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1. Summary

It is generally discussed and accepted that the climate, humanheanagetation are in a close
interaction in southwest Asia since the presence of the human beings in the hiisaegardiran and
specifically the Zagros Mouains were an important part of the Fertile Crescent. This area playes a
critical role asthe progenitor gactuary for early civilizations anid a key region to understand the
Holocene hydroclimatic evolution in SW Asia because of its proximity with the Indian Ocean monsoon
system.For this strategic geographical positiand considering nea-continuous history of human
occupation (since Neolithic times7f000 BQ, the Persepolis basin has been selected for a
multidisciplinary palaeoenvironmental study in the frame of PRIesepolis project conducted by a
FrenchGerman instutional consortiuand financed by the ANR and DFG. This basas withessed

the presence and emergence of several great civilizations (Elamite, Achddteesiah, and Sasanian).

In addition toclimatic changessuch civilizationdeft substantial impacts on tlesmvironmenty their
socialstructures as well alifferentstrategies in exploiting the resourcébe present study contributes

to the PaleePersepolis project and focuses on studyirgyegetation dynamics and fire history of the
Persepolisnd surrounding areabhis thesis aims to investigate the past vegetation changes of the basin

during the Holocene epoch within the hur@dimateecosystem nexus of Southwestern Zagros.

Chapter 2 summarized the present state of the amt climate, vegetation, rahaeology and
palaeoecologyf the Persepolis basin. It provides an overview of the FRéesepolis project and the
main aims. Moreover, it explains the objectives and goals of the present thesis as well as important notes

on methodological approaches.

The study presged inChapter 3 introducesthe modern floristic lisbf woody speciesnd the first
wood anatomyand charcoal identification keys besides the referealtectiors for the major arboreal
taxa of the Persepolis basin. This study was crucial to build kglmamd for reconstructing the
historical woody vegetation applying a (pedmthracalogical approach. It representsanatomical
multi-entryidentification keyusing he diagnostic microscopic featuresddf taxaaccording to IAWA

code.

In Chapter 4 theresults of a highiesolution palynological investigation on a Holocene sediment core
from seasonal saline Lake Maharlou is presented. In this chapter, the emphasis was put on studying the
role of man in modifying the natural vegetation and landscapdsecérea as well as the dominant
agricultural practices during Imperial Persia (550-&1 AD; 12992500 cal BP) and notably the
Achaemenid Empire (2562280 cal BP; 55330 BC).Lake Maharlou ighe closest waterbody to the
Persepolis basin (~ 60 Km to Maasht plain) angrovides excellent conditions for preserving pollen
archives Palynological survey on this lak@ovidel the first pollen evidence oPunica granatum

suggestinghelargescalepomegranatelantations a factthat is supported byehistorical documents



(PFa33).The pollen record depicts a significant increase in agricutndsuggestirbandevelopment
during Persian empires and Early Islamic dynasfibese results, supports thieesence of the stalled

0 Per s i a mydgmonstidagitise @rowth in cultivating the symbolic and shadow providing trees.
Altogether, with thesignificant presence of agfmastoraindicators, theextensive human activitiesd
development ofirban areabas been suggested

Chapter 5 addressed the histoof arboriculture in ancient Iran using palynological evidence. This
chapter represents a review of pollen diagrams published from different regions of Iran. Moreover, the
chapter represents a summary of historical and archaeological evidence to $uppoesence of the
identified tree taxa. This chapter implies that the history of tree cultivation inferred from pollen analysis,
besides other anthropogenic activities (cereal cultivation and-pglstoral practices), provides a direct

and very importarpiece of information about the definitive adoption of sedentary lifestyle. isngje
arboriculture revealed in pollen diagrams is thus robust evidence for sedentism and even the formation

of urban centers.

Chapter 6 presents the results of the firstefinistory reconstruction in the the interior part®f the

Iranian Plateaand the Zagros Mountaidiring the last ~ 4000 yeai®his chapter reconstructs the fire
history and addresses the drivers of the significant fire episodes, using macroscapial geaords

from the Lake MaharlouThe results illustrate the similar patterns for fire incidence and frequency
inferred from charcoal counts and area data without reducing the influence of small fragihents.
screened charcoal peaks showed high cabifigt with the reconstructed palaeohydrology and pallen
inferred vegetation dynamics of the basin as well as the historical evidence. The history of biomass
burning comprises two regional and a local fire episodes of wiielydungest macro charcoabpés

likely related tahedry climate, while the inferred fire episodes during 22000 cal yr BP demonstrate

local biomass burning events correlated with dominant pastoral nomadism and libbstglgeof

inhabitant.

Chapter 7 illustrates theresultsof an anthracological survey on archaeobotanical wood charcoal
remains from a prehistoric site of TeRahmatabad in Persepolis bagihespecies composition of the
studiedcharcoal assemblageiggests thahe sitewaslocated in Zagros stepgerest vegtation type.

In addition to the reconstructed overview of the surrounding landscape, this chapter describes the
correlations between the charcda@quenciesof some taxa such as pistachio and almond, with the
firewood and fruit gathering strategies ofHReatabad site inhabitants during the Neolithic period. It
shows that dspitethecommon presence of oak in southern Zagros woodland and finding a fragment of
oak cotyledonthe oakcharcoalwas notidentified in the assemblage. It mpgint to theavailablity of

diverse sources for obtaining firewowatth less efforiand different applicaticsof natural tree species.



2. Introduction

2.1. The PaleoPersepolisproject: investigating Human-Climate-Ecosystem interactions
during the Holocenein Persepolis Basinasa 6 Sy s t e msolWlovdstetnivan.i n

As an important part of the Fertile Crescent, Iran and specifically the Zagros Mountains were among the
progenitor sanctuaries for early civilizations. The long history of cerpiteractionsbetween
societies, clnate and environmental landscape has placed this region at the center of attention for many
palaeoenvironmentatuglies (e.g. Sumner 1972, 198&imiaei et al, 2006; Djamali et. al, 2009, Jones

et al, 2015, Miller 1985, 2003; Rikht al 2015; Shumilovskh et al. 2017 van Zeist & Wright 1963;

van Zeist & Bottema 1977 Such investigationgre beneficial in assessing the recent social and
environmental situations in interaction with climatic changeréyealing thehumanrenvironment
interactions in thegst (Jones et al. 261

In this regards and consideriaghearcontinuous history of human oquation (since Neolithic times

7000 BQ, the Persepolis basin has been selected for a multidisciplinary palaeoenvironment study in the
frame of PaledPersepoligroject conducted by a Fren@erman instutional consortium and financed

by the ANR and DFG. This bashas witnessed the presence and emergence of several civilizations
(Elamite, Achaemenid, and Sasanidn)addition toclimatic changessuch civilizatonsleft substantial
impacts on theenvironmentby their sociceconomic organization as well dffferent strategies in
exploiting the natural resources. Focusing the critical role of wateresources inthe human
environment intractions and sensitivgdirological settingf the basin to climatic variationthe Palee
Persepolisproject ains at combining palaeoecologyistory and archaeology by evaluating the
availability of water resources to past human societieswell as to evaluate human impact on
ecosystems bynalysing several proxies (including pollen, charcoal, fossil insects) from different
archives (lakesmires, soils and sedimentsEpigraphic and historical documents, as well as bio
archaeological remains from plants and animalsaks@studied.Moreover,humanindependent high
resolution hydroclimatic records establisked using biological proxies (chironomids, cladoceim)

correlation with available geochemical records.

The present study contributeshe PalecPersepolis projecta focuses omvestigating thevegetation
dynamics and fire history of the Persepolis basin. This thesis aims to investigate the past vegetation
changes of the basin during the Holocene epoch within the holnaasteecosystem nexus of

Southwestern Zagso



2.2. The present thesis An anthracological and palynological approach to study man

climate- ecosystem interactions during the Holocene in Persepolis basin (Sivén)
2.2.10bjectives

In spite ofwell-studied archaeology and history of the Persegd®disinand n addition toseveral
archaeobotanicafplant macreremains)investigations(e.g. Miller, 19%, 2003, 2011; Miller and
Kimiaie, 2006) palaeoecological studies and past vegetation reconstructions are very infiedjient
basin Otherpalaeoecological sueys in Iran are conducted mainly in the north and northwestern parts
of the country (e.g. Zeribar, Mirabad (van Zeist and Bottema, 1977), Urmia (Bottema, 1986; Djamali et
al., 2008b) and Almalou (Djamali et al., 2009@Ne nearest past vegetation restomctions in southern
Zagroswerecarried out eiLake Parishan in Helle River systedogeset al. 2015) and Lake Maharlou
(Djamali et al., 2009a) in the souththE Persepolis basitdoweverthe chronology of the evenésmd
reconstructed changes irethiegetation are questionalimhethe study about Maharlou Lakegecause of
uncertainty in calculated agé3jamali et al. 2011p

On the other handalthough palaeoecological studies have revealed the impacts of societal changes on
SW Zagros ecosystems rthg different historical periods, thdetailedreconstruction ofvegetation
history during Imperial Persi@50 BCE to 651 CEYemains obscurdloreover, he fire history of the
region is largely unknowrmand was mainly described fiew palynological stdies through the presence

and concentration of microscopic charcoal partigtesecords, counted and quantified in conjunction
with palynology on pollen slide&or instance, Djamali et al. (2009b) briefly addressed the importance
of fires in Lake Maharlo region by illustrating several considerable peaks of nrtbseocoal
concentrationkire has a complicated connection with the anthropogenic activities and climatic changes
(Finsinger et al. 2014; Mooney and Tinner 201Tfese are the primary determinsufdr extent,
severity, and frequency of fire events in the ecosystem. Therefore, it is necessary to use proxies that
provide moreaeliableinformation about local fire episodes and reconstruct robust fire history scenarios.
Consequently, the main aim tife present study is to present an explicit scheme of the vegetation and
ecosystem changes in interaction with climate and human activities, duridglteenein Persepolis

basin In this regards, the palynological and anthracological approaches amolds\@tere appliedl)

to revealtheregionalvegetation changeduring the Classical and Latenfiquity with particular focus
ontheAchaemenid Empiré550-330 BC) 2) to reconsruct a robust fire history armbstulatehe extent

and frequency of fire occrence 3) to complement the knowledge about the vegetation changes at a
local scalein interaction with the prehistoric human community during the Neolithic pamaold4) to
developan optimized anatomical identification kapdprovidethe firstwood am charcoal reference

collections for the study argia order to enhance the accuracy of anthracological surveys.



2.2.2.Note on the rathodological approache

Pollen analysis is a common approach used in palaeoecological investigations to study palaeo
vegetatdbn dynamicsBased on the habitat and preferred ecological condition of taxeras indicator
palynomorphidypes(pollenand Non pollen)are defined to demonstrate the impact of diffefectiors

on the ecosyster(Moore et al. 199). On the other handome other reconstructions employ wood
charcoal analysi@n different size classes and contexesjeveal the biomass burning history, inferring

the forest speciadiversityandits changes durinthe time as well as the application of wood in human

life history. Wood charcoal particles can be studied in three different size categoriesharcozs
(10150 & m)-¢ hawaca al i X mnd) Gagmeatsnand megaarcoad (> 1 mm) which are
taxonomically identifiableRobin et al. 2018 Whitlock & Larsen, 2001). Megaharcoal identification
provides information about fire historgn a verylocal scale. Soil charcoal particle (mega charcoal)
analysis (pedoanthracology) is also useful for dating fire history by taking advanteg&et 14-dated
charcoabiecesMoreover, this proxy helps in taxonomically identifying the burnt species and therefore
in reconstructing the past vegetation composition (Robin et al., 2048iég macro and micro charcoal
particlesarebeen usedtb reveal fire signals withinraextralocal toregionalscale

Palynology and anthracologgre often used independentlfioweverthe number of studiethat
employed these analyses as complementary approaches is increasing (e.g., Carter et al. 2018; Fyfe et al.
2018; Nelle et al. 201pPoschlod & Baumann, 20103 is worth to mention thaboth methods have
advantages and disadvantagesiemonstrating vegetation chang&lle etal. 2010, Robin et. al.
2013a & b).

Palynology provides data with high taxonomic resolution about woodiyarbaceous species, higher
plants and cryptogamand NAPs(Non-Pollen Palynomorphsfurthermore, pollen dataom peat or

lake sediment cores usually are chronostratified, wischiseful for following the palegegetation
changeghrough time.Nevertleless siterelated interpretatiors not feasible byollen datawhile it

reflects the species variation on a regional séaladdition, suitable sites with appropriate conditions

to accumulate and preserve pollen gréifskes or mires are not commo, especially in serarid or

arid regions.

Anthracology appears as a helpful methothie absence of pollen records and in the regions with poo
pollen conservation condition but also to validate potential palynological\Waife micro and macro
charcal analyses show the chronology of biomass burning episodes, the taxonomic data from mega
charcoal usually provides naontinuous data about the fire etelso, reconstructing the vegetation
changes based on archaeological charcoal data is usuafiyl bias to the influence of human selection
Consequentlypalynology and anthracology were applied as complementary metinadls present
studyto investigate the linkage among climate, vegetation, fire as well as anthropogenic activities in the

past 400G/ears in Persepolis basin.



2.2.3.The study ared?ersepolis Basin

Persepolis Basirs locatedin the interior part of Kur River system. This basin encompasses the most
important historical and archaeological sites in Fars province and South west dn lifa@.present

study, wedefined the Persepolis basin as #evatedintermountain plain(>1600 m) of Marvdasht

Djamali et al (2018) addete o adjacent sub basins in the north and the northwest. The main drainage
for the water system ¢fesepolis basiare the large playa lake systeof the Neyriz (Lakes Bakhtegan

and Tashk)

Worth to mention thathe present study targeted the Persepolis basin; however, depending on the
different nature and need of the performed investigations as well as the atitdlstudy materials;

the study area has been slightly modified. In this regards, the palynology and fire history reconstruction
surveys have been carried out on a sediment record from Maharlou Lake. Maharlou Lake is the closest
waterbody to the Persemlbasin (~ 60 Km to Marvdasht plain), which provides excellent conditions
for preserving pollen archives. Considering this fact combined with its large basin provides a great
opportunity to study the impact of natural phenomena and anthropogenic activittbe regional
vegetation.

The anthracological study of archaeological matexias$ carried out on the prehistoric site of Tepe
Rahmatabad that is located near Kamin (Saadatshahr), plaitheast of Persepolihistorical
monumentsand along the royabad towards Pasargaddepe Rahmatabad hosted different groups of
ancient communities for millennia. Baken the archaeological records, Rahmatabad site represents a
preciouspiece of information to filthe cultural gapf the Early HoloceneThis siterepresents thirst
evidence foithe pre-Neolithic cultureand theoldestpottery evidence (~"8millennia BC)in the Fars
province(Azizi et al,2014).

To take thdirst stepfor an anthracological survegievelopng wood and charcoal reference colleas

andan optimized anatomical identification kappeared to be fundamental in SW Zagros and study
area. Among allforest vegetation classaslran, Parsa Pajouh & Schweingruber (1985) made the only
comprehensive anatomical atfas Hyrcanianforestat the southern shore of the Caspian $earder

to cover the most diversity of woody species, the samples were also taken from other parts of Kur River

basin, in case of finding new woody taxa.
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Climate

Persepolis basin has very particular Gioeltic and biogeographical settings. It is located between
Mediterranean bioclimates (Mediterranean pluviseasonal/xeric) in the west and Tropical (tropical
desertic) bioclimate in the east (Djamali et al., 2011a). It has Mediterranean continental ciimtte w

main climatic types of arid and sewaniid (Djamali et al., 2011a; available data from IRIM@d FRVY).
According to recorded meteorological data, a decreasing moisture gradient is observed from west to east
with anaverage annual precipitatiafiaround 300 mm/year and theean annual temperatugel7.6

°C based on Shiraz synoptic statidihe maximum of precipitatiofall in January (79.8 mm) andty

season lasting about 6 months from May to October.
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Vegetation

Biogeographically, Persepolisasinis located in the boundaries of the Irafioranian (north) and
SahareSindian (south) biogeographical regioAscording to Zohary (1973j)helran-Turanian steppic

vegetation comprises gistachio and almondP{stacia Prunus(syn: Amygdalu¥ xeronorphicforest

and corresponds tdahe randAnat ol i an region (1 T2) in Li®onardo
Doostmohammadi et al 20118

In the Kur river Basin as well as the study aré&, main forest vegetation communitiesnsist of
scattered higlgrown wild pistachiq Pistaciakhinjuk, P.atlanticd and almond trees and shrybsinly
Amygdalus scopar)aassociateavith shrubssuchasCerasus microcarpaRhamnus persicandFicus
carica. They associatgradually withB r a rodk @Qsercusbrantii) at higher altitudegca. 10062000

m) (Frey & Probst 1974Frey 1982; Carle & Frey 197Zpohary 1973 Djamali et al. 200R However,

due to longterm history ofanthropogenic impact®istaciaAmygdalus/egetation habeen delimited

and substitutedavith cushbn shapednontanetragacanthic specigéa higher altitudes andrtemisia
steppesn lowlands(Djamali et al2011).Thereforefodaythe potential vegetation of pistackatmond
scrub mostly observed in less disturbed aréhs.main forest vegetation comnities in the study area
based orthe final report and land cover map of Iran (FRW, 208%) shown inFigure 2-3. It is
necessary to mention that the composition of main arboreal taxa has altered from the present vegetation
map; Ziziphussp. andJuniperussp. have not been recorded and identified in the most recent field
investigatiors (20162017).

According b Akhani 004) succulent chenopods such @alicornia spp. andHalopeplis pygmaea
dominatedhe salindlat plainsaroundthelake Maharlou as well asalophytic grass and sedge species
suchlike Aeluropus littoralis and Juncus rigidus Moreover, the mahdand around Lake Tashk and
Bakhtegan support the fringing vegetation mostly consisting Taimarix spp. (e.g. T.
arceuthoide} Suaedaspp, Cressaspp. andSalicornia spp. The elevatedmountain ranges between
theselakesinclude scattere®istaciaspp. sands withArtemisiasp. vegetation in plains (Scott, 1995).
In addition, reed vegetation Bhragmites australisTyphaspp.dominated thevet mudflats around the
study areaand the karstic springg$zigure 2-3 demastrate theMain plant communities of forest
vegetation in the Kur RiveBasin and the study area of Persepolis bbhaged on the vegetation map

from Forest, Range and watershed Management Organization ¢FR&, 2005).
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Figure 2-3: Main plant communities of forest vegetation in the Kur River basin and Persepolis basin showed
with thick black line.

Archaeology andPalaeoecology:

Through the particular geological and geographical features, foothillsvalfel/s of the Zagros
Mountains have provided appropriate resources of water and arable lands for human settlement in the
past Petrieet al, 2018).

