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Abstrakt

Okrasné zahradnictvi predstavuje jeden znejvyznamnéjSich zdrojii invaznich a
potencialn¢ invaznich druhti. Péstované okrasné druhy nachézeji uplatnéni v Sirokém
spektru biotopt jako jsou zahrady, vefejné prostory ¢i pasy kolem silnic. V soucasné
dobé¢ ziskavaji na oblib¢ tzv. ,,smiSené trvalkové zahony*. Jejich hlavni vyhodou je, ze
vyzaduji minimélni péci oproti tradiénim zdhonim. Tyto zdhony nam mohou
poskytnout cenné informace o naturalizacnim nebo invaznim procesu jednotlivych

druhd.

Diky dlouhodobé monitorovanym trvalkovym zahoniim se zndmymi pocate¢nimi
vysadbami je mozné urcit pravdépodobnost uspéchu druhli v naturalizacnim ¢i
invaznim procesu. V této studii jsme se zamé&fili na ptezivani a Sifeni okrasnych taxonti
trvalkovych zahont zalozenych v letech 2006-2010. Dale jsme zjist'ovali, jsou-li tyto
dynamické ukazatele spojeny s funkénimi vlastnostmi (SLA, vyska a reprodukcni

vlastnosti), pficemz byly zohlednény fylogenetické vztahy mezi taxony.

Vysledky ukazuji, Ze prezivani taxonti zavisi pfedevsim na jejich vySce a generativnim
zpusobu rozmnozovani. Nejlépe ptezivaly druhy vysSi nez 1 m smasivni a
pravidelnou tvorbou semen. Ve vétSin€ zahonti doslo ke zméné dominanty oproti
ptvodni vysadbé. Nekteré taxony schopné tvofit dominantu, jsou také schopné se
ptesévat mezi jednotlivymi zahonky. Takovymi taxony jsou Aquilegia sp., Aster

dumosus, Knautia macedonica a Lychnis coronaria.

Kli¢ova slova: funk¢ni vlastnosti, naturalizace, okrasné rostliny, popula¢ni dynamika,

potencialn¢ invazni druhy, rostlinné invaze
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1 Uvod

Za zakladatele moderni invazni biologie je povazovan Charles Elton se svym
dilem The Ecology of Invasions by Animals and Plants (1958), ve kterém shrnul
tehdejsi poznatky oboru. V 90. letech 20. stoleti zaznamenava invazni biologie prudky
rozvoj. Problematika postupné prolind i do jinych obor a vénuje se ji stile vice

odbornych periodik a publikaci.

Nékterych invaznich druhi si v§imé uz Charles Darwin. Ten je zndm piedevsim
svou teorii o evoluci, ale pii svych cestdich zaznamenal také nckteré geograficky
nepluvodni druhy. Ve svém dile On the Origin of Species (1859) poukazuje na transport
hlodavct do mist, kde se diive nevyskytovali. Pfi cesté do Argentiny narazil na artycok
kardovy (Cynara cardunculus) a ostropestiec mariansky (Silybum marianum)
ptvodné se vyskytujici v oblastech okolo Stfedozemniho mote. Ve stejné dobé se
francouzsky botanik Alphonse de Candolle ve svém dile Géographie botanique
raisonnée (1855) zmiiuje o nepiivodnich druzich. Uvadi, Ze druhy neptivodnich rostlin
byvaji z rodd, které nejsou v puvodni flofe zastoupeny. AvSak pocatek zavlékani
neptuvodnich druhli je mozné klast jiz do obdobi vzniku ¢lovéka moderniho typu.
Milnikem migrace a zavlékani druhti byl konec posledni doby ledové (10000—-8500 pt-.
n. 1.). Potomto obdobi dochazelo k vyraznému otepleni klimatu, coz napomohlo
rozmachu neolitického zeméd¢€lstvi, piicemz se do stfedoevropského regionu sitily
predev§im polni plevele. Dalsi udalosti, kdy dochazelo k introdukci ptfedevSim
mediterannich druhi, je expanze Rise Rimské. Nejzasadngjsim obdobim jsou viak
udalosti kolem roku 1500, kdy se otviraji namoini obchodni cesty mezi Evropou a
Amerikou. Spojuji se tak dvé odlisné biogeografické oblasti, které¢ byly naposled
spojeny pevninskym mostem Beringovy uziny v pleistocénu. Druhy, které byly
zavle¢ené do Evropy pted timto obdobim, jsou oznacovany jako archeofyty. Druhy
zavle€ené az po tomto obdobi jsou ozna¢ovany jako neofyty. Postupnou globalizaci
se otvira mnozstvi cest pro nepivodni druhy a moznost osidlit nova izemi, do kterych
by se bez ptispéni ¢loveka nikdy nedostaly.

Rostouci pocet neptivodnich a invaznich druhi piisobi stale vétsi ekonomickeé
Skody (Pimentel et al. 2005), Skody na vefejném zdravi (Schaffner et al. 2013) a

ekosystémovych sluzbach (Heather et Dukes 2007). Boj s témito druhy se soustied’uje

predev§im na zvlast€¢ chranéna uzemi ¢i obecnou prevenci pienosu propaguli.
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Naptiklad naklady na management chrastice rakosovité (Phalaris arundinacea),
komonice bilé (Melilotus albus) a kiidlatky (Reynoutria sp.) na AljaSce za obdobi
2007-2015 ¢€inily 1,5 milionu USD (Schworer et al. 2012). Ojedinéle je provadén
celoplosny eradika¢ni management, ktery vSak byva velmi nakladny. Naptiklad
naklady na eradikaci ohnivych mravencu (Solenopsis invicta) v Australii se
pohybovaly kolem 300 milionti USD (Keith et Spring 2013). V Ceské republice jsou
naklady na likvidaci invaznich druhti za obdobi 2001-2010 odhadovany na 155
milioni K¢. Ztoho 25 miliond K¢ bylo vynalozeno na likvidaci bolSevniku

velkolepého (Heracleum mantegazzianum; Linc 2012)

Ucelené nazvoslovi tykajici se invazni biologie sjednotil Richardson et al. (2000,
Pysek et al. 2004, Balckburn et al. 2011). Ceské ekvivalenty vychazejici z této prace
shrnul Pysek et al. (2008). Stejna terminologie je pouZita v této praci (tab. 1).

Tab. 1 Vybrana terminologie tykajici se rostlinnych invazi pouzita v této praci (Pysek et al. 2004;
upraveno)

Cesky nazev Anglicky nazev Vysvétleni

Neptvodni, zavle¢eny druh Alien species, non- | Druh, ktery se do uzemi dostal ¢innosti

native, exotic | ¢lovéka nebo se zneptvodniho Uzemi
species samovolng $ifi
Archeofyt Archaeophyte Druh zavleceny v obdobi mezi rozmachem

neolitického zemédélstvi a rokem 1500

Prechodné zavleceny druh Casual species Druh piezivajici na uréitém Gzemi jen diky

opakovanému antropogennimu  pfisunu

diaspor

Zplanéni Escape Rozsiteni péstovaného druhu mimo kulturu

Naturalizovany druh

Puvodni areal

Neofyt

Neptivodni areal

Expanze

Invaze

Naturalized species,

established species

Native range,

primary range
Neophyte

Secondary  range,

invaded range
Expansion

Invasion

Zavleceny druh pravideln¢ se rozmnoZzujici

v neptivodnim aredlu bez piispéni cloveéka

Oblast ptivodniho rozsiteni

Druh zavleceny po roce 1500

Oblast druhotného vyskytu druhu

Siteni ptivodniho druhu

Siteni neptivodniho druhu




Impakt Impact Dopad
Invazivnost Invasivness Schopnost druhu invadovat urcita prostiedi

Invadovanost Level of invasion Vlastnost spolecenstva urcujici, do jaké

miry je spolecenstvo invadovano

Ptisun diaspor Propagule pressure | Mnozstvi a intenzita pfisunu riznych casti

nepuvodnich druhi do spoleCenstva

1.1 Obecny ramec (zvlasté rostlinnych) biologickych invazi

Zakladnim faktorem, na kterém je postavena celd ekologie invazi, je disperze
(Sifeni, rozSifovani). Disperze je pfirozenym procesem, ktery zajiStuje rozmisténi
organismil na Zemi. AC je disperze limitovana mnoZstvim bariér branicich Sifeni
organismil, mohou byt uritymi zpisoby piekonany. V soucasné dobé hraje jednu
z nejvetsich roli v Sifeni organismu a vytvareni piithodnych podminek pro piekonavani
bariér ¢loveék (Richardson et al. 2000, Nentwig 2007). Pfekondni bariéry je jednim z

prvotnich pfedpokladi pro moznou néaslednou invazi.

Biologické invaze je mozné vnimat jako soucast ekologie, zabyvajici se Sifenim
druhii mimo svij ptvodni aredl. Neni vSak mozné povazovat kazdy druh, ktery
rozSifuje svij aredl, za invazni. Jednim z rozhodujicich faktorti je dany neptvodni
aredl, do kterého se druh Siii. Takovy areal se musi liSit biogeografickou minulosti a
vyuzivanim krajiny (land use) od aredlu piivodniho (Di Castri 1989). Ani to vSak jesté
nezajisti organismu status invazniho druhu. Usp&s§ny invazni druh musi piekonat nejen
danou bariéru geografickou ale 1 bariéru environmentalni a reproduk¢ni. Musi tedy byt
schopen pfezit v novém prostfedi, mnozit se a také se uspéSné $ifit. Neptekonani
nékteré z téchto bariér znamend netspéch invaze (Richardson et al. 2000, Blackburn
et al. 2011). Nemén¢ dulezitym faktem je také urcitd mira dopadu na pavodni
spolecenstva, ekonomiku, ekosystémové sluzby ¢i vetejné zdravi (CBD 2006, Reaser
et al. 2007, Kumschick et al. 2012). S pfistupem pifekonavani bariér je spojena
kategorizace neplivodnich druhti na druhy pfechodné zavlecené, naturalizované a
invazni. Pfechodné zavleCeny druh neni schopen pravidelné reprodukce ve volné
prirodé a je v sekundarnim arealu zavisly na opakovaném pienosu propaguli (Pysek et
al 2004). Odhaduje se, Ze zhruba 10 % zavlecenych druhil je moZné klasifikovat jako
prechodné zavlecené. Podobné 10 % z ptechodné zavlecenych druhii v novém areédlu

naturalizuje. Pfiblizn€ stejné procento z naturalizovanych druhti se stane druhy
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invaznimi (Williamson et Fitter 1996). Toto pravidlo je velice hrubym odhadem,
protoZe pocet zavlecenych a ptfechodné zavleCenych archeofytli neni mozné stanovit
na rozdil od neofytl (Pysek et al. 2002b). V Ceské republice se odhaduje, ze 70,5 %
prechodné zavlecenych neofytl se uspésn¢ udrzuje, z toho 80,5 % naturalizuje a 19,5

% z nich je mozné povazovat za invazni (PySek et al. 2012b; Obr. 1).
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Obr. 1 Invazni uspéch/netspéch neptivodni flory Ceské republiky (Pysek et al. 2012b; upraveno).



Co se ty€e dynamiky invazi, je mozné rozd¢lit tento proces na ¢tyti obdobi od
nahodného zplanéni ¢i kratkodobého vyskytu pres tzv. lag-fazi (obdobi klidu), az k
obdobi exponencidlniho Sifeni a dosazeni nosné kapacity prostfedi (Richardson et al.
2000; Obr. 2). Z hlediska prevence a managementu jsou nejlepsi rané faze zavlékani,
kdy je mozné délat rizna opatieni s nejvétsi efektivitou a nejmensimi naklady
(Blackburn et al. 2011). AvSak nejzajimavéj$im obdobim z védeckého hlediska je lag-
faze, kdy dochdzi k adaptacim na mistni podminky. Kazdy druh ma tuto fazi rizné

dlouhou, coz souvisi se schopnosti piekonavat jednotlivé bariéry.
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Obr. 2 Koncept bariér umoziuje 1épe si pfedstavit proces invazi. Po pfekonani urcitych bariér je
mozné klasifikovat druh jako pfechodné zavleceny, naturalizovany ¢i invazni (Richardson et al.
2000).

Na rostlinné invaze je mozné nahlizet nejen z pohledu invazniho druhu ale také
z pohledu spolecenstev, kterd jsou invadovédna. Nejvice invadovanymi spolecenstvy
jsou obecné ta, ovliviiovand pravidelnymi disturbancemi, spolecenstva s dobrou
dostupnosti zivin a také spoleCenstva s véts§im piisunem propaguli (Chytry et al. 2008).
V Ceské republice jsou nejvice invadovana okoli mést a vesnic, aluvia velkych fek a

mista ponicend tézbou (Pysek et al. 2012b). Pokud se druh jiz stane invaznim, mize
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svym pusobenim umoznit naturalizaci a naslednou invazi dalSich druhi, protoze
dochdzi ke zméndm mutualistickych vztahil invadovaného spolecenstva (Simberloff et
Von Holle 1999). Tato spolecenstva mohou po Gspeésné invazi vykazovat fadu zmén,
jako je pokles biodiverzity, vytlateni a nahrazeni druhli s podobnou funkci ve

spolecenstvu ¢i zmény abiotickych podminek.
1.1.1 Hypotézy tykajici se rostlinnych invazi

Vinvazni ekologii existuje celd fada teorii, které se snazi vysvétlit
invadovatelnost jednotlivych spolecenstev. Nejznaméjsi z nich shrnuli Catford et al.

(2009). V nasledujicim piehledu jsou uvedeny nejvyznamnéjsi z nich.

Teorie biotické rezistence (Biotic Resistance Hypothesis) pfedpoklada, ze
kazdé spolecenstvo méa k obrané proti nové piichozimu druhu ur€ité obranné
mechanismy (rezistenci). Témito mechanismy mohou byt mezidruhové i
vnitrodruhové vztahy mezi organismy, napt. konkuren¢ni schopnost, predace nebo
parazitismus. Ne kazdé¢ spoleCenstvo vSak disponuje stejné velkou rezistenci, proto je
pro novy druh snadnégjsi prosadit se ve spolecenstvu s nizsi rezistenci a mit na néj
dopad. To znamend, Ze vyspéla, druhové bohata spolecenstva maji vétsi odolnost
k invazim (Elton 1958). Tato teorie se opira pfedevsim o teorii volnych nik (Theory
of Empty Niche), ktera tik4, Ze zavleCené druhy jsou schopné vyuzivat zdroje dosud
nevyuzité druhy domécimi. Tato teorie byla pozdéji doplnéna o aspekt rezimu
disturbanci, kdy pozbyva platnosti v ptipadé absence Castych disturbanci (Hood et
Naiman 2000). Na tuto teorii navazuje hypotéza kolisajici pristupnosti zdroji
(Theory of Fluctuating Resources Availability), kterd pojednavd o nachylnosti
spoleCenstva k invazim, pokud ma spolecenstvo vysoky podil nevyuzitych zdrojl.
Avsak dostupnost téchto zdroji hraje také velkou roli. Druhy z prostfedi bohatého na
ziviny alokuji mén¢ zdrojii do obrannych mechanismi proti herbivoriim, a proto tyto
herbivory pftitahuji. Je proto mozné piedpokladat vyssi GspéSnost invaze u druhii
pochazejicich z Zivinové bohatého prostfedi nez z prostiedi na ziviny chudého (Davis
et al. 2000). Dalsi hypotézou vysvétlujici Gspéch invazniho druhu na novych
stanoviStich je hypotéza evoluce vetS§i konkurenceschopnosti (Evolution of
Increased Competitive Ability; EICA). Hypotéza ptedpoklada, ze invazni druh se
v novém arealu nepotiebuje branit pasivni ¢i chemickou obranou, protoze se pii
zavlékani zbavuje pfirozenych neptatel (herbivofi, parazité), a tudiz mize alokovat

vice zdroji do tvorby biomasy (Blossey et Notzold 1995). Mnoho studii se timto
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tématem zabyvalo (Bossdorf et al. 2004, Capppuccino et Carpenter 2005, Hull-
Sanders et al. 2007), avSak zatim se nepodafilo Gplné potvrdit ¢i vyvratit platnost této
hypotézy. Pritomnost chemickych latek je naopak dilezitd pro teorii o pusobeni
alelopatickych latek (Novel Weapon Hypothesis), ktera ptredpoklada, ze
suchozemskou rostlinou vylucované alelopatické latky ovliviiuji vice druhy
v sekundarnim areélu, ale pro druhy v piivodnim areélu je jejich toxicita nizsi (Hierro
et Callaway 2003). Hypotézou tzce spjatou s teorii vét§i konkurenceschopnosti je
hypotéza tniku pred neprateli (Enemy Release Hypothesis). Ta predpoklada, ze
uspéch nové prichoziho druhu zavisi na absenci pfirozenych neptatel v nové
osidlovaném prostoru. Chybi zde piedevsSim specialisté, ktefi maji na novy druh
nckolikandsobné veEtsi dopad oproti generalistim, ktefi maji na vSechny druhy

podobny dopad (Keane et Crawley 2002).

