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Abstrakt

Tato prace poskytuje pohled na problematiku biologickych invazi, jako jednoho
socioekonomiky, ochrany pfirody a jeji funkc¢nosti, humanni i veterinarni mediciny atd.
K zamezeni §ifeni neptivodnich druhi, tudiz k prevenci pied negativnimi dopady invaznich
druhti by méla v prvni fad¢ slouzit legislativa. I pfes snahy legislativnich zmén na trovni
Evropské unie, jako je stézejni Nafizeni Evropského parlamentu a Rady (EU) ¢.1143/2014 o
prevenci a regulaci introdukci ¢i vysazovani a Sifeni invaznich neptvodnich druhd, regulujici
transport, trh a chov invaznich druhi ohrozujicich staty Evropské unie (EU) se ochrana pied
zavleCenim neptvodnich druhii jevi jako pomérné¢ chuda. Cilem prace je u jednotlivych
vybranych druhti ze zajmovych druhti je predikovat jejich potencial k uchyceni na vybranych
neptivodnich lokalitach. Pti potvrzeni potencialniho vyskytu pak navrhnout opatieni vedouci
k zamezeni $ifeni téchto druht v predikovanych oblastech V této praci je k predikci pouzit
hojné vyuzivany a vysoce spolehlivym programem MaxEnt. Tento program modeluje
potencialni vyskyt uréenych druhti na zakladé vyskytu druhu a environmentalnich

charakteristik nutnych pro Zivotaschopnost druhu.
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1 Uvod

Lidska ¢innost ma vyznamny a nezpochybnitelny vliv na lokalni i globalni ekosystémy
(Clavero a Garcia-Berthou, 2005; Goudie, 2019; Tilman et al., 2001). At uz v primarnim ¢i
sekundarnim dusledku, je antropogenni vliv spojovan se ztratou biodiverzity — od trovné
genetické az po ekosystémy, vymiranim taxond, zménou klimatu vedoucimu k globalnimu
oteplovani apod. (Gherardi, 2007; Hulme, 2009a; Simberloff, 2005). Celosvétové zmény
prostiedi jdou ruku v ruce s rostouci mirou globalizace a obchodu. Obchod a pohyb komodit
ptes cely svét, v kratkém ¢asovém méfitku, je oznaovan jako hlavni pfi¢ina a cesta Sifeni
nepuivodnich organizmi, které se mohou stit invaznimi S negativnim dopadem na piivodni
prostiedi (Turbelin, Malamud et al., 2017). Védecka i odborna vetfejnost ma nescetné dikazy
Skodlivosti neptivodnich druhti v novém prostiedi véetné vyhynuti populaci, ekosystémovych
zmén a zmén ve slozeni druhové biodiverzity, jez mohou vést az k abiotickym zménam
v prostiedi jako je naptiklad tok Zivin, vodni cyklus ¢i slozeni ptudy (Clavero et al., 2009;
Clavero a Garcia-Berthou, 2005; Courchamp et al., 2003; Huxel, 1999; Charles a Dukes,
2008; Mooney a Cleland, 2001; Patoka et al., 2017; Rhymer a Simberloff, 1996; Serniotti et
al., 2019).

Eradikace téchto organizmil z prostiedi je velice slozitd, zdlouhav4, finan¢né nakladna a
velice Casto nemozna, nékdy dokonce se spornym az negativnim vysledkem (tzv. palbou do
vlastnich tad). Proto by mél byt hlavni diraz kladen na prevenci, kterd je vhodnym finanéné i
casové méné narocnym zplUsobem ochrany prostiedi pfed Sifenim neplvodnich druhi
s nasledkem invazi (Gallardo a Aldridge, 2013; Mack et al., 2000).

V dil¢ich ekosystémech probiha nespocet mechanismil a zakonitosti, které 1ze jen téZko
predvidat. Nastrojem pro lepsi pfedstavu a pochopeni chovani a vlastnosti redlnych systému
jsou predikéni modely jakym je naptiklad program MaxEnt (Phillips, 2005). Tento program je
hojn¢ vyuzivany k modelovani vyskytu druhti v ochranaiské (Blank a Blaustein, 2012;
Oberdorff et al., 2015), ale i invazni biologii (Giovanelli et al.,2008; Ward, 2007; Yonvitner
et al., 2020). Na zakladé¢ jeho spolehlivosti, spravného nastaveni a znalosti problematiky lze
uspésné piedpoveédét potencidlni vyskyt konkrétniho druhu (Franklin a Miller, 2010).

Zavazné dopady ovliviwgjici ekosystémovou funkénost, vysoké finan¢ni naklady v boji
s invaznimi druhy apod. by mély byt, Vtomto svété¢ ,bez hranic”, divodem vedoucim

k intenzivnéj$imu zaméfeni na prevenci a regulacni legislativu s jasnou implementaci v praxi.



2 Literarni reSerSe

2.1 Biologické invaze — globalni problém

Sifeni (neptivodnich) organizmt mize byt pfirozenym procesem, ktery je nezbytny pro
dynamiku ekosystému a udrzeni biologické rozmanitosti. OvSem V tomto pozitivnim smyslu
se jedna pouze o ptirozeny a relativné pomaly proces, kdy jednotlivé druhy se bez zasahu
¢lovéka ¢i jeho Cinnosti $ifi na nové lokality (Nentwig, 2008). Pocatky Sifeni neptivodnich
organizmt negativné zasahujicich do pfirozené dynamiky eckosystémi jsou spojovany
s rozvojem zemé&délstvi v neolitu (cca 8 000 let pi. n. 1.), kdy se zacaly $itit kulturni plodiny,
vcetné plevel, a domestikovana zvirata, véetn¢ jejich chorob a parazitii. S postupujicim
objevovanim svéta lidmi a vzrlstajicim obchodem se zvySoval trend Sifeni nepivodnich
druhti organizmt (Gorner, 2018). Za milnik $ifeni nepivodnich druhl v nejbéznéjsim slova
smyslu je povazovan rozvoj namoini dopravy (16. stoleti). Propojenim starého a nového
svéta, se zacaly $ifit nepivodni druhy organizmi skrze cely svét véetné nejodlehlejsich Casti
(Courchamp et al., 2003; Turbelin et al., 2017). Timto propojenim do zna¢né miry vymizely
ptirodni geografické bariéry, které v ramci milioni let tvofily vymezujicim prvek pro Sifeni
organizmu (Mooney a Cleland, 2001). Oteviela se vstupni brana pro neptivodni organizmy
nejrizngjsich taxond, od prokaryotnich organizmii po velké savce (Hulme, 2009a; Nentwig,
2008). Byt geograficky izolované ekosystémy a jejich biologické bohatstvi oddélené
vyvijejicich se taxont, jakymi jsou naptiiklad ostrovy, jsou nejohrozenégjsi, negativni dopad
biologickych invazi je prokazatelny i na geograficky vétSich tzemich jakymi jsou napiiklad
kontinenty. S ptichodem neptvodnich druhd dochazi k ekosystémovym zménam a
strukturalnim zménam biodiverzity skrze predacni tlak, potravni a prostorovou konkurenci,
hybridizaci, pfenos patogent a dalsi (Gherardi, 2007; Simberloff, 2005).

Specifickou a rozsahlou skupinou jsou zemédélské plodiny, v krajinafstvi vyuzivané
rostliny, domaci, hospodatska zvifata apod., bez kterych si dne$ni svét jen stézi dokazeme
predstavit. Napiiklad ve Spojenych statech se odhaduje, ze 98% jejich potravinové produkce
pochazi z neptivodnich druht (J.H. Thorp a Rogers, 2016). Dle Pimentela et al. (2001) je
Vv Sesti zkoumanych regionech (USA, Velka Britanie, Australie, Indie, Jihoafrickd republika a
Brazilie) na 120 000 neptivodnich druhd (mikroorganizmy, rostliny, bezobratli, obratlovci).
Piestoze jen u 20-30 % znich se piedpoklada negativni dopad na eckosystémy ¢i jsou
povazovany za skudce, ro¢n¢ tyto oblasti vyplati celkem 300 miliard dolart na pokryti $kod a
ptipadnou snahu o eradikaci téchto druhti. Dle legislativnich pramenti z roku 2014 se na

uzemi Evropské unie (EU) vyskytuje na 12 000 neptvodnich druhii s odhadovanym
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procentudlnim zastoupenim 10-15 % invaznich druhli (preambule Nafizeni Evropského
parlamentu a Rady (EU) ¢.1143/2014). Aktualni odhad z online zdroje EU (EASIN —
European Alien Species Information Network - https://easin.jrc.ec.europa.eu), provazejicim
problematikou nepiivodnich druhti, odhaduje vyskyt pfiblizné 14 000 neptivodnich druha
organizmu. K roku 2014 Evropska komise uvedla odhadovanou ro¢ni ztratu 12 miliond € pii
pokryvani $kod a boje sinvaznimi druhy. V Ceské republice se dle Pysek et al. (2012)
vyskytuje na 1454 nepiivodnich druht (archeobioty — 350 druhti, neobioty — 1104 druht)
rostlin, z toho jsou 4 % povaZovana za invazni druhy. Sefrova a Lastavka (2005) se ve své
praci zabyvaji Zzivo¢isnymi druhy CR a uvadgji na 595 neptivodnich druht z toho je 19 %
oznaceno jako invazni druh.

Piikladem domestikovanych neptivodnich druhd s vyznamnym negativnim dopadem
mize byt feralizovana kocka domaci (Felis silvestris f. catus Linnaeus, 1758), ktera byla
béhem 17. stoleti kolonizatory piepravovana do riznych koutd svéta za tcelem boje proti
hlodavéim skiidcim. Svou pfimou predaci, potravni kompetici, hybridizaci s ptivodnimi
druhy a pfenosem patogenti vede K strukturnim zménam putivodnich spoleéenstev, a to az
snasledkem vymirani druhtt (Medina et al., 2014; Woodward a Quinn, 2011). Jeden
z modelovych ptikladi negativniho dopadu kocky domaci na ptivodni faunu lze jednoznaéné
uvést Australii, kam byla v 17. stoleti zavleCena kolonizatory. Na velké ¢asti toho evolu¢né i
prostorové oddéleném kontinentu vymizeli savci ve vahovém rozmezi 35g — 5,5kg, coz je
Casto spojovano s introdukci nepiivodnich druhi jako je pravé kocka domaci (Simberloff a
Rejmanek, 2011). O skodach, které rozsifeni ko¢ky domaci celosvétové zptisobuje, vypovida
i prace (Lowe et al., 2000). Na tomto IUCN seznamu ,,100 of the World’s Worst Invasive
Alien Species® je spolecné s Jelena sikou (Cervus nippon Temminck, 1838) jednim ze 14
druhti savci, jejichZ uchyceni ma negativni dopad v globalnim méfitku.

Jelena sika je zastupce voln¢ Zzijici fauny, jehoz pivodni domovinou je vychodni Asie.
Tento mensi piibuzny jelena evropského (Cervus elaphus Linnaeus, 1758) byl na pielomu 19.
a 20. stoleti vysazovan V nejriznéjSich koutech svéta od Severni Ameriky pfes Novy Zéland,
Papuu Novou Guineu po staty Evropy, za ucelem okrasného chovu nebo lovné zvéte.
V nepiivodnich oblastech se stal vyznamnym Skiidcem pfirozenych stanovist. Svym spasanim
a projevem pfirozeného chovani, zptisobuji tito jeleni zmény v porostech vegetace, coz vede
ke zméné celkové biodiverzity prostiedi. S jelenem sikou byla nevédomé zavlecena
nepuvodni paraziticka hlistice (Ashworthius sidemi Schulz, 1933), ktera parazituje u
pivodnich druhti prezvykavcl a hospodarskych zvirat. Hybridizaci siky s jelenem evropskym

se rodi plodné potomstvo, které ohrozuje integritu genomu ptvodniho druhu. Dopady v
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socioekonomické sféfe se tykaji skod na zemédé€lskych plodinach a srazkach s dopravnimi
prostiedky (Genovesi a Putman, 2009; Lammertsma et al., 2012; Senn a Pemberton, 2009).

Negativni dopad neptvodnich druhti organizmu na rizné sféry ptisobnosti, napf. Zivotni
prostiedi, socioekonomiku, humanni i veterinarni medicinu, je stavi na pomyslny post
jednoho z celosvétove hlavnich témat biologie poslednich par dekad (Barker, 2002; Gurevitch
a Padilla, 2004; Mooney et al., 2005; Pimentel, 2011). Jak potvrzuji mnohé studie, neptivodni
druhy, respektive invazni druhy jsou jednou =z hlavnich pii¢in ohrozujici funkcnost
ekosystému skrze zmény biotopu, lokalni i globalni biodiverzitu, zachovani genofondu
puvodnich druhti a vedou k vymirani taxont, véetné ohrozenych druhti a endemiti. Tyto
strukturalni a funkéni zmény ekosystémut vedou ke zménam kolob&hii zivin, prvki, vody a
energie Vv prostiedi s naslednou zménou zastoupeni pocetnosti jedincti i druhti v prostiedi
(Clavero et al., 2009; Clavero a Garcia-Berthou, 2005; Courchamp et al., 2003; Huxel, 1999;
Mooney a Cleland, 2001; Patoka et al., 2017; Rhymer a Simberloff, 1996; Serniotti et al.,
2019).

2.2 Terminologie

S rozvijejicim se oborem vznikalo stidle vice riiznych terminu, které se navzajem
prekryvaly anebo popisovaly odlisné jevy. Dusledkem toho autofi ¢asto ve svych pracich tyto
terminy pouzivali nejednotné ¢i chybné. Nasledkem toho vznikala nesrozumitelnost vykladu
jednotlivych studii. Na zakladé prace Richardson et al. (2000) a posléze praci Blackburn et al.
(2011) byla navrzena sjednocujici terminologie v anglickém jazyce, ktera byla piijata velkou
¢asti odborné vetejnosti. I pfes snahy sjednoceni, nadadle panuji rozdily, a to zejména
Vv terminologii pouzivané védeckych pracich a terminologii v legislativni. Naptiklad ,,invazni
druh* je z pohledu biologie a ekologie vniman jako druh, jenz diky lidské ¢innosti prekonal
geografické bariéry a na novém uzemi se Gspésné rozsitil (Blackburn et al., 2011; Richardson
et al, 2000). Pro legislativni a  ochranaiské  ucely  (viz. IUCN
https://www.iucn.org/theme/species/our-work/invasive-species) je invazni druh rozsifen o
kritérium negativniho dopadu v oblasti biodiverzity, ekosystémovych zmén, ekonomiky apod.
(Natizeni EP a Rady ¢. 1143/2014)V ¢eském jazyce je situace obdobna. Uz jen pii legislativni
vykladu zakladniho terminu ,,neptivodni druh® narazime na rozdilné definice Natizeni EP a
Rady ¢. 1143/2014 a Zakon o ochrané pfirody a krajiny 114/1992Sb. Z pohledu Evropskeé

legislativy je neptivodnim druhem Zivy jedinec (na urovni druhu, niz§iho taxonu a kiizenct)

vvvvvv
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svlj pfirozeny areal vcetné jejich Casti, které mohou piezit a rozmnozit se (gamety, semena,

vejce nebo propagule). Kdezto v Ceské legislativé je tento termin uveden jako ,,geograficky

neptavodni druh* a definuje ho pomérné stroze jako rostlinny nebo zivocisny druh, ktery neni

soucasti ptirozenych spolecenstev urcitého regionu.

Uvedeny vyklad termint vychazi z navrhu piedloZzeného Pyskem et al. (2008), ktery

odpovida vykladu pojmi z pohledu ekologie:

Pivodni druh — druh, ktery na daném tzemi vznikl v prubéhu evoluce anebo
druh, ktery se na dané uzemi rozsifil bez pfispéni antropogenni ¢innosti.
Neptvodni druh — zavleceny druh, ktery se na nové uzemi rozsifil prekonanim
geografickych bariér vlivem antropogenni ¢innosti.

Naturalizovany druh (etablovany druh) — nepivodni druh, ktery se na novém
uzemi uchytil. Dany druh se na Gzemi pravidelné¢ rozmnozuje bez ptispeni
cloveka.

Introdukce (zavleCeni) — umyslné nebo netimyslné vysazeni druhu v oblasti
mimo pavodni areal vyskytu.

Invazni druh — definice tohoto terminu neni jednotnd. Z pohledu ekologického
se jedna o druh neplivodni druh, ktery se na novém tizemi rychle §ifi do vétSich
vzdalenosti od matefskych populaci. Podobnd definice odpovida vykladu
terminu dle IUCN, ktera specifikuje tizemi, kde se druh $ifi.

Invaze — proces Sifeni nepiivodniho druhu obsahujici rtiznad stddia invazniho
procesu (od pifechodného zavleceni po samotné invazivni chovani).
Invadovanost — vlastnost spolecenstva, biotopu nebo stanovisté vyjadiujici
mirou uchyceni nepivodnich druht.

Invazibilita — vlastnost spoleCenstva, biotopu nebo stanovisté¢ vyjadiujici
nachylnost ¢i rezistenci vici invazim.

Invazivnost — vlastnost neptivodniho druhu invadovat novou oblast.

Propagule — ¢ast nebo vyvojové stadium organizmu schopné rozmnozovani.
V Ceském jazyce se pouziva zejména v botanice, kdezto v anglické odborné
literatufe se s timto vyrazem setkame i u zivocicht (van Leeuwen, Tollenaar, &
Klaassen, 2012; Yamanishi, Yoshida, Fujimori, & Yusa, 2012).

»Propagule pressure“ (neexistuje cCesky ekvivalent) — navrhovanym
ekvivalentem je pfisun diaspor (Cast rostlin slouzicich k rozmnozovani -

http://kfrserver.natur.cuni.cz/studium/prednasky/anatomie/slovnik/slovnik.htm).


http://kfrserver.natur.cuni.cz/studium/prednasky/anatomie/slovnik/slovnik.htm

V roz$ifeni na zivoc¢iSnou skupinu lze tento termin definovat jako pfisun
propaguli.

e Neobiota — druhy, které se na dané tzemi rozsitily po r. 1500, kdy doslo
k propojeni Starého a Nového svéta skrze rozvijejici se namoini dopravu.

e Archeobiota — druhy, které se na nové tizemi rozsifily pfed rozvojem namoini

dopravy (od pocatku neolitického zeméd€lstvi do konce stiedoveku).

2.3 Invazni proces

V 109. stoleti se v dilech pfirodovédci jakymi byli napt. Charles Darwin, Alphonse De
Candolle, Joseph Hooker a Charles Lyell zacaly objevovat zaznamy o nepivodnich a
naturalizovanych druzich (Richardson a Pysek, 2007). OvSem V té dobé¢ témto druhtim nebyla
pfisuzovan realna mira vlivu, kterou by mohly mit na nové ekosystémy. Az v roce 1958 prisel
s prulomovym dilem anglicky zoolog a ekolog Charles S. Elton. Jeho kniha ,,The Ecology of
Invasions by Animals and Plant* (1958), v niz popisuje devastujici vliv nepivodnich druha na
puvodni ekosystémy, je dodnes brana jako milnik a pocatek vzniku nového oboru moderni
biologie — invazni biologie (Richardson a Pysek, 2008).

Invazni biologie prochazi poslednimi dvéma desetiletimi intenzivnim rozvojem Se
snahou porozumét procesiim a zékonitostem $ifeni a uchyceni organizmui v novém prostiedi.
Motivaci je vytvofeni efektivnich nastroji pro ochranu ptirody ptfed invazemi a jejich
negativnimi dopady. Tomu do zna¢né miry brani nejednotnost v popsanych pojmech a
procesech invazni biologie. Tato nejednotnost z ¢asti vychazi ze samotného vyvoje invazni
biologie, kdy se studium problematiky dlouho zaméfovalo na jednotlivé taxony a biotopy, coZ
vedlo k duplicité terminologie, definic a modelovych ramct totoznych pojmt a procest
(Blackburn et al., 2011; Richardson et al., 2000; Sefrova a Lastivka, 2005). Blackburn et al.
(2011) sjednotil problematiku do jednotného ramce a terminologie, definované na zakladé
populacné ekologickych bariér. V tomto ramci (obrazek 1) je invaze chapana jako proces, pii
némz organizmus hierarchicky ptfekonava jednotlivé bariéry limitujici jeho Sifeni (od
geografickych pfes environmentalni, reprodukéni po bariéry zamezujici Sifeni).

Na uspésSnosti invadovani nového prostiedi neptivodnim druhem ma vliv mnoho
biotickych i abiotickych faktori. Mnozstvi jedinci a frekvence jejich vyskytu Vv novém
prostedi, doba, kterou ma organizmus na pfizptisobeni se, biologie a zivotni strategie druhu a
samotny fakt, Ze jsou na tizemi novi a neznami (hypotéza tniku pied neprateli) (Hufbauer a

Torchin, 2008; Sol, 2008). Dalsim dilezitym faktorem je geneticka variabilita neptivodnich

6



druhti, kterd se do prostiedi dostava. Pti nizké variabilité introdukovanych jedinct mtze dojit
K pozvolné a samostatné degradaci druhu v novém prostiedi pomoci ,bottleneck efekt
(pokles genetické diverzity). Na druhou stranu, se tento efekt projevit nemusi, jelikoZz ¢asto
dochazi k opakovanym introdukcim se zavleCenim jedinci s odliSnym genotypem anebo
hybridizaci s ptivodni faunou s naslednym navysenim genetické diverzity. Toto pravidlo nelze
obecné aplikovat, jelikoz jsou skupiny organizmi, u kterych genetickd variabilita nehraje
podstatnou roli. Naptiklad fada bezobratlych véetné partenogeneticky mnozicich se jedincii,
jakymi jsou celosvétové invazni rak mramorovany (Procambarus virginalis (Lyko, 2017))
nebo piseénik novozélandsky (Potamopyrgus antipodarium (Smith, 1889) (Chucholl et
al.,2012; Levri et al., 2007; Neiman, 2006; Sol, 2008). Zda se, Ze daleko vétsi roli v uchyceni
nepuvodnich druhti hraje stabilita a nenarusenost prostfedi véetné mnozstvi volnych nik, které
ma dané spoleenstvo k dispozici. Cim je spoledenstvo stabilngjsi s vysokym druhovym
bohatstvim jeho invazibilita vii¢i novym druhiim je vyssi. Je potieba vétStho mnozstvi
propaguli k tomu, aby se z nepivodniho druhu stal invazni (Colautti et al., 2006; Davis,
Grime et al., 2000; Elton, 1958).

Ne vSechny se zavleCenych druhli se v nové oblasti uchyti. Jen zlomek uchycenych
druhti je schopen invadovat. Dfive obecné uznavanou teorii, dnes jiz spiSe pro jednoduché a
jasné znazornéni, je tzv. pravidlo desetiny, kterou v 90. letech zformulovali Williamson and
Fitter (1996). Pravidlo odhaduje, s jakou pravdépodobnosti piejde Sifeny druh pies jednotliva
stddia invazniho procesu. Zhruba 10 % importovanych druhli se stane piechodné
zavleCenymi, z nich jen dalSich 10 % naturalizuje a do stadia invazniho druhu piejde opét jen
10 % z naturalizovanych. Statisticky odvozena pravdépodobnost 0,1 %, Ze se neptivodni druh
se stane invaznim je pomérné zavadéjici, jak se ukazalo v riznych studiich zamétujicich se na
odlisné skupiny organizmu, jako jsou napiiklad sladkovodni ryby (Lapointe et al., 2012).
Pravidlu desetiny je vytykdno podcenovani problematiky véetné dopadd, které mohou mit
nepuvodni druhy v novém prostiedi, coz vede k podhodnoceni potieby legislativniho opatfeni

ptred zavlékanim neptivodnich druhti (Jari¢ a Cvijanovi¢, 2012).
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Obrazek 1. Schematické zndzornéni procesu invaze jako hierarchického prekonavani barier,
zdkladni terminologie a moznosti managementu. Upraveno z Kalous (2018) a Frouz and

Moldan (2015) dle Blackburn et al. (2011) a Pysek et al. (2012).

2.4 Disperze organizmu

Schopnost Sifeni organizmt je V raznych ¢asovych horizontech jednou z kli¢ovych
vlastnosti evoluce i ekologie druhu, at’ uz se jedna o evoluéni $ifeni jako je napf. postglacialni
Sifeni anebo ekologické napt. uchyceni na novych stanovistich. Schopnost organizmu S§ifit se
je zavisld na mnoha faktorech a schopnostech druhu na zékladé¢ kterych rozdélujeme
organizmy do dvou hlavnich skupin disperze — aktivni disperze a pasivni disperze (Aubry et
al.,, 2006; De Queiroz, 2005; Norton, 1988).

Organismy s nizs8i schopnosti aktivni disperze Casto vyuZivaji ke svému S§ifeni jinych
organismil (biotické vektory) ¢i podminek prostiedi (abiotické vektory). Biotické vektory
mohou propagule transportovat na svém vlastnim povrchu ¢i materialu, ktery samy pienaseji
(ektozoochorie) ¢i v ramci jejich traviciho traktu (endozoochorie) (Aubry et al., 2006; Beran a
Horsak, 2002; Simonova et al., 2016; Wada et al., 2012). Mezi dilezité taxony slouzici jako
biotické vektory mlizeme jednoznacné tadit ptaky, kteti jsou diky své vysoké schopnosti
pohyblivosti v ramci velkych vzdalenosti jednim z hlavnich vektort jinych druht, a to rostlin
i zivocichu (Gittenberger, 2012). Dalsim taxonem pravdépodobné zodpovédnym za rizna
Sifeni organizmu s nizkou schopnosti aktivniho Sifeni jsou ryby (Vaughn a Taylor, 2000).

Existuje nespocet dukazli, ze Sifeni organizmd 1 na znaéné vzdalenosti

(transkontinentéalni, transocednské) probihalo dlouho pied tim, nez zacalo dochazet
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k antropogenni globalizaci spojované prave s vyskytem neptivodnich a invaznich druhi. Tato
tvrzeni se opiraji o genetické analyzy, které poukazuji na blizké vztahy organizmu s nizkou
schopnosti disperze vyskytujicich se na velmi vzdalenych lokalitach, ale 1 o pfimé dikazy
(Robert et al., 2008; De Queiroz, 2005).

Jak bylo zminéno jiz vySe lidska cinnost, zejména ta spojend s globalizaci a
ptekracovanim pfirozenych hranic béhem kratkého Casového useku, méa za nésledek Siteni
organisma (Turbelin et al., 2017). Nejedna se pouze o druhy s pasivni disperzi. V ramci lidské
¢innosti dochazelo a stidle dochazi k neimyslné ale i umyslné introdukci zvifat do
neptivodniho prostiedi (Pimentel, 2002). V ramci problematiky invaznich druhii je praveé
lidska ¢innost pomyslnym ,,hnacim motorem*, ktery stoji za narusovanim ptirodni rovnovahy
(Barker, 2002; Clavero a Garcia-Berthou, 2005; Hulme, 2009b; Nielsen et al., 2016; Turbelin
etal., 2017)

Vzhledem k taxonomické pestrosti a zivotni strategii Sificich se organizmu bylo
definovano Sest zakladnich cest neptivodnich druhd (Hulme et al., 2008):

e  Vypusténi — zdmérné vysazeni/vypusténi druhu do volné ptirody nového uzemi
(napf. vysazovani rostlin jako protierozni ochrana, vypousténi zvifat za Gcelem
biologického boje, jako lovné zvére).

o Unik — zzmérné dovezeni druhu na nové izemi se zamérem jeho kontrolovaného
uzivani. Do volné pfirody nového tizemi pak druh unikne samovolné (napf.
zavadéni novych plodin, dovoz hospodarskych zvitat, péstovani okrasnych
rostlin, zajmové chovy zvifat, Ziva navnada).

o Kontaminant — jedna se o nezamérny dovoz do nového tizemi, kdy neptivodni
druh zlstava skryt jako soucast zasilky jiné komodity (napf. parazité, skudci
plodin, plevele v semennych smésich, komenzalové pievazenych organizmi).

o Cerny pasazér — jednd se o nezamémy pievoz druhu na nové tizemi tak, Ze
vyuziva dopravniho prostfedku, aniz by o tom c¢loveék veédél (napf. je druh
dovozen v nadrzich s balastni vodou, je pfichycen na trupu jako soucast jeho
znecisténi).

e Koridor — jedna se o otevieni novych cest pro pfirozenou disperzi druhu ¢innosti
Clovéka (napf. propojovani oceand, moii, jezer a fek ¢lovékem budovanymi
priplavy).

e Samovolné — jde o pfirozené Sifeni druhu na nové uzemi (definovana v tomto

piipadé politickymi hranicemi), ovS§em z centra, kam byl dfive druh zavlecen
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¢innosti ¢lovéka. S ohledem na to, ze disperze je evoluéné stabilni strategii, sem
patii témét vSechny piipady navazujici na usazeni neptivodnich druhii v novych

uzemich.

2.4.1 Piiklady §ifeni neptivodnich druhd na Gizemi CR
e Sladkovodni korysi

Hlavni cesty disperze vodnich korysi Ize rozdélit do 3 koridorit — zajmovy chov, lodni
doprava a potravinaiské odvétvi. Prvni cestou je zdjmovy chov se vSemi jeho riziky
zamérného i nezamérného vypusténi organizmi do volné piirody (Padilla a Williams, 2004).
Specifickym ptikladem je rak mramorovany (Procambarus virginalis (Lyko, 2017)), jakozto
nepuvodniho druhu, snejasnou domovskou lokalitou. Pivod raka mramorovaného se
odkazuje na raka klamavého (Procambarus fallax (Hagen, 1870)), ktery byl chovan
v akvakultute a z né¢hoz pravdépodobné vznikl novy druh — rak mramorovany, dfive uvadény
jako forma raka klamavého Procambarus fallax f. virginalis. Tento druh se partenogeneticky
rozmnozuje, a pravé pfemnozeni rakti v akvdariich vedlo, a stdle vede, neznalé chovatele
k vypusténi pfemnozenych jedincti na piirozena ¢i polopiirozena stanovisté (Chucholl et al.,
2012; Pearce et al., 2012). Dalsi zpisob Sifeni je lodni doprava. Skrze balastni vodu dochazi
K pfenosu organizmi na rtzné vzdalenosti. Pfes mofe, oceany nebo z jednoho povodi do
dalSiho se otevira cesta pro aktivni ¢i pasivni Sifeni druhu déale po povodi. Naptiklad blesivec
velkohrby (Dikerogammarus villosus (Sowinsky, 1894)) je tspésné Sificim se zivocichem,
ktery byl introdukovan pomoci lodni dopravy a balastni vody (Carvalho et al., 2008). Tietim
vyznamnym zpisobem introdukce druhtl je potravinarské odvétvi. N€které druhy korysi byly
zavleceny na neptivodni lokality kvili konzumaci jich samotnych nebo druhotné zavleceny s
nepuvodnimi druhy ryb ¢i manipulaci srybi obsadkou (Carvalho et al., 2008; Gherardi,
2011).

Rizikovost neplvodnich druhli korys$i spociva v potravni konkurenci s pivodnimi
druhy, v obsazovani nik ptivodnich druhti, dopadt na sloZeni biodiverzity a pfenosu patogent.
Severoamericti raci: rak pruhovany (Faxonius limosus (Rafinesque, 1817)), rak signalni
(Pacifastacus leniusculus (Dana, 1852)) a rak mramorovany (Procambarus virginalis) jsou
prenasSeci tzv. ra¢tho moru, viici némuz jsou puvodni evropské druhy vysoce vnimavé a po
nakazeni hynou (Hutchinson et al., 2014; Chucholl et al., 2012). Krab ¢insky (Eriocheir
sinensis H. Milne-Edwards, 1853) je na tGzemi CR spiSe nahodnym hostem. JakoZto

katadromni zivoc€ich potiebuje k rozmnozovani moiskou vodu. Prave jeho schopnost migrace
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na velké vzdalenosti je ohrozujici s ohledem na mozny pienos raciho moru (Hutchinson et al.,
2014). Za nebezpecné druhy se nepovazuji z fad koryst pouze raci, ale svou velikosti i méné
napadné¢ druhy mohou narusit plivodni spoleCenstvi. Kuptikladu bleSivec velkohrby
(Dikerogammarus villosus) svou dravosti a kompetitivni schopnosti ohroZzuje cela

spolecenstva a jeho uspésné uchyceni ma dopad na lokalni biodiverzitu (Rabitsch, 2009).

e Sladkovodni mekkysi

Mekkysi jsou taxonem, ktery ma relativné nizkou schopnost aktivniho Sifeni, a pfesto
jsou jednou z Casto sklofiovanou skupin Zivo¢ichli v invazni problematice. Jejich Sifeni je
zavislé na pasivni disperzi, a to ¢asto pomoci antropogenni ¢innosti. V disledku globalizace
spojené s rozvojem obchodnich cest se béhem poslednich desetileti intenzita Sifeni
nepivodnich mékkysa, véetné vodnich, zvysila (Cianfanelli et al., 2007). Mezi jednu z
hlavnich cest zavleCeni patii zajmové chovy a jejich zdmérné ¢i nezdmérné vypusténi do
volné pfirody (Padilla a Williams, 2004). Muze se jednat o dovoz mékkysa urcenych piimo k
chovu nebo o dovoz kontaminovanych komodit vyuzivanych k této cinnosti (rostliny,
vybaveni a osazeni akvarii, jezirek) (Ng et al., 2016; Patoka et al., 2017). Dalsim
neopomenutelnym zdrojem pro Sifeni neplivodnich druhtli je lodni doprava. Balastni vodou
mohou byt mekkysi zavleceni na dlouhé vzdalenosti, kde se nasledné€ uchyti a povodim se Sifi
dal (vyuzivaji proudu, pfichyceni na jiné Zivoc¢ichy ¢i pfedméty aj.) (Francis, 2012; Johnson a
Carlton, 1996). V neposledni tadé jsou zdokumentovany piipady Sifeni vyuzivajici
zemédélské (se zeméd€lskymi plodinami) a potravinaiské odvétvi (Cowie a Hayes, 2012;
Zaranko et al., 1997). K invazim ¢asto dochazi propojenim riznych cest Sifeni. Naptiklad na
pocatku $ifeni invazniho druhu korbikuly asijské (Corbicula fluminea O. F. Miiller, 1774)
stali CinSti ptist¢hovalci, ktefi si tento druh pfivezli jako potravinu do Spojenych stata
americkych. Za jeji globalni invazi stoji sled lidskych aktivit jako je transport balastni vodou,
zajmovy chov a nasledné vypusténi ¢i pfesuny juvenilnich jedinct pfichycenych na lodich ¢i
jinych pfedmétech ponotfenych ve vodé (odumirajici dfevo, rostliny, lana, boje apod.) (Sousa
et al.,2008).

V soudasné dobé& je na tzemi Ceské republiky dolozen vyskyt 8 neptivodnich druhii
vodnich mekkyst (Lorencova et al., 2015), ktefi maji negativni i pozitivni vliv na vodni
prostiedi. Neptivodni mlzi, jako je Skeblice asijska (Sinanodonta woodiana (l. Lea, 1834)),
korbikula asijska (Corbicula fluminea) ¢i slavicka mnohotvarna (Dreissena polymorpha
(Pallas, 1771)), jsou dobrymi filtratory, ktefi zvysuji kvalitu a pruhlednost vody, a proto byli

Vv Ceskych lomech a piskovnach uméle vysazovani potapéci. Nicméné, vzhledem k tomu, Ze
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potravné konkuruji pivodni fauné¢ a maji velice dobré reprodukéni schopnosti, vytlacuji
pavodni organizmy, a zpusobuji tak ztratu lokalni biodiverzity. Pfi pfemnozeni téchto mlzt se
negativni vliv projevuje i na socioekonomické urovni, kdy mitize naptiklad dojit k ucpani
vodovodniho potrubi nebo piitokii vodnich elektraren ¢i poSkozeni majetku spojeného
zejména s lodni dopravou (Gherardi, 2007; Woodward a Quinn, 2011). Mackie (1991) se ve
své praci zabyva dopady slavicky mnohotvarné na piivodni faunu velkych mlza v Jezete svaté
Klary ze systému Velkych jezer Severni Ameriky. Kromé nepifimého negativniho vlivu (napf.
potravni konkurence a obsazovani nik) maji slavicky mnohotvarné pfimy negativni vliv na
faunu ptivodnich mlz. Svymi bysovymi vldkny se ptichycuji k lasturam jinych mlzt a vlastni
tthou jim zamezuji v otevieni schranek nebo naopak zavieni schranek, coz je pro mlze
nezbytné k preziti. V ramci Ceské republiky neni prozatim zdokumentovano tak silné
pfemnozeni nékterého zneplvodnich druhii na vySe zminéné urovni. Jednim z dobie
zmapovanych neptvodnich mlza pro Ceskou republiku je $keblice asijska, ktera mize
dosahovat vysoké populacni hustoty a jeji parazitické larvy ,glochidie” konkuruji o
potencialni rybi hostitele puvodnim druhtim mlzt napi. Skeble #i¢ni Anodonta anatina
(Linnaeus, 1758) (Douda et al., 2016).

e Sladkovodni ryby

Dle Kopeckého et al. 2020 se sladkovodni ryby na neptivodni oblasti dostavaji 6
hlavnimi koridory — hospodaiské ¢i rekreacni vyuziti; nezdmérné Sifeni s hospodarsky
vyznamnou obsadko; vlastni migracni aktivitou; zdjmové druhy vypusténé akvaristy; druhy
chované v rybni¢ni a uzaviené akvakultufe; druhy plivodni v rdmci Gizemi statu, ale ptivodni
pouze Vv fekach konkrétnich imofi, vysazeny do fek neptivodnich amofi.

Zastupcem prvniho zminéného koridoru je pstruh duhovy Oncorhynchus mykiss
(Walbaum, 1792), ktery je na uzemi CR vyuzivan v akvakultufe i jako ryba vysazovana
k rekreacnimu rybolovu. Do této kategorie spadaji i druhy, které byly vysazovany s cilem
postupné aklimatizace jako je napiiklad pstruh duhovy sumecek americky Ameiurus
nebulosus (Lesueur, 1819). Mezi druhy, které nebyly na uzemi CR vysazeny zamérné, ale
byly zavleCeny spole¢né s nasadou akvakulturnich ryb jsou napfiklad zéstupci z Celedi
Gobiidae ¢i stievlicka vychodni Pseudorasbora parva Temminck & Schlegel, 1846. Postupné
se samovolng $ificim druhem je hrouzek Belingiiv Romanogobio belingi (Slastenenko, 1934),
ktera se pravdépodobné po povodi Labe §ifi ze sousedniho Némecka. Koljuska tfiostna
Gasterosteus aculeatus Linnaeus, 1758 je zastupcem skupiny ryb, které byly do povodi

vysazeny ze zajmovych akvaristickych chovii. Na tizemi CR importovany druh Amur éerny
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Mylopharyngodon piceus Richardson, 1846 je zastupcem ryby, ktera zatim pravdépodobné
z uzaviené¢ho akvakulturniho systému neunikl do volné ptirody. Druhem, ktery je na uzemi
CR ptivodni, ale jen v ramci uréitych povodi, je uhof #iéni Anguilla Anguilla Linnaeus, 1758.
Tento druh je povazovan v povodi Dunaje za neptivodni (Mlikovsky & Styblo, 2006).

Rizikovost §ifeni neptivodnich druhd ryb, jak druhi ptivodnich mimo tuzemi CR, tak i
druhti pavodnich pouze v uréitych povodni, byt na tzemi CR, spo¢iva v naruseni druhové
biodiverzity ryb, které muze mit za nasledek naruseni celkové biodiverzity prostiedi.
Naptiklad stievlicka vychodni (Pseudorasbora parva) a karas stiibtity (Carassius gibelio
Bloch, 1782) jsou zastupci nepuvodnich druhid, ktefi zhlediska prostorové a potravni
kompetice narusuji niky ptivodnich druhd ryb. Pravé druhovy komplex karase stiibtitého je
V poslednich letech intenzivné zkouman. Jednd se o komplex, u kterého je znadm sexudlni
parazitismus. Jako jedinci s alternativnim gynogenetickym zptisobem rozmnoZzovani snizuji
reprodukci heterospecifickych druhti jako je naptiklad karas obecny (Carassius carassius
Linné, 1758), ktery je chranén jako kriticky ohrozeny druh. Komplex karase stiibfitého je
invaznim druhem s jednozna¢nym negativnim dopadem na plvodni biodiverzitu. Déle vyse
zminéna stfevlicka vychodni je fakultativnim parazitem, ktery napada ostatni druhy ryb.
Napadenym rybam poskozuje epitel i hlubsi vrstvy kiize, ¢imz kromé samotného poskozeni
jedince vznika vstupni brana pro patogeny. V rybnicich se stfevlickou vychodni doslo
K prokazatelnému snizeni ptivodnich druhti ryb (Kopecky et al., 2020; Mlikovsky a Styblo,
2006).