Abundance okarsticspringssupport human settlements with numerous freshwater respwigksthe
variety of microclimateswith different precipitation and altituigial ranges provide them with diversified

raw materials and natural supplig®ra and fauna The central and southern Zagros eomsidered
amongthevery firstcentredor plant and animal doestication events and therefore the best setting for
studying the marenvironment interacti@(Riehl et al., 2013; Miller2014, 2013,201%, Kimiaei et al.
2006;Zeder and Hesse, 200Bumner et al972. For instance, the rich archaeobotanical remaors fr
aceramic Neolithic site of Chogha Golan in wesFafiros Mountaiphave recently extended back the
starting point of agricultural practices into the Epipaleolithic period (Riehl et al. 2013). Livestock
management history in the highlands of westerrr@agate back t@0000 yearsgo (Verdugo et al
2019, Zeder and Hesse 2000).

Beside the Khuzestan plains, the more extensive basin of Kur River at the eastern ends of Zagros (Fars
province) has experienced the presence of human settlements for mileummiaef, 1972). Kur River

Basin (KRB)has witnessed deep changésiumanlifestyle from local and scattered populationgh



a nomadiovay of living to sedentaryfarmers ando the developed urban societies started by Elamite
dynasties 2700540 BQ. Elamies were amongst the civilizations that increased the social complexity
in SW Asia by dominating different landscapes and centralizing the populations in the plains during the
fourth millennium BC. The city of Anshan, the eastern capital of Elam, wasgotest at highlands of

Kur River Basin (Tak Malyan) and had sevefahases of occupatioamdabandonment frorRorth to

late Second millenniaBCE (Miller, 2014). TheKur River Basin P U r) soaghly covers tharea where
Persiansstartedtheir dominationduring theAchaemenidgovernancg550-330 BC) to establish their
Auni ver s alesekrofap 1996 Bheghiove this area found theirnew capitals of Pasargadae
and Persepolis. feer theArab invasion(651 A.D) the development processes in the atepped for a
while but restarted under the first p&sanian Iranian dynastiasch as theBuyids (9351062 AD.)

who expanded irrigation workand agriculturan the lower Kur RiveiBasin (Sumner & Withcomb,
1999).

Although anthropogenic impacts onethandscape and even permanent changes in plant species
composition and distribution pattern inkRiver Basinexistedsince theElamite period (Miller, 203),

the PersepoliBasin and surrounding areastnessed unprecedented urbanism and human inflsence
since the Achaemenid period. The changes in livelih@®nographic increasas well asthe
development of urban centeasid innovabn of associatethfrastructuressuch as hydraulievorks
resulted in agricultural developmentd@let 2011 Wieseldfer 196). This prosperitycombined with

the appreciation for gardensRersiarculture has led to the expansion of agricultamdextensivaree
cultivation during the Achaemenid and Sasanid84(- 651 AD) periods(Djamali et al. 2011; 2015
Shumilovskikh etl., 2017. According to available pollen data from Lake Maharlou and Lake Parishan
in the adjacent basin, the main cultivated trees in southern Zagros were Walylahg, plane tree
(Platanug, and grapevineMitis). They have a long history of domiestion and cultivation in the area
dating back to thesito 2'* Millennia BC, but their continuous presence as cultivated trees began since
Late Elamite period (~1200 BC) (Djamali et al 2011; Miller, 1985; Potts 28t8milovskikh et al.
2017). Olive (Olea) appeared as an important arboricultural element during Achaemenids and Seleucid
periods 820247 BQ around the Lake Parishan (Djamali et al 201&; al 2015). In addition, pollen

and archaeological wood fragments of cypress tree family (Cupregsemazaldifferent purposes for
arboricultural practices (providing timber and shade) frAohaemenid topostSasanianperiods
(Djamali et al, 2017).

10



3. Modern flora and local wood identification key for Persepolis basin,

Fars province (SWran) i an overview

SaraSaeidi GhaviAndant, Morteza Djamaf, Oliver Nellé, Peter Poschlod

1. Institute of Ecology and Nature Conservation Biology, Department of Biology and Preclinical Scieneersiiy of
Regensburg, Germany

2. Institut MéditerranéedeBi odi ver s i t ®MBE (AixdMaEalle UnivgAvignon Université, CNRS, IRD),
Eurog le de BArbois, 13545 AixenProvence, France

3. Regierungsprasidium Stuttgart, Landesamt fur Denkmalpflege Batietiemberg, Fischersteig 9, 78343, Gaienheofen
Hemmenhofen, Germany

3.1. Abstract

This study presents the resultsadforistic and anatomical survey of woody speciesh@Persepolis
basin, Fars province (S\lvan). The background is the reconstruction of the historical woody vegetation
applying a (peddanthracalogical approacbue to the novelty of anthracoliegl research in SW of
Iran and lack of supporting information, wood and charcoal reference collections are reGinged.
southwestern part of Iran and particularly Persepolis basicated athe border ofhelrano-Turanian
andSahareSindian floristic region. Beingn ecotonethe Persepolis bashasahigh species diversity,
particularlywhat concernsvoody plans. The scatteredpistachie almond Pistacia spp-Amygdalus
spp) scrub combinedith B r a mak ®@sercusbrantii) at higher altitudesiave been considered as the
general vegetation type of the badmaddition, the study area has a long history of human occupation
and arboriculture practices, with many species introduced tmieby historicalcivilizationssuchlike

the Achaemenid (228@500 BP; 55830 BC) and Sassanih2991726 BP;651-224 AD) Empires.
During two sampling seaso(®015 & 2016) we collectedvood material from 41 taxa the study area

to build thewood anadmy and charcoatollection An anatomicaimulti-entry identification keywas
developed usinghe diagnostic microscopic features of sarsplecording to IAWA In Prunus(syn:
Amygdalu} genera, woody perennidktragalus spp Alhagi spp, Ficus sppandSalix spp the wood
anatomy features are not sufficient to identify the taxa up to specieslbeggiresent study is a scratch
on the surfaceo identify woody species ocharcoalby theiranatomy in the SW of Iran. Therefore,
complementary surveys witmore samples are necessaryctwer a wider range ofanatomical

modifications of the species under different ecological condition

3.2. Introduction

Iran has a vast area of 164.8 million hectares. The country is a meeting point for different types of

climate & well as floristic regions. According to FAO (Jafari, 2012), about 52.4% of thissa@zered
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by rangelands; 8.6% are forests and 1905%he area islassified as deserts, including bare salty lands.
Based on the floristic composition also climaticiacologic features, the forest vegetation of Iran can

be classified into different regions as: Hyrcanian humid and broadleaves forestamgtuchted along

the Caspian coast; Arasbaran semi humid forests in eastern Azerbaijan province (NW Irgnqt@tksi

as UNESCO biosphere reserve); semi dry forest steppe of Zagros mountains ranging northwest to
southeastjrano-Turanian central vegetatiowhichincludes dry mountainous and desert forests; finally
tropical arid forest vegetation along the Perssaiff and Oman Sea (FAO, 202215 report)Worth to

mention thaamong alforest vegetation classaslran, theonly comprehensive wood anatomy aik&as
aboutHyrcanianforest (Parsa pajouh & Schweingruber 1983jormation about other forest types is
represented in nonspecific publications, which mostly have done in limited spots.

The present study has been done in Persepolis Basin located in the southern part of the Zagros Mountains
(Fars- SW Iran); in the area gfistachio an@lmond Pistacia Prunus(syn: Amygdalu¥ xeromorphie

forest steppeAccording to Djamali et al. (2009pistachio andailmondvegetation type has existed in

the SW of the Zagros Mountains since the #mocene with its maximum extent during the fourth
millennium BC.based onhe information provideéh floristic references of the country (e.g. Asadi et

al 19892019; Mozzafarian 20Q3Rechinger 1966 Persepolis basin contains around 10% of the woody
species diversity of the count{Bupplement S3).

Palaeoenvironmentatudiesin Zagros Mountains showed the presence of human and anthropogenic
activities since the Epipaleolithic period (Riehl et al. 2013). Foothills of southern Zagros in Kur River
basin (KRB) have been considered among the verylficsitionsfor plant and animl domestication
attempts (Kimiaei et al. 2006; Miller 2012013,2011; Sumner et al 1972). These studlesy dramatic
changes in regional vegetation history and significant phaskefarfestation due to anthropogeaitd
climatic factors.Such activites have left irreversible impacts on woody vegetation composition and
woodland expansion in tharea. In this regard, Miller (1985, 2014) suggested a phase of ancient
woodland clearance in the vicinity tife archaeological site of Tepe Malyan (Fars proeiRersepolis
basin) in the mighird- millennium BC, which led tadecline inJuniperussegetation from th@istacia
AmygdalusAcerJuniperuscommunityaroundthis site. This compositionever recovered afterwards
possiblydue toa slow climatic aridifiationin late Holocene and intensified human pressure on the

natural vegetation.

Such archaeanthracological surveys generally dealt with wood and charcoal materials from
archaeological excavations. Therefore, human lifestyletlasid approaches in coltdtng wood and
woodland managemehtve been the most effective factanich influencedthe species compositisn

in thearchaeologicatemains. Based onthePr i nci p| e dThéryPariaos et al.201D)or t O
prehistoric communitieended to colledhe firewoodrom the nearest woody vegetation, which needs

the least laborConsequentlythe archaeologicaremains(wood/charcoal)demonstrate the overall
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vegetation of the study aréaa limited extent and depends on the inhabitants strategy inglaaiin
woodland . For instancethe anthracology studyf the prehistoricsite of Tepe Rahmatabad in the
PersepoliBasin (Chapter) showshe compatibility of the wood charcaasemblage witthemodern
vegetation type of the Zagros woodlands and destnates that the study sitevas located near the
Pistacia Prunus(Amygdalu} formation. However, despite the presence of oak as a common genus
today inthe southern Zagros woodland, due to selection by hgmmQuercussp. charcoal has been
identified n this assemblag&hereforeto reconstruct more detagd scheme of thiecal vegetation
composition, using other sources of wood and charcoal (e.g., soil chdr@®apmplementary value

Forthis purposewood anatomy keys based on the modern wdlodg are the most appropriate tools.

In addition,compare to the general identification keys from other geographical regions and countries
(e.g. Crivellaro &Schweingruber 2023Neumann et al 2001;,cBweingrubeet al 1990, regional keys

can cover the ost sitespecific variations in the anatomy of local woody species, for example in
response to the local microclimaténe aim of this study, therefore, was téirat step for performing

an anthracological survey, to develapvood and charcoal referencellectionsand an optimized
anatomical identification key for the study area.

3.3. Study site

Physical setting and Vegetation

Persepolis Basin is located in the interior part of Kur River system. This basin encompasses the most
important historical and archalogical sites in Fars province and South west of lrarthe present
study, wedefined the Persepolis basin as #evatedintermountain plain(>1600 m) of Marvdasht
Djamali et al (2018) addete wo adjacent sub basins in the north and the northiietmain drainage

for the water system ¢&fesepolis basin are the large playa lake sysdéthe Neyriz (Lakes Bakhtegan

and Tashk)In order to cover the most diversity of woody species, the samples were also taken from
other parts of Kur River basiim ca® of finding new woody tax&ersepolis basin has very particular
bioclimatic and biogeographical settings. It is located between Mediterranean bioclimates
(Mediterranean pluviseasonal/xeric) in the west and Tropical (tropical desertic) bio clintléegast
(Djamali et al., 2011a)fhe main climatic types of the basine semi arid and aris climate tylpased
onavailabledata from the Iran Meteorological Organizat{tRIMO) and Forest, Range and watershed
Management Organization of Iran (FRWjccording torecorded meteorological datadacreasing
moisture gradient is observed from west to east with annual precipitation ranging from 449 mm at
Doroudzan to 205 mm at NeyriBiogeographically, Persepolis basin located in the boundaries of the
Irano-Turanian (north) and Saha8indian (south) biogeographical regiosccording to Zohary

(1973), IranTuranian steppic vegetation comprisespadtachio and almondP{stacia Prunus(syn:

Amygdalu} xeromorphieforest anccorresponds to Irafiéd\natolianreg on (1 T2) i n L®onar
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(Djamali et al 201B; Doostmohammadi et al 20L8According to the landise map of forests, range
and watershed management organization of Iran (FRW, 2@d23alforest vegetation covers about 24
percent of the basin totatem The main forest vegetation communities consists of wild pistachio
(Pistacia khinjukP.atlanticg and almond trees and shrubs (maihgygdalus scopar)aassociated by
maple Acermonspessulanunandshrubs a£erasus microcarpgRhamnus persicandFicus carica
Theyaregradually combined witB r a n t &@usercodardatii) @t higher altitudes (ca. 10D00 m).
However, due to longerm history of anthropogenic impacBistaciaAmygdalussegetation has been
delimited and substituted with cushion gad mountainous tragacanthic speasgher altitudes and
Artemisiaspp in lower lands (Djamali et al 2011b). Therefore, the potential vegetation of pistachio
almond scrub mostly observed in less disturbed areas by humariex#dtording tothe final report

and land cover map of Iran (FRW, 20@B¢ main plant communities of forest vegetation in the study
areaare shown in Figure.l1lt is necessary to mention that the composition of main arboreal taxa has
altered from the present vegetation maiziphussp. andJuniperussp. have not been recorded and

identified in the most recent field investigation (2€®L7).
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Figure 3-1: Main plant communities of forest vegetation in the Persepolis basin (from E&YS,

3.4. Materials and Methods

In order to prepare the wood and charcoal reference collection, woody plant matesar{ttsbrub)

wassanpled from different sites in the study area (2015 & 2016) also around the archaeological sites.
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First, a floristic list of the woody speciegms prepared based on the literature revigpendix A)

This listwasupdated during the field visits. In thisgards, 41 samples from the most common taxa of
modern vegetation have beasllected (Tabl&.1). In the laboratory, samples were cut 2 tm length

pieces, using the coping saw for soft woods and the band saw for hard ones. In order to prepare the wood
anatomy collection, different softening and embedding techniques were applied based on the hardness
of woods. Hard woods were immersed in boiling water férrinutes then stored in a mixture of 96%
alcohol, water, and glycerin (1:1:3) for@weeks prioto cutting. In the case of softwoods, the boiling
phase was skipped (techniques derived froww.woodanatomy.ch Crivellaro & Schweingruber

2013). The samples weggtherhand cut or by using a fixed objetioving knife sledge microtome
(Reichert, Nr. 328663). The sect®were stained with Astra blue (0.5%) and safranin (0.1%) then
mounted in glycerin, observed, and imaged by light transmission microscope equippadligital

camera.

Table 3-1: Studied species from modern vegetation of Persepolis Basin

No. Species Family No. Species Family
1 Acantholimon sp. Plumbaginaceae 21 | Fraxinus rotundifolia Oleaceae
2 | Acer monspessulanum Aceraceae 22 | Halocnemum strobilaceum Amaranthaceae
3 | Alhagi comelorum Fabaceae 23 | Juglans regia juglandaceae
4 | Alhagi maurorum Fabaceae 24 | Morus alba Moraceae
5 Eﬁgﬂf;ézymmygda'u’s Rosaceae 25 | Myrtus communis Myrtaceae
6 :tr)tljjr:rl:ggsynAmygdalu}; Rosaceae 26 | Nerium indicum Apocynarjeae
- Prunus(synAmygdaIu); rosmcons 27 N.oaea. mucror.lata Chenopo&jjlaeae
scoparia 28 | Pistacia atlantica Anacardiaceae
Astragalus fasciculifolius Fabaceae 29 | Pistacia khinjuk Anacardiaceae
Astragalus glaucacanthus Fabaceae 30 | Platanus orientalis Platanaceae
10 | Capparis spinosa Capparidaceae 31 | Populus euphratica Salicaceae
11 | Salsola vermicula Amaranthaceae 32 | Prunus persica Rosaceae
12 | Celtis caucasica Ulmaceae 33 | Prosopis farcta Fabaceae
13 | Prunus microcarpa Rosaceae 34 | Pteropyrum aucheri Polygonaceae
14 | Citrus sp. Rutaceae 35 | Punica gran&um Punicaceae
15 | Cupressus sp. Cupressaceae 36 | Ricinus communis Euphorbiaceae
16 | Daphne mucronata Thymelaeaceae 37 | Salix acmophylla Salicaceae
17 | Ebenus stellata Fabaceae 38 | Suaeda chlearifolia Amaranthaceae
18 | Ephedra foliata Ephedraceae 39 | Vitex agnuscastus Lamiaceae
19 | Ficus carica Moraceae 40 | Vitis vinifera Vitaceae
20 | Ficus johanis Moraceae 41 | Tamarix arceuthoides Tamaricaceae

In order to prepare the chaadaollection, dry wood fragments were covered with sand in porcelain
crucibles and burned in a furnace (Nabertherm, B180)-&mnutes in 406. Anatomical features of
charcoal samples were studied and imaged by reflected light microscope equippeidiwil camera.

The images of the selected spedespresentedn supplementary material 53 (Fig. 2.2 2.21). The
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diagnostic microscopic features of each sam@ee recordedccording to IAWA (1989]Supplement

S.2.2) and applied to develop theatomical identification key.

3.5. Results

In the case of most taxa, the identification key can separate perfectly the different taxonomical groups
based on the microscopic features. However, in some Rosaceae and more specifically Amygdaloideae
subfamily membrs Prunus syn Amygdalu¥ the wood anatomy features are not sufficient to identify

the taxa up to species level. Similarly about woody peredstihgalus spp(A.fasciculifolius, A.
glaucacanthys Alhagi spp (A.maurorum, A.commelorynficus spp.(F.carica, F.johani$ andSalix

spp (S.acmophylla, Salix cf purpureghe wood anatomy features are not sufficiently different to
identify the taxa up to species level. It @eworthy that complementary studies with more samples are
necessary to covell dhe possible modifications in the anatomy of species under different ecological
condition.Based on the anatomical study of wood and charcodl wbédy species in Persepolis basin,

the following multientry identification key has begenerated as bmb:

la Vessels absent ( Coniferous type with tracheids) Cupressusp.
1b  Vessels present 2
2a  Vessels in discrete vascular bundles accompanied by fiber caps. Monocotyledonae
2b  Vessels not in discrete vascular bundles 3

3a Included phloem present

3b  Included phloem absent

4a  Growth ring distinct 5

Salsola vermiculata (syn

4b  Growth ring indistinct . \
Caroxylon vermiculatum)

5a  Spiral thickening in vessel elements present Halocnemum strobilaceun
5b  Spiral thickeningn vessel elemestabsent 6

Vascular/ vasicentric tracheids present, storied structure present (axial parenct

6a ) Noaea mucronate
vessel, fiber elements)
6b  Vascular/ vasicentric tracheids absent, storied structure absent Suaeda chlearifolia
7a  Ring-porouswood 8
7b  Diffuse and semi ringporous wood 13
8a  Spiral thickening in vessel elements present 9
8b  Spiral thickening vessel elements absent 12
9a  Radial Intercellular canals present 10
9b  Radial Intercellular canals absent 11
10a Groundtissue fibers with distinct bordered pit Pistacia khinjuk
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10b

1la

11b

1llc

12a

12b

12c

12d

12e

13a
13b

l4a
14b

15a
15b

15c

16a
16b

17a
17b

18a
18b

19a

Ground tissue fibers with simple to minutely bordered pit (libriform fibers)

Vessels arranged in Radial files mostly in late wood, Tylosis present,-fays 3
seride

Late wood vessels arranged in tangential bands sometimes féikomylosis
absence, rays uniseriate and multiseriate

Ring porous to seming porous, with radial or cluster arrangement in late wood
vesselssmall vessels (>100 um), apotracheal parenchyma, rays uniseriatéanc
seriate, mostly heterogeneous, widely spaced spiral thickening

Early wood vessels normally in groups e82adial files, latewood vesselstly
solitary, parateracheal parenchyma present in tangential band or rarely vasicer
rays unibiseriate short , not longer than-28 cells, mostly homogenous

Early wood vessels large (100 um), Scalariform perforatioplate, scalariform
ray-vessel pits, large rays, 5 to more than 15 seriate, homogenous and heterog
rays

Early vessels solitary but in compact few rows or in tangential short groups; ray
10 seriate, heterogeneous, storied pdrgma present

Ring-porous to serniing-porous, early vessels often in short (2 cells) radial files
also solitary, Paratreacheal parenchyma, long rays wits&iate, heterogeneous
with procumbent and square cells

Growth ring distinct, ring porous to semiing porous, early vessels not bigger thar
50 um, often in clusters or tangential bands, simple perforation plate, vessel pit
distinct borders, alternate to scalariform, Apotracheal parenchyma mrésent
tangential bands with more than 3 cells in width that define the growth ring bort
rays more than 10 seriate, heterogeneous, sometimes very long (~800um)

Diffuse and semi ringporous wood
Clearly diffuse porous

Rays exclusively uniseriate
Rays 410 seriate

Rays homogenous
Rays heterogeneous

Semi ringporous to ring porous, eanyood vessels in one or two tangential band
late wood vessels in dendric, radial, flatib@ groups, rays homogenous, simple
perforation plate, thickvalled ground tissue mostly comprise of fibers and librifol
tracheids, mostly storied.

