mosaic of plant
formations attested in southwest Asia during the early Holo@&ige S1). The regional
wood charcoal and pollen datasets highlighted-wast and nortlsouth gradients in
woodland composition not only in the southern Levant (Asouti et al.,, 2015), but also

across southwest Asia. The evidence shows that coastal weras dominated by
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Mediterranean deciduous and evergreen Quercus in the lowlands, and conifer forests at
higher altitudes, whilst inland areas were more arid and Pistacia and Rosaceae stands
predominated in woodland and woodlestdppe formations (Fig. STable S5). The
absence of particular taxa such as deciduous Quercus south of the Dead Sea (Fig. S1)
indicates that moisture conditions were not sufficient for this tree to grow in these regions
(Asouti et al., 2015), highlighting norgputh gradients irhe distribution of certain plant
communities. This may also apply to Amygdalus, a toldrant species that was rarely
attested in the southern Levant during the early Holocene, but predominated along with
Pistacia in inland areas starting from southeyridSup to the northern Levant, Anatolia

and the Zagros (Fig. S1, Table S5). Early Holocene records show that areas that nowadays
receive low precipitation (e.g. Jordan Valley) were considerably moister than at present,
and allowed the development of manetensive forests. This pattern is also evidenced at
Tell Qarassa North by the presence of evergreen and deciduous Quercus. Notwithstanding
that early Holocene vegetationwas not stable and changed in relation to cerdesleial
climatic fluctuations andrdahropogenic impacts (among other factors), the type of plant
formations found during this time broadly match the limits of modayn

phytogeographical regions in southwest Asia.

6.2. The palaeoenviromental conditions at the time of cereal domestication

The analyses of the namoody plant macroremains (Arraftaegui et al., 2016a) and
microremains (Figure 2, &, and 7) from Tell Qarassa North indicate that cereal
cultivation was common practice since the earliest occupation phases of the site (i.e.. area
XYZ phase 41V, 10.7-10.5 ka cal. BP)The presence of cereal pollen at Tell Qarassa
North suggests cultivation took place in the vicinity, probably in the lands located towards
the south of the site (Arrar@taeqgui et al., 2016a; Lop&aez and Lépeklerino, 2005).
The fact that around 30% of the cereal crops bear characteristics of domesticated species
(i.e. toughrachis) indicates that since 10.7 ka cal. BP inhabitants cultivated both wild and
domesticated emmer T( dicoccoides/dicoccum einkorn T.
boeotcum/urartu/monococcuyn and to a lesser extent barley Hofdeum
spontaneum/vulgaje(ArranzOtaegui et al., 2016a). This evidence contrasts with that
observed at contemporary sites in the soutcentral Levant, where barley is the most
common species exgted (see summary in Arrar@taegui et al., 2016b).

It is likely that the environmental conditions around Tell Qarassa North were more

humid than in the rest of the sites in the southern Levant and allowed the exploitation of
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wheat over barleyThe minimum rainfall requirements for these cereals present at Tell
Qarassa North is approximately 200 mm Hmrdeum spontaneyn250 mm forT. urarty,

300 mm forT. boeoticumand 400 mm forfT. dicoccoidegWillcox, 2005; Heun et al.,
2008). The widespread preserafeemmer in the assemblage indicates that the minimum
annual precipitation around 10979 ka cal. BP must have been of around 400 mm. This
estimate is confirmed by the habitat requirements of the tree species found at Qe site.
ithaburensisis largelydependent on the amount of precipitation and it commonly needs
annual average rainfall above 400 mm (Bobek, 1963; Zohary, 1B&acia atlantica

and Amygdalus korschinskdgommonly grow in areas with average rainfall 3D mm

per year Bobek, 1963).7 KH K [*3CKvalues recorded in the charcoalRistacia and
Amygdalusfrom Tell Qarassa North indicate that these trees were growing in relatively
wet conditions, prevalent at other early agricultural sites (Araus et al., 2014). In the case of
Pistacia W K¥C @ralues were similar to those recorded at Epipaleolithic and Neolithic
sites in the northern Syria and southeastern Turkey (Araus et al., 2014), including those
recorded in the second half of the Holocene (Deckers, 2016). Yet, the values foefid at T
Qarassa North were slightly higher than preskayt values in the region (Masi et al.,
2013; Araus et al., 2014), indicating that cereal domestication took place at a time of
moister environmental conditions (i.e. >350 mhnaboulsi, 2013) It is alsonoteworthy

that Pistacia and Amygdaluscharcoals from the roof structure exhibited lower values in
contrast to dispersed wood charcoal remains derived from fuel waste (Figure 5). These
results cannot be explained by the biological age of the wood chénagalents analysed

(i.e. deriving either from trunks or from branches) (Table S3). Moreover the available
literature does not conclusively support the effect of agfVokH 0 & RI WKH ZRRG FK
(Tans and Mook, 1980; Leavitt and Long, 1986; Schleser, 1992; Ndoyewprens et al.,

1998 ; Fotelli et al., 2009nstead, it could be that the building materials were gathered in

a different location in comparison to fuel resources, probably beyond the agricultural
surroundings of the site, in lessrtile locations such as those found towards the north, in
the Leja area.

6.3. The dynamics of past vegetation around-805ka cal. BP

For around 2000 years, plant formation around Tell Qarassa North did not suffer
major changes indicating that thehole vegetation system worked in dynamic
equilibrium. This means that from 10.7 to 10.5 ka cal. BP the inflows and outflows that

regulated the amount and the type of trees present in the area were balanced. The sum of
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all outflows (e.g. natural death tvees, wood gathering and firelated activities) equalled

the sum of all inflows (e.g. natural reproduction of trees, tree management activities), and
therefore, allowed the different plant formation growing around Tell Qarassa North (i.e.
woodlandsstgpe, oakwoodlands, riparian vegetation and mountain vegetation) to
maintain relatively unchanged. However, between c. 10.5 and 9.9 ka cal. BP (phase V in
area XYZ, and the upper phase in area VU), several changes occur in some of the outflows
and inflowsthat regulate the vegetation system, in particular in those related to the climate
system and the human system, leading to substantial transformations in the local and

regional vegetation.

