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conditions likely caused degradation of the vegetation into garrigue, as seen in the area of
the Argive Plain today.

Introduction

ThePeloponnesé-ig 1A) is akeyregionfor the studyof thelong-terminteractionbetween
humansocietieandthe environment[1+3]. Thelandscapesf the peninsulahavebeen
formedthroughtectonicactivitiesandfluvial erosionanddepositionof sedimentsin combi-
nation with sedevelvariationsand climatechange$4+6]. Contemporaryegetatioris defined
by high variability dueto alargevariationin parametersuchasgeomorphologysoil typeand
hydrology,in combinationwith gradientsof temperatureand precipitationacrosgshe penin-
sula.Moreover the PeloponnesendsouthernGreecan generalhasbeenstronglyaffected
by humanactivitiessinceat leasthe BronzeAge,which contributedto createculturalregions
surpassingnvironmentaldifferenceg2, 3].

In this papertherole of palynologyin investigatinghaturaland human-forcedchange f
pastenvironmentss stressedAlthough pollenanalysigprovidesrelativelylocalvegetatiorhis-
tories,thesehistoriesoftenrecordhuman-environmenal dynamicson regionaland super-
regionalscalesasbroadlyshownin the Mediterranear{7+11].We focuson the mid-lateHolo-
cenevegetatiorof the Argive Plainin the northeasterrPeloponnesérom 4760BP/281(BCE
to present) The catchmentareaof the coredsedimentbasinBhenceour studyareabcovers
thelowlandsof the Argive Plainproper,aswell asthe surroundingfoothills anduplands(Fig
1B).Therich evidencdor intensehumanoccupationwhich alteredthe landscapérom the
Neolithicto the presenthasspurredseverattudieson localpalaeoenvironmentalhangesin
particular,thesepreviousstudieshavefocusedon the role of geomorphologicathangesind
vegetatiordynamicsin relationto socio-economiclevelopmenthroughoutthe Holocene
[12+19].However significantmethodologicahdvancementvithin paleoenvironmentasci-
encegluring the lasttwo decadegrovideexpandedgossibilitiedor adetailedstudyof the
relationshipbetweerpalaeoclimatidluctuationsandthe evolutionof the localplantecosys-
tem.In this study,our specificaimsare(i) to presentahigh-resolutionrecordof pastvegeta-
tion changen the areaof the Argive Plain,and (ii) comparepollendatawith complementary
archaeologicahistorical,climatic,and palaeoenvironmentadroxiesatalocalandregional
scale.

Study area

Geomorphology and hydrology of the Argive Plain

TheArgivePlain(Fig 1B)is locatedat the carbonatebasinof the Gulf of Argosandis sur-
roundedby hills formedby karstifiedlimestoneswith steepslopegisingto 400+700n [18].
Themain streamsaarethe InachosRiver,flowing in the centralplain anddrying out during
summer,andthe ErasinoRiverto the westwhichis perennial.

Theplain, surroundedby highlandmassifgo the eastandwest,canbedividedinto differ-
entgeomorphologicatonesahorseshoe-shapdowlandextendgo the north from 25to 100
m a.s.l.consistingof Pleistocenalluvialfans;in the coastaportion from Argosto Nafplio (E)
andLerna(W) the gradationto the seas extremeljow (0£25m a.s.l.Jandthe sediment
depositaaremostlyrepresentedby Holocenealluvia[18]. Most of themarestreamflooddepos-
its and overbankoamsderivedfrom the running watersoriginatingin the highlandswhich
cause=xtensiveébut infrequentflooding events.
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Fig 1. Study area in the Peloponnese (Greece) highlighting the Argive Plain with ancient Lake Lerna and its climatic data, as well as the location of sites
for the investigated periods. (a) Locationof LakeLernaandotherPeloponnsiansitesmentionedin the paper.Dotsstandfor palaeoewironmentalrecords,
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archaeologal andhistoricalperiodsin Greecgfrom [2]).

https://da.org/10.1371durnal.pon®271548.g0D

Thegeomorphologyf the areahasthusbeenshapednainly by fluvial processeglong
with thetransgressiomndregressiorof the seadueto coastahccretionduring the Holocene.
Themaximumtransgressionf the seaj.e.by the Gulf of Argos,hasbeendatedto before5500
BP,atwhichtime aportion of the easterrcoastaplain wassubmerged18, 19]. The south-
westernportion wasinsteadoccupiedoy LakeLerna(Fig 1B):afreshwatebasinpermanently
suppliedby the ErasinoRiverandseparatedrom the seaby abeachbarrierformedat ca.
8300BP[17,18].At ca.6500BPthelakereachednodernArgosandcoveredanareaof 4.2
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km? with awaterdepthof about7 m [12, 20]. Betweerca.5000+400@8Pthe easterrpart of
thelakebasinwasfilled becausef accretionof sedimentarriedby the InachosRiver,
whereaghe westernpart survivedasa shallowwaterbody[17]. Apart from the ErasinoRiver,
thewaterregimeof the lakewasmainly determinedby the coastabpringsof Lernaand Amy-
moni (Fig 1B),aswell asby somelow-dischargingstreamdrom the easterrslopesof the Arte-
misio Mountains.A smallwetland floodedduring therainy seasonsstheonly presentrace
of theformer LakeLerna.

Thecoring sitechoserfor this studyis locatedin the southernmospart of the areaof the
ancientlake(Fig 1B).Sedimentatiomateand pollendepositioncanvaryto ahigh degrean
thesekinds of shallowwetenvironmentscloseto rivers,wherethe watertableand sediment
inflow commonlyfluctuate(e.g.[21+23]).During phase®f localfen conditionsmarshytaxa
canbeover-representeth pollenrecordswhile lakeconditionsgenerallybetterreflecttheveg-
etationin alargerarealn arelativelyopenenvironment,suchasthe Argive Plain,wewould
expecthe pollenrecordfrom the coring siteto mainly reflectthe vegetatioron the Argive
Plainincluding the slopeof the surroundingmountains.

Vegetation

Thevegetatiorof theregionincludesavarietyof plantcommunitiesasgenerallydescribedor
Greecd?24,25].In the highlandsmountain broadleaveénd coniferousforestsprevail;Abies
cephalonica Loudon, endemicin the centralandsouthernPeloponnesés mainly presentn
associatiomwith Pinus nigra J. F. Arnold ([26]; seealsothe modernpollendataprovidedby
[13]and[27]). In theuplandvalleysandhill slopeghethermophilousmixeddeciduoudorest
dominatesTheallianceof deciduousQuercus L., Ostrya carpinifolia Scopand Carpinus orien-
talis Mill. prevailsput Mediterranearspecieslsooccur (Pistacia terebinthus L., Phillyrea lati-
folia L., Prunus mahaleb L.). Thelowlandsarecoveredby the Mediterranearsclerophyllous
vegetatiorwhich belonggo the evergreeriorestof oaks(Quercus coccifera L., Q. ilex L.) and
by pines(Pinus brutia Ten., P. halepensis Mill., P. pinea L.). Sincethe Argive Plainhasbeen
stronglyshapedy humanactivities,oneof the main degradecenvironmentss the phrygana,
whichis asemi-shrubheathlandof garriguetype[28]. More opennaturalcommunitiesare
characterisetby Olea europaea L., Pistacia lentiscus L. and Ceratonia siliqua L. in association
with sclerophylloushrubs(Phillyrea latifolia L., Myrtus communis L., Rhamnus alaternus L.,
Pistacia terebinthus L.) [25]. The hygrophilousvegetatiorof the wetlandsmainly consistof
Phragmites australis (Cav.) Steud. and Arundo donax L., whereadreesonly occurin fewiso-
latedpatchesi.e. Eucalyptus L’Hér, Salix L., Populus L., Cupressus L.). Perenniae.g.Typha
latifolia L.) andfloating (Cladium mariscus (L.) Pohl., Nymphaea L.) macrophytegrowin
pondsandarereplacedy halophytestthe InachosRivermouth,whereTamarix L. is wide-
spread28].

Two pollenstudieshavepreviouslybeenpublishedfrom LakeLerna.The mostcomprehen-
siveoneisthat of Jahng13], presentinga continuouspollenrecordof thelast5000yearsThe
authordescribesvegetatiorhistory that beginswith amixeddeciduousbakwoodlandgrow-
ing in the uplandsandan openMediterranearforestconsistingof Quercus ilex L./Q. coccifera
L. dominatingthe plain, wheretherewereseverapre-existinghumansettlementsT hereafter,
thedeciduoudorestbecamalenseratloweraltitudes replacingthe evergreevegetationThis
is followedby adecreasef the deciduousoakwoodsasaresultof woodclearancdor cultiva-
tion and pasture.Jahng13] suggestthatthe reductionof forestcoverby humanactivity
favouredan expansiorof Pinus andanincreaseof sclerophyllouplants.Very recently Kos-
keridouandcolleaguef?9] haveanalysedomepollensamplegrom acoretakenalmostl km
SWof our sequencen astudywherethe main aim wasto reconstructhe evolutionof the
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coastalvetlandat Lerna.Theabsencef feasibleadiocarbondateshoweverprevented
authorsfrom building anage-depthmodel.Localhygrophilousplantsprevailoverthe sur-
rounding vegetationwhichis mainly representedy pinesanddeciduousbaks Moreover,no
major vegetatiorchangesiavebeenhighlighted apartfrom theincreasegresenc®f Plantago
lanceolata in the uppermostevelssuggestingnthropogenidisturbance.

Jahnstecordfrom LakelLernahasbeenwidelyusedasoneof the keypollenrecordsfrom
the Peloponnesand contributedto the reconstructionof human-environmentlynamicsin
the Peloponnes recentsynthesefl+3]. Other pollenrecordsfrom the northeasterrPelo-
ponneseéhavebeenpublishedby [27,30].In addition,alimited numberof pollenrecordsexist
from otherarea®f the Peloponnesandadjacentegions(Fig 1A). In the studywewill com-
paresomeof thesedatawith our newrecordfrom Lakelerna.

Climate

Theregionalclimateis typical of the easterrMediterranearwith hot, dry summersand mild,
wetwinters[31]. Most annualprecipitationfallsbetweerNovemberand March andthe water
balancgevapotranspiration/precipitation} negativebetweenApril and October(Fig 1C).
Themeanannualprecipitationis 383mm andthe meanannualtemperatures 17ECwith
meanmonthly temperaturesangingfrom 28EQn Julyto 8EGN Januarydatafrom Argosfor
the period1980+201432]).

