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Abstract

Ahundredpollenandmacrofossitecordsoverthe IberianPeninsulaSouthernFrancethe ItalianPeninsula,
Greeceand the Aegean,and the southwesternBlackSeaareahaveformed the basisfor a review on the
Quaternary extirpation of tree populations from Southern Europe. Following a discussionof the
caveats/challengeaboutusingpollendata, the Quaternaryhistory of tree taxahasbeenreconstructedwith
attention to Taxodium/GlyptostrobusSciadopitysCathaya,Cedrus,Tsuga,EucommiafEngelhardiaCarya,
Pterocarya,Parrotia, Liquidambay and Zelkova.The timing of extinction, distributed over the whole
Quaternary,appearsvery diversefrom one regionto the other, in agreementwith current biodiversityin
SouthernEurope.Thegeographicapatternsof persistence/disappearancaf taxashowunexpectedirends
andrule out a simpleNorth to Southand/or Westto Easttrend in extirpations.In particular,it waspossible
to detectdisjunctpopulations(Engelhardi® long-termpersistenceof taxain restrictedregions(Sciadopitys),
distinctpopulations/species/genermm different geographicahreas(Taxodiumype). Sometaxathat are still
widespreadin Europehave undergoneextirpation in Mediterraneanareasin the lateglacialperiod and
Holocene(Buxus Carpinusbetulus,Picea);they provide indication on the modesof disappearancef tree
populations that may be useful to evaluate correctly the vulnerability of modern fragmented plant
populations. The demographichistories of tree taxa obtained by combined palaeobotanicaland genetic
studiesis a most challengindield of researchnot only to assesspecies/populatiordifferentiation, but also
to reach a better understandingof extinction processesan essentialtask in the current global change

scenario.
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TsugaEucommiaEngelhardiaCaryaPterocaryaParrotia;LiquidambarZelkova
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1. Introduction

The progressivedisappearanceof tree taxa from Europein the course of the late Cenozoic,and their
persistencen EastAsiaand/or easternNorth AmericahaslongbeenrecognizedThefirst papershighlighting
the question,basedon seedfloras, date backto more than one century ago (Reidand Reid,1907;1915).
Startingin the 1950s several‘fathers” of the Europearpalynologypublishedpioneeringstudiesdealingwith
Quaternaryextinctionsof plants,includingvander Hammen(1951),vander Hammenet al. (1971),Zagwijin
(1957 ,1963,1974),West(1962,1970), and Lona(1950).Sincethen, following a considerabléncreasen the
number of publishedEarlyand Middle Pleistocengpollenrecordsin Europeand a significantrefinement of
the chronologicalsetting of the Quaternarystages,our knowledgeof the timing of disappearancef tree
taxafrom Europehasmuchimproved.Recently a number of synthesisworks on the history of vegetation
andthe Quaternaryprogressiorof plant extirpations(or regionalextinctions hereaftercalledextinctions)in
Southern Europe have been published, describingthe state of knowledgein different regions: Spain
(Gonzalez-Sampért al., 2010;Postigo-Mijarreet al., 2010),lItaly (Bertini,2010;Magriand Palombo 2013;
Martinetto, 2015),Greece(Tzedaki®t al., 2006; Velitzelosat al., 2014),and Anatolia(Biltekinet al., 2015).
Inaddition,severaktudieshaveexaminedhe historyof taxacurrentlyextinct,or severelyreducedin Europe,
including Taxodium(Biltekin et al., 2015, Cathaya(Liu and Basinger2000), Cedrus(Magri, 2012), Carya
(Orainet al., 2013),AesculugRavazzil994;PostigoMijarra et al., 2008, Zelkova(Follieriet al., 1986),and
Parrotia() L etal.,2003).Thepresentreview paperisintendedto summarizethe availableinformation
obtainedfrom the Pleistocengoollenrecordsand from the synthesigpapers,andto providea holisticview

of timing andtrendsof tree taxadisappearancén SouthernEurope.

Previousworksdealingwith plant extinctionsin Europehavemainlyfocusedon two mainproblems:

1. Usageof abundancesnd/or lastoccurence®f extinct planttaxaasbiostratigraphicamarkers.This
practicehasbeenrather commonsincethe beginningof pollenanalysiof Plio-Pleistocenéeposits.
In the absenceof, or in support of other chronostratigraphicatonstrains,the presenceof locally
extincttaxain pollenrecordsmay provideusefulindicationsaboutthe ageof studysites.Manysuch

caseganbe quoted, especiallypeforethe developmentof advancedchronostratigraphicatools, but
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the presenceof extincttaxain the pollenrecordsis still consideredan important biostratigraphical
indicator.Forexample the pollenrecordfrom LaCétein the westernFrenchAlpshasbeenascribed
to the temperate Holsteinianinterglacial,correspondingo Marine Isotope Stage(MIS)11, on the
basisof the occurrenceof Pterocaryaand the dominanceof Abies(Fieldet al., 2000) accordingto
the recordsof the Velaymaarin the FrenchMassif(Reilleet al., 2000). Similarly,the record from
Torre Mucchia (Central Italy) has been correlated to MIS 17 on the basis of the underlying
Bruhnes/Matuyamanagnetostratigraphi®oundarycoupledwith a significantabundanceof Tsuga
(Pieruccinit al., 2016, whichis only sporadicallyfound in Centraland Southernlitaly after MIS16
(RusscErmolliet al., 2015).0Onthe other hand, this approachmay be rather weakand mayleadto
misleadingnterpretations.A classicexampleis the setting of the “Tiberianboundary”betweenthe
Gelasian(formerly in the Upper Pliocene)and the Calabrian(EarlyPleistocenewith respectto a
significantreductionof Taxodiacea¢l.onaandBertoldi,1972;Suc,1973).Recentpollenstudieshave
shownthat this eventin not clear-cutor synchronousover a large region as previouslybelieved,
suggestinghat biostratigraphicalschemesneedto be constantlyupdated and that they may be
consideredvalid only for regionsof limited extension.Thoughtfuldiscussion®n the stratigraphical
potentiality and risksof palynologyin the study of late Neogeneand Quaternarydepositsmay be

foundin Leroy(2007)andBertini (2010).

RelationbetweenplantextinctionsandclimatechangesThiswasfirst raisedby ReidandReid(1915),
who consideredthe presenceof barriersto migrationin the form of west-eastoriented mountain
rangeqe.g.,PyreneesAlps,andCarpathiansphe maincausefor the extinctionof taxain NWEurope,
preventingplant populationmigrationsin responseto Quaternaryclimate oscillationg\West,1970).

Huntley (1993) suggestedhat the enhancedrate of extinction of generaand familiesin Europe
during the Quaternaryclimate changesmay dependon a much smallerarea of forest vegetation
persistingduring glacialstagesin Europecomparedto easternNorth Americaand EastAsia.This
reducedareaisdue,onthe onehand,to the considerableextent of glaciatedandperiglaciakurfaces
at high latitudes, and, on the other hand, to a trend of increasingseasonalityand drynessin the

Mediterraneanregionssincethe Pliocene,which accordingto Suc(1984) is at the origin of the
4
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Mediterraneanevergreernvegetation,althoughwith clearlatitudinal and longitudinalgradients(Suc
and Popescu2005).In Centraland Northern Europe,most temperate trees are believedto have
disappearediuringthe Quaternaryglacialperiodsand migratedbackduringinterglacialperiods,but
a numberof them were extirpated(seelist in Svenning2003,Suppl.Materials),and someof them
are still livingin SouthernEuropein arelictual state (e.g.,ZelkovaAesculusCastaneaCeltis,Cercis
CupressusStyrax JuglansQstrya,Platanus) Svennind2003)hasfoundthat generaof woodyplants
that are currentlywidespreadin Europehavegreatertoleranceto cold growingseasonand winter
temperatureswith respectto regionallyextinctandrelictualgenerawhile relictualgeneraare more
droughttolerant. Thisindicatesthat the persistencgor extinction)of tree populationsin Europeis
largelycontrolled by a deterministicecologicalsorting process Bhagwatand Willis (2008 showed
that biogeographicatraits (geographicatlistribution, habitat preferenceand life-history) of woody
plants may have determinedtheir ability to survivein inhospitableclimates,so influencingtheir
persistencgor extinction)in responsedo PleistocenelimatechangeEiserhardet al. (2015)showed
that late Cenozoiclimate changeinducedphylogeneticallyselectiveregionalextinctionof northern
temperate trees, leadingto significantlossesof phylogeneticdiversity. Studyingthe relationships
betweenclimateoscillationsand ecologicatraits, aswell asthe geneticcharacteristicof plantsthat
went extinctin Europeduringthe Quaternaryis especiallymportantin termsof modernbiodiversity
conservationThisis a hot topic, asa better understandingpf the ability of speciego surviveabrupt
warmingis indispensablen view of predictedglobalclimate changegDawsoret al., 2011).Linking
studies of modern biodiversity and ecosystempatterns with paleoclimate dynamicsmay offer
important scientific advancesin both reconstructingthe climatic conditions under which past
extinctioneventshappenedandinferringhow present-daybiodiversitypatternsmaybe affectedby

climatechange(Svenninget al., 2015).

Biostratigraphicabnd palaeoclimaticaspectshave been often consideredtogether, in connectionto the
guestionof whether Quaternaryclimatechangegnayhavedeterminedthe extinctionof plantsin Southern
Europe,in particular specificeventsincludingthe Pliocene/Pleistocendransition (Popescuet al., 2010;

Bertini, 2010; Jiménez-Morenoet al., 2010 Martinetto et al., 2015; Biltekin et al., 2015), the
5



128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

Gelasian/Calabriantransition (Combourieu-Nebout, 1993; Bertini, 2010; Martinetto et al., 2015;
Combourieu-Neboutt al., 2015), the Middle Pleistoceneaevolution (Sucand Popescu2005; Leroy,2007;
PostigoMijarra et al., 2009, 2010; Bertini, 2010; Magri and Palombo,2013), and specificglacial stages
correspondingo MIS22, 16 and 12 (Muttoni et al., 2003; Tzedakist al., 2006). Moreover, this question
implicitly involvesthe still open problemof whether plant extinctionswere step-wise(e.g.,Svenning2003;
Martinetto et al., 2015)or progressivee.g.,Bertini, 2010; Combourieu-Nebougt al., 2015, Biltekinet al.,

2015).

Otheraspectgelatedto the Pleistocenalisappearancef tree taxahavenot beenadequatelydiscusseget,
andwill be encompassedh the presentpaper. Startingfrom the compilationof schematiaegionalrecords

of pasttree populationsspanninghe whole Quaternarywe intend to examine:

valueandlimitations of pollendatato reconstructthe Pleistoceneextinctionof tree taxa,

state of the art of the Earlyand Middle Pleistocenepalaeofloristicdata availablefrom Southern

Europe,

Quaternaryhistory of tree taxano longerpresentin SouthernEuropemainland,

timing of tree populationreductionand eventualdisappearance,

geographicapatternsof extinction,

long-termpersistenceareasof tree populationsin SouthernEurope,

ongoingreduction trends in SouthernEuropeantree taxa populations,in the light of timing and

trendsof pasttree populationdisappearance.

2. Recognizingplant extinctionsfrom pollen data: valueand limitations

Most knowledgeof Quaternaryfloristic changecomesfrom fossilpollen preservedin lacustrineand marine
sedimentsIn particular,continuousand detailedpollenrecords,stretchingover multiple glacial-interglacial

cycles,are of incommensurablevalue to reveal the presenceof speciesoutside their presentrange,to
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providedirect evidenceof the persistenceof plant populationsin an area,to showthe dynamicsof species
turnover following climate change,and to document the disappearanceof taxa. They are particularly
valuablewhenobtainedfrom preciselydated deposits.Shortrecordsmayalsoprove useful,especiallywhen
they are chronologicallywell-constrainedand fill gapsof knowledgefor specifictime intervals. The best
possiblecondition is the availability of pollen data from multiple dated sites that can substantiatethe
interpretation of rare fossiloccurrenceqGavinet al., 2014, which is a main problem when dealingwith

extinctions.

Intermsof limitations,one facesthe classiqroblem“absenceof evidenceis not evidenceof absence™this
may particularlybe anissuefor palynologicadetection of rare taxawhentotal count sizesdo not typically
exceed300 grainsand may be lower in the caseof poor pollen concentrationor recoveryfrom geological
sectionsOnthe other hand,reworkingandlong-distancdransportmaycontributeto rare observationof a
particularpollentype suchthat its occurrencanaynot be indicativeof contemporaneousegionalpresence.
Application of fluorescenceapproachesmay be informative for discrimination of reworked grains and
demonstrationof the occurrenceof ataxonin anarea(e.g.Biltekinet al., 2015).Long-distancéransported
pollenis particularlytroublesomewhenthe aimisto detectthe presenceof reducedpopulationsundergoing
extirpation, which by their nature are revealedby only rare pollen finds. For this reason,it may be very
difficult to assesshe disappearancef treesbelongingto the Pinaceadamily (e.g.CedrusPostigo-Mijarra

et al.,2010;Magri, 2012 that are often hugeproducersof wind-transportedpollen.

Inthe caseof long-distancepollenoccurencepalynologicatecordsmaypost-datethe time of disappearance
of a taxonfrom a region.Forthis reason,it is of greatimportanceto considerthe pollen productivity and
dispersalof taxathat are now absentfrom SouthernEurope,but still presentin neighbouringgeographical
areas(Filipova-Marinovat al., 2010. In most casesthe lastoccurrencef pollen (and plant macrofossils)
tend to predatethe extinctionof plant populations,asit is presumedthat the probability of findingpollenor
macroremainsbelongingto the very last individual existingin a regionis virtually null. The error will be
smallerif longcontinuousrecordsare available andlargerin caseof fragmentaryanddiscontinuougecords.

Besides,under climatic conditions below the tolerance threshold of a species,plants may switch from
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primarily sexual to vegetative reproduction and ultimately to a non-regenerative state, such that
disequilibriumpopulationson the vergeof extirpationmaybe palynologicallyveaklyvisibleor eveninvisible
(Tallantire,2002). This may be relevant on centennialtimescalesfor long-lived,stresstolerator species.
Therefore,it is important to be aware that the assessmenbf the exacttiming of the extinction of plant

populationisimpossible.

The problem of determiningthe timing of plant extinctionshas parallelswith the difficulty of identifying
glacialrefugiain areasfar from the currentdistribution of specieqGavinat al., 2014) ,whichisthe subjectof
vibrantand still unresolveddiscussiongStewartand Lister,2001; Tzedaki®t al., 2013).In manycasesyare
pollenfindsdistantfrom the modernspeciesangesand occurringmuchlater than the lastlocalpopulation
expansioncan only be consideredas circumstantialand need to be confirmed and reinforced by the
accumulationof different sourcesof evidence for examplemultiple recordsfrom the sameregion.Besides,
extinctionsmay be maskedby taxonomicsmoothingin the pollenrecord,whichrarely permitsspecies-level
differentiation (JacksomndWeng,1999. Forthis reason the role of macrofossilés especiallimportant, as
they canoften be identified with greatertaxonomicprecisionthan pollen, andthey tend to be muchmore
locally distributed from their source (Birksand Birks,2000). Besides,n some cases,macrofossilrecords
provideinformationon speciesvhosepollenis badlypreservedfor exampleLauruswhichwe would expect
to be abundantin the Mediterraneanpollenrecords(Rodriguez-Sanchet al., 2009),but it is only seldom
found.However the macrofossitecordisgenerallyerydiscontinuousn spaceandtime, andthe probability

of findingmacrofossil®f plantson the wayto extinctionis verylow.

Specifigproblemsaffect the study of Pleistoceneplant extinctions.Onepossiblematter of confusionis that
the GelasiarStagewasincludedin the Plioceneuntil 2009,whenthe IUGYInternationalUnion Geological
Sciencespatified its transferto the QuaternarySystem(Gibbardet al.,2010).Thischangerequiresa careful
consideratiorof the chronostratigraphisettingof pollenrecords.Goingbackin time to the EarlyandMiddle
Pleistocenethe chronologicakcontrol of pollen sequencesnay be highlyinaccurate asradiometricdating
and tephrochronologycannotalwaysbe applied, magnetostratigraphymay not be conclusive astronomic

calibration is limited to sectionswith continuoussedimentation,direct correlation with oxygenisotope
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stratigraphyis limited to marine sedimentsand other biostratigraphigoroxiesstudiedin the samedeposits
may suffer from the samechronostratigraphicalincertaintiesas palynology.In somecasesthe marginof
error maybe of hundredsof thousandsof years but evensothe pollenevidencemaybe of greatvalue, when

no other dataare available.

Whenlong continuouspollen recordsspanningmultiple glacial-interglaciatyclesare not availablefrom a
region,the timing of plantextinctionsisnecessarilyeconstructedhroughacompilationof different records,
thusaccumulatinghronologicaindtaxonomicalncertainties Thisdifficulty isincreasedvhenthe available
recordscomefrom both continentaland marineenvironments that are affectedby different biasesrelated

to pollentransportation,accumulationand preservation(Hooghiemstraet al, 2006).

Taxonomicalincertaintiesmay be severewhen dealingwith extinct plants. It is likely that many extinct
specieswill never be recognized,as the identification of pollen at the specieslevel is often impossible.
Furthermore,genus-leveldentification may be ambiguous.For example,Cathayais often referred to as
Cathayatype, or includedin Pinushaploxylon(Liuand Basinger2000. Thedistinction between Taxodium
and Glyptostrobuspollen is very difficult, so that it is often reported as Taxodiumtype, or Taxodiaceae.
However, many generaformerly includedin the old Taxodiaceadamily are now assignedto different
subfamilies of the Cupressaceadamily (Taxodioideae:Taxodium, Glyptostrobus,and Cryptomeria
Sequoioideae:Sequoia,Sequoiadendronand Metasequoia) (Farjon, 2005. The correct assignmentof
Taxodiaceaer Taxodiumtype pollento oneor the other taxonisnot possibleunlessthe distinctionisclearly
reportedon the originalpaper(Bertini,2010. Anothercommoncaseisthat of Zelkovapollen,whichis often
countedtogetherwith Ulmusandgroupedin anUImus/Zelkovaype, somakingit difficult to reconstructthe

history of this taxon, still includedin the Europearflora.

Afurther complication affectingseveralMediterraneanrecordsof Earlyand Middle Pleistoceneage,is that
the aim of the original studies was the reconstruction of palaeoenvironmentaland palaeoclimatic
fluctuations rather than evaluation of plant population dynamics.For this reason, often only summary
cumulative diagramsof ecologicalgroupsand a few selectedtaxa are reported in the publishedpollen

records(e.g.,Combourieu-Nebout1993; Mullenderset al. 1996; Suballyet al., 1999; Sabatoet al., 2005;

9
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Popescuet al., 2010; Sadoriet al., 2016).In somecasesa list of the identified taxais available(Klotzet al.,
2006;Degeatet al., 2013),but muchuncertaintyremainsasto the abundanceandthe ageof the finds. It is
unfortunate that the full pollen recordsfor these sites are not publishedand availableto the scientific

community,after havingrequiredmuchwork and effort.

3. SouthEuropeanrecordsof Quaternaryplant extirpations

We haverevieweda hundredQuaternarypollenrecords,showingthe history of taxathat havedisappeared
from SouthernEuropemainland (Fig.1 and Table 1). Theserecordswere dated by different methods,
including radiometric dates and tephrochronology, magnetotratigraphy,counting of annual laminated
sedimentsastronomiccalibration,correlationwith paleontologicatecords,or directcorrelationwith oxygen
isotope curvesin the caseof marine sediments(Tablel). In addition to many recordsspanningmultiple

glacial-interglaciatycles severalwell-datedshorter recordsconvenientlyfill gapsof knowledgefor specific
time intervals(e.g.,ColleCurti: Bertini, 200Q Alleret Maar AL2:Pastreet al., 2007; CalGuardiola:Postigo
Mijarra, 2007).In samecasesalsosequenceshat are not chronologicallyell constrained put that fill large

gapsof information, havebeenconsideredfor examplethe recordsfrom TresPins(Leroy,2007)and Saint
Macaire(Leroyet al. 1994) without whichthe informationon the vegetationhistoryin NESpainand SFrance

duringthe late EarlyPleistocenavould be verylimited.

We presentherea numberof regionaloverviews necessariljimited to the mostimportant sites,presented
in the form of aschematiccompilationof selectedpollenrecordsfrom peri-lberianmarinecores(Fig.2) and
NortheasternSpain-Southerirrance(<46°N)in Fig.2, Northern (>44°N;Fig.3) and Centralltaly (41°-44°N)
in Fig. 3, Southernltaly (<41°N),Greeceand the Aegeanin Fig.4, and TenaghiPhilipponin Macedonia
(Tzedakiset al., 2006) and site DSDRF380 from the BlackSea(Biltekinet al., 2015)in Fig.5. Thisis at the
marginof SouthernEurope but maybe consideredanimportant bridgetowardsthe the Anatolian-Caucasus-
Hyrcaniarregionthat still hostsseverakpeciesurrentlyextinctfrom the Europearmainland.In somecases,

pollendataare complementedoy macrofossilata.
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257
258

259
260
261
262
263
264

265

Fig.1. Locationof the Quaternaryrecordsconsideredn this paper.Numberingof the sitesfollows Tablel.