1.2 Vlastnosti druhti jako indikatory jejich invazniho potencialu

Invazni potencial je definovan jako soubor ekologickych, fyziologickych a
biologickych vlastnosti, umoziujici druhu osidlit nové spoleCenstvo a zalozit
zivotaschopnou populaci (Elias 2001). Je tedy mozné definovat urcité vlastnosti, které
jsou spojené s uspeésnosti druhu a jeho invazibilitou. Jako prvni shrnul nékteré z téchto
vlastnosti Baker (1965) pod pojmem ,idedlni plevel“. Mezi né patii predevSim
reprodukéni vlastnosti, jako je tvorba velkého mnozstvi malych semen s dobrou a
rychlou kli¢ivosti a dobrou disperzi v prostoru, mohutny vegetativni rtst ¢i schopnost
regenerace z fragmentu rostliny. DalSimi vlastnostmi mohou byt velkd produkce
biomasy, samosprasnost, velkd kompeticni schopnost, velky primarni aredl ¢i maly

genom (Rejmanek 1995, Pysek et Tichy 2001, Pysek et al. 2018).

Usp&sné ifeni podporuje také zptisob prenosu propaguli. Kromé antropochorie
je velice uspéSnou formou pienosu diaspor také hydrochorie. Pocet druht
s podobnymi vlastnostmi je vSak obrovsky a mnohé nejsou invazni nikde na svéte.
Nezavisi tedy jen na vlastnostech druht ale také na vlastnostech invadovaného
spoleCenstva (Pysek 2001). Je vSak snahou takové druhové vlastnosti definovat a
specifikovat, protoze umoznuji odhadnout invazni chovani taxoni a jejich
naturalizani UspéSnost. Téchto vlastnosti se vyuziva napt. pifi testovani pied
povolenim dovozu, tedy zda druh ma ¢i nemd invazni potencial (tzv. ,,Weed Risk

Assessment“, Groves et al. 2001). Vlastnosti je také mozné kvantifikovat pomoci

14



funk¢nich vlastnosti rostlin (Rejmanek and Richardson 1996, Grotkopp et al. 2002).
Podle nékterych studii hraji zasadni roli pfedev§im reprodukéni vlastnosti, specificka
listova plocha (SLA) a vyska rostlin (PySek and Richardson 2007, van Kleunen et al.
2010).

1.3 Rostlinné invaze ve svété a v Ceské republice

Rostlinné invaze jsou v Ceské republice studovany jiz fadu let (Hejny 1948,
Hejny et al. 1973, Jehlik 1998, Pysek et Prach 2003). V soucasné dob¢ je u nas
zaznamenano 1454 neptvodnich druhti, z toho je 350 archeofytl a 1104 neofyti (Obr.
3). Jak uz bylo fe¢eno (kap. 1.1), mnozstvi naturalizovanych druhii se v Ceské
republice pohybuje kolem 23,3 % (Pysek et al. 2012a). To je hodnota podobna tém,
které byly zjisténé v jinych statech Evropy, naptiklad v Rakousku je to 25,4 % (Essl
et Rabitsch 2002) a na Slovensku 26,8 % (Medvecka et al. 2012). Obecné existuje
velky nepomér mezi poctem nepuvodnich archeofytii a neofyti. Dlvodem tohoto
nepoméru je fakt, Ze mezi neofyty se nachdzi mnozstvi druhd, které se nestanou
uspéSnymi invaznimi druhy. Oproti tomu pocet archeofyti je konecny, a zahrnuje
pouze usp&iné invadery (Pysek et al. 2012a). Pro Ceskou republiku byly sestaveny:
cerny seznam, Sedy seznam a seznam druhll vyzadujicich pozornost. Tyto seznamy
obsahuji druhy rostlin i Zivocichi klasifikovanych na zdklad¢ miry dopadu na Zivotni
prostfedi, invazniho statutu a nutnych managementovych opatfeni. Cerny seznam
obsahuje druhy s prokazatelnym dopadem na Zivotni prostiedi. Sedy seznam obsahuje
druhy s limitovanym dopadem a seznam druhii vyzadujicich pozornost druhy, které se
jesté nevyskytuji na uzemi Ceské republiky, ale ptisobi problémy v okolnich statech.
Celkové je v téchto seznamech zapsano 150 druhti rostlin. Z toho 78 druhti je zapsano
v ¢erném seznamu, 47 druhti na Sedém seznamu a 25 na seznamu druhd vyzadujicich

pozornost (Pergl et al. 2016).

Nejvice invadovanymi oblastmi jsou v Ceské republice oblasti termofytika
s vysokym vlivem lidské ¢innosti v okoli velkych fek a velkych mést (jizni Morava a
Polabska nizina) ¢i postindustridlni oblasti (Chytry 2012). V novodobé historii je
neptivodnich druhti. Asi nejvétsi udélosti v tomto ohledu byla druhd svétova valka,
kdy dochazelo k disturbancim nejen na ceském uzemi ale v celé Evropé. Tyto

disturbované plochy pak byly kolonizovany mnozstvim neptvodnich druht
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(Williamson 2005). V soucasnosti se v Evropé nachdzi odhadem asi 7923
nepuivodnich, naturalizovanych druhii (Pysek et al. 2017). NejvétSsim donorem téchto
druhti jsou oblasti kolem Sttedozemniho mote, a to jak archeofytd, tak i neofytti (PySek

et Jarosik 2005).
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Obr. 3 Neptivodni druhy Ceské republiky rozdélené podle doby zavleéeni a jejich dynamiky (Pysek

et al. 2012a; upraveno).

Z celosvétového pohledu nejvice neptivodnich naturalizovanych druha je
v Kalifornii a v nékterych australskych stitech (van Kleunen et al. 2015). Nejméné
téchto druhii se pak nachazi v tropické a temperatni Asii (PysSek et al. 2017). Avsak
z téchto oblasti je také nejmén¢ dostupnych dat, coz mlize mit podstatny vliv na
interpretaci. Otevieni obchodnich cest z Evropy do Ameriky piineslo na oba
kontinenty mnozstvi neptivodnich druhid. Pii porovnani jejich pocti mnohem vice
utrpél americky kontinent. Vysvétlenim mtze byt odlisSny vyvoj kvéteny obou oblasti.
Evropské druhy byly pii migraci béhem dob ledovych a meziledovych nuceny
piekonavat pohoii situované zapadovychodnim smérem nebo se na dané¢ podminky
adaptovat. Oproti tomu druhy na americkém kontinentu migrovaly pies pfi¢né bariéry
jen ziidka, protoze vétSina americkych pohoii je situovdna severojiznim smérem.
Evropské druhy tudiz ,,posbiraly* mnohem vice adaptaci nez druhy na americkém

kontinentu (Prach et PySek 1997, Kreft et al. 2007).
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Stabilita prostiedi je tedy jednim z kliovych faktort pro Groven rezistence vici
neptivodnim druhiim. Avsak nevysvétluje vétsi invadovanost subtropti a mirného pasu
oproti tropickému pasu. Vysvétlenim muze byt fakt, Ze v tropickych oblastech je vétsi
produktivita nez v jinych ¢astech svéta. Vysoka produktivita spolecenstva nedovoli
uchyceni vét§iho mnozstvi neptuvodnich druhli, kterym schazi adaptace na toto

prostiedi (Chytry et PySek 2008).

Tato teorie je vSak platna pouze pro pevninu, nikoli pro ostrovy. Bylo totiz
zjisténo, Ze pocet nepivodnich druhil na ostrovech stoupa se vzdalenosti od pevniny
(Pysek et al. 2017). Obecné tedy invazemi nejvice trpi vzdalené ostrovni oblasti (Elton
1958, Rejmanek 1996). Velkd invadovanost ostrovii se vysvétluje teorii volnych nik,
pficemz podle teorie ostrovni biogeografie (MacArthur et Wilson 1967) na ostrovech
chybi n¢které druhy, a tudiz nékteré biotopy nejsou obsazeny, coz vytvaii ptilezitost
pro druhy neptvodni. Jinym vysvétlenim mutze byt slabd konkurenceschopnost

ptvodnich ostrovnich druhi (Sax et Brown 2000).

1.4 Legislativni rdmec k invaznim neptivodnim druhiim

Legislativa invaznich neptivodnich druhti (IAS) neni v Ceské republice dosud
uspokojive feSena. St€zejnim narodnim pravnim piedpisem je zakon ¢. 114/1992 Sb.,
0 ochrané prirody a krajiny v platném znéni. Ten definuje geograficky neptvodni
druh jako rostlinu ¢i zivo€icha vysazeného €i zavleené¢ho mimo sviij ptivodni areal.
Zaroven zakazuje zamérné rozsifovani geograficky neptivodniho druhu bez souhlasu
organu ochrany pfirody. Dale je mozné zminit zdkon ¢&. 326/2004 Sb., o
rostlinolékarské péci v platném znéni, a vyhlasku €. 215/2008 Sb., o opatienich proti
zavlékani a rozSifovani Skodlivych organismil rostlin a rostlinnych produktii. Zakon ¢&.
449/2001 Sb., o myslivosti, v platném znéni, umoznuje vyvoz a dovoz zivé zvéte a
jejich vyvojovych stadii pouze se souhlasem organu statni spravy myslivosti. Zakon €.
289/1995 Sb., o lesich, v platném znéni, ukldd4 vlastnikiim pozemkil povinnost
preventivné zasdhnout a likvidovat Skodlivé organismy omezujici produkéni a

mimoprodukéni funkce lesa.

Avsak 1. ledna 2015 vstoupilo v platnost Narizeni Evropského parlamentu a
Rady Evropské unie ¢. 1147/2014 o prevenci a regulaci zavlékani ¢i vysazovani a

Sifeni invaznich neplivodnich druht (dale nafizeni o IAS) a Ceska republika ma
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povinnost toto nafizeni implementovat do své legislativy. Tento pravni ptedpis
stanovuje pravidla pro prevenci, minimalizaci a zmirnéni neptiznivych dopadi na
biologickou rozmanitost spojenych se zavlékanim ¢i vysazovanim IAS. Jak je jiz
patrné znazvu predpisu, dochazi jiz k rozliSeni mezi neptivodnim druhem a
nepuvodnim invaznim druhem, ktery definuje jako neptivodni druh s dopadem na
biologickou rozmanitost ¢i ekosystémové sluzby. Pomoci provadéciho natfizeni
Komise EU ¢. 2016/1141 ve znéni pozd&jSich piedpisii také stanovuje seznam
invaznich neplivodnich druhii s vyznamnym dopadem na Unii (unijni seznam). Tento
seznam schvaluji ¢lenské staty na zaklad¢ podkladi Védeckého fora. Seznam obsahuje
49 druht pisobicich $kody v EU, aviak neobsahuje nékteré v CR invazni a velmi
problémové druhy. Aby mohl byt druh zafazen na unijni seznam, musi byt neptivodni
na celém uzemi Unie, vyjma nejvzdalenéjSich regiont, musi byt schopny vytvofit
zivotaschopnou populaci alespon v jedné biogeografické oblasti spolecné alespon
dvéma clenskym statim a zaroven se musi prokazat negativni vliv na biologickou
rozmanitost, ekosystémové sluzby, hospodaistvi ¢i lidské zdravi. Tyto podminky
mohou byt pravé diivodem, pro¢ nékteré druhy suzujici Ceskou republiku na seznamu
nejsou. AvSak nafizeni o IAS také umoziuje pfijeti narodnich seznami IAS
s vyznamnym dopadem na ¢lensky stat. Na zéklad¢ téchto seznamit maji ¢lenské staty
povinnost realizovat preventivni, kontrolni, eradika¢ni a regulacni opatieni nebo
opatieni k napravé poskozenych ekosystémii. V Ceské republice zatim takovy seznam
vytvofen nebyl. Avsak zakladni dokument, ze kterého se ma pfi tvorbé narodniho

seznamu vychdazet, je jiz zmiflovany ¢erny a Sedy seznam (Pergl et al. 2016).

Tyto pfedpisy jsou disledkem iimluv, jejichZ je Unie smluvni stranou. Jedna se
o Umluvu o biologické rozmanitosti pfijatou v roce 1992 v Riu de Janeiru, ktera
zavazuje signatafe umluvy zabranit zavadéni, provadét kontroly a hubit cizi druhy
ohrozujici ekosystémy, piirodni stanovisté nebo druhy. Dalsi tmluvou, jejiz ratifikace
Unii zavazuje k zavedeni vhodnych opatieni k ochrané ptirodnich stanovist, plané

rostoucich rostlin a voln¢ Zijicich Zivoc€ichi, je Bernska imluva z roku 1979.

Vyznamnym evropskym pravnim ptfedpisem, ktery se tyka neptivodnich druht,
je také Narizeni ¢. 708/2007 o pouZivani cizich a mistné se nevyskytujicich druhu
v akvakultufe v platném znéni. Cilem tohoto pfedpisu je minimalizovat mozny vliv
cizich a mistné se nevyskytujicim a vSech necilovych druhii na vodni pfirodni

prostiedi.
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1.5 Principy zakladani a udrzby trvalkovych zahont a jejich vyuziti jako
pokusnych ploch

Trvalkové vysadby s vySSim stupném autoregulace a extenzivni Udrzbou
v soucasnosti ziskavaji na oblibé. Tyto vysadby nachédzeji Siroké uplatnéni pii
zatraktivnéni vefejnych prostor, past okolo silnic, kruhovych objezdd ale i
soukromych zahrad ¢i vefejnych zahrad a parkt (Forman 2016). Vyuziti
autoregulacnich principtl, tedy principli zaloZenych na znalostech rostlinné sociability
a zivotni strategie rostlin, kdy se vzdjemnymi interakcemi udrZzuje dynamicka
Vyhodou tohoto piistupu je zajisténi atraktivnosti a dynamiky vysadeb v Case, a to jak

v prub¢hu celé sezony, tak v pribehu let.