The climateof the Peloponneses influencedby Atlantic circulation patternsmodulatedby
both Mediterranearandlocalair-masssystem$33]. The peninsulas locatedin theintermedi-
atepositionbetweerthe high latitudes,dominatedby the SiberianHigh, the North Atlantic
Oscillation(NAO) andthe North Sea+CaspiaRattern(NCP),andthe low latitudeswith the
SubtropicaHigh andthe monsoonakystemg$34]. Moreover,the mountainridgesstretching
from North to Southin the Peloponnesblockwesterlyair masseand causalrier andrela-
tively coolerconditionson the northeasterrsideof the peninsulg35]. Despitetherelatively
stablesummerregime extremeconditionsand heavyrainfall eventsareoccasionallynduced
by theincoming coolair from higherlatitudesduring anticyclonicepisode$36, 37].

A numberof palaeoclimaticecordsareavailabldrom the Peloponnesdasedn geochem-
ical proxiesfrom palaeolakesedimentsandcavespeleothem§~ig 1A). Thetotality of therec-
ordsfrom the Peloponneseutlinesacomplex.and not alwaysconsistentclimatological
patternthatis likely dueto acombinationof chronologicalprecision,geographicahndtopo-
graphicaldifferencesandthe specificof the sampleenvironment. The complementarityof the
differentproxiesis not yetfully understoodanddifferencesandsimilaritieswill beoutlinedin
thefollowing discussionhighlightingthe localisotopic(6D»3) recordfrom LakeLerna[34] in
relationto other Aegearand EasterrMediterranearpalaeoclimateecords.

Human occupation

TheArgive Plainhasbeenakeyareafor our understandingof ancientsocietiesn Greece
acrosgheagesTheareawasintensivelyoccupiedirom atleastthe EarlyBronzeAge(for abso-
lute chronologiesseerig 1D) anddifferentsocio-economidevelopmentshroughtimesare
testifiedby someof the mostnotablearchaeologicalitesin theregion(Fig 1B).A numberof
settlementareknown from the vicinity of ancientLakeLerna,suchasLerna(ca.3.5km SW
of the coringlocation)and KephalariMagoula(ca.2 km NW of the coringlocationandby the
shoreof ancientLakelerna),and Argos(ca.6 km N of the coringlocation,by the Inachos
River)whichwereall occupiedduring mostof the BronzeAge[38]. Themorewell-known
LateBronzeAgepalatialcentresat Mycenaeand Tiryns occupiedhe eastermart of the plain.
TheEarlyandLateBronzeAgewereperiodsof prosperityand high humanactivity,during
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whichthe numberof identified settlementsncreasedlsobeyondthe coreareasasevidenced
by theresultsof the Berbati-LimnesArchaeologicaSurveyconductedn anenclosedralley
anduplandsimmediatelyadjacento the Argive Plain[39]. On the contrary,the lateEarly
BronzeAgeandthe Middle BronzeAgeweremarkedby areductionof the numberof sites,
but the Argive plain remainedacentreof activity alsoduring theseperiods.Theendof the
LateBronzeAgepalatialperiod alsocoincidedwith asignificantdeclineof humanactivityon
theplain. Fromthe endof the Earlylron Age,howeverthe city-state(polis) of Argosbecame
increasinglydominantandby the earlyClassicaperiod seemdo havecontrolledthe entire
ArgivePlain[40,41].In this period,the areaagainbecamealenselyoccupiedncluding asmall
settlemengt Lernaitself[42]. In both the Hellenisticand Romanperiod, Argoscontinuedto
actasasignificantregionalcentreand excavationsarriedout in the moderntown have
revealedextensivegemainsrelatingto urbanactivityin theseperiods[43+45].During the Late
Antiquity theimportanceof Argosis still confirmedby the intensebuilding activityandevi-
denceof humanoccupationis alsoattestedhroughthe plain [46+£48].From the seventtto the
ninth century,oftencalledthe ByzantineDark Agesthe archaeologicdindingsseemnto indi-
cateastrongreductionin the populationalthoughArgoscontinuedto beoccupied47]. After
there-establishmentf Byzantingpowerin the Balkansthe significanceof ArgosandNafplio
asimportant commercialkpotsof theregionincreased49,50]. A picture of growthandpros-
perityis visiblethroughoutthe plainin this period:the agriculturalexpansiorandintensifica-
tion of therural landscapés demonstratedy resultsof the Berbati-LimnesArchaeological
Surve)[51]. After the comingof the Latinsandthereorganizatiorof landin the Peloponnese
during the Frankishandthefirst Venetianperiod,economicactivitiescontinuedandtherural
developmenintensified[49,51,52]. The sparsityof populationinformation in Byzantinehis-
torical sourcesindersusin following closelythe demographidrendsof the period [53]. In
1397YakubPashaapturedArgosanddeportedaccordingto a Venetiandocument[54], up
to fourteenthousand+thirtythousandaccordingto a Byzantinehistorian[55]+ofits inhabi-
tantsto AsiaMinor. In 1463 the Argivesenteredinto anagreementvith SultanMehmedll,
accordingto whichtheyweredeportedto Istanbul[56]. The sourcesemainsilenton the sta-
tusof thetown until 1479 whenthe Ottoman-Venetiartreatyratified Ottomanrule. These
lossesverecounterbalanceduring the Pax Ottomana. Accordingto four detailedand hith-
erto unpublishedOttomantaxationcadastersf the sixteenthcentury,the Argive Plainwas
dominatedby two urbancentreqArgosand Nafplio) and containedl0identified villagesand
50farms,whosepopulationreachedts peakin the early1570sTheearliestroperpopulation
censugndcadastrakurveyof the areawascarriedout by the Venetianauthoritiesin 1700and
attestsanoteworthydemographigrowthandthe emergencef newsettlement$s57+59].
Rightafterthe GreekWar of Independencethe Expédition scientifique de Morée conducteda
surveyof the entire Peloponnes@ 1829[60], whichwasthenfollowedby regularcensuses
commissionedy the nascentGreekstate On the basisof theserecordsweobservedemo-
graphicstabilisationin thefirst half of the nineteenthcenturyandincreasen the secondne
[61].

Materials and methods

Sediment sequence and age-depth model

Thesedimentcoreobtainedfrom theancientlake(37E34'57.66N, 22E43'57.6F, 1 m a.s.|.)
hasatotal lengthof 5 m. The coring wasperformedusinga hand-operatedRussiarpeatcorer.
Thesequencavasdividedinto lithologicalunits on the basisof changesn colour,boundaries
andinternal structureof sedimentgFig 2) andthe amountof organiccontent(TOC). More
detailsaboutthe coringandthe TOC analysissanbefound in [34].
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Fig 2. Sedimentological and chronological sequence of the study core from ancient Lake Lerna (Peloponnese, Greece). (left) Sedimensuccessioand
(right) age-depthmodel,built with Clam4.1.1R-packagélinearinterpolatior; [63]) andbasedn 8 radiocabon agegcalibratedwith IntCal20;[62]). Results
of radiocarbondatinghavebeenpreviouslypublishel by [34].

https://de.org/10.1371§urnal.pon®271548.g0D

Thecorecoverghelast5000yearsTheage-deptimodelwaspreviouslypublishedby [34]
andwasbasedn 6 AMS radiocarbondatesof plantremainsand 2 datesof organic-richsedi-
ment. For this studyit hasbeenupdatedusingthe newcalibrationcurvelntCal20[62]. The
newage-depthmodelhasbeenprovidedusingthe ClamR packagdv4.1.1)63] andit was
usedfor all datapresentedn the study(Fig 2).

Pollen analysis

Theanalysiof pollengrainsand Non-PollenPalynomorphgNPPs)hasbeencarriedout on
84 sedimentsamplesAmongthem,atotal of 64 samplehavebeenincludedin theresultstak-
ing into consideratiorthe minimum count per sampleof 200pollengrainsand50NPPsThe
meansamplingresolutionis 6 cm andthe meanchronologicaresolutionis 76yearsA known
amountof dry sediment(2.8+14g) for eachsamplevaschemicallyprocessedvith alternating
treatmentof HCI (37%),HF (40%)andhot NaOH (10%)([64], modified)in orderto remove
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mineraland organicmatterfrom the sedimentsLycopodium sporesvereaddedto estimate
pollen,NPPandcharcoakoncentrationg65]. Theidentification of pollenmorphologyis
basedn identificationliterature[64,66+70Jandreferencepollencollections Following[71],
pollengrainsof Quercus speciegregroupedinto: Quercus robur typeincluding all deciduous
oaks,Quercus cerris typegroupingthe semi-evergreenaksplusthe evergreem. suber and
Quercus ilex typewhereonly evergreerspeciegreincluded.Pinus refersboth to the Mediter-
raneanand montanespeciesAmong Poaceagerealdiavebeenidentified following [64, 72]
andtheyaresplitin Avena/Triticum, Hordeum groupand Secale, besideshosepollengrains
whosedeteriorationpreventedheidentification (Cerealiaype).Cichorieadgncludeonly pol-
len of the Europeartribe of Asteraceawith fenestratgollengrains[73]. Theidentification of
NPPsis basedn specificpublications([74+86];for theacronymsseg87]).

The percentag@alueshavebeencalculatedn differentpollensumsdependingon the
group.Thebasicpollensumincludesall the terrestrialspermatophytewith the exceptionof
Cyperaceather pollen,spore and NPPpercentagefCyperaceaanacrophyte®r aquatic
plants,indeterminablegrains ferns,greenalgaefungi, andall the others)havebeencalculated
asthe sumsof terrestrialspermatophyteand,in turn, eachgroupof considerecgalynomorphs
[88]. Theconcentrationvalueshavebeencalculategperweightunit of sedimentpollen
grains-NPRemains/ghencep-NPP/g).Theinflux valueshavebeenobtainedfrom the con-
centrationvalueson the basisof the sedimentatiorratesasinferredfrom the age-depthmodel
(pollengrains-NPRemains/cnf yearhencep-NPP/cm2y; [88]). Polleninflux data(i.e.the
amountof pollengrainsincorporatedannuallyperunit of sediment)is an estimationof the
plantbiomass.

Thepollendiagramshavebeenplottedagainstdepthandtime scalesisingthe TILIA pro-
gram[89]. All ArborealPollen(AP) andNon-ArborealPollen(NAP) taxawith values>2%of
thebasicpollensumhavebeenconsideredn the CONISSclusteranalysig89]. The OJC(Cas-
tanea, Juglans, Olea) groupis basedn [90], API (AnthropogenicPollenindicators:Artemisia,
Centaurea, Cerealigype,Avena/Triticum, Hordeum group,Secale, Cichorieae Plantago
undiff., Plantago lanceolata type,Urtica) follows[91] and PI (Pastoralndicators:Asteroideae,
Galium, Ranunculacead$ adaptedrom [92].