Reddots representthe peri-lberianmarine sitesincludedin Fig.2; blue dots correspondto the sitesfrom
NW Iberiaand S Francerepresentedin Fig.2; red squaresinclude sitesfrom N lItaly (Fig.3); yellow dots
correspondto sitesfrom central Italy of Fig.3; pink dots are sitesfrom Sltaly representedin Fig.4; green
dots include Greeceand the Aegean(Fig.4); the blue squarecorrespondgo the site of TenaghiPhilippon
(Fig.5) andthe pinksquareto DSDRite 380(Fig.5). White dotsindicatethe locationof sitesnot represented
in Figs2-5but citedin the text.
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266 Tablel. Listof the vegetationrecordsrepresentedn Fig.1.
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Site
number

1

10

11

12

13

14

15

16

17

18

19

20

21
22

23
24

25

26

27

Site

MD95-2043

Padul

ODP976

AndaluciaG1

Morgandinho

SiteU1385
MD95-2042

MDO01-2443
Monsarros
MDO03-2697

MDO01-2447

MD99-2331
SantaMariade
Oia
ArealLonga
Pointedela
NégadeNorth
LaBalise
Lezetxiki
Atapuerca
Canizade
Villaguemado

Garraf

AbricRomani
CalGuardiola

Vald'enBas

Plade I'Estany-

Garrotxa

Plade I'Estany-
Incarcal-Crespia

TresPins

MasGrill

Age(ka)
MIS

48-2ka

100-Oka

MIS31-23

Miocene-
Gelasian

Ealry-Middle
Pleistocene

MIS38
MIS6-2

345-180ka
Plio-
Pleistocene

340-270ka

430-360;
250-180ka

MIS5-2
MIS5-3
MIS5-3
Early
Pleistocene
MIS11
MIS3
900-400ka

MIS5-1

5300-1750
ka
70-40ka

1200-800ka

250ka
MIS5?-1

Plio-
Pleistocene

2600-1200
ka
Mid-

Pollen(P)
Macrofossil

(M)
P

P+M

P+M

Marine (M)
Continental
©
M

M

C-M
(coastal)
C-M
(coastal)
M

M

Chonologicatontrol

14C eventstratigraphy

14Candvegetation
history
Oxygensotope
stratigraphy

Oxygensotope
stratigraphy

Micromammals

Orbitaltuning

14Cand Oxygerisotope
stratigraphy
Oxygerisotope
stratigraphy
Stratigraphy

Oxygenisotope
stratigraphy
Oxygenisotope
stratigraphy

14C eventstratigraphy
14C coastalstratigraphy
14C coastalstratigraphy
Pollenbiostratigraphy
Pollenbiostratigraphy

14C archaeologicatiata
(lithic tools)
Luminiscence

14Cand OSldating

Foraminifer
biostratigraphy

U/Th
Micromammalsand
palaeomagnetism
Volcaniccrust
Vegetationhistoryand
14Cfor the upperpart
Fauna(Mammals
biostratigraphy)

Vegetationcomposition
(presenceof carya)
Vegetationhistory (older

References

Sanchefoniet al.,
2002;Fletcherand
Sanchef0i11i,2008
PonsandReille, 1988

Joannin2007;Joannin
etal.,2011;
CombourieuNebout
etal.,2009

Feddiet al.,2011

Antuneset al., 1986

Tzedakigt al.,2015
Sanchefoiiiet al.,
1999

Roucowet al., 2006

Vieira,2009
Despratet al.,2009

Despratet al., 2005

Sanchez-Goit al.,
2005,2008
Gbémez-Orellanat al.,
2013
Gomez-Orellanat al.,
2007
O’BrienandJones,
2003
O’BrienandJones,
2003
Sanchez-Gofii, 992

Garcia-Antor& Sainz-
Ollero,1991
Gonzélez-Sampéréit
al.,2013; Aranbarret
al.,2014;Garcia-
Prieto,2015
SucandCravatte,
1982

Burjachset al., 2012
PostigoMijarraet al.,
2007

Crosset al., 1986

Burjachs1990

Villaltaand Vicente,
1972;Sucand
Cravatte,1982;
Roiron,1983
Leroy,1997

Geurts,1977;1979
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28

29

30

31

32

33

34

35

36

37

38

39

40
41
42

43

44

45
46

47

48

49

50

51

52

53

54

55

56

Bobila-Ordis
Banyoles

Moli Vell

MasMiquel
Saint-Macaire
Nogaret
Bernasso
Celleneuve
Alleret

Seneze

Velaymaars
Ceyssac

Saint-Vallier
LaCoéte
Fornacidi Ranica

Leffe-Fornace
Martinelli
PianicoSéllere

Pianengo
Stirone

Castell'Arquato
SanPietrodi
Ragogna
Azzandecimo

Visogliano

Venice

Core223-S17
Oriolo(Faenza)
LamoneValley

Monte Poggiolo

PoggioRosso

Pleistocene?
MIS36-33

1000-95ka

Early
Pleistocene

Early
Pleistocene
1400-700ka

MIS75
2160-1960
ka

Early

Calabrian
MIS17-15

MIS85-76

430-0ka
1000-900ka

1900ka
MIS11

MIS(36)30
or 28
MIS64-22

MIS21-19

1200-700ka
5100-2200

ka
Early
Pleistocene
Gelasian
215-20ka
MIS13o0r11

2150-110ka

130-Oka
ca.800ka
MIS64-46
1400-1070?

ka

1900-1800
ka

P.M

P.M

P,M

C/M

C/M

than BobilaOrdis)

Micromammalsand
palaeomagnetism

Vegetationhistory
(youngerthan Bobila
Ordis)
FaunaMammals
biostratigraphy)
K/Ardating,
magnetostratigraphy
K/Ardating,mammal
biostratigraphy
K/Ardating,
magnetostratigraphy
Biostratigraphy

TephrochronologyK/Ar
andAr/Ar dating

Ar/Ar dating,mammal
biostratigraphy,
magnetostratigraphy
Biostratigraphy Ar/Ar
dating

K/Ardating,
magnetostratigraphy
Biostratigraphy
Pollenbiostratigraphy
Magnetostratigraphy,
mammalbiostratigraphy
Magnetostratigraphy,
mammalbiostratigraphy

K/ArandAr/Ar dating,
mammalbiostratigraphy
Magnetostratigraphy
Molluscanfforaminifer
biostratigraphy
Molluscbiostratigraphy

Lithostratigraphy,
biostratigraphy
14Cdating,
biostratigraphy
Mammalbiostratigraphy

Magnetostratigraphy,
molluscsbiostratigraphy,
sapropelstratigraphy
Foraminiferand ostracod
biostratigraphy
Magnetostratigraphy,
molluscshiostratigraphy
Molluscandostracod
biostratigraphy
Magnetostratigraphy,
molluscs
biostratigraphy,ESR
dating
Magnetostratigraphy

LgvlieandLeroy,
1995;Leroy,2008
JuliaBruguéesand Suc,
1980
Geurts,1977,1979

Leroy,1990
Leroyet al., 1994

Brugalet al., 1990;
Leroyand Seret,1992
Suc,1978;Leroyand
Roiron,1996
Suc,1973

Pastreet al.,2007;
Degeakt al., 2013
Elhai, 1969;Rogeret
al.,2000

Reilleet al., 2000
Ablin, 1991

Argant,2004
Fieldet al.,2000
Ravazzet al., 2005

Ravazzand Rossignol-
Strick,1995;Ravazzi,
2003;Muttoni et al.,
2007

Ravazzi2003;
Martinetto, 2009
Muttoni et al., 2003
Lonaand Bertoldi,
1972;Bertini, 2001
Lonaand Bertoldi,
1972

Martinetto et al., 2012

Piniet al.,2009

Cattaniet al.,1991;
Abbazzet al., 2000
Mullenderset al.,
1996,Massariet al.,
2004

Amorosiet al., 2004

Martinetto and Sami,
2001
Fusco2007

Messageet al., 2011

Bertiniet al., 2010
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57

58
59

60

61

62

63

64

65

66

67
68

69
70

71

72

73

74
75

76

77

78

79

80

81

82

83
84

85

86

Gubbio

ColleCurti
Cesi

Pietrafitta

FossdBianco

Dunarobba

Leonessa

Madonnadella
Strada

Pagliaradi Sassa

TorreMucchia
(Ortona)
Carsoli

Peperino(Rome)

Riano
ValleRicca

Valledi
Castiglione

CosteSan
Giacomo
Fontana
Ranuccio
Ceprano

Isernia- La
Pineta

Sessano

Boiano

Saticula
Acerno
LagoGrandedi
Monticchio

Vallodi Diano

Camerota

Mercure
SanLorenzo

Montalbano
Jonico

Semaforo-Vrica

1600-13007?
Ka
ca.990ka

750-600%ka
14007ka
MIS100-82
3500-15007?
ka
1400-12007
ka
ca.1250ka
1100ka
MIS17

ca. 530
513+3ka

450-350%a
2100-1800

ka
250-0ka
ca.2100ka

MIS23

MIS15-13
900-700ka

MIS14-13

MIS13-9

ca.1200ka

MIS13-12

130+0

650-450ka

1750-1600?
ka
MIS13
1200-1100
ka
1250-900ka

2460-2110
ka

Biostratigraphy

Magnetostratigraphy
Magnetostratigraphy,
Tephrochronology
Mammalbiostratigraphy

Magnetostratigraphy,
Mammalbiostratigraphy
Biostratigraphy

Biostratigraphy
Mammalbiostratigraphy

Magnetostratigraphy,
mammalbiostratigraphy
Magnetostratigraphy

Ar/Ar dating
Ar/Ar dating

Mammalbiostratigraphy
Magnetostratigraphy,
biostratigraphy
Varvecounting,
astronomiccalibration

Magnetostratigraphy,
mammalbiostratigraphy
Magnetostratigraphy

Magnetostratigraphy

Magnetostratigraphy,
Ar/Ar dating

Magnetostratigraphy,
TephrochronologyAr/Ar
dating

Ar/Ar dating,
tephrochronology

Mammalbiostratigraphy

tephra, Ar/Ar dating

14Cdating,
tephrochronologyyarve
counting

tephra, Ar/Ar dating

Biostratigraphy

TephrochronologyAr/Ar
Magnetostratigraphy,
mammalbiostratigraphy
Ar/Ar dating,Oxygen
isotopestratigraphy
Magnetostratigraphy,
foraminifer
biostratigraphy K/Ar

LonaandRicciardi,
1961
Bertini, 2000

Bertini, 2000

Ricciardi1961;
Martinetto et al.,2014
PontiniandBertini
2000

Martinetto et al., 2014

Ricciardi,1 965
Magriet al.,2010
Palomboet al.,2010
Pieruccinet al.,2016

Sadoriet al., 2010
Follieri,2010;Marra
etal.,2014
Follieri,1958,1962
Urbanet al., 1983;
Ariaset al., 1990
Follieriet al., 1988,
1989;DiRitaet al.,
2013

Bellucciet al., 2014

CorradoandMagri,
2011
Manziet al.,2010

Lebreton,2002

RussErmolliet al.,
2010a,2015

Orainet al.,2013,
2015;RussdErmolliet
al.,2015
RussdErmolliet al.,
2010b

Munnoet al.,2001;
Russd&Ermolliet al.,
2015

Allenet al.,2000;
AllenandHuntley,
2009
RussdErmolli,1994;
RussErmolliet al.,
2015

Brenac,1984

Petrosinoet al., 2014
Sabateet al., 2005

Joanniret al.,2008;
Bertiniet al., 2015
Combourieu-Nebout
andVergnaud-
Grazzinil991;
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268
269

87

88

89

90

91
92

93

94

95

96

97
98

99

100

Santalucia

Valledi Manche

Ohrid

loannina
AchelooDelta
Zakynthos

Gulfof Corinth

Kopais
Megalopolis

Basin
Kallithea

KolymbiaBay
TsampikaBay

Tenaghi
Philippon

DSDFSite380

MIS43-40

MIS20-18

500-0Oka

450-0Oka
5-3ka
2000-1800
ka

1800-600ka

500-2ka

650-300ka

Calabrian

500ka
MIS42-1

1350-0Oka

6000-Oka

dating

BiostratigraphyOxygen
isotopestratigraphy
Magnetostratigraphy,
Oxygernisotope
stratigraphy,
Tephrochronology,
Biostratigraphy Ar/Ar
dating

14C tephra, stratigraphy

Pollenbiostratigraphy

14Cdating
Magnetostratigraphy,
oxygenisotope
stratigraphy
Pollenbiostratigraphy,
regionalstratigraphical
correlations
Pollenbiostratigraphy

Magnetostratigraphy,
palaeontology
Molluscbiostratigaphy

Magnetostratigraphy
Magnetostratigraphy,
Oxygensotope
stratigraphy
Pollen-orbitatuning

Nannoplankton

Combourieu-Nebout,
1993;Klotzet al.,
2006

Joanniret al.,2007b

Caprarcet al., 2005

Wagneret al., 2009,
2014;Sadoriet al.,
2016
Tzedakis1994;
Roucowet al.,2008
Fouacheet al., 2005

Suballyet al., 1999

Rohaiset al.,2007

Tzedakis1999;0Okuda
etal., 2001
Okudaet al., 2002

Mai and Velitzelos,
2007;Velitzeloset al.,
2014

Boyd,2009

Joanniret al.,2007a

Wijmstra,1969;
Wijmstraand Smit,
1976;Vander Wiel
andWijmstra,
1987a,b;Tzedaki®t
al., 2006;Fletcheret
al.,2013;Prosset al.,
2015

Biltekin,2010;
Popesctet al.,2010;
Biltekinet al., 2015

15



270

271

272

273

274

275

276

277

278

279

280
281
282
283
284

3.11berianPeninsula

ThelberianPeninsulahasalwaysbeena regionof great physiographicaheterogeneityovertime, resulting
in a unique evolutionaryhistory and particular vegetationbehaviourand composition(Carribnand Leroy,
2010).Thisfact hasbeenconsideredone of the mainreasondor survivaland/or delayedextinctionof many
taxain this regionof southernEurope(Postigo-Mijarreet al., 2010. Thereare manyQuaternarysites,both

continentaland marinesequencegFig.2), whichprovideinformationfrom Iberia,althoughthosefrom Early
and Middle Pleistoceneare relatively scarceand no long continuousrecordssuchas those from France,

Greeceor Italy are available(seecompilationsof Gonzéalez-Sampérét al., 2010and Postigo-Mijarraet al.,

. & Marine pollen records from off Portugal and Alboran Sea Pollen records from NE Spain - S France
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Fig.2. Stratigraphicaketting and schematicpollen biostratigraphyof selectedtaxa of Pleistocenerecords
from the Alboran Seaand off Portugal,and from NW Iberia and S France.Question marks indicate
uncertaintiesin the chronologicalsetting of the records. Asterisksindicate plant macrofossilsRedlines
representregionallyextincttaxa.Bluelinesrepresenttaxathat are onlymentionedin the papersor uncertain

determinations(e.g.Ulmus/Zelkova).
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308
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311

During the Early Pleistocene(ca. 2.6-0.8 Ma, MIS 100-20), the majority of availabledata come from
NortheasternSpain(Fig.2), thus presentinga partialimageof the whole of Iberia. Theseinclude Garraf,Pla
de I'Estany-Incarcal-Crespighe three namesare sometimesinterchangedin the literature becausethe
different outcrops are located in the samesite), Mas Miquel, TresPins, Bobila Ordis, Moli Vell and Cal
Guardiolawhile ODP976 and Glarethe only marinecoreswhich coverthis period. Monsarros,n Portugal,
is also considereda Plio-Pleistocenesite (see location, more details of the different sequencesand
compilation of referencesin both Gonzalez-Sampéret al., 2010 and Carrion(Ed.),2012). In relation to
extinct taxa consideredin this work, Garraf (Sucand Cravatte,1982; Sucand Popescu,2005 records
Taxodiacead,iquidambarCathayaand EucommiaPlade'Estany-Incarcal-CrespaowsCaryaPterocarya,
ZelkovaParrotiaand Carpinugeafimprints (VillaltaandVicente,1972)and pollenpresenceof both Carpinus
and Parrotiopsis(Sucand Cravatte,1982); Mas Miquel pollen data (Geurts,1979; Leroy, 1990) includes
CarpinusliquidambarCarya,PterocaryaNyssaand evenAcaciatype betweenother meso-thermophytes;
TresPins captures Cathaya,Cedrus,Picea, Tsuga,Carpinus,Eucommia,Liquidambar,Carya,Pterocarya,
Parrotiaand Zelkova(Leroy1990,1997), while in the site of BobilaOrdis,dated at around 1.2 Ma (MIS36-
33) (Lovlieand Leroy, 1995), Engelhardtia Eucommia,Carpinus,Carya, Pterocarya,Tsuga,Zelkovaand
Parrotiaoccur(Leroy1990,2008)(Fig.2). Both Moli Vell (Geurts1977,1979)and CalGuardiola(1.2-0.8Ma:
Postigo-Mijarraet al. 2007) show Caryaand Carpinusas well as Taxodiaceaén the caseof CalGuardiola,
pointingthe lastevidencein Iberiaand one of the lastin Europefor this taxon (Postigo-Mijarraet al., 2010).
Likewise,the Portuguesesite of Monsarros (Vieira, 2009) documents the presenceof Liquidambar,
TaxodiaceaeingelhardiaSymplocod\yssaandCathayawhile G1core,in the AlboranSeashowsevidence
of Picea,TsugaCathaya,TaxodiaceaeCarpinusEngelhdariaand Liquidambar(Feddiet al., 2011 and ODP

976LiguidambarZelkova,TsugaPtercaryaand CarpinugJoanniret al.,2011).

In summary,a complexscenarioemergesfrom the patchy,discontinuousggeographicatlistribution of sites
acrosslberia. Longtemporal seriesare generallylackingand vegetationsignalsare usuallydominated by
conifersand/or the herbaceoussomponent.A variedpresenceof other relict taxais neverthelessapparent
(Gonzalez-Sampérét al., 2010; Postigo-Mijaraet al., 2010),at leastnearthe Mediterraneanand until the

Early-MiddlePleistocendransition (betweenMIS36-18).After this transition, the last occurrencef some
17
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332

333

334

335

336
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338

taxawhichconcernthe topic of thiswork suchasEngelhardiaEucommial.iquidambarSciadopitysParrotia,

Taxodiuntype and Tsugacanbe detected(Leroy,2008;Postigo-Mijarreet al.,2009,2010).

With respectto the Middle Pleistocendca.0.8-0.126Ma, MIS20-6),followingthe reviewof Postigo-Mijarra
et al. (2010),there is a noticeableincreasein information relatedto last recognisedevidenceof relicts, but
the number of recordsis similarto the EarlyPleistoceneand againmost of the sitesare only fragmentary
sequenceswith alow numberof samplesstudiedand poor chronologicatontrol (for more detailsseetable
compilation in Gonzalez-Sampériet al. (2010) and individual sites descriptionin Carrién (Ed.) (2012).
Nevertheless,valuable information emergesfrom both marine and continental sites, including some

archaeologicasitesand againnot only pollenbut macro-remainstoo.

Thus,Carpinuds recordedin marinecoresODP976 (Combourieu-Nebougt al., 1999;Joannin2007,2011),
MD99-2331(Sanchez-Goitt al.,2005,2008, MD01-2447Despratet al.,2005,2007),MD03-2697Desprat
et al., 2009)and MD01-2443(Roucouxet al., 2006).Pterocaryaoccursin both MD01-2447during MIS11
(Despratet al., 2005 and MD03-2697during MIS9 (at around 298 ka BP:Despratet al., 2009).However,a
greaterdiversityof extincttaxacanbe observedin continentalareassites(Fig.2). Thisis the caseof Carya,
for example whichhasbeenrecordedafter MIS18in the Banyolesreabutimpreciselydated(Geurts 1979).
Vald’en BasincludesCarpinusn the spectralocatedbelowa volcaniccrustdatedat 250kaago(Crosset al.,
1986).Mas Grill showsthe presenceof FagusOstrya,Juglansand Carya(Geurts,1979),althoughonly five
pollensampleshavebeenstudied.Carpinugs alsorecordedat the NorthernlberianLezetxiksite, attributed
to the end of the Middle Pleistocenefollowing the archaeologicabequence(Sanchez-Gofiil992). The
Atapuercapollensequencefrom both Galeria(TG)and GranDolina(TD)outcrops(Garcia-Antérand Sainz-
Ollero,1991), recordsthe lastevidenceof CedrusTaxodiumPlatanusandCaryafrom innercontinentalareas
ataround0.8-0.6Ma (TD5-TD8) while CarpinusPiceaor Juglansstill persistin the sequenceand other sites
until Holoceneor currenttimesin samecaseslin Padul,the longestpollen sequencerom southernSpain,
Abies, Tsuga,Fagusand Quercus,amongstother taxa, are recordedin levelsprobably attributed to the
interglacialMindel-RisgHolstein)despitecontroversybetweenFlorschitzt al. (1971)and Ponsand Reille
(1988 with respectto the chronologyof the sequence All these sitesare locatedin Spain,but data from

Portugalis alsoavailablesuchasin Morgandinho(Antuneset al., 1986),where Cathayaand Keteleeriavere
18
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present,as well as Picea(ca. 3%),in a conifer-dominatedlandscape(mainly formed by Pinug between,

probably,MIS20-17.

Thus,the Middle Pleistocendberiansitesoffer aninformative but alwaysincompleteview of the extinction
and/or persistenceof relicts pointing the key role of southernEuropeaniatitudesfor vegetationrefugiain
the face of intenseglobal climatic changessuchasthose associatedo glacial/interglaciaperiodsand the

consequentdaptation,survivalor disappearancef numeroustaxa.

Finally,Iberianavailablesitesfrom LatePleistocengGonzalez-Sampérét al., 2010)and Holocene(Carridn
et al., 2010)are much more numerousthan previousperiods,geographicallywell distributed and benefit
from generallybetter chronologicalcontrol, but information with respectto extinct taxa becomeslimited
(Postigo-Mijarraet al., 2008, 2010 becauseEngelhardia,Eucommia,Liquidambar,SciadopitysParrotia,

Taxodiuntype and Tsugaamongstother relictsalreadydisappeared.

Concerningcurrently extinct conifers in Iberia, Cedrusis relatively frequently present in continental
palynologicalecords(marinecoresfrom southernlberiacannotbe consideredcherefor its potential African
pollenrain capturearea;Fig.2), both from the LatePleistocengPonsand Reille,1988; Burjachsand Julia,
1994; Carribnand van Geel,1999; Yll et al., 2003; Carrionet al., 2008; Cortés-Sancheet al., 2008) and
Holocene(Ponsand Reille,1988; Carrionand van Geel,1999; Carridnet al., 2003,2007; Cortés-Sancheet

al.,2008;Aranbarriet al.,2014).