Pro tyto vysadby se také neuziva konkrétniho osazovaciho planu. Pfi tvorbé
smési se uplatiuji funkéni skupiny v ur€itém poméru: solitérni rostliny (10-15 %),
pokryvné rostliny (35-50 %), skupinové rostliny (35-60 %), vtrousené rostliny (5—10
%) a cibuloviny (20-30 ks/m?). Priimérny spon jednotlivych druhi se podle typu
stanovisté pohybuje v rozmezi 6-10 ks/m* (Obr. 4). Jednotlivé taxony jsou sazeny
pfimo do pidy, kterd je prevrstvena vrstvou mulce (50-70 mm) pro zabranéni
proristani nezadoucich druhti. MulCovani je provadéno ihned po vysadbé cibulovin.
Pouziva se Stérk o hrubosti frakce od 4 do 16 mm (nejcastéji 8 nebo 16 mm). Zahony
jsou zakladany predev§im v méstském prostiedi, kde je nejveétsSim problémem sucho.
Proto jsou vybirany predev§im k suchu tolerantni taxony ptivodem z prérii Severni
Ameriky, mediterannich oblasti ¢i asijskych stepi ve smési spolu s ptivodnimi druhy
Ceské republiky. Pokud jsou zdhony zakladany na vlhéim stanovisti, pfizptisobuje se

tomu sortiment sdzenych taxont (Baros 2014).
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Celkova plocha X Pocet rostlin na Pocet rostlin v
vysadby (m?) m2 - zahonku (100%)

—| dle stanoviité ———  Solitérni (10-15%)

(6-8) K/ ——  Skupinové (35-60%)
vlhéi (6-8) ks/m

suché (9-10) ks/m?
extrémné suché (6—8) ks/m?
—| dle vysky zahonu

vysoké (6—8) ks/m?

stfedni (9—10) ks/m?

nizké (10-16) ks/m?

——— Pokryvné (35-50%)
——— Vtrousené (5-10%)
L———  Cibuloviny (20-30ks/m?)

Obr. 4 Princip vypoctu zastoupeni a poctu jednotlivych druhti v zahonu (Baros 2014, upraveno)

Vsechny tyto aktivity maji spole¢ny cil: minimalizovat péci, omezit zalivku a
Setfit tak penize. Urcitd pécCe je vSak potieba vzdy. Zahony nejsou bezudrzbové, jak je
n¢kdy mylné prezentovano. Kromé praci s vysadbou a mulem se ¢as od ¢asu zdhony
zbavuji nezadoucich druhti nebo se redukuje néktery velmi Zivotaschopny druh. Casné
zjara se také odstranuje veskerd stafina. Vyhody vSak nespocivaji jen ve velké
atraktivnosti za minimalni finan¢ni obnos a péci. Tyto zahony plni také sekundarni
funkce neméné dulezité pro urbanni prostory, jako jsou podpora biodiverzity
predevsim raznych skupin hmyzu, retence srazkové vody ¢i zachytavani prachovych

castic (Baros 2011).

Trvalkové vysadby podobné jako jiné zahradnické aktivity jsou potencidlnim
zdrojem invaznich druhti (Botham et al. 2009, Simberloff 2009, Pysek et al. 2015,
Pergl et al. 2016, Razanajatovo et al. 2015). Pro okrasné Gcely bylo do Ceské republiky
introdukovano témet 53 % rostlinnych druht, a dalSich téméf 5 % druhi ze vSech
umyslné dovezenych bylo introdukovéano pro krajinarské ucely (Pysek et al. 2002b).
Druhy trvalkovych vysadeb jsou vybirany selektivné tak, aby dobie a rychle rostly ¢i
se omezila péce o n¢ (Baros 2014). To jsou vlastnosti, které 1ze pozorovat u uspe€snych
invaznich druhii. Proto mohou byt trvalkové vysadby dobrym modelovym prostfedim
pro studium potenciadlné invaznich druhii a jejich vlastnosti (Pergl et al. 2016).
Trvalkové zahony s vyS$im stupném autoregulace jsou lepsi volbou pro studium

takovych souvislosti nez klasické zdhony vyZzadujici mnohonédsobné¢ vice zasahd.
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Minimalizaci managementovych opatieni je mozné alesponl ¢astecné splnit nékteré
pozadavky pro experimentalni plochu a zaroveil ponechat zéhontim i jinou funkci nez

védeckou.
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Abstract

Ornamental plants represent an important source of alien and potentially invasive taxa. They are grown in a broad
range of habitats such as home gardens, public spaces, belts along roads, floriculture plantations and specialized
garden collections. Recently so-called “mixed perennial beds” are becoming increasingly popular as they need less
maintenance compared to traditional plantings. Old perennial plantations with known initial composition, monitored
for a long period of time, can provide useful insights into the naturalization and invasive potential of individual
species. We studied survival and spread of ornamental plants by using data from flower beds established in 2006-
2010, and resampled in 2016, and related these dynamics to the traits of the taxa (height, SLA, reproduction), taking
into account their phylogenetic relationships. The height of plants and generative reproduction had a positive effect
on survival. Taxa taller than 1 m and with massive and regular generative reproduction survived best. In the majority
of beds, one to three taxa increased their abundance at the expense of others. These dominants were mainly alien
such as Aquilegia sp., Aster dumosus, Knautia macedonica and Lychnis coronaria, that were also able to spread into

neighbouring flower beds where they have not been originally planted.
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Introduction

Ornamental plants have been an integral part of human enviroment since ancient times (Kowarik
1990, Sukopp 2002, Gaston et al. 2005, 2007, Yang et al. 2015, Gaertner et al. 2017). Nowadays
they are planted in a broad range of habitats, from town squares and urban greenery to
specialized garden collections (Forman 2016), and used in numerous sectors such as
landscaping, garden design (Groening and Wolschke-Bulmahn 1989) or horticultural industry
(Wijnands 2005, Xia et al. 2006). The most important sources of these taxa are gardens, both
private and public (Hulme et al. 2008); it has been shown that at least 49% of the global
naturalized flora come from private or botanical gardens (van Kleunen et al. 2018).

Despite intense research over the last decade on the role of traits in alien plant
naturalization and invasion (Pysek and Richardson 2007, PySek et al. 20093, b, 2015, Kiister et
al. 2008), the majority of studies focus on wild plants, with ornamental flora largely overlooked
(but see van Kleunen 2010a). This is surprising, since horticulture is a major source of alien
species (Lambdon et al. 2008, van Kleunen et al. 2018), contributing significantly to their local
and regional pools (Mack 2000, Reichard and White 2001, Dehnen-Schmutz et al. 2007, Képpler
et al. 2014), as well as of invasive taxa (Botham et al. 2009, Simberloff 2009, Pysek et al. 2015,
Pergl et al. 2016, Razanajatovo et al. 2015, van Kleunen et al. 2018) and of those that cause
negative environmental impacts (Pergl et al. 2017). Among taxa introduced by horticulture, there
is generally an increased proportion of those that become naturalized or invasive, compared to
taxa introduced by other pathways (Kowarik 2005, Pysek et al. 2011, Pergl et al. 2016). The
invasion success of ornamentals can be explained by a high and long-term propagule pressure
and enough time for acclimatization (Mack et al. 2000), as well as by introduction to human

transformed landscapes with suitable habitats that are nutrient rich and, disturbed, and serve as
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entry points for the establishment of alien taxa (Chytry and PySek 2008, PySek and Richardson
2010, Jehlik 2013, PySek and Chytry 2014).

Together with the effects of recipient community (Chytry et al. 2008), including habitat
legacy (PySek et al. 2015), residence time (Pysek and Jarosik 2005, Lososova et al. 2012),
propagule pressure (PySek et al. 2009a, 2015, Schantz et al. 2018) and stochasticity, species’
biological and ecological traits are among factors that contribute to the naturalization success of
newly introduced taxa (Pysek and Richardson 2007, van Kleunen et al. 2010a, Pysek et al.
2015). The complexity of the relationship between the factors is nowadays well recognized and
addressed by using theoretical frameworks (e.g. van Kleunen et al. 2010b, Gurevitch et al. 2011,
Strayer 2012) and statistical models that consider also the phylogenetic relations among taxa
(e.g. Rouget and Richardson 2003, Thuiller et al. 2006, Wilson et al. 2007, Kuster et al. 2008,
2010, Pysek et al. 2009a, Castro-Diez et al. 2011, Schmidt and Drake 2011). Such studies have
identified some traits that are closely related to naturalization success and invasive behaviour
(Rejmanek and Richardson 1996, Grotkopp et al. 2002, Pysek et al. 2009b, Moravcova et al.
2015). Most of the studies identified the reproductive traits, leaf traits such as SLA, and height as
key for successful establishment and invasion (Pysek and Richardson 2007, van Kleunen et al.
2010b).

Mixed perennial beds are established in highly urbanized areas of cities, with the
environment heavily transformed by humans, to maximize the visual attractiveness of flower
displays and their dynamic change during all year. Despite ornamental function, these sites
support biodiversity at other trophic levels (Lindemann-Matthies and Marthy 2013, Shwartz et
al. 2014), serve as a pollination source (Baldock et al. 2015), and play a role in rainfall retention
and capture of dust particles (Baros§ 2014). The concept of mixed perennial beds is based on the
principle that they require relatively low maintenance, and the species used do not need to be
repeatedly planted because their persistence is maintained by self-seeding (Baro§ and Martinek
2011). As mixed perennial beds are becoming increasingly popular horticultural practice, they
are associated with the introduction of many new and highly competitive taxa (Dehnen-Schmutz
et al. 2007, Moravcova et al. 2015).

In this paper, based on the monitoring of mixed perennial beds spanning ~10 years, we
ask the following questions: (i) Which taxa survived, disappeared or became dominant in

perennial beds after the study period? (ii) Can the survival of individual taxa in beds be related to
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their biological traits? (iii) Which taxa colonize the newly established beds from the

surroundings?

Methods

Study area and data collection

The study was carried out in the Dendrological Garden of the Silva Tarouca Research Institute of
Landscape and Ornamental Gardening, in Prihonice, Czech Republic (50.0121775N,
14.5617692E). We studied 19 perennial floristic beds (FB; Fig.1) with originally planted taxa
native mainly to North America, mediterranean-type ecosystems and Asian steppe regions,
grown in mixtures with native Czech taxa. The FB were established in 2006-2010 and revisited
for sampling in June—July 2016. Their size varied between ~75 and 125 m?.

The FBs were established as exhibition area for horticultural purposes by using so-called
autoregulation approach (Baro$ and Martinek 2011). The FB harboured various species
compositions used in urban and suburban landscape and the taxa selected for initial planting
were chosen so as to minimize the maintenance; they were steppe, prairie and drought-tolerant
taxa with no demand for watering. The beds were mulched after planting, covered with 50-70
mm deep layer of gravel (Baros§ 2011, 2014). Each FB was separated by a belt of lawn at least 3
m wide.

For each bed, we compared the species composition at the time of planting (further
referred to as “initial species composition”) with that recorded in 2016 (further referred to as
“recent species composition™). Initial species composition was derived from the planting
schemes, and the numbers of planted individuals of each species were used to calculate their
percentage representation (further reffered to as “initial abundance™). For recent species
composition as of 2016, we recorded the percentage cover of individual taxa (further referred to
as “recent abundance”).

Each FB was divided into three plots (replicates) of ~25 m?, except FB 6 and 12 that were
divided into five replicates because of their larger size, giving the total of 61 sampled plots
across all beds. In June to September 2016 each plot was sampled by using Braun-Blanquet
abundance and dominance scale (Braun-Blanquet 1921, 1951) and all taxa of vascular plants,

including cultivars and varieties, were recorded.
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Plant traits

Height was measured for all taxa recorded in FBs during 2016 sampling, using 10 randomly
selected fully matured plants. Specific leaf area (SLA) was measured for 10 leaves randomly
collected in the garden. Each leaf was scanned twice by using LI-COR 3100 C (LI-COR 2016),
its area recorded and then it was dried and weighed. SLA was calculated as leaf area divided by
dry mass, averaged acrossed the leaves measured. SLA was calculated for all taxa that were
present in more than five individuals across all beds, but only for those whose leaf area was
larger than 0.3 cm?. Overall, we obtained data on height for 176 (i.e. 59.5% of all taxa present)
and on SLA for 154 (52.0%).

To assess the reproductive ability, each taxon was assigned two semiquantitative scores,
one for generative and one for vegetative reproduction. For the generative reproduction the
categories were as follows: (i) taxa without generative reproduction or sterile, (ii) taxa with
occasional generative reproduction, and (iii) taxa with regular and massive generative
reproduction. A similar classification was used for vegetative reproduction: (i) taxa without
vegetative reproduction, (ii) taxa which can persist in the same place due to vegetative
reproduction, and (iii) taxa with strong vegetative growth. The categories were transformed into
semiquantive scores 1-3. The information on reproduction was available for 288 taxa (92.3 % of

all taxa present).

Phylogeny

Data of phylogenetic relationships among taxa was obtained from the Daphne database (Durka
and Michalski 2012). The taxa not covered by this database were represented by their closest
relative. We calculated the matrix of distance within the phylogenetic tree with package Ape
(Paradis et al. 2004) and package Caper (Orme et al. 2012). Package Vegan (Oksanen 2015) was
used for calculation of PCOa (Principal Coordinates Analysis) scores for the taxa. For next

analyses, we used first 6 axes from PCOa.

Data analysis

36



OCoO~NOUAWNE

To analyse the differences between initial and recent composition in each FB, CCA (Canonical
corespondent analysis) and Monte-Carlo permutation test with 499 permutations (Ter Braak and
Smilauer 1998) were used, taking into account species covers. Recent (r1) and initial (r0)
abundances were used as environmental data. The survival value was derived from the first
ordination axis which was standardized within the FB to reach values between 0 to 1 (we
subtracted the minimum value for each FB from the score of the first canonical axis and the
result was divided by the range for each FB). The survival value 1 was used for taxa that were
planted but disappeared or were observed with only low cover, and 0 for taxa that had a greater
recent than initial abundance, or those that were absent from the initial species composition. The
taxa which were planted somewhere in the garden and recorded in FBs where they were not
planted, are called colonizers.

To reduce the number of explanatory variables in the model analysing the role of traits and
include phylogeny, we replaced the survival with residuals from a linear regression of the
survival on six values of PCOa (Fess7 = 9.52, p > 0.05, R? = 0.079). The residuals were then used
as a response variable in the following linear models to integrate phylogeny as well in the
regression tree analysis. The scores for generative and vegetative reproduction, the height of
plants and SLA were used as explanatory variables. Backward selection of variables was used,
and models were compared by AIC (Akaike Information Criterion; Crawley 2007). The model
with the lowest value was selected as the most plausible (Burnham and Anderson 2002). All
analyses were performed in CANOCO 5 (Ter Braak and Smilauer 2012) and R 3.3.2 (R
Development Core Team 2014).