Reticulate or other types of perforation plate

Simple perforation plate

Foraminate perforation plate
Simple and scalariform perforation plate together

Spiral thickening preseén
Spiral thickening absent

Vessels in short radial files€5), vessel pits alternate and vessel diameter is ab
5 um. Rays 13 seriate, heterogeneous
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19b

20a
20b

2la

21b

21c

22a

22b
22c
22d

23a

23b

24a

24b

24c

24d

24e

Growth rings distinct by bands of thick walled fiberessels small <50um solitary,
apotracheal parenchyma present, ragsskriate heterogeneous with square and
upright marginal cells.

Rays homogenous
Rays heterogeneous

Growth ring boundaries indistinct, Vesssinall (4050 um) arranged solitary and
short radial files (), libriform fibers present, Rays (2}(3) seriate, homogenous
with long procumbent cells.

Growth ring boundaries distinct, VesselsBID um in diameter, arranged short
radid files (2-4), Tylosis frequently present, rays3lseriate, homogenous with
procumbent cells, sometimes one marginal row of square cells

Growth ring boundaries rather indistinct, Vessels small{&®um) arranged
solitary and short dial files 2(3), Paratracheal parenchyma present, rads 1
seriate, homogenous with procumbent cells, long up to 50 cells, intervessel pit
distinctly bordered

Rays in two types uniseriate aneéBZeriate, large early wood vets (56100 um)
solitary with tangential arrangement

Rays exclusively uniseriate
Rays mainly more than 10 cells in width
Rays cells 13 seriate

Solitary vessels arranged in short radial file)2ground tissue fibers apotrachea
ray-vessel pits large, rays heterogeneous with upright and square cells.

Growth rings often indistinct, 4 or more vessels arranged in radial files, vessel
alternate very small >> 5 um , rays uand sometimes biseriate, heterogeneous \
square and upright cells, fibers septate

Growth ring indistict, vessels solitary sometimes arranged tangentially, vessel |
very small, Vessel diameter B@0 um, simple perforatigribriform fibers present,
rays heterogeneous with square and procumbent cells

Vessels solitary in radial files of2, simple perforation, vessel diameterdD O 1 0
pm, vessel pits very small $n, ray-vessel pits distinctly bordered, rays
heterogeneous mixed of square, procumbent and upright cells

Growth ring indistinct, vessels arrange in radial files of 4 or more, Vessel diam
100-200pum, vessel pits alternate bordered, vascular tracheids present, librifort
fiber present, rays heterogeneous with square and upright cells

occasionally with tylosis, axial parenchyma in tangential bands with more than
cells in widh, libriform fibers present, rayessel pits horizontally enlarged to
scalariform, rays heterogeneous with square and upright marginal cells,

Vessels small >50 um in diameter, arranged in long radial filesbef72 cells,

vessel pis small >>5 um, clearly bordered, vascular tracheids present,-Gays 1
seriate heterogeneous with mixed square, upright and procumbent cells,
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4.1. Abstract

This study presents the results ofighfresolutionpalynological investigationn a Holocene sediment
core from seasonal saline Lake Maharlo Zagros Mountains, SW IrallVe placethe emphasis on
studyingthe role of man in modifying the natural vegetation and landscapes of the area @s thell
dominant agricultural practiceduring Imperial Persia (55BC-651 AD; 12992500 cal BP and
particularly theAchaemenid Empire §00-2280cal BP; 5568330 BC).Thescatteregistachio almond
(Pistaciaspp-Amygdalus (syn: Prunus) spscrub combiedwith B r a roak @auercusbrantii) at
higher altitudedave been considered as the general vegetation type of the LakeThaspresented
pollen datgrovidethefirst pollen evidence dPunicagranatum an underrepresented specigsplying

the large-scale pomegranateplantations a factthat is supported byhe historical documentof
Persepolis Fortification ArchivéPFa33) about intensive arboricultural activitissthe Achaemenid
heartland The pollen record depicts a significant increase iicatjureandsuggestirbandevelopment
during Persian empires and Early Islamic dynasiié® present diagram shows that arboricaltur
activitieswhich had already started during Elamitegensifiedunder Achaemenids and reached its
highest level durig Sasaniato Early Islamic period. This finding is compatible with historical records
showing that Fars provincand Shiraz, in particulawitnessed economic and agriculture flourishing
during the late Antiquity and early Islamic Iranian dynastiele presence of the stalled6 Per s i an
g a r dis possiblysupported by theontinuouscurve of Cypress tre¢Cupressaceae) that increases
simultaneouslywith other cultivated trees especially plane tleatanug, both trees being cultivated
for their symbdic values and shadowurthermore, generatontemporaneous increase in pollen values

of semicultivatednative treesuch assalix Fraxinus andUImus in addition tosignificant presence of
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agropastoralrelatedpollen typessuggests thextensive humn activitiesand development ofirban

areas. The variations inPoaceadrtemisia ratio (P/A) and Artemisia + Chenopodiaceagsyn.
AmaranthaceagpPoaceaeatio (A + C)P pollen ratiosseemcompatible with the hydrological scheme

of the basirand shows @iodsof aridity followed byhighermoisture availabilityvith presence of mesic
grasslandsWe suggest that anthropogenic activities played the leading role in vegetation change in
Maharlou Lake basin enhanced by climatic changes during the last ~3780 year

4.2. Introduction

As the progenitor sanctuary for early civilizatipfren and specifically the Zagros Mountaihsyve
beenat the center of attention for mapglaeoenvironmentatudieso investigate humaanvironment
interactions in the page.g. Djanali et al. 2008, 2009 Jones et aR015 Kimiaei et al.2006 ; Miller

1985, 2003Rieh et al. 20155humilovskikh et al. 208; Sumner 1972, 1938

Through the particular geological and geographical features, the foothills and valleys of the Zagros
Mountains have provided appropriate resources of water and arable lands for human settlement in the
past (Petrie et al, 2018) Abundance ofkarstic springssupport human settlements with numerous
freshwater resourcewhile the variety of microclimatasith different precipitation and altitadiranges,

provide them with diversifiedraw materials and natural supplifora and fauna The central and
southern Zagros areonsideredamongthe very first locatiors for plant and animal domestication
attempts and thiefore the best setting for studying the manemdronment interactis(Kimiaei et al.

2006; Miller 2014, 2013,201% Riehl et al. 2013Sumner et al1972; Zeder and Hesse, 200Bor
instance, the rich archaeobotanical remains from aceramic Neglithiof Chogha Golan in west of
Zagros Mountaipextended back the starting point of agriculture practices into the Epipaleolithic period
(Riehl et al. 2013) and livestock management history in the highlands of western Zagros date back to
10000 yearago {erdugo et al 2019, Zeder and Hesse 2000).

Beside the Khuzestan plains (Khuzestan provir8#/ Iran), the more extensive basin of Kur River at

the eastern ends of Zagros (Fars province), has experienced the presence of human settlements for
millennia (Sumner, 1972). Kur River basin (KRBjs withessed deep changétumanlifestyle from

local and scattered populationgh a nomadiavay of livingto settled farmers anddldeveloped urban
communities started by Elamite dynasties. Elamites were amomrgsivilizations that increased the

social complexity in the Near East by dominating different landscapes and centralizing the populations
in the plains during the fourth millennium BC. The city of Anshan, the eastern capital of Elam,
constructed at highlais of Kur River Basin (Taé Malyan) and has sevegghases of occupatiomnd
abandonment from forth to late second millennia (Miller,0TheKur River Basin P U r) soaghly

covers thearea wheréersianstartedtheir dominatiorduring theAchaemenidkings (550330 BC) to
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establi sh t heir esghoferj1996)r Theghoosethigarea feuad tieiteéw capitals
of Pasargadaand Persepolis. féer the conquest of Muslims (651 A.Ohe development processes in
the area have continued tetgovernors of the Early and Middle Islamic periodsh8ke Buyids(935%
1062 AD.) who expanded irrigation workand agriculturen the lower Kur RiveiBasin (Sumner &
Withcomb, 1999).

Although anthropogenic impacts on the landscape and even perndragges in plant species
composition and distribution pattern in KRB existsidce theElamites period (Miller, 2014 the
Persepoli®asin and surroundingasirswitnessed unprecedented urbanism and human influences since
the Achaemenid period. The changa livelihood,demographic increases well asdevelopment of

urban centersand innovatn of associatednfrastructuressuch as hydrauliavorks, resulted in
agricultural development @det 2011 Wieseldfer 1996). This prosperitycombined with the
appreiation for gardens ifersianculture has led to the expansion of agricultanel extensivetree
cultivation during Achaemenid and SasanianSasanianSasanian pébiaasali et al. 20112015
Shumilovskikh et al., 20)7According to available pollen dati@m Lake Maharlou and Lake Parishan,

the main cultivated trees in southern Zagros, were walogtgns, plane treeflatanug, and grapevine

(Vitis). They have a long history of domestication and cultivation in the area dating backtocta® 1
Millennia BC, but their continuous presence as cultivated woody species began since Late Elamite
period (~1200 BC) (Djamali et al. 2011; Miller, 1985; Potts 2@@milovskikh et al. 201). Olive

(Oleg) appeared as an important arboricultural element dukcigaemenids and Seleucid periods
around the Lake Parishan (Djamali et al. 2015; Jones et al. 2015). In addition, pollen and archaeological
wood fragments of cypress tree family (Cupressgceaeeal different purposes for arboricultural
practices (providig timber and shade) froAthaemenid tpostSasaniaperiods (Djamali et al. 2017).
Maharlou Lake has excellent pollen preservation conditions which combined with its large basin,
provides a great opportunity to study agastoral and arboriculture adties in the regionakcale
through a palynological investigation. However, in spite of several palysloyeys (Djamali et al

200%, 20114a; Jones et.&015), detailed data about the vegetation history in southern Zagros Mountains
during Imperial Rrsia, remains obscure. Therefore, by using a sediment core from Maharlou lake with
an accurate chronology (Brisset et al., 2018) we aim to reveal: 1) the changes in the vegetation of
Maharlou Lake basin in antiquity and during the succession of PersipimeSmwith particular focus

on Achaemenids. 2) Whether the lake Maharlou basinaeasiterfor arboriculture in Fars and how

was its chronology? 3) The diversity of cultivated tree species in the dadenmt inindicator pollen

types
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4.2.1Study site

Physical setting

Lake Maharlou (1,455 magh a large shallovinypersalingplayalake with the depth of 1.5 iocated

in Fars Province20 Kmto Shiraz and about 60 Km southeast of Persepolis at the southeastern tail of
Zagros MountainsThis lake Figure4-1), which assumed to existnce early Pleistocenkasthe area

of 24910 Knd andis fed by precipitation, surface runoff and karstic springs around the lakeEhame
geological point of view, Maharlou catchmesitiominated bysedimentary rockshainy composed of
limestone, sandstone, shale and dolomite (Djamali et al.a28a%e et al. 2016).

According to Koppen climatic classification system (Critchfield 1974; Rahimzadeh et al. 2009), the
study area has mid latitude steppe: semiarid; cool ordaiwite type and in Worldwide Bioclimatic
classification by Rivadartinez (et al., 2008) has aMediterranean xericontinental typeioclimate
(Djamali et al., 2011)Based on recorded meteorological dadan world meteorological organization
(WMO) in Shiraz synoptic station (the nearest station in 20 Km east of the lake), mean annual
precipitation and temperature are recorde@&%.3mm and 172 °° respectively The maximum of
precipitationfalling in January (79.8 mm) amtly season lasting abo@itmonths from May to Octohier

this site..

Vegetation

According to Zohary (@73), Maharlou Lake situated in Irduranian phytogeographical regiarith

the steppic vegetatiarf pistachio and almondP{staciaAmygdalus (syn: Prunusyeromorphieforest
Itcorresponds to lrafiddnat ol i an regi on (1'T2) i n .L2I@nar dbs
Doostmohammadi et a018. Today, in the Lake Maharlou basitig vegetation type consists of
scattered higlgrown wild pistachio(Pistacia Khinjuk, P.atlanticg and almond trees and shrubs
(mainly Amygdalus (syn: Prunusjcoparig associatedwvith shrubssuch as Cerasus microcarpa
Rhamnus persicaand Ficus carica They associatgradually withB r a roak&QQiercusbrantii) at
higher altitudegca. 10062000 m)(Carle & Frey 1977Djamali et al. 2008 Frey 1982Frey & Probst
1974;Zohary 1973)However, due to longerm history ofanthropogenic impactRistaciaAmygdalus
(syn: Prunus)vegetation hs been delimitedand substitutedwith cushion shaped mountainous
tragacanthic specids higher altitudes and\rtemisiasteppesn lowlands(Djamali et al2011). In
addition, salindlat plainsof lake surroundingare mostly dominated by succulent chenopods such as
Salicorniaspp. andHalopeplis pygmaealsohalophyticgrass and sedge specs#\eluropus littoralis,
andJuncus rigidugAkhani 2004) Moreover,small and large wetland systems with a dense aquatic
vegetations dominated by reed commur{hragmitesaustralis Typhaspp) cover the north and

northwestern artsand also at the emergence of karspangs.
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4.3. Materials and Methods

After the first palynology study on a 150 cm core of the Lake Maharlou at P0@9dli et al. 2009a

in autumn 2012, 4 short continuodigves,each 1 metein length, were samptewith a Russian Corer

in the northwestern part of the Lakdaharlou (29°27'40,5"N; 52°43'45,6"E)fter excludingdisturbed
overlapped parts betweeneachdrivas t he I nstitut M®diterran®en de
Marseille) theresulted raster cord MAH-B) with 355 cmlength was studied for pollen analysi®

avoid contamination by fossi |l sevegsamples ofbadanitelo n an
macro remains were radiocarbon da#d?oznan Radiocarbon Laborat@Brisset et al. 2018) The

agedepth model wadevelopedy Brisset et a(2018)using a smooth splingype 4 argumenth the

Clam R package (Blaauw 2010), basedpoobability distributions of thé*’C ages, and thimtCal13
calibration curve (Reimer et al. 2013he agedepthmodel Figure4-2) indicateshat MAH-B spans

the last 3800 + 370 years, with an averagecertainty of 250 years

River

E Lake

Agriculture

m Out crop

L

Rangeland

““““ Saline lands

W Zagros woodland

C——m Km
0 10

Figure 4-1: A: Location of the study site in southwest of Iran (black star). B: Map of théVlakarlou watershed
including the general land use including the Zagros woodland vegetation type area. The location-BfddveH
showed with black and white circle. C: Bioclimatic diagram of Shiraz (from Worldwide Bioclimatic Classification
System, 199&019: http://www.globalbioclimatics.org)

The total length of the core was subsampled in 10cm intedvaéddition, br the higher resolution
palynological analysison Achaemenid period, subsamplegere taken every 2cm from the
corresponding secticemdadjacent partsvhich covers 300 years before and more than 500 y&8E

230 cm, correspond to17XB00 cal BPafterthe Achaemenids perio@amples were treated according
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Moore et al. {991) and Lycopodium markers (Batch no. 1031, 386R%ed toassess #n pollen

concentrations (Stockmarr 1971). The general palynological process of Moord @@ ajh@s modified

by multiplewarm HCltreatmento eliminate the residual fluorosilicate complexes of HF reactidih

no or very few crystals remain. Pollemyaeswerestudied byZEISSphase contrast light microscape

at IMBE and the Institute of Ecology and Conservation Biology, UniversityR#gensburgPollen

identification carried outisingthe reference collectiom of IMBE and pllen atlases of Europe and
Northern Africa Beug2004 Moore & Webb 1978Reille 1992, 1995, 1998The minimum number of
300 pollen graiawerecounted per slidas well as the informative NPRdicro charcoal concentrations

were determinedccording toNanget al. 1999) as an idicator for regional fire eventILIA (ver.

2.0.41)and C2 (ver. 1.7.7) software warsedto calculate the pollen percentage and to create the pollen

diagram.

Figure 4-2:Age-depth model for core
MAH-B and lithostratigraphy  anc
sedimentation rate. The AMS 14C ages
represented by their probability densi
functions. The age rejected befo
modeling is crossed in red. The calculai
model is given in the grey scale (high
probability is darker), and éhbest model i<
shown as a green line. Grey horizontal be
illustrates a layer interpreted as RAc

continuous sedimentation (coarse crys £ zo-|

beds) , whi ch were
modelling (Adapted from Brisset et. a
2018). Details of the model disceskin
Brisset et al 2018.

4.4. Resultsand interpretation:
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The total number of identifiedgien taxa in the 57 spectra waiZl pollen types comprisg4larboreal

and80 nonrarboreal taxa besides many other informative NPPs-fien Pajnomorph3. A list of

identified pollen types is available Bupplementary material (S4.15igure 4-3 depicts the pollen

percentages and zonation based on variation of the relative frequencies of different pollefhiypes.

result of the higkresolution palynological analysis corresponds to 300 years before and more than 500

years after Achaemenided is presented in figure 4.3Referred to the aggepth modelKigure4-2),

the bestcalculated ages of the top and the base of the diagram are around 13 and 3739 cal. BP,

respectively, which correspond to tmedern time and the Middle Elamites period. Based on variations
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in pollen spectra and cluster analysis (CONISS, included in Tilia, Grimm, 1987), the diagram was

divided into three zones (A, B and C) and four subzones (B1, B2, C1 andab®4-1).