2.4.2 Ptiklady neptivodnich druht ve svété
e Sladkovodni korysi

Mnoho druht korysu se pomoci jejich larev, jako propagule v balastni vodé ¢i v
akvakultufe, mize témét neviditelné Sifit po celém svété. OvSem znacnd ¢ast neptvodnich
druhil koryst byla na neptivodni oblasti rozsifena za ucelem akvakulturniho ¢i zdjmového
chovu. Pomérné dobie znamy jsou ptipady globalniho Sifeni severoamerickych druht korysa
(Gherardi, 2007). Takovymi ptiklady jsou napiiklad rak signalni (Pacifastacus leniusculus),
rak Cerveny (Procambarus clarkii Girard 1852)) a rak pruhovany (Faxonius limosus).
Zamérnym vypusSténim ¢i nezdmérnym unikem se tito jedinci dostali do volné piirody, kde
skrze obsazovani nik, potravni kompetice ¢i pfenosu patogent jako je ra¢i mor (Aphanomyces
astaci Schikora), ktery je pro evropské raky letalni (Nentwig, 2008). Obzvlasté devastujici

mize byt rozSifeni nepivodnich druhti na menSich prostorové ohrani¢enych tzemich
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s ptivodni astakofaunou jako je napiiklad ostrov Nova Guinea. Cast tohoto ostrova naleZi
Indonésii, kterd je zndma pro svij bohaty trh se zdjmovymi zvifaty véetné akvaristiky. Dle
Yonvitnera et al. (2020) by mohli byt na indonéském trhu k dispozici nejméné Ctyii druhy
severoamerickych rakti. V ptipad¢ zavleCeni téchto druhli do volné piirody Nové Guinei, by

mohly byt nasledky pro ptvodni ra¢i populaci fatalni.

. Sladkovodni mekkysi

Na tizemi Spojenych statli americkych (USA) je zndmo minimalné etablovanych druhii
sladkovodnich méekkyst. Dva celosveétové nejrozsifencjs$i druhy se znacnym dopadem na
vodni ekosystémy i socioekonomickou sférou jsou slavicka mnohotvarna (Dreissena
polymorpha (Pallas, 1771)) a korbikula asijska (Corbicula fluminea (Miiller, 1774)). Slavicka
mnohotvarnd je mimo jiné nechvalné zndma pro jeji abundan¢ni schopnost (az 700 000
jedincti/m?), jako podklad pouZivaji i ptivodni druhy mékkyst, kdy jim svou vahou znemozni
otevieni lastury, a pro svou vybornou filtraéni schopnost snizuji mnozstvi potravy i kysliku ve
vodé. S vysokou populaéni denzitou se poji i problematika socioekonomicka, kdy rozsahlé
populace téchto jedinct pokryvaji trupy lodi ¢i ucpavaji rizna vodovodni potrubi. K roku
2005 byla ekonomicka ztrata ro¢né vynaloZena na kontrolu a eradikaci slavicky 5 miliard
USD. Byt korbikula asijskd netvofi tak husté populace, jeji pfitomnost na neplvodnich
lokalitach je téZ spojena se zna¢nym negativnim dopadem na ptivodni biodiverzitu, Oba tyto
druhy jsou uspésnymi kolonizatory. Jejich rozsiteni bylo zaznamenano i na Gzemi Evropy

(Gherardi, 2007; Nentwig, 2008).

o Sladkovodni ryby

Vysazovani neptivodnich druhli sladkovodnich ryb nabylo znaéného narustu v 2.
poloving 19. stoleti. Naptiklad v Rusku bylo ro¢né za cel aklimatizace sladkovodnich druhii
provedeno témet 250 pokusi o introdukci. V téchto pokusech bylo zahrnuto 35 druhii ryb a
13 druhi sladkovodnich bezobratlych. V dalSich statech Evropy byla situace obdobna
(DAISIE, 2009). Na uzemi Spojenych stati americkych bylo zavleceno okolo 140 invaznich
druhti ryb, z toho se okolo 50 druhli vyskytuje v teplych oblastech Floridy. Jinak tomu neni ve
Velkych jezerech, kde se t¢Z odhaduje okolo 50 druhil invaznich ryb, které svym negativnim
dopadem na rybolov zptsobuji odhadovanou Skodu 5 miliard USD ro¢né (uvedeno k roku
2005). V jizni Africe jsou etablovani invaznich druht ryb vedlo k mistnimu vyhynuti 11druht

puvodnich druhii ryb (udaj k roku 1985). Jak je o invaznich druzich zndmo i zavleCeni
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nepuvodnich druhlt ryb mize vést k nevratnym zméndm v ekologii vodnich ekosystému

(Nentwig, 2008).

2.5 Legislativa spojena s neptivodnimi druhy

2.5.1 Legislativni a pravni nastroje EU a CR

Evropska unie vcéetné jejich Clenskych stati je jednou ze smluvnich stran vyznamné
nadnarodni umluvy v oblasti Zivotniho prostiedi ,,Umluvy o biologické rozmanitosti®
(https://www.chd.int/). Tato tmluva byla vystavena k podpisu na Konferenci OSN o zivotnim
prostfedi a rozvoji v brazilském Rio de Janeiru v roce 1992 s platnosti od 29. prosince 1993,
kde byla podepsand Evropskym spolecenstvim a vSemi jeho clenskymi staty (Rozhodnuti
Rady 93/626/EHS o uzavieni Umluvy o biologické rozmanitosti ze strany EU). Ceska
republika se stala smluvni stranou 2. prosince 1993 (Sd¢leni ¢. 134/1999 Sb.). Smluvni strany
se mimo jiné zavazuji k ochran€ biodiverzity a udrzitelného vyuzivani jejich slozek vcetné

kontroly ¢i hubeni invazivnich neptivodnich druhi (93/626/EHS).

2.5.1.1 Legislativa Evropské unie

Jeden zprvnich pravnich prament piijatych v souladu s Umluvou o biologické
rozmanitosti bylo Nafizeni Rady (ES) ¢&. 708/2007 o pouZivani cizich a mistné se
nevyskytujicich druhii v akvakultufe. V némz pokud je to mozné a vhodné, je nafizeno
zabranit zavadéni cizich druhd, které ohroZuji ekosystémy, pfirodni stanovisté nebo samotné
druhy. Takovéto cizi druhy by mély podléhat kontrole a pfipadnému hubeni. Toto natizeni
neni zcela dostacujici, at’ z pohledu zamétfeni pouze na vodni organizmy nebo vzhledem
k nezohlednéni biogeografickych podminek jednotlivych ¢lenskych stati.

V roce 2014 byl ucinén zasadni krok v legislativé Evropské unie pfijetim Natizeni
Evropského parlamentu a Rady (EU) ¢.1143/2014 o prevenci a regulaci zavlékani c¢i
vysazovani a Sifeni invaznich neptvodnich druht, ktery reguluje transport, trh a chov
invaznich druhii ohrozujicich staty EU. Toto nafizeni obsahuje vlastni terminologii, kdy
,wheptivodnim druhem® je Zivy jedinec druhu, poddruhu nebo nizs§iho taxonu zivocichi,
rostlin, hub nebo mikroorganizmti zavlecenych nebo vysazenych mimo svijj pfirozeny areal,
vcetné vSech Casti, gamet, semen, vajec nebo propaguli téchto druhtl, jakoz i kiizenct, odrad

¢1 plemen, které mohou piezit a nasledné se rozmnozovat. ,,Invaznim nepiivodnim druhem*
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(dale jen invazni druh) je neplivodni druh, u néjz bylo zjisténo, ze jeho zavleceni ¢i vysazeni
nebo Sifeni ohrozuje biologickou rozmanitost a souvisejici ekosystémové sluzby nebo na né
ma nepiiznivy dopad. Soucasti nafizeni je tzv. unijni seznam
(https://ec.europa.eu/environment/nature/invasivealien/list/index_en.htm) invaznich
neptivodnich druhdi s vyznamnym dopadem na Unii. Clenské staty jsou povinni pfistupovat
k regulaci, eradikaci a zamezeni Sifeni do okolnich statli druhtim z tohoto seznamu. Seznam
byl pfijat provadécim natizenim Komise (EU) 2016/1141, kde bylo ptivodné¢ zatazeno 37
druhti rostlin a zivocichli s prvnim doplnénim v roce 2017 navazujicim provadécim nafizenim
Komise (EU) 2017/1263 s doplnénim 12 druhti a druhym doplnénim navazujicim provadécim
nafizenim Komise (EU) 2019/1262 s doplnénim 17 druhi. Dalsi aktualizace probéhla v roce
2022, kdy byl tento seznam natizenim komise (EU) 2019/1262 doplnén 0 22 druhi z toho 4
druhy maji odloZenou uc¢innost. Unijni seznam tedy celkem zahrnuje 88 druhti (47 druht
zivocicht a 41 druht rostlin), jejichZ transport do zemi EU a v ramci zemi EU je zakazan.
Dale je zakdzano mit je v drZeni, mnozit je a obchodovat s nimi. Evropska komise miize za
ur¢itych podminek udélit vyjimky napt. pro védecké a 1écebné ucely, ale 1 pro ekonomicky
vyznam. Pfechodné opatieni upravuje tento zakaz drzeni Zivoc€ichli zunijniho seznamu
Vv komerc¢nich chovech a obchodu se zvitaty predanim téchto jedincti do nekomerénich chovii
a z4jmovym chovatelim, ktefi si mohou tyto jedince ponechat do konce jejich ptirozeného
zivota. Pokud c¢lensky stat zjisti vyskyt druhu z unijniho seznamu v pfirodé, a tento druh se na
uzemi daného statu doposud nevyskytoval, ma povinnost toto zjiSténi nahlasit Evropské
komisi a ostatnim statim pomoci ohlasovaciho systému NOTSYS
(https://easin.jrc.ec.europa.eu/notsys) a postupovat dale dle legislativnich opatieni EU.
S ohledem na pfijatd kritéria hodnotici rizikovost neptivodnich druhil a rozdilnou geografii a
klima jednotlivych ¢lenskych statli tento seznam neobsahne vSechny rizikové druhy, proto je
kazdému statu ponechana moznost tvorby ptisnéjSich pravidel na vnitrostatni tirovni (Natfizeni
Evropského parlamentu a Rady (EU) ¢.1143/2014).

Ceska republika vyuzila tohoto opravnéni k vytvofeni meziresortniho flexibilniho
seznamu s kategorizaci rizik a miry potieby regulace jednotlivych invaznich druhti. Dnem 8.
fijna 2021 byl schvalen zakon ¢. 364/2021 Sb., kterym se méni nekteré zakony v souvislosti s
implementaci pfedpist Evropské unie v oblasti invaznich nepivodnich druhii. Zakon ¢.
364/2021 Sb., nabyva ucinnosti (az na vyjimky) dne 1. ledna 2022. Jako podklad k tomuto
seznamu slouZil seznam vytvoreny AOPK CR (Agentura ochrany piirody a krajiny Ceské
republiky), v ramci kterého byly vyhodnoceny nebezpeéné druhy do 2 kategorii: 1) prioritni

kategorie (prakticky stejny rezim jako u druhd na unijnim seznamu) — rostliny: ambrozii
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petenolistou (Ambrosia artemisiifolia Linnaeus, 1753), raky: rak kalikovy (Faxonius immunis
(Hagen, 1870)), rak mladistvy F. juvenilis (Hagen, 1870), rak klinovy (Procambarus acutus
(Girard, 1852)) a rak floridsky (P. alleni (Faxon, 1884)); 2) kategorie ostatnich (stratifikovany
pristup, mirnéjsi rezim nez pro druhy na unijnim seznamu) — rostliny: javor jasanolisty (Acer
negundo Linnaeus, 1753), koloto¢nik ozdobny (Telekia speciosa (Schreb.) Baumg., 1817),
ktidlatku japonskou (Reynoutria japonica Houtt., 1777), kitidlatku sachalinskou (R.
sachalinensis Nakai, 1922), kiidlatku ¢eskou (R. x bohemica), kustovnici cizi (Lycium
barbarum Linnaeus, 1753), netvaiec kiovity (Amorpha fruticosa Linnaeus, 1753), pajasan
zlaznaty (Ailanthus altissima (Mill.) Swingle 1916), sttemchu pozdni (Prunus serotina Ehrh.,
1784), skumpu orobincolistou (Rhus typhina Linnaeus, 1756), zlatobyl kanadsky (Solidago
canadensis Linnaeus, 1753) a zlatobyl obrovsky (S. gigantea Aiton, 1789); zivodichové:
blesivec jezaty (Dikerogammarus villosus (Sowinsky, 1894)), hlava¢ Cernotusty (Neogobius
melanostomus (Pallas, 1814)), hlava¢ holokrky (Babka gymnotrachelus (Kessler, 1857)),
hlava¢ Kessleruv (Ponticola kessleri (Giinther, 1861)), hlava¢ ti¢ni (Neogobius fluviatilis
(Pallas, 1814)), norek americky (Neovison vison (Schreber, 1777)), piskotf dalnovychodni
(Misgurnus anguillicaudatus (Cantor, 1842)), sumecek americky (Ameiurus nebulosus
(Lesueur, 1819)) a sumecek ¢erny (Ameiurus melas (Rafinesque, 1820)) (Go6rner, 2018).

Jako usnadiiujici nastroj provadéjici problematikou invaznich druht EU byly vytvoreny
webové stranky EASIN (European Alien Species Information Network), které shromazd'uji a
zptistupnuji informace a udaje scilem pomoci pii boji proti Sifeni neplivodnich druht
(https://easin.jrc.ec.europa.eu/).

Sekundarn¢é se k invazim vztahuji dal$i legislativni opatieni jako naptiklad smérnice
Rady 92/43/EHS o ochrané ptirodnich stanovist, volné Zijicich zivocichli a plané rostoucich
rostlin a smérnice Evropského parlamentu a Rady 2009/147/ES o ochran¢ volné Zijicich
ptakl. Tyto smérnice maji za cil ochranu a udrZeni biodiverzity skrze ochranu plvodnich
pfirodnich stanovi§t a ochranu plvodni piirozené ptaci populace cClenskych statd. Dalsi
smérnice jako naptiklad Smérnice rady 2000/29/ES o ochrannych opatfenich proti zavlékani
organizml $kodlivych rostlindm nebo rostlinnym produktim do Spole€enstvi a proti jejich
roz§ifovani na Gizemi SpoleCenstvi se nevztahuje na zavlékani nepivodnich organizmii jako
takovych, ale na organizmy Skodici, jimiz ¢asto byvaji pravé invazni druhy (Fick & Hijmans,
2017)

Pro Evropskou unii je udrzeni biologické rozmanitosti klicovou prioritou v ochrané
ptirody. EU problematiku invaznich druhti pokryva nejen pomoci primérniho a sekundéarniho

prava, ale vyuziva i koncepCnich néstrojii jakymi jsou strategie nebo akéni plany. Naptiklad
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cilem Strategie EU v oblasti biologické rozmanitosti do roku 2030 ,,Navraceni piirody do
naseho zivota“, kde uvadi Sifeni nepiivodnich druht jako jeden z hlavnich faktor ztraty
biodiverzity, je vynalozeni Gsili k ochrané rozmanitosti zivotniho prostiedi na evropské
(uvolnéni 20 miliard eur rocné¢ pro zapojeni vefejnosti, podnikli, mést a obci pii feSeni
problémi s ohledem na ochranu biodiverzity) i celosvétové urovni (silngj$i implementaci,
podporu vyzkumu a technologii, prevenci a monitoringu).

Aktualni 8. Ak¢ni program EU pro Zivotni prostiedi ,,Spolecné¢ zménime trendy*, ktery
slouzi jako podklad pro politické zaméry v oblasti Zivotniho prostiedi a klimatu do roku 2030.
Cilem tohoto programu je urychlit ekologickou transformaci spravedlivym a inkluzivnim
zpusobem a v souladu s dlouhodobym cilem do roku 2050, a to zejména v oblasti energetiky,
fosilnich paliv apod. Tento 8. Ak¢ni program se ale opira 0 7. Akéni program EU ,,Spokojeny
zivot v mezich na$i planety* pro obdobi 2014-2020, jehoZ cilem je chrénit, zachovavat a
rozvijet prirodni bohatstvi Unie, pfipousti vétsi dopad neptivodnich druhti organizmii na
zivotni prostiedi, socioekonomiku a zdravi rostlin, zvitat i lidi, nez jim bylo dfive prikladano.
Z tohoto dlivodu klade diraz na zesileni Strategie EU v oblasti biologické rozmanitosti do
roku 2020 a plnéni jejich cilii, v€etné v€asné identifikace invaznich druhl, zamezeni jejich
Sifeni a kontrolu a eradikaci prioritnich invaznich druhti

(https://environment.ec.europa.eu/strategy_en).

2.5.1.2 Legislativni nastroje a predpisy Ceské republiky

Z pohledu ekologie jsou za invazni druhy povazovany i1 nékteré organizmy, jezZ nam
jsou prospésné C¢i jsou za uCelem prospéchu vyslechténi a v ramci urCitého casového
horizontu byly rozsifeni do celého svéta. Z tohoto diivodu maji jednotlivé zainteresované
odborné sféry odlisny postoj ke klasifikaci invaznich druhii. Takové ptiklady mizeme najit
v oblastech jako je napft. rybaistvi, lesnictvi, zeméd¢€lstvi, myslivosti a ochrané piirody.
Zacatkem roku 2022 pfiiSel v platnost, jiz vySe zminény, novy zakon €. 364/2021 Sb., kterym
se méni nékteré zakony v souvislosti s implementaci pfedpisi Evropské unie v oblasti
invaznich neptivodnich druhti. Velkou zménu pfinesl jak ve sjednoceni terminologie
Vv legislativé, tak primarné méni doposud stavajici zakony: zédkon ¢. 114/1992 Sb., o ochrané
ptirody a krajiny a dale zdkon ¢. 246/1992 Sb., na ochranu zvifat proti tyrani, zédkon ¢.
289/1995 Sb., o lesich, zékon ¢. 254/2001 Sb., o vodach, zakon ¢. 449/2001 Sb., o myslivosti,
zakon ¢. 99/2004 Sb., o rybafstvi, zdkon €. 326/2004 Sb., o rostlinolékaiské péci a zékon ¢.
289/1995 Sb., o lesich; ve znéni pozdéjsich piedpisi. Zasadni zménou je implementace

nadfazeného Nafizeni Evropského parlamentu a Rady (EU) ¢.1143/2014, ktera i sjednocuje
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terminologii na pouzivani termint ,,neptvodni druh® a ,,invazni neptivodni druh* (viz 2.5.1.1
Legislativa Evropské unie). V legislativnich zménach CR byly stanoveny kompetentni
organy, procesni postupy a sankcni opatfeni. Kromé sankCnich opatfeni bylo téz nutné
nastavit zpltisob nakladani s likvidovanymi populacemi invaznich neptvodnich druha ve
smyslu sbérnych mist a likvidace. Tyto legislativni zmény se dotykaji jak pravnickych, tak i
fyzickych osob.

Z tohoto diivodu jsou zakony, vyhlasky a piedpisy Ceské republiky nejednotné a &asto
si odporujici. Uz v samotnych definicich ,,ptivodniho* a ,,nepiivodniho druhu* se podstatné
lis$i vymezeni téchto terminu. Zakon o ochrané piirody a krajiny 114/1992Sb stanovuje 3
urovné legislativni regulace neptivodnich a invaznich neplGvodnich druhti: regulace
nepuvodnich druhii obecné, regulaci nepiivodnich druhli v akvakultufe a regulaci invaznich
neptvodnich druhil z unijniho seznamu. Tento zédkon zakazuje zdmérné Sifeni, pokud neni
organem ochrany ptirody povoleno, neptivodnich druhti do krajiny obecné.jako druh rostliny
nebo zivoc€icha, ktery neni soucasti prirozenych spolecenstev uréitého regionu a déale bez
povoleni organli ochrany pfirody zakazuje zamérné Sifeni téchto nepivodnich organizmii do
krajiny. Tento zakon obsahuje mnozstvim vyjimek, které Sifeni neptvodnich druhtt mohou
podporovat. Z tohoto zakona jsou napf. vyjmuty neptvodni druhy rostlin, se kterymi se
hospodati dle schvaleného hospodaiského planu nebo pievzaté hospodaiské osnovy dle
zakona o lesich ¢. 289/1995 Sb. a na vyuziti neplivodnich druhi ryb stanovenym nafizenim
vlady dle zdkona ¢. 99/2004 o rybafstvi. OvSem Sifeni invaznich neplvodnich druht
uvedenych na unijnim seznamu je zakazano. Tento zdkona dale upravuje pravo organt
ochrany pfirody rozhodovat o nakladani s nepivodnimi druhy ¢&i kiizenci — povolovat c¢i
uskuteciiovat jejich rozSifovani, odchytdvat a eradikovat je. Opatfeni k regulaci vykonava v
ramci béZné péce o pozemek jeho ndjemce, uzivatel ¢i vlastnik. Pokud tato opatieni nejsou
provedena nebo uzivatel pozemku neni schopen je zajistit, miiZe je se strpénim uZivatele ¢i
vlastnika provést organ ochrany ptirody. PfisluSnymi organy ochrany pfirody jsou obecni
ufady obci s rozSifenou plsobnosti. Na zvlasté chranénych uzemich je obecné zakazano
povolovat a vypoustét nepivodni druhy. Na velkoplosnych chranénych uzemich ma pravo
vyjimky ze zdkona udélovat AOPK CR a na maloplo$nych chranénych tuzemich rozhoduji o
vyjimkéach krajské ufady. Regulace nepivodnich druhli v akvakultufe se opira o Natizeni
Rady (ES) ¢. 708/2007 o pouZivani cizich a mistné se nevyskytujicich druht v akvakultufe a
platné definice v nafizeni uvedené. Pro podminky CR je z procedury povoleni uvolnéna
uzaviena zafizeni akvakultury, chovy okrasnych vodnich zivocichli a rostlin v obchodech se

zvitaty, v zdjmovém chovu, v zahradnich centrech izolovanych zahradnich jezircich nebo
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akvariich spliiujici unijni ptedpisy. Pro invazni neptivodni druhy z unijniho seznamu, lze
ziskat vyjimku od MZP. Zajmovi chovatelé si mohou jedince Zivo¢ichtl zafazenych na unijni
seznam ponechat do konce jejich pfirozeného Zivota s tim, Ze musi zamezit jejich Uniku a
dal$imu rozmnoZovani. Nadale jsou povinni doty¢né jedince registrovat, a to elektronickou
formou na strankach AOPK CR (do 1 roku ode dne nabyti u¢innosti novely zakona &.
114/1992 Sb.) pro stavajici druhy na seznamu ¢i do 1 roku od zatfazeni nového druhu na
unijni seznam. Chovatelé maji moznost odevzdat své jedince invazniho druhu Zivoéicha do
zafizeni, které stanovi MZP (viz https://www.mzp.cz/cz/nepuvodni_a_invazni_druhy). Dale
zékon nafizuje povinnost ¢lenskych statd monitorovat (AOPK CR) a véasné eradikovat
vyskyt invaznich druhti z unijniho seznamu.

Naptiklad Zakon 99/2004Sb. o rybnikéfstvi, vykonu rybaiského prava, rybarské strazi,
ochrané motskych rybolovnych zdroji a o zméné nckterych zakonl (zdkon o rybaistvi)
doposud definoval neptivodni rybu a neptivodni vodni organizmus (bliZze nespecifikovano)
jako geograficky nepiivodni nebo geneticky nevhodnou anebo neprovéfenou populaci ryb a
vodnich organizmii, vyskytujicich se na tzemi jednotlivého rybaiského reviru v Ceské
republice méné nez 3 po sobé nasledujici generacni populace. Tato definice byla slozité
interpretovatelnd, jelikoz nespecifikuje termin ,,vodni organizmus* a neni jasné, CO znamena
»geograficky neptivodni“. Z pohledu ochrany piirody je nepfijatelné usnesenim tohoto
zakona, Ze jakykoliv geneticky 1 geograficky neplivodni druh se stava plivodnim po uplynuti
urcitého ¢asového obdobi, resp. Ctvrtd generace nepiivodniho druhu se stdva piivodni faunou
CR. V novém znéni zakona je misto slozité definice pouzit termin ,,nepiivodni druh®. Tento
zakon je doplnén o Natizeni vlady ¢. 145/2022 Sb. o stanoveni vybranych neptivodnich druht
ryb, k jejichz vysazovani v rybatském reviru se nevyZaduje povoleni k zdmérnému rozsiteni
nepuvodniho druhu do krajiny podle zdkona o ochrané pfirody a krajiny (nafizeni vlady o
vybranych neptvodnich druzich ryb). Dale se zdkonem zakazuje pfi lovu v rybéiském reviru
¢1 rybnikafstvi vracet ulovené invazni nepiivodni druhy z unijniho seznamu a za nastrazni
rybu pouzit invazni nepiivodni druh z unijniho seznamu.

Zakon €. 246/1992 Sb. na ochranu zvifat proti tyrani s odkazem na nové piijatou
legislativu nové uvadi jako divod k usmrceni zvifete také eradikaci ¢i regulaci invazniho
nepuvodniho druhu. Zpisob zakazaného odchytu a usmrcovani téchto jedincti je specifikovan
v § 14 tohoto zékona.

Zakon o vodach a o zmén¢ nékterych zakonti (vodni zadkon) 254/2001Sb. § 125a odst. 1
§ 116 odst. 1 upravuje jako prestupek pravnickych, fyzickych podnikajicich a fyzickych osob

vypusténi ryby nebo jiného vodni Zzivocicha nepiivodnich, geneticky nevhodnych nebo
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neprovérenych populaci pfirozenych druhi do vodniho toku nebo vodni nadrze, coz je v
rozporu s § 35 odst. 3 tohoto zékona, ktery zcela zakazuje ovSem pouze bez souhlasu
prislusného vodopravniho ufadu vypoustét ryby a ostatni vodni zivoCichy neptvodnich,
geneticky nevhodnych a neprovéfenych populaci piirozenych druhit do vodnich toki a
vodnich nadrzi.

Zakon €. 449/2001 Sb. o myslivosti povéfuje organy statni spravy myslivosti k ochrang,
zachovani vSech druhii zvéfe (tzn. savci a ptaci) v pfirodé a udrZeni urcité rovnovahy ke
vztahu K prostiedi, s dirazem na podporu puvodnich druhti zvéte. OvSem dovoz a nasledné
vypusténi neptivodnich druht uznavanych Mezinarodni mysliveckou organizaci je povoleno
vcetné nasledného vypusténi. Poté se tyto neptivodni druhy stavaji zvefi uznavanou timto
zdkonem. V podstaté se tato zvet stdva zveri, kterou lze tzv. obhospodatovat lovem. Zvér,
kterou Ize a nelze lovit tento zakon pfimo jmenuje a neni pravidlem, Ze vSechna lovena zvéf je
nepivodni fauna (definice dle zdkon o ochrané pfirody a krajiny 114/1992Sb.) a ani to, zZe
vSechna neptivodni fauna (uvedena ve vysSe jmenovaném seznamu) je lovenou zvéti (napf.
vySe zminovany invazni druh jelen sika (Cervus nippon Temminck, 1838), dan¢k skvrnity
(Dama dama Linnaeus, 1758) bazant obecny (Phasianus colchicus Linnaeus, 1758). Tento
seznam neuvadi zdaleka vSechny druhy zvéte (ani ptivodni, ani nepiivodni), které se na izemi
Ceské republiky vyskytuji. Nové jsou v zakoné implementovany invazni druhy jako psik
myvalovity (Nyctereutes procyonoides (Gray, 1834)), myval severni (Procyon lotor
(Linneaeus, 1758)), norek americky (Neovison vison (Schreber, 1777)) nutrie fi¢ni
(Myocastor coypus (Molina, 1782)), ondatra pizmova (Ondatra zibethicus (Linnaeus, 1766)) ,
husice nilska (Alopochen aegyptiaca (Linnaeus, 1766)), které mohou byt loveny vSemi
s povolenkou od uzivatele honitby. Vzhledem k negativnimu vlivu druhtt uniklych
z kozeSinovych farem na plivodni faunu je znatelny zejména diky jejich potravni i prostorové
kompetici, pfenosu patogent, véetné zoondz, a parazitii, a predaci. ZvySovanim populacni
hustoty téchto druhli ve volné piirodé se prohlubuje negativni dopad na plvodni druhy.
Zejména ohrozené druhy drobnych obratlovci (ptaci, obojZivelnici, plazi, drobni savci, ryby),
ale 1 nasich bezobratlych (raci, mekkysi), jsou ohrozeni predacnim tlakem téchto nepiivodnich
druhti (Bartoszewicz & Zalewski, 2003; Bonesi, 2009; Kauhala & Winter, 2009; Winter,
2009). V dtivejsim znéni zakona byly etablované druhy jako psik myvalovity, myval severni
a norek americky fazeni mezi tzv. nezadouci lovnou zvét, kterou méla opravnéni usmrcovat
pouze lesni strdZ a nepodléhd managementu obhospodatovani lesa.

Na pfeménu neplvodni skladby dfevin lze dle Nafizeni vlady ¢. 30/2014 Sb. o

stanoveni zavaznych pravidel poskytovani finan¢nich piispévki na hospodateni v lesich a na
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vybrané myslivecké cinnosti cCerpat financni podporu. OvSem upravujici Vyhlaska
Ministerstva zemé&d€lstvi ¢.83/1996 Sb. o zpracovani oblastnich pldni rozvoje lesti a o
vymezeni hospodaiskych souborti povoluje zménu porostu nepivodnich druhti dfevin za jiné
neptivodni druhy dievin, které jsou dokonce uvedeny na Black listu pro Ceskou republiku
(Pergl et al., 2016) jako je borovice vejmutovka (Pinus strobus L., 1753), dub cCerveny
(Quercus rubra Linnaeus, 1753), topol kanadsky (Populus x canadeensis) a dalsi. Podobna
situace se opakuje v § 41c tohoto zakona, ktery se vztahuje k finan¢ni podpoie ozelenovani
krajiny vyjma vysadby invaznich neptvodnich druht dfevin z Provadéciho nafizeni Komise
(EU) 2016/1141, kterym se pfijima seznam invaznich neptivodnich druhd s vyznamnym
dopadem na Unii podle natizeni Evropského parlamentu a Rady (EU) ¢. 1143/2014.

Zakon ¢. 326/2004 Sb. o rostlinolékaiské péci a o zméné€ nékterych souvisejicich
zakonil upravuje dovoz rostlinam Skodlivych druhii organizmt, kteryma jsou mysleny i druhy
zaneseny Vv seznamu invaznich neptivodnich druhl s vyznamnym dopadem na Unii podle
natizeni Evropského parlamentu a Rady (EU) ¢. 1143/2014, z ne¢lenskych statd a jejich dalsi
roz§ifovani a zavlékani na uzemi Ceské republiky &i statech Evropské unie. Piikladem miize
byt Natizeni Statni rostlinolékaiské spravy o mimotadnych rostlinolékaiskych opatienich
k ochrané proti zavlékani a rozSifovani rodu Pomacea (Perry), které v navaznosti na
evropskou legislativu (2012/697/EU o opatfenich proti zavlékani rodu Pomacea (Perry))
stanovuje opatfeni proti zavlékani a rozSifovani plzi rodu Pomacea na tizemi Evropské unie.
Kontroly spocivaji v dikladnych prohlidkdach vodnich rostlin pochazejicich z oblasti
potvrzeného vyskytu tohoto plze. Pouze pokud jsou shledany prostym tohoto plze, ¢i jeho
vaji¢ek, mize byt vystaveno osvédceni o nezavadnosti artiklu a povolen pfesun. Toto natfizeni
obsahuje 1 oznamovaci povinnost pro fyzické i pravnické osoby bezodkladné ohlésit Statni
rostlinolékarské spravé vyskyt ¢i jen podezieni z vyskytu tohoto rodu v krajin€.Stejné jako
v legislativé EU (Smémice rady 2000/29/ES) i V legislativé CR je dokument oSetfujici
zavlékani organizmti Skodicich rostlinam (Vyhlaska ¢. 215/2008 Sb. Vyhlaska o opatifenich
proti zavlékani a rozSifovani Skodlivych organizmi rostlin a rostlinnych produkti), kam
Castecné spadaji i nékteré neptivodni druhy (Fick a Hijmans, 2017).

Z pohledu ekologie a ochrany piirody je nyni legislativa CR obohacena o novy zakon ¢&.
Sitenim invaznich druhii organizmu, ale stdle v dil¢ich znénich ji lze povaZovat za
nedostatec¢nou, jelikoz v ni neni dostate¢ny prostor vénovan nepivodnim druhlim, které by
mohly mit zna¢ny negativni vliv na biotu. S odkazem na prace Pergla et al. (2016) , Pyska et

al. (2012) , Sefrové a Lastaivka (2005) se v CR vyskytuje nespodet neptivodnich a invaznich
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druhti, které nejsou v legislativé zahrnuty. Kromé vyse zminéné problematiky se Zakonem ¢.
449/2001 Sb. o myslivosti a Zakonem o rybaistvi 99/2004Sb se napiiklad Sefrova a Lastivka
(2005) ve své praci zminuji o jedenacti neptivodnich druzich vodnich mékkysiu s invaznim
charakterem vyskytujicich se na uzemi CR, kdezto Pergl et al. (2016) je ve své praci
stiizlivéjsi a uvadi pét druhli neptivodnich vodnich mékkysa s rizikem invaze. Tti z téchto
péti druhtl jsou v jeho praci zatazeny do tzv. kategorie ,,black list* a vSechny tyto tfi druhy
(slavicka mnohotvarna Dreissena polymorpha, korbikula asijska Corbicula fluminea a
Skeblice asijska Sinanodonta woodiana) se jiz na naSem uzemi etablovani se zna¢nym
potencidlem S$ifeni. Jejich ohrozujici pfitomnost na ptivodni biotu a ekosystémy byla jiz
prokazana v riznych castech svéta, kdy zejména Spojené staity Americké maji problematiku
téchto druht dobie zmapovanou (Kriticos et al., 2012; Patoka et al., 2019; Thorp a Covich,
2009). Legislativa CR (ani ptvodni navrhovany seznam AOPK k upravujici Natizeni
Evropského parlamentu a Rady (EU) ¢.1143/2014 na narodni urovni) se nezmifuje o
zéstupcich tohoto taxonu. Nyni dva druhy mékkys$a jsou na tzemi CR legislativné oSetieny.
Ampularka argentinska (Pomacea bridgesii (Reeve, 1856)) skrze zakon ¢&. 326/2004 Sb. o
rostlinolékarské péci a o zmén€ nékterych souvisejicich zakont, ktery vychazi z nadfazené
EU legislativy 2012/697/EU o opatfenich proti zavlékani rodu Pomacea (Perry) a
aktualizovanym unijnim seznamem druh Limnoperna fortunei Dunker, 1857. Sama EU
tomuto taxonu nepfidavd vétsi dhlezitost skrze hlavni legislativni prameny, jakym je
provadéci rozhodnuti 2012/697/EU o opatienich proti zavlékani rodu Pomacea (Perry) a
Natizeni Evropského parlamentu a Rady (EU) ¢.1143/2014 o prevenci a regulaci zavlékani ¢i
vysazovani a S§ifeni invaznich neptvodnich druhd, ktery reguluje transport, trh a chov

invaznich druhd ohrozujicich staty EU a k nému vztahujici se unijni seznam.

2.5.2 Legislativni a pravni nastroje ve svété

Spojujicim celosvétovym néstrojem pied invaznimi druhy je vySe zminéna nadnarodni
umluva Voblasti  Zivotniho  prostiedi JUmluva o biologické  rozmanitosti*
(https://www.cbhd.int/). Podpisem této imluvy se vSechny smluvni strany zavazaly dle sdéleni
134/1999 o sjednani Umluvy o biologické rozmanitosti a &lanku 8 odstavce h), Ze pokud bude
mozZné a vhodné zabrani zavadéni, bude kontrolovat ¢i hubit ty cizi druhy, které ohroZuji
ekosystémy, ptirodni stanovisté nebo druhy.

Napftiklad ve spojenych statech americkych (USA), jakozto celku, ktery svou rozlohou

zabird drtivou vétSinu plochy jednoho z kontinentii, jsou za zodpovédna 3 ministerstva
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Spojenych stati americkych: Ministerstvo zemédélstvi (USDA) — zejména pokud jde o
Skiidce a ekosystémy, Narodni Gfad pro oceany a atmosféru (NOAA) pod Ministerstvem
obchodu — v pfipadé motskych a oceanskych druhti, a Ministerstvo vnitra jako Fish and
Wildlife Service (FWS) — ochrana volné Zijicich zvifat (Robert H Cowie, Dillon, Robinson, a
Smith, 2009). Pravé Ministerstvo zemédé€lstvi (USDA) vytvofilo a nasledné aktualizovalo
seznamy pro import organizmi vcéetné zakazanych druhd (USDA-APHIS-PPQ,
https://www.aphis.usda.gov/aphis/).

Naptiklad v Indonésie jsou legislativni opatieni proti zavlékani invaznich druhi
nedostate¢né. Ministerstvem spravujicim dovoz nebezpenych druhti je Ministerstvo
zemédelstvi, které ziidilo zédkon ¢. 179/Kpts/UM/3/1982, aktualizovany jako zdkon C.
PERMENKP/41/2014 k zakazu dovozu nékterych Zivocéichli na uzemi Indonésie. Jsou jimi
naptiklad arapaima velka (Arapaima Gigas (Schinz, 1822)) ¢i rak ¢erveny (Procambarus
clarkii (Girard, 1852)) (Markova et al., 2020; Patoka et al., 2018; Putra et al., 2018). Tento ani
jiny zdkon ovSem nijak neupravuje chov ¢i transport téchto druh v rdmci Indonésie, tudiz je
s témito hojné obchodovanymi druhy v ramci zdjmového chovu nadile volné naklddano

(Yonvitner et al., 2020).

2.6 Kontrola a managment neptivodnich druhd

Invazni druhy zplsobuji Skody, které jsou jen stéZi vycislitelné. Kromé snadno
vycislitelnych pfimych nakladi na eradikaci a monitoring, neptivodnich druhl (nakup
materialu a pomicek a nastroji, nakladii na dopravu, mzdy aj.), invazni druhy zptsobuji
nevycislitelné Skody na ekosystémovych sluzbach. Piikladem mlZou byt zadsobovaci sluzby
(poskytovani materialu, potravin apod.), regulacni sluzby (samocisténi vody, regulace
klimatickych zmén apod.), podpurné sluzby (obéh zivin, latek, vody apod.) a kulturni sluzby
(vzdé€lavaci, estetické, rekreacni apod.) (Charles a Dukes, 2008).

Wittenberg and Cock (2001) uvadéji ¢tyfi hlavni strategie pro boj s neptivodnimi druhy:

prevenci, véasnou detekci, eradikaci a kontrolu.

Tato prace se zabyva prevenci, konkrétn¢ predikci invazniho potencidlu zajmovych
druhil zvitat, a to skupin suchozemskych i vodnich bezobratlych a ryb. Jen v ramci Evropy je
dle DAISIE pocitano okolo 2500 nepivodnich druhli suchozemskych bezobratlych. Do této
skupiny jsou fazeny jak druhy pochazejici z jinych kontinentli i druhy v Evropé pivodni a

Sitfici se v ramci Evropy a jejich ostrovl. Zejména u Evropskych druhii neni ovéfeno, zda se
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druhy Sitily pfirozenou cestou ¢i v rdmci antropogenni ¢innosti. Z dostupnych analyz vyplyva,
ze trend zavlékani neptivodnich druhti bezobratlych na tizemi Evropy se béhem poslednich
desetileti rapidné zvysil na 19,1 druhu za rok (DAISIE, 2009). V porovnani s hmyzem, jsou
suchozemsti mékkysi slabé zastoupenou skupinou neptvodnich druhti. Ov§em vzhledem ke
globalni problematice by tento taxon nemél byt v ochrané biodiverzity opomijen (Barker,
2002).

