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Abstrakt

Cilem predkladané disertacni prace bylo urcit, které faktory ovliviiuji invaziv-
nost v rodé Impatiens (netykavka). Netykavky jsou velmi atraktivni rostliny; né-
které zdomécnély mimo puvodni aredl vyskytu, zatimco jiné ne, piestoze byly
Casto péstovany. Pokud patrdme po vlastnostech, které podporuji invazivnost,
je vyhodné srovndvat druhy jednoho rodu, tzv. kongenery. Diky blizké piibuz-
nosti jsou jejich vlastnosti a zpusob rozSifovani méné ovlivnény fylogenezi,
neZ pfi srovnani nepiibuznych druhu, ¢i dokonce celych flér. Srovnani konge-
nerl umoziiuje presnéjsi ureni vlastnosti, které invazni druhy zvyhodiuji oproti
druhiim domdcim, a zaroven presnéjsi rozpoznani druhti s invaznim potencidlem.
Intenzita kompetice mezi ptivodnimi a invaznimi druhy z4visi na mife prekryvu
jejich nik. Invazni druhy jsou obvykle vysoce kompetitivni v Sirokém rozsahu
podminek prostfedi, zatimco doméci druhy ¢asto maji uzsi ekologické optimum.
Vysledek kompetice se navic miZe v riznych fazich Zivotniho cyklu liSit a zavis{
na mife dominance (vyjadfené napf. pokryvnosti), coz byva ziidka zohlednéno.
Rozsiteni invazniho druhu v neplivodnim aredlu také ovlivituji mistni podminky
prostiedi, zptisoby a rychlost Sifeni. Mnoho invaznich druhii proto zdomdacnélo
podél vodoteci, které poskytuji celou fadu piithodnych mikrostanovist, na nichz
je kompetice ze strany domécich druhti sniZena v disledku disturbanci a diaspory

vy

jsou snadno §ifeny vodou.
Cilem mé disertacni prace bylo:

e nalézt vlastnosti podporujici invazivnost u vybranych druhl netykavek
(Impatiens), s ptihlédnutim k frekvenci péstovani

e  zjistit, zda se li$i niky jednoho pivodniho a dvou invaznich druhd, které
se v prirodé vyskytuji spolecné

e prozkoumat kompeti¢ni vztahy téchto tfi druhd v pokusné zahradé
za riznych podminek prostfedi a hustoty kompetitord v prub&hu celého
Zivotniho cyklu

e urdit faktory, které ovliviluji rozsifeni a pocetnost I glandulifera podél
fek



Vysledky mé disertaéni prace lze shrnout nésledovné: (i) vlastnosti rostlin
v Casné vyvojové fazi (velkd hmotnost semen, rychly rust semenact a kliceni
situované do piiznivého obdobi) pfispivaly k invazivnosti silnéji nez vlastnosti
dospélci (plodnost a celkova biomasa); (ii) Casto péstované druhy snadnéji zdo-
mdcnuji; (iii) niky invaznich a domaciho druhu se prekryvaji; (iv) pokryvnosti
vSech druhti byly negativné ovlivnény pokryvnostmi kongeneri, spolecny vyskyt
druhtl v ramci jedné lokality je moZzny diky rozdilnému vyuziti mikrostanovist’
(v) na fitness rostlin ma silné&jsi vliv kompetice neZ podminky prostfedi; (vi) silné
invazni druh Impatiens glandulifera je nejsiln€jSim kompetitorem bez ohledu
na podminky prostiedi, coZ vede k tomu, Ze doméci I noli-tangere je kompeti¢né
vylucovéna ze spole¢né ¢4sti niky; (vii) nejvetsi populace I glandulifera vytvari
v zaplavovanych plochédch v blizkosti fek, kde byl zaznamendn dvojndsobny po-
et jedinct oproti plochdm nezaplavovanym; (viii) populace lezici na pfitocich
byly dvakrat tak daleko od mapovanych fek, nez ty lezici mimo pritoky.

Na zdkladé t€chto vysledkl predpokladam, Ze se pocet invaznich druht
netykavek v budoucnosti zvysi, pokud budou €asto pé€stovany. StéZejni vyznam
maji ¢asnd stddia vyvoje, protoZe Gspé$né uchyceni a rust semendcu je zdkladnim
predpokladem tsp&chu u t&chto prevazné jednoletych druhi. Site niky a kompe-
tién{ sila druhu ovliviiuji spoleény vyskyt ptivodnich a invaznich druh. Doméci
L noli-tangere bude v mistech, kde roste spolecné s kompeti¢né siln€jsi /. glan-
dulifera, vytlaCena do vlhké a stinné ¢4sti niky. Druhy velmi dspé$ny invazni
druh I parvifloraje ze zkoumanych druht kompeti¢né nejslabsi a tudiZz ma maly
vliv na ptivodni druh. Dynamika vyskytu I glandulifera v krajiné je ovlivnéna

vvvvv

vin, coz ve vysledku umoziiuje dominanci netykavky v bfehovych porostech.



1 Uvod
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ne7 jiné, stale zGistava v centru zajmu invazni ekologie. Uspéch invaznich druhii
byl tradi¢né pficitan jejich biologickym a ekologickym vlastnostem, jako jsou
napf. rychly rust, velkd biomasa, ddlkové §ifeni, vysoka plodnost atd. (PySek and
Richardson 2007). Je zndmo, Ze invazni druhy nejsou rovnomérné rozdéleny
mezi jednotlivé fylogenetické linie; napt. Celed’ Fabaceae a Poaceae jich obsahuji
mnoho, zatimco Celed Orchidaceae ma pouze nékolik invaznich zdstupcd
(Daehler 1998). Moravcova et al. (2010) zjistili, Ze existuje velkd variabilita
ve vlastnostech mezi fylogenetickymi liniemi a Ze jeji nejvétsi podil ptipada na
rozdily mezi jednotlivymi druhy jednoho rodu. Invazivnost by proto méla byt
predikovana na nizsich fylogenetickych drovnich, idedlné uvniti rodu (PySek et
al. 2014).