6.3.1.Changes in the climate system

The latest occupation phasefsTell Qarassa North dated to between 10.5 and 9.9 k cal.
BP (phase V in area XYZ and upper phase in area Wighlight changes in the
proportions of trees that are sensitive to temperature fluctualibespollen records show
a marked decrease themophilous taxa such d&&stacig Periploca Sarcopoteriumand
Zizyphusand Quercus calliprinogFigures 2 and 3)This trend is synchronousith the
increase in the pollen of mesophilous trees suclBetsla and Cedrus and the first
appearance in the asselage of typically mesophiloudunglans(Figures 2 and 3). The
shifts observed suggest that between 10.5 and 9.9 ka cal. BP, cold environmental
conditions established around Tell Qarassa North. Regional datasets show that centennial
scale rapid climatic ltanges occurred during the Holocene in the Mediterranean region,
and comprised changes in temperature and rainfall conditions (Mayewski et al., 2004).
Based on the Glacial GISP2 non sadt (nss) potassium [K concentration record,
Weningeret al.(2009)suggested that one of the coldest events during the last 50,000 years
occurred at around 10.2 ka cal. BP in the eastern Mediterranean. The 10.2 ka cal. BP event
was previously identified in other regions of the Northern Hemisphere (Bond et al., 1997;
Rasnussen et al., 2007; Cai et al., 2008), however, so far, it has not been identified in
Mediterranean pollen records. This rapid climatic change has been associated to a major
interruption in the sequence of settlements in the northern Levant and it hagfeeesd
to as possible trigger for the abandonment of severaPéttery Neolithic sites (Borrell et
al., 2015). At Tell Qarassa North, the reduction of thermophilous species opposed to
mesophilous species is a possible signal of a climatic changemgory with the 10.2
ka cal. BP event. Most of the mesophilous and thermophilous species that show changes

during this time were probably growing at a considerable distance from the site (see
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section 6.1.), and therefore, humi@actors can be excluded asssible explanations for

their diminution/increase. Furthermomyring other cold rapid climatic changes such as

the 8.2 ka cal. BP, a decrease in thermophilous species s@@heasuscalliprinos has

been recorded in several pollen records in the Meditean area (Rossigr8trick, 1999;

Pross et al., 2009Besides, most of the mesophilous and thermophilous species that
showed changes during this time were probabbwgrg at a considerable distance from

the site (see Section 6.1.), and therefore, human factors can be excluded as possible
explanations. Considering this, it is likely that the establishment of colder environmental
conditions between 10.5 and 9.9 ka &#. acted as an outflow on the flora of the Jabal al

Arab region reducing the extension of thermophilous taxa.

Besides this, temperature fluctuations could have acted as a reinforcing feedback loop,
and enhanced further transformations in the local and regional vegetation. Decrease
temperatures commonly result in higher snow accumukataord ice melt water, which
condition the growth of alluvial fans in valley bottoms, and the rise in the water table of
rivers, lakes and water ponds. In Europe, several studies have identified hydrological
changes (e.g. floods) as a consequence of th&a8cal. BP cooling episode (Alley and
Agustsfottir, 2005; Hughes et al. 2000; Magny et al., 2003)he Anatolian Plateau, the
expansion of alluvial fans around 9.5 ka cal. BP (Boyer et al. 2006) were referred to as a
possible signal of a climatic chamgontemporary with the cold 9.2 ka cal BP event
(Berger et al., 2016)In Cyprus, flood episodes that caused strong upstream erosion
(Devillers, 2005), as well as surface erosion and torrential discharges were attested around
8.5 ka cal. BP and 8.1 ka c8lP (Berger et al., 2016), which could be linked to 8.2 ka cal.

BP event. In the Lake Van, high water tables associated to increased sedimentation and
mineral content were recorded also around824ka cal. BP (Lemcke and Sturm, 1997).
Considering thathygrophilous plants represent edaphic communities that depend on
ground moisture and water availability (Zohary, 1973), changes in the water table of the
nearby water ponds and springs caused by the establishment of colder environmental
conditions could hae also altered the extent to which this plant formations grew in the
vicinity. This hypothesis would explain the synchronous spread of mesophilous species
and the development dfygrophilous and meadow steppe attested taxa between 10.5 and
9.9 ka cal. BRat Tell Qarassa North (Figures 2 and 3).

An additional factor that could have contributedthe spread of hygrophilous plants
has to do with the other main element that regulates plant growth in the climate thyggtem

is rainfall. The isotope record dm Tell Qarassa North indicated centurial changes in the
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isotopic content of the wood charcoal samples studied. In area R¥facia and
Amygdalus (3C values decreased from phase | to phase IV, indicating that the second
destruction of the site (phase)ldccurred at the time of dry environmental conditions in
comparison to earlier occupation phases, and which coincide with maximum values for
dry-tolerantArtemisiain the pollen samples from phase IV (Figure 2). This period was
followed by increased valseduring the last phases of the site (phase V and VI in XYZ
and upper and lower phase in VU), indicating thestablishment of wet conditionat

Tell Qarassa North, the spread of wetland taxa in phase V of area XYZ and upper phase of
area VU iscoincidental with the disappearance Aftemisia(Figures 2 and 3), a common
indicator of dryness in the pollen records (Rossigtoick, 1995) and increase in Poaceae
(e.g., from 512% to 1319% in area VU, Figures 2 and 3he increase in Poaceae pollen

at theexpense ofArtemisiais suggestive of reduced summer drought or increase summer
precipitation. In previous studies, high percentage of Poaceae pollen htategpollen
records from the Arab®ersian Gulf were interpreted as evidence of reduced extreme
summer drought around 8.0 ka cal. BP-N&@slimany, 1983).The evidence would thus
indicate that between 10.5 and 9.9 ka cal. BP environmental conditions around Tell
Qarassa North not only turned colder, but also moister. This is in accordance with the
regional datasets from the Mediterranean area, which indicate that after the 10.2 ka cal.
BP, around10-8.6 ka cal. BP, extremely wet conditions prevailed, referred to as the
Levantine Moist Period (LMP). These conditions have been best documented in the Dead
Sea (Weninger et al., 2009; Aet al, 2003b; Migowskiet al, 2006), located around 150

km to the west of Tell Qarassa North. The stable carbon isotopes from Soreq Cave (Israel)
indicate that during this time regional rainfall could have been twice higfan the
preseniday average (Bavatthews et al., 2000). Recent stable carbon isotope analyses of
archaeological plant remains from Neolithic sites in the Middle Euphrates confirm a peak
in humid conditionsbetween 10.0 and 8.0 ka cal. BP (Araus et 2014). It is thus
possible that increased rainfall conditions in the Jabalrab produced changes in the
water tabés of water ponds and lakes located in the plain, and this could have contributed

to the development of wetland vegetation around Tell Qarassa North.