Sladkovodni plochy tvofi nedilnou soucast ekosystému. Zhruba 20% pfispivaji
k celkovému fondu globalni biosféry (Gherardi, 2007). Zachovalé abiotické i biotické faktory
maji nepostradatelny vliv jak z hlediska funk¢nosti a udrzitelnosti prirodniho prostiedi, tak i
pro samotnou lidskou potiebu. Vzhledem k vSeobecné shodé¢, ktera dnes panuje ohledné Sifeni
invaznich druhtl, je v managementu téchto ploch snaha kléast diraz na ochranu prosttedi pred
zavleCenim nepiivodnich druht a néslednym ovlivnénim ekologie prostiedi. V Evrop¢ je dle
dostupnych udaji zaznamenano okolo 440 neptivodnich druhii vodnich bezobratlych a ryb.
Ztoho 300 druhti ma piavodni rozsifeni mimo Evropu, zbylych 14 druhti je ptivodem
Evropskych, ovSem jsou rozSifené v nepiivodnich evropskych regionech. Procentudlné

zastupci ¢lenovel, mekkysu a ryb tvoii 80% neptivodni vodni fauny Evropy (DAISIE 2009).

2.6.1 Eradikace

Hlavnim problémem eradikace, kromé finan¢ni a ¢asové naroénosti, je tzv. palba do
vlastnich fad (zasazeni prostfedi, spoleCenstev a vlastnich, ¢asto chranénych, druht) a
nerealnost provedeni (White a Harris, 2002). Usp&$nou eradikaci lze provést pouze na
geograficky omezeném uzemi, jakymi jsou napiiklad ostrovy. Obecné lze fict, Ze ¢im mensi
uzemi a ¢im vétSi organizmus chceme oprostit od neptivodnich druhl, tim je vySsi
pravdépodobnost uspéchu (Clout a Veitch, 2002; Rejmanek a Pitcairn, 2002). Pokud nedojde
k eradikaci na celém geograficky ohrani¢eném tuzemi, udrzitelnost eradikovaného prostredi
nebude stald. UdrZeni stavu bude spocivat v pravidelné kontrole a postupné likvidaci Sificich
se propaguli z okolnich oblasti. S ohledem na efektivitu, potiebné vynalozené tGsili a finan¢ni

vvvvvv

druht (Gallardo a Aldridge, 2013; Mack et al., 2000).
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2.6.2 Prevence

K uspésné prevenci je potfeba péti zdkladnich kroki, jez se vztahuji na osvétu
vetejnosti, modelovani (pomoci klimatické shody), hodnoceni rizikovosti druhu,
monitorovani cest Sifeni neptvodnich druhti a legislativnich opatfeni (zdkaz chovu
nepuvodnich druhti, zdkaz pfevazeni nepivodnich druhti pies hranice, apod) (Robinet et al.,
2015; Simberloff et al., 2013).

Cerny seznam tzv. black list je piikladnym nastrojem, ktery je znam z ostatnich stati
EU (Essl et al., 2011; Gederaas et al., 2012) (http://ias.biodiversity.be/species/all), kde je
dobie propojen s dalsimi nastroji na ochranu pred invazemi. Cerné seznamy jsou zaloZeny na
hodnoceni rizikovosti druhu na zakladé dostupnych znalosti. Klasifikace tzv. ¢ernych (black
list), Sedych (grey list) a varovnych seznamii (watch list) probiha na zaklad¢ miry negativnich
vlivi, které mé dany druh na Zivotni prostfedi, socioekonomickou a zdravotni sféru. V ¢erném
seznamu jsou zahrnuty druhy s vysokym potencialem negativniho dopadu na pivodni biotop
a spoleenstvi, tudiZ jejich management $ifeni a likvidace v ptirodé je prioritni. Sedy seznam
zahrnuje druhy s men$im negativnim dopadem na pivodni biotu. Tyto druhy Ize do uréité
miry tolerovat a k jejich likvidaci pfistupovat pouze na ochranaisky cennych lokalitach.
Varovny seznam upozoriiuje na neptivodni druhy, které se na daném uzemi jesté nevyskytuji,
ale jejich budouci piitomnost a negativni dopad se odekava (Pergl et al., 2016). Pro Ceskou
republiku byl ten seznam sestaven Perglem et al. (2016).

Hodnoceni rizikovosti druhtl je jednim z néstroji predikce neptiivodnich druhd, ktera se
Casto opiraji 0 potencial invazivnosti druhu na zakladé znalosti o samotném druhu a o
mechanismu invazi (Kolar a Lodge, 2002). Dalsim velice hojné¢ vyuZivanym nastrojem je
modelovani potencidlniho vyskytu na zékladé abiotickych ale i biotickych faktorli. Spoc¢iva
v piekryti dat o vyskytu druhu s daty environmentalnimi charakteristikami (teplotni,
vlhkostni, vegetacni apod.). Vysledkem je predikéni mapa potencialniho vyskytu (Elith et al.,
2006; Hirzel et al., 2002).

V poslednich letech neni opomijen ani vliv vefejnosti v ,,boji* s nepiivodnimi druhy.
Skrze cely svét, zejména staty na izemi Severni Ameriky a Evropy, jednotlivé organizace a
instituce zpfistupniuji informace ohledné této problematiky. Tyto informace byvaji dostupné
na internetu, kde jim jsou cCasto vénovany samostatné internetové stranky napi. IUCN,
International  Union  for  Conservation of  Nature, https://www.iucn.org/our-
work/topic/invasive-alien-species; ISSG, Invasive  Species  Specialist  Group,
http://www.iucngisd.org/gisd/; NOBANIS, European Network on Invasive Alien Species,
https://www.nobanis.org/; AOPK CR, https://www.nature.cz/web/invazni-druhy; CZU
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v Praze http://bioinvaze.agrobiologie.cz/), a byvaji doplnéné o informacni karty k jednotlivym
druhtim. Déle jsou pro vefejnost dostupné nalezové databaze. V CR jsou dostupné napiiklad
tyto:  databaze AOPK CR, https://portal.nature.cz/nd/;  databaze Najdi je,

https://www.najdije.cz/.

2.7 Predikce

Biosféru lze chapat jako komplexni dynamicky systém, ve kterém probiha nespocet
mechanismi pfirozené vedoucich ke zménadm jak ve slozeni biodiverzity, tak v ramci
environmentalnich zmén prostiedi (Gherardi, 2007). Po dlouha desetileti se odbornici snazi
definovat pomoci mnoha pravidel, principt a zakonitosti (May a McLean, 2007).

V bézné praxi je ovSem tento fakt k predikci t€Zko uchopitelny. Proto se k naslednému
zkoumani zakonitosti v ekosystémech vyuziva modelovani vychazejici z matematickych
vzorcl — tzv. modelovani. Modelovani je snaha o napodobeni ur¢itého redlné¢ho systému.
Jedna se napiiklad o modelovani samotného chovani daného systému, fyzikdlnich a
chemickych vlastnosti, statistické a dynamické slozky apod. (Rapant, 2002).

Jelikoz jsou modely zjednodusenym pohledem na realitu, nelze v nich vystihnou celou
komplexnost systému. Proto kazdy model vzdy opomiji jednu ze tii slozek — obecnost, realita,
presnost (Guisan a Zimmermann, 2000) rozdéluje modely do 3 skupin:

e Analytické modely — zamé&fujici se na pfesnost a obecnost, které vyuzivaji velmi
zjednodusSenou realitu.

e Mechanistické modely — zaméfujici se na obecnost a realitu, které vychazeji
ptedevsim z principu pficin a disledek.

e Empirické modely — zaméfuji se na presnost a realitu, jedna se o co nepiesnéjsi

zachyceni stavu.

Z toho vyplyva, ze na zéklad¢ cilt, které maji byt pfi modelovani sledovany, je vybrana
konkrétni modelovaci metoda. Dle Guisana a Zimmermanna (2000) se proces a samotny
postup pii modelovani skladé z nésledujicich dil¢ich kroki:

e Koncepcni model — vytvofeni konceptu: formulace cili modelu, shromézdéni
dosavadnich poznatkd, stanoveni metod, sbér dat, casového rozpéti atd.
e Statisticky model — vybér statistické metody dle vstupnich dat a zavislych

proménnych.
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e Kalibrace — uprava modelu a parametr pro zlepseni vysledkt, vybér vysvétlujicich
proménnych.

e Vytvoreni modelu — samotné sestaveni modelu.

¢ Distribu¢ni mapa potencialniho vyskytu — sestaveni predikovaného rozlozeni druhu.

e Vyhodnoceni modelu — porovnani vysledki a vhodnosti modelu vzhledem ke

stanovenym cilim a dosavadnim znalostem.

2.7.1 SDM (species distribution models)

Diky rozvoji, vykonnosti vypocetni techniky poslednich desetileti, dostupnosti
podrobnych udaji a stale se dopliujicich dat o zivotnim prostiedi i jednotlivych druzich
narGsta vyuzivani modela k predikci rozsiteni druht (tzv. SDM — species distribution models)
(Phillips et al., 2006). Tyto modely vychazeji z matematickych vypoctu, statistického
zpracovani v souvislostech s environmentalnimi gradienty prostiedi. SDM modelovani
zasahuje do nejriznéjsich védnich obort, jakymi jsou napt. Ekologie, evolu¢ni biologii,
epidemiologie, biogeografie apod. (Franklin a Miller, 2010). V ochranaiské biologii jsou
vyuZzivany jak k predikci vyskytu a nasledné ochran€ ohroZenych druht, tak pro management
nepivodnich a invaznich druhti (Phillips a Dudik, 2008). Modely zamétujici se na predikci
vyskytu druhti dle Santika and Hutchinsona (2009) délime do dvou zéakladnich skupin:

e Regresni metody — data o ptritomnosti i absenci (potfeba vétsiho mnozstvi dat), napf.
model Random Forests
e Bioklimatické obalky — pouze presenéni data (potieba mensiho mnozstvi dat), napf.
MaxEnt
Jaky typ modelu bude uZzivatelem pouzit zavisi na poctu a charakteru dostupnych dat k

analyze. Jedna se zejména o data presencni (presence — only) ¢i presencné — absencni.
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2.7.1.1 Data

Vstupnimi daty jsou dvé sady dat. Jednou sadou jsou data vyskytu (pouze prezencni ¢i
absencn¢ — prezencni) a sada dat environmentalnich proménnych danych lokalit. Na zékladé
analyzy piekryvu téchto dvou sad dat je vymodelovan potencialni vyskyt druhu (obrazek 2).
Vhodné environmentalni proménné je nutné vybrat na zakladé dostupnosti dat, potfebném
meéfitku a v neposledni fadé v zavislosti na limitujicich potiebach hodnoceného druhu. Pii
studiich zaméfujicich se na malé méftitko, je doporuceno pouzit konkrétnéjsi promeénné jako je
naptiklad pH pudy, sloZzeni vegetace apod. Pro velka meéftitka je doporuceno pouzivat
proménné jako jsou klimatické vrstvy (Peterson, 2003; Peterson a Soberon, 2012). Konkrétné
u predikce potencialniho uchyceni neptivodnich druhi jsou klimatické vrstvy hojné vyuzivané
(Franklin a Miller, 2010; Thuiller et al., 2008; Vogler et al., 2013). Piedpoklada se, ze
podobnost klimatickych podminek mezi pivodnim a nepivodnim aredlem je klicova pro
uchyceni zavleCeného druhu (Hossain et al., 2018; Thuiller et al., 2005). Pocet a vybér
environmentalnich charakteristik potiebnych k modelovani je dilezity pro spravny vysledek.
Obecné lze fict, Ze neni vhodné vybrat maly pocet environmentdlnich vrstev. Druhy jsou
zavislé na celé fadé¢ proménnych, nékteré proménné jsou pro druh limitujici, v ptipadé
vynechani dat by mohl byt vysledek zkresleny. OvSem u nékterych modeli je nutné vyvarovat

se korelace dat (Peterson et al., 2011; Svenning et al., 2011)

Proces modelovani na zakladé Vysledny model se znazoménymi
prekryvu vhodnych proménnych a potencialnimi misty vyskytu
Bioklimaticka . lokallt vyskyth
vIStva s teplotnimi N i
adaji M
\\ ‘
b 1)
NN “‘
WM -7
Bioklimatick4 : YY) -7 —
vrstva s vlhkostnimi ,’
adaii 06 000000 y
MDD
4
K
/7
| / n
Vrstva s ndlezovymi ’ %
zaznamy f"‘;‘
22z

N

Obrazek ¢. 2: Zjednodusené schéma principu modelovani pomoci bioklimatickych obdlek
(napr. MaxEnt). V tomto procesu je na zdklade prekryvu dat s klimatickymi vrstvami a dat
S nalezovymi zdaznamy je vymodelovan potencialni vyskyt daného druhu.
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2.7.2 Maxent

Program, ktery oproti jinym modelim SDM nabizi nespocet vyhod. Jednou z nich je to,
ze MaxEnt modeluje na zéklad¢ dat o vyskytu druhu (pouze prezencnich data). Pri
modelovani jsou programem vytvoiena tzv. background points, kterd nahrazuji nutnost
absencnich dat (Elith et al., 2011). Dle Dudika et al., (2005) je pti n€kterych studiich vhodné
vytvorit tzv. pseudo — absencni data. Toto doporuceni je vhodné zejména pro studie
zaméfujici se na malé méfitko — vzorkované lokality, nikoliv celé arealy, jak je tomu pii
naSich analyzach. Dalsi vyhodou je napiiklad schopnost modelu pracovat jak
S kategorialnimi, tak kontinudlnimi environmentalnimi charakteristikami, coz znamend, zZe
program dokéaze soucasné vyhodnotit model na zédklad¢ napt. klimatickych vrstev a tdaji o
sloZeni pidy. V porovnani s ostatnimi modely tzv. environmentéalnich obalek zaloZenych na
pouze prezencnich datech, MaxEnt se opakované ukazal jako nejpiesnéjsi (Elith et al., 2006;

Franklin a Miller, 2010).

2.7.3 Hodnoceni rizikovosti

V riiznych studiich opirajicich se o modely hodnoceni rizikovosti (risk assessment) se
setkdvame s riznymi modely, které vychéazeji z biologie dané skupiny. Takovymi modely
muze byt naptiklad AS-ISK pro potencialni invazni druhy Zzijici ve vodnim prostiedi, Ci
RAM, ktery byl vyvinut zejména pro ¢tyinohé obratlovce (Copp et al., 2016; Kopecky et al.,
2020). U kazdého modelu se setkavame s odlisnym pfistupem, mnoZstvim a obsahlosti
piisluSnych otazek, ¢i jak je tomu pravé u RAM modelu 1 se zahrnutim klimatické shody na
zédkladé nami vybranych klimatickych charakteristik (Kopecky et al., 2020). Hodnoceni
rizikovosti, diky své specifiCnosti vii¢i konkrétnim biologickym vlastnostem druhu, je
vhodnym dopliiujicim model pfi samotném klimatickém modelovani pomoci SDM model
(Yonvitner et al., 2020). V jedné ze zahrnutych studii ,,Invasion Potential of Ornamental
Terrestrial Gastropods in Europe Based on Climate Matching.* (Bohata a Patoka, 2023) byla
jako dopliyjici podklad pouZita rozsahla studie, ktera se prav€é zaméfovala na hodnoceni

rizikovosti danych druhti ,,Assessment of risks to Norwegian biodiversity from the import and

keeping of terrestrial gastropods in terraria“ (Nielsen et al., 2016).
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Cile prace

Cilem této prace je sumarizace problematiky biologickych invazi, jako jednoho
plynouci. U vybranych druhi Zivo¢ichl ze zajmového chovu si tato prace klade za cil potvrdit
¢1 vyvratit potencialni vyskyt vybranych druhti organizmii na neptivodnich lokalitdich pomoci
programu MaxEnt na zéklad¢ klimatickych shod. Pfi potvrzeni potencidlniho vyskytu

navrhnout opatieni vedouci k zamezeni Sifeni téchto druhti v predikovanych oblastech.

Diléi cile:

Invazni potencial krabt rodu Limnopilos (Patoka et al., 2019)

e Zmapovani potencialniho uchyceni zajmovych druht krabu rodu Limnopilos ve
svété pomoci programu MaxEnt.

Enigmatické ohnisko raéi diverzity v ohrozeni: Invazni potencial introdukce nepuvodnich

druhd rakt na Novou Guineu (Yonvitner et al., 2020)

e Zmapovani potencialniho uchyceni bézn¢ obchodovanych druhi rakli na tzemi
Indonésie pomoci programu MaxEnt.
Dva druhy invaznich jihoamerickych krunyfovci uchycenych v Indonésii (Patoka et al.,

2020)

e Zmapovani potencidlniho rozsiteni dvou ilegalnich druhli krunytfovci rodu
Pterygoplichthys na izemi Indonésie pomoci programu MaxEnt.
Ochranaisky paradox Arapaimy velké: ohrozend v piivodni oblasti Brazilie a invazni

Vv Indonésii (Markova et al., 2020)

e Potvrzeni a zmapovani oblasti k uchyceni neptivodniho druhu Arapaima Gigas
(Shinz, 1822) na uzemi Indonésie

Nomen-omen: nepuvodni jehla &ernopruhd (Syngnathus abaster) v “Tbilisi Sea” a jeji

potencialni celosvétovy vyskyt (Kuljanishvili et al., 2021)

e Potvrzeni uchyceni jehly ¢ernopruhé ve vodni nadrzi u meésta Tbilisi, Predikce
potencidlniho globalniho vyskytu tohoto druhu.
Hodnoceni rizik uchyceni neptvodnich druhli suchozemskych plzi ze zdjmovych chovii

(Bohata a Patoka, 2023)

e Predikce potencialniho rozsifeni konkrétnich druhti plzii ze zajmového chovu

v ramci EU a Schengenského prostoru.
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3 Hypotézy
Pro kazdou studii byla stanovena odlisna hypotéza:

Invazni potencial krabu rodu Limnopilos (Patoka et al., 2019)

e dle klimatické shody nemaji krabi rodu Limnopilos (L.microrhynchus, L.
naiyanetri a L. sumatranus) potencial k etablovani jinde nez v tropickych

oblastech.

Enigmatické ohnisko raéi diverzity v ohrozeni: Invazni potencial introdukce nepuvodnich

druhd rakt na Novou Guineu (Yonvitner et al., 2020)

e dle klimatické shody maji raci: Procambarus clarkii, Cambarellus
patzcuarensis, Cherax destructor, Procambarus virginalis, Procambarus alleni

potencial k etablovani na ostrové Nova Guinea.

Dva druhy invaznich jihoamerickych krunyiovcu uchycenych v Indonésii (Patoka et al.,
2020)

e dle klimatické shody maji krunyfovci Pterygoplichthys pardalis a P.

disjunctivus potencial k dal§imu Sifeni v Indonésii.

Ochranafsky paradox Arapaimy velké: ohrozend v puvodni oblasti Brazilie a invazni

Vv Indonésii (Markova et al., 2020)

e na zaklad¢ klimatické shody ma arapaima velka (Arapaima gigas) potencial k

uchyceni a dal§imu Sifeni v Indonésii.

Nomen-omen: nepuvodni jehla &ernopruhd (Syngnathus abaster) v “Tbilisi Sea” a jeji

potencialni celosvétovy vyskyt (Kuljanishvili et al., 2021)
e jehla cernopruha (Syngnathus abaster) ma na zakladé¢ klimatické shody
potencial k uchyceni ve vodni nadrzi ve mésté Tbilisi.
e jehla cernopruha (Syngnathus abaster) ma na zakladé klimatické shody

potencial k uchyceni v riznych oblastech svéta.

Hodnoceni rizik uchyceni neptvodnich druhu suchozemskych plzi ze zajmovych chovu

(Bohata a Patoka, 2023)

e druhy ze sestaven¢ho seznamu plzli ze z4jmového chovu maji na zékladé

klimatické shody potencial k uchyceni na tizemi EU a Schengenského prostoru.
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4 Metodika

4.1 MaxEnt

Program MaxEnt (Phillips, 2005) je dostupny a spolehlivy nastroj pro modelovani
vyskytu druhd (Franklin a Miller, 2010). Stal se jednim z hojné vyuZivanych predik¢nich
al., 2019; Vogler et al., 2013). Je vyuzivany jak v ochranatské (Blank a Blaustein, 2012;
Oberdorff et al., 2015) tak invazni biologii (Giovanelli et al., 2008; Ward, 2007; Yonvitner et
al., 2020). Je zalozeny na principu maximalni entropie, modelujici rozsifeni druhti na zakladée
environmentalnich nebo klimatickych dat a prezencnich dat lokalit vyskytu druhu. Modeluje
na zaklad¢ statistické metody, ktera vychazi ze strojového uceni (Phillips et al., 2006).
Vystupem je pravdépodobnostni model piitomnosti nebo hustoty zastoupeni druhu (Merow et
al., 2013). MaxEnt porovnava environmentalni a klimatické proménné, které jsou sjednoceny
do jednoho rastru se stejnym rozliSenim pro celou sit’ bun¢k, se souradnicemi vyskytu druhu a
s vyznacenou oblasti pro predikci rozsifeni. Vystupem je pravdépodobnostni mapa zalozena
na maximalnim odhadu hustoty entropie v geografickém prostoru, kdy pro kazdou buiiku je
stejna pravdépodobnost vyskytu druhu, ale limitujicim faktorem jsou environmentalni ¢i
klimatické proménné (Merow et al., 2013; Phillips a Dudik, 2008).

MaxEnt  v.3.4.1 lze  volné stdhnout  ve form¢ aplikace Java
(https://biodiversityinformatics.amnh.org/open_source/maxent; Phillips, 2005) ¢i piidat do
nastroji programu ArcGIS (https://www.arcgis.com/). Pro tUpravu environmentalnich a
klimatickych vrstev do rastru lze vyuzit bezplatné verze DIVA - GIS (v.7.5.0;
http://www.diva-gis.org; Hijmans et al, 2012) ¢ QGIS 3.8.2 Zanzibar
(https://qgis.org/en/site/). Jednou z nevyhod pro Ceské uzivatele je nedostupnost Ceské verze
programu MaxEnt.

Jeho hlavni vyhody a divod, pro€ se stal jednim z nejhojnéji vyuzivanych modell je
vysoka mira uspésnosti predikce (Elith et al., 2006; Franklin a Miller, 2010), a to i pfi
relativné nizkym poctu vstupnich dat vyskytu druhu (Kumar a Stohlgren, 2009), a navrzeni
programu k modelovani na zaklad¢ prezencnich dat (present-only data) (Elith et al., 2011;
Phillips et al., 2006).
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4.2 Sbér dat
Pro modelovani pomoci programu MaxEnt jsou potiebné dvé zékladni sady dat. Jedna
sada obsahuje konkrétni lokality pfirozené¢ho vyskytu druhu s GPS soufadnicemi. Druha sada

dat obsahuje environmentélni charakteristiky limitujici potencionélni rozsifeni modelovaného

druhu.

4.2.1 Data vyskytu druhu

Ke sbéru GPS soutadnic vyskytu druhu lze vyuzit dostupnou literaturu a databaze
shromazd’ujici data vyskytu druhti. Jako zdroje GPS soutadnic 1ze vyuzit dostupnou literaturu,
on-line  dostupné  databaze  napt.  GBIF  (https://www.gbif.org), FishBase
(https://www.fishbase.se, Froese a Pauly, 2019), iNaturalist (https://www.inaturalist.org),
Avif (http://birds.cz/avif/obs.php), VertNet (http://portal.vertnet.org), ALA
(https://www.ala.org.au), nebo databaze instituci jako napfiklad AOPK CR spravujici

Nalezovou databazi ochrany pfirody (https://portal.nature.cz).

4.2.2 Data environmentdlnich charakteristik

Pfi modelovani je rozhodujici, pro jaké méfitko bude program pouzit. Ve velkych
méfitkach (globalni, kontinentalni, izemi statti apod.) postac¢i data z volné€ dostupnych zdroju,
ktera jsou v rozsahu celé planety a opiraji se o bioklimaticka data (Peterson, 2003; Peterson et
al., 2011). Z voln¢ dostupnych on-line databazi jsou k dispozici datové vrstvy abiotickych
faktord, mnaptf. vySkovy profil, The European Environment Agency (EEA
https://www.eea.europa.eu/). K dispozici jsou i data upravena do bioklimatickych faktori jako
nejstudenéjsiho meésice ¢i srazky Vv nejsussim meésici WorldClime
(https://www.worldclim.org/). Databaze CliMond (https://www.climond.org/) obsahujici
vrstvy WorldClim rozsifené o data solarni radiace, pudni vlhkost, atmosféricka vlhkost apod.
Pti predikci vyskytu organizmii v mofich a oceanech je dostupnd databaze Bio-ORACLE
(http://www.bio-oracle.org) a pro sladkovodni organizmy data z projektu EarthEnv
(http://www.earthenv.org/streams) a HydroSHEDS https://www.hydrosheds.org/, kde
nalezneme data teplotnich zdznami, salinity, pH hodnoty, obsahy jednotlivych vyznamnych
prvkd ¢i sloucenin, fotosynteticky aktivniho zafeni a dalsi. S ohledem na stale se ménici klima

je nevyhodou téchto databdzi dostupnost dat surcitym Casovym zpozdénim. Napiiklad
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aktudlni verze WorldClime v.2.1. poskytuje data nashromdzdénd za obdobi 1970-2000,
CliMond v.1.2. za obdobi 1961-1990. OvSsem databdze CliMond nabizi ke stazeni budouci
bioklimatické environmentalni charakteristiky, a to CSIRO anebo MIROC-H. Obé¢ sady dat
obsahuji dva emisni scénare IPCC IV SRES: A1B a A2

Pro modelovani na mensi izemi, jako jsou napftiklad jednotlivé chranéné oblasti, jiz toto
m¢étitko neni vhodné a je tieba vyuzit charakteristik, jakymi jsou naptiklad pH ptid anebo
vegetacni pokryv (Peterson, 2003; Peterson et al., 2011). Zde nastava problém se ziskanim
datovych sad s potiebnym detailem (rozliSenim). Pokud tato data jiz existuji, vétSinou je
mozné je ziskat za poplatek od statnich instituci (CUZK, VUV v.vi., CGS, CHMU v.v.i.,
VUMOP v.v.i. apod.).

4.3 Uprava dat a vystupti (Merow et al., 2013; Phillips, 2005)
o DIVA-GIS a QGIS

Oba programy jsou volné stazitelné. Jedna se o komplexni systém pro zpracovani a
analyzu prostorovych dat. Kromé fady funkci podporuje algoritmy BIOCLIM a DOMAIN pro
modelovani rozSifeni druhii na zékladé ekologickych naroki. UmoZiluje prace se
standardnimi formaty jako napt. shapefile, ESRI apod. (http://www.diva-gis.org/ a
https://www.qgis.org/en/site/)

Environmentalni vrstvy z vySe zminénych databazi lze stahnout v riiznych formatech,
nejcasteji ,,BIL®, ,,ESRI*“ a ,,TIFF“. Po stazeni dat vrstvy sjednotime do jednoho rastru a
pomoci téchto programi je pfevedeme na format ,,ASICII®, ktery je pro MaxEnt Citelny

(obrazek 3).
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Obrazek 3: sjednoceni environmentalnich vrstev do jednoho rastru v DIVA-GIS programu.
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o Lokality vyskytu druhu

Program pracuje s daty o vyskytu druhu ve formatu CSV. Z on-line pfistupnych

databazi (napt. GBIF, FishBase) jsou data stazitelnd v tomto formatu, ovSem obsahuji i data

pro modelovani nepotiebna. V softwaru Microsoft Excel datovy soubor upravime tak, aby

obsahoval pouze potiebna data — nazev druhu a GPS soufadnice. UloZeny soubor ve formatu

CSV vypada (obrazek 4).

» A.superbus (24) - Excel Eal

Soubor Dom VloZe Kresl Rozle Vzon Data Reviz Zok*

FE‘I ﬁ = % ﬁpodmmenefo
Schranka | Pismo | Zarovnani Cisla ﬁ;EFDI'mEtDVEtJE »
= = = = [ Styly bufiky ~
Styly| | A
Al v S | species,decima ¥
A -

species,decimallatitude,decimallongitude |
Acavus superbus,7.021127,80.415837

Acavus superbus,5.992616,80.417611

Acavus superbus,6.992148,80.417621

Acavus superbus,6.0,80.5

Acavus superbus,7.1,80.3

Acavus superbus,7.4,80.7

Acavus superbus,6.751996,80.427629
Acavus superbus,7.36169,80.695876
Acavus superbus,7.653794,80.846191

=T B B R D= FF BN B

=
[=]

11 |Acavus superbus,7.053523,80.307777
12 |Acavus superbus,5.990637,80.423966 -
A.superl ® [ »
] - | + 100%

Obrazek 4: data o vyskytu druhu v CSV formdtu serazeny pro program citelném poradi druh,

zemépisna délka, zemépisna Sirka.
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4.4 Nastaveni programu a vkladani datovych souborti (Merow et al., 2013; Phillips,

2005)

Po vloZeni sobort s daty 0 vyskytu druhu a daty environmentalnich vrstev je potieba

nadefinovat konkrétni vrstvy, zda jsou kategorialni ¢i kontinudlni. Lze tedy kombinovat rizné

environmentalni vrstvy napiiklad klimatické se slozenim pud apod. (obrazek 5).

Samples
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Obrdazek 5: vioZena vstupni data o vyskytu druhu a environmentalnich vrstvach v programu
maxent se zvolenymi prislusnymi parametry.

Na zaklad¢€ studii bylo zvoleno vychozi nastaveni modelovani, kdy si program sam

vytvati tzv. backround points, které nahrazuji absen¢ni data (Elith et al., 2011), s Gpravou

dil¢ich ¢asti nastaveni jako je pocet opakovani, velikost ndhodné testovaci sady a typ

opakovani. Ddle si navolime, jaké vSechny vystupy pozadujeme a jakym typem vystupu bude

program modelovat. Po Upravé nastaveni a zadani mista pro ulozeni modelu spustime

samotné modelovani.
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4.5 Hodnoceni vystupu a ¢teni z nich (Merow et al., 2013; Phillips, 2005)

Po spusténi programu ziskdme sérii vystupt vcetné predikéni mapy. Z prtivodnich
vystuptl poskytnutych programem lze vyhodnotit parametry: jakymi je diillezitost jednotlivych
vrstev pfi modelovani (jacknife), ROC ktivka (Receiver Operation Curve), AUC (Area Under
Curve — hodnota pod kiivkou ROC), tabulku s prahovymi hodnotami, statistické testovani

hypotéz aj.

o ROC kiivka a AUC (hodnota pod kiivkou ROC)

Popisuje vztah mezi specificitou a senzitivitou, coZ znamena uspeéSnost spravného
vyhodnoceni absence ku spravnému vyhodnoceni prezence druhu. Z grafu ROC kiivky se
vypocitava hodnota AUC, ktera odpovida plose pod kiivkou. Pravé AUC hodnota je nejéastéji
pouzivand pro statistické hodnoceni uspésnosti modelii. Hodnoty AUC se pohybuji v rozpéti

0,5 — 1. Je-li plocha pod kiivkou rovna 1, ma test vysokou statistickou validitu (obrazek 6).

Sensitivity vs. 1 - Specificity for abaster
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=
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=
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Training data (ALIC=0.970) =
Testdata (ALC=04971) ®
Random Prediction (AUC=05) =

0.0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0a 1.0
1 - Specificity (Fractional Predicted Area)
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Obrazek 6: ROC kifivka s AUC hodnotou 0,970
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o Dulezitost jednotlivych vrstev pii modelovani (Jacknife)

Vyznamnost jednotlivych proménnych ukazuje graf tzv. jacknife testu. Graf ukazuje
vyznamnost jednotlivych environmentédlnich vrstev pro UspéSnost modelu. Tmaveé modra
znazoriuje, jak by byl model Gspésny, pokud by pracoval pouze s touto proménou a svétle
modra, jak by byl model Gspé&sny, kdyby pracoval se vS§emi proménnymi pravé bez této jedné

(obrazek 7).

Jackknife of regularized training gain for Acavus_superbus

‘Without variable =
7 With only variable ®
4 With all variables ®
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Obrazek T: jacknife graf, kdy tmaveé modra zndzornuje, jak by byl model uspésny, pokud by
pracoval pouze stouto danou promeénou a svétle modra, jak by byl model uspésny, kdyby
pracoval se vSemi proménnymi prave bez této jedné promenné.
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Mapa potencionalniho vyskytu

Hlavnim vystupem je pravdépodobnostni mapa o potenciondlnim vyskytu druhu

(obrazek 8). V mapé jsou bilymi a fialovymi ¢tverecky zaznamendny lokality testovaci i

tréninkové sady prezence druhu. Samotna mapa je Skéalou barev, kdy teplejsi barvy znazoriuji

Vys$i miru pravdépodobnosti vyskytu druhu nez chladnéjsi barvy.

0,J0001

Obrazek 8: mapa potencionalniho vyskytu hodnoceného druhu — ¢im teplejsi barva, tim vyssi
pravdepodobnost vyskytu druhu.

Prahova hodnota

Zvysujici se pravdépodobnost vyskytu druhu se zvySujici se teplotou barvy je obecné

pravidlo, které ndm neposkytne informace o prahové hodnoté, tudiz nejniZsi hodnoté, kdy je

jiz pravdépodobnost vyskytu druhu vysokéd natolik, aby bylo mozné fict, Ze druh v dané

oblasti pfezije. Modelovanim jednotlivych druhil, rGznych proménnych, popiipadé zadani

odli$ného nastaveni vznikaji riizné prahové hodnoty. Tabulka dale zaznamenava vynechané

testovaci a tréninkova data, statistické chyby a velikosti predikované plochy, na které je

pravdépodobny vyskyt druhu (obrazek 9).

|Cumulative threshold |Cloglog threshold | Description |Fracrional predicted area |Training omission rate |Test omission rate ‘ P-value
1.000 0.017 Fixed cumulative value 1 0232 0.000 0.000 5.127B-54
5.000 0.090 Fixed cumulative value 5 0.140 0.007 0.014 0E0

| 10.000 | 0172 | Fixed cumulative value 10 | 0.101 | 0.031 | 0.042 | oE0
1.773 0.031 Minimum training presence 0.198 0.000 0.000 0E0
18.689 0327 10 percentile training presence 0.069 0.097 0.097 0E0

| 16.166 | 0.283 | Equal training sensitivity and specificity | 0.076 | 0076 | 0.083 | oE0
12.750 0225 Maximum training sensitivity plus specificity 0.088 0.035 0.042 0E0
15.389 0.264 Equal test sensitivity and specificity 0.078 0.069 0.083 0E0

| 13.783 | 0239 | Maximum test sensitivity plus specificity | 0.084 | 0.042 | 0.042 | oE0

| 1.773 | 0.031 [Balance training omission, predicted area and threshold value | 0.198 | 0.000 | 0.000 | oE0

| 9.577 | 0.161 |  Equate entropy of thresholded and original distributions | 0.104 | 0.031 | 0.042 | om0

Obrazek 9: tabulka znazornujici riizné prahoveé hodnoty, statistické chyby a velikosti

predikované plochy.
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4.6 Prezentace vysledkt (Merow et al., 2013; Phillips, 2005)

Ekologické modely do znacné miry ptiblizuji realné prostiedi. Bohuzel do samotného
modelovani nelze zahrnout vSechny zakonitosti a souvislosti prostfedi. Proto je nutné, ke
kazdému modelu pfistupovat individualné s co mozna nejobsahlejsimi znalostmi o daném
druhu a problematice uz béhem samotného sestavovani modelu az po néslednou interpretaci
vysledku.

Série vyse zminénych vystupli nam poskytne dostatek informaci o samotném modelu a
jeho priibéhu vcetné statistickych dat. Po urceni validity modelu, pomoci AUC hodnoty
odecteme prahovou hodnotu pro vyskyt druhu. Poslednim dalezitym vystupem je statisticka
tabulka s vyslednymi prahovymi hodnotami. Na zakladé¢ vynechanych testovacich a
tréninkovych dat, statistické chyby a velikosti predikované plochy vybereme prahovou
hodnotu, od které je pravdépodobné uchyceni druhu. Na zakladé vynechanych testovacich a
tréninkovych dat, statistické chyby a velikosti predikované plochy vybereme prahovou
hodnotu, od které¢ je pravdépodobné uchyceni druhu (obrazek 10). Kromé zminénych
prediktori jsou urcité vypocty prahovych hodnot, které se doporucuji pro konkrétni

interpretaci vysledk.

Cumulative threshold | Cloglog threshold Description Fractional predicted area | Training omission rate | Test omission rate|| P-value
1.000 0.017 Fixed cumulative value 1 0232 0.000 0.000 5.127E-54
| 5.000 \ 0.090 \ Fixed cumulative value 5 | 0.140 | 0.007 \ 0.014 [ oE0
| 10.000 \ 0.172 \ Fixed cumulative value 10 | 0.101 | 0.031 \ 0.042 | oEo
| 1773 \ 0.031 \ Minimum training presence | 0.198 | 0.000 \ 0.000 [ oE0
18.689 0.327 10 percentile training presence 0.069 0.097 0.097 0ED
16.166 g oz3 el e PR i ooe 0.083 0EO
< 12750 \ 0225 \ Maximum training sensitivity plus specificity | 0.088 | 0.035 \ 0.042 0ED
15.389 B Ty spe— c Y 0.083 0EOD
13.783 0.239 Maximum test sensitivity plus specificity 0.084 0.042 0.042 0EO
| 1.773 \ 0.031 [Balance training omission, predicted area and threshold valuz | 0.198 | 0.000 \ 0.000 [ oE0
| 9577 \ 0.161 | Equate entropy of thresholded and original distributions | 0.104 | 0.031 \ 0.042 | oEo

Obrazek 10: Vybrana prahova hodnota ,,maximum training sensitivity plus specificity na
zdakladeé statistickych chyb, velikosti predikované plochy uchyceni druhu a konkrétniho
vypoctu prahové hodnoty.
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Pro ptehlednéj$i znazornéni potencialniho vyskytu druhu s vybranou prahovou
hodnotou je mozné vyuzit program jako QGIS. Tento program ma mnoho funkci pro nasledné

zobrazeni dobfe ¢itelného vysledku modelovani (obrazek 11)

,?' % | "

Obrazek 11: finalni mapa potencidalniho vyskytu druhu upravena v programu QGIS na
zakladeé urcené prahové hodnoty. Cervené oblasti predikuji vyskyt druhu.
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5 Vysledky

5.1 Publikované ¢lanky spoluautorské

Invazni potencial krabu rodu Limnopilos (Patoka et al., 2019)

E diversity MbPY

Communication

Invasive Potential of Pet-Traded Pill-Box Crabs from
Genus Limnopilos

Ji¥i Patoka *({, Lucie Bohata !, Tomas Karella 2, Jana Markova !, Ernik Yuliana ® and Yonvitner *

Obchod v ramci zajmovych chovii vodnich Zzivocicht je jedna z hlavnich pficin
globalniho §ifeni neptivodnich druhli organizmii. V poslednich dvou desetiletich stoupa z4jem
o zajmové chovy sladkovodnich korys$t zitddu desetinozcl. V roce 2008 se na trhu
s akvaristikou objevili drobni sladkovodni krabi zrodu Limnopilos. I kdyz jsou pomérné
Castou soucasti akvarii, znalosti o jejich biologii a zivotni strategii jSou nedostacujici. Tudiz i
jejich invazni potencial I1ze jen tézko odhadnout a neni dostate¢né prozkouman.

Tato studie shrnuje poznatky o dostupnosti krabt z rodu Limnopilos na trhu v Evropé a
v Severni Americe. Na zakladé¢ klimatické shody analyzuje invazni potencial vSech tii
znamych druht z tohoto rodu: L. microrhynchus (Ng, 1995), L. naiyanetri Chaung a Ng, 1991
a L. sumatranusv Naruse a Ng, 2007 v globalnim meéfitku. Na zdkladé analyzy bylo
potvrzeno, ze V akvaristice se jako jediny znamy druh zrodu Limnopilos vyuziva L.
naiyanetri, ale je mozné, ze se v budoucnu na trhu se zvifaty objevi i jiné druhy z tohoto rodu.

Dle klimatické shody (obrazek 12) jsou pro potencialni vyskyt krabt z rodu Limnopilos
vhodné oblasti tropt, véetné severni ¢asti Jizni Ameriky. Jako nejrizikovéjsi druh se ukazal L.
microrhynschus. Tato pilotni studie obsahuje i navrhy a doporuceni tykajici se trhu

s akvarijnimi zivocCichy, v¢etné sledovani trhu se sladkovodnimi desetinozci.
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Limnopilos microrhynchos
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Obrazek 12: predikce potencidlniho celosvétového rozsireni krabu rodu Limnopilos (L.
microrhynchus, L. naiyanetri, and L. sumatranu) na zakladeé klimatické shody. Procentuadlni
vhodnost prostiedi je na mapé vyjadiena barvami — Cervend barva zndzornuje nejvyssi
pravdepodobnost k uchycent (100 %).

