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“Let it also be borne in mind how infinitely complex and close-fitting are the
mutual relations of all organic beings to each other and to their physical
conditions of life; and consequently what infinitely varied diversities of
structure might be of use to each being under changing conditions of life.”

— Charles Darwin, On the Origin of Species 1859
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Abstract

Vascular plants have been found to align along globally recognised economic spectra that
determine their distribution, productivity and performance. Plant functional traits define
how plants acquire and use resources and through their interactions they influence
ecosystems function. At the same time they determine the frequency and severity of fires.
While conspecific plants have often been described as identical regarding their functional
traits, intraspecific variation facilitates species coexistence and evolutionary potential (i.e.
phenotypic plasticity). Genetic constrains and environmental pressures limit the spectrum of
viable resource-use strategies and flammability syndromes employed by plant species
throughout geological time. However, small attention has been given in identifying links
among flammability and plant economics. Ambiguity comes from the fact that flammability
is a multidimensional trait. Different flammability attributes (i.e. ignitibility, sustainability,
combustibility and consumability) have been used to classify species, but no widely-

accepted relationships exist between attributes. This thesis tests the following hypotheses:

1. seasonal variation in water availability and frequent fires have selected for
tight phenotypic integration patterns that shape Mediterranean vegetation,

2. coexisting species with distinct life histories that experience strong resource-
competition employ alternative resource-use strategies,

3. flammability attributes are highly intercorrelated, forming a spectrum of
alternative flammability syndromes that can be captured by species’ resource-
allocation trade-offs,

4. since flammability syndromes define species’ fitness, they are likely adaptive

strategies that ensure persistence in the post-fire community.

A large, systematic protocol was designed for the measurement of functional traits
reflecting whole-plant economics and the estimation of all four flammability attributes, and
was applied on nine dominant, thermo-Mediterranean species across a range of
environmental conditions along Greece. Moreover, a soil study was conducted across this
range and long-term climatological data were extracted for each sampling site. The
interdependence among functional traits and flammability attributes was assessed, as well

as their variation across five ecological scales (i.e. genus, species, individual, sampling site



and geographical region). The effect of different ecological and evolutionary pressures was
estimated by partitioning functional traits’ and flammability attributes’ variation among the
different ecological scales. Furthermore, the functional and climatic hypervolumes of each
studied species were delineated, in order to test for climatic niche overlap and functional
distinctiveness. Finally, the effect of functional traits, edaphic, climatic, and topographic
characteristics on each flammability attribute was quantified.

The studied functional traits collectively formed an integrated space of viable resource-
allocation strategies. The first axis of variation describes the leaf economic spectrum and
distinguishes correlates with functional traits that offer tolerance to stress (positive
correlation) and disturbances (negative correlation). While the second axis of variation, the
size and shape spectrum, reveals a trade-off between photosynthetic efficiency (positive
correlation) and water balance (negative correlation). These two plant functional traits
spectra have been recognised for all vascular plants on a global scale, admitting the adaptive
strategy that they follow. A third axis of variation exposes an additional trade-off among
functional traits that affect the survival of coexisting individuals in a community. Variation in
leaf thickness and length as well as stem wood density offers qualitative differences (i.e.
alternative solutions to the same problem) to functionally similar species that allow them
equivalent fitness. Significant phenotypic plasticity enables functionally similar species to
succeed complementary in a given set of environmental conditions. Flammability in thermo-
Mediterranean vegetation is a continuous two-dimensional spectrum. Heat release rate
(combustibility vs. sustainability) is driven by leaf shape and size, while ignition delay and
total heat release (i.e. consumability) are controlled by leaf economics. Alternative
flammability syndromes can increase fitness in fire-prone communities by offering
qualitative differences in survival or reproduction. Trade-offs and constraints that control
the distribution of resource-use strategies across environmental gradients appeared to drive
leaf flammability syndromes as well. Taxonomic differences (ecological scales “Genus” and
“Species”), phenotypic plasticity (“Individual”) among coexisting individuals, and
environmental disparity (“Site” and “Region”) explain the observed functional diversity and
flammability variation among the studied species.

As we enter the Anthropocene there is pressing need to understand how the impending
environmental changes will impact ecosystems structure and function on a global scale. The

results of this thesis contribute to the development of predictive vegetation dynamic
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models that would explain the general patterns that underlie community assembly, and
improve our understanding on the interactive effects of climate and land-use changes on

biodiversity and ecosystem services, in order to drive more informed policy choices.
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NepiAnyn

Ta avwtepa ¢uta £xet Ppebel oOtL TomoOetolvral KATA MAKOG TIAYKOOMIWG
QVAYVWPLOMEVWY afovwy SLaKUPavong TwV AELTOUPYIKWY XOPOKTNPLOTIKWY TOUG TOU
MPoodLopl{ouv TNV KOTOVOUI, TV TAPOYWYLKOTNTA KoL TNV omodoor Toug OTa EKACTOTE
olkoouoTApaTa Tou Slaflouv. Ta AELTOUPYLKA XAPOKTNPLOTIKA TWV PUTIKWY OPYOVIOUWV
kaBopilouv Ta MPOTUTA EMIUEPLOUOU TWV SLABECIUWY TTIOPpWV UETAED TwV SLEPYAOLWV TNG
avénong, TG emBLWoNG KaL TG avarmapoywyng Toug, Kol LECW TwV AAANAETLOpACEWY TOUG
KaTeuOUVOUV TN AELTOUPYLO TWV OLKOCUOTNUATWY. Tautoxpova emnpedlouv tn cuxvotnta
Kal TN SpLuuTNTA TWV TUPKAYLWY. EVw OMOELSr) ATOMO CUCTNMOTIKA OVTIHETWITI{OVTOL WG
Toutoonua 6oov adopd oTa AELTOUPYLKA TOUG XOAPOKTNPLOTIKA, N TOLWKIAOTNTA TIOU
TAPOTNPEITOL AVAPECH OTO ATOMA €VOC €ldoug (6nA. N GALVOTUTIKY TAQOTIKOTNTA)
anoteAel TNV MPpWTN VAN tNG PUOIKNAG ETILAOYNG KO ETILTPEMEL TN CUVUTIAPEN AELTOUPYLKA
opoAoywv edwv (niche segregation). Mevetikol meploplopol Kot mePPBAANOVTIKEG TILECEL
Slopopdwvouv TOCO TG TPOCOPUOOTIKEG OTPOTNYLKEG Twv ¢utwv O0O0 Kal TNV
guPAektoTNTA TOUCG Ot PBaBocg efehiktikol Xpovou. Map’ OAa autd, AlYEC €PEUVEG €XOUV
ETUXELPAOEL VO OVAYVWPLOOUV CUOCXETIOELG aVAUECA 0TO GACUA ETLUEPLOUOU TWV TOPWV
TwWV PUTWV Kol TNV €UPAEKTOTNTA TOUC. To TPOBANUO EYKELTAL OTO YEYOVOC TWG N
eUPAeKTOTNTA  €lval €va  TOAUSLAOTATO AELTOUPYLKO XOPAKTNPLOTIKO. AladopeTKA
XOPAKTNPLOTKA TNG eudAekTOTNTAG (ONA. N TaxLTnTa avadAeéng, n Sldpkela kal o pubuog
¢ Kavong, KabBwg Kal n ouvoAlkr Bepudtnta mou eKAUETAL KATA TN Kavuaon) €xouv
xpnowomnownBel yla tnv katatagn tTwv GuTikwy 8wV o€ KATAAOYOUG LE TIEPLOCOTEPO Kall
Alyotepo sUdAekta £i6n, aAAd £€w¢ Twpa Sev £€XOUV AVAYVWPLOTEL EUPEWC QTIOSEKTEG
OXEOELG LETAED TWV XAPOKTNPLOTIKWY TNG eudAekTOTNTOG. OL UTIOBEDELG TToU €AEyXOnKav o€
autn ™ SatpPn eivad:

1. n katamovnon mou MPOKAAEL N emoxikr dtakupavon tng dtabeouotntag Tou
vepoU Kot n emavaAapBavopevn datapoxn tng ¢wtlag £xouv odnyroeL Og WOXUPN
dawoturikn ocuvdlakupoavon otn BepuodiAn pecoyelakn BAdotnon,

2. ouvundapyxovta €i6n pe SLadOPETIKEG OTPATNYLIKEG KUKAOU TwN¢ LUTO KABEOTWG
LOYUPOU QVTAYWVIOHOU €XOUV OVATTTUEEL EVAANOKTLIKEG OTPOTNYIKEG ETUUEPLOUOU TWV

opwy,
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3. Ta TEOOEpPO XOPOAKTNELOTIKA TNC eudAektotntag alAnlocuoyetilovral
oploBetwvtag éva PAaopa eVOANOKTIKWY OUVEPOUWY €UPAEKTOTNTAG, TO OTOLo
OUMMETABANETAL PE TO ACUA ETUUEPLOUOU TWV MOPWV TWV GUTWV,

4. adou ta cuvdpopa eudAektotnTag kabopilouv TN APUOCTLKOTNTA TWV ELBWY,
KOTA maoa mlavotnta, anoteAoUV MPOCAPHOCTIKEC OTPATNYLKEG TTou StacdaAilouv
NV EMPLWOLUOTNTA TOUG OTNV LETATTUPLKN KOWOTNTA.

Eva  eviaio TPWIOKOAAO  PETPACEWV  AELTOUPYLKWV  XOPOKTNPLOTIKWY  TIOU
ovTlKatontpilouv To GACHUA TWV OLKOVOULKWY OAOKANPOU Ttou GHUTOU Kal EKTIHNONG TWV
TECCAPWY OUVIOTWOWV TNG €UGDAEKTOTNTOG OXESLAOTNKE Kal €PAPHOOTNKE OE EVVEQ,
Kuplopxa, Oepuodlla, peocoyelakd Gutikad €idn, amd €va €Upog TEPLBOAAOVTLKWY
ouvOnkwv katd pNAKkog tng EAAASaG. Mo kdBe Béon OSewypatoAnyiog cuAAExTnKOV
toroypadka, edadoAoyika Kot KALLatoAoylka dedopéva. E¢etaotnkav n aAAnAocuox£tion
METOEL AELTOUPYLKWY XOPOKTNPLOTIKWY KOL OUVIOTWOWV TNG €UPAEKTOTNTAG, KOL N
SlakVpavon Toug Katd UAKOG SladOopeTIKWY OLKOAOYLIKWY KALLAKWVY (8nA. yévog, eidoc,
atopa, Béon SewypatoAnyiag, yewypadikiy meploxr). Alaxwpiloviag to TOoooTO TNG
Slakupavong mou mapatnpeital oe KAOe olkoAoyikn KAlpaka, ekTUROnke n enidpaon
SL0POPETIKWV OLKOAOYIKWVY Kol EEEALKTLKWV TILECEWV OTA AELTOUPYLKA XOPOAKTNPLOTIKA TWV
dUTWV KAl OTLG CUVIOTWOEG TNG EUPAEKTOTNTAG TOug. EmumAéov, oL Asttoupylkol Kot
KALLATIKOL UTIEPOYKOL TwV UTIO MeAETn elbwv oploBetnOnkav wote va eleyxBel n
oAANAoeTUKAAUYN TWV KALLATIKWY TOUG OLKOBECEWV KAl N AELTOUPYLKN TOUG SlakpLtotnTa.
T€Aog, moootikomolnOnke n emnidpacn Asttoupylkwy, €5adPoAOYIKWY, KALLATOAOYLIKWY Kall
TOTIOYPAPLKWY XOPAKTNPLOTIKWY OE KABE Lo OO TIG CUVLIOTWOEG TNG EVGAEKTOTNTAG.

To UTO UEAELTN AELTOUPYLKA XOPAKTNPLOTIKA 0opLoBetolv évav ToAUSLACTATO, LoXUpA
OAANAOGUGCYKETLIOMEVO XWPO PBLWOLUWY OTPATNYKWY ETLUEPLOUOU TWV TIOPWV. O MPWTOG
afovag Sltakupavong meplypadel To GACHO TWV OLKOVOULKWY TOU GUAAOU Kal CXETIIETAL e
AELTOUPYLKA XOPAKTNPLOTIKA TTOU TIPOOPEPOUV AVOXH OTNV KaTtamovnaon (BeTik cuoyxEtion)
kat tn Slatapaxn (apvntikn cuoxétion). O deltepog agovag Slakupavong neplypadel To
daopa tou peyEBouC Kal Tou oxApatoc Twv GUAAWY, avadelkviovtag Hla avilotaduion
avapeoa otn dwtoouvOeTikr anodotikotnta (BeTiky cuoxetion) kat to udatikd Looluylo
(apvntik ouvoxetion). Auta ta SUo dAacpaTa AEITOUPYLKWY XOPOAKTNPLOTIKWY £XOUV
avayvwpLoTel yla OAa ta avwtepa pUTA O€ TTAYKOOULO ETIMESO EMITPEMOVTAG TNV KATATAEN

TOoUC BAOEL TwV EVOANAKTIKWY TIPOCAPUOOTIKWY OTPOTNYLKWY TIou uLloBeTouv. Evag tpitog
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afovag SlakupOvVoNG ArmoKAAUTITEL Yo ETLITAEOV QVTLOTAOULON QVAUECO OE AELTOUPYLKA
XOPAKTNPLOTLKA Ta oTtola emnPeAlouV TNV EMPLWOLUOTNTA CUVUTIAPXOVTWY OPYAVLIOUWY OE
HLoL KowvoTtnTa. AloKUOVON OTO TIAXOG KAl 0TO HAKOC TwV GUAAWVY KAl 0TNV TIUKVOTNTO TOU
BAaoTtoU Snuloupyel TOLOTIKEG SLadOPOTIOLACEL OTNV TPAYUATWON TWV OLKOGUOTN LKWV
Siepyactwv (6nA. dladopetikég AUoeLg yia To (6lo MpOoPANUa), Kal tpoodEpel LooSuvaun
oppootikotnta (equivalent fitness) oe Asttoupyikd opodAoya €idn. H Umapén onUavTKng
dAVOTUTIKAG TAAOTIKOTNTAG ETULTPEMEL TN ouVUTAPEN AELTOUPYLIKA OpOAoywv €WV o€
KOWEC TEPLBAANOVTIKEG OUVONKEC HEOW TNG CUMMANPWHOTIKAC XPAONG Twv Topwv. H
eudAektoTnTa TNG BEPUOPIANG LeCOYELAKAG BAAoTNONG €lval Eéva ouvexopevo, Slobldotato
daopa omou n SlapkeLa KoL 0 puBUOGS TNE KaUong eAEyxovTal amo 1o GACUA TOU HEYEBOUG
KOl TOU oXNUAto¢ tTwv ¢GUAAwvV, evw n taxVutnta avadpAe€éng kal n CUVOALK €KAUCH
BepuoTNTOC KATA TNV KOUon efoptwvtal amd to ¢GACUA OLKOVOULKWY Tou ¢UAoU.
EvaAdaktikd ouvdpopa €UDAEKTOTNTOG TPOOCHEPOUV TIOLOTIKEG SLOPOPOTIOLCELS TIOU
auvéavouv TNV emBlwon 1 TNV avamapaywyn €vog opyaviopou. Avtiotabuioceslg kot
BepeAlwdelg meploplopol €AEyxouv TNV KOTAVOUN TWV  EVOAAOKTIKWY OTPATNYLKWV
ETUUEPLOMOU TWV TOPWV KOTA HAKog meptBailoviikwy Badbuibwv kat paivetal mwg opilouv
Kal Ta ouvdpopa gudAsktotntag Twv sldwv. Tafvoukee Stadopomoloelg (OLKOAOYLKEG
KALLOKEG «peévog» Kol «&gibog»), ALVOTUTILK TIAQCTIKOTNTA («dTOUO») OvAUECA OF
ouvumapyovta atopa, aAAa kat meptBallovtikr) etepoyévela («9€an SetyuatoAnioc» Kot
KYEWYPOAQPLKN TIEPLOXN») €€NYOUV TNV TOPATNPOUUEVN AELTOUPYLKN TIOWKIAOTNTO KO
StakVpavon otV eUPAEKTOTNTA TWV UTTO HEAETN ELOWV.

KaBwg eloepxopoote otnv  AvOpwrmoOKOLWVO  UTAPXEL  EMLTOKTIKA — avaykn va
amoocadnVIoCOUUE WG oL ETILKELUEVEC TTEPLBAANOVTIKEG aANayEC Ba emnpedoouv T Sopr Kot
TN A&ltoupyla TWV OLKOCUOTNUATWY o€ Taykooulo eminedo. Ta oamoteAéopota TNG
napovoag Satplpric BonbBolv oTN MAPAUETPOTOLNCN TIPOYVWOTIKWY HOVIEAWV ATIOKPLONG
™¢ BAAOTNONG KAl O0TNV amooadnVvion TwV YEVIKWY OXECEWV TIOU SLEMOUV T cuvaBpolon
TWV ELBWV OTLG KOWVOTNTEG, KOL TIG CUVOUOOTLKEG ETIUTTWOELG TWV AAAQYWV TOU KALMOTOG Kall
TWV XPNOEWV yNG OTn BLOMOLIKIAOTNTA KOl OTIG OLKOCUOTNUIKEG UTnpPeoieg, ywa tn ANYn

SLaXELPLOTIKWY amodACEWV.
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1. Elcaywyn

Qg AELTOUPYLKO XAPOKTNPLOTIKO opileTal KaBe popdoloyikod, pucloloyLkod i paLvoloyLko
YVWPLOUA, LETPNOLLO amtd TO eMiNMESO TOU KUTTAPOU UEXPL Kol OAOKANPOU TOU OTOMOU, TO
OTolo £XEL ONUOVTIKA €midpacn otnv eykataotacn, thv emBiwon, tnv avénon kat tnv
TIPOCOPUOOTIKOTNTA €VOG opyaviopoU (Violle et al. 2007). Ta AELTOUPYLKA XOPOKTNPLOTIKA
KaTtadelKVUOUV Kol £€nNyoUV TIG AMOKPILOELS TWV OPYAVIOHWY, TO EUPOG TWV KOTOVOUWVY TOUC,
TG OAANAETUSPACELG LE TA YELTOVLKA TOUG ATOMO KoL TNV €Midpaor Toug oto PBLOTIKO Kall
ofotikd toug meplBarlov (Reich 2014). Avamnodeuktec avtiotadbuioslg (trade-offs)
OVAUECO OTLG AELTOUPYLEC TNCG avEnoNnG, TNG EMBLWONC KAL TNG OVATIAPOYWYNC, OTLG OTTOLEC
UTIOKELVTOL OAoL oL opyaviopol (akoun kat ot ol mou 6ev €xouv HETABOALOUO),
npoiUmoBetouv TNV UMapPén MPOBAEPIUWY CUVSUOOUWY AELTOUPYLKWVY XAPOKTNPLOTIKWY YLa
kaBe kaBeotwg katamoévnong, diatapaxng kot avtaywviopol (Grime and Pierce 2012).
OuoSOTOLNOEL OUOLWV N OVAAOYWV XOPOAKTNELOTIKWY TIOU EMAVOAOQLBAVOVTAL EUPEWC
HeTaEL eldwv A MANBUOUWY Kol TTPOKAAOUV OMOLOTNTEG OTNV OLKOAOYLO TOUG artoKaAouvTal
TIPOCOPUOOTIKEG OTPATNYIKEG (Grime 2006). H Soun kat n SUVAULKT TwWV OLKOCGUOTNUATWY
kaBopilovtal oe peydAo BoBOpd amod TNV EMKPATNON €VAAAAKTIKWY OvTtaywvioTikwy (C-
selected), avektikwv otnv katamovnon (S-selected) kat tn Swotapaxn (R-selected)
TIPOCOPUOCTIKWY OTPATNYKWY. H mpoPAedn twv olkoouotnuikwy Olepyacwy amo ta
AELTOUPYLKA XAPOKTNPLOTIKA TWV €WV EVOVIL TWV TOASWVOMLKWY TOUG TOUTOTATWY EXEL
XOPOKTNPLoTEL WG TO «lepd Slokomotnpo» tn¢ oltkoAoyiag (Lavorel and Garnier 2002).

OL OLKOOUOTNULKEG Slepyaoieg (OMWG N MPWTOYEVAG TAPOYWYLKOTNTA, N AVAKUKAWGN
Bpemtikwy, n anodounaon Kot n aveekTikotnTa otic dlatapaxEg) pmopouv va npoPAedpOolv
Qo TLG TTPOCOPUOOTLKEG OTPATNYLKEG TWV MPWTOYEVWV TTapaywywv, SnAadn twv putwv ota
XEPOOLQ OLKOOUOTHUOTA. 2€ TIOPOYWYLKEG OLKOBEDELG, KUPLOPYXOUV QVTAYWVLOTLKOL PpUTLKOL
OPYOVIOUOL PE AELTOUPYLIKA XOPAKTNPLOTIKA TIOU aufAvouv Tnv taxelo Séopeuon Kol Tov
€\eyxo twv Sabeolpwyv mopwv (competitors, C-selected). Opwcg pewwpévn dabsopotnta
Topwv (stress) kot Amieg dlatapaxég Snuioupyouv pia mokhia StaBeoipwy okoBEoewv
ETUTPEMOVTAG TNV ELOAYWYN TIEPLOCOTEPWV ELOWV OE ULl KOWOTNTA. 2€ oUVORKeG LPNANG
Katamovnong 1 Splpuewwv datapaxwv ( cuvduaopou Kat Twv U0) ol GUTOKOLVOTNTEG
KupLapxoUVTaL amo 16N e AVEKTIKOUG OTNV KATOTTOVNON TIPOOTATEULEVOUG LOTOUG (stress-

tolerants, S-selected) kai/n dtatapaxodla eidn pe taxeic kUkAoug Lwng mou emevéuouv os
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Heyalo Babuo otnv avamapoywyr toug Kot amodelyouv TG SpLUeieg mepLlodoug UTO T
Hopdn omepudtwv (ruderals, R-selected). Ze emnimedo owoouotiuatog, n SlaBaduion
HETAED TWV EVAANAKTIKWY TIPOCOPHOCTIKWY OTPATNYIKWY EAEYXEL TO pUBUO HE TOV OTIOLO Ol
niopol mpooAapfdvovtal, PeTATpENOVTAL O Blopdla, SLEpXOVTAL KATA MNKOG TWV TPOPLKWV
oAucidwv Kal teAlka anelsuBepwvovrtal (resource economics).

OL TPOCOPUOCTIKEG OTPOTNYIKEG TwV GUTWV emMnpedlouv TNV TOKWAOTNTA TWV
TIPOCOPUOCTIKWY OTPOTNYLKWY TWV {WIKWV KOWOTATWY Tou €£0pTwVTaL AUECA KOl EUUECA
OO OUTEG, TOOO HECW TWV TPOPLKWV OXECEWV, 00O Kol PEOW TNG Slapopdwaong tng
tornoypadiag Tou TUMou evdlattipatog (dnA. tn dtabeoipdtnta katapuyiwy, Tnv modtTnTa
TWV MANPOGOPLWV TIOU UITOPOUV VA ATTOKTAOOUV Ta {wa OXETIKA e TN SltabBeouotnta twv
TOpwV K.ATL). Tt AELTOUPYLKA XOPAKTNPLOTIKA TwV 0wV e§eAlooovial oe oxEon LE TOUG
VELTOVIKOUC TOUG OpYaVIoHoUC Kot TG TepBalAoviikéG ouvOnkeg otig omoieg Saflovv
(Miller et al. 2007). Q¢ ek TOUTOU, TA AELTOUPYLKA XOPAKTNPLOTIKA TwV GUTWV ennpealouvv
TO AELTOUPYLKA XOPAKTNPELOTIKA TWV GUTODAYWYV OPYAVIOUWY, TWV ETILKOVIOOTWY KOl TWV
arnodopuntwv pag kowvotntag (Grime and Pierce 2012). ErutAéov, kaBopilouv tnv moldtnta
™G GUANOOTPWHVAG KoL TNV ameAeVBEPWON OPEMTIKWY OTOLXELWY, HE OMOTEAECHA VA
eAéyxouv TN Soun TWV HKpOBLAKWY KOWOTATWV Tou £6ddoug. EMoUéEVwg Ta AELTOUPYLKA
XOPAKTNPLOTKA TWV PUTWV TIou EAEYXOUV TOUG pUBOUG TNG avénong Kat tng armodounong,
™ Stdpkela {wnNg Twv GUTIKWY LOTWV, TOUC KUKAOUC TwV avOopyavwy BpeMTIKWY OTOLXELWV
KOl TLG QLUVEG TWV OPYAVLOUWY, EMNPEAIOUV TOUTOXPOVA TN AELTOUPYLO TWV UELOVWUEVWV
OTOHWVY, dAAA Kol OAOKANPpwWV TwV olkocuotnuatwy (Chapin 1980; Grime and Pierce 2012).

H avdluon ektevwv Baoswv edopévwv GUTIKWY AELTOUPYLKWY XAPOKTNPLOTIKWY OO
OAo TOV MAQVATN €XEL CUUBAAAEL OTNV KATAVONGN TOU TPOTIOU HE TOV OMoio Ta PpUTIKA €16
eMAéyouv va emevdUOUV TOUG TIOPOUG TIoU OeCUEUOUV AVAMPECO OTLG SLAPOPETIKEG
Aewtoupyleg mou emiteAovv oL lotol toug, kKaBwg kol TnG emidpacng mou €xouv ol
OUYKEKPLUEVEC ETAOYEC OTNV KOTOVOUN TWV TUTwV BAdotnong maykoouiwg (Wright et al.
2004; Diaz et al. 2004, 2016; Pierce et al. 2013, 2017). Ta ¢utika €idn, mapd TNV
EVIUTIWOLOKN TOUC MOPPOAOYLKA) KOl AELTOUPYLIKN) TOWKIAOTNTO, £XeL Ppebel o1l
tomoBetolvtal  KOTA  MAKOG  KOwwv  afovwyv  Slaklpavong Twv  AELTOUPYLKWV
XOPOKTNPLOTIKWY TOUG, Ol cuvluacopol Twv omoilwv ekPppalouv £va CUVEXEC BLWOLUWV
TIPOCOPUOCTIKWY OoTpATNYIKWY (ZxAua 1). To ¢dopa owkovoplkwv tou ¢UAou (Leaf

Economic Spectrum), KataSelKVUEL pLo AVTLOTABULON avApeca o GUAAA PEe HIKPH SLapKeLa
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wnc aoMa uvPnAn  amodotikotnTta TWV emMevOUPEVWY  TIOPWV  TIoU  aflomolouv
QTMOTEAECOTIKOTEPQ TIG TEPLOSIKA EUVOIKEG EpLOSOUG (acquisitive, R-selected), kat pUAA
HE KOAQ TIPOOTATEUMEVOUC LOTOUC, QVEKTIKA OTNV KOATOOVNON ToU akoAouBouv
OTPATNYLKEG Slaxeiplong Kat amoBrkeuong Twv mepLodika dlabéoiuwy mopwv (conservative,
S-selected) (Reich et al. 1997; Wright et al. 2004). Opw¢ to ¢pAcHA OLKOVOULKWY Tou GUAAOU
omoteAel €va HEPOC MOVO TOU (GACHATOG TWV OLKOVOULKWY OAOKANpou Ttou ¢utou. To
duolkd peyebog Twv opyaviopwv Kabopilel TNV LkavotnTtd Toug va avtaywvilovtol ta
VELTOVIKA TOUG ATOMA Yyl TNV MPocAnyn twv SLoBéoipwy MOPWV Kal CUOXETI{ETOL PE TO
vdatikd woolvylo (water balance) twv putwv (Corner’s rules) (Sun et al. 2006; Grime and
Pierce 2012; Diaz et al. 2016). To péyeBoc Twv UMWV Kabopilel TN PWTOSECUEUTIKA TOUG
lkavotnta Kot oxetiletal Betikd pe TNV TowdtnTa Tou evdlouthupatog, SnAadn Tig
OUYKEVTPWOELC Bpemtikwyv oto £€6adog, Tn StabeouotnTa Tou vepou, TNV EUVOIKOTNTA TOU
KALLATOG, Kal Ta UTIOAOLTTA XOPAKTNPLOTIKA TOU UeYEBOUG Twv GUTWY, OMWE To UYPOG TOUG
Kol ouxva to HéEyebog Twv omeppdtwv toug (Diaz et al. 2016; Hodgson et al. 2017).
Opyaviopol mou Ppépouv peyaAutepa GUAAA akoAoUBOUV AVTAYWVIOTIKEG OoTpaTNYIKESG (C-
selected), 6pwg ¢uTa pe PkpoTEPA GUAAQ ATOKpivovTaLl YpnyopoTEpa 0T BEPUOKPACLOK
HeTaBAnTOTNTA £MITUYXAvVOVTOG amodotikotepn Staxeipton tou vepol (Niinemets et al.
2007; Cerabolini et al. 2010; Pierce et al. 2013, 2017).

To SOMIKA KOL XNUIKA AELTOUPYLKA XOAPOKTNPLOTIKA Twv ¢putwv mou kabopilouv ta
TIPOTUTIAL ETUHEPLOMOU TWV TIOPWV Kal PECW TwV aAAnAeridépdoewv Toug Kateubuvouv thv
Aettoupyia Twv okoouotnuatwy (Reich et al. 1997; Lavorel and Garnier 2002; Wright et al.
2004; Diaz et al. 2016), tautoxpova kabopilouv Kal TNV QTOALTOUUEVN EVEPYELA yla TNV
€KKlvnon tN¢ mupoAuong, kobwg kat tn Swabéown emudpavela kauvoipou mou Oa
oAANAeTudpdoel pe to atpoodalplkd ofuydvo Katd Tn SLApKeEld MLOG TIUPKAYLAG. QG €K
ToutoUu, emMnpedlouv TNV €UPAEKTOTNTA TWV GUTWV Kal PEOW QAUTAG TNV Tbavotnta
gudavionc kot tov tumo twv mupkaywwv (Cornwell et al. 2015; Zylstra et al. 2016). H
eudAektoTnTA Elval éva cUVOETO, TTOAUSLACTATO AELTOUPYLKO XOPAKTNPLOTIKO HE TECOEPELG
OUVLOTWOEG: a) TNV TaXUTNTA HE TNV omola N dutiki Bopdala avadAéyetal HeTA TNV €KOeon
o€ wa mnyn Beppotntag (ignitibility), B) tn Sidpkela tng kavong, KATd TNV omoia n
dAeyouevn Blopala cuvelodEpel wg mnyn Bepuotntoag, Beppaivovrag katl anofnpaivovrag
TN yettovikn Blopadda (sustainability), y) tov puBuo pe tov omoio n ¢utikn Blopdla kaiyetatl

Slaomeipovtag TN GWTIA oTa YEITOVIKA dtopa (combustibility), kat 8) To mMocootd Twv
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KOUOLUWVY TIOU KatavaAwvovtal, w Eveelén tng ouVvoAkn ¢ BepuotnTag mou ekKAUETAL KOTA
™V Kavon (consumability) (Anderson 1970; Martin et al. 1994; Gill and Zylstra 2005; Pausas
et al. 2017). ApKeTOL EPEVVNTEG £XOUV EMIXELPAOEL va TaflvourocouV ta PUTIKA €idn Baoel
™G €UPAEKTOTNTAG TOUG Aappdvovtag umoyn KAmola fj KATOLEG amd TI( CUVIOTWOES TNG
(rt.x. Scarff and Westoby 2006; Saura-Mas et al. 2010; Magalhdes and Schwilk 2012; van
Altena et al. 2012; Grootemaat et al. 2015; Simpson et al. 2016), aA\a Aiyol €xouv
ETUXELPAOEL VO avoyvwpioouv OXECELG avApeoa OTLG SLadOPETIKEG CUVIOTWOEG TNG
€UPAEKTOTNTOC KoL LETAEY CUVIOTWOWVY KOl AELTOUPYLKWV XOPOAKTNPLOTLKWY EVOELKTLKWY TOU
$ACHATOG TWV OLKOVOULKWY TOU GUTOU. EAv TO000 N eUPAEKTOTNTA OCO KAL OL OTPATNYLKEG
ETUUEPLOUOU TWV TOPWV TOLKIAOUV HeTa€l KOl €VTOC TwV €dWV WC amoKpLon OTLg
TEPLBOAANOVTLKEG TILECELG, TOTE Ta (Hla BAOIKA AELTOUPYLKA XOPOAKTNPLOTIKA TTou kKaBopilouv
TIC TIPOCAPOOTLKEG OTPATNYIKEC Twv duTwV Ba pmopouvoav eniong va oxetilovrol Kot Ue
Vv eudAektdéTnTd Toug. H avayvwplon evog oddopatog sudpAektotnTOg TO OTOLO
OUMMETOBAMETAL PE TO PACHA  EMUEPOHOU Twv Topwv Ba  PBonbnosl otn
napapetponoinon HovtéAwv TPOPAEYNG MEANOVTIKWY KABEOTWTWY TWUPKAYLAG KoL
OLKOCUOTNMLKWY AELTOUpyLWwY, Kot Ba pog emtpéPel va avayvwplooUE OLKOAOYLKEG Kal
£€eAIKTIKEG TILEOELG OTNV EUDAEKTOTNTAL.

Ztnv mapovoa Slatppn e€etdlovral Ta altia KoL OL EMUMTWOELG TNG EVOOELOIKAG Kal
Slaeldkng Stakupovong Kat Tng aAANAOCGUOXETLONG PUTIKWV AELTOUPYLKWV XOPAKTNPLOTIKWV
Katd prkog reptBarloviikwy Badbuidbwv. Ot umoBeoelg mou eAéyxOnkav eival:

1. H katamévnon mou mpokaAel n emoxikn dtakvpaveon thg SlabeopotnTag Tou vepou
Kal n emavaAopBavouevn datapaxn tng ¢wtldg €xouv odnynoeL o€ Loxupn GaLvoTuTLkA
ouvdlakupavon otn BgppuodiAn pecoyelakrn BAaotnon.

2. Qotooo, ouvumadpyovta €i6n pe OladOPETIKEG OTPATNYLKEG KUKAOU IwNng umod
KOOEOTWE LOYUPOU QVTOYWVLOHOU €XOUV aVOMTUEEL EVAAAOKTLIKEG OTPATNYLIKEG ETULUEPLOUOU
TWV MOPWV.

3. H eudAektotnta amotelel Eva paopa 0pLoBETOUIEVO ATt TIG TECOEPELG CUVIOTWOEG
NG Kal Ta VOAAAKTIKA oUVSpopa EUGAEKTOTNTAC CUVUTIAPXOVIWY ELOWV OXETI{OVTAL HE TLG
OTPOTNYLKEG ETILUEPLOMOU TWV TIOPWV TOU Ta (6N €xoUV ULOBETAOEL.

4. Adou ta cuvdpopa gudpAsktotntag Kabopilouv TNV APUOCTIKOTNTA TWV EL6WV OTa

olkoouoTAMATA TIou N Statapoaxn tng GwWTLAG elvat ouxvr) WoTte va dpa w¢ eEEALKTIKN Tiieon



(sensu Bond and Midgley 1995), katd maco miBavotnta, AnMOTEAOUV TPOCOPHUOOCTIKES
oTPATNYLKEG IOV StacdaAilouv TNV eMPLWOLUOTNTA TWV ELSWV OTN LETOTTUPLKI KOLWVOTNTA.
Y10 KedpaAawo 2. BiBAloypaikn avaokornnon akoAouBel pia mepiAnyn kot oulntnon tng
dnuootevpévng BiBAloypadiog yupw amd kabe unmodBeon epyaciag, Bétovrag to BewpnTiko
mAaiolo Héoa OTo omoio evtacostal n mapoloa dlatplpr), Kal avadelkvUovTac Ta KEVA TIOU
npoomnaBel va koAUPEL Kol WG €k ToUtou TN OUMPBoAn tn¢. OL umoBéoelg epyaoiog
e€etalovral gumelplkd kal ouvlntouvtal oto kepaAawo 3. An integrated phenotypic trait-
network in thermo-Mediterranean vegetation describing alternative, coexisting resource-use
strategies, kol oto kepaAato 4. Adaptive flammability syndromes in thermo-Mediterranean
vegetation, captured by alternative resource-use strategies. ¥to kepalawo 5. Julitnon
napatifetal pa yevikn oulAtnon TwV ONHOVTIKOTEPWY OTMOTEAECUATWY TNG MapoUoag
StatpBng, kat oto kepalawo 6. Juunepaouata cuvopilovtol To KUPLOTEPA EUPHUOTO YLa
kaBe umoBeon epyaoiag. Ta MPWTOKOANX LETPAOEWV TTOU akoAouBrnOnkav yla tn cuAloyn

TwV 8e60UEVWY eTLOUVATTOVTAL AVOAUTLIKA ota Mapaptripata 1 — 5.



