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1. Uvod

Jednim z hlavnich environmentalnich rizik ohrozujicich biodiverzitu jsou biologické
invaze. Pojmem biologické invaze se rozumi proces, pii kterém je neptivodni (alochtonni ¢i
vetielecky) zivocisny nebo rostlinny druh imysIné ¢i neimysiné zavlecen (introdukovéan) na
novou lokalitu mimo svij areal ptivodniho vyskytu, na této lokalité se uchyti (etabluje) a dale
se §ifi. Takovy druh se oznacuje jako invazni nebo téZ invazivni. Biologické invaze maji
negativni dopad na druhy plGvodni (autochtonni), které mohou v jejich dasledku i zcela
vymizet.

Invazni chovani zavleCenych druhti a jeho negativni konsekvence zdaleka nejsou jen
pfedmétem studia zainteresovanych odbornikii, ale mnohé maji dopad na lidskou spolecnost
jako takovou. Jako priklad je mozné uvést vSeobecné znamou invazi divokych kralika
(Oryctolagus cuniculus) v Australii, z evropského kontinentu pak invazi tzv. amerického
brouka mandelinky bramborové (Leptinotarsa decemlineata), plzaka S$panélského (Arion
vulgaris) ¢i bolsevniku velkolepého (Heracleum mantegazzianum).

Z hlediska biologickych invazi stila okrasna akvakultura dlouhou dobu stranou zajmu
odbornikil. Tato situace se sice postupem ¢Casu pomalu ménila, av§ak mnohé aspekty nadale
unikaly pozornosti. Proto si pfedloZena diserta¢ni prace klade za cil na tyto aspekty poukazat
a kromé hlediska biologickych invazi rovné€z zhodnotit i dal§i environmentalni rizika spojena

s okrasnou akvakulturou.



2. Literarni prehled

1.1. Okrasna akvakultura

Pod pojem okrasna akvakultura se zahrnuji tzv. zajmové chovy sladkovodni i motské
fauny, akvarijni i rybni¢ni produkéni chovy druhti uréenych k zajmovym chovim, dale chovy
téch druht, které se v zajeti nedafi rozmnozit a pochazeji z odchytu z ptirody, a také péstovani
vodnich rostlin (e.g. Duggan, 2010). Samotny pojem zajmovy chov je ale do jisté miry
zavadgjici. Presngjsi definice je chov zivocichl a péstovani rostlin pouze pro okrasné ucely,
proto jsou Vv nasledujicim textu pouzivany terminy okrasna akvakultura a okrasny chov (viz
napi. Kam et al., 2008). Je tedy zfejmé, Ze pii uréeni typu chovu neni dilezity chovany druh,
ale pravé ucel chovu. Chovy vodnich Zivoc¢ichii pro okrasné ucely jsou celosvétové velice
popularni volno€asovou aktivitou, kterd je Uizce spjata s dynamicky se rozvijejicim trhem
s chovatelskymi potfebami (Turkmen and Karadal, 2012). Kromé¢ tradi¢nich druht ryb se
chovatelé stdle Cast€ji zaméfuji 1 na druhy raritni ¢i na jiné ZivociSné skupiny vcetné
bezobratlych (Chucholl, 2013; Papavlasopoulou et al., 2014). Vice nez 90 % sladkovodnich
druhti pochazi z odchovu v zajeti, zatimco naprosta vétsina chovanych motskych zivocicht je
odchytavana v piirodé a v zajeti se nemnozi viibec nebo jen ve velice omezené mite (Tlusty,
2002).

Celosvétove je obchod s akvatickymi druhy urenymi pro okrasné chovy dynamicky se
rozvijejicim sektorem akvakultury a mezinarodniho obchodu S primémym meziro¢nim
naristem 14 % od roku 1985 (Padilla and Williams, 2004; Rani et al., 2014). Celkové se
rocné za tyto zivoCichy utrati pfiblizné 3-6,5 mld. USD, z toho vétSina za sladkovodni
akvaristiku (e.g. Silas et al., 2011; Magalhdes and Jacobi, 2013). Pfiblizn¢ 80 % druht
vyuzivanych v okrasnych chovech se vyskytuje na uzemi stati v tropickych oblastech. Az
68 % ryb a dalSich Zivoéichi vyuzivanych v okrasnych chovech je produkovano ¢i
odchytavano ptimo v tropech, pticemz 50-79 % pfipada na produkci v zemich jihovychodni
Asie a Japonsku (Chapman et al., 1997; Olivier, 2003). Mezi pét hlavnich dodavatelii na svéte
patii Singapur, Malajsie, Thajsko, Japonsko a hlavnim exportérem a producentem mimo Asii
je Ceska republika (Maceda-Veiga et al., 2013; Ploeg, 2013; Saha and Patra, 2013). Jen
v Singapuru tvofi akvarijni ryby 40 % celkového exportu této zem¢ (Tlusty, 2002). Export

Z tzv. rozvojovych zemi meziro¢né roste o 7,5 %. V ekonomicky vyspélejSich zemich je
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narust vyrazné niz$i a pohybuje se okolo 0,3 % za rok. Hlavnimi odbérateli téchto zivocichu
jsou USA, Evropska unie a Japonsko (Padilla and Williams, 2004; Ploeg, 2007; Lukhaup and
Herbert, 2008; Ploeg, 2013). Statistiky uvadé&ji, ze ve Velké Britanii je pomér chovatelu
Kk ostatnim obyvatelim 1:18 (3,5 mil. chovateli), v Némecku 1:22 (3,7 mil. chovateld), a ve
Francii 1:32 (2,1 mil. chovateli) (Rana, 2007). Nejvétsim trhem z hlediska okrasné
akvakultury je tradicné USA, statistiky poc¢tu chovatell vii€i ostatnim obyvatelim ale uvadéji
rizné odhady: 1:8 (39,9 mil. chovatelt) (Duggan, 2010) az 1:29 (11 mil. chovatel) (Padilla
and Williams, 2004).

1.1.1. Historicky vyvoj okrasné akvakultury
Prvnimi sladkovodnimi zivocichy v okrasné akvakultuie byli zlati karasi (Carassius

auratus), jejichz chov je dolozen z Ciny z roku 1163 n. I. (Brunner, 2012). Poprvé se tyto ryby
objevily v chovech v Evropé patrné jiz v 17. stoleti v Nizozemi (Copp et al., 2005b), odkud se
v nasledujicich letech rozsifili do nadrzi a jezirek v dalSich evropskych zemich. Rostouci
zajem o okrasné ryby vedl k budovani vefejnych akvarii, pfi¢emz prvni akvarium v Evropé
bylo oteviené v roce 1853 v londynské zoo (Kisling, 2001). V dalsich letech nasledovala
akvaria v Pafizi (1859), Hamburku (1864), Hannoveru (1866), Bruselu (1868), Koliné¢ nad
Rynem (1868), Berliné (1869), Brightonu (1872), Manchesteru (1874), Southportu (1874),
Yarmouthu (1876), Westminsteru (1876), Edinburghu (1878), Amsterdamu (1880)
a Sevastopolu (1897). V USA bylo prvni vetejné akvarium otevieno v Bostonu (1859), pak ve
Washingtonu (1873), San Francisku (1894) a v New Yorku (1896). Cela tfada dalSich
sladkovodnich i mofskych akvarii byla oteviena ve 20. stoleti (Kisling, 2001).

Pielomovym se stal rok 1868, kdy byly do Evropy importovany prvni tropické ryby.
Jednalo se o rajovce dlouhoploutvé (Macropodus opercularis) dovezené z jihovychodni Asie
do Pafize (Goodrich and Smith, 1937). Vzhledem ktomu, ze rajovci patfi mezi
tzv. labyrintky, a dokazou tudiz ptijimat vzdusny kyslik (Dutta and Munshi, 1985), mohly tyto
ryby uspésné preckat dlouhy transport a nasledné piezivat i Vtehdejsich technicky
nevybavenych akvariich, kde se je dokonce jest€ v tom samém roce po importu podatilo
poprvé rozmnozit a odchovat v zajeti. V roce 1876 byla pobliz Berlina zaloZena prvni
komer¢ni lihen okrasnych ryb, popularita okrasnych chova ryb rychle rostla a chovatelé
zaroven ziskavali praktické informace o biologii, ekologii a etologii vodnich organizmd, coz

jim spolu s technickym rozvojem umoznilo udrzet na zivu a piipadné i rozmnozit Vv zajeti
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dal$i a dalsi druhy (Kisling, 2001). Do roku 1910 bylo dovezeno do Evropy pfiblizn¢ 180
druhii sladkovodnich exotickych ryb, v roce 1950 to bylo jiz 800 druhid a v soucasné dobé¢ se
na trhu objevuje az 5000 druhd, i kdyz nékteré jen velice vzacné (Collins et al., 2013).
Z obratlovci se v akvariich v mens$i mife chovaji i ocasati obojzivelnici, zaby, Cervofi a zelvy
(Masin et al., 2014).

Kromé¢ ryb patii mezi tradiéné chované zivocichy vétsi druhy plza s atraktivné zbarvenou
ulitou, jako jsou napiiklad ampularky rodu Pomacea. Spolu s rostlinami se do nadrzi dostava
I nékolik druhti drobnych plzt, které vétSinou nejsou v chovu zadouci, protoze maji tendenci
se rychle pfemnozovat a zhorSovat kvalitu vody svymi exkrementy (Duggan, 2010). Oproti
plzim byli mlzi v okrasnych chovech dlouho vzacnosti. N¢kolik druhi se zacalo chovat
teprve v poslednich letech (Lois, 2010). Ve srovnani s plzi se po¢tem chovanych druhii jedna
0 minoritni skupinu.

Desetinozi korysi se poprvé objevili v akvariich v poslednim desetileti dvacatého stoleti
(Chucholl, 2013). Prvnim chovanym druhem byla kreveta Caridina multidentata, ktera byla
vysazena do nadrzi za ucelem pozirani fas (Amano, 1994). Postupné se na trhu objevilo
mnoho druht krevet, raka i krabti a jejich barevnych variet (e.g. Chucholl, 2013). N¢které
chované druhy jsou agresivni, teritorialni, pfipadné dravé, a proto se nehodi do spolecenské
et al, 2015). Negkteti akvaristé se naopak specializovali pfimo na chov téchto
tzv. problémovych druhi (Turkmen and Karadal, 2012).

Pii spravné péc¢i je dlouhodoby chov ur€itych sladkovodnich druhli Zivocichit moZny
i vmalém objemu vody. Oproti tomu stabilita moiského prostiedi vhodného pro chov
zivoc¢ichti byla dlouho podminéna velkym objemem vody v nadrzi. Kvili vysokym
pofizovacim nakladiim na zafizeni takové nadrze byl tento typ chovu doneddvna realizovan
takika vyluéné ve vetfejnych akvariich a reprezentativnich prostorach firem. Technicky pokrok
a klesajici ceny zivoCichli a vybaveni umoznily chov moiskych Zivocichi 1 v menSich
nadrzich dostupnych pro hobby akvaristy (Wabnitz et al., 2003). I kdyz obchod s motskymi
zivo€ichy ekonomicky stale jeSt¢ zaostdvd ve srovnani s obchodem s zivoCichy
sladkovodnimi, motsk4 akvaristika si ziskava stale vice pfizniveti a tento trend bude
pravdépodobné pokracovat i Vv dalSich letech. Hlavnim rozdilem oproti akvaristice
sladkovodni ovSem zistava pivod chovanych zivocichi, ktefi v naprosté vétSin€ pochazeji

z odchytu z volné piirody (Tlusty, 2002).



1.2. Pozitivni vliv okrasné akvakultury

Exaktné definovat pozitivni pfinos okrasné akvakultury neni jednoduché a nckteré nize
uvedené body se daji za jistych okolnosti interpretovat i v negativnim svétle, coz je také
u piislusnych pasazi uvedeno.

1) Vychovny a vzdélavaci efekt: Stejné jako chov jakéhokoliv zvifete pfispiva i okrasny

chov vodnich Zzivocichti k vytvafeni pozitivniho vztahu a odpovédnosti k zivé piirodé
(Kisling, 2001). Vodni fauna obyva pro ¢lovéka obtizné dostupné prostiedi, proto chov
v akvériich nabizi unikatni pfilezitost pozorovat a ptipadné¢ zkoumat Zzivotni projevy
chovanych zivocichu (Tlusty et al., 2013).

2) Popularizace: Chov v domacich i vetejnych akvariich a zahradnich jezirkach umoziuje
i laické vefejnosti detailné se seznamit s naroky a zivotnimi projevy jinak tézko
pozorovatelnych vodnich Zzivoéichu (Tlusty et al., 2013). Na popularizaci ale musi byt
navazana i osvéta, protoze jinak muze mit zvySena poptavka po konkrétnim druhu velice
negativni dopad na divoké populace kvuli zintenzivnéni odchytu, jako se tomu stalo v piipadé
moiskych koralovych ryb klaunt. Klaun zdobeny (Amphiprion percula) sehral hlavni roli ve
filmu ,,Hleda se Nemo*, a diky tomu enormn¢ vzrostla popularita tohoto a pfibuznych druha
mezi hobby chovateli (Rhyne et al., 2012). Avsak kvuli absenci osvéty méla zvySena poptavka
za nasledek natolik masivni odlovy, Ze v nasledujicich letech dramaticky poklesly pocetni
stavy klaunt. Odhaduje se, Ze pro okrasné ucely je ro¢né celosvétové vyloveno mnoho set
tisic klaunt nalezicich k riznym druhiim (Shuman et al., 2005; Schmidt et al., 2005; Jones et
al., 2008).

3) Ekonomicky profit: Obchod spojeny s zivocichy v okrasnych chovech je vyznamnym

zdrojem piijmu pro Cast obyvatel v dodavatelskych tzv. rozvojovych zemich (Tlusty, 2002),
pro importéry, exportéry, producenty a maloobchody v zemich tzv. vyspélych (Tlusty et al.,
2013) a také pro vyrobce krmiv a chovatelskych potieb (Bartley, 2000). OvSem nadmérna
touha po zisku miize vést k intenzivnimu odchytu zivocichll ve volné ptirod€, coz v nékterych
pfipadech vedlo az k Gplnému vymizeni lokalnich populaci dan¢ho druhu. Takto doslo
naptiklad v Brazilii k dramatickému poklesu pocetnosti mistnich populaci sladkovodnich ryb
patticich k oblibenym akvarijnim druhim, jako jsou napf. trnuchy rodu Potamotrygon (Aratjo
et al., 2004).



4) Potladeni odchyti z volné piirody: Stoupajici produkce nékterych druht z odchovi

v akvariich ¢i ve venkovnich nadrzich u¢inné snizuje poptavku po jedincich odchycenych ve
volné ptirod¢ (Tlusty, 2002).

5) Produkce jedincti prostych paraziti: Zivo¢ichové odchyceni v piirodé &i odchovani na

farmach jsou hostiteli celé fady ekto- i endoparaziti. Oproti tomu Zzivoichové odchovani
v akvariich jsou prosti vétSiny parazitl, a proto jsou mnohem vhodnéjsi pro dalsi chov.
Dobrym piikladem jsou zavojnatky, tedy Slechténé formy karase zlatého (Carassius auratus).
Zavojnatky pochazejici z rybni¢nich chovii v jihovychodni Asii jsou zpravidla velice silné
promoieny zabrohlisty rodd Dactylogyrus a Gyrodactylus, zatimco zavojnatky produkované
v akvariich témito parazity napadené nejsou (Shinn and Tun, 2013).

6) Nové poznatky: V piimé souvislosti s okrasnymi chovy bylo popsano n¢kolik novych
druhti bezobratlych i obratlovcu (e.g. Lukhaup and Pekny, 2006; Roberts, 2007; Lukhaup and
Pekny, 2008; Klotz and Von Rintelen, 2014; Lukhaup, 2015). Rovnéz diky akvarijnim

chovim byla objevena partenogeneze u raki (Scholtz et al., 2003).

7) Zachovani druhti: Okrasné chovy se ptimo podileji na zachovani nékterych ohrozenych

druhti. Jedna se predevsim o cichlidy z jezera Ukerewe, jejichz pocetnost dramaticky poklesla
v dusledku introdukce neptivodniho predatora robalo nilského (Lates niloticus) (Ogutu-
Ohwayo, 1990), a také o gudeovité ryby rodi Ameca a Xenotoca (Lopez-Lopez and Paulo-
Maya, 2001) a trpasli¢i raky rodu Cambarellus (Gutiérrez-Yurrita, 2004) ze Stiedni Ameriky,
které ohrozuje lidska cCinnost, kvili niz dochazi k destrukci habitatu, znecisténi vody

a rozkolisani hydrologického rezimu prostiedi.