To, co urluje invazivnost, nejsou pouze vlastnosti druhd, ale jejich in-
terakce s vektory Sifeni (Carlton 1996). Pocet jedincti introdukovanych v daném
uzemi se nazyva piisun diaspor (Lockwood et al. 2005) nebo introdukéni dsili
(Blackburn and Duncan 2001).

Invazni druhy jsou Casto vysoce kompetitivni (van Kleunen et al. 2010)
a obecné se predpoklada, Ze jsou siln€jsimi kompetitory nezZ domdci druhy (Vila
etal. 2011). Kompeti¢ni nadfazenost invaznich druht neni univerzalni, ale zavisi
na piirodnich podminkach (Daehler 2003) a schopnosti druhl udrZet vysokou
fitness podél gradientt prostiedi — typicky dostupnosti vody, svétla a Zivin (Ské-
lové et al. 2013). Vysoka kompetitivnost zavlecenych druhi je dileZitd pro pie-
chod do invazni faze, napt. kdyz se §ifi z ruderdlnich stanovist, kde obvykle pro-
bihd proces naturalizace (Richardson et al. 2000). Populace zavleCenych druha
Sifeni, protoZe v jejich blizkosti se vyskytuji vhodnd disturbovand stanovisté
umozilujici uchyceni (Mack 2003). Pobfezni stanovisté patii celosvétové mezi
viubec nejvice invadované habitaty (Richardson et al. 2007) a predstavuji jedny

wevs

z nejvhodnéjsich mist pro naturalizaci zavle¢enych druhu.



Tato prace usiluje o pochopeni SirSich souvislosti rostlinnych invazi
diky propojeni riznych faktorl, které ovliviiuji invazni chovani druhi modelo-
vého rodu netykavka (/mpatiens) z Celedi Balsaminaceae (Obr. 1). V ¢lancich,
které jsou soucasti disertacni prace byl studovan vliv mnoha faktord, které ovliv-
fluji invazivnost, napt. biologické vlastnosti, piisun diaspor, ¢as od zavleCeni,
podminky prostiedi a kompetice s piivodnimi druhy. Rod netykavka je vhodnym
studijnim systémem, protoZe obsahuje druhy invazné€ Gspésné i ty které neinva-
duji. Srovnani kongenerli umoznuje testovat vlastnosti druhti bez vlivu fyloge-
neze, proto je mozné odhalit pfesnéji potencidln€ invazni druhy v rdmci daného
rodu.

Rod netykavka s priblizné 1000 druhti patii mezi nejvétsi rody krytose-
mennych rostlin (Yu et al. 2016). Netykavka balzamina (/. balsamina) je v Indii
v kultufe uz 4000 let; dalsi druhy zacaly byt péstovany asi pfed 150 lety (Grey-
Wilson 1983). Péstovani okrasnych netykavek béhem 19. stoleti vedlo k invazi
nékolika druhi po celém svété. Netykavka Zlaznatd (/. glandulifera), pivodem
z Himdlaje, zdomécnéla v Evropé, Severni Americe, Rusku a na Novém Zélandé
(Beerling and Perrins 1993), jeji vyskyt je nové uddvin z Kolumbie (GBIF
2017). Netykavka malokvéta (I parviflora), pivodem ze stfedni Asie, zdomadc-
néla v Evropé, Severni Americe a vychodni Asii (Mattews 2008). Netykavka
Balfourova (Z. balfourii), puivodem z Himdlaje, zdomécnéla v Evropé, Severni
Americe, Japonsku a Austrilii (Adamowski 2009). Dalsi dva teplomilnéjsi
druhy, netykavka balzamina (. balsamina), puvodem z Indie a netykavka turecka
(I waleriana), puvodem z jihovychodni Afriky, zdomécnély v tropech a subtro-
pech po celém svété a obcas zplaniuji v temperatu (Adamowski 2008).

V disertacni praci jsem pouzil 10 druh@ netykavek (/. balfourii Hook.
f., I balsaminaL., I. capensis Meerb., I. edgeworthii Hook. f., I. flemingii Hook.
f., I glandulifera Royle, I. noli-tangere L., I. parvifloraDC., I. scabrida DC.
a I. walleriana Hook) pro pétrani po vlastnostech podporujicich invazivnost (Ka-
pitola 1). U tfi z nich (netykavka 71aznatd, nedatkliva a malokvétd), vyskytujicich
se v Ceské republice, jsem zkoumal rozdéleni nik a koexistenci v pifrodé (Kapi-
tola 2) a detailné jejich kompetici v pokusné zahradé (Kapitola 3). U nejvice in-
vazniho druhu (netykavka 7zldznatd) jsem se zaméfil na faktory, které ovliviiuji
jeji rozsifeni v krajiné (Kapitola 4).
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Obr. 1. Pfedpokladané vztahy mezi invazivnosti a faktory, které byly zkoumdny v diser-
taéni praci. Indexy odkazuji na kapitoly, kde byly piislusné faktory zkoumdny (1 = Kapi-
tola 1, atd.)

2 Cile préce

Hlavnimi cili prace bylo urcit vlastnosti ptispivajici k invazivnosti u vybranych
druht netykavek (Kapitola 1), nalézt dikazy pro rozdéleni nik a kompeti¢ni in-
terakci u jednoho doméciho a dvou invaznich druhi netykavek, které koexistuji
v pifrodé (Kapitola 2), a kvantifikovat kompetici téchto druhi v pokusné zahradé
za rGznych podminek prostiedi, hustot rostlin a riznych fazi Zivotniho cyklu (Ka-
pitola 3). U nejvice invazniho zdstupce, netykavky Zldznaté, bylo cilem zachytit
Casoprostorové trendy a moZzny budouci vyvoj dynamiky populaci podél ek a je-

vy, N

jich $ifeni dal mimo fi¢ni koridory (Kapitola 4).