2. BiBAoypadiki avaokonnon

“Nothing in biology makes sense except in the light of evolution.”

— Dobzhansky, 1973

2.1 @awvoTuTILKN CUVSLAKUAVON)

H €fMén ouxva aviipuetwrniletal wg Ml ouveXOHEVn Sladkoolo  oTEPUOVNG
Siadopomnoinonc. Ouweg ndn amd ta tAn tou 19° awwva epeuvntég dpyloav va
oavayvwpilouv OTL mapd TN GOLWVOUEVIKA OTNEPLOPLOTN HOPPOAOYIKH KoL AELTOUPYLKN
TIOWKIAOTNTOL TOU  Ttapatnpeital, BepeAwdelg  avamodeuktol  meplopopol  (SnA.
KOTATIOVI OELG, SLATAPAXEG KOL OVTAYWVLIOUOG) KaBopilouv tn ¢uTikA MOLKIAOTNTA, TN doun,
N Aswtoupyia Kat tn ouvBeon twv putokowotAtwy (Raunkiaer 1934; MacArthur and Wilson
1967; Grime 1979; Chapin 1980; MacLeod 1894 In: Hermy and Stieperaere 1985). H e§¢Ain
evog elboug e€aptatal and tnv mpoyeveotepn £€eAKTIK Tou mopeia (dnA. Tov yevotumo
Tou) KOt TNV otkoAoyikr Stadopomoinon (6nA. Tig TMIECELG TTOU QVTIUETWTlEL O €va
olkooUOoTNO) TIou BETOUV Ta SOULKA KAl AELTOUPYLKA OpLla LECO OTOL OTOLO TOL ATOA TOU
UmopoUv va «kvnBolv». EmumAéov, n €€€AEN OAWV TWV OPYOVIOUWV UTIOKELVTOL OE
E£0WTEPLKOUG TEPLOPLONOUC Tou odnyouv ot avamodeuktee avtiotabuioesls: “in order to
spend on one side, nature is forced to economize on the other side” (J.W. Goethe cited by
Darwin 1859). H avayvwplon auTwVv TwV avtlotaduioswv npoodpEpEL TOV CUVOETIKO Kplko
avapeoa otnv eEEALEN evog ldoug Kal otn ouvabpolon Twy eldwv o Kowotnteg. Evw dev
umtapxeL mAéov kapia apdiBoria otL n €€EAEn pEow tng duoikng emthoyng (Darwin and
Wallace 1858) £€nyel Toug pnxoviopoUg He Toug omoiloug ta £i6n aAlalouv amod yeved o€
YEVEQ, Xpeldotnkav TAvw amd 150 xpovia pEXpL va mpotabel n yeviky Bewpla twv
TIPOCOPUOCTIKWY OTPATNYLKWY TIou amocadnVilel mwe eEEAKTIKEC TIPOCAPUOYEC EAEYXOUV
TOV TPOTO WE TOV OToio oL opyaviopol cuvaBpoilovtal oe Kowotnteg Kot petaBoAilouv
EVEPYELX Kal UAN evtog Twv olkoouotnuatwy mou Swaflovv (Universal Adaptive Strategy
Theory, Grime and Pierce 2012).

Ot £uBiot opyaviopol mpooAapfavouv Kot emUEPI{OUV EVEPYELA KL TIOPOUC HETAEY TWV
Aettoupylwyv g avénong, tng emBlwong Kot TNG avamapaywyng toug (Grime and Pierce
2012). KaBwg kaOe €upLog opyaviopog e€aptatal amo tn SECUEVON KoL TOV EMUUEPLOUO TOU

avBpaka, Kal meplopiletal amo TN SL0OeCUOTNTO OTOLXEIWY, OMWG To Al{WTo KoL O

6



dwodopog (SOULIKWY CUOTATIKWY TWV VOUKAEIKWVY 0EEWV, TWV MPWTEIVWY, TwV eVIU WV KoL
TWV Hopiwv avtaAAayng EVEPYELAG), LEAETWVTAG TO TIPOTUTIOL ETILUEPLOMOU TWV TTOPWV €ival
Suvatd va TTOCOTIKOTIOL|OOUUE KOL VO CUYKPIVOUUE TLC TIPOCOPLLIOOTIKEG OTPOTNYIKEC OAWV
TWV OPYOQVIOUWV KOL VO TOUG OUASOTOLCOoUUE oUPPWVO UE TOV TPOTO HE TOV Omoio
amokpivovtal oe aM\ayec Tou TEPLBAANAOVTOC Kal emnpedlouv Tn Asltoupylo TwV
olkoouotnuatwv (Lavorel and Garnier 2002; Grime and Pierce 2012). AeKQETIEG EVTATIKWV
EPELVVWV A0 OAo ToV TAAVATN Kal o€ SladopeTikol§ KAASouG Tou §EALKTIKOU SEVTPOU TNG
{wNc Katadelkvlouv Mwc KABE opyaviopog EXEL TIEPLOPLOUEVN LKOVOTNTA VA amtoKpLlOel oto
KaBeoTwg Katamovnong, SlatapaxnG Kol aviaywvliopou Tou avtlpetwrilel (Grime and
Pierce 2012). Etol &nuoupyouvtal efeAiktikéC avtiotabuioels («va avamtuydw, va
npootatevtw, N va avarapoydw,;») OMOU TPOCAPHOYEG EVOG OPYAVIOUOU OL OTOLEGg
npoodEpouv avEnon TNG APUOCTIKOTNTAC TOU OE OPLOUEVEC TIEPUTTWOELC, AVOTTODEUKTA
odnyouv o€ peiwaon ¢ o€ kamoleg AAAeg (Grime 2006).

Mpokelpuévou va amooadnvicovps mwg OSladopetikd €idn  oAAnAerdpolv Kot
eMNPeAloUV TN AELTOUPYLO TWV OLKOCUCTNUATWY, TIPEMEL MPWTA VO KATOVONOOUUE TLG
Aettoupyikeg Sladopomolioelg avapeoa ota €dn. H peAétn g Stakpavong GuUTKWY
AELTOUPYLKWV XOPAKTNPLOTIKWY avayVwpLleTaL OAUEPA WG N OMOTEAECUATIKOTEPN HEBOSOC
yla TNV avayvwplon Ttwv TPOTUTIWV ETUEPLOUOU TNG EVEPYELOG KOL TWV TOPWV, TWV
OAANAETUOPACEWY HETAEY VELTOVIKWY OPYOVIOUWV KAl TNG ONMOKPLONG Of PBLOTIKEG Kol
oplotikég miéoelg (Lavorel and Garnier 2002; Wright et al. 2004; Diaz et al. 2004, 2016; Jung
et al. 2014). Mo OglpA €PYACLWV TOTIKAG KOl TAQVNTIKNAG KAlpakag, €xouv Seifel OTL oL
e€eAktikol Kal Bloyewxnuikol meploplopol kat ot mepBAAAOVTIKEG TILECELG TTOU SpOouV o€
SL0POPETIKEG OLKOAOYLKEG KALHOKEG £lval TOOO LoYupol, wWote ol $UTIKOL opyaviopol va
o6nyolvTal 0 CUYKEKPLUEVEC ETILAOYEC ETILUEPLOMOU TwV TOpwV (Wright et al. 2004; Diaz et
al. 2004, 2016; Fyllas et al. 2009, 2017; Pierce et al. 2013, 2017). Avo Baowka ddaopata
DUTIKWV AELTOUPYLKWV XAPOKTNPLOTIKWY £XOUV OVOYVWPLOTEL OE TOAYKOOULO KALpaQKA: TO
bAoA OLKOVOULKWY TOU GUANOU TIOU ATOKOAUTITEL LA AVTLOTAOULION LETAEY AELTOUPYIKWV
XOPOKTNPLOTIKWY TIOU ETUTUYXAVOUV TNV Toxela Séopeuon twv Sobéoipwy mopwv Kol
AELTOUPYLKWV XOPOKTNPLOTIKWY TIOU TIPOOHEPOUV TIPOOTACIA KOl AVOX) OTNV KATOOvVNon,
Kal To dAacpa Tou HeYEOBOUC Twv GUTWV Kol TwV PUTIKWV opyavwyv Tou Kabopilel tnv
OVTOYWVLOTLKA Toug Lkavotnta (Diaz et al. 2016; Pierce et al. 2017) (Zxnua 1). H oxetikn

B£on Tou ekAoToTE PUTIKOU €L60UC KATA HNKOG AUTWV Twv dU0 Paoudtwv Slakupaveng
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IxNua 1: Ta §¥0 Baoikd @ACUATA QUTIKOV AELTOVPYLIK®OV XAPAKTNPLOTIK®OV TOU £X0UV
AVAYVWPLOTEL 0 TAYKOOULX KAIPHAKO: TO QACUN OLKOVOULK®V TOU PUAAOU, KL TO
@AoPA TOV HEYEDOUG TWV PUTWV KAL TWV PUTIKWOV 0PYAVWYV. a: AvaAvon kupiwv
OLVIOTWOWV TPLWV AELTOUPYLKWOV XAPAKTNPLOTIKOV TWV QUAA®V Yix 3.068 £idn and 6Ao Tov
mAQVNTT. B: AvaAuon KUpIlwV CUVICTWOWVY £EL AELTOUPYLK®OV XAPAKTNPLOTIK®V yia 46.085 €id1
amd 6Ao tov mAavrtn (SLA: el8ikn emipaveila @VAAov, LMA: &npn pdla ava emipdaveia = 1/
SLA, LA: emwpavela @OAAov, LDMC: mepiexopevn &npn ndla @OAA0V, Nmass: TTEPLEKTIKOTNTA
alWTov 0To PUAAO ava pala, SM: pala omepudtwy, H: OProg eviiAikwv @utwyv, SSD: e181kn
TUKVOTNTA BAacToV).

Figure 1: The two plant functional trait spectra that have been recognised on a global scale:
leaf economic spectrum and the spectrum of size of whole plants and their parts. a: Principal
components analysis performed on three leaf functional traits for 3,068 tracheophyte species
from across the world. Data were transformed to constrain extreme values (LA was
standardized using the maximum value and then square root transformed, SLA was log
transformed and LDMC logit transformed). b: Principal components analysis performed on six
functional traits for 46,085 vascular plant species from 423 families from across the world.
Solid arrows indicate direction and weighing of vectors representing the traits considered.
Icons illustrate low and high extremes of each trait vector; the colour gradient indicates
regions of highest (red) to lowest (white) occurrence probability of species in the trait space
defined by PC1 and PC2, with contour lines indicating 0.5, 0.95 and 0.99 quantiles (SLA:
specific leaf area, LMA: leaf mass per area = 1/ SLA, LA: leaf area, LDMC: leaf dry matter
content, Nmass: leaf nitrogen content per unit mass, SM: diaspore mass, H: adult plant height,
SSD: stem specific density).

AELTOUPYLKWY XOPOKTNPLOTIKWY €KPPATEL TNV TPOCAPHOOCTIKN) OTPATNYLKA ThV omola To
€ldog €xel avamtuéel pe otoxo v enmBuwotpotnta tou (Pierce et al. 2013, 2017). H
TIPOCAPUOCTIK OTPATNYLKN EVOG OPYaVIOUOU KaBopilel TNV avVTOywVLOTLKN TOU LKOVOTNTA,
KOl WG €K TOUTOU TNV ETLTUXA TOU EYKATAOTOON O pla Kowotnta (Reich et al. 2003; Grime
2006). Duloyevetika Slakpltol opyaviopol pnopet va Stadépouv oe peyado Babuod otn
nopdoloyia toug. Qotooo, sunelpikd Sedopéva amodelkviouv OTL akoAouBoUv avAaloyeg
TIPOCOPUOOTIKEG OTPATNYLKEG 00OV adopd OTOV EMUEPLOUO TWV SLHBECIUWY TIOPWV

QVAUEDO OTLC AELTOUPYLEG TNG aUENONG, TNG MPOCTAGIAC KAL TNG OVATTAPAYWYN G TOUG.



Tplo AEITOUPYLKA XOPOAKTNPLOTIKA £xel Tpotabel mwe amodibouv v HeyoAUTEPN
mAnpodopia 6cov adopd otnv AsLtoupyia Twv OlkoouoTnUATwyY, Kot kaBopilouv Tig TpEig
okpaieg BOfoelg mou oploBstoUv €va  ouvexEG GAoCUA  PUTIKWV TIPOCOPHUOCTIKWV
otpatnylkwv (Pierce et al. 2013, 2017). H smudaveia twv dUAwv (La) kaBopilel tnv
dWTOSECUEVUTIKA KAl WC EK TOUTOU TNV QVTOYWVLOTIKN LKAVOTNTA EVOC OPYOVIOHOU, EVW N
bk emupavela UMou (SLA) kat n mepltexopevn €&npnp pala ¢uAlou (LDMC)
QVTUTPOOWTIEUOUV TO AVTLSLOUETPIKA AKPA TOU GACUATOG OLKOVOULKWY Tou GpUAAOU (ZxNua
1.a). 2tnv eupwnaikn xYAwpida cuykekplpéva, €idn ou p€pouv peyala ¢uAAa (high La) dev
napouaotalouv Wlattépa vPnAn e8Ik emipavela oUte epleXOUevn Enpn Hala, aAAd oAa
ta €(6n pe avénuévn meptexopevn &npn pala (high LDMC) teivouv va ¢pépouv pikpoTEpO
GUANA pe auénpevn mukvotnta, evw GUAAA pe auénuevn edikn emwdavela (high SLA) €éxouv
HELWHEVN TtEPLEXOUEVN Enpn nala Kot Teivouv va eival pikpotepa (Cerabolini et al. 2010 ywa
506 €(6n oo 57 OKOYEVELEG PETPNMEVA in situ). AUTA Ta TPLa AELTOUPYLKA XOPOKTNPLOTIKA
elval amo ta mAéov eupéwc Slabéoipa otn maykooula Bacn SeSoUEVWVY AELTOUPYLKWV
xapaktnplotikwy TRY (Kattge et al. 2020) kaBwg pmopouv va petpnBolv yla éva €0Pog
dutikwy €dwV HE €EVAANAKTIKEG OTPATNYLKEG KUKAoU Twng (m.x. 6évépa, Oduvoug,
xapaiduta, udpofLa, avappLyopueva K.ATL.).

AuTéc oL avtiotabuioelg oto eminedo tou GUANoOU €xouv PBpebel OtL oxetilovtal pe
ETUMPOCOETA AELTOUPYLIKA XOPAKTNPLOTIKA amo Sadopa ¢utikd opyova. Mia avaloyn
avtiotdduion €xel mapatnpnbet oto eninedo tou PAactou (Chave et al. 2009). Mukvol
BAootol amaptilovral amd MIKPA KUTTOPA, HE TAXLA TOLXWHATA KOl TIEPLOPLOUEVO
HECOKUTTAPLO Xwpo. Q¢ amotéAeoua, aufnupévn mukvotnta PAaoctou oxetiletal Me
VPNAOTEPO SOUKO KOOTOG OAAG TAUTOXPOVA HE AUENUEVN avoX O UNXOAVIKEG BAABEC Kot
ipooBoAég maboyovwy, Kal EMOMEVWEG ME apyd pubud kat’ oOykou auvuénong oAAd
pueyoAltepn Sudpkela {wng (Enquist et al. 1999; King et al. 2006; Poorter et al. 2008).
OQewpnTIKEC epyaocieg TmpoPAénmouv TNV UMapén HULOC EVOTMOLNMEVNG  OTPATNYLKAC
ETUUEPLOMOU TWV TOPWV AVARECO O€ OAa T Opyava evog ¢utou (Pigliucci 2003; Brodribb
2009; Reich 2014). EuMELPIKEG LEAETEG OUWC ATIO SLOPOPETIKA OLKOCUOTHUATA OAAG Kol O€
mAavnTkn KA{paka poévo mpoodata dpxloav va emiBeBatwvouv TNy UTapén PaLVOTUTILKAG
ouvdlakupovong oto eninedo oAokAnpou tou atopou (Freschet et al. 2010; Méndez-Alonzo
et al. 2012; Pérez-Ramos et al. 2012; de la Riva et al. 2016; Diaz et al. 2016; Zhao et al. 2016;
Messier et al. 2017a).



H ¢awoturikn ocuvdlakupovon mapouaotalel Wblaitepo eEeAIKTIKO evSladEpov kat uPnAn
olkohoylkn aia o6oov adopd ot mpoPAEPelg amokplong tng PAACTNONG 0 CUVONKEG
mAavntikng aAhayng (Pigliucci 2003; Westoby and Wright 2006; Lavorel et al. 2007; Pierce et
al. 2013, 2017). To oUVOAO TwWV AELTOUPYLKWY XAPOKTNPLOTIKWY €VOG opyaviopol (dnA. to
AELTOUPYLKO TOU cUVOPOUO) elval amotéAeopa avtlotabuioewv avapeoa oTig SLdOPETLKEG
Aewtoupyilec Kal ™G oAAnAemidpacnc Tou YevOoTUTOU KoL Tou TePLBAAAovTog tou. H
SLOKUPAVON TWV AELTOUPYLKWY XOPAKTNPLOTLKWY, KOL KAT €MEKTACN N CUVOLOKUUAVOH TOUG
Omou mapatnpeital, eAéyxetal anod tnv neptBarAovtikn HetaBAntotnta Kot tn Stastdikn Kot
evboeldikn molkAotnta (Garnier et al. 2001; Messier et al. 2010; Jung et al. 2014; Siefert et
al. 2015). ABotikég miEoelg (dnA. koTamovnoelg Kol Slatoapaxég) Spouv W HAKPO-
nieplBaAlovtikol mapdyovteg eAéyxou («didtpa») Stapopdwvovtag TG TPOCAPLOOTLKEG
OTPATNYLKEG TwV eLdWV og Babog e€eAiktikoU xpovou (Pérez-Ramos et al. 2012; Le Bagousse-
Pinguet et al. 2017). Ta A&LTOUPYLKA XOAPOKTNPLOTIKA TwV GUTWV KOL TO AELTOUPYLKA TOUG
oUVOpoUO TIAPEXOUV pLa TTIOAAG UTTOOXOMEVN BAON yla Lo TEPLOCOTEPO TIOOOTIKI KoL
TIPOYVWOTIKN TIPOOEYYLON TNG olkoAoyiag umo oevdapla mAavnTikng aAlayng (McGill et al.

2006).

2.2 EVAAANOKTLKEG OTPATNYLKEG ETILUEPLOUOU TWV MOPWV

JUpudwva pe TN YevikA Bewpla TwWV TPOCAPHUOOTIKWY OTPATNYIKWY HOVO EVOG
TIEPLOPLOUEVOC aPLOUOG TIOAVWY OTPATNYIKWY UTTopEel va eivatl Blwolpog os eva Sedopévo
TUTO evllautRpOTog, B€tovtac wg ek’ TOUTOU T Opla TNG TIAPAYWYLKOTNTAG KAl TNG
Aettoupyiag tou (Grime and Pierce 2012). Ouw¢ €vtOg TOU €UPOUG TIOU ETUTPEMOUV OL
Bepedlwdelg meploplopol (dnA. Katamovroelg, SLATAPOXEG KAl AVIAYWVIOMOC) AELTOUPYLKA
opoloya €ibn pmopoUV  Kal ouvUTAPXOUV. EVOAAOKTIKEG, BLWOLUEG OTPATNYLKEG
ETUUEPLOUOU TWV TIOPWV TipoodEpouv Looduvapn appootikotnta (equivalent fitness) mou
TOUG ETULTPETIEL VO UTIEPKEPAOOUV TLG TILECELG TOU TiBevtal amd toug mepLBoAAOVTIKOUG
napayovteg (environmental filtering) (Gross et al. 2013; Le Bagousse-Pinguet et al. 2017).

Evag OutAdG olkoAoylkog €Aeyxog («diltpo») emurpeémel tnv €loaywyn Kot Tnv
EYKATAOTOON EVOANAKTIKWY TIPOCAPUOOTIKWY OTPOTNYIKWY KOl €W0WV OmO TNV TOTIK)
b6efapevr) edwv (species pool) oe pla kowotnta (IxAuo 2). H woppomia petall
QvVTaywvIopoU, Katamovnong kat Siatapaxng (CSD filter) emAéyel tnv katavoun twv
OVTOYWVLOTIKWY, QVEKTIKWV oTnV katarmovnon kat tn Siatapaxny (C-, S- kat R-selected)
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TIPOCOPUOCTIKWY OTPATNYLKWY KOTA UAKOG
nieptBoaAlovtikwy Babuidbwy, amnokAeiovtog
OKATAAANAOUG CUVSUAOUOUG AELTOUPYLKWV
xapoktnplotikwy. To CSD ¢iktpo €xeL oe
pHeyalo Babuo opoyevomolnTiki enidpacn
OTa  AELTOUPYLKA  XOPOKTNPLOTIKA  TOU
kaBopilouv tn 6féopeuon  Kal  TOV
ETUUEPLOMO TwV TOpwv. Kabwg autd ta
XOPOKTNPLOTIKA €AEYXOUV TN poN NG
EVEPYELAG KAl TOUG KUKAOUG TNG UANG, TO
CSD oiAtpo kaBopilel tn Aettoupyia twv
Slapopetika

olkoouotnuatwy. Qotooo,

enineda  katamovnong kat  Siatoapaxng

Snuoupyolv ot MANBwpa olkoBEoewv

OpLW{OMEVWV OE XWPLKA KoL  XPOVLIKA

KAlpaKa, TIG omolec atopa amd MoAAAMAQ

IxNua 2: 0 S1TAGG 0LKOAOYLKOG EAEYXOG TNG
oVVOEON G TWV KOLWVOTNTWV (TTPOCAPUOCGUEVO
amd Tovg Grime and Pierce 2012). Eién amo
NV ToTKN Sefapevn eL8WV TTPOKELPUEVOL VA
EL0EADOUVY TNV KOLVOTNTA TIPETEL VA
Eemepaoovv V0 EAEYXOUG, IOV «KPIATPAPOUVY
AKATAAANA0VG GUVEVAOUOUG AELTOUPYLKWV
XOPOAKTNPLOTIKWY, ETLITPETOVTIAG TNV
EYKATAGTAGT OPLOUEVWY ATOUWVY ATtO KAOE
€l60¢. H tooppomia petadl avraywviopov (C),
kKatamovnong (S) kat Statapayng (D) emAéyel
oVYKALoM (OHOLOTNTA) OTLG TPOCAPUOOTIKES
OTPATNYLKEG TTOU UTTOPOVV VA ETILRLWOGOUY
TOTIKA. EV évag oTtevoTeEPOG EAEYX0G ATIO
SevTEPEVOVOEG ECEALKTIKEG TETELG ETILAEYEL
OUYKEKPLUEVA XAPAKTNPLOTIKA EVTOG
TPOCAPUOCTIKWV CTPATNYLIK®V, ETLTPETOVTAG
N ATMOKAE(OVTAG TNV ELCAYWYT] KATA TA GAAQ
KOAQ TTPOCAPUOOUEVWY ELSMV KAL ATOUWYV UE
ATOTEAEOHA TNV ATOKALOT) OTA
XAPAKTNPLOTIKA CUVUTIAPYXOVTWV ATOUwV. To
S1mAG @iAtpo (To omolo EMIAEYEL KATA TNV
€l0080 eldwv 0TIS KOWVATNTEG) AetTovpyEl
emiong w¢ efeAkTikn Tileon emA0YN S (EvavTl
OUYKEKPLUEVWV aTOpwV). [IpokeLlpévou va
eloayxBel éva €(60G oe pLa KOWVOTNTA TIPETEL
TOUAGXLOTOV OPLOUEVA ATIO TAX ATOUA TOU VA
elval KATAAAN Ao TPOGAPUOCUEVA WOTE VA
Eemepaoovv Tov SLTTAG 01KOAOYLKO EAEYXO.
Figure 2: The twin-filter model of community
assembly. The local species pool provides a source
of species that can potentially enter the
community. Two filters then select against
unsuitable suites of traits, and thus against the
individuals representing each species. The CSD -
equilibrium (the extent of competition (C), stress
(S) and disturbance (D)) of the habitat, selects for
convergence (similarity) in the general adaptive
strategies that can survive locally. The proximal
filter, comprised of secondary selection pressures,
selects intermittently against particular traits
rather than the strategy as a whole, and has the
potential to admit or exclude species and
individuals that are well adapted to survive the
CSD -equilibrium, resulting in divergence
(dissimilarity) within the local subset of species.
The twin-filter (which selects against species
entry into communities) also acts as evolutionary
selection pressure (selecting against individuals).
A species can enter the community if at least some
of its individuals are suitably adapted to pass the
filter.
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€ldn umopouv va aflomoloouv, avamtuooovtag «SloPopeTkEC AUOELC yla To (8Lo0
TPOBANUa». AeUTEPEVOUOEG EEEALIKTIKEG TILEOELG OLOKOUV €val OTEVOTEPO €Aeyxo (proximal
filter) o0g pepoOvwHEVA  AETOUPYLKA  XOPOAKTNPELOTIKA  SNUIOUPYWVTOC TIEPOLTEPW
avtiotabuioelg mou emutpénouv (| amokAsiouv) TNV eloaywyn €W0WV Kal OTOUWV HE
EVAANQKTLIKEG OTPATNYLIKEC ETUIUEPLOUOU TwWV TOPwV. [MOLOTIKEG SladopomoL)oel; otnv
TMPAYUATWON TWV OLKOCUOTNHULKWY Slepyaociwv €€nyolv TNV UTAPXOUCO AELTOUPYLKN
TIOKIAOTNTO. METAEU KOl €VIOC Twv KowotAtwv. H peAétn tng Slakupavong Kat
ouVSLAKUUOVONG ETLIMTAEOV AELTOUPYLKWY XOPOAKTNPLOTIKWY, TIEPAV OOWV oploBeTtolv Ta
Taykoouiwg avayvwplopeva aocpata (dnA. to GACUA OLKOVOULKWY Kol To $ACHA TOU
HeYEBoUC Twv GUAWV), pmopel va amokaAUPEL QUTEC TIC TIEPALTEPW avTloTaOuioelg mou
ETUTPEMOUV TN OUVUTIAPEN AELTOUPYLIKA OUOAOYWV EL6WV HECW CUUTIANPWHATIKAG XPNONG
nopwv (niche segregation). Ta ouvumdpyovta €idn odeilouv va elval KatdAAnAa
TIPOCOPUOCHEVA VLA VO ETILBLLWOOUV O€ €va OLKOCUOTNMA, aAAd va SladEPOUV OPKETA WOTE
VOl EAOXLOTOTIOLELTAL XWPLKA KoL XPOVIKA N aAAnAosmikaAun twv owkoBEoswv toug (dnA.
TWV OVOYKWV TOUG OE TOPOUG) KOl KAT EMEKTOON O OMOKAELOUOG TOUG AOYyw EVTOVOU
avtaywviopoU (Macarthur and Levins 1967; Pacala and Tilman 1994; Ashton et al. 2010;
Maire et al. 2012).

MNa mopddelyud, O OLKOOUOTHUATA TOU Xopaktnpilovial amo €&npég kot Oepuég
OUVONKEC, OTWG TA HECOYELAKA, £XEL mapatnpnBel onuavtikr Sltakupavon, aKOUa Kal o€
TOTK  KAlpOKa, ot GUTIKA AELTOUPYLKA XOPOKTNPELOTIKA, avTlkatomtpilovtag TN
ouvunapén mAnBwpag el6wv mou amodelyouv TNV TEPLBAANOVTIKA Kotamovnon (stress-
avoidant), aAAd kal GAMwv mou tnVv avéxovtol (stress-tolerant) (Gross et al. 2013). H
AELTOUPYLKNA TIOLKIAOTNTA OVOUEVETAL PELWHEVN Ot TEPLBAANoVTA VPNAWY KATATIOVHCEWY,
e€altiog Loyupotepwy EAEYXWV TTPpoAyOUEVWY o TeptBaiAloviikoug napayovteg (de la Riva
et al. 2017; Schellenberger Costa et al. 2017). Map’ 6Aa aUTA, N CUUTANPWHATIKOTNTA TWV
OolKOOEoEwVY, N TOTIKI TIEPLBAAAOVTLKN) €TEPOYEVELA KOl OL BeTikéC aAAnAsmdpaoelg (m.x.
SleukoAuvon, facilitation) emtpénouv tv cuviTtapén EVAAAAKTIKWY OTPATNYLKWY AKOUOL KOl
oe TUTIOUG EVOLALTAMOTOC LE TIEPLOPLOREVOUG TIOPOUC Koau/ry akpoaieg mepBAAAOVIIKEC
ouvOnkeg, auvédvovtag €ToL T CUVOALKN Xprion tTwv dlabéoiuwy mopwv (Pacala and Tilman
1994; Maire et al. 2012; Gross et al. 2013; Ratcliffe et al. 2016).

H €€€Aén péow duokng emhoyng e€optatal amo tnv emPiwon twv o KatdAAnAa

TIPOCOPUOCUEVWY OPYOVIOUWY amd KABe eibog oe éva evdlaitnua. MNa va swoaxbel va
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€(60¢ o€ pLa KOWOTNTA TIPETEL TOUAQXLOTOV OPLOHEVA QO TA ATOUA TOU va KatadEpouv va
Eemepaoouv to mpoavadpepBEV SMASG okoAoyikd «diktpor». Autol oL opyaviopol eivat mou
Ba kaBopioouv TN peAAovTIKN KatevBuvon Kot Tov pUBUO Tt e€eAKTIKAC Stadikaolag yia
ToV gkAoTotE MANBUOUO Tou KABE €ldoug. YPnAr AELTOUPYLKA TIOLKIAOTNTA TILOTEVETAL TTWG
TPOOEPEL OTAOEPOTNTA OTLC OLKOCUOTNULKEC Slepyaoiec os BabBog xpovou, adevog faltiog
NG CUUTTANPWHATIKNAC XPong mopwv amod tTa cuvunapyxovrta £idn, Kal apetépou AOYyw TNG
adBoviag twv el6wv TMou €xouv AELTOUpPYLKA TapamAnoloug poAoug (Hooper et al. 2005;
Cardinale et al. 2012; Oliver et al. 2015). H ouZ\tnon ouxva EMIKEVIPWVETAL OTNV enibpaon
NG TOWKWOTNTAG TwV €WV 0TV oTaBePOTNTA TWV OLKOCUOTNHATWY, OUEAWVTOG TNV
TIOLKIAOTNTO TTIOU TTAPATNPELTAL AQVAPESA OTA ATopa eVOG €idouc. Evw ta atopa evog eidoug
CUOTNUATIKA TEpLyPAdOVTaL WE TTAVOUOLOTUTIA, N EVOOELSIKN TOKIAOTNTA £XEL BpeBel wg
ETUTPENMEL ot €16n va avamtiooovtal, va emiplwvouy, Kot va moAlamAactalovtol Umo
nowkideg mepParrovtikég ouvOnkeg (Clark 2010; Bolnick et al. 2011; Violle et al. 2012).
Ayvowvtog TNV evOOELSIKN) TIOWKIAOTNTO UTIOEKTIMOUME TNV LKAvOTNTa €vo¢ £idoug va
emPuwoel (bnA. va eykataotabel, va avamtuxBel kol va avamapayxBei) oe éva €upog
niepBarloviikwy cuvOnkwv Kot umo petafarlopeva kabeotwta Statapaywv (Pausas et al.
2012). Aedopgvou OTL ot aAAANAETILEPACELG UE TO BLOTIKO Kol TO oBLOTIKO TteEPLBAANOV TEALKA
TIPOLYHLOTOTIOLOUVTAL OTO ETIMESO TOU ATOUOU, paiveTal AOYIKOTEPO VO LEAETANE OLKOAOYLA
oTo £minedo Twv aTOpWV €vavtl Twv ldwv (McGill et al. 2006). KaBw¢ o tpéxov pubUog
e€adaviong Twv MANBuouwV umtoAoyileTal TOUAAxLOTOV TPELG TALELS peyEBoug uPnAoTEPOG
oo 1o pubuod e€adaviong Twv eldwv (Schindler et al. 2010), UTIAPXEL EMLTAKTLKA AVAYKN va
anocadnvicoupe TwWG N GOWVOTUTIKA TIAACTIKOTNTA avapeca o€  SladopeTikoug
mANBuopolg evoc eibouc kot n TowKAopopdia MPOCAPUOCTIKWY OTPATNYLKWY OF LA
Kowotnta emnpedlouv tnv amnodoon Twv EMUEPOUG €WV OTNV Tpayuotomnoinon

ONUOVTIKWY OLKOCUGTNLKWV SLEPYACLWV.

2.3 EupAektotnTal

H eudAektdotnta eival éva mepimAoko, MOAUSLAOTOTO AELTOUPYLKO XOPAKTNPLOTLKO WE
Téooepelg ouviotwoeg (6nA. tnv taxvutnta avadpAeéng, tn Sldpkela, Tov pubuod Kol tn
OUVOALKN Beppotnta ou ekAUETAL Katd tn kKavon, Anderson 1970; Martin et al. 1994; Gill
and Zylstra 2005; Pausas et al. 2017), oL omoieg €xouv HeAeTnBel ekTevwG aAAd £wg Twpa
bev £X0ouv avayvwpLloTel eUPEWC aOSEKTEC OXEOELC HETAEU Toug. Ta dputika £idn £€xeL
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Bpebel va SladpEépouv oNUAVTIKA OTA XOPAKTNPLOTIKA TNG EVUGAEKTOTNTAG TOUG QKO KOl
€VTOG NG (6Lag KApatikng {wvng kot Tou idlou tumou BAdotnong (r.x. Scarff and Westoby
2006; Simpson et al. 2016). EvaAlaktikd ocUvOpopa €UDAEKTOTNTOG £XOUV OLADOPETIKEG
ETUWNTWOELG 0oTNV eMPBlwon Kot TNV avamapaywyn Twv GUTIKWY e8wv UTO KABECTWE CUXVWY
nupkaywwv (Bond and Midgley 1995; Pausas et al. 2017). H Statapaxn tng dwtlag emnpealel
Kol emnpedletol amo TA AELTOUPYLKA XOPOKTNPLOTIKA Tou Kobopilouv ta mpotuma
ETUUEPLOMOU TWV TIOPWV TWV OPYAVIOUWY TIoU amaptilouv pla putokowvotnta. Qutd mou
dépouv peyaliutepa pUAa £xel Bpebel OTL Kailyovtal TaxUtepa Slaomeipovtag TN pwTLd
oTa YELToVIKA Toug atopa (Scarff and Westoby 2006; Magalhdes and Schwilk 2012; van
Altena et al. 2012; Cornwell et al. 2015). Evw atopa ¢pépovta GUAAD PE XOAUNAOTEPN ELOIKN
eruupavela pUANOU, AVEKTIKA OTNV KaTamovnon, €xeL mapatnpnBel nwg avadpAéyovtal petd
amo HeyoAUTepn €kBeon otn mnyn BOepupotntog, aAAd eKAUOUV TIEPLOCOTEPN OUVOALKN
BepuodtnTa KATA TNV KAvon toug (van Altena et al. 2012; Murray et al. 2013; Grootemaat et
al. 2015).