Table 4-1: Summarized description and interpretation in local pollen assemblage zones

Historical
LPAZ Zone description Interpretation
period
A Depth limits (cm) 352-264 Early to 40% decrease inArtemisia Dominance of oper
Age limits (cal yr 37313348 Middle- high values of Ephedraceae (1 vegetation Pistacia
BP) Elamites to 5%), generally high value ¢ Amygdalus (syn:
Duration (yr) 383 P/A ratio and very low value: Prunus) scrubs); stead
Pollen Sample no. 12 of C+A/P ratios, 20% decreas status of natural fores
subzone - in Quercusat the end of the vegetation, Cerea
zone grow in agriculture cultivation and pastora
indicator types anc activities , higher
coprophilous fungi spores moisture availability
Preence of Rumex and
Plantagolanceolata
B Depth limits (cm) 264 177  Late Increase inArtemisia (>50%) arboriculture
Age limits (cal yr 33481612 Elamitesto concurrent with grassland ar development and highe
BP) early arboreal pollen decline (< diversity of cultivated
Duration (yr) 1736 Sasanian 20%), high diversity © species wate|
Pollen Sample no. 26 cultivated trees, First record ¢ management practice
subzone B1, B2 Pomegranate cultivatien and expansion ofvater
appearance oRiella spores, logged area around th
Constant presence dfribulus lake, decline in grasslan
andProsopis farcta and intensive pastore
activities
C Depth limits (cm) 17730 early Unique increase in arbore: Intense  arboriculture
Age limits (cal yr 161213 Sasaniato  pollen, striking high values o urbanization and
BP) present time Platanuswith highest values of evolution of new urban
Duration (yr) 1599 other cultivated trees. Lowes centers, destruction il
Pollen Sample no. 19 values of Pistacia (< 5%) and pistachiealmond
subzone C1, C2 Acer (<1%) , Grow in deser vegetation in lower
shrubs values altitudes in the lake

basin, possible increas
in aridity or water

exploitation.
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Figure 4-3a: Pollen percentage diagram for Lake Mahafflmua selection of taxa; exaggeration curves (x5) are coloured in light grey; rare species with percentages < 0.5%
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Figure 4-3b: Pollen percentage diagram of a selection of taxa, obtained from the high resolution palynological analysis correspoyetyr $do@fire and more than 500
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LPAZ A dated between 3348 and 3731 cal. BP and includes the correspondence time of mid to late
Elamite period dynasties. A glance at the pollen percentages shows$rampathe sharp decrease in
Artemisia pollen percentages (from around 55% to 15%) at the beginning of the zone, there are no
significant changes in many pollen types.

In addition, Poaceagftemisia (P/A) (Figure 4-4) index shows the highest values in this zone that
indicates moisture availability and presence of mesic steppes in high elevations (Dehghani et al, 2017).
In contrary, the aridity index qfArtemisia+ Chenopodiaceae)/Poacdde+ C)/P) shows the lowst

values in LPAZ A.During the LPAZ A, the natural forest vegetation indicators depict a steady status
with some changes iQuercusand PistaciapercentagesQuercusvalues slightly varies between-30

10% and shows general decrease towards the end oAzariele Pistaciapollen increases up to 15%

in the same zond&he decline oQuercuspollen percentagassociatesvith remarkable growth in the

val ue of agricul tur e caton (eredtype).r Thia Indicatansshowi higher i o n 0
frequenciest the end of the zorkeas well as pesence of domesticatadimals and pastoral activities,
inferred from the relatively high value 8porormiellaspores (coprophilous fungiyloreover, presence

of mesic grassland$igh P/A ratio) can indicate the akability of fodder for grazing animals. These
changes are compatible with the phases of population increase and developing the first urban centres
(late Kaftari phase: ca. 22d®00 BC; 4158550 BP) in Kur River Basin (Miller, 2014). In the same
period,RumexandPlantagolanceolatapollentypesdemonstrate aontinuous presencaith relatively

high values. These pollen types indicttepresence of cultigen and ruderal plant communities (Behre
1981; Djamali et al. 2009b; Jones et al. 2Q4%t al. 20D; Stevenson, 1981).

Historical
periods
CONISS
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Period and Modern
time

g % g - Age (cal. yr BP)

Middle Islamic
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Elamite 3400 270
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—— [ e
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Figure 4-4: Pollen percentage diagram for ecological groups and main pollen etaggjeration curves (x5)
are coloured in light greydnderlined arrows indicate moisture correlation with respective index.

LPAZ B (ca. 33481612cal. BP) divided to two subzones of B1 (ca. 32832 cal. BP) and B2 (ca.
28121612 cal. BP). Historically, this LPAZ coincides with the late Elamite period in subzone B1 and
covers the most time of Imperial Persia (include Medians, Achaemenids, Setadttte early Sasanid

period) in B2. Zone Bis characterized by a significant rise in tAetemisia (up to 55%), and
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simultaneouslyecline ofarboreal pollerthelowermost value € 20%) at the end of subzon&.Bl'his

general reduction in arboreal pollenclearly due to remarkable decline in natural trees and shrubs
pollen includingQuercus Pistaciaand Amygdalus (syn: Prunugiirop to 10, 0.8, and O percentages
respectively). Among cultivated and/or natural tredesxinus decreases in the same fashigith

natural trees, whil®inusand Salixshow slight increase during the Imperial Persia period. In zone B,
cultivated treeshow higher diversitthan zone A, very under represented pollen typ@euofegranate

and figappear in this zone whilRlatanusandOleashow relatively higher values than former period.
Besides, the desert shrubs value particularly Ephedraceae declines during this period. This pattern
continues over the Sasanids and even until the Buyid dynasties periods. Presencerepuesksied

pollen types oVitis, Punica granatunandFicus(Djamali et al. 2008, Turner and Brown, 2002) in this

zone supports the idea of arboriculture development mostly as orchards and vineyards near to the lake.
Agriculture development under the seanid climate of southern Iran relies on the water resources
availability. Geoarchaeological studies show water control practices during Achaemenid period in Kur
river basin (Schacht et al, 2012). In this regasg®ntaneous presenceRiklla spores (liverwoitin
subzone B2eflects the presence and expansion of waterlogged area around Maharlou Lake. Moreover,
according to the recent hydrological scheme (Brisset et. al. 2018), the lake had a period of wet condition
with increase in surface runoffluring ca. 300-2000 cal. BPwhich can explairthe high values of
Artemisiapollenrepresenteth this zoneas well as thenacrocharcoal accumulation pea&deidi Ghavi
Andamet al, unpublished datayheycan be associated with transportatigrthe fluvial materiafrom

distant areas with dominaAtrtemisiavegetationand macrecharcoal supplyStevenson (1981) has
described similar phenomenon about fossil pollen record of Turan biosphere reserve in Iran.

Grass polleftype (Poacear30um) shows graduablecrease ding the zone B, concurred with lower
available moisture in grasslands, inferred from P/A and (A/P)@)dices. The decline of grasslands,
coincideswith the constant presence Tfibulus Prosopisfarcta, Euphorbiaceaand Cousinia These

taxa have poorepresentation in modern and fossil pollen records and represent the disturbed and
overgrazedandscape isemiarid areas (Dehghani et al, 2017; Djamali et al, 2D 82evenson, 19§1

These spiny species are unpalatable for livestock and demonbkeéier quality and least favoured
fodder for grazingAltogether, with thénighest percentages Sforormiella spores @p to 4% in zone

B, suggest the intensified pastoral activities and overgraPirggence of disturbed areas and ruderal
species also reftted in Amaranthaceae values. Amaranthaceae pollen demonstrates relatively high
values 80%) in this zone, whileother potential halophytic plants likeamarix does not represent a
comparable growthAccording to floristic studies and vegetation map®aharlou Lake (Carle & Frey

1977, Frey & Probst 1974), Amaranthaceae species dominaterthghytichalophytichabitas around

the lake .Considering relatively low values of Amaranthaceae (Chenopodiageae)isia(C/A) ratio

(Fig. 44), thisvariation n Amaranthaceapercentages is mogtobalty due to increase in ruderal taxa

of this group rather thaexpanding thénalophytic formation. SimilarlyStevenson (1981described

aboutthe modern and fossil pollen recerdf Turan Biosphere (NE Iran).
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LPAZ C (ca. 1612 cal BP to present) comprises of subzone C1 (ca81612al BP) and C2 (ca. 815

cal BP to present). Historically, the subzone C1 coincides with the early period of Sasanian Empire to
almost the end of Early Islamic peri¢ch. 1156800 BB accading toSumner and Whitbomb 1999.
Subzone C2 covers the Middle Islamic perical. 800 450 BP) andhe Latelslamic period (Safavid to

modern time).

The most characteristic feature in the lower part of LPAZ C (subzone C1) is the remarkable increase in
arboreal pollen. This growth is mainly due to striking high valueBlatanuspollen (more than 5%)

that is unique throughout the record. It shows nearly the same values towards the end of the diagram. In
addition toPlatanus other cultivated trees likkuglans Olea andVitis demonstrate their highest values

that concluded as intensified arboriculture. Cereal cultivation were also present in the area, evident from
continuous curve of Ceretlpe pollen along with cultigen and ruderal taxa ldentaureasolstitialis,
plantagolanceolata Euphorbiaceae andumex However, increase in arboriculture coincides with
slight decrease in cereal cultivation and pastoralism indicators in zone C. These changes are compatible
with archaeological and historical evigd®(Sumner & Withcomb, 1999nd may indicate urbanization

and evolution of new urban centres. Regional forest vegetation does not change significantly during
subzone C1, while in CRistaciaandAcerpollen drop to their lowermost values (less than 5% b
respectively). AlthougiQuercuscurve grows slightly. Similarly explained by Miller (2014) during
Kaftari phase (ca. 2260600 BCE), such difference betwe®uoercusandPistaciavaluesin Kur River

basin, would represent more destruction in pistaehitond vegetation in lower altitudes due to

increasing number and area of settlements.

Growing values of desert shrubs (e.g., Ephedraceag@amdri®) in LPAZ Cwith a slight ircrease in
Amaranthaceae and C/A values at the end afdheareevidencdor possibly extending the halophytic
vegetation belt around the lake duestmgests drier climate with enhanced evapordtjoBrisset et al
(2018).

4.5. Discussion

- Changes in the vegetation of Maharlou Lake basin du@itagsical and Late Antiquity

Paleoenviramental studies in southeastern Zagros Mountains mostly have provided vegetation data
about long periods (e.g., Holocene epoch); while a special focus on details of events during Imperial
Persia $50 BG651 AD), and particularly Achaemenid period have sely been discussed.
Achaemenids have started to build the first superpower of the antiquity with a comprehensive-and well
organized management system centred in Persepolis region (50 km north of Maharlou Lake). The rise
of such a geopolitical power nedtie intensive exploitation of natural resources and has potentially left

intensive impacts on the ecosystemsspite the historical importance of Achaemenid Empire, their
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specific influence on the environment, has been addressed often together wittowtinating empires

(e.g., Median anéasaniapand has not been revealed in detail, due to relatively low chronological
resolution of palaeoenvironmental records. Therefore, a part of the recent survey refers to the vegetation
changes iMaharlou Lakéasi by applying the highresolution palynology exclusively to Achaemenid
period. This period has a relatively short time compared to the whole-BlAddord. Nevertheless, the
amplitude ofvariations in pollen percentages is significant and provide the figsib detail the
vegetation change (Fig.3b).

In Figure 3b, sum of cultivated trees demonstrate increasing values; as an evidence for the beginning of
orchards and gardens development (e. QleaPirneaer si an
and Platanuscultivation by Achaemenids, antliglansby Sasanids then continued to the summit of

arboriculture withPhoenixdactyliferaandPlatanusduring Buyid dynastyRigure4-3a).

In postAchaemenid period, the detailed pollen grappresent signs of a localidification phase
corresponding to lower lake levels (after 2000 cal BP; Brisset et al, 20i8kvidence combined with
variation in desert shrubgygophyllumEphedra andTamariX values and other anthropogenic pollen
indicators like ruderals; draw a sketch of an overexploited vegetation also, suffering from drying climate.
Furthermore, the shrinkage of the wdtmgged areas around Lake Maharlou is revealeddsgnce of
Riellaspores during the late Imperial Persia. In saline lake systems with vast flat littoralRietiass
suggested to be the indicator of hegHake levels (Djamali et aR008&,b) and its disappearance,
demonstrates the decrease inawflor precipitation caused by climatic changes or human activities in

Lake Maharlou.

Concurrently, the summary curve of natural trees @&38lp) represent the lowermost values, during
Imperial Persia and in particular the Achaemenid period. It mightcteftee deforestation to provide
timber and/or as a consequence of intensified grazing pressure, on the vegetation combined with the

undesirable local climatic condition.

In more detailPistaciaandAmygdalus (syn: Prunughe natural vegetation type aral the lake, show
significant reduction, whil&uercusincreases (Figt.3b). Compare to oak, pistachio grows in lower
altitudes with warmer climate (Taheri Abkenar et al. 2016) and is more accésgibtgle for obtaining
firewood orfodder. Pourreza &l (2008) showed that overgrazing, absence of desirable seedbed and
lack of seeds (due to low seed production rate or collecting seeds and young shoots for human and
animal consumption) have the main impact$@taciavegetation in Zagros Mountain. Mareer, E}
Moslemany (1986) noted the sensitivity of pistachio seedlings to high temperatures and the negative
impact on regeneration potential. In conclusion, the drier climate after 2000 cal BP, combined with
anthropogenic pressure during the Imperial iBeend later in the middle Islamic peripdesumably
affected thenaturalpistachiovegetatiorin the basin.The time period afrer 2000 cal yr BP corresponds

to Roman Warm Period in Europe and the North Atlantic with higher than normal temperatures (Wang
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et al. 2013).Worth to mention thasuch negative impacts seem to have been mitigateseireral
distinctive phasedHg. 4.38). Presumably, byanservinghe Pistaciatrees (Shumilovskikh et al. 201
started by Medians and Achaemenids then followedasa&ids Fig. 4.3b).

- On the cultivated trees in Maharlou lake basin; new arboricultural elements

In contrast to the history of cereal and earliest crops domestication (102000 BP; Allard, 1999),
humans started to bring trees, fruit trees in particulader control and domestication during the last
5000 years (Chandra et al 2010).

The long history of tree cultivation and introducing new arboreal elements to the south west of Iran is
documentedn a fewpublications (Djamali et aP00%, 2011a, 20152017; Jones et.ak015; Miller
1985;Shumilovskikh et al. 207). The present study is an update to the last studies focused on Maharlou
Lake basin and presents new arboriculture elements. In this study, pollen typlasaofis Punica
granatum Vitis, Ficus, Olea JuglansandPhoenixdactyliferaare used to define arboriculture activities.

In addition, a particular attention is paid to the pollen curvésafinus Salix, Pinug Cupressusaceae

and Ulmus which show interesting changes when comparedht above treesF{gure 4-3a).
Considering the fact that these species have naturally grown stands in the basin, Dehghani et al. (2017)

suggested that human beside their natural growths might have cultivated them.

Among cultivated tree®latanusshows the most significant ainges throughout the present recand

is presentn almostall periods(Fig. 4.3a). Basean charcoal records (2202800 BCE) Miller (1985)
suggested the early cultivationPlatanusby Elamites. Constant presence of plane tree pollen in south
west of tan is also well described in previous investigations (Djamali .eRG0%, 2011, 2016;
Shumilovskikh et al. 202). The present diagram shows fPlatanuspollen values started iocrease

during the Achaemenids and reached to the highest percendiagesSasanian Empire to the Early
Islamic period and Buyids dynasty in particular. The early Muslim governors suchlike Ataavid

(Ajod al-Dawla, of the Buyid dynastyipvested much effort to develop the irrigation systems for an
intensive agriculturén the lower Kur River Basin and constructing the Ban8lmir dam (Sumner &
Withcomb, 1999)The productive agricultunmoderation has ended by the Monigwiasion of SW Asia

(1220 AD; 730 BP)Duringthe llkhan period (67700 BP) the province of Fars sufied from severe
destructions and abandoned irrigation channels, which destroyed arable fields and orchards. Cultivated
trees likeOleg Juglansand especiallfPlatanusrepresent similar trends of depletion in this pe(ied.

4.3a). This pattern has alsbeen shown in NE Iran and Gorgan plain in Kongor pollen record
(Shumilovskikh etal. 20) and by archaeol ogi cal charcoal r eme
2013).

Similar to Platanus Juglansrepresert increasingtrend from Sasanian periodAccordingto Potts

(2018) and following the Raddeslictum, bothPlatanusand Juglanstreesareintroduced to Iranian
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flora; with very few exceptions of native treesHiyrcanian region. Based on availalpialynological
and archaeologicalata and written sourceplane trees wereultivated n Iran since early second
millennium while walnut plantation has begun in the middle of the third millenrff@vious pollen
records from Fars province (Maharlou and Parislhaa) alsoshowedvery oldrecords for plane tree
and walnut cultivation. Parishan Laken(~ 100 kmWest ofMaharlou Lake) is darge andshallow
freshwater to brackistvetland,located in a narrow intermountain bassurounded by agricultat
lands. Jones et al. (2015) showed the peak of tree cultivatidarishan Lake basin, concurrently with
rising of Achaemenids. The peak is primarily du®tea Platanusincrease, and subsequentlyglans
pollen started to appear by the end of Seleucids and the beginning of the Parthians Empire.

According to thepresent study and contrary with Djamali et al. (20@®11, 2016), the prominent peak

of cultivated trees in Lake Maharlou coincides with the late Sasanians and the Early Islamic period.
Thesetwo closely located lakes of Maharlou and Pariskhare simér geology while they have
relatively different elevation ranges and bioclimatic conditionsserous arboriculture in the
Maharlou Lake basiwould had been promoted lagdvanced water management thaagelydeveloped
duringAchaemenids an8asanians

In Figure4-3a, Cupressaceae represents a continuous curve with the distinct phases of increase in pollen
percentages from late Elamite period to Achaemenids, up to the early Islamic Ragzdding the

almost abence of juniper trees from the region today, we hypothesized that the pollen of this family is
mostly produced by cypress tree. Finding of cypress pollen may confirm the hypothesis that this was an
i mportant constituent o feredamotredeoyAchaénierids and Sasanignar d e n
(Djamali et al2017) Cypress wood has also been usetiraberin the construction of monumernty
Sasanianand early Muslim dynastieblowever, the starting date for planting cypressitnag go back

to the lateElamite period.

