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SHRNUTI

Siteni invaznich druht rostlin zavisi na mnoha faktorech. Mezi ty kli¢ové patii ekologické naroky na
stanovisté (napf. saturace lokalit zivinami), druhova skladba invadovaného spole¢enstva, vzdalenost
od vektoru Sifeni atd. To, zda bude dana lokalita invadovana, zavisi na stupni naruseni lokality
Clovékem a také na zpusobu uzivani krajiny (land-use). Typy biotopu odrazi vySe zminované
ckologické naroky a po identifikaci k invazi nachylnych lokalit by mohly byt vhodnym prediktorem
pro nasledné Sifeni invaznich druht rostlin.

Disertacni prace shrnuje vysledky 3 publikaci, které se vénuji $itfeni invaznich druhu rostlin. BolSevnik
velkolepy (Heracleum manteagazzianum), netykavka zlaznata (Impatiens glandulifera), druhy rodu
ktidlatka (Fallopia spp.) a druhy rodu zlatobyl (Solidago spp.) byly podrobné mapovany ve vegetaéni
sezon¢ 2013-2015 v chranénych uzemich a jejich okoli. Nasledn¢ byly vytvofeny a testovany modely
Sifeni druhii pro kaZzdou uvedenou skupinu invaznich druhti rostlin. Cilem vyzkumu bylo déle testovat
vhodnost pouziti vrstvy biotopi z mapovani Natura 2000 a dalSich environmentalnich proménnych pro
tvorbu modeli Sifeni invaznich druht.

Z vysledkl vyplyva, ze vhodné proménné pro modelovani na urovni lokalniho méfitka jsou typy biotopil,
typy pud, nadmotska vyska a vzdalenost od vodni a cestni sit¢. Modely GBM, GAM a také model
MAXENT dosahovaly z testovanych modelt nejlépe hodnocenych vysledkt. Zjistili jsme, Ze pii
konstrukci modell primarné zaleZi na poctu vyskytil a rozloze aredlu. Pro maly pocet vyskyti je lepsi
dané lokality pfimo sledovat a zaméfit se na jejich okoli, nez vytvaret slozité predikéni modely
snejistym vysledkem a velkym podilem nahodnych faktord. Pouziti predikéniho modelu pro
chranéna tzemi lokalniho méfitka by meélo piedevS§im pomoci pii planovani managementu
pracovnikim ochrany pfirody. Diky tomuto nastroji by mohli vytipovat lokality, kam se invazni

druhy budou rozsifovat a zamé&fit se na né pfi planovani zasahi.



SUMMARY

The invasive species spread depends on several ecological factors. These factors included different
environmental requirements on invaded area (e.g. nutrient saturation of localities); invaded community
composition or distance from the spreading vector, effect of human activities and land-use. etc. Habitat
type cointains these factors and could be useful predictor for the invasive plant spread.

Disertation thesis concludes results from 3 manuscripts focused on invasive plant spread. Giant hogweed
(Heracleum mantegazzianum), Himalayan balsam (Impetiens glandulifera), Knotweed taxa (Fallopia
spp.) and Goldenrod taxa (Solidago spp.) have been mapped in protected areas during vegetation season
2013-2015. Species distribution models for each of listed group of invasive plant species were then
created and tested by evaluation chracteristics. The aim of the research was analyze habitat layer from
the Natura 2000 mapping and other environmental variables as environmental predictor, suitable for

the species distribution models.

The results show that suitable variables for modeling at a local scale are habitat types, soil types,
altitudes and distance from water and road networks. The models GBM, GAM, and MAXENT
achieved the best-rated results. We concluded that the accuracy of the models depends primarily on
the number of occurrences and the area of the site. For the small number of occurrences, it is better
monitoring of localities then creating prediction models with uncertain results. The use of the
prediction model for protected areas on a local scale should primarily help conservation workers for
planning suitable management. Thanks to this tool, they could identify sites where invasive species

will spread and focus on planning their regulation.
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1. SOUCASNY STAV RESENE PROBLEMATIKY
1.1. Biologické invaze
Invazni chovani nepivodnich druhl je povazovano za jednu z hlavnich pii¢in ohrozujici
biologickou rozmanitost planety (Davis, 2003; Umluva o biologické rozmanitosti, 1992). Dle IUCN
(2017) ptedstavuje druhou nejzavazngjsi hrozbu pro vymirani druhi, hned po degradaci a ni¢eni
biotopu. Vlivem stale dynamiétéjsich presunt druhti v ramci globalizace (vice také v Seebens et al.,
2017; Shibu et al., 2013; Obr. 1) se tato problematika stala jednim z klicovych témat ochrany pfirody.
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Obr. 1: Vzristajici pocet neptivodnich (suchozemskych) druhti v 11 statech Evropské unie za obdobi 1900-2008 (4daje jsou souhrnné
pro Dénsko, Estonsko, Finsko, Némecko, Island, Litva, Loty$sko, Polsko, Norsko, Rusko, Svédsko). Zdroj: EEA (2010).

Evropskd agentura pro Zivotni prostiedi (EEA, 2012a) rozdélila mozné dopady invaznich!
druhti do ¢ty oblasti (viz také Simberloff et al., 2013; Vila, et al., 2011): (1) vlivem invazi dochazi
k ohroZeni Zivotniho prostiredi, predevsim biodiverzity. OhroZeni pivodnich druh zpusobuje
predace, kompetice a pfenos nemoci z invaznich druhli na druhy ptivodni (napft. ptenos ra¢itho moru,
vice v Patoka et al., 2016). Dalsi hrozbou pro pivodni druhy je eroze genofondu pivodnich druhd,
tedy kifiZzeni domacich druht s blizce pfibuznymi druhy invaznimi (napf. jelen sika a jelen evropsky,
viz napf. Biedrzycka et al., 2012). Dale dochazi (2) ke zménam v ekosystémovych funkcich,
zejména vodnich a ptidnich pomérd a neméné vyznamnému naruseni cyklu Zivin (napft. akaty méni
pidni poméry dusiku, vice ve Vitkové et al., 2016). (3) Invazni druhy se stavaji stale Castéji

praktickym problémem ve vztahu k ¢lovéku; mohou zpusobit alergické reakce (Follak et al., 2013),

! Za invazni druhy oznacujeme neptivodni druhy, které &lovek piemistil z piivodniho stanovi§té pies vyznamnou
geografickou bariéru a jejich nasledné generace jsou schopné samostatné reprodukce v oblastech vzdalenych od areald
pivodniho zavleCeni (u rostlin plati: 100 m za 50 let pro taxony S$ifici se semeny a pomoci propaguli;
> 6 m/ 3 roky pro taxony Sifici se kofeny, oddenky, nebo plazivymi stonky). Zakladni vlastnosti invaznich druht je
schopnost $ifit se na vétsi vzdalenosti, obsazovat nové lokality, pronikat na narusena ¢i pfirozena stanovisté a vytlacovat
z nich domaci vegetaci (Primack, 2001; Richardson et al., 2000). Tato definice je pouzivana ve védecké sféte a lisi se od
pojeti invaznich druhti dle Natizeni 1143/2014 o prevenci aregulaci zavlékani ¢i vysazovani a §ifeni invaznich
neptivodnich druhd, dle které jsou invazni druhy ty s dopadem na biodiverzitu a ekosystémové funkce (vychazi z Umluvy
o biologické rozmanitosti, 1992).
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a prenaset n¢které nemoci (napt. prenos salmonely z zelvy nadherné na ¢lovéka vice v Gong et al.,
2014). V neposledni fad¢€, dochazi vlivem invazi ke zna¢nym (4) ekonomickym $kodam: zhorsuji
nebo az znemoziuji obhospodatovani rozsahlych ploch, provoz riznych zatizeni a komunikaci. K
vyznamnym hospodaiskym dopadim dochazi zejména v zeméd¢lstvi, lesnictvi a rybaistvi (Vila et
al., 2010). Celkové naklady za Skody a boj s invaznimi druhy v Evropské unii jsou odhadovany na
12 miliard Euro (Kettunen et al., 2009); celosvétove Skody zptisobené invaznimi druhy piredstavuji
5% z HDP (Pimentel, 2002).

V Ceské republice diky dlouhodobému vyzkumu, zejména invaznich druhii rostlin, je této
problematice vénovana zna¢na pozornost (Pysek et al., 2012a). Souhrnné naklady spojené s dopadem
a potfebnym managementem nejsou sice vycisleny, ale velké mnozstvi projektt se problematikou
invaznich druhti zabyva. Pokud se zamétime jen na vybrané druhy a oblasti, pak v letech 1997-2002
byly néklady na likvidaci invaznich a neplivodnich dfevin mimo chranénd uzemi z fondi PPK
(program péce o krajinu) 6,6 mil. korun; v NP Ceské Svycarsko bylo v letech 2000-2003 do kontroly
vejmutovky (Pinus strobus) a modtinu (Larix decidua) investovano 4,5 mil. korun. V roce 2003
investovala sprava CHKO Cesky rdj 450 000 K& do omezovani invaznich druhti (bol3evnik
velkolepy, kiidlatka japonskad, sachalinska a Cesk4, netykavka zldznata a tfapatka diipatd) (Kfivanek,
2006). Linc (2012) spodetl, Ze invaze bolsevniku velkolepého (Heracleum mantegazzianum) v CR
stoji zhruba 2,5 mil. ro¢né.

Jednim z nejvétsich projektt, zaméfeny primarné na likvidaci bolSevnikd, kiidlatek a
netykavky zlaznaté, byl projekt ,,Omezeni vyskytu invaznich druhti rostlin v Karlovarském kraji* (80
mil K¢ za obdobi 2013-2015). Dalsi finanéné podpoiené projekty z Opera¢niho programu Zivotniho
prostiedi (OPZP) byly zaméfeny na likvidaci bolsevniku velkolepého na Marianskolazensku (I a Il
&ast v letech 2010-2013, naklady 8,9 mil. korun). Naklady v dalsich projektech OPZP na potladeni
invaznich druhil byly nasledujici: projekt “Opatieni k regulaci a likvidaci populaci invaznich druhil
rostlin v byvalém vojenském vycvikovém prostoru Ralsko a v dalsich lokalitich ve spravé VLS CR,
S. p.*“ (1 mil. korun na obdobi 2014-2015); Likvidace kiidlatky v povodi Ostravice (5,7 mil. korun za
obdobi 2013-2015); Likvidace kiidlatky v povodi Odry I a II ¢ast (10 mil. korun za obdobi 2010 -
2013); Regulace norka amerického v NP Ceské Svycarsko a jeho pfilehlém okoli (1,8 mil. korun za
obdobi 2010-2013), Regulace norka amerického v PP Cerni¢ a v EVL Slapanka a Zlaty potok (1,2
mil korun za obdobi 2008-2010); Likvidace kiidlatky v povodi Roznovské Becvy (3 mil. za obdobi
2014-2015). Dalsi projekty, podpotfené Evropskou unii z projekti LIFE —Nature, jsou uvedeny

v tabulce 1.



Projekt Cistka a obdobi Aktivita k inv. druhtim

' Obnova teplomilnych ~ cca 15 mil. Kénaobdobi ~ odstranéni invaznich porosti
stanovi$t’ v Moravském 2004-2007 akati
krasu
Zachrana luznich stanovi§t®  cca 30 mil. K¢ na obdobi regulace lokalit s kiidlatkou v
v povodi Moravky 2007-2010 povodi feky Moravky
Aktivni ochrana evropsky cca 35 mil. K¢ na obdobi likvidace invaznich druht
vyznamnych lokalit s 2011-2016 dfevin, ptfedevsim borovice
teplomilnymi spolecenstvy a cerné, trnovniku akéatu a také
druhy v Lounském Sefiku obecného
stifedohori
Podpora luénich a Fi¢nich cca 88 mil. K¢ na obdobi obnova pestrosti
biotopii v EVL KrkonoSe: 2012-2018 krkonosskych luk a jednou z
obnova smilkovych travniki aktivit je omezeni Sifeni
a populaci horecku ¢eského invaznich druhti, zejména
a vranky obecné Stoviku alpského a vI¢iho

bobu mnoholistého

Tab. 1: Finanéni podporu z Evropské unie projektu LIFE-Nature ziskaly 4 projekty z Ceské republiky, které se alespoti v jedné ze
svych aktivit vénuji problematice invaznich druht. Zdroj: DG Environment (2014).

Finan¢ni ndklady za opatfeni k zamezeni dalSimu Sifeni nepivodnich druh dosahuji
znaénych &astek nejen v Ceské republice a Evropé, ale zejména na jinych kontinentech jako je
Amerika a Australie (vice v Pimentel et al., 2005). Témé&f vSechny tyto naklady sméfuji na zasahy
proti druhtim, které se jiz zna¢né rozsitily a dal$i naklady vznikaji po vykonanych zasazich, kdy je
nutny nékolikalety monitoring lokalit a nutnost né¢které zadsahy opakovat (vice také projekt Heracleum
2013-2015). Efektivni feSeni navrhuje Pergl et al. (2016), tzn. zaméfit se na prioritni invazni druhy,
aplikovat stratifikovany management a to zejména v lokalitach ochranarsky. Obecné ale plati, ze je
diilezité témto situacim pfedchazet, v rdmci prevence monitorovat vyskyty noveé zavle¢enych druhii

a v€as proti nim zasdhnout.

1.1.1. Zavlékani nepivodnich druhi rostlin
Za nepuvodni druhy oznacujeme ty druhy, které s pomoci ¢loveéka prekonaly vyznamnou
geografickou bariéru a dostaly se do sekundarniho arealu. Tyto druhy pak v misté zavleCeni
(introdukce) musi piekonat dalsi bariéry (mistni abiotické a biotické), aby se dostaly k dalSimu stupni

Sifeni a tim je samotna reprodukce v sekundarnim arealu. Teprve po pifekonani lokalnich bariér a



uvolnéni vhodného biotopu (napf. disturbanci jako je pozar) se druh muze zacit dale $itit (Richardson
et al., 2000).

V jednotlivych regionech svéta se stupné zasazeni invazemi znacné 1isi (Obr. 2), ale obecné
plati, ze v souc¢asné dob¢ hrozbé homogenizace flory vlivem invazi Celi predev§im endemitni druhy,
a to zejména v ostrovnich spole¢enstvech v Tichomofi (van Kleunen et al., 2015). Pfi¢inou je ziejmé
odli$ny geohistoricky vyvoj a s tim souvisejici vétsi biogeografickd izolace a evoluéni odliSnost
tam¢jsi flory. Nové introdukované druhy jsou tak schopné vyznamné narusit rovnovahu mistnich
endemitnich spole¢enstev. Dle Stohlgrena et al. (2011) dale obecné plati, Ze Evropa a Asie vyznamné
piispivaji k homogenizaci flory v Americe, zatimco v Evropé je pocet nepuvodnich druhd maly

vzhledem k celkovému poctu druhti pivodnich.

Obr. 2: Podil invaznich druhti rostlin v jednotlivych statech svéta (¢im tmavsi barva, tim vétsi podil invaznich druhit). Zdroj: Matéjcek
(2013).

V Ceské republice v poslednich dvou stoletich piibyvaly poéty zavlegenych druhi stalym
tempem a dynamika zavlékani nejevi zndmky zpomaleni. Ptiblizné do 70. let 19. stoleti ptibyvaly
zhruba stejn€ rychle taxony mediteranni a taxony zavlecené z ostatnich ¢asti Evropy, poté se vSak
Sttedomofii stalo hlavnim zdrojem do Cech zavledenych druhti. Ty ze vzdalengjsich oblasti, jako je
Asie a Severni Amerika, se zacaly ve velkém objevovat s uréitym zpozdénim (Pysek et al., 2012a).

Diky silné tradici vyzkumu rostlin v Ceské republice (Danihelka et al., 2012; Chytry, 2012b;
Mlikovsky et Styblo, 2006; Pysek et al., 2012a) jsou dostupna data, ktera poskytuji dobrou piedstavu
0 flote a rostlinnych invazich. Neptvodni druhy tvoii 33,3 % z celkového poctu taxont, které byly
kdy zaznamenany v ceské flofe; pokud ze srovnani vylou€ime pivodni vyhynulé taxony a z
neptivodnich zahrneme pouze trvale pfitomné, tedy naturalizované taxony, podil zavlecenych druhii
klesne na 14,6 %. Do soucasnosti bylo u nas zaznamenano 1 454 neptivodnich druhti rostlin. Z tohoto

poctu je 350 archeofytl (zavleCeno od pocatku neolitické revoluce po konec obdobi stiedoveku, tj.
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objeveni Ameriky 1492) a 1 104 neofytl, které se k nam dostali v obdobi novoveku. Z celkového
poctu zavleCenych (= neptivodnich) taxonti je 985 klasifikovano jako prechodné zavlecené, 408 jako
naturalizované, av§ak neinvazni a 61 jako invazni. V Ceské republice je v soucasné dobé evidovano
11 archeofytt a 50 neofyti, které tvofi invazni populace (Pysek et al., 2012a).

Vroce 2016 byl v Ceské republice publikovan tzv. &erny, $edy a varovny seznam
nepivodnich druht (Pergl et. al., 2016), ktery slouzi jako odborny podklad a zaméfuje se jak na druhy
Siroce roziifené, tak na druhy, které se jesté v Ceské republice nestalily rozsifit, ale mohou
V budoucnu zpusobovat velké Skody. Jednotlivé nepiivodni druhy byly rozdéleny dle miry schopnosti
Sifeni, ale také podle stupné rozsifeni, impaktu — tedy dopadu na zivotni prostiedi, a na
zasahy vzhledem k jejich nebezpecnosti, byly zafazeny z rostlin bolSevnik velkolepy (Heracleum
mantegazzianum) a ambroézie petenolista (Ambrosia artemisiifolia), z Zivo¢ichti myval severni

(Procyon lotor) a norek americky (Neovison vison).

1.1.2. Siieni neptivodnich druhi rostlin

Dilezitym piedpokladem k obsazovani novych stanovist' je strategie druhu. Vyznamné
schopné 1épe vyuzivat zdroje, které jsou spolecné (napf. odebira ostatnim rostlinam vodu, ziviny,
stinénni jim atd.); dale druhy, které maji na novém tzemi malo nebo zadné pfirozené nepiatele a
druhy, které jsou schopné vypoustét nékteré chemické latky, skodici ostatnim, tzv. exudaty (Ruiz et
pochazeji z nékolika konkrétnich rostlinnych ¢eledi nebo skupin, jsou to piedevsim zastupci Celedi
hvézdnicovitych (Asteraceae), brukvovitych (Brassicaceae), lipnicovitych (Poaceae) a bobovitych
(Fabaceae). Rostliny, které jsou nejhojnéji globalné rozsifené, maji vétsinou spoleéné vlastnosti, jako
Jjsou mala semena rozptylovana vétrem a zvifaty, odolnost vii¢i patogeniim a herbivorim, nenaro¢nost
na podminky obsazovanych habitatii — tzv. oportunismus (Stohlgren et al., 2011).

Jednou z hlavnich pfi¢in GspéSného obsazeni nového habitatu jsou Vlivy vnéjsich podminek,
jako jsou napf. disturbance. Ty primarné narusi konkuren¢ni vztahy mezi domacimi druhy a dojde k
destabilizaci spolecenstva (Prach et al., 1997). Pfidani zivin do ekosystému (napf. eutrofizace), je
mozno povazovat také za disturbanci, ktera podporuje $iteni zavleCenych druhti (Bimova et al., 2004;
Scherer-Lorenzen et al., 2007). Nemén¢ dulezity pii procesu obsazovani novych habitati je tzv. tlak
propaguli. Jedna se o mnozstvi rozmnozovacich ¢astic rostlin, které unikly do lokalit, kde nejsou
puvodnimi. Tlak propaguli (¢asto podpofeny ¢innosti clovéka) mlize zvysit Sance na uspeésné Sifeni

v dosud neobsazenych arealech (Lockwood et al., 2005).
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Pfi nasledném Siteni invaznich druhti je stéZejni struktura krajiny (mozaikovitost, mnoZzstvi
liniovych prvka aj.), v€etné struktury ekonomické a socidlni (intenzita pohybu lidi a materialu,
charakter pramyslu aj.) (Bradley et al., 2010). Invadovanost klesa s nadmoiskou vyskou, a to
druhti do vegetace zavisi hlavné na tom, jak se méni obhospodafovani krajiny (PySek et al., 2012a).

Z hlediska krajinnych slozek jsou nejvice zasazeny koridory. Silnice, cesty a zeleznice
predstavuji idealni transportni drahy pro $ifeni. Rada neptivodnich druhi se k nam dostala napt. jako
piimés obili, bobu ¢i baviny zeleznici. Podél Zeleznice, ktera podobné jako vozovky ptedstavuje
vhodny koridor k Sifeni (at’ jiz na kolech vozidel, jako pfimés nakladu, nebo na kratké vzdalenosti
pouhym vifenim vzduchu), se také vyskytuji (Kfivanek et al., 2004).

Krajinnou slozkou, ktera predstavuje propojeni vhodného stanovisté s moznosti $ifeni, jsou
toky a jejich okoli (Pysek et al., 2012a). Vodni tok je idealnim samohybnym médiem, které umozniuje
Siteni druhu ve sméru pohybu vody. Diky fad€ vodniho ptactva a savcl vyuzivajicich bfehové porosty
k hnizdéni a migraci v krajiné€ je umoznéno i Sifeni proti sméru toku (bud’ v trdvicim traktu, nebo na
povrchu téla). Biehové porosty jsou vhodnym prostfedim s dostatkem zivin i vody, umoziujicim plné
rozvinout konkuren¢ni schopnosti. Navic zde velmi ¢asto chybi zasahy v podobé sece ¢i vypalovani,
jak je tomu napft. podél silnic. Bfehovy porost tak mtize slouzit nejen jako porost cilovy, ale zaroven
plnit funkci lokélniho centra druhu umoziujici dalsi invazi do okolnich porosti (Ki#ivanek et al.,
2004).

Oblastmi s nejvetsi hustotou invaznich druhit v krajiné, jakoZ i1 nejvysSi invadovanosti
rostlinnych spolecenstev a jejich stanovist,, jsou vSak mésta, vesnice a jejich okoli (Lososova et al.,
2012; Pysek et al., 2012a). Mésta piedstavuji tzv. tepelné ostrovy umoziujici existenci a postupnou
adaptaci druhti teplomilnych, které by se v pfirozenych podminkach nebyly schopny rozmnozovat
(Ktivanek et al., 2004). Dale se velké mnozstvi invaznich druhti vyskytuje v oblastech s krajinou
narusenou po t&zbé& uhli na severu Cech a Moravy, v zemédélské krajiné a ve vysadbach dievin v
teplych niZzinach, zejména na jizni Moravé a ve stiednich a vychodnich Cechach (Pysek et al., 2012a).
Casto dochazi k obsazovani lokalit ruderalni bylinné vegetace, orné pudy, kfovinnych porosti,
porostil pionyrské vegetace u lesnich pasek a neptivodnich dfevin. Zadné nebo jen malo neptivodnich
druht rostlin se vyskytuje v extrémnich a na Ziviny chudych biotopech, napft. raseliniste, viesovisté

a vysokohorské travniky (Sadlo et al., 2007).

1.1.3. Rozsifeni a management invaznich druhi v chranénych tizemich
Evropa mé v soucCasnosti celosvétové nejveétsi poCet chranénych uzemi, kterd zabiraji
21 % jeji rozlohy. Do tohoto poc¢tu jsou zahrnuta také ochranafsky cennd uzemi Evropsky
vyznamnych lokalit (EVL), kterd jsou jednim z typt chranénych tizemi v ramci soustavy Natura 2000

(EEA, 2012b) a vznikla na zakladé smérnice o ochrané piirodnich stanovist, volné Zijicich zivocichi
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a plang rostoucich rostlin 92/43/EEC. Celkem je na tizemi Ceské republiky 1 112 EVL, pokryvajicich
10 % uzemi (Kusnirova, 2017; AOPK, 2017).

Chranéné lokality tvoii Sirokou $kalu odstupiiovanych forem ochrany, od tzemi, kde je
zakazan vstup ¢loveka, po uizemi s Velkou hustotou lidskych sidel a zemédélskym vyuzitim. Chranéna
uzemi hraji klicovou roli v ochran¢ biologické rozmanitosti, avSak efektivita této ochranné sité je
narusena negativnimi vlivy jako je fragmentace biotopli a biologické invaze (Braun et al., 2016;
Foxcroft et al., 2013). Stupen zasazeni invazemi v chranénych tzemich se zna¢né 1isi v zavislosti na
geografickych podminkach, klimatu a pfedevsim intenzité ¢innosti ¢lovéka. Obvykle byvaji invazemi
malo zasazeny horské lokality, avSak vétSina chranénych tzemi je situovana v lokalitdch jiz
zasazenych invazemi, jako jsou nizinné arealy a koridory velkych ek (v Ceské republice Obr. 3). Dle
publikace Pysek et al. (2002) poc¢et neptivodnich druhti ¢asto pozitivné koreluje s poctem ptivodnich

druhii v chranénych uzemich a zarovein s poctem navstévniki, ktefi se stdvaji vyznamnym faktorem

pro jejich Sifeni.