New |berianlong sequencesvhichextendfrom, at least,the Middle-LatePleistocendransitionandinclude
the whole Holocene suchasthe Caniizarde Villarquemadarecord (Gonzalez-Sampérét al., 2013;Garcia-
Prieto, 2015),Conquezuelpalaeolake(Gonzalez-Sampéripers.com.),or a new study at the well-known
Padulpeatbog(Jiménez-Morenopers.comm.),are currently under study and will be publishedin the next
years. Current methodologies usually imply a multidisciplinary context of analysesand an accurate
independentchronology.Thus,these future resultswill be of greatinterest and could contribute to the

understandingof the survivalhistory of rare taxain the Mediterraneancontext.
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3.2 SouthernFrance

Onlypollenrecordsat latitudes<46°Nhavebeenconsideredrom SouthernFrance wherethe paleofloristic
recordof the EarlyPleistoceneasrather fragmented(Fig.2). Thepollenrecordfrom Senézedatedto around
2.1 Ma (Rogeret al., 2000), lists many “exotic trees”, including Taxodium/SequoiaSciadopitys Pinus
haploxylon,Nyssa,Liguidambar EleagnusSymplocosCarya,Pterocarya,Juglans EucommiaCedrusand
Tsuga(Elhai, 1969).Thesite of Bernassowhich providedboth pollenand plant macrofossibata, developed
duringthe time intervalbetweenca.2.16and1.96Maanddocumentshe presenceof arichflorawih Cedrus,
Tsuga, Ecommia, Parrotia, Carya, Pterocarya, Engelhardia,Myrica, Zelkova Carpinusorientalis, and
ParthenocissugSuc,1978;Leroyand Roiron,1996).The Nogaretdeposit,dated between2 Ma and 1.7 Ma
showsa substantiallysimilar flora, includingalso scarcegrainsof Cathaya(Brugalet al., 1990 Leroyand
Seret, 1992). The Saint-Macairemaar (NW Mediterranean coastal plain of France),consideredto be
depositedbetween 1.4 andabout 0.7 Ma, presentsmanyfloristic elementstypical of the EarlyPleistocene,
includingCathaya,Cedrus,Tsuga,Liquidambay Carya Pterocarya EucommiaParthenocissysand Ulmus-
ZelkovaLeroyet al., 1994). Thelongpollenrecordfrom Ceyssadepictsthe vegetationhistory of the Massif
Centralfrom the beginningof the Pleistocendo approx.0.9 Ma. Thebottom part of the record,substantially
confirmingthe presenceof the taxafound at SenezeBernassoNogaretand Saint-Macaireis not precisely
dated, while pollenzone8 is bracketedbetweentwo K/Ardatessuggestingan agebetweenl.1and0.9 Ma
(Ablin,1991). It still includesa numberof taxathat are not currentlypresentin the region,includingCathaya
type, Cedrus,Tsuga Parrotia, Eucommia,Carya Pterocarya,Parthenocissusand Zelkova.Other pollen
recordsof EarlyPleistoceneagewere studiedfrom the FrenchPaysBasquegOldfield,1968)and from the
Médoc region (O'Brien and Jones,2003). Although they are not set in a precise chronostratigraphic
framework,they providethe importantinformation of significantexpansion®f Tsugareachingthe Atlantic

coastin atime period precedingd.8 Ma.

Thevegetationhistory of the early Middle Pleistocenes well studiedin the Alleret maar (MassifCentral),
whichcomprisegwo records:the oldestis dated 750to 650kaandis still only partially published(Degeaiet
al.,2013),while the youngestis correlatedwith MIS15 (Pastreet al.,2007).Theflora appearampoverished

with respectto the EarlyPleistoceneastaxasuchasCedrusEucommiaParrotia,and Parthenocissuare not
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present.CaryaandLiquidambaiare still recordedduringMIS17 (Degeakt al.,2013),but were absentin MIS
15 (Pastreet al.,2007).Cathaya,TsugaNyssaPterocaryaand Zelkovawere still presentin both records.

Therecordsfrom the Velay (Reilleet al., 2000 and referencestherein) constitute a benchmarkfor the
vegetationhistory of southernFranceacrosdfive glacial-interglaciatyclegMIS11to the present).Cathaya
Nyssa,Tsugaand Zelkovaare not found any more, while Pterocaryais recordedfor the last time in the
Praclauxnterglacial,correlatedwith MIS11. Thesameageis prospectedfor the finds of Pterocaryan the
interglacial deposits from La Céte, in the western French Alps (Field et al., 2000), but a personal
communicationof M. Reillerevealsthat tracesof Pterocaryawere found in the Massif Centralin MIS 9

(Tzedaki®t al., 2006).

3.3Italian Peninsula

In the Italian Peninsulaa large number of Pleistocenepollen recordshave been publishedover the years,
documentingthe presenceof taxanowadaysabsentfrom the Italianterritory. Severalong pollenrecords,
often spanningmultiple glacial-interglaciatycles have been studied from lacustrinesites,suchas Azzano
Decimo(Piniet al., 2009), Leffe (Ravazzand Rossignol-Strick,995; Ravazzi2003; Muttoni et al., 2007),
Pianengo(Muttoni et al., 2003),Fornacidi Ranica(Ravazzét al., 2005), FossoBianco(Pontiniand Bertini,
2000),Valledi CastigliongFollieriet al.,1988,1989),Vallodi Diano(Russdermolli,1994),Acerno(Munno et
al., 2001;RusscErmolliet al., 2015),Boiano(Orainet al., 2013, Sessan¢RusscErmolliet al., 20109, and
Camerota(Brenac,1984). Other long pollen recordswere obtained from marine sites, including Venice
(Millenderset al.,1996,Massariet al.,2004),Stirone(LonaandBertoldi,1972;Bertini2001),LamoneValley
(Fusco,2007), Valle Ricca,(Urban et al., 1983; Arias et al., 1990), SantaLucia (Joanninet al., 20075
MontalbanoJonica(Joanniret al.,2008;Bertiniet al.,2015),andCrotone(CoubourielNeboutandVergnaud
Grazzini, 1991; Combourieu-Nebout1993; Klotz et al., 2006; Sucet al., 2010).In addition to these long
sequences,many pollen records span only single glacial-interglacialcycles or shorter time intervals.
Nonethelessthey provide usefulinformation about the presence/absencef plant taxa, especiallywhen
they are setinto asoundchronostratigraphiédramework.Amongthem, it isworth mentioningPianicoSéllere

(Ravazzet al., 2003; Martinetto, 2009); Valledi Manche(Capraroet al., 2005), ColleCurti (Bertini, 2000),
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Fontana Ranuccio(Corrado and Magri, 2011), Mercure (Petrosinoet al., 2014), and Lago Grande di
Monticchio(Allenet al., 2000;Allenand Huntley,2009. A numberof pollenrecordshavebeenstudiedfrom
paleontologicakites,with mammalfauna providingadditional palaeoecologicaihformation. Theyinclude
CosteSanGiacomaBellucciet al.,2014),MadonnadellaStrada(Magriet al.,2010),PoggioRossdBertini et
al., 2010, Pagliaredi SassdPalomboet al., 2010, Riano(Follieri,1958,1962), Pietrafitta (Ricciardi, 1961,
Martinetto et al., 2014), Saticula(Russcermolliet al., 2010),and SanLorenzoin the Sant’Arcangeld@asin
(Sabatcet al.,2005).Afew pollenrecordswere obtainedfrom archaeologicasites:VisogliandCattaniet al.,
1991;Abbazzet al.,2000),Isernia-L&ineta(Lebretonet al.,2002),Monte PoggioloMessageet al., 2011),
andCeprandManziet al., 2010).A largenumberof macrofossikitescomplementthe information provided
by pollen records. They are mostly located in northern and central Italy (Martinetto 2001, 2009, 2015,

Martinetto and Sami,2001,Martinetto et al.,2014,2015).

While no singlepollenrecordin Italy spansthe whole (or most) of the Quaternary the wealth of available
data hasmadeit possibleto composea satisfactorypicture of the successiorof tree taxa disappearances
from the Peninsulawhichis presentedseparatelyfor Northern (>44°Njig.3) and Centralltaly (44°-41°N)n
Fig.3, and Southernitaly (<41°N)in Fig.4). Theseregionsdo not correspondexactlyto the administrative

subdivisiorof Italy, but are appropriatefor our purposes.

InNorthernltaly (>44°N;Fig.3), the baseof the Quaternaryiswell representedjn continuity with the end of
the Pliocenejn the Stironesection,recordingthe altitudinal forest developmentin the Northern Apennines
(Italy)from 2.7 Ma to approx.2.2 Ma (Bertini,2001).In the Pleistocenegortion of the record,a number of
tree taxaarefoundthat later disappearjncludingTaxodiuntype, Sequoidype, SciadopitysCathaya,Tsuga,
Cedrus,Liguidambay Engelhardia Carya,Pterocarya,Zelkova,and ParthenocissusThesetaxa were still
present,and in some casesabundant,in the marine sedimentof Calabrianage from the LamoneValley,
wherealsoNyssaandcf. Parrotiawere found (Fusco2007).A clearreductionin the recordedtaxaappearin
the pre-Jaramillorecord from Leffe-FornaceéMartinelli (Ravazzand Rossignol-Strick,995; Ravazzi2003;
Muttoni et al.,2007),where SciadopitysCathayaParrotia,andEngelhardiarenot reported, but other most
interesting taxa are represented, including Aesculus(Ravazzi, 1994), Styrax, and Parthenocissuslt is

important to note that Taxodiaceaestill abundantin the LamoneValley,are only found at the baseof the
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Leffe-Fornacéartinelli record.In the earlyMiddle Pleistocenea further reductionof tree taxais observed
in the sectionof PianicoSéllere(Ravazzi2003; Martinetto, 2009),whosefossilflora doesnot displaytaxa
typical of the EarlyPleistocenge.g. TaxodiaceaeCarya,Liquidambarand Eucommia)but showsthe last
sporadicappearanceof Cedruswhich was abundantat Leffe. Parrotia and Zelkovaare still found in the
macrofloraof Oriolo (Martinetto and Sami,2001), but never againin the mid-Middle Pleistocenesite of
Visogliand350-500ka), where alsoCaryaand Tsugawere lost, but Pterocaryawasstill present(Cattaniet
al.,1991;Falguére=t al.,2008).TheAzzandecimorecord(Piniet al., 2009),spanninghe last215ka,does
not displayanytree taxoncurrentlyabsentfrom the peninsulaHowever pollenrecordsfrom the EasternPo
Plain(Amorosiet al.,2004)andfrom Venice(Mullenderset al., 1996)documentthe presenceof Zelkovauntil

the end of the Eemianinterglacial.

i = Pollen records from Northern Italy (>44°N) Pollen records from Central Italy (44°- 41°N)
= Isotopic Signal ®
T |88 8 g £ 5 9 -
=8¢ Benthic stack, z8 £ £ 8 s g s & = 3 < g
S |58 || UseckionaRaymo2005| 5 & S § § E g © 2 g 0 5 8 o E g 5 @ 2 g @
5|83 |5 T 8§ S 8 E S 3 e § 2 wed o £ & 5 S 558 2 o0 98 £ g B
<=5 < 5150 ) £E3 22 38E s 28 8358 50 R B E NSRS R EREERNER R
s0 a5 a0 g8 2Fg€&ddeagdai&asddrxs g8 3Ideedagfaeaifgaodix
] N
| 1 Care 223-517 4
a1 t l- é R ! {Zelkova) ; V. Castiglione
LIS ™ Azzano Decimo
02 TEE I omT . y |
o @ ITET AN R
I
4 : . L
’ é § visogliano ! "y ! | + Bessamo
oo BlE| L = e = s Rz 1 R8P Wil
06 o= Carsoli
(macrof. Carya)
07 t 4 0 T | | @& | . W TorreMucchia
08 E] t?! ? l T Poian:co-Sé\lere
- - - riolo
o 2 (macrofassis) \ ' 1'F i | T Y B | | # FontanaRanuccio
N . - é I ‘ ‘ T l I ‘ ‘ |1 e
E =
IE B T | : '
1115 e T ; .
2]ls I l I [ S B | =~ Saticula
HRE —_—a7 1 Leffe- Mad. della Strada
ERIERNE 40 ~— | Forn. Martinelli ! fl_' ' r 1 : + .:l bl :
a4l 1® —_— | i F tEi latwe © & Gubbie
2 —] 1 E )
154 - -
B — i Do il [ Pietrafitta (D-F)
£ = [T 1] | I ST Lamoner2 S R X *
16 — 55 !
HE = [ i (I 2
IR "= I I [ % i 1 * ! \ ! il! ; Lamone L1
18 § - . i . - .
= Poggio Rosso
3 = P
“|: v txill I
204 72— " 1L Yv11m i mm ¥ CosteS. Giacomo
_ = ; 5 : Stirone (A-B) S =
21|8 : | l i I ' ! l i |
WS |s .81
3 |§ = | 1
22|18 | = 1 1 | H
- & == | Fosso Bianco
2471 o _ 1 ]
o |

ii?i?i’ii+ii:5ﬁmnets-n .
0

Fig. 3. Stratigraphicaketting and schematicpollen biostratigraphyof selectedtaxa of Pleistocenerecords
from N ltaly (>44°N)and Central Italy (44°-41°N).Note that the sites of Sessanoand Boiano are
administrativelylocatedin Sltaly. Questionmarksindicate uncertaintiesin the chronologicaketting of the
records.Asterisksndicateplant macrofossilsRedlinesrepresentregionallyextincttaxa.Bluelinesrepresent

taxathat are only mentionedin the papersor uncertaindeterminations(e.g.Ulmus/Zelkova

23



462
463

464
465
466

467

468

469

470

471

472

473

474

475

476

477

478

Pollen records from Southern Italy (41°- 39°N) Greece and the Aegean
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Fig.4. Stratigraphicaketting and schematicpollen biostratigraphyof selectedtaxa of Pleistocenerecords
from Sltaly (<41°N),Greeceand the Aegean.Questionmarksindicate uncertaintiesin the chronological
settingof the records.Asteriskgndicateplant macrofossilsRedlinesrepresentregionallyextincttaxa.Blue

linesrepresenttaxathat are only mentionedin the papersor uncertaindeterminations(e.g.Ulmus/Zelkova).

In Centralltaly (44°-41°NFig.3), Taxodiumype isabundantin all the Gelasiamrecords(Fossdianco:Pontini
and Bertini, 2000; PoggioRossoBertini et al., 2010; CosteSanGiacomoBellucciet al., 2014).However at
FossdBiancathere are still manyPliocengaxathat are not found in the Quaternaryrecordsof Centralltaly,
includingPanaxtype (Araliaceae)Engelhardia Nyssa,Symplocosand cf. Parthenocissudt is alsoworth
noting the last occurrenceof Aesculusn Centralltaly, recordedat PoggioRossoDuringthe Calabriana
numberof sitesthat are not preciselydated (Pietrafitta:Ricciardi1l961;Martinetto et al.,2014;Gubbio:Lona
andRicciardi1961;LeonessaRicciardi 1965 MadonnadellaStrada:Magriet al., 2010 and SaticulaRusso
Ermolliet al., 2010b),together with other recordsdated by meansof magnetostratigraphy(Colle Curti:
Bertini, 2000; Fontana Ranuccio:Corrado and Magri, 2011) show the last occurrencesof Sciadopitys
(Pietrafitta), Parrotia (Madonnadella Strada),Liquidambar(ColleCurti), Cathayatype (FontanaRanuccio)

andthe lastcontinuousrecord of CedrugFontanaRanuccio)Sparsepollengrainsof Taxodiumtype are still
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found in the Calabriarrecords.In the early Middle Pleistocenethe Torre Mucchiarecord, correlatedwith
MIS17 (Pierucciniet al., 2016),displaysthe last significantabundancg>3%)of Tsugaand Caryawhichare
recordedfor the lasttime duringinterglacialperiodscorrespondingo MIS13 (SessandRussdermolliet al.,
2010a,2015) and MIS 9 (Boiano: Orain et al., 2013; RussoErmolli et al., 2015), respectively.The last
occurrenceof Pterocaryastill veryabundantin both the pollenand macrofossitecordsfrom Riano(Follieri,
1958,1962) likelycorrelatedto MIS11,isrecordedat Valledi Castiglionearound200ka(Follieriet al.,1988).
Zelkovaa maincomponentof the Eemianvegetationat Valledi CastigliongFollieriet al., 1986,1988,1989)
disappeardrom severalrecordsin Centralltaly at the end of MIS 3, while Piceais found with percentages

>2%until about 25 ka (Follieriet al., 1998;Magri, 1999;Magriand Sadori, 1999).

In Southernitaly (<41°Njig.4), all the recordsof EarlyPleistoceneagewere studiedfrom marinesediments,
with the exceptionof CamerotaBrenac1984). Thelong Crotonesequencejncludingthe Semafora2.46to
2.11 Ma) and Vrica (2.2 to 1.36 Ma) sections (Combourieu-Neboutand Vergnaud-Grazzinil991;
Combourieu-Nebout] 993;Klotzet al., 2006;Sucet al., 2010),providesa well-datedand detailedrecord of
the Gelasianvegetation,includinga large number of taxa nowadaysabsentfrom Italy, belongingto the
subtropicalhumidforest: CathayaDistyllium,SciadopitysTaxodiumEngelhardiaMyrica,Magnolia Nyssa,
Symplocos,and Sapotaceae.Besides,there were a number of taxa typical of the deciduous forest
(Liguidambar Parrotia, Carya,Pterocarya Eucommiajnd of the altitudinal coniferousbelt (CedrusPicea,
Tsuga)that are not living any more in Southernltaly. Someof thesetaxawere not retrievedin the pollen
recordfrom Camerotadatedto the earlyCalabriar(Brenac,1984),namelyMagnolia NyssaEucommiaand
SymplocosParthenocissugasfoundin onelevel.Othertaxawerelostin the SantalLuciasection,correlated
with MIS43-40:EngelhardiaSciadopitysand Parrotia(Joanniret al.,2007b).Thefloristiclist is substantially
the same at Montalbano Jonicoduring MIS 37 to 23, with Liquidambar,Tsuga,and Caryashowing a
progressivalecreasdJoanniret al.,2008). Inthe samesite,duringMIS21to 19(858to 745ka),Liquidambar
and Taxodiuntype arerepresentedby sporadicgrains while Cathayas virtuallyabsent(Bertiniet al.,2015).
In the coevalsite of Valle di Manche (Capraroet al., 2005), Cathayais documentedfor the last time in
Southernltaly. During the Middle Pleistocenethe long pollen record from Vallo di Diano depicts the

vegetationchangesduringMIS 16 to 13 (Russdermolli,1994;RusscErmolliet al., 2015).0nlysinglegrains
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of Taxodiumtype, Tsuga Pterocaryaand Liqguidambamwere found; CedrusPicea and Caryawere strongly
reducedbut still present,especiallyduringthe interglacialphasecorrespondingo MIS13. Duringthe same
forest phase,Zelkovawas rather abundant, reachingpercentages>5%.All these taxa disappearedfrom
Southernltaly before the Late PleistocenegxceptPiceathat persisteduntil the last glacialmaximum,as
documentedby the pollen record from LagoGrandedi Monticchio (Allenet al., 2000; Allen and Huntley,

2009).

3.4BalkanPeninsulaand Anatolia

Inthe Balkansseveralinesof information contribute to the understandingof regionalQuaternarytree taxa
persistenceandextinctions(Figs4-5).Pollenrecordson longcoresequence$rom subsidingerrestrialbasins
provide continuousrecordsspanningmultiple glacial-interglaciatycles,suchas LakeOhrid (Wagneret al.,
2009; Sadoriet al., 2016),Lakeloannina(Tzedakis1994), TenaghiPhilippon(Tzedakis2006; Prosset al,
2015), and Kopais(Tzedakis,1999, Okuda et al., 2001). Exposedgeologicalsections, such as in the
MegalopolisBasin (Okuda et al., 2002) and on Rhodes(Joanninet al., 2007a) provide discontinuous
sequenceshat canbe integratedinto the wider frameworkthroughradiometricdating,palaeomagnetiand
isotope stratigraphy,and correlationswith astronomicalcycles(Fig.4). Pollenrecordsfrom continuous
marine sedimentsequenceslsorepresentan important contribution, notablya 6 Ma sequencegrom DSDP
Site 380 in the southwestern Black Sea (Biltekin, 2010; Popescuet al., 2010; Biltekin et al., 2015).
Complementaryinformation is also availablefrom plant macrofossillocales,principallyin Southwestern

Greeceandin the HellenicArcregion(reviewedin Velitzeloset al., 2014).

Long-termpatterns of persistenceand extinction are revealedin the long, continuouspollen records. At
TenaghiPhilippon(Wijmstra, 1969; Wijmstra and Smit, 1976; Van der Wiel and Wijmstra, 1987a,1987b;
Tzedakiset al., 2006; Fletcheret al., 2013; Prosset al., 2015),the key patterns of extinctionsand their
relationshipto glacial-interglaciatyclesof the last 1.3 Ma is discussedy Tzedaki®t al. (2006).Therecord
revealsa progressivebroad-scaldloristic shift in forest composition,with EarlyPleistocenespectrarich in
Castanea,Pterocarya,Carya and Cedrusreplaced by assemblagesvith Carpinus,Ostrya and Corylus

alongsideincreasedQuercuqFig.5). Within this transition, which occurredbetween0.9 and 0.6 Ma (andis
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associatedvith the first major glaciationsof MIS22 and MIS16) a seriesof individualtaxadisappearances
recorded, with last occurrencesof Liquidambarand Parthenocissugrior to MIS 22, and subsequent

sequentiadisappearancef Parrotia EucommiaTsugaPterocaryaCaryaandCedrugTzedakiet al.,2006).