1.3. Negativni dopad okrasné akvakultury a environmentalni rizika

1) Zavleéeni nepuvodnich druhti: Celosvétové patii biologické invaze mezi aktualni

témata z hlediska ochrany ptivodnich druhti a jejich stanovist’ (Hulme, 2006), protoze vyskyt
druhti nepiivodnich ma ¢asto negativni dopad na biodiverzitu (Ricciardi, 2007). Mezi hlavni
pfi¢iny vytlaCovani ptvodnich druht druhy nepvodnimi ainvaznimi patfi: 1) kompetice
0 zdroje, 2) hybridizace, 3) zavleCeni neptivodnich nemoci a 4) predace (Williamson, 1996;
Magalhaes et al., 2005). Neptivodni druhy mohou byt na nové lokality zavleCeny imysIn¢
I neumysiné a jednim ze zdroju téchto druhti je mezinarodni obchod v¢etné obchodu pro

okrasné ucely (e.g. Copp et al., 2005a; Strecker et al., 2011). Ackoliv je okrasna akvakultura



jednim z vyznamnych zdroju neptivodnich druhd, dlouho byla védci i zakonodarci z tohoto
hlediska ptehlizena (Padilla and Williams, 2004).

2) Ohrozeni nékterych druhti nadmérnym odlovem z ptirody: Intenzivni odlov jedinci

Z volné piirody mize negativné ovlivnit pocetnost populaci a predev§im endemické druhy
mohou byt timto zptisobem snadno vyhubeny (Raghavan et al., 2013; Vitule et al., 2014).
Naptiklad pocetnost velerakii tasmanskych (Astacopsis gouldi) kvili nadmérnému odlovu
i kviili okrasnym chovim poklesla za poslednich padesat let o 80 %, a proto byl tento druh
zatazen do seznamu druhti v ¢ervené knize IUCN jako ohrozeny (Endangered) a jeho lov je
zakazan (Walsh and Doran, 2010). Pfevazné kvili okrasnym ucelim jsou dovazeny i rizné
druhy mofiskych koralt, pfipadné tzv. zivé kameny, coz jsou staré kordlové skelety ozivené
mikroorganizmy a vyvojovymi stadii bentickych druhti (Wabnitz et al., 2003). Koralové utesy
tak byly vystaveny piimé destrukci, coz vedlo k regulaci obchodu a k mezinarodni ochrané
téchto zivocichd, respektive celych unikatnich ekosystéma (Harriott, 2003). Dal$im piikladem
ohrozeni druhu vlivem nadmérného odlovu jsou koralové ryby klauni. Jak jiz bylo zminéno
vySe, po premiéie filmu ,,Hledd se Nemo* velice stoupla poptavka po klaunech zdobenych
(Amphiprion percula) av disledku nadmérného odchytu v nasledujicich letech pocetnost
téchto ryb a pfibuznych druhi klauni poklesla v pfirodé piiblizné o 75 %. Navic se k odlovu
klauni pouzivaji i znacné€ destruk¢ni metody véetné aplikace omracujiciho mnozstvi kyanidu,
coz poskozuje celé druhové spektrum v daném prostiedi (Prosek, 2010). Mnoho druht
odchytavanych v pfirod¢ kvuli okrasnym ucelim je diky chybé&jicim informacim o jejich
poCetnosti a stabilité populaci zatazeno podle IUCN v kategorii DD (Data Deficient)
(Papavlasopoulou et al., 2013; Raghavan et al., 2013) a zhodnotit dopad lovu na tyto druhy je
tedy nemozny. Proto je nutné tyto informace co nejdiive zjistit a doplnit, aby nedoslo ke
zdecimovani divokych populaci (Lin et al., 2006). Na trhu se také objevuji druhy, které maji
pouze komeréni nazvy (Chucholl, 2013). Dokud tyto druhy nebudou védecky popsany, jejich
monitoring bude nerealizovatelny.

3) Zamérné mezidruhové kiizeni: Nektefi chovatelé kvuli vytvoreni jedince tvaroveé Ci

barevné atraktivniho z hlediska prodejnosti zamérné podporuji kiizeni chovanych druhi (Hill
and Yanong, 2010). Tato aktivita je nezadouci, protoze znehodnocuje Cisté genetické linie.
Patrné€ nejznaméjs$im mezidruhovym kiizencem Vv okrasnych chovech je tzv. cichlida papouséi
prodavana pod komerénim nazvem ,,Blood Parrot“. Tento hybrid kancika citronového

(Amphilophus citrinellus) a kanéika cervenohlavého (Vieja synspila) je neplodny a ma
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deformovanou patef, kterA mu neumoziuje zaviit tlamu (Hanneman, 2000). Mezidruhové
ktizeni je tedy i problémem etickym, jelikoz vznikly hybrid je Casto slaby, deformovany, mélo
zivotaschopny ¢i neschopny rozmnozovani (De Caprona and Fritzsch, 1983). Proto je
produkce takto postizenych kfizencii ryb v fadé zemi nelegilni. V Ceské republice je tato
problematika oSetiena zakonem ¢. 246/1992 Sb. na ochranu zvifat proti tyrani, ve znéni

pozd¢jsich predpist.

1.3.1. Okrasna akvakultura jako zdroj nepiivodnich druhii
Ne vSechny introdukované druhy se chovaji invazné, ptipadné se jako invazni projevi jen

za uréitych podminek (Allendorf and Lundquist, 2003). Za invazni se oznacuji ty druhy, které
jsou v daném arealu neptivodni, snadno se rozmnozuji, rychle se §ifi, obsazuji vSechna
piithodna stanovisté, jsou velmi odolné a pfizplisobivé k podminkdm prostiedi, vytlacuji
puvodni druhy a mohou zplsobit az jejich uplné vymizeni ¢i destrukci ekosystému
(Williamson, 1996). Mohou také pienaset a §itfit nepiivodni choroby a parazity, ptipadné
asociované komenzaly (e.g. Duris et al., 2006; Svoboda et al., 2014). Po etablovani na nové
lokalité se introdukované druhy mohou dal §ifit jiZ samovolné. Introdukce neplivodnich druhii
spolu s klesajicimi pocetnimi stavy druhd ptivodnich a s destrukci habitatti vede k nezadouci
ztraté druhové diverzity, a tedy k homogenizaci ptirody (McKinney and Lockwood, 1999).

Vétsina nepivodnich druhli vazanych na vodni prostfedi byla zamémé vysazena c¢i
vypusténa z riznych divoda lidmi, unikla do volné ptirody z produkéni akvakultury (Kolar
and Lodge, 2001), pfipadné¢ byla nechténé rozsifena v balastni vodé lodni dopravou
(Werschkun et al., 2014). Jak jiz bylo nazna¢eno vySe, v souc¢asné dobé je stale vyznamnéj$im
zdrojem neptvodnich druht i okrasna akvakultura vcetné akvaristiky (e.g. Padilla and
Williams, 2004; Loureiro et al., 2015).

Z okrasné akvakultury uniklé neptvodni druhy patii mezi bezobratlé, obratlovce i rostliny.
Vétsina chovanych a péstovanych druht pochazi z tropického pasma, proto je jejich
etablovani realné predevsim v teplych oblastech, piipadné jen na lokalitich s oteplenou
vodou, jako je tomu naptiklad u raka Cherax quadricarinatus a babelky fezanovité (Pistia
stratiotes) ve Slovinsku (Jakli¢ and Vrezec, 2011), dvou druhii krevet v Némecku (Klotz et
al., 2013) ¢i nékolika druhl ryb a rakd na Slovensku (Kosco et al., 2010) a v Mad’arsku
(Weiperth et al., 2015). Nékteré druhy se ale ukazaly byt natolik adaptovatelné, ze mohou

ptfezit a rozmnozovat se i v chladngjSich oblastech. Patrné nejzndméjSim ptikladem je Zelva



nadherna (Trachemys scripta elegans). Tato Zelva Se piirozené vyskytuje od jihovychodu
Severni Ameriky az po severozapad Jizni Ameriky a kromé& Antarktidy byla zavleCena na
vSechny svétadily v¢etné ostrovi Velké Britanie, Japonska (e.g. Ramsay et al., 2007), Nového
Zélandu (Feldman, 2007), Bermud (Outerbridge, 2008) ¢i Tchaj-wanu (Chen, 2006). Na
seznamu 100 nejinvazivnéjSich druht svéta néalezi ptiblizné jedna tretina k druhtim, které byly
zavleCeny na nové lokality pravé v souvislosti s okrasnou akvakulturou (Lowe et al., 2000;
Padilla and Williams, 2004).

vvvvvv

Ve

rostliny tokozelku nadmutou (Eichhornia crassipes) a jiz vySe zminénou babelku fezanovitou
(Pistia stratiotes) (Wolverton and McDonald, 1979; Adebayo et al., 2011). Tokozelky
nadmuté jsou fazeny mezi sto nejinvazivnéjSich druhti na svété (Lowe et al., 2000). Ze
submerznich rostlin patii k invaznim ¢i potencidlné invaznim druhtim pfedevs§im v substratu
nekofenujici makrofyta jako douska (Egeria) a chebule (Cabomba) (Jacobs and Maclsaac,
2009).

Invaznimi druhy uniklymi z okrasné akvakultury nejsou ohroZeny jen sladkovodni
ekosystémy, ale rovnéz motské prostredi. V roce 1992 poskodil hurikdn Andrew akvarium na
pobiezi Floridy, ze kterého uniklo pouhych Sest jedinct perutyna ohnivého (Pterois volitans),
(Schofield, 2009). Tyto dravé, jedovaté, velice plodné a rychle dospivajici ryby nemaji
Vv Atlantském ocednu piirozené¢ho predatora a zacaly se velice rychle mnozit. V nésledujicich
letech se perutyni rozsifili v Karibiku, podél pobiezi od Floridy az po Severni Karolinu
a juvenilni jedinci byli nalezeni az u Long Islandu ve statu New York (Whitfield et al., 2002,
Schofield, 2009). Na nékterych lokalitach, kde byli perutyni spatfeni, se neocekava jejich
etablovani kvuli nizkym teplotdm v zimnim obdobi (Kimball et al., 2004). Ptesto jejich
stoupajici pocty velice negativné ovliviiuji druhovou diverzitu a ohrozeny jsou predevSim
citlivé ekosystémy koralovych ttesi, kde se perutyni Zivi Sirokym spektrem zivo€i$né potravy
s ptevahou drobnych druhi krevet (Jud et al., 2011). Ptiklad perutyna dobie demonstruje
zpozdéni, se kterym se biologickd invaze projevi oproti objevu prvnich jedincii na nové
lokalité. Jak uvadi ve své publikaci Schofield (2009), zpoc¢atku nebylo jasné, jaky bude mit
tento nepivodni predator efekt na ptvodni biotu, protoZe jeho pocetnost zacala stoupat

az v roce 1999, tedy sedm let po introdukci. Pozdé&jsi studie jiz ptinesly alarmujici vysledky
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(e.g. Jud et al.,, 2011) a néktefi autoii vzhledem Kk o¢ekavanému negativnimu dopadu
na ptivodni druhy oznacuji tuto invazi za nejhorSi z biologickych invazi zapfic¢inénych
¢lovékem (Albins and Hixon, 2013).

V invazni biologii bylo zavedeno tzv. pravidlo deseti (,,tens rule®), které fika, ze kazdy
desaty dovazeny druh piekona vSechny bariéry a unikne do ptirody, z uniklych druhii se kazdy
desaty etabluje a vytvofi perzistentni populaci, a konecné z etablovanych druhi se kazdy
desaty zacne S$ifit a vykazuje invazni chovani (Booth et al., 2003). I kdyz je ectablovani
nepuvodniho druhu na nové lokalit¢ ve vétSin€ pifipadi podminéno veEtSim mnozstvim
zavleCenych jedinct, ma pravidlo deseti mnoho vyjimek (Jeschke and Strayer, 2005). Z vyse
uvedeného prikladu perutyna je patrné, ze za vhodnych okolnosti postaci na etablovani
anasledné Sifeni jen nékolik jedincl. V extrémnim piipadé to mlze byt dokonce i jedina
samice. Takto se napiiklad teoreticky mulze etablovat partenogeneticky se mnozici rak
Procambarus fallax f. virginalis. Tento druh se $ifi na Madagaskaru (Jones et al., 2009;
Kawai et al., 2009), v Némecku (Chucholl and Pfeiffer, 2010), Italii (Nonnis Marzano et al.,
2009) a Nizozemi (Soes and Koese, 2010). Jedna populace byla objevena na Slovensku
(Jansky and Mutkovi¢, 2010) a nové byl tento druh zaznamenan i v Mad’arsku (Weiperth et
al., 2015). V Japonsku (Faulkes et al., 2012) a piekvapivé i ve Svédsku (Bohman et al., 2013)
bylo objeveno jen n¢kolik jedincl, ne vSak etablovana populace. Vzhledem ktomu, ze
zminény rak neni vyuZzivan jako konzumni zvife, je témét jisté, Ze jeho zavleceni na nové
lokality pfimo souvisi S unikem z okrasné akvakultury.

Nekteré druhy vyuzivané v oOkrasné akvakultufe se chovaji i pro jiné tucely, jako je
produkce na maso (e.g. Holdich, 2010), testy akutni toxicity (e.9. Hermens and Leeuwangh,
1982), kontrola kvality vody (e.g. Geller, 1984) a biologicka regulace nezadoucich druhi (e.g.
Krumholz, 1948). V piipad¢ uniku téchto druhti do pfirody proto neni v nékterych piipadech
jednoduché jednozna¢né urcit zdroj introdukce. Naptiklad u raka cerveného (Procambarus
clarkii) se predpoklada, Ze jeho $ifeni ve Spanélsku, Portugalsku a Italii zapii¢inily tniky
z produkéni akvakultury (Ackefors, 1999; Barbaresi and Gherardi, 2000), zatimco vyskyt
v zapadni a stiedni Evropé souvisi s akvakulturou okrasnou (Chucholl, 2013). Ptesto nelze
vyloucit ¢astecny podil okrasné akvakultury i na zavleceni téchto rakd do jizni Evropy.
Podobné i akvaticky plz Bellamya chinensis, jenz je oblibenym konzumnim ZzivoCichem
V Asii, byl patrné z tohoto diivodu zavlecen do Severni Ameriky, zatimco vyskyt v Evropé je

spojovan s tnikem z okrasné akvakultury (Soes et al., 2011).
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Kromé¢ pfimé konkurence a vytlacovani mohou neplivodni druhy negativné ovlivnit
pocetnost druhlt pivodnich zavleCenim nepivodniho patogenu a v takovém piipadé se ani
nemusi na nové lokalité nutn¢ etablovat (e.g. Lowe et al., 2000; Svoboda et al., 2014; Mazza
et al., 2015). Invazni druhy také mohou pusobit jako vektor onemocnéni na lokalité se jiz
vyskytujiciho. Naptiklad severoameriCti raci jsou pienaSeci raciho moru (Alderman, 1996;
Kozubikova et al., 2008) a zelva nadherna je rezervoarovym hostitelem bakterii rodu
Salmonella, které mohou vyvolat salmonelozu ¢i paratyfus B i u ¢lovéka (Nagano et al., 2006;
Hidalgo-Vila et al., 2008).

Vedle importu organizmi pro akvarijni ucely se nékteré druhy dovazi i pro chov ¢i
pestovani ve venkovnich zahradnich jezirkach, jejichz popularita v poslednich letech stoupa
(Peay, 2009). Touto cestou se zivocichové i vodni rostliny dostavaji do venkovnich nadrzi bez
jakékoliv regulace (Lowe et al., 2000; Adebayo et al., 2011). Ze zahradnich jezirek mohou
organizmy unikat na nové lokality samovolné ¢i pfi povodnich, coz zminuje Peay (2009)
Vv piipad¢ neptivodnich druhti rakdi nasazovanych pro okrasné ucely do zahradnich jezirek
v Rakousku. Unik ze zahradnich jezirek byl také nepravdépodobngj§i cestou zavledeni
akvatického plze Viviparus acerosus z povodi Dunaje do Nizozemi (Soes et al., 2009).