44



Enigmatické ohnisko radi diverzity v ohrozeni: Invazni potencial introdukce nepuvodnich

druhti rakti na Novou Guineu (Yonvitner et al., 2020)
)

Received: 29 April 2019 | Revised: 9 September 2019 | Accepted: 17 November 2019
Check for
DOI: 10.1002/aqc.3276 updates:

RESEARCH ARTICLE WILEY

Enigmatic hotspot of crayfish diversity at risk: Invasive
potential of non-indigenous crayfish if introduced to
New Guinea

Y. Yonvitner! © | Jifi Patoka®® | Ernik Yuliana®® | Lucie Bohata? |
Elena Tricarico®® | Tomas Karella® | Antonin Kouba®® | Julian D. Reynolds’

Nova Guinea je rozlehly ostrov, jehoZz zapadni polovina nalezi Indonésii. Tento ostrov
je bohaty na ptvodni druhy astakofauny rodu Cherax z ¢eledi Parastacidae. Celosvétove
Indonésie patii mezi hlavni vyvozce sladkovodnich rakii k ucelim okrasné akvakultury.
Kromé toho, ze nékteré novoguinejské druhy rakd jsou vyuzivany v rdmci mezinarodniho
obchodu se zvifaty, na Indonéském ostrové Java byly jiz diive zaznamendny chovy
neptivodniho druhu raka Procambarus clarkii (Girard, 1852). Tento severoamericky druh je
prenaSeCem rac¢iho moru, letdlni nemoci pro vétSinu zastupcii Parastacidae. Jelikoz v
Indonésii neexistuji opatfeni regulujici obchod a manipulaci s raky, lze ocekavat zavleceni
dalsich nepivodnich druhi rak na Novou Guineu.

Z vyse uvedenych ditvodil bylo pét druhii rakdl, jeden australsky a Ctyfi severoamerické
druhy, (Cambarellus patzcuarensis Villalobos, 1943, Procambarus alleni (Faxon, 1884), P.
clarkii, P. virginalis (Lyko, 2017), Cherax destructor Clark, 1936) podrobeno analyze a na
zékladé klimatické shody byl predikovan potencialni vyskyt téchto druht raki. Dle modelu
klimatické shody (obrazek 13) je pravdépodobnost uchyceni severoamerickych druhti znacna,
jako nejrizikovéjsi druh se ukazal P. clarkii. Vzhledem k vysledkim této studie byla navrzena
doporuceni a opatfeni vramci trhu s akvakulturnimi druhy rakd, véetné uplného zakazu

dovozu a vyvozu vysoce rizikovych druhi rakd na izemi Indonésie a Papui Nové Guinei.
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Obrazek 13: (a) topograficka mapa Nové Guinei se zndazornénou nadmorskou vyskou. Mapa
(b-f) zndzornuje environmentalni shodu pro potencialni uchyceni hodnocenych druhii na
zdklade modelovani programem MaxEnt: (b) Procambarus clarkii, (c) Procambarus
virginalis, (d) Cambarellus patzcuarensis, (e) Procambarus alleni, (f) Cherax destructor.
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Dva druhy invaznich jihoamerickych krunyiovet uchycenych v Indonésii (Patoka et al.,
2020)

Knowl. Manag. Aquat. Ecosyst. 2020, 421, 28
© J. Patoka et al., Published by EDP Sciences 2020
hutps://doi.org/10.1051/kmae/2020021

www.kmae-journal .org francais de la biodiversité

SHORT COMMUNICATION OPEN @ ACCESS

Two species of illegal South American sailfin catfish of the genus
Pterygoplichthys well-established in Indonesia

Jifi Patoka'’", Muhammad Takdir’, Yonvitner’, Hilman Aryadi®, Rikho Jerikho’,
Jusri Nilawati®, Fadly Yasin Tantu®, Lucie Bohata', Asti Aulia’>, Mohammad Mukhlis Kamal’,
Yusli Wardiatno™’ and Miloslav Petrtyl'

Populérni akvaristickou rybou jsou krunytovci pochazejici z Jizni Ameriky. V nedavné
dobé bylo zaznamendno mnoho ptipadi rozsifeni téchto ryb ve volné ptirod¢ na nepiivodnich
oblastech celého svéta. V poslednich letech stoupd pocet zaznaml o nové introdukovanych
populaci druht z rodu Pterygoplichthys a jejich hybridi. Diky své biologii a ekologii jsou
zastupci tohoto rodu Gsp&Snymi pii piekondvani geografickych bariér (pomoci antropogenni
¢innosti) a na novych lokalitdich maji predispozice k rychlému a tspéSnému uchyceni.

Konkrétné dva druhy, Pterygoplichthys disjunctivus (Weber, 1991) a P. pardalis
(Castelnau, 1855) a jejich kiizenci jsou masivné rozsifeni na Gzemi Indonésie, kde tvofi
sobéstacnou populaci, ktera je castecné vyuzivana k lidské obzivé ¢i krmeni zvitat. Piekryv
lokalit vyskytu téchto populaci s modelem potencialniho vyskytu na zdkladé klimatické shody
a programu MaxEnt (obrazek 14) si s uréitou presnosti odpovidaji. Na zakladé této shody,

bylo doporuceno sledovani dalSich oblasti s potencidlem pro vyskyt téchto druhd.
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Obrazek 14: Mapa Indonésie ukazujici na zdklade modelovani pomoci programu MaxEnt
environmentadlni shodu k potencidalnimu vyskytu druhu Pterygoplichthys pardalis (a) a P.
disjunctivus (b). cervena barva zndzornuje oblasti s vysokou pravdépodobnosti uchyceni
druhu. Lokality se zaznamem vyskytu jednoho ze zminovanych druhit ¢i jejich hybridii jsou

znazorneny cervenymi teckami (c).
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Ochranafsky paradox Arapaimy velké: ohrozend v puvodni oblasti Brazilie a invazni

V Indonésii (Markova et al., 2020)

Knowl. Manag. Aquat. Ecosyst. 2020, 421, 47 Knowledge &

© J. Markova et al., Published by EDP Sciences 2020 :'lqana[gemem of
-iidoi.oral f /202003 uatic

https://doi.org/10.1051/kmae/2020039 Ecosystems

Journal fully supported by Office
www.kmae-journal.org frangais de la biodiversité

RESEARCH PAPER OPEN g ACCESS

Conservation paradox of giant arapaima Arapaima gigas
(Schinz, 1822) (Pisces: Arapaimidae): endangered in its native
range in Brazil and invasive in Indonesia

Jana Markova', Rikho Jerikho?, Yusli Wardiatno®*, Mohammad Mukhlis Kamal®,
André Lincoln Barosso Magalhﬁes4, Lucie Bohata®, Lukas Kalous' and Jiii Patoka'"

Indonésie je jednou ze zemi, které vedou v celosvétovém méfitku v obchodu okrasné
akvakultury, a pravé okrasné akvakultura je jednou z hlavnich cest Sifeni neptivodnich druhii
organizmt.. Vypusténi nebo unik téchto drzenych zivocichi muze vést k uchyceni na
nepivodni lokalité, kde se posléze dany druh mize stat invaznim. Na druhé stran¢, nékteré
z invaznich druht jsou v lokalitach jejich pfirozené¢ho vyskytu ohrozené. Tento biologicky
fenomén je oznacovan jako ,,ochranaisky paradox“ a mlze platit 1 v pfipad¢ arapaimy velké
(Arapaima gigas). Tato nejvétsi kostnata ryba, ktera je na puvodnich lokalitach v Amazonii
ohrozena, je jednim z oblibenych druhii v akvakultufe, véetné¢ chovli v Indonésii. V posledni
dobé byly zaznamenény nalezy tohoto druhu na nékolika lokalitich ve volné piirod¢ na
ostrové Java a Sumatra v Indonésii.

Na zakladé modelovani klimatické shody (obrazek 15) bylo zjisténo, ze vétSina
Indonésie je vhodna pro uchyceni arapaimy velké. S ohledem na velikost a dravost této ryby
je dale diskutovano o mozném dopadu na pivodni biotu Indonésie a dalSich postupli pro

ochranu ptirody.
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Obrazek 15: Mapa Indonésie ukazujici na zdklade modelovani pomoci programu MaxEnt
environmentalni shodu k potencialnimu vyskytu Arapaima gigas (a). cervena barva
znazornuje oblasti S vysokou pravdepodobnosti uchyceni druhu. Lokality se zdaznamem
vyskytu A. gigas jsou znazornény cervenymi teckami (b).
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Nomen-omen: nepuvodni jehla dernopruha (Syngnathus abaster) v “Tbilisi Sea” a jeji

potencialni celosvétovy vyskyt (Kuljanishvili et al., 2021)

INLAND WATERS
2021, VOL. 11, NO. 3, 278-285 lL @ Taylor & Francis
hetps://dot.org/10.1080/20442041 2021, 1909374

& OPEN ACCESS | e

Evaluation of the potential establishment of black-striped pipefish transferred by
cultural drivers

Tatia Kuljanishvili ©* Jifi Patoka ©, Lucie Bohata ©,* Katefina Rylkova ©," Bella Japoshvili © ° and
Lukas Kalous ©@°

Introdukce nepiivodnich druhit je jednou zhlavnich pficin celosvétové ztraty
biodiverzity. Nedochazi pouze K ovlivnéni pivodni bioty, ale taktéz Kk ekologickym i
ekonomickym ztratam.

V této studii jsme potvrdili vyskyt jehly ¢ernopruhé Syngnathus abaster Risso, 1827 ve
vodni nadrzi Tbilisi (stiedni ¢ast povodi feky Kura), kam byla introdukovana z Cerného mote.
Jelikoz se tato udalost mohla stat 1 v jinych oblastech, rozhodli jsme se pomoci programu
MaxEnt vymodelovat celosvétovy potencialni mozného vyskytu jehly ¢ernopruhé na zaklade
ekologické vhodnosti prostiedi (obrazek 16). Nizinné vodni plochy ve vnitrozemi a pobtfezni
pasma V mirnych a sttedomofiskych klimatickych oblastech jsou mista, kde by tento druh
mohl piezit v pfipadé vypusténi. Riziko introdukce je v soucasné dobé nizké, ale s ohledem
na rostouci mistni i mezinarodni obchod se zvifaty, se zvySuje Sance dalSiho vypousténi

tohoto druhu.
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Obrazek 16: Puvodni vyskyt (zmazornén modre) a environmentalni shoda pro uchyceni
Syngnathus abaster (zndzornéna cervené) v globalnim méritku.
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5.2 Publikované ¢lanky prvoautorské

Hodnoceni rizik uchyceni nepuvodnich druhti suchozemskych plzi ze zadjmovych chovi

(Bohata a Patoka, 2023)

m diversity MDPY

Article
Invasion Potential of Ornamental Terrestrial Gastropods in
Europe Based on Climate Matching

Lucie Bohata (' and Jifi Patoka *

Abstrakt

Prestoze jsou suchozemsti plzi organizmy S omezenou schopnosti Sifeni, diky
minimalizaci gegograficky bariér skrze globalizaci a obchod se jednotlivé druhy §ifi po celém
svété. Mnoho druht suchozemskych plzi je fazeno mezi Sklidce a invazni organizmy, které
znatelné snizuji vynosy rostliné produkce, negativné ovliviuji slozeni ptivodni bioty a pfenasi
parazity. Navzdory tomu je z pohledu biologickych invazi této skupiné€ organizmi vénovana
nedostatena pozornost a to zejména s ohledem na prevenci a patfi€nd legislativni opatfeni.
Zajmové chovy jsou jednou zhlavnich cest Sifeni neptivodnich druhit a obchod se
suchozemskymi plzi, ktery ziskavéa na popularité, neni zmapovan. Z tohoto diivodu jsme se
rozhodli zmapovat trh se suchozemskymi plzi a na zaklad¢ klimatické shody modelovani
potencialniho vyskytu jednotlivych druhii pomoci programu MaxEnt urcit miru rizikovosti
jednotlivych chovanych druhti pro EU a Schengensky prostor. Na zéklad¢ prizkumu ¢eského
trhu se zajmovymi druhy vznikl seznam s 51 (49 ulitnatych plzii a 2 bezulitnaté plzi)
obchodovanymi druhy suchozemskych plzi. Vzheledem k nedostacujicicm ¢i chybéjicim
informaci bylo analyzovano pouze 29 druhti (28 ulitnatych plzti a 1 bezulitnaty plz). Na
zakladé modelovani pomoci programu MaxEnt se ukédzalo, Ze 20druhti obchodovanych plzi
ze 7 Celedi ma potencialni k uchyceni na zemi EU ¢i Schengenského prostoru. Jako druhy
majici velky potencial k uchyceni byly vyhodnoceni: Anguispira alternata, A. strongylodes,
Laevicaulis alte, Megalobulismus oblongus, Rumina decollata and R. saharica. V této praci,
s odkazem na probéhlou analyzu pomoci programu MaxEnt, pfedkladame uvahy ke zlepSeni
hodnoceni rizikovosti potencidlné invaznich druhii a dale doporucujeme prubézné sledovani

trhu a obchodu se zvitaty.
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Reserse

Antropogenni aktivity maji jednozna¢ny vliv na biodiverzitu (Clavero et al., 2009;
Tilman et al., 2001), Globalizace spojena s lidskou ¢innosti pomaha organizmim, s nizkou
aktivni disperzi, jakou jsou naptiklad plzi, ptekracovat ptirodni geografické bariéry, které jsou
jinak limitujicim faktorem pro $ifeni druhi (Hulme et al., 2008; Nentwig, 2008; Pimentel,
2011). Nékteré nepivodni druhy plzil jsou prozatim znami pouze jako tzv. sklenikové druhy
(Horsak et al.,, 2020; Jufickova, 2006), ovSem mnoho suchozemskych ulitnatych i
bezulitnatych plzi je celosvétove klasifikovano jako neplvodni ¢i invazni druhy, vzhledem
k jejich negativnimu dopadu na pfirodni biotu i neptivodni ekosystémy (Lowe et al., 2000;
Nielsen et al., 2016; Raut a Barker, 2002). Invazni suchozemsti plzi obsazuji volné niky,
probihd mezi nimi potravni i prostorova kompetice s ptivodnimi druhy, mohou byt predatoti
puvodnich druhi, jsou vektory nepiivodnich patogentl, které mohou byt zraiiujici pro ptivodni
faunu atd. (Cowie, 2001; Lv et al., 2009).

Napiiklad Lissachatina fulica (Bowdich, 1822) je klasifikovana jako invazni druh
v riznych oblastech svéta (Lowe et al., 2000; Raut a Barker, 2002). Ma prokazatelné
negativni vliv na rostlinou produkci, druhovou biodiverzitu bezobratlych i rostlin, a je
vektorem patogent a paraziti (Gerlach et al., 2021; Thiengo et al., Fernandez, 2007). Dalsim
prikladem mtze byt Cornu aspersum (Miiller, 1774), druh, ktery je pivodni ve Stfedomofti
zapadni Evropy. Na tUzemi Kalifornie a Floridy je tento druh znam jako agrikulturni i
zahradni $kddce s velkym socioekonomickym dopadem (Guiller et al., 2012). Ochranaisky
management, jakym je biologickd kontrola, mize stat na pocatku biologické invaze. Plzi
Euglandina rosea (Férussac, 1821), Gonaxis spp. and Rumina decollata (Linnaeus, 1758) byli
na nové lokality zdmérné introdukovani ke sniZzeni populaci piivodné zavlecenych druhii plzi.
Paradoxné se tyto druhy staly predatory ptivodni fauny namisto predace neptivodnich druhi
(Cowie, 2001; Holland et al., 012), ¢imz zpusobily vyhynuti n¢kterych endemickych druhti na
ostrovech v Pacifiku (Cowie a Holland, 2008; Raut a Barker, 2002).

Suchozemsti plzi maji relativné nizkou schopnost aktivni disperze (Aubry et al., 2006;
Baur, 1986). Pti piekraCovani vétSich vzdalenosti jsou zavisli na pasivnim Sifeni pomoci
riiznych vektortl. Zivotaschopni jedinci mohou byt piendseni uchyceni na téle obratlovcl &i
pfenaseného materialu, ale i v gastrointestinalnim traktu ptaka (Kolenda et al., 2017;
Simonova et al.,, 2016; Wada et al., 2012). Nespocet ptikladi nezamérného Sifeni plzi
S naslednym uchycenim mimo pavodni lokalitu je spojovdno s lidskou cinnosti jako je
prevazeni komodit, agrikultura, zajmovy chov zvifat, medicinské zaméry ¢i chov pro

konzumaci (Davis, 2009; Dorge et al., 1999; Turbelin et al.,, 2017). Cesty zavleCeni
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nepivodnich a invaznich druhG nejsou vzdy zcela znami, napiiklad druhy jako Arion
subfuscus (Draparnaud, 1805), Bradybaena similaris (Férussac, 1822), Deroceras reticulatum
(Miiller, 1774), Sarasinula plebeia (Fischer, 1868), and Elisolimax flavescens (Keferstein,
1866) jsou z hlediska zpiisobu zavleCeni na neptivodni oblasti malo prozkoumany (Clavero a
Garcia-Berthou, 2005). OvSem jako jedna z hlavnich cest Sifeni invaznich druhi je vySe
zminovany zdjmovy chov zvifat, ktery v poslednich letech mé zvySujici se jak globalni, tak
lokalni tendenci (Gherardi, 2007; Gurevitch a Padilla, 2004; Patoka et al., 2017; Yonvitner et
al., 2020).

Wittenberg a Cock (2001) navrhuji ¢tyfi zakladni strategie pro nakladani s neptivodnimi
druhy: 1) prevence, 2) v€asna detekce, 3) eradikace, 4) nasledné kontrola. Z téchto strategii se
povazuje prevence (identifikace potencialné nebezpecnych druhti pred zavlecenim) a v€asna
detekce snaslednou eradikaci diive, nez dojde kuchyceni v neptivodni oblasti, jako
nejefektivnéjsi ochranu pred negativnim dopadem invaznich druhti (Touza et al., 2007). Pravé
Kk problematické, ¢asové, finanéni naro¢nosti detekce a Casto nemozné celkové eradikaci
(Mehta et al.,2007). Prevence zahrnuje spolupraci védci (environmentalni modelovani,
hodnoceni rizikovosti, monitorovani cest zavleceni), zakonodarct (legislativni opatieni), ale 1
Siroké vefrejnosti (osveétu vetejnosti, Spolupraci pii monitoringu neptivodnich organismi)
apod. (Akmal et al., 2022; Robinet et al., 2015; Simberloff et al., 2013).

Pfestoze je prevence pied biologickymi invazemi nejefektivnéjsim zpisobem, jak
chranit Zivotni prostfedi, u¢innost podporujicich opatfeni je ponc¢kud kontroverzni, a to
vzhledem k chybéjicim analyzam rizikovosti i implementaci v zakonech (Magalhdes a
Andrade, 2014; Patoka et al., 2018). Evropska unie, jako &len Umluvy o biologické
rozmanitosti, reguluje transport, obchodovani, drzeni a chov invaznich druhli ohrozujicich
uzemi EU na zakladé Natizeni Evropského parlamentu a Rady (EU) ¢.1143/2014 o prevenci a
regulaci zavlékani ¢i vysazovani a Sifeni invaznich nepivodnich druhi.

V porovnani s vodnimi druhy (Ng et al., 2016; Padilla a Williams, 2004; Patoka et al.,
2017), je riziko introdukce a obchod se suchozemskymi druhy ze zajmovych chovii méné
prozkouman, a to suchozemské plze nevyjimaje (Auliya et al., 2016; Patoka et al., 2016)
Ceska republika zaujima v ramci globalniho trhu se zvifaty jednu z vedoucich pozic jako
importér, exportér a producent zajmovych druha zvifat, tim se stava vstupni bradnou pro
neptuvodni druhy v ramci EU a Schengenského prostoru (Auliya et al., 2016; Kalous et al.,

2015). Z téchto duvodu jsme se rozhodli na zaklad¢ dostupnosti chovanych suchozemskych
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plzi v ramci CR a klimatické shody pomoci programu MaxEnt analyzovat pravdépodobnost

uchyceni novych populaci v rdmci EU a Schengenského prostoru.

Metodika

Seznam s obchodovanymi druhy plzd (Tabulka 1) byl ptfevzat z (Bohata a Patoka,
2019), a aktualni taxonomie byla pievzata z https://www.molluscabase.org. Pro 51 druhti z 11
Celedi (49 druha zéstupct ulitnatych plzt a 2 bezulitnatych plzil) byla provedena analyza
klimatické shody piivodni oblasti a izemi EU a Schengenského prostoru pomoci programu
MaxEnt (v.3.4.1; https://biodiversityinformatics.amnh.org/ open_source/maxent) (Phillips,
2005). Na zakladé poznatkd obchodnikii se zvifaty a chovateli byla k jednotlivym druhtim
plzh pfirazena naro¢nost chovu, ktera se opira o potravni potteby, adaptabilnost na prostiedi,
reprodukci apod. (landsnails.org, https://aquariumbreeder.com).

Vstupni data pro modelovani shody byla pouzita na zdklad¢ publikovanych informaci o
puvodnim vyskytu a environmentalnich proménnych dtlezitych pro vyskyt druhu (teplotni,
vlhkostni a srazkové parametry) (Raut a Barker, 2002; Vogler et al., 2013). Vysledkem je
mapa ukazujici potencidlni oblast vyskytu pro kazdy druh. GPS soufadnice lokalit ptivodniho
vyskytu druhu byly pievzaty z globalni databaze GBIF (GBIF; https://www.gbif.org), opirajic
se o publikované zaznamy (e.g. Prévot, Jordaens, a Backeljau, 2014) a online databaze (ADW
https://animaldiversity.org/, Terrestrial Mollusc Tool https://idtools.org/id/mollusc, WMSDB
https://www.bagniliggia.it/ WMSD/WMSDhome.htm). Environmentalni vrstvy byly stazeny
z databaze CliMond (v.1.2; https://www.climond.org) s prostorovym rozlisenim 10 min (~1
km?). Dataset vrstev byl sestaven v QGIS 3.8.2 Zanzibar (https://qgis.org/en/site) a preveden
do prislusného ASCII formatu. Tato upravena data byla dale spole¢né s daty o vyskytu druhu
pouzita pii samotném modelovani v programu MaxEnt. Na zaklad¢ dostupnych informaci
bylo pouzito 27 bioklimatickych vrstev (Biol-Biol9, Bio28-Bio35) (Tabulka 2). U
samotného modelovani bylo 80 % zaznamu vyskytu pouzito k modelovému tréninku, zbylych
20 % bylo pouzito pro modelovy test. Pocet zdznamu vyskytu byl u kazdého druhu jiny
Vv zavislosti na dostupnost dat v databazi GBIF. Vysledkem programu MaxEnt je spojita
pravdépodobnostni mapa ukazujici vhodnost stanovist’ pro dany druh. Nésledna vizualizace
vhodnosti prostedi byla provedena pomoci programu QGIS 3.8.2 Zanzibar.

Podle statistického Setfeni pti modelovani a prahovych hodnot pro kazdy druh (Tabulka
3) byla pouzita jako prahova hodnota ,,balance training omission* (Giovanelli et al., 2008;

Oliveira et al., 2010; Phillips et al., 2006). Oblasti dosahujici ¢i ptekracujici zvolenou
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specifickou prahovou hodnotu jsou interpretovany jako oblasti bez klimatickych omezeni
Vv ramci preziti daného druhu (na ptislusnych mapéch jsou zndzornény cerveng).

AUC hodnota pod ROC kiivkou vykazuje statistickou validitu modelu a
pravdépodobnost, Zze nahodny vybér vyskytovych dat je vyssi nez nahodny vybér absen¢nich
dat. Tato hodnota presahovala u vSech hodnocenych druhti hranici 0,95 coz zna¢i vysokou
validitu modelu (Tabulka 3) (Elith et al., 2011; Ward, 2007). Stupen potencialniho rizika byla
vyhodnocen na zéklad¢ velikosti potencialniho rozsifeni predikované oblasti: S — malé oblast,
pouze Makaronézie; M — stfedné velké oblast pokryvajici méné jak 5 % hodnoceného Uizemi;

L — velka oblast pokryvajici vice jak 5 % hodnoceného izemi.
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PUvodni

Druh Autor Celed Narocnost geografické Status
chovu e
rozSireni

Acavus haemastoma (Linnaeus, 1758) Acavidae stfedni oL X
Acavus superbus (L. Pfeiffer, 1850) Acavidae stredni oL X
Helicophanta bicingulata (E. A. Smith, 1882) Acavidae stredni AT X
Helicophanta magnifica Férussac, 1819 Acavidae stredni AT X
Oligospira waltoni (Reeve, 1842) Acavidae stredni oL X
Achatina achatina (Linnaeus, 1758) Achatinidae nizka AT P
Achatina balteata Reeve, 1849 Achatinidae nizka AT P
Achatina craveni E. A. Smith, 1881 Achatinidae nizka AT P
Achatina schweinfurthi E. von Martens, 1874 Achatinidae stfedni AT P
Achatina tincta Reeve, 1849 Achatinidae nizka AT P
Achatina weynsi Dautzenberg, 1900 Achatinidae nizka AT P
Archachatina degneri Bequaert & Clench, 1936 Achatinidae nizka AT P
Archachatina marginata - (Swainson, 1821) Achatinidae nizka AT P
Archachatina papyracea (L. Pfeiffer, 1845) Achatinidae - AT P
Archachatina purpurea (Gmelin, 1790) Achatinidae nizka AT P
Archachatina puylaerti A. R. Mead, 1998 Achatinidae nizka AT P
Archachatina rhodostoma (Philippi, 1849) Achatinidae nizka AT P
Archachatina ventricosa (A. Gould, 1850) Achatinidae - AT P
Ceras dautzenbergi Dupuis & Putzeys, 1901 Achatinidae nizka AT X
Cochlitoma varicosa (L. Pfeiffer, 1861) Achatinidae - AT P
Limicolaria aurora (Jay, 1839) Achatinidae nizka AT P
Limicolaria flammea (O. F. Mller, 1774) Achatinidae nizka AT P
Limicolaria martensiana (E. A. Smith, 1880) Achatinidae nizka AT P
Lissachatina albopicta (E. A. Smith, 1878) Achatinidae nizka AT P
Lissachatina allisa (Reeve, 1849) Achatinidae nizka AT P
Lissachatina fulica (Bowdich, 1822) Achatinidae nizka AT P
Lissachatina immaculata (Lamarck, 1822) Achatinidae nizka AT P
Lissachatina reticulata (L. Pfeiffer, 1845) Achatinidae nizka AT P
Lissachatina zanzibarica (Bourguignat, 1879) Achatinidae nizka AT P
Paropeas achatinaceum (L. Pfeiffer, 1846) Achatinidae nizka oL NN
Pseudachatina downesii (G. B. Sowerby I, 1838) Achatinidae vysoka AT P
Rumina decollata (Linnaeus, 1758) Achatinidae nizka PA |
Rumina saharica Pallary, 1901 Achatinidae nizka PA MI, NN
Subulina octona (Bruguiéere, 1789) Achatinidae nizka NT NN
Ariophanta exilis (O. F. Mller, 1774) Airophantidae nizka oL X
Hemiplecta distincta (L. Pfeiffer, 1850) Airophantidae stfedni oL X
Macrochlamys amboinensis  (E. von Martens, 1864) Airophantidae nizka oL NN
Hadra webbi (Pilsbry, 1900) Camaenidae nizka AU X
Oospira vanbuensis (Bavay & Dautzenberg, 1899) Clausiliidae nizka oL X
Phaedusa paviei (Morlet, 1893) Clausiliidae nizka oL X
Anguispira alternata (Say, 1817) Discidae nizka NA X
Anguispira strongylodes (L. Pfeiffer, 1855) Discidae nizka NA X
Pleurodonte isabella (Férussac, 1822) Pleurodontidae nizka NT X
Caracolus excellens (L. Pfeiffer, 1853) Solaropsidae nizka NT X
Caracolus marginella (Gmelin, 1791) Solaropsidae nizka NT X
Caracolus sagemon (H. Beck, 1837) Solaropsidae nizka NT X
Megalobulimus oblongus (O. F. Mller, 1774) Strophocheilidae - NT NN
Laevicaulis alte (Férussac, 1822) Veronicellidae easy AT |
Leidyula sloanii (Cuvier, 1816) Veronicellidae easy NT P, NN
Zachrysia guanensis (Poey, 1858) Zachrysiidae stfedni NT P
Zachrysia provisoria (L. Pfeiffer, 1858) Zachrysiidae - NT |

Tabulka 1: seznam suchozemskych plzii ze zajmového chovu, popis druhu, celed’, narocnost
chovu (jednoduchd, stiedni, ndrocna), piivodni geografické rozsireni (AT - afrotropickd, AU -
australskd, NA - nearktickd, NT - neotropickad, OL - orientalni, PA — palearktickd, status (X —
bez zaznamu, I — invazni, MI — moznd zameéna s invaznim druhem, NN — nepiivodni druh, P —
skudce).
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Number Variable Minimum  Maximum Rainfa_lll (mm Radia_:i(_)ln Pan ev_?poration
temp (°C) temp (°C)  month™) (Wm™d™) (mm d7)
Bio01 Annual mean temperature (°C) x x
Bio02 Mean diur.nal temperéture range y 5
(mean(period max-min)) (°C)
Bio03 Isothermality (Bio02 + Bio07) x x
Bio04 Temperature seasonality (C of V) x x
Bio05 Max temperature of warmest week (°C) x
Bio06 Min temperature of coldest week (°C) x
Bio07 Temperature annual range (Bio05-Bio06) y
(°C)
Bio08 Mean temperature of wettest quarter (°C) x x x
Bio09 Mean temperature of driest quarter (°C) x x x
Biol0 1(\:[Ce;m temperature of warmest quarter " N
Bioll Mean temperature of coldest quarter (°C) x x
Biol2 Annual precipitation (mm) x
Biol3 Precipitation of wettest week (mm) x
Biol4 Precipitation of driest week (mm) x
Biol5 Precipitation seasonality (C of V) x
Biol6 Precipitation of wettest quarter (mm) x
Biol7 Precipitation of driest quarter (mm) x
Biol8 Precipitation of warmest quarter (mm) x x x
Bio19 Precipitation of coldest quarter (mm) x x x
Bio28 Annual mean moisture index x x
Bio29 Highest weekly moisture index x x
Bio30 Lowest weekly moisture index x x
Bio31 Moisture index seasonality (C of V) x x
Bio32 Mean moisture index of wettest quarter x x
Bio33 Mean moisture index of driest quarter x x
Bio34 Mean moisture index of warmest quarter x x x x
Bio35 Mean moisture index of coldest quarter x x x x

Tabulka 2: vybrané bioklimatické vrstvy a proménné pouzité pro modelovani v programu
MaxEnt (https://www. climond.org). Symbol x oznacuje proménné zahrnuté v konkrétnich

vrstvach.
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Prahova

5 hodnota AUC
Druh Celed’ CM (1-19,28-35) Balance
CM (1-19,28-35) M %;9'28'

Acavus superbus Acavidae M 0.757 0.994
Helicophanta bicingulata ~ Acavidae L 1.168 0.998
Helicophanta magnifica Acavidae S 1.770 0.997
Achatina achatina Achatinidae N 1.226 0.997
Achatina balteata Achatinidae S 3.130 0.976
Achatina schweinfurthi Achatinidae N 0.771 0.985
Archachatina marginata Achatinidae M 1.094 0.993
Archachatina ventricosa Achatinidae M 2.372 0.999
Cochlitoma varicosa Achatinidae L 1.751 0.998
Limicolaria flammea Achatinidae S 2.164 0.963
Limicolaria aurora Achatinidae S 2.118 0.988
Limicolaria martensiana Achatinidae N 1.609 0.993
Lissachatina allisa Achatinidae M 2.177 0.988
Lissachatina fulica Achatinidae S 1.196 0.997
Lissachatina reticulata Achatinidae S 1.633 0.995
Rumina decollata Achatinidae L 1.694 0.982
Rumina saharica Achatinidae L 2.128 0.997
Subulina octona Achatinidae N 0.611 0.999
Hemiplecta distincta Airophantidae N 0.937 0.998
Hadra webbi Camaenidae L 1.068 0.990
Phaedusa paviei Clausiliidae L 3.337 0.998
Anguispira alternata Discidae L 1.422 0.955
Anguispira strongylodes Discidae L 1.358 0.995
Caracolus marginella Solaropsidae N 0.617 0.999
Caracolus sagemon Solaropsidae N 0.968 0.998
Megalobulimus oblongus Strophocheilidae L 2.722 0.980
Laevicaulis alte Veronicellidae L 3.806 0.98

Zachrysia guanensis Zachrysiidae N 0.993 0.999
Zachrysia provisoria Zachrysiidae N 1.066 0.999

Tabulka 3: Vysledné hodnoceni rizikovosti pomoci programu MaxEnt pro 29 hodnocenych
druhii. Na zdkladé vybranych bioklimatickych vrstev (CM Biol-Biol9, Bio28-35) byla

vyhodnocena velikost potencialniho uchyceni jednotlivych druhit v ramci hodnoceného vuzemi

EU a Schengenského prostoru: S — malé vizemi (Makaronézie); M — stiedné velké vizemd,

nepresahujici 5% z hodnoceného uzemi; L — velké uzemi, potencialni uchyceni na plose vétsi
nez je 5% hodnoceného vuzemi. Prahové hodnoty (Treshold) byly vypocteny béehem samotného
modelovani pro kazdy druh zvldst. Vsechny hodnocené modely se vyznacovaly AUC hodnotou

vys$si nez 0,95 — vysoce validni modely.
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Zaveér

Na zaklad¢ dostupnosti dat bylo pomoci programu MaxEnt hodnoceno pouze 29 druhii
z ptvodnich 51 hodnocenych suchozemskych plzi ze zajmového chovu (Tabulka 3). Devét
Z nich vySlo bez potencidlniho uchyceni v ramci EU ¢i Schengenského prostoru: Achatina
achatina (Linnaeus, 1758); Achatina schweinfurthi von Martens, 1874; Limicolaria
martensiana (Smith 1880); Hemiplecta distincta (Pfeiffer, 1850); Caracolus marginella
(Gmelin, 1791); Caracolus sagemon (Beck, 1837); Zachrysia guanensis (Poey, 1858); Z.
provisoria (Pfeiffer, 1850); and Subulina octona (Bruguicre, 1789). Zbylych 2¢é druht ze 7
Celedi méa dle analyzy potencial k etablovani na hodnoceném uzemi. Deseti druhim je
ptisuzovana potencialni schopnost uchyceni na velké plose hodnoceného uzemi: Cochlitoma
varicosa (Pfeiffer, 1861); Helicophanta bicingulata (Smith, 1882); Hadra webbi (Pilsbry,
1900); Phaedusa paviei (Morlet, 1893); Anguispira alternata (Say, 1817); Anguispira
strongylodes (Pfeiffer, 1855); Megalobulimus oblongus (Miiller, 1774); Rumina decollata
(Linnaeus, 1758); Rumina saharica (Pallary, 1901); and Laevicaulis alte (Férussac, 1822).
Ctyfi druhy: Archachatina marginata (Swainson, 1821); Archachatina ventricosa (Gould,
1850); Acavus superbus (Pfeiffer, 1850); and Lissachatina allisa (Reeve, 1849) maji potencial
k uchyceni na stfedn¢ velkém tizemi predikované oblasti a Sest druht ma potencial k uchyceni
Vv oblasti Makaronézie, tudiz pravdépodobnost uchyceni na malé plose predikované oblasti:
Achatina balteata (Reeve, 1849); Limicolaria flammea (Miiller, 1774); L. aurora (Jay, 1839);
Lissachatina fulica (Bowdich, 1822); L. reticulata (Pfeiffer, 1845); and Helicophanta
magnifica (Férussac, 1819)
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Obrazek 17: hodnocené druhy pomoci modelu MaxEnt s potencialnim uchycenim na velkem
uzemi (pokryvnost vetsi nez 5 %) hodnoceného vuzemi EU a Schengenského prostoru (znacené
zelené). Modre znacené uzemi je oblast piivodniho vyskytu druh a cervené vyznacené uzemi
znazornuje oblast s vysoké pravdépodobnosti uchyceni daného druhu: (1) Anguispira
alternata, (2) A. strongylodes, (3) Cochlitoma varicosa, (4) Hadra webbi, (5) Helicophanta
bicingulata, (6) Laevicaulis altea, (7) Megalobulimus oblongus, (8) Phaedusa paviei, (9)
Rumina decollata a (10) R. saharica; (11) mapa Evropské Unie a Schengenského prostoru.
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Obrazek 18: hodnocené druhy pomoci modelu MaxEnt s potencialnim uchycenim na velkem
uzemi (pokryvnost mensi nez 5 %) hodnoceného uzemi EU a Schengenského prostoru
(znacené zelené). Cervené vyznacené ivizemi zndzoriuje oblast s vysoké pravdépodobnosti
uchyceni daného druhu: 1) Acavus superbus, (2) Archachalina ventricosa, (3) A. marginata a
(4) Lissachatina allisa; (5) mapa Evropské Unie a Schengenského prostoru.
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Obrdzek 19: hodnocené druhy pomoci modelu MaxEnt s potencialnim uchycenim na velkém
uzemi (pokryvnost mensi nez 5 %) hodnoceného uzemi EU a Schengenského prostoru
(znacené zelené). Cervené vyznacené uzemi zndzorituje oblast s vysoké pravdépodobnosti
uchyceni daného druhu: 1) Acavus superbus, (2) Archachalina ventricosa, (3) A. marginata a
(4) Lissachatina allisa; (5) mapa Evropské Unie a Schengenského prostoru.

Diskuze

Z 29 vyhodnocenych druhti suchozemskych plzii se 20 druhii ukdzalo jako potencidlné
schopnych uchytit se a vytvofit nové populace v rdmci EU a Schengenského prostoru. Tento
vysledek potvrzuje ptedpoklad, Ze obchod a chov zajmovych zvifat je vstupni branou pro
Sifeni nepiivodnich druhi a ptedstavuje riziko zavlecCeni invaznich druhd (Lockwood et al.,
2019; Patoka et al., 2018; Shivambu et al., 2020; Turbelin et al., 2017).

Charakteristickymi znaky pro ¢asto obchodovana a chovana zajmova zvifata jsou pro né
typické vlastnosti jako je nendro¢nost chovu, manipulace a péce. Vyss$i mira tolerance vici
riznym faktordm prostiedi, dietni variabilita, nenarocny odchov spojeny s vysokou plodnosti
a nenaro¢nou reproduk¢ni strategii Spole¢né s klimatickymi charakteristikami prostiedi jako

je teplota, vlhkost a mnozstvi srazek lze shledat dilezitymi ukazateli pro uspésné uchyceni
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hodnocenych druhti (Nielsen et al., 2016; Phillips a Dudik, 2008; Vogler et al., 2013).
Nejznaméjsim piikladem tohoto fenoménu je dobfe znama L. Fulica (Nielsen et al., 2016),
ktera je rozSifena v mnoha castech svéta (Global Invasive Species Database GISD ISSG
http://www.iucngisd.org). Na zakladé hodnoceni pomoci programu MaxEnt L. fulica vysla
jako druh s potencialné okupujici malou oblast hodnoceného uzemi — Makronézii. Ovsem
vzhledem Kk tomu, ze je tento druh schopny samooplozeni, jeho zndmé invazni historii,
jednoznacnému globalnimu negativnimu dopadu na biodiverzitu a ekonomiku, a v neposledni
fad¢ diky zafazeni L. fulica do seznamu IUCN ,,100 nejinvazivnéj$ich druht ve svété (Lowe
et al., 2000). Nielsen et al. (2016) ve své hodnoceni rizikovosti suchozemskych plzi pro
norskou biodiverzitu oznacil tento druh za ,,stfedn€ rizikovy*. Ov§em tento druh neni jedinym
zastupcem celedi Achatinidae, od kterého se ocekava negativni dopad na biodiverzitu mnoha
zemi (Nielsen et al., 2016). Vzhledem k moznym rizikim bylo ve Spojenych statech
americkych (USA) pfijato opatifeni zakazujici import véetné pievozu rodu Achatina (USDA
APHIS https://www.aphis.usda.gov). Z divodi nejednoznaéné systematiky a nespravného
uréeni ¢i pojmenovani (MolluscaBase https://www.molluscabase.org/) je oznaceni jako ,,rod
Achatina® zavadéjici a nejednoznacny, jelikoz v samotném seznamu je napiiklad uveden
zakaz i na L. Fulica (USDA APHIS https://www.aphis.usda.gov). Existuje nespocet piiklada
zavle€eni nepuivodnich a invaznich druhii ze Severni Ameriky do Evropy a naopak (Hossain
et al., 2018; Niemeld a Mattson, 1996; Vinarski a Palatov, 2018), z toho lze usuzovat, ze
nalezeni vhodnych klimatickych nik pro aklimatizaci druhu nejsou piekazkou. Proto lze
predpokladat potencialni uchyceni druhu, ktery se vyskytuje na jednom ze zminénych
kontinentil, na druhém kontinentu stejnych klimatickych nik.