3 Material a metodika

Vlastnosti vybranych 10 druht netykavek, které maji vliv na fitness a mohly by
podporovat zdomacnéni a invazi druhu, byly méfeny v pokusné zahradé a risto-
vych komorach. Cilem bylo zachytit vlastnosti rostlin béhem jejich celého Zivot-
niho cyklu, tj. vlastnosti semen, semendcid a dospélct. Byly méfeny nésledujici
vlastnosti: hmotnost semen, ¢as mezi vysetim semen a kli¢enim, mira kliceni
v laboratofi a v pokusné zahradé, rychlost riistu semenacu, celkovd biomasa se-
menacl, pomér biomasy kofenli a nadzemnich orgdni u semendcd, nadzemni
biomasa dospélct, vyska a plodnost. Invazni dspéch netykavek byl vyjadien
dvéma proménnymi: (i) invazni status v Evropé (z databaze DAISIE 2017) byl
kvantifikovan jako nejCastéjsi status v zemich, kde byl druh zaznamenén,
a (ii) celosvétovy pocet temperatnich regiond ve kterych druh zdomacnél (z da-
tabdze GloNAF; Pysek et al. 2017). Navic byla odhadnuta frekvence péstovani
(proxy pro piisun diaspor) druhu na tiistupriové skdle (nepéstovan, ziidka, casto)
podle informaci o péstovani v minulosti, dostupnosti semen na internetu a za-
stoupeni druhu ve viménném programu semen (Index seminum) botanickych
zahrad (Kapitola 1).

Rozdéleni nik, koexistence a kompetice mezi dvéma invaznimi (nety-
kavka Zldznatd a malokvétd) a domdcim (netykavka nedutklivd) druhem bylo
studovéano na 84 plochdch o rozmérech 1 x 1 m na péti lokalitach v Ceské repub-
lice. Lokality byly vybrany tak, aby se na nich vyskytovaly vSechny tfi vySe jme-
nované druhy, a bylo moZné vytycit vS§echny kombinace jejich prezence a ab-
sence. Plochy byly sledovany po dobu 4 let a byly na nich méfeny tyto proménné:
pocet jedinct netykavek, pokryvnost vSech cévnatych rostlin (véetné netykavek),
pokryvnost holé pady, pidni vlhkost, korunovy zapoj, obsah celkového ptidniho
uhliku a dusiku a sklon. Z druhovych dat kazdé plochy byly ndsledné vypocitany
Ellenbergovy indika¢ni hodnoty (EIV), které byly dédle pouzity jako zastupna
data pro dals§i proménné prostiedi (Kapitola 2).

Kompetice mezi stejnymi druhy jako v Kapitole 2 byla detailné zmé-

fena v pokusné zahradé za ucelem ovéfit a rozsifit vysledky ziskané v prirodé.
Pokus byl zaloZen jako plné faktoridlni, semena jednoho nebo dvou druhti byla
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vyseta do pétilitrovych kvétinacu tak, aby byly dosaZzeny dvé hustoty semenacu
(vysokd a nizkd), které odpovidaly rozmezi hustot pozorovanych v piirodé.
V rdmci kazdé hustoty byly zaloZeny tfi poméry kompetitor; vysoky (1 : 5),
stiedni (1 : 1) a nizky (5 : 1). Toto uspofddani celkem poskytlo 24 kombinaci
druh/hustota/pomér kompetitort, které byly zopakovéany ve ¢tyfech kombinacich
dostupnosti svétla a vody. Cely experiment tvofilo celkem 960 kvétinact (4 kom-
binace prostfedi x 24 kombinaci druh/hustota/pomér kompetitorti x 10 opako-
véani). Rostliny byly poéitiny a méfeny od vyklieni semendci jednou za tii
tydny a byly sklizeny v Cervenci. Pro kazdy kvétina¢ byla ziskdna data o pru-
mérné vysce rostlin, poctu jedinct, celkové nadzemni biomase a poétu tobolek
kazdého druhu netykavky (Kapitola 3).

Rozsiteni a abundance netykavky Zldznaté bylo mapovano na vice nez
1200 plochédch podél &tyi fek v CR a jejich pitoki. Jedinci a skupiny rostlin byly
mapovany pomoci GPS piistroju. Celkovy pocet jedincu netykavky Zldznaté
v kazdé plose byl vypocitan jako soucin rozlohy invadované plochy a odhadnuté
hustoty netykavek, kterou jsme definovali na tfistupfiové sSkdle (roztrousend,
hojnd, dominantni). Byla ur¢ena vzdélenost ploch od bfehu feky, vyska nad hla-
dinou feky, stupeni disturbance, reZim zdplav a invadovany habitat. Z databaze
DIBAVOD (DIBAVOD 2016) byla ziskana data o zdplavovém reZimu (Kapitola
4).

4 Vysledky a diskuse

Dvé proxy invazivnosti, celosvétovy pocet temperatnich regiont ve kterych druh
zdomécnél a invazni status druhu v Evropé, mély rizny vztah k vlastnostem
druht. To bylo zplsobeno jejich rozdilnou povahou: prvni (GlIoNAF) je kvanti-
tativni proménnd, kterd ukazuje schopnost druhu se S§ifit, zatimco druhd
(DAISIE) je kvalitativni proménnd a odraZzi schopnost druhu zdomécnét alespori

v ¢asti Evropy. Frekvence péstovani byla siln€jSim prediktorem zdomacnéni, nez
biologické vlastnosti. Celosvétovy pocet temperatnich regiont ve kterych druh



zdomadcnél, byl siln€ pozitivné korelovan s frekvenci péstovani. Neni bez zaji-
mavosti, Ze vSechny nepvodni druhy, které byly péstovany v pokusné zahradé,
dokoncily své Zivotni cykly. To ukazuje, Ze jejich vyskyt neni blokovan podmin-
kami prostiedi, ale spiSe prisunem diaspor. Dalsi druhy netykavek se tak mohou
stat zdomdacnélymi, pokud budou Castéji péstovany. Dobra dostupnost semen na
internetu a jednoducha kultivace spolu s rostouci popularitou okrasnych netyka-
vek pfeduréuje mnoho dalSich druht jako potencialni invazni rostliny budouc-
nosti (Kapitola 1).