Mnoho hobby akvaristii neni dostate¢né pouceno o biologii, ekologii a etologii druht,
které si pro chov poiidi. Casto se tak stane, e se dany druh za¢ne projevovat agresivng, dravé,
dorista velkych rozmérd, rychle se mnozi apod. Chovatelé jsou pak postaveni pied otazku, jak
s takto se projevujicimi zivoCichy nalozit. V domnéni, Ze konaji dobro, maji pak tendenci
nechténé Zivocichy vypoustét do pfirody, a pifimo se tak podileji na novych introdukcich
nepuvodnich sladkovodnich i moiskych druhid (Magalhdes and Jacobi, 2013; Tlusty et al.,
2013).

Celosvétove se pocet introdukei za poslednich tiicet let ptiblizné zdvojnasobil a na feSeni
nasledkd biologickych invazi je celosvétové vynakladdno velké mmnozZstvi finan¢nich
prostiedkt (Pimentel et al., 2005). Eradikace druhti etablovanych mimo pavodni areal
roz$ifeni je velice obtizn4, a proto je v soucasnosti kladen diraz zejména na preventivni
zamezeni introdukci potencialné nebezpeénych organizmt (Clout and Veitch, 2002).
Zakladem je spravnd identifikace druhli s vysokym invaznim potencidlem. K tomuto tcelu
byly vyvinuty predikéni modely (Bomford, 2008; Copp et al., 2009), z nichz ziskané vystupy
se daji vyuzit jako podklad pro rozhodnuti zavést restrikce cilené pfimo na konkrétni vysoce

rizikové druhy.
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1.4. Legislativa regulujici okrasnou akvakulturu

V souvislosti s minimalizaci environmentalnich rizik souvisejicich s okrasnou
akvakulturou jsou na narodni i mezinarodni Grovni zavadéna legislativni opatieni véetné
piimych zdkaz dovozu, prodeje ¢i drzeni urcitych neptivodnich druhi, rodt ¢i celych skupin
organizmu (e.g. Ficetola et al., 2009; Mazza et al., 2015). V legislativé je také zakotvena
ochrana ohroZenych druhti a regulace obchodu s nimi. Jedna se piedeviim o Umluvu
0 mezinarodnim obchodu ohrozenymi druhy volné Zijicich Zivocichli a plan¢ rostoucich
rostlin (CITES). Efektivita téchto opatfeni je ovSem sporna a nékteré védecké studie jasné
ukazuji, Ze bez potiebné osvéty jsou restrikce malo G¢inné ¢i zcela neacinné (e.g. Magalhaes
and Andrade, 2014). Napiiklad zakaz chovu kaprovce ¢inského (Myxocyprinus asiaticus)
na izemi Velké Britanie se nijak vyrazné neprojevil na poklesu prodejnosti tohoto i nadale na
trhu dostupného druhu (Magalhdes, 2014). V krajnich pfipadech muize dokonce dojit
Kk naprosto opacnému efektu, nez byl ptivodni zamér, a nevhodné zvolena legislativni opatieni
se tak mohou pfimo ¢i nepifimo podilet na novych ptipadech introdukce nepiivodnich druhti
(Courtenay Jr et al., 1974).

Nékteré evropské staty uvedly v platnost legislativni opatfeni zamétené na regulaci ¢i
plo$ny zédkaz dovozu vybranych druhti ¢i celych zivocisSnych skupin. Takto je napiiklad
zakazéan dovoz zivych rakl do Francie, Svédska, Finska, Norska, Irska a Estonska (Edsman,
2004; Svobodova et al., 2010). Ve Velké Britanii a ve Svycarsku je mozné obchodovat jen
s druhy z rodu Cherax a do Polska je zakazano dovazet vybrané druhy rakd (Svobodova et al.,
2010). V Ceské republice je vypousténi nepivodnich druh@i feSeno v zakonech
¢. 114/1992 Sb., o ochran¢ ptirody a krajiny, ve znéni pozdéjsich predpisu, ¢. 254/2001 Sb.,
0 vodach a o zmén¢ né€kterych zakonu (tzv. vodni zakon), ve znéni pozdéjsich piedpist, a také
v zékonu €. 99/2004 Sb., o rybnikafstvi, vykonu rybarského prava, rybaiské strazi, ochrané
moftskych rybolovnych zdrojli a o zméné nékterych zakonu (tzv. zédkon o rybarstvi), ve znéni
pozd¢jsich predpist. Je nutné poznamenat, Ze v zdkonu o rybarstvi je neptivodni akvaticky
druh definovan odlisné od pfedchozich dvou zakont, a to jako ,,geograficky neptivodni nebo
geneticky nevhodny anebo neprovéfeny druh ¢i populace, kterd se vyskytuje na tGzemi
jednotlivého rybarského reviru méné nez tiéi po sob¢ nasledujici generacni populace®. Podle
tohoto zakona by se tedy severoamericti raci Orconectes limosus a Pacifastacus leniusculus
jiz fadili mezi druhy ptvodni, coz je absurdni (Svobodova et al., 2010). Podle zakona

¢. 78/2004 Sb., o nakladani s geneticky modifikovanymi organizmy a genetickymi produkty,
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se chov téchto organizmu pro jiné Gcéely nez pro potravu lidi zakazuje. PoruSeni zakazu je
sankcionovano vysokymi pokutami. Z hlediska okrasné akvakultury se tento zdkaz tyka
tzv. GloFish, coZ jsou drobné kaprovité rybky druhu Danio rerio, které maji pfenesen gen
z meduzy rodu Aeguorea do svého genomu. Tento gen zpusobuje fosforeskovani ve vodé
zatizené dusikatymi latkami. Zakon oSetfujici pfimo okrasnou akvakulturu v ¢eské legislative
ale zatim chybi, i kdyz v poslednich letech sili tendence plo$né omezit ¢i zcela zakazat dovoz
zivych raku (Svobodova et al., 2010; Kozak pers. comm.).

Mezi plosné zakazy dovozu a $ifeni druhti vyuzivanych pro okrasné ucely do celé EU patii
predevsim opatieni tykajici se Zelvy nadherné (Trachemys scripta elegans) (nafizeni Rady ES
¢. 338/97) a plzi rodu Pomacea (provadéci rozhodnuti Evropské komise ¢. C(2012) 7803)
2012/697/EU). Tyto mezinarodni legislativni restrikce byvaji ¢asto provazeny dopliujicimi
opatfenimi lokalniho charakteru, jako je napiiklad nafizeni Statni rostlinolékatrské spravy
¢. SRS 053592/2012 o mimotadnych rostlinolékaiskych opatienich k ochrané proti zavlékani
a roz$ifovani plzii rodu Pomacea (Perry).

Naftizeni Evropského parlamentu a Rady (EU) ¢. 1143/2014 o prevenci a regulaci
zavlékani ¢i vysazovani a $ifeni invaznich neptivodnich druht ma za cil stanovit pravidla pro
prevenci, minimalizaci a zmirnéni nepfiznivych U¢inkli invaznich neptivodnich druhii na
biologickou rozmanitost a souvisejici ekosystémové sluzby a na lidské zdravi a bezpecnost,
jakoZ i pro omezeni jejich socidlniho a hospodaiského dopadu. Pro tyto tcely je nutné vytvofit
seznam 7ivociSnych a rostlinnych invaznich druhti, na které nasledné budou uplatnény ucinné
restrikce. S nejvétsi pravdépodobnosti budou do tohoto tzv. unijniho seznamu zahrnuty

I nékteré druhy, které jsou vyuzivany v okrasné akvakultufe.

1.5. Minimalizace environmentalnich rizik spojenych s okrasnou
akvakulturou

Z vySe napsané¢ho vyplyva, Ze okrasnd akvakultura a sni spojeny mezinarodni obchod
s chovanymi zivocichy a rostlinami muZe mit za jistych okolnosti negativni dopad na druhy
V mist¢ odchytu, ale i na ptvodni biotu v zemich, kam jsou okrasné druhy dovazené. Na
minimalizovani téchto rizik a na zmirnéni dopadi biologickych invazi vynakladaji vlady
dotcenych zemi kazdoro¢né znaéné usili a velké finan¢ni prostiedky (Pimentel et al., 2005).

Okrasna akvakultura, tuzemsky 1 mezinadrodni obchod Ize alespon do jisté miry regulovat, ale
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eradikace etablovanych a invazné¢ se projevujicich druhi je zalezitost velice obtizna
a v mnoha ptipadech prakticky nemozna.

Proto musi byt kladen duraz pfedev§im na prevenci (Magalhaes, 2014). Ptredchazet
environmentalnim rizikim spojenym S okrasnou akvakulturou lze nékolika zpisoby:
i) monitoringem trhu s okrasnymi organizmy, ii) taxonomickym popisem druht prodavanych
jen pod komer¢nimi ndzvy a navazujicim monitoringem divokych populaci, iii) identifikaci
potencialné invaznich druhii a iv) osvétou zamétrenou na zodpovédné chovani akvaristi — a to
jak vzhledem Kk potencialni nebezpecnosti nepivodnich druht a zachazeni s nimi, tak
i Z hlediska ochrany druht puvodnich (e.g. Schlegel and Rupf, 2010; Magalhaes and Andrade,
2014).

1.5.1. Predikcni modely invazivity
Aby bylo mozné z hlediska biologickych invazi spravné vytipovat potencialn¢ nebezpecné

druhy jesté¢ pfed tim, nez by mohly byt zavleCené, byly vyvinuty tzv. predikéni modely
invazivity. Prvni z nich byly zamé&fené na rostliny (Pheloung et al., 1999). Postupné byly
kalibrované na Zivo€ichy €1 byly vytvafeny jako zcela nové, rostlinnymi modely v nékterych
piipadech jen inspirované (e.g. Copp et al., 2009; Veer and Nentwig, 2014). Modelovani
invazivity se postupné zptesiuje, coz s sebou nese zahrnuti detailnéjSich informaci z rtiznych
obort vCetn¢ ekonomiky. Spravné pouziti ur€it¢tho modelu je také podminéno znalosti
nezbytnych informaci — vétSinou se jedna o biologii, ekologii, etologii a zoogeografii
hodnoceného druhu, informace o introdukcich, ptipadné o introdukcich ptibuznych druht,
vyuziti lidmi, ekotoxikologii apod. DileZita je 1 znalost klimatickych podminek a jejich shoda
mezi pivodnim aredlem vyskytu hodnoceného druhu a mezi podminkami v cilové oblasti
zvané téz ,target” ¢i ,risk area“. Pro zjiSténi a kvantifikovani této shody se pouZzivaji
klimatické nastroje zalozené na dlouhodobé sbiranych datech z celosvétové dostupnych
meteorologickych stanic. Pokud ma byt vysledek ptesny, je obzvlasté u druhové bohatych
skupin pfiprava na modelovani narocnd na znalosti experimentatora. Oproti tomu samotné
skorovani jednotlivych druhii ve vybraném modelu probihd za pouziti pfislusného softwaru
zpravidla rychle a byva otazkou nékolika dnti. Spravné modelovani a interpretace dat ve
vysledku umozni poukdzat na potencidlné nebezpecné druhy bez nutnosti restrikcemi omezit

import druhti, které jsou nebezpecné vyrazné méne.
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2. Védecké hypotézy a cile prace

Nulova hypotéza
Okrasna akvakultura a ¢innosti S ni spojené nejsou vaznou hrozbou pro puvodni druhy

vazané na vodni prostredi.

Alternativni hypotéza
Okrasna akvakultura v nékterych aspektech predstavuje vazna environmentalni rizika pro
puvodni vodni druhy i pro prostiedi, které tyto druhy obyvaji. Z hlediska biologickych invazi

je okrasna akvakultura stale vyznamnéjsi cestou introdukce neptivodnich druhd.

Cile prace
Hlavnim cilem ptedlozené diserta¢ni prace je zhodnoceni environmentalnich rizik, ktera

predstavuje okrasna akvakultura.

Dilci cile
e Detailni monitoring trhu s okrasnymi Zivo€ichy a rostlinami
e Demograficko-ekonomicka studie zaméiena na akvaristy véetné analyzy jejich
chovani ve vztahu k ochrané plvodnich druhi ¢i naopak k Siteni druht
nepuvodnich
e Taxonomické zarazeni védecky nepopsanych druhti, které jsou predmétem

mezinarodniho obchodu s okrasnymi zivocCichy
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3. Publikované prace

Ziskané vysledky byly pribézné publikovany jako samostatné studie ve védeckych
casopisech. Uvedeni ¢lanki v této praci nelze povazovat za jejich publikovani. Jsou uréené
vyhradné pro obhajobu disertaéni prace autora na Ceské zemédélské univerzité v Praze.
Veskera nepublikovana data jsou ve vlastnictvi autora a spoluautorti jednotlivych védeckych

praci, vSechna prava vyhrazena.

3.1. Patoka, J., Kalous, L., Kopecky, O. 2014. Risk assessment of the crayfish pet
trade based on data from the Czech Republic. Biological Invasions, 16, 2489-
2494,

[Hodnoceni rizik obchodu s okrasnymi raky zaloZené na datech z Ceské republiky]

Publikace je zamétfena na okrasnou akvakulturu, respektive na mezinarodni obchod
s desetinohymi korysi a predikci potencialni invazivnosti prodavanych druhii rakti. Na zakladé
dat ziskanych z velkoobchodl s akvarijnimi Zivocichy a z celni spravy byl sestaven seznam
druhii rakd, které jsou nabizeny pro okrasné ucely v CR, jejich dostupnost na trhu a komeréni
nazvy, pod kterymi se prodavaji. Na seznam bylo zatazeno 27 druhovych taxontl, coz fadi CR
z hlediska obchodu s témito Zivo¢ichy na druhé misto po Némecku nejen v Evropé, ale
i celosvétove. Pomoci aplikace Climatch v.1.0 (Bureau of Rural Sciences, 2008) byla zjisténa
shoda klimatickych podminek v piivodnim aredlu rozsifeni jednotlivych druhi a mezi CR.
S pouzitim predikéniho modelu The Freshwater Invertebrate Invasiveness Scoring Kit (FI-ISK

v.1.19, CEFAS) byla nasledn¢ vypocitana potencidlni invazivnost prodavanych neptivodnich

24

vV

raci ze Severni Ameriky. V predikci invazivnosti nepivodnich druhli akvarijnich rakt

doplnila prezentovana publikace ptedchozi prace zaméfené na Italii, Némecko a Recko.
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Abstract The pet trade in freshwater crustaceans,
including crayfish, has grown rapidly in recent
decades and become an important pathway for intro-
ducing new non-indigenous species into Europe. This
paper provides the first overview of non-indigenous
crayfish species (NICS) traded as ornamental and their
potential impact in the Czech Republic, which is the
second leading importer into Europe. The paper
presents a full list of traded crayfish species, their
market availability, and trade names or misnomers
used 1n the country. In total, 27 crayfish species from
all three families are advertised and marketed, of
which Astacus astacus 1s the only indigenous species.
Only three NICS were recognized as very common on
the market. The mvasiveness and nsk associated with
omamental crayfish trade were assessed using the
Freshwater Invertebrate Invasiveness Scoring Kit
Five NICS were classified into the high-risk category,
the highest score being for Procambarus fallax f.
virginalis. The invasiveness of crayfish indigenous to
North America i1s significantly greater than that of
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crayfish from the rest of the world, and therefore
regulation in this regard i1s recommended.

Kevwords  Omamental animal - Invasiveness -
FI-ISK - Agquarium - Trade names

The knowledge of the rsks and negative consequences
assoclated with the occurrence, translocation and trade
of live non-indigenous crayfish species (NICS) is very
mmportant for conservation of indigenous crayfish
species ( ICS) (Barbaresi and Gherardi 2000; Chucholl
et al. 2012). Holdich et al. (2009) divided European
NICS into two groups: ‘old” for species introduced
early (prior to 1975) for aquaculture and harvest for
human consumption and ‘new’ tor species which were
mostly Introduced for ornamental purposes (after
19800). This is mainly because live freshwater crusta-
ceans have In recent years become Increasingly
popular in hobby breeding (Chucholl 2013). The
‘new” NICS established in the wild come mainly from
aquarium releases or escapes from garden ponds (Peay
2009). Following NICS which most probably origi-
nated from aquarium release have been recorded in EU
countries: Procambarus fallax f. virginalis in Ger-
many (Chucholl and Pfeiffer 2010), Italy (Nonnis
Marzano et al. 2009), Netherlands (Soes and Koese
2010), Slovakia (Jansky and Mutkovic 2010) and
surprisingly in Sweden (Bohman et al. 2013), Chemx
destructor 1n Italy (Scalict et al. 2009) and Cherax
quadricarinatus established in one locality in Slovenia
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(Jaklic and Vrezec 2011). Part of them formed
established populations. Certain ‘old” crayfish species
are sold also as pets and can therefore be released into
nature by hobby breeders, such as Procambarus
clarkii in Germany (Holdich 2002). In contrast to
large-scale crayfish farming, the ornamental crayfish
trade 1s not perceived as a serlous threat to freshwater
ecosystems In many countries (Turkmen and Karadal
2012), including the Czech Republic.