Oba zajmové druhy z Celedi Discidae Anguispira alternata a A. strongylodes byly pti
analyze zafazeni k druhim s potencidlnim vyskytem na velké ¢asti hodnoceného Uzemi.
Nielsen et al. (2016) ve své praci poukazuje na moznost zamény téchto dvou druht pfi
morfologické determinaci. Dale ve své praci vyhodnotil uchyceni obou druhii na tzemi
Norska jako velmi pravdépodobné, ale rizikovost ur€il jako stfedni, a to kvili ocekdvanym
nizkym dopadiim na pivodni biodiverzitu.

Pouze jediny obchodovany zastupce z ¢eledi Strophocheilidae Megalobulimus oblongus
ma potencial k uchyceni na velké tizemi EU a Schengenského prostoru. Ve své piivodni
domoviné jizni Africe je tento druh ohroZzen zménami prostfedi a nepiivodnim druhem L.
Fulica, ktery je jen tézko kontrolovatelny, a to ru¢nim sbérem, pii kterém hrozi zaména téchto
dvou druhd (Dos Santos et al.,2013; Gregoric et al.,2011). Pokud by se druhu M. oblongus

podaftilo zalozit nové populace na nepivodnich oblastech vznikl by zajimavy fenomén tzv.

64


http://www.iucngisd.org/
https://www.aphis.usda.gov/
https://www.aphis.usda.gov/

ochranafsky paradox, kdy je druh na ptvodni lokalit¢ ohrozeny a v neptivodni oblasti se stava
invaznim (Markova et al., 2020; Vellend, 2017). V porovnani s norskym hodnocenim
rizikovosti Nielsen et al. (2016) klasifikoval M. oblongus jako druh s nizkym rizikem.

Rumina decollata a R. saharica z ¢eledi Achatinidae jsou zastupci pivodni palearktické
fauny. Stfedné velky predator R. decollata se schopnosti samooplozeni je druhem, ktery se
globalné¢ Siii skrze subtropické oblasti, ale zdznamy uchyceni pochédzeji i z mirného
evropského pasu, kde ma negativni dopad na ptivodni malakofaunu (Nielsen et al., 2016; Raut
a Barker, 2002). Pivodni druh jizni Evropy R. saharica je stejné jako R. decollata dravym
druhem se schopnosti samooplozeni. Na rozdil od ptedeslého zastupce zatim nebyl potvrzen
negativni dopad na biodiverzitu, ale diikazy o jejim Sifeni zndmi jsou. OvSem je nutné zminit
morfologickou zaménu s R. decollata (Nielsen et al., 2016; Roll, Dayan et al., 2009). MaxEnt
modelovani potvrdilo uchyceni obou téchto druhii na velkém uzemi hodnocené oblasti.
Nielsen et al. (2016) druh R. decollata klasifikoval jako druh majici stiednim rizikem pro
norskou biodiverzitu a R. saharica jako druh s nizkym rizikem.

Vyskyt druhu Paropeas achatinaceum, ptivodem z tropickych a subtropickych oblasti
jihovychodni Asie, byla zaznamenana v USA (Robinson a Slapcinsky, 2005), v Evropé
(Horsak et  al, 2020) a v Japonsku (invazni ~ druhy  Japonska
https://www.nies.go.jp/biodiversity/invasive). Vzheledem Kk invazni historii nelze podobny
vzorec uchyceni v obdobnych klimatickych podminkach Evropy vyloucit. Kviili nedostatku
dat vyskytu nebylo u tohoto druhu provedeno modelovani pomoci programu MaxEnt, ale i
piesto bychom radi zdiiraznili, Ze tento druh se §iti v globalnim méftitku se zjevnym invaznim
potencialem (Nielsen et al., 2016). Dalsim zastupcem z Celedi Achatinidac je Subulina
octana, kterou Hulme (2009b) ve své praci zminuje jako druh s invaznim potencialem v ramci
Evropy. OvSem zaznamy o vyskytu tohoto druhu ve vloné evropské piirod¢ zatim nebyly
doloZeny. Vyskyt tohoto tropického druhu S. octana na uzemi Evropy byl prozatim potvrzen
pouze Vv podminkach sklenikti (Horsak et al., 2013; Jufickova, 2006). I kdyZ Nielsen et al.
(2016) hodnoti tento druh vramci Norska jako nizkorizikovy, MaxEnt modelovani
nepotvrdilo potencialni vyskyt v EU ani Schengenském prostoru. Ale vzhledem ke stile se
ménicim klimatickym podminkam by tento druh mél byt stale sledovan.

Americkd malakologicka spolecnost (The American Malacological Society) oznacila
zastupce Celedi Veronicellidae jako taxon s potencialn€ negativnim dopadem, ktery se miize
rovnat Skodam zpusobujicim zastupci Celedi Achatinidae (Robert H Cowie et al., 2009).
Laevicaulis alte a Leidyula sloanii jsou ptikladem zajmovych druhd zvirat, které maji znamy

negativni dopad na biodiverzitu, ekosystémovou funk¢nost, agrikulturu apod. (Cowie et al.,
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2009; Nielsen et al., 2016). Modelovani pomoci programy MaxEnt ukazalo, ze rozsifeni
druhu L. alte ma potencial k uchyceni na velkém hodnoceném tzemi. Leidyula sloanii
hodnocen nebyl, vzhledem Kk nedostate¢nosti dat o vyskytu. Z pohledu ochrany norské
biodiverzity byl vyskyt obou téchto druhi vyhodnocen jako potencialné mozny, i kdyz
s nizkym odhadem rizikovosti (Nielsen et al., 2016).

Legislativni zdkon zamétfeny na prevenci zavleceni invaznich druhd v EU je nafizeni ¢.
1143/2014 a unijni seznam invaznich neptiivodnich druht. Nicmén¢, davody pro zarazeni ¢i
nezafazeni druhti na tento seznam jsou diskutabilni. V aktualnim seznamu neni uveden Zadny
suchozemsky plz. Na zakladé prob&hlého modelovani jsem shledali 7 druhd jako vysoce
rizikové (Anguispira alternata, A. strongylodes, Rumina decollata, R. saharica,
Megalobulimus oblongus, Laevicaulis alte a Lissachatina fulica) a doporucili je ke zvazeni
pfi nasledujici aktualizaci unijniho seznam.

Sohledem na nedostatecnou véruhodnost udaji ztrhu se z4jmovymi druhy
suchozemskych plzi (nejednotnd taxonomie, obtizné urfovani na zakladé morfologie ¢i
prekryvajici se mista vyskytu zaménitelnych druhti), celkovou nepiehlednost na trhu a stale se
meénici klimatické podminky, doporucujeme dalsi sledovani trhu jako vstupni brany, nasledné
hodnoceni rizikovosti druhii. NaSe vyslydky bychom radi poskytli ochranciim pftirody,

zakonodarctim a dal§im zucastnénym stranam.
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5.3 Ostatni publikace

Metodika Identifikace vybranych neptivodnich organizmu (Kopecky et al., 2020)
(Za podpory TACR Zéta &. TI01000065)

-

METODIKA IDENTIFIKACE VYBRANYCH
NEPUVODNICH VODNICH ORGANIZMU

IDENTIFIKACNI KARTY

Oldfich Kopecky Pavlina Kufkovd
Lucie Bohatd Miloslav Petrtyl
Milan Gottwald Luké Kalous

Oldfich Kopecky Pavlina Kufikova
Lucic Bohatd Miloslav Petrtyl
Milan Gottwald Lukas Kalous

Cilem metodické ptirucky je zpfistupnéni a zjednoduseni znalosti vyuzitelnych pro
morfologickou a genetickou identifikaci vodnich organizmii a to organizacim (AOPKCR,
CIZP, CRS, ptipadné daldim), které maji v gesci vyskyt, $ifeni, dovoz i proces introdukci
nepuvodnich vodnich organizmi, a Siroké vefejnosti.

Jednou z hlavnich pficin ztraty biodiverzity je dopad rostlinnych a Zivocisnych invazi.
V¢asna identifikace potencialné nebezpecného organizmu podmitiuje rychly a zaroven levny
zpusob pfed zavlecenim takového druhu na nové lokality. Identifikace potencialn€ invaznich
druhii je komplikovand svoji informacni roztiiSténosti a casto slozitym zplsobem
determinace.

Vysledkem prace je vypracovana, tiiaroviiova metodika a postup jakym prakticky a
jednoduse odhalit potencidlné nebezpecny druh. S vyuzitim této metodiky a pfiloZenych
identifikacnich karet (obrazek 20) tak lze v ptipadé nebezpecnych organizmi minimalizovat
jejich mozné negativni dopady hned v zarodku.

Sinanodonta woodiana 0 Sinanodonta woodiana

Skeblice asijska — Chinese giant mussel Skeblice asijska — Chinese giant mussel

S o

Velikost Prostiedi

az 250 mm stojaté a pomalu tekouci
vody pfirodnich i uméle
vybudovanych stanovist'
(feky, potoky, rybniky,

vodni nadrze, jezera)
@ Genbank: MG515742 @
Nema

- relativné silnostén- - zuby Mozné zamény s pavodnimi
nou lasturu - protahlejsi tvar lastur ilVOélChy C":R

- okrouhly tvar lastur
- (01) kupovity vrchol moznost zamény s jinymi druhy &eledi

s hrubymi valy

- mize mit do riZova
zbarvenou perlet'ovou
vrstvu

velevrubovitych, zejména rodu
Skeble Anodonta.

Obrazek 20 — ukazka
karet z Identifikacniho
klice.

projekt TACR TJ01000065 projekt TAGR TJ01000065
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6 Zavér

Nepivodni organizmy jsou povazovany za jednu znejvétSich hrozeb biologické
rozmanitosti a ekosystémové funk¢nosti. Proto je tfeba vénovat jim dostateCnou pozornost
v raznych sférach pilisobnosti, zahrnujicich osvétu vetejnosti, ochranu pfirody skrze
management a legislativni opatieni véetné kontroly. K tc¢elné ochrané by se mély restrikce,
nafizeni a doporuceni opirat a vychazet z odbornych a védeckych praci, které vytipuji
potencidlné nebezpecné druhy.

Védecké a odborné prace zabyvajici se problematikou vcasného odhaleni potencialné
nebezpecnych druhti vychazi z hodnoceni rizikovosti druhu a ze statistického modelovani
pomoci environmentalnich vrstev. Jednim z nejvice vyuzivanych modelovacich programi je
MaxEnt, ktery je diky svému uzivatelsky jednoduchému nastaveni, potfebé pouze
prezencnich dat vyskytu daného druhu, a nizkému poctu zaznamenanych lokalit (diky tvorbé
tzv. backgroound points) a v neposledni fad¢ diky vysoké mife spolehlivosti ¢asto vyuzivan
Vv invazni biologii k predikci potencionalniho rozsifeni druhi.

Vzhledem K nutnosti ochrany ekosystémové funkénosti, biodiverzity a vzhledem
k zavazkiim, které 4 Evropska unie a Ceska republik k protokoliim jako je napiiklad Umluva
o biologické rozmanitosti, hodnotim dosavadni legislativu jako nedostacujici. Natizeni
Evropského Parlamentu a Rady (EU) &. 1143/2014 o prevenci a regulaci zavlékani ¢i
vysazovani a S$ifeni invaznich nepivodnich druhl a jeho provézejici tzv. unijni seznam,
zahrnuji, z riznych divodl, nizky pocet druhli redln€ ohrozujicich biodiverzitu Evropy.
Ceska legislativa nové pfijala zakon & 364/2021 Sb., kterym se méni nékteré zikony v
souvislosti s implementaci ptedpisii Evropské unie v oblasti invaznich neptivodnich druht,
ktery upravuje puivodni zdkony dotykajici se problematiky invaznich druhti: Zékon ¢.
114/1992 Sb. o ochrané piirody a krajiny, Zakon ¢. 99/2004 Sb. o rybatstvi, Zakon C¢.
449/2001 Sh. o myslivosti apod. a nadfazenou evropskou legislativou.

K ochrané ptirodniho bohatstvi a ekosystémovych sluzeb, které ndm poskytuji pfirozena
a polopfirozena prostiedi je zapottebi propojit vyzkum a legislativu, ktera by méla zacilit na
omezeni Sifeni nepiivodnich organizmi v praxi.

Prob¢hld modelovani a analyzy mély za cil sumarizaci problematiky biologickych
invazi. U vybranych druhii Zivo€ichii ze zdjmového chovu bylo cilem potvrdit ¢i vyvratit
potencialni vyskyt vybranych druhti organizmti na neptivodnich lokalitich pomoci programu

MaxEnt, a to na zéklad¢ klimatické shody. Pti potvrzeni potencialniho vyskytu byla navrzena
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opatieni vedouci k zamezeni Sifeni téchto druhii v predikovanych oblastech (viz publikace

Vv ptilohéach).
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Abstract: The pet trade in aquatic animals is known to be one of the main sources of non-native
species worldwide. Freshwater decapod crustaceans have increased in popularity as ornamentals in
the last two decades. Freshwater crabs of the genus Limnopilos were discovered by hobby aquarists
and introduced on the market in 2008. They are generally considered interesting additions to an
aquarium, but information about their living requirements are scarce. Additionally, their invasive
potential is not known. Here, we present a survey of the availability of Limnopilos crabs on the
market in Europe and North America and analyzed the invasive potential of all species from the
genus based on climate matching from a global perspective. The only species recorded in the pet
trade is L. naiyanetri, but future introduction of other species is discussed. Certain tropical regions
were identified as the most suitable for the potential establishment of Limnopilos crabs including

the northern part of South America, and L. microrliynchus was evaluated as the highest risk species.

In this pilot study, we also suggest some points to be answered regarding further improving the risk
assessment and also recommend continuous monitoring of the market for ornamental decapods.

Keywords: aquarium; ornamental aquaculture; Decapoda; Brachyura; Hymenosomatidae; risk
assessment; ecology; climate matching

1. Introduction

Biological invasions, a pervasive component of global change, are perceived as an increasing threat
to biodiversity worldwide [1]. Animportant vector of non-indigenous species is the international trade

in aquarium animals [2] and the popularity of this sector of aquaculture is growing annually [3-5].

Not only are fish popular pets in omamental aquaculture, but decapod crustaceans have also become
relatively commonly traded in the past two decades [6-5].

Numerous records of non-indigenous decapods introduced via the pet trade are known from
various regions over the globe; for instance, crayfish such as redclaw Cherax quadricarinafus [9,10],
marbled crayfish Procambarus virginalis [11,12], Mexican dwarf crayfish Cambarellus patzcuarensis [13],
and freshwater shrimps such as the red cherry shrimp Neccariding davidifheteropoda [14-16] and Kaira
river prawn Macrobrachium dayanum [15]. Generally, invasive decapod crustaceans can outcompete
native species and alter habitats, and certain species serve as a vector of infectious diseases, especially
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crayfish plague caused by the comycete Aphanomyces astaci. The presence of this pathogen has been
confirmed in ornamental crayfish, and in some cases, also in crabs and shrimps [17-19]. The sensitivity
of the above-mentioned non-crayfish decapod hosts is currently under research.

There are several tens to hundreds of freshwater and land-dwelling crab species traded as
omamentals internationally (Radosta, 0., pers. comm. 2019), but a detailed survey of the market is
still lacking, with few reports on local trade [20-22]. Recently, the traded crab species have increased
in number and are exported via the pet trade to Europe, East Asia, and the USA [23]. In 2008, the small
crab Limnopilos naiyanetri was imported from Thailand to Germany and introduced to the market by the
wholesaler Aquarium Glaser GmbH (see https://www.aquariumglaser.de/en/fish-archives/limnopilos-
naivanetri/). The genus Limnopilos (family Hymenosomatidae) was scientifically described in 1991 [24],
later synonymized with genus Hymenicoides [25], and in 2007 resurrected as Limnopilos in light of the
fact that several distinctive characters were identified [26]. Due to their tiny size (less than 1 cm in
diameter), Limnapilos crabs are also called pill-box crabs, Thai micro crabs, or false spider crabs.

The genus Limnapilos is endemic to South-East Asia and includes three species: L. microrhynchus,
L. maiyanetri, and L. sumatranus. Limnopilos microrhynchus has been described from eastern Kalimantan,
Indonesian Borneo, and from Sabah, Malaysian Borneo [27]. The second mentioned species, L. naiyanetri,
is native to Thailand, where the first individuals were found inhabiting the root systems of non-native
water hyacinths [24,25]. The last species, L. sumatranus, is native to central Sumatra [26].

Limnopilos crabs have generally been poorly studied and detailed information about their biology,
ecology, and ethology is not available including information about their reproduction. When their
zoea larvae hatch, they apparently develop in fresh water (Ng F, pers. comm. 2019). Since these
crabs are probably freshwater for their whole life cycle, they are attractive for hobby keeping. Even
though they have attracted the attention of traders and keepers, the presented information about their
life requirements is confused in many aspects (see https://www fishkeeper.co.uk/databank/thai-micro-
spider-crab).

The legislative regulations and restrictions focused on aquatic pets are ineffective in many cases [29].
Hence, the importance of preventing the new introduction of identified high-risk species is obvious.
For this reason, we have decided to survey the availability of Limnopilos crabs on the market and
analyze the invasive potential of all three species based on climate matching from a global perspective.

2. Materials and Methods

2.1. Data Collection

Information about Limnopiles crabs within the pet trade, their availability, and origin was collected
between Movember 2018 and February 2019, In total, lists offered by online shops in various countries
in North America and Europe, the main importers in ornamental aquarium species, were surveyed.
The links were found using the standard search engine Google with “Limnopilos” or “Micro crab” as
keywords and verified by email correspondence with the owners or live-stock managers.

2.2, Market Availability
Market availability was estimated for each species according to [30], using the following

criteria: (i) “very rare”—species available only for a short period and in small quantities; (ii) “rare”
species—available occasionally in small quantities; (iii) “common” species—available frequently in
small quantities; and (iv) “very common" species—always available in large quantities. Although
we are aware of the heuristic aspect of this method, it is applicable for a rough estimate of species
availability in the market [31,32].

2.3. Species Determination

We obtained 20 live crabs from one wholesale facility for aquatic ornamental animals in Slovakia
and 100 individuals from one wholesaler in the Czech Republic. The origin of crabs from Slovakia is
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unclear and were most probably imported from Thailand, which is the verified origin for crabs obtained
in the Czech Republic. Selected individuals were morphologically examined following characteristics
such as the absence of rostrum and setose claws described in [24] and [26] as L. nafyanetri.

2.4. Climate Matching

Climate matching was modeled from a dataset of environmental layers and native range of
Limnopilos crabs. Environmental layers were obtained from the WorldClim database (v.1.4; http:
[fwww.worldclim.org; [33]) with a spatial resolution of 2.5 arcmin (~1 km?) and were assembled in
DIVA-GIS (v.7.5.0; http://www.diva-gis.org; [34]) to the ASCII format for use with the MaxEnt algorithm
(v.3.4.1; https://biodiversityinformatics.amnh.org/open_source/maxent; [35]). MaxEnt is a maximum
entropy model well-suited for species distribution mapping [36,37]. The model describes a continuous
probability surface of habitat suitability in the target area. The final set of bioclimatic predictors
comprised the mean diurnal temperature range (BIO2), isothermality (BIO3), temperature seasonality
(BIO4), temperature annual range (BIO7), and mean temperature of the wettest, driest, warmest, and
coldest quarter of the year (BIO8-11). The native range of the evaluated species was obtained from
validated published records (five locations for L. microrhynchus, eight locations for L. naiyanetri, and
seven locations for L. sumatranus). Even if all known localities with the native occurrence of the species
were included in the analysis, it must be noted that the amount of data (five to eight points) was
relatively low and thus the results must be perceived as a preliminary study. Additionally, MaxEnt
calculates a threshold value at each run. As the cumulative output, a continuous map was generated
for each evaluated species. This map output allows for a fine distinction to be made between the
modeled suitability of different areas for the evaluated species.

3. Results

We found just one pet-traded species of Linmopilos crabs: L. naiyanetri; its determination was
verified morphologically. This species was common (available frequently in small quantities) in
Germany and rare on the market (occasionally available in small quantities) in the following countries:
Belgium, Canada, Czech Republic, Denmark, France, Greece, Hungary, Italy, Netherlands, Poland,
Romania, Serbia, Slovakia, Spain, Sweden, Ukraine, United Kingdom, and the USA. The size class of
the marketed crabs was less than 1 cm in carapace width.

Climatic conditions, here represented by various temperature predictors, do not appear to
constrain the spread of Limnopilos crabs in certain tropical regions if they are introduced. The most
adaptable species seems to be L. microrhynchos, followed by L. naiyanetri; L. sumatranus was evaluated as
the least adaptable species. The most suitable regions for the potential establishment of L. microrhynchus
were identified as northern South America with a part of the Amazon River Basin and part of Southeast
Asia, with a lesser extent in a dozen kilometer band taking in part of the coast of south India and
Sri Lanka, around the Red Sea (in Eritrea and Saudi Arabia), and the Gulf of Guinea (Figure 1).
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Limnopilos microrhynchos
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Figure 1. Worldwide environmental suitability for Limnopilos crabs (L. microrhynchus, L. aaiyaretr,
and L. susafranus) based on environmental predictors in the MaxEnt model. Suitability is shown
in different colors representing the percentage value, with red indicating the highest probability of
establishment (1007%).

4. Discussion and Conclusions

The climate matching analysis showed the potential risk of the establishment of Limnopilos crabs
at new localities outside their native range, with the highest probability in parts of South America
and Southeast Asia. Of all three scientifically described species of Limnopilos crabs, we found just
L. naiyanetri to be offered for sale as an ornamental creature via the pet trade. It is traded in numerous
European countries as well as in the USA and Canada, but is usually not frequently available and
stocked in pet shops and wholesalers, with the exception of the German market. This species is not as
adaptable as its congener, L. microrfynchos, which is currently not pet-traded.
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Species of the family Hymenosomatidae are the smallest freshwater crabs on the world [35].
Limnopilos crabs are traded in tiny sizes and can be easily overlooked and their accidental release with
waste water from aquaria is possible (especially when there are high densities in the tank). Moreover,
these crabs have been found hidden among floating water hyacinths (Eichhornia crassipes) [28]. Since
this plant is known to serve as a medium for the translocation of various animal taxa via ornamental
aquaculture [39], one can expect that unintentional translocation by this pathway is possible. It follows
that the risk of the introduction of pet-traded Limnopilos crabs does exist.

One of the most susceptible regions for the potential establishment of Limnopilos crabs is the
northern part of Brazil, a country with a well-developed trade in ornamental aquatic species. This
fact should be of concern to local wildlife managers and policymakers. Even if this country has a
prominent place in global biodiversity, covering a huge diversity of biomes and species, the Brazilian
government has initiated activities that threaten biodiversity and entire ecosystems [40]. Among others,
their legislation supports the production and trade of numerous ornamental freshwater species despite
their nativeness [29]. Although no Limmnopilos crabs have been recorded as traded in Brazil, their future
introduction on the market cannot be excluded due to the high popularity and the increasing economic
importance of this sector of aquaculture there.

All three species are native to countries that are among the main suppliers of ornamental freshwater
species in the world. Although L. naiyanetri is currently the only found pet-traded species from the
genus, exploitation of both L. microrhynchus and L. sumatranus for ornamental purposes is also likely.
Both species have native ranges within Indonesian territory. Since Indonesia has been identified as
one of the leading suppliers of ornamental freshwater crustaceans [7], we assume that the increasing
popularity of Linmopilos crabs in hobby keeping will lead to field harvesting and the subsequent
advertising of yet unexploited species for sale. The species identification is not easy even for crustacean
experts (see the key to the species in [29]). Due to this fact and in line with previously identified
behavior of traders who frequently advertise ornamental species under misnomers, names of other
species, outdated names, or only by commercial names [30,41], species misidentification is likely if and
when L. microrhynchus and L. sumatranus are introduced on the market.

To improve the risk assessment, we suggest that at least the following three queries are considered
and answered: (i) Are there any symbionts? Nothing is known about the biota associated with
Limnopilos crabs, but tiny symbionts such as rotifers and temnocephalidans are known to be transported
via the pet trade associated with their decapod hosts [42]; (ii) Are Linnopilos crabs truly freshwater?
Limnopilos crabs release free-moving larvae, and these larvae apparently develop in freshwaters, but
this assumption must be confirmed; and (iii) Are Limnopilos crabs sensitive or resistant to crayfish
plague? There are also three possible scenarios: they are either sensitive to this disease; they are
resistant vectors of the pathogen; or they are resistant and do not serve as vectors of the pathogen.
Further experiments are needed to test these hypotheses.

All traded Limnopilos crabs, despite their trade names, should be brought to the attention of
wildlife managers and other stakeholders in the regions evaluated as suitable for their establishment,
and detailed risk assessments from local perspectives are recommended together with subsequent
monitoring of the market for ornamental decapods. For the increasing reliability of the analyses, a
further survey of the native range of Limmnopilos crabs is crucial.
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1 | INTRODUCTION

Freshwater crayfish (Crustacea: Decapoda: Astacidea) are a diverse
group of invertebrates that play a key role in various aguatic ecosys-
tems (Crandall & De Grave, 2017; Kouba, Petrusek. & Kozdk, 2014)
There are two known hotspots for erayfish diversity: one in North
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Abstract
. The large island of New Guinea has a rich indigenous astacofauna represented by

numerous parastacids from the genus Cherax. The western half of the island is

part of Indonesian territory.

. Indonesia is known to be the main exporter of ornamental crayfish globally, and

certain New Guinean species are exploited as ormmamentals within the interna-
tional pet trade. Moreover, one non-indigenous species has been previously
recorded being cultured in Java, Indonesia. This species, the Morth American
Procambarus clarkii, is a wvector of crayfish plague, the disease that is lethal to most
parastacids. This population has already tested positive for the disease.

. As the transport of non-indigenous crayfish within the Indonesian territory is not

restricted, their introduction to Mew Guinea can be expected. The Indonesian
market was therefore surveyed for ormnamental crayfish and their environmental
suitability evaluated, as represented by temperature during the drought and rainy

seasons in New Guinea.

. Four Morth American and one Australian species were found advertised for sale.

One of them, P. clarkii, was assessed as the most damaging species, followed by
other Morth American species. A total ban on the culture and transport of the
highest risk crayfish species in Indonesia and Papua MNew Guinea is

recommended.

KEYWORDS
Cambaridae, Cherax, climate matching, EICAT, Indonesia, MaxEnt, Parastacidae, pet trade, risk
assessment

Armerica with more than 450 taxa and one in Australia and surround-
ing islands with more than 150 taxa (Crandall & Buhay, 2008). The
total number of species is increasing year by year as new taxa are
described scientifically (Coughran, Dawkins, Hobson, & Furse, 2012;
Lukhaup, Eprilurahman, & won Rintelen, 2017; Patoka, Bldha, & Kouba,

2015; Thoma, Fetzner, Stocker, & Loughman, 2016).

Aguatic Conserv: Mar Freshw Ecosyst. 2020;1-4.
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The last place on Earth where a relatively high number of crayfish
species still remain unknown to sclence is the island of New Guinea.
MNew Guinea is the world's second largest island, the largest tropical
island, the highest island. and one of only three tropical areas with gla-
ciers, and it contains a great variety of environments except deserts
{Gressit, 2012). The endemic Mew Guinean astacofauna inhabits dif-
ferent kinds of habitats, from lowlands (e.g. Cherax warsamsonicus) to
mountains (e.g. Cherax monticola) (Holthuis, 1950; Lukhaup et al,
2017) and from epigeic streams and lakes to subterranean ones in the
case of troglobitic Cherax acherontis (Patoka, Bldha, & Kouba, 2017).
Cherax is the single genus of freshwater crayfish native to this island.
This genus includes species native also to Australia, and two of them,
Cherax quadricarinatus and Cherax rhynchotus, are native to both
regions (Munasinghe, Burridge, & Austin, 2004). A further 23 species
are endemic to New Guinea, and one more species, Cherax misalicus,
Is native to the nearby Miscol Island (Bldha, Patoka, Kozdk, & Kouba,
2014; Lukhaup, Eprilurahman, & von Rintelen, 2018). The native range
of many Mew Guinean species is very restricted, and knowledge about
their biolegy and ecology is poor in many cases, such as the recently
discovered cave species C. acherontis (Patoka et al, 2017). The total
number of crayfish species native to this island has been estimated at
~100 taxa (Patoka )., unpublished data). Accordingly, Mew Guinea can
be considered an additional hotspot of crayfish global diversity.

MNew Guinean crayfish are wery often attractively coloured and
mostly warm-water species, enhancing their popularity as ornamental
animals. About 10 species are traded more or less commonly on the
market, especially in the European Union (Chucholl & Wendler, 2017;
Liptik & Vitdzkowd, 2015: Papaviasopoulou, Perdikaris, Vardakas, &
Paschos, 2014; Patoka, Kalous, & Kopecky, 2015; Welperth et al,
2019), followed by other countries; for example, Turkey (Turkmen &
Karadal, 2012). USA (Faulkes, 2015). Ukraine (Kotovska, Khrystenko,
Patoka, & Kouba, 2014), Russia (Vodovsky, Patoka, & Kouba, 2017),
and Kazakhstan [Uderbayev et al., 2017). Indonesia, whose territory
includes the western part of New Guinea, was identified as the lead-
ing exporter of these species (Patoka, Blaha, & Kouba, 2015); in par-
ticular, C. quadricarinatus has been introduced to many Indonesian
islands to be cultured (Patoka, Wardiatno, Ali, Yonvitner, & M., ..
Bldha, M., 2018; Patoka, Wardiatno, Yonvitner, & M., & Kalous, L,
2014).

Endemic crayfish are threatened by invasive species through
direct competition, habitat alteration and loss, modification of the
structure of freshwater food webs, and by disease transmission
{Gherardi, 2007). Mitigation or eradication of established non-
indigenous crayfish species (NICS) is mostly impossible, and no strat-
egy 15 widely effective in this regard (Gherardl, Aquiloni, Diéguez-
Uribeondo, & Tricarico, 2011; Manfrin, Souty-Grosset, Anasticio,
Reynolds, & Giullanini, 2019). Recently, a new threat to Cherax cray-
fish was found in Java, Indonesia: the crayfish plague pathogen
Aphanomyces astocd (Putra et al, 2018) In general, Morth
American crayfish species are resistant to this comyeete and are able
to inhibit the pathogen growth in their cuticle, whereas in crayfish of
non-North American origin the mycelia of the pathogen grow through
the cuticle, penetrate the internal body cavity and organs, and rapid

mortality and population collapses usually follow the infection
(Mrugata, Kawal, Kozubikova-Balcarovd, & Petrusek, 2017; Svoboda,
Mrugata, Kozubikovi-Balcarova, & Petrusek, 2017 and citations
therein). Even if the sensitivity of all Mew Guinean Cherax crayfish has
not yet been demonstrated, this disease is assumed to be lethal for
them (Mrugata, Vesely, Petrusek, Viljamaa-Dirks, & Kouba, 2016;
Svoboda et al, 2017). This assumption was verified in one New
Guinean species: Cherax papuanus (Unestam, 19750 The Moerth
American species Procombans clarkil has been confirmed as the car-
rier and vector of the pathogen in Indonesia (Putra et al., 2018). The
intreduction of this species is alarming from the native fauna perspec-
tive, not only because of crayfish plague transmission but also as
P. clarkil Is known to be a successful invader capable of directly out-
competing indigenous crayfich and other biota and is also able to alter
food webs and habitat structure as a whole (Souty-Grosset et al,
2014).

As already documented, there are no effective legislative mea-
sures against NICS in Indonesia (Patoka, Magalhaes, et al, 2018).
Although the importation of P. clorkii to Indonesia is prohibited by
Regulation No. 41/PERMEN-KP/2014, its culture and transport
within the country are legal (Putra et al., 2018). As their transport to
other islands is not banned either, further introduction to Indonesian
MNew Guinea (the provinces of Papua and West Papua) cannot be
excluded. It was therefore decided to survey NICS traded as pets in
Indonesia and to analyse their invasive potential represented by envi-
ronmental suitability from a New Guinean perspective.

2 | METHODS

21 | Market survey

Based on a survey of price lists (from the complete year 2018, one
price list per month per wholesaler), personal interviews [July 2017),
and email correspondence (February 2019) with two exporting whole-
salers in Jakarta, Indonesia, the following pet-traded taxa were
included in the analysis: one Australian (Cherax destructor) and three
Morth American crayfish species (Cambarellus patzcuarensis, Procam-
barus alleni, and P. clarkil). Cambarellus patzeuarensis was advertised
far sale exclusively in its orange morph. known as CPO, and P. alleni in
its blue morph.

2.2 | Ernvironmental suitability

Climate matching based on temperature characteristics was modelled
from a data set of environmental layers and native ranges of
C. patzeuarensis, C. destructor, P. allend, and P. clarkii. To these were
added one of the globally most popular ernamental and also known
suceessful invasive species, Procambarus virginalls, because its future
introduction to the market is lkely. As its native range is at present
not known, localities with established populations were used. Avail-
able coordinates were obtained from the Global Biodiversity Informa-
tion Facility (https:/ fwww.ghif.org) and from scientific literature in the
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case of P. virginalis (Hossain, Patoka, Kouba, & Bufie, 201B). In total,
28 points were used for C. patzcuarensis, 305 for C. destructor, 14 for
P. alleni, 68 for P. clarkil, and 34 for P. virginalis. Emvironmental layers
were obtained from the WorldClim database (v.1.4; http://wwwe.
worldclimoorg; Hijmans, Cameron, Parra, Jones, & Jarvis, 2005) with
a spatial resolution of 25 aremin (~1 km? and were as-
sembled in DIVA-GIS (v7.5.0; http//www.diva-gis.org  Hijmans,
Guarinoa, & Mathur, 2012) to ASCH format for use with the MaxEnt
algorithm  (v.3.4.1; https://biodiversityinformatics. amnh.org/open_
source/maxent; Phillips, 2005). MaxEnt is a maximum entropy model
well suited for species distribution mapping (Phillips, Anderson, &
Schapire, 2006; Phillips & Dudik, 2008). The model describes a contin-
uous probability surface of habitat sultability in the target area. The
final set of bioclimatic predictors comprised temperature within the
wettest and driest quarter of the year (BIO8 and -%). These predictors
are related to drought and rainy seasons in the target area of New
Guinea. MaxEnt calculates a threshold walue for each species:
C. patreuarensis 406, C. destructor 25.2, P. alleni 46.6, P. clarki 12.2,
and P. virginolis 16.6. As the cumulative output, a continuous map is
generated for each evaluated species and visualized in OGIS 3.82
Zanzibar (https://qgis.org/en/site/). These map outputs allow fine dis-
tinction between the modelled environmental sultability of different
areas for these species based on different percentage probabilities of
establishment. If the values of a climate match reach or exceed the
specific threshold in each species, this s interpreted as no evidence
for climatic constraints to the survival of the species evaluated and is
shown as a red colour on the map.

2.3 | Riskassessment

The Envirenmental Impact Classification of Allen Taxa was used to
assess the risk of the NICS evaluated. This tool, based on the generic
impact scoring system (MNentwig, Kihnel, & Bacher, 2010) and modified
to align it with the impact scheme of the International Union for
Conservation of Nature (Kumschick et al., 2012), evaluates the magni-
tude of spedes’ environmental impacts and uses five semi-quantitative
scenarios (ranked 1-5) to assign species to different levels of impact,
from 'minimal® {species is unlikely to have caused deleterious impacts
on the native biota or abiotic environment) to ‘massive’ (species leads
to the replacement and local extinction of native spedes, and produces
irreversible changes in the structure of communities and the abiotic or
biotic composition of ecosystems). The scheme measures the environ-
mental impact of species in 10 classes of impact mechanisms. Each of
these mechanisms is associated with one of a sequential series of five
impact scenarios, describing increasing levels of impact exerted by
species by that mechanism. It s based on sclentific information
avallable in peer-reviewed publications. For each impact mechanism,
the level of certainty is also considered: A ‘high' confidence level is
usually related to published scientific data on the study area, ‘medium’
to some direct observational evidence to support the assessment but
with some information inferred fram the literature coming fram other
invaded areas, and ‘low’ only to inferred data used as supporting evi-
dence. Species are assigned to an impact category on the basis of the
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greatest impact value recorded, and the final confidence rating is con-
sidered as the confidence of impact category with the maximum score.

3 | RESULTS

Based on interviews with wholesalers, all crayfish found traded as pets
are cultured In Indonesia. Emvironmental suitability and the related
probability of establishment based on dimatic conditions of all species
assessed within New Guinean territory  are given in Figure 1.
Procambarus darkii was identified as being the riskiest species from a
MNew Guinean perspective. The probability of establishment of P. alleni 1s
low, but the highlands, such as the Central Cordillera, Arfak Mountains,
and Saruwaged Range, are environmentally suitable for all other species
evaluated, including those with relatively low probabilities of establishing
new populations in the lowlands (C. patzeuarensis, C. destructor, and
P. virginalis). Based on the Environmental Impact Classification of Alien
Taxa risk assessment. all North American MICS evaluated were classified
a5 species possibly causing massive Impact on native biota because they

f
N

A

1000 km

FIGURE 1 (a) Topographical map of New Guinea with metres
above sea level (MASL) scale (adapted from en.wikipedia.org), showing
environmental suitability for selected non-indigenous crayfish spedes
computed by the MaxEnt model. Suitability shown in red represents a
high probability of establishment: (b) Procambarus clarki,

{c) Procambarus virginalis, (d) Cambarellus patzcuarensis, (e) Procambarus
alleni, (f} Cherax destructor; scale bar in kilometres refers to (b}-{f)
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can carry the crayfish plague, whereas C. destructor is less risky mainly
owing to its sensitivity to this disease (Table 1).

4 | DISCUSSION

Despite this envirc tal variability, one NICS, P. clarkii, would be
able to invade almost the entire island once introduced there. The
other species evaluated would be a threat mostly at higher altitudes
and can therefore be perceived as potential competitors, especially to
C. monticola and Cherax minor. It should be noted that four species
from the set, C. patzcuarensis and all three Procambarus species, can
serve as vectors of crayfish plague (Keller, Pfeiffer, Roessink, Schulz, &
Schrimpf, 2014; Mrugata et al, 2015), and this threat is becoming
more realistic after the finding of the pathogen and its host P. clarkii in
Indonesia (Putra et al., 2018). Prevention of NICS arrival is essential,
because studies have shown that their later elimination is extremely
difficult and at best very costly (Manfrin et al., 2019; Nunes, Hoffman,
Zengeya, Measey, & Weyl, 2017; Peay et al, 2019; Peay, Dunn,
Kunin, McKimm, & Harrod, 2015).

As certain endemic Cherax species are harvested by local people
for sale as ornamentals, the further introduction of NICS for this pur-
pose is not unrealistic. Unfortunately, Indonesian legislation allows
national transport of these creatures without any regulation (Putra
et al., 2018). Besides the risk of overfishing pet-traded endemic cray-
fish species with limited ranges (Bldha et al., 2016), the potential intro-
duction of crayfish plague would have a devastating effect on all
these species. The transmission of the pathogen with subsequent
significant mortality was also previously documented in the crab
species Eriocheir sinensis (Schrimpf, Schmidt, & Schulz, 2014; Svoboda
et al., 2014). Even if this species is not present in New Guinea, it is

obvious that the pathogen is not specific only to crayfish. The
sensitivity of Asian freshwater shrimps has also been studied, and
although no acute mortalities have been seen so far, this does not
excdude possible non-lethal effects that might also be significant
(Mrugata, Bufi¢, Petrusek, & Kouba, 2019; Svoboda et al., 2014). The
pathogen has been detected in freshwater crabs (Parathelphusa
convexa) and shrimps (Macrobrachium lanchesteri) coexisting with
P. clarkii in Java (Putra et al., 2018). It follows that the disease could
probably be harmful not only for crayfish but also for some other
decapods in the region. Therefore, as well as parastacid crayfish,
indigenous shrimps from the families Atyidae and Palaemonidae
and crabs from the families Sundathelphusidae, Grapsidae, and
Hymenosomatidae (Holthuis, 1982) would also be threatened.