At DSDRite 380 (Popesctiet al.,2010;Biltekinet al., 2015)two taxa,Avicenniaand Nyssagdo not appearto
persistinto the Middle Pleistocenet all (Fig.5). Theselaxaare documentedby rare occurrencesn the Early
Pleistoceneandthey appearmore broadlyassociatedvith taxawhoselastappearancen this sequenceare
documentedin the late Mioceneand Pliocene(ArecaceaeParrotia). Severataxaare consistentlyrecorded
duringthe earlyPleistoceneprior to around1.2Ma, specficiallyfEngelhardiaZelkovaPterocaryaand Tsuga.
Thesetaxaall occurmore sporadicallyin the middle Pleistocenesediments,and are generallyabsentin the
upper part of the sequencecorrespondingto the late Middle Pleistoceneand Late Pleistocene Cathaya
displaysa similarpattern of sporadicoccurrencesn the early Middle Pleistocenealthoughthe mainperiod
of consistenfpresencavasearlier,duringthe Pliocene Asmallgroupof taxa(Taxodiacead;aryaandCedrus)

are documentedsporadicallythroughthe later Middle Pleistoceneand LatePleistocene.

At other siteswith pollen recordsextendinginto the Middle Pleistocenepccasionabccurrencef extinct
or relictual taxa are reported. The presenceof Pterocaryain mainlandGreeceduringMIS11 and MIS9 is
confirmedin the pollenrecord of Kopaisshownby Okudaet al., 2001.In the loannina-24Score (Tzedakis,

1994),Zelkovasreportedin interglacialgrior to the lastglacial.

Important insightsare alsoderivedfrom the shorter, or discontinuousrecords.Suballyet al. (1999)report
onthe CoupeCitadelle Zakynthog2.0-1.8Ma), whereoscillationsbetweenArtemisiaand Cedruslominated
assemblageare associatedvith interglacial/glaciatycles AlongsideCedrus Cathayaand Taxodiaceaare
well represented.Joanninet al. (20073 report findingsfrom Earlyto Middle Pleistocenadepositsin Rhodes
(Tsampikdormation).Pollendiagramdgor sequencel S1-and TS5-&orrespondo MIS31-27(1.1-0.98Ma)
andMIS19(~800-70a),respectivelyasdeterminedby palaeomagnetipolarity and correlationof glacial-
interglacialcyclesto the marineisotopestratography.Thepollenrecordfor the earlierinterval (MIS31-27)
documents several mesothermictaxa no longer occurringin the regional vegetation, including Carya,

Zelkova, Pterocaryaand Liquidambar,as well as mega-mesothermicTaxodiumtype and mid-altitude
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559 elementsTsugaand Cathaya.Therecord for the later interval (MIS19) includesseveralof the sametaxa
560 (Tsuga,Cathaya LiquidambarZelkova,Carya Pterocarya,and Taxodiumtype), as well as occurrencesof
561 Parrotiaand Hamamelidaceagollen. It is also noteworthy that commontemperate and montanetaxain

562 bothintervalsincludeQuercusand Cedrusboth of whichare absentfrom the presentdayflora of Rhodes.
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565 Fig.5. Stratigraphicaketting and schematicpollen biostratigraphyof selectedtaxa of Pleistocenerecords
566 from TenaghiPhilippon(Tzedaki®t al., 2006) and DSDsite 380 (Biltekinet al. 2015).Redlinesrepresent
567 regionally extinct taxa. Blue lines represent taxa that are only mentioned in the papersor uncertain

568 determinations(e.g.Ulmus/Zelkova).

569 In the Megalopolisbasin (MarthousaMember) in SouthwesternGreece,Okudaet al. (2002) documenta
570 seriesof Middle Pleistocengglacial-interglaciatycleswith vegetationshifts betweentemperateforest with

571 QuercusAcer,Carpinusaandothers,andsteppewith Artemisiaand other Asteraceadypes.Thesequences
572 supportedby an ESRlate of 370+110ka and the four temperate forest phasesare tentatively correlated
573 with MIS15,13,11and9, althoughother possibleattributions are noted (MIS13-9,MIS17-11).Thepollen

574  diagramcontainsLiquidambaiin the lowesttemperatephase,and Pterocaryan the lower three temperate
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phasesAsmallsamplesetfrom exposuresn the southerncoastalareaof the Gulfof Corinthalsodocuments
the presenceof Carya,TsugaCedrusPterocaryal.iquidambarand Zelkovaand hasbeenusedto supporta

LowerandMiddle Pleistocenegefor fluvio-lacustrineandfan-deltasyn-rift deposits(Rohaiset al., 2007)

Other siteshave potential to contribute to the issue,but detailsof rare taxa, includingextinct or relictual
elements,may not yet be published.Sadoriet al. (2016)presenta new continuouspollen record spanning
the last500kaat LakeOhrid, Albania.Thedatapublishedto date revealsthe goodcorrespondencéetween
forested/non-forestedphasesand glacial-interglaciakcycles,and highlights a progressiveshift towards
warmer and drier interglacialsassociatedwith a diminishingrole of Abiesand Piceain the regional
vegetation.Future insightsregardingextinct taxa for this, and the deepersequenceextendingto 1.2 Ma
(Wagneret al., 2009)will be important. Ongoingnvestigationof new boreholesat TenaghPhilipponat high
(centennial-scalejesolution may also contribute new insightsinto the pattern of regional extinctionsin

NortheasternGreeceoverthe last1.35Ma (Prosset al., 2015).

4, History of tree tree taxa extirpated from SEurope

The compilation of the pollen recordsin Figs2-5, although schematicand in many casesfragmentary,
providesthe basisfor acomprehensiveview of the populationdynamicsof tree taxathat disappearedrom
SouthernEuropeduringthe Pleistoceneln particular,they provideregionaloverviewsof the expansionsand
last occurrencesof the mostimportant tree taxathat went extinct from the SouthernEuropeanmainland.
Forthis review, we selecteda number of taxathat arereliablyidentified and appreciablyrepresentedin all
the Quaternary pollen floras of South Europe: Taxodiumtype, Sciadopitys,Cathaya Cedrus,Tsuga,
EucommiaEngelhardia Carya,Pterocarya Parrotia, Liguidambar,and Zelkova(Figs6-8). Other taxa, not
discussed in this review, including Sapotaceae, Juglandaceae, Arecaceae, Avicennia Aesculus,

ParthenocissusyyssaPiceaomorika,and Platanusmaydeservea further work.
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Fig.6. Schematicstratigraphicdistribution of Taxodiumtype, SciadopitysCathayatype, and CedrusBlue
linesrepresenttaxathat are only mentionedin the originalpapers.

4.1 Taxodiumype

Asmentionedabove,the pollentypesindicatedas Taxodiaceage.g.,Ravazzi2003;Joanniret al.,2007a,b;
Biltekinet al.,2015)and Taxodium-typde.g.,Fusco2007;Bertiniet al.,2010)maybelongto differentgenera
of the Taxoidieaesubfamily(Cupressacedaamily).Accordingo Fuscq2007)andBertini(2010),in the Italian
pollenrecordsthey mayincludeboth Taxodiumcf. distichumand Glyptostrobuswhile Biltekinet al. (2015

ascribeit mostly to GlyptostrobusBoth generawere found in the Miocene macrofossilrecord of Europe
(Kovar-Edeet al.,2006),but wood samplesanalysedrom the EarlyPleistocenalepositof Leffe(Ravazzand
vander Burgh,1995)aswell asshoots,conesand seedsfrom the EarlyPleistocenalepositof Dunarobbain

Centralltaly (Martinetto et al.,2014)suggesthat Taxodium-typgoollenmight be referredto Glyptostrobus.
30



613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

Onthe other hand,fossilwood from a pyroclasticdepositnear Rome,Ar/Ar dated at 514 ka (Marraet al.,
2014),wasascribedto Taxodium(Follieri,2010. Until more conclusivedata are collected,the questionof
the exactattribution of Taxodium/Glyptostrobusype pollento one or the other genusis still open, aswell
asthe possibilitythat more than one speciesor genuswere presentin the Quaternarydepositsof Southern
Europe.Thequestionis highlyrelevantconsideringhe presentdistribution of the two genera:Taxodiumis
limited to the southeasternregions of North America(T. distichum (L.) Rich.)and Mexico (T. huegelii
C.Lawson)while Glyptostrobuspensilis(Stauntonex D.Don)K.Koch(the sole extant speciesof this genus)

livesin southernChina.Both Taxodiumand Glyptostrobusive in swampyenvironmentsandriverbanks.

Bearingin mind these taxonomicuncertainties,the Pleistocenepollen recordsin South Europeprovide a
rather consistentpicture of the history of Taxodium/Glyptostrobughere after namedTaxodiumtype) (Fig.
6). Duringthe GelasianTaxodiumtype waspresentonly in very low percentagesn the peri-lberianmarine
cores(coreG1l:Feddiet al.,2011),while it wasrather abundant(5-10%)n NortheasternSpain(Garraf:Suc
and Cravatte,1982),andin Italy (Stirone:Lonaand Bertoldi, 1972;FossaBianco:Pontiniand Bertini, 2000,
CosteSanGacomoBellucciet al., 2014;PoggioRossoBertiniet al., 2010; Semaforo:Combourieu-Nebout,
1993).Duringthe early Calabrian;Taxodiumtype wasstill significantlyrepresented(>5%)in Northern Italy
(Lamonevalley:Fusco2007;Leffe:Ravazzi2003).In Southernitaly it wasabundantin the marinesediments
of the Vrica section (not shownin Fig.6) (Combourieu-Nebouand Vergnaud-Grazzinii991), where it
progressivelyeclinedaround1.3 Ma, while it wasdiscontinuouslyrepresentedin the lacustrinesediments
from Camerota(Brenac,1984).Startingin the middle Calabrian;Taxodiuntype wasstronglyreducedin the
Western and Central Mediterranean regions, but it still shows sporadic appearancesbefore its final
disappearancegated around600-500ka both in France(MIS15 at Alleret maar: Pastreet al., 2007;Degeai
etal.,2013 andin Central-Southeritaly (MIS15-13at Vallodi Diano:Russdzrmolli, 1994;MIS13at Sessano:
RusscErmolliet al., 2010a).Macrofossilsof Taxodiumfrom near Rome,dated around 500 ka, confirm the

ageof theseoccurrencegFollieri,2010).

In Greece Taxodiumtypeis continuouslyfoundin low amountsat ZakynthogSuballyet al., 1999)before 1.8

Ma; it wassporadicat Rhodeauntil the early Middle Pleistocengca.700ka; Joanniret al., 2007a) wherea
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fossilwood of Glyptostrobusis dated around 500 ka (Boyd, 2009). No record is reported from Tenaghi
Philippon(Wijmstra,1969; Wijmstraand Smit,1976; Vander Wiel and Wijmstra, 1987a,b;Tzedakist al.,
2006),0hrid (Sadoriet al., 2016),and Megalopolis(Okudaet al., 2002).In core DSDRF380 (Biltekinet al.,
2015)it isabundantthroughoutthe Quaternaryuntil recent,but it underwenttwo severedeclinesat about

1.2and0.5Ma.

A clear pattern appearsfrom the synopticalview of Fig.6. The scarcity/lackof Taxodiumtype in Greece
suggestghat two distinct populations/species/generaere probablypresentin SouthEurope,which had
different fates. Thefirst one, found in NortheasternSpain,SouthernFranceand Italy, underwenta severe
reductionin NortheasternSpain-Southerfrranceand Centralltaly at the end of the Gelasianpersistedin

Northern Italy until the mid-Calabriar(1.4-1.2Ma), and disappearedlefinitely from Centraland Southern
Italy after ca. 500 ka. The secondone was distributed in Anatolia-Rhodesit underwent a first severe
reductionaround1.2 Ma anda secondreductionaround500ka (at approximatelythe sameageof the last

occurrencadn Italy), but wasin anycaseableto surviveuntil recenttimes.

4.2 Sciadopitys

The sole extant speciesof the family Sciadopityaceaés Sciadopitysverticillata (Thunb.)Siebold& Zucc.
Moleculardatingshowsthat it representsone of the earliestdivergingplant lineages(ca.220Ma) survived
by a singlespeciesn the world alongsideother classicliving fossils’suchasGinkgo(Worth et al., 2013).1t is
currentlypatchilydistributedin highrainfallmontaneareasof Japan(islandsof Honshu ShikokuandKyushu)
within temperate forests,where meanannualprecipitation can exceed4000 mm/yr (Farjon,2005).It was
found in severalPliocenesitesin NorthwesternEurope(Kemnaand Westerhoff,2007),France(Suc,1973),
andNorthernltaly (Piniet al.,2003).Thepollendatafrom SouthernEurope(Fig.6) indicatethat, apartfrom
a singlefind in the marine core G1from the AlboranSea(Feddiet al., 2011),the only country whereit is
recordedis Italy, whereit is found not only during the Gelasian(Stirone:Lonaand Bertoldi, 1972;Bertini,
2001;FossdBianco:Pontiniand Bertini,2000; Semaforo:Combourieu-Nebout] 993;Klotzet al., 2006),but

alsoduringthe early CalabrianlLamoneValley:Fusco2007 Pietrafitta: Lonaand Bertoldi,1972 Camerota:
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Brenac,1984). In SouthernFrance,a few pollen grainswere found in the Saint-Macairemaar, of Early
Calabrianage,but they are consideredreworkedfrom underlyingEarlyPliocenemarine clays(Leroyet al.,

1994).

No occurrencef Sciadopitysare reported from Greecethe Aegeanislandsand DSDFRsite 380, indicating
that the genusmay have disappearedrom SoutheasternEuropein the courseof the Pliocene asit was
presentin upper Miocenesedimentsfrom Samosandin LowerPliocenedepositsof Ptolemaidajn Western

Macedoniaasdocumentedby macrofossilgVelitzeloset al., 2014).

Thecomparativeview of the pollenrecordsfrom SouthernEuropehasprovidednovelinformationaboutthe
pastdistribution of this taxon,which hasconsiderablesvolutionaryinterest. In particular,Italy appearsasa
long-termrefuge areafor Sciadopitysthat persistedin severalareasof the Italian Peninsulaor over one
millionyearsafter it haddisappearedrom the restof Europe Thislong-termpersistencamightbe connected

with generallyhighrainfallalongthe Italianmountainchains.

4.3 Cathaya

Cathayais a monotypic genus of the Pinaceaefamily, presently living only in SoutheasternChina,in

mesophilousforests at 900-1900m elevation (Farjon,2008).1t is categorisedas a palaeoendemicwith a
fossilhistory dating at leastto the CretaceougLiuand Basinger2000. Pollenof Cathayahasoften been
misidentified, having been confusedwith Pinushaploxylon-type,or even PodocarpugLiu and Basinger,
2000).In manyEuropearrecords,it isnamedCathayatype, leavinga certainmarginof error. Thisisbecause
many determinationsof fossil grainsare basedon publishedphotographsand descriptions(Caratiniand

Sivak,1972; Sivak,1976; Liu and Basinger,2000; Zanniand Ravazzi2007), and not on fresh reference
collectionsdueto the rarity of the singleextantspeciesCathayaargyrophyllawhichwasformallydescribed
onlyin 1958by Chunand Kuangln severalEarlyPleistocendtalian sitesits pollen hasbeenoften classified
as, or joined to Pinushaploxylon-type(Capraroet al., 2005; Fusco,2007, see photographsin Lonaand

Ricciardil961;Ricciardi 1965 andrevisionby Liuand Basinger2000).
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Cathayafossilswere found in manyMioceneand Pliocenesitesin Europeasboth macrofossil{Kovar-Eder
et al.,2006;Velitzeloset al., 2014)and pollen (Jiménez-Moren@and Suc,2007;Popesciet al.,2010).During
the early GelasianCathayawas continuouslypresentin the marinerecord from the AlboranSea(Feddiet
al., 2011),and abundant(even>10%)in the recordfrom Garrafl in NortheasternSpain(Sucand Cravatte,
1982).Allthe fragmentedrecordsfrom NortheasternSpain-Southerfrranceof EarlyPleistoceneagereveal
its presenceuntil at leastthe Jaramillosubchron althoughin minimalamounts.In Northernltaly, it waswell
representedat Stirone,in the GelasianBertini,2001).1t wasstill presentat the beginningof the Calabrian
at the LamoneValley,whereit is groupedtogetherwith Pinushaploxylon(Fusco2007),then it wasnot any
more found (Ravazzi2005).In Centralltaly, Cathayawasagainwell representedduring the Gelasianwith
percentagesn somecasegeachingvaluesof 10%(Pontiniand Bertini,2000;Bertiniet al.,2010;Bellucciet
al., 2014),while in the Calabrianit is recorded(asPinushaploxylon)in two sites(Gubbioand Pietrafitta),
whoseage—not well constrained-isaround1.4 Ma (LonaandRicciardi,1961;Lonaand Bertoldi,1972).Its
last occurrenceis at FontanaRanuccian an interglacialphasedated around 850 ka (Corradoand Magri,
2011).In Southernitaly, Cathayawasabundantin the EarlyPleistocenenarinerecordof Crotoneespecially
from ca.1920kato 1740ka; thenit decreasedut wasstill presentaround1.3Ma (Combourieu-Nebouand
Vergnaud-Grazzini1l991).Smallamountsof Cathayapollenare found in Southernltaly until approx.750ka
(Capraroet al., 2005; Joanninet al., 2007b,2008).In Greece,Cathayais well representedin the Gelasian
recordfrom ZakinthogSuballyet al.,1999), it isrepresentedoy macrofossildindsof Calabriarageat Rhodes
(MaiandVelitzelos2007;Velitzeloset al.,2014), while it isnot recordedat TenaghPhilipponwhereit could
havebeencountedasPinushaploxylon-typealmostcontinuouslypresentup to 850ka (Wijmstraand Smit,
1976;Vander Wieland Wijmstra,1987a).Cathayapollenisrarein the EarlyPleistoceneecordat the DSDP

380site (Biltekinet al., 2015).

Duringthe Middle Pleistocenepnly two sitesreport sporadicoccurrencesf Cathayain SouthernEurope:
Alleretin SouthernFranceat 700-550ka(Pastreet al.,2007;Degeakt al.,2013 and Site380,discontinuously

presentuntil 380ka (Biltekinet al., 2015).
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Onthe whole,in spiteof identificationdifficultiesand of nomenclatureuncertaintiesthe SouthernEuropean
recordsprovide a consistentpicture of the history of Cathaya,which was presentat all sites during the
Gelasian.In the Calabrianit was probably more common in Southern Italy (Combourieu-Neboutand
Vergnaud-Grazzini1991)than in other regions,where it was alreadyseverelyfragmented.However,the
sparseoccurrencesilocumentedin Franceand Anatoliabetween700kaand 380 ka suggesthat very small
relict populationsmay have persistedin isolatedlocation and warn of the possibilityto find more fossil

remainsof Middle Pleistoceneagein SouthernEuropeardeposits.

4.4 Cedrus

The genusCedrusincludestwo extant acceptedspecies,hative in the Mediterraneanmountains: Cedrus
atlantica (Endl.)Manetti ex Carriére living in Algeriaand Morocco (Slimaniet al., 2014), and Cedrudibani
A.Rich.distributedin AsiaMinor (Fadyet al., 2008),includingCedrudibanivar. brevifoliaHook.f.in Cyprus,
sometimesconsideredasa separatespecieq L etal.,2013).Afurther speciesCedrusieodara(Roxb.
ex D.Don)G.Don,livesin Afghanistanand in the southernslopesof the western Himalaya(Bou Dagher-
Kharratet al.,2007). ThemodernMediterraneanpopulationsof Cedrusare severelyfragmentedasa result
of the unfavorableclimate conditionsof the last glacialperiod (Cheddadket al., 2009, of a long history of

humanactivity (Hajaret al., 2010b),and of increasingaridity in the late Holoceneg(Hajaret al.,2010a).

Modern pollen data obtainedin/near cedarforests (Hajaret al., 2008)showthat percentagesabove5-7%
indicateits presencenearthe site (Hajaret al., 2010a;Belland Fletcher,2016).Thisresultis confirmedby
the Holocenepollen recordsfrom Morocco,Algeriaand Lebanon showinghigh (>10%)pollen percentages
of Cedrusn the vicinity of moderncedarforests(Lambet al., 1989;Hajaret al.,2008;Cheddadet al.,2009).
Forthis reason,sparsepollengrainsof Cedrughat are often found in late Quaternarysedimentarydeposits
from the north Mediterraneanregions especiallyduringthe lastglacialperiod (MagriandParra,2002),have

beeninterpreted asthe effect of long-distancdransportationfrom north Africa(Reille,1990).

Fossidatashowthat Cedrushasalonghistoryin Europe beingalreadypresentduringthe Middle Miocene

(16-11Ma) in Anatolia(b ( # 6 /2007, Biltekin et al., 2015), Bulgaria(lvanovet al., 2002),and Austria
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(Jiménez-Morencet al., 2008. However,in the course of the Pleistocene,Cedrusunderwent a strong
reduction,disappearingrom Europe whereit iscurrentlyabsent.lt isworth noticingthat a strongreduction
of Cedrushasbeenreportedin alsoChinasincethe UpperPlioceneandascribedio anintensificationof the

EastAsianwinter monsoon(Suet al.,2013).

TheSouthernEuropearpollenrecords(Fig.6) documentaregionallydiversehistory of Cedrusin the marine
sedimentcoresfrom the Alboransea,Cedrushad a discontinuouspresenceat the end of the Plioceneand
duringthe Gelasiarn(Feddiet al., 2011),while continuousand appreciablepercentagesof Cedrugollenare
found duringthe time intervalsca.1.09-0.90Ma (core ODP976Joanniret al., 2011),48-26ka (core MD95-
2043:Sanchez-Gofdt al., 2002),and the last 25 ka (core ODP976Combourieu-Nebouét al., 2009. These
recordssupporta continuouspresenceof cedarthroughoutthe Pleistocenen the regionsfacingthe Alboran
sea, with a most likely North African origin of this anemophilouspollen type, also consideringthe
documentedpresenceof Cedrusn Moroccoduringthe late Middle PleistocengBenzirockshelter:Ramos

et al.,2008)andthe LatePleistocendLambet al., 1989;Cheddadet al., 2009).