Marketed crayfish species native to North America
are considered very dangerous due to their role as
vectors of crayfish plague (Aphanomyces astaci),
which seriously endanger European ICS (Vogt
1999). Moreover, chytrid fungus (Batrachochytrium
dendrobatidis), which 15 also potental thread for
native biota could be transmitted by certain NICS
(McMahon et al. 2013). The release of ornamental
crayfish into the wild is therefore undesirable
(Taugbel and Skurdal 1999; Holdich et al. 2009).

Although the pet trade in Germany (with 120
marketed NICS) is the main pathway for live crayfish
imported into the European market (Pekny and
Lukhaup 2005; Chucholl 2013), the Czech Republic
15 one of the world’s leading producers, importers and
exporters of omamental aquatic animals generally
(Livengood and Chapman 2007; Peay 2009; Miller-
Morgan 2010). Despite the large numbers of marketed
NICS, risk assessments of the crayhish pet trade have
heretofore never been prepared for the Czech Repub-
lic. In view of the country geographical location on the
borders of three European drainage basins: the North
Sea (the Elbe river basin), Baltic Sea (the Oder river
basin), and Black Sea (the Morava river basin),
information about NICS 1s very important for regula-
tion of possible biological invasions in the risk area
and adjoining countries. Due to human activities, non-
indigenous aquatic species can rapidly spread in all
three hydrological systems within this densely popu-
lated area of less than 50,000 km® and therefore we
focus on potential invasiveness of ornamental crayfish
marketed in the Czech Republic. Together with a
similar report from Germany (Chucholl 2013), this
note completes an overview of the two leading
European countries in the crayfish pet trade.

Collected data set was based on discussion with
wholesalers with ornamental crayfish and onevidence of
the Czech Customs Administration. The first imported
omamental crayfish in the Czech Republic were regis-
tered by the Czech Customs Administration in 2003. The
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amount of traded craytish has displayed an increasing
trend through subsequent years of about 3,000 imported
individuals and 60000 locally produced individuals.
About 2/3 of imported crayfish were re-exported abroad:
mainly to Italy, Austria, Gemrmany and Slovakia. A total
of 27 craytish species from all three famlies (Astacidae,
Cambaridae, Parastacidae) are marketed in the Czech
Republic, of which Astacus astacus (Astacidae) 1s the
only ICS and the remaining 26 are NICS. Thirteen
offered species are indigenous to North Amenca; all
marketed species are from the family Cambaridae except
tor Pacifastacus leniusculus, which is from the family
Astacidae. The other 13 NICS are indigenous to
Australia and New Guinea; all marketed species are
trom the family Parastacidae. Three species are catego-
rized as “old” and 23 species as ‘new’ NICS (Table 1).
Our research uncover that crayfish are imported and
advertised under misnomers, names of other species,
outdated names or only by a trade names, attaining
accurate species identification is therefore problematic
(Table 2). A similar situation has been noted of the
wholesale trade in Germany (Chucholl 2013).

For the assessment of potential invasiveness of
ormamental crayfish in the Czech Republic we used the
screening tool (Freshwater Invertebrate Invasiveness
Scoring Kit, FI-ISK, v.1.19), which consists of the 49
questions divided in biogeography/history and biol-
ogyfecology sections. The FI-ISK score for NICS
ranged between 3 and 27, with the highest value
obtained for P. fallax f. virginalis (Table 1). No
species were classified into the low-risk category but
21 species were classified as medium-risk, and five
species were classified as high-risk in accordance with
FI-1SK calibration (Tricarico et al. 2010) (Table 1). In
agreement with our results, Chucholl (2013) evaluated
C. destructor, Orconectes limosus, P. clarkii, P. fallax
t. virginalis as high-risk species in Germany: Papa-
vlasopoulou et al. (2014) considered P. clarkii and C.
destructor as high-risk species In Greece. All five
high-risk species in the Czech Republic had been
introduced to freshwater habitats in Central Europe.
P. clarkii (Holdich 2002) and P. fallax f. virginalis
(Chucholl and Pteitter 2010) are probably of pet trade
origin but none of them have been recorded in the wild
in the Czech Republic. In addition to Australian
C. destructor, four of the high-risk species are native
to North America and they are often vectors of crayfish
plague (Holdich et al. 2009). All ‘old” NICS adver-
tised in the Czech pet trade are classified as high-risk,
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Table 1 Complete list of non-indigenous crayfish species offered in the Czech Republic: species name, family, availability in
wholesale trade, non-indigenous species (NICS) status, potential invasiveness (FI-ISK score), and risk category (FI-ISK category)

Species name Family ‘Wholesale availability NICS status FI-ISK score FI-ISK category
Pacifastacus leniusculus Astacidae Very rare Old 19 High
Cambarellus diminutus Cambaridae Very rare MNew 3 Mediuom
Cambarellus parzcuarensis Cambaridae Commaon New 3 Medium
Cambarellus puer Cambaridae Very rare MNew 3 Medium
Cambarellus schufeldrii Cambaridae Very rare New 3 Medium
Cambarellus texanus Cambaridae Very rare MNew 3 Medium
Orconectes limosus Cambaridae Very rare Old 25 High
Orconecies nana Cambaridae Very rare MNew 15 Mediuom
Procambarus alleni Cambaridae Rare MNew 13 Mediom
Procambarus clarkii Cambaridae Very common Old 26 High
Procambarus cubensis Cambaridae Very rare New 7 Mediom
Procambarus fallax f. virginalis Cambaridae Commaon MNew 27 High
Procambarus milleri Cambaridae Very rare MNew 3 Mediuom
Cherax albertisii Parastacidae Rare New [ Medium
Cherax boesemani Parastacidae Commaon New 3 Medium
Cherax cainii Parastacidae Very rare New T Medium
Cherax destructor Parastacidae Commaon MNew 18 High
Cherax holthuisi Parastacidae Commaon New 3 Medium
Cherax loremzi Parastacidae Very rare New 3 Medium
Cherax monticola Parastacidae Very rare MNew E] Medium
Cherax peknyi Parastacidae Very common New [ Medium
Cherax preissii Parastacidae Very rare MNew 3 Mediom
Cherax gquadricarinatus Parastacidae Very common New 14 Medium
Cherax sp. Blue Moon Parastacidae Rare New 3 Mediom
Cherax sp. Hoa Creek Parastacidae Commaon MNew E] Medium
Cherax sp. Red Tip Parastacidae Commaon MNew 3 Mediuom

Astacus astacus was not evaluated by the FI-1SK. hence itis a protected species and its sale is forbidden without permission, therefore
it is offered only exceptionally (incomrect determination; importers’ ignorance of the law)

but it is a ‘new’” species, P. fallax t. virginalis (known
as Marbled Crayfish or Marmorkrebs), that has the
highest FI-ISK score. This species reproduces parthe-
nogenetically and probably it could be also vector of
crayfish plague (Scholtz et al. 2003; Martin et al. 2010
Chucholl et al. 2012). Marbled Crayfish is potentially
the most invasive of all marketed species because the
release of a single female into the wild could lead to
establishment of an abundant population (Scholtz et al.
2003). While there 1s no record of this species In the
Czech Republic, the feral population of P. fallax f.
virginalis has been found in neighbouring Germany
(Chucholl et al. 2012). The species’ future naturaliza-
tion in the Czech Republic is expected, as it is often
considered as successtul invasive species (Martinet al.

2010; Chucholl et al. 2012). Although the risk of
parthenogenetic reproduction of P. fallax t. virginalis
was discussed In the paper by Nonnis Marzano et al.
(2009), FI-ISK rating done by Tricarico et al. (2010)
evaluated this crayfish as only medium-nsk for Italy
probably because just one individual was recorded in
the wild. Anyway we conclude that the FI-ISK score
and high-nisk category for P. fallax f. virginalis
obtained in our study are more up-to-date and realistic
based on aforementioned facts.

The Australian cravfish C. destructor was classified
mto the high-risk category. The serious risk of its
introduction is disputable since P. leniusculus had
scored just one point higher. In our opinion, vectors of
crayfish plague should be considered more dangerous
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Table 2 Marketed crayfish species, species authority, recorded scientific misnomers, and rade names frequently used in the Czech

pet trade

Species

Species authority

Scientific misnomers

Trade names

Astacus astacus
Cambarellus diminutus
Cambarellus parzcuarensis
Cambarellus puer
Cambarellus schufeldtii
Cambarellus texanus
Cherax albertisii
Cherax boesemani
Cherax cainii

Cherax destructor
Chevax holthuisi
Cherax lorentzi

L.. 1758

Hobhs, 1945

Villalobos, 1943
Hobhs, 1945
Fitzpatrick, 1983
Albaugh & Black, 1973
MNobili, 1889

Lukhaup & Pekny, 2008
Austin & Ryan, 2002
Clark, 1936

Lukhaup & Pekny, 2006
Roux, 1911

Pacifasiacus leniusculus

Cherax albertsi

Cherax tenuimanus

Cherax papuanus, C. guadricarinatus

Orange Mini, Mexican Dwarf

rak texasky
Blue Tiger
Red Chilli. Red Brick Papua

Apricot, Orange Coral

Brown Coral

Zebra, Tiger, Papua Tiger

Cherax monticola Holthuis, 1950
Cherax peknyi Lukhaup & Herbert, 2008
Cherax preissii Erichson, 1846

Cherax quadricarinatus von Martens, 1868

Cherax sp.

Cherax sp.

Cherax sp.

Qreonectes limosus Rafinesque, 1817
Orconectes nana Williams, 1952
Pacifastacus leninsculus Dana, 1852
Procambarus alleni Faxon, 1884
Procambarus clarkii Girard, 1852
Procambarus clarkii Girard, 1852
(coloured morphs)

FProcambarus cubensis Erichson, 1846
Procambarus fallax f. virginalis  Martin et al., 2010
Procambarus milleri Hobbs, 1971

Cherax lorenizi. C. quadricarinatus

Procambarus fallax

Black Coral

rak modry, Blue Claw
Blue Moon, Blue Pearl
Hoa Creek, Pink Coral
Red Tip

rak pruhovany

rak signdlni

Electric Blue

rak Cerveny

Blue Pearl, Electric Red,
Orange, Snow White

Procambarus rroglodytes

rak mramorovy, Fallax

than C. destructor, which has sensitivity to this disease
similar to European ICS (Hefti and Stucki 2006). We
therefore propose the addition of a query into the FI-
ISK design on NICS’ resistance to infectious diseases
in the risk area, which would result in a shift of
category intervals. Scores of North American crayfish
species should considerably increase after such mod-
ification, and C. destructor could then fall into the
lower category.

Corresponding to trends abroad (Holdichet al. 2009),
the most available (Table 1) and popular ornamental
specles are P. fallax t. virginalis, P. clarkii, C. quadric-
arinaius, and Cherax peknyi. The last three species are
also registered among the most available ornamental
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crayfish in Germany (Chucholl 2013) and in Greece
(Papavlasopoulou et al. 2014). Based on this fact we
suggest, that focusing on P. clarkii, C. quadricarinatus
and C. peknyi 1s highly recommended for future surveys
of trade with omamental crayfish in Europe. Availabil-
ity in the wholesale trade is similar for North American
crayfish species and species from the rest of the world
(GLZ, ¥ =708, df =3, P = 007), but potential
invasiveness of North American species was signifi-
cantly higher (GLZ, y* = 6.76, df = 1, P < 0.01)
(Fig. 1).

Although import of live craytish to certain Euro-
pean countries is strictly regulated (Holdich and Pockl
2005; Peay 2009), legislation is not sutficient to reduce
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3‘:'-
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FI-ISK score

Narth America Rest of the World

Fig. 1 Differences between FI-ISK score of ornamental
crayfish originated from North America and from rest of the
world. Solid line in the box represents mean; dashed line
represents median; box is for range of standard deviation:
whiskers show non-outlier range

the quantity of ornamental crayfish marketed in leading
pet trade countries, as powerful interest groups lobby to
resist such efforts (Peay 2009). Many of North Amer-
ican crayfish are adaptable to European climatic
condidons, including those of the Czech Republic,
and could therefore be established in the wild (Holdich
et al. 2009). Svobodova et al. (2010) have proposed a
complete ban on import of live crayfish into the Czech
Republic in order to prevent the introduction of NICS,
similarly as 1t 1s in France, Ireland, Norway, Poland,
Scotland, Spain, and Sweden (Holdich and Pockl 2005;
Peay 20049). The justification for such a step appears to
be well-founded in the case of North American species,
while allowing an exception to keep them for scientific
purposes. Although they are similarly available on the
market, invasiveness of species from the family Paras-
tacidae, which are sensitive to crayfish plague, is indeed
sigmficantly lower in the Czech Republic, and their
naturalization is improbable. The appmach taken in
England, Wales and Switzerland, where pet trade in
crayfish from the family Parastacidae 1s allowed (Peay
2009}, thus seems to be the best solution for the Czech
Republic.
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Materials and Methods

Data collection

Discussions with five wholesalers who are the leading importers of live crayfish in the Czech Republic were
conducted during the penod 9-30 September 2012. Records were made of wntten responses. including
additional oral explanations that helped to clanfy certain quernies or provided supplementary information on the
crayfish trade. To ensure correct identification of species handled by those wholesalers interviewed, crayfish
were photographed and determunation keys (Fiireder and Machino 2002) as well as new species descriptions
(Lukhaup and Pekay 2006, 2008; Lukhaup and Herbert 2008) were used.

According to the laws and regulations in force in the Czech Republic, the import of live animals and
their products 1s registered by the Czech Customs Admuinistration.

Each species’ availability for wholesale was assessed in accordance with Chucholl (2013) using the
following criteria: 1) species available only for a short period and in low quantities were rated “very rare™; 11)
species available occasionally 1n low quantity were rated “rare™; 111) species available frequently 1 low numbers
were rated “common”; and 1v) species always available in high numbers were rated “very common™.

Rusk assessment

The risk related to the crayfish trade in the Czech Republic was evaluated with the help of the Freshwater
Invertebrate Invasiveness Scoring Kit produced by the UK Centre for Environment, Fisheries & Aquaculture
Science (FIISK. v.1.19). FI-ISK was especially calibrated for freshwater invertebrates (Tricarico et al. 2010).
This tool had previously been used for nisk scoring of crayfish species in Germany (Chucholl 2013) and Greece,
respectively (Papavlasopoulou et al. 2014). FI-ISK 1s able to accurately distinguish potentially mvasive and non-

mvasive NICS by invasiveness score and subsequently by classification of species mto the following three nisk
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categories: 1) low (score <1), 1) medium (score =1 but <16), and 11) mgh (score =16) (35). Climate data for the
native and nisk area (mncluding 16 stations for the Czech Republic) of evaluated crayfish species were obtained
using the Climatch tool (v.1.0; Invasive Animals Cooperative Research Centre. Bureau of Rural Sciences, 2008).
Zoogeographical, biological and ecological data for the species were obtained from previous studies (Hobbs
1971, 1974; Huner 1984; Holthwis 1986; Hendrix and Loftus 2000; Scholtz 2003; Beatty et al. 2005; Lukhaup
and Pekny 2006; Petrusek et al. 2006; Souty-Grosset et al. 2006; Lukhaup and Pekny 2008; Bufi et al. 2011).
Charactenistics such as indigenous range. fecundity and mimimum age at maturity of the Cherax spp. for which
such data are not available were assumed to correspond with those of Cherax holthuisi, as recommended by
Chucholl (2013).