Data are lacking on the pet trade with freshwater crayfish in the
eastern half of the island, which comprises the mainland of Papua New
Guinea. Nevertheless, as many freshwater crayfish, including P. clarkii
(Gherardi, Barbaresi, & Salvi, 2000) and C. destructor (Hughes & Hillyer,
2003), are able to walk across humid terrestrial environments, they
could migrate there spontaneously, once introduced to the western
part of the island. Their spread within catchments and human-mediated
translocations are also likely and may be perceived as the main drivers
of potential invasions. Although the indigenous astacofauna in Papua
New Guinea is poorly studied, the occurrence of several indigenous
crayfish species is expected there as well as in the rest of the island.
Such species could very likely be lost before their scientific discovery if
they encounter the crayfish plague pathogen or some invasive species.

We suggest that New Guinea should be acknowledged as an
important crayfish hotspot; therefore, in line with Putra et al, (2018),
we strongly recommend a total ban on culture and transport of
P. darkii in particular, and other North American NICS in general, in

TABLE 1 Outcome of the environmental impact classification of alien taxa on the five crayfish species assessed™

Procambarus Cambarellus
Procambarus clarkii  virginalis Procambarus alleni patzcuarensis Cherax destructor
Impact mechanism Impact Certainty Impact Certainty Impact Certainty Impact Certainty Impact Certainty
Competition 4 2 3 1 3 1 1 14 3 3
Predation B 2 3 2 3 1 2 7 3 3
Hybridization 1 3 1 3 1 = 1 3 1 5 4
Transmission diseases to 5 3 5 3 5 3 5 1 2 3
native
Parasitism 1 3 1 3 1 3 1 3 1 3
Poisoning/toxicity 1 2 1 2 1 2 1 1 1 2
Biofouling 1 3 1 3 1 3 1 3 1 3
Herbivory 4 2 3 2 3 1 2 1 3 2
Physical, chemical, structural 4 3 2 1 2 1 1 1 3 3
Interaction 3 3 3 1 3 1 1 1 2 1
Final score 5 5 5 5 3
Category Massive Massive Massive Massive Moderate
Confidence 3 3 3 1 3

#Impact: 1 = minimal; 2 = minor; 3 = moderate; 4 = major; 5 = massive. Certainty: 1 = low; 2 = medium; 3 = high.
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Indonesia and also in Papua New Guinea. Even if P. alleni has a low
probability of being established there, it can transmit the crayfish
plague pathogen to the island. This ban should be in line with
regulations in other regions, such as the European Union, which aims
to prevent the introduction of certain invasive MICS and to halt their
further spread (Council of the European Communities, 2014). In
addition, the intensive education of the general public preceding the
restriction is wery important. because the effect of the law could
paradexically be negated without this step (Patoka, Magalhaes, et al,
2018). Impacts of C. destructor should also be considered by wildlife
managers, policymakers, and other stakeholders, at least from the
perspective of possible competition with native species.
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Abstract ~ Sailfin catfish indigenous to South America are very popular ornamental fish, having previously
been introduced to many regions outside their native range. Two species, namely Prervgoplichthys
disjunctivus and P. pardalis, are illegal but widespread in Indonesia. They have formed self-sustaining
populations, exploited for feeding of domestic animals and locally for human consumption. Also possible
hybrids of the two mentioned species were recorded. The surveyed populations were considered established
which perfectly fits with the climate matching analysis. Further monitoring and inspection of regions
highlighted to be suitable for sailfin catfish is recommended.

Keywords: Ptervgoplichthys pardalis | Ptervgoplichthys disjunctivus |/ Loricariidae / biological invasion /
climate matching / South-Eastern Asia / fish / aquarium trade

Résumé - Deux espéces de pléco sud-américains illégaux du genre Pterygoplichthys bien établies
en Indonésie. Le pléco léopard voile, originaire d’Amérique du Sud, est un poisson d’ornement trés
populaire, ayant été introduit auparavant dans de nombreuses régions en dehors de son aire de répartition
d’origine. Deux espéces, a savoir P. disjunctivus et P. pardalis. sont illégales mais trés répandues en
Indonésie. Elles ont formé des populations autonomes, exploitées pour I'alimentation des animaux
domestiques et localement pour la consommation humaine. Des hybrides possibles des deux espéces
mentionnées ont également été observés. Les populations étudiées ont été considérées comme établies. ce
qui correspond parfaitement a I'analyse de la correspondance climatique. Il est recommandé de poursuivre
la surveillance et I'inspection des régions jugées appropriées pour le pléco commun.

Mots-clés : Pterygoplichthys pardalis | Ptervgoplichthys disjunctivus | Loricariidae / invasion biologique /
adéquation climatique / Asie du Sud-Est / poisson / aquariophilie
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Mon-native species are transported by humans both intra-
and intercontinentally for wvarious purposes and related
biological invasions cause biodiversity loss at both local
and global scales (Lodge. 1993; Hulme, 2013; Pelicice et al.,
2017, Vitule er al., 2019). Despite the activity of decision-
makers to mitigate risks of new introductions of identified
high-risk species. the number of these events has a growing
tendency and many regulations seem to be ineffective
(Magalhdes, 2015; Patoka e al., 2018). Moreover, intentional
introductions ignoring the risk assessments, or based on a lack
of data, still exist (Kumschick er al., 2016; Garcia ef al., 2018).

South American sailfin suckermouth catfish species from
the family Loricariidae such as Prervgoplichiivs pardalis
(Castelnau, 1835) and Prervgoplichihys disfunctivis (Weber,
1991) have expanded their native ranges to tropical,
subtropical, and warm-water regions intercontinentally (e.g.
Wakida-Kusunoki er al_, 2007; Gibbs er al_, 2008; Golani and
Snovsky, 2013; Muralidharan ef al., 2014; Samat ef al., 2016).
The number of introduction events and reports of newly
established populations, counting also hybrids of both species,
has a rising trend in recent years (Bijukumar er al, 2015;
Orfinger and Goodding, 2018). Various biclogical and
ecological characteristics such as parental care; large eggs
that generate stronger juveniles to escape predators; nesting;
extended spawning season; high fecundity: rapid growth;
lifespan of more than five years; gulping air and extracting
oxygen through the gut lining in low oxygen environments;
armoured body; and ability to survive several hours of
desiccation favour these catfish to be successful invaders
(Hoover er al., 2004; Orfinger and Goodding, 2018). Even if
not during the early era of modern omamental aquaculture
(MNovak er al, 20200, currently, due to their characteristic
attractive appearance, these fishes are very popular for
omamental fishkeeping (Maceda-Veiga er al, 2013). While
most of the non-native populations originated from agquarium
releases or escapes from fish hatcheries, evidence of
introduction for other purposes such as human consumption
cannot be excluded (Page and Robins, 2006; Golani and
Snovsky, 2013; Sumanasinghe and Amarasinghe, 2014).

Once a new population is established. these species are
very difficult to eradicate (Hill and Sowards, 2015; Orfinger
and Goodding, 2018). Various negative impacts on native biota
and habitats in invaded ranges are known: outcompeting of
native species by altering food web dynamics (Page and
Robins, 2006), inhabiting similar trophic niches (Meena er al,
2016), increases of turbidity, bank erosion and instability (Nico
et al., 2009a), and disturbance during the foraging of manatees
(Mico er al, 2009h).

Among sociceconomic negative impacts of sailfin catfish
invasion, one can highlight damage to fishing gears by their
spiny fins, dominance over the target exploited species in fish
catches, and a subsequent decline in fishermen’s livelihoods
(Wakida-Kusunoki er af, 2007, Hubilla er al, 2008).
Moreover, both mentioned species of sailfin catfish have been
confirmed to serve as hosts for some parasites such as the
dactylogyrid monogenean Heteropriapulus heterotvlus, which
can thus be introduced associated with the fish to new localities
(Rodriguez-Santiago er al., 2016).

Previously, in Indonesia, P. pardalis was recorded in Java,
Sulawesi and Sumatra, and £ disjunctivus in Java (Kottelat
et al., 1993; Page and Robins, 2006; Muchlisin, 2012) where

sailfin catfish are called ikan sapu-sapu. These fish are pantly
exploited by humans but, at least in the case of P. pardalis, the
sailfin catfish are able to adapt to the heavy-metals-polluted
environment and thus use of their flesh as local food products
as exists in Java is hazardous (Ernawati, 2014). Usually, sailfin
catfish have only been recorded in small quantities in these
publications, but information from local people, on the other
hand, suggests that the abundance is much higher in many
sites. Therefore, we decided to update the information on
sailfin catfish occurrence in Indonesia, with an evaluation of
the establishment of these fish there in relation to climate
matching models.

The sailfin catfish were sampled in selected localities in
Java, Sulawesi and Lombok islands from 20 April to 21
September 2019, within the dry period. Fish were captured by
angling in Java, with use of gill nets in Sulawesi (mesh size
35-45¢cm), and with cast nets (4 m in diameter, mesh size
1 em). Captured fish were euthanized and preserved for later
identification in formalin. All fish were sampled by researchers
from Indonesian universities and local people were inter-
viewed regarding the exploitation of sailfin catfish.

Sailfin catfish were identified using colouration patterning
on the ventral part of the body: P pardalis has ventral
pigmentation patterns of uncoalesced, dark spots on a light
background, whereas F. disjunctives shows a vermiculate
(worm-like) pattern (Page and Robins, 2006; Hossain erf al.,
2018).

In Indonesia, import of both illegal F. disfunctivis and
P pardalis is banned by Regulation No. 41/PERMEN-KP/
2014, updated as Law No. PERMENKP/41/2014 (Patoka
er al., 2018). Where non-native species have been introduced
to a new locality, climate conditions together with other
stressors affect the probability of becoming established and
subsequently behaving as an invader (Hellmann er al., 2008).
To assess the suitability of Indonesia for illegal sailfin catfish
establishment, climate matching was analysed based on
temperature characteristics. This was modelled from a dataset
of environmental layers and native occurrence records
of P disjunciivus and P pardalis using the MaxEnt
software (v.3.4.1; https://biodiversityinformatics.amnh.org/
open_source/maxent) in order to determine the species
environmental adaptability in Indonesia. Awvailable GPS
coordinates of their native occurrence {Orfinger and Goodding,
2018) were obtained from the Global Biodiversity Information
Facility (GBIF, https:/www.ghiforg). Environmental layers
were obtained from the WorldClim database (v.1.4; hitp:/
www.worldclim.org; Hijmans e al, 2005) with a spatial
resolution of 2.5 arcmins (~1 km®) and were assembled in
QGIS 3.8.2 Zanzibar (hitps:/qgis.orglen/site’) to ASCII
format for use with the MaxEnt algorithm (Phillips, 2003).
MaxEnt is a maximum entropy model well suited for species
distribution mapping { Phillips er al., 2006; Phillips and Dudik,
2008). The model describes a continuous probability surface of
habitat suitability in the target area and is widely used for
forecasting alien species distribution (Giovanelli er al., 2008,
Patoka er al., 2019; Yonvimer e al., 2020). The final set of
bioclimatic predictors comprised: Annual Mean Temperature
(BIO1), Mean Diurnal Range (BIO2). Isothermality (BIO3),
Temperature Seasonality (BIO4), Maximum Temperature of
Warmest Month (BIO3), Minimum Temperature of Coldest
Month (BIO6), Temperature Annual Range (BIO7), Mean
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C Indian Ocean

Fig. 1. Map of Indonesia, showing environmental suitability for
Pterygoplichthys pardalis (a) and P. disjunctivus (b) computed by the
MaxEnt model. Suitability shown in red colour represents the high
probability of establishment. The localities with recorded occurrence
of at least onc of the mentioned species and/or their possible hybrids
are indicated by red dots (c).

Temperature of Warmest Quarter (BIO10), and Mean
Temperature of Coldest Quarter (BIO11). As a cumulative
output, a continuous map was generated and visualised in
QGIS 3.8.2 Zanzibar.

MaxEnt calculated a threshold value for P. disjunctivus =
11.91 and for P. pardalis=4.81. If the value of the climate
match reached or exceeded these thresholds, this was
interpreted as no evidence of climatic constraints to the
survival of the species and was shown in red on the map
(Fig. 1). The value for the area under the receiver operator
curve (AUC) was 0.995 for P. disjunctivus and 0.992 for
P pardalis, which means there was a 99% probability for both
species that a random selection from presence records had a
model score greater than a random selection from the absence
records (Ward, 2007). Climate matching analysis showed a
high probability especially for P. pardalis to become
established in Indonesia when introduced to new localities
(Fig. 1a), while P. disjunctivus had a much lower potential
(Fig. 1b).

The found populations fit perfectly with the predicted
suitable areas. lllegal sailfin catfish populations including
numerous adults and juveniles were found well-established in

the three Indonesian islands: Java, Lombok and Sulawesi
(Fig. lc, Tab. 1). In total, we captured 178 individuals of
P. pardalis with an average body length of 248. 7Tmm+75.4
and average weight of 143.2 g+ 140.0, and 111 individuals of
P. disjunctivus with an average body length 0f245.9 mm +59.3
and average weight of 140.3g=+140.7. Also, 98 apparent
hybrids were captured. The average body length of putative
hybrids was 220.1 mm=75.1 and weight of 158.2g=153.1.
The biggest individual of P. pardalis had a body length of
532.0mm and weight of 996.8 g, compared to 470.0 mm and
950.0g for the biggest individual of P. disjunctivus and
430.0mm and 499.0 g for the biggest probable hybrid.

Captures of P. pardalis were made in all localities surveyed
in Java and Sulawesi, and in seven localities in Lombok, while
P. disjunctivus was captured at 11 localities, only in Lombok.
Possible hybrids were captured in 10 localities just in Lombok
(Tab.1). Due to the differences in size in the found
populations. characterizing juveniles and adults, and because
all recorded populations were very abundant, we considered
them as established and self-sustaining. No associated
parasites or ectocommensals were recorded. Wu er al.
(2011) suggested that a mixture of both mentioned species
might help to increase their fitness during the invasion. Despite
this assumption, we found apparent hybrids only in Lombok
while the other populations in Java and Sulawesi seem to be
well-established, and thus in good fitness, even if no hybrids
were recorded there.

Based on the interviews, many local people catch fish
including sailfin catfish in the dry season, with the use of cast
nets and potassium toxins. The sailfin catfish are usually used
as feed for ducks and chickens, but small quantities are
exploited for human consumption. Even if we have no exact
information about harvesting of sailfin catfish from the wild for
the ornamental trade, this purpose cannot be excluded because
Indonesia is one of the leading producers and exporters of
omamental aquatic creatures worldwide (Kalous er al., 2015;
Patoka er al., 2015) and sailfin catfish are among popular
aquarium fish species for these purposes.

Although previously mentioned mechanisms of introduc-
tion of illegal sailfin catfish in South Eastern Asia were
releases from aquaria and escapes from aquaculture facilities
(Page and Robins, 2006; Samat er al., 2016), we found one
further pathway in Lombok: releasing of these fishes to
mitigate another invasive pest, namely common water
hyacinths (Eichhornia crassipes). Unfortunately, the sailfin
catfish are bottom dwellers and water hyacinths are floating
plants. Therefore, the purpose of the introduction was
absolutely wrong and paradoxically caused the establishment
of new invasive species in fresh waters in Lombok. Where both
such species have been introduced by a combination of
pathways or vectors, they can be defined as “polyvectic” sensu
Carlton and Ruiz (2005).

Although the import of both sailfin species is banned
by Indonesian laws (Patoka er al., 2018), the ban seems to
be absolutely ineffective (i.e., a ‘dead letter’), as both
species were found to be well-established in Indonesia.
Moreover, further species of sailfin catfish are traded as
ornamentals, especially P. gibbiceps (Wu et al., 2011), and
therefore, introduction of this species into the Indonesian
wild can be expected in the near future if it has not already
happened.
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Table 1. Recorded populations of Prervgoplichthys disjunctivus (Pd) P. pardalis (Pp) and mixture of both (H), island, locality name and GPS

coordinates.

Species Island Locality GPS coordinates

Pp Java Majasto Canal 7°42'15.732"S, 110°46'32.646"E
Pp Java Winongo River 7°45'16.6104"S, 110°21'27.594"E
Pd, Pp. H Lombok Ancar River 8°35'22.86"S, 116°4'37.10"E
Pd, Pp. H Lombok Babakan Rumak River 8°38'27.11"S, 116°7'39.34"E
Pd, H Lombok Batujai Dam 8°44'8.80"S, 116°15"26.65"E
Pd, Pp, H Lombok Enyet Sepaket River 8°35'23.4"S 116°15'50.1"E

Pd, Pp Lombok Dodokan Gerung River 8°41'27.3"S, 116706'35.1"E

H Lombok Golong Narmada River 8°35'35.4"S, 116°1236"E

Pd, Pp, H Lombok Jangkok River 8°34'23.58"S, 116°4'41.70"E
Pp, H Lombok Kermit River 87°3814.6"S, 11672524 2"E

Pd, H Lombok Loang Balok River 8°36'06.9"S, 116°04'32.7"E

Pd, Pp, H Lombok Meninting River 8°32'54.78"S, 116°6'39.51"E

Pd Lombok Pandan Duri Dam 8°41'15.77"S, 116°26'18.29'E
Pd, H Lombok Pengga Dam 87°45'30.07°S, 116°11'43.71"E
Pd Lombok Surabaya-Praya River 8°42'47.25"S, 116°17'7.27"E
Pp Sulawesi Biromaru 0°56'8.67"S 119°54'6.41"E

Pp Sulawesi Buaya Lake 3°59'28.4"S 120°00'48.2"E

Pp Sulawesi Dolo, Biromaru 0°53'0.95"S 119°51'7.47"E

Since very limited attention has been focused on invasive
fish species in general and the illegal sailfin catfish in particular
by both general public and government in Indonesia
(Muchlisin, 2012; Patoka er al, 2018), we recommend
presenting these findings to all stakeholders dealing with
the sustainable exploitation and conservation of the rich biota
in this region. Given that invasive species are able to survive
extreme conditions, it is quite easy for the mentioned sailfin
catfish of tropical origin to occupy and establish populations in
water bodies with similar conditions as in Indonesia. Based on
the climate matching maps, we suggest the further monitoring
of those regions highlighted as suitable for sailfin catfish, to
update our current knowledge about the occurrence and
distribution of these species in Indonesia. Also, strong
inspection of aquarium stores, ornamental fish farms, and
fish importers is recommended because these species are
illegal. In some localities, sailfin catfish were observed gulping
atmospheric oxygen above the water level in polluted streams
and this behaviour should be used for detection of the sailfin
catfish in the wild without mandatory capture.
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Abstract — Omamental aquaculture is known to be one of the main sources of non-native species and
Indonesia has been identified as one of the leading suppliers of these organisms worldwide. Released or
escaped omamental aquatic animals can establish new populations and become invasive. On the other hand,
some invasive species can be also endangered in their native range, which is called the “Biodiversity
Conservation Paradox™. This is true for Arapaima gigas, one of the popular omamental creatures and the
largest bony fish of all, which is threatened in its native range in parts of Amazonia and which has been
found to occur in various localities in Java and Sumatra in Indonesia. Based on climate matching we found
the vast majority of Indonesian territory to be suitable for this species establishment. Keeping in mind the
size and predatory behaviour of A. gigas. we discussed possible consequences of its spread and impacts on
native biota in Indonesia.

Keywords: Biological invasion / Osteoglossiformes | Omamental species / Asia / Climate matching

Résumé - Paradoxe de conservation de 'arapaima géant Arapaima gigas (Schinz 1822) (Poisson:
Arapaimidae): en danger dans son aire de répartition naturelle au Brésil et envahissant en Indonésie.
L'aquaculture arnementale est connue pour étre I'une des principales sources d’espéces non indigénes et
I"Indonésie a été identifiée comme ['un des principaux fournisseurs de ces organismes dans le monde. Les
animaux aquatiques ormementaux relichés ou échappés peuvent établir de nouvelles populations et devenir
envahissants. D"autre part, certaines espéces envahissantes peuvent également étre menacées dans leur aire
de répartition d’origine, ce que 1'on appelle le “paradoxe de la conservation de la biodiversité™. C'est le cas
de !"drapaima gigas, une des créatures ornementales les plus populaires et le plus grand poisson osseux de
tous, qui est menacé dans son aire de répartition naturelle dans certaines parties de 1" Amazonie et dont la
présence a été constatée dans diverses localités de Java et de Sumatra en Indonésie. En se basant sur la
correspondance climatique, nous avons constaté que la grande majorité du territoire indonésien est propice a
I’établissement de cette espéce. En gardant a 'esprit la taille et le comportement prédateur d”4. gigas, nous
avons discuté des conséquences possibles de sa propagation et de ses impacts sur le biote indigéne en
Indonésie.
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1 Introduction

Human activities are partly responsible for a decline in
global biodiversity (Ilheuw er af., 2014). In order to mitigate
devastating consequences, the importance of nature conserva-
tion is highlighted (Cnistescu and Boyce, 2013; Azevedo-
Santos et al., 2017). Even if it is not a panacea, critically
endangered species should be protected if we would like to
give them a chance to survive (Ceballos er ai., 2015). However,
as many have pointed out, there is also the other side of the coin
in the case of some endangered species becoming invasive and
spreading outside of their native range with various negative
environmental and socio-economic impacts (Lees and Bell,
2008; Garzon-Machado er al, 2012; Bellard er al, 2016;
Marchetti and Engstrom, 2016).

Endangered species are not usually invaders. But once in a
while, certain species become both endangered within its
native range and at the same time establish non-native
populations in a new location, where they spread and behave as
invaders. This phenomenon is generally called the “Biodiver-
sity Conservation Paradox™ (Vellend, 2017). For instance, the
large omnivorous wattle-necked soft-shelled turile (Pafea
steindachneri) is endangered in China and Vietnam but also
has invasive populations in Hawaii (Emst and Lovich, 2009),
the Republic of Mauritius and the Sacramento River in
California ( Radford, 2011). European wild rabbit { Orverolagus
cunicuius), the protected keystone species in Iberia, has a well-
documented destructive influence in Australia (Lees and Bell,
2008). Another invader in Australia is banteng, also known as
tembadau (Bos javanicus), a species of wild cattle, which is
endangered in Bali and Java {Bradshaw ef al., 2006). One can
mention also the invasions of aoudad (Ammotragus lervia) and
mouflon (Cvis erientalis) in the Canary Islands, while both
species are endangered in their native ranges (Garzon-
Machado er al., 2002). Also. some species potentially
endangered in the native range and more or less invasive in
regions where introduced are known: for example, narrow-
clawed crayfish (Pomtastacus leptodaciyius) native to East
Europe and introduced to many other European regions
(Kouba er ai., 2014).

Although the expected solution to invasive species is
eradication — as most methods of conservation recommends
{sensu Lockwood ef al., 2013 and citations therein; Schofield
er al., 2019) —, this approach is not universally adwvised
{Casazza e al., 2016). In many cases, the newly introduced
species can damage the penetrated ecosystem (Schofield er al.,
2019). But in some other instances, the invasive species can
help to protect some endangered species and its eradication
could harm the already damaged species even more, as in the
case of the invasive grass Spartina spp. in California where
these plants have created new nesting habitat for an
endangered bird, Ridgway's rail (Rallus obsolerus) (Lampert
er al, 2014). In these situations, and in relation to the
Biodiversity Conservation Paradox, the eradication is at least
disputable and the best solution must be thoroughly discussed
by experts in the field (Marchetti and Engstrom, 2016).

Ome of the most important pathways for introduction of
non-native species is the international pet trade (Early er al.,
20106; Novik et al, 2020; Patoka ef al_, 2020a,b). Freshwater
animals exploited for omamental purposes sometimes escape
or are both intentionally or accidentally released from aquaria

or garden ponds (Padilla and Williams, 2004; Kalous er al.,
2013; Patoka er al., 2017; Magalhies er al., 2017b; Schofield
er al., 2019). One can find various examples of pet traded
aquatic animals behaving as invaders such as: lionfish (Prerais
velitans) in the Atlantic Ocean (Green ef al., 2012) and
Mediterranean Sea (Kletou er al., 2016); guppy (Poecilia
reticulata) and swordtail (Xiphophorus helleri) in Australia
and Brazil respectively (Maddemn er al., 2011; Magalhdes and
Jacobi, 2017); red-eared slider (Trachemys scripta elegans)
which is now present in all continents except Antarctica
(Lever, 2003; Ramsay e al., 2007; Ernst and Lovich, 2009;
Héritier et al., 2017), marbled crayfish (Procambarus virgin-
alis) in European freshwaters (Lokkos er al., 2016; Pirvulescu
et al., 2017; Hossain et al., 2018); and the cichlid fishes bay
snook (Perenia splendida) and blue mbuna (Labeorropheus
Sfuelleborniy in USA (Schofield er al., 2019). Introduced
species can cause decline or extinction of native biota by
predation, resource competition, habitat alteration (Pimentel,
2014; Fomeck er al, 2016), and also by introducing new
pathogens (Gozlan er al., 2009; Putra er al., 2018).

In some regions, the consequences of non-native species
introductions to the wild are overlooked or ignored also at the
policy level (Liang er al., 2006; Marchetti and Engstrom, 2016;
Patoka er al., 2020a,b). Even if the pet trade in selected aquatic
species is regulated by both national and international
legislation in certain regions, their effectiveness is at least
questionable in some cases because hobbyists often do not
know reasons why stocking and keeping of mentioned species
is prohibited and are not aware of risks of biological invasions
(Magalhies, 2013; Patoka er al., 2018a). Also, the release of
unwanted pets because they require more food, overpopulate,
or outgrow the tank, are not so attractive in colouration in adult
stage, or become very aggressive is a relatively common
practice among hobbyist generally (Duggan ef al., 2006;
Magalhies er al., 2017b).

Among the leading producers and exporters of freshwater
animals for ornamental purposes is Indonesia (Wood, 2001;
Patoka et al., 2015). The tropical climate in this country is
favourable for keeping of ornamental fish and other aquatic
species in outdoor reservoirs or natural lakes and the culture of
non-native species is not regulated within the country {Patoka
er al., 2018a). Moreover, one of six main religions in Indonesia
is Buddhism, where a ceremony known as “fang sheng”™
(a ritual of releasing living creatures) refers to the practice of
purchasing animals, particularly birds or fish, to subsequently
release them to the wild to demonstrate Buddhist pity and to
gather merits for a favourable judgement in the afterlife (Shiu
and Stokes, 200%). The non-native animals escaped or released
as unwanted pets or via the “fang sheng” rite, usually starve or
are preyed on and die quickly, or, if they are able to survive,
become feral pests that could threaten the native biota as
invaders.

Thus, various non-native freshwater species have been
recorded in Indonesia: for example the crayfish Cherax
guadricarinaius (Patoka er al., 2018b) and Procambarus
clarkii (Putra er al., 2018), molluscs Pomacea canaliculaia and
P insularum (Marwoto and Nur, 2011), Sinanodonta wood-
iana (Bolotov er af, 2016), and fishes such as guppy
(P reticulata) (Knight, 2010), alligator gar (dtractosteus
spartula) (Muchlisin, 2012), Amazon sailfin catfish (Prervgo-
plichihys disjunctivus and P. pardalis) (Muchlisin et al., 2015;
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Patoka er al., 2020a.b) and red-eared slider turtle ( Tracherys
scripta elegans) (Ramsay er al., 2007).

The camivorous fish Arapaima gigas (Schinz, 1822)
{Osteoglossiformes: Arapaimidae) is also called “pirarucu™ in
Brazil and Colombia or “paiche™ in Peru, Ecuador, Venezuela
and Bolivia, or simply giant arapaima. It has a native range in
Central South America and it is the largest freshwater scaled
fish in the world, growing up to 3 m (9.8 ft) in body length and
200 kg in weight over the course of its lifespan (Castello and
Stewart, 2010). In the genus Arapaima, there are four species
distinguished (Stewart, 2013) although molecular studies
(Hrbek er al., 2005; Araripe ef al., 2013) are contrasting with
this statement, suggesting structured populations. The most
probably only A. gigas is pet-traded (Nijman, 2010). This
charismatic “ancient” creature that belongs to a primitive
group of carnivorous bony-tongued fishes is an ideal candidate
for ornamental fishkeeping especially in smaller sizes (ie.,
juveniles and subadults). It is pet-traded in Europe, North
America, South America and also in Asia (Mueller and Green,
2005; Magalhdes er al., 2017b), although protected by the
Convention on International Trade in Endangered Species of
Wild Fauna and Flora (CITES, Appendix II) (Nijman, 2010).

Arapaima gigas is threatened by overfishing for human
consumption in its native range in Brazil, mainly due to its
obligatory air-breathing behaviour (Hrbek ei al., 2007). Since
it gulps atmospheric oxygen above the water swrface every
5-15min, it is a very easy target for harpoon-specialist
fishermen (Castello, 2004; Hrbek er ol 2007). The commer-
cial fishing of giant arapaima has been limited to a sustainable
level from 2001, but illegal capture still exists and about 77%
of the harvest is unlawful (Hrbek er af., 2007). To reduce
pressure on wild populations, 4. gigas is also produced in
aquaculture in Brazil {Imbiriba, 2001; de Oliveira ef al., 2012).
This production is increasing in recent years (Lima Junior
et al., 2018; Nobile er al., 2019). On the other hand, young
Arapaima individuals can be collected from the wild in Brazil,
kept in captivity and subsequently exported abroad as captive-
bred fish, which has been routinely done by traders (Castello
and Stewart, 2010).

Despite its relatively high abundance in the past, 4. gigas
became extinct in the surroundings of big Amazonian cities
after 1970s (Goulding, 1980). In this regard, it was added to
The IUCN Red List of Threatened Species (Baillie and
Groombridge, 1996) and classified as “Data Deficient”,
becaunse detailed data about its distribution and abundance
are lacking. There are community-based initiatives protecting
suitable waterbodies to allow A. gigas naturally reproduce and
form sustainable populations within its native range {Castello,
2004). Unfortunately, decreasing abundance has led to a very
low degree of polymorphism which represents one of the major
problems for future conservation management {Torati er al.,
2019).

Out of its native range, A. gigas is known to behave as an
invasive species in parts of Brazil (Fontenele, 1955; Ferreira,
2013; Ramos et al_, 2014; Casimiro ef al., 2018; da Costa Doria
ef al., 2020), south-eastern Peru and north-western Bolivia
where it was introduced for control of undesirable species such
as piranhas (Pygocentrus spp., Servasalimes spp.) and from
intentional releases or aquaculture purposes (Miranda-Chu-
macero ef al, 2012; Van Damme et al, 2015). At least in
Bolivia, it has probably caused a reduction of native

ichthyofauna including species of high commercial value
such as small characids (Van Damme e al., 2015).

As mentioned above, once established in culture, 4. gigas
has been also exported for human consumption and as an
ormamental species, from Brazil, Colombia and Peru { Mueller
and Green, 2005) or from countries outside South America,
such as Cambodia, India, Indonesia, and Thailand (Vidthaya-
non, 2005}, even if this is somewhere illegal as in India {Kumar
et al., 2019). Authorities in the importing countries are aware
about the potential invasive behaviour of large non-native
predatory fish species but the restrictions are ineffective in
many cases, tumning laws into “dead letters™, that is, existing
but unenforced laws (Patoka er of, 2018a). For example,
although the Indonesian Ministry of Agriculture established
the law No. 179/Kpis/UM/3/1982, updated as the law No.
PERMENKP/41/2014, to ban the import of certain fish species
including A. gigas to the country, this species is widely traded
as ornamental animal there (Patoka, 2018). Moreover, the
continuous illegal import to Indonesia cannot be excluded
{Priono and Satyani, 2010) and general knowledge about its
potential escapes or release of this species in the wild is poor.
Just one record from Indonesian territory was published
{Fadjar er a/., 2019). Unfortunately, the finding was described
without detailed evidence and should be perceived as
somewhat uncertain.

For this reason, we decided: (i) to survey selected localities
in Indonesia; (i1} to ascertain the probability that this fish
occurs and survives within Indonesian waterbodies by climate
matching; and (iii) to discuss the conservation paradox
implications, with recommendations on how to manage the
situation.

2 Material and methods
2.1 Data collection

Records of 4. gigas in Indonesian freshwaters were
gathered from June 2011 to July 2018, The inventory of its
occurrences in Indonesian waterbodies was done through desk
study in several local online news media and social media
{Facebook , www.facebook com). Online findings that indi-
cated the occurrence of the species were confirmed through
photographic evidence, personal interviews with local
residents and fishermen and, if possible, also by direct
observations. In direct observations, body parts of captured
Arapaina that were still possible to be analysed genetically
were preserved in 96% alcohol. All activities were conducted
with respect to Indonesian laws and ethical rules and
guaranteed by Indonesian academic staff.

2.2 Species determination

For morphological analysis, a comparison of shape of the
dorsalmost lateralis sensory cavity on the preopercle as
described by Stewart (2013) was used. The species identifica-
tion was verified by genetic analysis using polymerase chain
reaction (PCR). DNA was isolated from tissue of the voucher
individual and the region of the cox /! gene from mitochondrial
DNA was amplified in PCR reaction using primers FishF1 and
FishR2 and PCR protocol according to Ward er al. (2005).
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The PCR products were visualized and sequenced at
SEQme sro. in the Czech Republic (hitps:/'www.seqme.ew'cs/).
Chromatograms were assembled and checked for potential emors.
Edited sequences were aligned using Clustal W, using BioEdit
software package (Hall, 1999). The sequence was uploaded to
GienBank (hitps:/www.necbinlmonih.gov/genbank). The Basic
Local Alignment Search Tool (BLAST) was emploved o find
similarities in sequences in GenBank. The result is obtained in
the form of a ranked list based on a normalized percent identity
score, followed by individual sequence alignments (Madden,
2013).

2.3 Climate matching

In line with previous studies focused on environmental
suitability of Indonesian territory for certain invasive species
(Yonvitner er al., 2020), climate matching based on tempera-
ture characteristics was modelled from a dataset of environ-
mental layers and the native range of Arapaima gigas using
MaxEnt program (v3.4.1: htps://biodiversityinformatics.
amnh.org/open_source/maxent) in order to test its environ-
mental suitability. MaxEnt is a maximum entropy model well-
suited for species distribution mapping (Phillips er al., 2006;
Phillips and Dudik, 2008) and is widely used for predicting of
spreading non-native species (Ward, 2007; Wang et al., 2010;
Yonvitner er al., 2020). Available GPS coordinates of the
native range were obtained from published records of studied
species (Hrbek er al., 2007; Torati er al., 2019) and native
occurrence records from the international biodiversity data-
base GBIF (https:/'www.ghif.org). Environmental layers of
historical climate data were obtained from the WorldClim
database in the spatial resolution of 2.5 arcmin (~1km”) and
environmental layers of future climate data (CSIRO AIB)
were obtained from the CliMond database (v.1.2, https:/fwww.
climond.org/, (Kriticos er al_, 2012) at a spatial resolution of 10
arcmin (~1 km?). Both datasets were assembled in QGIS 3.8.2
Zanzibar (https://qgis.org’en/site/) to ASCII format for use
with the MaxEnt algorithm {Phillips, 2005). The final set of
bioclimatic predictors comprised ("C): Annual Mean Temper-
ature (BIO1), Mean Diurnal Range (BIO2). Isothermality
(BIO3), Temperature Seasonality (BIO4), Max Temperature of
Warmest Month (BIOS5), Min Temperature of Coldest Month
(BlO6), Temperature Annual Range (BIOT), Mean Tempera-
ture of Warmest Quarter (BIO10), Mean Temperature of
Coldest Quarter (BIO11). The model described a continuous
probability surface of habitat suitability in the target area. As
the cumulative output, a continuous map was generated and
visualised in QGIS 3.8.2 Zanzibar (https://qgis.org/en/site/). If
the value of the climate match reached or exceeded the specific
threshold wvalue, this was interpreted as no evidence for
climatic constraints to the survival of the species and it is
shown in the red coloured area on the map.

3 Results

Based on personal investigation in the field, there are some
local giant arapaima keepers who intentionally release the
fishes into the wild in Indonesia (e.g., see the following link in
Indonesian language: hittps://news. detik. com/video/1 80626091/
video-pelepasan-ikan-arapaima-di-sungai-brantas). In total, 27

individuals of giant arapaima were recorded in Indonesian
freshwaters. Two of them were found in Sumatra and the others
in Java (Fig. 1b). Recorded fish inhabited rivers, dams, natural
pools beside rivers and dams, and artificial waterways recorded
as canals(Tab. 1). Allrecorded individuals were adults with body
length typically =100¢em. Some individuals of A. gigas were
found dead in shallow waters, some were captured with use of
spearfishing, angling or electrofishing. The captured fish were
mostly consumed by local fishermen and their families or cut up
and sold for human consumption (Fig. 2¢ and 2d).

The voucher specimen was a female with a total body
length of 179cm (Fig. 3) and mature eggs (ie.. vitellogenic
oocytes) were found inside in its body cavity (Fig. 2a).
Remains of unidentified Clarias catfish were found in its
digestive tract (Fig. 2b). Based on both morphological and
genetic analyses, the fish was identified as Arapaima gigas.
The sequence of the voucher specimen is available in GenBank
under Accession Number MT542128. The result obtained
from BLAST showed 99.69% identity (100% Query Cover)
with the reference sequence GenBank Accession number
EF523611 (Hrbek and Farias, 2008). The voucher specimen is
deposited in the Bogor Zoology Museum, Indonesia.

MaxEnt calculated the threshold value of 11.25 and the
model had an average training AUC value (area under the
receiver-operator curve) of 0.99 suggesting a high predictabil-
ity of the model (Ward, 2007; Elith er af., 2011). Based on
climate matching, the probability of A. gigas to survive in vast
areas of Indonesian territory is relatively high even if certain
regions seem to be not so suitable and are shown as green areas
on the map (Fig. la).

4 Discussion

Arapaima gigas is one of many species of omamental fish
pet-traded in Indonesia and we found adult individuals being
released or escaping to freshwaters in Java and Sumatra. The
species was first imported in 2003 (Sinovas er al., 2017) and
more introduction events have been carried out in following
years. Whether or not established, such a large and long-lived
predator, as A. gigas, can be a serious threat to the rich native
and partly endemic Indonesian fauna (Hutomo and Moosa,
2005). Endemic fish such as species from the genus Clarias
can be at risk as suggested by food remains found in the
digestive tract of the voucher specimen.

The growth rate of young A. gigas is rapid, up to a body
length of 80cm and weight of 4-5 kg in its first year of life
(Val and Almeida-Val, 2012). The generation period is
relatively slow, because A. gigas reaches sexual maturity in
4-5 years with a body length of 150170 cm and weight of 40
45 kg (Arantes er al., 2010). It is obvious that all the recorded
individuals presented in this study were adults. In some cases,
A. gigas was recorded as a single or two individuals in
localities in Sumatra and western part of Java, but in the
vicinity of Surabaya, the capital city of the Indonesian
province of East Java and the second-largest city in the
country, in total 22 individuals were recorded.

Arapaima gigas is socially monogamous, forming pairs,
providing partitioned parental care including building a nest as
a hole in the substrate which the fish digs with its mouth; it has
been speculated that the nests are built in shallow waters
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Fig. 1. Map of Indonesia: (a) showing environmental suntability for Arapaime gigas by the MaxEnt model whereas red colour represents a high
probability of establishment; (b) records of 4. gigas in Indonesia given by red dots (size corresponds to the number of individuals recorded).

(depth ca. 1 m) in slower flowing streams and preferably in
lentic lake water (Queiroz, 2000). Males stay with the brood
and guard offspring while females leave and can even mate
again in the same season (Castello, 2008). Both males and
females have a secretory gland-like organ on the surface of
their heads. This is mostly used for communication with
offspring (Liiling, 1964) and it is more active in males who
provides the greater part of parental care. The secretion from
the glands also partially serves as a source of nutrition for fry
(Du ef ai., 2019). Some authors suggested that at a certain stage
in the development of fry, the males become mouthbrooders
(Mendoza er al., 2015). No nesting activity or fry and juveniles
were found in Indonesian wild but, since eggs were found in
the adult female, successful reproduction and subsequent
establishment cannot be excluded. The records of 4. gigas
from the wild fit with the output from climate matching.
Not only the biodiversity is at risk. Also, direct socio-
economic losses would be related with potential invasions of
A. gigas because there are plenty of local fishermen in the
regions where most specimens were found (the Mojokerto,
Surabaya and Sidoarjo Districts in Java). Similarly as in
Bolivia and Brazil, these people would be negatively affected
by a potential decline of abundance and diversity of the native
ichthyofauna caused by big predatory non-native fish such as
A. gigas (Hadiaty, 2017). Moreover, many local Indonesian
fishermen are afraid to go fishing in waters where arapaima
occurs and say that their gill nets were damaged by this huge
predatory fish (Jerikho, personal observation). On the other

hand, one can speculate that some fishermen and local
communities will adopt 4. gigas for fishing and exploitation
and hence, after some time this fish will be under heavy
anthropogenic pressure, as it is in some places in Brazil.