Tti netykavky koexistuji v ptirode€ a kompetuji, nicméné jejich niky nej-
sou shodné. Nejdulezitéjsimi faktory podmifujicimi vyskyt netykavek byly
padni vlhkost a svétlo. Domadci netykavce nedutklivé se nejlépe dafilo na vlh-
kych a stinnych mistech, zatimco na vice slunnych stanovistich byla vylu¢ovdna
kompeti¢né silnéjsi netykavkou Zldznatou. Vysledky naznacuji, Ze oblast koexis-
tence vSech tfi druht je pomérné mala kvili odlisnym mikrostanovi$tnim naro-
kim (Shmida and Ellner 1984). Populace tfi druhti budou v piirodé tvofit spise
oddélené nez vzdjemné smiSené populace, se zonami prekryvu zavislymi na me-
ziroéni variabilité mistnich podminek prostfedi. Domdci netykavka nedutkliva
bude kompeti¢né vylu€ovdna ze slunnéjsi a sussi casti své niky v mistech, kde se
vyskytuje s netykavkou Zldznatou. Druhy invazni druh, netykavka malokvéta je
kompeti¢né slabsi a proto bude mit omezeny vliv na popula¢ni dynamiku doma-
ciho druhu (Kapitola 2).

V manipulovaném experimentu v pokusné zahrad€ jsme méfili celkem
tii razné vystupy kompetice: dokonceni Zivotniho cyklu, celkovou performanci
(biomasu a plodnost) a vyvoj prumérné vysky rostlin v ¢ase. Podminky prostiedi
byly dulezité ptedevsim pro dokonceni Zivotniho cyklu, zatimco biomasa, plod-
nost a vyska byly ovlivnéné kompetici. Kompetice mezi kongenery tedy pravde-
podobné ovliviiuje jejich performanci, coZ ma ndsledné vliv na to, zda neptvodni
druhy invaduji, ¢i nikoliv (viz PySek and Richardson 2007). U netykavek pod-
minky prostfedi eliminujf jedince v ¢asnych Zivotnich fazich, zatimco po uchy-
ceni rostlin uz rozhoduje kompetice. Vliv prostfedi na dokonceni Zivotniho cyklu
v pokusné zahrad€ byl ve shodé s vysledky z pfirody (Kapitola 2). Domdci druh
prezival lépe pri vysoké padni vlhkosti, invazni netykavce malokvété a zlaznaté
se dafilo 1épe v hlub§im stinu. U doméciho druhu dokonéil Zivotni cyklus veétsi
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podil jedinct nez u invaznich druhd, coz ukazuje, Ze je 1€pe pfizpusobena Zivotu
v mistnich podminkdch (Alexander et al. 2011). Biomasa a plodnost byly vice
ovlivnény kompetic{; invazni netykavka zZlaznatd byla kompeti¢n€ nejsilnéjsi bez
ohledu na kompetitora a podminky prostfedi. PGvodni druh byl kompeti¢né sil-

néjsi neZ druhy invazni druh netykavka malokvétd (Kapitola 3).

Povodné mély pozitivni vliv na velikost populaci netykavky Zlaznaté,
které byly dvakrat tak velké v zaplavovanych izemich nezZ nezaplavovanych, bez
ohledu na jejich vzdélenost od bfehu a vySku nad hladinou feky. Povodné pozi-

oy

tivné ovliviiuji populace netykavky Zldznaté tfemi zptsoby: §iii semena (Gurnell

2wz

et al. 2008), naruSuji plivodni vegetaci a pfinasi Ziviny (Planty-Tabachi et al.
1996). Zasadni je zfejmé vliv disturbanci, protoZe druh se vyskytuje i v susSich
stanovistich, které jsou ale naruSovany. Netykavka Zldznat4 se §if{ ddle od fi¢nich
bieht podél pritoku, coz je v souladu s jejimi stanovistnimi poZadavky (Beerling

v

and Perrins 1993). Voda sice §ifi semena jen po proudu, ale pobieZni habitaty
poskytuji idedlni podminky pro uchyceni, rist a ndsledné postupné Sifeni proti
proudu diky dobrému zdsobeni vodu, stinéni pobfeZnimi dfevinami a nové vy-
tvofenymi stanovisti s holou piidou (PySek and Prach 1993). Propojenost povodi
zcela jisté prispéla k persistenci druhu, ktery ma pouze kratkodobé pietrvavajici
semennou banku (Perglovd et al. 2009). To silné¢ podporuji data Malikové
(2003), ktera nasla vysokou persistenci populaci podél vodnich tokd (94%), ale
velmi nizkou v jinych lokalitdch (9%). To je v souladu s nasimi vysledky, které
ukazuji, Ze populace netykavky Zldznaté mimo vodni toky jsou mensi a Casto se
nachazi v doasnych habitatech, napt. na sklddkdch pudy, pasekach, ruderédlnich
mistech, kterd obvykle zaniknou v prubéhu sukcese (Kapitola 4).

5 Zavér

Srovnani kongenert se ukdzalo jako uZite¢ny ndstroj, pomoci kterého je mozné
presnéji popsat rozdily mezi GspéSnymi invaznimi druhy a druhy, které neinva-
duji, protoZe variabilita ve vlastnostech je mensi diky sdilené evolu¢ni minulosti
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druht. Kapitoly prezentované v této disertacni praci jako celek naznacuji, Ze mu-
Zeme ocekdvat dalsi invaze v rodé€ netykavka, pfedevsim diky jejich popularité a
Castému péstovani. Tento pohled podporuje i historickd zkuSenost s invazi nety-
kavky zZlaznaté, kterd byla v minulosti ¢asto péstovana a dokonce imyslné §ifena
do prirody vcelafi. Nicméné i nendpadnd netykavka malokvétd, mald rostlina,
kterd se rozsifila bez pomoci ¢loveka, je v soucasnosti nej¢astéjsi invazni nety-
kavkou stfedni Evropy. Mechanismus Sifeni netykavky malokvété neni stéle
zcela objasnén, ale musi byt velmi G¢inny, protoZe druh se vyskytuje i ve velmi

odlehlych a izolovanych lesich.