Statistical analysis

We used a generalized linear model (GLZ in StatSoft) with availability in the wholesale trade as the categorical
variable and FI-ISK score as the numenc vanable; their significance was tested using Type III likelihood ratio
test. Origin of particular crayfish species was used as binary dependent vanable (North America vs. rest of the
world). Statistical sigmificance was determined at the level a = 0.05. The test was computed using Statistica 12.0

(Statsoft Inc., 2012).
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[Zahradni jezirka jako zdroj neptivodnich druhi raki]

Publikace je zaméfena na okrasnou akvakulturu, respektive na analyzu chovani akvaristi
v CR a jejich nakladani s raky. Na zakladé dat ziskanych z dotaznikového prizkumu byly
mimo jiné identifikovany nejcastéji chované druhy rakd. Druh Procambarus fallax
f. virginalis chovalo 36,3 % respondentu, druh Cambarellus patzcuarensis chovalo 33,9 %
respondentti a druh Procambarus clarkii 20,2 %. Diky vhodné zvolenym otazkam se také
podafilo zjistit nasledujici nechténé ¢i pfimo nelegalni ¢innosti chovateld: odchyt rakl ve
volné piirodé CR, predev§im vypousténi neptivodnich druhii rakl do zahradnich jezirek, dale
také vypousténi juvenilnich raki do volné pfirody a splachovani nechténych juvenilnich raka
do odpadu. VSechny tyto ¢innosti mohou napoméahat Siteni neptivodnich onemocnéni (napft.
ra¢tho moru) i samotnych neptvodnich druht rakdi a mohou mit negativni dopad na recentni
populace ptuvodnich evropskych rakl. Popularita zahradnich jezirek stoupa a vysledky
Vv prezentované studii prokézaly, Ze touto cestou mohou byt zavleeny nepiivodni a piipadné
I invazni druhy rakt na nové lokality. Dulezité je zjisténi, Ze nejcastéji chovany je druh raka,
invazi. Proto bylo v publikaci navrZzeno zavedeni osvétovych opatteni, kterd by mohla zlepsit

informovanost chovateli o zminénych nebezpecich.
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ABSTRACT

The private stocking of ornamental crayfish in garden ponds was dis-
cussed in previous studies, but there is a lack of detailed analysis for
better understanding of this introduction pathway. The Czech Republic
is one of leading EU countries in trade with ornamental crayfish and pri-
vate garden ponds are popular among people. The crayfish keepers in
the country were interviewed by self-administered questionnaire to gather
data about principal characteristics of the keepers and detailed informa-
tion about crayfish breeding that are of interest for conservation managers.
Besides of releasing crayfish into garden ponds, alarming illegal behavior
such as releasing of juvenile crayfish into the wild, and capturing of indige-
nous crayfish from wild populations, were registered. Therefore focusing
on public education to increase awareness of possible unwanted conse-
quences of crayfish release and introduction of an obligation to inform
customers about hazardousness of non-indigenous crayfish species for
retailers and wholesalers is recommended.

RESUME

Les bassins de jardin comme voie potentielle d'introduction d’écrevisses ornementales

Mots-cles :
espéces
exatiques,
voie
d’introduction,
animal
d’ormement,
étang,
relacher

Le stockage privé d'écrevisses ornementales dans les bassins de jardin a été dis-
cuté dans des études précédentes, mais il y a un mangue d’analyse détaillée pour
une meilleure compréhension de cette vole d'introduction. La Républigue tchéque
est I'un des principaux pays de I'UE pour les échanges d'écrevisses d'omement
et les bassins de jardin prive sont populaires. Les détenteurs d'écrevisses dans le
pays ont &té interrogés par questionnaire auto-administré pour recueillir des don-
nées sur les caractéristiques principales de ces détenteurs et des informations dé-
taillées sur la reproduction des écrevisses qui sont d'intérét pour les responsables
de la conservation. En plus de metire des &crevisses dans les bassins de jardin,
des comportements illégaux alarmants tels que la libération des écrevisses juve-
niles dans la nature, et la capture d"écrevisses indigénes de populations sauvages,
ont &té enregistrés. Par conséquent, metire I'accent sur I'éducation du public pour
mieux faire connaltre les éventuelles conséquences indésirables de propager des
écrevisses et I'introduction d’une obligation pour les détaillants et les grossistes
d'informer les clients sur la dangerosité des espéces d'écrevisses non indigénes
sont recommandés.

(1) Department of Zoology and Fisheries, Faculty of Agrobiology, Food and Natural Resources, Czech University
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* Corresponding author: patoka@af.czu.cz

Article published by EDP Sciences



J. Patoka et al.: Knowl. Managt. Aquafic Ecosyst. (2014) 414, 13

INTRODUCTION

The keeping of aquatic animals in home aquariums and garden ponds is globally very popular
hobby with many followers (Turkmen and Karadal, 2012). However, it is also one of the main
pathways for introduction of alien species on new localities (Holdich et al., 2009; Kopecky
et al., 2013). Crayfish became in last decades popular pet species that is often kept in indoor
aquaria but also stocked in the private garden ponds (Peay, 2009). With regard to crayfish
biclogy, it is obvious that there is a high probability of their escapes from gardens into the
wild. This is particularly important for non-indigenous crayfish species (NICS), which can dra-
matically harm the ecosystems and many of the native species (Peay, 2009). Besides to direct
competition, very dangerous for indigenous crayfish species (ICS) in Europe is crayfish plagus
caused by the fungus Aphanomyces astaci, which is carried by usually resistant North Amer-
ican species of crayfish (Edgerton et al., 2004).

Following MICS which most probably originated from aguarium release have been recorded
in EU countries: e.g. Procambarus fallax f. virginalis in Germany (Chucholl and Pfeiffer, 2010)
and ltaly (Nonnis Marzano et al., 2009), Netherlands (Soes and Koese, 2010}, Slovakia (Jansky
and Mutkovi¢, 2010) and surprisingly in Sweden (Bohman et al., 2013), Cherax destructor in
Italy (Scalici et al., 2009), and Cherax quadricarinatus in Slovenia (Jaklic and Vrezec, 2011).
The introduction pathway of successful invader Orconectes immunis into Europe is unknown
and pet trade is one of possible eventualities (Chucholl, 2012). Certain naturalized popula-
tions of commercially important Procambarus clarkii were most probably introduced in the
same pathway (Chucholl, 2013). Moreover Chucholl (2013) warns, that NICS as Pacifastacus
leniusculus, Orconectes limosus, O. cf. virilis, and Cambarellus patzcuarensis are advertised
for garden pond stocking in Germany; and Stloukal (2009) reported about stocks of P, fal-
lax f. virginalis which were found in garden ponds in Slovakia. The information about NICS
in terms of their occurrence, abundance and introduction pathways is very important for the
correct management and conservation of ICS (Souty-Grosset and Reynolds, 2009).

The Czech Republic is considered as one of the leading European countries with ornamen-
tal crayfish trade (Patoka ef al., 2014) and small ponds with live crayfish are popular among
crayfish keepers in the Central Europe (Peay, 2009). The local ICS in the Czech Republic
are under the threat of already introduced NICS (Orconectes limosus and Pacifastacus le-
niusculus) and the future establishment of newly introduced NICS cannot be excluded under
mentioned conditions.

Although there already exists risk assessment for ornamental NICS in the Czech Republic
(Patoka et al., 2014) and the garden ponds are considered as important pathway for introduc-
tion, more detailed data could help to elucidate main causes of the NICS potential spreading
and identified behavior and habits of the crayfish keepers for further consideration in legisla-
tion, public education and environmental management.

MATERIALS AND METHODS

Ornamental crayfish keepers living in the Czech Republic were interviewed with a question-
naire. A self-administered two-page questionnaire containing 14 close-ended questions was
designed to collect data on socio-demographic characteristics of keepers and details of cray-
fish keeping and breeding. The questionnaire distribution was performed from February to
August 2013. The goal of the questionnaire was to collect as many responses from crayfish
keepers as possible. Therefore, questionnaires were distributed among respondents in pet
exhibitions, in pet shops, at the Czech Aquarium and Terrarium Association, at the Czech
University of Life Sciences Prague and they were inserted at the internet forums focused
on keeping of ornamental animals. The respondents were guided to fill the questionnaire on
the web or on paper. The anonymity of the data was obviously guaranteed. In according
to experience of Arlinghaus and Mehner (2003), the publication of our results in specialized
aquarium breeding magazine was offered to reduce skepticisms and encourage participa-
tion of respondents. A total of 124 crayfish keepers from all regions of the Czech Republic
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Where do you obtain your crayfish?

Pet shop
Wholesaler
Local pet fair
Pet fair abroad
Local breeder
E-shop
Grocery shop
Field capture
Other

I T T T T 1

0 10 20 30 40 50
Responses (%)

Figure 1
Origin of crayfish which are kept as ormamental — given in % (N = 124). Note: Since the multjple-answer
type of this question, the totfal percentage of responses is higher than 100.

responded. The gathered data set would be insufficient for statistical analysis; hence the per-
centage approach was implemented according to Arlinghaus and Mehner (2003). Percentage
values were approximated on one decimal position.

RESULTS

Based on gathered data, most responses characterize the keeper of ornamental crayfish
as male (56.5%, N = 70) which lives in capital city Prague {21.0%, N = 26), he is aged
21-30 years old (40.3%, N = 50) and high-school educated (66.1%, N = 82). Vast majority of
crayfish keepers responded, that their annual costs for crayfish keeping are less than 200 EUR
(85.5%, N = 106). Most respondents (75.0%, N = 93) obtain information about crayfish keep-
ing and breeding on internet. Altogether 3.8% (N = 11) of respondents feed crayfish with
fresh or frozen shrimps. Most frequent crayfish in keeping is Procambarus fallax 1. virginalis
(36.3%, N = 45), Cambarellus patzcuarensis (33.9%, N = 42) and Procambarus clarkii (20.2%,
N = 25). Other species are kept in less than 10% of cases: Asfacus astacus, A. leptodactylus,
Cambarellus diminutus, Cam. montezumae, Cam. puer, Cam. texanus, Cherax albertisii, Cher.
boesemani, Cher. cainii, Cher. destrucfor, Cher. holthuisi, Cher. monticola, Cher. quadricari-
natus, Cher. peknyi, Cher. preisii, Cherax sp., Orconectes limosus, Pacifastacus leniusculus,
Procambarus alleni, P. cubensis. Altogether 12.1% (N = 15) of respondenis were unable to
determine kept species. Three respondents keep in captivity ICS protected by law: Asta-
cus astacus in two cases, Astacus leptodactylus in one case. Many respondents have been
keepers of ornamental crayfish less than period of one year (41.1%, N = 51) or from one to
five years (38.7%, N = 48). Just over half of kept crayfish originated from private breeders
(49.2%, N = 61) and from pet shops (34.7%, N = 43). Only 2.4% (N = 3) of keepers bought
crayfish marketed for consumption purposes. Surprisingly 5.4% (N = 10) of respondents ad-
mitted illegal field capture of crayfish (Figure 1). The crayfish are mostly kept in low quantities:
2-5 individuals in 40.3% (N = 50) and just only one individual in 29.8% (N = 37). More than
10 individuals are kept in 21.0% (N = 26). Vast majority of respondents keep the crayfish in
indoor aquarium (91.9%, N = 114), but 8.1% (N = 10) released them into the garden ponds
(Figure 2). When crayfish reproduce, most of breeders keep them for rearing or advertise
them for sale or give them away to friends. But 2.1% (N = 4) release juveniles into the wild
and 1.5% (N = 3) flush them down the toilet (Figure 3). Just 4.0% (N = 5) of respondents keep
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Under which conditions are you currently
keeping or have you kept crayfish?

Separately in an aguarium
Together in an aquarium
In a paludarium

In a garden pond

Responses (%)

Figure 2

Types of environment where ormamental crayfish are kept — given in % (N = 124). First three options
together show keeping in indoor tanks.

If your crayfish reproduce, what do you
do with the offspring?

Keepthem

Give them away to friends
Sell them at pet fair

Sell them to pet shop

Sell them to wholesaler
Release them into the wild
Feed them to other animals
Flushthem down the toilet
Other

Mo reproduction

0 5 10 15 20 25 30 35
Responses (%)

Figure 3
Handling with offspring of kept crayfish — given in % (N = 124).

in captivity crayfish only and the others prefer to keep more animals as pet or ornamental,
especially fish (76.6%, N = 95).

DISCUSSION

Most common ornamental crayfish is Procambarus fallax f. virginalis which is inexpensive,
easily bred, with low intraspecies aggressiveness and thus very popular (Chucholl, 2013;
Patoka ef al., 2014). Popularity of the Cambarellus patzcuarensis which is the second most
preferred species for keeping is related with its orange coloration and small body length and
thus it has low requirements for space. In addition to previous study (Patoka et al., 2014),
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we recorded one new species Cambarellus montezumae kept in the Czech Republic. This
crayfish is very rare in crayfish keeping and it most probably originates from private import
from Germany, where this crayfish was frequently available in online pet shops (Chuchaoll,
2013).

People who like wildlife also often prefer to keep animals in facilities close to natural condi-
tions as it is in case of garden ponds (Peay, 2009). In many EU countries, stocking of NICS
in ponds is banned without exception from the law, but small private garden ponds are not
controlled in any way (Peay, 2009). Although vast majority of crayfish keepers rear ornamental
crayfish strictly in home aquarium, part of them commonly release crayfish into garden ponds
at least for the summer period. These irresponsible activities are considerably dangerous for
ICS and other native biota, because there is non-negligible probability that NICS escape from
ponds spontaneously or during a flood (Peay, 2009).

Moreover part of keepers introduces offspring of ornamental crayfish directly into the wild
or flush them down the toilet. These illegal activities can participate on spreading of NICS.
Although, crayfish most probably do not survive passage through the toilet downspouts, it
can be one of the pathways of crayfish plague transmission.

Capturing and trapping of ICS in the wild is also forbidden in many EU countries (including the
Czech Republic) by the law number 92/43/EEC. ICS are advertised as ornamental very rarely
in the Czech Republic (Patoka et al., 2014), anyway we identified that two ICS are sporadically
kept by crayfish keepers. Therefore it is evident, that these species are occasionally illegally
taken away from wild populations.

It appears from above mentioned that garden pond stocking of ornamental crayfish and re-
lated activities are in many cases undesirable and hence we recommend intensive public ed-
ucation to increase general awareness of possible unwanted consequences of NICS escapes
from garden ponds or even their release into the wild. The retailers and wholesalers should be
obliged to inform customers about hazardousness of NICS and provide the information with
the advertised crayfish species for sale.
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QUESTIONNAIRE

1. Please check the region of your residence:
Praha
JihoGesky
Jihomoravsky
Karlovarsky
Kralovéhradecky
Liberecky
Moravskoslezsky
Olomoucky
Pardubicky
Plzerisky
Stiredocesky
Ustecky
Vysocina
Zlinsky
2. Please check your age group:
10 to 20
21to 30
31to 40
41 to 50
51 to 60
more than 60
3. Please check appropriate sex:
male
female
4. Please check your highest completed education:
elementary
secondary school
higher education
5. Specify which species of crayfish you currently keep or have kept:
Rak mramorovy (Procambarus fallax f. virginalis)
Rak éerveny (Procambarus clarkii)
Procambarus alleni
Trpaslici mexicky rak (Cambarellus patzcuarensis - CPO)
Cherax desfructor
Cherax quadricarinatus
Cherax peknyi (C. papuanus, C. misalicus, C. sp. Zebra)
Cherax holthuisi (Apricot, Orange Coral)
Other (please specify)
6. How long have you been involved with the keeping of ornamental crayfish?
less than 1 year
1-5 years
610 years
more than 10 years
7. What is your preferred source of information with respect to ornamental crayfish?
internet
printed materials (publications)
breeders
pet exhibitions
hobby organisations
acquaintances
information not available
other
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8. Where do you obtain your crayfish?
pet shops
wholesalers
local pet fair
pet fair abroad
breeders
e-shops
grocery shaps
field capture
other
9. Please check the quantity of crayfish you are currently keeping or have kept:

1 individual
2 to 5 individuals
6 to 10 individuals
more than 10 individuals

10. Under which conditions are you currently keeping or have you kept ornamental crayfish?
separately in an aquarium
together in an aquarium
in a paludarium
in a garden pond
other

11. If your crayfish reproduce, what do you do with the offspring?
keep them
give them away to friends
sell them at pet fair
sell them to pet shop
sell them to wholesaler
release them into the wild
feed them to other animals
flush them down the toilet
other
no reproduction