With the aim to studypastfire activity charcoaparticleshavebeenidentified and counted
in the pollenslidesThe charcoaparticleshavebeensortedin threedimensionalklasses
accordingto the sizeof their shortestaxis.Interpretationof the charcoaldatais accordingto
[93,94] wherefragmentsof 10£50um representegionalfire, fragmentsof 50+125:m indicate
fire occurredatlandscape/regionacaleandfragmentsof morethan 125um represengvi-
denceof localfire. Charcoainflux data(charcoals/criyearhencec/cm?2y) is basecbn con-
centrationvaluegcharcoals/ghencec/g) andis an estimateof the burnt biomass.

Results

Pollengrain preservatioris variableandthe numberof indeterminablegrains(brokenor
degradedyspandrom lesghan 1%to 18%.Themeancountof terrestrialspermatophytes,
Cyperaceaexcludedijs 215pollengrains/samplePollenconcentrationsrelow andrange
from 421(at 94cmb990 calyr BP)to 34,40Q(at 132cmb1580calyr BP)p/g. A total of 125
pollentaxahasbeenidentified,including 48arboreal 57 herbaceouand 20aquatictaxa.NAP
prevailsup to 84%of the pollensum.Percentagesoncentrationandinflux valuesof selected
taxaareplottedin Figs3and4.

Themeancountof NPPsis 939.Among 65taxarecognizedaselectiorbasedn their eco-
logicalvalueis providedin Figs5 and6. Concentrationf selectedNPPsvarybetweerl8(at
94cmb990 calyr BP)and11,20Qat21cmb110calyr BP)NPP/g.
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Fig 3. Results of pollen analysis of the study core from ancient Lake Lerna (Peloponnese, Greece). Pollenpercentagdiagramof arborealindnon-arboreal
selectedaxa.Curvemagnifiation 4x.

https://da.org/10.1371¢urnal.pon®271548.g08

Severpollenzonesandsub-zonespamedfrom LPAZ 1a(bottom) to LPAZ 3 (top), are
describedPollenzonationwasdeterminedoy CONISclusteranalysisandvisualinspection.
Agesareexpresseth calendalyearsBPandthe estimationis roundedup to the nearestLO
years.
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Fig 4. Results of pollen analysis of the study core from ancient Lake Lerna (Peloponnese, Greece). (a) Pollenconcentratim and (b) influx diagramsof
selectedrborealandnon-arboraltaxa.

https://da.org/10.1371durnal.pon®271548.g00

LPAZ 1: 486-202 cm, ca. 4760-2240 BP (2810-290 BCE)

LPAZ 1a: 486-374 cm, ca. 4760-3980 BP (2810-2030 BCE). Thesub-zonecorresponds
to the EarlyBronzeAgeandis characterisethy the progressivelecreasef AP.Concentration
islow butincreasesip to 15,60(0/g in the secondpart. The numberof pollentaxavariesfrom
29to 41.Arborealtaxaaredominatedby Quercus robur type(8+£34%)and Quercus cerris type
(2+15%) Quercus ilex type (2+8%)and Ericaceag0+5%)havethe highestvaluesamongMedi-
terraneartreesandshrubswhereasibies (max4%)and Fagus (max2%)representnontane
vegetationPinus is presentut neverexceed40%.Amongarborealynanthropicaxa,Olea is
presentfrom the bottom samplewith low percentagealueq0+£2%) whereagpollengrainsof
Juglans and Vitis aresporadig{max 1%).Herbsaredominatedby Asteroideag6+23%)and
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Fig 5. Results of pollen analysis of the study core from ancient Lake Lerna (Peloponnese, Greece). Pollenpercentagdiagramof selecte@quaticand NPP

taxa.Curvemagnifcation4x.

https://da.org/10.1371durnal.pon®271548.g08

Poaceaél+23%)Cerealpollenis presentfrom the bottom sampleand showsadecreasing
trend (Avena/Triticum: max2%,Hordeum group:max2%,Secale: max1%).At theendof the
sub-zonePlantago undiff. hasa peakreachingthe highestvalueof the core(35%).

MacrophytesarealsopresentamongtheseTypha angustifolia type(max5%)prevails.
Nonethelesthe sub-zones characterisethy the highestpresencef fernswithin the core
(monoletespores2+52%pyndby greenalgaeamongwhich Botryococcus hasthe highestvalue
(35%).Among NPPs Pleospora and Ustilago (max 2%)arepresentapeakof Glomus (6%)is
attestecatca.4120BP.Concentrationandinflux valuesof charcoafragmentsarequite low
(7,800+42,506/g and 1,700+9,000&/cm? y respectivelyjandthe fraction of fragmentdarger
than125um is absent.

LPAZ 1b: 373-259 c¢m, ca. 3980-2740 BP (2030-790 BCE). Thissub-zonecorresponds
to the beginningof the Middle BronzeAgeuntil the Earlylron Age.Thedecreasef AP con-
tinues,reachingthe secondowestvalueof the sequencél19%)at ca.3310BP.After that, AP
valuedncreasegain.Thepollenconcentratiorandinflux vary(1,200£22,400/g and 233+
6,100p/cm?y respectively)with asignificantincreaset ca.2950BP. Theidentified terrestrial
spermatophytesountfrom 23to 46taxa.Quercus robur type(max22%)and Quercus cerris
type(max12%)remainthe predominanttaxa.Apart from Quercus ilex type(1+7%) the Medi-
terranearvegetatioris representedby shrubssuchasjuniperus (max4%),Phillyrea (max2%)
and Pistacia (max2%).0lea (max7%)and Vitis (max2%)slightlyincreasen the secondpart
of thesub-zoneNAP is mostlydominatedby Poaceaé+37%)while Cichorieaghavean
abruptpeak(44%)at ca.3310BP.Cerealalmostdisappeain thefirst part of the sub-zone,
whereasn the secondpartthe presencef Hordeum group (max3%)is accompaniedby other
herbaceousynanthropicaxa(ApiaceaeCentaurea, Polygonum aviculare type,Sanguisorba
minor type).

Amongmacrophytesypha angustifolia typeincreasesip to 28% aswell asPotamogeton
(11%)and,especiallyt the endof the sub-zoneNymphea (36%).Fernsreducesignificantly,
in contrastto greenalgaeGlomus (0+11%)plsoincreasesfterca.3310BP,evenif the most
abundantNPPof this sub-zonds HdV-128(2+50%)Concentrationandinflux valueof
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Fig 6. Results of pollen analysis of the study core from ancient Lake Lerna (Peloponnese, Greece). (a) Pollenconcentratiom and (b) influx diagramsof
selectedquaticand NPPtaxaandcharcoals.

https://da.org/10.1371durnal.pon®271548.g06

charcoaremainlow in thelower part of the sub-zong434+72,706/g and 63+15,40@/cm? y
respectivelyandincreaseafter3310BP,whenthefractionlargerthan 125um is alsopresent.

LPAZ 1c: 258-204 cm, ca. 2740-2240 BP (790-290 BCE). Thesub-zonecovergheend
of the Earlylron Ageto the EarlyHellenisticperiodandis characterisethy arapid decreasef
AP (up to 30%).The pollenconcentrationasinflux, is verylow butincreasesip to 7,100p/g
afterca.2450BP.Thenumberof terrestrialspermatophytesariesfrom 31to 47.Pollenfrom
thermophiloustreesalmostdisappearsivhereadvediterranearforesttaxaincreaseslightly
thanksto the enhancegresencef Phillyrea (max6%)togethemwith Quercus ilex type (max
6%).The montanetaxaaremostlyrepresentedby Abies (max5%)and Betula (max1%),
whereainus increasesip to 22%at ca.2450BP.Among cultivatedtrees only Olea reaches
valuesaabove2%.Theappearancef Tamarix (0£2%)amongriverine plantsis noteworthy.
ThepredominantherbaceoutaxaarePoacea€l0+37%pnd,afterca.2450calyr BP,also
Cichorieagup to 31%).Plantago (1+7%)mainly accompaniethe frequencyof Cichorieae.
Cereabollendisappearafterca.2450BP.
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Typha angustifolia typeprevails(2+19%)whereasNymphea decreasemarkedlyand
reache®nly 1%.Fernsporesarewidely presentwhile greenalgaealmostdisappeagfterca.
2450BP;amongfungi, Glomus prevailsafterca.2620BP (1+15%)Thesmallestharcoalrag-
mentshavelow concentrationandinflux valueg764+14,200/g and 154+330@/cm? y respec-
tively) butincreasafterca.2450BP.Theamountof indeterminablepollengrainsreacheshe
highestvalueof the diagram(18%).

LPAZ 2:203-42 cm, ca. 2240-270 BP (290 BCE-1680 CE)

LPAZ 2a: 203-191 cm, ca. 2240-2120 BP (290-170 BCE). Thesub-zondsrepresented
by only two sedimentsamplesand showsthe highestAP percentagealueg87+89%jogether
with someof the lowestpollenconcentrationvalueg571+646/g) of the diagram.Thetotal
polleninflux tendsto zero.The numberof pollentaxais the lowestof the diagram(14).Arbo-
realtaxaaremainly representedby Pinus (53+55%pnd Abies (20+28%)the herbonesby
Cichorieagmax8%).Macrophytegercentagealuesarelow (max7%),in contrastto the
amountof trilete sporeq6+7%)and a peakof greenalgagZygospores35%).No fungal
remainsarepresentCharcoalkoncentrationandinflux tendto zeroandthe numberof inde-
terminablepollengrainsreacheshe lowestvalueof the diagram(<1%).

LPAZ 2b: 190-101 cm, ca. 2120-1130 BP (170 BCE-820 CE). Thesub-zonerepresenting
the LateHellenisticto the EarlyByzantineperiod,is characterizedby AP vs.NAP oscillations.
Total pollenconcentratiorandinflux (34,40(/g and 126+17,500/cm? y respectivelyhavethe
highestpeaksf the diagramat ca.1580BP.The numberof identified terrestrialspermatophytes
are23+38axa.The mostabundantarboreataxonis Pinus (1£40%)Although Quercus robur
type(6+20%)and Quercus cerris type (1+£9%)expand the numberof thermophiloustaxa
reducesQuercus ilex typeand Juniperus prevailamongMediterraneartaxa(reachingboth 6%),
whereasBetula (max1%)is presenamongmontanetreesin the secondoart of the sub-zone.
Betweerca.1840and 1480BP Olea reacheshe highestvalueof 23%and Juglans appeargmax
2%).NAP showsgthe dominanceof Poaceaesachingthe highestvalue(71%).Among other
herbs cerealandsynanthropidaxaaremostlyrepresentedArtemisia, AsteroideaeCentaurea,
Galium, Plantago undiff., Plantago lanceolata typeand Ranunculacea@nax15%).