In the same period, the very undepresented pollen type bftis (Turner & Brown, 2004) presents

and shows its relatively high percentages. It can support the idifieoént crop typecultivation in
Maharlou Lake basin compared teethdjacent basin of Lake Parishan. Based on the natural habitat
condition and ecological preferences of Cupressaceadiigidhe open valleys in Maharlou Lake basin

could have provided more suitable areas for grapevine and cypress tree cultivatides,Bems
hydrological condition of the basin during 382000 cal year BP, provided more water in slopes and
higher river flow (Brisset et al., 2018), could have supported tree cultivation wéttieamcedrrigation
requirement. Therefore, the frequenpegrance oYitis from Elamite to midParthian period would be

due to fluvial input of pollen from vineyards in river valleys (Turner and Brown; 2004). Then, during
the Sasaniarperiod, tree cultivatiorwould have beemxternded to otherbasinsby the helpof the
advancedrrigation techniques. Fig@ashows the last peak ¥fitis concurrent with the climax of other
cultivated treesRlatanus Olea, Juglang in the Early Islamic period. Nevertheless, this hypothesis

needs to be also verified by historical amdhaeological evidence.
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In accordance with other cultivated tre®seapollen depicts a constant presence throughout the MAH

B record in present study. It has relatively low values during the Elamites and Median periods and starts
to increase after Amemenids.

The frequent changes i@lea pollen values and peak percentages during the Persian Empires,
specifically late SasanianSasanian period, have been interpreted as olive cultivation in many pollen
records of Iran (Djamali et al 2009a 2011, 2015Jones et al 2015). The historical evidence of seedling
inventories obtainefom Persepolis Fortification Archive (PFa 38¥%0 supports olive cultivation in
southern Iran andchaemenid heartland (Henkelman, 2013)

Contrary toShumilovskikhet al (2017)who concluded thaBleareached to the maximum presence in
Maharlou basin during the Achaemenid period, our data (Fig.3a) depicts the most distinctive values of
Olea occurring after Sasanian and declining clearly by Mongol invasidiis observation is
contemporanof evidenceor olive cultivation in northern Zagros (Djamali et al. 260@an Zeist 1967,

van Zeist & Bottema 1977) and in contrary with evidence from Lake Parishan (Djamali et al. 2011,
2015).In this context, we suggest that the olive caltion wasfirst practicedby Achaemenids in the

lower plains around Lake Parishand later extended to Maharlou basin during Sasanians and Buyids.

- The diversity of cultivated tree speciesMaharlou Lakebasin New arboricultural elementor

Southern Agros mountains

PomgranateRunica granatumhas a vast natural distribution from Balkans to Northwestern mdia

is mostly restricted to the Irafiuranian and Mediterranean floristic regions (Le2idQ6g Zohry, 1973).
Despite of the difficulties in detting the indigenous species, Reschinger (1966) reported pomegranate
natural populations from northern Iran (Gorgan, Mazandaran & Gilan provinces) as well as northern

part of Azerbaijan, Kurdestan, Qazvin and Baluchestan.

The discovery of the pollen of pwegranate in Maharlou record is the first report for southam

which seems too far from the proposed natural stands of the tree in Iran. Pomeiyraxatemely
underrepresented in modern pollen rain daénsect and selfpollination suggesting #i few counted

pollen graingnay indicate largscale plantations (Morton 1987he documented pomegranate pollen
grains were extracted from sediments dating back to the Achaemenid period (subzone B2).Outside our
study area, Bottema (1986) identified ramnegranate pollen in the Urmia Lake (NW Iran). However,

due to age uncertainty of that record and the location of the lake in NW Iran, no solid conclusion can be

made about the exact age and possible cultivation of the tree.

The domestication practs of pomegranate suppodedhavestartedin Transcaucasi€aspian area
and Northern Turkey arourtte late Neolithic period (Chandra et al. 2010; Levin 2006a). Pomegranate
usecan beraced back to the fourth millennium BCE in the ancient Near East adddvranean region.

Besides having dietary and medicinal properties, the pomegranate fruits have been widely used as a
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symbolof fertility to decorate clothes anewelleriesof the royal Assyrian wome{S8AAo0: letters SAA

7, 72 and 81)It also appears iseveral Assyrian rituals and royal gardens as shown by their rock relief
representations (SAARQ0) (Figure 4-5). In addition pomegranate name appears in PFa 33 from
Persepolis Fortification Archive (PFA). The El@enadministrative texts that recorded tree seedling
inventories produced to be pdhearldane(Henkelman 2008eiInfipar a
this tablet, thats mostly written in Aramaic or Elamite languagése nameomegranate (keu-kur)
appears with the name of other fruit trees like pear, quince, mulberry, olive, date andirapple.
conclusionthe special pollen dispersal of this species along with the historical records, strongly support
the hypothesis of fruit trees and particularhnmpegranate cultivation in the Maharlou Lake bashese

facts alsg strengthen the hypothesis according to which the flowers offered by Achaemenid kings in
Persepolis reliefs ammore probably representimppmeganate rather than lotus flowefiseshavarzi

2014 Tilia 1972;Ward 2003.

Figure 4-5: A: Central rock relief of the northern stairs of the Apadana shows Darius and Xerxes | (in the middle)
holding a flower in the left hand (© www.livius.org). BFa 33 from Persepolis Fortification Archive (Henkelman,
forthcoming. C. Punicagranatumpollen grain

4.6. Conclusion

The present palynology survey of MABI core provided an updated reconstruction for the vegetation
in the Lake Maharlou basin. The obtained results demonstrated the role of anthropogenic activities in
modifying the landscape of the basin during the last ~ 4000, ywehich enhanced by climatic changes.
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The pollen record showed that the plane tree, grapevine, fig tree, walnut, and date palm were the main
cultivated trees in the basin. Moreover, by thespnt studyfunicagranatumwas introduced as a new
arboricultural element in ancient Persia, which its cultivation dating back at least to Achaemenid period.
This newly documented tree is the first report for southern Iran. The distance between Madigglou

and the proposed natural stands of the tree in Iran, as well as its special pollen dispersal, along with the
historical records, strongly support the hypothesis of fruit trees and particularly pomegranate cultivation
in the Maharlou Lake basin. In tipeesent study, we attempted to demonstrate the specific influence of
Achaemenids on the environmeifitiey intensified the arboricultural practices in the Maharlou basin

by developing orchards and gar densand mmagranate)Per s i ¢
and nonfruit bearing trees (plane tree). In this regard, we support the hypothesis about the important
role of cypress in ancient 6Persian garfluensé as
bearing trees in these garde@air results demonstrated that in contrast to the near basin of the Lake
Parishan, arboriculture in Lake Maharlou basin reached to its prominent level during the late Sasanians
and the Early Islamic period. The flourishment in agriculture would had beerfao by advanced

water management practices and irrigation systems that largely developed during Achaemenids and
Sasanians. Subsequently, the early Muslim governors invested much effort to develop these systems and
intensifying agriculture in the lower geof the Kur River Basin. Finally, by the Mongol invasion and
During the llkhan period, the agricultural prosperity of Fars province collafjdedpresent study
demonstrates that in spite of the similarity in some ecological features (e.g., geolog@rhatjacent

basins of Maharlou and Parishan Lakes and most likely because of their relatively different elevation
ranges and bioclimatic conditions, the period of arboriculture flourishing was not comparable in these
basins. In this regard, we suggesteat the tree cultivation in Lake Maharlou basin had been promoted
during Achaemenids and Sasanians with the help of the advanced irrigation techniques although this
hypothesis needs to be also verified by historical and archaeological evidence.

36



5. An update on the history of arboriculture in Ancient Iran
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5.1. Palynological evidence of tree cultivation in Iran: strengths and pitfalls

Palynology has greatly contributed to our understanding of the history of arboriculture in Ancient Iran
and in this regard, is@mplement to archaeological, epigraphic and literary sources (Potts, 2018). It is
based on extraction, identification, and quantification of pollen grains deposited in wetlands (lakes,
ponds,and peabogs), guano depaosits, coprolites, archaeologicaragnd any other material able to
capture and preserve the pollen grains. The technique is one of the strongest tools in Quaternary
palaeoenvironmental studies to reconstruct the terrestrial ecosystem changes, climatic changes and
anthropogenic activitiegBehr 1981 Moore et al. 199). Late Holocene natural sediments mostly
contain pollen of cultivated plants including the cultivated tree species. The Holocene pollen records are
thus a source of information to understand the history of arboriculturee(Botnd Woldring, 1990).
However, trees, and plants in general have different capacities of pollen production and dispersal and
their pollen grains do not show the same resistance to destructive processes such as oxidation and
bacterial activities leading biased representation of plants.

Table 5-1: A list of the tree species for which the cultivation history can be reconstructed by pollen analysis.

Pollen representation outside the local

plantations
Scientific name Common name Familly Under- Over- N/A
representated represented
Cupressus sempervirens L. Mediterranean cypress Cupressaceae .
Eloeagnus angustifolia L. Persian olive Elaeagnaceae .

Fraxinus spp. L.

Hippophae rhamnoides L.

Juglans regia L.
Morus alba L.

Olea europaea L.

Phoenix dactylifera L.

Pinus spp. L.

Platanus orientalis L.

Papulus spp. L.

Punica granatum L.

Ricinus communis L.

Salix spp. L.
Vitis vinifera L.

Ash

Sea buckthorn
Persian walnut
While mulberry
Olive

Date palm
Pine

Oriental plane
Poplar
Pomegranate
Castor oil plant
Willow

Grape vine

Oleaceae
Elaeagnaceae
Juglandaceae
Moraceae
Oleaceae
Arecaceae
Pinaceae
Platanaceae
Salicaceae
Lythraceae
Euphorbiaceae
Salicaceae
Vitaceae
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Table5-1summarizes the state of pollen representation of common cultivated trees reported from Iran
(Bottema, 1986; [@amali et al., 20094, 2011, 2015Naginezhad et al., 201Ramezani et al., 2008;

Tal ebi et al., 2016) but also the first authoros
As seen in Table 1, among the 15 cultivated trees recorded in the pollen diagrams cjesnie®are
underrepresented and only 4 species are-oepresented and no information is available for 2 species.
This fact indicates that fossil pollen spectra provide a biased image of tree cultivation in the past. While
species like pine and cypregsoduce and disperse huge amounts of pollen, some other species like
poplar, olive and grapevine whether produce low amount of pollen or their pollen are weakly dispersed.
To this should be added the taphonomic history of sediments which causes thetgifieserosion and
preservation of pollen leading to relative increase of some resistant taxa in expense of more fragile taxa
(Havinga, 1967).

A contributionby W. Henkelman to the presectiapter(Henkelman forthcoming lists the name of

several cultiated trees found in the Persepolis Fortification archive of which at least three species i.e.
guince Cydonia oblongalill.), apple Malus domestic&orkh.), and peaRyrus communik.). These

trees along with several others belong to the famiRaxfacae, whichis famous for its very low pollen
representation in modern and fossil pollen assemblages (Djamali et al., 2009c). In thieuhaman

scrub communities, the wild Rosaceae trees are also abundant and produce very similar pollen types to
the cultvated trees. A remarkable example is the wild dominant almond species of Pagms

scoparia(Spach) C.K.Schneidsyn. Amygdalus scoparjawhich has the same pollen morphological

type as the domesticated almorftunus dulcis(Mill.) D.A.Webb (syn. Amygdalus sativaMill.).

Although the latter could have been domesticated and cultivated in most of the Iranian plateau in th
past, its pollen cannot be distinguished from the wild almond showing that palynology is an
inappropriate tool to trace the history of almond cultivation in the past. The same fact also applies to
other cultivated Rosaceae trees which have their wilatives with similar pollen morphologies.
Pistaciaspecies are also very difficult to distinguish based on their pollen morphology and it is very
difficult to distinguish the cultivated pistachi®iétacia veral.) from the wild speciesH. atlantica
Desf.andP. khinjukSt ocks) wusing the palynol-polipatedtiigogtredsi ght n
(Ficus carica) constitute another example of commonly cultivated fruit trees in SW Asia and
Mediterraneamegion, whichcan only exceptionally be found in fasgollen records. Indeed, there is

more probability that tiny seeds of fig tree are found in the sediments than their pollen (Shumilovskikh
et al., 2017Tinner et al., 2000

Lots of information on the past arboricultural elements are thus lost duerolpbical characteristics

and taphonomic histories of different cultivated plant species. This fact highlights the need to use
multidisciplinary approaches by comparing palynological, archaeobotanical, historical, and epigraphic

sources together to acheean unbiased image of arboricultural practices in the past.
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5.2. Special note on diversity and chronology of cultivated trees in the pollen records of

Iran

Here, we base our presentation of cultivated trees on the available pollen diagrams studiedwith hig
resolution. A review of pollen diagrams published from different regions of Iran reveals 15 cultivated
trees Table5-1) of which the cultivated nature of some of them is only inferred by their frequency

covariatons with definitely cultivated trees. This group includes pRiaysspp.), cypressGupressus

sempervirens willow (Salixsp.), and ashFfaxinussp.)(Djamali et al., 2015).

“%" Tk TR = e -

Figure 5-1: Wetlands for which
high resolution pollen records ar
available and treated in the tex
Pr: Parishan, Mh: Maharlou, U
Urmia, Al: Almaou, Kr: Kongor,
Ts: Tuskachal.

CupressussempervirensMediterranean cypress has the same pollen type as judiyvepgrusspp.).

Its cultivated oigin can be inferred when its increase correlates with other cultivated trees. In the Fars
region where the presence of natural stands of cypress is very uncertain, any increase of Cupressaceae
pollen may be a good indication for its cultivation. Cypreeeds have recently been documented from

the Sasanian and early p&isanian monuments (Djamali et al., 2017).

Eleagnusangustifolia. Persian olive (also Russian olive) has a very characteristic pollen that can be
identified even when it is damaged. Indwal pollen grains of Persian olive are found in different
periods in the Lake Urmia sediments with more occurrences during the Penultimate Glacial and the Last
Interglacial (Djamali et al., 2008a; see European Pollen Database to visualize data). dihefbk

tree has been found in the Sasanian age sediments of Pasargadae (unpublished data). Today this tree is
found in most of the Iranian plateau and has a sacred status with common occurrences in cemeteries. Its
occurrences in very old sediments in NNh attest that it is native to Iran and could have been replanted

in Iran and adjacent regions.

Fraxinus spp.Ash tree is a riparian tree needing a relatively continuous supply of water. Its frequencies
covary with some cultivated trees in Lake Mabar(SW Iran) suggesting that the development of

39



irrigation systems for cities and gardens have also favoured its plantation by man. Two species of ash
are native to Iran includingraxinus excelsioandF. rotundifolia the latter being common in Zagros
(Murray, 1968).
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Figure 5-2: Pollen curves of dominant cultivated trees in a selection of pollen diagrams from Iran. See Fig. 1 to
see the location of the pollen sites. The abbreviations represent the tree Yagtank Mo: Morus, O: Olea, PI:
Platanus PnPinus Po:Populus Pu:Punicg Ph:Phoenix Ri: Ricinus V: Vitis.

Hippophaérhamnoides Sea buckthorn has today a limited distribution in northwestern Iran from the
high elevation valleys in Azerbaijan highlands to Alborz Mountawhsr(ay, 1968, Sabeti, 197Bbut

has been a widespread tree in the IrAnatolian plateau during the last glacial period (Djamali et al.,
2008&). The pollen of sea buckthorn are found in the Pagh®anian sediments of Lake Ovan, a small

landslide lake in the AlborMountain near the archaeological site of Alamut Castle (Djamali,
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unpublished data). Nowadays, buckthorn is cultivated as hedge to delimit the gardens in the vicinity of
the lake and the same usage can be envisaged in the past.

Juglansregia. Walnut is oneof the most widespread cultivated trees in Iran besides the oriental plane
(Djamali et al., 2011; Potts, 2018). Its cultivation dates back tegbendVillennium BCE during the
Elamite kingdom in Fars region. The apogee of walnut cultivation dates RattheSasanian and early
postSasanian periods in NW, SW and NE Iran (Djamali et al., 2011; Shumilovskikh et al., 2017).
Although the mention of the name of walnut in very old Mesopotamian sources remains uncertain, the
archaeobotanical evidence showe tiise of walnut wood in writing boards by Assyrians in Nimrud
(Potts, 2018).

Morus alba Pollen of White mulberry have recently been found in the sediments of Lake Kongor in
NE Iran from 450 to 750 CB-{gure5-2) (Shumilovskikh et al., 2017). The mulberry cultivation around

this lake located in the SE Caspian plain is also confirmed by the finding of the seeds in the sediment.
The possible introduction of the tree from China for silk production during SasaniareEsmiggested

by Shumilovskikh et al. (2017). However, the mulberry has also been listed in Persepolis Fortification
archive Henkelman forthcoming but with no precision of the species of Mulberiy. (alba or M.

nigra). Another record of white mulbergomes from the modern sediments of Lake Urmia.

Olea europaeaOlive pollen is found in almost every pollen record from SW, NW and NE Iran
(Shumilovskikh et al., 2017). Although its climax occurs during the Sasanian Empire in the pollen sites
located in nahern Persia, the evidence of its massive cultivation has been reported from the Fars region
under the Achaemenid Empire (Djamali et al., 2015). Olive pollen can travel very long distances and
forms a background pollen in many pollen diagrams of the Mildist. The pollen may also come from

the natural wild olive trees growing in southern Iran (Djamali et al., 2009a) and its cultivation origin is
ascertained only when its percentages exceed the background values (>1%). The olive pollen
percentages in LakParishan pollen record exceed by far the background values and attest to its
cultivated origin (Djamali et al., 2015). The olive is mentioned several times in Persepolis Fortification
archive Henkelmanforthcoming.

Phoenix dactyliferaDate palm is ni@e to North Africa and SW Asia (Moore, 1980) and seems to have
been domesticated in several different locations (Baitazard et al., 2018) of which the Persian Gulf

is the most important domestication centre (@Baftazard et al., 2018 engberg, 202). In Iran, the
northern limit of the zone of date palm cultivation which also marks the biogeographical boundary
between SaharBindian and Iranduranian regions (Djamali et al., 2011b), passes by southern Fars
(Moore, 1980). Pollen of date palm hasamity been found in sediments of Lake Maharlou to the west

of Shiraz dating to the Buyid dynasty fromr160 11+ century CE. Although the pollen values are very

low and less than 1%, they indicate the date palm cultivation not too far from the lakpalDateems

to be underrepresented in pollen rain. For example in the Lake Yoa oasis in northern Tchad, the
percentages d?hoenixdactyliferatype pollen mostly vary between 3 to 5 percents even if the tree has

been very locally present around the sitesi850 years ago (Lézine et al., 2011).
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Pinus spp. No species of pine is native to the modern Iran and the nearest relict population of the genus
is found in Iragi Kurdistan (Browicz, 19943inuspollen is thus whether a background pollen coming

by longdistance wind transport or indicates plantation by man. In Lake Parishan pollen record the
frequency changes of pine pollen showssadations with other cultivated trees strongly suggesting its
cultivated origin (Djamali et al., 2015).