Regression trees were used to identify the traits associated with change of abundance of the
taxa, allowing to analyse the whole dataset, including taxa with missing values for height and
SLA. Regression trees are convenient tool for visualization of results and analyses, as they are
flexible and robust, use combinations of explanatory variables that are categorical and/or
numeric, they deal with nonlinear relationships and high-order interactions, and possess the
capacity to treat missing data, which was the case for some of our explanatory variables (De’ath
and Fabricius 2000). The trees were constructed using binary recursive partitioning, with the
default Gini index impurity measure used as the splitting index, in CART v. 8.0 (Breiman et al.
1984; Steinberg and Colla 1995). To find an optimal tree, a sequence of nested trees of
decreasing size, each being the best of all trees of its size, was grown, and their resubstitution

relative errors, corresponding to residual sums of squares, were estimated. Ten-fold cross-
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validation was used to obtain estimates of cross-validated relative errors of these trees.
Following De’ath and Fabricius (2000), a series of 50 cross-validations was run, and the most

likely (modal) single minimum cost tree chosen for description.

Results

Trends in species richness and dominant taxa

Of the 262 taxa planted in the initial species composition, 203 were still present in 2016 and
there were 34 new, spontaneously arrived taxa, giving the total of 237 for the recent sampling.
The average number of taxa per bed was 28 (min. 13, max. 39) for the initial period, and 38
(min. 21, max. 48) for the recent. The greatest difference between initial and recent number of
taxa was increase by 25 and in all but one bed there were more taxa found in 2016 than initially
planted.

In the majority of beds there were one to three taxa that became dominant regardless of
their initial abundance: Aquilegia sp., Artemisia ludoviciana, Aster dumosus, Centranthus ruber,
Coreopsis palmata, Coreopsis verticillata, Echinacea purpurea, Geranium x cantabrigiense,
Geranium sanguineum, Geum triflorum, Knautia macedonica, Linum perenne, Lychnis
coronaria and Phlomis russeliana. Most of the recent dominants were completely different from
those that had the greatest abundances in initial plantings. Only in four cases the taxa persisted as
dominant over the whole period: Aster dumosus (FB 14), Coreopsis verticillata (FB 17),

Geranium x cantabrigiense (FB 15) and Geum triflorum (FB 9; Table 1).

Effect of traits on survival

Over the analysed period, there were shifts in abundances and species-specific patterns of
survival in all FB (see CCA diagrams in Appendix Fig. 5-14). Fifty-nine originally planted taxa
(22.5%) disappeared, and additional 22 (8.4%) decreased their abundance; those taxa appear
above the threshold value of abundance change 0.5. With phylogeny considered, the
corresponding threshold shifted to 0.15. Overall, 81 taxa exceeded this threshold, decreasing
their abundance or disappeared, and 215 taxa increased their abundance in comparison with the

initial values (Fig. 2).
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The models testing the dependence of survival (expressed as residuals) on functional
traits (SLA and height), reproductive mode (generative and vegetative) and flower beds (B
models in Table 2) showed a non-significant effect of the flower bed identity (G models; Table
2). Only height (F1, 141 = 4.88, p = 0.0289) and generative reproduction (F2, 141 = 5.4452, p =
0.0052) had a significant effect on the survival of taxa; there was no significant difference
among the two (occasional and massive) categories of the generative reproduction. Overall, tall
and generatively reproducing taxa survived better than short taxa lacking generative
reproduction.

Regression trees with the average change of abundance as a response variable were
generated for five individual FBs where it was possible to generate one (FB 2, FB 5, FB 8, FB
17, FB 19) as well the whole dataset (Table 3). Vegetative reproduction appeared to be the most
common splitter, present in three out of the five trees, the height and SLA were significant only
once (Appendix Fig. 15). A tree based on averaged FBs identified reproduction mode and height
as the most important variables (Fig. 3). Taxa that reproduce generatively and are also capable of
generative reproduction are more successful than those that do not have these characteristics
(resid. avg.= -0.06). The survival of taxa without generative reproduction or reproducing
generativelly only occasionally is limited by their height; those taxa that are taller than 1 m

survived best (resid. avg.= -0.263).

Colonizers

During the inventory, we found 90 taxa that were not initially planted in any of the FB but where
grown somewhere in the experimental garden (58 taxa) or were planted in another FB than
recorded in 2016 (32 taxa; Appendix Fig. 16-35). Two of them that established in the FB are
invasive species in the Czech Republic: Conyza canadensis and Solidago canadensis (Appendix

Table 5).
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Discussion

Our study is based on detailed long-term observations of ornamental flora at the community
scale, interpreted in the context of plant invasions. It has long been established that ornamental
plants represent one of the most important introduction pathways for alien plants and the volume
of horticultural trade volumes increases globally (Hulme et al. 2018, van Kleunen et al. 2018).
Following introduction, the naturalization of alien plants arriving via this pathway is supported
by their acclimatization in the protected environment of gardens and parks (Mack 2000, Pysek et
al. 2011, Pergl et al. 2016, van Kleunen et al. 2018). In this study we monitored the persistence
of ornamental species at a detailed scale of individual garden beds, which is most relevant to the
ecological processes driving establishment and found that 78% of planted ornamentals
successfully established and survived over the period of ~10 years.

One advantage of our study was the known initial composition of garden beds, which made
the biases normally associated with studied addressing determinants of plant naturalization, in
this case propagule pressure (PySek et al. 2015, Seebens et al. 2017), irrelevant. By knowing the
numbers of individuals that were initially planted, we were also able to control for the effects of
abundance at the beginning of the experiment. In studies on plant invasions, it is namely garden
ornamentals and species used in forestry for which we often have precise information that makes
it possible to elucidate invasion patterns and focus on failed invasions (Ktivanek et al. 2006,
Pysek et al. 2009b, Pergl et al. 2016, Dehnen-Schmutz et al. 2007). Even though the status
assigned to a particular species at the national scale (Pysek et al. 2012) and its behaviour in the
flower bed can differ, yet the observed changes in species’ abundances can be taken as some
measure of its naturalization, or invasion potential.

Species traits are often used to predict which species will become problematic in the
future (e.g. Pheloung et al. 1999, Kolar and Lodge 2001, Lloret et al. 2004, Roy et al. 2014).
Traits that were shown to favour naturalization and invasion of alien species mostly relate to
reproduction, growth and physiology (Pysek and Richardson 2007). Our results show that the
variance attributable to the initial propagule pressure and species composition was negligible, as
indicated by a nonsignificant effects of individual flower beds, and that the majority of variance
was explained by the traits of individual taxa. Tall stature, great specific leaf area and capability

of generative reproductive were traits positively associated with naturalization success in garden
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beds. These results correspond with other studies, where high reproductive output, fast growth
and height were identified as traits typical of successful invader (e.g. PySek and Richardson
2007, van Kleunen et al. 2010a, Moravcova et al. 2010, 2015). Howewer, the generative
reproduction alone was not sufficient to ensure successful establishment, and vegetative
reproduction also appeared important in artificially constructed perennial beds in our study.

The mixed perennial beds are established in order to reduce the maintenance as much as
possible. The selection of species thus corresponds with this goal and is based on the
autoregulation approach (Baro$ and Martinek 2011), reflecting the spontaneous succession
within the planted assemblages. The succession can eliminate alien species from the community
(Rejmanek 1989, Meiners et al. 2002), or lead to the dominance of a few selected species (PySek
1992, Prach et al. 2014a). The trajectory of the succession depends on environmental conditions,
available species pool and level of disturbances (Prach et al. 2007, 2014b). In the case of the
perennial beds analysed in our study the species pool was very limited, disturbances were rare
and environmental conditions corresponded to dry stepe vegetation. In most beds such conditions
led to the development of vegetation with a few dominants coexisting with many species
occuring at low abundances, although the total species richness increased over the ~10 years of
succession. The beds became dominated mainly by species of Aster, Coreopsis and Geranium.
To maintain the diversity in perennial beds in other areas it is recommended that the abundance
of the dominant species be ocassionally reduced, and management needs to include certain level
of disturbances.

Several species can be regarded as potentially problematic. Aquilegia sp., Aster dumosus,
Knautia macedonica and Lychnis coronaria increased their abundances in perennial beds where
they were planted and even colonized other beds in distant areas, due to their self-sowing
abilities and ability to form extensive populations. Such taxa are likely to escape from cultivation
in the future, also in other places. In some of them, such as hybrids of Aquilegia, this is further
pronounced by the fact that they are often grown in private gardens in the Czech Republic (Pergl
et al. 2006) — for these species the source populations remain mostly restricted to gardens where
they are cultivated. On the other hand, some species colonize the gardens from source
populations in the wild (Conyza canadensis, Solidago canadensis). However, in many garden
ornamentals it is difficult to assess their invasion potential because it is obscured by
hybridization processess and breeding. For example, the commonly planted Aster dumosus

appears to have the same spreading and surviving abilities as the congeneric species Aster
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lanceolatus or Aster novi-belgii which are already naturalized in the Czech Republic. It is also
reported to hybridize with other congeners, such as A. novi-belgii (Kovanda and Kubat 2004),
and hybridization with other species of the genus can be expected.

Our study, based on 10-year changes of the known species pool of the monitored
assemblages, and using approach that made it possible to capture both successful and failed alien
ornamentals, shows that there was a clear effect of species traits on establishment success.
Several species that may become potentially problematic in the future and are common in
ornamental plantings were identified. We suggest that studies on planted alien floras have
potential to contribute to invasion ecology and provide detailed insights into mechanisms driving
establishment by reducing some of the biases commonly associated with analyses of
invasiveness. From the practical point of view, they can be regarded as a suitable study system

for assessing the invasion risks from garden floras.
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Fig. 1. Arrangement and the year of establishment of experimental perennial beds. Empty sites

are new beds established after 2010 which were not analyzed (Baros 2011).

Fig. 2. The relationship between survival and residual errors. Dashed line are the thresholds of
survival. Taxa above this threshold decreased their abundance or disappeared (81 taxa) and

below it increased (215 taxa) in comparison with the initial abundance.

Fig. 3. Summary tree for all garden. Successful taxa have the strong generative reproduction. If
taxa have not or have only exceptionally generative reproduction, then taxa heigher then 1 m

have survived better. STD: Standard deviation, Avg: Average, N: Number of observation.
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Fig. 3
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Table 1. The date of establishment, numbers of taxa in initial plantings and in recent composition, and taxa considered as dominant shown for the flower beds
(FB) in both periods. Planted dominant taxa are arranged according to their decreasing initial abundances. Recent dominant taxa are arranged according to the
decreasing difference in abundance between both periods (recent minus initial).

FLOWER ESTABLISHED PLANTED OBSERVED ABSOLUTE

PLANTED DOMINANT SPECIES

RECENT DOMINANT SPECIES

BED (2016) DIFFERENCE
FB 1 2008 26 44 18 Aster ptarmicoides Echinacea purpurea, Aster turbinellus
FB 2 2007 31 39 8 Origanum vulgare Geranium x cantabrigiense
FB 3 2008 35 39 4 Echinacea pallida Pycnanthemum pilosum, Artemisia ludoviciana
FB 4 2007 32 47 15 Aster dumosus Echinacea purpurea, Artemisia ludoviciana
FB5 2009 39 43 4 Bouteloua curtipendula Coreopsis palmata
FB 6 2009 37 38 1 Bouteloua curtipendula Knautia macedonica
FB 7 2007 32 38 6 Linum perenne, Prunella grandiflora Lychnis coronaria
FB 8 2007 29 28 1 Penstemon digitalis Phlomis russeliana, Geranium x cantabrigiense
FB9 2008 23 48 25 Geum triflorum, Oenothera macrocarpa Geum triflorum, Artemisia ludoviciana
FB 10 2009 31 40 9 - Coreopsis verticillata, Coreopsis palmata
FB 11 2010 33 46 13 Sedum sp. Verbascum chaixii
FB 12 2009 39 42 3 Geum triflorum, Pulsatilla patens Knautia macedonica, Aquilegia sp.
FB 13 2010 25 44 19 Thymus pulegioides Geranium sanguineum
FB 14 2007 19 37 18 Aster dumosus Aster dumosus, Linum perenne
FB 15 2007 30 35 5 Geranium x cantabrigiense Geranium xcantabrigiense, Lychnis coronaria
FB 16 2007 13 21 8 Aster dumosus, Linum perenne, Nepeta Geranium sanguineum
xfaassenii, Sedum floriferum
FB 17 2007 16 31 15 Coreopsis verticillata, Salvia nemorosa Centranthus ruber, Coreopsis verticillata
FB 18 2007 18 31 13 Calamintha nepeta, Geranium renardii Aquilegia sp.
FB 19 2007 15 23 8 Papaver orientale Centranthus ruber, Aster novae-anglie, Aster

dumosus
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Table 2. Linear models performed to analyse the data. B1-B3 are models of survival depending on the
height of plants, SLA, generative and vegetative reproduction and flower bed (FB). G1-G3 are models
where the variable flower bed was excluded, and traits were averaged for all FB. Models with the
lowest Akaike’s Information Criterion (AIC) were chosen as the most plausible (Burnham and
Anderson 2002).

Models with flower AlC Df Models forall ~ AIC Df
beds variable garden

Bl 43.63 26 Gl -27.47 8
B2 29.76 6 G2 -29.91 6
B3 27.81 5 G3 -31.39 5
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Table 3. Summary of regression trees for individual flower beds (FB) and pooled data. Variables appearing in the trees are marked by +. Significant trees are
shown in Appendix Fig. 15.

Flower bed no. Number of nodes Relative Error SLA Height Generative reproduction Vegetative reproduction
2 0.725 +
2 0.677 +
2 0.626 +

17 2 0.438 +

19 3 0.872 + +

Pooled across all FB 4 0.888 + + +
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4  Shrnuti

Péstovanym okrasnym druhim se v ekologické literatufe nedostava takové
pozornosti jako voln¢€ rostoucim druhiim, pfitom tyto druhy piedstavuji jeden
z nejveétsich zdrojui potencialné€ invaznich druhd. Nas vyzkum byl zaméfen praveé na
takové okrasné, prevazné stepni a prériové druhy, které by v budoucnu mohly
predstavovat riziko pro pivodni floru Ceské republiky. Zjistovali jsme nejen jejich
invazni potencidl, ale i to, jak pfezivaji ve sttednédobém horizontu (7-10 let) a zdali

jejich uspésnost/neuspesnost Ize vysvétlit pomoci funkénich vlastnosti.

Vyzkum probihal v Dendrologické zahrad¢ Vyzkumného ustavu okrasného
zahradnictvi v Prithonicich na 19 zahonech. V letech 2006-2010 pii zakladani zadhonti
bylo zaznamenano inicidlni mnoZzstvi vysdzenych taxonid. Ve vegetacni sezoné 2016
byla zaznamenana pokryvnost taxont celkem 61 fytocenologickych snimkt. Dale byla
meéiena listovd plocha a listova vaha, ze kterych se nésledné vypocitala specificka
listova plocha (SLA) a vySka taxonil. Ke kazdému taxonu byly pfifazeny jeho
generativni a vegetativni reprodukéni vlastnosti. Pro generativni rozmnozovani byly
stanoveny 3 kategorie: i) sterilni taxony, ii) taxony rozmnozujici se semeny
prilezitostné¢ a iii) taxony se silnym generativnim rozmnozovanim. Podobné rozdéleni
bylo pouZito pro vegetativni rozmnozovani: i) taxony bez vegetativniho rozmnozovani
i1) taxony, které jsou schopné se udrzet na misté diky vegetativnimu rozmnozovani a
iii) taxony se silnym vegetativnim ristem. Do analyzy piezivani byly rovnéz zaclenény

fylogenetické vztahy, ¢imz se zohlednil vliv pfibuznych taxond.