On the other hand, abundance of native populations of
A. gigas in Amazonia is declining rapidly and despite some
conservation activities in Brazil, its future is at least uncertain
(Parker, 2002). Thus, it is possible that this species could be
eradicated out of its native range and should be very carefully
considered because this fulfils the definition of the conserva-
tion paradox. In general, with regards to the conservation of
endangered species, non-native populations can provide
possibilities of how to help to save the species from extinction
and bring some new insights into its biclogy and ecology
{Marchetti and Engstrom, 2016). On the other hand, it is not
acceptable to prefer saving of one species ex-situ and protect it
at the expense of many others (in the case of the present study,
the native/endemic ichthyofauna and other biota) which could
become extinct due to this approach.

Using the Fish Invasiveness Screening Test (FIST),
Magalhies er al. (2017a) indicated that 4. gigas is a high-
risk species in terms of biological invasions via aquarium
dumping in Brazil. A possible solution could be a modification
of legislative regulations focused on the pet trade. Caution is
recommended in this regard { Patoka er af., 2018a) because new
regulations can be easily misunderstood by fish keepers and
traders who could consequently release them to the wild (ie.,
aquarium dumping) to protect themselves from potential
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Fig. 2. Details about voucher Arapaima gigas: (a) ovary full of
mature eggs (ie., vitellogenic oocytes); (b) remain of unidentified
Clarias catfish found inside in the digestive tract of the voucher
specimen; (¢, d) the meat cut up and subsequently consumed by local
fishermen and their families.

100 cm

Fig. 3. Voucher specimen of Arapaima gigas captured in Indonesia:
(a) adult female: (b) head in detail; (¢) dissected skull.

sanctions. Simply, poorly prepared regulations would worsen
the situation dramatically. Therefore, an intensive educational
campaign is crucial before any further steps. The key is
understanding the full impact of the introduced species on the
ecosystem it is invading. Therefore, detailed monitoring
focused especially on the feeding and reproductive ecology of
A. gigas introduced in Indonesia is strongly recommended to
understand its real impact on native biota and local fisheries.
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ABSTRACT

Introduction of non-native species is considered a grave threat for global biodiversity. It can
negatively affect native biota and cause serious socioeconomic losses. In this study, we
confirmed the existence of black-striped pipefish (Syngnathus abaster) in the freshwater Thilisi
Reservoir (the middle Kura Drainage), which had been translocated from the Black Sea Basin.
The introduction was in part a result of the local name of the target freshwater reservoir called
the “Thilisi Sea,” which implied a connection with the Black Sea for local hobbyists. 5. abaster is
expanding its range with or without human help, and introduction of this species is expected in
other regions. To address this problem, we made a species distribution model using MaxEnt
software to test the species environmental suitability around the globe. Lowland inland
waterbodies and shorelines in temperate, Mediterranean, and arid climate zones were indicated
as localities where this fish could survive if released. The risk of introduction currently seems
low, but exploitation of 5 abaster for ornamental purposes due to expanding local and
international pet trade increases the likelihood of future releases. For this reason, it is important
to verify new cases of successful establishment of this species.
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Introducti
niroduction 1971) but also to human-mediated activities such as

Pipefishes in the family Syngnathidae include about 220
species that inhabit mostly tropical marine, brackish (in
coastal and lagoon), and freshwater environments
(Dawson 1984, Kottelat and Freyhof 2007). Syngnathid
fishes are characterised by an elongated body covered by
dermal plates and a tube-shaped snout. "Male preg-
nancy” in pipefishes is a remarkable example of sexual
dimorphism (Dawson 1984, Kottelat and Freyhof
2007). Syngnathids are appreciated for their unusual
appearance and are exploited for traditional medicine,
aquarium displays, and curiosities (Vincent et al. 2011).

The black-striped pipefish (Syngnathus abaster Risso,
1827) is normally found in coastal waters of the Medi-
terranean, Black, and Azov seas, but has expanded its
range upstream in the Danube, Dniester, Dnieper,
Don, and Volga rivers (Berg 1949, Svetovidov 1964,
Kottelat and Freyhof 2007). Recently, this species has
also become an invader of freshwater reservoirs (Kiryu-
khina 2013a, 2013b, Tereshchenko et al. 2016, Didenko
et al. 2018, Marenkov 2018). These introductions into
new areas were mostly due to self-spreading (Kuderskii

river regulation, fish stocking (Slynko et al. 2011,
Didenko et al. 2018, Marenkov 2018), and ballast
water transport (Lavoie et al. 1999). The creation of
the Volga-Don channel in the 1960s opened the way
for 8. abaster and other organisms to spread from the
Don and Dnieper deltas into Volga reservoirs (Kuder-
skii 1971, Kir}"l.l](hina 2013a, 2013b).

Georgia is a country located at the crossroads of west-
ern Asia and eastern Europe on the southern slope of
the Caucasus (Fig. la). The country is divided by the
Likhi mountain range into 2 main water basins: the
western belonging to the Black Sea basin and the eastern
to the Kura River drainage in the Caspian Sea basin. Five
Sygnathid species are distributed in the Georgian part of
the Black Sea: S. abaster, 5. schmidti, S. tenuirostris,
S. typhle, and 8. variegatus (Japoshvili and Ninua
2008, Ninua et al. 2013); and one, §. caspius Eichwald
1831 in the Caspian Sea (Naseka and Bogutskaya
2009, Bogutskaya et al. 2013).

The presence of Syngnathus sp. in eastern Georgia in
the Thilisi Reservoir (Fig. 2b; Kura River drainage),
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which locals call the “Thilisi Sea,” was recorded first by
Kokosadze et al. (2000) in local proceedings (grey liter-
ature) in the Georgian language. The authors concluded
that Syngnathus sp. was intentionally translocated from
the Black Sea basin to the Thilisi Sea by “exotic fish lov-
ers” in the 1980s. The reason attributed to the transloca-
tion of this fish by hobbyists was the colloguial “marine™
name of the freshwater target area. As the authors
reported, the main argument for the translocation
event was the following: if Syngnathus. sp. was living
in the Black Sea, why could it not have been present
in the Thilisi *Sea’? (Kokosadze et al. 2000).

Introduction of non-native species into new areas is
considered one of the main threats to global biodiversity
(Rosenthal 1980, Allan and Flecker 2006). Negative
effects include predation, competition, hybridisation,
distribution of diseases and pathogens, disruption of
food webs, eutrophication, and habitat alteration,
which itself leads to homogenisation of the ecosystem
and disappearance of native biota (Manchester and Bul-
lock 2000, Savini et al. 2010). In addition, invasive species
can cause socioeconomic losses (Gallardo and Aldridge
2013). The unusual nature of this translocation from
“sea to sea” emphasises the importance of understanding
the social and cultural drivers that can lead to introduc-
tions of alien species as well as the development of mea-
sures for successful prevention (Patoka et al. 2018).

In this study, we confirmed the existence of pipefish
in the Thilisi Reservoir 21 years after it was first reported
there and identified at the species level. We also discuss
the reasons for its introduction. Because 5. abaster is
known to be expanding its range with or without
human help, we modelled the risk of establishment of
the species worldwide, assuming it will be introduced
in other regions.

Materials and methods

The Thilisi Reservoir, locally called the Thilisi Sea, is
located in the northeastern part of Thilisi, the capital
of Georgia (Fig. la). Built in 1953 on the lori River
(the Kura River drainage), the reservoir covers an area
of 11.6 km” with a maximum depth of 45 m. The reser-
voir supplies the city of Thbilisi with drinkable water and
is an important area for recreation.

We collected fish at the northwestern edge of the res-
ervoir (41°45'50.46"N, 44°48'44.69"E; Fig. 2b) using a
30 cm x 30 cm D-frame kick net with a mesh size of
0.5 mm. Sampling was performed in summer (2 Jul
2018) from 0700 h until 0900 h. The site was character-
ized by a gravel substrate covered with submerged veg-
etation. Fishing was conducted 1-2m from the bank
where the depth was about 50 cm by gently kicking
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the net on the bottom. Collected fish were transported
to the laboratory at the Ilia State University (Thilisi,
Georgia) and euthanized by overdosing with a solution
of methanesulfonate (MS5-222, Sigma Aldrich Co,
St. Louis, MO, USA). Fish were photographed, and fin
clips from the right pectoral fins from the adults and
caudal fins from the juveniles were stored in 96%
EtOH for later DNA analysis.

Fish were identified using the Dawson (1984) mor-
phological key by measuring the following plastic and
meristic characters: standard length; head length;
snout length; snout depth; caudal fin length; orbit diam-
eter; interorbital length; trunk depth; dorsal fin base;
number of fin rays in pectoral, dorsal and caudal fins;
number of rings on trunk (ie, count of the trunk
rings that start at the pectoral fin base and end at the
ring that bears the anus) and tail (i.e., count of the tail
rings that start at the first ring behind the anus and
end at penultimate ring, not including the terminal ele-
ment that is bearing the caudal fin); number of subdor-
sal trunk rings covered by the dorsal fin base; number of
tail rings covered by the dorsal fin base; and subdorsal
rings in total. Fish were compared to the voucher spec-
imens from the Berlin Natural History Museum, Ger-
many (voucher numbers: 32482, 32485, and 32039),
and the original species description was also checked.

Adults were preserved in 4% formaldehyde and
deposited in A. Koenig's Natural History Museum,
Bonn, Germany (voucher numbers: ZFMK-ICH
119662-119665). Juveniles were preserved in 96%
EtOH and deposited in the collections of the Depart-
ment of Zoology and Fisheries, Czech University of
Life Sciences Prague, the Czech Republic under the
numbers (SNFTE-9NFTK).

Genomic DNA from individual fish was extracted
using the Blood and Tissue Kit (Qiagen, Germantown,
MD, USA) according to the manufacturer’s protocol.
Sequences of mtDNA gene cytochrome b (Cyt b) were
amplified by polymerase chain reaction (PCR) using
the following pair of primers: forward, LCO1490 5'-
GGT CAA CAA TCA TAA AGA TAT TGG-3"; and
reverse, HCO2198 5-TAA ACT TCA GGG TGA
CCA AAA AAT CA-3. The primer pair for the
mtDNA COI gene: forward,
FishF2-5"TCGACTAATCATAAAGATATCGGCACS,
and reverse,

FishR2- 5 ACTTCAGGGTGACCGAAGAATCAGAATY.
The PCR reaction (50 uL total) consisted of 155 pL
Combi PPP Master Mix (Top-bio, Vestec, Czech Repub-
lic), 5 pL of each primer, 5 pL of template DNA, and PRC
water (Top-bio). The PCR was carried out on an M] Mini
thermocycler (Bio-Rad, Hercules, CA, USA). Amplifica-
tion of the Cyt b gene started with 2 min initial
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Figure 1. (a) Location of the study area; (b) sampling area on the Tbilisi Reservoir.

denaturation at 94 °C, followed by 35 cycles, each consist-
ing of denaturation at 94 °C for 1 min, primer annealing
at 50 °C for 1 min, and elongation at 72 °C for 1 min. PCR
was terminated by a final elongation of 72 °C for 5 min
(Sanna et al. 2013). For the COI gene, amplification
started with a 2 min initial denaturation at 95 °C, followed
by 35 cycles, each consisting of denaturation at 94 °C for
0.5 min, primer annealing at 54 °C for 0.5 min, and elon-
gation at 72 °C for 1 min. Amplification was terminated
by a final elongation of 10 min at 72 °C (Kolangi-Mian-
dare et al. 2013). PCR products were purified and
sequenced by Macrogen, Inc. (Seoul, Korea). Each sample
was sequenced from the 3 and 5 ends of both fragments
using the same primers as for double-strand PCR amplifi-
cation. The raw chromatograms were manually assembled
and checked for potential mistakes using the BioEdit
5.0.9. software. Sequences were compared with the Gen-
Bank (National Center for Biotechnology Information
[NCBI]) nucleotide database using the BLASTn 2.3.1+
programme (Morgulis et al. 2008). Results of the search
were used to identify isolates to the species level, and
the sequences were uploaded to NCBIL.

Climate matching based on temperature characteris-
tics was modelled from a dataset of environmental lay-
ers and native ranges of S. abaster using the MaxEnt
programme 3.4.1  (https://biodiversityinformatics.
amnh.org/open_source/maxent) to determine the
fish’s environmental adaptability around the globe in
case of potential introduction. Available GPS coordi-
nates of the native range were obtained from FishBase
(Froese and Pauly 2019) and missing georeferenced
locations were manually added according to the litera-
ture (Berg 1949, Svetovidov 1964, Dawson 1984, Kotte-
lat and Freyhof 2007). This method follows Gallardo
and Aldridge (2013) to account for the missing native
distribution points into the database. If the species
was known from a particular stretch, 2-6 random points
were selected on this stretch according to the

distribution data from the literature (e.g., Berg 1949,
Svetovidov 1964, Dawson 1984, Kottelat and Freyhof
2007). For example, if S. abaseter was known to be dis-
tributed approximately 100 km along the Dniester River
from the estuary to Bender (Moldova), we selected 5
points: the estuary, Bender, and 3 randomly chosen
along the length of the river between the estuary and
Bender. Using this method, points were selected on
the following rivers: Bug, Danube, Dniester, Dnieper,
Don, Inhulets, Iput, Korilistskali, Kuban, Mejinistskali,
Prutt, Rioni, and Sozh. We added single points ran-
domly in following lakes: Bratesh, Burgas, Kahul, Katla-
bukh, Nuri, Paliastomi, Shablal, Varensko, and Yalpuh;
and single points randomly in the Bosporus strait and in
the Marmara Sea. In the Azov Sea, we knew that
S. abaster was distributed along the coastline, and there-
fore we followed the mapped shoreline and randomly
marked 12 points. In total, 718 points were used for
the analysis.

For species distribution modelling, we obtained bio-
climatic variables from the WorldClim database (v.2.0;
http://www.worldclim.org; Hijmans et al. 2005) with a
spatial resolution of 2.5 arcmins (~1 km?). Bioclimatic
variables are significant factors drawn from the monthly
temperatures and rainfall values that show annual
trends, seasonality, and extremes important for species
survival. For aquatic species, a correlation has been
found between species distribution pattern and climatic
variables, especially temperature (Gallardo et al. 2012).
These environmental layers were assembled in QGIS
3.8.2 Zanzibar (https://qgis.org/en/site/) to ASCII for-
mat for use with the MaxEnt algorithm (Phillips
2005), a maximum entropy model well suited for species
distribution mapping (Phillips and Dudik 2008). The
MaxEnt model describes a continuous probability sur-
face of habitat suitability in the target area and is widely
used to forecast alien species distribution (Ward 2007,
Giovanelli et al. 2008, Yonvitner et al. 2020). The final
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set of bioclimatic predictors comprised temperature
within the annual mean temperature (BIO1), tempera-
ture seasonality (BIO4), the maximum temperature of
the warmest month (BIO5), and minimum temperature
of the coldest month (BIOG&). These variables were
selected because temperature can affect growth, repro-
ductive behaviour (Ahnesjo 1995, Monteiro et al
2001, Silva et al. 2007), egg development, abundance,
and survival of offspring (Kirby et al. 2006). As the
cumulative output, a continuous map was generated
and visualised in QGIS 3.8.2 Zanzibar.

Results

Nine individuals were collected: 4 adults (3 females and
I male carrying about 40 fertilized eggs inside the
pouch; Fig. 2) and 5 small juveniles. All individuals
were morphologically identified as S. abaster (Fig. 2,
Table 1). Measurements of collected specimens fit
those of voucher specimens of §. abaster from the
Black Sea (Romanian shore) deposited in the Berlin
Natural History Museum (Table 1).

The total length of sequences obtained was 501 bp for
Cyt b (access numbers MK605639, MK605641,
ME&05643, ME605645, ME605647, MEG05649,
MEK®&05651, MK605653, and MEK605655) and 626 bp
for COI (access numbers MEK605640, ME605642,
ME6&05644, ME605646, ME6056458, ME605650,
MEK605652, MK605654, and MK6&05656). All 9 sa.rnples
shared the same haplotype in both Cyt & and COI
region. Cyt b had no suitable strand length match,
resulting in ambiguous pairing with several species.
The COI haplotype was 100% identical to the
8. abaster sequences (access numbers MG131907,
MG131908, and MG131909) from the Black Sea (Orug
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and Engin 2018). 8. abaster from the Black Sea was orig-
inally described as §. migrolineatus Eichwald and later
synonymized as S abaster by some authors
(Eschmeyer’s Catalog of Fishes; Fricke et al. 2020). We
checked the identification key of §. nigrolineatus pro-
vided by Berg (1949), and the morphological variables fit.

We mapped environmentally suitable areas for the
establishment of 5. abaser based on global climatic var-
iables (Fig. 3). This map output allows a fine distinction
among the modelled environmental suitability of differ-
ent areas for the evaluated species. MaxEnt calculated a
threshold value for 8. abaster of 12.8. A value of the cli-
mate match reaching or exceeding this threshold was
interpreted as no evidence for climatic constraints to
the survival of the species (shown in red on the map).
The value for the area under the receiver operator
curve (AUC) was 0.97, representing a 97% probability
that a random selection from presence records had a
model score greater than a random selection from the
absence records (Ward 2007). The localities where
§. abaster might survive after release are lowland inland
waterbodies and shorelines in temperate, Mediterra-
nean, and arid climate zones of 6 continents. In North
America, these areas include the western shoreline of
the Pacific Ocean from Vancouver to San Diego, the
Great Salt Lake, the area west of El Paso, the northeast-
ern area of the Mexican Plateau, shorelines of the Gulf
of Mexico (except Florida) and the Atlantic Ocean
from Houston to Boston, the Great Lakes, and slopes
of the Appalachian Mountains. Areas in South America
cover parts of Chile, Argentina, Uruguay, and the south-
ern part of Brazil. The regions in Europe cover most of
the continent, including the Baltic, North, Atlantic,
Mediterranean, and Black sea basins and their shore-
lines. In Asia areas include the Black, Mediterranean,

Figure 2. Male individual of Syngnathus abaster (standard length = 117 mm) found in the Thbilisi Reservoir, with about 40 fertilized

eggs inside the pouch.
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Table 1. Minimum (Min), maximum (Max), and mean values of plastic and meristic measurements of Syngnathus abaster (n = 4) from
the Thilisi Reservoir and voucher specimens (n = 3) from the Black Sea deposited in the Berlin Natural History Museum.

Voucher specimens from the Berlin Natural History

Thilisi Reservoir Museum
Min Max Mean SD Min Max Mean SD
1 SL 104.00 119.00 11350 6.66 80.00 165.50 13583 48.38
2 HL 197 1346 1258 0.64 10.20 17.00 1393 345
3 SnL 524 635 585 0.51 5.40 8.80 6.93 172
4 SnD 1.07 138 122 0.16 1.00 1.80 133 0.42
5 a 179 294 246 0.55 210 5.00 353 145
6 oo 149 1.90 169 017 2.00 280 253 0.46
7 ow 0.69 097 087 0.13 1.00 1.50 117 0.29
8 A 295 423 366 0.62 250 5.00 3.67 1.26
9 DB 1147 1259 1197 0.51 9.00 20.00 1393 5.59
10 PR 12 12 — 0 12 13 —_ 0.58
n DR 38 42 — 1.7 36 39 — 153
12 (R 10 10 — 0 10 10 — 0.00
13 R 38 38 — 0 38 38 —_ 0.00
14 R 17 17 — 0 16 16 — 0.00
15 SDR1 1 1 — 0 1 1 - 0.00
16 SDR2 8 8 — 0 7 8 —_ 0.58
17 SDR 9 9 — 0 8 9 — 0.58

Measurements: row 1 in mm, rows 2-9 in percentage of standard length, rows 10-17 are counts. Abbreviations are as follows: SL standard length, HL head
length, SnL snout length, SnD snout depth, CL caudal fin length, OD orbit diameter, IOW interorbital length, TD trunk depth, DB dorsal fin base, PR fin rays in
pectoral fin, DR fin rays in dorsal fin, CR fin rays in caudal fin, TrR rings on the trunk, TR rings on the tail, SDR1 trunk rings covered by dorsal fin base, SDR2 tail

rings covered by dorsal fin base, SDR subdorsal rings.

and Caspian sea basins and shorelines, some localities in
Red Sea Basin, areas around the Gulf of Oman, western
Iran and Pakistan, and some small localities in southeast
Uzbekistan and northeast Afghanistan. Other areas are
the southern slopes of the Himalayan Mountains
(Nepal, India), northern parts of Southeast Asia, and
the southeastern part of China. The Korean peninsula
and Japanese Islands are also included. In Africa, indi-
cated localities are the whole northern shoreline of the
continent, some areas in the Sahara, and the Cape
region of South Africa. In Oceania the southwestern,

central, southern, and southeastern parts of Australia
and the northern part of New Zealand are also recog-
nized as possible habitats for S. abaster (Fig. 3).

We confirmed the existence and successful establish-
ment of black-striped pipefish in the Thilisi Reservoir.
S. abaster has lived and been reproducing in the reser-
voir for at least 4 decades. The population is well estab-
lished and self-sustaining, evidenced by finding both

Figure 3. Native range (in blue) and environmentally suitable areas for the establishment (in red) of Syngnathus abaster worldwide.
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adults and juveniles in the reservoir. The species was
identified by morphological and genetic analyses as
5. abaster, a euryhaline species that can tolerate a wide
range of salinities: freshwater, brackish, and marine
conditions (Dawson 1984, Kottelat and Freyhof 2007).
Previous reports have shown that this fish has the ability
to invade various freshwater environments, especially
reservoirs (Semenov 2010, Khrystenko et al. 2015, Fedo-
nenko et al. 2016, Tereshchenko et al. 2016, Marenkov
2018) like the one in Thilisi.

Genetic analysis confirmed that pipefish from the Thi-
lisi Reservoir shared the same haplotype as those from the
Black Sea basin (Orug and Engin 2018), supporting the
idea that the S. abaster in Thilisi Sea was introduced
from the Black Sea area. One of the reasons for their intro-
duction is most likely linguistic. It is interesting to specu-
late that the “marine” name of the place, Thilisi Sea, would
suggest to locals that 5. abaster belongs there and should
be introduced. This phenomenon could be represented by
the Latin proverb, momen est omen, which means that
one's name determines one’s destiny, as described in
many disciplines (Plangger et al. 2013, Lange et al. 2014,
Brylla 2017, Smith et al. 2018). Although we cannot
prove or confirm this linguistic connection in the intro-
duction of 5. abaster into the Thilisi Reservoir with cer-
tainty, other reasons for its introduction are unlikely. In
Georgia, the pipefish is not a target of recreational
fishing, is not consumed as food, and is not grown in
aquaculture. It has not been regularly stocked into the res-
ervoir, and self-spreading from the Black Sea basin is
impossible because the eastern Georgian watershed is iso-
lated from the western one. Without human assistance,
this species could not have reached the Thilisi Reservoir,
an thus this could be the first case of introduction of a spe-
cies based on linguistic reasons.

The predicted potential distribution of this species in
Europe and Asia—the shorelines of the Mediterranean,
Black, Azov, and Caspian seas; the Iberian Peninsula;
and the Atlantic coast from the Bay of Biscay to the Baltic
Sea—fits the current distribution of 8. abaster summa-
rised by Monteiro and Vieira (2017). In the risk assess-
ment analysis provided by Snyder et al. (2014),
5. abaster was included with Atherina boyeri, Clupeonella
caspia, and Neogobius fluviatilis as likely to survive trans-
fer in ballast water and become a successful invader of the
Great Lakes, North America, resulting in a negative
impact on the ecosystem. Although the invasiveness of
&. abaster was doubted by Maclsaac et al. (2015), the spe-
cies is considered likely to establish in the Great Lakes,
and §. abaster is expected to expand its range and suc-
cessfully take over new areas because of its ability to
osmoregulate, which allows it to quickly adapt to salinity
changes (Snyder et al. 2015). In a new environment, the
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pipefish may negatively affect the native ecosystem by
feeding on zooplanktonic communities, mainly cope-
pods, but it can also affect native fish species by predating
their larvae (Didenko et al. 2018).

Mo records exist of S. abaster distribution on the South
American, Alrican, and Australian continents, and east
Asia (indicated in red in our environmental modelling;
Fig. 3). The current risk of introduction of 5. abaster in
these places is low because globally this species has no
significant commercial value (TRIDGE, available from
https://www.tridge.com/). Note, however, that future
exploitation of 5. abaster, at least for ornamental pur-
poses, cannot be excluded because increasingly more
marine and freshwater fish species are being promoted
by the local and international pet trade (Rhyne et al.
2017, Novak et al. 2020). For instance, S. abaster is
being taken from the Thilisi Reservoir as an aquarium
fish by local hobbyists (G. Berenchikidze, pers. comm.,
2018; TK, pers. observ.) because they are easy to catch,
are attractive, and can survive and reproduce in freshwa-
ter. Because this tolerant species can be exploited, trans-
ported, and traded, the risk of future release or escape
into new localities is great and could result in the success-
ful establishment of new populations in suitable regions.
Therefore, the verification of successful establishment
cases into new invaded areas is important. Our ﬁ.ndjngs
call attention to this threat and should be heeded by
conservationists, wildlife managers, and other decision-
makers, especially in countries where ornamental fish
keeping is popular and well developed.

Acknowledgements

Authors acknowledge 2 anonymous reviewers for their valuable
comments. Authors would like to thank Giorgi Berenchikidze,
Veronika Thmovd, and Levan Mumladze (for communication
and assistance in the fieldwork), Ronald Fricke and Miloslav
Petrtyl (for sending the identification key and discussion
regarding fish morphology), Fabian Herder (from A. Koenig's
Natural History Museum), Peter Bartsch and Edda Assel (for
their help at the Berlin Natural History Museum), Gary Bentley
(for language editing), Karel Douda and Jorg Freyhof (for their
valuable comments on text).

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The project was supported by the Internal grant of Czech Uni-
versity of Life Sciences Prague “CIGA™ under grant number
20182013 to TK, JP and LK and the institutional support
RVO: 60460709 for TK, JP, LB, and LK.

113



284 @ T. KULJAMISHVILI ET AL

ORCID

Tatia Kuljanishvili @ http://orcid.org/0000-0003-3085-4042
Ji#i Patoka '© http://orcid org/0000-0002-2797-0563

Lucie Bohatd © http://orcid.org/0000-0002-8530-4489
Katetina Rylkovd © http://orcid.org/0000-0003-4838-9599
Bella Japoshvili © http://orcid.org/0000-0003-0966-0622
Lukds Kalous © http://orcid.org/0000-0001-5518-1505

References

Ahnesjo 1. 1995, Temperature affects male and female poten-
tial reproductive rates differently in the sex-role reversed
pipefish, Syngnathus typhle. Behav Ecol. £:229-233.

Allan D, Flecker AS. 2006. Biodiversity conservation in run-
ning waters. Bioscience. 43:32-43.

Berg LS. 1949. Ryby presnykh vod SSSR i sopredel’'nykh stran
[Freshwater fishes of the USSR and adjacent countries].
Jerusalem: lsrael program for scientific translations.

Bogutskaya N, Kijashko P, Naseka AM, Orlova ML 2013,
Opredelitel” ryb i bespozvonochnykh kaspijskogo morya.
Tom 1. Ryby i mollyuski [Identification keys for fish and
invertebrates of the Caspian Sea. Volume 1. Fish and maol-
luscs]. Saint-Piterburg-Moscow (Russia): Tovarishestvo
Naucnikh [zdanii KMEK.

Brylla CS. 2017. Nomen est omen: state names for divided
Germany. Hist Tidskr. 137:228-259.

Dawson CE. 1984. Syngnathidae. In: Whitehead PJP, Bauchot
ML, Hureau JC, Nelson |, Tortonese E, editors. Fishes of
the north-eastern Atlantic and the Mediterranean. 2nd
ed. Paris (France): Unesco; p. 628-639.

Didenko A, Kruzhylina 5, Gurbyk A. 2018. Feeding patterns
of the black-striped pipefish Symgnathus abaster in an
invaded freshwater habitat. Environ Biol Fishes. 101:917-
931

Fedonenko O, Marenkov O, Stromenko A, Kolesnik N. 2016.
Reproductive biology and quantity evaluation of the black-
striped pipefish Syngnathus abaster (Eichwald, 1831) in the
Zaporozhian Reservoir. Int Lett Nat Sci. 52:54-59.

Fricke R, Eschmeyer WN, Van der Laan R, editors. 2020.
Eschmeyer's catalog of fishes: genera, species, references;
[accessed 30 Oct 2020].  httpo//researcharchive.
calacademy.org/research/ichthyology/catalog/fishcatmain.
asp

Froese R, Pauly D. 2019. FishBase. World Wide Web elec-
tronic publication [accessed 01 Oct 2019]. https://fwww.
fishbase.de/

Gallardo B, Aldridge DC. 2013. Priority setting for invasive
species management: risk assessment of Ponto-Caspian
invasive species into Great Britain. Ecol Appl. 23:352-364.

Gallardo B, Errea MP, Aldridge DC. 2012. Application of bio-
climatic models coupled with network analysis for risk
assessment of the killer shrimp, Dikerogammarus wvillosus,
in Great Britain. Biol Invasions. 14:1265-1278.

Giovanelli JGR, Haddad CFB, Alexandrino |. 2008. Predicting
the potential distribution of the alien invasive American
bullfrog (Lithobates  catesbeianus) in Brazil.  Biol
Invasions. 10:585-590.

Hijmans R], Cameron SE, Parra JL, Jones PG, Jarvis A. 2005.
Very high resolution interpolated climate surfaces for
global land areas. Int | Climatol. 25:1965-1978.

Japoshvili B, Ninua N. 2008. Check list of fishes of Georgia.
Proceedings of the Institute of Zoology. Thilisi (Georgia).
23:163-176.

Khrystenko D, Kotovska G, Novitskij R. 2015. Length-weight
relationships and morphological variability of black-striped
pipefish Syngnathus abaster Risso, 1827 in the Dnieper
River basin. Turk | Fish Aquat Sci. 15:609-618.

Kirby RR, Johns DG, Lindley JA. 2006. Fathers in hot water:
rising sea temperatures and a northeastern Atlantic pipefish
baby boom. Biol Lett. 2:597-600.

Kiryukhina NA. 2013a. Molecular and genetic variability in
populations of Syngnathus nigrolineatus Eichwald 1831
and ways of expansion in the Volga river basins on the
basis of mitochondrial DNA sequence analysis. Russ |
Biol Invasions. 4:249-254.

Kiryukhina NA. 2013b. Morphological variability in black-
striped pipefish Syngnathus nigrolineatus in relation to its
invasion into the Volga Basin reservoirs. Russ | Biol
Invasions. 4:149-155.

Kokosadze T, Japoshvili B, Shonia L. 2000. Introduktsiis da
aklimatizatsiis roli da mnishvneloba sakartvels biomraval-
ferovnebashi (iktiofaunis magalitze) [The role and signifi-
cance of introduction and acclimatization in the
biological complex of the fauna of Georgia (on the example
of ichthyofauna)]. In: Eliava I, editor. Proceedings of the
Institute of Zoology of Academy of Sciences of Georgia.
Tiblisi (Georgia): Metsniereba; p. 219-222.

Kolangi-Miandare H, Askari G, Fadakar D, Aghilnegad M,
Azizah S 2013. The biometric and cytochrome oxidase
sub unit 1 (COI) gene sequence analysis of Syngnathus
abaster (Teleostei: Syngnathidae) in Caspian Sea. Mol
Biol Res Commun. 2:133-142.

Kottelat M, Freyhof J. 2007. Handbook of European freshwa-
ter fishes. Berlin (Germany): Kottelat, Cornol and Freyhof.

Kuderskii LA. 1971. More about self-settlement of fishes.
Rybokhoz lzuch Vnutr Vodoemov. 6:22-24.

Lange BP, Zaretsky E, Schwarz 5, Euler HA. 2014,
Words won't fail: experimental evidence on the role of
verbal proficiency in mate choice. | Lang Soc Psychol
33:482-499.

Lavoie DM, Smith LD, Ruiz GM. 1999. The potential for
intracoastal transfer of non-indigenous species in the bal-
last water of ships. Estuar Coast Shelf Sci. 48:551-564.

Maclsaac HJ, Beric B, Bailey SA, Mandrak NE, Ricciardi A.
2015. Are the Great Lakes at risk of new fish invasions
from trans-Atlantic shipping? ]. Great Lakes Res
41:1172-1175.

Manchester 5, Bullock JM. 2000. The impacts of non-native
species on UK biodiversity and the effectiveness of control.
] Appl Ecol. 37:845-864.

Marenkov (. 2018, Abundance and biomass estimation of
this summer individuals of alien fish species in Zaporizke
Reservoir. Ukr | Ecol. 8:92-94.

Monteiro N, Almada VC, Santos AM, Vieira MN. 2001. The
breeding ecology of the pipefish Nerophis lumbriciformis
and its relation to latitude and water temperature. | Mar
Biol Assoc UK. 81:1031-1033.

Monteiro N, Vieira M. 2017. Rendez-vous at the Baltic? The
ongoing dispersion of the black-striped pipefish,
Syngnathus abaster. Oceanogr Fish. 3:1-6.

Morgulis A, Coulouris G, Raytselis Y, Madden TL, Agarwala
R, Schiffer AA. 2008. Database indexing for production

114



MegaBLAST searches. Bioinforma Orig Pap. 24:1757-
176410.

Naseka A, Bogutskaya N. 2009. Fishes of the Caspian Sea: zoo-
geography and updated check-list. Zoosyst Ross. 18:295-
317.

Ninua N, Japoshvili B, Botchorishvili V. 2013. Fishes of
Georgia. Thilisi (Russia): Tsignieri.

Nowvik |, Kalous L, Patoka ]. 2020. Modern ornamental agua-
culture in Europe: early history of freshwater fish imports.
Rev Aquacult. 12(4):2042-2060.

Oru¢ AC, Engin 5. 2018. The taxonomic status of the Black
Sea and Marmara Sea populations of the broadnosed
pipefish  Symgnathus of  argentatus  Pallas  (Teleostei:
Syngnathidae) based on morphological and molecular
characters. Zool Middle East. 64:112-123.

Patoka ], Magalhdes ALB, Kouba A, Faulkes Z, Jerikho R,
Vitule JR. 2018. Invasive aquatic pets: failed policies
increase risks of harmful invasions. Biodivers Conserv.
27:3037-3046.

Phillips S. 2005. A brief tutorial on MaxEnt. AT&T Res.
4:231-259.

Phillips §), Dudik M. 2008. Modeling of species distributions
with MaxEnt: new extensions and a comprehensive evalu-
ation. Ecography. 31:161-175.

Plangger K, Kietzmann JH, Pitt LF, Berthon P, Hannah D.
2013. Nomen est omen: formalizing customer labeling the-
ory. AMS Rev. 3:193-204.

Rhyne AL, Tlusty MF, Szczebak |T, Holmberg R]. 2017.
Expanding our understanding of the trade in marine aquar-
ium animals. Peer]. 2017:1.

Rosenthal H. 1980. Implications of transplantations to agua-
culture and ecosystems. Mar Fish Rev. 42:1-44.

Sanna D, Biagi F, Alaya HB, Maltagliati F, Addis A, Romero
A, De Juan ], Quignard P, Castelli A, Franzoi P,
Torricelli P. 2013, Mitochondrial DNA variability of the
pipefish Syngnathus abaster. | Fish Biol. 82:856-876.

Savini D, Occhipinti-Ambrogi A, Marchini A, Tricarico E,
Gherardi F, Olenin §, Gollasch 8. 2010. The top 27 animal
alien species introduced into Europe for aquaculture and
related activities. | Appl Ichthyol. 26:1-7.

INLAND WATERS @ 285

Semenov DY. 2010. Dynamics of species diversity of
Cyclostomata and fishes in the Kuybyshev Reservoir. |
Ichthyol. 50:757-762.

Silva K, Vieira MN, Almada VC, Monteiro NM. 2007. The
effect of temperature on mate preferences and female-
female interactions in Syngnathus abaster. Anim Behav.
74:1525-1533.

Slynke YV, Dgebuadze Y'Y, Novitskiy RA, Kchristov OA.
2011. Invasions of alien fishes in the basins of the largest
rivers of the Ponto-Caspian Basin: composition, vectors,
invasion routes, and rates. Russ | Biol Invasions, 2:49-59,

Smith M, Sulyok |, Jancsik A, Puczka L, Kiss K, Sziva [, Papp-
Viry AF, Michalké G. 2018. Nomen est omen - tourist
image of the Balkans. Hung Geogr Bull. 67:173-188.

Snyder R], Burlakova LE, Karatayev AY, MacNeill DB. 2014.
Updated invasion risk assessment for Ponto-Caspian
fishes to the Great lakes. | Great Lakes Res. 40:360-369.

Snyder R], Burlakova LE, Karatayev AY, MacNeill DB. 2015.
Response to comment on “Updated invasion risk assess-
ment for Ponto-Caspian fishes to the Great Lakes.” |
Great Lakes Res. 41:1176-1177.

Svetovidov AN. 1964. Ryby chornogo morya [Fishes of the
Black Sea). Pavlavskii EN, editor. Moscow {Russia): Manka.

Tereshchenko VG, Khrystenko DS, Kotovska GO,
Tereshchenko LI 2016. The specific rate of the population
dynamics of the black-striped pipefish Sygnathus nigroli-
neatus  Eichwald, 1831 in  the Kremenchug and
Dneprodzerzhinsk reservoirs at different phases of the nat-
uralization of the species. Inland Water Biol. 9:79-86.

Vincent AC], Foster §], Koldewey HJ. 2011. Conservation and
management of seahorses and other Syngnathidae. | Fish
Biol. 78:1681-1724.

Ward DF. 2007. Modelling the potential geographic distribu-
tion of invasive ant species in New Zealand. Biol Invasions.
9:723-735.

Yonvitner Y, Patoka ], Yuliana E, Bohatd L, Tricarico E,
Karella T, Kouba A, Reynolds JD. 2020. Enigmatic hotspot
of crayfish diversity at risk: invasive potential of non-indig-
enous crayfish if introdoced to New Guinea. Aquat
Conserv. 32:219-224.

115



diversity MDPY

Article
Invasion Potential of Ornamental Terrestrial Gastropods in
Europe Based on Climate Matching

Lucie Bohata ** and Jifi Patoka *

Department of Zoology and Fisheries, Faculty of Agrobiclogy, Food and Natural Resources,
Czech University of Life Sciences Prague, Kamyckd 129, 165 00 Prague, Czech Republic
* Correspondence: patoka@al czucz; Tel.: +420-724-810-365

Abstract: Invasive species are one of the main causes of biodiversity loss worldwide. Pet trade is a
well-known pathway for the introduction of non-native species. Prevention is the most effective, least
time-consuming, and least financally demanding way to protect biodiversity against the spreading of
invasive species. The main part of prevention is the early detection of a potentially high-risk speces,
as well as the successful implementation of prevention strategies in legislation and practice. This
study summarizes the pre-introduction screening of pet-traded terrestrial gastropod species and their
potential oocurrence in the EU territory. Based on the list of species traded in the Ceech Republic,
one of the most important global hubs of the pet trade, 51 species (49 snails and 2 slugs) were analysed.
Due to a lack of certain native occurrence data, only 29 species (28 snails and 1 slug) from 10 families
were modelled using MaxEnt software. Twenty species from seven families have potential occurrence
in the EU territory. Based on MaxEnt modelling, we considered the following species to be high-risk
candidates for the EU: Anguispira alternata, A, strongylodes, Lagvicaulis alte, Megalobulismus oblongus,
Rumina decollata, and R. saluarica. Based on this estimation, we present considerations with which to

further improve the risk assessment and recommend continuous monitoring of the pet trade market.
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gastropods are transported in the digestive tract of their predators such as birds [25,26], by
adhesion on the body surface of vertebrates [27], or by attaching to transferred material
such as food and nesting material [25,29]. Many examples of the spreading and subsequent
establishment of terrestrial gastropods out of their native range are associated with human
activities such as the unintentional transport of commodities, agriculture, pet trade, medical
reasons, and farming for human consumption [6,11,30-32]. Many invasive species have
been introduced via different pathways and for various purposes that are poorly studied,
such as Arion subfuscus (Draparmaud, 1805), Bradybaena similaris (Férussac, 1822), Deroceras
reticulatum (Miiller, 1774), Sarasinula plebeia (Fischer, 1868), and Elisolimax flavescens (Keferstein,
1866) [33-36]. Mostly, the continuously increasing local and international pet trade has been
identified as one of the major sources of invasive species worldwide [1,37-40].