Platanus orientalis. Oriental plane is one of the mostly present arboricultural elements in almost all
available pollen diagrams of Iran (Shumilovskikh et al., 2017). It can be tracked back at least to the early
2nd Millennium BCE in SW Iran. The maximum plantation oftifee is observed in different periods.
While in the NE Iran it occurs during PartBasanian era, in the SW Iran this is correlated to the Buyid
dynasty (1611~ century CE) but appears much earlier during the Elamite king&agure5-2). The
plantation and wood use of plane tree is mentioned in several Mesopotamian sources from the Late 3rd
and early 2nd Millennium BCE (Potts, 2018). Further, the ubiquitous plantation of the tree in the
Persepolis Basin durinpeé Achaemenid era is also mentioned in a text dating to the 3rd century BCE
(Potts, 2018; Henkelmafgrthcoming. The almost continuous curve of plane pollen in the Maharlou
basin suggest that the tree has been extensively planted in the highlandsaridEisntimber or objects

made of its wood would have then been imported to Mesopotamia since the Elamite kingdom.
Populusspp. In the Old World, only the lucky palynologists may find fossil pollen of poplar in the
sediments. Poplar pollen has a very Eporopollenin content and degrades very fast in sediment/soil
profiles making it an extremely undegpresented and almost absent pollen in the fossil records (Li et
al., 2005). Poplar pollen has been found in very recent sediments of Lake Urmia détenghiddle of

the last Millennium (Unpublished data from core U6, Lake Urmia). The poplar wood is nowadays
frequently used for construction purposes and multiple other uses. We have recently identified poplar
woods used in construction in an archaeologg#d dating to the time of Mannaean kingdom in
Kurdistan Province of Iran (unpublished data) indicating the significant plantation of the tree in NW
Iran during the last millennia. As cited by Potts (2018) and Henkelfoagthdoming, the poplar has
alsobeen cultivated in large scale besides plane tree in the Persepolis Basin in the 3rd century BCE and
if its pollen have not been evidenced in the pollen diagram of Fars, it is most probably due to the
extremely low pollen representation of poplar species.

Punica granatum Pomegranate is the most newly documented tree in southern Iran from the pollen
record of Lake Maharlou and is dated back to the Achaemenid period. The tree is extremely under
represented in modern pollen rain due to insaad selfpollination (Morton 1987). Pomegranate has a
vast natural distribution from Balkans to Northwestern India but mostly restricted to the lreargan

and Mediterranean floristic regions (Zohry, 1973; Levin, 2006). Despite difficulties in detecting the
indigenousspecies, the natural pomegranate populations in Iran have been reported mainly from the
North, Northwest, and Baluchestan (Reschinger, 1966). However, the first repaoniof granatum

pollen in southern Iran seems too far from the supposedly natamalssof the tree in N and NW Iran.

It is worth mentioning that Bottema (198@lentified rare pomegranate pollen in the Urmia Lake.
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However, due to the age uncertainty of that record and the location of the lake in NW Iran, no solid
conclusion can be madéout the exact age and possible cultivation of the tree in the Urmia Lake basin.
Historically, the use of pomegranate can be traced back to the fourth millennium BCE in the SW Asia
and Mediterranean region. Pomgranete is mentioned in the Persepolisdtmmifarchive (Henkelman,
forthcoming. Considering the particular pollen dispersal and the natural distribution of the species along
with the historical records, we suggest that pomegranate was cultivated in the Maharlou Lake basin. The
discovery may sengthen the hypothesis according to which the flowers offered by Achaemenid kings

in Persepolis reliefs are pomegranate rather than lotus flowers. (Tilia and Tilia789K2shavarzi

2014; Ward, 2003).

Ricinus communisPollen of Castor oil plant areported in the pollen diagrams of NW Iran particularly

Lake Urmia and Lake Almalou since 16th cent(Djamali et al., 2009b). The authors explain this as a

late introduction of the species under the Safavid Empire. The introductiRitiofiscommunis a

species endemic to tropical Africa, seems however, an older event in the Ind@mntnbnt dating to
thesecondMillennium BCE (Blench, 2003). Ricind#ke pollen have been found in some layers of the

first Millennium BCE in Lake Maharlou possibly inditing an eatrlier introduction of the species from
Mesopotamia. Indeed, castor oil may have first been planted by Ancient Egyptians (see Djamali et al.,
2011a and references therein).

Salix spp. Willow species are riparian trees naturally growing alongasiseand rivers worldwide.
However, the increase in pollen of willow may not only be related to increase in water discharge in
natural fluvial systems. It may also indicate the increase of surface water streams related to extended
irrigation systems. Willovalong with poplar form the most widespread riparian elements growing and
planted in the rural areas. A concurrent increase of willow with other arboricultural elements may thus
indicate the development of permanent settlements and presence of villageseemnareas.

Vitis vinifera subsp.vinifera. Grapevine is an entomophilous tree with extremely low pollen production
and dispersal which presence can be attested with even <2% pollen percentages (Turner and Brown,
2004). Vitis pollen are found in many pgeh diagrams from different regions of Iran including the
Caspian region where the wild grapevine is considered as one of the possible ancestors of the
domesticated grapevine (Naginezhad et al., 2017). Cultivated grap¥itisevipiferasubsp vinifera)

is the cultivar of the wild grapevin¥/iis viniferasubspsylvestri3 (This et al., 2006). The latter species

has a very wide distribution area in Eurasia ranging from western Europe to eastern Asia with the SW
Asia being considered as the centre oédsity of the its subspecies (Naginezhad et al., 2017). Although

the oldest evidence of the edible use and wine production from wild grapevine dates back to 8th to 6th
Millennium BCE from Caucasus and Anatolia (Terral et al.,, 2010), the true domestieakibn
cultivation of grapevine seems to date to the Early Bronze Age (Miller et al., 2008). In the Iranian plateau
the grapevine cultivation has been attested in Malyan in the Persepolis Basin duringitredium

BCE (seeds) and:3illennium BCE (seds and wood) (Miller, 2008). Grapevine cultivation during the

Achaemenid territory may be deduced from the men
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(Henkelman,forthcoming. Grapevine pollen is found a discontinuous curves since the Elamite
dynasties in the Maharlou pollen record and as two occurrences during the Achaemenid period in
Parishan recordgure5-2).

5.3. Concluding remarks

Although palynology has much contributed to our knowledge on thierhief arboriculture in Iran

(Potts, 2018), it cannot provide a complete image of tree cultivation because of the biases related to the
differential pollen representation of taxa and taphonomic degradation of many pollen grains. These facts
cause the overepresentation of some cultivated taxa in expense of the-ueplesentation of others.

The common fruit trees of Rosaceae family (almond, apple, pear, peach, cherry, quince) form the major
absents in the polleavidenced arboricultural elements. A comgpan to epigraphic and historical
sources as well as the archaeobotanical evidence is necessary to obtain a more exhaustive image of tree
cultivation history in Iran and other regions of the world. The other discrepancy of palynology in
revealing the arlrecultural history in Iran is the scarcity of pollen diagrams from Iran and especially
the lack of pollen diagrams from many historically important parts of Iran such as the southeastern,
eastern, and central Iran. The different bioclimatic and phytogeloiged contexts of these areas may
reveal a different picture of arboricultural practices when compared with the highlands of Zagros, Alborz
and Kopeh Dagh presented in this article.

Understanding the history of tree cultivation is only a fraction of nfi@rination provided by pollen
analysis besides other anthropogenic activities (cereal cultivation and-padtaral practices).
However, it is a very important piece of information directly informing of the definitive adoption of
sedentary lifestyle. Laggscale arboriculture revealed in pollen diagrams is thus a robust evidence for
sedentism and even the formation of urban centres. A particular attention should thus be paid to the
arboricultural information included in the pollen diagrams by Quaterndynglagists. This attention
concerns, among others, a careful checking of pollen slides for rare pollen grains eepnesented
species such as pomegranate and more taxonomically precise identification of some pollen taxa

belonging to important grougssich as the Rosaceae.
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6.1. Abstract

The present study is the first attempt to investigate the history and driverschfrfirg the last ~ 4000
yearsin the interior partef thelranian Plateaand the Zagros Mountains. Macro charcoal records from
the seasonal saline Lake Maharlou wesed to reconstruct fire episodbtaharlouLake is one of the
major waterbodies in the Persepaligionwith a longhistory of significant changein ecosystenand
vegetation due to human impacts and climatic facidie.results illustrate the similpatterns for fire
incidence and frequency, which inferred from charcoal counts and area data without reducing the
influence of small fragmentsThe screened charcoal peaks showed high compatibility with the
reconstructed palaeohydrology and polleferred vegetation dynamics of the basin as well as the
historical evidenceThe history of biomass burning comprises two regional and one local fire episodes.
The mostrecent (~ 70@&al yr BP)and the oldes(~3600 cal yr BIP episodesvere associated with
semondary charcoal deposition from regional firdie youngest macro charcoal peaslikely related

to the redeposition of chara particles due to dry climatnd lake desiccationvhile the increased
runoff at ~3600 cal yr BP resulted forther charcoalaccumulation.By contrast, the inferred fire
episodes during 2262000 cal yr BP demonstrate local biomass burning events with low magnitude and
high frequency. Historical and palynological evidence suggest that pastoral nomadishaaged in
lifestyle d theinhabitans were the main driving force for this pedknscreenedharcoal counbased
peakswith statistically insignificant areabetween ~320Q200 cal yr BPillustrate the complex
relationship between charcoal area and coimtdaharlou Lake bas. Notably, the concurreniow

valuesof background charcoshave made théentification of robust fire episodes with consensus
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significant peaks relatively complicated/e suggest thalhe influence of extreme hydrological changes
on macro charcoal depition must be considereoh seasonal ecosystems suhMaharlou Lake.
Frequent desiccation eventan result in several charcoaéworking andre-deposition and could
increase the rate of breakage during taphonomy.

6.2. Introduction

Southwestern Iran angbacifically the Zagros Mountains rangeeknown as the progenitor sanctuary
for early civilizationsThrough particular geological and geographical features, the foothills and valleys
of the Zagros Mountains have provided appropriate resources of watearable land for human
settlement in the pagPétrieet al, 2018). Abundance of karstic springs support human settlements with
numerous freshwater resources, while the variety of microclimatestegtgraphic and geological
heterogeneitieprovide then with diversified raw materials and natural supplies (flora and fauna).

The central and southern Zagnssconsidered among the very fidstcationsfor plant and animal
domestication attempts (Miller 2012013,2011; Riehl et al., 2013; Sumner et al2® For instance,
the rich archaeobotanical remains from aceramic Neolithic site of Chogha Golan wesZafros
Mountairs, extend backo the starting point of agricultalpractices into the Epipaleolithic period (Riehl
et al. 2015) and livestock magement history in the highlands of western Zagros dateatdekisto
10000 years ago (Verdugo et al 2019, Zeder and Hesse 2000).

At thesoutheasterrsectionof Zagros (Fars province), tiRersepolis regiohas experienced the presence

of human settlemnts for millennia (Sumner, 1972)he related hydrological basins to this regions, like

Kur River basin (KRBand Maharlou basitave withessed deep changes of human lifestyle from local
and scattered populations with a nomadic life to settled farmbessdcial complexity of theegion
increased by Elamite dynastie$"@illennium BC), who dominated different landscapes to centralize
the populations and developing urban communities. Such extensive anthropogenic activitiaseia the
undoubtedly affeetd the ecosystem dynamics and the landscape. Many palaeoenvironmental studies
have been performed on different archives and proxies to investigate -enrieanment interactions

in the past (e.g. Djamali et. al, 2A)&009; Jones et al, 2015; Kimiaeiakt 2006; Miller 1996, 1985,

2003; Shumilovskikh et al. 2017; Sumner 1972, 1988).

Generally, several parameter®involved in changing a landscape and the dynamics of an ecosystem,

of which some are employed or enhanced by hgm@amanage the vegetatioRire is among such

factors that can happen naturally besides being used by human communities. It has a complicated
connection with the historical anthropogenic activities and climatic changes (Finsinger et al. 2014;
Mooney and Tinner 2010). Power et(@018) assumed two different contexts when people benefit from

burning practiceseither low production ecosystesrwith natural scarcity in resources or highly
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productive ecosystems thaite severely exploited bgnincreasing population. Additionally, ming

was used to open the landscape for agriculture tanduild the new settlement areas (Behre, 1198
Mooney & Tinner 2011; Robin et al. 2013). Moreover, Power et al (2018) argued that fire application
has a substantial impact on ecosystem structurdiad/ersity; alsojt can increas¢he agricultural

yields in the oveexploited ecosystems.

Broadleaf forests are considered as less sensitive woodlands to natural ignition ddmgarefer
dominated forests (Robin et al. 2013). Therefore, takitggancount the general vegetation type of the
south western Zagros and KRBhich mostly comprisgthe scattered pistachialmond Pistacia spp-
Amygdalus sppscrub combined witB r a n t &sercadardatii) @t higher altitudes, natural fires are
expeced to happen with very low frequencies. Although, consideringistery of human presence and
activities in this part of Zagros ariaharlou Basirecosystems, burning practices were very likely
employed by the inhabitants for different purposes; to geomiew arable fields or to prepare agriculture
lands for the next season of cultivation, as practiced today. In recent gd¢badeumber of human
induced wildfires in Iran grows significantly (Jafari et al 2018; Jamshidi Bakhtar et al. 2019; Pourreza
etal 2008) and were intensified bglobal climate change and increase in dry biomass of grasses in the
understory (FAO, 2000; Mirzaei, 2016).

In this regards, studying the history of fire events (natural or htintluted) can provide new insight

into the hstory of vegetation in th#aharlou Basin Among appropriate proxies, the abundance of
stratified charcoal fragments in peat and sediments (microscopic and macroscopic charcoals) are the
most informative and useful tools to reconstruct fire history inoregjiand local scale in a watershed
(Finsinger et al. 2014; Higuera et al. 2007; Mooney & Tinner 2011; Remy et al. 2018; Robin et al. 2013).
According to the deposition distances (Mooney & Tinner 2011; Whitlock & Larsen 2001), macro
charcoal particles prade information about local and exti@cal or regionalffire events. Dependg on

the available laboratory materials and the charcoal concentration in the sediment records, macro charcoal
particlesaremostly considered as 1Z%0 pum and >100 um fractior{f€onedera et al. 2009; Mooney

& Tinner 2011; Remy et al. 2018; Whitlock & Larsen 2001). Obtained information from macro charcoal
surveys can be completed and combined with thespieific data from other proxiesuch as

microscopic charcoal particles apdllen data from palynological records.

In spite of severatudies thatlealt withdifferent aspects of palaeoecological changes in the KRB basin,
no investigation about the history of fire events had so far been undertaken in the interior part of the
Iranian plateau including thdaharlouBasin.Among appropriate sites fersepolis regioMaharlou

Lake has a relatively large basin, which combined with its-d@umented palynology, geochemistry,

and hydrology during the Late Holocene (Brisset et@182 Djamali et al 2009 a; 2011a), provides an
excellent opportunity to study past fire signals. Therefore, by using a sediment core from Maharlou Lake
with an accurate chronology (Brisset et al., 2018), we aim to reconstruct the history of fire etlents of

basin through a macro charcoal investigation.
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6.3. Study site

Physical setting

Lake Maharlou (1,455 rasl) is a large shallow hypersaline playa lake wititeandepth of 1.5 naluring

the wet seasgnocated in Fars Province, 20 Km to Shiraz and about 6Géutheast of Persepolis at
the southeastern tail of Zagros Mountains. This |&kgufe6-1), whichis assumed to exist since early
Pleistocene (Djamali et al. 2009a), lamsarea of 24910 Kiand is fed by precimtion, surface runoff

and karstic springs around the lakeshore. Fag®ological point of view, sedimentary rocks dominate
the Maharlou catchment. Thegre mainly composed of limestone, sandstone, shale and dolomite
(Djamali et al., 2009a; Safe et al. 1B). According to Koppen climatic classification system
(Critchfield, 1974; Rahimzadeh et al. 2009), the study iaramid latitude steppwith semiarid cool

or cold climate typeln Worldwide Bioclimatic classification by Rivaddartinez et al. (2008} ihas a
Mediterranean xericontinental bioclimate type (Djamali et al. 2011). Based on recorded
meteorological data of Shiraz synoptic station (the nearest station in 20 Km east of the lake), mean
annual precipitation and temperature are recoad805.6mm and 17% ‘C, respectivelyduring the last

30 years.The maximum of precipitation falln January (79.8 mm) and dry seasondabbut 6 months

from May to October.
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Figure 6-1: A: Location of the study site in southwest of Iran (black star). B: Map of the lake Maharlou watershed
including the actual general land use including the Zagros woodland vegetation type area. The location of MAH
B core shown with black and white circle. C: Bioclimate diagram of Shiraz (from Worldwide Bioclimatic
Classification System, 1998019: http://www.globalbioclimatics.org)
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Vegetation

According to Zohary (1973), Maharlou Laissituated irthelrano-Turanian plgtogeographical region

with openvegetation opistachio and almondP{staciaAmygdalu¥ xeromorphiesteppeforest, which
corresponds tathe IrandAnat ol i an region (1 T2) i n L&opnar dos
Doostmohammadi et al 2018)oday, in theLake Maharlou basin, this vegetation type consists of
scattered higlgrown wild pistachio Ristaciakhinjuk, P.atlanticd, almond trees and shrubs (mainly
Prunus scoparia syn: Amygdalusscoparig associated with shrubs such @srasus microcarpa
Rhamnus @rsica and Ficus carica They associatgradually withB r a n t 6Quercashréntii)(at

higher altitudes (ca. 1068000 m) Djamali et al. 2009aCarle & Frey 1977; Frey & Probst 1974; Frey
1982; Zohary 1973)However, due toa longterm history of anthneogenic impactspPistacia
AmygdalugPrunus vegetation has been delimited and substituted with cushion shaped mountain
tragacanthic species in higher altitudes amtbmisiasteppes in lowlands (Djamali et al. 2011). In
addition, saline flat plainim thelake surrounding aremostly dominated by succulent chenopods such
as Salicornia spp. andHalopeplis pygmagaas well ashalophytic grass and sedge specashas
Aeluropus littoralisandJuncus rigidugAkhani 2004). Moreover, small and large wetland esyst with

a dense aquatic vegetatiaredominated byareed communityFhragmitesaustralis, Typhapp.)that

covessthe nortlernand northwestern partalsoaroundthe emergence of karstic springs.