6.3.1.Changes in the human system

The pollen records from Tell Qarassa North show a remarkable decrease in arboreal
pollen between 10.5 and 9.9 ka cal. BP (Figures 2 and 3). In area @We&cus
ithaburensis Quercus calliprinosand Pistacia pollen values decrsad from 1525%
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(phases-IV) to 6-11% (phase V), from-15% (phases-IV) to 2-4% (phase V) and from

4-7% (phases-1IV) to 2-4% (phase V) respectively, and this decrease is also attested in
area VU (Figures 2 and 3). Whilst the evidence does not suggsstva deforestation, it

does indicatea shift towards an open landscape and overall lower tree cover than in
previous periods. The decrease in Mediterranean vegetation comprising thermophilous
species such &3. calliprinoscould have been triggered byartges in the climate system
(section 6.3.1). However, the evidence shows that changes in the arboreal cover occurred
at the time of increased evidence for anthropogenic pressures (Figures 2 and 3). This
means that plant formation that grew in the immedratimity of the site (e.gPistacia Q.
ithaburensi$ would have been regulated by additional inflows and outflows associated to
the anthropogenic system.

The pollen records for the latest occupation phases of the site (phase V in area XYZ,
and upper phse in area VU) indicate a sudden rise amthropozoogenic taxa
(ChenopodiaceaeRlantago lanceolataRumex acetosaR. acetosellp which refer to
plants related to grazed pastures (Behre, 198dprophilous fungi (Sordariaceae,
Chaetomiurjy which commony} develop on dung (van Geel, 2001). This indicates that
between 10.5 and 9.9 ka cal BP, coinciding with the development of agropastoral societies
in southwest Asia (Asouti and Fuller, 2012, 2013; Zeder, 2011), herding activities
intensified in the area anad Tell Qarassa Nortfi.he preliminary analyses of the faunal
remains from Tell Qarassa North revealed the primary exploitation of Gaptg format
aegagru$ during all the occupations (L. Gourichon in Ibéafiez et al., 2010), along with a
large spectrumfaanimal taxa comprising other ungulates like the gazelle, the aurochs, the
wild boar and the Mesopotamian fallow deer, and the hare and various species of
carnivores and birds as small game (see Tab)e Sheep bones have not been clearly
identified andthe goat remains show the same size range (though slightly larger in
average) that the goat populations from the late Early and Middle PPNB levels of Tell
Aswad where evidence of herding was attested (Helmer and Gourichon 2008, 2016). If the
domestic stats of the goats from Tell Qarassa cannot be asserted from metrical or
morphological criteria or kitbff profiles, due to the lack of data, the results provided by
the study of NPPs shed new light on this question. The regular occurrence of coprophilous
fungi (Sordariaceae) throughout the sequence indicates the prevalence of ungulate dung
around and within the habitat that cannot be explained solely by incidental deposits from
the intestinal contents of wild animals butchered in the surroundings. In tiis, sbase

data strongly suggest that at least part of the goats were herded near Tell Qarassa North, at
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a time where early domestication of the bezoar goat was demonstrated in Northern
MesopotamiaReters et al., 2005t must be considered that compatedgheep, goats are
preferentially browsers and can remove tree seedlings, reducing the rates of natural
woodland regeneration (Janis, 2008; Skarpe and Hester 2088grab researchers
suggested that overgrazing was partially responsible for the reductlant cover in
regions associated to the emergence of sheep/goat pastoralism, resulting in changes in
settlement patterns as early as the PPNB (Falconer and Fall, 1995; Grigson, 1995; Kodhler
Rollefson, 1988Kdhler-Rollefson and Rollefson, 199&immors, 2000; Tchernov and
Horwitz, 1990).Despite it is difficult to test, it is possible that increased herding activities
between 10.5 and 9.9 ka cal. BP acted as an outflow and reduced the chances for local
trees such aRistaciaor deciduouQuercusto repoduce.This change, coupled with the

shift to colder environmental conditions (section 6.3.1), would have laddéne
maintenance of the arboreal cover in proportions similar to those attested in previous
phases (i.e-IV in area XYZ, and lowephase in area VU).

Additionally, the evidence between 10.5da9.9 ka cal. BP shows a marked increase
carbonicolous fungi such aShaetomium a common indicator of anthropogenic fires
(LOpezSéez et al., 1998; van Geel et al., 2003; Lépaez and Lopeklerino 2007); as
well as increase@Glomusvalues, which haveden associated &rosive processes related
to the anthropic dynamics in the immediate environment of archaeological sites-(Lopez
Séez et al., 2000)The evidence thus indicates increased firing activities in the area. The
purpose of theses fires is diffit to asses, but fire management is in general associated
with huntergatherers, pastoralists and cultivators that aim to maintain open sagpaah
landscapes with grasslands and trees suitable for agropastoral activities (Roberts, 2002),
and Tell Qarasa North the evidence coincided with the time when herding activities
intensified and arboreal cover reduced. Regional datasets indicate that grasslands reached
maximum values during the early Holocene ands#rgson burning was one of the main
factors reglating these gragsarkland ecosystems (Turner et al., 2010). Grasses represent
competitors for the development Quercusseedlings and they can hamper the expansion
of oakwoodlands (see recent review by Asouti and Kabukcu, 2014). In the Mediterranean
region, lowintensity ground fires are common in the summer dry season, and favour the
development of wild cereal grasses (Zohary and Hopf, 2000; Grove and Rackham 2001). It
is thus likely that increased fiurelated and herding activities, as well as adddl
changes in the climate system, all contributed as direct or indirect factors to the decline of

the local arboreal cover between 10.5 and 9.9 ka cal. BP.
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7. Conclusions

The analyses carried out at Tell Qarassa North show the importance of cagsideri
multiple datasets (e.g. plant macro and microremains) to reconstruct past vegetation and
environmental conditions in southwest Asia. The muitixy analyses at the site have
provided highresolution data to characterise the local and regional vegetatid its
evolution at the time when morphologically domesticated cereals appear and developed in
southern Syria (10-8.9 ka cal. BP). The combination of wood charcoal and pollen
evidence indicates that Tell Qarassa North was located within the-Traaoian and
Mediterranean phytogeographical regions. The local vegetation comprised weodland
steppe components and riparian taxa, whilst Mediterraneawoai#flands and coniferous
forests could have grown at further distance, in the mountain areas of thelJaizdb
located to the east of the site. The results overall indicate that considerably moister
conditions than at present prevailed around Tell Qarassa North and the Jat, al
which is consistent with climatic and environmental conditions duriagetttly Holocene
(Robinson et al., 2006; Weninger et al., 2009). Furthermore, the evidence shows that the
site was located also in amore humid area in comparison to coeval sites in the southern
Levant, and could explain why the inhabitants of site exmlofieedominantly wheat
species opposed to barley. Cereal domestication in southern Syria occurred at a time when
vegetation, climate and human groups interacted in dynamic equilibrium and the
environment was characterised by mild winters (probably-fres) and hot summers, and
an average rainfall of around 400 mm per year