12. What are your annual expenses associated with keeping crayfish?
less than 200 EUR
200 to 400 EUR
more than 400 EUR

13. What do you feed your crayfish?
vegetables (fresh, dried, frozen)
fish (fresh, dried, frozen)
insect larvae, worms or snails (live, frozen)
shrimp meat (fresh, frozen)
artificial feed for aguarium fish
artificial feed for aguarium crustaceans
other

14. Are you currently keeping aquarium or terrarium animals other than crayfish?
fishes
crustaceans (e.g. shrimps, crabs, hermit crabs)
molluscs (e.g. snails)
amphibians (e.g. frogs, newts)
reptiles (snakes, lizards, turtles, crocodiles)
insects (e.g. beetles, mantises, leaf insects)
spiders or scorpions
other
nothing
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[Import akvarijnich rakii: Prvni dekada z pohledu CR]

Publikace je zaméfena na dovoz raki do CR pro okrasné uéely. V publikaci jsou zahrnuta
data od roku 2003 az do roku 2012, pfiemZ prvni import téchto raka do CR byl
zaregistrovany pravé vroce 2003. Publikace tedy shrnuje situaci za prvnich deset let:
dovezené mnozstvi rakll v jednotlivych letech a ndkupni cenu za jedince i celkovou cenu
zasilky véetné linii trendu a predikce vyvoje ceny v budoucnu, maloobchodni cenu
a dostupnost na trhu. Déle byly identifikovany dodavatelské zemé. Majoritnim dodavatelem
do CR je Indonésie a celkové mnozstvi dovezenych rakil se roéné pohybuje okolo ti tisicti
dospélych jedinct. Produkce raki v CR je realizovana vyhradng soukromymi chovateli a byla
odhadnuta na Sedesat az sto tisic rakli roné. Naprosta vétSina odchovavanych rakl patii do
severoamerickych rodit Procambarus a Cambarellus, z nichz néktefi byli v prvni uvedené
publikaci identifikovani jako vysoce rizikové druhy z hlediska biologickych invazi. Proto byl

navrZen detailng&j$i monitoring zaméfeny na tento sektor okrasné akvakultury.
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ABSTRACT

The import of aquarium animals has been increasing worldwide in recent
years. Despite its contribution to world trade and the economy, this trade
also comprises one of the main pathways for the introduction of non-
indigenous animals. In the past decade, crayfish has become a popular
pet as well as a potential threat to the environment upon its escape or
release. Since the Czech Republic is one of the world’s leading importer,
exporter, and producer of aguatic ornamental animals, we prepared a de-
tailed analysis of crayfish imports. The present paper provides a complete
list of countries supplying ornamental crayfish and examines trends of
their prices and imported quantities during the past decade (2003-2012).
Indonesia has been identified as the leading supplier in recent years. The
annual average price of imported crayfish has varied over the evaluated
period within the range of €0.76—4.72 per individual and it is rising annu-
ally by €0.15. The quantity of live crayfish imported for aquarium purposes
has not been affected significantly by the price per individual and it has
grown rapidly. Therefore a constant monitoring of this pet trade sector is
strongly recommended for the future.

RESUME

Les importations d'écrevisses ornementales : une premiére décennie analysée en
République tchéque

Mots-clés :
commerce
d’animaux,
aquarium,
crustaces,
espéces non
indigénes,
prix

L'importation d'animaux d'aquarium a augmenté dans le monde entier au cours
des derniéres années. Malgré sa contribution au commerce mondial et & I'écono-
mie, ce commerce représente également I'une des principales voies d'introduction
des animaux non-autochtones. Dans la derniére décennie, I'écrevisse est devenue
un animal de compagnie populaire ainsi gu'une menace potentielle pour I'environ-
nement lors de son échappement ou de son déversement dans le milieu naturel.
Depuis gue la République tchéque est devenue I'un des premiers importateurs,
exportateurs et producteurs d'animaux aquatiques ornementaux du monde, nous
avons préparé une analyse détaillée des importations d'écrevisses. Le présent
document fournit une liste compléte des pays fournisseurs d'écrevisses ormemen-
tales et examine les tendances de leurs prix et las quantités importées au cours de
la derniére décennie (2003-2012). LIndonésie a &té identifiée comme le principal
fournisseur au cours des demiéres années. Le prix annuel moyen des écravisses
importées a varié au cours de la période évaluée dans la fourchette de 0,76 a
4,72 € par individu et il est en hausse chaque année de I'ordre de 0,15 €. La
guantité des écrevisses vivantes importées & des fins d'aguariophilie n'a pas été
affectée de maniére significative par les prix et elle a connu une croissance ra-
pide. Par conséquent, une surveillance constante de ce secteur du commerce das
animaux de compagnie est fortement recommandée pour "avenir.

(1) Department of Zoology and Fisheries, Faculty of Agrobiology, Food and Natural Resources, Czech University
of Life Sciences Prague, Kamycka 129, 165 21, Praha 6 - Suchdol, Czech Republic
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INTRODUCTION

The keeping of aquatic animals in aquaria is one of the most popular hobbies worldwide
(Perdikaris et al., 2012; Turkmen and Karadal, 2012), and there is no surprise that the interna-
tional aquarium pet trade has been growing rapidly in recent decades (Miller-Morgan, 2010).
Four of the world’s top five exporting countries are from Asia (Singapore, Japan, Malaysia,
and Thailand) and one is from Europe (the Czech Republic) (Ploeg, 2013). The European
Union (EU) and the United States of America are the largest and traditional importer of aquar-
ium animals (Turkmen and Karadal, 2012). Given that the Czech Republic is a member of the
EU and it is a dominant exporter of aquatic animals in Europe, it is also becoming the main
re-export hub for other countries in the EU (Ploeg, 2007).

The pet trade in aquatic animals consists predominantly of fish, but trade in other freshwater
animals, including crayfish, has increased rapidly in the past decade (Lin et al., 2006; Faulkes,
2010; Chucholl, 2013; Kopecky et al., 2013). In addition to its economic importance, pet trade
is also recognized as one of the main pathways for the introduction of new species: including
“hitch-hiking” species via the transportation water and pathogens (Rixon ef al., 2005; Peay,
2009; Mrugata et al., 2014). Although the pet trade in freshwater crayfish is relatively new in
the EU, some of the ornamental crayfish species have already been recorded from the wild.
Most probably, these originated from aquarium releases and include, for example, Procam-
barus fallax f. virginalis in Germany (Chucholl and Pfeiffer, 2010), Italy (Nonnis Marzano et al.,
2009), the Netherlands (Soes and Koese, 2010), Slovakia (Jansky and Mutkovi&, 2010) and,
surprisingly, Sweden (Bohman et al., 2013); Cherax destructor in Italy (Scalici ef al., 2009);
and Cherax quadricarinatus established in one location in Slovenia (Jaklic and Vrezec, 2011).
While Procambarus clarkii is the most popular species for human consumption, it is proba-
bly equally important and popular in the aguarium trade and certainly highly invasive based
on predictive evaluation in all studied countries (ltaly, Germany, Greece, and Czech Republic)
(Tricarico et al., 2010; Chucholl, 2013; Papavlasopoulou et al., 2014; Patoka et al., 2014a). Cer-
tain established populations of this species in the EU also originate from aquarium releases
(Dehus et al., 1999; Chuchell, 2013). Although no crnamental crayfish have been detected
in the wild the Czech Republic, two species are already in neighbouring countries namely in
Germany and in Slovakia (Chuchell and Pfeiffer, 2010; Jansky and Mutkovié, 2010; Kouba
et al., 2014).

The introduction of non-indigenous species (hereafter referred to as NICS) can result in se-
rious direct and indirect negative impacts on ecosystems and native biota (Peay, 2009). In
addition to obvious direct competition that is very harmful for indigenous crayfish species
(hereafter referred to as ICS) in Europe, there is crayfish plague caused by the comycete
Aphanomyces astaci which is transmitted by MNorth American crayfish species which are
asymptomatic carriers (Edgerton et al., 2004; Kozubikova et al., 2007). The danger of un-
intended introduction of NICS is reflected on France, Ireland, Norway, Scotland, Spain, and
Sweden, where the import of live ornamental crayfish is completely banned (Edsman, 2004;
Holdich and Pdockl, 2005; Peay, 2009). Two feasible solutions were suggested in previous
studies in perspective of the Czech Republic Svobodova et al. (2010) preferred totally banned
trade with ornamental crayfish, whereas. Patoka et al. (2014a) proposed selective restrictions
focused on high-risk species only.

Management and conservation of ICS require information about NICS, e.g. the safe distance
for reintroduction, determination and monitoring of crayfish distribution and abundance, and
detection of new introductions (Souty-Grosset and Reynolds, 2009; Gherardi ef al., 2011) as
well as the rate of NICS spread (Peay and Fireder, 2011; Perdikaris et al., 2012). Propagule
pressure of NICS is recognized as one of the main factors of establishment (Capinha et al.,
2013). Consequently, the quantity of NICS in the pet trade is directly correlated with the prob-
ability of their release into the wild and their possible establishment similarly to fish released
from aquaria (Duggan et al., 2006).

Although a risk assessment for ornamental NICS in the Czech Republic (Patoka et al., 2014a)
and an analysis of keeper behaviour (Patoka et al., 2014b) have been published, detailed infor-
mation focused on the origin of imported ornamental crayfish and their prices and quantities
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has not yet been available. Keeping in mind that the Czech Republic is an important export
hub for the entire EU, we analysed the available information and present it here in an inte-
grated form.

MATERIALS AND METHODS

We surveyed statistical databases from the Czech Customs Administration and the Czech
Statistical Office, which, according to laws and regulations in the EU and the Czech Republic,
register the import of live animals and animal products. Additionally, we initiated interviews
with five wholesalers who are known to be leading importers of live crayfish in the Czech
Republic and with four important local private breeders. Based on the data obtained, we
summarized a list of international suppliers of crnamental crayfish, average annual prices per
individual and imported quantities over the years 2003 to 2012.

>SUPPLIER IDENTIFICATION

The list of supplying countries which export ornamental crayfish into the Czech Republic for
each year was compiled using evidence from the relevant authorities and confirmed by the
responses of wholesalers.

> QUANTITY ESTIMATION

Since the authorities keep records only for the total weight of imported shipments, we es-
timated the quantity (number of crayfish) based on a calculation of the average weight of
imported individuals. We weighed individual crayfish to the nearest gram at two wholesalers
during 2012. The average weight £ standard deviation (n = 250) of individuals from 6 species —
Procambarus clarkii (50 individuals), P. alleni (30 individuals), Cherax destructor (50 individu-
als), C. holthuisi (20 individuals), C. peknyi (50 individuals), and C. quadricarinatus (50 indi-
viduals) was calculated to be 30 + 7 g. We used species imported in higher numbers only,
thereby excluding rarely imported species such as Cambarellus spp.

Domestic production of ornamental crayfish has not been monitored by any competent
authority in the Czech Republic and the quantity of locally produced ornamental crayfish
was therefore based on data obtained from interviews with leading private breeders and
wholesalers.

>IMPORT PRICE ESTIMATION

The authorities record only the total price of each shipment. We calculated the price of im-
ported individuals by dividing the total price by the estimated number of individuals. Prices

are stated in Euro (€).

> RETAIL PRICE

Retail prices were obtained from online price lists of about 30 pet shops. Table | lists the
offered species, as well as their sizes, prices, origins, and availabilities.

>AVAILABILITY ON MARKET

Each species’ availability on the market was assessed in accordance with Chucholl (2013)
using the following criteria: (i) species available only for short periods and in small quantities
were rated “very rare”; (jii) species available occasionally in small quantities were rated “rare”;
(ii) species available frequently in low numbers were rated “common”; and (iv) species always
available in high numbers were rated “very common®.
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Tabie |

List of retailed species of ornamental crayfish, their size classes (in cm), prices {usual and range from
minimum to maximum, in €), origin import, domestic production, field capture) and availability on market
{very common, commaon, rare, and very rare).

1-1.5 4.37 (4.25-4.81) ;
Cambarellus diminutus 1.5-2 6.20 (4.60-9.35) Import very rare
1.5-2 4.44 (1.90-12.96) o
Cambarellus patzcuarensis 9.3 5.00 (3.14-22.25) domestic, import] common
Cambarellus puer 1.5-2 6.28 (5.74-9.25) import very rare
Cambarellus shureldtil 1-1.5 5.00 [4.44-6.24) import VEry rare
Cambarellus texanus 2-3 6.29 (3.7012.77) import Very rare
Cherax albertisii 8-10 9.35 (8.51-11.77) import rare
Cherax boesemani 8-10 14.29 (12.77-14.63) import commaon
58 8.51
Cherax cainii 10-12 18.51 {1351—253?} lmpor‘t very rare
68 12.20(4.88-21.22) ] commaon
Cherax destructor 12-15 24.81 import rare
68 9.85 ]
Cherax holthuisi a-10 10.37 (0.40-12.88) import common
=] 8.33 (1.40-16.25) ]
Cherax monticola 8-10 12.96 import Very rare
Cherax peknyi 8-10 12.85 (10.74-14.57) import Very COmmon
6-8 24.37 :
Cherax preissil a-10 25 81 import Very rare
4-5 3.88 [2.96-6.22)
Cherax quadricarinatus 56 5.45(3.58-7.07) import Very common
8-10 7.83 (6.88-9.25)
810 14.29 (11.77-25.92) ]
Cherax Sp. Blue Moon 10-15 14.81 {134_4_1 596) lmpor‘t rare
810 13.33 (11.77-14.29) ] commaon
Cherax sp. Hoa Creek 10-15 14.11 import rare
Cherax sp. Hed Tips =10 11,77 (9.40-14.2Y9) Import common
Orconectes imosus? ? 7 capture very rare
Orconectes nana® 5cm ? import very rare
Pacifastacus leniusculus g-10.cm 5.92 Import Very rare
4-5 5.03 (4.70-6.12) o
Procambarus alleni 6-8 8.51 (5.70-14.29) domestic, import rare
34 3.14[2.96-5.37)
58 3.33(3.29-9.62)
Procambarus clarkii 6-7 4.25 (4.03-5.44) |domestic, import |very common
8-10 5.00(3.88-6.70)
Procambarus clarkii 5 7.07 .
Blue Pearl 6-8 9.07 (8.51-22.79) import rare
Procambarus clarkif 35 2.61 ]
Electric Red 586 8.62 (3.00-11.22) import rare
Procambarus clarkii 35 5.81(3.28-6.74) o
Orange 6-8 9.47 (9.25-9.06) domestic, import rare
Procambarus clarkii 56 6.74 (5.88-9.25) import rare
Snow White
Procambarus cubensis 2-3 0.55 domestic very rare
Procambarus fallax 2-3 0.92 (0.7/0-1.10)
1. virginalis 586 2.50 (2.00-3.14) domestic common
Procambarus milleri 68 14.07 (12.22-16.70) import Very rare

! Fleld captured only and kept by private hobbyists; therefore size class and price are unknown . # Private
impaort from Germany; price is unknown.
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Figure 1
Market share of supplying countries based on imported quantities of ornamental crayfish for the years

2003-2012 in the Czech Repubiic.

>STATISTICAL ANALYSIS

Equality in the distribution of shipments among supplier countries that import ornamental
crayfish into the Czech Republic was tested using a chi-square test (observed vs. expected).
The relationship between the number of crayfish imported in each year and the average price
per individual was tested by linear regression, and this method was used also to predict the
development of crayfish prices. All tests were performed in STATISTICA 9.0 (Statsoft, 2009),
and we used « = 0.05 as the cut-off for statistical significance.

RESULTS
>SUPPLIER IDENTIFICATION

The first import of ornamental crayfish into the Czech Republic was registered in 2003 China
was identified as a major supplier in 2005-20086, and it accounted for more than 92% in 2005
and more than 76% in 2006 of all imported ornamental crayfish in this period. China’s leading
position was taken over by Indonesia beginning in the year 2007. Currently, more than 80% of
ornamental crayfish are imported from Indonesia. The complete list of countries from which
ornamental crayfish are imporied, contains: India, Malaysia, Singapore, Taiwan, and Thailand
(Figure 1). No crayfish were imported from the United States over the evaluated period.