] |

Q<§\o ) '\°\° K °l;:\o ‘ (f\oqf;\o ; '§\°,b 6\0 (;5\0
Ol N
N (L. fb.

Obr. 3: Mapa zasaZzeni invazemi v polopfirozenych biotopech Ceské republiky. Procentualni vyjadieni odpovida vyhodnoceni podilti
neofytll z celkového poctu druhti ve vegetacnich plochach v 35 biotopovych typech dle Chytry et al. (2009). Sit’ chranénych Gzemi je
vyznaena ¢ernymi polygony. Zdroj: Pysek et al. (2013).

Dle publikace Braun et al. (2016) byly nejcastéjsi zasahy pracovniki ochrany piirody ve
stiedni Evropé vedeny proti Siroce rozSifenym invaznim druhtim kiidlatky japonské (Fallopia
japonica), bolsevniku velkolepého (Heracleum mantegazzianum) a netykavky zlaznaté (Impatiens
grandulifera). Zaroven v publikaci upozornuji na nedostate¢né zdroje finan¢nich prostredku, které se
tykaji vétSiny dotazovanych chranénych uzemi. Piestoze je problematika invaznich druht jednim ze

zéasadnich problémii ohrozujicich biodiverzitu v chranénych uzemich, zvoleny management neni

dostate¢ny. Jak dodava Hulme et al. (2014), je nutny koordinovany spole¢ny pichled o dopadu a
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uc¢innych managementovych zasazich proti nebezpecnym invaznim druhiim v chranénych tizemich a
zaroven intenzivnéjsi informovani a zapojeni vefejnosti v otdzce dopadu neptivodnich druhii (Pysek
etal., 2013). Jednim z nastroju, ktery by mohl pomoci s identifikovanim lokalit zasaZzenych invazemi
a zaroven pomoci predikovat piipadné $ifeni invaznich druht jsou predikéni modely Sifeni invaznich
druht (Beans et al., 2012; Chytry et al., 2012a; Kéry et al., 2010).
1.2. Modelovani Siieni druhi

Prvni pokusy s modelovanim $ifeni druht sahaji ke konci 70. let 20. stoleti. V té dob¢ byla
jesté kapacita pocitacovych technologii znaéné omezena. Vyzkum byl zaméfen piedev§im na rozvoj
metod, které simulovaly reakci druhi na rozdilné environmentalni podminky (Austin, 1987; Austin
et al., 1990). Spolu s vyvojem novych statistickych postupti a geografickych informaénich systému
(GIS) rychle narostl po¢et modela predikujicich Sifeni druhti. V poslednich desetiletich se velmi
zvysil zajem o tuto védni disciplinu a jeji aplikace pfedevsim v oblastech vyzkumu biogeografie
druhti, ochrany ptirody, zmény klimatu az po management biotopti a druhtt (Guisan et Zimmermann,
2000; Peterson et al., 2011; Zimmermann et al., 2010). V zavislosti na kvalité dat a cilené aplikaci
mohou tyto modely pomoci pii identifikaci dosud neznamych populaci, stanoveni mist vysoce
vhodnych pro reintrodukci, ale také informovat o vybéru a managementu zvlasté chranénych ¢asti
ptirody a oblastech dal§iho podrobného vyzkumu (Graham et al., 2004).

Pfi modelovani $iteni druht (Obr. 4) je tfeba ptihlédnout k vice indikatorim umoziujicim
Sifeni vybranych druhii. Nejdiive je nezbytné zvazit velikost tzemi, pro které bude model
konstruovan (lokélni ¢i kontinentalni métitko) a také urcit predikovany ¢asovy tisek. Data modelt na
uzemi kontinentalniho méfitka jsou Casto z né¢kolika statli a zprimérovana na cely kontinent nebo
pfenesena na jiny stat mimo pivodni kontinent (Chytry et al., 2012a; Pit et al., 2011). Je to zptisobeno

nedostatkem informaci, kterd je velmi pracné ziskat pro tak velké izemi. To mtize snizit vérohodnost

modela.

Field records and maps of environment Map of probability species is present

Obr. 4: Zakladem modeli $ifeni druhil je kombinace datovych souborti o vyskytu druhui s prostorové kontinualnimi environmentalnimi
vrstvami. Tim se simuluji ekologické pozadavky druhti, obvykle s vyuzitim statistickych algoritmti. Geografické Sifeni druhu je pak
ptredpovidano mapovym vystupem oblasti, kde jsou tyto ekologické pozadavky splnény. Zdroj: Long (2011).
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Pfi samotném sestavovani modelu je nutné dodrzet jednotlivé kroky (Obr. 5), od koncepéni
formulace modelu, po jeho kalibraci a naslednou verifikaci. Dilezitym krokem je také volba

analytickych a statistickych metod (Guisan et Zimmermann, 2000).

Descriptive datz
frzsl;riipt;r\im.‘;d L. Conceptual Laboratory e‘xperimems
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: e 2. Statistical Statistical literature,
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A T —
. . e .
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3. 4. 5.
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Obr. 5: Ptehled kroki pfi tvorbé modelu (1) koncepéni formulace modelu: vstupni data mohou pochazet z databazi, terénnich Settent,
herbafovych polozek apod.; (2): nalezeni vhodného statistického algoritmu a statistické testovani vstupnich dat; (3) kalibrace modelu
tzn. porovnani vhodnych prediktori; (4) modelovani predikci, vystupem je nejcastéji mapa v programu GIS; (5) evaluace modelu tzn.
analyza predikéni sily modelu. Zdroj: Guisan et Zimmermann (2000).

1.2.1. Data pro modelovani Sifeni druhii

Pro spravné fungovani modelu je tieba zvazit vybér dat vyskytu druhi (= zdvislich
proménnych). Tim je charakterizovano, co je znamo o geografické distribuci druhd. Ve vétsiné
pfipadl jsou data odrazem skute¢né zaznamenaného druhu. V nékterych ptipadech jsou zaznamenana
také mista, kde prob&éhlo mapovani, ale druh nebyl zaznamenan - tzv. absen¢ni data (Peterson et al.,
2011). Udaje o vyskytu druhti jsou pro vétsiny modeld velmi sporadické. Tento typ dat je vhodné
overovat replikovanym meétrenim, které¢ ale miize byt narocné jak Casové, tak finanéné (Elith et al.,
2006; Peterson et al., 2011; Kéry et al., 2010).

Nemén¢ dilezita je volba prediktort, tj. environmentalnich proménnych (= nezdvislych
proménnych). Rozdé€luji se na nasledujici tii typy: zdroje (ziviny, svétlo, voda atd.), pfimé (teplota,
pH atd.) a nepiimé gradienty (topografickéd poloha, typ habitatu, geologie atd.). Nepiimé gradienty
jsou lehce méfitelné v terénu a Casto vyuzivany kvuli jejich dobré korelaci s pozorovanymi druhy

(Austin, 1980; Austin et Smith, 1989; Peterson et al., 2011). V podstaté nahrazuji kombinaci zdroji
15



a primych gradientl. Nedostatkem pouziti pfimych gradienti je, Ze mohou byt aplikovany na
omezeny geografické uzemi. Naopak pouziti pfimych a zdrojovych gradientil zajisti, Ze model je vice
obecny a aplikovatelny na vétSich tizemich (Guisan et al., 1999; Guisan et Zimmermann, 2000).
Vétsinou jsou tato data v rastrovém formatu v aplikaci GIS. Objasnénim faktort, které urcuji spéch
introdukce neptivodnich druhti, zahrnuje vysvétleni vlivli charakteristiky druhti, Zivotniho prostiedi a
specifickych udalosti. Tlak propaguli ma silnou vysvétlujici hodnotu, av$ak predikéni hodnota musi
byt peclivé testovana. Neméné dilezitd je geneticka variabilita a sila evolucnich procesi. Nizka
genetickd variabilita mize vzrust kiizenim s domacimi druhy, a tim vznikaji jedinci s novymi
invaznimi vlastnostmi (Lockwood et al., 2005).

Obecné je nutné se vyhnout pouziti mnoha proménnych a mnoha druhti (Goedickemeier et al.,
1997; Lischke et al., 1998; Guisan et Zimmermann, 2000). Harell et al. (1996) doporucuje nemit vice
nez M/10 prediktort, pficemz m znamena celkovy pocet pozorovani nebo pocet pozorovani v nejméné

reprezentované kategorii v pfipadech binarnich odpovédi.

1.2.2. Typy modeli §Sifeni druhu

Podle typu pouzitych dat mizeme predikéni modely Sifeni druhti rozdélit do dvou skupin:
prvni skupina pouziva pouze prezencni data druhi a druha prezencni i absencni data (Elith et al.,
2006).

Modely zaloZené na prezencnich a absen¢nich datech aktudlniho rozsifeni druhl vzhledem
k riznym faktordm prostiedi, tzn. na zakladé regresnich metod, jsou mnohem univerzalngjsi a hojné
pouzivané. Pro modelovani §ifeni druhil jsou nej€astéji pouzivané popularni obecné linedrni modely
(GLM). Mezi dalsi modelovaci algoritmy muzeme zafadit metodu zaloZenou na umélych
neuronovych sitich (napt. ANN), ordinacni a klasifikacni metody, metodu nejmensich ¢tvercii (napf.
zobecnéné aditivni modely — GAM), metodu obalek (SRE) nebo piipadnou kombinaci téchto metod
(Elith et al., 2006; Guisan et Zimmermann, 2000).

Vyrazné mladsi a slozit&jsi jsou modely zalozené na detailnich znalostech ekologie, Sifeni a
interakcich daného druhu a prostfedi. V principu jde o simulaci Sifeni jednotlivych jedincii v Case.
Ptikladem takové prace je modelovani Siteni Heracleum mantegazzianum v publikaci Nehrbass et al.
(2007). Tyto metody jsou vSak spisSe ,,experimentalni®, pfili§ ndroéné na nutné znalosti daného druhu
a bylo by obtizné vytvofit obecny model aplikovatelny na vice druhl. Jejich vyuziti je spiSe
vyvrcholenim poznani ekologie dané¢ho druhu (Brych, 2009).

Vysledné predikce Sifeni druhi se obvykle zobrazuji graficky do predikénich map,
nejcastéjSim nastrojem pro zobrazeni predikci se stavaji GIS. Predikce mohou byt definovany a

prezentovany ruznymi zpusoby napt. jako pravdépodobnost vyskytu druhu, pravdépodobna
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abundance druhu, potencialni $ifeni druhu, nejpravdépodobnéjsi jedinec v habitatu, tzn. podle
hierarchické posloupnosti jako vegeta¢ni mapy (Guisan et Zimmermann, 2000).
Prehled vybranych modelovacich algoritmii a jejich strucna charakteristika (Obr. 6):

GLM (Generalized Linear Models) modely piedstavuji nastavbu jednoduché regresni metody
nejmensich Ctvercli a jsou vhodné pro modelovani ekologickych vztahti, protoze se flexibilné
piizptisobi rozsahu chybnych struktur. Jsou zalozeny na odhadu vztahii (,link funkce®) mezi
pramérem zavislé proménné a linedrni kombinaci nezdvislych proménnych (Peterson, et al. 2011).
Vztahy definuje shoda mezi vyskytem druhii a individualni environmentalni proménné. Data mohou
byt aproximovana rtiznymi rozdélenimi: normdlnim, binomickym, Poissonovym nebo negativné
binomickym ¢i gamma rozdélenim (Guisan et Zimmermann, 2000; Guisan et al., 2002).

GAM (Generalized Additive Models) jsou neparametrickou nastavbou GLM a patii do
skupiny regresnich a semi-parametrickych modeld. Stejn¢ jako GLM vyuzivaji ,link funkci“ a je s
nimi mozné vytvaret komplikovanéjsi vztahy, které mohou byt nelinedrni vzhledem k vysvétlujici
proménné (Peterson et al., 2011). Propojuji zavislou proménnou a vyhlazuji funkce vysvétlujicich
proménnych. Dilezitym krokem pfi aplikaci modelu je vybér vhodného stupné vyhlazeni. Toho je
docileno pomoci stupiii volnosti. Pfi fitovani modelu musi byt dosazena rovnovaha mezi celkovym
poctem pozorovani a celkovym pocétem stupiii volnosti (Guisan et al., 2002). Diky jejich vétsi
flexibilité, jsou GAM vhodnéjsi k modelovani komplexni ekologické reakce nez GLM modely (Elith
et al., 2006).

GBM (Generalized boosted regresion models) je relativné nové€jsi a moderni metoda, ktera
opakovang vytvari a kombinuje klasifika¢ni stromy zaloZené vZdy na jedné vysvétlujici proménné.
Tato metoda bere automaticky v potaz mozné interakce. Miize byt nachylnd k overfittingu? (Brych,

2009; Elith et al., 2006).

MARS (Multivariate adaptive regression splines) poskytuje alternativni metodu zaloZenou na
regresnich postupech pro vytvéfeni nelinedrnich odpovédi. Rozdéluji gradient odpovédi zavislé
proménné na vysvétlujici proménné pfi vypoctu na jednotlivé segmenty a poté je samostatné
vypocitan regresni model (Friedman, 1991; Elith, 2006). Je velmi podobny GAM modeliim, jen misto
vyhlazovani pouziva segmentaci (Peterson et al., 2011). Pf1 vytvareni predikénich map v GIS je jejich
aplikace jednodusi a rychlejsi nez GAM (Elith et al., 2006).

SRE (Surface range envelope) je technika zaloZzend na environmentalnich obalkach,

identifikuje podle maximalnich a minimalnich hodnot kazdé vstupni proménné v misté prezencniho

2 Qverfitting - model je pfilis ptizpisoben trénovacim dattm.
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zaznamu. Kvili nizké presnosti neni Casto v modelovani pouzivana. Je vhodna pro modelovani
jednoduchého vztahu mezi biotopem a vyskytem druhu (Wu, 2017; Thuiler et al., 2009)

CTA (Classification Tree Analysis) zakladem je klasifikacni strom, tvofen opakovanym
rozdélenim dat, definovanych jednoduchym pravidlem zalozenym na jediné vysvétlujici proménné.
Algoritmus se snaZzi co nejvice snizit odchylky v podskuping. (Thuiller et al., 2009).

ANN (Artificial neural networks) jejich vyvoj byl inspirovan strukturou a ¢innosti zivo¢isného
nervového systému - neuronovych siti. Princip spo¢ivd v odpovédi druhii na environmentalni
prediktory. Ty jsou opakované vkladany jako cvicna data do umélych neuronovych siti. Uzptisobenim
vnitinich struktur nervové sit€ po kazdém vloZeni jsou ANN schopné ve vystupu zobrazit jeden
relativné presny vysledek (Pearson et al., 2002).

MAXENT (Maximum Entropy Model) odhaduje $iteni druhti hledanim maximalni entropie
s piihlédnutim k omezenim, Ze ocekdvana hodnota kazdé proménné (nebo transformace a/nebo
interakce) podle odhadu priméru odpovida empirickému priméru. Je vhodny i pro maly pocet
pozorovani. Pracuje na principu presen¢nich dat ve spojeni s klimatickymi nebo environmantalnimi
vrstvami a hled4, kteréd buiika obsahuje vhodné podminky pro Siteni druht (Philips et al., 2006).

Jednou z nejvyhodnéjsich softwarovych implementaci téchto 1 dalSich algoritmu jsou baliky
v softwaru R a knihovny OpenModeller. Jejich vyuZiti je velmi flexibilni a umoznuji integraci

prakticky s ¢imkoliv (Brych, 2009).
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Obr. 6: Porovnani predikci $ifeni pro rizné typy modelt (SRE, GLM, GBM, MAXENT) pro tufi¢ku (Kobresia pygmaea) v nahorni
plo§ing Tibetu. Zdroj: Wu (2017).
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1.2.3. Modelovani §ifeni invaznich druhu

Jako modely Sifeni druht v invazni biologii jsou obecné oznaCovany modely umoziujici
ptedpovedét pripadné budouci chovani invazniho druhu a jeho pribéh (Kiivanek, 2006). Vétsina
pristupt k modelovani Sifeni rostlinnych a zivo¢isSnych druhit mé sviij ptivod v kvantifikaci vztaht
druh-prostiedi (Guisan et Thuiller, 2005). Typickym ptikladem jsou modely predikce $ifeni v ramci
habitatt, které ptredpokladaji rovnovahu mezi distribuci a ekologickymi naroky druht. V ptipadé
invaznich rostlin tato rovnovaha neplati. Jejich abiotické a biotické naroky a moznosti rozsifeni v
sekundarnim arealu jsou Casto limitovany na rozdil od ptivodniho arealu (Dullinger et al., 2009), nebo
se naopak §ifi i do jinych typl biotopti nez v pivodnim arealu (Stohlgren et al., 2011).

Obvykly postup pti modelovani predikce Sifeni druhti je kalibrace dat vyskytu z jednoho
regionu a nasledné promitnuti do arealu neptiivodniho $ifeni (Broennimann et Guisan, 2008). Tento
krok muze byt aplikovan do lokalit, které jesté invadovany nebyly, ale je nutné posoudit a
identifikovat mozné dopady jejich introdukce a do jaké miry jsou nachylné k invazi. Pak tyto modely
oznacujeme jako preintrodukcni. Zajima nas, s jak velkou pravdépodobnosti se podafi druhu uniknout
z kultury, naturalizovat se v zeméd¢€lskeé ¢i volné krajin€ a negativné ptsobit na spolecenstva, do nichz
pronikne (Lopéz-Darias et Lobo, 2008; Ktivanek, 2006).

Z hlediska statusu invazniho druhu v zdjmové oblasti rozliSujeme dale modely
postintrodukcni. U nich testujeme zmény do budoucna pro rtizna ¢asova obdobi. Druh je jiz
introdukovan, pfipadné 1 rozSifen ve vybrané oblasti, a nas zajima, jaky bude dalsi prib¢eh jeho dal§iho
chovani, potazmo jeho invaze. Tento typ modell vétSinou pracuje s GIS. Vstupnimi daty do analyzy
jsou pak hlavné poznatky o dosavadnim chovani druhu v zdjmové oblasti, udaje o predpokladaném
vyvoji klimatu a o vhodnosti, pfitomnosti a rozsifeni jednotlivych biotopti, do nichz pronika nebo by
mohl pronikat (Broennimann et Guisan, 2007; Kiivanek, 2006). V mnoha piipadech muze byt
vyhodné&jsi nebo nezbytné pouzit pouze data z invadovaného uzemi, at’ uz z divodu piilisSné odliSnosti
pfirozené¢ho prostiedi nebo nedostupnosti téchto dat. Modely zaloZené na takovych datech jsou pak
vyrazné presnéjsi (Loo et al., 2007).

Podle metody, jakou je docileno vysledki modelu, Ize rozlisit systémy empirické, zalozené na
zkuSenosti hodnotitele s danym druhem ¢i jeho piibuznymi (napt. Daehler et al., 2004), geograficko-
klimatické, které vychazeji zejména z udajii o rozsifeni a narocich studovaného druhu (v CR napft.
Hrazsky et al., 2005), historické vyuZzivajici poznatky o lag fazi a chovani druhu v minulosti
(Dullinger et al., 2009; Lososova et al., 2012) a modely populacné ekologické operujici s
demografickymi, reprodukénimi a kompeti¢nimi vlastnostmi, jez podporuji invazni chovani (Daehler
et al., 2004; Kiivanek, 2006).
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Jako faktor s nejvyssi predikéni silou oznacil Fischer (1990) ve své publikaci land-use. Ve
studii, provedené na regiondlnim méfitku (oblastech mensich nez 1000 m?), bylo zji§téno, Ze podil
nepuvodnich druht rostlin urcuje hlavné typ habitatu a znaén€ mensi vliv ma faktor klimatickych
podminek (Chytry et al., 2008a). Predik¢ni modely Sifeni invaznich druhti regiondlniho métitka by se
tedy v budoucnu mély zaméfovat na faktor land-use, ktery je spojovan se zménou typu habitatu,

rezimu disturbanci a rychlou zménou druhového slozeni (Hobbs, 2000).

Dalsi uzitetnou proménnou k modelovani budouciho Sifeni mtze byt historie invaze, ale
takové analyzy se mohou setkat s metodologickymi problémy. Invazni historie byla jiz u nékterych
druhi zkouména na regionalni nebo kontinentalni Urovni, napf. pouZzitim herbafovych polozek
(Mihulka et Pysek, 2001; Fuentes et al., 2008). Je pouze n¢kolik studii dlouhodobych pozorovani
lokalniho Sifeni (napi. Foxcroft et al., 2004). Tyto studie maji vSak n&kterd omezeni. Pfedev§im
spolehlivé dalkové snimky a GPS data jsou dostupné jen pro nedavné dekady. Jen n€kolik invaznich
rostlin mize byt identifikovano jako zietelné plochy, napt. kvetouci Heracleum mantegazzianum.
Navic jsou nékteré invazni rostliny smiSené a ¢astecné pokryty vyssi vegetaci (Kollmann et al., 2009;
Miillerova et al., 2005). Z trojrozmérnych fotografii dalkového prizkumu zemé vSak mizeme navic
vycist pfesné informace o vlhkosti, vegetacnim pokryvu, land-use vyuziti dané lokality (Guisan et
Zimmermann, 2000).

Existuje velké mnozstvi predikénich modelll Sifeni invaznich druhl, které na zakladé
dostupnych informaci o daném organismu hodnoti jeho budouci rozsifeni v riznych ¢asovych a
geografickych horizontech (Elith et al., 2006; Chytry et al., 2012a; Scott, et al. 2002). Nesplnitelnym
idealem je univerzalni model, ktery by mél se 100 % piesnosti spravné urcit invazni druhy, aby byla
jejich introdukce v€as zastavena, piipadné, pokud jiz introdukovany byly, aby byly co nejdiive a
nejefektivnéji omezeny nez zacne exponencidlni faze jejich invaze nebo nez se jiz invazni druhy
rozsifi do dalSich zajmovych oblasti. Tento model by navic mél byt velmi flexibilni, zahrnovat v sobé
prvek stochasticity prostiedi a predpokladanych i neptedpokladanych geopolitickych, socidlnich,
biotickych i klimatickych zmén (Ktivanek, 2006).

1.3. Invazni druhy rostlin vybrané pro jednotlivé studie

Na evropském kontinenté se vyskytuje kolem 12 000 neplvodnich druhii, znichz
10-12 % podle odhadti zpisobuje vazné dopady na biodiverzitu (Vila et al., 2010; Nafizeni
a ekosystémové funkce v Evropé jsou povazovany predevsim pajasan Zlaznaty (Aliantus altissima),
taxony z rodu ktidlatka (Fallopia), bolsevnik velkokvéty (Heracleum mantegazzianum), netykavka
zlaznata (Impatiens glandulifera) a trnovnik akat (Robinia pseudoacacia) (Pysek et al., 2013).
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Pro tvorbu a testovani modelu $ifeni byli vybrani zastupci invaznich druht rostlin ze skupiny

neofyta. Jsou hojné¢ rozsiteny v zajmovych lokalitich a bude zkoumano jejich nasledné Siteni

Vv chranénych uzemich.

1.3.1. BolSevnik velkolepy (Heracleum mantegazzianum)

Monokarpicka rostlina z ¢eledi mitikovitych (Apiacea), ktera se mize dozivat vice nez 13 let
(Pergl et al., 2006). RozmnoZuje se zasadné¢ semeny, pficemz jedna rostlina miize vyprodukovat
pramérne 20 000 semen s klicivosti kolem 90 % (Moravcova et al., 2006; Perglova et al., 2006). Jeji
puvodni aredl je v zapadni ¢asti Kavkazu (Ochsmann, 1996), odkud byl v roce 1817 introdukovan do
Evropy jako okrasna rostlina (Jahodova et al., 2007). Prvni zdznam o vyskytu v Ceské republice je z
roku 1862, kdy byl vysazen v parku u zamku Kynzvart (Pysek, 1991; Pysek et al., 2008). Doba mezi
jeho introdukei a zacatkem exponencidlniho Sifeni se odhaduje na 60—70 let, kdy prudka invaze
nastala od roku 1940 (Pysek et Prach, 1993). Zptsobily to radikdlni zmény ve vyuzivani krajiny a
antropogenni narusovani krajiny po druhé svétové valce (Miillerova et al., 2005).