Vysledky ukazuji, ze po vice nez 7 letech od zaloZeni byl pocet taxoni ve
vetsin€ zdhonl vyssi nez v plivodni vysadbé. Neménil se vSak jen pocet taxont, ale
také zastoupeni dominant, které se oproti ptvodni vysadbé kompletné¢ zménilo.

V soucasném slozeni dominuji pfedevsim rody Aster, Coreopsis a Geranium.

Na ptezivani taxonit mély signifikantni vliv reprodukéni vlastnosti a vyska
rostlin. Nepodafilo se prokazat vliv SLA. Nejlépe piezivaly druhy vyssinez 1 m, které
kombinuji oba zpiisoby rozmnoZzovani. Tyto taxony maji vét§i Sanci zvysit svoji

cvwr .

abundanci ve srovnani s niz§imi rostlinami, pokud se vyskytuji spole¢né¢.

Na zéklad¢ ptezivani v zahonech, schopnosti tvofit dominantni porosty a

schopnosti pfesévat se, byly vybrany potencialn€ invazni taxony, které by v budoucnu
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mohly piedstavovat riziko pro pivodni floru Ceské republiky. Témito taxony jsou

Aquilegia sp., Aster dumosus, Knautia macedonica a Lychnis coronari
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5 Appendix

Table 4. All analysed taxa averaged across all garden.

Taxa Averaged | Averaged Averaged
cover (%) | planted (%) | change
(%)
Acer sp. 0.50 0.00 0.50
Adonis vernalis 4.17 0.76 3.40
Agastache aurantiaca 0.00 0.15 -0.15
Agastache 'Blue Fortune' 0.00 0.68 -0.68
Agastache foeniculum 2.17 2.24 -0.07
Agrimonia eupatoria 2.55 0.00 2.55
Achillea 'Coronatoin Gold' 6.67 0.40 6.27
Achillea millefollium 0.50 0.00 0.50
Achillea "Moonshine' 0.81 2.09 -1.28
Allium aflatunense 0.00 9.06 -9.06
Allium aflatunense 'Purple Sensation' | 1.88 5.14 -3.26
Allium atropurpureum 0.00 0.93 -0.93
Allium caeruleum 0.83 10.19 -9.36
Allium cernuum 1.17 5.51 -4.34
Allium flavum 0.50 0.00 0.50
Allium jesdianum 0.00 7.00 -7.00
Allium jesdianum 'Michael Hoog' 3.33 9.30 -5.96
Allium jesdianum 'Purple King' 0.00 10.98 -10.98
Allium jesdianum 'Shing’ 0.00 7.96 -7.96
Allium moly 'Jeannine’ 0.00 7.35 -7.35
Allium neapolitanum 0.00 12.33 -12.33
Allium oreophilum 0.00 13.27 -13.27
Allium roseum 0.00 16.44 -16.44
Allium sphaerocephalon 0.31 9.81 -9.50
Allium strictum 4.67 2.51 2.16
Allium unifolium 0.68 13.11 -12.43
Amorpha canescens 5.00 0.58 4.42
Amsonia tabernaemontana 1.67 2.10 -0.43
Anaphalis margaritacea ‘Neuschnee' | 5.00 1.24 3.76
Anaphalis triplinervis ‘Sommerschnee' | 4.50 2.26 2.24
Andropogon gerardii 18.33 2.10 16.23
Anemanthele lessoniana 'Buffalo 0.00 1.35 -1.35
Gold'
Anemone sylvestris 0.90 1.32 -0.42
Anthericum liliago 3.33 0.76 2.57
Antirrhinum majus 'Terracotta Mix' 0.00 2.80 -2.80
Aquilegia sp. 28.33 0.52 27.81
Artemisia ludoviciana var. albula 16.00 0.68 15.32
'Silver Queen’
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Artemisia schmidtiana ‘Nana' 3.44 1.91 1.53
Asparagus sp. 0.10 0.00 0.10
Asphodeline lutea 0.00 3.32 -3.32
Aster (breeding 1/4/3) 5.83 1.56 4.27
Aster (breeding 6/3P/2) 4.00 0.94 3.06
Aster (breeding. 1/5/1) 0.00 1.07 -1.07
Aster amellus 13.33 1.53 11.81
Aster amellus 'Rudolf Goethe' 1.67 1.24 0.43
Aster amellus 'Veilchenkonigin' 5.00 1.19 3.81
Aster 'Anja’s Choice' 0.00 3.13 -3.13
Aster azureus 0.00 0.93 -0.93
Aster dumosus 8.76 0.00 8.76
Aster dumosus 'Blaue Lagune' 14.21 2.86 11.35
Aster dumosus 'Kristina' 20.00 1.19 18.81
Aster dumosus 'Prof. Kippenberg' 7.50 1.66 5.84
Aster dumosus 'Schneekissen’ 0.00 3.32 -3.32
Aster dumosus 'Terry's Pride' 5.83 1.75 4.08
Aster dumosus 'Victor' 16.67 2.95 13.72
Aster ericoides 'Snow Flury' 0.00 2.56 -2.56
Aster lateriflorus 'Bleke Bet' 0.00 0.24 -0.24
Aster lateriflorus 'Coombe Fishacre' | 0.00 3.13 -3.13
Aster lateriflorus 'Lady in Black' 13.33 0.79 12.54
Aster lateriflorus var. horizontalis 8.00 2.23 5.77
Aster linosyris 10.04 0.96 9.07
Aster novae-anglie 'Purple Dom’ 25.83 2.29 23.55
Aster novi-belgii 'Profesor 4.17 1.34 2.82
Kippenberg'

Aster oblongifolius 10.00 0.69 9.31
Aster ptarmicoides 8.81 2.11 6.70
Aster sp. 0.50 0.00 0.50
Aster turbinellus 19.33 0.35 18.98
Aster 'Yvette Richardson’ 0.00 0.98 -0.98
Baptisia australis 8.89 1.48 7.41
Bellis perennis 0.30 0.00 0.30
Bergenia 'Baby Doll’ 16.67 2.95 13.72
Bouteloua curtipendula 1.25 3.26 -2.01
Bouteloua gracilis 0.46 2.28 -1.81
Buchloe dactyloides 0.08 1.78 -1.69
Buphthalmum salicifolium 20.00 2.67 17.33
Buphthalmum salicifolium 'Alpengold’ | 5.00 0.90 4.10
Calamagrostis x acutiflora 'Karl 8.33 0.33 8.00
Foerster'

Calamagrostis x acutiflora ‘Overdam' | 16.67 1.55 15.11
Calamagrostis brachytricha 0.63 0.43 0.19
Calamagrostis sp. 5.00 0.00 5.00
Calamintha nepeta 10.00 3.13 6.88
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Calamintha nepeta subsp. glandulosa | 5.63 1.53 4.10
'‘Blue Cloud'

Calamintha nepeta subsp. nepeta 7.32 1.90 542
Calochortus 'Golden Orb' 0.00 3.93 -3.93
Camassia leichtlinii ‘Alba’ 4.17 0.93 3.23
Camassia quamash 1.11 10.74 -9.63
Campanula glomerata 'Superba’ 2.29 2.08 0.20
Campanula persicifolia 3.33 1.14 2.19
Campanula persicifolia 'Alba’ 0.33 1.19 -0.86
Campanula poscharskyana 7.50 2.05 5.45
Campanula poscharskyana ‘Glandore’ | 0.00 1.33 -1.33
Carex testacea 0.00 0.99 -0.99
Catananche caerulea 8.50 1.03 7.47
Centranthus ruber 15.38 0.98 14.40
Ceratostigma plumbaginoides 0.50 3.13 -2.63
Cerinthe major 0.00 0.75 -0.75
Cirsium arvense 0.42 0.00 0.42
Conolvulus arvensis 0.30 0.00 0.30
Conyza canadensis 1.03 0.00 1.03
Coreopsis grandiflora 'Sonnenkind' 5.00 2.17 2.83
Coreopsis lanceolata 'Sonnenkind' 13.33 3.13 10.21
Coreopsis lanceolata 'Sterntaler’ 10.00 1.35 8.65
Coreopsis palmata 21.67 1.93 19.74
Coreopsis verticillata ‘Grandiflora’ 29.69 2.72 26.97
Cosmos sulphureus 0.00 0.92 -0.92
Crepis biennis 0.37 0.00 0.37
Dactylis glomerata 0.50 0.00 0.50
Dalea purpurea 0.00 2.17 -2.17
Dalea purpurea 'Stephanie’ 0.00 2.38 -2.38
Deschampsia cespitosa 12.55 1.05 11.50
Dianthus carthusianorum 4.17 1.53 2.64
Dianthus deltoides 1.36 0.68 0.67
Dianthus deltoides 'Brillant' 1.67 1.48 0.19
Dianthus knappi 0.00 0.82 -0.82
Dictamnus albus 13.33 0.42 12.91
Digitalis parviflora 8.33 1.07 7.27
Digitalis purpurea 0.00 0.25 -0.25
Echinacea angustifolia 10.00 2.49 7.51
Echinacea cv. 8.33 2.19 6.14
Echinacea pallida 20.00 4.97 15.03
Echinacea paradoxa 2.50 0.23 2.27
Echinacea purpurea 19.10 1.07 18.03
Echinacea purpurea 'Alba’ 1.25 0.46 0.79
Echinacea purpurea '‘Baby Swan 3.50 1.06 2.44
White'

Echinacea purpurea 'Doubledecker’ 13.33 2.01 11.33
Echinacea purpurea ‘Magnus' 21.25 1.05 20.20
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Echinacea purpurea 'Rubinstern’ 8.33 1.34 6.99
Echinacea purpurea "White Luster’ 1.67 1.07 0.59
Echinacea tennesseensis 'Rocky Top 1.69 1.79 -0.10
Hybrids'

Eragrostis curvula 1.67 0.92 0.75
Eragrostis spectabilis 0.36 2.44 -2.08
Eremurus cv. 0.55 0.72 -0.17
Eremurus stenophyllus 1.28 0.70 0.58
Eryngium amethystinum 6.28 0.46 5.81
Eryngium planum 'Blue Hobitt' 0.00 0.36 -0.36
Eryngium yuccifolium 1.67 0.71 0.96
Euphorbia cyparissias 5.82 0.90 4.92
Euphorbia helioscopia 0.50 0.00 0.50
Euphorbia polychroma 7.53 0.71 6.82
Festuca amethystina 1.67 0.94 0.73
Festuca glauca 0.00 0.40 -0.40
Festuca mairei 0.00 0.62 -0.62
Festuca rubra 0.37 0.00 0.37
Festuca rupicola 1.17 1.44 -0.28
Festuca sp. 1.00 0.00 1.00
Filipendula vulgaris 10.63 0.63 9.99
Filipendula vulgaris 'Plena’ 5.83 0.62 5.22
Fraxinus excelsior 0.10 0.00 0.10
Gaillardia aristata 0.00 0.66 -0.66
Galium album 0.50 0.00 0.50
Gaura biennis 5.00 3.13 1.88
Gaura lindheimerii 1.78 0.65 1.12
Geranium x cantabrigiense 25.83 2.95 22.89
‘Cambridge’

Geranium x cantabrigiense 'Karmina' | 27.08 1.52 25.56
Geranium dalmaticum 1.67 0.93 0.74
Geranium himalayense 0.00 2.95 -2.95
Geranium pratense 'Midnight Reiter' | 2.67 1.48 1.19
Geranium renardii 19.17 3.51 15.66
Geranium sanguineum 14.78 0.85 13.93
Geranium sanguineum ‘Album’ 20.00 2.14 17.86
Geranium sanguineum ‘Aviemore' 40.00 3.46 36.54
Geranium sanguineum 'Striatum’ 25.83 1.77 24.07
Geum triflorum 10.00 4.01 5.99
Gladiolus byzanticus 2.92 1.47 1.45
Gypsophila paniculata 'Festival 0.00 0.90 -0.90
White'

Gypsophila repens 0.00 0.18 -0.18
Gypsophila repens 'Rosea’ 0.00 0.18 -0.18
Gypsophila 'Rosenschleier’ 1.83 2.19 -0.35
Helianthella quinquenervis 0.00 0.47 -0.47
Helianthemum 'Wisley Primrose’ 0.00 0.81 -0.81
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Helianthus occidentalis 16.25 0.70 15.55
Helictotrichon sempervirens 5.00 1.75 3.25
‘Saphisprudel’

Helipterum roseum 0.00 1.24 -1.24
Hemerocalis 'Elegant Candy" 6.67 1.61 5.06
Hieracium pillosella 0.50 0.00 0.50
Hypericum perforatum 0.10 0.00 0.10
Hypochaeris radicata 0.50 0.00 0.50
Hyssopus officinalis 4.51 0.87 3.64
Chenopodium album 0.23 0.00 0.23
Inula ensifolia ‘Compacta’ 11.11 0.92 10.19
Iris barbata-media 16.67 1.90 14.77
Knautia macedonica '‘Mars Midget' 19.55 0.81 18.73
Kniphofia foliosa 2.53 1.02 1.51
Koeleria macrantha 0.00 1.43 -1.43
Lactuca serriola 0.30 0.00 0.30
Lavandula angustifolia 8.93 1.02 7.91
Leucanthemum vulgare agg. 1.50 0.00 1.50
Liatris aspera 0.00 0.50 -0.50
Liatris graminifolia 10.00 2.82 7.18
Liatris pycnostachia 0.00 1.04 -1.04
Liatris spicata 5.83 0.85 4.99
Liatris spicata 'Kobold' 7.50 3.07 4.43
Lilium bulbiferum 0.25 0.39 -0.14
Limonium suworowii 0.00 1.88 -1.88
Linaria purpurea 0.00 1.92 -1.92
Linaria vulgaris 5.00 0.68 4.32
Linum flavum 0.33 3.61 -3.27
Linum narbonense 0.83 1.90 -1.06
Linum perenne 6.24 1.12 5.11
Linum perenne 'Saphyr' 0.50 5.19 -4.69
Linum usitatissimum 0.37 0.00 0.37
Lolium perenne 0.10 0.00 0.10
Lychnis coronaria 11.63 0.75 10.89
Lychnis coronaria 'Alba’ 13.50 0.36 13.14
Lychnis viscaria 0.17 1.41 -1.24
Lythrum salicaria 2.50 0.00 2.50
Lythrum salicaria 'Robert’ 0.00 0.29 -0.29
Molinia caerulea 0.50 0.00 0.50
Molinia caerulea 'Edit Dudszuz' 16.67 1.89 14.78
Monarda fistulosa subsp. fistulosa 8.02 0.95 7.07
Monarda punctata 0.00 1.16 -1.16
Nasella tenuissima 0.18 1.97 -1.79
Nepeta x fassenii 0.42 2.36 -1.94
Nigella damascena 'Cramers Plum' 1.67 2.31 -0.64
Oenothera macrocarpa 7.78 3.12 4.66
Oenothera perennis 5.00 1.19 3.81
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Oenothera pilosella 6.88 2.33 4.55
Origanum vulgare 2.88 1.68 1.20
Origanum vulgare 'Aureum'’ 31.67 0.90 30.76
Origanum vulgare 'Compactum’ 10.39 2.15 8.24
Panicum virgatum 2.50 0.36 2.14
Panicum virgatum 'Rehbraun’ 6.67 0.20 6.47
Panicum virgatum 'Rotstrahlbusch’ 6.75 0.34 6.41
Panicum virgatum 'Sky Blue' 6.83 0.34 6.49
Papaver orientale 3.30 1.59 1.71
Parthenium integrifolium 4.17 0.43 3.73
Pennisetum alopecuroides ‘Hameln' 10.00 0.44 9.56
Penstemon albertianus 0.00 0.99 -0.99
Penstemon barbatus cv. 1.17 1.48 -0.31
Penstemon digitalis ‘Mystica' 14.03 2.16 11.87
Penstemon hirsutus 7.50 2.44 5.06
Penstemon serrulatus 5.83 2.99 2.85
Penstemon strictus 6.11 2.24 3.88
Perovskia abrotanoides 5.42 0.51 4.90
Persicaria maculosa 0.50 0.00 0.50
Petalostemon purpureum 0.17 0.84 -0.67
Phlomis russeliana 35.63 2.96 32.66
Phlomis tuberosa 20.00 0.76 19.24
Plantago lanceolata 0.68 0.00 0.68
Platycodon grandiflorum ‘Mariesii’ 7.83 1.64 6.19
Poa pratensis 1.50 0.00 1.50
Potentilla argentea 0.37 0.00 0.37
Potentilla tabernaemontani 1.67 1.84 -0.17
Prunella grandiflora 0.36 1.70 -1.34
Prunella grandiflora 'Rubra’ 1.67 1.77 -0.10
Pseudolysimachion incanun 3.50 1.69 1.81
Pseudolysimachion maritimum 13.33 0.76 12.57
Pseudolysimachion spicatum 242 0.59 1.82
Pulsatilla patens 4.06 3.19 0.87
Pulsatilla vulgaris cv. 3.33 2.16 1.17
Pycnanthemum californicum 2.50 3.13 -0.63
Pycnanthemum integrifolium 0.10 0.00 0.10
Pycnanthemum pilosum 18.33 1.06 17.27
Pycnanthemum tenuifolium 16.28 2.59 13.69
Quercus sp. 0.10 0.00 0.10
Ratibida columnifera 0.00 0.48 -0.48
Ratibida columnifera var. 0.00 0.94 -0.94
pulcherrima 'Red Midget'