Hydrophilousplantsalsoincreaseéetweerca.1840and 1480BP (Typha angustifolia type:
3+33% Typha latifolia type:0+20%)From bottomto top levelfernsreduce greenalgae
increaseand Glomus oscillateg0+19%)Amongthe other NPPsHdV-150(0+27%)}and HdV-
128(0+50%)prevailwhile Podospora (33%)and Ustilago (14%)havea peakatca.1920BP.
Concentrationandinflux valuesof charcoalabruptlyincreasen the secondpart of the sub-
zone(10,300+395,30g and 2,100+200,700cm? y respectively)the fraction 10+£50um
reacheshe highestpeaksandthelargeroneincreases.

LPAZ -2c: 100-42 cm, ca. 1130-270 BP (820-1680 CE). Thedecreasef AP upto the
lowestpercentag®alue(16%)characterisethe sub-zonespanningfrom the LateMiddle Ages
to the Ottomanperiod. Thepollenconcentrationspansrom 442p/g atca.990BP(i.e.the
lowestvalueof thediagram)to 11,5000/g in the succeedindevel. The numberof terrestrial
spermatophytesgariesfrom 22to 42. Pinus showssignificantoscillationg1+31%)andther-
mophiloustaxadecreas€Quercus robur type:max7%,Quercus cerris type:max3%).Worth
mentioningis the expansiorof Betula (max4%)andthe presenc®f Fagus (max1%)among
the montanevegetationOlea stronglydecreasel3ut Castanea and Juglans arenow attested.
NAP is dominatedby Poacea€21+54%)while Cichorieaevaluedncreasevithin the sub-zone
(3£24%).

Amongmacrophytesheincreasef Typha angustifolia type(max55%)and Typha latifolia
type(max44%)characterizethefirst part of the sub-zonewhereasilisma (max9%)expands
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in the secondpart. Apart from the continuousincreasenf greenalgae Glomus presentscil-
lating peakgmax44%)and Podospora (max11%)is attesteduntil ca.450BP.HdV-150isthe
mostabundantNPP.In the sub-zonghe highestpeakin concentrationof the smallesthar-
coalfragmentg436,60@/g) is found at ca.330BP;the fraction 50+125um alsoincreases.

LPAZ 3: 41-0 cm, ca. 270 BP-present

TheuppermostpollenzoneshowsincreasingAP valueauntil ca.110BP.Total pollenconcen-
tration andinflux arelow (702+4,00p/g and89+60%/cm? y respectivelyandthe total num-
berof pollentaxavariesfrom 17to 30.Pinus reacheshe highestpercentagealueof the
diagram(60%).Thermophiloustaxaprogressivelgecreasep to 2%and Mediterranean
shrubsexpand(Phillyrea: max9%,Juniperus: max7%).NAP is mainly characterisetyy the
exponentialyrowth of Cichorieag8+48%).

Thereductionof Typha angustifolia type (1+£25%) Alisma (0£11%)nd Typha latifolia type
(0£5%)amonghydrophiloustaxais accompaniedby the exponentiaincreasef Glomus (0
48%),Coniochaeta cf. ligniaria (0£35%)and Conidia (0£42%)The concentrationandinflux
valuef charcoafragmentsconstantlyincreasd7,200+254,106/g and 906+35,206/cm? y
respectivelyandthe highestpeakf thefractionlargerthan 125um arefound.

Interpretation and discussion
The Early Bronze Age (5150-4000 BP)

ThelLernasequencstartsduring the mid-Holocenewith aprevalencef pollenindicating
thermophilousvegetationrepresentinghe mixed deciduousoakwoodlandof the Peloponne-
sianuplands(Fig 7). It wasdominatedby deciduousQuercus togetherwith otherthermophi-
loustreesuntil ca.4300BP.Thehigh degreeof forestcovermight berelatedto increased
moistureasalsotestifiedin the Mavri Tryparecordfrom 4700to 4400BP[95] aswell asin the
AegearSedor the period 5400£4308P[96,97] andin the southernMediterranearfor
5000£460@P[98]. Thiswetphasdnterruptedthe generahridity trend reportedfor the
wholeBalkanshasedn acompilationof severapalaeoclimateecordsfrom the Balkanpen-
insulaandthe AegearSed99]. Pollenof Quercus ilex typeand Ericaceaeepresentyegetation
of thelowlands wherethe openMediterranearforestin associatiorwith shrublandsvaswide-
spreadMontanetaxaarepresent(Abies, Fagus) andreferto thealtitudinal forest,which nowa-
daysis spreadon the highestmountainsto the north and eastof the studyareaandis mainly
composedf Abies cephalonica and Pinus nigra. Notably,the Peloponneses outsidethe pres-
ent-daynaturaldistribution of Fagus, whosefindings aresporadidan our core(Fig 3).

Thelithologicalsequencshowspeatydepositsat the verybottom of the corecombined
with the highestTOC valueqFigs2 and 7). At the sameime, high sedimentatiorrateis
inferredfrom the age-depthmodelandlow pollenconcentrationsareattestedAlthoughthe
presencef Botryococcus remainsindicatesdepositionabkettingsaffectedby freshwate100],
the contemporaryscarceamountof otheraquaticplantsandthe abundancef Cyperaceae
showghatthis part of the basinwasafenwith marshvegetatior(Fig 4). Thesameenviron-
mentalconditionsareattestedca.1 km SWof our coring siteby paleoenvironmentadlataof
[29] but differ from the vegetatiorreconstructionprovidedby the previousstudyof Jahns
([13] andFig 8). This suggestkcalconditionswhich werenot widespreadhroughoutthe
ancientlake.Nowadaysfenis presentn the studyarea.

Cerealarepresenin highamountsfrom the bottomto ca.4190BP(Fig 7). Theyarelow
pollen-producersandtheir abundanceestifieshe wide extentof cultivatedfieldsin the plain,
probablypertainingto nearbyancientsettlementssuchasthe EarlyBronzeAgesettlement®f
KephalariMagoulasituatedby the shoreof LakeLerna,and Argosalongthe InachosRiver
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Fig 7. Comparison between pollen and geochemical data of the study core from ancient Lerna, Peloponnese
(Greece). Pollenpercentageiagramof ecologicagroupsandotherindicators(OJC API, Pl; see83.2) plottedagainst
ageandalignedwith geocherital data[34]. For moredetailson the stablehydrogen isotopeanalysigeferto the
original publication.Montane:Abies, Betula, Fagus, Picea; Thermoghilous: Buxus, Carpinus betulus, Corylus, Fraxinus
excelsior type,Hedera, Ostrya/Carpinus orientalis, Quercus robur type,Quercus cerris type, Tilia, Ulmus,
Mediterrarean:Cistus, Fraxinus ornus, Pistacia, Phillyrea, Quercus ilex type,Rhamnus. Wetlandphasestthe coring
siteandlandscap changedn the Argive Plainaresummarisechere.

https://abi.org/10.1371durnal.por.0271548.907

[101].An overallhigh humanpressuren the Argive Plainis testifiedby archaeologicavi-
denceconfirming the growth of socio-economicomplexityduring the EarlyBronzeAgell
period(ca.2650+220BCE/4600-4158P),not only atnearbylLernaand Tiryns but acrosghe
wholeof southernGreecd38]. Other primary anthropogenidaxa,including Olea and Juglans,
attesttherole of cultivationin thelocaleconomy(seethe archaeobotanicalssemblagat
Lernain [102,103]),confirming the earlystepsof managemenandcultivationin the Pelopon-
nesethatarearguedio havestartedin the EarlyBronzeAge(from ca.5200BP)[104+106]In
this framework the low frequencyof Olea pollenasalreadyattestedy [13] (Fig 8), compared
to otherrecordsof the Peloponnesée.g.Kleonai;[30]) and Attica (e.g.ElefsisBay;[107,108])
(Fig9), couldbetied to the scarcityof availabldandsfor olive growth sinceour recordshows
thatatleastpartsof the Argive Plainwasmainly usedfor the cultivation of cerealsat thattime
(Fig 3). It isworth noting that a similar low amountof olive pollengrainshasbeenrecordedat
LakeLernain the coringsiteof [29]. Coprophilousand carbonicolougungi togetherwith
charcoafragmentsndicatestronghumanpressureMoreover the presencef cropfieldsis
confirmedby the occurrenceof Ustilago, a parasiticfungusconnectedo cerealshat mayhave
benefittedfrom thewetenvironment[109+111)Fig 5).

From ca.4190to 3980BP,correspondingo thefinal centuriesof the EarlyBronzeAge,a
newphaseof sedimentationn this part of the basinis attestedy the depositionof gyttjasedi-
ments(Fig 2),andthe pollenand NPPconcentrationandinflux fluctuate(Figs4 and6). The
stablehydrogenisotope(3D,3) recordfrom the LakeLernasedimentsevealghatthe Argive
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Fig 9. Comparison between pollen sequences from the Peloponnese and southern Greece. Pollenpercentag
diagramof selectedaxafrom ancientlLakelerna(presenttudy),Vravronwetland[2, 130,188],ElefsiBay[96,107],
Kotihi lagoon[2, 121].For API groupsee83.2.

https://abi.org/10.1371durnal.por.0271548.900

Plainwascharacterisethy avariableprecipitationregimefrom ca.4600to 3900BP,with alast-
ing dry phasehat startedat ca.4120BPand correlatedwith the onsetof anarid phasen the
ElefsisBay(SaronicGulf; [96]) (Fig 7; detailsaboutmethodsof the isotopicanalysisanbe
foundin [34]). Dry phasesrealsoidentifiedin the stableoxygenisotoperecordsfrom Mavri
TrypaCave(from ca.4400BP)andAlepotrypaCave(from ca.4200BP)[95,112].Many rec-
ordsfrom the EasterrMediterraneargenerallyshowmore arid conditionsin theinterval
from approx.4300to 3800BPalthoughtherearelocalvariations[113]. Despitethe evidenceof
lower precipitationduring this time period our sedimentrecordindicatesa shiftto deeper
waterconditionsat our coring site,asseenby decreasef peatyelementsn the gyttja. Thepol-
lendepositionincreasedernsalmostdisappeaafterreachinga peakin concentrationand
sedgevegetatiorstartsto expandasshownby influx valuesAll this evidenceseemdo suggest
thattherewasavegetatiorshift atthe coring sitelinked to a progressivelyncreasedvater
table.Speciesf Poaceadiowevercangrowin differentenvironmentsandcouldrepresent
eitheralacustrinevegetatiorbeltof Phragmites (commonreed)andotherhygrophilous
grassesr dry meadowsandgrasslandg~ig 7). In this portion of the sequenc®oaceaarein
agreementwith theincreaseof Asteroidea@swell asof Plantago, agroupof herbscharacteris-
tic of footpathandruderalcommunities[114]whosepollenreaches peakat ca.3980BP
(2030BCE)(Fig 3). The counterintuitivenatureof anexpandingakeduring drier climatic
conditionsseemsdo indicatehumanmanagement.