Slightly later, between 10.5 and 9.9 ka cal. BP, the inflows and outflows that regulated
vegetation and that were dependant upon climate and human activities were altered, and
resulted in substantial transformations in the local and regional vegetation. Our results
provide evidence for the spread of mesophilous and hygrophilous taxa during this time,
and suggest the establishment of colder and wetter environmental conditioedidnan
These fluctuations occurred during a broad time frame (from 10.5 to 9.9 ka cal. BP) and
while they cannot be directly correlated with specific RCCs (e.g. the 10.2 ka cal. BP), it is
likely that they were triggered by shifts in the inflows and outficassociated to the
climate system (e.g. rainfall, temperature). Considering that climatic anomalies vary in
time, space, intensity and type of signal, further investigations are needed to compare the

shifts observed in this study with records from otfegfions across southwest Asia. Apart
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from this, pollen records from Tell Qarassa North showed increasedelfited and
herding activities from 10.5 to 9.9 ka cal. BP, whatbng with changes in the climatic
conditions, could have enhanced the spreagrases and the shift to an open landscape
with less arboreal cover. At this regard, more studies are necessary not only to identify the
presence of anthropogenic impacts in the wood charcoal and pollen records, but also to
fully evaluate how human actilgs altered local plant formations beyond linear models
that link human activities to the decrease of the arboreal cover and deforestation.

Overall, in this work we show that changes in the past vegetation were complex in that
they involved elements of different systems acting synergistically, and causing plant
specific responses. This means thahgk factor explanations (i.e., climatic or
anthropogenic) of plant change during the Holocene will fail to recognize the diversity and
complexity of the interactions that commonly regulate plant ecosystems.
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Table S1.Available radiocarbon datesif Tell Qarassa North, area XYZ and VU. Radiocarbon determinations were performed in charcoal
samples at Beta Analytic Inc. (Miami, Florida, USA) and Centro Nacional de Aceleradores (Sevilla, Badioyarbon ages weoalibrated
with OxCalv4.2.2 (BronlRamsey, 2009) using the IntCal09 calibration curve (Reimer et al.,.2009)

Phase/

Phase

Area Space Unit : Reference  14C BP cal BP cal BC Dated material
Group Interpretation
I B 52C 1° Occupation CNA-1355  9185+40 1048710244 85388295 T. dcoccoides/dicoccum
CNA-1065 9300:45 1065110298 87028349 ' staciasp. (Branch
A 57 BB48)
I 1° Destruction Beta-290929 9340+50 1070010407 87518458 boeoticum-}-rﬁonococcurr
A 74 - - - - -
B 52B - - - - -
XYZ- A 24b25 CNA-1353  9252+38 1055510279 86068330 boeoticum}nonococcun
67/68/69 2° Occupation T
B 52 CNA-1354  9292+48 1064810291 86998342 . :
boeoticum/monococcun
A 24:36;37 , - - - - -
v 2° Destruction
B 14 - - - - -
v A 21 Abandonment Beta-272103 9320+50 1068310301 87348352 Largeseeded Poaceae
A 34,18;5:6 Cemetery Beta- 262213 9100+60 10480310178 85318229 T. dicoccoides/dicoccurnr
Vi A 15;3;4 Surface layers Beta- 277177 9300+50 1065310296 87048347 Triticumspp.
Lower 14:1510 Lower phase CNA-3129 9192+40 10490610246 85418297 Leguminosae seed
VU-67 Beta- 402487 9100+30 1049310200 83448251 Wood charcoal
Upper 4;3 Upper phase Beta- 274098 9030+60 103689919 84197970 Leguminosae seed



Table S2.Carbon isotope discriminationtt°C) values of thePistaciaand Amygdalusvood charcoal remains from Tell Qarassa North. Sample

reference and location as well as dating, gresirt curvature and carbon isotope compositidtiGsampd Values are listed for each sample.

Spaces A and Bdbong to theXYZ area, whereas the upper and lower phases refer to the VU area.

Sample Sample | ayer Growth-ring  Pistacia Amygdals o ¢ oo DataBP  %C [BCsample  /3Cair  GHC

N© ID Curvature sp. sp. A A

. \2(2; Space A, phase IV weak X 6471 2467 -6.73 18.40
, Z97D/E space A, phase IV weak X 65.10 2488 -6.73 1861
8 Y68 Space A, phase IV moderate X 62.98 -25.08 -6.73 18.82
12 Y67 Space A, phase IV strong X 64.81 -23.37 -6.73 17.04
14 Y67 C2 Space A, phase IV - X 65.57 -22.79 -6.73 16.44
15 Y67 D2 Space A, phase IV moderate X 64.17 -24.88 -6.73 18.62
17 Y68 Space A, phase IV weak X 65.53 -25.11 -6.73 18.85

Y67
51 c/D1 Space A, phase IV strong X 67.63 -25.07 -6.73 18.82
24 Y67 E2 Space A, phase IV weak X 62.06 -24.64 -6.73 18.37
3 Y67 Space A, phase VI moderate X Beta- 277177 9300+50 61.96 -25.59 -6.73 19.35
11 Y67 Space A, phase VI weak X Beta- 277177 9300+ 50 65.46 -24.86 -6.73 18.58
20 Y67 E2 Space A, phase VI - X Beta- 277177 9300+ 50 6343 -25.45  -6.73 19.21
5 Y68 Space A, phase VI - X Beta- 277177 9300+50 63.95 -2449 -6.73 18.20
6 Y67 Space A, phase VI weak X Beta- 277177 9300+50 63.33 -24.15 -6.73 17.84
10 Y67 Space A, phase VI moderate X Beta- 277177 9300+50 62.98 -25.96 -6.73 19.74
Space A, phase V i + ) )
23 Y67 E2 (cemetery) strong Beta- 262213 9100+ 60 64.20 24.97 6.72 18.71
Space A, phase V i + ) )
13 Y67 C3 (cemetery) strong X Beta- 262213 9100+ 60 65.83 25.66 6.72 19.43



Sample Sample | ayer Growth-ring  Pistacia Amygdalls o ¢ oo DataBP  %C [BCsample  /3Cair  GHC