Nejcastéji obsazuje lokality bohaté na Ziviny v polopfirozenych travnatych porostech, okraje
lesti a antropogenné ovlivnéné habitaty (PySek et PySek, 1995; Thiele et al., 2007). Je také ale zaroveini

schopen obsazovat lokality chudé na ziviny, jako jsou raselinné louky nebo kyselé pudy lesnich pasek

(Thiele et Otte, 2006). Casto se vyskytuje v okoli liniovych prvki, jako jsou Fi¢ni toky a silnice
(Mlikovsky et Styblo, 2006).

Obr. 7: Bolsevnik velkolepy (Heracleum mantegazzianum) je v CHKO Kokofinsko pracovniky spravy pravidelné
monitorovan a likvidovan.; A- detail listu jedince; lokalita u Janovy Vsi je nékolik let eradikovana, piesto se nepodatilo
populace vymytit, B- lokalita siln€ zasazena populaci bolSevnikl v tésné blizkosti hranic CHKO Kokofinsko u Msena (foto:
Dvoidk 2014), C-lokalita v sousedstvi pastvin pobliz Dubé, n€kolik jedinci mélo zalomena kvétenstvi a ponicené kotenové
hlavy, ziejmé pokus o management (foto: P&knicova 2013-2015).
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1.3.2. Zlatobyl kanadsky (Solidago canadensis)

Vytrvald rostlina s rozsdhlymi rhizomy z celedi hvézdnicovité (Asteracea), ktera se
rozmnozuje vegetativné 1 semeny. Jeji pfirozeny aredl je uzemi Severni Ameriky, od Aljasky po
Labrador na severu, po Mexiko a Floridu na jihu (Heigi, 1979; Slavik et al., 2004). Do Ceské
republiky se dostal jako okrasna a medonosna rostlina a volné v ptirodé€ byl zaznamenan v roce 1838.
Samotna invaze zacala v prvni poloviné 19. stoleti (Slavik et al., 2004). Nachazime ji na okrajich
lest, podél ek a v habitatech narusenych disturbanci jako jsou opusténé pastviny, okraje cest,
opusténd pole, travnaté plochy a méstské oblasti (Mlikovsky et Styblo, 2006; Walck et al., 1999).
Nyni je rozsifen na vétsing regionti Ceské republiky, dominantni je zejména v trvalé termofilni

ruderalni vegetaci (Pysek et al., 2012b).

1.3.3. Zlatobyl obrovsky (Solidago gigantea)

Tato vytrvalad rostlina z ¢eledi hvézdnicovitych (Asteracea)se rozmnozuje se vegetativné
rhizomy i generativné pomoci semen (Slavik et al., 2004). Do Evropy byla zavlec¢ena jako medonosna
a okrasna rostlina botanickych zahrad. Invaze zacala v druhé poloviné minulého stoleti, pfedev§im
Vv lokalitach zasazenych disturbancemi kolem silnic a zeleznic. Vyskytuje se méné ¢asto nez zlatobyl
kanadsky a uptfednostituje lokality vlhéi a bohats$i na Ziviny, jako jsou nivy fek. Oba druhy maji
podobny dopad na Dbiodiverzitu rostlinnych spoleCenstev, kterou snizuje zhruba
0 30 % (Hejda et al., 2009).

- s —

Obr. 8: Zlatobyl kanadsky (Solidago canadensis) v CHKO Kokofinsko; A- kvetouci jedinci zamérné& p&stovani v zahradé€, B- rozsahlé
populace na neobhospodarované pastving pobliz Dubé, C- jednolity porost v lokalité pobliz Lhotky v Kokofinském dole, D- lokalita
zaristajiciho moktadu titinou kiovistni (Calamgrotis epigejos) spolu se zlatobylem v Kokofinském dole (foto: P&knicova 2013-2015).
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1.3.4. Rod k¥idlatky (Fallopia syn. Reynoutria)

Kfidlatka japonska (Fallopia japonica) a kiidlatka sachalinska (Fallopia sachalinensis) jsou
vytrvalé rostliny s rozsahlymi rhizomy z celedi rdesnovité (Polygonaceae). Arealem puvodniho
rozsiteni je jizni Asie, odkud byla zavlecena v 19. stoleti do Evropy jako zahradni okrasnéa a krmna
rostlina (Conolly, 1977). V Ceské republice se rod Fallopia vyskytuje mimo zminéné 2 druhy také
jako hybrid (Fallopia x bohemica). Vyskyt hybrida byl poprvé zaznamenan ve Velké Britanii v roce
1872 a poté byl nékolikrat zaznamenan i v aredlu pivodniho rozsifeni (Bailey et Conolly, 2000).
Vsechny 3 druhy byly do Ceské republiky pravdépodobné zavledeny jako okrasné rostliny. Jako prvni
zde byla zaznamenana Fallopia japonica v roce 1883, v roce 1921 F. sachalinensis a F. bohemica
jako posledni v roce 1950. Masivn¢ se zacaly §ifit v druhé poloving 20. stoleti. Hybridni forma se $ifi
agresivnéji nez rodi¢ovské druhy (Mandak et al., 2003; Bimova et al., 2001; Pysek et al., 2003).
Vsechny tfi druhy se §ifi pfevazné vegetativni formou, diky jejich regeneraéni schopnosti rhizomt a
Casti stonkd, které jsou transportovany ptdou a vodou (Bimova et al., 2003; Pysek et al., 2003).
Fallopia japonica byla zavle¢ena do Evropy pouze jako jeden samici klon (Bailey et Conolly, 2000;
Pashley et al., 2007). Jsou narocné na vlhkost a pfisun dusiku a Casto obsazuji opusténé zahradni
centra a zaplavovand Uzemi, kde se pomoci rhizomi mohou déle Sifit a obsazovat nové habitaty

(Pysek et al., 2012a). Rod Fallopia piedstavuje nejzavaznéjsi dopad na bohatost a diverzitu druhti ze

stiedoevropskych invaznich rostlin. Béhem invaze redukuje pfitomné druhy z 66-86 % (Hejda et al.,

2009; Bimova et al., 2004).
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Obr. 9: Kiidlatka ¢eska (Fallopia bohemica) je ¢astym invaznim druhem v CHKO Kokofinsko; A-lokalita zasaZena porosty
kridlatky a zlatobyld pobliz obce Kanina, B- jedinci, ktefi se rozsituji ze soukromé zahrady i pfes chemické zasahy (foto:
Pé&knicova 2013-2015).

1.3.5. Netykavka zZlaznata (Impatiens glandulifera)

Vytrvala rostlina z ¢eledi (Balsaminaceae), jejiz pivodni areal rozsifeni je stfedni Asie a
Himalaje (DAISIE, 2017). V roce 1846 byla zavledena jako okrasna rostlina do Ceské republiky
V soucasnosti je rozsifena piedevs§im jako soucast pobieznich populaci podél tokt. V poslednich

letech se S$ifi ze zamokienych oblasti do oblasti sussich, jako jsou okraje lesi a cest, S menSim
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narokem na ziviny (Malikova et Prach, 2010). Jeji porosty lehce regeneruji, ¢emuz napomahaji
adventivni kofenové systémy. Vytvaii vysoké porosty monokultur, které mohou snizovat druhovou
bohatost ostatnich druhi pobiezni vegetace. Zaroven piedstavuje konkurenci pro ostatni druhy v boji

o opylovace (DAISIE, 2017; Chittka et Schiirkens, 2001).

B

Obr. 10: Netykavka zlaznata (Impatiens glandulifera) zamérné péstovana v piedzahradce u silnice v obci Kokofin. Podél hlavnich tokd
v CHKO Kokofinsko (Libéchovka a PSovka) prozatim zaznamenana nebyla (foto: Péknicova 2013-2015).
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2. CILE A VYSTUPY DISERTACNI PRACE

V této kapitole uvadim shrnuti cilt a ptehled vystupt disertacni prace. Vystupy jsou sefazeny
vzestupné dle ¢asové posloupnosti zpracovani. U kazdého vystupu (publikace) je kratky abstrakt
publikace byly jiz oti$tény, tfeti publikace byla odeslana do redakce ¢asopisu a ¢tvrta publikace je ve

stavu rozpracované¢ho manuskriptu pied odeslanim do redakce casopisu.

2.1. Cile disertac¢ni prace

e Zmapovat vyskyty vybranych invaznich druhti rostlin ve vybranych chranénych uzemich

e Testovat vhodnost pouziti vrstvy biotopi z mapovani Natura 2000 jako jedné

z environmentalnich proménnych pro tvorbu modelt $ifeni invaznich druht rostlin

o Testovat dalsi vhodné environmentalni proménné pouzitelné pro tvorbu modeld Siteni

invaznich druhil rostlin a ovétit pouzitelnost nové vzniklé konsolidované vrstvy ekosystémil

e Vytvorit a testovat modely $ifeni invaznich druhti rostlin pro bol$evnik velkolepy
(Heracleum manteagazzianum), netykavku zlaznatou (Impatiens glandulifera), druhy rodu
kiidlatka (Fallopia spp.) a druhy rodu zlatobyl (Solidago spp.), siticich se v chranénych
uzemich

e Testovat modely pro dalsi lokality chranénych uzemi, a to zejména evropsky vyznamné

lokality v ramci Ceské republiky
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2.2. Aplikace dat Natury 2000 pro predikce §ifeni invaznich

nepiivodnich druhi rostlin®

Abstrakt: Rozsifeni invaznich druh rostlin v lokalnim méfitku zavisi na mnoha faktorech;
mezi né€ patii vzdalenost od zdroje $ifeni, slozeni invadovaného spolecenstva, rozhodujici je také typ
vyuzivani krajiny (tzv. land-use). Po urceni klicovych faktort, napomahajicich $ifeni téchto drtihu, je
mozné predikovat jejich nasledné vyskyty pomoci modelovani. Faktorem, ktery odrazi specifické
environmentalni podminky lokality, jsou biotopy. Druhy biotopt obsahuji unikatni informaci 0 stupni
degradace, typu managementu a vegetacnim krytu. Biotopy z mapovani Natura 2000 pokryvaji témét
vSechna chranéna tzemi a v kombinaci s vhodnymi typy modelovacich algoritmti by mohly byt
dulezitym prediktorem Sifeni invaznich druht rostlin. Cilem analyz bylo testovat vrstvu z mapovani
biotopt Natura 2000 a urc¢it vhodné métitko pro ¢tvercovou sit’, nasledné pouzitou pro predikéni
modely Sifeni invaznich druht rostlin v CHKO Kokofinsko. Dale pak uréit typy preferovanych
biotopt, kde se vybrané invazni druhy rostlin nej¢astéji vyskytovaly. Soucasti vystupt byly pilotni
vysledky predikénich modeli $iteni invaznich druht rostlin.

K testovani byla pouzita terénni data vyskytu invaznich rostlin rodu kiidlatka (Fallopia spp.),
rodu zlatobyl (Solidago spp.), trnovnik akat (Robinia pseudoacacia), bolsevnik velkolepy
(Heracleum mantegazzianum) zmapovana v sezéné 2013 na tizemi CHKO Kokoftinsko. Celkem bylo
na plose 80 km? zaznamendno 495 vyskytl vybranych invaznich druhii rostlin, z nichz nejvice
rozsitené byly Solidago spp. (188 vyskytil) a Robinia pseudoacacia (266 vyskytii). Tyto druhy nejsou
nijak v CHKO Kokofinsko regulovany a nejéastéji se $ifi podél cestni sité, na neobhospodafovanych
loukach az k okrajum lesa. Fallopia spp. a Heracleum mantegazzianum jsou pracovniky spravy jiz
nékolik let zaznamenavany a likvidovany, ptesto se opakované vyskytuji na stejnych lokalitach a dale
se §ifi (Obr. 7 a 9). Nejcastéji obsazovaly biotopy v blizkosti lidskych sidel.

Z vysledkl srovnani riznych rozméra ¢tverci, vstupujicich nasledné do modelu Sifeni, bylo
vyhodnoceno: (a) s rostouci generalizaci vrstvy biotopl rostla shoda s biotopy zaznamenanymi
Vv terénu; pro Ucely tvorby modelu Sifeni s co nejpiesnéj$im lokalnim meéftitkem se vSak jiz méfitko
rastru 50 x 50 m jevi jako velmi generalizované, ale piesto pouzitelné. Jako optimalni skala rastrové
sité tak byla vyhodnocena ta s rozméry 30 x 30 m; (b) srovnanim terénnich dat a mapovych podkladi
byly typy biotopit z mapovani Natura 2000 vyhodnoceny jako vhodna a relativné podrobna
environmentalni proménnad pro modely Sifeni invaznich druhi. Z naslednych pilotnich vysledki
modelt S$iteni (pro kazdy druh byla vytvofena sada modeld) byly vyhodnoceny na zakladé
evalua¢nich metod jako nejvhodnéjsi modely GBM a GAM (model MAXENT dosahoval také velmi
dobrych vysledku).

3 Péknicova, J., Petrus D., Berchova-Bimov4, K. (2015): Application of Natura 2000 data for the invasive species
spread prediction. Scientia Agriculturae Bohemica 46, 159-166.
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. ENVIRONMENTAL SCIENCES

APPLICATION NATURA 2000 DATA FOR THE INVASIVE
PLANTS SPREAD PREDICTION"

J. Péknicova, D. Petrus, K. Berchovia-Bimova

Czech University of Life Sciences Prague, Faculty of Environmental Sciences, Prague,
Czech Republic

The dismbution of invasive plants depends on several emvironmental factors, e.g. oo the distance from the vector of spread-
ing, invaded community composition, land-use, etc. The spacies dismibution madels, a research tool for invasive plans spread
prediction, involve the combination of environmental factors, occwrence data, and statistical appreach. For the constoction
of the presented dismibution medel, the ecomTence data on imvasive plants (Selidage sp., Fallopia sp_, Robinia preudoac-
cacia, and Heracleum mantesazzianum) and Natura 2000 habitat types from the Protected Landscape Area Kokofinsko have
been intersected in ArcGIS and statistically analyzed. The data analysis was focused on (1) vertfication of the accuracy of the
Mamra 2000 habitat map layer., and the accordance with the habitats occupied by invasive species and (2) identification of a
suitalrle scale of intersection between the habitat and species distmbution. Data suitability was evalnated for the constroction
of the mode]l on local scale. Baszad on the data, the invaded habirat types were described and the optimal scale grid was evalu-
gted. The results show the smitabilicy of Mamora 2000 habitat types for modelling, howsver more inpur dara (e.g. on soil fypes,

elevation) are needed.

invasive species; habitat rype; modelling scale; speciss dismibution models {SDMs)

IDE GRUYTER
OPEN

INTRODUCTION

Biological invasions have been 1n the scientists’
focus for more than three decades. Generalization
and theorefical integrations, based on large data sets
and a high number of experimental studies, have been
postulated (Kuneffer etal | 2013} Despite the enor-
mous knowledge, the ability to predict the spreading
of non-native species 15 still elusive (Pviek atal.,
2012b). The spread of invasive plants depends on sav-
eral ecological factors, primanly on the environmental
requirements, nutrient saturation, invaded community
composition, distance from the vector of spreading,
effect of human activities and land-use. On a local
scale, the non-native species spread 1s shaped by the
spatio-temporal interaction with invaded habitat types
and host communities (Py3Sek, Richardson,
2008). Using the species disinbufion data, 1t 15 pos-
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sible to identify the potentially invaded habitat types
in the study area, and to facilitate prediction trials on
the spread of Imvasive species (Chytrv etal., 2008;
Dullinger etal, 2009;: Lososova etal, 20012;
Pyieketal, 2012a) This knowledge, in combination
with emploving the geographic information svstem
({GI5) and statistical tools, serves for constructing
the species spread models. Beside the urgency of
obtamming at least some predictive power 1n Invasive
species spread models (Kueffer et al. 2013}, the
evaluation of different types of meodels 15 an addi-
tion to the continwous and progressive development
of species predictive modelling, as pointed out by
Austio (2007).

Predicting the potential spread of species 1= gen-
erally based on various mathematical models and
statistical processing of their responses to different
gradients or factors (Bryveh, 2009). These models

* Supparted by the Internal Grant Agency of the Czech University of Life Scisnce: Prague (TGA 20014), Project Mo, 422201312433170,

and by DER -Wetland Group, Project No. 4222013223243,

SCIENMTIA AGRICULTURAE BOHEMICA, 46, 2015 (4): 159=166
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are generally based on vanous hyvpotheses how the
environmental factors control the distribution of spe-
c1es and communities. Besides its prime importance as
aresearch tool in autecelogy, predictive geographical
modelling has recently gained importance as a tool
for assessing the impact of accelerated land use and
other environmental changes on the distribution of
orgamisms, and 15 mostly used 1n environmental pro-
tection, ecology and evelutionary development studies
(Guisapn, Zimmermann, 200;Z1immermann
et al. 2010). The models combine species occurrence
data with spatially environmental layers. This method
simulates the ecological requirements of species. The
geographical spread of species 15 then predicted by
mappng the areas where these environmental require-
ments are met (Elith et al.. 2006).

Baszed on the tvpe of data, the species distribu-
tion models (SDMz) can be divided into two groups:
the first group utilizes presence records, while the
second employs regression methods (Elith et al |
2006}). From the group of SDMs= baszed on regres-
sion approaches, the most widely used are general-
ized linear models (GLM) and generalized additive
models (GAM). These have a strong statistical base
and the ability to realistically model the ecological
relationships (Austin, 2002). For the modelling,
the potential distribution of species together with GIS
bas been used for long-term predictions (Moisen et
al., 2006). GAM: use non-parametric, data-defined
smoothers to fit non-linear functions, whereas GLMs
fit parametne terms — usually some combination of
linear, quadratic and/or cubic terms. Data for GLMs
can be selected from a vanety of distnbutions mnelud-
ing normal, binomial, Poisson or negative binomial
{(Guisan et al, 2002). The Multivariate Adaptive
Fegression Splines (MARS) models are very siomlar
to the GAM models, but instead of data smoothing
the former uses segmentation (Peterszon et al,
2011). However, for creating predictive GIS maps,
the application of MAES is easier and faster than
that of GAM (Elith et al., 2006). Generalized
boosted regression models (GBM or BET) are a rela-
tively new and modern method. It repeatedly creates
and combines simple methods, e.g. classification
trees related to one explanatory variable (Bryeh,
2009}, Artificial Meural Networks (ANN) 15 a non-
linear technique which works with the absence and
presence of data (Pearson etal, 2002; Elith et
al., 2008). GARP (Genetic Algorithm for BEule-set
Prediction) models and maximum entropy model-
ling (MAXNENT) are suitable for datasets with only
few observations (Elith etal  2006; Pearsomn et
al., 2007). As published by Elath et al. (2006) and
Bryeh (2009), the most accurate models, BET and
GLM/GAM, were evaluated using AUC {Area under
Curve) statisties.

One of the important things for model design 13
to consider the scale and to determine the predictive
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time. Data on large (confinental) scales are collected
often from several countries and are averaged for the
rest of the continent or transferred to another coun-
try outside the continent (Pit etal, 2011 Chytr¥
et al., 2012). For large areas, only gemeral data are
available and 1t 15 difficult to cover the whole terri-
tory with the mtensity which would be sufficient for
input data collection. Hence, such an approach reduces
the accuracy of prediction. Chytrv et al. (2012)
constructed maps of future plant invasions under dif-
ferent European land-use changes for the years 2020,
20350, and 2080. Prediction for such a long time perniod
1z highly mmaccurate due to unexpected changes and
unpredictable anthropogenic influence. Miche-based
species distribution models (meaning models on a local
scale) have become an important tool for assessing
the potential range of species under current as well
as under predicted future environmental condifions.
Such an approach 15 fandamentally more accurate
than models on regional or larger scales (Dullinger
etal  2009; Pyiek etal, 2012b). Bryeh (200%)
tested models witha 1l = 1 km gnid size. He could not
demonstrate the influence of habitat tvpe because of
the seale size being too large (medium), and recom-
mended a scale of 100 = 100 m for better model ac-
curacy. Nehrbass etal (2007} simulated the spread
of Heracleum mantegazzianum in different habitats
fora 5 * 5 m gnd size and short-term data. For such
alocal scale model, 1t 1= possible to compare suitable
habitats for invasive plants spread and to evaluate the
effect of land-use changes. Despite the accuracy, such
detailed models demand detailed input data and have
only limited seale-temporal impacts.

MWatura 2000 15 the EU-wide network of nature
protection areas which aims to maintain European
biodiversity under the 1992 Habitat Directive. The
layer of habitat mapping provides information on the
existence and state of natural biotopes on the whole
territory of the Czech Kepublic. Biotopes should be
claszified umiformly across Europe, and specifically in
the Czech FEepublic thiz 15 done bazed on the Habatat
Catalogue of the Czech Eepublic and the Habitat
Assessment Handbook (HAH), utilizing primanly
the formation-vegetation (phyvsiegnomic) approach
and secondarily the fleristic approach. Each baszie
map 15 provided with the number of the district on a
1:10 000 seale (Mature Conservation Agency of the
Czech Bepublie, hitp:/fwww.nature cz'natura2 000-
design-en'hp.php).

The main objectives of the study are: {3) ven-
fication of aceuracy of the map laver Matura 2000
habitats type 1n connection with selected 1nvasive
specles distribution and 1ts following use for predic-
tion SDM=, (b) evaluation and selection of suitable
scales for prediction meodels in accordance with the
occupled habitat tvpes, () construction of suitable
SDMs for selected species distnbution data together
with IS tools.
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MATERTAL AND METHODS

Data collection

Distribution (prezence/absence) data on Fallopia
species, Solidage species, Heracleum mantegazzianum,
and Robinia preudeacacia have been collected 1n
the study area. The mapped area was located 1o the
Protected Landscape Area (PLA) Eokofinzko, Central
Bnhemiia.: the area covered by mapping was about
80 km~. Field research was carmed out from June to
September 2013, Locations of mvasive plants were
szaved by a GPS device and recorded in a paper map.
Aveas of continmous populations larger than 1 m? were
saved by their edge coordinates. For each ocourrence,
the habitat type was recorded.

Data processing

GPS records of invasive plants cccurrence were
uploaded as a shapefile layer in the AreGIS program
and then intersected with the shapefile habitat laver
of Natura 2000 {provided by the Mature Conservation
Agency of the Czech Republic, hitp:/ferarw.nature.cz/
natura100-design-en'bp php). The final laver contains
the attribute table with information about Matura 2000
habitat types and information about the presence data
of mmvasive plants, which was statistically evaluated
for different classification scale habitats. Diata analysis
focused on (1) venfication of the accuracy of maps
and correct intersechon of species with mapped habitat
type and (2) finding habitat type preferences, meaning
snvironmental requirements. Thiz allowed the evalu-
ation of the data switability for the model construction
on a local scale. Afterwards, the vector laver was
transformed to a raster layer and square grids were
constructed with various grid sizes: about 20 = 20 m
{scale I, 30 = 30 m {scale I}, and 50 = 50 m (scale
ITT}. This layer of preferred habitats was used for
predicitive models. The accuracy of the intersection
of lavers was analyzed on different scales by 1denti-
fving the tyvpe of habitat from the Habitat Catalogue
of the Czech Republic (Chytry etal, 2001). Scale
I corresponds to the subunit of a habatat (e.g. L2.2A
code); scale IT corresponds to the classification unit
of a habitat (e.g. L2 code), and scale III corresponds
to the formation III group (e.g. L code).

Diata analysis

The dataset containing the presence/abzence data
of invasive plant species and habitat types was sta-
tistically evaluated by R software {(Version 2.15.1).
Agreement of the intersection of the ccowmrence of the
invasive plant and the habitat tvpe layer with reality
was evaluated as 1; disagreement was evaluated as 0.
After that, data agreement was statistically evaluated
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Table 1. Companson acouracy of infersect for scale I — 20 = 20m
(P < 0,001 for 106 disagreement and 320 agresment, probability of
success 0L TRIE3RA)

Dizagresment with | Agreement with
real habifat real habitat
Sopiidago species 43 145
Robinia preudoscacia 57 09
Fallapia species & 35

using a bimomaial test. A second data analysis evaluated
the most invaded habitats according to the frequency
of occurrences using one-way analysis of varlance
(ANOVA), where the habitat type and species were
taken as predictors and the number of localities per
species and habitats was taken as a rezponse variable.
The species Heracleum mantsgazzignum was not used
in this analysis due to 1tz low abundance in the study
area.

Models

Seven distnibution modelling algonthms (GLAM,
GAM, GEM, AWM, SEE, and CTA), implemented in B
statistical software (biomod? package) were used for
the spread predichon. The stand-alone mode] MANENT
was used for modelling, too. For evaluating the model
prediction, the True Skill Statistic (TS55), Relative
Operating Charactenstic (ROC), Coben’s kappa statistic
(EAPPAY, Success Ratio (5B, Probability of Detection
(POD) methods were used (Inside-K: A community
site for B, http:/'wwrw.inside-r.org'node/ 166097). They
were rescaled to all have a perfect score at 1. For ROC,
POD, 5K evaluation, the range of the index form 1s
Oto 1; 0.5 indicates no skill. For TSS and EAPPA, the
range 15 =1 to 1; where 0 indicates no skill. The pilot
sets of models were mun for Fallopia sp., Solidage sp.,
and Heraclenm mantegazzianum. Robinia psendoacac-
cia was not included to the pilot modelling run due to
incomplete distnbution mapping.