6.4. Materials and Methods

In autumn 2012, four short contious drives, each 1 meter in length, were sampled with a Russian

Corer in the northwestern part of Lake Maharlou (29°27'40,5"N; 52°43'45,6"E). After excluding
disturbed overlapped parts between each drive, the resulted master coreB)MH 355 cm legth

wasstudied for macro charcoal analysis. To avoid contamination by fossil organic carbon and the hard
water effect, seven samples of botanical macro remains were radiocarbon dated at Poznan Radiocarbon
Laboratory (Brisset et. al. 2018). The atgpth nodel (Fig. 2) was developed by Brisset et al. (2018)

using a smooth spline method in the Clam R package (Blaauw 2010). Tdembenodel indicates

that MAH-B spans the |l ast 3800 N 370 year Figurewd.t h an
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Figure 6-2: Age-depth model for core
MAH-B and lithostratigraphy  ant
sedimentation rate. The AMS 14C ages
represented by their probability densi
functions. The age rejected before
modelling is crossed in red. The calculat
model is given in the grey scale (high
probability is darker), and the best model
shown as a green line. Grey horizontal bt
illustrates a layer interpreted as Rc
continuous sedimentationcdarse crysta

Master core depth (cm)

beds) , which were

modelling (Adapted from Brlss.et et. a S W werv v v wa S
2018). Details of the model discussed Age cal. B Sedimentation
BFISSEt et al 2018 Sedimentological facies

[ Coarse crystal bed (CCB)
[EW Light beige to dark green silt-clay laminations (SCB)
Bl Homogeneous clay beds (HCB)

According to the average sedimentation rate, the sequasmntinuously subsampled for tvear of

mat erial (Conedera et al. 2013). The macro charc
(Millspaugh & Whitlock, 1995; Mooney & Tinner, 2011; Stevenson & Haberle 2005; Whitlock &
Larsen 20@). In order to preserve only the fragmentscharcoals, the sieved material was sorted
manually. Charcoal count and area measurements were made using a digital camera (Zeiss. Axio cam
305 colours) and the digital greyscale images were processed in ImageJ software (ver.1.51 K). For fire
episode reaostructions, macro charcoal counts and area measurements were transformed to charcoal
concentrations (particles ¢ Subsequently, charcoal number and characeéd accumulation rates
(respectively denoted as CHARhumber cnt yr! and CHAR: pun? cmi? yrt) (Carter et al. 2018;
Finsinger et al. 2016; Higuera et al. 2009, 2010). To infer local fire episodes and peak detection, the
CharAnalysis tool 0.9 (Higuera, 200Matlab platform ver.R2017b), was utilized in two different runs

for CHAR: and CHAR following Finsinger et ali2014).The original code of CharAnalysis requires

as input equidistant evaluations (every cm) of the sediment probe. Since the evaluation scheme of our
probe was irregularly spaced, the code had to be adjusted to that sitdetamrding to Whitlock and

Larsen (2001) and considering the different sedimentation rates along theB\Ake (Brisset et al.

2018) the records were first interpolated to a constant temporal resolution of 17 years. Then low
frequency charcoal variations @ charcoal record (CHAR.) and high frequency variations or charcoal

peak component (CHAR.) were obtained from breaking down the CHARRd CHAR, using a robust

locally weighted polynomial regression (LOWESS) with a mowngdow width of 700 yearsThis

resulted in a robust signtd-noise index (SNI) (Kelly et al. 2011) and goodne&§t between the
empirical data and the CHAR\ data for both the countand aredased records. The SNI > 3
considered as the cutoff value for appropriate recordpéak detection (Kelly et al. 2011). The
Gaussian mixture model with the thresholds of 99.9th percentiles, used to identifyfftBs@ibution

and to separate peak samples representing actual fire events from surrounding noise in the« CHAR
series(Higuera et al., 2009). Following Gavin et al. (2006) and Higuera et al. (2010) and to omit the

sampling effects on charcoal number, fire peakexrred fromcharcoal count (CHAR, were screened
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with the minimum count peagcreening test by using the methproposed by Finsinger et al. (2014)

and the ARCO (v1.0) package in R. In comparison to macro charcoal particles to study local fire events,
the micro charcoal influxvasalso used to evaluate the regional fire activities (Conedera et al. 2009;
Finsingeret al. 2016; Whitlock and Larsen, 2001). Micro charcoal particles @i diameter) were
counted on pollen slides and the counts were transformiatiue rate (particles cm?® yr?).

6.5. Results

The charcoal number and charcaata accumulation ratd€HAR: and CHAR\) showed strong
( Pear s o-nale= « 2.2el®).eThd CHAR and ICHAR: show 7 5 ,
relatively similar variation through the recottbwever the charcoal count is more variable at the end

correlation
of the record Figure6-3). Charcoal counts were mostly below 100 particles per sample, which had the
smallest areag-{gure6-3). CHARa record principally comprised of very minute charcoal pasi@Eeca

by un?). Generally, samples with the smallest charcoal counts peskt®s highest @Ca ratio,
suggesting that the taphonomic process because of breakage pradirssgnificant bias (Finsinger

et al, 2014).
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Figure 6-3: Left column: Scatter plots demonstrating the relationships between charcoal ceuatsl(€harcoal
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(Chapterd).
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CHARackin charcoal count and charcoal area (CHARd CHAR,)) show the highest values from the

end of the record to3600-3200 cal yr BP, again increase for over 500 years between -40I0al yr

BP. Microscopic CHARfollows the similar trend with CHARcand increased values at the beginning

and the end of the recorBigure6-3), reflecting the biomass burnitg a regional scale.

Severalunscreened peaks were detected from CHafRl CHAR\ (12 and 15 peaks, respectively)
(Figure 6-4). Generally, the SNI (signéb-noise index) valug exceeded the threshold value of 3.0
(Kelly et al. 2011) for both records (5.59 and 5.46 for CHARd CHAR respectively). SNI values
suggesting the records are both suitable to detect charcoal peaks during the studied time period in
Maharlou Lake.

According to Carter et al. (2018), CHARecord with particles smaller than 150um result in unclear
determination of fire frequencies and fire return interval. Both CH&RI CHAR\ records showed

similar pattern of increasing fire frequency in zone C; alsditjigest frequencies at the end of this zone

and zone B (2802000 cal yr BP). However, reconstructed fire frequencies inferred from GHAR

the highest values around 2000 yr cal BP with an average of about 7 fire episodes in 1000 years (mFRI
= ~114 yeas). CHAR- inferred fire frequencies are generally lower between 28D cal yr BP (c.

four fires/1000 years (FRI = ~ 250 years)). The records demonstrate similar trends in peak magnitude
with high values and significant peaks in zones A and C. While temtords show relatively low to

moderate peak magnitudes during zoné-Byre6-4).
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The peak screening analysis resulted in the detection of different number of fire episodes inferred from
macroscopic chared count and charcoal area recorBig(re 6-5). CHAR; peaks mostly passed the
screening test (12 peaks), whereas few CkKARaks remained significant after the screening (five
peaks). Figure 5 depicts that all teereened CHAR peaks had significant charcoal counts (pieces
samples?) which meets the suggested rule of thumb that peak samples should have at least 20 charcoal
particles while nospeak samples have less than 10 pieces of charcoals (Higuera et al\N2@dtOof

the failed CHARI inferred fire episodes occurred during the periods represented low charcoal count;
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for instance, the insignificant peaks younger than 2000 yr cal BP. In contrary, some of-@édred
peaks (e.gyounger than 1000 cal yr BRjiled the screening test due to very small charcoal areas,
coincides with high values of CHARx suggesting the biomass burning in regional scale.
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6.6. Discussion

Generally, due to the depth (3.6 m) and the age covered by-Blaste (~ last 3800 calr BP), the
detected charcoal peaks could not correlate with the major climaticey¢hée late Holocene (4.2 ka
event). Therefore, the variation in local hydrology and the climate beside the historibasechanges

of the basin must be used to diss the possible reason for macharcoal inferred fire episodes.
Reconstructed fire episodes in Lake Maharlou, based on charcoal area and counts show relatively
different patterns witbut and with pealscreening test (Finsinger et al. 2014). Beftretest, both
recordsdemonstrate similar trends of biomass burnimthe last ~3800 cal yr BP High frequency of

fire episodes during 2860000 cal yr BRzones B and C)niadditionto the biomass burning around
3600cal yr BP(zone A) as well as fire eppdes in zone @round 1000 and ~150A600cal yr BPare
evident(Figure6-4).
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Zone A, representhe oldest screened peak inferred from both charcoal area and, ameouged

around 3600 cal yr BP (3638B40 cal yr BP)(Figure 6-3Figure 6-6). The background charcoal and
Micro CHAR recordsrepresented thelighestvalue during this timesuggestingegionalfire events

with the relatively high magnitudes (Fig.4). Historically this peak of biomass burning corresponds to
the midElamite period. According to palynological results, this episode occurred just before starting
the growing trend of cereal cultivation, also a sliglsréase in some hygrophilous and aquatic pollen
types like Cyperacea€igure6-6). The palaeohydrology study of the lake (Brisset et al. 2018) identified
wet conditions and a distinct increase in flood frequency for this period, as well as peaks of terrigenous
sediment supply at 3768650 and 3503450 cal yr BP. As suggestedrnmany studies (e.g-onedra et

al 2009; Whitlock and Anderson, 2003), the deposition time of macro charcoal particles strongly
depends on the environmental conditions samleatherconditions geomorphology and the drainage
patterns of the watershed, seasetc. In some casatarcoal particlearetransportesgvermany years
afterthe fireincidenceas well aghey arae-suspended and redeposited inside the lake. Considering the
high fluvial activity during 380000 cal yr BP (Brisset et al. 2018) ahd absence of major historical
events, the charcoal peak correspngdo ~3600 cal yr BP could have secondary sources. Therefore,
such charcoal particlegerelikely transported to the lake through the increaseebftiof the watershed.
Consequently, uke to the absence of strong evidence for vegetation reversabaseguencef a fire

event, the associated peak of charcoal with enhanced fluvial detrital supply, is likely a result of
catchment redistribution due to erosion rather than related tyfi@mic.

In zone B, pak detection and screeningnalysis indicated two closefire episodes between
correspondent ages of ~ 22P000 cal yr BP. The local SNI values of these peaks exceeded the
threshold of 3.0 suggested by Kelly et al. (2011). The backgt charcoal and Micro CHAR
represented their lowest value during this time, supporting aregional (local) scale for these
episodesAccording tohistorical aml archaeological records Bars province aniflaharlou Lakebasin,

the identified peakcorrespondo the beginning of theseleucid period, and few decades after the end

of the Achaemenid Empire and Al exandeaPathian i nvas
period The abandon of permanent settlements (cities, villages) and changing adaqmastoralism

might have started by Greek invasion. Consequently, the economy of Persia collapsed and urbanism
ended in the capital region of the Empire (Persepolis region). All such consequences of Greek invasion,
followed by the indifference of Partma to Fars region. In this regaiManuel (2018) described the
Parthians and Sel eusiog athdnaintamrgthesubtearaneae watei transfert o
tunnels (qanator kariz system)which resulted in the abandonment of these hydraulic structaneis
decrease in irrigad agricultue. Moreover, because of the dominance of nomazhstoral activities

and woodcutting, the scrub communities were more affected.

Considering the response time needed for macro charcoal transfer and depositibake thiee peaks

are likelycorrelated with therast destructions by Alexander. Moreover, they might have correlated to

the destruction oPistaciaAmygdaluPrunuswoodlanddn Maharlou Lake basin during the Partigan
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period.As suggestetty Djamali, et al (201@) in this time,nomadic lifestyle and pastoral production
increasedin the Zagros Mountains compdréo previously orgaiged settlements and agricultural
activities Despite the very short time correspondent to macro charcoal pleagalynologi@al survey

on MAH-B core indicates slight increase in total arboreal pollen types that is mainly correlated to
cultivated trees likélatanus while the main natural trees of Zagros vegetation show no changes (e.g.,
Quercu3 or even a slight decreagRistacia). Theseminatural tree pollen types (e.§raxinus Salix
Cupressaceae) represent similar trends of growth with arlpm#ahtypes. In addition téreespecies,

the main herbaceous groups varied significantly. The indicator typegricultue shovedthe highest
values while grass pollen (Poaceaed3um) represented the lowest percentages throuighe record.

The combination of different CHAR records (CHAR CHARs, CHARa, Micro CHAR) as well as the
ecological conditioabesides the doimant lifestyle of the inhabitants, suggest a local scale for the macro
charcoal peaks at ~ 22@000 cal yr BP. Most likely, numerous low magnitude foesurredscattered
across the lake watershed.

According to archeological and anthropological docunsethe pastoral nomadism existed in the
mountain belt of Iran and Zagros Mountains since prehistoric times (Encyclopedia)lrdrita

|l i festyle is a form of subsistence f amgréultuge and h
(Encyclopedh Iranica) Pastoral nomadism is mainly based on herding of domesticated animals, while
crop production and farming is only for survival.

After peakscreening test, CHARinferred fire history shows a pe&BNI= 12.4)in biomass burning
around ¥00-600cd yr BPin zone CThis peak isoncurrent with the high values of Miec@HAR and
CHARackthatsuggestregional scale fopossiblefire episodesather than a locavent(Figs. 5 & 6).
Brisset et al. (2018econstructed the paleohydrology of the Méhakake (Figure6-6). Theyindicatel

many desiccation events under the influence of an arid clirdateng 1100700 cal yrBP. These
desiccation phasdsd to the maximum decrease in the lake water odigis period.Thereforethe
charcoal partiles accumulatioin the corresponding layers to this peakd0-600cal yr BB might be

due to increasen sedimentation rateCharcoal particles can be transferred to the waterbody by wind
and water inflow and need to be transferred through the water column to settle akethettom and
incorporated to the lake sediments. In this regards, we suppose that decreasing water depth in the lake
could have acceleratdthe deposition ofhe floating light charcoal particles from water column to the
substrateAs Brisset et al.(@18) demonstrate , the second highest sedimentation rate inB/Aédte
occurred in the period of 208M0 cal yr BP (1.1 mm/yr) which comparabde¢he macrocharcoal peak
at~700-600cal yr BP(Figure6-5).

In addition and according to charcoal morphological classification by Enache and Cumming (2606),
reconstructed charcoal peaks before 1000 cal yw&emostly @mprised of the type S and F classes
These classedan originate from different tissues of wofigipe S) and fibrous fragments or grass

cuticles (type F). Both types are very fragile; therefore, the significant charcoal count and insignificant
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charcoal area in this reconstructed episode could be due to breakage associated with lab treatment or

taphaomy Figure6-7).

Figure 6-7 : Macro charcoal morphological classes according to Enache and Cumming @®38:(A), F

type (B: grass leaf & C).

Additionally, few CHAR«inferred fire episodes have been detected in zone C that shows insignificant
charcoal area. For instance the screened fire episode at-9080€al yr BP, which in spite of the
insignificant charcoal area, is concurrent with high values ckdraund charcoal. This peak is likely
correlated to a regional scale biomass burning and one of the major historical events in the basin.
Following the Mongols invasion (~1220 AD) andrihg the llkharate period (2561335 AD), Fars
provincewas ravagedral suffered from severe destructioimsarable fieldsorchardsand irrigation
channels

Pollen evidence about variations in vegetation composition plays an important role in fire
reconstructions based on lakediment recordsConedra et al 2009Mooney and Tinner 2011;
Whitlock and Larsen 2001)n this regardgpalynological survey on MAHB record illustratéhe decay

of arboriculture andsignificant decline inagricultureafter the Mongols invasigrwhile the sum of
ruderal vegetation expandedhapter3). Figure 6 illustratethe main pollen groups and macro charcoal
variations as well as the major historical periods and events. As described in historical references
(Encyclopedia Iranica) Mongols descendants dominated and ruled the Fars province@kha56

1335 AD). Th& massive destruction in natural and rraade landscape combined with tloeal
instability in environmental and politicalircumstancesn the areaforced people to change their
lifestyle and adopted pastoral nomadic mode ofttifguarantee their survival. The increased pressure

on forest/shrub ecosystem by nomad communities caused more wood collection and burning. Therefore,
it suggests a general increase in chardepbsitionand charcoal influx to the lake through many large

and small regional fireszurthermore, the arid climate of 12@00 cal yr BP (Brisset et al.2018), the

low area of charcoal particles (CHARcreened record) as well as high values of MEHAR and

background charcoal support the regional and large $oanass burning for the

The correspondent time of MAB core has no interference with the significant climatic events in the
basin. Moreover, the palaeohydrology of the basin showed that other factors like erosion and of

catchment redistribution had pkd the main role in the deposition of macro charcoals in Maharlou
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Lake. In this regards and based on the reconstrHr

changing the vegetation of the basin during the last ~4000 years, and it was pyincigatithe control
of anthropogenic factors.

6.7. Conclusion

The fire history of a region and the role of fire as a disturbance factor have been investigated in many
studies around the worltlowever, ncsimilar investigations had so far been undertakethéninterior

partsof thelranian PlateauMoreover, somstudes, especially ifcurope used macro charcoal records

as a complementary proxy with soil charcoals (mega charcoals > 1mm) (e.g. Robin et al. 2013) or plant
macro remains to reconstruct locakfiepisodes or to study the woody vegetation dynamics. Intensive
modern land use as well as soil erosion in the past makes it difficult to perform pedoanthracological
studies in arid and serarid areas, like the southern Zagros. To find suitable soicobhbrecords in

such landscapes, a thorough field survey has to be conducted and test samplings taken, and soil samples
sieved locally. As this frequently is not feasible with satisfying results due to organisational or political
reasons, the present stuglyamined the potential of using the macroscopic charcoal count and area of
an already available sediment core to study fire history in Seesttern part of Iran.