V neddvné minulosti bylo v Evropé zaznamenéno zplanéni nového ne-
puvodniho druhu Impatiens edgeworthii, ktery se za¢ina §itit v Némecku. Tento
druh se vyskytuje pouze lokdlné a muze byt eradikovan, nez se vice rozsii. Né-
které dalsi invazni druhy netykavek se v soucasnosti Sifi v sekundérnich aredlech
svého vyskytu — jsou to netykavka Balfourova, Zldznatd a malokvétd. Tyto tii
druhy, které jsou v soucasnosti hojné v Evropé, se budou pravdépodobné §itit
v temperdtu po celém svété. Tento proces jiZ nejspiS probihd v Severni Americe,
kde se vSechny tfi invazni druhy vyskytuji, zatim ale ne tak masové jako v Ev-
ropé. V Severni Americe se vyskytuje nékolik domacich druhu netykavek, s po-
dobnymi ekologickymi niroky jako maji vySe jmenované invazni druhy, tudiz je

existence vhodnych habitatti a shody klimatu zajiSté€na.

Vlastnosti ¢asnych vyvojovych fazi byly zdsadni pro invazni dspéch
druht, protoZe pravé na nich zavisi uchyceni jednoletych populaci netykavek.
Niky jednoho domaciho a dvou invaznich kongenerickych druhu se ¢astecné pre-
kryvaly. Doméci netykavka nedutkliva je kompeti¢né vylucovina invazni nety-
kavkou Zldznatou ze sdilené casti niky, zatimco kompeti¢né slabsi netykavka
malokvétd na ni ma omezeny vliv. Netykavka malokvéta je prikladem druhu
s rozporem mezi relativné malym vlivem a velkym invadovanym uzemim,
nicméné studie zabyvajici se jejim vlivem na domaci druhy jsou ¢asto nejednotné
a je lepsi drzet se zasady predbézné opatrnosti. Netykavka Zlaznatd a malokveéta
jsou velmi Uspésné invazni rostliny, které se velmi podobaji v nékterych vlast-
nostech, jako je vysoké kliceni semen, velka fenotypova plasticita a rychlé Sifeni.
Tyto dvé invazni jednoletky, ackoliv ndlezi do stejného rodu, se napadné 1isi

v
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to, Ze kazdd invazni udélost je svym zplsobem jedinecnd a Sir§i zobecnéni je
mozné jen do urcité miry.

Netykavka malokvétd je schopnd rist v suchych a stinnych mistech, kde
kompetice domécich druhl je nizkd. Ve stiedni Evropé se obecné vyskytuje
velmi malo druhti, které jsou schopny tolerovat vysoky zdstin. Zadny z nich neni
jednoletka tvofici rozsdhlé monokulturni porosty, tudiZ se zd4, Ze netykavka ma-
lokvéta vyuziva prazdnou niku, kterd neni vyuZita jinym druhem. Podobné vice
svétlomilnd netykavka Zldznatd pottfebuje pro své uchyceni stanovisté¢ s mini-
malni kompetici, idedln€ holou ptidu uvolnénou narusenim vegetace. Ov§em po
uchyceni je to druh vysoce kompetitivni, charakterizovany synchronizovanym
kli¢enim brzy zjara, rychlym ristem a pfedevsim velkou vyskou. Jeji populace
se vyskytuji hlavné€ podél vodoteci, pfedevsim v zaplavovanych mistech. To je
v souladu s tim, Ze invaze druht ¢asto za¢inaji v pobfeZnich habitatech. Jednim
z divodu dominance netykavky Zldznaté podél fek je piiznivy vliv povodni,

vy Now .

které §iti ddlkové semena po proudu i mimo fi¢ni koridor, tvoii narusend mista
vhodna pro uchycent rostlin a pfinasi Ziviny, které jsou nutné pro udrZeni vysoké
fitness. Populace netykavky Zlaznaté déle od biehtl jsou proto mensi, nespojité a
jsou vétsinou jen efemerni diky stochasticité prostfedi a sukcesi vytrvalych

druhu.
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Abstract

The aim of this thesis was to identify factors that contribute to invasiveness of
species in the genus Impatiens. This genus is horticulturally attractive and in-
cludes several species that are known to have naturalized outside their native
ranges, while others did not escape, in spite of being frequently cultivated. When
looking for traits associated with invasiveness, it is useful to focus on congeneric
species. Their traits and dispersal modes are less influenced by phylogeny, than
when comparing unrelated species or even complete floras. This helps to account
for traits that favour invasive species over native ones and thus identify potential
invaders more precisely. A superior invader performance is attributed to a com-
petitive advantage over native species that can lead in extreme case to competi-
tive exclusion of the latter. Invasive and native species compete only if their
niches overlap and the strength of competition depends on niche similarity. Im-
portantly, invasive species are considered to be able to maintain their high com-
petitiveness over a wide range of environmental conditions, while native ones
often have narrower environmental optima. Lastly, competitive outcome can
vary over life stages and depends on the degree of species dominance, which
is rarely taken into account. Spread and resulting distribution of invaders is fur-
ther affected by distributional and environmental constrains in the secondary
range. As a result, many invasive species have naturalized in riparian habitats,
characterised by patchy environment with range of microhabitats, reduced com-
petition in disturbed sites and easy propagule transport.