Wittenberg and Cock [41] suggested four basic strategies for handling non-native
species: (1) prevention, (2) early detection, (3) eradication, and (4) control. Among these
strategies, prevention involves the identification of potential future invaders before their
introduction, and early detection and eradication of harmful invasions soon after estab-
lishment are often seen as the most effective approaches [42]. The prevention of new
introductions is the most successful; moreover, since early detection is difficult, controlling
the species can be very expensive, and its total eradication may be impossible in many
cases. Even where an optimal non-native species policy involves a combination of all
aforementioned strategies [43], the role of prevention is crucial. Prevention integrates
environmental modelling and risk assessment, general public education, monitoring of
introduction pathways, and the improvement of legislation (e.g., regulation of trade) [44,45].
In the case of environmental modelling, a climate-matching analysis comparing selected
environmental parameters such as temperature, moisture, and precipitation between the
native range and target area is commonly used [40,46,47].

Even if the prevention of biological invasions is the most important way to protect the
environment, the efficiency of supporting restrictions is somewhat controversial because
detailed analyses of high-risk species and related risks are lacking in certain cases [48,49].
The European Union (EU), as a party to the Convention on Biological Diversity, regulates
the transportation, marketing, keeping, and breeding of invasive species threatening EU
countries according to Regulation (EU) 1143/2014 on the prevention and management of
the introduction and spread of invasive alien species. The Union List of invasive alien
species of EU concern (Commission Implementing Regulation (EU) 2016/1141, 2017/1263
and 2019/1262) currently lists 30 animal species, including crustaceans, fish, amphibians,
reptiles, birds, and mammals, as well as 36 plant species. It is obvious that many problem-
atic species have been omitted from this list, such as, for example, the over 250 species of
alien mollusc that Hulme [50] claims to be in Europe.

In comparison to aquatic species [51-53], the pet trade as an introduction pathway
and the market are poorly studied regarding terrestrial gastropods, while related risks are
highlighted only sporadically [54]. The Czech Republic is considered one of the leading
countries contributing to the global pet trade market. This country is known as a significant
importer, exporter, and producer of pet animals for ornamental keeping and as a gateway to
Europe [55,56]. For this reason, we decided, based on the surveyed availability of terrestrial
gastropod species on the ornamental market in the Czech Republic [57], to analyse their
probability to establish new populations in the territory of the EU via climate matching.

2. Materials and Methods

The definition of the term “invasive (alien) species” is not uniform and clear. For the
purposes of this analysis, we followed ecological terminology [58]: an invasive species is
defined as a non-native species rapidly multiplying and spreading out of its native range
with a negative impact on native biota.
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The list of traded species (Table 1) was adopted from Bohata and Patoka [57], and
the current taxonomy of each species was adopted from https:/ /www.molluscabase.org/
(accessed on 4 January 2023). Fifty-one species (49 snails and 2 slugs) from 11 fami-
lies were analysed using climate matching for the European Union territory and the
Schengen Area [51] using MaxEnt (v.3.4.1; https:/ /biodiversityinformatics.amnh.org/
open_source/maxent, accessed on 5 January 2023) [59]. Pet owners, traders, and breed-
ers usually sort ornamental gastropods according to their “breeding difficulty” (includ-
ing adaptability, opportunistic feeding, reproduction, etc., according to landsnails.org,
https:/ /aquariumbreeder.com/, accessed on 4 January 2023).

Based on previously published information on species native occurrence [11,62], envi-
ronmental layers including temperature, moisture, and precipitation were selected, and
maps showing the potential occurrence of each species were modelled. Available GPS
coordinates of native occurrence were obtained from the Global Biodiversity Information
Facility (GBIF; https://www.gbif.org, accessed on 5 January 2023), according to pub-
lished records, e.g., [63], and online databases (ADW https:/ /animaldiversity.org/, Terres-
trial Mollusc Tool https:/ /idtools.org /id /mollusc, WMSDB https:/ /www.bagniliggia.it/
WMSD/WMSDhome.htm, all accessed on 5 January 2023). Environmental layers were ob-
tained from the CliMond database (v.1.2; https:/ /www.climond.org/, accessed on 5 January
2023) with a spatial resolution of 10 arcmins (~1 kmz). The CliMond datasets were applied
for a reliable climate-matching model of invasive species with a suitable spatial precision
result [64]. The datasets were assembled in QGIS 3.8.2 Zanzibar (https: / /qgis.org/en/site/,
accessed on 5 January 2023) to ASCII format and used in the MaxEnt algorithm.

MaxEnt is a maximum entropy model that is well suited for species distribution
mapping [65,66] and is widely used to predict non-native species” distribution [67,68].
The final set of environmental predictions included 27 bioclimatic layers (Biol-Bio19,
Bio28-Bio35) (Table 2). For the models, 80% of presence records were randomly selected and
used in model training while the remaining 20% were used in model testing. The number
of records was different in each evaluated species and was always based on available
data from the GBIF database. The model described a continuous probability surface of
habitat suitability in the target area of European Union territory. For the cumulative
output, a continuous map was generated for each evaluated species and visualised in
QGIS 3.8.2 Zanzibar (https:/ /qgis.org /en/site/, accessed on 5 January 2023). According
to statistical evaluation of model testing, threshold values for the predicted areas of each
species were applied based on balance training omission [65,69,70]. Areas reaching or
exceeding the specific threshold were interpreted as areas where there is no evidence of
climatic constraints for the survival of the evaluated species (coloured red on the map).

Species threshold values were calculated during the modelling of the predicted po-
tential occurrence maps for each evaluated species (Table 3). The models had a training
area under the receiver operator curve (AUC) value of over 0.95 (Table 3), suggesting the
high predictability of the model [71]. The AUC value determines the validity of the model
and the probability that a random selection from the presence records had a model score
greater than a random selection from the absence records [67]. Species threshold values
and AUC values for each species are provided in Table 3.

The degree of potential risk was evaluated based on the size of the predicted occur-
rence of the species: S—a small area was defined according to the prediction of potential
occurrence in Macaronesia in the southern part of the evaluated territory of the EU only;
M-—medium-sized area covering less than 5% of the territory; L—large area covering more
than 5% of the territory.
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Table 1. The list of pet-traded terrestrial gastropods, species description, family, breeding difficulty
(easy, medium, hard, following landsnails.ong), native geographic distribution (AT—Afrobropical,
AlU—Australasian, NA—MNearctic, NT—Meotropical, OL—Oriental, PA—Palaearctic), status (x—no

records found, I—invasive, alien, Ml—misidentification with invasive species, NN—non-native,

P—pest); the source is indicated by upper index letters: @ https:/ Swwwaphis usda gov, b hittp:

/ Fwwwiuengisd ong, © https:/ /doL.org /10,1093 /mollus feyvD62, 4 hitps:/ /idiools.org /id /mollusc,
[ T P } ¥l P g

*© hitps:/ / www.cabidigitallibrary.org, f https:/ /explorernatureserve.org (all accessed on 5 January 2023).

Speci : Breeding Native
pecies Author Family Difficulty 'G‘engraplluc Status
Distribution
Acaous haewastoria (Linnaeus, 1758) Acavidae medium oL x
Acaous superbus (Pleiffer, 1850) Acavidae medium oL x
Helicophanta bicingulata (Smith, 1882) Acavidae medium AT x
Helicophanta magnifica Férussac, 1819 Acavidae medium AT x
Oligospira waltoni (Reeve, 1842) Acavidae medium oL x
Achating achiatinag {Linnaeus, 1758) Achatinidae easy AT P
Achating balteata (Reeve, 1849) Achatinidae Ay AT P
Achating craveni (Smith, 1881) Achatinidae easy AT pa
Achating seluwinfurthi {von Martens, 1874) Achatimidae medium AT pa
Achating tincta (Reeve, 1849) Achatinidae easy AT e
Achuting weynsi (Dautzenberg, 1900) Achatinidae easy AT p=
Archachatinag degneri (Bequaert and Clench, 1936) Achatinidae easy AT pe
Archachating marginata (Swainson, 1821) Achatinidae easy AT |
Archachatina papyracen (Pfeiffer, 1845) Achatinidae - AT pe
Archachating purpired (Gmelin, 1790) Achatimidae Ay AT pa
Archachating puylaerti (Mead, 1998) Achatinidae easy AT e
Archachatinag rhodostona (Philippi, 1849) Achatinidae easy AT p=
Archachatina ventricosa (Gould, 1850) Achatinidae - AT e
Ceras dautzenbergi (Dupuis and Putzeys, 1901) Achatinidae easy AT x
Cochlitoma varicosa (Pfeiffer, 1861) Achatinidae - AT pa
Limicolaria aurora (Jay, 1839) Achatimidae Ay AT pa
Limiicolaria flanimea (Miiller, 1774) Achatimdae easy AT P
Limicolaria suartensiang (Smith, 1880) Achatinidae easy AT p=
Lissachating albopicta (Smith, 1878) Achatinidae easy AT e
Lissachating alliza (Reeve, 1849) Achatinidae easy AT |
Lissachating fulica (Bowdich, 1822) Achatinidae easy AT 1
Lissachating tmimaculata (Lamarck, 1822) Achatimidae Ay AT pa
Lissachating reticulata (Pleiffer, 1843) Achatinidae easy AT e
Lissachating zanzibarica (Bourguignat, 1879) Achatinidae easy AT pe
Paropieas achatinaceun (Pleiffer, 1846) Achatinidae Ay oL NN
Psewdachating dotrnesii (Sowerby I, 1838) Achatinidae hard AT e
Runtina decollaia (Linnaeus, 1758) Achatinidae easy PA I
Rumina saharica (Pallary, 1901) Achatinidae easy PA MI, NN [12,50]
Subuling octona (Bruguiére, 1789) Achatinidae easy NT NN [7]
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Table 1. Cont.
, Native
Species Author Family gfl:;f;]“g Si::fl:ﬂ; Status
Ariophanta exilis (Miiller, 1774) Adrophantidae easy oL x
Hemiplecta distincta (Pleiffer, 1850) Airophantidae medium 0L x
Macrochlamys amboinensis {von Martens, 1864) Adrophantidae easy oL MNN*
Hadra webbi (Pilsbry, 1900} Camaenidae easy AU x
Oospira vanbuensis (Bavay and Dautzenberg, 1899)  Clausiliidae easy QL x
Phaedusa patrici (Morlet, 1893) Clausiliidae easy oL x
Anguispira alternata (Say, 1817) Dhscidae easy NA x
Anguispira strongilodes (Pfexffer, 1855) Dhscidae easy MNA x
Pleurodonte isabella (Férussac, 1822) Pleurodontidae easy NT x
Caracolus excellens (Pfeiffer, 1853) Solaropsidae easy NT x
Caracolus marginella (Gmelin, 1791) Solaropsidae easy NT x
Caracolis sagemion {Beck, 1837) Solaropsidae easy NT x
Meyalobulimus oblongis (Miiller, 1774) Strophocheilidae - NT NN
Laevicaulis alte (Férussac, 1822) Veronicellidae easy AT I[12,61]
Letidyula sloanii (Cuvier, 181&) Veromicelhdae easy NT Pe, NN f
Zachrysia guanensis (Poey, 1838) Zachrysiidae medium MT pd
Znchrysia protisoria (Pfeiffer, 1858) Zachrysiidae E NT I=
Table 2. Bioclimatic layvers and the contributing variables used in their calculation (hittps:/ Jwww
climond org/, accessed on 5 January 2023).
Minimum  Maximum Rainfall Pan
Number WVariable Temp (°C) Temp CCO)  fmm month—1) E:apnfiafi::;n
mm
Biol1 Annual mean temperature (“C) E E
Bio(2 ?:::::Eﬁ?xi:‘:;r;ﬁgézum range (mean “ “
Biol3 Isothermality (Bio02 < Bio07)
Bio(4 Temperature seasonality (C of V) s s
Biol5 Max temperature of warmest week ("C)
Bioé Min temperature of coldest week (*C) x
Bio(7 ;[I;T:?::;iuéz}aﬁ;al range w w
Biol® ]’qﬂi&;a:et;e?g;ratum of wettest w w .
Bio09 Mean temperature of driest quarter (*C) ® ® P
Biol( Mean temperature of warmest quarter (*C)
Bioll zie;a:et;e’;?g;ratum of coldest w w
Biol2 Annual precipitation (mm} =
Binl3 Precipitation of wettest week (mm) *

EVAV)
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Table 2. Cont.
Minimum  Maximum  Rainfall Pan
Number Variable Temp C) Temp (°C)  {mm month~1) Evapnrafi.un
(mm d-1)
Biold Precipitation of driest week (mm) =
Biol5 Precipitation seasonality (C of V) E4
Biolé Precipitation of wettest quarter (mm) »
Biol7 Precipitation of driest quarter (mm) =
Biold Precipitation of warmest quarter (mm) E4 b *
Biol9 Precipitation of coldest quarter {mm) = x *
Bio28 Annual mean moisture index £ *
Bio29 Highest weekly moisture index » »
Bio30 Lowest weekly moisture index E »
Bin31 Muoisture index seasonality (C of V) E4 b
Bio32 Mean moisture index of wettest quarter » »
Biodd Mean moisture index of driest w w
quarter
Bin34 Mean moisture index of warmest quarter £ * * *
Bio35 Mean moisture index of coldest quarter » » * »

Table 3. The risk results for 29 species evaluated using MaxEnt. The climate matching (CM) for these
bioclimatic layers (Biol-Biol9, Bio28-Biod3) (Sup. 1) is based on the size of the predicted occurrence
of the species: S—small area 15 defined by prediction of potential occurrence in Macaronesia in the
southern part of the evaluated territory of the EU only; M—medium-sized area covering less than 5%
of the territory; L—large area covering more than 5% of the territory; N—no risk. Species threshold
values (the lowest probability value that is the minimum value for suitable habitat) were calculated
during the modelling of predicted potential occurrence maps for each evaluated species. The models
had a training AUC value over (.95, suggesting high prediction accuracy.

Threshold

— AUC
. . CM Balance

Species Famil

pes ey (1-19, 28-35) o™ o™

(1-19, 28-35) (1-19, 28-35)

Acavus superbus Acavidae M 0.757 0994
Helicophanta Acavidae L 1.168 0.998
bicingulata
Helicophanta Acavidae s 1.770 0.997
magnificn
Achating achating Achatinidae N 1.226 0.997
Achating halteata Achatinidae s 3.130 0.976
Achating schuweinfurthi Achatinidae N 0.771 0985
Archachating L
marginata Achatinidae M 1.094 0D.993
Archachatina Achatinidae M 2372 0.999
ventricosn
Cochlitoma varicosa Achatinidae L 1.751 0.998
Liwticolaria flanmea Achatinidae 5 2164 0963
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Table 3. Cont.

Threshold AUC

Species Family (l-l;f ]\248-35) B‘é::m =
(1-19, 28-35) (1-19, 28-35)
Limicolaria aurora Achatinidae S 2118 0.988
Limicolaria martensiana Achatinidae N 1.609 0.993
Lissachatina allisa Achatinidae M 2177 0.988
Lissachatina fulica Achatinidae S 1.196 0.997
Lissachatina reticulata Achatinidae S 1.633 0.995
Rumina decollata Achatinidae L 1.694 0.982
Rumina saharica Achatinidae L 2128 0.997
Subulina octona Achatinidae N 0.611 0.999
Hemiplecta distincta Airophantidae N 0.937 0.998
Hadra webbi Camaenidae L 1.068 0.990
Phaedusa paviei Clausiliidae L 3.337 0.998
Anguispira alternata Discidae L 1422 0.955
Anguispira strongylodes Discidae L 1.358 0.995
Caracolus marginella Solaropsidae N 0.617 0.999
Caracolus sagemon Solaropsidae N 0.968 0.998
Megalobulimus oblongus Strophocheilidae L 2722 0.980
Laevicaulis alte Veronicellidae L 3.806 098
Zachrysia guanensis Zachrysiidae N 0.993 0.999
Zachrysia provisoria Zachrysiidae N 1.066 0.999
3. Results

Only 29 species out of 51 terrestrial gastropods pet-traded in the Czech Republic
(shown in Table 3) were evaluated, as the data were deficient for the rest. Nine of them,
i.e., Achatina achatina (Linnaeus, 1758); Achatina schweinfurthi von Martens, 1874; Limicolaria
martensiana (Smith 1880); Hemiplecta distincta (Pfeiffer, 1850); Caracolus marginella (Gmelin,
1791); Caracolus sagemon (Beck, 1837); Zachrysia guanensis (Poey, 1858); Z. provisoria (Pfeiffer,
1850); and Subulina octona (Bruguiére, 1789), were without predicted potential occurrence
in the European Union (EU) territory. According to our results, the remaining 20 species
belonging to seven families may potentially occur in the EU. Ten species, i.e., Cochlitoma
varicosa (Pfeiffer, 1861); Helicophanta bicingulata (Smith, 1882); Hadra webbi (Pilsbry, 1900);
Phaedusa paviei (Morlet, 1893); Anguispira alternata (Say, 1817); Anguispira strongylodes (Pfeif-
fer, 1855); Megalobulimus oblongus (Miiller, 1774); Rumina decollata (Linnaeus, 1758); Rumina
saharica (Pallary, 1901); and Laevicaulis alte (Férussac, 1822) were predicted to cover a large
area of the EU territory (Figure 1). Four species, i.e., Archachatina marginata (Swainson,
1821); Archachatina ventricosa (Gould, 1850); Acavus superbus (Pfeiffer, 1850); and Lissachatina
allisa (Reeve, 1849) were predicted to cover a medium-sized area (Figure 2), and six species,
i.e., Achatina balteata (Reeve, 1849); Linicolaria flammea (Miiller, 1774); L. aurora (Jay, 1839);
Lissachatina fulica (Bowdich, 1822); L. reticulata (Pfeiffer, 1845); and Helicophanta magnifica
(Férussac, 1819) were predicted to occupy a small area of the EU (Figure 3).
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Figure 1. The prediction computed using the MaxEnt model of the pet-traded gastropods with
potential occurrence in a “large area” of EU (= covered more than 5% of the territory). The maps
show native range in blue and suitability in red, representing a high probability of establishment for
these species: (1) Anguispira alternata, (2) A. strongylodes, (3) Cochlitoma varicosa, (4) Hadra webbi,
(5) Helicophanta bicingulata, (6) Laevicaulis altea, (7) Megalobulintus oblongus, (8) Phaedusa paviei,
(9) Rumina decollata, and (10) R. saharica; (11) map of European Union.
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Figure 2. The prediction computed using the MaxEnt model of the pet-traded gastropods with
potential occurrence in a “medium area” of EU (= covering less than 5% of the territory). The
maps show suitability in red, representing a high probability of establishment for these species:
(1) Acavus superbus, (2) Archachalina ventricosa, (3) A. marginata, and (4) Lissachatina allisa; (5) map of

European Union.
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Figure 3. The prediction computed using the MaxEnt model of the pet-traded gastropods with
potential occurrence in a “small area” of EU (= covering only Macaronesia in the southern part of
the territory). The maps show suitability in red, representing a high probability of establishment
for these species: (1) Achatina balteata, (2) Helicophanta magnifica, (3) Limicolaria aurora, (4) L. flammea,
(5) Lissachatina fulica, and (6) L. reticulata; (7) map of European Union and Macaronesia belonging to
the EU.

4. Discussion

Among the 29 evaluated terrestrial gastropod species, 20 species were found to have
the potential to establish new populations in the EU territory. This supports the assumption
that the pet trade is an important pathway and vector for invasive species [31,48,72,73].

Characteristics of popular pet-traded animals are breeding, handling, and care main-
tenance based on one or more characteristics such as tolerance to various factors, un-
specialised diet, high fecundity, simple rearing, and reproduction modes. Together with
climatic characteristics such as temperature and moisture, these properties can be seen as
important predictors of the invasive success of evaluated species [12,61]. The best exam-
ple of this phenomenon is seen for the well-known species (even to the general public)
L. fulica [12], which has been introduced in numerous countries worldwide (Global Inva-
sive Species Database GISD ISSG http:/ /www.iucngisd.org, accessed on 5 January 2023).
The MaxEnt model used for L. fulica showed the potential distribution of the species in
a small area in the EU. This self-fertilizing species is listed among the 100 most invasive
species [10] according to its invasion history and significantly negative impacts on bio-
diversity and economy worldwide. Nielsen et al. [12] classified this species as having
moderate risk with an increasing establishment probability due to climate change. More-
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over, this species is not the only one from the family Achatinidae expected to have an
impact on the biodiversity and economy of many countries [12]. In the USA, the import
and interstate transport of all species from the genus Achatina were banned (USDA APHIS
https://www.aphis.usda.gov, accessed on 5 January 2023). However, the designation of
the genus “Achatina” is misleading because numerous synonyms and misnomers exist
(MolluscaBase https://www.molluscabase.org /). Since there are plenty of examples of
invasive species being introduced from North America into Europe and vice versa, as
shown in [74-76], one can conclude that, to these species, the finding of, and acclimation
to, available niches and climatic conditions is not a barrier. Therefore, one can assume
that the same species may have the potential to invade the same climatic niches in both
aforementioned regions.

From the family Discidae, two species are traded as ornamentals: Anguispira alternata
and A. strongylodes. According to Nielsen et al. [12], molecular genetic analyses revealed
confusing morphological characteristics used in species determination in A. alternata and
A. strongylodes. The MaxEnt model confirmed the potential occurrence of both species in a
large area in the EU. Although they have a high probability of establishment in Norway,
Nielsen et al. [12] determined the risk to be in the medium category given the expected low
impact on native biodiversity.

Only one species of the family Strophocheilidae is traded as an ornamental: the
predicted potential occurrence of Megalobulimus oblongus was shown in large areas of
the EU. In South America, this species is threatened by environmental changes and by
non-native species such as L. fulica. The most effective method for controlling L. fulica
is manual capture [77]. In addition to the competition, M. oblongus is threatened by this
control method due to its confusion with L. fulica [77,78]. 1f M. oblongus establishes and
spreads in a new area, this would be an example of an interesting phenomenon, namely,
the so-called “Biodiversity Conservation Paradox” [79,80], when an endangered species, in
its native range, behaves as an invader in a non-native range. However, Nielsen et al. [12]
classified M. oblongus as a low-risk species.

Rumina decollata and R. saharica from the family Achatinidae are representatives of
Palearctic fauna. The medium-sized facultatively self-fertilizing predatory species R. decol-
lata is spreading across the world mainly through the subtropical zone but also in the
European temperate zone, negatively affecting native malacofauna [11,12]. R. saharica, a
self-fertilizing subtropical predatory snail inhabiting southern Europe, has not yet been
confirmed to negatively impact biodiversity; however, the misidentification of R. saharica
and R. decollata is possible, while the spread of its native range has been confirmed [12,60].
MaxEnt modelling confirmed the potential occurrence on a large area of the EU for both
these species, and Nielsen et al. [12] classified these gastropods as species of moderate risk
for R. decollata and low risk for R. saharica.

The occurrence of Paropeas achatinaceum, originally from tropical and subtropical
Southeast Asia, has been recorded in the USA [§1], in Europe [9], and in Japan (Invasive
Species of Japan https:/ /www.nies.go jp/biodiversity/invasive). Hence, the same pattern
of invasion due to similar climate conditions cannot be excluded at least in parts of the
EU. Although the MaxEnt model of P. achatinaceum was not evaluated due to a lack of
suitable occurrence data, we emphasized that this species is spreading around the world
and has obvious invasion potential [12]. Although Hulme [50] lists another representative
of this family, Subulina octona, as a potential invasive species in Europe, further references
substantiating its occurrence in the European wilderness were not found. Jufickova [7]
confirmed the occurrence of this tropical species in Europe, but only in greenhouses and
hothouses. Even if Nielsen et al. [12] evaluate this species as low risk in Norway and our
MaxEnt modelling has not confirmed a potential occurrence elsewhere in the EU, changing
climatic conditions should nevertheless be further monitored.

The American Malacological Society identified members of the family Veronicellidae
as taxa with potential major pest significance to the USA, similar to those of the family
Achatinidae [61]. Laevicaulis alte and Leidyula sloanii are examples of pet-traded animals with
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negative impacts on biodiversity, ecosystem functions, agriculture, etc. [12,61]. Laevicaulis
alte is self-fertilizing and can lay fertilized eggs multiple times after only a single mating [12].
MaxEnt modelling showed the potential distribution of L. alfe in a large area of the EU.
Leidyula sloanii was not evaluated due to a lack of occurrence data. From a Norwegian
perspective, the occurrence of both of these species was evaluated as potentially possible,
even if a low probability was estimated [12].

Tropical and subtropical species without an invasion history on a large area of the
EU include Cochlitoma wvaricosa, Helicophanta bicingulata, Hadra webbi, and Phaedusa paviei.
Considering the extent of the area, we recommend their further monitoring and evaluation.

The legislative act focusing on the prevention of new introductions of invasive species
in the EU is Regulation No. 1143/2014 and the Union list of invasive alien species. However,
the reasons for the species listed and not listed are debatable and not well-defined in certain
cases. No gastropods or other molluscs are listed. We have highlighted the seven species
identified as high-risk (Anguispira alternata, A. strongylodes, Rumina decollata, R. saharica,
Megalobulimus oblongus, Laevicaulis alte, and Lissachatina fulica) for the consideration of
policymakers for the next revision of the Union list.

However, sufficient and credible data about many pet-traded terrestrial gastropods
are unavailable, partly due to inconsistent taxonomy, overlapping species occurrence, and
the difficult determination of subjected species. For these reasons, and due to changing
climate conditions and the variation in the adaptability of the found species, we suggest
further improving the risk assessment and monitoring of pet-traded animals in general,
and for the ormamental terrestrial gastropods in particular. We recommend our findings to
the attention of conservationists, wildlife managers, policymakers, and other stakeholders.
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9 Ostatni vystupy a spoluprace

Metodika Identifikace vvbranvch nepiivodnich organizmi

Vyvoj nastroja a postupu ke spravné a véasné identifikaci nepuvodnich vodnich organizmi
jako zaklad pifedpokladu k omezeni biologickych invazi
TACR ¢é. TJ01000065

r

METODIKA IDENTIFIKACE VYBRANYCH

NEPUVODNICH VODNICH ORGANIZMU IDENTIFIKACNI KARTY

Old#ich Kopeckf Paviina Kotikovi
Lucie Bohaté Milostav Petrtyt
Milan Gottwaid Lukii Kalous

Procambarus virginalis

Rak mramorovany — Marbled crayfish

Procambarus virginalis &

Rak mramorovany — Marbled fish

S =

Velikost Prostredi

az 120 mm stojaté a pomalu tekouci
vody
velice adaptabilni
vystupuje na sous

Genbank: MK 189¢ @
Nema
- (01) kruny¥ hladky

Mozné zamény s puvodnimi
- po stranach hlavy v wv's X
jeden pér tmi zivocichy CR
- (02) jeden par post-
orbitalnich list Zadné
- (03) viditelna tylni
ryha
- aerola Siroka
- mramorovani hlavo-
hrudi i zadecku
- nepravidelny éerny
pruh
- klepeta kratka a uzka

projekt TACR TJ01000065

Dreissena polymorpha

Sliavicka mnohotviarna — Zebra mussel

projekt TACR TJ01000065

Dreissena polymorpha

Slivi¢ka mnohotvirni — Zebra mussel

. Q) =)
Velikost Prostredi

az 30 mm stojaté a pomalu tekouci,
Gzivné i méné Gzivné vody
(02] Zije v koloniich pfisedlych
k podkladu

Foto: Michal Horsik @ Genbank: MK439901 @
Ma Nema

Mozné zamény s pj]vodnim
zivocichy CR

2adné

- trojhranné ¢lunkovity - listy ani zuby
tvar s kyly
- (01) svétlé zbarveni
se znatelnou tmavou
kresbou (Zihani)
- ryha mezi lasturami je
rovna
- (02) bysalni §térbinu

projekt TACR TJ01000065 projekt TAGR TJ01000065
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Organizace workshopu:

Invazni a nepuvodni organizmy

Téma workshopu: invazni a neptivodni vodni organizmy a jejich determinace

Dne 7. 3. 2019 probéhl v prostorach Ceské zemé&dé&lské univerzity v Praze — Suchdol
jednodenni workshop vénovany problematice invaznich a nepiivodnich vodnich organizmii.
Prvni Cast byla vénovana ptrednaSkam o dané problematice. Druhd ¢ast byla zamétfena na
identifikaci invaznich a neptivodnich organizmli pomoci vytvofené metodiky a klice, které
maji umoznit v€asnou identifikaci organizmi a zamezit jejich Siteni.
Program:

9:30 — 10:00 prof. Ing. Lukas Kalous, Ph.D. — Invaze: fenomén 21. stoleti

10:15 — 10:45 Ing. Karel Douda, Ph.D. — Zavle¢eni neptivodnich organizmu a jeho dopady

11:00 — 11:30 Mgr. Oldfich Kopecky, Ph.D. — Predikce, prevence, identifikace

12:30 — 15:00 praktické ur€ovani nepiivodnich vodnich organizmt
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Konference:

Limnospol — 2018 Kofenov

poster — sbér dat k projektu TACR &. TJ01000065 “Vyvoj nastroji a postupti ke spravné a
vcasné identifikaci nepiivodnich vodnich organizmu jako zaklad piredpokladu k omezeni

biologickych invazi”

Identifikace neplivodnich vodnich organizmd - predpoklad k omezeni
biologickych invazi

Identification of non-native aquatic organisms - a prerequisite for limitation of
biological invasions

poster

Pavlina Kufikovs, Lucie Bohata, Oldfich Kopecky & Lukas Kalous

Katedra zoologie a rybafstvi, Fakulta agrobiclogie, potravinowych a pfirednich zdrojb, CZU, Praha

Biologické invaze, zejména ty vyvolané ¢lovékem, zplsobuji nejen 3kody na Zivotnim
prostiedi, ale i na ekonomice danych zemi. Spravné taxonomické uréeni organizmd, tedy
jejich druhovéd identifikace, je klitové zejména pro potladeni a eradikaci druhd jif
invaznich a pro Géinnou prevenci novych introdukei nepldvodnich organizmd. Druhova
identifikace je také nutnym predpokladem spravného plnéni souvisejicich narodnich i
nadnarodnich legislativnich opatfeni. Potfeba robustnich nastrojd pro snadné a
predeviim dostateéné pfesné urfovani vodnich organizmi je tedy zfejmé nejen ve
védecké sféfe, ale 1 ve statni spravé a komerénim sektoru. Optimalizace metod
wyufivanych k druhové identifikaci, zohledfiujici specifika skupin vodnich arganizmd, je
zasadnim pfedpokladem pro zlep3eni stavajiciho stavu. Pracovnici zajistujici monitoring
prostfedi nebo pracovnici operujici na mistech ,vstupu* #ivych organizmd do zemé, by
méli byt schopni potencidlné nebezpecné organizmy identifikovat s wysokou mirou
pfesnosti. 5 véasnou identifikaci mdZe, pfedeviim u vodnich organizmid, napomoci
zapojeni rekreaénich rybafd, ktefi mohou byt i zaélenéni do procesu odstrafiovani
invaznich arganizmd. Cilem projektu je formou metodické pfirucky zpfistupnit znalosti
wyuZitelné pro morfologickou a genetickou identifikaci vodnich organizmi organizacim,
které maji v gesci monitoring wyskytu, Zifeni, dovoz i proces introdukei nepdvodnich
vodnich organizmid. Ma Grovni feditelského tymu je zamérem projektu umoinit
studentkam doktorského stupné studia propojit poznatky z vyvojové cinnosti s praxi.
Projekt ¢ TIO1000065 “Vyvoj ndstroji a postupl ke spravné a véasné identifikaci
nepivodnich vodnich organizmi joko zaklad pfedpokladu k omezeni biologickych invazi”
je financovdn z programu na podporu aplikovaného vyzkumu ZETA Technologickou
agenturou Ceské republiky.
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Rybikon - 2018 Brno

poster — sbér dat k projektu TACR ¢&. TJ01000065 “Vyvoj nastrojii a postupti ke spravné a
vcasné identifikaci nepivodnich vodnich organizmt jako zaklad piedpokladu k omezeni

biologickych invazi”

Shornik: piispévial a abstrakth XV Ceské rybafské a ichtyologické konference
10. a 11. 1ima 2018 Mendelova muverzita v Bmé

IDENTIFIKACE NEPUVODNICH VODNICH ORGANIZMU -
PREDPOKLAD K OMEZENI BIOLOGICKYCH INVAZI

KURIKOVA P., BOHATA L., KOPECKY 0., KALOUS L.

Katedra zoologie a rybafsivi, Fakulta agrobiclogie, potravinovich a pfirodnich
zddrajis, Ceska zeméddiska univerzita v Praze, Kamycks 129, 165 00, Praha -6
kurikova@af czucz

Abstrakt

Biologické invaze, zejména ty vyvolané Elovékem, zpizobuji nejen fkody na Zivotnim
prostfedi, ale i na elconomice danych zemi. Sprévné taxonomické uréeni organizmi,
tedy jejich druhovd identifikace, je klitova zejména pro potlaéeni a eradilcaci druhi
jif invaznich a pro Gfinnou prevenci novych infrodukei neplvodnich organizmi.
Druhova identifikace je také autnym pfedpoldadem spravného plnéni souvizejicich
ndrodnich i nadndrodnich legislativaich opatfeni. Potfeba robustnich ndstrojl pro
snadné a pfedeviim dostateénd pfesné uréovini vodnich organizmi je tedy ziejma
nejen ve védecké sfefe. ale 1 ve statni spravé a komerénim sektoru. Optimalizace
metod vyoZivanych k drohove identifikaci, zohlediujici specifila slupin vodnich
organizmf, je zézadnim pfedpokladem pro zlepdeni stdvajiciho stavu. Pracovnici
zajiitujici monitoring prostfedi nebo pracovnici operujici na mistech vstupu® Zivich
organizm? do zemé, by méli byt schopni potencidlné nebezpefné organizmy
identifilbovat s vysokou mirou pfesnosti. Cilem projeliu je formou metodicke pfiméloy
zpfistupnit zaalost vyuZitelngé pro morfologickou a genstickou ident[ﬁlcaci vodnich
organizmd organizacim, které maji v gesci monitoring valovtu, Sifeni, dovoz i proces
introdukei nepivodnich vodnich organizmi. Na trovni fefitelského tymu je zémérem
projeltu umoznit studentkam doktorského stupné studia propojit poznatly z vivvojove
cinnosti 3 praxi.

Kliéova slova: nepuvodni druhy; invazni druhy; biodiverzita; hodnoceni
rizik; druhova determinace

Podékovini: Projekt &€ TIO1000065 “Vivoj nastroji a postupt ke spravné a
viasné identifikaci neplivodnich vodnich organizmu jako zaklad piedpokladu
k omezeni biologickych invazi” je finahcovin z programu na podpor
aplikovaného vizkumu ZETA Technologickou agenturou Ceské republiky.
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Zoologické dny — 2019 Brno

Poster k projektu TACR &. TJ01000065 “Vyvoj néstrojti a postupti ke spravné a véasné
identifikaci neptivodnich vodnich organizmii jako zéklad piedpokladu k omezeni

biologickych invazi”

Zoologické dny Brmo 2019, Shornik abstrakrii = konference 7.-8. iinora 2019

Identifikace nepuivodnich vodnich organizmii - predpoklad k omezeni biologickych invazi
KURIKOVA P, BOHATA L KOPECKY O, GOTTWALD M_ Karous L.

Ceskd zemédélska univerzita v Praze

Biologické mvaze, zejména ty vyvolané clovékem, zpasobuji nejen skody na Zivotnim
prostiedi, ale 1 na ekonomice danych zemi Spravné taxonomické uréeni organizmn, tedy jejich
druhova identifikace, je kliéova zejména pro potladeni a eradikaci druhi jiz invaznich a pro
uéinnou prevenci novych introdukei nepuvodnich organizmii. Druhova identifikace je také
nutnym predpokladem spravného plnéni souvisejicich narodnich 1 nadnarodnich legislativnich
opatfeni. Potieba robustnich nastroji pro snadné a predeviim dostate¢né presné urdéovani
vodnich organizmi je tedy ziejma nejen ve védecké sféfe, ale i ve statni spravé a komerénim
sektoru. Optimalizace metod vyuzivanych k druhové identifikaci, zohlediiujici specifika skupin
vodnich organiznmi, je zdsadnim piedpokladem pro zlepleni stivajiciho stavu. Pracovnici
zajistujici monitoring prostfedi nebo pracovnici operujici na mistech _vstupu® Zzivych
organizmi do zemé, by méli byt schopni potenciilné nebezpeéné organizmy identifikovat s
vysokou mirou pfesnosti. Cilem projektu je formou metodické piiruéky zpiistupnit znalosti
vyuzitelné pro morfologickou a genetickou identifikaci vodnich orgamizmil organizacim, které
maji v gesci monitoring vyskytu, iifeni, dovoz i proces introdukei nepivodnich vodnich
organizmi. Na urovni fesitelského tymu je zdmérem projektu umoznit studentkdm doktorského
stupné studia propojit poznatky z vyvojové ¢mnosti s praxi.

Projekt ¢. TJO1000065 “Tivof ndstrejii a postupil ke spravné a véasné identifikaci nepiivednich vodnich organizmii jako

zaklad predpokladu k emezeni biclogickych invazi” je financovan z programu na podporu aplikovanéhe vyzkumu ZETA
Technologickou agenturou Ceske republiky.

POSTER.
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Zoologické dny — 2020 Olomouc

Poster - spoluprace s Univerzitou Karlovou — Pasivni disperze suchozemskych plzi skrze

zazivaci trakt ptakt

Abstraiia prednaiek a postert

Plii mohou prezit v travicim trakiu ptakia — moinost endozoochorie potvrzena pro dalsi
druhy
SmiowovA J (1), BoHATA L. (2), ExaderovA A (1), Smaon O (3.4), TvRiCEovA L. (1)

(1) Katedra zoologie, PiF UK, Praha; (2} FAPPZ, CZU, Praha; (3) FZP, CZU, Praha; (4) Tyzkumny tistay
vodohospodarsky T.G. M., Praha

Pazivni disperse je zasadnim faktorem ovliviimjicim roziifeni suchozemslovch schrankatich
pli, jejichZ rychlost viastniho aktivniho pohybu je pfisloveénéd mali. Za dilezité vektory
piispivajici k dispersi plf jsou odedivna povaZovani ptici. P1# se mohou &fit na povrchu
jejich téla, napfiklad pfichveeni v pefi (ektozoochorie), nebo mohou bt pfenidSem uvit!
traviciho traktu ptakn (endozoochorie). Schopnost piezit prichod celym travicim traktem byla
prokazana u nékolika dmhf suchozemskych pla, o tomto zplsobu Sifeni toho viak vime zatim
velice malo.

Abychom zjistili. nakolik je schopnost endozoochorie mezi pla roziifena, nabizeli jsme plze
ptakim v laboratornich podminkach a ptakim wmisténym v zachrannyeh stanicich. Trus a
vyvrzky celkem patndcti zkoumanych druhn ptakn jsme shirali a ovéfovali Zivotaschopnost v
nich nalezenych pli. Celkem bylo ptikim nabidouto pies 4700 pli patmacti druhi. V trusu
byli nalezeno 36 Zivych jedinen Sesti druht plan (Clansiliidae: Alinda biplicata, Cochlodina
laminara; Discidae: Discus ronmdatus; Chondrinidae: Chondring avenacea; Vertiginidae:
Vertigo antivertigo, V. pygmaen). Celkem 26 Zivich jedincd drubt Chondrina avenacea
(Chondrninidae), Alinda biplicata a Bulgarica nifidosa (Clavsiliidae) bylo vyvrhnuto z prednd
¢asti traviciho traktu ptiko.

Vysledky experimenti ukazuji. #e endozoochorie je moini pro plze miznych éeledi a
velikosti (2-17 mm) Ochota ptakn aktivné konzumovat nabizené plze byla individualni a
variabilni v ¢ase. Neprediktabilni bylo i pfefivani pl&h.

PREDMASEA
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Spoluprace s univerzitami

Jihoceska univerzita
. v Ceskych Budéjovicich

University of South Bohemia
.. in Ceské Budé&jovice
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