The EarlyPleistocenerecord from the Iberian Peninsuladocumentsonly sporadicoccurrencesof Cedrus
exceptfor the Gelasiarrecord from Garrafl (Sucand Cravatte,1982).Pollenof Cedruswvasvery rare or
absentat Morgadinhoin Algarve(Antuneset al., 1986),at TresPins(Leroy,1997),BanyoleqJuliaBrugués
andSuc,1980),CalGuardiolaD2 (PostigoMijarra et al.,2007),and BobilaOrdisIV (Leroy,2008).In Southern
FranceCedrusvasfoundin variousdepositsof Plioceneage(Fauquetteet al.,1999;SucandDrivaliari, 1991),
but in the EarlyPleistocenét wasrecordedin verylow amountsat SenézéElhai1969),BernassdLeroyand
Roiron,1996), Nogaret(Leroyand Seret,1992), SaintMacaire (Leroyet al., 1994),and Ceyssac-8Ablin,
1991).Bycontrast,the EarlyPleistocenaecordof Cedrudrom the Italian Peninsulds veryrich. In Northern
Italy, whereit wasabundantalreadyduringthe Plioceng(Aulla:Bertoldi,1988;Stirone:Bertini,2001),pollen
percentages>5%documentits local presenceat Stirone(Lonaand Bertoldi, 1972; Bertini, 2001),Lamone
Valley(Fusco2007),and Leffe (Ravazzand Rossignol-Strick,995; Ravazzi2003; Muttoni et al., 2007).It
becomessporadicin the Prealpsat the end of the EarlyPleistocengFornacidi RanicaRavazzéet al., 2005).

In Centralltaly, Cedruss well representedin severalPliocenesites(e.g.,UpperValdarnoBasin:Bertiniand
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Roiron,1997;Bertiniand Martinetto, 2011;Borgoroseand Maranode’ Marsi: Sadoriet al., 2010),and also
many EarlyPleistocenesitesdocumentabundantpollen of cedar,with valuesin somelevels>10%at Fosso
Bianco(Pontiniand Bertini, 2000, CosteSanGiacomo(Bellucciet al., 2014), Gubbio(Lonaand Ricciardi,
1961)and ColleCurti(Bertini,2000).In somelate EarlyPleistocengCalabriankitesCedrusvaspresentbut
sparse(Madonnadella Strada:Magri et al., 2010; Pagliaredi SassaPalomboet al., 2010; Saticula:Russo
Ermolliet al., 2010h FontanaRanuccio:Corradoand Magri, 2011), suggestingthat its distribution was
alreadyrather fragmentedin Centralltaly. Alsoin Southernltaly, Cedrusvasalreadypresentin the Pliocene
togetherwith other montaneconifers(CathayaTsugaAbiesandPiceaPuntaPiccolaCombourieu-Nebout
et al., 2004). In the Early Pleistoceneit was abundant in the marine sediments at Semaforo-Vrica
(Combourieu-Nebouand Vergnaud-Grazzini,991; Combourieu-Nebout1993),Camerota(Brenac,1984),
SantalLucia(Joanninet al., 2007b),and Montalbano Jonico(Joanninet al., 2008).Marine sedimentsfrom
RhodegJoanninet al., 2007a)showa continuouspresenceof Cedrudn the islandin the EarlyPleistocene,
with valuesmuchhigherthanat TenaghPhilippon(Tzedakigt al.,2006) andat Site380(Biltekinet al.,2015),

whereit wasrather discontinuous.

Duringthe Middle and late Pleistocendhe Frenchsitesin the Velayregiondocumenta very discontinuous
occurrenceof CedrugReilleet al., 2000, Pastreet al., 2007;Degeaiet al., 2013).In the IberianPeninsula,
Cedrussrelativelyfrequentin continentalpollenrecordsduringthe LatePleistocenendHolocenealthough
with percentagesvaluesnever >2%(see compilation by Gonzalez-Sampérizt al. (2010 and references
therein, aswell asthe recentpollenrecordfrom Cafiizade VillarquemadoGonzalez-Sampérét al., 2013;
Aranbarriet al., 2014; Garcia-Prieto2015). In Italy, Cedrusunderwent a dramatic reduction during the
Middle Pleistocene being recordedin significantamountsonly in Southernltaly at the Earlyto Midlle
Pleistocendransition (Bertiniet al., 2015;Capraroet al., 2005. In Northern Italy it wasabsentin the early
Middle PleistocendPianicaSéllere:Moscarielloet al., 2000;Ravazzi2003 andwasnot found until present
(seeAzzandDecimo:Piniet al., 2009 Fimon:Piniet al., 2010. In Centraland Southernltaly the record of
Cedruswas disontinuousat all sites during the Middle and Late Pleistocene(Cesi:Bertini, 2000 Torre
Mucchia:Pierucciniet al., 2016; LaPineta: Lebreton,2002; Ceprano:Manzi et al., 2010; SessanoRusso

Ermolliet al., 2010a;Vallodi Diano:RusscErmolli,1994; Acerno:Munno et al., 2001; Boiano,Orainet al.,
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2015;Valledi CastiglioneFollieriet al., 1988;LagaccioneMagri, 1999 LagoGrandedi Monticchio:Allenet
al., 2000).UnexpectedlyCedruss well represented(>2%)in the lateglaciarecordfrom Pescd_una(DiRita
et al., 2015)near Rome.In the BalkanPeninsulathe Middle Pleistocenaecordsfrom Ohrid (Sadoriet al.,
2016),loannina(Tzedakis1994;Roucouxet al., 2008),Megalopolis(Okudaet al., 2002)and Kopais(Okuda
et al., 2001)do not documenta presenceof Cedrusn the region. It is also possiblethat these diagrams,
representingonly selectedtaxa, do not report occasionafinds of Cedruswhosepresencemust havebeen
negligible At TenaghPhilippon(Tzedakigt al.,2006)duringthe Middle Pleistocene&Cedrusecamesporadic
until its last occurrence dated approx.0.35Ma. In the marinerecord from RhodegJoanniret al., 2007a),
whichisrelativelycloseto the modernrangeof Cedrusn Turkeyiit isfound with frequencies>20%in forest
phasef the earlyMiddle Pleistoceneorrelatedto MIS19and17.Interestingly fossilleavesof Cedrusvere
foundin Rhodesn sedimentswith anageof about0.5 Ma, confirmingthe local presenceof the genusuntil
at leastthe Middle Pleistocene(Boyd, 2009).In the BlackSea,Cedrusis continuouslydocumenteduntil
recent,althoughwith discontinuousccurrencessuggestingts long-timepersistenceon the mountainareas
borderingthe AnatolianPlateauandits eliminationfrom the northern andwesternmarginsof the BlackSea

by humandisturbance(Biltekinet al., 2015).

Theinterpretation of the SouthernEuropearpollenrecordof Cedruss not totally conclusivewhileit isclear
that it waswidespreadn Italy andin the Aegearregionduringthe EarlyPleistoceneasdocumentedby high
pollenpercentagevaluesiit is verydifficult to evaluatethe discontinuoussinglegrainsfound in the Iberian,
Frenchand Italian recordssincethe Middle PleistoceneFollowingthe interpretation by Postigo-Mijarraet
al. (2010 who considerthat evensparseoccurrencesf Cedrusndicateits local presence Cedrusshould
havebeenpresentin SouthernEuropeuntil the Holocene Alternatively,supportingthe hypothesisby Reille
et al. (2000)and Magri and Parra(2002 that sparsepollen grainsare of North Africanorigin, Cedruswas
neverpresentin continentallberiaduring the Quaternary,disappearedrom NortheasternSpain-Southern
Franceat the beginningof the Pleistoceneand from the Italian Peninsulaat an early stageof the Middle
Pleistoceneln Greece,Cedruspossiblypersisteda little longer, but the continuousrecord from Tenaghi
Philipponindicatesthat duringthe last 1.4 Ma it wasalwaysrather sparse Thealmostcontinuouspresence

of Cedrusn the BlackSeacoreis consistentwith its relativevicinityin Turkey.
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Fig. 7. Schematicstratigraphic distribution of Tsuga,Eucommia,Parrotia, and Liquidambar.Blue lines

representtaxathat are only mentionedin the originalpapers.

4.5 Tsuga

ThegenusTsuga(Pinaceae)s an important elementof subalpineconiferousand temperate broad-leaved
deciduousforests, currently showinga disjunctdistribution in Easternand WesternNorth America,Japan,
ChinaandHimalayalt livesat elevationsfrom sealevelto 3800m, in areaswhere precipitationrangesfrom
700to 4500 mm/year and is distributed throughout the year (Farjon,2008).An abundantfossilrecord of
Tsugaindicatesthat it wasdistributed throughout North Americaand Eurasiagrom the Late Cretaceougo
the Plio-PleistocenélLePage2003).In the NorthwesternEuropearrecordsof EarlyPleistoceneage, Tsuga

pollenisfoundduringthe Tiglian(MIS79-63) Waalian(M1S49-37)andBavelianMIS31-22)(Zagwijn,1985).
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The last occurrenceof Tsugapollen grainsin Central Europeis during the Leerdaminterglacial,a post-

Jaramilldate EarlyPleistocenavarm stage(Zagwijnand De Jong,1984).

Duringthe GelasianTsugais well representedat all sitesin NortheasternSpain-Southerfranceandin Italy
(Fig.7), includingGarraf(Sucand Cravatte, 1982, BernassqLeroyand Roiron,1996),Nogaret(Leroyand
Suc,1992),Stirone(Lonaand Bertoldi, 1972; Bertini, 2001),FossaBianco(Pontiniand Bertini, 2000),Coste
SanGiacomo(Bellucciet al., 2014),PoggioRosso(Bertini et al., 2010), Semaforoand Vrica(Combourieu-
Nebout, 1993; Combourieu-Nebouand Vergnaud-Grazzini,991). In contrast, it is not representedin the
marinerecordssouth of 38°Nfrom the AlboranSea(G1:Feddiet al., 2011)andfrom ZakynthoSuballyet

al.,2009).In core DSDR380It is discontinuouslyepresented.

TheCalabriarrecordof Tsugasgenerallweryrich, showinghigherpercentageshanin the Gelasianat least
until the Jaramillesubchronn NortheasternSpainit is particularlyabundantat Bobila-OrdidV (Leroy,2008
and and SFranceat Ceyssac-8Ablin, 1991). It is alsopresentwith values>10%in SouthwesternFrancein
the Médocregion(O’'Brienand Jones2003),reflectingthe fact that it waslargelydistributed over Southern
EuropelnNorthernltalyit wasfoundwith percentage®ften >10%at the LamoneValley(Fusco2007),Leffe
(Ravazzand Rossignobtrick,1995; Ravazzi2003, Pianengo(Muttoni et al., 2003),and in the late Early
Pleistocendacustrinesedimentsfrom Fornacidi Ranica(Ravazzet al., 2005). It wasalsofound in Slovenia
near Novo Mesto (Sercelj,1961)and near llirskaBistrica(Sercelj,1965).In Centralltaly it wasabundantin
manysites,reachingits highestpercentageg>30%)yat Madonnadella Strada(Magriet al.,2010)around1.3
Ma and at ColleCurti (>10%)duringthe Jaramillosubchron(Bertini,2000).1t wascontinuouslypresentalso
in the recordsof Pietrafitta (LonaandBertoldi,1972),Gubbio(LonaandRicciardi1961),LeonessdRicciardi,
1965),Saticula(Russdaermolliet al., 2010b),and FontanaRanucciqCorradoand Magri, 2011).In Southern
Italy it is very abundantin the marine sediments(>30%)at SantaLuciaduring MIS 43-40 (Joanninet al.,
2007b)and is continuouslypresentat Montalbano Jonicoduring MIS 37 to 23 (Joanninat al., 2008). At
TenaghiPhilipponin Macedonia(Tzedaki%t al, 2006), Tsugadisplaysdecliningpercentagesn the interval
1.35-0.8Ma. In Site 308its decliningtrend is very evident,asit becomessporadicafter 1.27 Ma (Biltekinet

al.,2015).
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Duringthe Middle PleistoceneTsugaunderwenta markedgeneraldecline,althoughwith different timings
from oneregionto the other. Thereare veryfew datafrom Spainthat canhelpto assesshe localpresence
of Tsugaln SouthernFrancethere were still sporadicoccurrencesn two interglacialperiodscorresponding
to MIS17 and MIS 15 at the Alleret maar (Pastreet al., 2007; Degeaiet al., 2013. In Northern Italy, the
lacustrine successiorof Pianico-SéllerédMoscarielloet al., 2000), closeto the Early/Middle Pleistocene
boundary(Pintiet al., 2001),recordsonly sporadicgrainsof Tsuga(Ravazzat al., 2005),which correspond
to the lastoccurrencedor this taxonin Northernltaly. However macrofossifindsarereported at the site of
Oriolo dated around 800 ka (Martinetto and Sami,2001). In Central Italy, Tsugawas still found with
percentages3%in anearlyinterglacialphasecorrelatedwith MIS17 (Pieruccinet al.,2016),andwith single
pollengrainsin the earlyMiddle PleistocengCesiBertini,2000),and duringMIS13 (SessanoRkussdermolli
at al., 2010).In Southerrnltaly, Tsugawasstill well represented(2-5%)at the Earlyto Middle Pleistocene
transition (Valledi Manche:Caprarcet al., 2005 MontalbanoJonicoBertiniet al., 2015),but wasdubitably
presentduringMIS13 (Vallodi DianoRussdErmolli,1994).However it wasvirtually absentfrom somesites
(Lebreton,2002),suggestinghat its distribution wasrather patchy.In the Aegeanthe last occurrenceof
Tsugadate backto MIS17 (Joanniret al.,2007),slightlylater than at TenaghPhilippon,whereit disappears
nearthe Brunhes/Matuyamaransition (Tzedaki®t al. 2006).At LakeOhrid,locatedat the border between
the FormerYugoslaviarRepublicof Macedoniaand Albania,althoughthe detailed record has not been
publishedyet, the occurrenceof Tsugais reported with anageyoungerthan 500ka (Sadoriet al., 2016).At

Site380Tsugais sporadicallyfound until 230ka (Biltekinet al.,2015).

Consideredltogether,the SouthernEuropearQuaternaryrecordsof TsugaappearratherhomogenougFig.
7), with sparsepresencein the most southernsites (AlboranSea,Rhodes)and significantabundancesn

NortheasternSpain-Southerirranceandthe ItalianPeninsuladuringthe EarlyPleistoceneespeciallyduring
the CalabrianAgeneralincreasen Tsugarecordedbetweenl.8Maandl1 Ma, is often consideredndicative
of coolerbut relatively moist conditions(Bertini, 2010).Fromthe populationdynamicspoint of view, it is

noteworthy that this generalexpansionof Tsugaduring the Calabriancorrespondingalsoto a significant
presencein central Europe,occurredjust before its decline,whichwasmoderateuntil approx.700ka, and

then so severeasto disrupt the SouthernEuropeanrange of Tsugaand lead to its rapid and definitive
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diappearanceThisisrecordedat differenttimes:approx.750kain Northernltaly, 550kain SouthernFrance,
and280kain Anatolia.Inthe light of the mostrecentlypublisheddatafrom severalMiddle Pleistocenesites,
and consideringhe under-representatiorof Tsugapollen (Janssen1984),the singlepollen grainsfound at

Vallodi Diano(Russdzrmolli, 1994 maybe consideredepresentativeof localsmallstandsof Tsugasofixing

around450kathe ageof the lastoccurrenceof Tsugan Southernitay.

Bertini(2000)relatedthe disappearancef Tsugao the Middle Pleistoceneshift from 41to 100kacyclicity,
leadingto increasedylobalaridity and decreasedemperaturesduringthe glacialstageswhereasRavazzét

al. (2005)ascribedhe Tsugadeclinerecordedat Fornacidi Ranicao catastrophidirestriggeredby summer

drought.

4.6 Eucommia

EucommiaulmoidesOliv.is the singleextant speciesof the genusEucommia Eucommiaceael)t is a small
deciduoustree currently living only in a hilly areaof SouthChina(Wanget al., 2003).1t is more tolerant of
dry climatethan manyother extinctgenera(Svenning2003),althoughspringtemperatureis alimiting factor

for EucommigWanget al., 2003).

It waspresentin CentralEuropeduringthe PliocengHablyand Kvacek1998), whereit wasfound until the

late EarlyPleistocengBer,2005.

With respectto SouthernEurope Eucommigollenwasnot foundin the marinecoresfrom the AlboranSea,
whereit wasmissingalsoin Pliocenesediments(Feddiet al., 2011).In contrast,it is found in almostall sites
in NortheasternSpainand SouthernFrance until the end of the EarlyPleistocendgca.800ka),suggestinga
local persistencein the area. The Middle Pleistocenerecordsfrom the Alleret Maar (700-550ka) do not

report Eucommiaanymore (Pastreet al.,2007;Degeaket al., 2013).

In Italy, pollen of Eucommiavaspresentin the Gelasiarmarine sedimentsfrom Semaforoput its recordis
not shownin detailin the originalpapers(Combourieu-Neboutl 993;Klotzet al., 2006).It ismissingfrom all
the Pleistocengollenrecordsfrom Centralltaly. It is discontinuouslydocumentedin Northern Italy during

the early Calabrian(Fusco,2007),but increasedin the courseof time, reachingits highestvaluesat the
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Jaramillosubchron (Ravazzi2003; Muttoni et al., 2007). Macrofossilsof Eucommiawere found in the
CastellettaCervadl site, of possibleGelasiarage(CavallandMartinetto, 2001),at Arda-Castell’ Arquatboth
in Gelasiarand in late Calabrianiayers(Martinetto, 2015; Martinetto et al., 2015),aswell asin the latest
Calabrian(Stirone-Lauranaite: Gregor,1986).Theconsistencyof pollenand macrofossildata supportsthe
hypothesisadvancedby Martinetto (2015)of an EarlyPleistocendmmigrationor increaseof Eucommian

Northernltaly. In Italy, Eucommigs not recordedafter the Calabrian.

Eucommids not presentin the Aegearrecords,while it is recordedat TenaghiPhilipponfrom the baseof
the record up to approx.600 ka (Tzedakist al., 2006).In Site 380t is found only in Pliocenesediments

(Popesciet al.,2010).

The history of Eucommiais clearly distinct from the other taxathat disappearedrom Europeduring the
Quaternary,asthis temperatetree persistedin central Europeat leastaslong asin SouthernFrance until
the late Calabrianlt expandedn Northernltaly duringthe EarlyPleistocenewithout reachingCentralltaly,
where it was never found. The population at TenaghiPhilipponwas possiblya separateone, asit is not

matchedby anyother datafrom Greeceandaroundthe BlackSea.

4.7 Parrotia

The genusParrotia (family Hamamelidaceaencludestwo species:P. persicaC.A.Mey., endemicto the
AlborzMountainsof northern Iran (Sefidiet al., 2011),and P.subaequaligHungT.ChangR.M.Hao& H.T.
Wei,endemicto arestrictedareain EasternChina(LiandDelTredici,2008).Thedisjunctdistributionandthe

relictual state of the genusreflect the dramaticreductionit underwentduringthe Pleistocene.

The Europeanrecordsof Mioceneand Plioceneageindicate that Parrotiawas widespread together with
other generacurrentlyrestrictedin the Hyrcaniarregion,includingPterocaryaandZelkovaJiménez-Moreno

and Suc2007;Jiménez-Morenet al.,2008,2010).

The Pleistocenerecordsof Parrotiain SouthernEuropeare sparse(Fig.7), probably becauseits pollenis

markedlyunder-representedas shownin the EarlyPleistocenesite of Bernassowhere a large number of
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fossilleaves(at least 130 specimens;15%o0f total finds) are matchedby only low pollen percentagegmax

4%)(LeroyandRoiron,1996).Pollenmorphologyisillustratedin Leroy(2007)and ) L etal.(2003).

Duringthe EarlyPleistoceneParrotiais recordedin all SouthernEuropearregions(Spain;SouthernFrance;
North, Centraland Southernlitaly; and NortheasternGreeceat TenaghiPhilippon),and evenin IODPSite
U13850ff Portugal,dated around 1.26 Ma (Tzedakist al., 2015).Macrofossilsvere found in the Iberian
Peninsuleaat Crespia-IncarcdVillaltaand Vicente,1972Roiron,1983)andin Franceat BernassgLeroyand

Roiron,1996).

The last record of Parrotia in Southern Europe comesfrom Northern Italy at the onset of the Middle
Pleistocenewhere it is representedby fossilleaves(Martinetto and Sami,2001). Therecord by Bottema
(1974, who reported up to 10%Parrotiain loannina-licore, is very uncertain,as Parrotiawas not found
againat loanninain anypart of the 423kyr [-249sequencd Tzedakis]1 994),nor in the stratigraphicalljjonger

I-284sequencglLawsoret al., 2004), nor in the Ohridcore,spanninghe last500ka (Sadoriet al., 2016).

In SouthernEurope the lack of fossilremainsof Parrotiayoungerthan ca.800ka is surprising,alsoin the
light of its continuousrecord during an interglacialphaseattributed to the Holsteinianin EasternPoland
() L etal., 2003).Variousexplanationsmay be suggestedo solvethis puzzle:either it had a long-term
refugein CentralEurope,or it migratedthere from SouthernEuropebut it wasneverfound there dueto its
poor pollendispersalor it reachedEasternPolandfrom the Caspiarregion,whereit is still documentedby
Holocenepollenrecords(Leroyet al., 2013),passingnorth of the CaucasufRange Thelatter hypothesisis
alsosupportedby the absenceof Parrotiafrom the Southwesternside of the BlackSeasincethe Pliocene

(Biltekinet al.,2015).

4.8 Liquidambar

ThegenusLiquidambar(family Altingiaceae)s distributed over a wide geographicatangeextendingfrom
North Americato EastAsia.In the Mediterraneanbasin, it is representedonly by the speciesL. orientalis

Mill., naturally distributed in the temperate parts of Westernand SouthernAnatoliaand on the island of
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RhodegOztiirket al., 2008).It prefersthe wet-mild bioclimateof moist bottomlands,occasionallyflooded

swampyplains,riparianhabitatsand humid areas.

It wasarather commoncomponentof mixeddeciduousandevergreerforestsin Europeduringthe Miocene
and Pliocene,being often an element of a riparian vegetation, accompaniedby Salix, Alnus, Carya,
Pterocarya,Carpinus Zelkova,and Ulmus (Jiménez-Moren@and Suc2007; Jiménez-Morencet al., 2008,
2010).