The aims of my PhD. thesis were

e to identify traits associated with invasiveness and assess the role of
planting frequency within selected Impatiens species

e search for microsite differentiation in one native and two invasive /m-
patiens species that coexist in the field

e investigate competition of these species under manipulated environ-
mental conditions, varying plant densities and different life stages in an
experimental garden;
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e determine factors that affect distribution and abundance of Impatiens
glandulifera along river corridors.

The results can be summarized as follows: (i) juvenile traits, namely heavy seed,
fast seedling growth, and germination postponed to the period of more favoura-
ble conditions were more strongly associated with invasiveness than adult traits,
such as fecundity and final biomass; (ii) frequently planted species naturalized
more easily; (iii) niches of invasive and native species partially overlapped;
(iv) in mixed stands, abundances of all species were negatively related to those
of the other congeners, and the coexistence in one locality is possible due to dif-
ferent microhabitat use; (v) competitive interactions had stronger effects on plant
fitness than had environmental settings; (vi) the most invasive representative,
Impatiens glandulifera, was competitively superior across all experimental con-
ditions and its dominance increased over time, while the native Z. noli-tangere is
being outcompeted from shared part of its niche; (vii) the largest populations of
I glandulifera were located in flooded patches in the vicinity of the rivers, spe-
cifically flooded patches had twice as many individuals as those that were not
flooded; (viii) populations in tributaries were twice as far from the main river
than those not associated with tributaries.

Based on these results I conclude that more Impatiens species might
invade in the future if their planting becomes more widespread. Juvenile traits
are of crucial importance, because establishment determines the success of these
mostly annual aliens. Niche width and species performance shape the pattern of
coexistence among native and invasive species. Native I noli-tangere will be
restricted to wet and shady parts of the niche, while competitively superior
I glandulifera will reduce these native populations when growing together
in mixed stands. The other very successful invasive species, 1. parviflora, is com-
petitively inferior and has negligible impact on the native species. In terms of
landscape dynamics, flooding accounts for the dominance of I glandulifera
along rivers due to spreading the seed, disturbing native vegetation and increas-
ing the nutrient availability.
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1 Introduction

The question, why some alien (syn. exotic, non-native, non-indigenous) species
are more successful than the others still remains in the centre of interest of inva-
sion ecology. The success of species as invaders has been traditionally attributed
to their biological and ecological traits, such as fast growth, great biomass, long-
distance dispersal, fecundity, etc. (PySek and Richardson 2007). It is known that
invasiveness is not equally distributed across individual phylogenetic lineages,
e.g. that there are many invaders in Poaceae and Fabaceae, but only a few in
Orchidaceae family (Daehler 1998). Importantly, Moravcova et al. (2010) found
that there is a big variance within the phylogenetic groups and that most variation
in invasiveness is linked to variation among species within genera. Therefore
predictions of invasiveness should be done at lower phylogenetic levels, opti-
mally within a genus (PySek et al. 2014).

Invasiveness is determined not only by the traits alone, the traits act in
concert with dispersal pathways (Carlton 1996). The number of individuals re-
leased into a region to which they are not native is called propagule pressure
(Lockwood et al. 2005) or introduction effort (Blackburn and Duncan 2001).

A high competitiveness of invasive species is well documented (van
Kleunen et al. 2010); in general invasive species are believed to be more com-
petitive than natives (Vila et al. 2011) but the outcome of the competition varies
depending on external factors (Daehler 2003). The superiority of invasive species
is not universal, but depends on environmental set up and changes of species
fitness along environmental gradients — typically water availability, shading and
nutrient supply (Skdlova et al. 2013). Competitiveness of an alien species is im-
portant when it spreads from human-altered landscapes, where the naturalization
process usually starts (Richardson et al. 2000). Alien populations spread typi-
cally along roads, railways and rivers that act as transport vectors and also pro-
vide suitable sites for establishment due to disturbances in their vicinity (Mack
2003). Riparian sites, one of the most invaded habitats worldwide (Richardson
et al. 2007), are most suitable for alien species’ naturalization.
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To provide further insights into a complex process of plant invasion,
this thesis aims to integrate diverse factors that contribute to invasiveness in se-
lected species of the genus /mpatiens from the Balsaminaceae family (Fig. 1).
In the presented papers, multiple factors that are known to affect invasiveness
were studied, such as biological traits, propagule pressure, residence time, envi-
ronmental constrains and competition with native species. The genus Impatiens
was chosen as a suitable study system, because it includes both successful
invaders and species that do not invade. The congeneric approach enabled to
compare the traits of species unbiased by different phylogeny, therefore we could
identify potential invasive species from this genus more precisely. Impatiens be-
longs to one of the largest genera of the flowering plants with ~1000 species (Yu
et al. 2016). Impatiens balsamina has been cultivated for ~4000 years in India,
but other species have been grown approximately for last 150 years (Grey-Wil-
son 1983). Planting of several species in the 19" century resulted in several
worldwide invasions. Impatiens glandulifera, native in Himalaya, is naturalized
in Europe, North America, Russia, and New Zealand (Beerling and Perrins
1993), its occurrence has been recently documented in South America, Colombia
(GBIF 2017). Impatiens parviflora, native to central Asia, is naturalized in Eu-
rope, North America, East Asia (Mattews 2008). Impatiens balfourii, native in
Himalayas, is naturalized in Europe, North America, Japan, and Australia (Ada-
mowski 2009). Two more thermophilous species, I balsamina, native to India
and I waleriana, native to east Africa, are naturalized in tropics and subtropics
all around the world, but were found in some warmer temperate regions as well
(Adamowski 2008).