> QUANTITY ESTIMATION

Very small quantities of ornamental crayfish were imported in the first two years (2003-2004).
Those numbers increased rapidly, however, and peaked in 2009, when maore than 3200 indi-
viduals were imported (Figure 1). The distribution of shipments was not equal among countries
which export ornamental crayfish into the Czech Republic (y2 = 207.35, df = 6, P < 0.01),
mainly due to the large quantity of crayfish imported from Indonesia (Figure 1). The names
of imported crayfish species are not registered by relevant authorities, and wholesalers sold
them often under commercial names or under misnomers (see Patoka et al., 2014a). There-
fore an exact evidence of numbers of individuals of each species imported from particular
countries is not available.
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Figure 2
Tofal price of shipments of imported ormamental crayfish (in €) and average annual price of imported
individuals (in €) for the years 2003-2012 in the Czech Republic.

Based on interviews, vast majority of crayfish imported from Indonesia belongs to the genus
Cherax. These crayfish species originated from farm production (C. destructor, C. quadricar-
inatus) and from field captures in West Papua (C. boesemani, C. holthuisi C. peknyi, C. sp.
Blue Mocn, C.sp. Hoa Creek, and C.sp. Red Tips).

We estimated the total number of domestically produced ornamental crayfish to vary be-
tween 60,000-100,000 individuals per year consisting mainly of following species: Procam-
barus clarkii and P. fallax f. virginalis, and in smaller numbers also Cambarelius patzcuarensis
and P. alleni. Domestic production of other species such as Cherax spp., P. cubensis and
Cambarellus spp. appears to be currently negligible.

>=PRICE ESTIMATION

The influence of the total number of crayfish imported each year on the average price per
individual was not significant (R° = 0.14, F = 1.28, P = 0.29). The prediction of average
price per individual based on linear regression shows that the price increases by about €0.15
annually. The price per imported individual of ornamental crayfish varied from year to year over
the evaluation period within the range €0.42-7.14. The average annual price per individual
was lowest in 2005 (€0.76) and rose continuously after 2008. It was close to €5 per individual
in 2012 (Figure 2). The lowest prices were offered by suppliers from China. The total annual
price of imported shipments of ornamental crayfish was rapidly increasing over the years
from €122.45 in the first two years to €12,326.52 in 2012 (without administrative fees). Also
the imported crayfish retail price depended on the advertised species and its size class and
varied from about €2.0 to €25.92 per individual in 2012. Due to domestic production of
species such as Procambarus clarkii and P. fallax f. virginalis and the availability of small size
classes, the lowest observed retail price was €0.55 per individual.

DISCUSSION

The vast majority of live ornamental crayfish imported into the EU originate from farms and
wholesalers in Southeast Asia, and limited numbers are imported from the United States
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(Chucholl, 2013). This accords generally also with the situation in the Czech Republic, ex-
cept that there are no records of crayfish being imported directly from the United States over
the entire decade 2003-2012. Nevertheless, species indigenous to Morth America are pro-
duced and imported from Southeast Asia and China (e.g. Procambarus clarkii P. alleni, and
Cambarellus spp.) (Patoka et al., 2014a). The main supplier in the early years was China, but
Indonesia took over the leading position in 2007 and was the source for more than 80% of
the total quantity of ornamental crayfish imports in 2012. This fact might be surprising at first
sight, inasmuch as China offered the lowest price per individual of all suppliers. It has been
determined, however, that Indonesia exports more expensive species (e.g. crayfish from the
genus Cherax) that are popular among hobby keepers in Europe (Patoka et al., 2014a).

The price per imported individual has been rising continuously and we can predict that it will
exceed the threshold of €5 in coming years. Because demand continues to grow, this price
increase is not likely to cause a decline in the quantities of imported ornamental crayfish. In
many countries, the minimum retail price of ornamental crayfish is slightly higher than €3 per
individual, as noted by Turkmen and Karadal (2012) and by Belle and Yeo (2010) We found the
lowest retail price per individual of imported crayfish was close to €3 in the Czech Republic.
The highest recorded retail price per individual was slightly above €25 (for Cherax cainii, C.
preissii and C.sp. Blue Moon) (Table I) similarly to German market (Chucholl (2013). Retail
price of certain domestically produced ornamental crayfish from the genus Procambarus is
lower, but apart from this exception, we suggest that the retail pricing of ornamental crayfish
is similar across Europe.

The decline in price per individual to a record-low value in 2005 prompted an increase of
imported quantities in subsequent years, and since that time crayfish have become more and
more popular among hobby keepers (Chucholl, 2013; Patoka et al., 2014a).

The higher species richness results in a higher invasiveness potential of NICS, and new or-
namental crayfish species have been imported into the EU in greater quantities during recent
years (Chucholl, 2013).

In contrast to ornamental fish, crayfish are transported in cartons and plastic boxes without
water and the declared weight of shipments is therefore much lower relative to the number
of transported animals. This information should be taken into consideration when imports are
evaluated. Our estimation of crayfish imports into the Czech Republic is close to 3000 indi-
viduals per year.

The trade of ornamental crayfish is an expanding sector of pet trade with aquatic animals
worldwide including the Czech Republic which is an export hub for the EU countries. Beside
the economical scope, via this pathway new NICS can be introduced and released into the
wild. While the number of imported crayfish cannot be regarded as representing an alarming
situation, it is not negatively impacted by rising price per individual. Thus we assume that the
amount of imported crayfish will grow or stagnate in the next few years. On the other hand,
domestic production of North American species, which were assessed as high-risk (Patoka
et al., 2014a), is considerably higher. Since North American crayfish species are significantly
more dangerous than species from the rest of the world (Patcka et al., 2014a), a constant
monitoring of this pet trade sector is recommended for the future. The present paper, along
with previous publications (Patoka et al., 2014a; 2014b), should to help stakeholders to adopt
a position on imports of crayfish and initiate potential necessary restrictions.
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[Potencialni invazivnost zelv prodavanych pro okrasné ucely v EU]

Publikace je zaméfena na potencidlni invazivnost zelv dovazenych do Evropské unie pro
okrasné ucely. Ceska republika je vyznamnym dovozcem téchto Zelv do Evropy, proto byl
seznam obchodovanych druhii sestaven na zékladé dat z celni spravy CR a predeviim na
zakladé povoleni k dovozu vydanych veterinarni spravou CR. V publikaci jsou zahrnuta data
od roku 2008 az do roku 2012 véetné dovezeného mnozstvi jednotlivych druhti a zemi jejich
puvodu. Jednozna¢né nejvice importovanym druhem byla po celé hodnocené obdobi
Trachemys scripta, a to i pfesto, ze jeji poddruh T. s. elegans se do EU od roku 1997 nesmi
dovazet (pro CR vesel zakaz v platnost po vstupu do EU, tedy 1. ledna 2005). Z dtivodu
zakazu dovozu se poddruh T. s. elegans dale nehodnotil. Kromé ostatnich druhti zelv byly
v analyze ovSem zahrnuty ty poddruhy T. scripta, které se i nadale mohou legaln¢ dovazet.
Na zakladé dovezeného mnozstvi (min. 500 jedinci za sledované obdobi) byly vybrany druhy,
které se dale hodnotily na potencialni invazivnost. Pomoci aplikace Climatch v.1.0 (Bureau of
Rural Sciences, 2008) byla zjisténa shoda klimatickych podminek mezi ptivodnim aredlem
roz$ifeni téchto dovazenych druhl zelv a mezi EU. Potencidlni invazivnost byla vypocitana
pomoci predikéniho modelu Bomford (2008). Celkem bylo identifikovano pét vysoce
nebezpecnych druhil z hlediska biologickych invazi. Nejrizikovéj$im se ukéazala byt kajmanka
drava (Chelydra serpentina). Podle klimatické shody byla vytvofena mapa zobrazujici
pravdépodobnost etablovani vysoce rizikovych druhlt Zelv vriznych regionech EU
a Vv ohrozenych oblastech byl doporu¢en monitoring zaméteny pfedevSim na nddrze a feky

wevr

do pftirody.
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ABSTRACT

The pet-turtle market has grown in recent years and become an important
pathway for the introduction of alien species in Europe. The import of Tra-
chemys schipta elegans has been banned by European Commission Regu-
lation due to its species’ expanding territory and negative impact on native
species. Since the demand from hobby breeders persists, however, block-
ing imports of this popular subspecies opens up the possibility for the in-
troduction of other potentially invasive turtles. We determined those turtle
species most commeon in the pet trade within the Czech Republic, which is
the most important producer, importer and exporter of ornamental aquatic
animals in the EU. The determination of establishment risk for the EU as a
whole was then individually evaluated for turtle species based on known
establishment models. Chelydra serpentina, Apalone spinifera, Apalone
mutica, and Sternotherus odoratus were considered most problematic,
because these species have serious establishment risk and are imported
to the EU in substantial numbers. Also localities in the EU were identified
where probability is highest for establishment of non-native turtles.

RESUME

Le risque dimplantation des tortues d'eau douce, issues du commerce d'animaux de
compagnie, dans I'Union européenne

Mots-clés :
marche des
animaux

de compagnie,
Reépublique
tchéque,

voie
d'intraduction,
espéces
envahissantes,
climat

Le marché des tortues de compagnie a augmenté ces dernigres années et devient
une voie importante pour I'introduction d'espéces exotigues en Europe. L'impor-
tation de Trachemys scripfa elegans a été interdite par le réglement européen en
raison du territoire d’expansion de cette espéce et de son impact négatif sur les
espéces indigénes. Depuis, la demande des éleveurs amateurs persiste, et 'inter-
diction de I'importation de cetie sous-espéce populaire ouvre 1a possibilité pour
I'introduction d'autres tortues potentiellement envahissantes. Mous avons déter-
miné les espéces de tortue les plus courantes dans le commerce des animaux de
compagnie au sein de la République tchéque, qui est le plus important produc-
teur, importateur et exportateur d'animaux aquatiques ormementaux dans I'UE. La
détermination du risque d'implantation dans I'UE dans son ensemble a ensuite
eté evalug individuellement pour les espéces de tortues sur la base de modéles
d'implantation connus. Chelydra serpentina, Apalone spinifera, Apalone mutica, et
Sternotherus odoratus ont été considérées comme les plus problématiques, car
ces espéces ont un risque d'implantation sérieux et sont importées dans I'UE en
nombre substantiel. De plus, les lieux dans I'UE ol la probabilité est la plus forte
pour I'établissement des tortues non indigénes, ont été identifiés.
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INTRODUCTION

Alien invasive species are among the major causes of biodiversity loss (Dukes and Mooney,
1999; Strayer et al., 2006; Ricciardi, 2007), and conservation agencies around the world de-
vote various degrees of attention to this phenomenon (Hulme, 2008). Time, money and con-
siderable effort are spent each year in eradication, contraol and mitigation of alien species
impacts (Pimentel et al., 2005), mainly for reasons that these invaders may displace native
species from their ecological niches through 1) competition for resources, 2) hybridization,
3) introduction of pathogens, or 4) predation (Williamson, 1996; Manchester and Bullock,
2000; Kraus, 2009).

In contrast to plants, the invasiveness of animals, and especially vertebrates, has attracted
much less attention in the past (Pysek et al., 2010). Reptiles, in particular, have been widely
overlooked in systematic invasion studies (Kraus, 2009; Bomford ef al., 2009; Henderson
et al., 2011), and their establishment potential and invasion dynamics remain poorly under-
stood (Ernst et al.,, 2011). Delivering Alien Invasive Species Inventory for Europe — DAISIE
(2012) recognizes in Europe 72 alien reptile species. While not all of these reptiles are exotic
to Europe, many of them, such as the European pond turtle (Emys arbicularis) and slow worm
(Anguis fragilis), were translocated within the continent into several countries where they are
not native (McGuire and Marnell, 2000; Mlikovsky and Styblo, 2006; Kark et al., 2009).

Turtles, which constitute a relatively species-poor order, comprise the group with the globally
highest number of introduction events among reptiles (Kraus, 2009). It is not surprising, there-
fore, that the highest densities of alien reptiles in Europe are found in aquatic habitats (Pysek
et al., 2010), and 13 of 17 species of introduced alien turtles are of freshwater origin (DAISIE,
2012).

Turtles of the family Emydidae — with 2,108 recorded introduction events — are the most com-
monly introduced reptile taxon in the world. Within Emydidae, moreover, 68% of the afore-
mentioned introduction events involve pond sliders (Trachemys scripta) (Kraus, 2009). This
species is taxonomically sorted into three subspecies (Fritz and Havas, 2007) from which
the red-eared slider (Trachemys scripfa elegans) is the most common subspecies with the
greatest native range, encompassing the Mississippi Valley in the USA and northern parts of
Mexico (Emst et al., 1994).

Mainly due to its appearance, T. s. elegans is also one of the most popular reptile pets world-
wide (Franke and Telecky, 2001). When it reaches adulthood, however, it loses its attractive
coloration, and hobby keepers often release their turtles into local waters (Cadi and Joly,
2003). At these locations, the released individuals may indirectly exclude or outcompete na-
tive turtle species (Cadi and Joly, 2003; Cadi and Joly 2004; Polo-Cavia et al., 2008) and
can indeed negatively affect other species in aguatic communities (Mlikovsky and Styblo,
2006; Teillac-Deschamps and Prevot-Julliard, 2006; Pesat, 2008). Therefore the import of
T. 5. elegans was banned by the EU's Commission Regulation No 338/1997 (EC, 1997). How-
ever southern and western states of the European Union (EU) have already established vital
populations of T. 5. elegans including Spain (Martinez-Silvestre et al., 1997), France (Cadi
et al., 2004), and ltaly (Sindaco et al., 2006). Although it seems reasonable to stop import of
the pond slider, this does open up the possibility for introduction of other invasive species,
inasmuch as the demand for aquatic turtles by hobby keepers still persists. Since 1997, other
species of turtles may have met the market demand while replacing T. s. elegans in the EU
pet trade, but, due to a lack of information (among other factors), these turtles may pose the
same problem as the forbidden T. 5. elegans.

Identifying the potential danger posed by alien species and then preventing new introductions
is currently considered the most effective management approach (Mack et al., 2000; Thuiller
el al., 2005; Keller ef al., 2008). In accordance with this view, we determined which turtle
species are now most common in the pet trade and their trade quantities. Data from the
Czech Republic authorities were utilized, since the Czech Republic is the main producer,
importer and exporter of aquatic ornamental animals in the EU (Livengood and Chapman,
2007; Miller-Morgan, 2009; Peay, 2009). Establishment risk for the EU as a whole was then
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evaluated individually for important turtle species within the pet trade based upon a known
establishment model (Bomford, 2008; Bomford et al., 2009).

The present paper aims to highlight the possible problems with imports of other turtle species
which should be regulated at EU level as is the case for T. s. elegans. The relationship
among zoogeographical or family origin with obtained establishment risk ranks was addi-
tionally tested.

METHODS
= EXAMINING DATA ON TURTLE IMPORTS

Under Czech Republic laws and regulations, the importation of animals and their products
is subject to reporting to the Customs Administration as well as the State Veterinary Admin-
istration. We used more precise data from the Veterinary Administration, where importers’
requests for import authorization are evaluated and processed. Information about species or
genera of live turtles imported into the Czech Republic is available since 2008. While these
data represent issued permits, the actual numbers of imported individuals might be smaller
because shipments do not always reach the maximum permitted quantity due to supply is-
sues. Nevertheless, the true numbers may not be larger than those quantities stated in the
permits (Zhou and Jiang, 2008). On the other hand, it cannot be excluded that other individu-
als entered EU via the black market but true numbers are obviously unknown. The proportions
of the various turtle species imported were approximated based on interviews with six impor-
tant wholesalers in the Czech Republic that are known to be the main importers of live turtles.
The information thus obtained was combined with that from the permits and the imported
numbers of each species per year were accordingly estimated.

>DETERMINATION OF ESTABLISHMENT RISK FOR EU

We used a model designed by Bomford (2008) and Bomford et al., (2009), which is based
on parameters: (i) climatic similarity of source (native distribution of species) and target re-
gions (termed climate match risk score), (ii) species’ ability to establish populations elsewhere
(termed prop.species value), (iii) establishment success of the other species from the same
family (termed family random effect), and constant value characteristic (iv) jurisdiction score,
which accounts for expected variability in establishment success rate due to the effect of
particular jurisdiction (country, state or province).

Climate match risk scores were computed using the program Climatch v1.0 (Bureau of Rural
Sciences, 2008). A Euclidean algorithm and 16 temperature and rainfall variables with sum of
scores for classes 6-10 was used (Bomford, 2008).