Ratibida pinnata 0.00 0.47 -0.47
Rosa canina agg. 0.10 0.00 0.10
Rosa sp. 0.10 0.00 0.10
Rubus fruticosus agg. 0.10 0.00 0.10
Rudbeckia fulgida ‘Goldsturm’ 0.10 0.00 0.10
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Rudbeckia fulgida var. deami 1.67 1.49 0.18
‘Goldsturm'’

Rudbeckia fulgida var. deamii 6.67 0.37 6.30
Rudbeckia fulgida var. speciosa 0.00 1.86 -1.86
Rudbeckia fulgida var. sulivantii 0.83 2.29 -1.45
‘Goldsturm'’

Rudbeckia hirta ‘Maya' 0.00 0.80 -0.80
Rudbeckia hirta "Prairie Sun' 0.00 0.67 -0.67
Rudbeckia missouriensis 0.83 1.07 -0.23
Ruellia humilis 4.38 2.73 1.64
Salvia nemorosa 5.12 0.92 4.20
Salvia nemorosa ‘Mainacht’ 3.10 3.53 -0.43
Salvia nemorosa 'Schwellenburg’ 10.00 1.19 8.81
Salvia nemorosa 'Viola Klose' 4.17 1.82 2.35
Salvia officinalis 'Berggarten’ 4.44 1.61 2.84
Salvia officinalis 'Purpurascens' 0.00 0.59 -0.59
Salvia pratensis 'Rose Rhapsody’ 3.33 1.19 2.14
Salvia sclarea 1.67 0.59 1.08
Salvia sp. 5.17 0.00 5.17
Salvia verticillata 0.10 0.00 0.10
Salvia verticillata 'Purple Rain’ 14.10 0.49 13.61
Sedum album 'Coral Carpet' 0.00 2.06 -2.06
Sedum 'Black Jack'’ 13.33 0.90 12.43
Sedum floriferum "‘Weihenstephaner 7.81 4.12 3.69
Gold'

Sedum 'Matrona’ 3.72 1.23 2.49
Sedum 'Purpurteppich’ 0.30 2.38 -2.08
Sedum rupestre 'Angelina’ 20.00 0.00 20.00
Sedum spurium 'Fuldaglut’ 2.00 3.51 -1.51
Senecio jacobaea 0.10 0.00 0.10
Schizarium scoparium 'Prairie Blues' | 12.00 2.58 9.42
Solidago caesia 3.33 1.34 1.99
Solidago canadensis 0.50 0.00 0.50
Solidago virgaurea 1.83 0.37 1.47
Sonchus asper 0.10 0.00 0.10
Sonchus oleraceus 0.37 0.00 0.37
Sorgastrum nutans 16.67 3.13 13.54
Sorgastrum nutans 'Indian Steel’ 1.67 0.42 1.25
Sporobolus heterolepis 3.61 1.68 1.93
Stachys byzantina 'Silver Carpet' 1.57 1.44 0.13
Stipa barbata 0.00 0.68 -0.68
Stipa pennata 9.17 0.97 8.20
Stipa pulcherrima 2.50 0.00 2.50
Taraxacum sect. Ruderalia 0.45 0.00 0.45
Teucrium chamaedrys 'Nanum' 22.50 1.21 21.29
Thymus pulegioides 291 2.18 0.73
Thymus serpyllum 5.00 2.19 2.81
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Tradescantia ohiensis 5.89 0.70 5.19
Trifolium dubium 0.10 0.00 0.10
Verbascum chaixii 25.83 0.90 24.93
Verbascum nigrum 5.11 0.26 4.86
Verbascum sp. 0.10 0.00 0.10
Verbascum thapsus 0.50 0.00 0.50
Verbena bonariensis 4.17 0.67 3.50
Verbena hastata 0.10 0.00 0.10
Verbena stricta 1.30 1.88 -0.58
Veronica porphyriana 0.33 3.51 -3.18
Veronica teucrium 3.67 0.00 3.67
Veronica teucrium 'Knallblau' 9.79 1.43 8.37
Veronica teucrium 'True Blue' 16.67 1.34 15.32
Vicia hirta 0.37 0.00 0.37
Vicia sepium 2.75 0.00 2.75
Viola riviniana 0.50 0.00 0.50
Yucca filamentosa 20.00 0.53 19.47
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Table 5. Taxa which were not planted in the individual beds (colonizers) or taxa with the spontaneous
occurrence. *With asterisk are native taxa with the spontaneous occurrence in beds. ** With two

asterisks are non-native taxa with the spontaneous occurrence in beds.

Taxon Averaged cover | Flower Bed

(min and max

cover)
Acer sp. 0.50 FB 8
Agrimonia eupatoria* 2.60 FB 14
Achillea millefollium* 0.50 FB 13
Allium flavum 0.50 FB 13
Aquilegia sp. 23.35(10.00— FB 6, 18

36.7)
Asparagus officinalis 0.10 FB 13
Aster dumosus 8.10 (2.60-16.7) | FB6,9,15
Aster linosyris 2.55(0.10-5) FB 12,17
Aster oblongifolius 2.50 FB 17
Aster ptarmicoides 4.60 (4.20-5) FBO9, 17
Aster sp. 6.10 (0.50-11.7) |FB6®6, 13
Aster turbinellus 7.00 FB9
Bellis perennis* 0.30 (0.10-0.5) FB 4, 10
Calamagrostis sp. 5.00 FB 3
Campanula glomerata 2.50 FB 18
Cirsium arvense* 0.40 (0.1-0.5) FBO9,11,12,18
Conolvulus arvensis 0.3 (0.5-0.1) FB 13, 19
Conyza canadensis** 0.8 (1.10-1.5) FB 1, 10
Crepis biennis* 0.37 (0.10-0.5) FB 1,5, 13
Dactylis glomerata* 0.50 FB 4
Deschampsia cespitosa | 2.50 FB 16
Dianthus deltoides 0.5 (0.5) FB 1,9, 10, 14
Echinacea paradoxa 5.00 FB 6
Echinacea purpurea 6.08 (0.10-16.7) |FB2,9,16, 18
Eryngium amethystinum | 0.10 FB2
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Euphorbia cyparissias 2.67 (0.5-5) FB1,2,17,18
Euphorbia helioscopia* | 0.5 (0.5) FB 5, 12
Euphorbia polychroma | 5.00 FB 9
Festuca rubra* 0.3 (0.1-0.5) FB 11,15
Festuca sp. 1 (0.50-1.5) FB 3,7
Filipendula vulgaris 2.50 FB 2
Fraxinus excelsior* 0.10 FB 13
Galium album* 0.50 FB 10
Geranium dalmaticum 2.50 FB 15
Geranium sanguineum 3 (1.5-5) FB2,3,17
Helianthus occidentalis | 5.00 FB 3
Hieracium pillosella* 0.50 FB 5
Hypericum perforatum* | 0.10 FB 13
Hypochaeris radicata* 0.50 FB 5
Hyssopus officinalis 0.10 FB 2
Chenopodium album#* 0.2 (0.1-0.3) FB 5, 10
Lactuca serriola* 0.23 (0.1-0.5) FBO9, 14, 15
Lavandula angustifolia | 2.50 FB 17
Leucanthemum vulgare* | 1.50 (0.50-2.5) FB 14, 18
Linum perenne 0.50 FB 1
Linum usitatissimum 0.40 FB 12
Lolium perenne* 0.10 FB 1
Lychnis coronaria 1.5 (0.5-2.5) FB 3, 17
Lythrum salicaria 2.50 FB 13
Molinia caerulea 0.50 FB 17
Monarda fistulosa subsp. | 1.57 (0.90-2.5) FB O, 10, 14
fistulosa

Muscari armeniacum 2.50 FB 15
Papaver orientale 0.50 FB 14
Persicaria maculosa* 0.50 FB 11
Phlomis russeliana 5.00 FB 17
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Plantago lanceolata* 0.59 (0.10-1.5) FB1,3,6,7,9,
10, 11

Platycodon grandiflorum | 4.30 FB 18

Poa pratensis* 1.50 FB 4

Potentilla argentea* 0.4 (0.30-0.5) FB 5,7

Prunella grandiflora 2.50 FB 18

Pseudolysimachion 3.25 (1.50-5) FB 7,12

spicatum

Pycnanthemum 0.10 FB 12

integrifolium

Pycnanthemum 0.50 FB 9

tenuifolium

Quercus robur* 0.10 FB 4

Rosa canina agg*. 0.1 (0.1) FB1,2,4,5,9

Rubus fruticosus agg.* 0.10 FB 12

Rudbeckia fulgida 0.10 FB 18

Salvia nemorosa 0.3 (0.1-0.5) FB 12, 18

Salvia sp. 5.15(5.00-5.30) |FB1,3

Salvia verticillata 0.8 (0.1-1.5) FB 2,7

Sedum rupestre 15.65 (2.5-28.8) |FB 16,17

Senecio jacobaea 0.10 FB 8

Solidago canadensis** 0.50 FB 13

Sonchus asper* 0.10 FB 5

Sonchus oleraceus* 0.4 (0.3-0.5) FB 11,12

Stachys byzantina 0.50 FB 16

Stipa pulcherrima 2.50 FB 14

Taraxacum sect. 0.43 (0.10-0.5) FB 1, 12, 13, 14,

Ruderalia* 19

Thymus pulegioides 1.50 FB3

Tradescantia ohiensis 4.30 FB9

Trifolium dubium* 0.10 FB 18

Verbascum nigrum 1.2 (0.10-2.5) FB1,9,11, 17,
18,19
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Verbascum sp. 0.10 FB 2
Verbascum thapsus* 0.50 FB 3
Verbena hastata 0.10 FB 2
Verbena stricta 0.50 FB 3
Veronica teucrium 3.66 (0.50-10) FB1,3,9
Vicia hirta* 0.37 (0.10-0.5) FB 10, 14, 18
Vicia sepium* 2.75 (0.5-5) FB4, 14
Viola riviniana* 0.50 FB 14
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Fig. 5 Canonical correspondent analysis (CCA) of the FB 1 (dominant taxa: Echinacea purpurea, Aster turbinellus) and FB 2 (dominant taxa: Geranium %
cantabrigiense). The first axis represents survival and the second axis represent differences among individual relevés within FB. Taxa around rl centroid were
newly detected (spontaneously arriving) or they were planted and increased their abundance. In contrast, taxa around centroid r0 decreased their abundance or
disappeared in comparison with the planted abundance. Acronyms are explained in Appendix Table 4.
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Fig. 6 Canonical correspondent analysis (CCA) of the FB 3 (dominant taxa: Pycnanthemum pilosum, Artemisia ludoviciana) and FB 4 (dominant taxa: Echinacea
purpurea, Artemisia ludoviciana). The first axis represents survival and the second axis represent differences among individual relevés within FB. Taxa around rl
centroid were newly detected (spontaneously arriving) or they were planted and increased their abundance. In contrast, taxa around centroid r0 decreased their abundance
or disappeared in comparison with the planted abundance. Acronyms are explained in Appendix Table 4.
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Fig. 1

Canonical correspondent analysis (CCA) of the FB 11 (dominant taxa: Verbascum chaixii) and FB 12 (dominant taxa: Knautia macedonica, Aquilegia
sp.). The first axis represents survival and the second axis represent differences among individual relevés within FB. Taxa around rl centroid were newly
detected (spontaneously arriving) or they were planted and increased their abundance. In contrast, taxa around centroid r0 decreased their abundance or
disappeared in comparison with the planted abundance. Acronyms are explained in Appendix Table 4.
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Fig. 11 Canonical correspondent analysis (CCA) of the FB 13 (dominant taxa: Geranium sanguineum) and FB 14 (dominant taxa: Aster dumosus, Linum
perenne). The first axis represents survival and the second axis represent differences among individual relevés within FB. Taxa around r1 centroid were newly
detected (spontaneously arriving) or they were planted and increased their abundance. In contrast, taxa around centroid r0 decreased their abundance or
disappeared in comparison with the planted abundance. Acronyms are explained in Appendix Table 4.
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Fig. 12 Canonical correspondent analysis (CCA) of the FB 15 (dominant taxa: Geranium x cantabrigiense, Lychnis coronaria) and FB 16 (dominant
taxa: Geranium sanguineum). The first axis represents survival and the second axis represent differences among individual relevés within FB. Taxa
around r1 centroid were newly detected (spontaneously arriving) or they were planted and increased their abundance. In contrast, taxa around centroid
10 decreased their abundance or disappeared in comparison with the planted abundance. Acronyms are explained in Appendix Table 4.
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Fig. 13 Canonical correspondent analysis (CCA) of the FB 17 (dominant taxa: Centranthus ruber, Coreopsis verticillata) and FB 18 (dominant taxa: Aquilegia
sp.). The first axis represents survival and the second axis represent differences among individual relevés within FB. Taxa around rl centroid were newly
detected (spontaneously arriving) or they were planted and increased their abundance. In contrast, taxa around centroid r0 decreased their abundance or
disappeared in comparison with the planted abundance. Acronyms are explained in Appendix Table 4.
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Fig. 14 Canonical correspondent analysis (CCA) of the FB 19 (dominant taxa: Centranthus ruber, Aster novae-anglie, Aster dumosus). The first axis represents
survival and the second axis represent differences among individual relevés within FB. Taxa around rl centroid were newly detected (spontaneously arriving) or they
were planted and increased their abundance. In contrast, taxa around centroid rQ decreased their abundance or disappeared in comparison with the planted abundance.
Acronyms are explained in Appendix Table 4.
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Terminal node 1
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Fig. 15 Regression tree for significant FB’s (FB 2 (a), FB 5 (b), FB 8 (c), FB 17 (d) and FB 19 (e)). There are value indicating: Averaged residuals (survival), Standard

deviation and number of observations in this order.
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Terminal node 3
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FB1