MéxpL onpePA, 0 0POC eUPAeKTOTNTA EXEL XPNOLUOTOLNOEL amd mMAnBwpa cuyypadéwy Ue
SladopeTikoug TPOMOUG, €VW N OLKOAOYLKA Kol €EEAKTIK onupacia oautol Tou
TIOAUSLAOTATOU AELTOUPYLKOU XOPAKTNPLOTIKOU amoteAsl mapdyovta avimapabeong. Auto
TO YVWOTLKO KEVO QVTLHETWTILOTNKE LECW TNG KEAETNG TNG AAANAOCUOXETIONG TWV TECCAPWV
OUVIOTWOWV TNG €UPAEKTOTNTAG TwV GUAAWY, KoL TG &evOoeldikng Kot Slasldikng
SLOKUPAVOAG TOUG KATA MAKOG OLopOPETIKWY OLKOAOYIKWY KAMAKwy. Me Bdon tnv
unapyxovoa BLBAoypadia Ewc onuepa dev £xel epappootel pla eviaio pebodoloyia yia tn
MEAETN TNG CUVSLAKULOVONG TWV CUVIOTWOWV TNG EUPAEKTOTNTAG OTO ETiNESO TOU ATOUOU.
Me Tn Xpnon HLOG VEAG TIPOOEYYLONG TIOU EVOWHATWVEL TNV ToAudidotatn puon tng UE T
dAopa TWV TIPOCAPHOCTIKWY OTPATNYIKWY Twv utwv ertelXOnNKe n ouoxE€tlon Tou
ouUVOPOUOU EUDAEKTOTNTAG EVOG ATOMOU HE TN OTPATNYLKN ETULUEPLOUOU TWV TIOPWV TOU
oKOAOUBEL Kat TIC TEPBOANOVTIKEG TILECELG TTIOU OVTIHETWITIEL. AANayYEC otn BAdoTtnon Kot
apa otNV €UPAEKTOTNTA TNG OE ML TteEplox Mmopel va odnynoouv oe allayég Tou
kaBsotwtog mupkaylag (Keeley and Rundel 2005; Fyllas and Troumbis 2009; Belcher et al.
2010; Bond and Scott 2010; Koutsias et al. 2012), to omoio pe tn OEPA TOU EMNPEALEL TN
oUVOEON TNG UETANMUPLKAC KOWOTNTOC KAl W €K TOUTOU TNV OLKOCUOTNULKN A£ltoupyia
(Belcher et al. 2010; Bond and Scott 2010; Koutsias et al. 2012). H cuoyétion tou pAacpaTog
ETUUEPLOUOU TWV TIOPWV UE TO PACUA TNG EUDAEKTOTNTAG O TAYKOOULO eminedo Oa
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urmopovuoe va PonBnost otnv TPOPAsPn TNG AMOKPLONG TWV OLKOCUCTNUATWY OTLG

ETUKELLEVEG, LEYAANG KALpaKAG, TEPLBAAAOVTIKEG AAAQYEG.
2.4 OIKOAOYIKEG Kal EEEALKTIKEG TIEOELG OTNV EVPAEKTOTNTA

JTO |ECOYELOKA OLKOCUCTHUOTO TIUPKOYLEC TIPOKOAOUMEVEC amd  ¢uolka aitia
mapatTnpouvtal TouAdxLlotov amnod ta TéAn tng Tetpadikng meptddou (Carrion et al. 2003) kat
To PUTIKA €8N €XOUV AVAMTUEEL TIPOCOPUOYEC TIOU ETUTPENMOUV TNV EYKATAOTOON, TNV
ermBiwon kat tnv avamapaywyn toug umo Stadopetikd kabeotwta rupkaylag (Gill 1975;
Pausas and Verdu 2005; Keeley et al. 2011; Clarke et al. 2013). MpocaployEG mTou auEavouv
TNV QVTOYWVLOTLKOTNTA €VOG €ldoug und €éva 6ebopévo KABEOTWG TUPKAYLAG UIMOPEL va
aneoly T Blwodtnta Tou otav aAdel o TUmog, n ocuxvotnta Kot/ n SpLLuTnTA TNG
dwtiag. MNa mapadelypa apketd €idn ota pecoyslokol TUTIOU OLKOCUOTAHOTO Elval
avOeKTIKA o€ TEPLOBIKEG, SPLUELEG, EMIKOPUGDEG TTUPKAYLEG OTAV TO PECOSLAOTNUA AVAUETT
ot Slatapaxeg umepPaivel T Sekaetia, aduvatolv OUwWC vo amokplBolv oOtav n
ouxvotnta twv dlatapayxwv avéavetal (Keeley et al. 2011). O Mutch to 1970 npdtelve WG
KOLWVOTNTEG UE €16n mou Baaoilovtal otn GwTLA Yo TNV avamapaywyn Toug €xouv e€eAyOel
va elval o eudAekteg. Mia Bewpla mou emikpiBnke amo toug Troumbis kat Trabaud (1989)
KaOwe ol eEENIKTIKEC TILECELC alOKOUVTOL O KABE ATOHO €vOC MANBUGHOU Slakpltd Kal oxl
OUVEPYATIKA o€ emimebo KowotNTwV. EKTOTE, Hlo OElpd amd BewpnTikd POVTEAQ €xouv
emxelpnoel va g€nynoouv tnv €€EALEN TNG eUPAEKTOTNTAG OTO €MiMeSO TOU ATOHOU
TpoteivovTag TPOMmouG e Toug onoiouc n «autoBucia» (self immolation) pnopel va avénoet
TNV aVIAYWVLOTIKOTNTA TWV OPYAVIOUWY R TNV EMBLWOLLOTATA TWV amoyovwy toug (Bond
and Midgley 1995; Kerr et al. 1999; Gagnon et al. 2010).

H gE€AEn tng eudAektotnTag MPOoUTOBETEL TNV €TIAOYN AELTOUPYLKWY XOPAKTNPLOTLKWVY
mou auvéavouv TN cuxvotnta N tn SplutnTa TNG PwTlac. H datapaxn tng PwTLlag €xel
SlodpapaTioel ONUOVTIKO POAO OTNV KATOVOWN Twv €Wwv Kot T SuVAULKR TwV
OLKOOUOTNUATWY O€ Taykoopo emnimedo (Bond et al. 2005; Keeley and Rundel 2005; Pausas
and Verdu 2008; Pausas and Keeley 2009; Bond and Scott 2010). H ¢wTtld emnpedlel TNV
e€eAIKTIK TOpEla TWV PUTOKOWVOTATWV adeVOC UECW TNG Apeong e€aleupng twv To
gumabwv aTOHWY Kol aPETEPOU HEOW TNG «ETUAOYAG» AELTOUPYLKWY XOPOKTNPLOTIKWY KoL
TIPOCOPUOCTLKWY OTPATNYLKWY OL OTtoieg Ba EuVorooUV KATOLA ATOUO VA ETILRLWOOUV Kol
va avamapaxfouv £vavil Twv yeltovikwv toug (Schwilk and Ackerly 2001). Asikteg
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mAovnTIKwy TepBaAloVTIKWY aAAaywv (OTwC Ol OCUYKEVIPWOEL TWV Oegpiwv TOU
Bepuoknmiou, n KALATIKA aAAayr), O KATAKEPUOTIOMOG TWV EVOLALTNUATWY K.ATL) €XEL
Bpebel nwcg emnpealouv T cUVOECN TWV PUTOKOLVOTHTWY KoL TNV EUPAEKTOTNTA TWV ELOWV
Toug o€ Babog e€eAktikol xpovou (Bond et al. 2005; Keeley and Rundel 2005; Pausas and
Verdd 2008; Pausas and Keeley 2009; Bond and Scott 2010). e auth tn Satplpn
afloloynBnkav ta mPOTUTA TNG SLOKUUOVONC TWV CUVIOTWOWV TNG EUPAEKTOTNTAC TWV
GUAA\WV O€ MEVTE, LEPAPXLKA SOUNUEVEG, TAEWVOULKES KL XWPLKEG KALLOKEG TTOU pEAETOUVTAL
ouxva otnv otwkoAoyia (&nA. yévog, eidog, atopa, B€on SewypatoAnilog, yewypadikn
nieploxr). O MPOCSLOPLOUOG TWV OLKOAOYIKWY KALLAKWY TIOU KOTEXOUV TNV TTAELOVOTNTA TNG
OUVOALKNC Slakupavong yla Kabe ouviotwoa Ttng sudpAektotntac Ba pmopolvos va
KaTeUBUVEL UEANOVTIKEG E€PEUVNTIKEG TpooTtdBeleg mou mpoomabouv va katadeifouv

€€eAIKTIKEG OANAYEC OTNV EUDAEKTOTNTOL.
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vegetation describing alternative, coexisting resource-use strategies

Michelaki C3, Fyllas NM3, Galanidis A?, Aloupi M, Evangelou E¢, Arianoutsou M4,
Dimitrakopoulos PG?2 (2019) Sci Total Environ 672:583-592.
doi: 10.1016/j.scitotenv.2019.04.030

Integrated phenotypic Functional distinctiveness

traits network

Alternative coexisting
resource-use strategies

s NN o
TPl
NN (T
972 9" =

Climatic niche overlap

o] 8

Phenotypic plasticity defines species climatic niches

Figure 3: Graphical abstract

HIGHLIGHTS

e Inter and intra-specific phenotypic variation stabilises ecosystem function.

e We studied phenotypic integration patterns in thermo-Mediterranean vegetation;
e and found a spectrum of alternative, coexisting, resource-use strategies.

e Phenotypic plasticity aided complementarity among functionally distinctive species,

e and defined the breadth of species’ climatic niches.
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Abstract

Vascular plants have been found to aligh along globally-recognised resource-allocation
trade-offs among specific functional traits. Genetic constrains and environmental pressures
limit the spectrum of viable resource-use strategies employed by plant species. While
conspecific plants have often been described as identical, intraspecific variation facilitates
species coexistence and evolutionary potential. This study attempts to link an individual’s
phenotype to its environmental tolerance and ecosystem function. We hypothesised that:
(1) seasonal variation in water availability has selected for tight phenotypic integration
patterns that shape Mediterranean vegetation; however, (2) coexisting species employ
alternative resource-use strategies to avoid competitive exclusion; specifically (3) species
with smaller climatic niches (i.e. potential distributions) display higher functional diversity.
We examined the interdependence among and the sources of variation within 11 functional
traits, reflecting whole-plant economics (e.g. construction costs, hydraulics, defences, water
storage capacity), from nine dominant, thermo-Mediterranean species measured across a
wide environmental and geographic gradient. Furthermore, we delineated the functional
and climatic hypervolumes of each studied species to test for climatic niche overlap and
functional distinctiveness. By adopting this multidimensional trait-based approach we
detected fundamental phenotypic integration patterns that define thermo-Mediterranean
species regardless of life history strategy. The studied traits emerged intercorrelated
shaping a resource-allocation spectrum. Significant intraspecific variability in most
measured traits allowed for functional distinctiveness among the measured species. Higher
functional diversity was observed in species restricted within narrower climatic niches. Our
results support our initial hypotheses. The studied functional traits collectively formed an
integrated space of viable phenotypic expressions; however, phenotypic plasticity enables
functionally distinctive species to succeed complementary in a given set of environmental
conditions. Functional variability among coexisting individuals defined species’ climatic
niches within the trait-spectrum permitted by Mediterranean conditions. Ultimately, a

species establishment in a locality depends on the extent that it can shift its trait values.
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3.1 Introduction

Phenotypic variation in physiological traits among coexisting individuals was the key
observation that laid the foundation for the theory of evolution (Darwin and Wallace 1858).
Through natural selection organisms develop adaptations, which grant them advantages
against the pressures they face into their habitats. This way the observed phenotypic inter-
and intra-specific variation translates into functional diversity. However, not all probable
phenotypes demonstrate equal fitness. Genetic constrains and environmental pressures
outline the spectrum of viable resource-use strategies employed by plant species.

A species’ resource-use strategy defines its competitive ability, and thus its successful
establishment in a community (Reich et al. 2003; Grime 2006). Global covariation patterns
among specific functional traits, measured across spatial and taxonomic scales, define
fundamental resource-allocation trade-offs (i.e. economics spectra) that are systematically
used to describe global trends in phenotypic variation along environmental gradients,
determine species’ distributions, and comprehend the spectrum of plants’ productivity and
performance (Reich et al. 2003; Wright et al. 2004; Grime 2006; Diaz et al. 2016). Plant
species have been found to align along continuous spectra of economically-viable
investment designs; for example the leaf economics spectrum (LES, Wright et al. 2004) that
extends from species with inexpensive, ephemeral leaves (i.e. rapid returns on carbon and
nutrient investments), to the more conservative ones carrying well-protected tissues.

Diazet al. (2016) demonstrated that vascular plants occupy only a fraction of the
potential phenotypic space that would exist if no limitations were posed on individuals.
Since the prolific genetic variation does not appear to be the main limiting factor,
phenotypic selection on combinations of traits must be adaptive (Donovan et al. 2011).
Phenotypic integration patterns (i.e. covariation among functionally related traits in a given
organism) can be viewed both as (genetic/biochemical) constraints, which limit evolutionary
trajectories, and as adaptations to environmental filtering (Pigliucci 2003). Life history
theory predicts the existence of a whole-plant strategy, with plant traits merged into a
single axis of variation representing the spectrum of viable resource-investment designs
(Brodribb 2009; Reich 2014; Diaz et al. 2016). Since resource allocation patterns act at the
individual level, they must result in analogous construction costs among organs; however,
empirical studies from different systems show contrasting evidence. Ultimately, trait

relationships should depend on whether integration (see for example Freschet et al. 2010;
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Méndez-Alonzo et al. 2012; Pérez-Ramos et al. 2012; Messier et al. 2017b, studying
resource-limited systems) or interdependence (see for example Wright et al. 2007; Fortunel
et al. 2012; Kramer-Walter et al. 2016) of functionally related traits is favoured under given
environmental pressures. Abiotic stressors have been found to act as macro-environmental
filters, driving plant strategy selection (Pérez-Ramos et al. 2012; Le Bagousse-Pinguet et al.
2017). Water-stressed communities for example tend to be dominated by conservative
species with higher tissue dry matter content and water-use efficiency (Wright et al. 2004;
Grime 2006; Pérez-Ramos et al. 2012). However, within the range permitted by climatic
constrains alternative, viable resource-use strategies can coexist (Gross et al. 2013; Le
Bagousse-Pinguet et al. 2017).

Biotic interactions (i.e. competition and facilitation) modify the local abiotic environment
thus limiting the functional similarity of coexisting species (Macarthur and Levins 1967).
Niche differentiation allows species to minimise spatially and temporally their resource-
requirement overlaps, and reduces interspecific competition in a given habitat (Pacala and
Tilman 1994; Ashton et al. 2010; Maire et al. 2012). According to the productivity
hypothesis, functional diversity is expected to decrease in stressful environments due to
stronger abiotic filtering (de la Riva et al. 2017; Schellenberger Costa et al. 2017). However,
niche complementarity, spatial micro-heterogeneity and positive interactions have been
found to facilitate the coexistence of multiple life strategies towards the limiting end of
gradients by increasing overall resource utilization (Pacala and Tilman 1994; Maire et al.
2012; Gross et al. 2013; Ratcliffe et al. 2016). The stabilising role of phenotypic variation in
ecosystem function has been argued extensively in ecology, yet most studies focus on
species diversity, omitting biologically relevant variability among the individuals of a species.
While conspecific plants have often been described as identical, intraspecific variation
allows individuals of a species to survive, grow, and reproduce under varied environmental
conditions by influencing their responses to habitat and community changes (Clark 2010;
Violle et al. 2012). A species’ niche can be delineated as a hypervolume defined by the
multidimensional, Euclidean space of its ecological variables (e.g. functional traits or abiotic
tolerances) within which it can maintain a viable population (Hutchinson 1957). Since
ecosystem processes ultimately depend on species’ traits in a community, exploring to what
extent local factors affect them can advance our understanding of how climate change and

other anthropogenic drivers will alter ecosystem services (Bruelheide et al. 2018).
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We draw attention to the southern European Mediterranean ecosystems because
increased summer water-limitation and extreme drought events are predicted for the
region (Spinoni et al. 2018), while 36 to 69 % of the plant species they host are expected to
perish by 2080 with global mean temperature increase of 2 to 4.5°C respectively (Warren et
al. 2018). Variation in water-availability has been identified as one of the predominant
factors limiting plant establishment (Engelbrecht et al. 2007) and carbon cycling (van der
Molen et al. 2011). However, even under similar environmental conditions, plant
communities can vary greatly in their species’ traits. The high habitat heterogeneity that
characterises these systems, declares Mediterranean ecosystems excellent sites for studying
environmental constraints on species’ traits. Observed warming and drying trends along
with land-use changes, habitat-fragmentation, and intense human pressures (i.e. over 10
millennia of continuous human settlement) restrict further natural adaptation responses,
painting an uncertain picture for the current vegetation of the region (Choat et al. 2012).

This paper aims to offer insights into the interdependence among and the sources of
variation within 11 plant functional traits and how individuals from nine, dominant, lowland,
thermo-Mediterranean species with contrasting life history strategies optimise them to
succeed in their local environments along Greece. We constructed a large, systematic traits
database reflecting whole-plant economics (e.g. construction costs, hydraulics, defences,
water storage capacity) across a range of environmental conditions. We estimate functional
redundancy and climatic niche overlap by delineating the functional and climatic spaces of
the studied species, with the n-dimensional niche space method (Blonder et al. 2018) based
on the Hutchinson’s multidimensional niche concept (Hutchinson 1957). We hypothesised
that: (1) seasonal variation in water availability has selected for tight phenotypic integration
patterns that shape Mediterranean species regardless of life history strategy; however, (2)
coexisting species with dissimilar growth forms and leaf life-spans that experience strong
resource-competition employ alternative resource-use strategies to avoid competitive
exclusion; more specifically (3) species with smaller climatic niches (and thus potential

distributions) display higher functional diversity.
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3.2 Material and methods

3.2.1 STUDY LOCATION AND SPECIES

The topographic configuration of Greece, defined by significant elevation shifts, produces
a considerable variety of climate types within relatively short distances. Extended mountain
ranges stretch across the continental country from North to South, creating rain-shadow
affected areas at the East and more humid regions to the West and North. Lower-elevation
hilly provinces are characterised by Mediterranean-type climate with mild, wet winters and
warm, dry summers (di Castri 1981), while temperate climate occurs at higher elevations
along the northern border of the country (Yassoglou et al. 2017).

This study focuses on thermo-Mediterranean vegetation: the dominant, lowland,
vegetation type of Greece (over 40 % of the country’s surface, Arianoutsou and
Diamantopoulos 1985) and the Mediterranean Basin; consisting of both evergreen
arborescent and seasonal-dimorphic shrubs, and coniferous trees. We studied nine,
characteristic of the Greek landscape, and widespread throughout the Mediterranean Basin,
species across their distribution in Greece (Table 1): strawberry tree Arbutus unedo and
Greek strawberry tree Arbutus andrachne (broadleaved evergreen arborescent shrubs), a
mock privet species Phillyrea latifolia, lentisc Pistacia lentiscus, and kermes oak Quercus
coccifera (all sclerophyllous evergreen arborescent shrubs), two rock-rose species Cistus
salviifolius and Cistus creticus (seasonal-dimorphic chamaephytes), and Aleppo Pinus
halepensis and Anatolian pine Pinus brutia (two native thermo-Mediterranean coniferous
trees that cover extended areas in the lower elevations of the Mediterranean Basin and

their distributions meet in Greece).

Table 1: The studied species

Family Species Life form Fire response
. Arbutus andrachne L. broadleaved evergreen
Ericaceae
Arbutus unedo L. arborescent shrubs
Oleaceae Phillyrea latifolia L. resprouters

sclerophyllous evergreen

Anacardiaceae Pistacia lentiscus L.
arborescent shrubs

Fagaceae Quercus coccifera L.

) Cistus creticus L.
Cistaceae - — chamaephytes
Cistus salviifolius L.

- - seeders
) Pinus brutia Ten. )
Pinaceae - —— coniferous trees
Pinus halepensis Miller
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3.2.2 SAMPLING DESIGN

This study was designed to follow the nine, selected species across a range of
environmental conditions throughout Greece. Field campaigns took place from 2012 to
2015 always during the growing season (i.e. April to July), which was tracked according to
elevation, aspect, and field observations, as to sample the individuals of a given species at a
similar phenological stage (i.e. before the seasonal-dimorphic Cistus shrubs shed their
winter foliage: summer leaves are not productive, but rather act as triggers for winter
leaves, Arianoutsou and Diamantopoulos 1985). To reduce variation further, we only
sampled sunlit, fully-mature (but not senescing) leaves. Each sampling site was selected to
contain at least five, distinct individuals of as many species of interest as possible, while at
the same time being satisfactorily uniform (e.g. vegetation composition, aspect, elevation),
so that differences between sites assimilate environmental heterogeneity. We selected an
adequate number of contrasting sampling areas for each species (65 unique sampling sites:
on average 19 per species), as to capture the widest possible climatic heterogeneity of their

distribution, in an attempt to cover the full natural range of their trait values along Greece
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Figure 4: Sampling sites along Greece, n = 65

3.2.3 FUNCTIONAL TRAITS

Eleven functional traits, directly or indirectly associated with resource-economics at
organ, individual, and ecosystem scale, were measured (Appendix 7):

a. SLA (specific leaf area, cm? g™ the projected area of a fresh leaf, or a needle, by its
oven-dry mass) represents the light-capturing foliar area per unit of invested leaf biomass:
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and as such regulates leaf maximum photosynthetic rate, whole-plant potential growth-
rate, and ecosystem productivity (Reich et al. 1997; Wright et al. 2004).

b. LDMC (leaf dry matter content, mg g™: the oven-dried mass of a leaf, or a needle, by
its water-saturated mass) reflects the balance between mesophyll and structural
compounds (Garnier and Laurent 1994): thus affects directly leaf function, defence, whole-
plant metabolism, aboveground primary productivity (Wilson et al. 1999), as well as
decomposition rate, and (through that) soil fertility (Kazakou et al. 2009).

c. L (leaf thickness, mm: of a leaf’s lamina measured between veins, or a needle)
determines physical strength, and controls CO, diffusion rates, and thus photosynthetic
capacity, growth rate, and resource-use strategy (Witkowski and Lamont 1991).

d. LNC and LPC (leaf nitrogen and phosphorus concentrations, both in mg g™: the total
amount of N and P per unit of leaf dry mass) follow closely each other, and define leaves’
chemical defence and decomposability, thus driving biogeochemical cycles; their patterns
affect directly light harvesting and gas fluxes, hence photosynthetic potential; while their
restricted availabilities control growth rate and carbon acquisition (Reich et al. 1997; Wright
et al. 2004).

e. LCC (leaf carbon content, mg g™: the total amount of C per unit of leaf dry mass)
effectively describes a trade-off between hydraulic and mechanical efficiency on leaf
architecture (Niinemets et al. 2007).

f. La (the projected leaf area, cm?), while a component of SLA, represents an
independent axis of variation among species (Ackerly et al. 2002). La, Lw (leaf width), and L,
(leaf length) regulate leaf energy and water balance (Valladares and Niinemets 2007).
Relationships among architectural traits, broadly observed across environments and
phylogeny, describe alternative adaptive designs in response to biophysical constraints
(Niinemets et al. 2007; Diaz et al. 2016).

g. La:Ba (the leaf area to basal area ratio, m? m™: the total Lythat a stem of certain
diameter carries) expresses a trade-off between mechanical support and transport
functions: driven via plant biomechanics and metabolic scaling (i.e. retaining a constant
carbon assimilation rate per unit crown area) (Enquist and Niklas 2002), aims to minimize
leaf overlap, and thus maximize photosynthesis (Sack and Holbrook 2006).

h. SWD (stem wood density, g cm’: the oven-dried mass of a section of a terminal

branch by its volume) expresses the biomass invested in solid material (e.g. cell wall,
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parenchyma) versus void (e.g. lumen of fibres, tracheids, conductive elements), thus directly
associated with construction costs it reflects a trade-off between growth and survival
potential (Brodribb 2009). High-density wood (compiled by small cells with thick walls and
limited intercellular space) offers hydraulic efficiency and resistance to mechanical damage
and pathogen attack: thus enhanced lifespan but slower growth (Enquist et al. 1999;

Jacobsen et al. 2007; Chave et al. 2009).

3.2.4 FUNCTIONAL TRAITS MEASUREMENTS

Widely accepted field and lab protocols, and quality control procedures were applied
(Cornelissen et al. 2003). We randomly selected five, sexually mature, healthy, unshaded
individuals from each species within each sampling site (810 unique individuals: on average
90 per species). Approximately 0.5 kg of healthy, terminal branches, from around the crown,
were collected from each individual and stored in paper bags. As soon as possible after
sampling, three terminal branches per individual, with all their leaves still attached, were
placed in water and left in the dark to saturate. After at least 10 hours, the total number of
leaves in each branch and its diameter were recorded, so the average La:Ba per individual
could be calculated. 5 leaves, or 10 needles, from each branch, were selected to capture the
variability within individuals. After removing the petiole (and the rachis in P. lentiscus), we
measured the average Ly, L, Lw and saturated weight of the 15 leaves, or compound
leaves, or 30 needles per individual, before scanning them to calculate their area (ImageJ,
NHI, version 1.47). Furthermore, we recorded the dry weight of the leaves, after oven drying
them for 48 hours at 60 °C, to calculate SLA and LDMC. A finely-ground sample of dried
leaves per individual (0.1 g) was analysed for the estimation of LNC and LCC, using a LECO
elemental analyzer (TruSpec Micro, St. Joseph, USA) according to manufacturer's
instructions. An additional finely-ground sample of dried leaves per individual (0.2 g) was
microwave-digested in HNOs/H,0, mixture, and LPC was determined via the colorimetric
ascorbic acid method (EPA 1978). Finally, we recorded the volume, utilizing the Euclidean
method (i.e. water-replacement), and weight of a branch section per individual, after oven

drying it for 48 hours at 60 °C, to calculate SWD.
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3.2.5 STATISTICAL ANALYSIS

To establish phenotypic integration we examined the interdependence among the
measured functional traits. First we tested for significant, bivariate relationships using
Spearman’s correlation for every trait pair, and standardized major axis regressions (SMA) in
all statistically significant occasions. SMA regression is deemed appropriate since there is no
clear dependent or independent variable, but rather an interest in the slope between each
pair. Moreover, we performed network analysis (igraph R package, Csardi and Nepusz 2006)
to graphically represent the coordination among the measured traits in Mediterranean,
thermophilous vegetation. We generated an undirected network with traits as nodes and
the significant correlations amongst them as edges. For reproducibility the edge list was
shorted from the most powerful correlation to the least. Each trait’s position in the
correlation network was optimised by the Kamada-Kawai algorithm that attempts to
minimize the energy in a spring system (Kamada and Kawai 1989). The algorithm creates a
virtual dynamic system in which every two nodes are connected by a "spring". In the initial
structure the length of each "spring" matches the correlation strength between the two
traits. Then the algorithm draws the optimal layout by producing symmetrical graphs with
relatively small number of edge crossings, such that the position of each trait, relative to the
rest, reflects the correlation strengths of the whole network. Community structure among
traits was tested via greedy optimization of modularity. Nodes’ degree centrality (i.e.
number of adjacent edges) was calculated (as an indicator of network’s centrality) to
identify the most important (i.e. highly-connected) traits in the phenotype. To test whether
these trade-offs hold regardless of life history strategy we divided our dataset in four
subsets: “broadleaved evergreen arborescent shrubs”, “sclerophyllous evergreen
arborescent shrubs”, “seasonal dimorphic chamaephytes”, and “coniferous trees” and
repeated the analyses for each subset.

Furthermore, traits’ covariation in the multidimensional space was estimated via
principal components analysis (FactoMineR R package, Lé and Husson 2008), performed on
the standardised full dataset with “species”, “life history strategy”, and “site” as
supplementary, categorical variables. Principal components (PCs) with eigenvalues lower
than one were disregarded as insignificant, and the cross-correlation matrix between the
active, continuous variables (i.e. traits), the supplementary, categorical variables (i.e.

“species”, “life history strategy”, and “site”) and the remaining PCs was calculated. The
26



supplementary variables were not involved in the construction of the PCs, thus their
correlation reveals the relative position of each species, life history strategy, and site on the
multidimensional plane.

To describe functional diversity we looked for within traits variation. First, we examined
each trait’s dispersion in the full dataset and among the individuals of each species and life
history strategy, and searched for statistically significant differences between the different
species and life history strategies, and across sampling sites (Kruskal-Wallis one-way
analyses of variance, R Core Team 2017). Furthermore, nested random effects models (Ime4
R package, Bates et al. 2015) were fitted in the following syntax: Trait ~
(1|/Genus/Species/Site) + (1/Region/Site), to partition each trait’s variance among
components expressing: variation between genera, species, within-species variability (i.e.
variation among individuals of a species within a site), and environmental acclimation (i.e.
variation among sites and across regions). All factors were treated as random without
interaction term, and all parameters were estimated by the restricted maximum likelihood
method. Visual inspection of the residual plots did not reveal any obvious deviations from
homoscedasticity or normality, so we proceeded with variance components analysis. Each
factor’s significance was inferred with parametric bootstrapping. All traits’ values (apart
from Ly, LPC and LCC) were Box-Cox transformed prior to fitting the models. The proposed
model syntax is biologically realistic since it allows individuals to occur across a variety of
habitats, and enables us to study variation amongst them, as well as along environmental
gradients.

Moreover, we estimated the occupied functional and climatic spaces of the studied
species in Greece. For each of the nine species we constructed a 9-dimensional, functional
hypervolume from its measured, standardised, trait values, excluding SLA and Ly. Highly
correlated dimensions produce degenerated results; to avoid that, from the two trait-pairs
with |r| > 0.7 in our dataset (SLA — LDMC and L, — Lw) we chose to exclude the traits
exhibiting the lowest degree centrality in the full network. Additionally, we obtained four
bioclimatic variables: Tmeanan, Precan, and mean temperature and precipitation of the
warmest quarter (Bioclim variables 1, 12, 10 and 18), from the WorldClim database (Fick and
Hijmans 2017), at 30 seconds spatial resolution (~ 1 km), for the Greek territory (34.8 - 42 °N
and 19.5 - 28.5 °E). We standardised each variable, and extracted climate values for each

species-plot combination in our dataset, in order to infer each species’ 4-dimensional,
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climatic niche in Greece. Seasonal precipitation was included since it is known to control
tree growth regardless of annual availability (Fyllas et al. 2017). All hypervolumes were
constructed using Gaussian kernel density estimation (hypervolume package, Blonder et al.
2018), with probability quantile 0.95, and Silverman bandwidth estimator. Dimensionality
was validated by assessing each variable’s contribution to the total hypervolume, as the
ratio of the original n-dimensional hypervolume, relative to each of the possible, n
dimensional hypervolumes produced by removing each variable. The structure of our
dataset permits us to employ this non-parametric approach that allows for irregular trait
distributions, incorporates the multidimensional nature of the functional and climatic
spaces across scales, considers intraspecific variation, and shows sensitivity to gaps in
hypervolumes. We estimated species’ functional redundancy and climatic niche overlap by
calculating Sgrensen similarity index (i.e. the intersection of a pair of hypervolumes, by their
mean volume) for each species’ pair. Finally, we tested the relationship between species’

functional and climatic spaces with SMA regression.

3.3 Results
3.3.1 PHENOTYPIC INTEGRATION IN THERMO-MEDITERRANEAN VEGETATION
We detected 29 fundamental bivariate, allometric relationships that define thermo-

Mediterranean vegetation regardless of life history strategy (Fig. 5, Appendix 8). SLA scaled
negatively with LDMC, LTh and SWD and positively with LNC, LPC, LA and LW, while the
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Figure 5: Correlations among 11 functional traits measured in Mediterranean lowland
thermophilous vegetation along Greece (a.) for the full dataset and (b. through e.)
among alternative life history strategies (note that Spearman correlation coefficients are
translated into percentages; n.s., not significant; SLA, cm? g-1: specific leaf area; LDMC, mg g1:
leaf dry matter content; Ltn, mm: leaf thickness; LNC, LPC & LCC, mg g-!: leaf nitrogen,
phosphorus & carbon concentrations; La, cm?2: leaf area; Lw, cm: leaf width; L., cm: leaf length;
La:Ba, m2 m-2: leaf area-basal area ratio; SWD, g cm-3: stem wood density).
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reverse was true for LDMC. LNC and LPC covaried, while both scaled negatively with LTh and
SWD in most cases. Architectural traits (i.e. LA, LW, LL, and LA:BA) emerged highly
interlinked, and negatively associated with LTh (across all life strategies but coniferous
trees) and LCC (across all life strategies but seasonal-dimorphic chamaephytes). The
graphical representations of traits coordination in Mediterranean, thermophilous
vegetation and among the alternative life history strategies revealed integrated phenotypic
networks with high edge densities (i.e. proportion of present edges from all possible edges

in the network) and low modularities (Fig. 6), suggesting coordinated phenotypic responses.
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Figure 6: Traits’ correlation networks graphically represent in a two-dimensional
plane the coordination among the 11 functional traits, measured in Mediterranean
lowland thermophilous vegetation along Greece (a.) for the full dataset and (b.
through e.) among alternative life history strategies. Traits’ position in the networks
was optimised by the Kamada-Kawai algorithm to reflect the correlation strengths of
the whole network (e.d., edge density: the proportion of present edges from all
possible edges in each network; Q, modularity). Blue lines indicate positive
correlations and red negative (see also Fig. 5), thin lines are used for |[Spearman’s r|<
0.50, intermediate when 0.51 < |r| < 0.80, and thick lines for |r| > 0.81. Label size
expresses traits’ degree centrality (i.e. number of adjacent edges); labels with shadows
indicate the most connected (i.e. with more than 8 out of 10 possible significant
correlations) traits in each network (SLA, cm2 g-1: specific leaf area; LDMC, mg g-1: leaf dry
matter content; Ltn, mm: leaf thickness; LNC, LPC & LCC, mg g-!: leaf nitrogen, phosphorus &
carbon concentrations; L, cm2: leaf area; Lw, cm: leaf width; Li, cm: leaf length; La:Ba, m2 m-2:
leaf area-basal area ratio; SWD, g cm3: stem wood density).
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Figure 7: Principal components analysis performed on 11 leaf functional traits
measured in Mediterranean, lowland, thermophilous vegetation along Greece, with
“species” and “life history strategy” as supplementary, categorical variables (see also
Table 2). Colours signify the alternative life histories of the studied species (n = 810;
PC: principal component; SLA, cm?2 g-1: specific leaf area; LDMC, mg g1: leaf dry matter content;
Ltn, mm: leaf thickness; LNC, LPC & LCC, mg g-!: leaf nitrogen, phosphorus & carbon
concentrations; La, cm?2: leaf area; Lw, cm: leaf width; Li, cm: leaf length; La:Ba, m2 m-2: leaf
area-basal area ratio; SWD, g cm-3: stem wood density; A.a.: Arbutus andrachne; A.u.: Arbutus
unedo; C.c.: Cistus creticus; C.s.: Cistus salviifolius; P.b.: Pinus brutia; P.h.: Pinus halepensis;

P.la.: Phillyrea latifolia; P.le.: Pistacia lentiscus; Q.c.: Quercus coccifera).