Thesettlement®f LernaandKephalariMagoulacontinuedto beoccupiedduring this
periodbut the valuesof cereabpollendecreassuggesting contractionof cereafieldsin the
vicinity of the coring site.A reductionof activity coincideswith agenerakeductionof site
numbersin the Peloponnes&om thelateEarlyBronzeAge[3]. Settlementsemainedgener-
allysmallin sizeandit is reasonabléo supposehatthe Argive Plainwascharacterizedby less
intensiveland use mainly focusedn grazingactivities asattestedy the peakof API repre-
sentedoy Plantago.

The Middle and Late Bronze Age (4000-3150 BP)

An increasef humidity is visiblein the 8D,z recordfrom ca.3900BP.Speleothendataof the
Peloponnesalsoindicateawetterphasdrom thelaterphase®f the Middle BronzeAge,as
evidencedn the Mavri TrypaCave(ca.3800£355@P;[95]) andin AlepotrypaCave(3900+
3700BP;[112]).In the pollenrecordCyperaceamcreaseagainstartingfrom ca.3860BP
whilethermophiloustreesprevailin the uplandsuntil ca.3720BP.Despitethesewettercondi-
tions,thereis anoveralldeclinein AP atthe sametime asPoaceaandPl increasauntil ca.
3600BP.Thisindicatesthat pasturelandexpandecdhtthe expens®f the Mediterranearforest
in thelowlandsshapingthe landscap®f the Argive Plainstartingfrom the Middle BronzeAge
(Fig7).

Thefirst half of the LateBronzeAge,from ca.3600to 3310BP(correspondingo 1650+
1360BCE),is characterisethy wetterconditionsboth locallyin Lernaasindicatedby 8D3
record(especiallga.3400+3208P)andin the Peloponneseé\orth Aegeanand Anatolia[95,
115+117]Despitethesegenerallywetterconditions,uplandthermophilousvegetatiordeclines
significantly,accompaniedby theincreasenf Mediterraneartaxain thelowlands(Fig 7). A
cleardeclinein AP is generallyattestedn southernGreecdrom 3600to 3400BP[3]. The
expansiorof Mediterranearshrubsat the expensef thermophilouswoodlandsasaresultof
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theintensiveuseof thelandscapédor economicactivities s alsoindicatedby other palynologi-
calrecordsfrom the Peloponnesée.g.Akovitika, Aliki lagoon KiladhaBay,Kleonai,Kotihi
lagoon;[30,118+121hswellasfrom Messolonghin the Gulf of Corinth (e.g.Klisovalagoon;
[122]). Thesechangegorrelatewith aperiod of socio-economi@xpansiorin the Argive Plain
during the LateBronzeAge,with significantactivitiesat Lernaand Argosandwith theemerg-
ing palatialcentresof Mycenaeand Tiryns takingaleadingrole[123,124].Apart from the
slightincreaseof cereapollen,the highestpercentagealuesof Pl confirm therole of human
communitiesin openingup thelandscape-Humanimpacton the vegetatioris alsoindicated
bytheincreasegresencef manyherbsassociatewith humanactivitiesotherthan API (e.g.
ApiaceaeBrassicacea€aryophyllacead)-ig 7). Theseplantscanbefound in pasturesand
fieldsbrowsedor cultivatedfor fodder[125],whereanimaldungis abundant.Significantly
coprophilousfungi arepresentn thistime interval,andthe combinedevidencesuggestthat
the plain wasdevotedo agro-pastorafictivities(seealso[126]). The dramaticincreasenf
Cichorieag44%)amongAPI atca.3310BP,probablyreferredto an eventof surfacerunoff
during heavyrainfall, confirmsastrongcomponentof herdingpracticegFig 3), whichis also
consistenwith textualrecordsof large-scalsheepherdingto providewool for palatiallyorga-
nisedtextileproduction[127]. After 3310BPthe OJCcurvestartsto increasedueto the spread
of Olea and,to alesseextent,of Juglans confirming the expansiorof treecultivationandsug-
gestinghe onsetof olive grovesowardsthe seconchalf of the LateBronzeAge(Fig 7). 1t is
worth mentioningthe peakof Olea around3150BP(1200BCE).Dueto the uncertaintyof the
chronology the samplecoverswo centuriesfrom 3254to 3050BP.Thistime frameis one
hundredyearseforeaswell asafterthe destructionof the palacesndthe breakdownof the
palatialeconomiestca.1200BCE.Giventhe earlieronsetof Olea cultivation, the scaleof the
palatialeconomies@ndtherole of olive oil on palatialdocumentatior]128],it seemdikely that
the peakshouldbepositionedduring the final phaseof the palatialperiod,indicating signifi-
cantolivecultivationon the Argive Plainat thetime. Nonethelesshe anthropogenidootprint
for treecropsduring the Mycenaearperiodis quite weakat LakeLerna,bothin thisand
Jahnstecord[13], if consideringthe archaeologicatvidencdrom the Argive Plainitselfand,
morein generalfrom southernGreecgFig 8). At Tiryns the studyof archaeobotanical
remainspointedout the well-establishedxploitationof olivetreeg16]. In southwesterriPelo-
ponnesehe pollenrecordof Gialovalagoon closeto theimportant palatialcentreof Pylos,
showshattheincreasen Olea pollenstartsduring the LateBronzeAgeand suggestthe
expansiorof cultivatedtreesin the coastaplain [129]. Consideringall this evidenceit is feasi-
blethattheimportant but weaksignalof olive cultivationat Lernaduring this time originates
from alesswidespreadistribution of olive grovesn the Argive Plain(cf.[2]). A similartrend
in Olea expansioris recordedat the coastalvetlandof Vravronin Attica, wherethe nearby
settlemenexponentiallygrewduring Mycenaeanimesbut a clearsignalfor cultivationstarted
afterthis period[130].

Fromca.3310to 3150BP(1360+120BCE)thereis anabruptincreasen the macrophytes,
mainly Typha angustifolia type,togetherwith NPPsgrowingin shallowwater.8D,3values
reveaklimaticinstability with increasinghumidity aftera shortperiod of dry conditionsand
TOC alsoincrease$Fig 7). In the sedimentsuccessiothis periodis representedby gyttjawith
areducedpresencef silty mineralstransportedwith other sedimentsy flowing water(Fig 2).
The expansiorof aquatictaxarevealghat the waterdepthin the coring siteincreasedTheevi-
dencefor changeén sedimentatiorandlakeproductivity,in particular,seemgo suggesthe
reductionof flow dynamicfrom the tributariesof the ancientlake.Large-scalenodifications
that couldhavealteredthe freshwateflow areknown for the Argive landscapeluring Myce-
naeartimes,suchasthe constructionof agriculturalterracegto expandcultivability and
securevateravailabilityon slopingground), the rerouting of ariver nearTiryns andbuilding
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of damsatMycenaeand Tiryns[131]. Thelatterlargeprojectsin the easterrpart of the plain
showthe ability of the Mycenaearsocietieto regulatewater,andthe hydrologicalcircum-
stancesiotedin the presentstudycouldindicatethat Mycenaeamanagementf the western
plain,andperhapof Lakel ernaitself, mayhavebeenmore advancedhanwhatis currently
known.Regardlessf the causethe appearancef macrophytebetweerthe lacustrinevegeta-
tion testifieso alocalpalaeoenvironmentalhangehat modified the characteof thewetland
until moderntimes.

The end of the Late Bronze Age and the Early Iron Age (3150-2650 BP)

ThelLernadD,3valuedndicatewetterconditionsfrom the endof the BronzeAgeandduring
theEarlylron Age,asalsorecordedin somePeloponnesianecords[132+134pndin North
Aegear]{117].Howeverpother Peloponnesiaand EasterrMediterranearrecordsshowa
stronglyoscillatingpatternwith generallydrier conditionsinterruptedby abrief wetperiod
betweerB000+£2908P[112,116],ca.2800BP[135],andca.2800and 2650BP[136], or
insteadasignificantarid and/or cold phasahroughoutthis period[115,133,137].After a
declineof macrophytestca.3040+2958BP(1090+ 1008 CE) the pollendiagramprofilesa
pronouncedpeakof aquaticplantsaround2880+2748P(930+79MCE),primarily repre-
sentedoy Nymphaea (waterlilies) (Fig 5). Nymphaeaceaareleaf-floatingplantsfrom stagnant
environmentgypicalof pondsandcanalsvherethewatercolumnis beyondl.5m of height
[25]. Therapid spreadbf theseplantssuggestdeepematerconditionsand,consequentlythe
growingsizeof thelake.This changanayclearlyhavebeendriven by increasedrecipitation
asrecordedby the 6D 3 record.Giventheinconsistencypetweerthedry trend attestedy the
regionalclimaterecordsandthelocalwetconditions,otherdriverscannotbeexcludedsuchas
humanactivitieschangingthe flow dynamicsinto the lakeand creatingpermanentvatercon-
ditions. Asfar asweknow, suchevidencéhasnot beenarchaeologicallgonfirmedfor this
period.

At ca.3090+262BP (1140+67BCE)theincreasef thermophilousandmontanetreepol-
lentestifieso anewexpansiorof deciduousmixedandaltitudinal foresty(Fig 7). Thisrefores-
tation couldbelinked to wetterconditionsaswell asto lowerlevelsof humanactivity during
thepost-palatiaperiodandthe Earlylron Age[39]. Thepresencef Betula in the pollencatch-
mentareaof LakelL ernais noteworthy(Fig 3) beingalreadyattestedn the Janhstecord[13].
Its distribution is limited todayto the mountainsof northeasterrandcentralGreecq138].
Nowadaysonly B. pendula (silverbirch) is presentin Greecebeingmoretolerantthanthe
otherspeciedn termsof temperatureandhumidity [139,140],evenif its southernlimit
appeargo besetby the summerdrought[141]. During the Holoceneandsincerecenttimes
Betula occuredsparselyn pollendiagramsrom the southernBalkange.g.ElatiaMire, loan-
nina, LakeDojran, LakeOhrid, LakePrespal.akeSkodralivaditis;[11,142+147])Its attes-
tationin centralGreecde.g.Klisovalagoon LakeKopais,LakeStymphalia[122,148,149])
confirmsthattheregionis the southeasternmogtoundaryof the expansiorof birch in
Europe It is possiblehat someuplandvalleysof the Peloponneseould haveplayedarole of
refugiafor Betula and possiblyothertemperatdreesin the otherwisewarm Mediterranean
region[150].