We used 10 Impatiens species: I balfourii Hook. f., I balsamina L.,
I capensis Meerb., I edgeworthii Hook. f., I flemingii Hook. f., I glandulifera
Royle, I noli-tangere L., I parvifloraDC., I scabrida DC. and I walleriana
Hook. f. to search for traits associated with invasiveness (Study 1), three of them
that occur in the Czech Republic (. glandulifera, I. noli-tangere, I. parvifiora) to
explore niche partitioning and coexistence in the field (Study 2) and competition
in the experimental garden in detail (Study 3). The most prominent invader,
I glandulifera, was used to analyse its distributional pattern across the landscape
(Study 4).
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Fig. 1. Assumed relationships between invasiveness and factors that were investigated in
the Ph.D. thesis. Superscripts denotes studies, where particular factors were investigated
(1 =Study 1, etc.).

2 Aims of the study

The broad aims of my dissertation were to identify traits associated with inva-
siveness of selected Impatiens species (Study 1), find evidence for niche differ-
entiation and competitive interactions in one native and two invasive Impatiens
species that coexist in the field (Study 2), and quantify the competition of these
three species under manipulated environmental conditions, varying plant densi-
ties and different life stages in an experimental garden (Study 3). Finally, to cap-
ture the spatio-temporal trends in the dynamics of the most invasive of the stud-
ied species, Impatiens glandulifera, and infer about possible future avenues of its
invasion, I aimed at determining factors that affect its distribution and abundance
along river corridors and spread beyond (Study 4).
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3 Material and methods

In Study 1 traits of 10 selected species, which are supposed to be beneficial to
plant fitness and potentially related to ability to naturalize or invade, were meas-
ured directly in an experimental garden and climatic chambers. The aim was to
capture the species performance over the whole life cycle, i.e. seed, seedling and
adult traits. The following traits were measured: seed mass; time since seed sow-
ing to germination; seed germination in laboratory; seedling emergence in the
experimental garden; seedling growth rate; total seedling biomass; seedling
root/total biomass ratio; adult aboveground biomass; height and fecundity. Inva-
sion success of /mpatiens species was characterized by two variables: (i) inva-
sion status in Europe (from DAISIE 2017), taken as the prevailing stage of the
invasion process reached in countries where the species was recorded and (ii) the
number of global temperate regions in which the species is known to occur as
naturalized (from the GloNAF database; Pysek et al. 2017). Finally, the fre-
quency of planting was estimated on a rough scale (none, rare, common) based
on the knowledge of cultivation of the given species in the past, seed availability
on internet and availability on botanical gardens seed lists to quantify the propa-
gule pressure.

In Study 2 niche differentiation, coexistence and competition between
two invasive (/. glanduliferaand I. parviflora) and native (1. noli-tangere) species
was studied in 84 permanent plots 1 x 1 m in size, distributed in five localities in
the Czech Republic. Localities were chosen to harbour mixed populations of the
three species to cover all factorial combinations of the species’ presence and ab-
sence. The plots were sampled for four years and the following parameters were
measured: number of all /mpatiensindividuals; cover of all vascular plant species
(including Impatiens); bare soil cover;, soil moisture; tree canopy cover; total
soil carbon and nitrogen content; slope. From species data obtained in the plots
(with the Impatiens species excluded) mean Ellenberg indicator values (EIV)
were calculated, which were further used as surrogates for actual field measure-
ments.
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In Study 3 competition between the same species as in Study 2 was
measured in detail in an experimental garden to verify and extend the results
obtained in the field. The experiment was designed as a full factorial one: seeds
of one or two species were sown in 5-liter pots to achieve two different total
densities of seedlings (high and low) that correspond to the range of densities
typically observed in the field. Within each total density level, three ratios of
target plants to competitor plants, high (1 : 5), medium (1 : 1) and low (5 : 1)
were established. This resulted into 24 species/density/competition combina-
tions, that were replicated under four combinations of water and light (both low
and high) supply. In total, the experiment consisted of 960 pots (4 environmental
treatments X 24 species-density-competition combinations x 10 replicates).
Plants were counted and measured since the seedling emergence in 3 weeks in-
tervals, and were harvested in July. For each pot, data were obtained on mean
species height; number of individuals; total aboveground biomass; and number
of capsules of each species.

In Study 4 distribution and abundance of Impatiens glandulifera was
mapped in more than 1200 patches along four rivers and their tributaries. Both
individual plants and discrete populations were mapped by a GPS device by sys-
tematically walking along the rivers. Total number of 1. glandulifera individuals
in each patch was calculated as a product of patch area and plant density that was
scored on a three-grade scale (scattered, common, dominant). The patches were
further characterized in terms of the distance from the riverbank; height above
the river surface; degree of soil disturbance; flooding regime; and habitat type.
Data about flooding were extracted from the DIBAVOD database (DIBAVOD
2016).

4 Results and discussions

Two proxies representing species invasiveness, the number of naturalized tem-
perate regions globally and invasive status of species in Europe reflected differ-
ent relationship to species traits. This was caused by the nature of both measures:
the number of naturalized regions worldwide (GloNAF, Pysek et al. 2017) is
a quantitative measure that represents a species’ ability to become widespread,
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while invasion status in Europe (DAISIE 2017) is a qualitative variable that
shows its ability to naturalize in at least some regions within this continent.
The frequency of planting was a stronger predictor of naturalization than the bi-
ological traits. The number of temperate regions in the world where a species
have naturalized was strongly positively correlated with the frequency of its
planting. Further, all alien species planted in experimental garden completed
their life cycle, which suggests that they have potential to survive under local
environmental conditions. This shows that more species could become natural-
ized if they were planted more commonly. Easy seed shipping and cultivation
together with increasing popularity of I/mpatiens as ornamental plants suggest
than many species of this genus represent potential invaders (Study 1).

Three Impatiens species co-occur in the field and compete, nevertheless,
there was a marked microsite differentiation among them. Soil moisture and
shading were the most important factors that influenced their occurrence. Native
L noli-tangere performed best in moist and shaded conditions, while in more
open stands it was displaced by the competitively stronger I glandulifera. Our
results imply that the area of coexistence of all three species is rather limited
because of the microsite differentiation (Shmida and Ellner 1984). In the field,
the populations of the three species will form rather separate than mixed popula-
tions with mixture zone dependent on year-to-year variation of local conditions.
As a result, the native I noli-tangere will be competitively displaced from less
shaded and drier parts of its niche when competing with I. glandulifera. The sec-
ond invasive species, I parviflora, is not competitively stronger than the native
congener thus obviously will have a limited impact on its population dynamics
(Study 2).