N© ID Curvature sp. sp. A A A

18 V67 £2 (Sa'[t’;cnedg’“ﬁ’g?]‘i’f V' weak X Beta- 272103 9320+ 50 62.56 -24.87 -6.74 18.60
. Y7 b3 (Sa%zcnedﬁr’“mﬁf’ V' weak X Beta- 272103 9320+50 9505 2458 -6.74 18.29
4 V67 Upper phase weak X Beta- 274098 9030+ 60 64.74 -25.29 -6.70 19.07
7 V67 weaker phase weak X Beta- 402487 9100+ 30 63.28 -25.30 -6.70 19.09
16 V67 Upper phase moderate X Beta- 274098 9030+ 60 64.95 -25.53 -6.70 19.32
22 V67 Upper phase weak X Beta- 274098 9030+ 60 65.22 -25.69 -6.70 19.49
25 V67 weaker phase weak X CNA-3129 9192+40 62.70 -25.00 -6.70 18.76
50 Y67 E3 Space A, phase lll  weak X CNA1353 9252 £ 38 55.78 -22.57 -6.73 16.21
52 Y67 E4 Space A, phase Ill  weak X CNA1353 9252+ 38 64.84 -2361 -6.73 17.29
55 Y67 E1 Space A, phase lll  weak X CNA1353 9252+ 38 64.34 -25.78 -6.73 19.56
56 Y68 A4 Space A, phase lll - X CNA1353 9252+38 61.79 -25.31 -6.73 19.07
57 Y68 A1 Space A, phase lll  weak X CNA1353 9252+ 38 68.08 -24.44 -6.73 18.16
58 Y67 D1 Space A, phase Ill  weak X CNA1353 9252+ 38 63.20 -25.16 -6.73 18.91
59 Y67 D2 Space A, phase lll  weak X CNA1353 9252+ 38 6553 -25.18 -6.73 18.93
60 Y68 A2 Space A, phase Ill  weak X CNA1353 9252+ 38 64.87 -24.61 -6.73 18.33
61 Y68 A2 Spae A, phase lll  weak X CNA1353 9252+ 38 66.20 -24.86 -6.73 18.60
62 Y67 E3 Space A, phase Ill  weak X CNA1353 9252+ 38 56.57 -23.86 -6.73 17.56
65 Y67 E3 Space A, phase Il - X Beta- 290929 9340+50 64.44 -25.18 -6.74 18.91
66 Y67 C3 Space A, phaskl weak X CNA1353 9252+ 38 65.49 -25.34 -6.73 19.10
79 Y67 D3 Space A, phase lll  weak X CNA1353 9252+ 38 62.62 -25.28 -6.73 19.04
81 Y67 D2 Space A, phase Ill  weak X CNA1353 9252+ 38 61.88 -26.50 -6.73 20.31
82 Y67 D3 Space A, phase lll - X CNA1353 9252 + 38 58.14 -22.21 -6.73 15.83



Sample Sample Laver Growth-ring  Pistacia Amygdals o« DataBP  %C | Csample [Y*Car (FC

N© D y Curvature sp. sp. A A A

a4 g%l Space A, phase Il weak X CNA1353 9252 +38 64.62 -2416 -6.73 17.87
86 Y67 C1 Space A, phase Il weak X CNA1353  9252+38 5806 -22.73 -6.73 16.38
87 Y67 D2 Space A, phase Il weak X CNA1353 9252 +38 5243 -2418 -6.73 17.89
89 Y67 E3 Space A, phase Ill - X CNA1353  9252+38 57.85 -23.37 -6.73 17.04
90 Y67 E1 Space A, phase Ill - X CNA1353 9252+38 57.16 -2512 -6.73 18.87
o1 V67 £3 f;%?ce A, phase ll, X Beta- 290929 9340+50 61.46 -23.40 -6.74 17.06
o V67 £2 f;%?ce A phasell, X Beta- 290929 9340+50 53.32 -2437 -6.74 1807
o V67 £2 f;%?ce A phasell, X Beta- 290929 9340+ 50 59.98 -24.38 -6.74 18.08
o6 V67 D2 ﬁ)%?c(; OAS’t)phase L veak X Beta- 290929 9340+ 50 55.45 -25.89 -6.74 19.66
e Efg . éﬁ’gce A phase lll X CNA1353 9252+ B 64.66 -24.80 -6.73 18.54
e Efg . éﬁ’gce A phase lll X CNA1353  9252+38 6052 -2501 -6.73 18.76
54 X68 B1 Space B, phase Il weak X CNA1354 9292 +48 6399 -2585 -6.73 19.63
63 Y68 D5 Space B, phase Il weak X CNA1354 9292 +48 61.72 -26.85 -6.73 20.67
64 Y68 C5 Space B, phase Il moderate X CNA1354 9292 +48 64.92 -2495 -6.73 18.68
77 X69 A1 Space B, phase Il weak X CNA1354 9292 +48 6276 -2546 -6.73 19.22
92 Y68 C4 Space B, phase Il weak X CNA1354 9292 +48 64.14 -2575 -6.73 19.52
93 Y68 E4 Space B, phase Il weak X CNA1354 9292 +48 6270 -2652 -6.73 20.33
68 Y68 B5 Space B, phase Il weak X CNA1354 9292 +48 6149 -2566 -6.73 19.42



Sample Sample Laver Growth-ring  Pistacia Amygdals o« DataBP  %C | Csample [Y*Car (FC

N© D y Curvature p. sp. A A A

69 Y68 C5 Space B, phase Ill  weak X CNA1354 9292 +48 62.94 -2451 -6.73 18.22

71 X68 C1 Space B, phase lll  weak X CNA1354 9292 +48 61.63 -2555 -6.73 19.31

73 X68 E1 Space Bphase Il weak X CNA1354 9292 +48 62.65 -26.57 -6.73 20.37

83 Y68 B4 Space B, phase lll  weak X CNA1354 9292 +48 62.73 -25.25 -6.73 18.99

67 Y68 C5 Space B, phasel  weak X CNA1355 9185+40 63.25 -25.68 -6.72 19.45

70 Y68 E5 Space B, phasel  we& X CNA1355 9185+40 63.11 -2596 -6.72 19.75

72 Y68 D5 Space B, phase | weak X CNA1355 9185+ 40 63.09 -24.66  -6.72 18.39

74 X68 E1 Space B, phase | - X CNA1355 9185+40 6395 -25.88 -6.72 19.67

78 X69 A1 Space B, phase | - X CNA1355 9185+ 40 59.09 -26.25 -6.72 20.05

80 X68 D1 Space B, phase | moderate X CNA1355 9185+ 40 61.63 -24.61 -6.72 18.34

88 Y68 B4 Space B, phasel  weak CNA1355 9185+40 59.81 -24.86 -6.72 18.60

Y68 Space B, phase Ill . ) ]