Echinacea purpurea 1 34.64
Aster turbinellus 1 30.96
Pycnanthemum pilosum 1 22.13
Penstemon digitalis 'Mystica' s 18.56
Aster oblongifolius s 16.30
Pycnanthemum tenuifolium e 13.44
Baptisia australis e 11.30
Veronica teucrium s 10.00
Aster ptarmicoides s 9,58
Monarda fistulosa subsp. fistulosa . 9,51
Oenothera pilosella e 8,56
Liatris spicata e 6.89
Panicum virgatum 'Sky Blue' s 6.49
Rudbeckia fulgida var. deamii mm 6.30
Artemisia ludoviciana var. albula 'Silver Queen' e 5.96
Tradescantia ohiensis mm 541
Salvia sp. m=== 5.25
Echinacea angustifolia mmm 4,74
Parthenium integrifolium = 4.63
Conyza canadensis = 1.50
Plantago lanceolata = 1.50
Solidago virgaurea = 1.47
Verbascum nigrum = 1.17
Eryngium yuccifolium o 0.96
Penstemon strictus o 0.94
Crepis biennis 1 0.50
Taraxacum sect. Ruderalia 1 0.50
Dianthus deltoides 1 0.50
Euphorbia cyparissias 1 0.50
Linum perenne 1 0.50
Lolium perenne I 0.10
Rosa sp. I 0.10
Agastache 'Blue Fortune' -0.71 &
Eragrostis spectabilis -1.78 =

Allium sphaerocephalon  -11.29 =
Allium unifolium -13.25 E——

-20.00  -10.00 0.00 10.00 20.00 30.00 40.00

Fig. 26 Graph of changes in flower bed 1. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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FB 2

Geranium x cantabrigiense 'Karmina' 1 21.27
Yucca filamentosa 1 19.47
Origanum vulgare 'Compactum’ 1 17.37
Veronica teucrium 'True Blue' 1 15.32
Inula ensifolia 'Compacta’ 1 12.63
Lavandula angustifolia e 10.62
Aster dumosus 'Blaue Lagune' e 8,35
Echinacea purpurea 'Rubinstern’ s 6,99
Calamintha nepeta subsp. nepeta e 6.47
Echinacea purpurea 'Alba’ e 5.00
Euphorbia cyparissias e 5.00
Panicum virgatum 'Rotstrahlbusch’ e 4,93
Perovskia abrotanoides = 3.64
Aster novi-belgii 'Profesor Kippenberg' 2,82
Geranium sanguineum m==m 2,50
Filipendula vulgaris === 2.50
Solidago caesia == 1.99
Deschampsia cespitosa m 1.32
Verbascum sp. I 0.10
Hyssopus officinalis I 0.10
Rosa sp. I 0.10
Verbena hastata I 0.10
Salvia verticillata I 0.10
Eryngium amethystinum I 0.10
Eremurus cv. -0.29 ¢
Agastache 'Blue Fortune' -0.53 E
Rudbeckia fulgida var. deami 'Goldsturm’ -0.82 =
Stachys byzantina 'Silver Carpet' -0.96 =
Anemone sylvestris -1.17 =
Nepeta x fassenii -1.28 =
Allium caeruleum -5.83 mmmm——
Allium unifolium -5.83 mmmm——
Allium jesdianum -7.00
Allium sphaerocephalon -7.58 EEm———
Camassia quamash -8.75
Allium aflatunense 'Purple Sensation' -8.75 I

-15.00 -10.00 -5.00 0.00 5.00 10.00 15.00 20.00 25.00

Fig. 17 Graph of changes in flower bed 2. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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Aster ptarmicoides
Pycnanthemum pilosum
Artemisia ludoviciana var. albula 'Silver Queen'
Echinacea pallida
Penstemon hirsutus
Echinacea purpurea 'Doubledecker’
Liatris spicata
Pycnanthemum tenuifolium
Perovskia abrotanoides
Tradescantia ohiensis
Amorpha canescens
Calamagrostis sp.

Salvia sp.

Geranium sanguineum
Helianthus occidentalis
Monarda fistulosa subsp. fistulosa
Aster oblongifolius

Allium strictum

Verbena bonariensis
Parthenium integrifolium
Bouteloua curtipendula
Lychnis coronaria 'Alba’
Sporobolus heterolepis
Thymus pulegioides

Salvia sclarea

Verbascum thapsus
Verbena stricta

Festuca sp.

Veronica teucrium

Plantago lanceolata

Linum perenne

Gaura lindheimerii

Liatris aspera

Rudbeckia hirta 'Prairie Sun'
Cerinthe major

Eragrostis spectabilis

Liatris pycnostachia

Nasella tenuissima
Monarda punctata

Dalea purpurea

Allium sphaerocephalon

-10.00 -5.00 0.00

0.00

-0.21 ¢
-0.50 ¢
-0.67 &
-0.75 B
-0.84 =
-1.04 =
-1.25 =
-1.25 =
-4.01 ===
-4.85 EEEEE

FB 3

1 29.16
1 24.83

1 19.25
1 15.03
s 11,58
I P X
e 7.92
e 6.74
e 6,17
I 5.83

I 5.08

I3 5.00

. 5.00

s 5.00

. 5.00

I 4.58

D 4.58
416

mmm 3,50

= 2.83

2,62

== 2.50

mm 233

= 1.50

™ 1.08

0.50

0.50

0.50

0.50

0.50

W e m W .

Fig. 18 Graph of changes in flower bed 3. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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Echinacea purpurea 'Magnus'
Artemisia ludoviciana var. albula 'Silver Queen'
Hyssopus officinalis
Platycodon grandiflorum 'Mariesii'
Stipa pennata
Origanum vulgare 'Compactum’
Kniphofia foliosa
Campanula poscharskyana
Vicia sepium
Aster linosyris
Salvia nemorosa 'Viola Klose'
Potentilla tabernaemontani
Poa pratensis
Panicum virgatum
Calamagrostis brachytricha
Eremurus stenophyllus
Pulsatilla vulgaris cv.
Rudbeckia fulgida var. deami 'Goldsturm’
Dianthus deltoides
Dactylis glomerata
Bellis perennis
Anemone sylvestris
Linum narbonense
Taraxacum sect. Ruderalia
Quercus sp.
Rosa sp.
Nepeta x fassenii
Thymus pulegioides
Lilium bulbiferum
Penstemon barbatus cv.
Stipa barbata
Veronica teucrium 'Knallblau'
Aster dumosus 'Blaue Lagune'
Prunella grandiflora
Gladiolus byzanticus
Allium jesdianum 'Shing'

-20.00

FB 4

-0.15
-0.21
-0.29
-0.31
-0.68
-0.99
-1.01

I 36.08

1 18.43

s 11.91
s 11.91
- 8.20
e 8,18
I 5,93
I 545
== 5.00
348
= 2.35
m 2.20
= 1.50
= 1.50
o 1.38
= 1.36
m 117
o 1.17
o 091
1 0.50
1 0.50
1 0.45
1 0.25

0.10

0.10

0.10

|
|
I
I
g

|
=

-1.71 =
-1.71 =
-7.96
Allium sphaerocephalon -13.48 T

-10.00

0.00

10.00 20.00 30.00 40.00

Fig. 19 Graph of changes in flower bed 4. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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Coreopsis palmata
Helianthus occidentalis
Monarda fistulosa subsp. fistulosa
Andropogon gerardii
Aster lateriflorus 'Lady in Black'
Penstemon digitalis 'Mystica'
Pycnanthemum tenuifolium
Liatris graminifolia
Echinacea cv.
Coreopsis lanceolata 'Sterntaler'
Penstemon strictus
Baptisia australis
Pycnanthemum pilosum
Camassia leichtlinii 'Alba’
Oenothera pilosella
Gaura lindheimerii
Amsonia tabernaemontana
Agastache foeniculum
Sorgastrum nutans 'Indian Steel'
Eremurus cv.
Echinacea purpurea 'White Luster'
Euphorbia helioscopia
Hypochaeris radicata
Hieracium pillosella
Potentilla argentea
Aster ptarmicoides
Chenopodium album
Rosa canina agg.
Crepis biennis
Sonchus asper
Linum perenne
Ratibida pinnata
Helianthella quinquenervis
Echinacea paradoxa
Petalostemon purpureum
Aster azureus
Allium atropurpureum
Aster 'Yvette Richardson
Aster (breeding. 1/5/1)
Anemanthele lessoniana 'Buffalo Gold'
Rudbeckia fulgida var. sulivantii 'Goldsturm'
Antirrhinum majus 'Terracotta Mix'
Bouteloua curtipendula
Camassia quamash

-20.00

FB5

-0.35
-0.47
-0.47
-0.47
-0.67
-0.93
-0.93
-0.98
-1.07
-1.35
-1.45

1 29.38

I 19.07
I 18.65

I 15,59
I 12.54
I 12.40

mmmmm 9.24
mmmmm 9,15
I 8.74
- 8.65

.

6.98

I 5.73
== 4.85

=a 3.2

3

= 271
= 231
= 2.26

= 1.98
o 1.25
5 0.97
1 0.59
1 0.50
1 0.50
1 0.50
1 0.50
1 031
1 0.30
1 0.10
1 0.10
1 0.10

[ R T T TR TR P S e

=

-2.80 ==
-3.64 ==
-17.02 DO

-10.00

0.00
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30.00
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Fig. 20 Graph of changes in flower bed 5. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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Pycnanthemum tenuifolium
Knautia macedonica "Mars Midget"
Coreopsis palmata

Echinacea purpurea

Aster (breeding 1/4/3)

Euphorbia polychroma

Aquilegia sp.

Sedum floriferum 'Weihenstephaner Gold'
Digitalis parviflora

Oenothera pilosella

Echinacea paradoxa

Calamintha nepeta subsp. glandulosa 'Blue Cloud'
Oenothera macrocarpa

Coreopsis grandiflora 'Sonnenkind'
Aster ptarmicoides

Aster dumosus

Liatris spicata

Eragrostis curvula

Sporobolus heterolepis
Taraxacum sect. Ruderalia
Plantago lanceolata

Agastache aurantiaca

Rudbeckia missouriensis

Dalea purpurea

Ratibida columnifera

Rudbeckia fulgida var. speciosa
Salvia officinalis 'Purpurascens’
Linum narbonense

Gaillardia aristata

Cosmos sulphureus

Buchloe dactyloides

Koeleria macrantha
Papaver orientale

Bouteloua curtipendula
Calochortus 'Golden Orb'

Allium cernuum

-10.00 -5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00

FB 6

1 29.90
1 25.10

1 16.30
s 13,93
e 11.67
—— [ X k]
s 10.00
e 7.54
e 7,27

I 5.87

I 5.00

mmm 3.24

=== 3.10

I 2.83

o 2.64

== 2,55

mm 1.84

B 0.75

o 0.74

1 0.50

1 0.50

-0.15
-0.23
-0.33
-0.48

-0.59

-0.60
-0.66 E
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-2.20 ==
-3.89 mmmm
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i
-0.59 E
g
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Fig. 21 Graph of changes in flower bed 7. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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Lychnis coronaria

Geranium sanguineum 'Album’
Filipendula vulgaris

Veronica teucrium 'Knallblau'
Eryngium amethystinum

Inula ensifolia 'Compacta’
Knautia macedonica "Mars Midget’
Pseudolysimachion spicatum
Aster linosyris

Anaphalis margaritacea 'Neuschnee'
Calamintha nepeta subsp. nepeta
Thymus serpyllum

Euphorbia polychroma
Pseudolysimachion incanun
Sedum 'Matrona’

Euphorbia cyparissias

Festuca sp.

Salvia verticillata 'Purple Rain'
Aster amellus 'Rudolf Goethe'
Potentilla argentea

Plantago lanceolata

Panicum virgatum

Achillea '"Moonshine'

Eremurus cv.

Anemone sylvestris

Festuca mairei

Echinacea purpurea 'Alba’
Geranium dalmaticum
Artemisia schmidtiana 'Nana'
Lychnis viscaria

Linum perenne

Prunella grandiflora

FB7

1 45.21

Allium sphaerocephalon -6.69 mEmmmm

-10.00

1 17.86
I 12.49
s 12,10
e 7.71
s 7,10
D 5,99
I 5.00
mmm 3.83
mmm 3.76
. 3.14
mm 2.81
= 1.82
/| 1.81
/| 171
I 1.65
m 1.50
m 1.50
1 043
1 0.30
I 0.10
-0.23 |
-0.29 1
-0.34 1
-0.51 ¢
-0.62 E
-0.62 E
-1.02 =
-1.13 =
-1.24 =
-1.75 =
-2.25 ==
0.00 10.00 20.00

30.00

40.00

Fig. 22 Graph of changes in flower bed 7. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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FB 8

Phlomis russeliana ] 41.88
Coreopsis verticillata 'Grandiflora’ | 25.03
Penstemon digitalis 'Mystica' 1 23.71
Geranium x cantabrigiense 'Cambridge’ ] 22.89
Centranthus ruber T 16.27
Bergenia '‘Baby Doll' s 13.72
Aster dumosus 'Victor' I 13,72
Calamagrostis x acutiflora 'Karl Foerster' I 8.00
Panicum virgatum 'Rehbraun’ T 6.47
Achillea 'Coronatoin Gold' 3 6.27
Hemerocalis 'Elegant Candy' I 5.06
Sedum 'Matrona' 0 4.23
Salvia officinalis '‘Berggarten’ I3 4.20
Iris barbata-media 3 4.20
Papaver orientale /3 3.97
Gaura lindheimerii o 1.27
Acer sp. 1 0.50
Senecio jacobaea | 0.10
Calamagrostis brachytricha -0.13 |
Eremurus stenophyllus -0.20 |
Anemone sylvestris -0.47 |
Agastache 'Blue Fortune' -0.60 I
Lychnis coronaria -0.60 I
Artemisia ludoviciana var. albula 'Silver Queen' -0.80 [
Origanum vulgare 'Compactum’ -0.84 [
Geranium himalayense -2.95 =
Allium jesdianum 'Purple King' -10.98 s
Allium sphaerocephalon -12.68 s
-20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

Fig. 23 Graph of changes in flower bed 8. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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FB 9

Artemisia ludoviciana var. albula 'Silver Queen' 1 33.77
Aster dumosus 1 16.67
Echinacea purpurea 1 16.67
Geum triflorum 1 14.82
Echinacea angustifolia e 11.21
Oenothera macrocarpa e 8,16
Aster turbinellus . 7.00
Linum perenne e 5,87
Euphorbia polychroma D 5.00
Tradescantia ohiensis I 4.33
Aster ptarmicoides s 4.17
Oenothera perennis D 3.81
Amorpha canescens D 377
Penstemon strictus 3,71
Pulsatilla patens I 3.68
Liatris spicata mmm 3,30
Penstemon serrulatus = 2.85
Monarda fistulosa subsp. fistulosa == 2.50
Verbascum nigrum == 2.50
Echinacea purpurea 'Baby Swan White' mm 2,44
Ruellia humilis == 241
Allium strictum 1 0.54
Plantago lanceolata 1 0.50
Pycnanthemum tenuifolium 1 0.50
Dianthus deltoides 1 0.50
Veronica teucrium 5 0.50
Cirsium arvense 1 0.50
Lactuca serriola 1 0.50
Rosa canina agg. I 0.10
Rudbeckia hirta 'Maya' -0.80 =
Monarda punctata -1.06 =
Bouteloua gracilis -1.19 =
Echinacea tennesseensis 'Rocky Top Hybrids' -1.73 ==
Buchloe dactyloides -1.96 ==

Nasella tenuissima  -4.31 s
Allium sphaerocephalon -5.71

-10.00 -5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Fig. 24 Graph of changes in flower bed 9. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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Andropogon gerardii

Coreopsis verticillata 'Grandiflora’
Pycnanthemum tenuifolium
Coreopsis palmata

Sorgastrum nutans

Coreopsis lanceolata 'Sonnenkind'
Calamintha nepeta

Liatris graminifolia

Baptisia australis

Penstemon digitalis 'Mystica'
Echinacea cv.