When we partitioned the phenotypic covariation structure into distinct components three
axes explained 72 % of the total inertia (Fig. 7, Table 2). The first principal component (PC,
32 %), strongly influenced by structural traits (i.e. SLA, LDMC and nutrient concentrations),
opposed conservative individuals (with high LDMC, LCC, Ly, and SWD), characterized by a
strong positive coordination to the axis, to individuals with larger, lighter and nutrient-richer
leaves (with high SLA, LNC and LPC) (i.e. the seasonal-dimorphic Cistus chamaephytes in our
dataset, from which winter leaves were sampled). The second PC (27 %), highly correlated
with architectural traits, discriminated the broadleaved evergreen arborescent Arbutus
shrubs, against species with alternative leaf strategies (i.e. with smaller or narrower leaves).
But these two axes alone did not expose the full picture: the third PC (14 %) was positively
driven by Ly, and L, and negatively by SWD; and along this axis we were able to distinguish
among the alternative conservative resource-use strategies, employed by the sclerophyllous

evergreen arborescent shrubs and the coniferous trees considered in this study.
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Table 2: Description of the first three principal components produced by an analysis
performed on 11 functional traits, measured in Mediterranean lowland thermophilous
vegetation along Greece, with “species”, “life history strategy”, and “site” as
supplementary, categorical variables (see also Fig. 7). For each dimension: the
correlation coefficient with each trait (i.e. active, continuous variable; note that only
significant correlations are printed); the R? of the one-way analysis of variance with
the supplementary, categorical variables “species”, “life history strategy”, and “site”;
and the hat alpha_i coefficient for each “species” and “life history strategy” category are
given (n = 810; *: p < 0.05, **: p < 0.01; ***: p < 0.001; LDMC, mg g-!: leaf dry matter content;
LCC, LNC & LPC mg g!: leaf carbon, nitrogen & phosphorus concentrations; Lt,, mm: leaf
thickness; SWD, g cm™3: stem wood density; Ly, cm: leaf length; La, cm?: leaf area; SLA, cm? g-1:
specific leaf area; Lw, cm: leaf width; La:Ba, m2 m-2: leaf area-basal area ratio).

Dimension 1 (32%) Dimension 2 (27%) Dimension 3 (14%)

LDMC 0.78*** La 0.95%** Lth 0.76™***

LCC 0.76** Lw 0.91%** L. 0.66***

Lth 0.38*** La.Ba 0.81%** LPC 0.20%***

SWD 0.37%** L. 0.59%** SLA -0.09 **

L. 0.27%** SLA 0.19%** LDMC -0.12%**

La 0.12%** LCC 0.07 * Lw -0.29%**

LNC -0.76%** LNC -0.14%%* SWD -0.56%**
LPC -0.78%** Ltn -0.14%+*
SLA -0.89%** SWD -0.15%**
LDMC -0.30%**

Species: 0.68*** 0.79%*x* 0.80***

Pistacia lentiscus 1.47**  Arbutus andrachne 3.95*** Pinus brutia 2.69%**
Pinus brutia 0.95%** Arbutus unedo 2.17*** | Pinus halepensis  1.63***
Pinus halepensis 0.91 ** Pistacia lentiscus  -0.76 **
Arbutus unedo 0.80*** Pinus brutia -0.96***  Quercus coccifera -1.12***
Quercus coccifera 0.57*** Quercus coccifera  -1.11***  Phillyrea latifolia -1.26***
Arbutus andrachne ~ 0.42*** Phillyrea latifolia -1k
Cistus salviifolius  -2.07*** Pinus halepensis -1.12 **

Cistus creticus -2.96*** Pistacia lentiscus -1.22%**
Coniferous trees 1.08*** Broadleaved 2.78*** Coniferous tress 2.27%**
Broadleaved 0.78*** Chamaephytes -0.44 * Sclerophyllous  -1.31%***

Sclerophyllous 0.63*** Coniferous trees -1.10%**
Chamaephytes -2.49%** Sclerophyllous -1.24%**
Site 0.45%** 0.30%**

0.38%**

3.3.2 SOURCES OF PHENOTYPIC VARIATION

In the dataset presented here, with the exception of the rather stable LCC and SWD,
measured traits exhibited significant dispersion (Appendix 7). Statistically significant

differences among and between the different species and life history strategies, and across
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Figure 8: Traits’ Kernel distribution density aggregated at the species level for nine
dominant thermo-Mediterranean species (see also Appendix 7), along with the results
of the Kruskal-Wallis one-way analysis of variance (***: p < 0.001) among the different
species (sp), life history strategies (lhs), and sampling sites (st, see Fig. 4). Under each
trait the results of the Conover’s post hoc test for each species (black) and life history
strategy (coloured) are given. Black dashes represent the mean (n = 810; SLA: specific
leaf area; LDMC: leaf dry matter content; Lty: leaf thickness; LNC, LPC & LCC: leaf nitrogen,
phosphorus & carbon concentrations; La: leaf area; Lw: leaf width; Li: leaf length; La:Ba: leaf
area-basal area ratio; SWD: stem wood density; A.a.: Arbutus andrachne; A.u.: Arbutus unedo;
C.c.: Cistus creticus; C.s.: Cistus salviifolius; P.b.: Pinus brutia; P.h.: Pinus halepensis; P.la.:
Phillyrea latifolia; P.le.: Pistacia lentiscus; Q.c.: Quercus coccifera).
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Figure 9: Variance partitioning for
each of the 11 functional traits
measured in Mediterranean lowland
thermophilous vegetation along
Greece, across five ecological scales:
between genera and species, within-
species, among sites, and across
regions. Factor significance was
inferred with parametric bootstrapping
and all factors in all models were highly
significant (p < 0.001; n = 810; SLA, cm?
g'l: specific leaf area; LDMC, mg g'1: leaf
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sampling sites were detected for all traits (analyses of variance, Fig. 8 & Table 2). The
majority of variance in most foliar traits was attributed to interspecific differences (i.e.
“Genus” and “Species” components: Ly 93 %, L. 86 %, La 82 %, LCC 69 %, LDMC 57 %, Ly, 56
%, La:Ba 54 %, SLA 53 %) (Fig. 9). Nevertheless, almost all measured traits displayed
considerable within-species (i.e. “Individual” component: up to 15 % for LNC and 14 % for
Lt,) and environmental (i.e. “Site” and “Region” components: up to 37 % for LPC, and over
20 % for LNC, SLA, Ly, and SWD) variation as well. LPC (inter. 26 %, env. 37 %), LNC (inter. 32
%, env. 24 %) and SWD (inter. 28 %, env. 21 %) in particular, emerged almost equally

affected by interspecific and environmental pressures.

3.3.3 CLIMATIC NICHE OVERLAP AND FUNCTIONAL DISTINCTIVENESS

For each of the studied species we delineated its 9-dimensional, functional (from its
measured traits values) and 4-dimensional, climatic (inferred by mapping occurrence data to
climatic data) spaces in Greece (Fig. 10a; Table 3). Sgrensen similarity indices were
calculated to test whether co-occurring species employ alternative resource-use strategies

(Fig. 10b). We found high overlap (more than 60 % in most cases) among the climatic niches
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Figure 10.a: Species functional 9-dimensional (constructed by species’ measured, trait
values) and climatic 4-dimensional (inferred by mapping species occurrence data to
climatic data) hypervolumes’ volumes (in units of standard deviations (SD) to the
power of the number of dimensions) (see also Table 3). b: Climatic (below the
diagonal) and functional (above) hypervolumes’ overlaps for each species’ pair (note
that Sgrensen similarity index coefficients are translated into percentages). c: Species’
functional and climatic hypervolumes fitted with an SMA line. The polygon around the
fitted line shows the 95% confidence interval inferred via bootstrapping (*: p < 0.05;
Spearman r: -0.85, p > 0.005) (A.a.: Arbutus andrachne; A.u.: Arbutus unedo; C.c.: Cistus
creticus; C.s.: Cistus salviifolius; P.b.: Pinus brutia; P.h.: Pinus halepensis; P.la.: Phillyrea
latifolia; P.le.: Pistacia lentiscus; Q.c.: Quercus coccifera). 33



of the measured species, with the exceptions of C. salviifolius, P. halepensis, and P. lentiscus,
which appeared to occupy unique, climatic spaces that they shared in some degree. In
contrast, all species, even closely-related ones, emerged functionally distinctive (5-14 %
functional overlap among species’ pairs). Furthermore, we observed that as a rule, species

with smaller climatic niches displayed higher functional diversity (Fig. 10c).

Table 3: Species functional 9-dimensional (constructed by species’ measured trait
values) and climatic 4-dimensional (inferred by mapping species occurrence data to
climatic data) hypervolumes’ volumes (in units of standard deviations (SD) to the
power of the number of dimensions), obtained quantile (7), and variance importance
(A.a.: Arbutus andrachne; A.u.: Arbutus unedo; C.c.: Cistus creticus; C.s.: Cistus salviifolius; P.b.:
Pinus brutia; P.h.: Pinus halepensis; P.la.: Phillyrea latifolia; P.le.: Pistacia lentiscus; Q.c.:
Quercus coccifera; LDMC: leaf dry matter content; Lyn: leaf thickness; LNC, LPC & LCC: leaf
nitrogen, phosphorus & carbon concentrations; La: leaf area; Li: leaf length; La:Ba: leaf area-
basal area ratio; SWD: stem wood density; Tmean®": mean annual temperature; TmeanWd: mean
temperature of the warmest quarter; Preca": annual precipitation; Precvd: precipitation of the
warmest quarter).

Hypervolumes | A.a. | Au. C.c. C.s. P.b. P.h. Pla. | Ple. | Q.c.
;;,’ll)’;;"e 3183 | 2398 | 1463 | 2284 | 2736 | 7593 | 1882 | 3569 | 1477
T 0.942 | 0.946 | 0.933 | 0.937 | 0.939 | 0.947 | 0.933 | 0.947 | 0.934
Variance Importance
LDMC 1.2 1.2 1.0 1.1 1.1 1.5 1.1 1.3 1.0
Eﬂ Lt 1.3 1.2 1.0 1.2 1.2 1.5 1.1 1.3 1.0
2 | LNC 1.3 1.2 1.1 1.2 1.2 1.6 1.1 1.3 1.0
E LPC 1.3 1.1 1.0 1.1 1.2 1.7 1.1 1.3 1.0
= lLcc 1.3 1.2 1.1 1.1 1.2 1.7 1.1 1.3 1.0
L 1.2 1.1 1.0 1.1 1.2 1.5 1.1 1.3 1.0
L; 1.3 1.1 1.0 1.1 1.2 1.5 1.1 1.3 0.9
La.Ba 1.3 1.2 1.0 1.2 1.2 1.5 1.2 1.2 1.0
SWD 1.2 1.2 1.1 1.2 1.1 1.6 1.1 1.3 1.0
volume
(SD*) 457 | 342 | 681 | 040 | 294 | 0.04 | 541 | 0.10 | 5.61
T 0.948 | 0.950 | 0.946 | 0.948 | 0.9465 | 0.947 | 0.947 | 0.948 | 0.948
'é Variance Importance
E | Tomean" 1.1 1.0 1.2 0.5 1.0 0.5 1.2 0.5 1.2
S | Teanva 0.8 0.8 1.1 0.5 1.0 0.2 1.1 0.4 1.1
Precan 2.0 2.1 2.0 1.3 1.6 0.3 1.9 1.1 2.0
Precwa 1.0 0.9 1.0 0.4 0.8 0.7 0.9 0.2 0.9
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3.4 Discussion

3.4.1 PLANT ECONOMICS DICTATE FOR PHENOTYPIC INTEGRATION IN THERMO-
MEDITERRANEAN VEGETATION

In this study we found a highly integrated (i.e. edge density 76%) phenotypic trait-
network in thermo-Mediterranean vegetation (Fig. 6a) describing alternative resource-use
strategies coexisting along Greece (Figs 7 & 10b). The studied traits emerged intercorrelated
(Fig. 5a, Appendix 8a) revealing a coordinated trait space of plant form and function (Fig.
6a). We report fundamental phenotypic integration patterns that extent beyond the traits
traditionally considered in the LES, shaping thermo-Mediterranean species regardless of
growth form and leaf habit (Figs 6b-e & 5b-e, Appendix 8b-e). Mediterranean conditions
dictate for integrated plant evolution in tissue construction in order to cope with increased
needs for summer transpiration and cavitation risk and balance between mechanical-
support, water-conductance, and storage (Vilagrosa et al. 2012; Lopez-Iglesias et al. 2014).
Our results compliment recent studies conducted in rangelands of southern France
(Pérez-Ramos et al. 2012) and forests and shrublands of southern Spain (de la Riva et al.
2016) affirming the existence of an integrated, whole-plant survival strategy in
Mediterranean vegetation. Functional integration could be proven pivotal in tying
phenotypic variation with environmental tolerance and ecosystem function.

These relationships expose a resource-allocation trade-off, from fast-growing, acquisitive
tissues with higher nutrient concentrations, to thick and sturdy leaves and stems providing
hydraulic efficiency (Fig. 7, Table 2). Diaz et al. (2016), at the species level (based on 2,214
species), and Bruelheide et al. (2018), at the community level (based on 1.1 million plots),
report the same global functional continua, suggesting that species-level trade-offs
constrain community assembly despite the fact that species with opposing trait values can
coexist within the same community (Bruelheide et al. 2018). Niche complementarity and
environmental filtering are defined by local interactions at the individual level and sessile
organisms have been found to modify their traits in response to the activity of their closest

neighbours (Miller et al. 2007).

3.4.2 ASPECTRUM OF ALTERNATIVE RESOURCE-USE STRATEGIES

An individuals’ position in this functional space was determined by its morphology and

function. The studied species employ alternative, integrated survival strategies (Figs 7 & 8,
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Table 2). The resource-acquisitive strategy (i.e. high SLA and nutrient concentrations, and
low LCC, LDMC, and SWD) was employed by seasonal-dimorphic chamaephytes during the
favourable months (i.e. autumn to spring). But high use of resources (carbon, nutrients, and
water) that leads to rapid acquisition and growth is not a competitive strategy during the
limiting period (i.e. summer) (Grime 2006). Seasonal dimorphism is an adaptation to
summer drought that produces seasonal different phenotypes from the same individual.
Indeed, both studied Cistus species undergo extensive foliage replacement in order to
survive drought before the dry and hot summer. Alternatively, resource conservation
enhances survival by allowing plants to avoid or tolerate harsh conditions while at the same
time control resource-availability to levels competitors cannot endure (Vilagrosa et al.
2012). We noticed that individuals forming thick (with high LDMC), needle-shaped leaves to
avoid dehydration also composed conductive stems (i.e. low SWD), which can increase
water uptake. Mediterranean pines reduce drastically water-loss by stomatal closure, and
cease growth during drought, but maintain the ability to recover fast when conditions
become favourable (Borghetti et al. 1998; Martinez-Ferri et al. 2000). On the other hand,
evergreen arborescent shrubs were located towards the conservative extreme of the
resource-allocation spectrum by showing high stem wood density, leading to expensive
stem construction costs, but at the same time high hydraulic efficiency. Reduced water
supply to the leaves induces lower photosynthetic and hence growth rates, yet higher
tolerance to drought and thus survival rates (Grime 2006; Chave et al. 2009). Sclerophyllous
evergreen arborescent shrubs carry long-lived, tough, fibrous leaves characterized by
efficient resource conservation, with low SLA, LNC, and LPC and high LDMC, and LCC (i.e. the
sclerophylly syndrome). This suite of correlated traits describes a survival strategy adapted
to minimize nutrient loss and increase competitive ability in dry and unproductive habitats
by favouring resource allocation to storage and defences (Wright et al. 2004; Grime 2006;
Pérez-Ramos et al. 2012). Broadleaved evergreen arborescent shrubs managed to maintain
larger photosynthetic area (higher La, Lw, L, and La:Ba) by forming more conductive stems

(lower SWD) than sclerophyllous species.

3.4.3 ECOLOGICAL AND EVOLUTIONARY DRIVERS OF FUNCTIONAL TRAIT VARIATION

Phenotypic variation is created by traits’ variability in response to a range of ecological

and evolutionary mechanisms, and can have genetic and environmental sources since most
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traits exhibit intermediate heritability (Bolnick et al. 2011). However, different mechanisms
act at different scales so by partitioning a trait’s total variance we can estimate the relative
effect sizes of different drivers of phenotypic variation (Messier et al. 2017b). Most variation
was observed at the “Genus” and “Species” levels for many of the studied foliar traits,
especially the leaf size traits (Lw: 93 %, L.: 86 %, and La: 82 %), indicating that an individuals’
phenotype is predominantly driven by species evolutionary histories and taxonomy (Fig. 9).
Plant optimisation models postulate that organ-level traits will vary mostly at the
interspecific level as opposed to whole-plant traits that display higher intraspecific variation
attributed to genetic drivers (i.e. genetic drift, mutations, gene flow, natural selection) and
local environmental factors (Siefert et al. 2015). Despite the fact that we only studied organ-
level traits, we still found that for all traits a non-negligible amount of variation was
attributed to differences among conspecific individuals (up to 15 % for LNC) and sampling
sites (up to 37 % for LPC). Phenotypic plasticity (i.e. facultative character displacement)
allows a given genotype to produce different phenotypes in response to local environmental
conditions and enables populations to persist under new, even sub-optimal, conditions thus
allowing time for new genetic variation to arise, so natural selection can increase the fit to
these conditions (Pigliucci 2005). High phenotypic plasticity facilitates coexistence and
resource partitioning (Clark 2010), particularly for species demonstrating highly overlapping
resource-use patterns (Ashton et al. 2010).

Given that each species has a considerable, but (genetically constrained and thus) finite,
degree of variability in its phenotypic expression, environmental filters acting on trait values
determine species’ survival strategies and distributions in nature. The studied species
shared highly overlapping climatic niches and demonstrated high functional distinctiveness
supporting our second hypothesis for character-displacement (Fig. 10b). This functional
distinctiveness suggests that a species establishment in a locality depends on the extent that
it can shift its trait values. Niche differentiation among coexisting species averts competitive
exclusion by promoting complementary use of limiting resources (Pacala and Tilman 1994;
Gross et al. 2007; de la Riva et al. 2017). We observed a pattern whereas species with
broader climatic niches (and thus potential distribution) displayed smaller functional spaces,
while higher phenotypic variability was manifested by species restricted in narrower climatic
niches (Fig. 10c). Environmental severity has been found to stimulate functional dissimilarity

(Maire et al. 2012; Ratcliffe et al. 2016) which can benefit co-occurring species under high
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recourse-competition conditions by reducing interspecific competition, thus promoting
long-term species coexistence (Clark 2010). Studying Mediterranean woody communities
established along a drought gradient de la Riva et al. (2018) reported larger leaf functional
spaces on drier habitats, supporting growth forms with alternative resource-uptake and
drought-survival strategies (e.g. evergreen and seasonal-dimorphic shrubs), as opposed to
wetter communities that exhibited higher species-similarity.

In this paper we present a large, systematic record of 11 plant functional traits (Fig. 8,
Appendix 7). The studied traits collectively formed a spectrum of viable phenotypic
expressions; however, according to alternative designs hypothesis, different trait
combinations can produce equivalent fitness in a given set of environmental conditions, and
allow the co-occurrence of functionally distinctive species (Gross et al. 2013; Le Bagousse-
Pinguet et al. 2017). We worked across a regional scale, covering large spatial extent and
environmental heterogeneity, to provide our database with appropriate ecological breadth
(Fig. 4, Appendix 6). We considered intraspecific variation among mature leaves in the same
phenological stage along temperature and moisture gradients, and found it to translate to
alternative, coexisting resource-use strategies among the studied co-occurring species. Our
analysis demonstrates the adaptive effect of intraspecific variation on the observed trait
space and we concur with other scholars that it contributes significantly to total trait
variation, even if it generally concedes to interspecific (Jung et al. 2014, Siefert et al. 2015).
Considering traits as mean values per species disregards the evolutionary history of a
species, i.e. its ability to utilise resources and endure others (Ashton et al. 2010), and
ultimately misrepresents the degree of niche and trait overlap between species (Hoffmann

and Merila 1999).

3.5 Conclusions

Plant functional traits directly or indirectly involved in the resource acquisition-
conservation trade-off emerged integrated into a phenotypic network in thermo-
Mediterranean vegetation regardless of life history strategy (Fig. 6). Our results support our
first hypothesis and concur with empirical evidence from a variety of systems reporting tight
phenotypic integration patterns for the regulation of water-flux (e.g. Méndez-Alonzo et al.
2012; Lopez-lglesias et al. 2014). Carbon economics imply that the net carbon gain of an

organism over its lifetime must be greater than its investment, thus it is physically
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impossible to maximize both durability and productivity. We report a spectrum of
alternative, coexisting strategies for resource exploitation in thermo-Mediterranean
vegetation (Figs 7 & 8), driven by natural selection within the limits of biophysical
constraints posed by species life-histories, and we emphasise the influence of
environmental drivers on functional traits’ variation at local (leaf nutrient concentrations)
and regional scales (SLA, Ly, SWD) (Fig. 9). Our results suggest that functional variability
among coexisting individuals defines species’ climatic niches within the trait-spectrum
permitted by Mediterranean conditions (Fig. 10). Our study highlights the role of phenotypic
diversity in facilitating functionally distinctive species to succeed complementary along
Greece. We believe that consideration of intraspecific variability has the potential to expand

our understanding of the evolutionary importance of traits.
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4. Adaptive flammability syndromes in thermo-Mediterranean vegetation,

captured by alternative resource-use strategies
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Abstract

Fire affects and is affected by leaf functional traits indicative of resource allocation trade-
offs. Global change drivers constrain both the resource-use strategies and flammability of
coexisting species. However, small attention has been given in identifying links among
flammability and plant economics. Ambiguity comes from the fact that flammability is a
multidimensional trait. Different flammability attributes (i.e. ignitibility, sustainability,
combustibility and consumability) have been used to classify species, but no widely-
accepted relationships exist between attributes. We hypothesised that flammability is a
spectrum (defined by its four attributes) and the alternative flammability syndromes of
coexisting species can be captured by their resource-use strategies. Furthermore, we argue
that flammability syndromes are adaptive strategies that ensure persistence in the post-fire
community. We conducted a large-scale study to estimate all flammability attributes on
leaves from nine, dominant, thermo-Mediterranean species with alternative resource-use
and fire-response strategies across a wide environmental and geographic gradient. We
assessed the interdependence amongst attributes, and their variation across ecological
scales (genus, species, individual, site and region). Furthermore, we collected 10 leaf
functional traits, conducted a soil study and extracted long-term climatological data to
guantify their effect on flammability attributes. We found that leaf flammability in thermo-
Mediterranean vegetation is a continuous two-dimensional spectrum. The first dimension,
driven by leaf shape and size, represents heat release rate (combustibility vs. sustainability),
while the second, controlled by leaf economics, presents ignition delay and total heat
release (i.e. consumability). Alternative flammability syndromes can increase fitness in fire-
prone communities by offering qualitative differences in survival or reproduction. Trade-offs
and constraints that control the distribution of resource-use strategies across environmental
gradients appeared to drive leaf flammability syndromes as well. Tying the flammability
spectrum with resource allocation trade-offs on a global scale can help us predict future
ecosystem properties and fire regimes and illustrate evolutionary constraints on

flammability.
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4.1. Introduction

In Mediterranean climate ecosystems wildfires occur naturally at least since the late
Quaternary (Carrién et al. 2003) and plants have developed adaptive mechanisms to cope
with them (Pausas and Verdu 2005; Clarke et al. 2013). Fire disturbance has been found to
play an important role in determining species’ distributions and vegetation dynamics across
landscapes (Bond et al. 2005; Bond and Scott 2010). By acting as a selective force on plants,
fire directly eliminates the most vulnerable individuals in a community and alters
environmental conditions, thus promoting (or excluding) specific physiological and
morphological functional traits. Structural and chemical leaf traits define how plants acquire
and use resources and through their interactions they influence ecosystems properties
(Reich et al. 1997; Lavorel and Garnier 2002; Wright et al. 2004; Diaz et al. 2016). At the
same time they determine the amount of energy needed to start the fire reaction and the
available fuel area that will interact with the atmospheric oxygen. As such they influence
plant flammability (i.e. the ease of plant biomass to burn) and through that fire probability
and behaviour (Cornwell et al. 2015; Zylstra et al. 2016). Global change drivers (e.g.
greenhouse gas concentrations, climate change, habitat fragmentation, biological invasions)
have been found to affect the assembly of communities and their flammability throughout
geological time (Bond and Scott 2010; He et al. 2011). Vegetation shifts can alter the
flammability of communities and in return result to fire regime changes (i.e. pattern,
frequency, and intensity of fire) that can feedback to determine ecosystems’ composition
and processes (Belcher et al. 2010; Bond and Scott 2010; Koutsias et al. 2012). Despite the
rich bibliography on the origin and evolution of flammability and its role shaping the biota of
our planet (e.g. Belcher et al. 2010; Bond and Scott 2010; Gagnon et al. 2010; He et al. 2011;
Pausas et al. 2012) little is known about how it varies along the spectrum of resource-use
strategies employed by plant species.

Resource-use strategies define plants’ competitive ability and thus their successful
establishment in a community (Reich et al. 2003; Grime 2006). Plant species allocate their
available resources between the functions of growth, survival and reproduction (Grime
2006). Global covariation patterns among specific leaf functional traits (e.g. SLA, LDMC, La),
measured across spatial and taxonomic scales, define fundamental resource-allocation
trade-offs (i.e. economics spectra) that are used to classify species according to their fitness

and predict their responses to disturbances and future distributions (Reich et al. 2003;
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Wright et al. 2004; Grime 2006; Diaz et al. 2016). There is a perceived dichotomy on how
species respond to disturbances and fire research is often restricted into examining
differences amongst them. Resprouters depend on the survival of root crown and other
underground organs for their continued presence in the post-fire community, while obligate
seeders rely on (soil or canopy-stored) seed banks for the establishment of a future
generation (cohort) of individuals (Pausas et al. 2004; Paula and Pausas 2008; Vallejo et al.
2012). In nature, resource-use and fire-response strategies vary continuously within and
between species, and across communities (Hodgkinson 1998; Casals et al. 2018; Michelaki
et al. 2019) depending on disturbance frequency and severity, and site productivity
(Bellingham and Sparrow 2000; Pausas 2001; Lavorel and Garnier 2002; Clarke et al. 2013).

Evidence of covariation among functional traits indicative of economic resource
allocation trade-offs and these two fire-response strategies have been gathering from
around the world (e.g. Scarff and Westoby 2006; Saura-Mas and Lloret 2007; Saura-Mas et
al. 2010). In general, resprouting species have been found to follow conservative strategies,
allocating more resources to storage tissues, thus being longer-lived and slower-maturing
(Verdd 2000; Pausas et al. 2004; Grime 2006; Saura-Mas and Lloret 2007). In the
Mediterranean Basin, many resprouting species (e.g., Quercus coccifera, Pistacia lentiscus)
are also more drought-tolerant due to later stomata closure and higher carbon assimilation
at lower water potentials than drought-avoiding seeding taxa (such as Pinus and Cistus)
(Pausas et al. 2004; Saura-Mas and Lloret 2007). However, the patterns of covariation in
some cases vary among the different Mediterranean climate ecosystems of the world, thus
limiting their predictive power on a global scale (Pausas et al. 2004). Resprouters were
present from the Tertiary (pre-Pliocene), before the establishment of the typical
Mediterranean climate in the Quaternary (post-Pliocene) when most of the seeding taxa
evolved (Suc 1984; Verdu 2000; Pausas and Verdu 2005). The different biogeographical
origins of coexisting Mediterranean species constrain both their functional role and
flammability in a community (Belcher et al. 2010; Bond and Scott 2010; He et al. 2011; Diaz
et al. 2016).

Leaf flammability is a complex, multidimensional plant trait, difficult to define
scientifically, that is described through four attributes: a. ignitibility indicates how fast
leaves combust when exposed to a heat source; b. sustainability determines the amount of

time the combustion lasts and contributes to the larger fire as a heat source for nearby

43



biomass; c. combustibility demonstrates how well leaves burn and correlates with the rate
of fire spread; d. consumability represents the proportion of consumed leaf biomass and
correlates with the energy released as heat during burning (Anderson 1970; Martin et al.
1994). Plant species are known to differ significantly in their flammability attributes even
within climatic zones and vegetation types (e.g. Scarff and Westoby 2006; Simpson et al.
2016). Larger leaves have been found to be more combustible (Scarff and Westoby 2006;
Magalhdes and Schwilk 2012; van Altena et al. 2012; Cornwell et al. 2015) and lower SLA,
indicative of conservative resource-use strategies, has been associated with reduced
ignitability, but higher consumability (van Altena et al. 2012; Murray et al. 2013;
Grootemaat et al. 2015). Seeders have been characterised as fire-prone and associated with
fast ignition (Saura-Mas et al. 2010), but leaves from resprouters have been described more
combustible and consumable (Scarff and Westoby 2006). Moreover, non-additive effects
have been discovered driven by the most flammable, in terms of sustainability,
combustibility and consumability, species in a community regardless of the proportion of
biomass that they contribute (Magalhdes and Schwilk 2012; van Altena et al. 2012).

From the above one is left perplexed as to what high leaf flammability is. Many
researchers have studied one or some of the flammability attributes in order to classify
species according to their leaf flammability (e.g. Scarff and Westoby 2006; Saura-Mas et al.
2010; Magalhdes and Schwilk 2012; van Altena et al. 2012; Grootemaat et al. 2015; Simpson
et al. 2016), but few have attempted to identify relationships between flammability
attributes and among flammability attributes and leaf functional traits. If both flammability
syndromes and resource-use strategies vary within and between species as a function to
environmental pressures, then leaf flammability variation could be predicted from a few key
leaf traits indicative of economic trade-offs. Identifying a global leaf flammability spectrum
that coordinates with the global plant trait spectrum of form and function could improve
models predicting future fire regimes and ecosystem processes and allow us to elucidate
evolutionary constraints on flammability.

In this paper we employ a new approach that incorporates the complex nature of
flammability with plant economics. We hypothesised that: (1) at the individual level leaf
flammability is a spectrum defined by its four attributes and the alternative flammability
syndromes of coexisting species can be better captured by their resource-use strategies,

rather than the dichotomy resprouter versus seeder; (2) since in fire-prone ecosystems
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(where fire-disturbance is frequent enough to act as a selective pressure) flammability
syndromes define species’ fitness (sensu Bond and Midgley 1995), they are likely adaptive
strategies that ensure persistence in the post-fire community.

This study was designed to tie an individual’s leaf flammability to its resource-use
strategy and the environmental pressures it is facing. In a previous study we constructed a
large, systematic database of 10 leaf functional traits reflecting whole-plant economics (e.g.
construction costs, hydraulics, defences, water storage capacity) across a wide
environmental and geographic gradient (please see Chapter 3.2.3 Functional traits a.
through g.). Here, we further measured all four flammability attributes (i.e. ignitibility,
sustainability, combustibility and consumability) on leaves from the same individuals of
nine, dominant, lowland, thermo-Mediterranean species with alternative resource-use and
fire-response strategies (Table 1). Our sampling design allowed us to identify relationships
between leaf flammability syndromes and recourse allocation trade-offs. Such relationships
could help us predict future vegetation distributions and ecosystem properties, as well as
explain and manage past and future fire regimes. Furthermore, we attempted to gain a
general ecological understanding of leaf flammability variation by assessing how each
flammability attributes’ variance is distributed across five, hierarchically structured,
taxonomic and spatial scales commonly studied by ecologists: between genera and species
(9 species from 6 genera), within-species (810 individuals: on average 90 per species),
among sites (65 sites: on average 19 per species, see Fig. 4), and across regions (10 regions,
average of 7 sites per region). Identifying which scales hold the majority of total variance for
each attribute could act as blueprint for future research efforts that attempt to demonstrate

evolutionary changes in flammability.

4.2. Materials and methods

4.2.1 STUDY LOCATION AND SPECIES

Greece is located in the southeaster part of Europe, stretching from 35°000’ to 42°000° N
and from 19°000’ to 28°300’ E. Mainly bordered by the Mediterranean Sea the country is
characterised by Mediterranean-type climate with mild, wet winters and (often extremely)
warm and dry summers (di Castri 1981) during which most fires occur (Tsagari et al. 2011).
The lowland vegetation is composed by patches of: open Pinus halepensis, P. brutia

coniferous forests with an evergreen shrub understory (e.g. Quercus coccifera, Phillyrea
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latifolia), Mediterranean evergreen forests (e.g. Pistacia lentiscus, Q. coccifera, Arbutus
unedo, A. andrachne), dense maquis shrublands (e.g. Q. coccifera, Arbutus sp., P. lentiscus,
P. latifolia), and open phrygana shrublands populated by cushion-shaped (often aromatic)
chamaephytes (e.g. Cistus sp.). We selected nine, dominant species following alternative
resource-use (Michelaki et al. 2019) and fire-response strategies (Paula et al. 2009) to study

their leaf flammability syndromes across their distributions in Greece (Table 1).

4.2.2 SAMPLING DESIGN

For each species an adequate number of sampling sites was chosen (65 unique sampling
sites: on average 19 per species, Fig. 4) in order to cover the widest possible natural range of
its variability across Greece (for a detailed description of the sampling design please refer to
Chapter 3.2.2 Sampling design). Sampling sites were selected to be satisfactorily uniform
(e.g. vegetation composition, aspect, elevation) so that differences amongst them assimilate
environmental heterogeneity (Appendix 6). An ideal sampling design would be to locate
individuals from each species in every sampling site, but such expectations were unrealistic
in a large-scale, non-manipulative study where species segregate to some degree along
environmental gradients. The topographic characteristics (i.e. latitude, longitude, elevation,
aspect, slope, and heat load) of each sampling site were recorded. Within each sampling
site, five, sexually mature, healthy, unshaded individuals were randomly selected from as
many of the species of interest as possible (810 unique individuals: on average 90 per
species).

From each individual approximately 0.5 kg of healthy, sunlit, fully-mature (but not
senescing) leaves from around the canopy was collected (as to capture the variability within
them) and stored in paper bags. Leaves were sampled at the beginning of the fire-season
which coincides with the spring growing-season (i.e. April to July from 2012 to 2015), as to
capture the individuals of each species at a similar phenological stage. Leaves, whether alive
or dry (retained on branches or in the litter), are the plant organs that ignite first in a fire
and the intensity and character of their burn determine fire spread and damage to nearby
tissues (Gill and Moore 1996; Murray et al. 2013; Zhao et al. 2019). As such they largely
dictate fire behaviour (Cornwell et al. 2015; Zylstra et al. 2016). While we acknowledge that
several other factors affect the fire behaviour of fire-prone communities (e.g. fuel load,

continuity, proportions of dead and fine fuel, plant architecture, species composition) the
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aim here was to compare the flammability attributes (i.e. ignitability, sustainability,
combustibility and consumability) of individuals from different species with alternative
strategies growing in a variety of conditions along Greece. For that purpose we judged leaf

flammability as an adequate surrogate of plant flammability.

4.2.3 FLAMMARBILITY ESTIMATION

Due to the scale of our study (that spanned across years and along Greece) we saw fit to
investigate the flammability of dried leaves. Many thermo-Mediterranean species retain
dead leaves with low moisture content that ignite first acting as catalyst for the ignition of
live fuels (Pausas et al. 2012). In field conditions, as wildfires burn and move through the
landscape, heat is transferred through the air via radiation preheating and dehydrating
unburned fuels up to their ignition point. By bringing all samples in a baseline moisture level
we were able to compare leaf flammability attributes’ variability within and between
species from a variety of habitats, as well as to identify possible relationships with leaf
functional traits and environmental characteristics. To prevent rotting the sampled leaves
were oven-dried for 48 hours at 60 °C as soon as possible after collection and subsequently
stored in a desiccator jar with silica gel until the flammability estimation.