85 B4/5 (pit) CNA1354 9292 + 48 64.36 2518 6.73 18.92
Space A, phase I, - -

11245 BB29  roof X CNA1065 9300 £ 50 54.65 23.55 6.73 17.23
Space A, phase II,

11244 BB28  roof strong X CNA1065 9300+ 50 63.54 23.61 6.73 17.28
Space A, phase I, + - -

11212 BB10  roof moderate X CNA1065 9300+ 50 60.57 23.55 6.73 17.22
Space A, phase I, - -

11246 BB30  roof X CNA1065 9300 £ 50 56.08 24.25 6.73 17.95
Space A, phase I, ] ]

11238 BB24  roof X CNA1065 9300 £ 50 60.97 23.93 6.73 17.62
Space A, phase I, - -

11247 BB31  roof X CNA1065 9300+ 50 60.17 24.98 6.73 18.71



Sample Sample Layer Growth-ring  Pistacia Amygdals o« DataBP  %C | Csample [Y*Car (FC
N© D Curvature sp. sp. A A A
11048 BB ;Z%?Ce A phasell, oo X CNA1065  9300+50 59.22 -25.13 -6.73 18.87
11954  BRE3G i’)%?ce A phasell, o derate X CNAL065  9300+50 59.74 -23.61 -6.73 17.28
11966  BE43 f;%?ce A phasell, o derae X CNAL065  9300+50 61.04 -2537 -6.73 19.12
11974 BE4S f;%?ce Aphasell, o derate X CNA1065 9300+50 62.75 -25.16 -6.73 18.90
11932/3 BB f;%?ce A phasell, o derate X CNAL065  9300+50 60.16 -24.79 -6.73 1851
11918 BB f(’)%?ce Apesell, oderate X CNA1065  9300+50 6150 -23.48 -6.73 17.14
TP — %%?Ce A phasell, oo X CNAL1065  9300+50 59.02 -23.86 -6.73 17.55
11049  BE33 2%?“9 A phasell, oo X CNAL065  9300+50 6276 -25.27 -6.73 19.02
11263 BB4O %p;(’e A phasell, ok X CNAL1065  9300+50 57.47 -23.65 -6.73 17.32
11267 BB ﬁ)‘%?ce A phasell,  ong X CNA1065 9300+50 63.78 -23.22 -6.73 16.87
11950 BE34 %%"’]}Ce A phasell, ook X CNA1065  9300+50 57.71 2412 -6.73 17.82
11921  BBIS %%"’]}Ce A phasell, ook X CNAL1065  9300+50 60.63 -24.46 -6.73 18.17
11953 BRE3S rso%"’]}ce A phasell, ook X CNAL065  9300+50 6427 -2406 -6.73 17.75



Growth-

Sample Sample Layer ring Pissts cla Am);%dalw Reference DataBP  %C ' 13C'S§mp|e / 13%‘" G;C
N° ID Curvature ' '
11208  BBIS Spacerﬁéfhase o weak X CNA1065 9300+50 6345 -2331 -6.73 16.97
11934 BR23 Spacerﬁéfhase o weak X CNA1065 9300+50 60.88 -24.35 -6.73 18.05
11193  BB4 Spacerﬁéfhase o weak X CNAL065 9300+50 64.34 -2408 -6.73 17.77
11977  BBEL Spacerﬁéfhase o weak X CNA1065 9300+50 56.46 -2400 -6.73 17.69
11965 BRA? Spacerﬁéfhase o weak X CNA1065 9300+50 61.24 -23.01 -6.73 16.65
11979 BRS3 Spacerﬁéfhase o weak X CNA1065 9300+50 57.18 -23.86 -6.73 17.55
11960  BR39 Spacerﬁéfhase o weak X CNAL065 9300+50 57.41 2442 -6.73 18.12
11214 BBIL Spacerﬁéfhase o weak X CNAL065 9300+50 61.20 -2422 -6.73 17.92
11978  BRE2 Spacerﬁéfhasu” weak X CNA1065 9300+50 58.98 -2355 -6.73 17.22
11956  BR38 Spacerﬁéfhase o weak X CNA1065 9300+50 61.93 -25.02 -6.73 18.76
11973 BBRAT Spacerﬁ(’)fhase o weak X CNA1065 9300+50 57.67 -23.97 -6.73 17.65
11575 BBRAY Spacerﬁgfhase o weak X CNAL065 930050 56.97 -2422 -6.73 17.92
BB54 Spa“‘erﬁg)f hasell. " strong X CNA1065 9300+50 56.30 -24.79 -6.73 18.52
—— Spacerﬁéfhase L moderate X CNA1065 9300+50 57.32 -23.64 -6.73 17.32



Table S3.Carbon sotope discrimination #°C, A Rl WKH FKDUFRDO UHPDLQV
different phases of the Space A (area XYZ) and classified attending their degree of
growthring curvature. Values presented are means = SD. Comparisons were performed
only for those phasewhere charcoals from the same genus and different curvatures were
recovered as detailed in Table S2. Samples from phases Il (Roof) and IV belong to
Pistacia sp., whereas samples from phases V and VI argknofgdalussp. Differences

across categories ofiarcoals were tested with ANOVA.

Growth-ring Phase Il (Roof) Phase IV Phase V Phase VI
Curvature

Weak 17.74 + 0.60 18.61 +0.24 18.44+0.21 18.21 £ 0.52
Moderate 18.05+ 0.91 / / 19.54 + 0.27
Strong 17.69 + 1.16 1793+ 1.25 19.07 £ 0.50 /

Level of dgnificance 0.654* 0.393* 0.252% 0.086*




Table S4.Provenance, description of samples and main phytolith results obtained from excavation areas XYZ and VU at Tell Qarassa North

Area Sample  Phase Phytoliths 1 g of Phytoliths Multicelled Description

number sediment weathering _

. phytoliths
(milli on) (%)
(%)

XYZ- 8 Vv 1.19 5.6 2.3 Dark very fine ashy powdery clayey silt without cla:
67/68/69 including flint, bone and pottery.

12 \Y 1.3 6.2 1.6 Dark very fine ashy powdery ayey silt. The matrix i

similar to unit 3, with few scattered small rounded be
clasts and randomly scattered larger stones. The don
colour is dark greyish brown.

16 \Y 1.3 3.9 6.6 Dark very fine ashy powdery clayey silt, small rounded b:
clasts and abundance of randomly scattered larger stone

Base 1] 2 5.4 10.9 Almost exclusively reddish yellow adobe compour

2009, 1 embedded in a fine matrix of similar colour.

Base 1] 1.3 7.5 0.9 Reddish yellow adobe corapnds.