Oenothera macrocarpa

FB 10

] 16.88

] 16.88

1 13.54

1 13.54

1 10.21

1 6.88
I 5,21
s 5,21
s 3,54
D 3,54
271

Salvia officinalis 'Berggarten’ 1,88
Gaura biennis mmmm 1.88
Oenothera pilosella = 1.04
Monarda fistulosa subsp. fistulosa == 0.90
Galium album = 0.50
Dianthus deltoides = 0.50
Plantago lanceolata = 0.50
Vicia hirta = 0.50
Bellis perennis 1 0.10
Conyza canadensis 1 0.10
Chenopodium album 1 0.10
Pycnanthemum californicum -0.63 =
Verbena stricta -1.29 ===
Penstemon hirsutus -1.46 ===
Agastache foeniculum -2.13 s

Linum narbonense -2.63
Ceratostigma plumbaginoides -2.63 =

Aster (breeding 1/4/3) -3.13

Amsonia tabernaemontana -3.13

Aster lateriflorus 'Coombe Fishacre' -3.13
Aster 'Anja's Choice' -3.13

Camassia quamash -3.13

Rudbeckia fulgida var. speciosa -3.13
Bouteloua curtipendula -3.13

Eragrostis spectabilis -3.13

-5.00

0.00 5.00

10.00

1 13.54

15.00

20.00

Fig. 25 Graph of changes in flower bed 10. Zero value denotes the situation where the planted

abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their

abundance.
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Origanum vulgare 'Aureum’
Verbascum chaixii
Geranium sanguineum 'Striatum'
Molinia caerulea 'Edit Dudszuz'
Euphorbia polychroma
Sedum 'Black Jack'
Inula ensifolia 'Compacta’
Salvia nemorosa 'Schwellenburg'
Catananche caerulea
Filipendula vulgaris 'Plena’
Deschampsia cespitosa
Gladiolus byzanticus
Buphthalmum salicifolium 'Alpengold’
Aster amellus 'Veilchenkonigin'
Salvia pratensis 'Rose Rhapsody'
Pseudolysimachion spicatum
Geranium pratense 'Midnight Reiter'
Festuca rubra
Plantago lanceolata
Sonchus oleraceus
Persicaria maculosa
Dianthus deltoides 'Brillant'
Cirsium arvense
Verbascum nigrum
Prunella grandiflora 'Rubra’
Lythrum salicaria 'Robert'
Anemone sylvestris
Dianthus knappi
Campanula persicifolia 'Alba’
Gypsophila paniculata 'Festival White'
Linum narbonense
Sedum album 'Coral Carpet'
Allium neapolitanum

FB 11

1 30.76

1 24.93
I 24.07

T 14.78
I 12.68
T 12.43
I 10.84
s 8.81
[—— Y
s 5.22

EEE 4.90

03 4.60

I3 4.10

03 381

0= 214

= 1.76

o 1.19

1 0.50

1 0.50

1 0.50

1 0.50

I 0.19

| 0.10

/1 0.10

-0.10 |
-0.29 |
-039 I
-0.82 E
-0.86 E
-0.90 E
-1.27 &
-2.06 £

-12.33 s

Allium roseum -16.44 |

-20.00

-10.00

0.00 10.00 20.00 30.00

Fig. 26 Graph of changes in flower bed 11. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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FB 12

Aquilegia sp. 1 26.06
Knautia macedonica "Mars Midget® 1 22.56
Schizarium scoparium 'Prairie Blues' s 9.4)
Aster lateriflorus var. horizontalis Y
Calamintha nepeta subsp. glandulosa 'Blue Cloud' mmmm 4,61
Liatris spicata 'Kobold' 443
Calamintha nepeta subsp. nepeta mmm 3,51
Artemisia schmidtiana 'Nana' == 3.12
Aster (breeding 6/3P/2) === 3.06
Origanum vulgare == 2.27
Pseudolysimachion spicatum = 1.50
Ruellia humilis = 1.18
Echinacea tennesseensis 'Rocky Top Hybrids' = 0.87
Geum triflorum 5 0.68
Euphorbia helioscopia 1 0.50
Taraxacum sect. Ruderalia 1 0.50
Cirsium arvense 1 0.50
Linum usitatissimum 1037
Sonchus oleraceus 1 0.30
Rubus fruticosus agg. I 0.10
Salvia nemorosa I 0.10
Aster linosyris I 0.10
Pycnanthemum integrifolium I 0.10
Digitalis purpurea -0.25 ¢
Aster ptarmicoides -0.38
Lychnis coronaria -0.74 E
Pulsatilla patens -0.82 &
Ratibida columnifera var. pulcherrima ' Red Midget' -0.94 =
Centranthus ruber -0.94 =
Carex testacea -0.99 =
Penstemon albertianus -0.99 =
Helipterum roseum -1.24 =
Nasella tenuissima -1.63 =
Limonium suworowii -1.88 ==
Sedum 'Purpurteppich’ -2.08 ==
Bouteloua gracilis -2.19 ==
Dalea purpurea 'Stephanie’ -2.38 ==
Eragrostis spectabilis -2.38 ==

Allium sphaerocephalon -12.73 ——
Allium oreophilum -13.27

Allium unifolium -15.90 |

-20.00-15.00-10.00 -5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00

Fig. 27 Graph of changes in flower bed 12. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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Geranium sanguineum
Deschampsia cespitosa

FB 13

1 34.96

1 31.29

Aster linosyris ] 30.45
Phlomis tuberosa 1 19.24
Buphthalmum salicifolium ] 17.33

Dictamnus albus
Pseudolysimachion maritimum
Aster amellus

Euphorbia polychroma

Salvia nemorosa

Verbascum nigrum

T 12,91
T 12.57
s 11.81
s 7.19
I 6.81

s 5.52

Linaria vulgaris s 4.32
Adonis vernalis mmm 3.40
Dianthus carthusianorum o 2.64
Anthericum liliago mm 2,57
Lythrum salicaria &= 2,50
Campanula persicifolia mm 2,19
Allium strictum m 1.58
Pseudolysimachion spicatum M 1.36
Achillea millefollium 1 0.50
Allium flavum 1 0.50
Taraxacum sect. Ruderalia 1 0.50
Aster sp. 1 0.50
Conolvulus arvensis 1 0.50
Solidago canadensis 1 0.50
Crepis biennis 1 0.50
Asparagus sp. I 0.10
Hypericum perforatum I 0.10
Fraxinus excelsior I 0.10
Origanum vulgare -0.60 E
Potentilla tabernaemontani -2.54 ==
Thymus pulegioides -3.22 ===

-10.00 -5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Fig. 28 Graph of changes in flower bed 13. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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FB 14

Aster dumosus 'Blaue Lagune' 1 34.91
Iris barbata-media | 29.40
Linum perenne ] 24.86
Verbascum nigrum ] 16.44
Euphorbia cyparissias I 3.20
Sporobolus heterolepis 0 2.74
Agrimonia eupatoria /3 2.55
Stipa pulcherrima I3 2.50
Allium strictum 0 234
Monarda fistulosa subsp. fistulosa I 1.30
Festuca amethystina 0 0.73
Vicia hirta J 0.50
Dianthus deltoides 1 0.50
Taraxacum sect. Ruderalia 1 0.50
Vicia sepium 1 0.50
Papaver orientale 1 0.50
Viola riviniana 1 0.50
Leucanthemum vulgare agg. 1 0.50
Lactuca serriola | 0.10
Lilium bulbiferum 0.01
Kniphofia foliosa -0.65 E
Hyssopus officinalis -0.78 E
Helianthemum 'Wisley Primrose' -0.81 E
Gypsophila 'Rosenschleier' -0.81 E
Campanula glomerata 'Superba’ -1.10 =

Allium sphaerocephalon STE VAN ——
Allium aflatunense -9.06 T

-15.00-10.00 -5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Fig. 29 Graph of changes in flower bed 14. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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Geranium x cantabrigiense 'Karmina'

FB 15

1 29.85

Salvia verticillata 'Purple Rain' 1 21.69
Teucrium chamaedrys 'Nanum' 1 21.29
Lychnis coronaria 'Alba’ 1 20.23

Veronica teucrium 'Knallblau'
Pennisetum alopecuroides 'Hameln'
Panicum virgatum 'Rotstrahlbusch’

s 10.78
I 9.56
s 7.89

Lavandula angustifolia s 7.00
Aster dumosus s 5.00
Echinacea purpurea 'Magnus' mmm 4.31
Thymus pulegioides mm 2,52
Geranium dalmaticum = 2.50
Salvia officinalis 'Berggarten’ o 244
Euphorbia polychroma = 2.10
Sedum 'Matrona’ I 1.53
Pseudolysimachion spicatum m 151
Penstemon digitalis 'Mystica' m 1.15
Stachys byzantina 'Silver Carpet' o 111
Hyssopus officinalis O 0.98
Festuca rubra | 0.10
Lactuca serriola | 0.10
Nasella tenuissima -0.06
Aster lateriflorus 'Bleke Bet' -0.24 |
Eryngium planum 'Blue Hobitt' -0.36 I
Festuca glauca -0.40 |
Agastache 'Blue Fortune' -0.89 E
Nepeta x fassenii -1.13 =
Campanula poscharskyana 'Glandore' -133 =
Allium aflatunense 'Purple Sensation' -4,.02
Allium jesdianum 'Michael Hoog' -5.96

Allium caeruleum  -12.88 T

-20.00-15.00-10.00 -5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00

Fig. 30 Graph of changes in flower bed 15. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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Geranium sanguineum 'Aviemore'
Aster linosyris

Aster dumosus 'Blaue Lagune'
Sedum rupestre 'Angelina’
Deschampsia cespitosa

Thymus pulegioides

Campanula glomerata 'Superba’
Sedum floriferum 'Weihenstephaner Gold'
Stachys byzantina 'Silver Carpet'
Echinacea purpurea

Festuca rupicola

Nigella damascena 'Cramers Plum'
Linum flavum

Linum perenne 'Saphyr'

Nepeta x fassenii

-0.28 |
-0.64 [
-3.27 [0
-4.69 [0
-5.19 [0

FB 16

| 36.54

[ 536
I 314
I 250
7 2.50
7 2.40

1 074

[ 0.64

] 0.50

| 0.10

-10.00 -5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Fig. 31 Graph of changes in flower bed 16. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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FB 17

Coreopsis verticillata 'Grandiflora’ ] 45.01
Sedum rupestre 'Angelina’ | 28.75
Centranthus ruber ] 27.09
Panicum virgatum T 6.67
Aster dumosus 'Prof. Kippenberg' [ 5.84
Phlomis russeliana I 5.00
Aster ptarmicoides I 5.00
Aster linosyris I 5.00
Sedum floriferum 'Weihenstephaner Gold' 0 251
Aster oblongifolius 0 2.50
Lavandula angustifolia 0 2.50
Thymus pulegioides 0 2.09
Geranium sanguineum o 1.50
Lychnis coronaria 1 0.50
Molinia caerulea 1 0.50
Euphorbia cyparissias 1 0.50
Verbascum nigrum 1 0.30
Salvia nemorosa 'Mainacht' 0.01
Achillea 'Moonshine' -0.85 [
Calamagrostis brachytricha -1.11 B
Eremurus cv. -1.44 @

Kniphofia foliosa -1.89 =

Anaphalis triplinervis 'Sommerschnee' -2.07 =
Aster dumosus 'Schneekissen' -3.32
Asphodeline lutea  -3.32 [

-10.00 0.00 10.00 20.00 30.00 40.00 50.00

Fig. 32 Graph of changes in flower bed 17. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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Aquilegia sp.

Geranium renardii

Veronica teucrium 'Knallblau'

Iris barbata-media

Calamintha nepeta subsp. nepeta
Echinacea angustifolia

Aster linosyris

Aster dumosus 'Terry's Pride’
Platycodon grandiflorum 'Mariesii'
Helictotrichon sempervirens 'Saphisprudel'
Allium aflatunense 'Purple Sensation'
Verbascum nigrum

Euphorbia cyparissias

Campanula glomerata 'Superba’
Prunella grandiflora

Echinacea purpurea
Leucanthemum vulgare agg.
Cirsium arvense

Salvia nemorosa

Vicia hirta

Trifolium dubium

Rudbeckia fulgida 'Goldsturm’
Sedum spurium 'Fuldaglut’

Veronica porphyriana

FB 18

I 36.67

-1.51 =
-3.18 =

-10.00 -5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Fig. 33 Graph of changes in flower bed 18. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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FB 19

Centranthus ruber ] 2965
Aster novae-anglie 'Purple Dom' O 2355
Aster dumosus 'Kristina' T 18.81
Euphorbia cyparissias I 1511
Calamagrostis x acutiflora 'Overdam’ o 151
Anaphalis triplinervis 'Sommerschnee' I 511
Papaver orientale 0 3.79

Taraxacum sect. Ruderalia 1 0.50
Gypsophila 'Rosenschleier’ | 0.11
Verbascum nigrum | 0.10
Conolvulus arvensis | 0.10

Gypsophila repens 'Rosea’ -0.18 |
Gypsophila repens -0.18 |

Salvia nemorosa 'Mainacht'  -0.73 [I

Linaria purpurea -1.92 [0

Aster ericoides 'Snow Flury' -2.56 [0

Achillea 'Moonshine' -2.56 [

Allium aflatunense 'Purple Sensation'-2.79 [0

-5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00

Fig. 34 Graph of changes in flower bed 19. Zero value denotes the situation where the planted
abundance is equal to the recent abundance. Thus, taxa have not increased or decreased their abundance.
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Fig. 35 Boxplot of the cover of all taxa which were not planted to the individual beds (colonizers) or
taxa with the spontaneous occurrence. Spontaneous native taxa had not as high cover as other
colonizers. Established invasive species are represented only two individuals.
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