Archaic, Classical and Hellenistic period (2650-2096 BP)

A progressiveleclineof thermophiloustaxaandthe concurrentincreaseof Mediterranean
treepollenarerecordedbetweerca.2620and 2240BP (670+29@CE),from the Archaicto
the earlyHellenisticperiod. Cyperaceapercentageandconcentratiorvaluesalsodecrease
from ca.2740BP.At the sametime arid conditionsaresuggestedly the 8D,z recordfrom ca.
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2590BPonwards(Fig 7). A similar climatictrend is recordedby someregionallacustrinerec-
ords[134,151]andin North Aegeari117],but otherrecordsfrom the Peloponnesandsouth-
westernAnatoliasuggesthe prevalencef wetterconditionsafterca.2450BP (500BCE;[95,
112,116,133]).Evenif climatecould haveinfluencedthe vegetatiordevelopmenbf the
ArgivePlain,theforestdeclinecould alsobelikely explainedhroughincreasinghumanpres-
sureon the landscapéseethe LateBronzeAge,above) evidentnot leastthrough archaeolog-
icalfield surveyzarriedout in northeasterrPeloponnesgl52+154]Mediterranearplants
might havedominatedasthe resultof land degradatiorwhich causedhe expansiorof ever-
greenshrublandqseePhillyrea; Fig 3).

API showageneralncreasdFig 7): cerealswhich showa continuouscurvesincethe Early
Iron Age,reachapeakaround2450BPcorrespondingo aperiodof populationexpansiorin
northeasterrPeloponnesaswell asof continuoushabitationat Lerna[2, 42,154].Thecon-
currentoccurrenceof weedge.g.Polygonum aviculare type;Fig 3) andthe parasiticfungus
Ustilago (Fig 5) confirmsthe presencef cropfieldsin theareaduring the Archaicperiod.
After ca.2450BP theincreaseof Cichorieaeand Plantago, aswell asthe presencef Poaceae,
suggesthe prevalencef pasturelandsSuchchangesnayreflectchangingpatternsof land use
connectedvith the Lernasettlementwhich continuedto flourish throughoutthe Classical
andEarlyHellenisticperiod[42]. At the sametime, Argosbecamemoredominantpolitical
forcein theregionand mayhaveinfluencedagradualchangeawayfrom subsistenceultiva-
tion sincethelocalfarming seemgo havebeenmoreintegratedwithin anewregionaleco-
nomic framework.Theslightlyhigherpercentagesf the OJCgroupwouldfit sucha picture
quite well,but alsopossiblymatchesa broadershift towardsolive cultivation during the late
ArchaicandClassicaperiodin Greecd3,118,119,121,130,155](for the economicback-
groundsed1]) (Figs7 and9). During this period,the previouspalynologicaktudy[13] shows
themainincreasen Olea pollenof the entire sequencérig 8) andhasbeeninterpretedasan
attestatiorof the developmenbf arboriculturein the studyarea.This differencecanbe
addressetb the differentlocationof the coring sites On the otherhand,acritical evaluation
of theradiocarbondatesrom the bulk sample®f LakeLernashouldbedone.Althoughany
ageoffsetbetweerdateson bulk andthoseon plant macrofossilfiasnot beencheckedthe
impactof ahardwatereffecton the claysediment®of the lakeis evidentfrom aradiocarbon
agereversakhownby [34] and,morerecently from the chronologicalssuestressedby [29].
Theorganic-richsedimentsnsteadhaveshownto bein properstratigraphicorderwithin the
sequencdn the middle sectionof the Jahnstorean agereversabccurredaswellandthe
inversedatefrom claywasexcludedseep. 1910f [13]). Consideringthe validity of the age-
depthmodelof [13], wemayarguethat alowersedimentatiorratemight haveplayedarolein
the previouscorelocationproducingadifferenttiming for the expansiorof olive cultivation
in comparisonwith our record,whoseOlea peakis ca.1000yeardater (see85.5).Theappear-
anceof Castanea around2360BP (410BCE)correspondso the economicexploitationof such
plantin Greecetraditionally datedto the Earlylron Ageandincreasedrom 500BCE[1, 156]
(Fig 3).

SincePinus pollenincrease$rom the end of the Earlylron Ageonwards wecanarguethat
the openingup of oakwoodlandsandthe intensificationof land useattestedn our record
contributedto the spreadof pinewoodsThis progressiveeplacemenhasalreadybeen
observedn previouspollendatafrom LakelLerna[13] (Fig 8). Moreover,severapalynological
sequencesom the Peloponnesée.g KiladhaBay,Kleonai,Kotihi lagoon;[30,118,121])and
Attica (e.g.Marathon;[21]) havestressedhe expansiorof coastapinewoodsrom ca.3000
BP(Fig9). Theslightlyhighersedimentatiorrateinferred from the age-depthmodel,the con-
tinually decreasingolleninflux from ca.2740BP,andtheincreasef erosionindicatorsallow
usto hypothesizehatthe sedimeninfill increasedn the basin(Figs2,4 and5). Suchaprocess
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wasprobablydueto continuedepisodesf erosioncausedy the combinationof potential
localaridity with the expandingand use[157,158]. The downwashof sedimentsnto the lake
culminatedaround2360BP,whenthe peakof Cichorieaeconcentrationaccompaniegbri-
marily by Poaceaagttestdo the transportof pollenfrom pastureandmeadowgFig4). The
samenterpretationmaybeappliedto the amountof degradedcandindeterminablepollen
grains(up to 18%).Indeed,mostwidespreadretheincrementalcolluvialdepositsalongthe
foothills of the peninsulafrom north to south[15, 159].Interestingly asimilar high sediment
accumulatiorrateis recordedn this periodat LakeKournas(Crete)evenif the lakeeutrophi-
cationherepostulatedby increasingof algalremainsis not attestecat Lakel erna[126]. The
renewedspreadof Typha angustifolia typein our sitecanhint at somechange®f thewater
environmentandit maybeseerasaresultof halophytichabitats astestifiedby theappearance
of Tamarix amongriverine plants(Fig 3).

Still within the Hellenisticperiod,howeverfrom ca.2200to 2120BP(250+17BCE)the
highestAP percentagearerecorded producedby adramaticincreasen Pinus and Abies,
while all the othertaxadisappeawith the exceptionof somegrainsof CichorieagFig 7). The
drop of pollenvariabilityis confirmedby the total pollenconcentration(Fig 4) and corre-
spondgo alithologicalphaseof pureclaysedimentswithout anygyttjaor silty propertiesas
in the otherlayersof the Lernacore(Fig 2). Theinput of materialfrom the ErasinosRiver
would havemainly transportedpollenof pine andfir from the Argiveand Arcadianmountains
on thewestratherthanfrom thelocalenvironment.ln addition, the pollenmorphologyof
bisaccatgrains(Pinus and Abies), aswellasof Cichorieag160], would haveresultedn the
selectivgreservatiorof pollentaxa.A similar but lessabruptpeakof pine andfir pollenin
correspondencwith claysedimentss alsopresentin the previoussequencérom Lerna
around2200BP(Fig 8). Suchevidencepossiblyreferringto the sameeventin boththe cores,
mostlikely marksan erosionakevent:aflood might havemovedsedimentsrom degraded
areasespeciallyn the highlands Analogousdatafor pine wasinterpretedasadepositional
effectin the mid-Holocenerecordof the Klisovalagoon(westernGreecef122]).

This erosionakventcoincidesn time with aseverary peakin thedD,zrecordatca.2200
BP,afterwhichrelativelyhigherhumidity is establishe@lthoughconditionsgenerally
remaineddrier comparedo other partsof record(Fig 7). Drier conditionsaround2200BP,
followedby climaticinstability,areattestecdoy somepalaeoclimat@roxiesfrom the surround-
ing mountainousareag133]andfrom North Aegear{117],whilein otherPeloponnesiaand
EasternMediterranearrecordsoverallwetterconditionsarebriefly interrupted by drier con-
ditions aroundtheinterval2000+1908P[95,112,116,136].The erosionakventcorresponds
to thereductionin demographigressureandto thediscontinuityin the occupationof settle-
mentsreportedby archaeologicaurveyq153]. Sincepalaeoclimatdasbeenarguedto bean
amplifierfor landscapénstability primarily causedy humanactivity[161,162],our evidence
suggestaconcurrentrole of climateandfield abandonmentin the soil destabilisation
throughoutthe studyarea.

The Roman period (2096-1620 BP)

Fromthe earlyRomanperiod,the decreasind ernaséD,3 valuegestifyto increasingprecipita-
tion for the period 1900+ 1458P (50+500CE) (Fig 7). Apart from the NAO influence[163],
colderandwetterconditionsweregeneratedn the northeasterrPeloponnesby the NCP
whichledto the highersea-effegbrecipitation[164,165].Increasednoistureis recordedn
manyPeloponnesianecordg95, 133,151]aswell asin southwestermnatolia[116]through-
out or within the2000+1508Ptime frame.This climatic evidencecoincideswith aforest
regeneratiorpatternin the Argive Plainsincethe highestarborealcoveris recordedin the
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intervalfrom ca.2010to 1660BP (60 BCE-290CE),with the exceptionof the eventddriven by
Pinus. Pioneerntaxaexpandegrecedinganewincreasef deciduousbakpollenfrom ca.1840
to 1660BPaccompaniedby the occurrenceof montanetaxa(Fig 7). Suchavegetatiortrendis
in line with high AP valuesobservedlsoat other sitesin the Peloponnesée.g.Kleonai,Kotihi
lagoon;[30,121])andin southernGreecesites(e.g.ElefsiBay Klisovalagoon,Vravron;[107,
122,130]),aswellasin Greeceoverallca.2000+1508P[3]. Sincethe reductionof thenumber
of recognisegollentaxa,the low valuesf pollenconcentrationandinflux andthe presence
of erosionindicators,theincreasecgbundancef pollenfrom woodlandsand highlandscould
havebeencausedy more sedimentnflow from the ErasinoRiverdueto enhancedainfall,
ratherthanby the growth of plantbiomasgFigs4 and5).