2009, 1

out

29 I 2.6 1.2 42.3 Ashy with large fragments of charcoal, including carbon

wooden elements, heavily burned adobe and seooden
plant remains.



33 I 1 9.1 6.9 Massive homogeneous pulverised reddish yellow a
including decimetricangular basalt clasts and small ba
clasts.

VU-67 1 1.7 5.2 2.4 Compact clay sediment.

3 1.2 9.6 2 Clayey silt with small basalt clasts, greyish brown colour.

5 V 0.84 7.1 0.9 Powdery clayey silt, brown colour.

8 Vv 1.4 5.1 4.1 Powdery clayey silt, similar to US 3 but darker.

10 V 0.72 7.2 0 Powdery clayey silt, similar to US 3 but darker.

11 Vv 1.3 9.1 7.3 Dark gray ashy sediments, including adobe compounds.

12 \Y 0.88 8.6 9.1 Yellowish brown sediments,n¢luding adobe fragment
ashes, charcoal, bone and lithic artefacts.

18 \Y 0.97 7.9 3 Yellowish brown sediments, including adobe fragme
ashes, charcoal, bone and lithic artefacts.

EF181 v 1.1 7.9 1.8 Burial EF18, close to cranial remnai

EF182 v 0.74 6.7 1.2 Burial EF18, under the pit base.

21 v 0.95 6.6 2.4 Clayey matrix sediments and basalt clasts, with abur

ashes charcoal fragments, bone and lithic artifacts.




Table S5. Summary of the early Holocene wood charcoatords in southwest Asia.

Numbers represent percentage fragment counts by taxa. In some cases the raw datasets
ZHUH QRW DYDLODEOH DQG WKH SUHVHQFH RI WD[D ZD
comprise steppic taxa suchAgdemisia, Acacia, Atriplex, &iurus HWF 32WKHUV™ UHSL
rare taxa (e.gVitis, Leguminosae), as well as cf. identifications of taxa not included in the

table (e.g. cf. Labiatae)Quercus (E, D) meansQuercus evergreen and deciduous
respectively. Total fragments were calculatectleding indeterminate wood charcoal
fragments.

Wadi Korti
Faynan Gilgal | ) k
Site 16 (PPNA) Okuzini (la) Tepe Jerfel Ahmar
12.6 11.7
Date ka cal. BP 10.2 11.511.1 11.69.3 11.4 11.410.7
Salicaceae 155 22.8 X 26.0
Ficus 6.3
Platanus Wetland 0.7
Fraxinus X X 12.1
Vitex
Tamarix 7.1 50.9 cf. X 9.5
Chenopodiaceas 4.0 8.8 3.7
Steppe anc
Ephedra halophytes 0.1
Small shrubs 0.7
Capparis 1.4
Pistacia 3.2 7.0 X X 14.3
Amygdalus Woodland cf. X 19.0
Rosaceae Isteppe 1.8
Rhamnus X X 4.4
Maloideae
Juniperus 57.5
Celtis/UImus X 0.4
Olea Oak/junip
QuercugE/D) er
Quercus(E) woodland | 2.2 X
QuercugD) X X 5.5
Acer X X
Pinus Coniferou 0.1
S
Cedwus woodland
Others 2.7 10.5 1.8
Total fragments 2539 57 204 1487 273
Emery . .
Austin, Liphschitz, Barbier and eRt'ZTI (ngléegljgw
2007 2010 Thiébault, !

2005 2012 Pessin, 2004)



o o0 ~A W N - O

Mureybet el-
(phase It Gobekli Baaz (I Hemmeh Jericho
Site V) Tepe 1l PPNA ()
11.2 11.1-
Date ka cal. BP 11.310.5 10.6 11.2:10.2 11.2-10.7 10.3
Salicaceae X 91.0 7.5 15.2
Ficus 3.9 20.9
Platanus Wetland
Fraxinus X 1.6
Vitex 04
Tamarix X 0.6 49.4
Chenopdiaceag Steppe and 7.2
Ephedra halophytes
Small shrubs 1.7 9.5
Capparis cf. 0.2 0.4
Pistacia 63.4 70.6
Amygdalus cf. 36 6.1 2.0
Rosaceae Woodland/stepp: 0.8
Rhamnus 0.6
Maloideae 0.2
Juniperus 3.0
Celtis/UImus
Olea - 0.4
QuercugE/D) Ovsggglgﬁgr 2.7
QuercugE) 3.0
QuercugD) X 0.6
Acer
Pinus Coniferous
Cedrus woodland
Others 1.1
Total fragments - 164 907 636 c. 263
Taple 7in Deckers
Roitel, Neef, ot al Asoutiet Western,
1997 (after 2003 2009’ al, 2015 1983
Willcox)



10
11
12
13
14

Chogha

Golan Pinarba Horvat Mureybet
Site (XI-VII) aL $ 'MDYGI Galil (phase V)
10.7 10.7%-
Date ka cal. BP 11.910.7 10.5 10.710.3 10.7-9.9 9.9
Salicaceae 33.5 37.3
Ficus
Platanus Wetland 2.0
Fraxinus 9.7
Vitex 0.3
Tamarix 235 33.3
Chenopodiaceae Steppe and 2.0 1.6 4.6
Ephedra halophytes
Small shrubs 0.3 4.9 0.7
Capparis
Pistacia 34.3 1.6 6.8 66.6
Amygdalus Woodland/s 2.8 32.8 0.6
Rosaceae teppe 55.7 0.5
Rhamnus 0.5
Maloideae
Juniperus
Celtis/UImus
Olea .. 16.7
Quercuse) | Saudinier
QuercugE) 16.7
QuercugD) 3.0 X
Acer 0.3 0.4
Pinus Coniferous
Cedrus woodland
Others 3.1 3.3 0.4
Total fragments 391 61 1116 6 -
Riehl et Asouti, Roitel, Liphschitz, -Ig?)ﬁleel 1;3%7
al.,, 2015 2003 1997 1997 T
after Willcox



15
16
17
18
19
20
21
22
23

Tepe "Ain Catalhoy
Abdul Cafer Nahal Ghaza ik
Site Hosein HOyuk  Zippori 3 I (South G)
Date ka cal. 10.3 ¢.10.3
BP 10.39.8 10.39.4 10.29.9 8.6 8.4
Salicacae X X X 29.7
Ficus 3.7
Platanus Wetland X
Fraxinus X 0.2
Vitex 0.2
Tamarix X X 0.3
Chenopodiace X 05
ae Steppe and
Ephedra halophytes
Small shrubs
Capparis
Pistacia X X 3.3 X 2.9
Amygalus Woodland/step 2.1
Rosaceae X X 0.4
pe
Rhamnus X
Maloideae 1.8
Juniperus 0.7
Celtis/UImus X 56.8
Olea
Quercus Oak/juniper 18.9
(E/D) woodland ’
QuercugE) 74.1 X
QuercugD) X X 2.4
Acer X
Pinus Coniferous
Cedrus woodand
Others 2.1
Total fragments - - 615 - 1311
Willcox Willcox Caracutaet Neef, Asouti,
,1990 ,1991 al.,2014 2004a 2013