We placed one gram of oven-dried, but otherwise intact leaves from each individual (as
to capture the variability amongst them) in a pile in a ceramic laboratory bowl. Samples
composed of small and flat leaves were more densely packed, while large, curvy and spiny
leaves provided better ventilated bowls. This allowed us to incorporate flammability
differences due to variation in natural packing density and thus oxygen limitation (Scarff and
Westoby 2006; Cornwell et al. 2015). The bowl was placed at the centre of a cold muffle
furnace (type 1400, Barnstead Thermolyne, Dubuque, USA) that was kept in a well-
ventilated room away from drafts. Neither the bowl nor the leaves had any contact with the
furnace walls, so that ignition could only result from radiant heat. The furnace was switched
on while its door was always kept open as to not limit the oxygen supply and allow
observation of the burning process. We started counting the time when the furnace reached
60 °C to ensure that samples received equal amount of heat. Since moisture must be
evaporated before ignition, by starting the flammability estimation at the point of sample
dehydration we were able to simulate the increasing temperature gradient observed in field

conditions. We recorded the time at which the smouldering phase started, the time to
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ignition (sec) as an indicator of ignitibility, and the total burning time (sec) from when the
first embers appeared till the end of pyrolysis (when all the embers were extinguished) as a
proxy of sustainability (Anderson 1970; Gill and Zylstra 2005). When the sample was cooled
down and safe to handle its total mass loss was weighted. Combustibility was estimated as
the rate of weight loss from the beginning of the smouldering phase till the end of pyrolysis
(g sec’’) (Anderson 1970; Gill and Zylstra 2005) and consumability as the proportion of fuel

consumed (Martin et al. 1994). Samples were burned in a random order.

4.2.4 FUNCTIONAL TRAITS

For the same individuals additional records of 10 physiological and morphological leaf
functional traits (Chapter 3.2.3 Functional traits a. through g.) directly or indirectly
associated with resource-economics at organ, individual, and ecosystem scale have been
collected (for measurement details please refer to Chapter 3.2.4 Functional traits

measurements).

4.2.5 SOIL PROPERTIES

Furthermore, from each sampling site we collected a composite soil sample (from five
locations at 30 cm depth). We measured nine basic soil properties known to affect plant
functioning and ecosystem dynamics through their influence upon water availability,
nutrient cycling and organic matter dynamics (Yassoglou et al. 2017). Particle size
distribution was estimated on air-dried, crushed and 2 mm-sieved samples (Bouyoucos
1962). Water holding capacity (WHC %) was determined via the European maximum WHC
method (Gardner 1986), organic carbon via the Walkley-Blackwet oxidation method (Nelson
and Sommers 1982), soil nitrogen concentration (SNC, mg g*) by Kjeldahl wet-oxidation
(Bremner and Mulvaney 1982), and soil phosphorus concentration (SPC, mg g*) via the
colorimetric ascorbic acid method (EPA 1978). Magnesium (Mg) and potassium (K) were
extracted with 1IN ammonium acetate at neutral pH (Thomas 1982) and their concentrations
(SMgC and SKC, both in mg g') estimated with Sherwood Scientific Ltd 410 flame
photometer (Cambridge, UK). Soil pH and electrical conductivity (EC uS cm™) were
measured in a 1:1 (soil:water) suspension (Smith and Doran 1996).

The selected biophysicochemical characteristics are known to show high spatial

variability in Mediterranean soils (Ibanez et al., 1995). WHC is controlled primarily by soil
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texture and soil organic matter (SOM %). Texture affects water and nutrients availability as
the larger surface area of finer soil fractions binds more moisture and reacts better with
nutrients (Weil and Brady 2016). Nitrogen, phosphorus, magnesium and potassium are
among the most functionally important nutrients, and their availability and mobility in a
given soil are affected by pH and EC (Quesada et al. 2012). These nutrients along with SOM

determine the basic structure and function of ecosystems (Kutsch et al. 2010).

4.2.6 CLIMATE DATA

Finally, for each sampling site six bioclimatic variables: mean annual temperature (Tmean-

wq o

°C), mean temperature of the warmest quarter (Tmean C), total annual precipitation

(Prec® mm), precipitation of the warmest quarter (Prec”® mm), and temperature (T****°")

season

and precipitation (Prec ) seasonality were obtained from the WorldClim database (i.e.
Bioclim variables 1, 10, 12, 18, 4and 15, Fick and Hijmans 2017) at 30 seconds spatial
resolution (i.e. approximately 1 km). Temperature and precipitation and their seasonality
influence strongly the fire regime of a region. Low moisture and high temperatures are
expected to lead to longer fire seasons in the Mediterranean Basin and favour fire ignition

by increasing vegetation dryness (Pausas 2004; Dimitrakopoulos et al. 2011).

4.2.7 STATISTICAL ANALYSIS

To study the variation within each flammability attribute, first we examined its dispersion
in the full-dataset and among the individuals of each species and each fire-response strategy
(i.e. resprouter or seeder). Then, we checked for statistically significant differences between
the different species, fire-response strategies, and across sampling sites (Kruskal-Wallis one-
way analyses of variance and Conover’s post hoc test, R Core Team 2017).

To examine the interdependence amongst flammability attributes, we searched for
significant bivariate relationships with standardized major axis regressions (SMA) for all
statistically significant correlated attribute pairs (Spearman’s correlation, level of
significance 0.05). SMA is a symmetric regression appropriate in our case since we are
interested in the slope between each pair, regardless of which variable is assigned to X and
Y. Moreover, we applied principal components analysis (PCA, based on the correlation
matrix with no rotation procedure, FactoMineR R package, Lé and Husson 2008) to estimate

flammability attributes’ covariation in the multidimensional space. The analysis was
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performed on standardised values with “species”, “fire-response strategy” and “site” as
supplementary categorical variables and 10 leaf functional traits, measured on the same
individuals, as supplementary continuous variables. We retained only principal components
(PCs) with eigenvalues higher than one, and calculated the cross-correlation matrix between
the active continuous variables (i.e. flammability attributes), the supplementary categorical
(i.e. “species”, “fire-response strategy” and “site”) and continuous (i.e. traits) variables, and
the remaining PCs. Since the supplementary variables were not involved in the construction
of the PCs, their correlation will reveal the distribution of species, fire-response strategies,
and sampling sites on the produced flammability plane, as well as how functional trait
syndromes affect flammability syndromes.

Additionally, we implemented partial least squares regression using the SIMPLS algorithm
(PLSR, pls R package, Mevik et al. 2016). This is a relative importance analysis that allowed
us to estimate the effect of leaf functional traits, edaphic, climatic, and topographic
characteristics on leaf flammability attributes variation and to identify the strongest drivers
for each attribute. The predictor variables (i.e. leaf functional traits and environmental
characteristics) were mapped into a smaller set of orthogonal latent vectors (LVs) and
regressed against each flammability attribute. The PLSR algorithm iteratively aims to choose
LVs that maximally explain the response variable. For each flammability attribute only
predictors with normalised regression coefficients greater than one were retained via
backward selection and the optimum number of LVs was estimated with cross-validation
before rebuilding each model. Visual inspection of the residual plots did not reveal any
obvious deviations from homoscedasticity or normality in any of the accepted models (Zuur
et al. 2010). Sand and clay percentages were cosine and sine transformed prior to the
analysis to remove circularity, respectively aspect was transformed into two new variables
(“Northness” and “Eastness”). This supervised multivariate technique was favoured since its
unaffected by the high multicollinearity among the predictor variables considered in this
study.

Lastly, we partitioned leaf flammability variation across five ecological scales with nested
random effects models (Ime4 R package, Bates et al. 2015). For each flammability attribute
a model was fitted in the following syntax: Flammability attribute ~ (1|Genus/Species/Site) +
(1/Region/Site), to determine the fraction of the total variance explained by each ecological

scale independently. Since our dataset represents only a subset of the edaphic and climatic
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variability of the Greek terrestrial environment and considers just nine thermo-
Mediterranean species all factors were treated as random without interaction term. All
variables were Box-Cox transformed and all parameters were estimated by the restricted
maximum likelihood method. We did not detect any visually obvious deviations from
homoscedasticity or normality, thus we proceeded with variance components analysis (Zuur
et al. 2010). Leaf flammability variation is created in response to a range of ecological and
evolutionary drivers. Different drivers of variation act at different ecological scales. Our
sampling design allows us to largely ascribe the variance at specific ecological scales to
particular drivers of leaf flammability variation. By grouping conspecific individuals from
distinct environments into the “Species” and “Genus” scales we can partition the proportion
of the total leaf flammability variance driven by genetic differences arising from adaptive
evolution or drift. While by grouping populations of different, coexisting species into
communities and biomes (i.e. “Site” and “Region” scales), we can isolate the fraction of the
total leaf flammability variance driven by environmental gradients (i.e. climate, soil,
topography). Finally, the proportion of intraspecific leaf flammability variation at the
“Individual” scale reflects developmental instability, age, sexual genetic mixing, and plastic

and filtering responses to micro-environmental gradients.

4.3. Results

4.3.1 LEAF FLAMMABILITY SYNDROMES AND RESOURCE ALLOCATION TRADE-OFFS

In this study we estimated the leaf flammability attributes (Fig. 12, Appendix 9) of nine,
dominant, thermo-Mediterranean species across Greece (Appendix 6). Ignition time varied
from 8.3 to 30.5 minutes (mean 15.1 min, C.V.: coefficient of variation 18 %) and the
burning phase was sustained from 3.1 to 14.1 minutes (mean 6.2 min, C.V. 22 %), during
which 75.3 to 99.5 % of the leaves were consumed (mean 92.3 %, C.V. 4 %), on a rate of 6
10" to 25 10 g sec’! (mean 15 10” g sec?, C.V. 17 %). When we segregated species
according to their fire-response strategies we observed that leaves from resprouters ignited
over a minute later and were consumed almost completely (94 % C.V. 2 % over 90 % C.V. 5
% for seeding species), but small differences were detected in combustibility (resprouters
carry slightly more combustible leaves), and no statistically significant differences in
sustainability (7 sec) among the leaves of seeding and resprouting species (Fig. 12, Kruskal-

Wallis one-way analyses of variance and Conover’s post hoc test). However, significant
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Figure 12: Kernel distribution density for each leaf flammability attribute measured
across Greece, aggregated at the species level, for nine dominant thermo-
Mediterranean species following alternative resource-use strategies (indicated by
different colours) (see also Appendix 9). For each flammability attribute the results of
the Kruskal-Wallis one-way analysis of variance (***: p < 0.001; n.s., not significant)
among the different species (sp), life history strategies (lhs), fire-response strategies
(frs: green for resprouters and yellow for seeders), and sampling sites (st, see Fig. 4)
are given, along with the results of the Conover’s post hoc test for each species in a
descending order (from highest to lowest mean values; n = 810; A.a.: Arbutus andrachne; A.u.:
Arbutus unedo; C.c.: Cistus creticus; C.s.: Cistus salviifolius; P.b.: Pinus brutia; P.h.: Pinus
halepensis; P.la.: Phillyrea latifolia; P.le.: Pistacia lentiscus; Q.c.: Quercus coccifera).

variability was observed for all measured flammability attributes among leaves from species
that employ the same fire-response strategy but alternative recourse-use strategies and
among leaves from individuals growing in different environmental conditions.

In our system some general relationships can be observed among the measured
flammability attributes: highly combustible leaves did not sustain fire for long and those
that ignited after a longer exposure, were also consumed to a greater extent (Figs 13 & 14).
When we partitioned this covariation structure into distinct components two orthogonal
axes explained 80 % of the total inertia (Fig. 15, Table 4). The first principal component (PC,
44.6 %) was negatively driven by combustibility and positively by sustainability, and
primarily associated with architectural leaf traits (i.e. La, L, Lw, La:Ba). This axis opposes
individuals with larger leaf area per unit of invested biomass (i.e. the broadleaved evergreen
arborescent shrubs in our study) whose leaves emerged highly combustible (16.4 10* g sec™
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Figure 13: Correlations among the four leaf
flammability attributes measured in
Mediterranean lowland thermophilous
vegetation along Greece (note that Spearman
correlation coefficients are translated into
percentages; n.s., not significant; n = 810).
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C.V. 13 %) and extinguished fire fast (after
54 min CV. 21 %), against less
combustible (e.g. the sclerophyllous 13.8
10" g sec™ C.V. 17 %, and chamaephytes
shrubs 13.7 10* g sec! CV. 15 %)
individuals  with  bushier  canopies
composed of smaller leaves that
sustained fire longer (over 6 min C.V. 18
%). The second PC (35.6 %) was driven by
consumability and ignitibility, and
associated with structural leaf functional
traits (i.e. SLA, LDMC, LCC, LNC, LPC).
Acquisitive leaves (with high SLA, LNC and

LPC, i.e. from the Cistus shrubs in our
dataset) ignited 2 minutes faster but were
consumed poorly (88 % C.V. 3 %), contrary
to conservative, tough leaves (i.e. high
LDMC, LCC, and Ly, e.g. pine needles) that
displayed higher fire-resistance (e.g. time
to ignition for P. halepensis needles over
17 min, C.V. 10 %) and consumability (95
% C.V. 3 %). These two dimensions define
a spectrum of alternative, coexisting leaf
flammability syndromes in thermo-

Figure 14: Significant bivariate
relationships (i.e. standardized major
axis regressions, y = a + f x; ***: p <
0.001) among the four leaf flammability
attributes measured in Mediterranean
lowland thermophilous vegetation along
Greece for the full dataset (black dotted
lines; n = 810) and among alternative
fire-response strategies: green for
resprouters (n = 473) and yellow for
seeders (n = 337). Grey polygons depict
the 95% confidence intervals inferred

via bootstrapping.
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Figure 15: Principal components analysis performed on the four

we applied PLSR (Fig. leaf flammability attributes (variables in black) measured in
Mediterranean lowland thermophilous vegetation along Greece,
with 10 leaf functional traits measured on the same individuals
5). Since our aim was to as supplementary, continuous variables (in grey) and “species”

and “fire-response strategy” (green for resprouters and yellow
identify significant for seeders) as supplementary, categorical variables (see also
Table 5) (n = 810; PC: principal component; SLA, cm? g-1: specific leaf
area; LDMC, mg g-1: leaf dry matter content; Ltn, mm: leaf thickness;
than to precisely predict LNC, LPC & LCC, mg g!: leaf nitrogen, phosphorus & carbon

concentrations; La, cm?2: leaf area; Lw, cm: leaf width; L., cm: leaf
each attribute, we were length; La:Ba, m?2 m2: leaf area-basal area ratio; A.a.: Arbutus

) ) andrachne; A.u.: Arbutus unedo; C.c.: Cistus creticus; C.s.: Cistus
only interested IN salviifolius; P.b.: Pinus brutia; P.h.: Pinus halepensis; P.la.: Phillyrea

latifolia; P.le.: Pistacia lentiscus; Q.c.: Quercus coccifera).

16-lollipop plots, Table

relationships, rather

significant regression
coefficients (i.e. mean change) whose interpretation is unaffected by R? values. R? captures
the high variability (around the mean) observed at the individual scale for each of the
measured flammability attributes. Resource-conservative and larger leaves (LCC & L, 2 % of
the explained variance, LDMC 1 %) ignited after longer exposure to heat and smothered fire
rapidly (L. -9 %, SLA -7 %, La -5 %, LPC 5 %, La:Ba -4 %) whilst being more combustible (Ly 7 %,
L. 6 %, LCC 5%, LDMC, L, & LNC -4 %) and consumable (LCC 24 %, SLA -18 %, LDMC 16 %, L,
13 %, LPC -11 %). As we move upwards the altitudinal gradient plants carry less combustible
(-8 %) leaves that took longer to ignite (21 %) but once aflame burned hotter (consumability
11 %). North- and east-facing slopes in the North hemisphere catch sun mainly in the
morning when the temperature is still lower, thus are generally cooler and wetter.

Communities established at northeast-facing slopes carried leaves that took longer to ignite
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Table 4: Description of the first two principal components produced by an analysis
performed on the four leaf flammability attributes (variables in white rows) measured
in Mediterranean lowland thermophilous vegetation along Greece, with 10 leaf
functional traits measured on the same individuals as supplementary, continuous
variables and “species”, “fire-response strategy” and “site” as supplementary,
categorical variables (grey rows) (see also Fig. 15). For each dimension: the
correlation coefficient with each flammability attribute (i.e. active continuous
variable) and functional trait (i.e. supplementary continuous variable) (note that only
significant correlations are printed); the R2 of the one-way analysis of variance with
the supplementary categorical variables “species”, “fire-response strategy” and “site”;
and the hat alpha_i coefficient for each “species” and “fire-response strategy” category
are given (green rows for resprouters and yellow for seeders; n = 810; ***: p < 0.001, **: p <
0.01, *: p < 0.05; SLA, cm?2 g'1: specific leaf area; LDMC, mg g!: leaf dry matter content; LCC,
LNC & LPC, mg g!: leaf carbon, nitrogen & phosphorus concentrations; L, cm: leaf length; Ly,
mm: leaf thickness; La, cm?2: leaf area; Lw, cm: leaf width; La:Ba, m? m-2: leaf area-basal area
ratio).

Dimension 1 (44.60 %) Dimension 2 (35.64 %)

Sustainability 0.91*** Consumability 0.85%**
Ignitibility 0.26™** Ignitibility 0.82%**

Combustibility -0.95%*x* Combustibility 0.07 *
Sustainability -0.15%**
LDMC 0.13%** LDMC 0.61***
LNC 0.09*** LCC 0.56***

SLA -0.09 ** Ly 0.22%**

LCC -0.16%** Lrh 0.12%**
La:Ba -0.35%** La 0.12%**
Lw -0.36*** LPC -0.44***
Ly -0.36*** LNC -0.44***
La -0.41%** SLA -0.61***
Species: 0.18%*** 0.46%**

Quercus coccifera 0.7 3%** Pinus halepensis 0.87***
Phillyrea latifolia 0.65%** Arbutus unedo 0.44%**
Cistus creticus Quercus coccifera 0.36%**
Pistacia lentiscus -0.50%** Pinus brutia 0.36%**
Arbutus unedo -0.77%** Pistacia lentiscus 0.30%**
Arbutus andrachne -0.95%** Phillyrea latifolia 0.26%**
Arbutus andrachne 0.17 *

Cistus salviifolius -1.33%*x*
Cistus creticus -1.44%**
0.24***
resprouters 0.60%**
seeders -0.60***
0.50%**

Fire-response strategies: 0.01 *
0.11*

seeders
resprouters
Sampling sites: 0.4 3%**

Table 5: Significant Partial Least Squares Regressions’ coefficients presenting the
effect of leaf functional traits and environmental characteristics on the four leaf
flammability attributes measured in Mediterranean lowland thermophilous vegetation
along Greece (n = 810; SLA, cm? g-1: specific leaf area; LDMC, mg g-1: leaf dry matter content;
Lrn, mm: leaf thickness; LNC, LPC & LCC, mg g-!: leaf nitrogen, phosphorus & carbon
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concentrations; La, cm?: leaf area; Lw, cm: leaf width; Li, cm: leaf length; La:Ba, m2 m-2: leaf
area-basal area ratio; aspect was cosine and sine transformed into two new variables:
Northness and Eastness; Tmean®”, °C: mean annual temperature; Tmean"d, °C: mean temperature
of the warmest quarter; Tseason, standard deviation*100: temperature seasonality; Preca?, mm:
total annual precipitation; Prec¥d, mm: precipitation of the warmest quarter; Precseason,
coefficient of variation: precipitation seasonality; WHC, %: water holding capacity; sand and
clay % were cosine and sine transformed to remove circularity; SOM, %: soil organic matter;
SNC, SPC, SKC, SMgC, mg g!: soil nitrogen, phosphorus, potassium, and magnesium contents;
EC, uS cm-1: electrical conductivity).

Flammability attribute | Ignitibility | Sustainability | Combustibility | Consumability

R? 0.65 0.27 0.51 0.67
Retained latent vectors 14 5 8 2

Predictors 98 % 60 % 71 % 55 %

SLA - -11 - -0.86

" LDMC 19 - -3.40 105 0.76
-‘é L - - -3.18 10 -
% LNC - - -3.1510°5 -

g LPC - 9 - -0.52

‘g LcC 24 - 3.88 10 1.10
2 La - -9 5.87 105 -

- Ly 21 -13 4.84 10 0.59
LA.'BA - -7 - -

Latitude - - - -0.30
B Longitu'de - 4 6.02 105 -

= Elevation 284 - -6.92 105 0.53
5o Northness - -12 4.06 105 -
§- Eastness 38 -7 - -
= Slope -37 - - -
Heat load -18 - -2.05105 -
Tnean™ 94 - - —
o Tmean™1 184 -8 - -
T Tseason 71 -12 - -
E Precan -30 6 2.89 105 -
° Precwa - - 1.05 105 -
Precseason 218 6 -7.3410-5 -
WHC 24 8 - -
§ sand - 8 -2.65105 -
iz clay 24 6 - -
g som|  -25 - - -
£ SNC - 9 -4.23 105 -
-g SPC -207 -10 7.06 10-5 -
E SKC - - - -
= SMgC - - -2.69 105 -
b5 pH - -8 3.72 10" -
EC -21 -4 - -
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Figure 16-Lollipop plots: Normalised Partial Least Squares Regressions’ coefficients
presenting the relative importance of leaf functional traits and environmental
characteristics on leaf flammability attributes (see also Table 6). Predictors are ranked
based upon how strongly each influences the response variable. Bar plots: Variance
partitioning for each leaf flammability attribute measured in Mediterranean lowland
thermophilous vegetation along Greece, across five ecological scales: between genera
and species, within-species, among sites, and across regions. Factor significance was
inferred with parametric bootstrapping and all factors in all models were highly significant.
All axes show % of the explained variance (n = 810; SLA, cm? g-1: specific leaf area; LDMC,
mg g1: leaf dry matter content; Lty,, mm: leaf thickness; LNC, LPC & LCC, mg g'1: leaf nitrogen,
phosphorus & carbon concentrations; La, cm?: leaf area; Li, cm: leaf length; La:Ba, m?2 m-2: leaf
area-basal area ratio; aspect was cosine and sine transformed into two new variables:
Northness and Eastness; HL: Heat Load; Tmean®”, °C: mean annual temperature; Tmean"9, °C:
mean temperature of the warmest quarter; Tseason, standard deviation*100: temperature
seasonality; Preca?, mm: total annual precipitation; Prec¥d, mm: precipitation of the warmest
quarter; Precseason coefficient of variation: precipitation seasonality; WHC, %: water holding
capacity; SOM, %: soil organic matter; sand and clay % were cosine and sine transformed to
remove circularity; SNC, SPC, SMgC, mg g!: soil nitrogen, phosphorus and magnesium
contents; EC, uS cm-!: electrical conductivity).

(eastness 3 %, heat load -1 %) but were more combustible (northness 5 %, heat load -2 %)
and smother fire fast (northness -8 %, eastness -4 %). In nutrient-richer soils plants
supported leaves that ignited (SPC -15 %, SOM & EC -2 %) and exhausted fire fast
(sustainability SPC -6 %, pH -5 %, sand 5 %, EC -3 %, combustibility SNC -5 %, SMgC & sand -3
%). Plants acclimated to drier summers carried leaves that resisted ignition for longer

season

(Prec 16 %), but once aflame were less combustible (Prec"® 12 %, Prec®**°" -9 %, Prec™"
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3%) and burned for longer (Prec®” & Prec***°" 4 %). Finally, leaves from individuals adapted
to higher (annual and especially summer) temperatures took longer to ignite (Tmean' * 14 %,

Tmean 7 %, T°%°" 5 %) and extinguished fire faster (T****°" -8 %, Tmean' -5 %).

4.3.2 LEAF FLAMMABILITY VARIATION ACROSS ECOLOGICAL SCALES

The partitioning of leaf flammability variance across five ecological scales revealed
unequal distributions among the studied flammability attributes (Fig. 16-bar plots). The
majority of total variance in ignitibility (57 %) and combustibility (47 %) occurs at the
“Region” and “Site” scales mainly driven by large scale environmental variability. While in
consumability the majority of total variance is detected at the “Genus” scale (54 %),
primarily constrained by species’ evolutionary histories. Great variability was observed in
sustainability among the measured individuals (C.V. 21 %), but just 37 % of the total
variation was driven by the mechanisms considered in this study, suggesting that it is
probably controlled by weather conditions (e.g. strong winds) during the fire episode
(Plucinski et al. 2010; Moreno et al. 2014). The “Species” scale stands out as it explains none
of the total variance in any of the flammability attributes (but consumability, 2 %). However,
all attributes, (including sustainability, 7 %) and especially consumability (14 %) and
ignitibility (13 %), displayed considerable within-species variation driven by genetic,

developmental and micro-environmental differences among the individuals of each species.

4.4, Discussion

4.4.1 FLAMMARBILITY IS A CONTINUOUS SPECTRUM DEFINED BY ITS ATTRIBUTES

By studding all four flammability attributes (i.e. ignitibility, sustainability, combustibility,
and consumability) on species with alternative resource-use and fire-response strategies
across their distributions in Greece (Fig. 12, Appendices 6 & 9) we were able to detect some
fundamental relationships that define leaf flammability in thermo-Mediterranean
vegetation (Figs 14 & 15, Table 4). Leaves that took longer to ignite were also consumed
thoroughly, while less combustible ones sustained fire for longer. Our results demonstrate
that leaf flammability variation can be captured by a two dimensional plane produced by its
four attributes. The first dimension is associated with combustion rate and sustainability
driven by leaf shape and size, and the second with ignitibility and consumability controlled

by leaf economics. Previous studies have consistently demonstrated that leaf flammability
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has two major dimensions: one related with heat release rate (i.e. combustibility) and
controlled by size through its effect on natural packing (Magalhdes and Schwilk 2012;
Schwilk 2015; Cornwell et al. 2015), and a second associated with total heat release (i.e.
consumability in this study) used to predict soil heating and damage to well-protected
tissues (Schwilk 2015). This second dimension in the past has been represent by
sustainability and has been found to be negatively correlated to the first (Magalhdes and
Schwilk 2012; Grootemaat et al. 2015). Ignitibility has been reported as orthogonal to both
sustainability and combustibility (Grootemaat et al. 2015; Simpson et al. 2016).

We propose that a non-hierarchical scheme for the classification of species according to
their leaf flammability, such as the one presented here, may be more useful in describing
general patterns of fire-related vegetation dynamics. Knowledge of species leaf flammability
syndromes (mean and standard deviation) can inform fire-regime management, plant-lists
for landscaping in the Wildland—Urban Interface, conservation of rare species and

restoration efforts.

4.4.2 RESOURCE-USE STRATEGIES REFLECT ALTERNATIVE LEAF FLAMMABILITY SYNDROMES

The identified leaf flammability spectrum cannot be adequately explained by the
dichotomy between seeders and resprouters, but it can be captured by species’ leaf trait
syndromes. Relationships among the measured leaf traits reveal a spectrum of alternative,
coexisting resource-use strategies in our system: from fast-growing, acquisitive tissues with
higher nutrient concentrations, to thick and sturdy leaves and stems that provide hydraulic
efficiency (Michelaki et al. 2019). We observe that these investment trade-offs also reflect
alternative flammability syndromes that confer fitness in fire-prone ecosystems (Fig 14,
Table 4). Leaves from shrubs that employ resource-acquisitive strategies (i.e. high SLA and
nutrient concentrations, low LCC and LDMC, e.g. Cistus species) ignited faster (after 13.7
minutes C.V. C. creticus 18 %, C. salviifolius 9 %) and sustained fire for longer (6.3 minutes
C.V. 18 %), making them “dangerous” neighbours. However, these leaves did not burn well
(combustibility 13.7 10* g sec’ C.V. 15 %, consumability 88 % C.V. 3 %), promoting
moderate intensity fires that would stimulate germination of their soil-stored seeds, but
protect seed viability from high temperatures (Scarff and Westoby 2006; Paula and Pausas

2008). These chamaephytes often colonise old fields and highly degraded ecosystems, thus
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benefit from being flammable (in this case ignite fast and sustain fire), because fire opens
gaps that enhance establishment opportunities for a future generation of individuals.

At the opposite end of the flammability spectrum we found individuals carrying
conservative leaves, amongst them pines that form thick and sturdy needles (with high
LDMC and LCC) with increased hydraulic efficiency. Pine needles displayed the slowest
ignitibility (16.4 min C.V. 10 %), but highest residence time (consumability 95 % C.V. 3 %,
sustainability 6 min C.V. 22 %, combustibility 15.0 10* g sec’ C.V. P. halepensis 20 %, P.
brutia 12 %). This flammability syndrome delays ignition, but once aflame needles burn hot
and for a long time, spreading fire to make space for a future generation of trees. These
species have been described as fire prone due to needle architecture and structure (i.e.
resins, oils and volatile products) and retention of dead fuel in the canopy (Bond and
Midgley 1995; Schwilk and Ackerly 2001). Regeneration capacity depends on the
accumulation of sufficient seed bank of serotinous cones banked in the canopy between fire
intervals (i.e. 15-30 years depending on environmental conditions and site quality) (Thanos
and Daskalakou 2000). Extended drought periods have steadily increased fire occurrence
and as a result many of the early pine woodlands are being taken over by shrublands (Baeza
et al. 2007; Koutsias et al. 2012).

All studied evergreen arborescent shrubs are located towards the conservative extreme
of the resource-allocation spectrum (Michelaki et al. 2019) and (like pines) carry leaves that
resisted fire for longer but once aflame were consumed to a greater extent releasing more
heat. Sclerophyllous evergreen arborescent shrubs (e.g. Q. coccifera, P. latifolia) produce
small, tough, fibrous leaves characterized by efficient resource conservation (i.e. the
sclerophylly syndrome: high LDMC, Ly, and LCC, low SLA, LNC, LPC, L, L, and Ly) (Michelaki
et al. 2019). These leaves that minimize nutrient loss and increase competitive ability in dry
and unproductive habitats (Wright et al. 2004; Grime 2006; Pérez-Ramos et al. 2012)
displayed belated ignitibility (16.1 min C.V. Q. coccifera 19 %, P. latifolia 27 %) and low
combustibility (13.8 10™ g sec™ C.V. 17 %), but increased consumability (94 % C.V. 2 %) and
the highest sustainability (6.6 minutes C.V. Q. coccifera 20 %, P. latifolia 16 %). This leaf
flammability syndrome in combination with their well-protected tissues and high
resprouting capacity confers survival during multiple fire cycles and allows coexistence with
highly flammable species (in this case species that ignite fast, or are more combustible)

unable to survive prolonged extreme temperatures (Vesk and Westoby 2004; Pausas and
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Keeley 2014). Contrary to conservative individuals that can afford greater photosynthetic
area per unit of invested biomass with higher leaf water content (high SLA and La, low Lty
and LCC, e.g. Arbutus species, P. lentiscus), whose leaves ignited a minute earlier (at 15.2
min C.V. 8 %) and were consumed fast and hot (sustainability 5.4 min CV. 21 %,
consumability 94 % C.V. 2 %) spreading fire to others (i.e. displayed the highest
combustibility 16.4 10 g sec® C.V. Arbutus species 14 %, P. lentiscus C.V. 11 %). Water in
plant tissue acts as heat sink, increasing the amount of energy required for fuels to ignite
and sustain combustion. This pyrogenic flammability syndrome decreases fire-residence
time and soil heating, thus protecting below-ground organs that implement resprouting
(Vesk and Westoby 2004; Scarff and Westoby 2006; Gagnon et al. 2010). These species
produce seeds with little or no dormancy and benefit from shorter and low-intensity fires
that do not obliterate parent plants (Paula and Pausas 2008).

Climatic changes and land-use shifts have been altering the landscape mosaic and fire
regime of the Mediterranean region for over 10 millennia. Since the middle of the 20™"
century decreased precipitation and increased average temperatures and heat wave
frequency (Founda et al. 2019) accompanied by major socioeconomic changes in many
southern European countries have lead to densification of shrublands and transitional
woodlands, afforestation, biomass (i.e. fuel) accumulation, and higher exposure to man
induced fires (Moreira et al. 2011; Pausas and Fernandez-Muioz 2012; Pausas and Millan
2019). Wildfire risk is predicted to increase significantly worldwide, and especially in
southern Europe, during the 21° century (Fyllas and Troumbis 2009; Liu et al. 2010; Moreno
et al. 2014; Turco et al. 2018). As fire occurrence increases becomes in itself an additional
factor of change, both by altering carbon budgets (Page et al. 2002; Mouillot and Field 2005)
and by turning forested areas into more flammable shrublands thus perpetuating fire hazard
(Moreira et al. 2011; Pausas and Fernandez-Mufioz 2012). In fire-prone ecosystems, changes
in the fire regime may be more important than the direct changes in climatic conditions with
respect to species’ distribution, migration, substitution, and extinction (Flannigan et al.
2000). Fire regimes changes can promote, reduce, or even remove species with particular
resource-use strategies and flammability syndromes (Bond and Midgley 1995; Bond et al.
2005; van Altena et al. 2012). Frequent wildfires have been identified as one of the main
causes of forest degradation, especially in the Mediterranean region (Bond et al. 2005;

Vallejo et al. 2012). Different vegetation types are expected to vary in their contribution to
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fuel continuity and total fuel load. Vegetation shifts will lead to leaf trait and flammability
changes within communities that will influence future ecosystem properties and fire
regimes (Lavorel and Garnier 2002; Scarff and Westoby 2006; Magalhdes and Schwilk 2012;
van Altena et al. 2012; Zylstra et al. 2016). Evidence of covariation between leaf
flammability attributes and functional traits indicative of alternative resource-use strategies
are beginning to accumulate from a variety of systems (Scarff and Westoby 2006;
Magalhdes and Schwilk 2012; Murray et al. 2013; Grootemaat et al. 2015). Identifying
relationships between resource allocation trade-offs and the leaf flammability spectrum
across biomes would improve the predictive value of vegetation dynamic models (e.g. Fyllas
and Troumbis 2009; Zylstra et al. 2016) and help us describe past and future fire regimes

under changing environmental and socioeconomic conditions.

4.4.3 ECOLOGICAL AND EVOLUTIONARY DRIVERS OF LEAF FLAMMABILITY VARIATION

Flammability attributes’ variance emerged unevenly distributed across scales, revealing
that different ecological and evolutionary processes drive each leaf flammability
component’s values (Fig. 16-bar plots). These results indicate in which flammability
attributes future research efforts should focus, depending on the questions they seek to
answer and the ecological scale they study. The “Region” and “Site” scales account for the
majority of the explained variance in ignitibility and combustibility (70 % in both, 32 % in
sustainability and 10 % in consumability), suggesting that these flammability attributes show
greater sensitivity to large scale environmental gradients (i.e. climate, soil, topography).
Plants acclimated to hotter, drier and nutrient-limited conditions carried more conservative
leaves that resisted ignition for longer (Fig. 16-lollipop plots, Table 5). At nutrient-poor, but
wetter sites plants could support larger leaves that were more combustible. At lower
elevations individuals carried combustible leaves that ignited faster since less energy is
required for water evaporation. However, only a small fraction of this environmental
variability was observed at the “Site” scale. The small amount of variability between
neighbouring sites implies that strong filtering processes operate on the overall distribution
of leaf flammability components’ values within a region. Environmental filtering creates soft
constraints at the individual to community scales that can change over short temporal and

spatial gradients as the environment changes (Pausas et al. 2012; Pausas and Keeley 2014).
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Local changes in moisture and/or nutrient availability may trigger vegetation (and functional
traits) shifts that could limit the range of successful flammability syndromes in a community.