The fire history of Maharlou Lake basin during the last ~ 4000 yr cal BP was reconsheretdyy three

major episodesThe recent and the oldest reconstructed episodes (60@nd ~3600 cal yr BP,
respectively) are related to sedary charcoals with regional sourc&he youngest macro charcoal

peak is likely associated with the-deposiion of charcal particles due to dry climateyhile the
increased runoff at ~3600 cal yr BP resulted in charcoal accumulBtocontrast, the inferred fire
episodes during 2262000 cal yr BP demonstrate local biomass burning events with low magniidide a
high frequency Thereforea longlasting nomadeapastoral lifestyle dominating the area during post
Achaemenid to Sasanian epodfistorical and palynological evidence suggest that pastoral nomadism
and changes in inhabitarifestyle were the main dring force for the occurrance of this peak. The
results of the present study illustrated the similar patterns for fire incidence and frequency inferred from
charcoal counts and area data without reducing the influence of small fragrmmser, by reducig

the influence of small fragments, the screened peaks were highly compatible with the reconstructed
palaeohydrology and polleénferred vegetation dynamics of the basin as well as the historical evidence.
Nevertheless, the identification of robust firpismdes with congpient significant peaks appeared
relatively complicated in Maharlou Lake basin. For instance, several unscreened: gétkiRwere
identified between ~3200200 cal yr BP, while they were not significant basedh@tharcoal area
record.Thus,in the case of a large lake basin in a sard regionthe advantage of the charcoal area

in studying fire historycan be demonstratethost notably when the background charcoal record has

low values.
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In a seasonalake systemsuchas theMaharlouLake, the influence of extreme hydrological changes
must always be considered. Frequent desiccation events result in several chatepakitons and
could increase the rate of breakage during taphonomy. Besides, the impagtrgf sadimentation

rates on the charcoal accumulation rates shbeatdken into account.
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7.1. Abstract

This study presents the results of an anthracological survey on archaeobotanical wood charcoal remains
from a prehistoric site of Tepe Rahmatabad in Persepolis basin, SW Iran. The site is situated in Kamin
Plain and has been excavated in 2@IK)9 and 2010. The charcoal assemblage contains in total nine
taxa Pistacia Prunus/Amygdalys amarix Myrtus, Fraxinus Salicaceae, Chenopodiaceae, Lamiaceae

and Fabaceas)ggesting thahe sitewaslocated in Zagros stepiferest vegetation typ&istaciaand
Prunus/Amygdalusharcoal have relatively high frequencies in all periotlsis high proportion
depicted the presence of a reliable aadevable source of firewood in the sitinity. The socio
economic changes in the site during the Chdldolperiod led to increase in wood exploitation, mainly

from pistachio almond vegetatiom addition to the presence of fruit stone fragments of these taxa
supporsthe idea oprehistoric collection ofirewoodin addition tofruits. Therelativelyhighvalues of
pistachio charcoal is consistent with the period of expansion in pistdocmmated vegetation in the
southwest Asia. The absenceQiiercuscharcoal along with the presence of its acorn fragment in the
assemblage suggestimdrequent oak stargdin the site surrounding, whiatascontrolled by climatic

factors rather than woodland management practices. Comparing the present results with the major
climatic events and archaeological data, suggested it FPulvar River basin danot been inflenced

by the 8.2 cooling events and had provided a suitable microclimate fesexditive relict taxaThe

present study also supports the importance of oak acorns as a nourishing source for prehistoric
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communities and their livestockloreover, the sigficant high proportions of'amarixsp. charcoal in

some Neolithic periods is compatible with presencéhefremainsof Cyperacea@nd suggested the
presence ofthe peat bogs and the moist ecosystems in the vicinity of theAsitéisionally the mone
specific horizon ofTamarix demonstrated the early stages of Tahmatabad settlement formation during
the Pottery Neolithic The results of the present study implies that the anthropogenical changes in
regional vegetation of the SW Zagros have not begunédgédtly Holocene and during the Neolithic

time.

7.2. Introduction

Being a part of the cultural sphere of O6East Win
the homeland for several prehistoric societies during Neolithic and Chalcdtitttie period of Persian

Empires and long after the Muslim conquest (Potts et al., 2005). In Fars, most of the daoamased

and documented archaeologisdessuch asral-e Mushki, Tale Jarri, Tale Bakun, and Ta¢ Malyan

are located in Persepolis aldrr River Basin (Figl). These sites correspond to different phases of

cultural development from the first agricultural settlement ateTsllushki (late 7 millennium BQ to

the first walled settlement and urbeenterin Tal-e Malyan (city of Anshan, mid 3¢ millennium BQ.

Tepe Rahmatabad is among the significant prehistoric sites in the Persepolis basitudtasin

Kamin plain and at the vicinity of Pulvar Riveortheast of Persepolis and along the royal road towards
Pasargadae. Rahmatalsitd hosted different groups of ancient communities for millennia. Based on

the archaeological records from a series of excavations in Rahmatabad, this site represents the oldest
aceramid\eolithic evidence in the Fars provin@507000 BC) This piece binformation aboupre-

Neolithic cultureis precious to fill the gap in cultural differentiation the Early Holocene also to
complete the chronology of the reg@rhistory sociccultural changesiuring 100006000 BC.
(Rahmatabad Phase; Azitial,2014)

According to the archaeological evidence @idating, Rahmatabad site was occupied since the early
7" millennia BC and abandoned later for a period of ~ 1400 years-{B8BIDBC). The next occupation
phase started in Chalcolithic period (in Famsvince %' millennim BC) which is known as Bakun phase

in Fars Bakun culture demonstrates the uniform samionomic differentiations (e.g. craft
specialization and administrative development) in the early settlements of relatively entire Fars
(Alizadehet al 20@, 2006, Azizi et al, 2014ejebri et al 2013, Nishiaki et al 2018ahmatabad site

was unoccupied after the Bakun phase; until the Achaemenid pésiod 4000 years) when Wwas

considered as a monitoring point along the way between Pasargiadi®ersepol(#\zizi et al,2014).

The achaeobotanicatudy of the Rahmatabad site resulted in the identification of 32 taxa of cultivated
(wheat, barley) and wild plants with some cultigen taxa. In spite of the diversity in cultivated plant

remairs, Rahmatabad assemblage does not show signs of local domestication practices. Wild plant
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remains comprises éfistaciaand wild almond Prunus/Amygdalysnutshells and the inner part of an

oak acorn (cotyledone) (Tengberg & Azizi, 2016).

This study repsents the results @&n archaeeanthracologal survey of charcoal remanfrom
Rahmatabad site. We aim to complentbetknowledge abodRahmatabadurroundig landscape and
aboutthe vegetatiorthangesn the Persepolis basin during thedlithic periodin interaction with a

prehistoric human community.

7.3. Study site

Prehistoric site of Tepe Rahmatabadocatedn Persepolis basin, SW Iran. The site is situaiteithe

southern part of Tang Bolaghi and close to Kamin (Saadatshahr) plal3 0 A 0 .E65¢8 A4 20.. 431qd
2 6 . 9Hgare 7-1). It is a small rounded hill (5 m above the surrounding plains) close to Pulvar
(Sivand) River, covering the area about half a hectare at the elevatl@ii4imasIRahmatabad site

was investigated during a serieseatavaibns in 2005, 2009 and 2010 and in 7 different trenches (A

H). In the first season, & trenches was excavated (Bernbeck et al. 2005; Fazeli Nashli & Azizi
Kharanaghi 2008; Fazeli Nashli et al02). The trenches G and H were studied at the second season of

excavation in order to improve the chronology of the site (Azizi Kharanaghi et al. 2014).
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Being locatedn Saadash Shahr basin and nbarPersepolis basin, Rahmatabad site alsoahasy
particular bioclimatic and biogeographical setting. According to the map of main climatic types of Iran
(by Meteorological Organization of IradRIMO), it has semarid climate type with the main
precipitation during autumn and winter. Biogeographically, Rahmatabad $éiteated in the Irano
Turanian regiorfFigure7-2). Thereforethe potential vegetation of the study areahs typical Zagros
vegetation ofwild pistachio Pistacia khinjuk P. atlanticg and almond RrunusAmygdalusspp),
whereB r a nt ®@usercas®riantii(s gradually gaining importance asadjoined componeratt higher
altitudes (ca. 1002000 m). ThePulvar River provided the permanent water source for arable fields to
cover the lowlands of Tang Bolaghiand developing the riparian vegetatiphzizi et al 2014).
According to Mozzafarian (ZI®), nine species of gendsnygdalushave been reported from Fars
Province, whichA.scopariais the dominant species in Fars as well asethtére country. Following
Potter et al. (2007a) and Wen et &0@8),the genusPrunusis broadly described antbrtainedthe

Amygdalus sppTherefore, in the present studdrunuswere used as the accepted taxonomical nhame

for almond species.

Figure 7-2: a) The location of Rahmataba
site (red star) in the country and tt
phytogeographic regions according to Whi
and Léonard (1991), IT: Irarburanian, SS:
SahareSindian b) Aerial photo of Tepe
Rahmatabad. c): topogtaipal map of Tepe
Rahmatabad, showing the location
trenches. (Adapted from Azizi Kharanaghi
al. 2014)
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7.4. Materials and Methods

The archaeological charcoal remawere obtained by flotation and sieving during the site excavation
(Table7-1). Then they were sorted astbred at the Archaeobotany laboratoryhefiiNational Museum
of Natur al HMNHN) Thg emaindveredbtainedsfrom four different trenches in 27
stratigraphic uni (SU) Considering the preservation sitiaatt of charcoal fragments and the floristic
diversity of IraneTuranian region, in every trench about 238D charcoal fragmen{20-60 fragments
per SU) wereanatomically studiedBecause ofnappropriate preservation, fragmentgh the size
bigger thandmm were not abundant. Therefor®llowing Zalucha (1989)charcoal remainsvere
passed through different mesized sieves(1 and 2 mand therwerefi g r-saabmp | ith diberemt
size and shape#A(ller, 1985). A dark/bright field light microscope (Olypus BX51) was used at the
Archaeobotany laboratory of MNHN to study the specimdie remainsvere identified based on
availableanatomical atlases and identification keys (Civad et al, 2013; Fahn et dl986; IAWA,
1989; Jagiella and Kurschner, 198Reumann etal, 2001 Parsa & Schweingruber, 1995;
Schweingruber, 199Gandthe reference collection of the institute. All identified taxa and anatomical
typeswere photographedvith a Nikon eclipse (LV150L) microscope equipped with Nikon digital
camera DS-Fil), alsoby electron microscope imageby NeoScope (JCM000) SEM

7.5. Results andDiscussion

Anthracology study of Rahmatabad site resulted in the identification of 671 charcoal fragments from 27
stratigraphic units, dating back to geettery Neolitic (74677171 cal BC) up to Chalcolithic (4778

4548 cal BC).Table 7-1 shows the list of obtained (by flotation) and studied samples during the
excavations (20062011). In total, the Rahmatabad charcoal assemblage contains nine identified taxa
(Pistacig Prunus/Amygdaly§ amarix Myrtus, Fraxinus Salicaceae, Chenopagdeae, Lamiaceae, and
Fabaceae) and four unknown types of wobable 7-2 demonstrates the identified taxa organized by

chronological order within trenches.
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Table 7-1: List of obtained and studied samples during the excavations {2@0F organized by trench and
Stratigraphic unit numbers. (Adapted from Tengberg & Azizi, 2016). TR: Trench, SU: Stratigraphic unit.

TR SuU Period Local phase Approx. date Ca_l BC (2 Archaeological context
(BC) sigma)
c | 3001 | Chalcolithic Middle Bakun 4500 Compact surface layer with some asf
and burnt soil
c | 3002 | Chalcolithic Middle Bakun 4500 ek (70cm) ashy layer near pottery
C | 3007 | Chalcolithic Middle Bakun 4500 47784548 Ashy deposits inside kiln 1
C | 3010 | Chalcolithic Middle Bakun 4500 light ashy layer
C | 3023 | Chalcolithic Middle Bakun 4500 Hard layer with pottery and small
stones
C | 3024 | Chalcolithic Middle Bakun 4500 Ashy layer probably associated with
kiln 2 (refuse from burning)
C | 3025 | Chalcolithic Middle Bakun 4500 Hard soil
C | 3033 | Pottery Neolithic Mushki 6000 Ashy layer , 20 cm thick
C | 3035 | Pottery Neolithic Mushki 6000 70386698 | Ashy layer, 34 cm thick
G | 7020 | Chalcolithic Middle Bakun 4500 49454763 Soft sediment layer with ash lenses
G | 7021* | Chalcolithic Middle Bakun 4501 Ashy layer, 20 cm thick
G | 7029 | Pottery Neolithic Mushki 6000 62176028 | Ashy layer 65 cm thick
G | 7030 | Pottery Neolithic Mushki 6000 Clay/ash layer, 50 cm thick
G | 7033 | Prepottery Neolithic Eﬁgg‘ead Abad 8000 70476743 | Thick (55cm) ashy layer
G | 7038 | Prepottery Neolithic Eﬁggnead Abad 8000 Ashy layer, 8 cm thick
G | 7039 | Prepottery Neolithic Eﬁg;gad Abad 8000 Ashy layer, 7 cm thick
H | 8007 | Chalcolithic Middle Bakun 4500 Hard layer, 48 cnthick
H | 8015 | Chalcolithic Middle Bakun 4500 Hard soil with charcoal, 24 cm thick
H | 8018 | Chalcolithic Middle Bakun 4500 Ashy layer, 24 cm thick
o .. | Middle i
H | 8028 | Chalcolithic/Neolithic Bakun/Mushki 5000 Compact ashyalyer, 26 cm thick
H | 8032 | Chalcolithic/Neolithic | Mddie 5000 | 47974584 | Hard soil with charcoal, 60 cm thick
Bakun/Mushki
H | 8038 | Pottery Neolithic Mushki 6000 Fill of soft ash in circular pit (8041)
H | 8040 Early Pottery Formative Mushki 6000 Mix of sgdlment and ash with charcod
Neolithic 10 cm thick
H | 8048 | Prepottery Neolithic Eﬁgg;ad Abad 8000 73217075 | Soft burnt layer with ash, 40 cm thick
H | 8050* | Pre-pottery Neolithic Eﬁggfd = 8001 Burnt soil layer, 15 cm thick
H | 8051 | Prepotiery Neolithic Eﬁgg‘ead Abad 8000 Burnt soil layer, 26 cm thick
i Rahmad Abad Hard sediment and ash layer, 25 cm
H | 8053 | Prepottery Neolithic Phase 8000 74677171 thick
Early Pottery Rahmad Abad .
| 9004 Neolithic Phase 6000 Thin (6cm) ashy layer
| | so0s | E&lY Pottery Rahmad Abad 6000 | 66996471 | Bumt soil, 28 cm thick
Neolithic Phase

* Grey color shows the samples with no charcoal fragments or unidentifiable fragments less than 1mm in size.

The identified charcoals oPrunus/Amygdaluand Tamarix showed two types of porosity: diffuse
porous and senring-porousin Prunus/Amygdaluspecimens, ringorous and semio diffuseporous

in Tamarix specimens imping the existence of at least two different species of these genera in the
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studied charcoal assblage. However, this result mémavebeenobtained due to thieadpreservation
conditiors and small sized fragmentsigure 7-3Figure 7-9 show the SEM images of the diagtios
anatomical features identified taxa.

Vac-High PC-Std. 10kV x 100 — 200 T

Vac-High PC-Std. 10kV x 100

C:
Figure 7-3: SEM microphotographs of wood charcoal specimens from Tepe Rahmatabad. TS: Transve
section, TLS: Tangential sectioRS: Radial section. Chenopodiaceae, (A&B: T8axinus(C: TS, D: TLS,
E: RS).

‘ 2 Bl 4
Vac-High PC-Std. Vac-High PC-Std. 10 kV x 400

Figure 7-4: SEM microphotographs of wood charcoal specimens f
Tepe Rahmatabad@S: Transversal sectio TLS: Tangential section, R$
Radial sectionLamiaceae (A: TS, B: TLS, C: RS, D: Spiral thickenin
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Table 7-2: Proportion of identified taxa organized by chronological order within trenches andy@iphit units

Trench C G
Period Pottery Neol. Chalcolithic Pre-Pottery Neol. Pottery Neol. Chalcolithic
Local phase Mushki Bakun Rahmatabad Mushki Bakun
Stratigraphic unit 3035 3033 3025 | 3024 | 3023 | 3010 | 3007 | 3002 | 3001 | 7039 | 7038 | 7033 7030 7029 | 7021 | 7020
Pistacia 0.02 0.35 0.587 | 0.357 | 0.158 | 0.15 | 0.75 | 0.35 | 0.55 0.5 0.2 0.286 0.8 0.6 0.364
Prunus/Amygdalus 0.02 0.45 0.196 | 0.214 | 0.526 | 0.55 | 0.05 0.4 0.2 0.143 | 0.05 | 0.381 | 0.05 0.25 0.045
Tamarix 0.96 - 0.087 | 0.048 | 0.211 | 0.05 - - 0.1 0.357 0.7 0.333 0.1 - 0.136
% Myrtus - - 0.043 - 0.053 | 0.05 - - - - - - - 0.05 0.091
'.; Fraxinus - 0.05 - 0.143 - - - 0.25 | 0.05 - - - - - 0.045
1:% Salicaceae - 0.1 0.022 | 0.214 - - 0.2 - 0.05 - - - - 0.05 0.045
é Chenopodiaceae - - 0.043 - - - - - - - - - - - 0.045
Lamiaceae - - 0.022 | 0.024 - 0.05 - - - - - - - - -
Leguminoseae - - - - 0.053 - - - - - - - - 0.05 0.136
indeterminate - 0.05 - - - 0.15 - - 0.05 - 0.05 - 0.05 - 0.091

* Grey color shows the samples with no charcoal fragmentsidentifiable fragments less than 1mm in size.
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Table 7-3 continue: Proportion of identified taxa organized by chronological order within trenches and Stratigraphic units

Trench H !
Period Pre-Pottery Neol. Early Pottery Neol. Pottery Neol. Transition Neol./Chalco. Chalcolithic Early Pottery Neol.
Local phase Rahmatabad Formative Mushki Mushki Mushki/Bakun Bakun Formative Mushki
Stratigraphic unit 8053 | 8051 | 8050 | 8048 8040 8038 8032 8028 8018 | 8015 | 8007 9006 9004
Pistacia 0.16 | 0.85 0.053 0.05 0.1 0.5 0.35 0.1 0.7 0.5 0.21 0.45
Prunus/Amygdalus | 0.02 | 0.15 0.316 0.21 0.9 0.05 0.5 0.9 0.3 0.4 0.10 -
Tamarix 0.68 - 0.421 0.42 - 0.45 0.1 - - - 0.46 0.25

2 | Myrtus - - 0.053 - - - 0.05 - - | 005 - -

% Fraxinus - - - - - - - - - - - -

£ | Salicaceae - - - - - - - - - - - -

é Chenopodiaceae 0.02 - - 0.05 - - - - - 0.05 0.04 -
Lamiaceae - - 0.053 0.21 - - - - - - - -
Leguminoseae - - - - - - - - - - - -
indeterminate 0.12 - 0.105 0.05 - - - - - - 0.19 0.3

* Grey color shows the samples with no charcoal fragments or unidentifiable fragments less than 1mm in size.
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10kV x 100

100 pm Vac-High PC-Std. 10kV x 400 — 50 YT

D: E: F:
Figure 7-5: SEM microphotographs of wood charcoal specimens from Tepe Rahmatabad. TS: Trar

section, TLS: Tangential section, RS: Radial section. Chenopodiaceae, Leguminoseae (A: TS, B: TLS
Myrtus(D: TS, E: TLS andpiral thickenings, E: RS)
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Figure 7-6 : SEM microphotographs of wood charcoal specimens f
Tepe RahmatabadS: Transversal section, TLS: Tangential section,
Radial sectiorRistacia (A: TS, B: TLS, C: RS, D: Spiral thickening
tylosis and bordered vessel pits).
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Figure 7-7 : SEM microphotographs of wood charcoal specimens from Tepe Rahmatahatiiansversa
sedion, TLS: Tangential section, RS: Radial secttwaonus/AmygdalugA: TS, B: TLS, C: RS and Spire
thickening).

Vac-High PC-Std. 10kV x 80 200 pm

A B: C:

Figure 7-8: SEM microphotographs of wood charcoal specimens f
Tepe RahmatabadS: Transversal section, TLS: Tangential section,
Radial sectionSalicaceae (A: TS, B: TLS, C: RS, D: R¥gssel pits).
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