24

25
26
27
28
29
30
31
32

el- Tell Chogha
Hemmeh Jericho Aswa Golan
Site Ganj Daren PPNB () dll (VI-I)
Date ka cal. 10.2 10.2
BP 10.29.8 c. 109 9.5 9.5 10-9.6
Salicaceae X 20.5 7.9 11.7 33.3
Ficus 9.0 4.9
Platanus Wetland 0.5
Fraxinus 34.7 7.4 29.7
Vitex 0.5
Tamarix 14.7 53.2 44 .4 20.8
Chenopodiace 6.3 51 15
ae Steppe and
Ephedra halophytes
Small shrubs 1.3 2.0 0.7
Capparis 3.4
Pistacia X 6.3 1.3 39.1
Amygdalus Woodland/step 1.1 1.0 2.3
Rosaceae pe X 0.8 0.1
Rhamnus X 0.5 0.4
Maloideae 0.5 cf. 0.1
Juniperus
Celtis/UImus ?
Olea
Quercus Oak/juniper 05
(E/D) woodland '
QuercugE) 0.6
QuercugD)
Acer
Pinus Coniferous
Cedrus woodland 0.4
Others 4.0 18.2 10.0 2.1
Total fragments - 619 c.203 478 809
van Zeistet Asoutiet Weser Pessin Riehl et
al.,, 1984 al.,, 2015 n, 1983 , 2004 al., 2016
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34
35
36
37
38
39
40

Tell
Halula

Can Hassan (M/L

Site 1] PPNB) Basta
Date ka cal. BP 9.7-9.4 9.89.3 9.59.0
Salicaceae X 23.9 X
Ficus
Platanus Wetland 1.2
Fraxinus 14.2 X
Vitex
Tamarix 30.6 X
Chenopodiacea Steppe and 2.6
Ephedra halgohytes
Small shrubs 0.7
Capparis
Pistacia X 11.0 X
Amygdalus X 1.9 X
Rosaceae Woodland/stepps 0.2
Rhamnus
Maloideae
Juniperus X X
Celtis/UImus X 2.2
Olea o
Quercus(E/D) Oak/juniper
woodland
QuercugE) X
Quercug(D) X 8.1
Acer 0.6
Pinus Coniferous X
Cedrus woodland
Others 0.6
Total fragments - 2322 -
Willcox,
1991, Roitel, Neef,
Figure 2, p. 1997 2004b
142
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Table S6.Faunal remains fromxeavations areas XYZ at Tell Qarassa North (NISP:

number of identified specimens). Bone tools were excluded from the counts.

Area XYZ Area VU
Surf
Taxa 0w v v v |towe Uppe ace Total
r r laye
rs
Vulpessp. 5 11 38 18 12 3 26 1 2 62
Meles meles 6 1 3 4
Felis silvestris 2 5 1 3 4
Canis familiaris 8 1 2 1 4
Carnivore 5 2 27 6 11 13 1 2 |33
unidentified
Susf. scrofa 5 1 1 1 13 2 18
Dama mesopotamica 1 1 2 1 4
Bosf. primigenius 2 2 22 16 7 24 |5 8 2 62
Largeungulate 1 1 1 16 37 7 3 5 9 77
Gazellassp. 15 8 89 38 61 23 | 67 21 12 222
Capraf. aegagrus 5 1 7 27 49 1 38 12 2 129
Capra/Ovis 18 15 15 46 74 18 |59 9 14 220
Small ungulate 3 34 232 75 181 21 |14 16 18 | 325
Lepus capensis 2 3 25 6 12 2 8 4 32
Erinaceus concolor 1 0
Anas acuta 1 0
Anas platyrhynchos | 1 3 5 1 1 2 9
Anas crecca 1 1 1
A.
crecca/querquedula 1 1 2
Anatinae unidentified 4 2 1 3
Aquilaf. chrysaetos 1 1
Accipitridae 1 0
Alectoris chukar 1 11 1 3 1 5 10
Rallidae 1 0
Otis tarda 1 1
Corvus corone 1 1 1
Birds unidentified 2 1 9 5 4 4 13
Total NISP 101 94 706 264 558 113|409 82 102 | 1528
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52
53
54
55
56
57
58
59
60
61
62
63
64

65
66

67
68
69
70
71

Figure S1.Summay of early Holocene pollen (black circles) and wood charcoal (black
squares) records (based on Table S5, excluding riparian taxa) in relationship to-modern
day phytogeographical regions in southwest Asia (schematic representation based on
vegetation mapby Frey and Kurschner, 1989). Dark orange: Irdnoanian arid steppe;

Grey: IraneTuranian deciduous steppe and open parkland. Light orange: Saiadéian
semtdesert vegetation. Yellow: Sudanian desert. Light green: Mediterranean maquis;
Turquoise: Mederranean evergreen and deciduous oak forests; Dark green: coniferous
forests. 1. Basta; 2. Wadi Faynan 16; 3Heimmeh; 4. Jericho; 5. Gilgal I; 6. Ain Ghazal;

7. Nahal Zippori 3; 8. Horvat Galil; 9. Tell Qarassa North; 10. Tell Aswad: 11. Baaz

RocksheltH U OXUH\EHW 'MDYGH -HUI HO $KPDU
Tepe; 17. Kortik Tepe; 18. Cafer Hoyilk; 19. Can Hassan llI; 20. Catalhoyik; 21. Okiizini
&DYH 3LQDUEDUL *DQM 'DUHK 7THSH $EGXO +RV

Gedi(Litt et al, 2012); 1l. Hula pollen core (van Zeist al, 2009); Ill. Birkat Ram Crate
(Schiebel, 2013): IV. Aamiq wetland (Hajat al, 2008); V. Ghab (Wright and Thorpe,
2003); VI. Eski Acigol (Robertst al.,2001); VII. Akgdl (Bottema and Woldrind,984);

VIIl. Lake Van (Wick et al, 2003); IX. Lake Urmia (Djamalet al, 2008b); X. Lake
Zeribar (van Zeist and Bottema, 1977); XI. Lake Mirabad (van Zeist and Bottema, 1977).
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