Nonetheless, a number of species can pass the filtering process by displaying alternative
flammability syndromes (with qualitative differences in survival or reproduction) that offer
equivalent fitness. Interspecific variation manifested mainly at the “Genus” scale accounts
for the majority of the explained variance in consumability (70 %) and sustainability (49 %,
21 % for combustibility and 15 % for ignitibility). Many thermo-Mediterranean species carry
conservative leaves with greater proportion of dry matter in relation to saturated weight
that display slower production of biomass, longer lifespan and more efficient conservation
of water and nutrients (Wright et al. 2004; Grime 2006), and not all of them are reprouters.
These leaves took longer to ignite, but they were consumed to a greater extent releasing
more heat. Leaf shape and size vary greatly among the measured species and were found to
determined fire sustainability and spread rate. Larger leaves exhaust fire faster due to
better ventilation (Scarff and Westoby 2006; Cornwell et al. 2015). Aeration between leaves
increases oxygen availability and allows thermal radiation to extent further.

One possible limitation of previous flammability studies is that they were performed on
few individuals, omitting biologically relevant intraspecific variability. While conspecific
plants are systematically treated as identical in terms of their flammability, species-mean
values may underestimate a species ability to respond (i.e. survive, grow, and reproduce) to
community and fire regime changes (Pausas et al. 2012). Indeed significant amount of the
explained variance for all flammability attributes (10 — 20 %) was detected at the
“Individual” scale, driven by plastic differences among conspecific individuals within
sampling sites established along environmental gradients. High levels of plasticity can
potentially blur interspecific differences, thus owe to be accounted for in studies comparing
leaf flammability among species. We propose that the full ecological and evolutionary
significance of flammability can only be understood in the context of its components’
variance.

Criticism about the evolution of flammability stem from the term itself, which should not
be treated as a single trait but rather as a spectrum, as well as from the disbelief that plants
can be driven by mechanisms unrelated to resource capture. Our results show that trade-
offs and constraints that define resource-allocation strategies across environmental

gradients appeared to drive leaf flammability syndromes as well. Of course many traits that
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promote (or inhibit) alternative flammability syndromes can be exaptations, i.e. adaptations
to other pressures (e.g. water and/or nutrient limitation, high solar radiation, herbivory)
(Troumbis and Trabaud 1989; Keeley et al. 2011; Bowman et al. 2014), but if the benefits a
species enjoys from damaging its competitors outweigh the harm its individuals’ suffer, then
higher flammability, or rather alternative flammability syndromes can increase fitness

(Mutch 1970; Bond and Midgley 1995; Zedler 1995; Schwilk and Ackerly 2001).

4.5. Conclusions

We report that leaf flammability in thermo-Mediterranean vegetation is a continuous
two-dimensional spectrum defined by its four attributes and driven by resource allocation
trade-offs (Fig. 15, Table 4). Smaller leaves sustained combustion for longer, while larger
leaves were more combustible and extinguished fire faster. Acquisitive leaves ignited faster,
but conservative leaves were consumed to a greater extent releasing more heat. Species
with distinct resource-use strategies growing along environmental gradients displayed
alternative leaf flammability syndromes with different ecological impacts that increase their
survival or reproduction under frequent fires. These syndromes can be captured by plants’
resource-allocation trade-offs in response to environmental pressures (Fig. 16, Table 5). We
discovered that different ecological and evolutionary mechanisms operate independently on
each flammability attribute, creating considerable leaf flammability variation. Strong
environmental filtering limits the successful leaf flammability syndromes that can persist in
a community. However, inter- and intra-specific differences in flammability attributes
among individuals with alternative resource-use strategies can promote fire-vegetation
feedbacks that will favour particular flammability syndromes, influence ecosystem
properties, and affect future fire regimes. Linking plant resource economics with the leaf
flammability spectrum on a global scale could open new research avenues in a world facing

fast vegetation and socioeconomic changes.
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5. Zulntnon

5.1 @awoturnikn cuvdlakipavon otn 0eppuodiAn pecoyeiakny BAdotnon

5.1.1 TO ®AIMA ENIMEPIZMOY TQN MOPQN

MeAETWVTAC CUOTNUATIKA TNV evdoelSIkA Kal Staeldikr dtakupavon (Fig. 8, Mapaptnua
7) kar tnv oAAnAocuoxéton (Figs 5 & 6, Mapdptnua 8) €vieka AELTOUPYLKWY
XOPOKTNPLOTLKWY, TIOU QVTIKATOMTPL{OUV TO GACHA TWV OLKOVOULKWY 0AOKANPOU Tou $puTou
Katd unAko¢ meplBarioviikwyv Babuibwv (Mapdptnua 6) oavayvwplotnkav LOXUPES
avtiotabuioelg Kal GavoTuTiky) cuvSlakupavorn, avadelkviovtog Eva ocuvexopevo paopa
ETUUEPLOPOU TWV TIOPpwV otn BepuddAn peooyelokn BAaotnon (Fig. 7, Table 2). O mpwtog
afovag OSlakvpavong (32 %) aviutopaBEtel ATOHA TIOU OKOAOUBOUV OTPATNYIKEC
arnodoTikAG Slatpnong Twv MOPWV PE AELTOUPYLKA XOPAKTNPLOTIKA Ta omola poodEépouv
avoxn otnv katamovnon (okAnpoduliol Bauvol kat kKwvodopa, OeTIK CUOXETLON UE TOV
afova 1), pe atopa mou PEPOUV AELTOUPYIKA XAPOKTNPLOTIKA TA OTOL0 TOUG ETLTPETIOUV VAl
EKUETOAAEVOVTAL AUETA TOUG TTEPLOSIKA SLaBEoioug MOpouG Kal amodeUyouV TG SPLUELES
TepLodouc (emoxtka Stpopdika xopaiduta, apvntikr) cuoxEtion pe tov afova 1). Autog o
afovag Slakupavong CUUTEPIAAUBAVEL KAl ETIEKTELVEL TO GACUA OLKOVOULKWY Tou GUAAOU
(SLA, LNC vs. LDMC) ocuoxetilovtag To HE TEPLOCOTEPO SOULKA AELTOUPYLKA XOLPOKTNPLOTLKA
(6mwg LPC, LCC, Lyy, SWD). O beutepog afovag Stakupavong (27 %) oxetietal pe 1o pueyebog
Kall To oxipa tou GUANoU Kat Stakpivel atopa ou enevduouv oe peyaltepa GUAAA (SnA.
HeyaAutepn dwtoouvOeTikn emipavela) Ta omola Ba Toug emtpéPouv TNV Taxeia SEopeuon
Twv SlaBEouwv mopwv (mAatudpullot aslBaleic Bapvol, BeTikr) cuoxEtion pe Tov afova 2),
and outd ToU GEPOUV  AELTOUPYLKA XOPAKTNPLOTIKA T omoia «Buoidlouv» 1Tn
dwWTooUVOETIKA amoboTikoTNTA, AAAA EMLTPEMOUV TNV KOAUTEPN Slaxeiplon Tou vepou A TNV
armoduyn NG &npaociag (apvntik cuoxétion pe tov afova 2). ‘Evag tpitog dafovog
Slakupavong (14 %) mou ekdppdlel pa avTloTAOULON AVARECSO OTO TIAXOG KAl TO UAKOG TWV
dUAMWV Kol TNV TIUKVOTNTA Tou BAAOTOU, HOG EMITPEMEL VA SLOXWPLOOUUE EVOANAKTLKEC
«AUCELG» TIOU €XOUV QVOTTUEEL OL OWVEKTIKOL OTNV KATOMOVNGON OPYOVIOHOL ylot TO KOwo
MPOPBANUA TNG HELWHEVNG SL0Oe0IUOTNTOC TOU VEPOU TOU OvTIpeTwri{ouv: Belovoeldn
dUA\a o€ BAOOTOUG HE XOUNAR TIUKVOTNTA (EMOUEVWE UPNAOTEPN AYWYLLOTNTA), TA TIEVKA,

wWoTe va gléyxouv tn Bepvny Stamvon (Betikr) cuoxEétion pe tov afova 3), EvVavil HUKPWV
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dUMwvV og mukvoug BAaoTtolg, oL okAnpoduUANOL BAUVOL, WOTE VO HELWVETAL O Kivduvog
onnAaiwong (cavitation) (apvntikr cuoxetion pe tov afova 3).

AUTA TO MOTEAECOTA CUUPWVOUV UE EUTIELPLKEG LEAETEC TTO OAO Tov MAavnTn (Wright
et al. 2004; Diaz et al. 2004, 2016; Pierce et al. 2013, 2017). Ot U0 mMpwTtoL AEOVEC
StakVpavong (Leaf Economic Spectrum kau Size & Shape Spectrum) £€xouv avayvwploTel yla
O\a Ta avwtepa GUTA o€ MAyKOOULo emimedo (IxAua 1) emTpémovtac TNV Katataén toug
BAoel TwWV EVAANAKTIKWY TIPOCAPUOCTIKWY OTPATNYLIKWY TIOU UloBeToUV. MeAeTwvtag Eva
ULKPO aplOUO Hovo, eUKOAQ HETPHOLUWY, AELTOUPYLIKWVY XAPOKTNPLOTIKWY (Omwc SLA, LDMC
Kal La) pmopoupe va opadomnotjcoupe Toug GUTIKOUG OpYaVvIoHOUG cUUdwVA LE TOV TPOTIO
LE Tov omolo emnpealouv TN AELToupyia TwWV O0lKoouoTNUATWY ota omoia dtaflovyv (Pierce et
al. 2013, 2017). H peAETn TEPLOCOTEPWVY AELTOUPYLKWY XOPOKTNPLOTIKWY MUITOPEL va
amokaAUP el Tepattépw afoveg SlakUpovong Kal avtlotabuiosic mou emnpealouv TNV
eMPLwOLPOTNTA €VOG Opyaviopol o€ €va evdlaitnua avefaptnTwg TMPOCAPUOOTIKNAG
oTPATNYLKAG, Snuloupywvtag «SLadopeTIKEG AUOELS yla To (8lo TPOBAnUa». MOLOTIKEC
Sladopomoloel oTNV  TPOAYHATWON TWV  OWKOCUOTNUKWY Slepyaciwv TipoodEpouv
tooduvaun appootikotnta (equivalent fitness) oe Aettoupyikd opodloya €idn kat g€nyouv
TNV UTIAPXOUCA TIOLKIAOTNTO METAEY KOl EVTOC TwV KOWOTNTWV (Omw¢ mpoPAEmel o SUTAOC
OLKOAOYLKOG €Aeyxo¢ (Zxnua 2, Grime and Pierce 2012) kot mapatnpeitat otov dafova 3).
NELTOUPYLKEG TIPOOEYYLOELC €xouv amodelyBel Slaitepa XpNOWESC o€ CUVONKEG OTOU N
vewypadik KAlpako HeEAETNG R 0 apBuog twv ewWbwv amokAeiouv AdMou TUMOU

HLEBO0SOAOYLKEG IPOOEYYLOELG.

5.1.2 TO OAIMA THX EYOAEKTOTHTAZ

MeAETWVTAC CUCTNUATLKA TNV evSoeldikn kat Staeldikn dtakvpavon (Fig. 12, Mapdptnua
9) kat TNV aAAnAoocuoyetion (Figs 13 & 14) Twv TECOAPWV CUVIOTWOWV TNG EUGAEKTOTNTOG
(6nA. Taxutnta avadpAeéng, Siapkela, pubuod Kal cuvoAlkr) BepuoTnTa TIOU EKAUETOL KATA
™V Kavon) ota 6l atopa avayvwpilotnkay, yo mpwtn ¢opad, LoXUPEC avtlotabuioslg mou
kaBopilouv tnv eudAektoTnTA TWV PUAAWYV OTN BEpUODIAN pecoyelakr BAdotnon (Figs 14 &
15, Table 4). ®UA\a mou avadpAéyovtal Bpadutepa (slow ignitibility) kaiyovtatl kaAUtepa
€KAUOVTOC TIEPLOOOTEPN OUVOALKH BepudtnTta Katd tnv Kavon toug (high consumability),
evw GUAA Ttou Kalyovtal Pe 1o apyo puBuo (low combustibility) Statnpouv Tnv kavon yla

neploocotepn wpa (high sustainability). MapatnpoUpe OTL n gudAektoTnTA €lvol €va
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ouvexouevo ¢aopa pe dVo afoveg SLoKLUUOAVONG OPLOBETOUHMEVO QMO TIC TEOCOEPELC
ouviotwoeg tnG. O mpwto¢ afovag Slakupavong (45 %) oxetiletat pe T Sldpkela
(sustainability) kat Tov puBuo6 TN kKavwong (combustibility) kot cuppetaBaietal pe To paocua
ToU peyEBou¢ Kat Tou oxnuatog Twv GUANwv. Meydha ¢UAAa kaiyovtal ypnyopotepa Adyw
KAAUTEPOU OEPLOUOU TIOU ETUTPETEL MEPLOCOTEPO 0EUYOVO val KVeiTtaL avapeoa toug (Scarff
and Westoby 2006; Cornwell et al. 2015) (mAatuduArot aelBaleic Bauvol, apvNnTKN
ouoxéton e tov Adfova 1). O Sevutepog dfovag Swakupavong (36 %) ekdppdalel pia
avtiotabulon avapeoa otnv taxvutnta avadAeing (ignitibility) kot otn cuvoAwkn Bepudtnta
TIou eKAUETOL KOTA TNV Kavwon (consumability) kat ocuppetafdletar pe 10 ddopa
OLKOVOULKWY Tou ¢UAAou. DUAAQ QVveKTIKA oTnVv Katamévnon avadpAéyovtal Bpadutepa
oAAG ameAeuBepwvouy MeEPLOCOTEPN GUVOALKH BeppotnTa Katd tTnv kavon toug (aslBaleic
Bauvol kot mevka, OeTik) cuoxEtion Ue tov afova 2), evw GUAAO TIOU EMITPEMOUV TNV
taxeia S¢éopevon twv Slabéoilpuwy mopwv avadAéyovial ypriyopa oAAd Kaiyovtal AT
(xapaiduta, apvnTIK ) CUCXETLON LE TOV afova 2).

H ermuBeBaiwon tou pacpatog TG eUPAEKTOTNTOG O€ VO EUPOC LECOYELOKOU TUTIOU -KalL
OXL LOVO- oLKooUOoTNHATWY Ba umopouoe va emAUoel TToAAATAEG Stadwvieg kal va e§nynoeL
OVTLPOTIKA OTOTEAECHOTA TIOU TIPOKUTITOUV amd TV aoddeLlo TOU Opou Kol oo Tnv
EMeWPn €vOG eUPEWG amobeKTOU OLKOAOYKOU Kal eEeAKTIKOU Bewpntikol mAalciou
HEAETNG NG sudAektotnTag. H opadomoinon twv GUTIKWY OpPyavVIoUWV PBACEL Twv
XOPAKTNPLOTLKWY TNG EVGAEKTOTNTAG TOUG Uropel va amofel xpnoluotepn ya tn dlaxeipion
TWV TUpKaylwwy, tn ouvtaén KatoAoywv Gutwv KatdAAnAwv mpo¢ ¢UTELON OTIG
Slermudpaveleg GUOLKWV KAl OOTIKWV TEPLOXWY, TN dlatApnon omaviwv €Wwv Kol TLG
TPOOTIAOELEC AMOKATAOTAONG TNG GUGLKNG BAAOTNONC, amod TNV Katataér) Toug og Alyotepo
N TEPLOOOTEPO EVDAEKTA. EUMELPLIKEG UEAETEG QTIO PLOL TIOLKIALQL CUOTNUATWY €XOUV apXLoEL
VoL TIOPOUCLATOUV OUOCXETIOEL OVAUECA OE OPLOMEVEG QMO TI OUVIOTWOEG TNG
€UPAEKTOTNTOC KAl AELTOUPYLKA XOPOAKTNPLOTIKA EVOELKTIKA EVAANAKTIKWY TIPOCUPOCTIKWVY
OTPATNYLKWY ETILUEPLOUOU TwV Mopwv (Scarff and Westoby 2006; Magalhdes and Schwilk
2012; Murray et al. 2013; Grootemaat et al. 2015). H cuox£tion og aykoopo eninedo tou
ddopatog TG VPAEKTOTNTAG UE TO GACUA ETUUEPLOMOU TWV TIOPWV Oa pag eMITpEPEL va
BEATLWOOUHE TNV POYVWOTLKA SUVOUN TWV HOVIEAWV Katavoung Tt BAaotnong (m.x. Fyllas

and Troumbis 2009; Zylstra et al. 2016) wote va meplypdPoUUE Kal vo SLAXELPLOTOUE
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HEAAOVTIKA  KoBesotwto TupKayldg, Umo  peTaBoaAlOpeveg  TePLBAANOVTIKEG Kol

KOLVWVIKOOLKOVOULKEG CUVONKEG.

5.2 EVOAAQKTLKEG TPOCAPHOCTIKEG OTPATNYLKEG CUVUTIAPXOVTIWY, OeppuodiAwv
HECOYELOKWV puTWV

5.2.1 TA OIKONOMIKA TQON ©OYTQN ANTIKATOMNTPIZOYN THN EYOAEKTOTHTA TOYZ

To mopatnpoUpevo GACUA ETULUEPLOUOU TWV MOPWV TIOU O0PLOBETOUV T AELTOUPYLKA
XOPAKTNPLOTIKA TwV dutwv (Fig. 7, Table 2) paivetal va cuppetafdAietal pe to dpaopa NG
gudpAektotnTag Twv PUANwV otn Bepuodidn pecoyelaky BAdotnon (Fig. 15, Table 4). Eidn
Tou akoAouBouUv otpatnykeg Taxeiag déopevong twv Sltabéouwy mopwv (e upnAn SLA,
LNC kot LPC aAAd pewwpévn LDMC, LCC kat SWD) pmopouv va mapapeivouv AELToupyka
Spootrpla HOVO KOTA TOUG E€UVOIKOUC HNVEG Tou £Touc (6nA. ¢Owvomwpo pe avoln,
Arianoutsou and Diamantopoulos 1985) kat avaykalovtal va avitaAAdaéouv ta uPnAou
KOoToug (acquisitive) pUANA TOUC HE ALYOTEPO QMALTNTIKA KOTA TN SLAPKELX TNG BEPUAG KaLl
&npng Bepvng meplodou amoppintovidg ta (emoxikd Sipopdikd xapaiduta, R-selected).
Auta ta UM avadAéyovtal ypriyopa Kot datnpouv T PwTld ywo TOAAN wpa,
Sl0oTElPOVTAG TNV OTA YELTOVIKA TOuG dtopa, aAAd Sev mapdyouv TOAAN GUVOALKN
BepuoTNTO KATA TNV KOUON TOUG, TIPOAYOVTOC NTlaC €VIAonC TUPKAYLEG Tou Ba
evepyomotjoouv alkda dev Ba kapouv ta onéppata tnG edadikig tpanelag (Scarff and
Westoby 2006; Paula and Pausas 2008).

Jtov avtimoda ouvavtwvtol €(6n aVekTIkKA OtV Katamovnon Tou okoAouBolv
OTPATNYLKEG amodotikAg dlatipnong Twv mopwv (S-selected), avapeod toug ta MeEVKA TA
orola anodevyouv TNV adudatwon napayovtag moxég (ue vPnAn LDMC kat LCC) BeAoveg
Tou umootnpilovtal and BAAOTOUG HE XOMNAR TIUKVOTNTOL TIOU ETULTPEMOUV AUENUEVN
OyWYyLHOTNTA. TNV mapovoa £peuva oL TteukoPBeAoveg avadAcynoav Bpadltepa amo OAa Ta
dUAa ou peTpABNnKav, aAAd TauTtoxpova ameAeuBEpwaoay KoL TNV TEPLOGOTEPN CUVOALKN
Bepuotnta pe vPnAd xpovo MapaApovhC TNG PWTLAC. AUTA Ta amoTeAEopatTa g€nyolv TNV
Katdtafn Twv TMEUKWV OE OPLOPEVOUG KOTOAOYOUG OTa AlyOTEPO eVw O€ AAAEG OTa
TEPLOCOTEPO eVPAeKTO €16 AMO €PEUVNTEC TIOU UEAETOUV SLOPOPETIKEC CUVIOTWOEG TNG
€UPAEKTOTNTA TOUG. AUTO TO OUVOpopOo eudAekTOTNTOG KOoBuoTepel TtV avadAesn,
TPOCTATEVOVTAC TA TEVKA ATIO NTILEG TIUPKAYLEG, AAAQ OTav oL TteukoPBeAOvVeG avadAeyolv

Kalyovtal os uPnAéc Bepuokpacieg yia MOA wpa, s€amAwvoviog tnv Tupkayld. H
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avayévvnon Ttwv TelKwv PBaoiletat otn Snuoupyla emopkolC emiyslag Tpamelag
OTIEPUATWY, HECA O BpadUXwpoug KWVOUG TIOU TOPAUEVOUV KAELOTOL yLol Xpovia oTnv
KOMOOTEYN, Kal ot omoiot UTtd VPNAEG Beppokpaociec ameAeuBepwVoUV TA OTIEPUATA TOUG
tavtoxpova (Thanos and Daskalakou 2000).

To olvSpopo TNG okANPodUAALOG XapakTnpillel €6n HE HIKPA, TIAXLA, OVEKTIKA OTNV
katarovnon ¢UAa (xapnAn SLA, LNC, kat LPC kot unAn LDMC, and LCC). Auta ta ¢pUuAAa
apyoLv va avadAeyouv Kal €xouv XaunAo pubuo kavong, aneAeuBepwvovtag Leyaia mood
BepuoOTNTOC KAl SLOTNPWVTOC TN GWTLA yla LEYAAUTEPO XPOVIKO dtaotnua. Ot uTtO HEAETN
okAnpoduAloL Bauvol paivetal va dEpouv emiong Katl mukvoU ¢ BAaotoug, tou mpoodEpouv
HELWHEVN TtapoXN VEPOU ota PpUANA KOl EMOUEVWC LELWHEVOUG puBOUC dpwTooUVOeoNC Kal
avénong, alAd tautoxpova UYPnAoTepn OvOEKTIKOTNTA OtV fnpaocia kol auénuéva
noooota eniBiwonc (Grime 2006; Chave et al. 2009). To cUVSpoPO EUPAEKTOTNTAC AUTWV
TwVv UMWV o€ CUVOVOOUO E TOUG KOAA TIPOOTATEVEVOUG BAACTOUG TOUG KAt TV UPnAn
OVOYEVVNTLKA TOUG LKOWVOTNTO ETILTPEMEL OTOUG OKANPOPUAAOUC Bauvoug va emiBLwvouv
TMoAAAmAOUC KUKAOUG TTUPKAYLWV KOL VO CUVUTIAPXOUV UE £(6n mou avadAéyovtal ypriyopa
Kall SUMBAAOUV oTNV €EAMAWGON TNG TTUPKAYLAG.

Téhog, €idn mou emevéUOUV TOPOUC OTNV KATAOKEUN OPYyavwv ToUu oufdvouv Tnv
OVTOYWVLOTIK TOUG kavotnta, OnAadn peydAa GUAQ  (emMOpEVWE  HEYOAUTEPN
dwtoouvOeTIKn emidpavela) Kal MUkvVoUG BAaotoug (mou TapEXxouv SOULKN avioxn Kot
vdpauAiky Loopporia), katadepvouv va povomwAoUv Ttoug Slabéoluoug moOpoug o€
ouVONKEC AMUWV Katamovhnoswv Kal Siatapoywv (mAatupuliol aclBaleic Bapvolr, C-
selected). Autd ta €idn ¢épouv GUAAA pe uPNAA MOCOOTA UYPACILAG TIOU OTALTOUV
TIEPLOCOTEPN EVEPYELX yla va avadAsyolv kol va Siatnprnoouv tnv kavon. Etol
avadpAéyovtal Bpadutepa, kaiyovtal ypriyopa kal o€ uPnAég Beppokpacieg, petadepovtag
TO METWTIO TNG TIUPKAYLAG OTA YELTOVIKA TOUG ATOMA, MELWVOVTAG HE AUTOV TOV TPOTO ThV
urtepBéppavon toug €5adou¢ WOTE va MPOOTATEVCOUV TO UTIOYELO OVAYEVVNTIKA TOUC

opyava (Vesk and Westoby 2004; Scarff and Westoby 2006; Gagnon et al. 2010).

5.2.2 OIKOAOTIKEZ KAI EZEAIKTIKEZ MIEZEIZ

YUupudwva pe tov Hutchinson (1957) n olkoBéon evog eidoug pmopel va oploBetnBel wg
UTIEPOYKOG, HME OLAOTAOCELS TL OLKOAOYLKEG HETAPANTEG TOU, HECA OTOV OMoio To €160¢

uropetl va Statnpel Puwolpoug mMAnBuopoug. Xpnotwpomolwwvtag thv n-dimensional niche
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space puéBobo twv Blonder et al. 2018, n omoia Baciletal otnv W8€a tn¢ mMoAudLaotatng
olkoBéong, oploBetiBnkav oL Asltoupylkol (amd ta AELTOUPYLKA XOPOAKTNPLOTIKA) Kol
KAlpatikol (xoptoypadwvrtac dedopéva mopouciog Twv eldwv ota KAHaTKa dedopéval)
UTtEPOYKOL TV UTIO LEAETN elbwv otnv EAAGSa kat cuykpiBnkav wote va eAeyxBel o Babuog
™¢ aAAnAosmikaAuPrc toug (Fig. 10). MapatnpoUpe OTL TA UTO UEAETN €idn potpalovrol
LOXUPA AAANAETILKOAUTITOUEVEC KALLOTIKEG OLKOBEDELC. Q¢ K TOUTOU, OAAQYEC 0TV LYypOCLa
kay/n tn Slabeopudtnta Twy Bpemtikwv Ba emidpépouv alayég otn PAAoTnon Kol TNV
EUPAEKTOTNTA TNG, KOl EMOMEVWG OTOV XOPOKTAPA KoL tTn Asltoupyia twv BeppodAwv
HMECOYELAKWY OlkoouoTnUAtwy. Map’ 6Aa autd, pia oKL AELTOUPYLKA OHOAOYwY LWV
katadEpvouv Kal Eemepvouv Toug epBAAAovTIKOUC EAEYXOUG aKOAOUBWVTAC EVAAAOKTLKEG
OTPOTNYLKEG ETUMEPLOMOU TWV TOPWV TOU TpoodEpouv oodUvaun apPUOCTIKOTNTA
(equivalent fitness). Ta umd peAétn €i6n epdavilouv vPnAn Asttoupytkn SlakpLtoTNTA TOPA
Vv woxup aAlnAoemik@Audn Twv KALATIKWY TOUG oOlkoBéoswv. H datvotumiki
TIAOLOTLKOTNTA ETUTPETEL OTA £(6N va amokpivovtal o€ éva VPG BePEALWSWY TIEPLOPLOUWV
(6nA. katamovioewy, dlatapaxwyv Kol cuvONKWY AVTOYWVLOUOU) Kol amoTeAEl TNV mpwtn
UAN t™NG PUOLKAG ETIAOYAG.

MoooTiKomolwvTag TNV E£midpacn AEToUpyLlKwyY, Tomoypadlkwy, 85adoAoylkwv Kot
KALLOTOAOYLKWY XAPAKTNPLOTIKWY oTn StakUpavon KABe plag amd TG CUVIOTWOEG TNG
sudpAektotntag (Fig. 16-lollipop plots, Table 5) BpéBnke WG ATOUO TTPOCOPUOCUEVA OF
ouvOnkeg uPnAng katamovnong (dnA. oe Bepudtepeg, ENPOTEPEG KAl PTWXOTEPEG QMO
armon OpeMTIKWY TIEPLOXEC) OQVANMTUOOOUV QVEKTIKA OTNV Katamovnon ¢UAAa Tou
avadAéyovtal Bpadutepa. KabBwe pewwvetal n mieon tng Enpaciag (dnA. o€ TePLOXEC Ue
vPnAoTEPQ TTOCOOTA BPOXOTTWONC) T ATOUO KATOPEPVOUV KOl OVATITUGOOUV HEYOAUTEPAQ,
TO QVIAYyWVIOTIKA ¢UAAa Ta omoia Kaiyovtal ypnyopotepa. Evw, oe yapnAotepa
VPOUETPA, IOV Ta eMELCOSLa Slatapaxn Kal oL avOpwTOYEVN G TILECELG ELVOL CUXVOTEPE,
€lén mou avamntvooouv enoxtkad, uPnAol KOoToug GUANA KATAPEPOUV VA EKUETAANEUTOUV
arnodotikotepa TG TEPLOSIKA eUPAVIIOUEVEG EUVOIKEG TIEPLOOOUG, OUWG aUTA T GUANQ
avadAéyovtal toxutepa Katd tn SlapKela tne Enpng meplodou, otav MALoV BplokovTtal ot
dUANOCTPWUVA.

H Aettoupyikn) mOKIAOTNTO Kol N StakVpavon otnv eupAektotnTa Twv BeppodAwv
HECOYELAKWY GUTWV OnULoUpyoUVTAL WG OTOKPLON OE €va €UPOG OLKOAOYLKWY Kal

€€eAIKTIKWV TILECEWV TIOU O.OKOUVTOL TTAVW OTOUG EKAOTOTE OPYAVLIOUOUG TIou Staflovv oe
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€va OLKOOUOTNHO, KOl MTOPEL €xouv yevetlkd Kot meplfalloviika aitia. Kabwg
SLadopeTIkEG TILECELG aoKkoUVTaL 0 SLaPOPETIKEG OLKOAOYLKEG KAlpaKeg Slaxwpilovtag To
TOOOOTO TNG HeTOPANTOTNTOC TIOU ToOpATnpPeital o kKABe KAlpaka, HmopoUUE va
EKTIUAOOUUE TNV emibpacn SladopETIKWY TIECEWV OTO AELTOUPYLKA XOPOKTNPLOTIKA TWV
dUTWV Kal OTLG CUVIOTWOEC TNG EUPAEKTOTNTAC TOUC. OpadomolwvTag TAELVOULKA CUYYEVN
AToMA Ao €va eUPOG EVOLALTNUATWY (OLKOAOYIKEC KALHOKEG «E(HOCH KAL KYEVOCYH) UTMOPOUE
VOl QTTOHLOVWOOUME TO TTOCOOTO TNG SLAKUUAVONG TWV XAPAKTNPLOTIKWY TOug tou odeileTal
otn TofWOoMKN Koataywyn Twv Oladopetikwv Oepuodplwv peocoyelakwyv sdwv. Evw,
opadomowwvtag TMANBuopolg  SladopeTikwy, ouvuTapxovtwv  edwv o BEoElg
SetypotoAnPiog Kot YewypadLkeg TeEPLOXEG (OLKOAOYIKEG KALHAKES «T€an SetyuatoAnpiacy
KOl KYEWYPAPLKI TIEPLOXN») UMOPOUKE VO SLAXWPLOOUE TO TOCOOTO TNG SLAKUAVONG TTOU
nipokaAeital ano neplBaANovTIKEG TILEOELC (6NnA. StaBabuioslg oto KA, TNV MOLOTNTA TOU
ebadoug, Vv Tomoypadia). TéEAog, TO TMOOOOTO TNG €VOOELWSIKAG Slakupavong Twv
AELTOUPYLKWV XOPOKTNPLOTIKWY KOl TWV OUVIOTWOWV TNG €UPAEKTOTNTAC (OLKOAOYLKN
KAlLOKa «dtopuo») avtikatomtpilel dtadopeg oto avamtulakd otddlo, tnv nAwia, KoL TNV
TAQOTIKOTNTA ME TNV OMold OUVUTIAPXOVTEG OPYaVIoUOlL amokpivovial OTLG LKPO-
TepBOANOVTIKEG TiLEOELG. H umtoAsumopevn pn €€nynBeica Stakvpavon amodidetal oe
Sladopomnooelg Hetafl Twv GUAAWY VOGS aTOUOU Kal o opAaApa pETpnong. Mapatnpoupe
OTL €va eVpoC SLAdOPETIKWY OLKOAOYIKWVY Kol EEALKTIKWY TILECEWV SpPOUV TIAVW OTA UTIO
MEAETN XOPAKTNPLOTIKA KOL CUVIOTWOEG TNG eVdAekTOTNTAS (Figs 9 & 16-barplots).

H taxvtnta avadAeténc (57 %), o puBuodc tng kavong (47 %) koL n CUYKEVIPpWON
dwodopou ota pUAa (37 %) mapouotalouv peyalutepn evaodnoia og PeyaAng KALLOKOG
TeEPBOANOVTIKEG TILEOELS (ONA. OLKOAOYIKEG KAlpakeg «U€on OSetyuatoAnpiac» Kal
KYEWYPAPLKA TTEPLOXN», AAAA KoL AAAQ AELTOUPYLKA XOPAKTNPLOTIKA O€ UKPOTEPO Babuod:
LNC 24 %, SLA 23 %, SWD 22 %, L 21 %, LDMC 15 %). MNap’ 6Aa autd, ota MePLoOcOTEPQ
AELTOUPYLKA XOPOAKTNPLOTIKA KOl OUVIOTWOECG TNG EVGAEKTOTNTOG £Vl LLKPO UOVO TIOCOOTO
(katd péco 6po 4 %) TG SLaKUUAVONG TOUG MOPATNPELTAL AVAPESA OE YELTOVIKEC BEOELG
SetypoatoAnyiog (owkoloyikn kKAlpaka «9€an SetyuatoAnyiagy», pe e€aipeon tig LPC 20 % kat
LNC 16 %). YmobnAwvovtag mwg Loxupol €AeyxoL aokoUpevoL amo TEPLBOAAOVTLKEG
napapétpou (environmental filtering) meplopilouv t0 €Upog TG SlakvpAVONG TWV
AELTOUPYLKWV XOPAKTNPLOTLKWY KAl CUVEPOUWY EUDAEKTOTNTOG TTOU UTTOpOUV va GEpouv oL

OpYOVLOUOL, OL omolol Katad£pvouv va eMBLWOOUV o€ €va TUTo evlaltpatoc. Aedopévou
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OTL KAOe £(60G €xel onUAVTIKA QAAQ YEVETIKA TIEPLOPLOKEVN LKOWVOTNTO VO HETABAAEL TN
dawoturikn Tou ékdpaon, ot mepLtBaAAlovtikol €Aeyxol ou §pouv MAVW OTA AELTOUPYLKA
XOPOKTNPLOTIKA TwV GUTWV KaBopillouv TIC KATOVOUEG TWV TIPOCAPUOOTIKWY OTPATNYLKWY
KaTd prkog mepBarloviikwy Baduibwv.