RESULTS

The results are based on the information stemming
from 493 ocowrrences from the south-eastern part of
the PLA Eokeofinsko (80 km?). The agreement between
the mtersection of the species occurrence data laver
and the Natura 2000 habitat type in sitn was evaluated.

Fesults in Table 1 compare the ccowrrence records
for the most detailed szecale of biotopes. 339 records
were evaluated as being the same as 1o real habitats,
106 records were a bat different from real habitats.
Such a scale 13 very detailed and the probability of
success was T8%e. Fesults in Table 2 were a little gen-
eralized compared to scale I. 439 oceurrences were
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Table 2. Companizon acouracy of intersect for scale IT - 30 = 30 m
(P < 0.00] for 3§ dizagreement and 439 agreement, probability of
success . B26848T)

Table 3. Comparizon acouracy of intersect for scale I - 50 = 50 m
(P = 0.00] for 4] dizagreement and 434 agreement, probability of
success QUOIT1ITIT)

Dizapreement with | Agresment with Disagreement with | Agresment with
real habitat real babitat real habitat real habitat
Spifdago species 13 1455 Solidago species 14 172
Robinia preudoacacia 30 136 Robinia prevdsacacia | 22 144
Fallopia species 3 i3 Fallopia species 3 iz

evaluated as being the same as in the real habitat and
36 ccourrences were different. The probability of suc-
cess (l.e. of obtaining a goed intersection) was 88%.
Fesults in Table 3 were similar to the results in Table 2.
454 peenrmrences were the same o the actual habitats
and 1o the intersection laver, 41 ocowrrences differed.
The probability of success was 91%. With the in-
creasing generalization of habatats, the probability of
ntersection increased. However, the habitats in Tabla
3 are generalized and not too accurate. For further re-
search, as the most suitable zeale appeared the scale IT
(30 = 30 m), which describes the habitats at the level
of basic units, e.g. alluvial forests (L2).

The mest invaded habitats for each invasive plant
were alzo evaluated. The results of one-way ANOVA

(F=1901,df =8, P =0.0622) show that the most
invaded habatat of Selidage species are grasslands,
intensively managed fields, and mosaic segments
(segments containing two or more different habitats).
K. psendoaccacia 15 most common 1o the habitat of
acidophilons oak woods, forests with non-native tress,
and at the edges of intensively farmed field=. Fallopia
species 15 most common 1n the following habitats:
mosalc segments, urbanized areas, and floodplain
forests. Heraclenm mantegazzianum was detected
only at 5 localities and 1t most invaded habitat tvpe
were forests with non-native vegetation. The results
are shown mn Fig. 1.

Thke pilot set of meodels for Fallopia sp.. Selidage
sp., and Heracleum mantegazzianum was o and ac-

Table 4. Conchision of evaluating characteristics for a nm of the pilot sef of models for the distrimfion of thres invasive species in the PLA
Fokedinzka. Evalation characteristics as per Biomod medelling! are shown for each model and each species

Evaluation characteristic
Species Ho. of localities | Model fype
T55 BOC FAFRA BOD
FAM 0.9832 0982 0.069 1.000
GEM 0.524 0936 0.000 0.955
o CTA 0.763 0.203 0.000 0.955
Fallopia sp. 107 N
GLM 0.563 0201 0004 0.818
ANN 0.517 0.772 0.005 0.727
SEE 0.555 0.778 0.002 0.800
FAM 0.082 0.002 0.069 1000
GEM 0.824 0936 0.000 0855
) CTA 0.763 0.203 0.000 0.855
Spifdage sp. Q8D -
GLM 0.563 0.201 0.004 0218
ANN 0.517 0.772 0.005 0.727
SEE 0.555 0.778 0.002 0.800
FAM 1.000 1.000 1.000 1.000
GBM 1.000 1.000 0.000 1000
. . i CTA 0.931 0968 0.000 1000
Heracleum manfegazzianum 5 _ )
GLM 0970 0900 0.005 1000
ANN 0.000 0488 0.001 0000
SRE 0.000 0488 0.000 0000

TS5 = True Skl Satistc, ROC = Felative Operating Characteristic, EAPPA = Coben's kappa Statistics, POD = Probability of Detection

Inzide-B- A commmmity site for B (hitp: e, inside-r org/‘node 1 5808T)
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Habitat prefe rence of invasive species

Fig 1. The most invaded habitats in
PLA Kokofinsko by Solidago spe-
cies (S), Robinia pseudoacacia (R),

% 0 Faiiopia species (F) (P = 0.0622,
§g B F=1001df=8)
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cording to the above-mentioned (see the Matenal and
methods section) evaluating methods, the most smtable
models for predicting each of the invasive species were
selected. For the genera Fallopia sp. and Solidago sp.
the best models were GAM, GBM. and CTA (Table 4).
Other models either strongly underestimated (ANN)
or highly overestimated (SRE) the predicted spread.
Heracleum mantegazzianum spread was best predicted

Model GBM

by the GLM and ANN models. The MAXENT model
achieved very good results for the genera Fallopia sp.
and Solidago sp.. although 1ts results for the species
Heracleum mantegazzianum were not so good.

Fig. 2 shows the predictions using six different
model techniques on the same distribution (presence/
absence) data for Fallopia sp. The most realistic pre-
diction. according visualization and statistic research,

Model GAM

Model SRE

km

1:250 000

Fig. 2. Map of prediction spread (Faiiopia species). Red colour marks high likelthood of being invaded by alien species, green colour low

likelthood of being invaded by alien species.
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were GBM, GAM, and CTA. The evaluation character-
istics of GLM, ANN, and SEE were lower than those
of the other compared models. Moreover, model SEE
marked almost the whole area threatened by invasion.

DISCUSSION

One of the prezent study objectives was the evalua-
tion of different habitat scales for Watura 2000 habatats
and their suitability for the creation of the invasive
specles spread predictive model. Scale I (20 = 20 m)
was very detailed and some habitats were different
from reality. Scale IIT (30 = 50 m) introduced too
much generalization. Therefore, scale IT (30 = 30 m)
was evaluated as the most smitable for a prediction
model. The loss of information due to generalization
is relatively low (Table 1) and intersection rates of
occurrence records and actual habitats are very good.

Of the seven tested algorithms, 1t was concluded
that GAM, GBEM, and CTA were the most smtable for
the prediction of invasive plants spread. Other models
{(GLM, ANN, and SEE) yielded maccurate results {Table
4}. This can be due to the {insufficient) guality and
pumber of input datasets. Heraclenm mantegazzianum
was detected only at 3 localities, which might have
influenced the aceuracy of prediction. According to
Bryeh (2009), GLM, GAM, and GBM vield stable
and good results. The meost aceurate algorithm was
evaluated to be GBM, which comesponds to the results
of Elith etal (20068). Leathwick etal (2008)
and M oi1sen etal (2006) concluded that GAM had
significantly better results than the other compared
models Nehrbass etal (2007) ecreated a simulation
model consisting of population dynamics, neighbour-
bood dispersal, long-distance dispersal, and dynamic
landscape structure, and combined these charactenstics
with the empirical field. The model ineluded some
aspects of reality 1n a very crude manner, but even this
simple design can be applied to the 1nvasion of the
other species (e.g. Rhododendron ponricum). Such a
model for a local seale can descnbe the relationships of
habitats and invasive species. Firstly, the Natura 2000
habitat types were not found as a sigmificant predictor
in medels based on such a dataset. The reason for thas
could lie 1o the bigh abundance of the “mosaic” habitat
tvpe which combines more than one habitat type mm
the datazet. After a thorough analvsiz and removing
the unnecessary habitat type “unnatural and unmapped
segment’, the Natura 2000 habitat was shown to be
an mmportant vanable for SDMs.

Chytrv etal {(2008) concluded that no and/or
only few non-native plant species occur in extreme and
putrient-poor habitats, such as bogs, meors, and alpine
grasslands. In contrast, most non-native species have
been found in regular disturbed habitats with fluctuat-
ing nutrient availability (e.z. Bimova etal, 2004).
Those habatatz can be nfluenced by buman activities
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{croplands, ruderal vegetation, hiking trails, etc).
Oither habatats preferred by non-native plant species
are coastal and niver areas. Despite this generalizing
summary of the cccurrence of invasive species, 1t 1s
necessary to determine the ecological requirements
for each species separately. According to Walek ot
al. (1999), the Soelidago species can be found on the
edges of forests, along nvers, and 1n disturbed habitats
such as abandoned pastures, edges of roads, abandoned
fields, lawns, and wrban areas. To the PLA Eokefinsko
this species has spread from urbamized areas, where
it was mostly grown in gardens. From anthropogenic
gardens 1t escaped to pastures and meadows (Fig. 1).
Most localities were sunny and often composed of
Calamagrostis epigejos populations. Selidago was the
maost predominant invasive plant in the mapped area
(980 localities). Robinia psendoacacia 1s tolerant to
air pollution and drought and grows in sandy, saline,
and poorly drained substrates (Mus1l. 2005). The
populations have spread from the places where they
were dropped off around road trips and cultivated
fields. Seedling: were found close to other Robinia
trees. In the study area, the species was discoversd at
266 localities and mostly 1n acidophilous cak forests.
All three Fallopia species have spread mostly by
vegetative form (B ailey et al, 2007). They have
a very good regenerative capacity of rhizomes and
stem parts and can be trapsported by land and water
(Bimowa etal, 2003; Pviek etal, 2003). They
reguire molisture and nitrogen mnput (Pviek et al,
2012a). In the mapped area, they were discoverad at
107 lecalities and usually occupied habitats elose to
urban areas, mostly road sides and hiking trails.

CONCLUSION

It may be concluded that seale IT {30 = 30 m; cor-
responding to the classification unmit of habitat) 1s the
most suitable for the prediction model. The habitat type
data of Natura 2000 mapping were evaluated as being
suitable and accurate for particular habatat types, but
not for the mixed habitat type — mosaic. Replications
of field mappings will be necessary for the absolute
verification of the results in other study areas. The
observed occumrences of invasive plants 1 habitats are
very similar to those 1n other studies (Chvtry etal.,
2008, Pviek etal, 2012} The source of spreading
15 usually an urbanized area where theze species are
grown as ornamentz] plants in the gardens. The species
were found also 1o atypical habatats, e.g. Fallopia =
bohemica 1n comferous forests and Solidago sp. 1n
Calamagroztiz epigejos populations.

Suitable prediction models are selected according
te data distnbution, number of observations, ete. The
best solution 1s tested and compared to several types
of models and different predictors. A prelimunary
apalysis suggests that GBM and GAM are suitable
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for Solidage species, whereas GLM 15 smitable for
Heracleum mantegazzianum 1o our case study, Le. for
species with a low abundance in the study area. Using
different model types in combination with different
species distribution data, we found that the guality
of input data, both environmental and on the specias
distribution, were crucial for model accuracy.
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2.3. Pouziti modeli $ifeni invaznich druhi pro chranéna azemi *

Abstrakt: Modely Sifeni druhti byly zkonstruovany pro vybrané invazni druhy rostlin
v CHKO Kokofinsko a nasledné byla vyhodnocena jejich pfesnost pomoci rozdilnych evalua¢nich
technik. Dale byly testovany vhodné environmentalni proménné, odrazejici podminky pro §iteni
invaznich druht rostlin (vrstva mapovani biotopt, konsolidovana vrstva ekosystémi, pudni typy,
nadmoiska vyska, sklonitost, primérné srazky, vzdalenost od vodnich a silni¢nich siti). Predik¢ni
modely S$ifeni druhG byly nasledné aplikovany na maloplo$na chranéna tzemi (mensSi uzemi
mimotadnych hodnot; zahrnujici ndrodni pfirodni rezervace, pfirodni rezervace, narodni ptirodni
pamatky a ptirodni paméatky). Na zaklad¢ vyhodnoceni vhodného modelu a vhodnych proménnych
bylo cilem z vysledkii analyz urcit lokality potencialné ohrozené invazi.

Pro Solidago spp. (239 prezenénich grid®) byly vyhodnoceny jako vhodné typy modeld $ifeni
druhti piedevsim modely GBM a MARS. Jako vhodné typy modelt pro Heracleum mantegazzianum
(4 prezen¢ni gridy) a Fallopia spp. (27 prezen¢nich gridi) byly vyhodnoceny modely GAM, GBM a
ANN. Diky mensimu poctu vyskyti byla predikéni sila modelll o poznédni nizsi. Pro pouziti pii tvorbé
modelu $ifeni druhi pro lokalni métitko z environmentalnich proménnych byly vyhodnoceny jako
vhodné predevsim vrstvy mapovani biotopt, typy ptid a vzdalenost od vektort §ifeni. Typ biotopti a
typy pud byly vyhodnoceny jako environmentalni proménné dulezité pro Sifeni Solidago spp.,
zatimco vzdalenost od cestni a vodni sité spolu s nadmotskou vyskou jsou dulezité pro iteni Fallopia
spp. Pro Heracleum mantegazzianum vychazela nadmoiska vyska a land cover jako stézejni faktory
Sifeni, ale vzhledem k celkovému malému poctu vyskytu v mapovaném tizemi nebyly vyhodnoceny
tyto proménné jako signifikantni. Ze 14 testovanych maloplo$nych chranénych tizemi (MCHU) jich
bylo 12 identifikovano jako ohrozené invazi a to zejména $itenim druhy rodu Solidago spp., 8 MCHU
ohroZeno invazi druhy rodii Fallopia spp. a 7 MCHU ohroZeno invazi Heracleum mantegazzianum.

Souhrnné lze konstatovat, Ze stéZejni pro piresnost modeld Sifeni druhi je mnozstvi
prezenc¢nich vyskytovych dat vstupujicich do modelu. Pti konstrukci modelti primarné zalezi na poctu
vyskytll vzhledem k rozloze mapovaného tizemi. Dale plati, Ze pro rizné typy modell jsou vhodna
jin4 data: napt. pro modely GBM vice nez 100 lokalit/ 100 km?, pro modely GAM vice nez 50 lokalit/
100 km? a pfi méné nez 20 lokalitach/100 km? je predikéni sila modelfi nizk4. U lokalit s nizkym

poctem vyskytu je lepsi pravidelny monitoring, nez aplikace predikénich modelt Siteni.

4 Pé&knicova, J., Berchova-Bimov4, K. (2016): Application of species distribution models for protected areas
threatened by invasive plants. Journal for Nature Conservation 34, 1-7.

® Prezenénim gridem je zde chapéno rastrové zobrazeni s rozmérem hrany 50 x 50 m, ktery, miZe obsahovat jednu nebo
az n€kolik lokalit vyskytl invazniho druhu.
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Local species distribution models (SDMs) were constructed for three of the most harmful invasive alien
plant species (Fallopia spp., Solidago spp. and Heracleum mantegazzianum) in the Kokorinsko Protected
Landscape Area (Czech Republic), using Natura 2000 habitat types and other environmental conditions as

Accepted 8 August 2016 predictors for the SDMs. Presence or absence data (recorded by field mapping) was entered into the SDMs
and used to predict the potential distribution of particular species. Here, we critically evaluate the accu-
?gﬁgﬂ;d:['m racy of the models and assess their applicability for natural resource protection. Variables such as habitat

and soil type tend to dictate the current distribution of Solidago spp., while distance from roads and water
corridors and elevation are important for Fallopia spp. distribution, For Solidago spp., ‘generalised boosted
models’ and ‘generalised additive models’ were considered the most suitable algorithms. For Fallopia spp.,
however, the predictive power of the models tended to be weak, while the number of localities was too
low for SDMs in the case of H. mantegazzianum. The number of initial localities containing invasive alien
species was an important factor for making significant predictions of potential distribution. In general,
the predictive power of the models was too low when using less than 10 localities; for good predictive

Solidago spp

Heracleum mantegazzianum
Biodiversity

Nature conservation

Species distribution model (SDMs)

power at the local scale, we suggest that at least 100 localities/ 100 km? are used.

© 2016 Elsevier GmbH. All rights reserved.

1. Introduction

Recent research has shown that the number of alien plant taxa
in Central Europe has increased continuously over the last two
decades (Pysek, Chytry, Pergl, Sidlo, & Wild, 2012), resulting in
a significant threat to biodiversity (Stohlgren et al., 2011). Given
these changes, special attention should be given to the study of
invasive alien species (IAS) in protected areas as biological inva-
sions have been highlighted as one of the most important global
drivers of biodiversity loss (Foxcroft, PySek, Richardson, & Genovesi,
2013). In particular, it is vitally important to identify those regions
most at risk of invasion and local species that may be vulnera-
ble to such invasions (Hulme et al., 2014; Thalmann et al.,, 2015).
While detection of newly invaded localities is difficult at a local
scale and almost impossible over larger areas, early detection of
invasive plants followed by their prompt elimination remains the
optimal management approach for protected areas (lacona, Price,
& Armsworth, 2014).

* Corresponding author.
E-mail address: peknicovaj@fzp.czu.cz (J. Péknicovd).
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1617-1381/© 2016 Elsevier GmbH. All rights reserved.
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Previous studies have shown that the spread of invasive species
is dependent on the presence of suitable habitat (Chytry et al.,
2008; Lonsdale 1999), specific disturbance regimes or the availabil-
ity of free resources such as nutrients (Davis, Grime, & Thompson,
2000). Habitats and vegetation types harbouring the highest pro-
portion of alien species are generally those with a high level of
disturbance or fluctuating resource input (usually nutrients, though
sometimes also water or light; Bimova, Mandak, & Kasparova, 2004;
Pysel et al., 2012). Indeed, in the Czech Republic, arable land,
areas with annual synanthropic vegetation, trampled habitats and
anthropogenic tall-forb stands have been shown to support the
highest number of IAS (Chytry, Pysek, Tichy, Knollova, & Danihelka,
2005). The spread of alien plants into natural habitats is highly
influenced by the presence of trails or access roads (Otto et al.,
2014) and the number of visitors to protected areas (Allen, Brown,
& Stohlgren, 2009; Lonsdale 1999; Padmanaba & Corlett 2014,
Pickering & Mount 2010). Furthermore, factors such as timber har-
vesting (which opens up the canopy, allowing light penetration)
increase the range of species that can grow and increases the
chances of alien plants invading.

Effective eradication of invasive species represents a serious
challenge for land managers. As such, planning for regional treat-
ment and budgeting funds for management of these areas requires
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an understanding of the invasion process across protected areas. At
present, however, data on presence and spread of invasive species
are often incomplete (Guisan & Thuiller 2005; Hobbs & Humphries
1995). Species distribution data are useful for identifying the dif-
ferent types of habitat potentially threatened by IAS in the study
area (Chytry et al., 2008; Dullinger, Kleinbauer, Peterseil, Smolik, &
Essl, 2009; Lososova et al., 2012; Pysek et al., 2012). In combina-
tion with data on primary spreading vectors (e.g. roads, trails and
water corridors [see above]) and local environmental conditions
(Guisan & Zimmermann 2000), such data can be used to construct
species distribution models (SDMs; Thuiller, Lafourcade, Engler, &
Araujo, 2009) using Geographic Information System (GIS) software
and statistical tools. These SDMs allow the prediction of new areas
threatened by potential invasion (Dullinger et al., 2009; Guisan &
Zimmermann 2000).

Here, we provide an evaluation of (a) SDMs constructed using
different statistical approaches and (b) the spectrum of environ-
mental variables at a local spatial scale, for three IAS with a high
likelihood of invading a protected landscape area (PLA) in the
Czech Republic. We have used Natura 2000 habitat types, Consol-
idated Layer of Ecosystems, soil types, and elevation as the main
environmental predictors for determining the spread of invasive
species. Natura 2000 habitat types provide unique information
about environmental conditions, vegetation cover, type of manage-
ment, and the degree of degradation of the site (Péknicova, Petrus,
& Berchova-Bimova, 2015), and thus could be a useful predictor
for IAS spread (Chytry, Kucera, & Ko¢i, 2001; Guth & Kucera 2006).
Using a combination of such knowledge with the best available
models, we were able to develop a methodology for the prediction
of invasive species-spread and in turn prioritize the management
of [AS. Our research strategy was based on the following hypothe-
ses: (1) applicability of SDMs as a tool for land and nature managers
will depend on the number of localities; (2) SDMs will prove use-
ful for early detection of IAS in small protected areas (SPAs); and
(3) Natura 2000 habitats will be one of the main predictors of IAS
invasion.

2. Materials and methods
2.1. Data collection

The Kokofinsko PLA (Fig. 1) in the north of the Czech Republic
lies in a hilly region with deep sandstone valleys, boreo-continental
pine forest and extensive wetlands (Mikulec & Antouskova 2011;
NCA 2015). Distribution (presence/absence) data for three Fallopia
taxa (F. japonica var. japonica, F. x bohemica and F. sachalinen-
sis), two Solidago spp. (Solidago canadensis and S. gigantean) and
Heracleum mantegazzianum were collected between June and
September 2013 over an area covering approx. 100 km?2. For each of
the above, the exact location and area invaded was recorded using
a Global Positioning System (GPS, U.S. Air Force, United States of
America) unit and the habitat type recorded based on the Habi-
tat Catalogue of the Czech Republic (Chytry et al., 2001). We then
selected the key environmental variables considered crucial for
the plant’'s distribution based on: soil type; Natura 2000 habi-
tat type; land cover (Consolidated Layer of Ecosystems); distance
from water corridor; elevation (average elevation); slope (aver-
age slope); precipitation (annual precipitation); and, distance from
roads and main trails (Table 1). Distances from roads and water
corridors were calculated using Python scripting in ArcGIS.

2.2. Species description

The five IAS focused on in this survey are all on the Black
List of alien species found in the Czech Republic (Pergl et al,
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2016), are presently distributed in the research area and their eco-
logical requirements are well known (Pysek et al., 2012; Slavik,
Stepankova, & Stépanek, 2004). Moreover, both F. japonica and H.
mantegazzianum are recorded on the list of 100 worst European
invasive species (DAISIE 2015).

Staff of the Kokofinsko PLA have been recording presence of
H. mantegazzianum and Fallopia taxa since 2000 (2000-2015). As
S. canadensis and 5. gigantea usually occurred together in the
50 x 50 m grid squares, they were mapped together as one taxa
group. Both species have similar habitat preferences (Pysek et al.,
2012), growing mainly in disturbed habitats along roads and rail-
ways (Weber 1998), at forest edges, along riverbanks, in abandoned
fields and pastures and grassy and urban areas (Walck, Baskin,
& Baskin, 1999). Solidago species were never eradicated from the
Kokofinsko PLA and recent mapping has shown distribution of both
species increasing. The distribution of H. mantegazzianum has been
expanding for some time, though it has been eradicated from some
localities in the PLA. This species primarily invades nutrient-rich
sites in semi-natural grasslands, forest edges and anthropogenic
habitats. It is also able to establish in nutrient-poor habitats such
as peaty meadows or in the acidic soils of forest clearings. It often
occurs near linear landscape elements, such as river corridors or
roads (Thiele & Otte 2006). All three Fallopia taxa have similar eco-
logical requirements in terms of moisture and nitrogen, and are
frequently found in relation to human settlements, e.g. in aban-
doned gardens, garden centres or parks (Bimova et al., 2004; Pysek
etal., 2012).

2.3. Data processing and species distribution modelling

GPS data for presence/absence of IAS were uploaded as a shape-
file layer in GIS ArcMap v. 10.3. A 0.5 m buffer zone was created
around each 1AS presence point and the edge coordinates of con-
tinuous populations were connected in order to create a vector
polygon shapefile. The vector layer of presence/absence data for
each taxon was then transformed into a raster layer based on a
50 x 50 m grid square covering the Kokofinsko PLA research area.
Zonal statistics were then used to assign a value for each of the
environmental variables used (soil type; distance from water cor-
ridor and roads; elevation; slope; annual precipitation; Natura
2000 habitat layer; land cover). As a result, each raster cell in
the final grid contained unique information on taxon occurrence
(presence/absence [response variable]) and local environmental
variables (see above).