Theperiodalsocorrespondsn time with evidencdor land usechangesAlthoughcereal
pollenshowscontinuity, the percentagesf Pl and coprophilousfungi reveathatthe land-
scapavasmainly shapedy pastoralctivities(Fig 7). At the sametime the numberof sites
occurringin the LateHellenisticto Early/Middle Romanperiod (ca.150BCE-300CE)in the
Peloponnesesducesesultingin adifferentspatialconfigurationof agriculturalland use
[152+£155]166]. Thesmallsettlementat Lernaalsoseemso havebeenabandonedfterca.170
BCE[42]. It isthuspossiblehatland usestrategiesvereincreasinglydriven by landowners
probablybasedn Argosatthistime, andthatthis reconfigurationof land usealsofavoured
forestregeneration.

Olea progressiveljncreasesndreache23%around1660BP(290CE) (Fig 3). A similar
spreadof olive hasbeenalsofound at LakeKournas(Crete)in the sameperiodasatLerna
[126].High percentagealuesof Olea pollenhavebeenviewedto berepresentativef intensive
andnearbycultivation by studieson soil samplegrom modernolivegroveq167]andmoss
polstersn thewesternPeloponnesgl29]. On the contrary,an ongoingstudyof two newcon-
temporarypollensequenceom Gialovalagoonsuggestthat Olea pollenis morerepresented
in the sequencérom the lakeratherthanin anothercorefrom the nearbypeatlandMartina
Hattestrand unpublisheddata).For all thesereasonspur dataprobablytestifiesthe expansion
of olive cultivationin the entire Argive Plainduring the Romanperiod.Previouslythe pres-
enceof olive pollenwasattestedn adecreasingrend with respecto the highervaluesof the
ClassicahndHellenisticperiod ([13] and Fig 8). In this respectve havealreadyhypothesisea
differencebetweerthe newandtheold recordfrom LakeLernadueto localconditionsof the
coring sites(see85.4) Juglans, andwith alesseextentCornus and Corylus, alsoappeain our
recordduring this time frame(Fig 3) and seento suggesthe advanceof fruit-tree horticul-
ture, asalreadystressect Vravron and ElefsiBBayin Attica andatthe Klisovalagoonin Mes-
solonghi[107,122,130].Palaeoenvironmentand historicalstudiesn Greeceaswellas
Anatolia, highlightingthe Romanuseof plantinglarge-scalelive grovesn coastalowlands
ratherthanto uplandvalleysarenow supportedby the Lernadata[105,107,168].On the
otherhand,agenerafeductionin the occurrenceof Olea throughoutsouthernGreecds
attestedduring the LateHellenisticandRomanperiod (e.g.[1, 3,122,130]),correspondingo
the prevalencef cereakultivationin generalFig 9). As alreadyindicatedby severakcholars
[2,166,169],the Romancontrol on land usein the Peloponneserasbasedn lowlandcultiva-
tion regimesdirectedtowardsthe mostmarketabldood products(including oil, wine,and
grain) mixedwith extensiveagro-pastorastrategie$or localproductionand consumption
[153].

Byzantine and Medieval period (1620-487 BP)

At the beginningof the LateRomanperiod (alsodefinedEarlyByzantine)the decreasef
3D,z valuecontinuesandthe lowestvalueis recordedat ca.1480BP.The lakesedimentshifts
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to gyttiaand TOC increasesuggestingake-likeconditionswith enhancegroductivity (Figs
2and7).Around 1580BP(370CE)adramaticincreaseof Poaceapercentagandconcentra-
tion togetherwith apeakof Typha angustifolia typeconcentrationarerecordedandfollowed
by peak=f concentrationf greenalgaeand NPPsgrowingin shallowwater(Figs3,4 and6).
This evidencdestifiesto increasingvaterdepth,possiblydueto the wetterclimateconditions,
correspondingo the expansiorof reedvegetationThe steadyincreaseof charcoakoncentra-
tions confirmsthe extensivéand useboth atalocalandregionalscale The cultivation of olive
remainsimportant astestifiedby the peakin concentrationand,in associatiorto the presence
in the plain of rural structuredfor oil production[47], revealghatthe olive cultivation contin-
uedto bealargecomponentof the landscap€Fig 4). Thishumanpressuras alsotestifiedby
archaeologicakemainsproviding evidenceof the intensificationof building activity at Argos
in LateAntiquity [47,48].

During the EarlyByzantineperiodfrom ca.1480to 1120BP(470+83CCE)theincreasing
percentagandinflux valuesof Pinus and Quercus robur typeevidencehe expansiorof both
pinewoodsand oakwoodsn the Lernapollencatchmeniarea The Olea curvedisplaysasevere
drop andPI significantlyincreasespgethemwith Artemisia, Cichorieaeand Plantago undiff.
Amonganthropogenidndicators(Figs3 and4).In addition,the archaeologicavidencdesti-
fiesto the shift of humanoccupationtowardsthe coastalthoughsmall-scaléuilding activity
andamixedfarming andherdingpracticeareattestedhroughoutthe entire Argolis[46,47,
51,170].Therefore pollenandarchaeologicalatapoint out areducechumanpressuren the
uplandsandamorelocalfood productionin the plain, whereolive grovescontractedand pas-
turelandsexpandedollowing the collapseof the EasterrRomancontrol on the Balkans.

Apartfrom thedecreasén olive cultivation,which wascausedy the contractionof eco-
nomic activitiesin the Argive Plainduring thesecenturiespur recordseemso suggesthe
relationshipbetweerreducingprecipitationandincreasingpastoralisnin the Peloponnesas
postulatedcby [2]. Asamatterof fact,the LernadD,3recordshowsareversabf the previous
trend towardswetterconditionsandoutlinesdrier conditionsexactlyatca.1450+1108P
(500+£85CCE) (Fig 7). Thistrend is in agreementwith otherlacustrinerecordsfrom the Pelo-
ponnesd133,135]andis parallelecby EasternMediterranearrecords[115,116,171+173],
with fewexceptiong168]. Notably,the speleothemssedfor climatereconstructiongrom
both Mavri Trypa(ca.1300BP/ 650CE)andKapsiacavegca.1100BP/ 850CE) stopgrowing
within thistime frameatatime of recordingveryarid conditions[95,136].In LakeLerna,the
appearancef NPPHdV-150[79] revealghe onsetof more eutrophicconditions.Moreover,
aquaticmacrophytesleclinedandremainsof greenalgaeasClosterium idiosporum, suggest
thereductionof waterlevel(Fig 5). In thisrespectthe Lernaevidencecontributesto stresshe
concurrentimpactof palaeoclimaten the societalevelopmenin the Mediterranearduring
the 15 millennium CE,asconfirmedin recentreviewg172,174].

Theintervalfrom ca.1070to 490BP(880+146(CE,the high andlateMiddle Ages)is char-
acterisedy adecreasingrendin Pinus andthermophiloustrees During this time spanPoa-
ceagollenis abundantanddoesnot correspondo comparableamountsof marshytaxasuch
asCyperacea-ig 7). Thisevidencdestifiego lessforesteduplands while the plain is domi-
natedby openenvironmentsgspeciallgrasslandsThe OJCcurvereduceswhereasereapol-
len continuesto berepresentedndits concentrationvaluegendto increaseasthoseof the
otheranthropogenidaxaof APl and Pl groups(e.g.CichorieaeGalium, Plantago, Urtica; Fig
4). During thesecenturiesalsocalledthe Middle Byzantineperiod,the numberof sitesin the
regionincreasedndapicture of moreintensehumanactivityis visiblethroughthe archaeo-
logicalrecord,evenif severapopulationdeportationsareattesteciuring the 14-18" c. CE[49,
51,53,175]. Theexpansiorof cereafieldsandpasturesn thelowlandsreflectaspecialized
agro-pastoraéconomyandtheintensificationof activitiesin therural landscapeandleadto
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anopeningof the Mediterranearforest[176]. Moreover,peaksof coprophilousfungalspores
clearlysuggesthe presencef flocksin relationto animalhusbandryactivities(Fig 5;[177]).

During the Middle Byzantineperiod,thetime betweerca.1100and800BP(850+115CE)
is of specialnterestsinceit correspondgo the so-calledMedievalClimateAnomaly (MCA,;
[178+180])The MCA is generallycharacterisethy warmerconditionsin the Balkanpeninsula
and partsof Anatoliabut coolerconditionsin the AegearSeaand southwesterTurkey[178].
Thepollenrecordfrom Lernadoesnot giveadirectindication of warmerconditions.Evidence
from the Anatolianpeninsulasuggestthe MCA wasgenerallywetter(e.g.[172]) but therec-
ordsfrom Trichonidain westernGreecd133]andKocainCavein southwestermurkey[116]
suggesthe periodwasdrier. Thisis similarto thelocal8D,3 recordwhich showsdrier condi-
tionswith agradualbut long-lastingreturn to wetterconditionsafter800BP (1150CE) (Fig
7). Sincepeaksof erosionindicatorsarerecordedafterthis period,we arguethat the soil expo-
surein the previouslydiscusse@penlandscould havecausealopeinstability andin associa-
tion with increasedainfall havebeenresponsibldor soil erosionin the studyarea Similar
dynamicsof the landscapelevelopmenhavebeenpicturedout by the geomorphologicaand
vegetatiorreconstructionof southernArgolisandAttica [15, 130].In the lake theincreaseof
hydrophilousplantscanbeled by the exponentialgrowth of Typha latifolia (commoncattail),
asrecordedin the Janhstoreduring asimilar phaseof contractionof sedgevegetation([13]
andFig 8). SincealgaeandNPPremainsarealsopresenin highamountsit is likely that pre-
cipitation causednoreareago havebeeninundatedin the wetlandand more eutrophiccon-
ditions to havebeenestablishedseeHdV-150).It isworth of mention, therefore thatthe
commoncattailis more adaptableéo halophytichabitatsratherthan the bur-reedand narrow-
leafcattail(Typha angustifolia type;Fig5).