To meplocdtepa QMO TO UMO MEAETN AESITOUPYLKA XOPOKTNPLOTIKA, Kol €l8IKA Ooa
oxetilovtal pe To pacpa Tou peyEBOUC Kal Tou oxipatoc Twv GUAAWV (SSS: Lw 93 %, L. 86
%, La 82 %, La:Ba 54 %, LES: LDMC 57 %, L, 56 %, SLA 53 %), aAAQ kot n ameAeuBEépwon
Bepuotntog kKatd tnv Kavon (consumability 55 %), Bp€bnke otL kabopilovtal amd T
oTpaTNYLKA KUKAOU TwnNG Kot TNV Ta&lvouikr) B€on Tou ekAoToTE 0pyaviopol. Ouwg mapoTt
OMOELSN) ATOHMA OCUCTNMOTIKA OVTIHETWI{ovTal w¢ amapAdAlakta oOcov adopd ota
AELTOUPYLKA TOUG XAPAKTNPLOTIKA (cupmepAapBavopévng Kot TnG eudAekToTNTOC), PAVNKE
WG €va HLKPO HOVO Mooooto tng Slaeldikng toug Sladopomoinong spdaviletal otnv
KAlpaka Tou €ldoug (katd péco 6po 4 %). AvtiBeta, yUpw oto 10 % tn¢ Sltakupavong OAwv
TWV UTIO MEAETN AELTOUPYLIKWV XOPOKTNPLOTIKWY KOl CUVIOTWOWV TNG €UPAEKTOTNTOG
odeiletal o€ TAAOTIKEG Oladopomolioel; ovdApeca o€  OMOELS} ATOMd  €VTOG
SElyHATOANTITIKWY OE€0EWV  EYKATECTNUEVWY KOTA MAKOG TepLBarioviikwy Babuidwv.
YUnAn evboeldiky Aeltoupylkl TOLKIAOTNTA aufAvel TNV ALVOTUTIKI) TIAOOTIKOTNTA,
ETULTPEMOVTAG TNV cuVUTIOPEN LWV He UPNAA GAANAETILKOAUTITOUEVEG QVAYKEG VLA TIOPOUG
(Ashton et al. 2010). Movo péow TG ocupmepAnPng ¢ evOOELSIKNC TOLKIAOTNTAG OF
MEAETEG AELTOUPYLKWY XOPOKTNPLOTIKWY, CUMMEPAApBOVOUEVNG KAl TNG EUPAEKTOTNTAG,
UTOPOULE VO KOTOVOICGOUHE KOl VO EEETALCOUE TNV OLKOAOYLKA Kol EEAIKTIKY onpacio Twy
AELTOUPYLKWV XOAPAKTNPLOTIKWY KoL TNG EUPAEKTOTNTAG TWV GUTLKWV OPYAVLOUWV.

AudlBoArieg mepl t™ng €€EAENC NG eudAektotntag mnyalouv adevog oamo TV
anpoodloplotia Tou 6pou, Kal adetépou amd T «duoriotia» OTL Ta GUTA Umopouv va
QVaTnTUEOUV TIPOCOPUOYEG AOUVOETEG QMO TAL OLKOVOULKA TOUG, OL omoieg aufdavouv Tnv
gudAektotnTtd touc (Troumbis and Trabaud 1989; Keeley et al. 2011; Bowman et al. 2014).
Nwg eivat duvatov va wdeAolv €vav opyavIiopO «UTOKOTOOTPOPLKES» TIPOCAUPLIOYEG TIOU
au€avouv TNV eUGAEKTOTNTA TOU 08NYWVTOC OTNV KATAOTPOPI) TWV LOTWV TOU 1} OKOMO KOt
oto Bavatd tou; Avayvwpilovtog mwg n eudAektotnta Sev elval éva povodidotato
AELTOUPYLKO XOPOAKTNPLOTIKO, OAAG €val Ao OPLOBETOUEVO QMO TIC CUVIOTWOEG TNG, TO
omolo eAéyxetal amo 10 GACUO EMUPEPLOUOU TWV TOPWV Twv PUTWV, UMOPOUUE va

vebupwooupe OSladopeTikEC OXOAEG OKEPELG Kal va e€nynooupe mopatnpoUeva
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OVTLPOTIKA OMOTEAECHOTO A0 GUOLKA OLKOCUOTHMOTO armd OAo tov mAavnth. E€sAwTikol
TIEPLOPLOUOL KOl AVTLOTAOUIOELG TTOU SLETIOUV TIG OTPATNYLKEG ETLUEPLOUOU TWV TIOPWVY TWV
dUTIKWV opyaviopwy, paivetal va kabopilouv Kal Ta cUVSpopa TNS EUPAEKTOTNTAC TOUG.
Eav ta odpeAn mou amoAapufdavouv Ta £i6n and TNV AMWAELA TWV YELTOVWY TOUG UTIEPTEPOUV
™¢ {NUIAg mou udlotavtal Ta AToUd toug, Tote uPNAOTEPN €UPAEKTOTNTA, 1 KAAUTEPO
€VAAAQKTIKA oUVOpopa €UPAEKTOTNTAG, UIMOPEL vo QUENOOUV TNV QAVIAYWVLOTIKY TOUG

LkavoTnTa o€ €va SE60UEVO TUTIO EVOLALTAATOG KAl KOOEOTWE TIUPKAYLAG.
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6. Zupmnepacpata

1. To UMO HEAETN AELTOUPYLKA XOPAKTNPELOTIKA TIOU OVTIKATOMTPI{OUV TO OLKOVORLKA
0AOKANpoU Tou PUTOU KoL TNV EUDAEKTOTNTA TOU OploBeTouV évav moAudlaotato, Loxupd
OAANAOCUGCYKETI{OUEVO XWPO PBLWOLUWY TIPOCOPUOCTIKWY OTPATNYLKWY 0oTtn Bgpuodiin
pueooyelakn BAdaotnon. loxupot €Aeyxol amo neptBaiAovtikoug mapdyovteg Sltapopdwvouy
TN ouvBeon TwWV GUTOKOLVOTATWY KAl TNV TOKIAL TWV BLWOLUWY OTPATNYIKWVY ETMLUEPLOUOU
TWV TIOPWV Kol CUVOPOUWVY EUPAEKTOTNTAG KOTA HAKOG mepLBalioviikwy Babuibwv. Ta
Sladopetika €l6n obnyolvtal o  avanmodpeukteg avtiotabuioslg  peTall NG
TIOPOYWYLKOTNTAG, TNG EMLBLWONG KOL TOU OVTAYWVLOMOU TOUG LE TOUG YELTOVLKOUG TOUG
0pPYOVLOHOUC yla TOUG SLaBECLuoug TOPoUC.

2. Nap’ OAa oautd, onuavtik evOOeldIKr Kol SLaELSIK AELTOUPYLKN TIOWKIAOTNTO
ETUTPEMEL OE ATOMA Ao SLaAPOPETIKA, AELTOUPYLKA opdAoya €idn va cuvumdpxouv oTo i6Lo
€UpOoC MEPIBANAOVTLKWY CUVONKWV.

3. MeAetwvtag Kal TG TECCEPEL; OUVLOTWOEG TNG €udAekTOTNTOG, OTA (Sl ATOMA,
amodelkvUETOL OTL N eudAekToTNTA £lval €va ocuvexég, Sloblactato ¢Aacpa, To omoilo
OUMMETOBANETOL LE TO GACHA ETUUEPLOMOU TWV TTOPWV TwV GUTWV.

e OUMa uPnAol kdOTOUG E€TLTUYXAVOUV TNV Adpeon &€opeuon twv SlabBEoiuwy
nopwy, aduvatolv OUwWG VO TIOPOUEIVOUV AELTOUPYLKA Opacthipla Katd TN
Slapkela Twv dpueiwv meplodwv kat avadpAéyovtal ypriyopa (fast ignitibility).

e AVekTIKQ otnv Katamovnon ¢uAAa PpEPouv TIPOCOPUOYEC TIoOU auédvouv Tnv
EMPLWOLUOTNTA TOUG, OPWG Kaiyovtal KaAUTEPA ameAeVOEPWVOVTAG TTEPLOCOTEPN
ouvoAkn Bepuotnta (high combustibility).

o Mikpd ¢GUAAQ ETUTUYXAVOUV QATIOTEAECUATIKOTEPN Slaxeiplon tou vepou, aAAd
Kalyovtal yia teplocotepn wpa (high sustainability).

e OUMa pe peyaAutepn GWTOOUVOETIK  emudpAvela, TOU  QUEAVEL TNV
OVTOYWVLOTIK  TOUC LKavOotnTa, Koilyovtal He toxutepo pubuod  (high
combustibility).

4. To oUVOpPOHO €UGDAEKTOTNTOG E£VOG OTOUOU OUCXETIIETOL HE TNV OTPATNYLKA
ETUUEPLOMOU TWV TIOPWV TIoU akoAouBel kal TIG TEPPAANOVIIKEG TILECELG TIOU TOU
ookouvTal. EvaA\aktikd  ouvdpopo  €UPAEKTOTNTAC  TIPOOPEPOUV  TIOLOTLKEG

Sladopomnowoelg mou avéavouv tnv emPBiwon f TNV avamapaywyr VoG opyaviolou, Kot
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kaBopilouv TNV eMIPBLWOLUOTNTA TOU OTNV HETATIUPLKI KOWOTNTA. EVOOELSIKES KOl SLOELOLKEG
Sladopomnooelg otnv eVPAEKTOTNTA PUTWV UE EVOANAKTLKEG OTPATNYLKES ETILUEPLOUOU TWV
mopwv pmopel va odnyrnoouv oe aAlayéc otn BAAotnon, ol omoieg Ba emnpPedcouV TN

HEANOVTLKN AELTOUPYLA TWV OLKOCUOTNUATWY KoL TA KABECTWTA TIUPKAYLAG,.
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Napdotnpa 1. NpwtokoAAo nediov
Appendix 1. Field protocol

1. Je kaBe B€on SetypatoAniog §66nke éva KwoIKO dvoua.

2. To KwSLKO OVOUQ, Ol CUVIETAYUEVEG, TO UPOUETPO KOL O TIPOCAVATOALOUOG, TNG B€ong
SeypatoAnyiog kataypadnkav.

3. H kAion tou €b6ddoug petpnBnke pe tn XPHon KAWVOUETPOU Ot TEVIE SLOPOPETIKA
onuela kat AnpOnKe n Héon TLun.

4. To BaBog tou edddoug umoloyiotnke WG TO UNKOG Tou BUOLOUEVOU KOMMOTIOU MLOG
uetaAAkng Bépyag, n omoia pe tn Bonbeia BaplomolAag Bubiotnke péEXPL TO onueio
miou ntav duvatod, o€ nevie SladopeTikd onpeia kat AndOnKe n peEon TLun.

5. Aslypata eddadoug ouAAEXOnkav amd PAaBo¢ TPLAVIA EKATOOTWV UETA TNV
OTMOUAKPUVON TOU oOpyovikoUu opilovta amo meévie OladopeTikd onueia Kot
anoBnkeVTNKAV 0€ MAQOTLKEG, OPPayL{OUEVEG COKOUAEG.

6. Mévte vy, xwpic epdavr) onuadia Booknong N MPooBoAng amo évtopa f maboyova,
eVAAKA dtopa, eykateoTnuéva o€ NnAldAouota onpeia, katd mpotipnon teAeiwg
ookloota Kot 0tav auto dev eival ePIKTO, ATOUA HE TN ULKPOTEPN OKloon, EMAEXONKaV
tuxaia yla kabe eibog evéLadEpovtog.

7. H emloyn Twv atopwv €ywve pe T pEBodo tou tuyaiou meputdatou (random walk). Eva
tuxaio onueio emAéxBnke wg adetnpia oe kabe Beon deypatoAnyiag kat to Atopo
TIou BplokeTal ekel HeTPONKE. TN CUVEXELD, €vag Tuxaiog aplBuoc ano to 0 wg to 360
napdaxdnke pe tn xprion Aoylopkol tuxaiwv aplBuwyv. O aplBudg autog, kabopilel Tnv
€véeltn tne nuéidag, evw évag deltepog Tuxaiog aplBuog amod to 1 €wg to 9, kabopilel
Tov aplBud tov Bnudtwv mou odnyolV OTO EMOPEVO SELYUATOANTITIKO Onpelo. Itnv
TEPIMTWON TOU Kavéva Atopo 8ev amavioloe akplpwg TAVwW OTO onueilo, TOTE
ETUAEYOTAV TO MANCLECTEPO.

8. Ano kdBe dtopo mepinmou 500 g akpaio KAadAkia amod to eEWTEPLKA TUAMATA TNG KOUNG,
ue mAnpn £€kBeon otov NALo cUAAEXOBNnKav LE Mpooox wWote va Slatnproouv OAa Ta
dUAAa TTou dEpouV Kat ToToBeTABNKAV O XAPTLVEG GAKOUAEG yLa TN METAdOPA TOUG.

9. AmO kaBe atopo cUAAEXONKeE éva Koppatt fAacTtou.
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10. Apeoca peta tnv emniotpodn amod to medio ol XAPTWEC OAKOUAEC avoixbnkov Kat
armoBnkelvTNKAV O &NPO XWPO MEXPL TNV TEPALTEPW OvAAUON Twv SeyUATWV

(Mapaptiuata 2, 3, 4 & 5).

E€onAlopnog / AvaAwotpa
e GPS
e [utida

e KAwopetpo

e  MetaAAkn BEpya

e BaplomoUAa

e [avtia epyaciag

e O@tuapt

e Ativa

e MeloUpa

e [MAaotikeg odppayLllOUeEVEG COKOUAEG
e [evvATpla TUXOLWV aplOpwy

e KAadeutrpl

e [1pLOVL UE EMEKTELVOLEVO KOVTAPL
e XAPTLVEG OOKOUAEG
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Napdptnua 2. NpwtokoAAo epyaoctnpiou
Appendix 2. Laboratory protocol

10.

11.

12

13.

14.

Apeoa peTa tnv eniotpodn amnod to nedio tpla akpalo kKAadakia amo kabe atopo (ue
O0Aa Toug ta pUAAa avenada) TomoBeTAONKav og vepd Kal adEBnKav ylo TOUAAXLOTOV
10 wpeg 0g OUVONKEG OKOTOUC WOTE Va EMEADEL KOPEGUOG.

H Stdpetpog tng Statopng tou kABe KAaSLoU LETPAONKE E TIOXUETPO.

O GUVOALKOG aplBUOC GUAAWYV TToU PEPeL To KaBEva KataypadnKe.

Mévte vy, MANpw¢ aventuypéva GuAa i 10 BeAdveg emAéxBnkav amo kaBe kKAadakL
yla TLC LETPHOELG IOV Tteplypadovtal ota Bripata 6 - 14.

Itn meplmtwon Twv oLvBetwv GUANWY n  Keviplkky paxn adalpednke Kot
xpnotwuorowtnkav 6Aa ta puAAApLA TWV TIEVTE EMIAEYUEVWV GUAAWV yLa TIG LETPAOELG
Tou meplypadovtat ota Brpoata 6 - 14.

To péoo maxog UAAOU (Lrh) ava KAadAkL LETPABNKE PE TTOXUUETPO.

To péoo kopeopévo oe vepo PBapo¢ PpuUAoU ava kAadakt {uylotnke pe okpifela
TouAdyLotov 8U0 SeKaASIKWV.

Ta kopeopéva GUANa Tou KABe kKAadlou capwbBnkav NAEKTPOVIKA TomoBetnuéva o€
TETPAYWVLOMEVO Xapti (millimetre).

H péon mpoPBaiAopevn emidpaveta (La), mAatog (Lw) kot pnkog (L) puAou ava kAadakt
uTtoAoyilotnkav Pe Tn xprion tou Aoyloutkol Imagl, NHI, version 1.47 amno ta apxeia twv
NAEKTPOVIKWY COPWOEWV.

H moootnta ¢uAAikng emiddvelag ava povada Siatoung tou PAactol (La:Ba)
uTtoAoylotnke w¢ o Adyo¢ TNG Héong mpoPoaAlouevng emipavelag GpuAlou emi to
OUVOALKO aplOuo dUAAWY ava KAaSAKL TTPOC TN SLAUETPO TNG SLATOUNG ToU.

00co0 10 duVaTO CUVTOUOTEPA META TA TMPWTO OTASLO TwV UETPAOEWV Ta Oelypata

(dUMa kat BAaoTol) amoénpddnkav os kKAiBavo yia touAdytotov 48 wpec otoug 60 °C.

.To péoo &npd Papog ¢duAou ava kAaddkt luylotnke pe akpifela TouAdxLoTov

TECOAPWV SEKASIKWV.

H eldwkn emipdvela puAlou ava povada npng palag (SLA) urmoAoyiotnke wg o AOyog
¢ péong emipavetag puANou Pog To HECO ENpo BAPOG ava KAASAKL.

H neplexopevn Enpn pala ¢uAAou (LDMC) untohoyiotnke wg o Adyog Tou HECOU Enpou

BApoug mpog To PECO KOPEDHEVO O VEPO Bapog dUANOU ava KAaSAKL.
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15. Ao 1o umoAouno Seiypa 10 ypappdapla uvyl, MARPWC avemtuypéva ¢UANa amo Kabe
ATOMO KOVIOPTOTIORONKAV ylat VA UTIOAOYLOTEL N TEPLEKTIKOTNTA TOUG O OPEMTIKA
(Mapaptiparta 3 & 4).

16. Eva ypapudplo vy, mMANPWG avemtuypeva ¢UAAa amd kdabe dtopo amoénpdbnke o€
KA{Bavo yia touAdytotov 48 wpeg otouc 60 °C Kat amoBnKkeVUTNKE OE ENPaAVTrPLO yLa T
ektipnon eudpAektotntag (Mapdaptnua 5).

17.Eva koppdtt amoénpapévou BAactou amd kdBe dtopo {uyiotnke pe oakpiPfela
TOUAQXLOTOV TECOAPWV SeKASIKWV Kal EMelta BuBIOTNKE OE OYKOUETPLKO CWANVA WOTE
Va UTTIOAOYLOTEL 0 OYKOG TOU.

18. H ukvotnta BAaoctol (SWD) unoAoyiotnke w¢ o Adyog tn¢ Enpng palag mpog Tov Oyko

TOU TUNHaToG Tou BAactou.

E€onAlopnog / AvaAwotpa

e [AQOTKA TTOTHPLA

e [ayvuetpo

e Komidt

o  Dopntog Yndlakog Luyog akpifelag touddaxlotov dU0 dekadikwv
e TeTpaywVIOUEVO XOPTL

e [AQOTIKO KAAUTITPO

e  DopntdG oaAPWTNAG

e Xaptwol pakelot

e Aiokol/ taya alovptviou

e KAiBavog

e  Wndrakog Luyog akpifelag TouAdxLotov TEecoapwv SeKASIKWV
e MUAoOG dAeong GUTLKWV LOTWV

e ZInpavtrplo

e Silica gel

e [MAaotkad odppaylopeva doxeia

e  OYKOUETPLKOG CWARVAG

e AaBida
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Napaptnua 3. MPWTOKOAAO HETPNONG MEPLEKTLIKOTNTAC alwTou Kat avOpaka
Appendix 3. Nitrogen and carbon estimation protocol

1. Ta kovioptomotinpéva deiypata GuAwv amoénpadnkav oe KA{Bavo yla Touddxiotov 48

wpeg otoug 60 °C.

2. H meplektkotnta Twv GUAAWV Tou KABe atopou oe alwto (LNC) kal avBpaka (LCC)

UTIOAOYLOTNKE WE TN XPron €vOC oTolXEloMETPIkoU avaAuth (LECO, TruSpec Micro, St.

Joseph, USA), cUudwva pe T 0dnyLeEG TOU KATAOKEUAOTH).

3. 0,1 ypapudpla amoénpapévou Kol Kovioptomolnuevou Seiypatog ¢UAwY amd kabe

atopo luylotnkav MpECO o€ €AAOUA KAOOLTEPOU Kal odpayiotnkav o€ oxnua

odatptdiwv.

4. Ta odalpidla tomoBeTnBNKAV OTOV QUTOUATO SELYUATOAATTN TOU AVOAUTH, O omolog

Baoiletal otn pebBodoloyia tng avadpAséng Dumas.

4.1.

4.2.

4.3.

4.4.

4.5.

Ztnv mpwtn ¢don tng avaluong amopakpuvovtal amno to Selypa atpoodalpikd
oépla Ta omola eiyav eloéABeL otov avaAuth Katd tn Stadkaoio TnG YEULONG.

Katd tn SeUtepn dpdon to Seiypa sloépyetal otov kUpLo KAiBavo otoug 950 °C kat
katakAuletal pe kabapod o§uyovo yla dueon avadpAesn.

Mwa  Oelpd  UTIEPUBPWVY  QAVIXVEUTWV  UETPOUV TN  TEPLEKTIKOTNTO  TWV
OVOTITUOCOPEVWY aEpiwv og avBpaka kat udpoyovo.

Tautdxpova, 3 cm® TUARATOC ToU piypatoc Seopevovtal oe éva Bpoyxo, To 0fuydvo
adatpeital kot ta ofeidia Tou alwtou petatpénovral o€ alwto (Ny).

TEAOG €vac aviXVEUTHC OEPULKAG QyWYLULOTNTAC UTIOAOYLIIEL TNV TIEPLEKTIKOTNTA TOU

alwtou.

E€onAlopnog / AvaAwotpa

KAi{Bavog

AvoAuTtnc LECO TruSpec Micro, St. Joseph, USA

Wndrakog Luyog akpifelag TOUAdXLOTOV TECCAPWY SEKASIKWV
EAdopata kaooltépou

IndtouAa
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Napdptnuoa 4. NMpwtdékoAAo pétpnong neplektikotntac pwodopou®
Appendix 4. Phosphorus estimation protocol

Avtidpaotipla

Mpdétuno SidAvpa mapokatadikng dwodopikwv, 50 mgPO, -P /L: 0,2195 g
Slooévoupwodopikol kaliou (KH,PO,4) Cuylotnkav kot apawwbnkav oto 1 Altpo pe
OUTTILOVIOHEVO VEPO.

'O&Lvo daAvpa poAuBdavikwv: 125 g poAuBdatvikol appwviouv ((NHz)sMo70,4*4H,0)
fuylotnkav kat StaAvBnkav oe 400 ml amoviopévou vepoU pe Bépuavon. Adou To
Slahupa  emavnAOe oe Oepupokpoocia dwpatiou TmpootéBnkav 2,9 g tpuylkoL
koAtoavtipovuriou (K(SbO)CaH406*'/,H,0) Kkat StahiBnkav. To SidAupa tomoBethBnke
o€ Aoutpo mayou kat 1500 ml mukvou Beukol of€og (H,SO4) mpootéBnkav pe apyod
puBuS. Adou to ddupa emaviABe oe Bepuokpaocia dwuatiov apawwdnke ota 2 Altpa
E QTILOVIOMEVO VEPO Kal AmoBNKEVUTNKE OE GKOUPOXPWUO UITOUKAAL oTtoug 4 °C.

AwdAuvpa ackopPikou of€og: 105,6 g aokopPkol oféoc (CeHgOg) Tuyiotnkav oe
OyKOUETPKN GLdAn 1 Aitpou kat SaAUBNkav o€ amioviopévo vepd. To SldAupa
anoBnKeUTNKE GE OKOUPOXPWUO UITOUKAAL oToug 4 °C.

MwTo avtidpaotiplo: Mpéncsl va mapaokevaletal kadnueptva ppéoko. 20 ml amnod to
0fwvo SLaAuvpa poAuBdawvikwv kat 10 ml and 1o SdAupa ackopPlkol 0&€og
apoatwBdnkav oto 1 Altpo e QITLOVIOUEVO VEPO.

Aradikaoia

Ta kovioptomotlnuéva Seiypota duAwv Enpabnkav oe kAiBavo yia touldylotov 48
Wwpeg otoug 60 °C.

0,2 - 0,25 g anoénpapévou Kat kovioptomotnpévou Seiypatog puAAwY amnod Kabe dtopo
{uyilotnkav péoa os oBideg ano teflon.

5 ml HNOj3 kat 3 ml H,0, mpootéBnkav o kaBe oBiba péoa o amaywyo aepiwv Kot Ta
Selypota adbnkav ywo plon wpa ywol tnv eAelBepn amopdkpuvon Twv agpiwv

TipolOVTWVY NG avtidpaong.

© H xwveuaon Seypdtwy €yve pe T BOABELX LIKPOKUHATWY cUpbwv e T LéBodo Tou meplypddeTal anod

toug Matejovic |, Durackova A (1994) Comparison of microwave digestion, wet and dry mineralization, and
solubilization of plant sample for determination of calcium, magnesium, potassium, phosphorus, sodium, iron,
zinc, copper, and manganese. Communications in Soil Science and Plant Analysis 25:1277-1288.
https://doi.org/10.1080/00103629409369114. Kat o mpoadLoplopog tou dpwaoddpou ota StaAlpota Tne

XWveuong cupdwva pe tnv pEbodo mou meplypadetal and tnv US Environmental Protection Agency (1978)
Method 365.3: Phosphorus, all forms (colorimetric, ascorbic acid, two reagents). Retrieved from
https://www.epa.gov/sites/production/files/2015- 08/documents/method 365-3 1978.pdf
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10.
11.

12.

13.

OL oPidec avadeutnkav ehadpd, odpayiotnkav kol tomobetndnkav oe ¢oupvo

HLKPOKUMATWY Samsung MW?711K800 W yia 1 Aemtto ota 180 W, 2 Aemtd ota 300 W, 2

Aemtd ota 450 W, 10 Asmta ot 600 W, 1 Aemtod ota 100 W kat 10 Asmta ota 700 W.

OL oPBidec tomoBetiBnkav o Aoutpd mayou HEXPL va emavéABouv oe Bepuokpacia

Sdwpatiov péoa og amaywyo aepiwv.

OL oBideg amoodpayiotnkav yla vo ameAeuBepwoouy Ta A£pLA TOUC HECO O amaywyo

oeplwv.

Ta Seiypota mapandOnkav os GUYOKEVIPIKOUC CWANVEG HE KOTTAKL Kal apolwdnkov

ota 50 ml pe anoviopévo vepd PLEoa o€ amaywyo agpiwv.

MNapaokeuACONKE TO UIKTO avTLSpaoTrpLo.

MNa tnv avamtuén tou xpwpatog 2 ml SwaAbvpatog (deiypatog r mpotumou)

TonoBetnONKav 0g OYKOUETPLKA dLAAn Twv 50 ml kot n GLaAn cupmMAnPwONKE e ULIKTO

aVTLOPACTAPLO LEXPL TN Xapayh.

Ta Selypata adEBnkav yLo Hior wpa wote va avamtuyxBel to xpwpa (UmAs).

O mpoodloplopdg Tou dwodopou ota Selypata Eyve e HETPNON TNG anoppodnong Tou

(A) ota 880 nm pe t™ BonbBela pacuatopeTpou opatou — umeplwdoug LAMBDA 25,

PerkinElmer (Waltham, USA).

To daopatouetpo pundeviotnke pe ‘TudAd’ SldAupa, mou avti yla delypa n mpotumo

niepleixe 2 ml amioviopévo vepo.

To ¢aopatopetpo Pabuovounbnke oe nuepnola Baon pe tn UEBodo tTwv mpocOnkwv

YVWOTAC ToooTtnTac, we €€NG:

13.1. Amo 5 ml gvog belypatog tonoBetrOnkav o€ 3 cWARVEG.

13.2. 0,9 ml amoviopévou vepol TPOOTEONKAV OTOV TPWTO OCWANVA ylo TNV
avtiotdaduion tng apaiwong mou cuvéRatlve ota emopeva SltaAlpata.

13.3. 0,6 ml amoviopévou vepou kat 0,3 ml mpotUMoU SLAAUMATOG TTAPAKATOOAKNG
npootebnkav oto deUTePO cwAnRva. Auto avtiotolyoloe o€ pooBnkn 3 mg/L.

13.4. 0,9 ml npotumou SlaAvpartog mapakatabnkng mpootednkav otov Tpito cwAnva
TiPOKAAWVTAC al&Non TNg CUYKEVTPWONG Katd Img/L.

13.5. KoatoaokevdaoOnke kaumuAn Babuovounong tng popdng A = f (cuykévipwon)
oUpdwWvVA LE TO TOV VOUO Beer — Lambert, o omoiog dnAwvel 6tL n anoppodnon

elval avaioyn NG MEPLEKTLKOTNTOG TOU avaAUTn.
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14. Metpnbnke n amoppodnon kaBe OSelypato¢ kot pe T PBonbela TNG KOUMUANG
BaBuovounong umoAoyilotnke n ouykévtpwon Ttou o¢waodopou oto SldAupa TG

XWVEUONG KOLL OTN CUVEXELQ N TIEPLEKTIKOTNTA TOU delypatog Twv pUAWV o dpwadopo.

E€onAlopnog / AvaAwotpa

e Awo6évo pwodopiko Kaiwo (KH,PO,)

e  Wndrakog Luyog akpifelag TouddxLlotov Tecoapwv SeKASIKWV
e Inatoula kat Siokol Luylong

e  Kwvikég pLaAeg 1 Aitpou

e ATOVIOMEVO VEPO

e Y&poBoAéacg

e [AQOTLKO UTTOUKAAL 1 Altpou

e  MoAuBdatviko appwvio ((NHz)sMo70,4*4H,0)

e [lotApla, avadeuTtnpeg

e Tpanela BEppavong kat avadeuvong

e Tpuywd kahwoavtiovoo ((K(SbO)CaH406*'/2H,0)

e Aoutpo Tayou

e Oseuko 0L (H,S0,)

e  Kwvikn $LaAn 2 Aitpwv

e Kodg umoukaAl 2 Altpwv

e AckopBiko ofu (CsHgOg)

e Kade pumoukdAt 1 Aitpou

e Jidwvio Twv 20ml, BaBuovounuévo

e Jipwvia twv 10 ml, BaBpovounuéva kot aplBunpéva
e [loudp

e KAiBavog

e OPidec teflon pe ta kKAEWSLA TOUC

e XAPTIVEG ETIKETEC

e Nupkd o&u (HNO3)

e Yrepoéeiblo tou udpoydvou (H,0,)

e [upe€ okeVOG PE KATAKL Kot yavtia poupvou

e  Doupvog pKPOKLUATWY SamsungMW711K800 W

o (Duyokevtpikol cwAnveg twv 50 ml pe tig faoceLg Tou.
e  AUTOMOTN TUWMETA, LUTEG TILMETAG, TTAAOTIKEG TILTETEC
e  OYKOUETPLKEG PLAAEG Twv 50 ml

e AnBnTo xapti

o QaopatopstpoLAMBDA 25 Perkin Elmer, Waltham, USA
e KueAideg
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Napaptnua 5. MpwtokoAAo ektipnong euPAeKTOTNTOG
Appendix 5. Flammability estimation protocol

1. ‘Eva ypappaplo uytn, MANPWG aVEMTUYUEVA, antoénpapéva (os KABavo yia TouAdyLotov
48 wpe¢ otoug 60 °C) UNa amd kdBe Seiypa TomoBethONKav o KPUO TUPLAVTAPLO
(type 1400, Barnstead Thermolyne, Dubuque, USA). Ka®’ 6An tn Stapkela tn¢ kavong n
TIOPTO TIAPEUELVE OVOLXTH WOTE VOl tapatnpeeital To Selypa.

2. H pétpnon tou xpovou Eekivnoe dtav to uplavtrplo BepudvOnke otoug 60 °C.

3. Kataypadpnkav:

3.1. 0 xpovog gpdaviong Kamvou

3.2. 0 XpOvoG €KKivnon tn¢ mupoAuong, dnAadn n taxvtnta pe tnv omoia to Seiypa
avadpAéynke (ignitibility, sec, Anderson 1970; Gill and Zylstra 2005)

3.3. 0 XpOvoc otov omolo oAokAnpwOnKe n upoAucn

3.4. to Bapog tou Seiypatog (adou mpwta emaviABe oe Bepuokpacia dwuatiov) peta
TO TEAOG TNC KAUONG

4. Yrnoloylotnkav:

4.1. n &udpkela TNG Kawong tou Oelypatog, amod TNV ekkivnon €wg TO TEAOG TNG
TmupoAuong (sustainability, sec, Anderson 1970; Gill and Zylstra 2005)

4.2. 0 AOyog NG anwAelag palog tou Selypatog mpog To GUVOALKO Xpovo kauvong (amo
™V gpdavion kamvol €wg To TEAOG TNG MupoAuonc), dnAadrn o puBuoc g kavong
(combustibility, g sec™, Anderson 1970; Gill and Zylstra 2005)

4.3.n anwAewo palag tou Selypatog, wg €vOel€n NG OUVOAKNG BepupotnTac Tou

eKAVETAL KATA TtV Kavon (consumability, %, Martin et al. 1994)

E€onmAlopnog / AvaAwotpa

e [uplavtnplo type 1400, Barnstead Thermolyne, Dubuque, USA
e [opogAavivn kada

e XpovOueTpo

e  MetaAAKn Tounida

e  Wnoakog Luyog akpiBelag TOUAAXLOTOV TEGOAPWV SEKASIKWV
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Napdptnua 6. NepBAAAOVTLKY) ETEPOYEVELA AVANETA OTLG O£0EL SelypatoAnPiag Kat KoTd KOG TWV KOTAVOLWV TWV

UTto peAétn eldwv otnv EAAGSa

Appendix 6. Environmental heterogeneity among sampling sites and along species’ distributions in Greece

a. Topographic characteristics

b. Climatic characteristics

Lat Lon Elev. Asp. Slope HL | Tmean™  Tmeanw?  Teeason  Precan  Precwd  Precseason
minimum 35.0500 20.4747 2 0 0 0.46 9.7 18.0 50 444 5 24
g 1st quarter 37.0144 22.4908 200 40 11 0.72 13.1 22.1 58 553 19 48
g % E median 39.0225 24.0084 432 116 19 0.88 15.2 23.2 62 647 31 74
= E § mean 38.2648 24.2333 458 137 19 0.84 14.8 22.9 62 690 43 64
= § g 3dquarter | 393164 261645 602 230 25 095 | 164 242 66 766 74 81
= maximum 41.2312 26.5994 1298 349 41 1.10 18.6 25.5 75 1197 113 87
S.D. 1.8 1.7 312.2 1133 9.9 0.2 2.1 1.8 6.8 164.9 31.8 21.0
mean 38.2549 24.1267 472 142 20 0.82 14.7 22.8 62 687 45 62
Resprouters
S.D. 1.9 1.7 320.2 119.6 9.8 0.2 2.2 1.8 7.1 171.5 32.2 21.8
Broadleaved evergreen mean 38.2653 24.0498 422 119 23 0.77 15.0 23.2 62 680 43 62
arborescent shrubs S.D. 1.9 1.8 220.7 1139 10.4 0.2 1.9 1.3 7.6 178.1 32.6 23.4
mean 38.4848 23.8206 480 135 25 0.73 14.6 22.9 64 678 49 58
Arbutus andrachne
S.D. 1.8 1.9 192.7 125.0 10.4 0.2 2.0 1.4 7.7 179.5 34.6 24.3
mean 38.1035 24.2187 379 107 21 0.79 15.4 23.4 61 681 39 65
Arbutus unedo
S.D. 2.0 1.7 235.0 106.6 10.2 0.2 1.8 1.3 7.5 182.0 31.4 23.0
Sclerophy"ousevergreen mean 38.2498 24.1651 498 154 18 0.85 14.6 22.7 62 690 45 63
arborescent shrubs S.D. 1.9 1.7 358.7 121.6 9.2 0.1 2.4 2.0 69 1693 322 21.1
mean 38.3957 24.1028 478 135 19 0.81 14.5 22.7 62 684 47 61
Phillyrea latifolia
S.D. 2.0 1.7 3472 117.6 9.9 0.1 2.2 1.9 7.1 180.0 32.5 21.9
mean 37.3308 25.5794 165 174 16 0.90 17.2 24.6 57 660 16 81
Pistacia lentiscus
S.D. 2.0 0.9 151.8 118.9 9.4 0.1 0.8 0.5 5.5 100.2 7.5 6.3