Using a species distribution modelling approach, we formatted
an attribute table of presence/absence data for the three taxa in
combination with local environmental variables, thereby allow-
ing predictions of potential distribution of the species in the
Kokofinsko PLA. The attribute table was formatted using an ensem-
ble forecasting approach as implemented in the BIOMOD?2 package
inR(RDevelopmentCoreTeam, 2013; version3.1.1.). Thisapproach
combines predictions of several modelling techniques into one
ensemble prediction. Here, we test the predictions of six distri-
bution modelling algorithms (see Guisan & Zimmermann 2000),
i.e. Generalised Linear Models (GLM), Generalised Boosted Mod-
els (GBM), Generalised Additive Models (GAM), Classification Tree
Analysis (CTA), Artificial Neuron Networks (ANN) and Multiple
Adaptive Regression Splines (MARS). The True Skill Statistic (TSS),
Relative Operating Characteristic (ROC) and Cohen’s Kappa Statistic
(KAPPA) were then used to evaluate the species distribution mod-
els produced (Allouche, Tsoar, & Kadmon, 2006; see CAWRC 2015
for a detailed description of each; all statistical procedures were
rescaled to provide a perfect score of 1). When using ROC, index val-
ues range from O to 1, with 0.5 indicating weak predictive power;
while for TSS and KAPPA, values range from —1 to 1, with O indicates
no predictive power. After evaluating the best models for Fallopia
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Fig. 1. Location of the study area within the Czech Republic. ©COSMC (2014),

Table 1
Environmental variables used to calibrate the distribution models of Fallopia spp., Solidago spp. and Heracleum mantegazzianum in PLA at Kokofinsko.
Variable Characteristic Source
Soil Classification soil type category according to TKSP (The NG Inspire (2014)
Taxonomic Classification System of Soils) and WRB (The
World Reference Base for Soil Resources) 2006
Habitat Detailed habitat category Natura 2000 network of NCA (2013)
protected areas
Water distance Distance from water corridor (max. 300 m) COSMC (2014)
Elevation Average elevation in a 50 x 50 m grid COSMC (2014)
Slope Average slope in a 50 x 50 m grid COSMC (2014)
Precipitation Precipitation seasonality Worldclim database (2014)
Road distance Distance from roads and main trails (max. 300 m) COSMC (2014)
Land cover Detailed land use/land cover data in 41 classes over the NCA (2013)

entire territory of the Czech Republic

taxa, Solidago spp. and H. mantegazzianum, a series of maps were
produced with predictions of probable future distribution under
current conditions within the 14 SPAs (total area 23.4km? in the
region under study (Figs. 2A-C)).

3. Results
3.1. Evaluation of species distribution models

In total, we recorded 239 occurrences of Solidago spp., 17 occur-
rences of Fallopia spp. and four occurrences of H. mantegazzianum.
Due to the high number of positive localities for Solidago spp., the
predictive power of the models was expected to be high; hence, we
used the GBM, GAM and MARS model algorithms to predict distri-
bution. ROC values for GBM and GAM were > 0.9, while TSS values
were around 0.8, indicating good predictive accuracy (Table 2). The
KAPPA index, however, was relatively low (0.2), suggesting poor
accuracy in this model. On the other hand, the number of positive
localities for Fallopia spp. was relatively low, suggesting a low pre-
dictive power for the models. Using GAM, GBM and ANN, ROC and
TSS values were both >0.9, while the KAPPA index was very low
at <0.5, confirming weak predictive accuracy (Table 2). Just four
positive occurrences were obtained for H. mantegazzianum, mean-
ing that some models failed to give a result (e.g. MARS). The GAM
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and ANN models, however, provided index values of around 0.9,
suggesting suitability for modelling even when input data are low.

3.2. Environmental variables

The most significant environmental predictors were found to
be soil type, Natura 2000 habitat type and distance from roads for
Solidago spp., while precipitation and slope were weak predictors
of IAS distribution (Table 3). Natura 2000 habitat type, distance
from road and elevation were also good predictors for the possi-
ble distribution of Fallopia spp. a local scale, despite the number of
initial localities being low. For H. mantegazzianum, almost all vari-
ables proved significant; however, as the models were based on
just four initial localities, their predictive power is low and these
results should be treated with caution.

3.3. Small protected areas

Based on the SDMs used, the 14 SPAs examined were all eval-
uated as potentially threatened by invasion. All three [IAS were
detected in the largest SPA (Kokofinsky dal; area=20.96 km?).
The most widely distributed 1AS, Solidago spp., was detected in
three SPAs; while both Fallopia spp. and H. mantegazzianum were
detected in just one (Kokofinsky dul SPA). According to the predic-
tion models used, 12 out of the 14 SPAs are presently threatened by
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Fig. 2. A-C: Prediction of spread for Solidago spp. (A), Fallopia spp. (B), Heracleum mantegazzianum (C). Blue colour indicates a presence (occurrence) in a 50 x 50 m grid.
Small protected areas are marked with hatching. Black colour marks high likelihood of being invaded by alien species. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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Table 2

Evaluation of different modelling algorithms (according to TSS, ROC and KAPPPA) for Solidago spp., Fallopia spp., Heracleum. GLM-generalized linear model, GEM-generalized
boosted models, GAM-generalized additive models, CTA-classification tree analysis, ANN-artificial neuron network and multiple adaptive regression splines (MARS ). Empirical
values for two suitable modelling algorithms are highlighted in bold. Values range from 0 (lowest) to 1 (perfect score).

Species Evaluation technique GLM GBM GAM CTA ANN MARS
Solidago spp. T58 0.499 0.806 0.791 0.726 0.655 0.652
ROC 0.793 0.961 0.946 0.886 0.873 0.856
KAFPPA 0.030 0.206 0.158 0.66 0.077 0.123
Fallopia spp. TSS 0.518 0.968 0.996 0.808 0.814 0.000
ROC 0.758 0.996 0.998 0.904 0.914 0914
KAFPPA 0.001 0.018 0.038 0.004 0.02 0.000
Heracleum m. TsS 0.972 0.000 1.000 0.997 0.997 NA
ROC 0.986 0.500 0.974 0.974 0.999 NA
KAPPA 0.006 0.000 0.003 0.006 0.006 NA
Table 3

Relative importance of the explanatory variables of Solidago spp., Fallopiaspp. and Heracleumn. Environmental variables entered to modelling (a) soil — different types of soil
according to COSMC, (b) habitat — different types of habitat according to NCA, (c) distance water — distance from water corridor in metres, (d) elevation in metres above sea
level, (@) slope in percentage, (f) precipitation in mm per year, (g) road — distance from roads in metres, (h) land cover — different types of ecosystems according to NCA.

Empirical values higher than 0.3 are highlighted in bold.

Solidago spp. GLM GBM GAM CTA ANN MARS
Soil 0.999 0.269 0.267 0.519 0.223 0.480
Habitat 0.00 0127 0.318 0.561 0.195 0.676
Water distance 0.001 0.138 0.038 0.441 0.461 0.445
Elevation 0.562 0.083 0123 0.491 0.552 0.102
Slope 0.000 0.046 0.087 0.074 0.166 0.000
Precipitation 0.000 0.061 0.216 0.212 0.069 0.000
Distance road 0.007 0.297 0.329 0.243 0.476 0.415
Land cover 0.000 0.046 0192 0177 0.206 0131
Fallopia spp. GLM GEM GAM CTA ANN MARS
Soil 0 0.310 0.397 0 0.339 0
Habitat 0 0.430 0.597 o 0.412 0.999
Distance water 0 0.375 0.465 o 0.366 1}
Elevarion 0.997 0.612 0.753 0473 0.824 1]
Slope 0.009 0.200 0.643 0171 0.630 1}
Precipitation 0 0.624 0.667 0.145 1}
Distance road 0 0.978 0.763 0.999 0.770 1}
Land cover 0.039 0215 0.353 i} 0.532 1]
Heracleum GLM GBM GAM CTA ANN MARS
Soil 0.659 [} 0.270 0.000 0.314 NA
Habitat 0.190 0.001 0.869 0.000 0.763 NA
Distance water 0.042 0.204 1.000 0.786 1.000 NA
Elevation 0.998 0.461 1.000 1.000 1.000 NA
Slope 0 0.345 0.551 0.000 0.610 NA
Precipitation 0.302 0.415 0.853 0.000 0.558 NA
Distance road 0 0.001 0.869 0.000 0.895 NA
Land cover 0.946 0.516 1.000 0.838 0.882 NA

Table 4

Presence data of three studied invasive species in mapped area for small protected areas (SPA). Each occurrence is ina 50 = 50 m grid. The first column shows total number
of presence grids in the mapped area, the second column shows presence grids in SPA. Total number of SPA occupied by invasive species is indicated in the third column.
SPA number threatened by the worst scenario invasion according to the model prediction is in the fourth column.

Total number of Occurrences in SPA occupied by SPA threatened by
OCCUITENCEes SPA invasive plant invasion

Solidago spp. 239 103 3 12

Fallopia spp. 17 13 1 8

Heracleum m. 4 3 1 7

Solidago spp., eight by Fallopia spp. and seven by H. mantegazzianum
(Table 4).

4. Discussion

Our aim in this study was to create a suitable tool in ArcGIS
for predicting the spread of 1AS in protected areas using a range of
SDMs. Based on our results, it would appear that the suitability
of different SDMs is heavily reliant on the number of IAS loca-
tions used to construct the model. Even when TSS and ROC indices

gave values >0.9 and the KAPPA index was <0.001, caution was
still needed when summarising the conclusions. In such cases,
where input data are just too low, we recommend that the SDM
predictions are compared directly with evaluations of IAS distribu-
tion undertaken on the ground. Of the six algorithms tested (see
Table 2), GBM, GAM and ANN appeared most suitable for predic-
tion of IAS spread; the other models (GLM, CTA and MARS) giving
inaccurate results, probably due to the low quality and number of
input data points. According to Brych (2009), GLM, GAM and GBM
provided the most stable and accurate results; the most accurate

40



6 J. PEknicovd, K. Berchovd-Bimovd / Journal for Nature Conservation 34 (2016) 1-7

algorithm in our survey, however, was GBM, which also corre-
sponds with the results of Elith et al. (2006). Both Leathwick, Elith,
Francis, Hastie, and Taylor (2006) and Moisen, Freeman, Blackard,
Frescino, and Zimmermann (2006) concluded that GAM provided
significantly better results than the other models compared. More-
over, Nehrbass et al. (2007) created a simulation model consisting
of population dynamics, neighbourhood dispersal, long-distance
dispersal and dynamic landscape structure, and combined this with
empirical field research. While their model included some aspects
of reality in a very crude manner, even this simple design could be
applied to invasion of other species (e.g. Rhododendron ponticum;
Weber 2003).

The spread of IAS depends on several ecological factors, the most
important of which are environmental requirements, nutrient sat-
uration, invaded community composition, distance from spreading
vector, effect of human activities and land-use. At a local scale,
the spread of IAS is primarily shaped by spatio-temporal inter-
actions with the invaded habitat and host communities (Py3ek
& Richardson 2006). Qur results suggest that soil type, elevation
and habitat type are the most important factors for predicting dis-
tribution at the local scale (Table 3). For Solidago spp., soil and
habitat type were considered the best predictors. Unfortunately,
the number of input localities was too low for Fallopia spp. and,
especially, H. mantegazzianum, meaning that the predictive power
of the selected models was too weak to provide meaningful results.
Harrell, Lee, and Mark (1996) suggested than no more than m/10
predictors (wherem is the total number of observations) should
be included in the final model. In our case, the predictor-number
rule was not satisfied for H. mantegazzianum (four occurrences and
eight predictors), meaning that the SDMs failed in some cases (e.g.
MARS). Despite a relatively low number of occurrences, elevation
and habitat were still evaluated as crucial for Fallopia taxa distri-
bution. Natura 2000 habitat type was also found to be a significant
predictor in models based on such datasets. Meentemeyer, Rank,
Anacker, Rizzo, and Cushman (2008 ) suggest that land cover change
also appears tofacilitate spread of IAS; however, when we modelled
predictions of species distribution using the shapefile Consolidated
Layer of Ecosystems layer provided by NCA (2013), the results pro-
vided no useful distribution predictions. For future modelling of
potential distribution, therefore, we suggest applying change of
land cover over a specified period rather than simply categorising
different ecosystems.

Having identified appropriate SDMs for the species in ques-
tion, we then applied them in 14 SPAs within the Kokofinsko PLA
to assess their accuracy (Figs. 2A-C). According to Hostetler and
Knowles (2009), a greater number of plants should be adapted to
the edges of forested patches than tointerior areas. This ‘edge effect’
is also often associated with human disturbance and increased
competition from other species. As expected, most IAS in our study
were found at the edges of the SPAs and, primarily, close to trails,
roadways and human settlements (see Timmins & Williams, 1991).
All three species were found in the largest SPA and it is expected
that they will continue to spread to other localities within the
Kokofinsko PLA.

Unfortunately, many protected areas face threats arising from
both illegal (e.g. visitors walking outside marked trails, opportunis-
tic cycling) and legal (e.g. timber harvesting) activities. Timber
harvesting in particular, along with disturbance connected with
timber transport and manipulation, has a strong effect on IAS dis-
tribution, and especially on that of Solidago spp. (Laurance 2013;
Leroux & Kerr 2013). Evidence of targeted management approaches
regarding IAS in protected areas is poor in Europe (Andreu, Vila, &
Hulme, 2009), as is evidence for IAS studies resulting in restora-
tion programs. At least within planned legal activities, management
influence can be strong and SDMs can be employed during risk
analysis, with monitoring of the consequences. Preventing IAS
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introduction and spread will remain an important management
strategy in PLAs, despite current and future global changes. While
each PLA will have different requirements, we suggest that some
general measures should be applied across PLAs, such as estab-
lishing buffer zones for controlling [AS introduction, managing
those IAS species already present and modifying human behaviour
through the provision of educational signs (Foxcroft et al., 2013;
McKinney 2002).

5. Conclusions

The application of SDMs can be used as a tool for early detec-
tion of IAS at a local scale, thereby providing site managers with
guidance on where best to conduct site monitoring aimed at the
detection of new invasions. This will allow them to react quickly
and effectively and help prevent further spread of IAS. In summary,
a number of models proved suitable for the datasets used, though
the initial number of IAS localities entered into the models proved
important for achieving successful predictions. In the case of GBM,
more than 100 localities/100 km? were required and more than
50 localities/100 km? for GAM. Where the number of input local-
ities was less than 10, none of the models proved useful as their
predictive power was too low.

The 239 occurrences of Solidago spp. used in this study proved
more than adequate and produced a credible prediction model. The
number of localities for Fallopia spp., however, was relatively low
(17) due to several years of effective eradication practice by the
PLA; hence, the predictive power of the models selected was much
weaker. At just four observations, the ratio of presence/absence for
H. mantegazzianum was too low even for SDMs at a local scale. In
such cases, it would be better to employ appropriate management
measures followed by periodic control of particular localities rather
than using a prediction map.

Evaluation of SDM application in the field (in SPAs) showed the
predictions to be generally good and precise, and thus fully usable
for early-control management. Further detailed development of
the input data is necessary and we are currently preparing a more
advanced analysis in GIS with extensions for the selected models.
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2.4. Role zonovani chrianénych tizemi v managementu invaznich rostlin®

Abstrakt: Vybrané evropsky vyznamné lokality (EVL) a jejich kilometrové obalové zony
byly rozd¢leny dle cennosti biotopti v zavislosti na stupni ochrany tizemi a antropogennich vliv do
nékolika zon a nasledné bylo hodnoceno rozsiteni invaznich druht rostlin. Dale byl hodnocen vliv
environmentalnich proménnych na Sifeni invaznich druhii rostlin a také urceny nejvice invadované
biotopy. Cilem vyzkumu bylo zhodnoceni, zda odstupfiované formy ochrany tizemi mohou pomoci
pii planovani eradikacnich ¢i regula¢nich zasaht proti invaznim druhdm rostlin.

Celkem bylo zmapovano 629 km? izemi zahrnujici plochu samotnych chranénych tizemi (241
km?) a jejich kilometrové obalové zony. Vysledky ukazuji, Ze i kdyz je souhrnny pocet jednotlivych
vyskytl invaznich druhti rostlin v ramci zmapovaného izemi vysoky (celkem 3 222), neptedstavuji
tyto druhy pro stanovisté evropského vyznamu plosnou hrozbu (podil invadované plochy v EVL ¢ini
méné nez 0,6 % z jejich celkové rozlohy). Zmapované vyskyty se nachazi prevazné v obalovych
zonach EVL (58 %). V mapovaném uzemi se nejvice vyskytovaly porosty Solidago spp. (61,3 %
z celkové invadované plochy), dale pak Impatiens glandulifera (19,4 % z celkové invadované
plochy) a porosty Heracleum mantegazzianum (zastoupeni 18,3 % z celkové invadované plochy).
Nejmensi plochu z invadovanych lokalit zabiraly porosty Fallopia spp. (kolem 1 % z celkové
invadované plochy). Solidago spp. se nejcastéji vyskytovaly v porostech neobhospodafovanych
pastvin a luk, okraji poli a na biotopech vzniklych po tézbé dievin. Heracleum mantegazzianum
uptednostiioval podobné biotopy jako Solidago spp., a to zejména intenzivné obhospodarované
pastviny, okraje cest a mezické louky, zatimco porosty Impatiens glandulifera se vyskytovaly
v podmacenych biotopech, jako jsou mokfady, vodni cesty a také porosty kfovin. Fallopia spp. byly
nalezeny na okrajich aluvialnich a smiSenych lest, intenzivné obhospodafovanych luk a pastvin a pfi
okrajich cest. StéZejnim faktorem pro Sifeni je pak vzdalenost od vodniho toku, jako zdroje Sifent,
mensi vyznam pak mél faktor vzdalenosti od urbannich sidel.

Vyskyt invaznich druhi rostlin v jadrovém tuzemi EVL, zahrnujicim nejcennéjsi biotopy, byl
pozitivné korelovan s jejich vy$§im vyskytem v zénach s vys$S§im antropogennim tlakem v okoli
daného chranéného tzemi. Odlisna situace je u EVL, kde chranéné biotopy jsou pfimo vazany na
vodni tok a ten zaroven slouzi jako vektor Sifeni nékterych invaznich druhi rostlin (Impatiens
glandulifera, taxony rodu Fallopia). Pouziti zonace chranénych izemi muze poskytnout efektivni
ochranu chranénych biotopd, ale pouze za predpokladu aplikace naélezitych opatieni a

stratifikovaného pfistupu k eradikaci invaznich druhti rostlin.

® Vardarman, J., Berchova-Bimova, K., Péknicova, J. (submit.): The role of protected areas zoning in invasive
plant manegement. Odeslano do Biodiversity and Conservation.
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Ahbstract

As anthropogemc pressure on the landscape increases, mvasive alien species (LAS) pose a growmg threat to areas
designed to protect igh biodrrersity habitats. In order to assess the present danger of TAS spread, we examined 23 sites
of commmmty mmportanee (SCT) i Czech Natwra 2000 protected areas over 2015 and mapped the ocowmrence of four
IAS: Solidage spp. (zolderwod), Tmpatiems glandulifora (Himalavan balsam), Heraclenm mantegazzianum (giant
hogweed) and Fallopia spp. (Japanese knotweed). Each S5CT was divided into five protecton zones, graded by
conservaton Importance (core area (A), secondary core area (B), semi-natural habitat (C), anthropogencally affected
habatat (D), anthropogenically degraded habitat (E)). Diespite a gh mumber of IAS ocowrences (3 222), habatats of
Ewropean mportance (category A) showed a relatively low level of mvasion (= 0.6 % total area). Highest IAS
ocowrence was m SCI border areas and thewr swroundings. There was a sigmificant (p < 0.03) positve comrelation
between level of core area mvasion and imvasion of 5CI swrowndings zones (A, D and E). IAS ocomvence m and
around protected areas was dependent on luman activities such as logzing and whamisation (2.g. presence of gardens),
with presence of watercourses and distance from wrban areas most important for the spread of I glandulifera and 5.
gigantea; but not H. manregazsianum. Zoming, therefore, can provide a logh degree of protecton to SCIs, but only when

undertaken alongmide approprate protecton measures and a stetfied approach to IAS eradication.
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Introduction

Invasive ahen species (IAS) represent one of the biggest threats to odiversity and mtercomnected ecosystem services
(Danas 2003; Vila ar ol 2011) and have the potenfial to significantly affect economic systems and lmman bealth
(Simberloff er al 2013; Pimentel of al. 2005). The level of threat from IAS, and parbeularly imvasive plant species,
increases considerably as propagule pressure mncreases {Le. the mumber of non-native propagules reaching the sife; ez
Levine et al 2003). Many plant IAS can spread rapidly from the parent population owver a considerable distance,
colomsing both natwral and semn-natural compumities (Pyiek of al. 2004; Fichardszon er all 2007). The level of habitat
disturbance prior to infroducton will alse play an mmportant role m the establishment of IAS and thew subsequent shift
to invasiveness { L hecharides and Dukes 2007). At a global level, sigmficant factors affecting the spread of [AS mclude
anthropogenic disturbance, apnenltural expansion and changes n famme technques (Waldner 2008), as well as shifis
m landscape compositon and loss of semi-natural commumites (Gamez-Viomes & al. 2015). Becent land-use trends
show an merease m the level of impact caused by anthropogeme factors, partcularly as regards wban sprawl and
landscape fragmentzhion (EEA 2015). Further, climate change 15, and merezsmgly will be, an important factor in the
spread of IAS, with potential “trome shufis” allowang IAS to overwmber in warmer regions, for example (Dhez er al
2012).

VWhen momtorng the mpact of LTAS, 1t 15 useful to dishnguish between effects on hiodiversity and socio-economme
mmmpacts (Kumeschick of al. 2013). Invazive spacies may cause a loss in biodiversity through a reduchon in commumity
spectes mumber or by cawsmg changes n ecosystem mutment cycling, whether at the mucrobial or bhgher plant level
(Souza-Alonso et al 2016; Wang ef al. 2017; Funwanza er al 2015). The native species gene pool may also be eroded
through hyvbndisation between indizenous species and closely related IAS (e.g. Sparting sp.; Ainouche ot al. 2009,
Strong and Axres 2013). [AS may also morease competition In native species and increase the nsk of disease spread
(e.z. Impariens species competibon see Cuda etal. (2015); e.g. crayfish pest transfer see Patoka et al. (2016). Those IAS
clazzified as “tansformers”, 1e. strongly competrrve [AS with the abibity to alter local emvironmental condibons,
represent one of the most sipmficant contmbutors to species diversity loss (Luey e all 2016; Wang e al 2017). The
presence of such species can cause a cascade of changes. sometimes resultmg 1n the large decline or even destruchion of
indigenous commmmties and habitats (Vitkova er al. 2017; Strong and Ayres 2013).

Diespite the mass of infoomation now available on the subject of IAS (or perhaps becanse of it}, the way mn which
1ssues connected with IAS are approached are complex, and somefimes contradictory. In addition to the growang body
of scienhfic Iiterature, there are now numerous databases archring mformation on the ccowrence, dismbuhon and
ecology of a growing pumber of IAS around the world (e.g. PySek et al. 2008; Lucy et al. 2016; DAISIE 2017; GISD
2017). In mest cases, imvasive taxa have been explored at different levels of detail and publications sometimes contam

contradictory information on the same species. At present the higher plants are by far the most thoroughly studied
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group (see Pyviek et al. 2008, Van Eleunen et al. 2015). There are several reasons for this, inchuding easy determanation
of species n the field, simple methods needed to monitor ther spread and the relative eaze of studying their ecolosical
charactenstics. Even m this relatively homogeneous and clearly defined group, however, the ecological diversity of
mdraduzl species means that if 1= offen not easy to predict whers and when species will spread and what mmpact the
imvasion will have.

Likewtse, the metheds used to treat, manzge contam and mitigate IAS are simlarly complex and confradictory. In
hine with the European Umon's lezislatrve framework regarding IAS (EU Regulation Ne. 11432014, EC Regulaton
Mo, T082007), and Czech nature comservation pronfies recogmsed methodological procedures and tools for the
tracking of IAS mmst be used m order to effectrvely assess their mpact on different emronmentzl components.
Solution of IAS spread 15 lnghlighted a: objective of national documents such as State environmental policy 2012-2020
(objective 3.2), The state nature and landscape protection program (D8 measures), Stategy to biological drversity
proteciion m the Czech Republic 2016-2025 (objectrve 2.3} and MNahonal Action Plan for climate change {objectve 19).
In this respect, there appears to be a lack of melevant and comparable information on IAS spread, and on funchonal
mezsures needed to protect habitats and hodiversity. At the same time, there 15 a lack of consistent data on the
effectiveness of eradication measures or systematic attempts to eliminate such species. Likewise, if natwre conservancy
authorities are to mmplement the measures menfioned above, thew actions must be based on relevant, asseszable and
cwrent data.