Liguidambaiis recordedin the EarlyPleistocenamarine coresfrom the AlboranSeaup to 900 ka (Feddiet

al., 2011;Joanninet al., 2011)andin the recordsfrom Spainuntil the Jaramillosubchrone(Fig.7). In the

Massifcentralit waspresentduringMIS17 (Degeaet al.,2013) whileit wasnolongerfoundin the sediments
correspondingo MIS15 (Pastreet al.,2007).

In Northern and Centralltaly, Liguidambaiis documentedin the Calabriarsedimentsof the Lamonevalley
(Fusco,.2007), Leffe (Ravazzand Rossignol-Strick,995; Ravazzi2003),Gubbio(Lonaand Ricciardi,1961),
Pietrafitta (Lonaand Bertoldi, 1972),and Colle Curti (Bertini, 2000, while it is missingin all the Middle

Pleistocenesites.In Southernltaly, Liguidambamwas almost continuouslypresentuntil 1.3 Ma (Joanninet

al., 2007), wasrather discontinuousuntil 900 ka (Joanninet al., 2008),and representedby sparsepollen

grainsat the Earlyto Middle Pleistocenetransition (Capraroet al., 2005; Bertini et al., 2015). The pollen

record from Vallo di Diano documentsLiquidambararound 600 ka (RussoErmolli, 1994). Thisfind was
consideredreworked, but in the light of the most recent papersrecordingLiquidambararound 750 ka in

Southernltaly (Bertiniet al., 2015)and 700kain France(Degeakt al., 2013),aswell asthe lastoccurrence
of Liquidambarat TenaghiPhilipponaround 480 ka (Wijmstraand Smit,1976; Vander Wiel and Wijmstra,
1987a,1987b),it maybe reasonablyegardedasvalid.

A significantpresencen the Middle Pleistocengollenrecords(Joanninet al., 2007), aswell asmacrofossil
finds(Boyd,2009;Velitzeloset al., 2014 from Rhodesare not surprising consideringhe smallpopulationof

Liguidambarcurrently living in the island. At Site 380, an almost continuouspresenceuntil 1.28 Ma and

disappearancat 270kaare revealedby the pollenrecord.

Therecent pollen studiesfrom SouthernEuropeand Anatoliaallow the definition of a markeddecline of

Liquidambarpopulationsin Europetowardsthe end of the EarlyPleistoceneDuringthe Middle Pleistocene
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its remnant populationswere scatteredin variousregions(SouthernFrance,Southernltaly, coastsof the
BlackSea)but still survivingfor afew glacial/interglaciatyclesbeforebeingreducedto the smallpolulations
currentlylivingin Rhodesand Southeasterirurkey.

Engelhardia Carya Pterocarya Zelkova

N)
N)

Isotopic Signal

Benthic stack,
Lisiecki and Raymo, 2005

Age (Ma)
Magneto-
stratigraphy

Age
NW Spain-S France

NW Spain-S France
N ltaly (>46°N)
Greece - Aegean
Tenaghi Philippon
DSDP 380
NW Spain-S France
N ltaly (>46°N)
Greece - Aegean
Tenaghi Philippon
-- -| DSDP 380
NW Spain-S France
N Htaly (>46°N)
Greece - Aegean
Tenaghi Philippon

DSDP 380
Tenaghi Philippon

S and W Iberia
C Haly (41°-44°
S ltaly (<41°N)
S and W Iberia
C ltaly (41°-44°
S Italy (<41°N)
S and W Iberia
C Htaly (41°-44°N)
S ltaly (<41°N)
S and W Iberia
N ltaly (>46°N)
C ltaly (41°-44°N)
S ltaly (<41°N)
-1 Greece - Aegean
DSDP 380

o

Tarant.’|
- — ———nf -

o
=
BRUNHES

‘lonian”

L LT T E—

CobbMountain  Jaramillo

‘Calabrian’

e

P
I 1
Gilsa
MATUYAMA

Olduvai
T

o =
feme— ==
=

. _

* -

Réunion

Gelasian

&
i
|
I

legend
>60% 30-60% 10-30% 5-10% 2-5% <2%

Fig. 8 Schematicstratigraphic distribution of Engelhardia,Carya, Pterocarya,and Zelkova.Blue lines

representtaxathat are only mentionedin the originalpapers.

4.9 Engelhardia

Engelhardias a genusof the family Juglandaceaeurrently widespreadin tropicalto subtropicalforestsof
SouthChinandochinaMalaysiaPhilippinesandNewGuineawith meanannualprecipitationbetween740

and3500mm (Fanget al.,2011;Menget al., 2015).It wasverycommonin EuropearMioceneandPliocene
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depositswhereit wasfoundboth asmacrofossilandpollen(e.g.,lvanovet al.,2002;Kovar-Edeet al.,2006;

Jiménez-Moren@and Suc,2007;Jiménez-Morenet al.,2008;Velitzeloset al., 2014).

Thegenusshowsan extinctionpattern duringthe Pliocenewith decreasingagesfrom Northto SouthEurope,
in relation with the Northern Hemispheretemperature evolution, with a longer persistencein the
Mediterraneanregionswhereit probablydisappearececauseof increasingdryness(Popesctiet al., 2010;

Biltekinet al.,2015).

Duringthe Gelasianijt wasrecordedin low amountsin the marinecore G1from the AlboranSea(Feddiet
al., 2011, andabundantly(up to 10%)in the site of Garraf(Suc and Cravatte,1982;Fauquetteat al., 1998,
Gonzélez-Sampérigt al., 2010), in continuity with its Pliocenedistribution (Fig. 8). At FossoBiancoin
Southernltaly (Pontiniand Bertini,2000), it is alsoin continuity with the Pliocenerecord,but it showsmuch
lower percentageg<5%)In Northernltaly it only showsa sporadicoccurrencean the Stironesection,where
it wascontinuouslypresentduringthe Pliocene(Bertini,2001).Engelhardids reported in Southernltaly at
Semaforobut its presencewasprobablymodest,asit is not shownseparatelyfrom other elementsof the
Subtropicahumid forest, altogethershowingpercentagesalways<5%(Combourieu-Nebout1 993;Klotzet
al., 2006).It isreported from Rhodeaup to 1.7 Ma ( Biltekinet al.,2015),andis presentin Site380 (Biltekin

et al.,2015),althoughdiscontinuously.

Inthe CalabrianEngelhardiaappearsstronglyreducedin Spainand SouthernFrancewhere it wasanyway
found in severalsitesuntil approx.1 Ma (Ablin, 1991; Leroyet al., 1994; Leroy,2007,2008).In Italy it is
recordedboth in Northernltaly (LamoneValley:Fusco2007)andin Southernitaly (CamerotaBrenac,1984).
It waspossiblypresentalsoin the Vricasection:detaileddatahavenot beenpublished(Combourieu-Nebout
andVergnhaud-Grazzin,991),but its lastoccurrenceat Vricais reported at 1.35Ma by Biltekinet al. (2015).
Interestingly,Engelhardiavasnot found in anysite of Centralltaly, nor in the recordsfrom Greeceandthe

Aegeanwhile at Site380it wasrelativelyabundantuntil 1.25Ma, then it is sporadic(Biltekinet al., 2015).

In the Middle PleistoceneEngelhardiavasnot found in Spain Franceand Italy. Sporadidinds at the Early
to Middle Pleistocendransitionin Southernitaly (Caprarcet al.,2005;Bertiniet al.,2015)are consideredas
reworked (Bertini, 2015. However,it is reported from a Mid-Pleistocenecore from the North Adriatic Sea
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(unpublishedreport: Biltekinet al., 2015),and it isrepresentedby sporadicoccurrencest Site380 until ca.
200 ka (Biltekinet al., 2015).Interestingly,it wasfound further Eastin the WesternCaucasu the early

Middle PleistocendShatilovaet al.,2011).

TheQuaternaryhistory of Engelhardian SouthernEuropeshowsa markedfragmentationpattern sincethe
endof the PliocenewhenEngelhardiavasdistributed overlargepartsof the Europearterritory. It persisted
longerin NortheasternSpain/SoutherrFrance(until ca. 1 Ma) than in the Italian Peninsulawhere it was
probably split into two separatepopulations:one in Southernltaly, persistinguntil approx.1.35 Ma (or
possiblyater if the findsat the Earlyto Middle Pleistocendransitionwill be confirmed),andonein Northern
Italy, lastinguntil the early Calabrianseparatedby a largeregionin Centralltaly where Engelhardiavas
absent.A separatepopulation, lastinguntil ca. 200 ka, is documentedby the long DSDF380record in the

BlackSea.

4.10 Carya

The genusCarya(family Juglandaceaeis currently distributed in subtropicaland temperate continental
biomesoverNorth Americain the United States CanadandMexico,and Southeas®siain China,VietNam,
Laosand India,with rainfall valuesbetween 1000and 1500mm/year (Manchester,1987;Fanget al., 2011;
Orainet al., 2013).It wasrather commonin central Europeduring the Mioceneand Pliocene(Pontiniand

Bertini,2000;Jiménez-Morenet al.,2008,2010;Kovar-Edeet al., 2006).

In the GelasianSouthernEuropeanrecord (Fig.8), Caryais well representedat all sites, exceptthe peri-
Iberianmarinecores,whereit is absent.In Site 380it is almostcontinuouslyrepresented althoughin very

low frequencies.

Towardshe end of the Gelasiarandduringthe Calabrianthere wasa generalincreasen pollenpercentage
valuesof Carya,in somecasessurpassing30%.In the late GelasiarFrenchsitesof Nogaret(Brugalet al.,
1990;Leroyand Suc,1992)and BernassdLeroyand Roiron,1996), high percentagef Caryapollen (upto
35%)and macrofossilglocumentits dominancein the localvegetation.Alargenumberof macrofossilsvere

found by Martinetto (2015 in Italy. At all sitesin Italy, Caryais one of the main elementsof the forest
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vegetationduring the early Calabrian(RussoErmolli, 2010b). Apparently,this considerableexpansionof
Caryaforestsendedfirst in Southernitaly, with percentagedeingalways<5%sinceca.1.25Ma (Joanniret
al.,2008),thenin Centralltaly, wherelow frequenciesare found sinceapprox.1.1kaat the beginningof the
Jaramillosubchrone(Bertini,2000),and soonafter in Northernltaly (Ravazzi2003;Muttoni et al., 2007).In
Northeasternliberia, Caryawasstill well representedat the Earlyto Middle Pleistocendransition (Banyoles:
Geurts,1979. At TenaghiPhilipponand at Site 380, Caryawas alwayspresentin low amountsduring the

EarlyPleistocene.

The last occurencesof Caryain S Europeare recorded during the Middle Pleistoceneln France,it was
recordedat the Alleretmaarbetween700and550ka(Pastreet al.,2007;Degeaket al.,2013),but it wasnot
any more presentin the Praclauxnterglacial,correlatedwith MIS11 (Reilleet al., 2000. An unpublished
record of Carya(Sucet al., in progress)dentified in SouthernFranceup to the LastGlacial(Biltekinet al.,

2015)needsto be better documented.

Macrofossilsof Carya,reported from the site of Orioloin N Italy (ca. 800 ka; Martinetto and Sami,2001),
more or lesscoevalto the lastfindsof Caryapollenat PianicoSéllere(Rossi2003;Ravazzet al.,2005;2008),
agreewith pollen data from the magnetostratigraphicallgated Venicecore sediments(Mullenderset al.,
1996).In Centraland Southernltaly, Caryawasstill locallypresentat Torre Mucchia(Pieruccinket al., 2016)
at the onsetof the Middle Pleistoceneaswell asat varioussitesduring the forest phasecorrespondingo
MIS 15 and 13 (Vallodi Diano: RussoErmolli, 1994; Ceprano:Manziet al., 2010),as also confirmed by a
macrofossiffind at Carsoli(Sadoriet al., 2010. Howeverat the sametime it wasabsentfrom a number of
other sites,for exampleat LaPinetabefore MIS15 (Lebreton,2002 and at Sessandefore MIS13 (Russo
Ermolliet al., 2010a,h, aswell asat Acernoduring MIS 13 (Petrosinoet al., 2014), probably becauseits
distribution wasalreadyrather fragmented.lts lastoccurrencean the Italian Peninsulds recordedat Boiano
(Orainet al.,2013),a site that isadministrativelocatedin Southernltaly, but in this paperincludedCentral
Italy becausdt locatedat a latitude > 41°N(Figs4 and 7). Its persistencdn the Boianobasinmaybe linked
to ! jlocalphysiographicatharactersenhancinghumid climate conditions,that may havefavoredthe

establishmentof a vegetationrefuge (Orainet al., 2013. At TenaghiPhilippon, Caryashowsan almost
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continuousrecorduntil the Earlyto Middle Pleistocendransition,then it presentsonly sporadicoccurrences
until 200 ka (Tzedakit al., 2006).A Middle Pleistocengoresenceof Caryain the Balkanpeninsulais also
confirmedby its occurrenceat in the 500,000yearsold record from LakeOhrid, for which detailed pollen
data have not been published yet (Sadoriet al., 2016). In the Black Seacore DSDP380, Caryais
discontinuouslyrecordeduntil the Holocene(ca. 2 ka), whichis the most recentoccurrencein Europeand

the NearEast(Biltekinet al., 2015).

Afew remarkscanbe madeon the Pleistocenehistory of Caryain SouthernEurope.Firstof all, the studies
carriedout in the lastfew yearshaveconsiderablydelayedthe ageof the last occurrenceof Carya,both in
the Italian Peninsula(MIS9) and in Anatolia (Holocene).New publisheddata are expectedfor Southern
Franceand NortheasternSpainto define the ageof its disappearanceA secondobservationis that, asalso
shownfor TsugaCaryapopulationswere veryvigoruousbeforetheir final declinein the Middle Pleistocene
and did not show any signpreludingto the impendingextirpation. Interestingly,densepopulationslasted
longerin regions(SouthernFranceand Northern Italy) wherethey disappearedirst. In Centraland Southern
Italy, aswell asat TenaghiPhilippon,they decreasedsooner,but lastedlonger.So,while Carya-dominated
forests ended in the eastern and southern regions of SouthernEurope earlier than the Northwestern

Mediterraneanareasthe oppositeistrue for the lastoccurrence®f Caryapollen.

4.11 Pterocarya

ThegenusPterocaryafamily Juglandacead)asat presenta disjunctdistribution, with severalspeciediving
in both the westernand easternregionsof the Asiaticcontinent. Thespecieswith the distribution closestto
Europeis Pterocaryafraxinifolia (Poir.)Spachlivingin Caucasuandin the Hyrcaniarforestsand extending
further westalongthe BlackSeawith extrazonalpopulationsin STurkeyandin the ZagrodMts (Akhaniand
Salimian2003).1t currently populatesflooded forestsand valleyswith runningwater, often in association

with Alnusglutinosa(Akhaniet al.,2010;Sheykholislamand Ahmadi,2009).

Pterocaryawasa constituentof evergreenand deciduousmixedforestin Europe,with other riverinetaxa,

during the Miocene and Pliocene(Jiménez-Moreneet al., 2008, 2010; Popescuet al., 2010). Duringthe
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Pleistocendt was found in Northwesternand CentralEuropein interglacialphases,until the Holsteinian
(generallycorrelatedwith MIS 11), for which period Pterocaryais often considereda characteristictaxon

() L etal.,2003).

In SouthernEurope,it isfoundin mostrecords(Fig.8), generallyin verylow frequencieq<2%) but in some
sitesit isveryabundant,attaining>25%at the Gelasiarsite of CosteSanGiacomdBelluccet al.,2014),>10%
at Leffe(Ravazzi003),>60%at FontanaRanucciqCorradoand Magri,2011)in the Calabrianand >50%in

the Middle Pleistocenesite of Riano(Follieri,1962), where also fossil fruits and leaveswere recovered
(Follieri,1958. Thisunevenbehaviorsuggestghat the abundanceof Pterocaryavasmore relatedto local
hydrologicalregimes(e.g.,flooding),than to generalclimaticconditions,accordingto its modernecological

requirements.

Asto the timing of its disappearancePterocaryabecamerare in Anatoliaby 1.26 Ma and wasrecorded
around400kafor the lasttime (Biltekinet al.,2015).In Greecejt waspresentat TenaghPhilippon(Tzedakis
et al.,2006)and KopaiqOkudaet al.,2001)until MIS9 (approx.320ka).In Centralltaly it wasfound at Valle
di CastigliongFollieriet al. 1988)until MIS7 (ca.200ka).Inthe FrenchMassifCentralit isreporteduntil MIS
11 (Reilleet al. 2000),but tracesare found alsoin MIS9 (M. Reille,pers.commun.,in Tzedakigt al., 2006).
Thesameageis assignedo a pollenrecordfrom the FrenchAlps,where Pterocaryaattains 10%(Fieldet al.,
2003).Pterocarydsrecordedin two marinecoresoff PortugalMD01-244duringMIS11 (ca.400kaDesprat
et al., 2005)and MD03-2697during MIS9 (ca.298 ka: Despratet al., 2009).In continental Spain,isolated
grainsof Pterocaryavere observedn the lowestpart of the Cafiizade Villarquemadasequenceattributed
to MIS5 (Gonzalez-Sampérét al., 2013; Garcia-Prieto2015). Thisis the first time that Ptercaryapollen
grainsare found in Europeansequencesduring the Late Pleistocene However,sincethe study is still in

progressjt mustbe takenwith caution.

Summingup this information, Pterocaryawas more or lesspresent at all Europeansites with different
densities,dependingon the local situation, until 400 ka, after which time its distribution was severely
fragmentedcausingts disappearanceat different timesuntil its lastrecordedoccurrenceduring, probably,

the Eemian(ca.120ka).
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4.12. Zelkova

ThegenusZelkova(family Ulmaceae)ncludesthree extant speciediving in EastAsia,one in the Caucasus
andnearbymountainrangesn Turkeyandlran(Z.carpinifolia(Pall.)K.Koch).onein Crete(Z.abelicealLam.)
Boiss.)and onein Sicily(Z.siculaDi Pasq. Garfi& QuézelYDenkand Grimm,2005).1ts moderndistribution
is therefore disjunctandis subjectto a progressiveeduction(Kozlowsket al., 2012),aboveall in its south-
western Eurasianspecies,which have haplotypes that are distinctly clustered accordingto species

assignmen{Christieet al., 2014).

One major problem concerningthe fossil record of Zelkovais the difficulty of identifying its pollen.
Morphologicaldifferenceswith Ulmusare found in the ectexine,especiallyfor its markedsculptureandthe
thickeningaroundthe pores,in the numberof pores(mostly4), andin the sub-quadrangulato square(if 4-
porate) shapeof pollengrains(Kuprianova,1l965;Follieriet al., 1986;Nakagawaet al., 1998;Kvavadzeand
Connor, 2005. In many publications, Uimus and Zelkovapollen types have been lumped together.
Nonethelessywe havetakentheserecordsinto consideratiorandrepresentedthem (in blue)in Figs2-5and

8.

ThePleistocenegecordsfrom Spainare not conclusiveaboutthe regionalhistory of Zelkovaasin mostcases
its pollenwasnot countedseparatelyfrom Ulmus.However the localpresenceof Zelkovain Northeastern
Iberiaisdocumentedintheleaf k  of the EarlyPleistocenesite of Incarcakt CrespigRoiron,1983).During
the Middle andLatePleistocenet isnot recordedin Spainanymore.In SouthernFranceduringthe Gelasian
Zelkovais found in the pollen record from Senezean the MassifCentral(Elhai,1969),and in the leaf flora
from Nogaretand BernassqlLeroyand Seret,1992; Leroyand Roiron,1996).1t is documentedin the late
EarlyPleistocengecordof Ceyssac-8Ablin,1991) andin the Middle Pleistocenesedimentsfrom the Alleret
maar (Pastreet al., 2007;Degeaiet al., 2013),which attest the last occurrenceof Zelkovain Franceduring

MIS15.

In Italy, Zelkovashowsdiscontinuougpresencan NorthernItaly, wherewell preservedmacrofossifindsare

reported from Oriolo around 800 ka (Martinetto and Sami,2001). Thelast pollen occurrencesn Northern
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Italy arereportedfrom the SoutheasterrPoPlain(Amorosiet al.,2004)and Venice(Mullenderset al., 1996)
duringthe Eemiarintergacial(ca.120ka).In Centraland Southernitaly, modestbut continuouspresenceof
Zelkovais documentedthroughout the Pleistoceneuntil its disappearanceOnly a few expansionsshow
frequenciesaround 10%(Fig.8): at the end of the Calabriarat SantaLucia(Joanninret al., 2008),duringMIS
13 at Vallodi Diano(Russdrmolliet al., 2015), at Rianoin aforest phaseprobablycorrespondingo MIS11,
where alsomacrofossilof Zelkovawere found (Follieri,1958,1962),and during the Eemianinterglacialat
Valle di Castiglionenear Rome (Follieriet al., 1986, 1988). The last occurrenceof Zelkovain the Italian
Peninsulds documentedin the openforest phasescorrespondingo MIS3 (somewhatolder than 30 ka) at
three sitesof the Lazioregion:Valledi CastigliongFollieriet al., 1986,1988),Lagodi Vico(Magriand Sadori,
1999),and LagacciondMagri, 1999. Suchlate occurrenceof Zelkovais supportedby the relatively near

locationof two modernpopulationsof Z.siculain Sicily(Garfiet al.,2011).

Zelkovais recordedin Rhodesby both pollen and macrofossilauntil approx.500 ka (Joanninet al., 2007a;
Boyd,2009).After this time there are no other pollenrecordsavailablefor the areathat canattest the age
of its disappearanceAt TenaghiPhilippon,Ulmus/Zelkovads documenteduntil 420 ka (Vander Wiel and
Wijmstra, 19879. It is alsomentioned as presentin the 500 ka-oldrecord from LakeOhrid (Sadoriet al.,
2016).Zelkovawasfound during the Eemianinterglacial(ca. 120 ka) at loannina(Tzedakiget al., 2003).In
SouthernGreeceUlmus/Zelkovas recordedbetween 650 and 300 ka at Megalopolis(Okudaet al., 2002),
and between 500 ka to recent at Kopais(Okudaet al., 2001). Thislate record is corroborated by the
occurrenceof Zelkovebetween4 and 3 kain the Gulfof Corinth(Fouacheet al.,2005)andby the populations

of Z.abeliceastill livingin Crete(Kozlowsket al.,2014).