Ottoman and modern Greek period (487 BP-present)

From ca.490to 260BP (1460+169CE) API and Pl reachhigh valuesAs amatterof fact,pol-
len of cerealgup to 5%)andweedqe.g.Centaurea) significantlyincreasen associatiorwith
Cichorieaeand Plantago (seeP. lanceolata type),aswellasPoacea¢~ig 3). Thehighestcon-
centrationvalueof microcharcoalss alsorecordedin this period(Fig4). Thisevidenceeveals
thatthe progressivexpansiorof anthropogenienvironmentgcereafieldsand pasturesand
grasslands the plain continuedto shapehelandscapeaswitnessedn other Peloponnesian
pollendiagramge.g.[121]). Moreover the abundancef charcoaremainstestifiesto the use
of fire for creatingpasturelandsaswell asthe steadyoccurrenceof Sanguisorba minor type
that presumablyefersto the spreadof Sarcopoterium shrubson the burnt lands.Sucharole of
humanactivityin shapingthelandscap®f the Argive Plainlikely marksthe economiccontrol
of the Ottoman Empireon southernGreecdrom ca.550BP (1400CE) andthe growth of pop-
ulationin theplain asattestedy archivalsourcegsee82.4) As amatterof fact,the expansion
of the earlymodernmarketeconomyin muchof the Mediterranearin the 16" c. CEwaschar-
acterisedy agrowingtaxburdenfrom theimperial stateg181].

It isworth noting that suchanincreaseof cerealproductionin the Argive Plainfollowsa
declinein agriculturalactivitiesthat pollendatafrom centralandnorthern Greecéhasrevealed
for aroundacenturyafterca.600BP (1350CE) dueto the recurrentplagueoutbreaksassoci-
atedwith the plaguebacteriumy. pestis, novelto this region(first introducedwith the Black
Deathin 1346CE)[143,176,182,183].Someauthorshavecorrelatedthe abandonmentf
cropfieldsin the uplandsof northern Greecewith a periodof reducedemperaturg184].Dur-
ing the so-called_ittle Ice Age(550+£25@BP/1400-170CE;[185]) the LernadD,s values
recordwetterconditionsuntil 360BPandcorrelatesith severalGreekrecordsfollowing
whichit wasa period of increasediverine runoff (e.g.AegearSeaPramaplain, Klisova
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lagoon Kotychi, Trichonida,Vravron;[122,130,133,182,186+188]the sameconditionsare
recordedatKocainin southwestermurkey,sed116]). After this, more coldanddry condi-
tions areattestedastestifiedby other proxiesof GreeceandeasterrMediterranear{115,135,
189,190](Fig 7). Sincethe high amountof someNPPssuggesincreasingeutrophiclevel(see
HdV-150)andaquaticmacrophytestartto decreaseye canpostulatehatthe hydroclimatic
change®ftheLIA alsocontributedto reducingthe sizeof LakeLernaby fosteringthe expan-
sionof saturatedatherthan submergedoilsin thewetland(Fig 5).

Finally,in the periodca.260+11®BP(1690+184CE)treepollenincreasedythe high
abundancef Pinus, whereas?oaceaeeducesamongherbs.Percentaggaluesof Pl and API
remainconstantwith the exceptionof cerealsvhich almostdisappearCyperaceasignifi-
cantlyincreaseamongmarshvegetatiorand,togethemwith the high amountsof greenalgae,
correlatesvellto the shortclimatictrend towardswetterconditionsrecordedby 8D,z values
(Fig 7). This evidencesuggestthe recoveryof pinewoodsat the expens®f grasslanddueto
the combinationof enhancedrecipitationandreducechumanpressurelndeed the 17"-18"
c.CEexperienceé period of political instability culminatingaround 1821+ 183ZE with the
GreekWar of Independenceln thisrespecthe presencef Castanea pollenamongforested
taxais noticeableandlikely suggestthat chestnutwasthe mostimportant treecultivateddur-
ing this period (Fig 3). Theopenlandscap®f the lowlandsseemgo havebeendominatedby
pasturelandand/or abandonedields,whereAsteroideaeand Cichorieaecould alsohave
grownasweedsPinescould beexpandedn the coastaplain aswitnessedn the Vravron wet-
land[130], althoughthe abruptpeakof Pinus pollen(and Abies) around110BP (1840CE)
might alsoberelatedto sedimentinflow from the highlandsdueto heavyrainfall (Fig 9).

Theuppermostpart of the sequencéca.110BP/1840CE-present)s characterisety the
exponentialyrowth of CichorieagpollenamongAPI, aswell asthe high maximaof erosion
indicators,coprophilousfungi, and NPPsgrowingin dry bogs(e.g.Conidia). Amaranthaceae
pollenis alsoabundantamongxeric plants,whereasCyperaceadecreaset®getherwith
aquaticplantsandalgagFigs3 and5). The highestdD,3 valuesof the entire Lernarecordindi-
cateanincreasen aridity leadingto areductionof the wetlandarea.Theover-representation
of Cichorieadn thelastsamplerepresentinghe modernsurfacemaybelinked to oxidation
of pollengrainsdueto prolongedsoil exposureA similar scenarichasbeennotedfor the
uppermostevelsof severatedimentsequencesom Greecde.g.Aliki lagoon ElefsisBay,
Marathon,Phlious,Vravron;[21,107,120,130,159]andFig 9). Thegeneralegetatiordevel-
opmentof the Argive Plainwasaffectedy the decreasingnumanimpact,mainly represented
by pastorakctivitiesand by the continuousspreadof Pinus and Phillyrea. We shouldalso
stresghatthe overgrazingandfires (asshownby charcoakoncentrationvaluesfig 4) could
havecausedhe degradatiorof the vegetatiorinto garrigue mainly composedf Phillyrea.
Neverthelessye cantracethe exploitationandindustrial expansiorof the 19" ¢. CEto the
depletionof biodiversitythat still affectehe ecosystemsf the Argive Plainandthe surround-
ing areas.

Conclusions

Thenewpollenrecordfrom the ancientLakelLernaprovidesevidencdor adynamicenviron-
mentalhistory of the regiondominatedby humanactivitiesalreadysincethe mid-Holocene.
Althoughregionalpalaeoclimatidluctuationsduring the last5000yearshavecontributedto
changehe ecosystemsf the Argive Plain,otherfactorstakepartin the processWe provethat
it wasthe interactionof climatewith avarietyof cultural, political, and socio-economidactors
thattransformecdthe vegetatiorand causedts long-termdegradatiorthatis testifiedby the
progressiveeplacemenbf deciduoudorestswith pinewoodsandopenlandscapesthe
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environmentahistory of the studyareawascharacterisetby a recurringalternationof change
andstability,interruptedby episode®f forestopeningandecologicatecoveryassociated
with the boom-and-bustyclef political structuresand economie®f the EasternMediterra-
nean.Neverthelesayestresgherole of the Peloponnesasprobablerefugiumfor temperate
treesduring the Holocenethe noteworthyoccurrenceof Betula in our record,whichgrowsin
the northeasterrmountainsof Greecenowadaystestifiesto the presencef persistingecologi-
calnichesin someuplandvalleysdespitethe warm Mediterranearclimate.

Fromthe perspectivef the coring site,locatedin the southernmospartsof the areaof
ancientLakelernai,it is possiblgo outline anumberof phasedn the history of thewetland.It
isimpossibleo fully ascertairthe sizeof the areacoveredby thesechangeshut our evidence
showsclearhydrologicaland palaeoenvironmentdluctuationsof potentialrelevancéor the
wholewetland Whenthe lowermostpart of the studiedsedimentsequencevasdeposited,
beforeca.4000BP,the coring sitewasafen. Thereaftethe waterlevelincreasedandthelake
expandedverthefen,despitearegionalclimatictrend towardsaridity. At ca.3310BPthe
abruptexpansiorof macrophytesnarksanothersignificantincreaseof the waterdepthwhen
climaticinstabilityis recorded The concurrentchangesn sedimentatiorandlakeproductiv-
ity seemto suggesthereductionof flow dynamicsandaltogethemayindicatethatthe
humanmanagementf Mycenaearimesproducedapermanenthydrologicalchangen Lake
Lerna.Whatkind of modificationthat could havealteredandincreasedreshwatein the lake
is still unknown. During thefollowing periodvaryingconditionsprevailedn this part of the
basinandthe fluctuationsof waterlevelcausedhe predominanceof marshoverlakevegeta-
tion alternativelyTowardsmoderntimesconditionsweredrier andthe present-dayvetland
wasformedatthe expensef theformerlake.

Our resultsalsoattestto significantchangesn the vegetatiordynamicsacrosghe 5000
years-longstudyperiod,emphasisinghe effectsof humanactivitiesbut alsothe possible
impactof climatevariability. Thesedevelopmentsorrespondwvell with the vegetatiorhistory
of the studyareapreviouslyreconstructedy Jahnsn 1993 Thereforewearguethatthetwo
coredikely havedifferentsedimentatiorratesin somelevelsthusthe comparisoncanbedif-
ferentin differentportionsof therecordsIn particular,the palaeoenvironmentathanges
recordedin the previouscoringsiteduring the Archaic-Classical-Hellenistjgeriod are
attestedlO0Oyeardaterin the newsequencdn the EarlyBronzeAgethe Argive Plainwas
mainly usedfor the cultivation of cerealdy inhabitantsof the nearbysettlementg¢e.g.Lerna,
KephalariMagoulaArgos).Theforestcoverof the uplandswasformedby mixed deciduous
oakwoodsalthoughits progressiveeductionwasalreadyunderway .The socio-economic
growth of the LateBronzeAgepalatialsocietiesat ca.3400+3158Poccurredunder predomi-
nantly humid climateconditionsandimpactedon the landscapéeadingto the expansiorof
olivegrovesandgrazedareaghroughoutthe plain atthe expens®f woodlandsAfter aforest
recoveryduring the Earlylron Age,from the Archaicperiod(ca.2620BP)the expansiorof
openenvironmentss attestedTheincreasinghumanpressurepotentiallyaccentuatethy
localdrier conditions,causedandscapénstability, asattestedy adramaticalluvialevent
recordedn the Pinus curvein the LateHellenisticperiod (around2200+2128P/ 250+170
BCE).Followingthe Romanconquesof Greecan 146BCE,intensiveolive cultivation
expandedicrosshe Argive Plainmarkingthe Romancontrol on land use directedtowards
themostmarketablecrop products(including olive oil). The predominantexploitationof the
plain contributedto reducethe humanpressuren the uplandswhereoakwoodsxpanded
againuntil the Middle Ages.Thereaftethe progressivexpansiorof pinewoodsothin the
plain andin the uplandsandthe establishmenof aneconomidandscap@@rimarily madeof
pasturelandss clearlyattestedrom ca.1480BP(i.e.the Byzantineperiod) onwards.These
centurieswverecharacterisethy fluctuatingpalaeoclimaticonditionsbut changesn
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vegetatiorcorrelateto agreaterdegreenith changesn humanactivity ratherthanin climate.
Thedegradatiorof vegetatiorin the Argive Plainis heightenedy alocalaridity trend in mod-
erntimes,astestifiedin the sedimentrecord,and contributesto causehe spreadf ahuman-
degradedenvironment(i.e.garrigue).
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