Three different outcomes of competition were measured in the manipu-
lated experiment in the common garden: life cycle completion, performance (bi-
omass and fecundity) and temporal variation in height. Environment was more
important for life-cycle completion, while species fitness expressed as species
biomass, fecundity and temporal variation in height was more strongly influ-
enced by competition. This suggests that competition among congeneric species
affects their performance, which can be further translated into invasion success
(see PySek and Richardson 2007 for review). In /mpatiens, environment works
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as a filter in early life stages; while after the populations are established compe-
tition comes into play. The effects of environment on life-cycle completion ob-
served in the common garden were consistent with results from the field (Study
2). The native I noli-tangere performed and survived better under sufficient
moisture, /. parviflora and I glandulifera in a deeper shade. The native species
completed its life cycle more successfully than the invaders, which indicates that
it is better equipped to cope with local conditions than the invasive species
(Alexander et al. 2011). The biomass and fecundity were more influenced by
competition; invasive 1. glandulifera was competitively strongest regardless of
competitors and environmental conditions. The native congener, I. noli-tangere
was competitively intermediate and I parviflora was inferior (Study 3).

Flooding has a positive effect on the size of I glandulifera populations;
there were twice as many individuals in flooded plots than in non-flooded, re-
gardless of distance from riverbank and elevation above river surface. The flood
combines three important positive effects on populations of 7. glandulifera that
act by spreading seed (Gurnell et al. 2008), disturbing native vegetation, and sup-
plying nutrients (Planty-Tabachi et al. 1996). The role of disturbances seems to
be pivotal, because the species was found to grow in drier, but disturbed habitats.
Impatiens glandulifera spreads further from riverbanks in tributaries, which is in
agreement with its habitat requirements (Beerling and Perrins 1993). Water
spreads seed only downstream, but riparian habitats provide ideal conditions for
growth and establishment and gradual spread upstream, because of stable water
supply, shading by riparian trees and newly created stands with bare soil (PySek
and Prach 1993). The connectivity of watersheds surely contributed to the per-
sistence of this annual species with short-term seed bank (Perglov4 et al. 2009).
This is strongly supported by data of Malikova (2003), who found very high per-
sistence of populations along watercourses (94%), but poor in other localities
(9%). Our results support this view, we found non-riparian populations to be less
abundant and often located in transient habitats, such as soil heaps, clearings and
ruderal places that will change due to succession (Study 4).
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5 Conclusions

Congeneric comparison proved to be a useful tool for more precise description
of differences between successful invaders and species that do not invade, be-
cause of smaller variation in traits caused by shared evolutionary history. One
signal from the set of studies presented in this thesis is that we can expect further
invasions in the genus /mpatiens, fuelled by its horticultural popularity and fre-
quent planting. This belief is supported by a historical experience with common
cultivation and intentional spread into the wild that contributed to the invasion
of I glandulifera in the past. Nevertheless, the inconspicuous I parviflora, a
small-statured species that spread without human help, became the most common
invasive Impatiens species in the central Europe. The mechanism of spread of
I parviflora is still not fully understood, but has to be rather effective as this
species is commonly found in remote and isolated woodlands.

However, there is an evidence of some newly naturalized species, such
as I edgeworthii, starting to spread in Germany. This species is only locally com-
mon and still could be eradicated before it becomes more widespread. Moreover,
I suggest that some species that are already invasive are extending their second-
ary ranges and becoming more abundant —7. balfourii, I. glandulifera and I. par-
viflora. These three species, currently widespread in Europe, will probably be-
come more common in the temperate zone all around the globe. This is likely to
happen in North America, where all three of them already occur, but their distri-
bution is still somewhat limited. The existence of suitable habitats and climatic
match is guaranteed as native Impatiens species occur in North America, simi-
larly as in Europe.

Juvenile traits were crucial for invasion success that is largely driven by
population establishment and early phase of development of these annual plant
species. Three congeneric species, one native and two invasive, that are common
in temperate Europe, partly overlap in their niches. Native /. noli.-tangere is be-
ing competitively excluded from part of its niche by competitively stronger
I glandulifera, while competitively inferior I parviflorahas limited impact. /m-
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patiens parviflora is an example of species with discrepancy between its rela-
tively minor impact and extensive area invaded, nevertheless studies that account
for its impacts are contradictory and it is better to adopt the precautionary prin-
ciple. Impatiens glandulifera and I parviflora are very successful invasive spe-
cies that are characterised by the same suite of traits: high seed germination rate,
big phenotypic plasticity, and fast dispersal. These two invasive annuals, alt-
hough belonging to the same genus, differ markedly in their life strategies that
resulted in their recent massive invasion. This points to that every invasion event
is unique and broader generalisations are applicable only to some extent.

Impatiens parviflorais able to grow in dry shady sites with low compe-
tition from native herb species. There is a limited number of species of shady
understories in central Europe. None of them is an annual species forming mon-
ocultures, thus it seems that 1. parvifiora took and advantage of occupying an
empty niche. Similarly, more light-demanding /. glandulifera requires bare soil
to establish, therefore it grows in disturbed sites. However, after establishment it
is highly competitive, with synchronous germination early in the season, fast
growth and tall stature in particular. Populations are mainly located along water-
courses with strong affinity to flooded sites. This is consistent with general pat-
tern that invasions often start in riparian habitats. The reason is that flood spread
seeds over long distance downstream and out of the river corridor, create gaps
for establishment and bring nutrients that are needed to maintain high propagule
pressure. Populations further from the rivers were smaller, unconnected and
seem to be transient due to environmental stochasticity or succession of perennial
species.
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