85



..continuing from page 85 Lat Lon Elev.  Asp. Slope HL | Twmean®™ Tmean™@ Tseason  Precan  Prec%d  Precseason
mean 38.4609 23.7237 627 160 19 0.85 13.7 22.0 63 705 54 57
Quercus coccifera
S.D. 1.7 1.6 346.7 1271 8.9 0.1 2.2 2.0 6.6 1825 318 21.0
Seed mean 38.2789 24.3863 437 130 18 0.87 14.9 23.0 61 694 42 65
eeders
S.D. 1.8 1.8 3014 103.9 9.9 0.1 2.0 1.7 6.5 1563 315 19.7
mean 38.3277 24.0734 430 133 19 0.87 14.9 23.0 62 697 45 64
Chamaephytes
S.D. 1.8 1.8 309.4 102.0 10.3 0.1 2.2 1.8 6.7 158.7 329 19.9
mean 38.6142 23.5860 490 146 20 0.86 14.3 22.6 63 697 56 57
Cistus creticus
S.D. 1.8 1.8 338.6 104.3 10.8 0.2 2.4 21 7.1 180.2 354 21.1
mean 37.8182 24.9399 325 111 18 0.87 16.0 23.8 59 699 25 75
Cistus salviifolius
S.D. 1.7 1.6 2202  96.7 9.6 0.1 0.9 0.9 5.3 115.6  14.6 10.5
. mean 38.1505 25.2096 455 122 16 0.87 15.0 23.0 61 686 34 70
Coniferous trees
S.D. 2.0 1.3 286.6 111.0 8.7 0.1 1.6 1.4 6.1 153.6  26.6 18.9
mean 38.0198 25.6620 427 133 15 0.90 15.1 229 59 722 31 74
Pinus brutia
S.D. 2.2 1.0 3180 116.3 9.2 0.1 1.8 1.6 6.1 153.7 274 17.8
mean 38.6408 23.5133 558 81 22 0.79 14.5 23.1 65 551 46 54
Pinus halepensis
S.D. 0.8 0.6 53.1 88.6 3.2 0.1 0.7 0.3 4.2 21.0 22.2 15.1
c. Edaphic characteristics
WHC sand clay silt SOM SNC SPC SKC SMgC pH EC n
minimum | 42.89 28 7 4 0.2 0.43 0.001 0.016 0.08 5.5 36
Thermo-Mediterranean 1st quarter | 52.85 45 19 18 1.4 0.66 0.005 0.078 0.39 6.7 351
vegetation median | 58.62 55 24 20 2.3 1.10 0.488 0.129 0.78 7.3 543
mean | 62.03 54 25 21 2.5 1.35 0.360 0.180 1.14 7.2 642 65
3rd quarter | 72.63 63 29 25 3.2 1.70 0.525 0.273 1.48 7.8 968
maximum | 94.55 77 49 44 10.0 4.10 0.580 0.624 4.68 8.5 2020
S.D. 12.3 12.3 9.7 6.4 1.5 0.9 0.2 0.1 1.1 0.7 4186
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..continuing from page 86 WHC sand clay silt SoM SNC SPC SKC SMgC pH EC n
mean 64.13 52 26 22 2.8 1.47 0.336 0.192 1.15 7.2 649
Resprouters 50
S.D. 12.5 12.6 10.0 6.8 1.6 0.9 0.2 0.1 1.0 0.7 4344
Broadleaved evergreen mean 63.18 53 26 22 2.7 1.33 0.353 0.163 1.27 7.2 628 27
arborescent shrubs SD.| 131 14.5 11.4 5.7 1.8 0.9 0.2 0.1 1.3 0.6 3972
mean 67.26 51 27 23 3.2 1.49 0.332 0.170 2.00 7.5 689
Arbutus andrachne 14
S.D. 12.8 13.1 11.8 49 2.3 1.0 0.3 0.1 1.6 0.4 4035
mean 60.23 54 25 21 2.4 1.22 0.367 0.158 0.74 7.0 585
Arbutus unedo 19
S.D. 12.9 15.6 11.4 6.4 1.4 0.9 0.2 0.1 0.7 0.7 398.4
Sclerophy"ous evergreen mean 64.62 52 26 22 2.8 1.53 0.327 0.207 1.09 7.2 660 39
arborescent shrubs S.D. 12.3 11.7 9.3 7.3 1.5 0.9 0.3 0.1 0.9 0.7 4552
mean 66.52 51 27 22 3.0 1.54 0.321 0.209 1.30 7.2 677
Phillyrea latifolia 23
S.D. 11.4 12.2 9.4 8.2 1.4 0.9 0.3 0.1 1.0 0.6 458.8
mean 61.43 58 24 19 2.7 1.55 0.514 0.272 1.26 7.3 864
Pistacia lentiscus 11
S.D. 13.4 11.7 4.1 9.5 1.8 1.1 0.0 0.2 0.8 0.7 357.1
mean 64.51 52 25 23 2.7 1.53 0.260 0.182 0.89 7.1 572
Quercus coccifera 32
S.D. 12.7 11.3 10.3 5.9 1.5 0.9 0.3 0.1 0.7 0.8 473.0
mean 58.62 56 25 20 2.2 1.16 0.401 0.160 1.10 7.1 631
Seeders 49
S.D. 11.1 11.7 9.4 5.5 1.2 0.8 0.2 0.1 1.2 0.7 3953
mean 59.26 55 25 20 2.2 1.22 0.388 0.160 1.00 7.0 613
Chamaephytes 40
S.D. 11.7 12.8 9.7 6.4 1.3 0.8 0.2 0.1 1.1 0.7 382.7
mean 61.45 53 26 21 2.4 1.37 0.307 0.170 0.96 7.0 530
Cistus creticus 32
S.D. 13.4 12.6 10.3 6.3 1.5 0.9 0.3 0.1 0.8 0.9 396.5
mean 56.25 57 25 18 2.0 1.01 0.498 0.148 1.07 7.1 727
Cistus salviifolius 18
S.D. 8.4 13.3 9.1 6.3 0.9 0.6 0.04 0.1 1.4 0.6 3424
. mean 57.26 58 23 19 2.1 1.04 0.428 0.159 1.31 7.3 668
Coniferous trees 19
S.D. 9.8 8.6 8.6 2.3 1.1 0.7 0.2 0.1 1.3 0.8 4296
mean 55.49 60 21 19 2.0 0.88 0.477 0.156 1.28 7.1 699
Pinus brutia 15
S.D. 6.4 5.7 5.2 2.4 0.7 0.4 0.1 0.2 1.5 0.8 459.7
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..continuing from page 87 WHC sand clay silt SoM SNC SPC SKC SMgC pH EC n

mean 63.48 52 29 19 2.7 1.62 0.254 0.171 1.44 7.7 560

Pinus halepensis 4
S.D. 17.3 13.5 14.7 2.2 2.2 1.3 0.3 0.1 0.8 0.6 3313

1 Lat, o: Latitude; Lon, °: Longitude; Elev., m: Elevation; Asp., °: Aspect; Slope, o; HL: Heat Load; Tmean®, °C: mean annual temperature; Tmean"9, °C: mean
temperature of the warmest quarter; Tseason, S D.*100: temperature seasonality; Precan, mm: total annual precipitation; Precvd, mm: precipitation of
the warmest quarter; Precseason, coefficient of variation: precipitation seasonality; WHC, %: water holding capacity; sand, clay, silt, %; SOM, %: soil
organic matter; SNC, SPC, SKC, SMgC, mg g !: soil nitrogen, phosphorus, potassium, and magnesium contents; EC, uS cm-1: electrical conductivity; S.D.,
standard deviation
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Napdptnpa 7. Evieka AELTOUPYLKA XOLPOKTNPLOTIKA EVVEQ KUPLapXWV OEpLOPIAWV HECOYELOKWV ELBWV KATA KOG TNG
EAAGS QG
Appendix 7. Eleven functional traits of nine dominant thermo-Mediterranean species, measured across Greece

SLA LDMC Lth LNC LPC LCC La Lw Ly La:Ba SWD n

minimum 6.14 146.76 0.08 6.38 0.28 401.76 0.29 0.13 1.35 0.86 0.18
1st quarter 59.48 28491 0.26 10.63 0.65 466.49 1.78 1.00 2.36 9.25 0.71
Thermo-Mediterranean median 78.42 401.34 0.32 12.67 0.90 487.58 2.73 1.32 3.02 13.39 0.81

vegetation mean | 101.41 388.32 0.36 13.34 1.00 483.11 5.54 1.58 3.96 19.06 0.80 810
3rd quarter | 125.69 47454 0.43 15.79 1.21 498.47 4,92 1.80 5.55 23.47 0.88
maximum | 347.24 789.13 0.92 30.97 3.37 540.26 50.41 6.17 12.95 135.66 1.56
C.V. 0.58 0.31 0.39 0.28 0.48 0.04 1.28 0.67 0.56 0.81 0.17
mean 78.17 443.35 0.32 12.20 0.80 494.21 7.52 1.95 3.75 19.91 0.84

Resprouters 473
C.V. 0.41 0.22 0.28 0.28 0.40 0.02 1.15 0.59 0.54 0.90 0.12

Broadleaved evergreen mean 90.61 372.78 0.34 11.19 0.76 496.14 18.22 3.40 6.50 38.86 0.78 149
arborescent shrubs C.V. 0.40 0.21 0.21 0.28 0.42 0.03 0.45 0.29 0.17 0.52 0.12
mean 94.59 356.64 0.34 11.79 0.80 488.47 24.73 4.31 7.10 38.73 0.77

Arbutus andrachne 60
C.V. 0.37 0.22 0.19 0.30 0.48 0.02 0.29 0.17 0.13 0.44 0.11
mean 87.93 383.65 0.34 10.79 0.74 501.31 13.84 2.79 6.10 38.94 0.79

Arbutus unedo 89
C.V. 0.42 0.19 0.22 0.26 0.37 0.02 0.38 0.21 0.17 0.56 0.12
arborescent shrubs C.V. 0.38 0.19 0.30 0.27 0.38 0.02 0.47 0.26 0.22 0.60 0.12
mean 93.53 437.61 0.26 14.76 0.90 498.85 2.44 1.23 2.43 10.37 0.86

Phillyrea latifolia 110
C.V. 0.34 0.20 0.25 0.29 0.41 0.02 0.37 0.21 0.19 0.47 0.12
mean 51.78 477.22 0.43 10.63 0.59 502.31 1.89 1.00 2.35 17.64 0.90

Pistacia lentiscus 55
C.V. 0.22 0.12 0.26 0.16 0.39 0.01 0.27 0.16 0.15 0.60 0.07
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..continuing from page 89 SLA LDMC Ltn LNC LPC LCC La Lw Ly La:Ba SWD n

mean | 65.00 501.74 030 1191 0.84 486.38 295 1.43 2.57 9.54 0.86

Quercus coccifera 159
CV. 0.27 0.18 0.21 0.18 0.30 0.01 0.49 0.25 0.24 0.48 0.12
mean | 134.04 311.07 041 1495 128 467.54 2.75 1.04 4.25 17.88 0.74

Seeders 337
CV. 0.53 0.33 0.43 0.23 0.41 0.05 0.57 0.56 0.57 0.62 0.21
mean | 164.15 25878 033 1593 138 456.83 3.25 1.35 2.89 20.58 0.76

Chamaephytes 243
C.V. 0.37 0.25 0.39 0.20 0.40 0.03 0.48 0.26 0.22 0.57 0.23
mean | 171.71  252.88 032 16.62 155 457.79 3.29 1.35 2.97 16.37 0.73

Cistus creticus 153
C.V. 0.37 0.27 0.42 0.20 0.38 0.02 0.48 0.26 0.22 0.50 0.22
mean | 151.29 26881 036 1475 1.10 455.19 3.18 1.36 2.75 27.74 0.80

Cistus salviifolius 90
C.V. 0.34 0.22 0.34 0.19 0.32 0.03 0.47 0.27 0.22 0.49 0.23
mean | 56.20 446.25 062 1243 1.00 495.24 1.46 0.24 7.77 10.90 0.69

Coniferous trees 94
CV. 0.12 0.12 0.18 0.23 0.30 0.02 0.36 0.28 0.20 0.33 0.16
mean | 56.06 445.07 066 12.67 1.03 493.24 1.59 0.26 8.10 11.20 0.71

Pinus brutia 74
CV. 0.12 0.12 0.12 0.23 0.30 0.02 0.29 0.25 0.17 0.32 0.16
mean | 56.74 45059 047 1155 089 502.68 0.97 0.19 6.56 9.77 0.64

Pinus halepensis 20
CV. 0.10 0.11 0.15 0.21 0.24 0.01 0.45 0.23 0.27 0.36 0.12

2 SLA, cm? g'l: specific leaf area; LDMC, mg g'!: leaf dry matter content; Ly, mm: leaf thickness; LNC, LPC & LCC, mg g!: leaf nitrogen, phosphorus &
carbon concentrations; La, cm?: leaf area; Lw, cm: leaf width; Li, cm: leaf length; La:Ba, m2 m-2: leaf area-basal area ratio; SWD, g cm-3: stem wood
density;

3 C.V,, coefficient of variation
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Napaptnua 8. ZNHUOVTIKEG CUOXETIOELG avAETO oTa 11 AELTOUPYLKA XOAPOKTNPLOTIKA
Appendix 8. Significant bivariate relationships® among the 11 functional traits,

measured in Mediterranean lowland thermophilous vegetation along Greece

a. Thermo-Mediterranean vegetation n=_810 Differences
Functional traits B a R2 among groups
SLA  LDMC -0.43 (-0.44 to -0.41) 262.35 (255.02 t0 269.68)  0.60*** yes*rx
SLA Lth -381.6 (-355.84 t0 -409.23) 231.58 (221.4 to 241.76) 0.19*** yes*¥*
SLA LNC 14.37 (15.33 to 13.47) -92.69 (-105.19 to -80.18) 0.32%** yes***
SLA LPC 118.5(126.29to 111.2) -18.25 (-25.88 t0 -10.61) 0.38*** yes***
SLA LCC -2.41 (-2.27 to -2.56) 1264.24 (1193.43 to 1335.04) 0.37*** yestH*
SLA Lw 59.5 (64.28 to 55.07) 9.98 (1.93 to 18.02) 0.01 ** yes***
SLA La:Ba 448 (4.84 to 4.15) 19.7 (12.68 to 26.72) 0.03%* yes*ek
SLA SWD -387.02 (-358.69 to -417.59) 405.11 (381.11 to 429.11) 0.08*** yes***
LDMC Lt 947.21 (1015.99 to 883.09) 53.23 (27.24 to 79.22) 0.02%** yestr*
LDMC LNC -34.53 (-32.47 to -36.71) 844.05 (814.77 to 873.34) 0.2 %** yes*¥*
LDMC LPC -293.87 (-275.98 to -312.93) 671.5 (651.85 to 691.14) 0.227%** yestH*
LDMC LCC 5.65 (5.96 to 5.35) -2342.3 (-2488.68t0 -2195.91)  0.32*** yes***
LDMC La -3.95 (-3.67 to -4.25) 541.14 (524.88 to 557.39) 0.02%* yestrk
LDMC Lw -147.6 (-137.94 to -157.94) 601.77 (582.86 to 620.67) 0.03*** yes***
LDMC  LaBa -11.08 (-10.35 to -11.86) 577.73 (561.35 to 594.1) 0.077% yes*rk
LDMC SWD 952.69 (1019.22 to 890.5) -370.68 (-423 to -318.37) 0.08*** yes***
Lth LNC -0.04 (-0.03 to -0.04) 0.83 (0.79 to 0.86) 0.06*** yes*t*
Lrh LPC -0.32 (-0.29 to -0.34) 0.65 (0.62 to 0.67) 0.03*** yes **
Lin LCC 0.01 (0.01 to 0.01) -2.57 (-2.79 to -2.34) 0.01 ** yest
Lrh La 0 (0to0) 0.52 (0.5 to 0.53) 0.02%** yes***
Lth Lw -0.17 (-0.16 to -0.19) 0.6 (0.58 to 0.62) 0.10%*** yes*r*
Lrh Ly 0.06 (0.07 to 0.06) 0.11 (0.09 to 0.13) 0.20%** yes***
LNC LPC 8.93 (9.46 to 8.42) 4.62 (4.09 to 5.15) 0.36% yestrk
LNC LCC -0.17 (-0.16 to -0.18) 94.9 (89.62 to 100.17) 0.20%** No
LNC L, -1.7 (-1.58 to -1.82) 19.7 (19.14 to 20.26) 0.04% yes*ek
LNC SWD -27.35 (-25.38 t0 -29.47) 34.97 (33.31 to 36.63) 0.04%** yes***
LPC LCC -0.02 (-0.02 to -0.02) 10.31 (9.71 to 10.91) 0.26% yes*ek
LPC Lw -0.48 (-0.44 to -0.52) 1.65 (1.58 to 1.72) 0.01 ** yes***
LPC SWD -3.18 (-2.96 to -3.41) 3.49 (3.31 to 3.67) 0.09%** No
LCC Ly 10.13 (10.81 to 9.49) 444,05 (440.84 to 447.25) 0.08*** yes***
LCC SWD 164.2 (176.83 to 152.47) 352.9 (343 to 362.81) 0.04%** yestr*
La Lw 53.66 (55.77 to 51.63) -36.17 (-39.18 to -33.17) 0.90*** yes*¥*
La L. 26.24 (27.43 to 25.11) -41.69 (-45.29 to -38.08) 0.31%** yes*r*
La La:Ba 3.04 (3.25 to 2.84) -10.53 (-13.92 to -7.14) 0.42%** yes*¥*
Lw L. 0.49 (0.51 to 0.46) -0.06 (-0.15 to 0.02) 0.11%** yes*r*
Lw La:Ba 0.07 (0.08 to 0.07) 0.17 (0.08 to 0.27) 0.40%** yes***
L. La:Ba 0.16 (0.17 to 0.15) 0.84 (0.6 to 1.07) 0.14%** yes*r*
Ly SWD -17.05 (-15.88 to -18.32) 17.51 (16.52 to 18.51) 0.08*** yes***
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b. Broadleaved evergreen arborescent shrubs ‘ n =149
Functional traits B a R2

SLA LDMC -0.41 (-0.45 t0 -0.37) 239.81 (224.9 to 254.73) 0.65%**
SLA Ltn -420.83 (-478.86 to -369.84) 231.63 (212.49 to 250.76) 0.38%**
SLA LNC 10.57 (8.83 to 12.66) -30.17 (-52.09 to -8.24) 0.05 **
SLA LPC 109.61 (91.98 to 130.62) 4.81 (-10.24 to 19.85) 0.15%**
SLA La 0.4 (0.34 t0 0.47) 15.27 (2.59 to 27.95) 0.14%**
SLA Lw 30.94 (26.38 to 36.3) -17.55 (-35.16 to 0.06) 0.10%**
SLA Lo 28.83 (24.76 to 33.56) -99.58 (-128.48 to -70.67) 0.18***
SLA La:Ba 1.87 (1.58 to 2.21) 18.17 (4.98 to 31.36) 0.03 *
SLA SWD -369.39 (-441.7 to -308.92) 375.51 (323.34 to 427.67) 0.05%**
LDMC Ltn 1064.75 (915.61 to 1238.17) 6.7 (-49.98 to 63.38) 0.24%**
LDMC LNC -26.45 (-31.28 to -22.36) 668.18 (616.42 to 719.94) 0.11%**
LDMC LPC -278.97 (-332.69 to -233.92) 582.17 (542.73 to 621.61) 0.14%**
LDMC La -1.03 (-1.22 to -0.87) 556.54 (521.89 to 591.18) 0.09***
LDMC Lw -78.92 (-92.8t0 -67.12) 639.7 (593.55 to 685.86) 0.09***
LDMC Lo -72.41 (-84.94 t0 -61.72) 842.47 (765.69 to 919.24) 0.10%**
LDMC SWD 883.42 (750.67 to 1039.64) -316.96 (-430.34 to -203.59) 0.18***
Ltn LPC -0.27 (-0.31 to -0.23) 0.54 (0.51 to 0.58) 0.18***
Lrth La 0(0to0) 0.51 (0.48 to 0.55) 0.10%***
Lth Lw -0.07 (-0.09 to -0.06) 0.59 (0.55 to 0.63) 0.08***
Lrth Li -0.07 (-0.08 to -0.06) 0.78 (0.71 to 0.85) 0.16***
Lth La:Ba 0 (-0.01to 0) 0.5 (0.47 to 0.53) 0.04 *
Lth SWD 0.87 (0.73 to 1.05) -0.34 (-0.46 to -0.21) 0.03 *
LNC LPC 10.57 (9.12 to 12.25) 3.18 (1.98 to 4.39) 0.39%**
LNC LCC -0.24 (-0.28t0 -0.2) 130.34 (110.71 to 149.98) 0.06 **
LPC La 0(0to0) 0.11 (-0.01 to 0.23) 0.09%***
LPC Lw 0.27 (0.23 to 0.32) -0.18 (-0.34t0 -0.01) 0.07***
LPC Lo 0.25 (0.21 to 0.3) -0.88 (-1.17 to -0.59) 0.17%**
LCC La -0.16 (-0.19 to -0.14) 525.21 (520.07 to 530.36) 0.14***
LCC Lw -12.73 (-14.94 to -10.85) 539.31 (532.06 to 546.57) 0.18***
LCC L. -11.3 (-13.45 to -9.49) 569.47 (556.41 to 582.54) 0.06 **
La Lw 77.3 (74.43 to 80.28) -82.08 (-92.23 to -71.94) 0.94***
La Ly 73.74 (68.99 to 78.8) -296.68 (-328.68 to -264.68) 0.84***
La La:Ba 4.47 (3.82 to 5.22) 10.91 (-18.99 to 40.81) 0.09%**
Lw Ly 0.94 (0.86 to 1.03) -2.7 (-3.27 to -2.14) 0.67***
Lw La:Ba 0.06 (0.05 to 0.07) 1.18 (0.8 to 1.57) 0.07 **
Ly La:Ba 0.06 (0.05 to 0.07) 4.15 (3.71 to 4.58) 0.13%**
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c. Sclerophyllous evergreen arborescent shrubs | n =324
o : : Rz
SLA LDMC -0.31 (-0.34 to -0.28) 216.73 (201.93 to 231.52) 0.39%**
SLA Lth -252.61 (-279.31 to -228.46) 147.19 (139.17 to 155.21) 0.39%**
SLA LNC 7.29 (6.53 to 8.15) -20.85 (-31.04 to0 -10.67) 0.24%**
SLA LPC 73.5 (65.93 to 81.95) 11.13 (4.39to 17.86) 0.16***
SLA La 1.94 (1.73 to 2.19) 20.6 (14.18 to 27.02) 0.04%**
SLA Lw 64.79 (57.61 to 72.86) -12.72 (-22.81 to -2.64) 0.03 **
SLA SWD -245.42 (-277.02 to -217.43) 282.34 (256.32 to 308.36) 0.03 **
LDMC LNC -25.9 (-28.95 to -23.16) 797.16 (759.98 to 834.33) 0.14%**
LDMC LPC -269.2 (-302.09 to -239.88) 687.54 (660.81 to 714.27) 0.02 *
LDMC SWD 880.52 (784.36 to 988.47) -289.53 (-378.56 to -200.5) 0.02 **
Lth LNC -0.03 (-0.03 to -0.03) 0.67 (0.62 to 0.71) 0.10%***
Ltn LPC -0.29 (-0.33 to -0.26) 0.54 (0.51 to 0.57) 0.16***
Lrh La -0.01 (-0.01 to -0.01) 0.5 (0.47 to 0.52) 0.09***
Lth Lw -0.26 (-0.29 to -0.23) 0.63 (0.59 to 0.67) 0.09***
Lrh La:Ba 0.02 (0.02 to 0.02) 0.12 (0.1 to 0.15) 0.01*
Ln SWD 0.95 (0.84 to 1.07) -0.52 (-0.61 to -0.42) 0.05***
LNC LPC 10.26 (9.24 to 11.38) 4.21 (3.3 to 5.11) 0.28***
LNC SWD -33.35(-37.47 to -29.69) 41.27 (37.87 to 44.67) 0.01*
LPC LCC -0.03 (-0.03 to -0.02) 13.15(11.78 to 14.52) 0.06***
LPC La 0.03 (0.02 to 0.03) 0.13 (0.05 to 0.22) 0.04***
LPC Lw 0.89 (0.8 to 0.99) -0.33 (-0.46 to -0.21) 0.05***
LPC Ly 0.55 (0.49 to 0.61) -0.56 (-0.72 to -0.4) 0.03 **
LPC SWD -3.36 (-3.75t0 -3.01) 3.71 (3.39 to 4.03) 0.04%**
LCC La -1.02 (-1.15t0 -0.91) 519.54 (516.12 to 522.96) 0.02 *
LCC Lw -34.32 (-38.35t0 -30.71) 537.38 (532.28 to 542.49) 0.05***
LCC La:Ba 2.33 (2.07 to 2.61) 468.84 (465.6 to 472.09) 0.05***
LCC SWD 130.17 (115.68 to 146.47) 380.71 (367.26 to 394.16) 0.04***
La Lw 33.84 (32.48 to 35.24) -17.65 (-19.44 to -15.86) 0.84***
La L. 21.76 (20.62 to 22.96) -27.79 (-30.68 to -24.89) 0.64***
La La:Ba 2.27 (2.02 to 2.55) 1.24 (-1.87 to 4.35) 0.04***
La SWD -125.97 (-142.03 t0o -111.72) 134.11 (120.88 to 147.35) 0.02 *
Lw Ly 0.64 (0.59 to 0.69) -0.3 (-0.42 to -0.17) 0.53%**
Lw SWD -3.79 (-4.25 to -3.37) 4.55 (4.16 to 4.93) 0.03 **
Ly La:Ba 0.11 (0.1 to0 0.12) 1.31 (1.16 to 1.46) 0.05%**
Ly SWD -6.07 (-6.86 to -5.37) 7.72 (7.07 to 8.37) 0.01*
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d. Seasonal-dimorphic chamaephytes | n=243
o : . Rz

SLA LDMC -1.16 (-1.27 to -1.05) 454.35 (426.28 to 482.43) 0.32%**
SLA Lth -445.04 (-494.11 to -400.83) 308.8 (292.03 to 325.56) 0.35%**
SLA LNC 18.28 (16.32 to 20.49) -127.55 (-161.23 t0 -93.86) 0.29%**
SLA LPC 112.33 (99.91 to 126.3) 8.85 (-10.27 to 27.97) 0.26***
SLA LCC -4.88 (-5.62 to -4.24) 2393.18 (2075.81 to 2710.56) 0.03 **
SLA La 4.17 (3.68t0 4.72) 31.26 (13.15 to 49.37) 0.12%**
SLA Lw 174.12 (153.11 to 198) -71.24 (-102.71 to -39.77) 0.06***
SLA L. 90.02 (80.14 to 101.12) -96.71 (-127.65 to -65.77) 0.22%**
SLA SWD -382.56 (-434.04 to -337.18) 450.86 (413.13 to 488.6) 0.17%***
LDMC Ltn 418.46 (368.48 to 475.21) 113.84 (94.81 to 132.88) 0.06***
LDMC LNC -16.87 (-19.24 to -14.8) 518.92 (482.98 to 554.87) 0.03 **
LDMC LPC -103.21 (-117.54 t0 -90.63) 392.76 (372.91 to 412.62) 0.08***
LDMC La -3.89 (-4.43 to -3.42) 375.67 (357.75 to 393.59) 0.07***
LDMC Lw -164.14 (-187.39 to -143.77) 473.1 (442.64 to 503.55) 0.05***
LDMC L. -81.41 (-92.51 to -71.65) 486.35 (455.45t0 517.26) 0.06***
Lth LNC -0.04 (-0.04 to -0.04) 0.96 (0.88 to 1.04) 0.23%***
Ltn LPC -0.25 (-0.29 to -0.22) 0.67 (0.62 to 0.72) 0.08***
Ln La -0.01 (-0.01 to -0.01) 0.61 (0.57 to 0.65) 0.04 **
Lth Lw -0.37 (-0.43 to -0.33) 0.83 (0.76 to 0.9) 0.02 *
Lth Ly -0.2 (-0.23 t0 -0.18) 0.9 (0.83 to 0.98) 0.10%**
Ltn SWD 0.82 (0.72 to 0.93) -0.29 (-0.37 to -0.2) 0.16***
LNC LPC 6.25 (5.54 to 7.05) 7.43 (6.35 to 8.52) 0.25%**
LNC L. 4.94 (4.29 t0 5.67) 1.68 (-0.37 t0 3.72) 0.03 **
LNC La:Ba -0.31 (-0.35t0 -0.27) 21.94 (20.95 to 22.93) 0.03 **
LNC SWD -20.55 (-23.52t0 -17.95) 31.31(29.15 to 33.47) 0.07***
LPC LCC -0.04 (-0.05 to -0.04) 20.45 (17.7 to 23.2) 0.07***
LPC La 0.04 (0.03 to 0.04) 0.23 (0.05 to 0.41) 0.03 **
LPC Ly 0.79 (0.69 to 0.91) -0.92 (-1.25 t0 -0.59) 0.09***
LPC La:Ba -0.05 (-0.06 to -0.04) 2.29 (2.14 to 2.45) 0.02 *
LPC SWD -3.34 (-3.8t0 -2.94) 3.87 (3.53t0 4.21) 0.11%**
LCC La 0.84 (0.72 to 0.96) 430.53 (426.27 to 434.79) 0.02 *
LCC Lw 34.99 (30.39 to 40.29) 410.04 (403.14 to 416.94) 0.05%**
LCC SWD 76.47 (66.15 to 88.4) 399.5 (390.89 to 408.1) 0.03 **
La Lw 42.51 (40.78 to 44.31) -25.36 (-27.78 to -22.94) 0.91%**
La L. 21.75 (20.62 to 22.96) -30.28 (-33.66 to -26.89) 0.80***
La La:Ba 1.38 (1.24 to 1.54) 4.63 (1.29 to 7.97) 0.34%**
Lw Ly 0.53 (0.49 to 0.58) -0.17 (-0.3 to -0.05) 0.62%**
Lw La:Ba 0.03 (0.03 to 0.04) 0.71 (0.63 to 0.79) 0.35%***
Ly La:Ba 0.06 (0.06 to 0.07) 1.64 (1.47 to 1.82) 0.19%**
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e. Coniferous trees | n =94
P ' : v
SLA LDMC -0.13 (-0.16 to -0.1) 112.56 (99.39 to 125.73) 0.13%**
SLA Lth -58.82 (-74.55 to -46.41) 92.49 (83.61 to 101.37) 0.09 **
SLA LNC 2.25 (1.79 to 2.82) 28.34 (21.88 to 34.8) 0.09 **
SLA LCC -0.55 (-0.69 to -0.44) 328.12 (267.52 to 388.72) 0.07 **
LDMC LNC -18.8 (-22.52 to -15.7) 679.88 (636.98 to 722.78) 0.33%**
LDMC LCC 4.56 (3.7 t0 5.62) -1809.71 (-2285.63 to -1333.79) 0.06 *
LDMC La -10.28 (-12.74 to -8.29) 596.35 (562.73 to 629.97) 0.26***
LDMC Lw -813.24 (-988.06 to -669.34) 644.15 (604.73 to 683.58) 0.37%**
LDMC SWD 633.65 (516.4 to 777.52) 14.34 (-75.68 to 104.36) 0.15%***
Lth LNC 0.04 (0.03 to 0.05) 0.13 (0.02 to 0.25) 0.08 **
Ltn LCC -0.01 (-0.01 to -0.01) 5.49 (4.39 to 6.59) 0.06 *
Lth La 0.02 (0.02 to 0.02) 0.31 (0.26 to 0.36) 0.54***
Lh Lw 1.76 (1.49 to 2.08) 0.2 (0.12 to 0.27) 0.48***
Lth Ly 0.07 (0.06 to 0.09) 0.07 (-0.04 to 0.18) 0.22%**
Lth La:Ba 0.03 (0.02 to 0.04) 0.29 (0.21 to 0.37) 0.05*
LNC LCC -0.26 (-0.32 t0 -0.21) 139.43 (111.03 to 167.83) 0.06 *
LNC La 0.55 (0.45 to 0.67) 4.6 (2.94 t0 6.26) 0.19%***
LNC Lw 42.7 (34.96 to 52.15) 2.12 (0.02 to 4.22) 0.29%**
LPC SWD 3.3 (2.65t04.12) -1.27 (-1.78 to -0.77) 0.14%**
LCC La -2.21 (-2.75t0 -1.78) 526.85 (519.35 to 534.35) 0.07 *
LCC Lw -175.52 (-219.17 to -140.56) 537.21 (527.41 to 547.01) 0.09 **
La Lw 87.33 (78.15 t0 97.58) -6.39 (-8.74 to -4.04) 0.64***
La L. 3.23 (2.81 to 3.71) -10.85 (-14.4 to -7.31) 0.55%**
La La:Ba 1.45 (1.18 to 1.77) -1.17 (-4.59 to 2.25) 0.11***
Lw L. 0.04 (0.03 to 0.05) -0.07 (-0.13 to 0) 0.05*
Lw La:Ba 0.02 (0.01 to 0.02) 0.05 (0.01 to 0.09) 0.05 *
L. La:Ba 0.45 (0.37 to 0.55) 2.95 (1.96 to 3.94) 0.14%**

2 SLA, cm? g-1: specific leaf area; LDMC, mg g-1: leaf dry matter content; Lt,, mm: leaf thickness;
LNC, LPC & LCC, mg g1: leaf nitrogen, phosphorus & carbon concentrations; La, cm?: leaf area;

Lw, cm: leaf width; Li, cm: leaf length; La:Ba, m2 m-2: leaf area-basal area ratio; ; SWD, g cm’>: stem

wood density

3 Standardized major axis regressions, y =a + f x

4 (a) for the full dataset and (b through e) among 4 alternative life history strategies

5 In bold relationships that hold in all cases; in light blue panels relationships that hold in at

least 4 of the 5 groups; in dark blue panels relationships that shift among the 5 groups
6% p <0.05; *: p <0.01; ***: p<0.001
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Napdptnpa 9. Xapaktnplotikd eupAektotntag twv GUAAWV EVVEQR
Kuplapxwv 0epproPpAwv PECOYELOKWV ELOWV Katd pRKog TG EAAadag
Appendix 9. Leaf flammability attributes of nine dominant thermo-
Mediterranean species, measured across Greece

Flammability attributes Ignitibility Sustainability Combustl_blllty Consumability n
(sec) (sec) (gsect) (%)
minimum 500 184 6.44 104 75.3
g 15t quarter 818 315 1.3010-3 90.0
g % _E median 873 367 1.45103 93.4

L=

= E % mean 906 370 1.46 103 92.3 810
= % g | 39quarter 947 421 1.62 103 95.0
= maximum 1827 846 249103 99.5
C.V. 0.18 0.21 0.17 0.04
mean 939 367 1.50103 94.1

Resprouters 473
C.V. 0.19 0.22 0.18 0.02
mean 905 329 1.69 103 94.3

Broadleaved 149
C.V. 0.07 0.21 0.14 0.02

Arbutus mean 896 322 1.7010-3 93.6 60
andrachne CV. 0.08 0.20 0.14 0.02
mean 911 334 1.68103 94.8

Arbutus unedo 89
C.V. 0.07 0.21 0.15 0.01
mean 955 385 141103 93.9

Sclerophyllous 324
C.V. 0.21 0.20 0.17 0.02

Phillyrea mean 984 387 1.37 103 93.1 110
latifolia CV. 0.27 0.16 0.16 0.02

Pistacia mean 922 322 1.55103 93.9 cc
lentiscus CV. 0.08 0.20 0.11 0.02

Quercus mean 946 406 1.39103 94.5 159
coccifera CV. 0.19 0.20 0.19 0.02
mean 860 374 141103 89.8

Seeders 337
C.V. 0.16 0.19 0.15 0.05
mean 826 379 1.38103 88.0

Chamaephytes 243
C.V. 0.16 0.18 0.15 0.04
] ] mean 831 383 1.40103 87.7

Cistus creticus 153
C.V. 0.18 0.19 0.15 0.04

Cistus mean 818 372 1.34103 88.5 90
salviifolius CV. 0.09 0.17 0.14 0.03
mean 948 361 148103 94.6

Coniferous 94
C.V. 0.11 0.21 0.14 0.02
) ) mean 923 364 1.47 103 94.6

Pinus brutia 74
C.V. 0.09 0.21 0.12 0.02

Pinus mean 1042 350 1.52 1073 94.5 20
halepensis C.V. 0.10 0.23 0.20 0.04

3 C.V., coefficient of variation
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