In Site 380, Zelkovais continuouslyrecordedup to 1.22 Ma and sporadicallyup to 150 ka (Biltekinet al.,
2015), an age that is consistentwith the modern presenceof Z. carpinifolia in the nearby Western

Transcaucasigkozlowsket al.,2012).

Onthe whole, the fossilrecordsfrom SouthernEurope togetherwith the biogeographicaand geneticdata
availablefor the extant speciesform a fairly accuratereconstructionof the history of Zelkovain SEurope,

except for the Iberian Peninsula,where either Zelkovadisappearedvery early comparedto the other
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Europeanregions,or the scantyfossil record availablefor the Middle Pleistocenehas failed to trace its
presenceln ltaly,in Greeceandin the BlackSeathe existenceof relativelyclosepopulationof relict species

stronglysupportthe pollenfindsdatingbackto the LatePleistocene/Holocene.

5. Timingand trends of tree population extinctions

The wealth of data availablefrom the Earlyand Middle Pleistocenepollen recordsof S Europeallows
discussionof severalaspectsof long-term dynamicsof tree populations,related to the reduction and

extinctionof species.

A first observationconcernsthe generalchangesof the vegetationin which the extinction processesare
framed. Figs2-5 show that in the courseof the Pleistocenethere was a progressivedecreasein forest
vegetationanda correspondingncreasein herbaceousand steppeenvironments.Thisis especiallyevident
in the peri-lberianmarinerecords,in NortheasternSpain-Southerfrranceand in Central-Southerritaly. In
Northern Italy, apart from a time interval of a few hundred thousandyears during the Calabrianwith
relativelyhighvaluesof herbs,herbaceousregetationwasneverdominant. Evenduringthe glacialperiods,
Pinuswas widespread.In Greeceand the Aegean,including TenaghiPhilippon,the generaldecreasein
forestationislessevident,asthe vegetationappearsather openalreadyin the EarlyPleistoceneAt Site380,
a progressivadeclineof treesappearsrelatedto the declineof Taxodiumpopulations,as Quercusioesnot

showsignificantchangesn abundancealongthe Pleistocene.

Thisoveralldeclineof forestvegetationin the Mediterranearregion,parallelingthe amplitudeof Pleistocene
climaticcycleshasbeenobservedand discussedy severalauthors (Sucand Popescu2005; Fusco,2007;
Popescuet al., 2010, Bertini, 2010, Magri and Palombo,2013). Sincethe onset of the Pleistocened0 ka
obliquity-forcedglacial-interglaciatyclesled to the alternation of forest vegetationand steppesin many
sitesof the MediterraneanBasin,althoughthe direct correlation of steppephaseswith glacialperiodsis a
controversematter (Caprarcet al.,2005;Bertini, 2010).Thisclimate cyclicitydetermineda strongreduction
of the Pliocenesub-tropicaforests,whichrequiredhightemperaturesandprecipitationthroughoutthe year,
and led to a correspondingincreasein oak-dominatedvegetation,with conifer forests at high altitudes
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(Combourieu-Neboutt al., 2015. A further shift toward a more extendedperiodicity and amplitude of
glacialinterglacialcyclesfrom 41 kato approximatelyl00ka, provokeda further declineof forestsand an
overallspreadof steppeconditionsduringthe so-calledViid-Pleistocendrevolution(MPR)whichoccurred-
in its broadest | - between 1.2 and 0.5 Ma (Head and Gibbard, 2005. During this transition,
important changesvere observedn the Europearvegetation(Sucand Popescu2005;Tzedaki®t al., 2006;
Gonzalez-Sampérét al., 2010;Leroyet al., 2011;Combourieu-Nebougt al., 2015),alsodrivingchangesn
faunalcommunitiesof both large (Kahlkeet al., 2011;Magri and Palombo,2013)and smallmammals(van

Kolfschoterand Markova,2005).

Climatereconstructionsbasedon selectedpollen recordsfrom southernItaly suggesta generaldeclinein
winter temperatureandannualprecipitationfrom the EarlyPleistocendo the Holocenewith mainchanges
around 2 Ma, 1.4-1.3Ma and 0.5 Ma (Combourieu-Neboutt al., 2015). Latitudinal and longitudinal
gradientswere observedby Sucand Popescy2005 and Combourieu-Nebougt al. (2015),who detecteda
progressivalisappearancef thermophilousvegetationmostlyfrom North to South.In addition, the Asiatic
monsoon enhanceda longitudinal temperature gradient favouring the preservation of thermophilous
elementsin the easternMediterraneanareas(Sucand Popescu2005).Thisimportant reductionin moisture
availabilityand/or the increasein seasonatroughtintensity mayalsobe a major factor causinghe general
reduction of a type of habitat that was originallywidely distributed in the Mediterranean,namelyflooded
ground habitats and damp woodland, populated by swampvegetation,which are currently restricted to

limited areas alsofollowingthe extensivereclamationworksundertakenduringthe lastcenturies.

Despite these general vegetational trends in relation to longitudinal and latitudinal gradients, the
composition of vegetation in S Europe during the Pleistoceneshows significant regional differences,
reflectinga mosaicof geographicand climatic situationsand partly anticipatingthe modern complexityof

vegetationpatterns(Fig2-5).

Inthe marine coresoff Portugaland Spainthe dominantelementwasalwaysPinus usuallyassociatedo its
over-representatiorin marine sediments,despiteinner continentalsequenceslsoshowimportant values
of this conifer (Carrion(Ed.),2012).In the early Pleistocenethe abundanceof oakstogether with Oleais
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remarkable,as well asthe surprisingabundanceof Fagussincethe late EarlyPleistocengJoanninet al.,

2011).

In NortheasternSpain-Southerrrance fwo clearturnoversof dominantvegetationtypescanbe observed:
duringthe Gelasianforestsdominatedby subtropicalelements,includingSymplocogzngelhardiaTaxodium
type andCathayatype, werereplacedby avegetationdominatedby TsugaPiceaCaryaPterocaryaQuercus
andCarpinusandincreasingrequenciesof Abies,n turn substitutedby QuercusPicea Abies Carpinusand

increasing~agusduringthe Earlyto Middle Pleistocendransition. Pinuswasabundantthroughout.

In Northernltaly, coniferswere dominantduringthe GelasianincludingSciadopitysTaxodiumtype, Tsuga,
Cedrus,Picea and Abies, together with JuglandaceagCarya Pterocarya,and Juglans).This forest
composition persisted with little changesthroughout most of the Calabrian,with only one important
turnover at the onsetof the Middle PleistoceneThisapparentlyrapid changemay alsobe an effect of the
fragmentary character of the available records. The Middle Pleistocenevegetation appears much

impoverishedanddominatedby Pinus PiceaAbies QuercusCarpinusand Fagus.

In Centralltaly, a sequenceof four main vegetationtypesis evident: (i) duringthe first half of the Gelasian,
forests were dominated by Taxodiumtype, Cedrus Picea,Quercus,and Carya accompaniedby typical
Pliocenetaxa, such as Engelhardia,Nyssaand Sciadopitys{ii) in the secondhalf of the Gelasianthe
vegetationallandscapevasdominatedby Cathaya Taxodiumtype, CedrusCarya,Tsugaand Quercus (iii)
in the Calabrianfirst Caryaandthen Tsugawere the dominanttrees,in forestswith abundantCedrusPicea,
and Quercus (iv) starting in the Middle Pleistocene Abies,Quercus,Carpinus,and Fagusincreasedand

alternatelycharacterizedhe forest phasesPinuswasalwaysabundant.

In Southernltaly, the successiomf vegetationtypesis similarto Centralltaly, but with a clearreductionof
Liquidambar,Tsugaand Caryaduring the mid-Calabrianwhen forests become dominated by Cedrus,
Quercusand Zelkova.Besides,Piceawas much less abundantthan in Central ltaly. During the Middle
Pleistoceneforestswere characterizedy QuercusAbies,and Carpinusandthen alsoby Fagusjncreasing

around0.5Ma.
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In Greeceand the Aegean,the dominant elementsof forest vegetationwere Pinus,Quercusand Abies

throughoutthe Quaternary with significantamountof Cedrusand Liquidambarduringthe Calabrian.

At TenaghiPhilippon,Quercusvaslargelydominantsincethe EarlyPleistoceneaccompaniedy Pinusand
significantpercentage®nly of TsugaPterocaryaand Cedrusn the EarlyPleistoceneand Piceaand Abiesin

the Middle Pleistocene.

In Site380, Taxodiaceagvaspredominant,decliningthroughtime, while Quercusilominatedthe Quaternary

vegetation.

It clearly appearsthat it is not possibleto identify dominant vegetationtypes and events of vegetation
turnover valid acrossSouthernEuropethat can characterizethe single chronostratigraphicunits of the
Quaternary. Thecompositepollendiagramsof Figs2-5 may constitute referencebiostratigraphicaschemes

onlyat aregionalscale.

Another important aspectemergingfrom the long compositepollen recordsis that severaltree genera
persistedregionallyfrom the beginningof the Quaternaryuntil the late PleistoceneTheyinclude:Quercus
andPinusin all regions;Picea Carpinusand Fagusn all regionsexceptGreeceand Site 380, wherethey are
rare; Taxodiumand Caryaonly in site 380. Recognizinghe long-term persistenceof tree populationsand
their demographichistory through multiple glacial-interglacialcycles may be especiallyimportant to
determinethe timing of the geneticdiversificationof moderntree populations(Magri,2010).Interestingly,
recent papershave advancedhypotheseson the timing of geneticdivergencen tree populationsthat are
consistentwith the timing of possiblebottlenecks,as reconstructedby long pollen records.Bagnoliet al.
(20109, exploringthe geneticstructure of Quercuscerris,suggestthat the divergenceof its Anatolianand
Balkanpopulationsoccurredat the beginningof the Gelasianat the sametime asa dramaticreductionin
oaks,followed by a new populationincrease pbservedat Site 380. Thesamecorrespondencdetweenthe
timing of geneticdifferentiation and demographichistory of plant populationsmay be recognizedin the
populations of Abiesin Central-Southerrtaly, which were found to have divergedfrom the northern
populationsaround 600 ka (Piotti et al., 2016). It is intriguing that the fossil record indicatesthat the
populationsof Abiesin Central-Southeritaly showa vigorousexpansiorat approx.600ka, after a period of
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overone million yearswith only modestpercentagegFigs3 and4), suggestinghat the observedexpansion

waspossiblyrelatedto the spreadof a new, probablygeneticallydifferent, population.

The demographichistory of tree populationsat the timescaleof the whole Quaternarymay open new
perspectiveson the extinction of tree taxa. In fact, rather unexpectedly,severaltrees that underwent
extinction in Southern Europe show widespread diffusion and considerableabundance before their
disappearancelor example,Caryaand Tsugamarkedlyexpandedduring the late EarlyPleistoceneto a
degreethat providesno indication of their impendingextirpation during the Middle PleistoceneZelkova
displaysrequenciesaround10%duringthe Eemianinterglacialin Centralltaly, only afew tensof thousands
of yearsbefore its last occurrenceduring the last glacialperiod. However,other taxa persistin smalland
sparse populations before their final decline. This is the case of Cathaya type, Liquidambar,and
Taxodium/Glyptostrobughat are found in many pollen recordswith single occurrencesor hundredsof
thousandsof yearsbefore their last occurrenceln synthesisjt appearsthat the duration of the extinction

processs veryvariablefrom onetaxonto the other, or from one populationto the other.

Thetiming of extinctionof tree taxain SouthernEurope(Figs6-8) appearsvery diversefrom one regionto
the other. Insomecasesthere aredifferencesof hundredsof thousandsf yearsevenbetweenregionsclose
to eachother. Forexample Cathayais not found in NorthernItaly after 1.5Ma, while it persistsin Southern
Franceuntil approx.600ka. Eucommidivedin Northernltaly until 1.1 Ma, but it probablydisappearedrom
Centralltaly alreadyat the beginningof the Pleistocene Engelhardialastedin Site 380 until the Middle

Pleistocenebut wasnot found in any Greekrecordduringthe Pleistocene.

Similarly the regionaldistribution of tree taxathat went extinctin SouthernEuropeis very diversified.For
the first time we havehighlightedthat the persistenceof Sciadopitysvasmuchlongerin Italy thananywhere
elsein Europe(Fig.6). Eucommighadits last refugiumnear TenaghiPhilippon(Fig.7), Cathayain Southern
France(Fig. 6), Taxodiumtype along the Anatolian coasts(Fig.6), Cedrusin Rhodes(Fig. 6), probably
Pterocaryain inner Northern Spain(Fig.8). Therecentadvancesn phylogeographicatudies,showingthat
the SouthernEuropeanpeninsulasoften host geneticallydifferent populationsof the samespecies(e.g.,

Magri et al., 2006; Bagnoliet al., 2009, 2016; Liepeltet al., 2009), suggestthat the different timings of

58



1311

1312

1313

1314

1315

1316

1317

1318

1319

1320

1321

1322

1323

1324

1325

1326

1327

1328

1329

1330

1331

1332

1333

1334

1335

1336

extinctionof tree populationsmaybe stronglyconnectedto their geneticcharactersgnhancingor reducing
their ability to cope with unfavorableclimate. Thisis particularly evident when the behaviorof different
populationsisregionallyverydiverse.Forexample Engelhardisshowsverydifferent behavioursn Northern
SpainandItaly, comparedto Anatolia.In the caseof Taxodiumthe Easternpopulationrecordedat Site 380
and the western populationin Italy and Spain,separatedby a region (Greece)where Taxodiumtype was

almostabsent,mayevenindicatethe presenceof different species/genera.

Figs6-8 clearlyindicatethat it is not alwayspossibleto detect geographicatrendsin the extinction of tree
populationsand confute the commonplaceview that tree populationsdisappearedirst at higherlatitudes
andthenin the southernregions Forexample EngelhardiaEucommiaandCathayaappearto persistlonger
in SouthernFrancethan in peninsularitaly and Greece Thecaseof Parrotiais evenmore unexpectedasits
lastoccurrencean Europewoulddatebackto MIS11linPoland() L etal.,2003. Thiscomplexitymayreflect
the bioclimaticheterogeneityof southernEuropeand its mountainranges,and alsohighlightsthe refugial

role of not only SouthernEuropebut EasternEuropeand connectiongo WesternAsia.

In many cases,the distribution of tree populations on the way to extinction appearsfragmented, as
demonstratedby scatteredfindsin different coevalrecords.Interestingly the last occurrenceof taxathat
are still living closeto continentalEurope(e.g.,ZelkovalLiquidambarand Cedrusyre found relativelynear
to their moderncoredistributionrangesZelkovastill livingin Sicily Creteandin the Hyracaniamegion,was
lastfoundin the pollenrecordsfrom Centralltaly, GreeceandBlackSearespectivelyLiquidambarstill living
in SouthwesternTurkey,had its last appearancesn Rhodesand Site 380. Detectingthe last fragmented
populationsof Cedruss very difficult, but againthe macrofossifind from RhodegBoyd,2009)documents
with certaintyits late presencecloseto its extantrangein the EasternrMediterranean.However if the most
recentrecordof Pterocaryan NortheasternSpainwill be confirmed,in a locationveryfar from the present
distribution of Pterocaryan the Hyrcaniarregion, it is alsopossiblethat in somecasedisjunctpopulations

may havepersistedcompletelyisolatedfrom their distribution center.

Thevery difficult questionof whether the disappearancef tree populationswas gradualor step-wise,in

relation to specificclimatic events,is probably far from being solved.In many cases,t appearsthat the
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contemporaryextinction of more than one taxonin an areais due to the fragmentarynature of the fossil
record. Forexample,in Southernltaly, the lack of databetweenMIS13 and MIS5 inevitablyproducesthe
effect of severaltaxadisappearingt the end of MIS13. Thus,the availabilityof long continuoussequences
is absolutelynecessanto disentanglethis issue.Thelong record from TenaghiPhilippon(Fig.5) and the
composite,but rather complete,recordfrom Cltaly (Fig.3) do not showany specifictime intervalin which
more than one last occurrenceis found. Extirpationsappear distributed over time, even though broad
changesn dominantforest taxaaffect the abundanceof multiple speciesThesepatternsappearto reflect
the individualistic speciespotential to survive beyond the most favourable climatic intervals, through

physiologicaplasticity,evolutionaryadaptationand availabilityof microclimaticrefugia.

It would seemobviousto relate plant extinctionsto the harshdry and cold climate conditionsof the glacial
periods (Tzedakiset al., 2006), but the exacttiming of extirpation is very difficult to be assessedsee
discussiormbove)suchthat we cannoteasilyreconstructthe climate conditionsat the time of extirpation.
While the largestglaciations suchasMIS22 and MIS 16, seemto playarole in conditioningthe changein
forest composition (Tzedakiset al., 2006; Pierucciniet al., 2016) and probably enhanceda general
impoverishmenbf the flora, individualextinctionsare not directly linkedto these.Onepossiblewvayto solve
the problemisto investigatethe extirpationmodesduringthe lastglacial-interglaciatycle,atime periodfor

whichnumerousdetailedandwell-datedrecordsare available.

A numberof tree taxacanbe found that havestronglyreducedtheir distribution rangeduringthe lasttens

of thousandsof yearsin SouthernEurope:

Zelkovawas last recordedin Centralltaly during one of the final fluctuations of the pleniglacial
interstadials (MIS 3), suggestingits possible extirpation during the last glacial phase (MIS 2).
However Zelkovavaslastrecordedin Greece4-3kaago,whenclimateconditionswere possiblynot

unfavourableto its survival(Fouacheet al., 2005).

GlyptostrobugTaxodiuntype)and Caryamayhavepersistedn northern Anatoliauntil the Holocene

anddisappearedn the lastfew thousandof years(Biltekinet al., 2015).
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Chamaeropsiumiliswas last recorded at Santorini(macrofossilevidence,Velitzeloset al., 2014)
duringthe LatePleistocenepointingto a recentdemiseof this taxon, which currently hasa highly

fragmentedpan-Mediterraneardistribution.

BuxugincludingB.balearicaandB.sempervirensjetreatedfrom the southernregionsof the Iberian,
Italianand Balkanpeninsulasiuringthe late Holocene at the sametime of its exponentialincrease
in temperate Europe,thus challengingthe commonview that the Mediterraneanregionsare the

exclusiveand most important refuge areasfor evergreenbroadleavedtrees. Duringthe last 4500
years,populationslocatedin Minorca, Ibiza,Sardinia Sicily,Apulia,BasilicataCroatia, ThessalyW

GreeceandPeloponneséavebeencompletelyextirpated(DiDomeniceet al.,2012).In other areas
in SouthernEuropea processof severereductionis still goingon, resultingin the modern highly
fragmenteddistributionarea,whichisanaturalresidueof awiderdistribution. Thisreductioniseven

more strikingconsideringhat in theseregionsBuxuspersistedthroughoutthe lastglacialperiod.

Carpinusbetulus was commonly traced in the Iberian Peninsuladuring the Middle Pleistocene
(Despratet al.,2005,2007) Fossikvidencefor Carpinusgs still quite commonin the LatePleistocene
(Postigo-Mijarraet al.,2008,2009,2010;Carrién(Ed.),2012) followed by extremereductionduring
the Holocene(Postigo-Mijarreet al., 2008 . Themarine sequenceMD95-2042rom the Portuguese
margin (Sanchez-Gofit al. 1999, 2008) recordsCarpinusduring the last interglacialEemian(MIS
5e),andthe AreaLongasequencgGdémez-Orellanat al.,2007)duringMIS5cand MIS4, aswell as
Sta.Mariade Oia(Gomez-Orellanat al.,2012)and AbricRomaniBurjachset al., 2012)duringMIS
3. Thepresenceof Carpinugn Plade I'Estany-Garrotx@Burjachs,1990),despiteweakchronological
control, is alsoattributed by the author to the Eemian.In the Cafiizarde Villarquemadosequence
(Gonzalez-Sampérét al., 2013; Garcia-Prieto2015),Carpinuds recordedin the lower part of the
sequence attributed to MIS 5 (Garcia-Prieto2015. During the Holocene,Carpinuspopulations
revealed a progressivedepletion, leadingto its near disappearanceat the Iberian scale:it is
sporadicallyfoundin recordsconfinedto the CantabriarMountains(e.g.,Lagoade LucenzaMufioz-

Sobrinoet al., 2001;Chando LamosoRamil-Reget al., 1998;LaRoya,Allenet al., 1996;Bidasoa,
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Sanchez-Goiii996 Urdaibai,Iriarte-Chiapusset al., 2016),to the pre-PyrenearRange(Estanya
Lake:Gonzalez-Sampérét al., in press),alongthe IberianRangeg(e.g.,LasPardillas, Sanchez-Gofii
andHannon MoncayoMassif,Aranbarriet al., 2016),aswell asin the CentralSystem(Abel-Schaad
et al., 2014).In the Mediterraneanrealm, sequencedrom the Baleariclslands(e.g.,CalaGaldana
and Cala'nPorter, Yllet al., 1997),together with those locatedfrom the continentalenvironments
(e.g.,Espinosalel Cerrato,Franco-Mugicat al.,2001),revealthe latest presence®f Carpinudrom
inland Iberiabetween7 and 4 ka BP.Theincreasedvulnerabilityof Carpinuscommunitiesthrough
glacial-interglaciatycles together with ecologicalfactors (e.g.competition), may have causedthe
demiseof this taxon, whoseextirpation from the Iberian Peninsulalexceptinga smallareain the

westernPyreneesAizpuruand Catalan 1984)is still poorly understood.