In Europe, biodiversity protection 15 mainly undertaken through the use of protected areas (PA), parteularly those
designated under Matura 2000 (a2 Eurcpean network of high-quality conservation sites based on Ewopean Commission
(EC) Duectives 2008147 EEC on the conservation of wild bards and EC Durective 9243/ EEC on the conservation of
naturzl habitats and of wild faunz and flora). There are two types of Natura 2000 site, both of which inchude natural and
semi-natwral habitats: Sites of Commmmity Impeortance (S5CI) and Special Areas of Conservation (SAC), together
representing 25% of all Ewopean PAs (Gaston er al. 2008). A particular requrement of such sites 15 that all huwman
activines negatmvely affecting the protected commmmities should be elmunated, especally at sites confaming habitats of
Ewopean mmportance (Hochkireh sf al 2013). Increasingly, such ‘negative mamifestations of human actmaty’ are
coming to include the spread of IAS mivoduced through anthropogemic activity (Hobbs and Huenneke 1992

In a recent swrvey of PA management authonties aimed at assessing the level to which Central Furopean PAs had
been overrun by IAS, Braun et al. (2016) concluded that at least 80% of all Czech PAs were undertaking management
mezsures to conirol at least one IAS (mostly Japanese knotweed Fallopia japomica var. japonica (Hout) B Decr., mant
hogweed Heracleum mantegazzianum (Sommmer & Levier) and Himalayan balsam Impatiens glandulifera Royle). Their
finding= mdicate that presence of IAS 1= not dependent on vear of PA foundation or PA size. Despite the long tadition

of nature conservation in Europe and the Czech Republic, the number of Eurcpean studies focused on level of mvasion
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m small-scale PAs 15 relatrvely low (Fomcroft ef all 2014). Both the Czech Republic and Slovema are among the few
countries for which data on the presence of mon-matrve and invasive species m PAs has been published (Pviek et al.
2002, Py2ek et al 2013b). Despite the avalability of relztvely detmled datz on ocomrence of neophytes and
archaeophytes in the Czech Republic (300 PAs mapped; Pysek et al 2002; Pyiek et al. 2004, 1t remains difficult, if not
1npossible, to determine in which habitat types IAS cecur and whether or not they have invaded the edges or core areas
of PAs. Without such information, 1t wall be mmposzible to ensure the effectrveness of measres aimed at management
or eradication of LAS, mehiding the mstallation of buffer zones aimed at preventing IAS spread (e.z. Cole et al 2016).
The aim of this study was to determune the actual level and spatial distnbution of IAS n model SCI= and their
mmmediate swroundings, and to wse this data to assess the threat IAS presently pose to Czech PAs. In doing so, we
atternpt to answer two specific questons, 1e. which habitat types are most ivaded. and how does habatat valnerabality

outzide SCIs affect habitat vulnerabihty within the SCT7?

Method:
Dara collecrion
Five IAS taxa were mapped in and around (1 km buffer) the SCI= chosen for this studv: H mamtsgazzianum; the
knotweeds F. japomica var. japemica., F. sachalinensiz [F. Schmidt] B Decr., and the hvbnd Fallopia = bohemica
[Chrtek & Chrtkoval; & camadensiz L. and 5. gigantea Aw; and I glanduljfera. In all cases, we used the plant species
nomenclafure according to Evitena CR (Slavik ot al 1997; Slavik er al 2004), definition of invasive alien species
accordmg to EUJ Directive Mo, 113472014,

5CIs were chosen based on presence of IAS, their representativeness for local (Bohemman) conditions and the ease
with which mmpact and threat could be evaluated on the ground. Fight remions were coversd (Fig. 1) Earlovy Vary
(EAR 1 - 3), Usti nad Labem (Lahské piskovee - LP, Kopistski visypka - KP). Central Bohemia (Eokofinzko - KK,
Plzefi (Efivoklitsko - ERI), and South Bohemia (TREB). In total, almest 629 km® were mapped during the vegetation
season of 2015, of which 241 km® (23 5CI=) was mapped in detail IAS ccowrence was recorded using a  Garmdn
Oregon GPS device (with acowrzcy of maimmm 7 m. precised manually by localization m ortophotomap) in order to

provide presence-absence data on the ocowrence of individual species within model areas.

Dara processing

AreGIS 10.4.1 (ESED) soffware was used to map IAS GPS locations, the data acquired bemg processed mfo vector
polvgon shapefiles by buffenng point features by 0.5 m and commeching the cutermost points of ccowrence to create a
mummum convex polyvgon laver. A geodatabase for each model area (including the respective SCIs) was then created.

Dhstance from spreading vectors such as roads and watercourses was then caleulated for each IAS secwrence point
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using ZABAGET) road petwork data provided by the Czech Office for Swveving, Mapping and Cadastre (COSMC:
bitp:wrararcuzk czfen) and watercourss data from the T. G Masarvk Water Eesearch Institute hydro-scologieal
information system (TGM WEI: hitp-/heis vuv.ez). The Natura 2000 Habitat Mappmg Layer (HML), provided by the
Nature Conservation Agency of the Czech Republic (NCA CE- hitp:/'werw natme cz) was used as the main sowce for
PA conservation objects. This laver coptamns umformly classified Ewropean habutat types based on the Habatat
Catalogue of the Czech Republic (Chytry er al. 2010) and the Habitat Assessment Handbook and Flonstic Approach
(zcale 1:10 000; on occasion, coarser habitat classaifications were used and these are outhined mn Online Appendix 1),

Information on land-use in the model areas was obtzmed from the Consohidated Layver of Ecosystems (CLE)
provided by the NCA CE (€ CzechGlobe © NCA CF 2013 uang its own and following data: ZABAGED - € COSMC
2012, Conne Land Cover 2006 - € EEA 2006, Urban Atlas 2006 - © EEA 2006, DIBAVOD - & TGM WEI 2012). We
used the 1:10 000 layer distingmishing 41 land nse categories for those parts of model areas for which data on habitat
type outside the PA was ous=ing.

Using the HML and CLE data, we desiznated five protection zones covernng habitats of differing preservation
inportance and degree of anthropogenmic mmpact for each 3CI. Zone A (SCI core area) mcluded habitats subject to
conzervaton effort, 1e. hzbitat: of Furopean mmportance (based on HML datz). Zome B (SCI broader core area)
mchnded all other HML habitats {including mosaie habitats but not those affected by anthropogenic acthvity or non-
mapped areas) within the borders of the 5CT Zones & and B (PA core areas) both vaned in thew spatial distnbution
{Fiz. 2). Zone C (semi-natural habitat) incloded all other HML halutats (including mosaic habitats but not those affected
by anthropogemic activity or non-mapped areas) outside the boundary of the 5CI and selected CLE land use categones
nside and outside the SCI (see Tab. 1). Zone D and E comprised habitats affected and strongly degraded, m given
order, by anthropogenic actrvity (from HML) and selected CLE categones inside and outside the 5CT (see Tab. 1)

IAS locanons were asseszed bazed on their ocowrence withm the above mentioned protechion zones, whether

located m=ide or outside the PA e In a parficular habitatland use category, elevanon and distance to

watercowrses, roads and bult-up surfaces.

Stanstical analysis

All stahstical analyses were undertaken using the B programme (B Development Core Team 2015), Statistica 12
(StatSoft*) and Canoco 5 (Ter Braak and Smilauer 2014). We used generalised linear mixed models (GLMM: Tuur et
al. 2009) to analyze the ccowrence datz, with dependent varizbles represented by the mumber of IAS locatons and
emironmentzl factors such as habitat tvpe, elevation, protection zone, location and distance from watercowrses, roads
and mhabited areas as predictors. To evaluate the relationship between IAS presence and environmentzl charactenishes

we used canomical comespondence amalysis (CCA), wath the response variables log(y+1) transformed due to a non-

Lh
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linear increase m IAS presence in smtzble emvironment tvpes I:émﬂa.uar and Leps 2014}, To assess the mfluence of each
protection zone on its level of imasion, we compared the area of imvasion m zone & with that in each of the other zones
(le. A vs. B, A vs. C, efc) using Speaman’s comelation coefficient. As the total area of each zome differed
considerably, all vanables were log-transformed prior to analyv=is.

While 5. comadensiz and 5. giganfea were distimpuished duning mappmg, they were pooled as Solidago spp. for
some statistical tests (e.p GLMM) as they often found as puwed populations and therr ecological charactenistes and

effect on the habrtat are smmlar.

Fesultz

Characrer of L45 invasion within model areas

We recorded 3229 IAS occowrences overall (1347 5 canadensiz, 269 5 giganrea, 804 I glandulifera, 400 H
mantegazzianum, 118 F. japonica var. japowica, 84 Fallopia = bohemica and 7 Fallepia sachalinensis). Of these, 42%
of scowrrences were situated within the 5CT boundary and 58% within the 1 kmn buffer zone (Tab. ).

Chrerall, the swmmary of JAS ccowrence does not fully reflect the level of mvazon mm each S5CT due to lugh
variability in the representation of particular species within different SCIs. Solidago spp., for example, were found at
the highest mumber of localines (1826) and covered the largest area at 61.3 %o of tofal area imvaded by all species, while
I glanduljfera was found at 804 localhties but only represented 194 %% of total area mwvaded. In comparison, H
mantsgazzianum was present at onky 400 localibes but covered a spmilar ares of 18.3 %. Taxa of the genus Fallopia
were found at the lowest rumber of localiies (209) and had the smallest total mvaded area (1 %&) within the SCIs and
therr surroundings (Tab. 3). The average size of each H mantegazzianum invasion locality was 906 o, sigmficanthy
larger than those of I glandulifra (477 m?), Solidago spp. (669 m®) and Fallopia taxa (za 100 m®) (counted from basic
data pool).

Statistical analysis of IAS presence m each 5CT revealed sigmficantly different level: of wasion m each area
mapped, with differences found m both the number of localities (Z = -4.78; DF = 67.16; P = 0.002) and invaded area (Z
=-218, DF =67.16; P =0.035).

Solidago =pp. were predominantly associated with land use categones such z: intemsive grassland . dizconhmuous
wban fabne and transport wnits. Land-usze change was regarded as the man invhator of mvasion, with Selidage spp.
bemg particularly myvasive ocn uncultvated land unmowed meadows and abandoned fields and m the large opemngs
created by large-scale logging in forest stands H mamrsgazzianum was mostly found in intensive grassland, mesie
mezdows and close to roads, while I glanduljfera appeared to prefer wetlands, hitoral vegetation, naturzl watercowrses
and nahwral shrub vegetahon. Fallopia spp., which ocowred relatmvely rarely m the SCTs, mainly mmvaded alluvial and

infensive mixed forest, intensive grassland and areas of transport (see Online Appendrx 2 for more details).

51



Spanal distribution af 145

The IAS mapped i this study differed both in their distribution and a5 regards the habitats predominantly invaded (Fig.
1: Onlne Appendrx 2). The CCA response variables deseribed 26% of all varability in IAS dismbution, with alituds,
distance from stream zomng (msde SCI [zones A, B, C); outude S5CI [zones E, D} and group locality 1dentified as
significant predictors (p = 0.002). Three different 3CI groups were distingmshed based on regional geographical and
geomorphological differences usmg GLMM (Z = -3.708, DF = 67.3; p = 0.001). Also the CCA results reveal the
stratification of SCIs to three groups (Fig. 3 A). Presence of streams and peomorpholo gy determmed invasion m Group
I, where I glanduljfera was the most sigmficant IAS. In such localities, zoming did not comespond with level of
distwrbance, with IAS (F. japonica var. japowica, F. sachalimenziz) tendmg to be fted meore directly to habitats mn contact
with water (Fig. 3 B), placing them mainly in profected habutats of zones A B and C {m=de the SCT). Group II was
determumed by the presence of Selidage sp. and F. = bohemica, while Group III was determuned by presence of H
mantegazzianum. H. mantegazzianum was mainly a problem in the western part of the Czech Fepublic {localites at
lugher altiude than other SCIs), and parficularly in association with meadows and pashures (Fig. 3; see Fig. 2 for an
example of the typical distmbution of H. mantegazzianum within the Sooz SCI mn western Boherma). S5CT Group I 15
characterized as mesic, sub-mountainous or as lowland farmland | wath zomng 1n Groups [ and I comespondmg with
the level of anthropozenic mfluence and habitat distorbance, with IAS predormpanthy found m zones D and E (outside

the SCT: CCA. p =0.002).

Level of LAY invasion in protected ;ones

Orverall, the pumber of each IAS m different habitats did not correspond well with ther level of mvasion (Le. the area
affected by each IAS) as several mdividuals tended to be found verv cloze together. When the area of [AS mvasion was
recaleulated as the area of each habutat differentiated into protection zones, just 0.3 % of protected habitats of European
mmportance were affected by IAS m the core area (zons A). Within the broader core area (zone B), just 0.27 % of total
arez was imvaded, and just 0.4 % 1n zone C. Cutsade of the SCI, 0.16 % of zone D was mvaded and 0.95 % of zone E
(Tab. 3). In total, only 0.27 % of the total avea mapped was affected by LAS. The average area of all TAS localiies was
535 m’, mozmg from 1 to 65 730 m’. B mantegazziamum was mostly found in marginal areas and in habitats affected
by anthropogeme activity, Le. zones C, D and E. In companson, while I glandulifera was found m all protection zones,
1t appeared to a) prefer habitats affected by anthropogeme activity (zones I¥ and E), and b) tended to be found m more
than one habitat tvpe within the SCI core areas (zones A and B). Solidago spp. were mamly located 1n marginal zones C
and D), whale Fallopia spp. were predommantly found in marginal zope D, though ther second haghest level of

ocowrence was in zone & (Tab. 3).
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Fegrezsion analv=is of [AS ocowrence in the SCT core area (zone A) against ocowrrence of the same speces m other
profecoon zones (B-E) mdicated a positive dependency between level of myvasion m zones A and E wath that in zones C
and D (Fig. 4). The model meluding area mvaded i zones E and D as independent vanables explamed 85 % of
vanabality in area mrvaded m zone A (log area I45 4 = 035 (Tog area I45 E} — 0.27 {log area I45 I, B7 = (L.83) for all
spectes studied. Zone C values were not employed m the final model due to the comrelation between level of invasion in
zones C and D). There was a positive comrelation between zones A and B for I glamduljfera and F. japomica wvar.
Japonica occwrence mn habitats such as mver banks and wetlands, both of which are protected wathm the 5CI= (Tab. 4,
Fig. 3 and 4). Sumlarly, there was a poatrve correlation between zope A and zones C, D and E for H mantegazsianum,
5. canadensiz and 5. gigamtean ccowrence 1n semi-natarzl habitats such us meadows, forest edzes and forest logmng
clearances (Tab. 4; Fig. 3 and 4). There was 2 strong stahsheal comelation between area iwaded in the protected core

arez and in the non-protected smroundmgs (both results in Tab. 4).

Dizcussion

The momtonng of [AS distnbution and spread, and the provision of effective nature protection measures, 15 of Zrowing
plobal importance (Genoves: of al. 2013). Indesd IAS are presently comsmidered the second most wpent treat to
biediversity in Ewropean PAs (Pysek et al 2013k). Czech natwre protection suthorities, along wath thewr European
counterparts, have mbroduced a range of lemslative measures to hinder IAS spread. In 2016, for example, the Czech
authenities introduced the Black, Grey and Watch (alert) Lists of mvasive species (Pergl et al. 2016a) as a means of
prnontsing the threat from IAS; and by the end of the same vear Pergl et al. (2016%) had published a senes of
recommended methodologes for mapping and momtoring [AS m the Czech Fepublic. Both of these studies emphazize
the need for repeated and combimous momtormg of [AS spread indicators, from imfial identification of species of
concern, through mapping of large-scale remonzl spread and long-term memtonng of each species’ population
dynamics. In paricular, the mappimg apd evaluation of IAS ocommence m regions of lngh natwre conservabon value 15 a
lugh prionty in the ongoing fight to contrel or eradicate biological imvasions (Latombe er al 2016}

In thes study, we undertock detailed mapping of five IAS taxa in and arcund a range of Czech 5CIs in crder to
assess a) the present danger of [AS spread, and b} the role of different habitat‘protection zones m the spread of TAS. In
total, 42 %o of confirmed irvasion localities were found within SCT boundaries and 38 % in the buffer areas swrounding
the PA. [AS ocomred relatively frequently in both the core area (zone A) and the broader core area (zone B). Of the 200
km? total invaded area mapped, 21.5 km® ocomrred in zone A and 192 kw?® in zone B, together representing approx. 0.6
%% of the total area. These results refer to the fact that most of the coowrence localies are small in extent, comprising
several individuals. While the present level of mvasion is relatively low, 1t 1s clear that early detection of these localifies

15 essential to prevent them serving as sources for invasion spread.
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We noted a strong positve comrelation between the level of mvasion o the swroundmg landscape (tvpically
represented by farmmng and other anthropogeme actrites) and the level of invasion in the protected habitats. This was
partcularly evident in areas where imasion was not deternuned by zeomerpholozy or where the IAS does not imvade
habatats drectly connected with the PA (e g protected mvers and nverbanks mvaded by I glandulifera or F. japenica
var. japenica). Our datz suggest that IAS were zble to spread mto semi-nataral habitats from sites m zones D) and E
where mtensive distwbance or land-use changes were ongoing. In particular, whan and garden landscape transiton
zones near the 5CT were moportant sources for Solidage spp. As such, there 1= a clear dependence betereen the level of
irvasion m the SCT core and that in the swrounding area; hence, effective zomng has the potential to effactively protect
vahiable habitats inside the SCI. Az owr data show, however, such buffer zones will only work if effectively managed.
Crverall, therefore, cur results suggest that the best defence against TAS 15 to prevent thew spread mto habitats n divect
procamuty to PAs This 15 m line wath previously publizhed results suggeshing a close relationship between near-patural
habitats sumrounding PAs and low levels of mvasion within those PAs (Jarodik et al. 2011, Mack and Lonsdale 2002). In
the Czech Republic, for example, Pyviek et al. (2002) noted a lower number of neophytes mn small PAs (18 %) than
the surounding landscape (835 %) On the other hand, Foxeroft et al. (2014) noted that the 1mvasion level of neophytes at
mdrvidual sites ranged from 0 to 25% of all species present, and that specific locatons showed too much vanaton to
sugpest general patterns. This was largely confirmed by owr own study m that, while 1 was posable to recogmse
geographical and geomorphologmical factors mfluencmz the level of 1masion at indmadual 5CTs, we were wmable to
confirm any general trend i the occwrence of mdradual TAS. Tt 15 also posaible that owr choice of medel areas had an
influence on the proportion of some IAS mapped (e.g. the low presence of Fallopia taxa in some 5CIs).

While vanation in IAS ocowmence mm different regions makes the proposal of generahsed measwres for 5CI
protection difficult, the mapping and, if possible, ehmination of TAS from those areas swrounding the 5CT 15 a clear
pnonty. Habitat swtability models could be apphed mn order to define those locations most threatened by [AS dispersal
and to selact those areas most in nead of regular momitermg (Crall e al. 2013). For the determuination of areas prone to
mvasion, it 15 poszble to use both data on habitat type (Pysek et al. 2002) and zeomophological charactenshes
(Pémucova and Berchova-Bimeova 2016). Enown spreading vectors, such as watercowrses, whanised open landscapes
and forestry activity, can play a crucial role mn the degree of LAS propagation. Logging activity in parficular appears to
act as a strong dispersal vector 1n forest stands of all conservation categones (Including zone A). Unfil now, there have
been no proper detalled analy=is based on forest management datz to lughhight the role of forest cleaning and wood
transport in the spreading of TAS.

Crrarall, our results support the assumption that zomng, when undertaken along=ide appropriate protection measures
and a stratified approach to IAS eradication, can provade a lugh degree of fimctional protection to SCIs agamst the

imvasion of zlien spectes (Fluess et all 2012). This may not be the case where invasive species oecur in protected

54



habitats, however, as any attempt to eradicate IAS m such areas should not threaten the species bemng protected
Likewise, efforts to eradicate IAS that spread along watercowrses based on upper stretch monitorng and zomal
protecioon of localibies downstream may also prove mpractical as elimmaton of propagule pressure 1o the downstream
stretch would require long-term intensive measures covennz the whole watershed In conclusion, we wgently
recommend the nse IAS surveillance and management methods proposed by Pergl et al (2016b), wath the provision of
best practice examples (Braun et al. 2016).
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Fiz. 1
Iodel areas swroundmeg sites of commmmty importance 1 the Czech Fepublic and Ewrope
Fiz. Z
Location of protection zones m and around the Soos site of commmmity importance (SCT) - areas at high nsk of mvasre
alien species (IAS) spread (circled) were prionty momtonng sites for the species of interest
Fig. 3
Canomical comrespondence analy=is (CCA) biplot showms presence/absence of imrasive species as response vanables
and a) environmental charactenistics or b) biotopes as predictors; species abbreviations: Fal jap — Fallopia japenica
wvar. japemica, Fal_sach — F. rachalinensiz, Fal_boh — F. =bohemica, Imp_gla — Impatiens glandulifera, Her_poan —
Heracleum mantegazzianum, Sol_can — Solidage conadensiz, Sol_giz — 5 gicantean; the black diamonds immdicate
mvasive ahen species sites located meide and outside sites of commmmty mportance (SCI). 1e. mzone= A B, C. Do E
(for detals see Mathods section)
al Environmental charactenstics: arrows show moreasing alfitude, distance from wrban areas (imir_dist) and
distance from stream (stream_dist).
Localites: the circles indicate mdividual SCIz (B4R _1-3, KX EP, KRI LP. TR — for full names see Material
and Methods); dashed circles indicate groups of 5CI divided using CCA.
bl Biotopes (following Chvitry et al. 2010): riverine_scrd — riverine sorub with willow (K1, E2); streambank_veg
— reed and kydrophilous herb vegetation aleng stream bank (AM1.5, M2 M3, M): wetlands — various npesof
reed and tall sedee bed (M1 x except M1.5); alluvial for — allindal forest (LI, L2); oak-hornbeam_for — oak-
hormbeam forest edge (L3): non-nat_serb — sorub with rudsral or alien species [(XB); for_clear — fovest
clearing ¢X10, X11}; for-edgez — forest fringe vegeration (T4, rudsral_veg — herbaceous ruderal vegetarion
outside human settlemeniz (X0, A7), non-nat_for - foresr plamtations with allochthonous wees (X9);
grasslands — various npes of grassland (T2, T3, T3); meadows — various fypes of mesic, wet and alluvial
meadow (T1.1-2, T1.4-10); pasiwres — mezophile and semi-dry pasturez (T1.3, T1.] - pasmred, T1.2 -
paztured); meadowspring_veg — meadow spring and bog vegetation withour ryfa formation (R1.2, R2.1, R2.2,
R3.4).
Fiz. 4
Ceormrelation between level of invasion m the core area (zone A) of sites of commumity mmportance (ST} and area
mwrvaded m other 5CT protection zones (buffer zones = zones B, €, D and E) for each imvasive alien species; X axis =

area imvaded in profection zones other than zene A, Y ams = area imvaded in protection sone A
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Table 1

Specification of habitats categonzation wathin protection zones.

Table 2

MNumber of invasive alien species in sifes of commumity mterest (SCT) and thelr swroundings. Solidage specles and taxa
of the genus Fallopia and Solidago are listed as genera, despite being mapped mdrndually. Mumber of ocomrences =
mumber within a 1 km buffer of the SCI / mumber meide SCT boundanes. Total munber of occwrences = pumbers of

locabies m each SCI model area (zome localities are in the buffer zone of more than one SCT).

Table 3
Total area over which particular mvasrve alien species ocowr (m?) within different site of commmumty inferest (SCT)
protection Zomes.