Piceawidespreadin SouthernEuropeduringthe EarlyPleistocengFigs2-5), underwenta marked
reductionin most southernregions.In the westernBalkansat LakeOhrid, Piceais recordedin low,
discontinuousabundancesluringthe lastglacialandgenerallyabsentin the Holoceng(Sadoriet al.,
2016).Piceasscarcelyecordedin Greecerom the Middle Pleistocenenwards beingabsentin the
Middle Pleistocenaliagramsof loanninaKopaisandMegalopoliBasinTzedakis1994,1999;0kuda
et al.,2001,2002),and similarlynot recordedin the late UpperPleistoceneand Holocenediagrams
of loannina(Lawsonet al., 2004),Nisi Fen(Lawsonet al., 2005) or Northern Aegeanmarine core
GeoTiSL154Kotthoffet al., 2008).In Southernitaly, the lastsignificantexpansiorof Picea(>5%)is
foundatthe onsetof the Middle PleistocendCaprarcet al.,2005) but frequentoccurrence®f single
grainsare recordeduntil the LastGlacialMaximum (Allenet al., 2000).In Centralltaly, Piceawas
abundantin severalperiodsthroughoutthe Pleistoceneijts lastimportant expansion(>20%)eing
recordedat Boiano(administrativelyin Southernltaly) during MIS9 (Orainet al., 2015). Thenit
decreasedand was last found during the LastGlacialMaximum (Follieriet al., 1998).In Northern
Italy, Piceais widespreadin the Alps,but its populationslocatedin the northern Apennineswere
stronglyreducedduringthe postglacialwamingand were not ableto competewith more vigorous
tree specieqRavazzet al., 2006;Magri et al., 2015).In France the pollenrecordsfrom the Massif

central(Reilleet al.,2000)showabundantpresenceof Piceaduringall interglacialphasesexceptthe
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Holocenewhen it failed to expandafter the glacialperiod. In Spain,Piceais recordedboth in the
ArealongapollenspectraduringMIS4 (Gomez-Orellanat al.,2007),andin charcoakremainsfrom
LaPila,SantaCatalinaand Pefiadel Perroarchaeologicasitesuntil the early Holocene(Uzquiano,
1995).0nthe whole, thesedata indicatethat a decliningtrend, startedin the southernregionsof
SouthernEuropeduring the Middle Pleistocenewasintensified during the last glacialperiod and
especiallyat the onset of the Holocene,a phaseof global warming, which the most southern

populationsof Piceain Europewere not ableto withstand.

These documented casesof extirpations that occurred during the Holocene prevent ascribing plant

extinctionsdirectly to the adverseclimate conditionsof the glacialperiods,althoughit cannotbe excluded
that in somecasesa legacyof glacialbottlenecksand range contractionsmay ultimately lead to eventual
extirpationsduringinterglacialperiods,with a considerabledelay(Tzedaki®t al.,2006). Onthe other hand,
theseexamplesof recentcontractionof distribution rangesneedto be interpretedin the light of long-term
population dynamics(10P-10F years),as recognizedfrom fossil data. Thismay be important to evaluate
correctly the vulnerability of modern fragmented plant populations, especiallyin view of conservation
actions,andto reacha better understandingof the causesand mechanismshat drive the reductionof tree

populationsandtheir eventualextirpationor evenextinction.

6. Conclusions

Thisreviewon the extinctionof tree populationsin SouthernEurope,basedon the collection,organization
andinterpretation of alargenumberof pollenand macrofossirecordsoverthe IberianPeninsulaSouthern
France the Italian PeninsulaGreeceand the Aegean,and the southwesternBlackSeaarea, hasraiseda
number of methodologicalissuesand highlightedan overall complexityin the timing and modesof plant

extinctions.

Fromthe methodologicalpoint of view, althoughfossilrecordshave manyinherent uncertaintiesthat are
accentuatedgoingbackin time to the Middle and EarlyPleistocende.g.,fragmentation,weakchronological

setting,reworkingandlong-distancdransportof pollen, lackof modernanaloguestaxonomicuncertainties,
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badpreservationstate,impossibilityto determinethe exacttiming of extirpation),the overallhistory of tree
populationsis strikinglyconsistent.Thisdemonstratesthat in spite all uncertainties pollenrecordsprovide

excellentinformation evenon fragmentarypopulationson the wayto extinction.

ConcerningPleistocenepollenrecordsfrom the Mediterranean two mainshortcomingshaveemergedthat
may needto be takenin chargeby the scientificcommunity. Thefirst one is the habit of publishingpollen
diagramsincludingonly selectedtaxa, thus omitting important information on rare occurrencesof plant
populationsundergoingextinction. A key messageo the communityis the vital importanceof archivingfull
pollendatain publicrepositories,especiallyin this era of generallyconcisepublicationof only summaryor
partial pollen datasets.Thesecondone is the needfor better photographicatlasesand pollen descriptions
that may help palynologistgecognizingpollentypesof plantsthat are extinct or living far away. Thiswould

helpto alignpollenidentificationby different palynologists.

In many cases,the Quaternary distribution of taxa currently absent from the Europeanmainland,
reconstructedhroughadetailedanalysiof the publisheddata,showedunexpectedatterns,indicatingthat
although their extinction in Europe during the Quaternary was common knowledge, the timing and
geographicatrendsof their disappearancevasfar from fully known. Themain novelaspectshighlightedby
this revieware the following:
Taxodium/Glyptostrobugrobably had at least two distinct populations/species/generén Southern
Europe,which had different fates. One population disappearedrom Northern Spain-Southeriirrance
and Centralltaly at the end of the Gelasian persistedin Northern and Southernltaly until the mid-
Calabrianand disappeareddefinitely from Centraland Southernltaly after ca. 500 ka. Thesecondone
wasdistributed in Anatolia-Rhodest underwenta first severereductionaround1.2 Ma, and a second
reductionaround500ka, but wasableto surviveuntil the Holocene.
Sciadopitydiad a long-term Quaternaryrefugein the Italian Peninsulawhereit persistedfor over one
million yearsafter it had disappearedrom the rest of Europe.
Cathaya,presentat all sitesduring the Gelasianduring the Calabriarwas more commonin Southern

Italy than in other regions.However,its last occurrencein Italy datesto ca. 850 ka, while smallrelict
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populationsmay have persistedin isolatedlocationsin Franceand Anatoliauntil 700 ka and 380 ka,
respectively.

Cedrusvaswidespreadn Italy andin the Aegearregionduringthe EarlyPleistoceneTheinterpretation
of discontinuoussingle pollen grainsin the Iberian Peninsulaand SouthernFranceduring the Early
Pleistoceneand in Southern-Centraltaly during the Middle Pleistocenejs very uncertain. The age of
the disappearancef Cedrufrom southernEuropenecessarilyequiresthe supportof new macrofossil
data.

Tsugahasaratherhomogenousdistoryin different regionsof SouthernEurope with sparsepresencen
the most southern sites (Alboran Sea,Rhodes),and significantabundancesin Northeastern Spain-
SouthernFranceandthe Italian Peninsuladuring the EarlyPleistoceneespeciallyduringthe Calabrian.
Its rapid and definitive disappearanceas recordedaround 750 ka in Northern Italy, around 500 ka in
SouthernFranceand CentralSouthernitaly, and280kain Anatolia.

Eucommigpersistedin central Europeat leastaslong asin SouthernFranceuntil the late Calabrianlt
expandedin Northern Italy during the EarlyPleistocenewithout reachingCentralltaly, where it was
neverfound.

Parrotiais not found in SouthernEuropeafter ca.800ka, whichis surprisingconsideringts continuous
record during the Holsteinianin EasternPoland.Thisresult may suggestdifferent hypotheseson its
persistenceareasand Mid-Pleistocenanigrationroutesinto EasternCentralEurope.
Liguidambarshowingscatteredpopulationsin variousregionsof SouthernEuropeuntil the end of the
EarlyPleistocenesurvivedlongerin SouthernFrance,Southernltaly, and the coastsof the BlackSea,
before beingreducedto the smallpolulationscurrentlylivingin Rhodesand Southeasterirurkey.
Engelhardigpersistediongerin NortheasternSpain/SoutherrFrance(until ca. 1 Ma) than in the Italian
Peninsulawhere it was probablysplit into two separatepopulations:one in Southernltaly, persisting
until approx.1.35Ma, and one in Northern Italy, lastinguntil the early Calabrianseparatedby a large
regionin Centralltaly where Engelhardiavasabsent.A separatepopulation,lastinguntil ca.200ka, was

locatedin the BlackSearegion.
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Caryapopulationswere veryvigorousin Italy and Francebefore their declinein the Middle Pleistocene,
anddid not showanysignpreludingto the impendingextirpation. Thestudiescarriedout in the lastfew
yearshave considerablydelayedthe ageof the last occurrenceof Carya,both in the Italian Peninsula
(MIS9) andin Anatolia(Holocene).

Pterocaryawas more or lesspresentat all Europeansiteswith different densities,dependingon local
situations,until ca.400ka, after whichtime its distributionwasseverelyfragmented.Thedisappearance
of Pterocaryaoccurredat different timesin different regions.lts lastrecordedoccurrencewaspossibly
duringthe Eemian(ca.120ka)in Spain.

Zelkovapollen was not alwaysdistinguishedfrom Ulmus. Evenso, the fossil recordsfrom Southern
Europe,together with the biogeographicabnd geneticdata availablefor the extant speciesprovidea
fairly accuratereconstructionof the history of Zelkovain SouthernEurope,exceptfor the Iberian
Peninsulawhereeither Zelkovadisappearedrery earlycomparedto the other Europearregions,or the

scantyfossilrecordavailablefor the Middle Pleistocenéhasfailedto traceits presence.

In additionto these“classical’extincttreesin Europe,a numberof taxahavebeenconsideredhat are still
widespreadin Europe but haveundergonefragmentation/reduction/extirpationin wide areasof Southern
Europeduringthe late Pleistocene-Holocend@heymay provide usefulinsightsinto the patternsandtiming
of rangecontractionof plant populations,giventhe goodchronologicakontrol of their lastoccurrencesand
the largenumberof pollenrecordsinvolved.Threesuchcasesappearof particularinterest:
Buxusretreated from the southernregionsof the Iberian,Italian and Balkanpeninsulagduring the last
4.5ka,following a generalaridificationof climatein the MediterraneanBasin.Consideringhe verylow
dispersalability and growth rate of Buxus,andthe current extent of humanimpact,there is very little
chancethat the southernterritories of Europewill be naturallyrecolonizedn the future, sothe southern
extirpationof Buxuscanbe consideredoermanent.
Carpinusdetulus,commonlytracedin the IberianPeninsulaluringthe Middle Pleistocenewasstill quite
commonin the Late Pleistocene During the Holocene,Carpinuspopulationsrevealeda progressive
depletionin its southwesternrange,leadingto its virtual absenceat the Iberianscale,exceptinga small

areain the westernPyrenearvalleys.
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Picea,widespreadin SouthernEuropeduring the Early Pleistocene underwent a marked reduction
leadingto its disappearancén the most southernregions:in Greecejt wasabsentin manysitessince
the Late Pleistocene,in Central-Southernitaly it disappearedduring the last glacial maximum,in

Northern Spainit waslastfound in the lateglacialperiod.

Theserecentextirpation processesre quite unexpectedfor three mainreasons Firstly,speciedike Buxus
sempervirensCarpinusbetulus and Piceaabiesare not at all consideredat risk in Europe.Secondlythey
contradictthe commonview that plant populationspersistlongerin the southernregionsof Europeand,
togetherwith indicationsof complexspatialpatterns,rule out a simpleNorth to Southtrend in extirpations.
Thirdly, they occurred at the onset or during the current interglacial, while extinctions are generally
consideredo be enhancedythe adverseclimateconditionsof the glacial. Thismight suggeshumanimpact
asa possiblecausefor the reductionof thesetaxa.Onthe other hand,extirpationsappeardistributed over
time during the Quaternary,while it is apparentthat significantturnovers of the dominant specieshave
occurredin relationto important climatic/geologicatransitions,suchasat the Gelasian-Calabrianansition,

andthe so-calledViddle PleistoceneRevolution.

Futurestudiesare expectedto better definethe timing andtrends of plant extirpationthroughthe study of
new long continuousrecords,especiallyfrom regionsthat are scarcelyknown (e.g.,the northern Balkan
Peninsuleand inner Iberia), the re-analyisof some*“classical’datawith the aimto improve/providerobust
chronologiesfor someundated deposits,so providingbetter chronologicakonstraintson extinctions,and
the publicationof all the availabledatain publicrepositories Dealingwith extirpations,the mostchallenging
field of researchto be exploredis certainlythe combinationof palaeobotanicahndgeneticstudiesin relation
to the demographidistoriesof taxa,aimedto assessot only the timing and modesof species/population

differentiation, but alsothe mechanism®f plant extinction.
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Figurecaptions:

Fig.1. Locationof the Quaternaryrecordsconsideredn this paper.Numberingof the sitesfollows Tablel.

Reddots representthe peri-Iberianmarine sitesincludedin Fig.2; blue dots correspondto the sitesfrom

NW Iberiaand S Francerepresentedin Fig.2; red squaresinclude sitesfrom N lItaly (Fig.3); yellow dots
correspondto sitesfrom central ltaly of Fig.4; pink dots are sitesfrom Sltaly representedin Fig.4; green
dotsinclude Greeceand the Aegean(Fig.4); the blue squarecorrespondgo the site of TenaghiPhilippon
(Fig.5) andthe pinksquareto DSDRite 380(Fig.5). White dotsindicatethe locationof sitesnot represented
in Figs2-5but citedin the text.

Fig.2. Stratigraphicaketting and schematicpollen biostratigraphyof selectedtaxa of Pleistocenerecords
from the Alboran Seaand off Portugal,and from NW Iberia and S France.Question marks indicate
uncertaintiesin the chronologicalsetting of the records. Asterisksindicate plant macrofossilsRedlines
representregionallyextincttaxa.Bluelinesrepresenttaxathat areonly mentionedin the papersor uncertain
determinations(e.g.Ulmus/Zelkova).

Fig. 3. Stratigraphicaketting and schematicpollen biostratigraphyof selectedtaxa of Pleistocenerecords
from N ltaly (>44°N)and Central Italy (44°-41°N).Note that the sites of Sessanoand Boiano are
administrativelylocatedin Sltaly. Questionmarksindicate uncertaintiesin the chronologicaketting of the
records.AsterisksndicateplantmacrofossilsRedlinesrepresentregionallyextincttaxa.Bluelinesrepresent
taxathat are only mentionedin the papersor uncertaindeterminations(e.g.Ulmus/Zelkova

Fig.4. Stratigraphicabketting and schematicpollen biostratigraphyof selectedtaxa of Pleistocenerecords
from Sltaly (<41°N),Greeceand the Aegean.Questionmarksindicate uncertaintiesin the chronological
settingof the records.Asteriskandicate plant macrofossilsRedlinesrepresentregionallyextinct taxa.Blue
linesrepresenttaxathat are only mentionedin the papersor uncertaindeterminations(e.g.Ulmus/Zelkova).

Fig.5. Stratigraphicaketting and schematicpollen biostratigraphyof selectedtaxa of Pleistocenerecords
from TenaghiPhilippon(Tzedakiet al., 2006) and DSDFRsite 380 (Biltekinet al. 2015).Redlinesrepresent
regionally extinct taxa. Blue lines represent taxa that are only mentioned in the papersor uncertain
determinations(e.g.Ulmus/Zelkova).

Fig.6. Schematicstratigraphicdistribution of Taxodiumtype, SciadopitysCathayatype, and CedrusBlue
linesrepresenttaxathat are only mentionedin the originalpapers.

Fig. 7. Schematicstratigraphicdistribution of Tsuga,Eucommia,Parrotia and Liquidambar.Blue lines
representtaxathat are only mentionedin the originalpapers.

Fig. 8 Schematicstratigraphic distribution of Engelhardia,Carya, Pterocarya,and Zelkova.Blue lines
representtaxathat are only mentionedin the originalpapers.
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Tablel. Listof the vegetationrecordsrepresentedin Fig.1.

Site
number

1

2
3

10
11

12
13

14
15

16
17

18
19

Site

MD95-2043

Padul
ODP976

Andalucia G1
Morgandinho

Site U1385
MD95-2042

MDO01-2443
Monsarros

MD03-2697
MDO01-2447

MD99-2331
Santa Maria de
Oia

Area Longa

Pointe de la
Négade North
La Balise

Lezetxiki

Atapuerca

Cafiizar de
Villaguemado

Age (ka)
MIS

48-2 ka

100-0 ka
MIS 31-23

Miocene-
Gelasian

Ealry-Middle
Pleistocene
MIS 38
MIS 6-2

345-180 ka
Plio-
Pleistocene
340-270 ka
430-360 ; 250-
180 ka
MIS 5-2
MIS 5-3

MIS 5-3

Early
Pleistocene
MIS 11

MIS 3

900-400 ka
MIS 5-1

Pollen (P)
Macrofossil

(M)
P

P
P

jv)

Bv)

T T

P+M

P+M

jv)

Marine (M)
Continental
©)
M

@} < Z0

= 0o £XL

M
C-M (coastal)

C-M (coastal)
M

M
C
C
C

Chonological control

14C, event stratigraphy

14C and vegetation history
Oxygen isotope stratigraphy

Oxygen isotope stratigraphy
Micromammals

Orbital tuning

14C and Oxygen isotope
stratigraphy

Oxygen isotope stratigraphy
Stratigraphy

Oxygen isotope stratigraphy
Oxygen isotope stratigraphy

14C, event stratigraphy
14C, coastal stratigraphy

14C, coastal stratigraphy
Pollen biostratigraphy

Pollen biostratigraphy

14C, archaeological data (lithic
tools)

Luminiscence

14C and OSL dating

References

Sanchez Goii et al., 2002; Fletcher
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Joannin 2007; Joannin et al., 2011;
Combourieu Nebout et al., 2009
Feddi et al., 2011

Antunes et al., 1986

Tzedakis et al., 2015
Sanchez Goii et al., 1999

Roucoux et al., 2006
Vieira, 2009

Desprat et al., 2009
Desprat et al., 2005

Sanchez-Goiii et al., 2005, 2008
Gomez-Orellana et al., 2013

Gomez-Orellana et al., 2007
O’'Brien and Jones, 2003

O’'Brien and Jones, 2003
Sanchez-Gofi, 1992
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21
22

23
24

25

26

27

28

29
30

31

32
33

34
35

36
37
38
39
40

41
42

43

Garraf
Abric Romani
Cal Guardiola

Val d'en Bas

Pla de I'Estany-
Garrotxa

Pla de I'Estany-
Incarcal-Crespia
Tres Pins

Mas Girill
Bobila-Ordis

Banyoles
Moli Vell

Mas Miquel

Saint-Macaire
Nogaret

Bernasso
Celleneuve

Alleret

Senéze

Velay maars
Ceyssac
Saint-Vallier

La Cote

Fornaci di Ranica

Leffe-Fornace
Martinelli

5300-1750 ka
70-40 ka
1200-800 ka

250 ka
MIS 5?-1

Plio-
Pleistocene
2600-1200 ka

Mid-
Pleistocene?
MIS 36-33

1000-950 ka

Early
Pleistocene
Early
Pleistocene
1400-700 ka

MIS 75

2160-1960 ka

Early
Calabrian
MIS 17-15

MIS 85-76

430-0 ka
1000-900 ka
1900 ka
MIS 11

MIS (36)30 or
28
MIS 64-22

P-M

T

T U T

Bv)

P.M

P.M

oo O oo o O O 0O0<L

@

C-M

O O000O0

Foraminifer biostratigraphy

U/Th

Micromammals and
palaeomagnetism

Volcanic crust

Vegetation history and 14C for the
upper part

Fauna (Mammals biostratigraphy)

Vegetation composition (presence
of carya)

Vegetation history (older than
Bobila Ordis)

Micromammals and
palaeomagnetism

Vegetation history (younger than
Bobila Ordis)
Fauna (Mammals biostratigraphy)

K/Ar dating, magnetostratigraphy
K/Ar dating, mammal
biostratigraphy

K/Ar dating, magnetostratigraphy
Biostratigraphy

Tephrochronology, K/Ar and Ar/Ar
dating

Ar/Ar dating, mammal
biostratigraphy,
magnetostratigraphy
Biostratigraphy, Ar/Ar dating
K/Ar dating, magnetostratigraphy
Biostratigraphy

Pollen biostratigraphy
Magnetostratigraphy, mammal
biostratigraphy
Magnetostratigraphy, mammal
biostratigraphy

Suc and Cravatte, 1982
Burjachs et al., 2012
Postigo Mijarra et al., 2007

Cross et al., 1986
Burjachs, 1990

Villalta and Vicente, 1972; Suc and
Cravatte, 1982; Roiron, 1983
Leroy, 1997
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2008
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Pianico Séllere

Pianengo
Stirone

Castell'Arquato
San Pietro di
Ragogna
Azzano Decimo
Visogliano

Venice

Core 223-S17
Oriolo (Faenza)
Lamone Valley

Monte Poggiolo

Poggio Rosso
Gubbio

Colle Curti
Cesi

Pietrafitta
Fosso Bianco

Dunarobba
Leonessa

Madonna della
Strada

Pagliare di Sassa

MIS 21-19

1200-700 ka
5100-2200 ka

Early
Pleistocene
Gelasian

215-20 ka
MIS 13 or 11
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130-0 ka
ca. 800 ka
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1400-10707? ka
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Ka
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1400-12007? ka
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(Ortona)

Carsoli

Peperino (Rome)
Riano

Valle Ricca

Valle di
Castiglione
Coste San
Giacomo
Fontana
Ranuccio
Ceprano
Isernia - La
Pineta

Sessano
Boiano

Saticula
Acerno

Lago Grande di
Monticchio
Vallo di Diano

Camerota
Mercure
San Lorenzo

Montalbano

Jonico
Semaforo-Vrica

Santa Lucia

MIS 17

ca. 530
513+3 ka
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MIS 13-9
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Ar/Ar dating, tephrochronology

Mammal biostratigraphy
tephra, Ar/Ar dating

14C dating, tephrochronology,
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Highlights:

TheQuaternarydisappearancef tree taxain SEuropeappearsdistributed overtime
SimpleNorthto Southand/or Westto Easttrend in extirpationscannotbe recognized
Sometaxadisappearedrom wide areasof SEuropein the LateglaciahndHolocene