Table 4

Spearman’s comrelation coefficients for comparnizons between the mnvaded area m site of commmumity mterest (SCT)
protection zone category A (SC] core area) and other protection zone categories (B-E). Numbers i bold mdicate

statistically sipmficant comelations (p = 0.03). For detailed informaton on zomng see the Mathods sechon.
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Tab1 Click here to download Table Tab1.docx 2

Protection zone category Habitats within the zone B

A - core area subject of PA protechon (differ for parheular SCT)

B - broader core area vulnerable natwral habatats within PA (based on HML)

C - semi-namral habirars alhovaal mezdow, dry prassland, mesic meadow, heath alhmaa, cak and oak-bombaam
forest, ravine, beech, dry pme, spruce and beg forest, natural shrub vegetation, wetlands
and littoral vegetation, peatbogs and springs, swamps, water body macrophytes, natural

watercourses and naturzal rocks
D - anthrepogenically urban nafure, artificial whan green areas (parks, gardens, cemeteries), arzble land
affecred habitars orchards and gardens, hop fields, vineyards, mtensive grassland mtensive coniferous,

broad-leaved and muwed forest plantzbon, shrubs wath roderal vepetation
anthropogenically influenced waterbodies, anthropogemcally influenced watercowrses

and artificial rocks
E - habitars degraded by impervious surfaces, comhouous and disconfipuous wban fabrie, indushial and
human aenvities commercial umts, tensport units, dumps and constuchion sites and arbficial whan

green areas such as recreation and sports areas
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Tab2

Click here to download Table Tab2 docx

it of —_— Mapped o .:Imber;f ms (;mid: [ in=da SPE_?[?{ . I‘nhln;.m];,ﬂ

Community Intera:t () l:::l:} ;p:ga glauﬁ:;:’;a mmj.rsa'r;z:l;:m asp? - DEm;EDEE»
Berounka 14 481 120 53714 0 410 81
Chlumska stran 12 131 50 11/ 0 ] 16
Bohynska lada, Chmelnik,
Lotarir vech 38 16.8 111 ] 0 1070 n
Bystina — Lufnd potok 113 30.1 129733 1] 50 1777 181
Eladskeé raielimté 267 58.5 0 ] 5712 ] 69
Eokofinzko 935 2268 3547249 510 0 44730 882
Eopistska vysvpka 33 6.4 60020 ] 0 1070 20
Erasencke ratelmite 15 10.3 20 30 0 1] 5
Lahské adoli 132 523 31678 270493 0 334 951
Pramenské pastviny 0,003 34 0 ] /34 ] 34
Rauienbaiska lada 5.0 19.2 10 ] 30 ] 33
Siroke blato 1.0 53 10 ] 0 ] 1
Seos 48 225 150 ] 06T ] 118
Stropnice 127 43.0 2613 314 0 13/4 73
Tepls = piitoky 2 11 145 0 0 170 0 27
Ciroéinsky potok
Trebodicko — stied 11 16.6 171 T8 0 10 34
Tifov— Oupoiskjpotck | 134 446 | 270 10/0 0 210 39
U bunkru 06 83 0 1] 260 26
Upolmova louka — Efizky 6.9 2318 0 ] 0 ] 9
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Tab3 Click here to download Table Tab3.docx X

SCIs protection zone Heracleum Solidage Impatiens Fallopia Parcentage of
category ManlEgazsianLm spp- glandulifera spp. imaded area (%a)
A 31 208 57233 122 719 42324 030
B 1 699 118 408 71 160 1757 027
C 154 050 401 438 114 961 3338 0.40
D 97121 471 413 47 767 7120 016
E 78 285 165 742 27192 2548 095
TOTAL INVADED (%) 362 363 1214234 383 809 18 9835 027
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Tab4 Click here to download Table Tabd.docx £

Species Imvaded area comrelation coefficient

AB AC AD AE
Heracleum mantsgazziamum .58 0.91 0.34 094
Impatiens glanduljfera 0.53 0.29 020 022
Solidage canadensis 0.76 0.91 0.93 094
Solidago gigantea 048 0.47 048 0.78
Fallopia jap. var_jap. 0.68 0.10 022 0.18
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3. KOMENTAR K VYSTUPUM DISERTACNI PRACE

Klicovym cilem vyzkumu bylo testovani pouZziti vrstvy biotopti z mapovani soustavy
Natura 2000 (dale jen vrstva mapovani biotopid; dle Chytrého et al, 2010), jako stézejniho
environmentalniho faktoru pfi $ifeni invaznich druhi rostlin. Vychazeli jsme z hypotézy, Ze Siteni
invaznich druhu rostlin zavisi na mnoha aspektech. Mezi tyto aspekty patii ekologické naroky na
stanovisté, saturace lokalit zivinami, druhova skladba spolecenstva, vzdalenost od vektoru Sifeni atd.
(Bimova et al., 2004; Kiivanek et al., 2004; Richardson et al., 2000). To, zda bude dana lokalita
invadovana, zavisi také na stupni naruSeni lokality ¢lovékem a zpuisobu uzivani krajiny (land-use).
Pravé typy biotopll odraZzi vySe zminované ekologické podminky, jako jsou vlhkostni pomeéry,
druhové sloZeni, land-use atp. Z téchto faktorti nachylnosti sekundarnich arealti k invazi plyne, ze po
identifikaci ohrozenych typa lokalit (tzn. biotopi), by bylo mozné pomoci nastroju predikovat Sifeni
invaznich druhii. Témito nastroji jsou mysleny modely predikce Sifeni invaznich rostlin, mezi které
patii modely $ifeni druhi na lokalni urovni (napf. Jimenéz-Valverde et al. 2011; Kollmann et al.
2009; Nehrbass et al. 2007).

Doposud zadna publikace se takovymto vyuzitim vrstvy mapovani biotopt pro S$ifeni
invaznich druhti nezabyvala. Nékteré ¢lanky se vénovaly pouziti vrstvy z jiného hlediska napt. uréeni
bohatosti biotopt na zakladé rozdilnych environmentalnich proménnych (Drakou et al., 2011) nebo
pii vyzkumu dopadu klimatickych zmén na biotopy Natura 2000 (Rannow et al., 2014). Naproti tomu
publikace Carranza et al. (2011), Chytry et al. (2008a), Smolik et al. (2010) uvadi typy biotopt jako
jeden z dilezitych faktord prostiedi pro Usp&$né Sifeni invaznich druhi. Modelovanim Sifeni
invaznich druhd, zaloZenych na predikcich v zavislosti mimo jiné také na typech biotopti, se vénuji
napt. publikace Crall et al. (2013), Elith et Leathwick (2009), Guisan et Thuiller (2005).

Pro testovani typt biotoptl jako stéZejni environmentalni proménné pfti Siteni druhd je nutné
pouziti relativné podrobnych dat o vyskytech invaznich druhti. Velka cast publikaci, které se vénuji
modelovani Sifeni druhtl, pouziva casto predikce pro velka tizemi a vysledky nejsou dostate¢né presné
(napf. Dullinger et al., 2009; Pitt el al. 2011). Vyvoj modelovani Sifeni druhi se posouva v poslednich
letech od predikci pro velkd uzemi k modelim pro izemi lokalniho métitka. Kéry et al. (2010)
upozornuje, ze soucasné modely neberou v uvahu realné rozsifeni druhti, ale jen zdanlivé. Autofi
Lundholm et Learson (2004) argumentuji, ze v mnoha studiich podhodnocuji skuteény vyskyt druhi
a doporucuji pouzit relativni pokryvnost invazniho druhu ¢i biomasy. Dosli k zavéru, ze k pochopeni
faktort spojenych s rostlinnou invazi je nutné brat v vahu obsazenost invaznich druhli v biotopu a

jejich dominanci.
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Pro nase ucely bylo stézejni pouziti relativné podrobnych dat o vyskytu invaznich druhi
rostlin. Pilotni mapovani druh@i rodu zlatobyl (Solidago spp.), druhti rodu kiidlatka (Fallopia spp.’),
bolsevniku velkolepého (Heracleum mantegazzianum) a zkuSebné trnovniku akatu (Robinia
pseudoacacia) probéhlo na vybrané plose 80 km? v CHKO Kokoiinsko v roce 2013 (&lanek
Péknicova et al., 2015). Vychazeli jsme ze zaznamenanych dat vyskytu téchto druht z minulych let
pracovniky spravy, ktera vSak nebyla kompletni a nékteré druhy nebyly zmapovany viibec (Robinia
pseudoacacia a Solidago spp.). Nasledné prob¢hl v roce 2014 monitoring celého tehdejsiho tizemi
CHKO Kokoftinsko (dnes jiz rozsahlejsi CHKO Kokotinsko-Machiv kraj) a dalSich mensich izemi
vramci Ceské republiky, kde byly mapovany Solidago spp., Fallopia spp., Heracleum
mantegazzianum a nové také netykavka zlaznata (Impatiens glandulifera) (¢lanek Pé&knicova et
Berchova, 2016). Po pilotnich vysledcich jsme se rozhodli mapovat jen rostlinné zastupce. Robinia
pseudoacacia jsme vypustili z divodi velkého mnozstvi jedinct, které jsme nemohli v mapovani
vSechny obsahnout a zaroven z divodu jejiho ¢astého a zamérného péstovani v lesnich porostech.
V CHKO Kokofinsko dochazi k jeho redukci pouze ve vyjimecnych piipadech, zejména
v ochranaisky cennych lokalitach (zohlednéno je jeho vyuziti jako medonosné dieviny a produkce
kvalitni dfevni hmoty). Zamérné zachovavani jejich porostu tak znemoznuje vyuziti predikénich
model. Navazné na piedchozi roky mapovani probéhlo v roce 2015 rozsahlé mapovani Solidago
spp., Fallopia spp., Heracleum mantegazzianum a Impatiens glandulifera ve vybranych evropsky
vyznamnych lokalitich (EVL) Ceské republiky a jejich bezprostfednim okoli (vice v ¢lanku
Vardarman et al., submit.; a také v manuscriptu Petrus et al., in prep.) na celkové plose 629 km?,

Po vSechna obdobi mapovani jsme pouZivali jednotnou metodiku a postupy analyz. VSechny
vyzkumné lokality jsme mapovali systematicky celé a ziskali jsme tak ucelena prezenc¢ni a absen¢ni
data vyskyt danych invaznich druhu rostlin. Kéry et al. (2010) upozoriiuje, Ze je potieba rozliSovat
mezi absen¢nimi daty, kdy se druh opravdu v daném Uzemi nevyskytuje a kdy druh nebyl na
zajmovém Uzemi mapovan. Dle Elith et al. (2006) pouziti kompletnich dat o pfitomnosti a
neptitomnosti druhu zptesni vysledky modelovani S$ifeni druht (vice také v Brotons et al
2004; Peterson et al., 2011). Naro¢né a detailni systematické mapovani izemi jsme zvolili pfedevsim
kvtli zvyseni piesnosti modelovani, ale ziskané data byla dale pouZita pro dal$i hodnoceni, zejména
zasazeni uzemi invaznimi druhy a také byla poskytnuta pracovnikim ochrany ptirody k dalsimu

vyuziti.

" Fallopia japonica, F. sachalinensis a F. bohemica jsme z diivodd vyskytu ve stejnych lokalitach zafadili do jednotné
skupiny Fallopia spp. Stejné tak jsme postupovali pti mapovani Solidago canadensis a S. gigantea (skupina Solidago
spp-)
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Celkové se pti pilotnim mapovani v CHKO Kokofinsko nejvice vyskytovaly porosty Solidago
spp. a Robinia pseudoacacia, n¢kolik trvalych porosti Fallopia spp. a jen par jedinct Heracleum
mantegazzianum. V mapovanych EVL Ceské republiky se obdobné jako v pilotnim mapovaném
uzemi nejvice vyskytovaly Solidago spp, ale druhym nejrozsifenéj$im invaznim druhem rostliny byla
Impatiens glandulifera. Porosty jedinct Heracleum mantegazzianum zabiraly tieti nejvétsi plochu
invadovaného tzemi a nejmensi plochu z invadovanych lokalit zabiraly porosty Fallopia spp.
Dosazené poznatky z mapovani EVL se shodovaly s publikaci PySek et al. (2013), kde shrnuji
vysledky vyskytu invaznich druht v chranénych tuzemich Ceské republiky. Ve skupiné nejvice se
vyskytujicich neofytl byly zafazeny podle pocetnosti sestupné mimo dalSich druhi porosty Robinia
pseudoacacia, Solidago canadensis, Impatiens glandulifera, Heracleum mantegazzianum a Fallopia
spp. V publikaci Braun et al. (2016) hodnotili na zdklad¢ dotaznikovych Setieni nejcastejsi zasahy
pracovnikl ochrany pfirody ve sttedni Evropé. Ty byly vedeny proti Siroce rozsifenym invaznim
druhtim Fallopia japonica, Heracleum mantegazzianum a Impatiens glandulifera. Vzhledem k jejich
dopadu na biodiverzitu jsou tyto invazni druhy rostlin v popiedi zdjmu ochrany piirody Ceské

republiky a managementové zasahy jsou ¢asto prednostné vedeny prave proti nim.

3.1. Testovani vrstvy mapovani biotopt

Ziskana prvotni data mapovanych prezenénich/absen¢nichvyskytu invaznich druht rostlin
byla v prostfedi GIS proloZena vrstvou mapovani biotopt a z takto vzniklé datové sady byly nasledné
hodnoceny typy preferovanych biotopt, kde se vybrané invazni druhy rostlin nejcastéji vyskytovaly
(Clanek Péknicova et al., 2015). Prvotni preferované biotopy byly urceny pro porosty Solidago spp.
jako louky a pastviny, obhospodafovana pole s vyskytem invazniho druhu na jeho okrajich a
urbanizovana izemi. Nejvice se porosty rozsifovaly ze zahrddek v urbannich ¢astech, odkud se dale
Sifily do luk a pastvin ponechanych ladem (Obr. 8). Dle publikace Walck et al. (1999) Ize Solidago
spp. nalézt na okrajich lest, podél fek, a v narusenych biotopech jako jsou okraje pastvin, cest a
lidskych sidel. Navzdory tvrzeni Chytry et al. (2008), ze se nepiivodni druhy vétSinou nevyskytuji
v extrémnich lokalitach, jako jsou mok¥ady, byly porosty Solidago spp. casto nalezeny i
v moktadnich ekosystémech CHKO Kokoftinsko.

Porosty Fallopia spp. jsou naproti tomu naro¢né na vlhkost a ptisun dusiku a ¢asto obsazuji
napf. opusténd zahradni centra a zaplavovana uzemi (Bimova et al., 2003; Pysek et al., 2003). Pro
Fallopia spp. byly vyhodnoceny preferované biotopy zejména lokality v okoli urbanizovanych tizemi
a okraje luznich lest a lesnich kultur s neptvodnimi lesy (Obr. 9). Tyto vyskyty u lesnich

spolecenstev si vysvétlujeme reliéfem mapovaného izemi, kdy piskovcova tdoli s Cetnymi porosty
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borovic dovoluji Sifeni Fallopia spp. jen pfi jeho okrajich, kde jsou vhodné svételné a Zivinové
podminky.

Hearacleum mantegazzianum, stejné jako Fallopia spp., jsou v CHKO Kokofinsko
pracovniky spravy nepravidelné likvidovany, proto tedy lokalit Heracleum mantegazzianum bylo
nalezeno v pilotnim mapovani jen velmi malo. Jeho vyskyt se promitl, obdobné jako u Fallopia spp.,
Vv biotopech okrajii lestt s neptivodnimi dievinami (Obr. 7). Dle Thieleho et al. (2007) nejcastéji
obsazuje lokality bohaté na ziviny v polopfirozenych travnatych porostech, okraje lesi a
antropogenn¢ ovlivnéné habitaty.

Pilotné byly testovany také vyskyty Robinia pseudoacacia v jednotlivych biotopech, ktery dle
Musila (2005) vyhledava stanovisté pii okrajich acidofilnich a pis¢itych okraji lest. Primarné se §ifi
podél cest a kolem zemédélsky vyuzivanych poli. Porosty Robinia pseudoacacia byly v pilotnim
mapovani protnuty s vrstvou biotopt typu acidofilnich dubovych lesu, lesi s nepivodnimi dfevinami
a okraji poli.

Na zaklad¢ pilotnich vysledki byly preferované typy biotopt nasledné hodnoceny také
v publikaci Vardarman et al. (submit.). Na rozdil od pilotniho mapovani jednoho rozsahlého tizemi,
probihalo mapovani vybranych invaznich druha rostlin na dalsich ochranaisky cennych lokalitach
Ceské republiky, celkem ve 23 EVL v 8 regionech (kraj Karlovarsky, Ustecky, Stiedodesky, Plzefisky
a JihoCesky). Nejcastéji obsazovanym biotopem pro porosty Fallopia spp. byly vyhodnoceny
ruderalni vegetace, neptivodni kioviny a také okraje lest. Solidago spp. byly rozsifeny v podobnych
lokalitach jako Fallopia spp. (Casto se vyskytovaly spoleéné), pti okrajich lest, pastvin a luk a v
porostech nepiivodnich kiovin. Impatiens glandulifera obyvala okraje vodnich ploch a mokfadni
biotopy, ale také okraje aluvialnich lesid. Heracleum mantegazzianum byl nejcastéji nalezen na

lokalitach pastvin a luk.

Nase vysledky nejcastéji obsazovanych biotoptu se shodovaly s lokalitami uvadénymi
v odborné literature (Chytry et al., 2008; Pysek et al., 2012a; Mlikovsky et Styblo, 2006), kde je
uvadén cCasty vyskyt Heracleum mantegazzianum na lokalitach pi#i okrajich luk a ruderalnich
stanovistich pfi vodnich tocich a cestach; Impatiens glandulifera se nejcastéji vyskytuje na zivinové
bohatych stanovistich v okoli aluvialnich fek; Fallopia spp. ¢asto zplanuje ze zahrad a rozsifuje se na
vlh¢i lokality s vy$$im obsahem dusiku a podél vodnich tokd; Solidago spp. je nenaro¢ny na ziviny a

svétlomilny a nejcastéji je nalezneme pii okrajich pastvin a luk, ale také podél cest pii okrajich lest.
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Pii porovnani dat zterénu a z digitalnich map lze konstatovat, Ze vlivem odchylky
zaznamenani polohy GPS je nutné pocitat s odchylkou cca 10 m, coz se promita do moznosti
lokalizace vyskytu invazniho druhu rostliny do sousednich biotopt (napt. nékteré biotopy pobieznich
vegetaci se promitly do biotopu vodni plochy, i kdyz byl zaznamenan jejich vyskyt v pobiezni

vegetaci).

Zjistili jsme, Ze vlivem odchylky zaznamenavanych dat v GPS se v nékterych piipadech
mohou lisit biotopy zaznamenané digitalné oproti zaznamim vyskyti v terénnich papirovych
mapach. Kategorie vrstvy mapovani biotopi (typy biotopi) jsou vsak po konfrontaci dat
z terénu a preferovanych biotopt dle odborné literatury podrobna a presna environmentalni

proménna vhodna pro modely SiFeni invaznich druhu (Péknicova et al., 2015).

Dal$im cilem pilotnich analyz bylo uréeni vhodného métitka pro velikost ¢tvercové sité vrstvy
mapovani biotopli, nasledné pouzité pro pilotni modely Sifeni invaznich druht rostlin v CHKO
Kokofinsko (¢lanek Péknicova at al. 2015). Dle Brycha (2009) je velikost rastru 1 x 1 km pro
modelovani Sifeni dle rozdilnych biotopli uz velmi generalizovand a pro optimdlni pfesnost
doporucuje pouzit rastr 100 x 100 m. Nehrbass et al. (2007) modelovali Sifeni Heracleum
mantegazzianum v rtiznych biotopech pro velikost ¢tverce (gridu) 5 x 5 m. Pro takto podrobné lokalni
meéfitko je mozné porovnat biotopy a vliv zmén vyuzivani krajiny (land-use). Nevyhodou jsou detailni
vstupni data, kterd je obtizné ziskat, a aplikovatelnost modelu limitovana na lokalni méfitko.

Na zaklad¢ zkuSenosti z terénu o mirné odchylce mapovanych vyskyti do sousednich biotopti
jsme vrstvu biotopti generalizovali, tzn., ptevedli z vrstvy vektorové na vrstvu rastrovou o riznych
velikostech gridu (protnuli jsme vektorovou vrstvu ¢tvercovou siti o rtiznych velikostech hrany
¢tverctt). Nasledné bylo provedeno porovnani spravnosti protnuti zaznamenanych vyskytt Robinia
pseudoacacia, Solidago spp., Fallopia spp. (Heracleum mantegazzianum byl z této analyzy vyloucen
z divodu malého poctu zaznamenanych vyskyt) V biotopech vrstvy mapovani biotopti a
konfrontovano s biotopy zaznamenanymi V terénu. Srovnani bylo provedeno pro 3 rizné skaly
velikosti gridu na zakladé podrobnosti biotopd. Velikosti gridii jsme zvolili podle generalizace
biotopl na $kaly podrobnosti v méfitku 20 x 20 m (odpovida podjednotce biotopu napi. L2.2A),
30 x 30 m (odpovida jednotce biotopu napt. L2) a 50 x 50 m (odpovida formacéni skupin€ biotopu
napt. L). Z vysledkii srovnani raznych rozmért grida (¢lanek Peknicova et al, 2015), vstupujicich
nasledné do modelt Sifeni, bylo vyhodnoceno, ze s rostouci generalizaci biotopi (tzn. rostouci
velikosti gridu) rostla shoda s biotopy zaznamenanymi v terénu; pro ucely tvorby modelu Sifeni
S co nejpresnéjSim lokalnim méfitkem se vSak jiz méfitko rastru 50 x 50 m jevi jako velmi

generalizované, piesto ale pouZitelné.
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Ze ziskanych vysledki jsme vyhodnotili, Ze optimalni skala rastrové sité by méla mit
rozméry 30 x 30 m vzhledem Kk podrobnosti zmapovanych biotopti a odchylce zaznamenané

polohy GPS pristroje.

3.2.  Porovnani modelt Sifeni druhi

Jednim z cili naseho vyzkumu bylo vytvoieni predikéniho modelu pro chranéna uzemi
v lokalnim méritku, ktery by pomohl pfi plinovani managementu pracovnikiim ochrany
prirody. Diky tomuto nastroji by mohli vytipovat lokality, kam se invazni druhy budou rozsitovat, a
zamétit se Na né pii planovani managementovych zdsahl. Ze skupiny modelid zalozenych na
regresnich pristupech jsou nejpouzivanéjsi zobecnéné linearni modely (GLM) a zobecnéné aditivni
modely (GAM). Maji silny statisticky zéklad a schopnosti realisticky modelovat ekologické vztahy
(Austin, 2002). Pro vytvafeni modell potencidlniho rozsifeni druhi jsou ve spojeni s GIS vyuZzivany
jiz dlouhou dobu (Moisen et al., 2006). Z velkého mnozstvi dostupnych modelovacich technik, jsme
po zvazeni dosavadnich postupli vyhodnotili jako nejvhodnéjsi pouziti balicku ,,biomod2*, jez je
soucasti statistického programu R a obsahuje fadu modelovacich algoritmi napt. GBM, GAM,
MARS (Thuiller et al., 2003).

Dle Manel et al. (1999) by pfi statistickém hodnoceni v priibéhu konstrukce modelu méla byt
pouzita vice nez jedna statistickd metoda na stejna data. NejCastéji jsou modely hodnoceny
standardnim zptisobem pomoci hodnot AUC (Area under the curve, také ROC). Vystupem modelu je
pravdépodobnost v rozmezi 0 — 1 (0 az 100 %), s jakou se v kazdém bod€ mize na zaklad¢ vstupnich
dat dany druh vyskytovat (Elith et al. 2006; Brych 2009).

Jednou z moZnosti hodnoceni ptesnosti modelll je pomoci vaZzeného kappa koeficientu K. Ten
se pouziva naptiklad pro porovnani velkého mnozstvi dat simulovanych typti habitatd s riznymi
parovymi odliStnostmi. Jestlize ziskdme hodnotu kolem 0,5, pak je predik¢éni schopnost dobra a
vynikajici v rozmezi 0,85-0,99. Zalezi vSak pfedev§sim na subjektivnim posouzeni (Guisan et
Zimmermann, 2000; Oreskes et al., 1994).

K hodnoceni je mozno také pouzit korelaci mezi pozorovanymi presencnimi/absenénimi daty
a jejich predikcei Sifeni. Miize byt vypocitana Pearsonovym korela¢nim koeficientem a pouzita pro
zobecnéné linearni modely. Bere v tivahu, do jaké miry se 1isi predikce od pozorovani a informuje o
diskriminaci modelu (Zheng and Agresti, 2000; Murphy et Winkler, 1992). Pilotni vysledky

predik¢nich modelu $ifeni invaznich druhd rostlin z mapovani CHKO Kokotinsko (pro kazdy druh
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byla vytvofena sada modelll) byly vyhodnoceny na zakladé evaluacnich technik, které jsou soucasti

zminovaného balicku ,,biomod2* (viz déle).

Modely Sifeni druhi byly nejdiive zkonstruovany pro vybrané invazni druhy rostlin
Z pilotniho mapovani (GAM, GBM, CTA, GLM, ANN, SRE; clanek P¢knicova et al., 2015) a
hodnoceny evalua¢nimi technikami TSS, ROC, KAPPA a POD. Pro Fallopia spp. a Solidago spp.
byly optimalnim typem modelt GAM, GBM a CTA. Pro Heracleum mantegazzianum dosahoval
dobrych vysledki GLM a ANN modely. Vzhledem k nékolika malo vyskytim Heracleum
mantegazzianum na mapovanych lokalitach je vSak vysledky nutné brat jako malo prikazné. Model
MAXENT dosahoval velmi dobrych vysledkt pro Fallopia spp. a Solidago spp., pro Heracleum
mantegazzianum byly vysledky opét neprikazné. Dalsi modely podhodnocovaly (ANN) nebo naopak
nadhodnocovaly budouci §ifeni (SRE). Vysledky koresponduji s vysledky modelovani publikaci
Leathwick et al. (2006) a Moisen et al. (2006), ktefi shrnuji, Z2 GBM dosahuji signifikantné lepsich
vysledki nez jiné modely. V publikaci Brych (2009) bylo porovnano 8 vybranych algoritmli pro
modelovani potencialniho rozsifeni druhti na 34 invaznich rostlinich v Ceské republice.
Nejptesnéjsich vysledkt dle standardniho kritéria AUC dosahuje algoritmus GBM, coz souhlasi s
vysledky studie Elith et al., (2006). Mirn¢ horsich, ale rovnéz stabilnich a dobrych vysledkt dosahuyi
GLM a GAM, pficemz mezi nimi v kvalit¢ modelii neni podstatny rozdil. Pfesto jsou GAM vhodné&;jsi
k modelovani vice nez GLM, z divodu jejich vétsi flexibility (Elith et al. 2006). Slibné algoritmy
ANN, MARS dosahuji stfedné kvalitnich vysledkt, v pfipadé MARS je to zpisobeno predev§im

selhanim néekterych z modeli.

Zjistili jsme, Ze pri pilotni konstrukci modelii primarné zalezi na poctu vyskyti a
rozloze areilu. Pro maly pocet vyskyti je lepSi dané lokality pifimo sledovat a zamérit se na
jejich okoli, nez vytvariet slozité predikéni modely s nejistym vysledkem a velkym podilem vlivu

nahodnych faktori.

Po pilotnim vyzkumu vhodnosti vrstvy mapovani biotopd, tj. testovani velikosti gridi pro
rastrovou sit’ a urceni preferovanych biotopt, jsme pfistoupili k rozsahlejSimu testovani predikénich
modelit GLM, GAM, GBM, CTA, MARS, ANN a také k testovani environmentalnich proménnych,
simulujicich podminky pro $ifeni druhti (P€knicova et Berchova, 2016). Modely Sifeni druht byly

vytvoieny pro Fallopia spp., Solidago spp. a Heracleum mantegazzianum, které byly zmapované
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v CHKO Kokofinsko. Vrstvy vyskytt invaznich druht rostlin byly protnuty étvercovou siti o
velikosti gridu 50 x 50 m. Velikost gridu byla zvolena pro generalizovanou sit’ biotopii na trovni
formacéni skupiny (napt. L) z divodu testovani nové konsolidované vrstvy ekosystémii (KVES) a
dalsich vrstev, které nedosahovaly takové podrobnosti jako vrstva biotopi. Testovanymi
environmentalnimi proménnymi byly vzdalenosti od vodniho toku a cestni sité, vliv nadmotské
vysky, padni typ, typ biotopu, primérné srazky, sklonitost terénu a typy ekosystémii (podrobnéjsi
charakteristiky prediktort viz ¢lanek Péknicova et Berchova, (2016). Vstupni vrstvy prediktort a
vyskytl invaznich druht byly néasledné testovany a pro kazdy druh byl vyhodnocen vhodny model
Sifeni druhti a zaroven vhodna environmentéalni proménna.

Pro srovnani modelovacich technik $ifeni druhti byly pouzity 3 evaluaéni techniky: TSS, ROC
a KAPPA. Z testovanych modela $ifeni druht byly nejlépe hodnoceny modely GBM, GAM and
MARS pro Solidago spp. Porosty Solidago spp. byly v mapovaném uzemi zastoupeny nejéastéji.
Modely GAM, GBM a ANN byly vyhodnoceny jako vhodné pro Fallopia spp. Téch se v mapovaném
uzemi vyskytovalo o méné nez Solidago spp.. Pro porosty Heracleum mantegazzianum diky malému
mnozstvi lokalit vyskytt nékteré modely selhaly (MARS) a modely, které vysly dle statistického
hodnoceni jako nejlepsi (GAM, ANN), dosahovaly naopak vysokych hodnot (¢lanek Péknicova et
Berchova, 2016).

Souhrnné se vysledky studii shodovaly v hodnoceni piesnosti modeli, kdy GBM a GAM
byly hodnoceny jako nejvhodnéjsi k pouziti v modelovani $ifeni druhi. To odpovida zavérim
i dalSich publikaci nap¥. Brych (2009), Elith et al (2006), Moisen et al. (2006), Leathwick et al.
(2006). Zaroven lze také shrnout, Ze modelovaci algoritmy jsou vhodné pro rizné pocty vyskyti
a pocet lokalit je dileZity pro uspéSné modelovani Sifeni, kdy se da obecné Fici, Ze vysledky jsou
prikazné pro 100 vyskyti na 100 km? (modely MARS), GAM pro vice nez 50 vyskyt na 100

km?2. V pripad& méné nez 10 lokalit na 100 km? je sila modeli velmi mala.

3.3. Testovani environmentalnich proménnych

Pro rozdilné typy modelovacich algoritmti (GLM, GBM, GAM, CTA, ANN, MARS) byly
testovany vhodné environmentalni proménné (¢lanek Peknicova et Berchova, 2016). Z hodnocenych
environmentalnich proménnych v CHKO Kokorinsko byly urceny jako prediktory s nejvyssi
hodnotou srovnavaciho kritéria typy biotopti a typy pudy pro Solidago spp. Nadmotska vyska,

vzdalenosti od vodni a cestni sit¢ dosahovaly také velmi dobrych vysledkt. Faktor land cover se fadil
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svymi nizkymi hodnotami k podprimérnym vysledkiim. Srazkové poméry a sklonitost dosahovaly
velmi nizkych hodnot.

Pro Fallopia spp. vysly jako stézejni prediktory nadmotska vyska (coz mohlo byt zptisobeno
vybérem tzemi a vlivem geomorfologie terénu, viz Vardarman et al. (submit.)) a vzdalenost od
silnice. Typy biotopi, vzdalenost od vodnich cest a typy pud dosahovaly také vyssich hodnot
srovnavacich kritérii. Naproti tomu sklonitost, srazkové poméry a faktor typi ekosystému dosahovaly
nizkych hodnot.

Pro porosty Heracleum mantegazzianum byla vyhodnocena nadmotska vyska a typy
ekosystém jako kritéria S nejvyssi hodnotou. Dalsi environmentalni proménné, zejména vzdalenosti
od vodni a cestni sit¢, dosahovaly také vyssich hodnot evaluaénich technik. Celkové vysledky pro
Heracleum mantegazzianum dosahovaly ptekvapivé vysokych hodnot, coz ale vzhledem k malému
poctu vyskyti muize byt zplsobeno nespravnou evaluaci modelt. V publikaci Harell (1996),
upozoriiuji, ze by pocet prezencnich dat nemél piekracovat pocet prediktorti, coz v ptipadé
Heracleum mantegazzianum v nasem vyzkumu nebylo splnéno (maly pocet vyskytl a znacné
mnozstvi prediktort).

Environmentalni faktory Sifeni byly hodnoceny kanonickou koresponden¢ni analyzou také
v publikaci Vardarman et al. (submit.) a to souhrné pro nékolik lokalit chranénych tizemi (23 EVL).
Pro Impatiens glandulifera jsou stézejnimi faktory Sifeni blizkost vodni sit¢ a geomorfologie..
Vzdalenost od vodni sité je také stézejni pro oba druhy Solidago spp. a Fallopia bohemica.

Nadmoiska vyska a vzdalenost od sidel byla vyhodnocena stézejni pro Heracleum mantegazzianum.

Lze shrnout, Ze typy biotopti a nadmoiska vySka byly vyhodnoceny jako faktory stéZejni
pro Sifeni druhi. To se shoduje s publikacemi Chytry et al. (2004) a K#ivanek (2006), ktefi
upozornuji, Zze s nadmoiskou vyskou klesd mnozstvi invaznich druhd. Dale dobrych vysledki
dosahovaly faktory vzdalenosti od vodnich ¢i cestnich siti a v nékterych pripadech také typy
pudy. Vrstva land-cover je jako uzitecny prediktor uvadéna napi. v publikaci Meentemeyer et al.
(2008). Vrstva ekosystémi KVES vsak ptekvapivé nedosahovala statisticky vyznamnych hodnot,
pfestoze byla vytvofena na zéklad¢ vrstvy biotopi a vrstvy ZABAGED. V dal$im testovani by bylo
vhodnéjsi pouziti miry disturbance land use, nez jen pouhé kategorie land-cover. To se shoduje
s publikaci Hobbs (2000), kde uvadi, ze predikéni modely Sifeni invaznich druhl regionalniho
m¢étitka by se v budoucnu mély zaméfovat na faktor land-use, ktery je spojovan se zménou typu

habitatu, reZimu disturbanci a rychlou zménou druhového slozeni.
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Dalsi proménné, Gthrn srazek a sklonitosti terénu byly vyhodnoceny jako faktory Sifeni

s nejmensi predikeni silou.

3.4. Vyhodnoceni zonace chranénych tzemi pro §ifeni invaznich druhi
ZkuSebné jsme pro vSechny mapované invazni druhy (Solidago spp., Fallopia spp.,
Heracleum mantegazzianum) na tizemi CHKO Kokofinsko pouzili modelovaci techniku GBM a
vytvofili predikéni modely Sifeni pro 14 maloplosnych chranénych tzemi (MCHU) uvnitf
mapovaného tzemi CHKO Kokotinsko (Péknicova et Berchova, 2016). Zjistili jsme, ze Solidago
spp. se vyskytuji ve 3 MCHU a Fallopia spp. a Heracleum mantegazzianum v jednom MCHU.
Vsechny invazni druhy se vyskytovaly v nejvétsim MCHU Kokotinsky diil. Z vysledkit modelovani
vyslo potencialng ohrozenych 12 MCHU invazi Solidago spp., 8 MCHU potencialné ohroZenych
sitenim Fallopia spp. a 7 MCHU ohrozenych porosty Heracleum mantegazzianum. Vétsina
mapovanych druhil se vyskytovala pfi okrajich chranénych uzemi, zejména v okoli lidskych sidel a
podél cest, odkud se mohou dal §ifit do ochrandisky cennych lokalit. Vyskyty invaznich druht pti
okrajich chranénych uzemi se shodovaly s publikovanymi vysledky vyzkumu Hostetler et Knowles
(2009), kteti shrnuji, Ze v jadrovych oblastech chranénych uzemi se nevyskytuje takové mnozstvi
invaznich druht jako na jeho okrajich. Je to zptisobeno piedevsim lidskymi zasahy (disturbancemi
napf. kaceni dfevin, chiize mimo vyznacené cesty) a také zvySenou kompetenci s dalSimi druhy.
Zminéné disturbance zplsobené ¢lovékem, znacné piispivaji k naslednému Sifeni invaznich druht
(napt Solidago spp., vice v Laurance, 2013; Leroux et Kerr, 2013). Proto by bylo vhodné ochranarsky
cenna uzemi a jejich okoli rozdélit do systému ochrannych zon pro lepsi kontrolu zavlékéani invaznich
druht, s tim souvisejici aplikaci vhodného managementu a také zvysit povédomi vetejnosti napf.

vhodnym znacenim (vice také ve Foxcroft et al., 2013; McKinney 2002).

Na to jsme navazali v nasledném vyzkumu, kdy jsme testovali rozdil zasazeni uzemi
invaznimi druhy rostlin, tzn. stupné invaze v chranénych uzemich a jejich bezprostiednim okoli
(¢lanek Vardarman et al., submit.). Lokality chranénych tizemi (23 EVL) véetné jejich kilometrovych
obalovych zon byly rozdéleny do 5 zon odstupiiovanych z hlediska stupné ochrany pfirody a miry
ovlivnéni lidskou cinnosti a to na zakladé vrstvy mapovéani biotopi a konsolidované vrstvy
ekosystému (zona A - jadrové uzemi; zoéna B — SirSi jadrova zona, biotopy v chranénych uzemich;
zona C — polopfirozené lokality; zona D — ¢lovékem ovlivnéna stanovisté, zemédé€lsky a lesnicky

obhospodatované plochy, zona E — ¢lovékem ovlivnéna stanovisté, silné degradovana).
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Z vysledki jsme vyhodnotili, Ze zmapované vyskyty invaznich druhti rostlin se nachazely
pfevazné v obalovych zonach EVL (58 %), nez uvniti chranénych oblasti (42%). To se shoduje
s vysledky publikace PysSek at al. (2002), kde byly nalezeny neofyty pfevazné v okoli chranénych
tizemi (85 %) nez uvnitt MCHU (25 %). Dle Foxcroft et al. (2013) jsou vyskyty invaznich druhi
V chranénych tzemich pozitivné korelovany s lidskymi ¢innostmi jako je kaceni dfevin ¢i zamérné
zavlékani druhii ze soukromych zahradek apod. Zaroven vyskyty takovychto druhii koreluji S poctem
navstévnikl, ktefi se stavaji vyznamnym faktorem pro jejich Sifeni (napf. chliizi po neznacenych
cestach a distribuci invaznich druhti).

Z vybranych invaznich druha rostlin se v mapovaném uzemi nejvice vyskytovaly porosty
Solidago spp. (61,3 % z celkové invadované plochy), dale pak Impatiens glandulifera (19,4 %
z celkové invadované plochy) a porosty Heracleum mantegazzianum (zastoupeni 18,3 % z celkové
invadované plochy). Nejmensi plochu z invadovanych lokalit zabiraly porosty Fallopia spp. (kolem
1 % z celkové invadované plochy). Nejvice invaznich druht rostlin se vyskytovalo v zoné C, tedy v
polopfirozenych lokalitach. Obdobn¢ invadovana byla zéna D.

Heracleum mantegazzianum se nejvice vyskytoval v zonach ovlivnénych ¢lovékem (zejména
v zoné C, D a E). Impatiens glandulifera se vyskytovala témét ve vSech zonach (zona A a B), ale
nejvice v lokalitach ovlivnénych ¢lovékem (zony D a E). Solidago spp. byl zaznamenan nejéastéji

v okrajovych zonach C a D, zatimco Fallopia spp.byly nalezeny v zéné A a D.

Souhrnné lze konstatovat, Ze porosty Impatiens glandulifera, Fallopia sachalinensis a
Fallopia japonica invaduje vice vnifni ¢asti chranénych uzemi, zatimco Heracleum
mantegazzianum, Solidago spp. se vice vyskytuji v okoli chranénych tizemi.

Zjistili jsme, Ze pouZiti zonace chranénych uzemi miiZe poskytnout efektivni ochranu,
ale pouze za predpokladu aplikace nalezitych opatieni a stratifikovaného pristupu k eradikaci

invaznich druhu rostlin.
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3.5 Planované vyzkumné zaméry

Z provedenych analyz byla vrstva mapovani biotopta vyhodnocena jako relativné presna
a vhodna environmentalni proménna k modelovani §ifeni druhi v chranénych duzemi. Pfi
hodnoceni pouzitelnosti vrstvy mapovani biotopl jsme se museli vyrovnat s nékterymi praktickymi
nedostatky. Jednak mapovani mize ovlivnit vySe zminéna odchylka GPS pfistroje a zanést tak
pozadovany vyskyt invaznich druhti rostlin do jiného biotopu v digitalni mapé€. Tim jak jsou kategorie
biotopti velmi podrobné a casto Uizemi zabird jen nepatrnou plochu, mize dojit k nepiesnym
zaznamum vyskytu. Chybné¢ pfifazeny biotop k vyskytu znacné ovlivni testovani preferovanych typta
biotopt, ale také prevod vektorové sité na rastrovou pred samotnym modelovanim. Tomu se da
ptedejit zaznamendvanim zaroven do papirovych mapovych podkladd, néslednou peclivou kontrolou
a upravou nalezenych dat v programu GIS.

Dal$im problémem u vrstvy mapovani biotoptli se jevi Casté zastoupeni biotopu typu mozaika.
Tento biotop se sklada z nahloucenych bodovych segmentli nebo malych polygont riiznych biotopti
(vétsinou se jedna o 2-3 segmenty). To zpisobuje problémy pii vyhodnocovani vyskytd, kdy je
obtizné rozkli¢ovat, ktery biotop pfevazuje. Rovnéz zpracovatelé mapovani biotopi navrhuji znaéné
omezeni zastoupeni biotopu mozaika mimo jiné i kvili vizualizaci aj. Pti ndslednych analyzach mtze
tento biotop nékteré vysledky zkreslovat a pro kontrolu je uZiteCné vytvaret paralelni analyzy
S vyloucenim tohoto biotopu.

Poslednim omezenim ve vyuziti vrstvy biotopil je to, Ze pokryva ochranafsky cennd uzemi,
ale neni celistva pro celé uzemi Ceské republiky. Lokality, které jsou vyznamné ovlivnény lidskou
¢innosti (napft. pole) jsou shrnuty do jednotné kategorie nemapovanych segmenti a pro dalsi vyuziti
vrstvy bitotopt je nutné tyto vrstvy propojit s dal§imi kategoriemi odpovidajicich typi land-use/land
cover. Proto jsme pfistoupili k testovani konsolidované vrstvy ekosystému, ktera odrazi
geomorfologické a dal§i podminky krajiny, typy biotopii a je celistva pro tizemi Ceské republiky.
Z dosazenych vysledkil modelovani vSak nebyla prozatim vyhodnocena jako signifikantni prediktor
pro Sifeni invaznich druhil v chrdnénych Gzemich. Presto jeji vhodnost chceme nadale testovat a
pouZit ji ve spojeni s modelovanim vlivu probéhlého managementu na Sifeni invaznich druhu
rostlin.

V chranénych izemich jsou nékteré druhy invaznich rostlin opakované likvidovany (zejména
Heracleum manteggazianum a Fallopia spp.) a vliv probéhlych zasaht je zasadni pro dalsi Sifeni.
V piipad€ zaneseni této proménné do modelii by se jednalo o vyznamné piiblizeni modelovani
K realnému Sifeni. Managementové zasahy by zdsadnim zplisobem zpiesnily vysledky
predikovaného Sifeni
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Z testovanych faktort Sifeni byly vyhodnoceny jako stézejni pro Sifeni druhti zejména vodni
toky a cesty, dale typy biotopti, nadmotska vyska a v nékterych ptipadech i typy pud. Ostatni
testované faktory, které nedosahovaly statisticky vyznamnych hodnot (napt. klimatické pom¢éry,
prumérné srazky), budou z dalSich hodnoceni vyjmuty. Naproti tomu bychom radi zaradily do
testovani vlivu na §ifeni i nékteré dalsi proménné, zejména odrazejici ekologické vztahy. Podle
odborné literatury by mély byt do modelovani zahrnuty vzajemné biotické vztahy, tzn. kompeti¢ni
interakce a v uvahu je nutné také vzit vliv sousednich vztaht tzv. autokorelace (Fischer, 1994; Greene,
1993; Zimmermann, 2010). DalSimi faktory, vyznamné piispivajicim k predikénim vlastnostem
modelu, jsou vliv historie lokality a vyvoj genetické adaptace (Pearson et Dawson, 2003). Vlivem
geologickych, klimatickych udalosti nebo fyzikdlnich bariér, jako jsou hory, se tak vysvétli absence
druhti v potencialné vhodném habitatu (Brown et al., 1996). Zde je kli¢ové pro jak velké tzemi by
modelovani probihalo a vyvarovat se pouziti pro vétsi izemi nez lokalniho méfitka.

Dalsi dileZitou proménnou, ktera ovliviiuje ispéSnost v Sireni invaznich druhi, a chtéli
bychom ji testovat, je zména reZzimu disturbanci. Ta je jednou z hlavnich pfi¢in nachylnosti
spoleCenstev k invazim. Disturbance naru$i konkuren¢ni vztahy mezi domacimi druhy a dojde k
destabilizaci spolecenstva (Prach et Pysek, 1997). Takovato narusovana stanovisté a stanovisté, na kterych
kolisd mnozstvi dostupnych zdrojl (zejména zivin, ale i vody nebo svétla), a na n€ vazané vegetacni typy
jsou nejvice invadovany. Pouziti takovychto proménnych vsak jiZ vyZaduje propojeni zrucnosti
v modelovani a pochopeni sloZitych ekologickych vztahii.

Dalsi slibnou proménnou jsou silnice a cestni sité. Z hlediska krajinnych sloZek jsou nejvice
zasazeny Silnice, cesty a Zeleznice, které predstavuji idedlni transportni drdhy pro Sifeni. Podél
zeleznice, ktera podobné jako vozovky predstavuje vhodny koridor k Sifeni (at’ jiZ na kolech vozidel,
jako ptimés nékladu, nebo na kratké vzdalenosti pouhym vifenim vzduchu), se také vyskytuji. Vodni
tok je dalsim idealnim samohybnym médiem, které umoziuje Sifeni druhu ve sméru pohybu vody
(Ktivanek et al., 2004). Prozatim jsme testovali vzdalenost od cestni a vodni sité, ale zaiazenim
napf. Sifeni po sméru toku a podél pobrezni vegetace, by se mohlo modelovani priblizit

skute¢nému Sifeni v realnych podminkach.

Na zakladé nékolikaletého opakovaného nami mapovanych vybranych lokalit by bylo
vhodné zkonstruovat modely, do kterych vstupuje proménna time-series. Tim by se sledovalo
Sifeni v nekolika casovych obdobich a zdroveil monitorovalo Sifeni nebo naopak zpomaleni. O
rychlosti §ifeni invaznich rostlin v krajiné neexistuje mnoho publikovanych studii. Poznatky o této
problematice jsou vSak potfebné pro rekonstrukci a predikci invazi. V publikaci Kollmann et al.

(2009) zkoumali invazni chovani neptvodniho ketfe Ro0sa rugosa v pobieznich dunach
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severozapadniho pobiezi Danska. Ke zjisténi rychlosti Sifeni v minulosti a v sou¢asné dob¢ pouzili
letecké snimky a GPS soufadnice vyskytu invazni rostliny z terénu (také Miillerova, et al. 2005).
Rozrustajici plochy vyskytu byly pouzity ke kalkulaci rychlosti Sifeni, ktera byla vypocitana jako 0,42

m za rok.

Testované modely pro Sifeni invaznich druht rostlin v CHKO Kokoftinsko jsme dale chtéli
ovéfit v dalsich geomorfologicky rozdilnych oblastech Ceské republiky. Vytvofili jsme modely
lokalniho méfitka Sifeni vybranych invaznich druht rostlin pro dalsi lokality chranénych uzemi
(zejména EVL), a to na zaklad¢ propojeni vrstvy dat vyskytll invaznich druhti rostlin v kombinaci s
dal8imi environmentalnimi proménnymi. Byly zkonstruovany modely $ifeni pro invazni druhy rostlin
ve vybranych EVL a jejich kilometrovych obalovych zénach (vice v Petrus et al., in prep.®) . Modely
byly zkonstruovany na zaklad¢ environmentalnich proménnych (typi biotopt, land cover, nadmotské
vysky, sklonitosti terénu, expozice terénu, vzdalenosti od vodni a cestni sité¢) pro Fallopia spp.,
Solidago spp., Heracleum mantegazzianum a Impatiens glandulifera, jejichz vyskyty byly
zmapované v roce 2015. Testovali jsme, jednak jaké typy modelti jsou pro riznd EVL vhodné a zda
se vhodnost pouziti modelt 1i$i na zakladé geomorfologie a land-use/land-cover mistnich podminek
chranénych tizemi. Soucasti hodnoceni bylo statistické porovnani evaluacnich kritérii jednotlivych
modeli. N azéklad¢ statistického porovnani (ANOVA) byla hodnocena evalua¢ni kritéria Relative
Operating Characteristic (ROC, obdoba AUC), True Skill Statistic (TSS), Cohen’s kappa statistic
(KAPPA), Success Ratio (SR), Probability of Detection (POD), ktera dosahovala hodnot od 0 do 1,

pti¢emz hodnoty blizici se 0 indikovaly slabou predikéni silu modelovacich technik

Z ptedbéznych vysledki vyplyva, ze z hlediska land use/land-cover je k hodnoceni vhodnosti
modelu na danou lokalitu vhodnym evalua¢nim kritériem ROC. Pro vyhodnoceni ptesnosti modelu
pro konkrétmi uzemi je vhodné pouzit evaluacni kritérium SR. Data jsou v soucasné dobé
analyzovana a dopocitavana. Zhodnocené vysledky by mély byt znamy béhem mésice zafi tohoto
roku. Vysledky by mély potvrdit nebo vyvratit nasi hypotézu o rozdilném pouziti modell pro rozdilné
lokality Ceské republiky tzn., zda je mozné pouzit jakousi univerzalni verzi modelii pro viechny
oblasti. Z pfedbéznych vysledka vyplyva, ze generalizace vyskytu jednotlivych druhii neni mozna,

jelikoz jednotlivé studované EVL jsou od sebe navzajem velmi odlisné jak v ptitomnosti jednotlivych

8 Rozpracovany ¢lanek bude odeslan do redakce Environmental Modelling — Petrus, D., P&knicova, J., Vardarman, J.,
Berchova, K. (in prep.): Modelling of invasive plants distribution in Sites of Community Importance.
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druhd, tak v jejich abundanci. Pfitomnost jednotlivych invaznich druhi se lisi dle geomorfologie EVL

a v CR dle geografické oblasti.
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