Due to fact that some introductions events occurred after 2008, we cannot take original
prop.species values from Bomford (2008). Therefore values of prop.species scores were com-
puted anew for this study using the Kraus (2009) database and following instructions given
by Bomford (pers. comm.). When values for calculating prop.species or prop.genus were in-
sufficient (i.e. fewer than 3 introduction attempts), we did not compute a prop.family value
(Henderson et al., 2011) but instead used approximation according to phylogenetically re-
lated genera (i.e. the closest branches on an up-to-date turtle phylogenetic tree (Guillon et al.,
2012)).

Family random effect was taken from Bomford (2008).

As the target region we utilized all states of the EU, including the autonomous islands of
Macaronesia (namely the Azores, Madeira, and Canary Islands) in a manner similar to Arnold
(2003}, while, due to their geographical remoteness, the overseas departments and regions
of France were not included into our study as parts of the EU. The target region contained
1113 climate stations. The jurisdiction data for the entire EU did not exist and no jurisdiction
score is available for the EU as a whole. Therefore we used a combined jurisdiction score,
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Table |
Estimated annual numbers of the most markefed turtle species imported by pet wholesalers info the
Czech Republic during 2008-2012.

Trachemys scripta 28000 | 58900 | 44000 | 38500 | 41200 | 211600 USA
Graptemys pseudogeographica | 15000 | 27500 | 23500 | 23000 | 26000 | 115000 uUsa
Sternotherus odoratus 9000 | 26060 | 21000 | 11120 | 10762 | 77942 USA
Pseudemys concinna 9000 | 22000 | 20000 | 10000 | 10600 | 71600 USA
Pseudemys peninsularis 8000 | 20135 | 20012 | 11000 | 10000 | 70147 USA
Sternotherus carinatus 4000 | 10800 [ 16010 | 11050 | 7600 | 49460 USA
Apalone ferox 4000 | 5035 | 10000 | 5006 | 3500 | 27541 UsA
Apalone spinifera 4000 | 5035 [ 10000 | 5000 | 3000 | 27035 USA
Apalone mutica 4000 | 5000 (10000 | 5000 | 3000 | 27000 USA
Chelydra serpentina 500 1170 | 1280 | 1767 500 5217 UsA
Mauremys sinensis 1000 250 2400 | 1000 1] 4650 Tawan
Pelodiscus sinensis 1000 0 0 a a 1000 Taiwan
Kinosternon scorpioides 10 50 37 185 550 842 UsA
Platemys platycephala 60 40 37 60 600 797 Surinam
Malaclemys terrapin 500 70 0 1] 1] 570 USA

Mote: Listed are only species with sum of more than 500 imported individuals. Data from 2012 are for
January-September only. Trachemys scripta species include only subspecies scripta and troostil.

based on published values for previously tested countries or states (Bomford, 2008; Bomford
et al., 2009). Before we applied our modification, the model was calibrated on Trachemys
scripta scripta for EU and we got presumable serious risk rank.

>STATISTICS

For testing the dependence of establishment risk for the EU upon zoogeographical and fam-
ily origin, we used only risk ranks from the model. Risk ranks were evaluated as low = 0,
moderate = 1, serious = 2, and extreme = 3. When risk rank categories had ranges, we used
the mean value. Due to a great number of categories (6 zoogeographical regions, 9 families)
and low number of dependent variables (34 turtle species), we used separate non-parametric
Kruskal-Wallis tests. To determine if there is a balanced, market offer of turtles from different
zoogeographical regions or families, we computed chi-square tests of homogeneity (cbserved
vs. balanced expected values). Tests were computed using Statistica 10 (Statsoft, 2010). We
used @ = 0.05 to evaluate statistical significance.

>RESULTS

Based on data from the Czech Republic (Table I) we postulate that species of turtles imported
into the EU in substantial numbers are Trachemys scripta (subspecies scripta and troosti),
Graptemys pseudogeographica, Sternotherus odoratus, Pseudemys concinna and Pseude-
mys peninsularis. Turtle origins were not evenly distributed among zoogeographical regions
(,\/2 = 33.42, df = 5, P = 0.001), which is true also for turtle families {yg = 17.36, df = 8,
P < 0.05). Most species were from the Nearctic zoogeographical area (53%) and Emydidae
family (29%). The results from the model (Table Il}, revealed no differences among families
(KW test, df = 8, H = 11.88, P = 0.16) or zoogeographical regions (K-V test, df = 5,
H=1.12, P = 0.95) in ranks for establishment risk.
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Table N

Resuits of computed establisment risk model for individual species of turtles imported to EU. Conversion
of establishment risk score to establishment risk ranks follows set up values: low = 0.16, moderate 0.17-
0.39, serious 0.40-0.85, extreme = 0.86.

Pelomedusa subrufa Pelomedusidae 0.51 serious
Pelusios sinuatus Pelomedusidas 0.24 moderate
Pelusios subniger Pelomedusidae 0.1 low
Podocnemis unifilis Podocnemididae | 0.03-0.40 low - serious
Hydromedusa tectifera Chelidae 0.15-0.78 low - serious
Chelodina reimanni Chelidas 0.05-0.49 low - serious
Macrochelodina rugosa Chelidas 0.05-0.49 low - serious
Platemys platycephala Chelidas 0.11-0.72 low - serious
Chelus fimbriatus Chelidae 0.16-0.79 low - serious
Chelydra serpentina Chelydridae 0.83 serious
Carettochelys insculpta Carrettochelyidas | 0.02-0.27 | low - moderate
Apalone ferox Trionychidae 0.27 moderate
Apalone mutica Trionychidae 0.49 serious
Apalone spinifera Trionychidae 0.75 serious
Pelodiscus sinensis Trionychidae 0.32 moderate
Kinosternon baurii Kinosternidae 0.06 low
Kinosternon scorpioides Kinosternidae 0.06 low
Kinosternon subrubrum Kinosternidae 0.18 low
Sternotherus odoratus Kinosternidae 0.64 serious
Sternotherus carinatus Kinosternidae 0.19 moderate
Clemmys guttata Emydidae 0.13 low
Chrysemys picta Emydidae 0.34 moderate
Graptemys geographica Emydidae 0.28 moderate
Graptemys pseudogeographica Emydidas 0.06 low
Malaclemys terrapin Emydidae 0.05 low
Pseudemys concinna Emydidae 0.12 low
Pseudemys nelsoni Emydidae 0.08 low
Pseudemys peninsularis Emydidae 0.05 low
Pseudemys rubriventris Emydidae 0.06 low
Trachemys scripta Emydidae 0.36 moderate
Cyclemys dentata Geoemydidae 0.07 low
Mauremys reevesii Geoemydidae 0.09 low
Mauremys sinensis Geoemydidae 0.05 low
Rhinoclemmys pulcherrima Geoemydidae 0.05 low

Note: We present range of values of establishment risk scores for families Carettochelyidae, Chelidae,
Podocnemididae due to the absence of the family random effect (Bomford, 2008).

No introduction of Carettochelys insculpta is known, moreover this species belongs to monotypic family,
therefore it was not possible to compute prop.species value due to specific environment demands
(Doody et al., 2003) therefore we decided to set it as 0.

Trachemys scripta species includes only subspecies scripfa and troostr.

Number of imported individuals (more than 500 individuals among 2008-2012) (Table I)
combined with establishment risk (serious and extreme risk rank) (Table Il), suggests that
reproduction will be recorded in the future in the following species: Stermnotherus odoratus,
Apalone spinifera, Apalone mutica and Chelydra serpentina.
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DISCUSSION

The pet trade is growing in intensity globally, and its contribution to new introductions of
amphibians and reptiles exceeds by almost four times any other recognizable pathway (Kraus,
2009). Hence, pet-trade species of amphibians and reptiles also have the highest absolute
numbers among species established worldwide (Kraus, 2009).

Generally, introduced species are successful in establishing new populations or invading
within non-native ranges only when a combination of several variables is favourable. These
are 1) propagule pressure, also recognized as introduction effort (Lockwood et al., 2005;
Simberloff, 2009; Wilgen and Richardson, 2012); 2) bictic factors like life history, but also
including presence of predators, pathogens and competitors (Bomford, 2003; Strauss et al.,
2006; Proches et al., 2008); and 3) abictic factors, especially the climatic similarity of the
native and non-native ranges (Thuiller ef al., 2005; Hayes and Barry, 2008; Bomford et al.,
20089).

In the models by Bomford (2008}, and partially Bomford et al. (2009) used in this study, bictic
and abiotic factors were taken into account. Biotic factors are represented by the variables
prop.species value and family random effect. Abictic factors are included into the climate
match risk score, which reflects similarity of native and non-native range in terms of tem-
perature and rainfall variables. We do not incorporate propagule pressure into the models,
which can be viewed as a weakness of our approach. Although the propagule pressure is
considered to be a major factor in establishment or invasion studies (Lockwood et al., 2005;
Bomford et al., 2009; Simberloff, 2009; Wilgen and Richardson, 2012), precise information
about the number of released individuals is rarely available (Kolar and Lodge, 2001; Hayes
and Barry, 2008; Bomford et al., 2009). In accordance with Copp et al. (2010}, however, the
data on turtle imports presented in Table | can be used as a roughly correlating measure for
propagule pressure, although we are cognizant of the approximate value of the presented
data. Such correlation between high propagule pressure and imports can be seen in the ex-
ample of T. 5. elegans, as more than 52 million individuals of this species were imported from
the USA between the years 1989 and 1997 and the majority of these ended up in Europe as
pets (Cadi et al., 2004). Due to the mass imports, these turtles were sold for relatively low
prices and thus were available to almost anyone. When pets are sold to a large number of
people, the proportion of those who do not have proper information about their breeding po-
tential and their release into the wild is likely to be high (Fujisaki et al., 2010). High propagule
pressure in combination with favourable biotic and abiotic factors can be presumed to explain
the successful establishment of T. 5. efegans in Europe (Ficetola et al., 2009).

There is generally a non-random pattern in the origin of introduced vertebrate species, with
most of these coming from the Morthern Hemisphere (Jeschke and Strayer, 2008; Kraus,
2009). The majority of pet-trade freshwater turtles (50%) came to Europe from the Nearc-
tic zoogeographical region. This bias reflects the historical and modern trade connections
between Europe and Morth America (Kraus, 2009). While until the 19th century species intro-
ductions from Europe to North America dominated, the reverse was true in the 20th century
(Jeschke and Strayer, 2006). Our results confirm the findings of Kraus (2009) and of Wilgen
and Richardson (2012) that most pet-trade species among turtles are members of the Emy-
didae family. This pattern is probably associated with their atiractive coloration (Thornhill,
1993). On the other hand, it could be also an artefact of the Emydidae family’s origin, be-
cause it demonstrates the greatest diversity in North America (Ernst et al., 1994).

While our conclusions about the rankings of establishment risk and their association with
family or zoogeographical regions is limited due to the small data set, our results seem rel-
evant for the EU. When locking at the family origins of the most risky species, the most
dangerous turtles (i.e. likely to establish if released) are from families other than Emydidas
(Chelydra serpentina — Chelydridae, Apalone spinifera — Trionychidae, Pelomedusa subrufa -
Pelomedusidae, Sternotherus odoratus — Kinosternidae). Due to the absence of family ran-
dom effect values in Bomford (2008), we compute ranges of potential establishment risk
scores for the families Carettochelyidae, Chelidae and Podocnemididae by inserting lowest
and highest theoretical values (taken from Bomford 2008) of the family random effect into
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the model formula. It is surprising that the model computations rate no other member of the
Emydidae family as serious except T. s. elegans that is already established in the EU. This
finding suggests that the establishment potential of this family (Wilgen and Richardson, 2012)
may be overestimated due only to the success of T. 5. elegans (see also the Kraus, 2009
database). While taxonomic levels are sometimes useful predictors of establishment success
for introduced species (Bomford et al., 2009; Fujisaki et al., 2010), our post hoc comparison
for freshwater turtles in the EU pet trade did not confirm that members of particular families
have higher risk ranks then others here shown on the Emydidae family.

Establishment risk rank for turtles is not significantly connected with their zoogeographical
origin, thus suggesting that particular species’ niche breadth plays a more important role in
establishment potential. This is consistent with the finding that the most risky species (Chely-
dra serpentina, Apalone spinifera, Sternotherus odorafus, and Pelomedusa subrufa) exhibit
among the most extensive native ranges. Greater range usually means — and especially so
in the temperature zone — that a species must face varicus biotic and abiotic conditions
{Angiletta et al., 2004). Since we use the whole territory of the EU as the target region, and
as this territory has a large climatic amplitude, it is not surprising that species whose native
ranges cover the most distinctive climatic conditions (Kolar and Lodge, 2001) were evaluated
as most dangerous.

As in several analogous studies (Thuiller et al., 2005; Bomford et al., 2009; Fujisaki et al., 2010},
climate match risk score was the strongest predictor of establishment risk. In agreement
with Wilgen et al. (2009), we show that some species have small areas predicted as suitable
(e.g. Mauremys reevesii — south Germany, Hydromedusa tectifera — Po Valley in Italy, Chelus
fimbriatus — Galicia in Spain) but low average establishment risk score. On the EU maps of
climate match risk, some areas appear more frequently as suitable for pet-trade freshwater
turtles (Figure 1). These include the vicinity of Rome and Foggia on the west and east coast of
central ltaly; the Danube Valley in Slovakia, Hungary, Romania and Bulgaria; lowlands of the
rivers Maritsa and Tundzha in Bulgaria; and the lowlands of northern Greece. Other important
areas are the Po Valley in ltaly; the Sava and Krka valleys in Slovenia; as well as the coasts
of the Mediterranean Sea of Morthern Italy, France and Spain, including Corsica, and Sardinia
(compare with Ficetola et al., 2009).

The limitation of presented approach lies in fact, that we used only variables discussed above
(prop.species value, family random effect and climate match risk score). Therefore it must be
mentioned that establishment-risk scores cannot be viewed as precise estimates of prob-
ability for establishment but they rather provide a relative ranking of establishment risk for
freshwater turtle species introduced into EU.

Several non-native freshwater turtles in the pet trade have been reported from the wild in EU
states, but these findings are rather recent (Burgert et al., 2011). Reproduction in the wild has
been confirmed heretofore only far T. s. elegans, but this does not necessarily mean that ather
turtles are not able to reproduce. Reproduction could be easily overlooked (Hulme, 2008) or
postponed in time due to the relatively long period in life before turtles reach sexual maturity
(de Magalhaes and Costa, 2009). Based on our results we tentatively predict that reproduc-
tion will be recorded in the future in the following species: Sternotherus odoratus, Apalone
spinifera, Apalone mufica, and Chelydra serpentina. Allee effects can dramatically influence
establishment success (Taylor and Hastings, 2005), and the expectation of reproduction in
turtles which were (or will be) released in substantial numbers will be also impacted spatially.
Copp et al. (2010) demonstrated that urban areas, with their characteristically high population
density, are also the most affected by animals introduced from the pet trade. It is noteworthy
that after fishes, amphibians and reptiles are relatively invisible to the public when they escape
or are released into the wild. These animals have the advantage of more time to establish vital
populations before any eradication action comes into force. Therefore, standing waters close
to large agglomerations within the suitable climatic regions of the EU should be given greater
attention in monitoring. Data from these areas should be evaluated further before any new
restrictions will be applied.
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Figure 1
Climate match risk maps showing those places with highest probability of establishment for the five most
dangerous species of freshwater turtles (evaluated by model as serious).
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3.5. Patoka, J., Blaha, M., Kouba, A. 2015. Cherax (Astaconephrops) gherardii, a new
crayfish (Decapoda: Parastacidae) from West Papua, Indonesia. Zootaxa, 3964
(5), 526-536.
[Cherax (Astaconephrops) gherardii, novy druh raka (Decapoda: Parastacidae),

Zapadni Papua, Indonésie]

Publikace je védeckym popisem nového druhu raka vyskytujiciho se na poloostrovu Ptaci
hlava na Nové Guinei. Popsany druh patii do rodu Cherax a je jednim z druhti rakd, které se
odchytavaji ve volné pfirod¢ pro okrasné ucely. Intenzivni a nekontrolovany odchyt z volné
prirody mize mit za nasledek dramaticky pokles pocetnosti loveného druhu, coz mize vést az
K nenavratnému poskozeni divokych populaci a piipadné i k zaniku celého druhu.
Management ochrany dosud nepopsanych druhi je nerealizovatelny, a proto je dulezité
védecky nepopsané druhy, které se objevuji na trhu, co nejdiive zatadit do systému. Teprve
potom je mozné zacit monitorovat divoké populace, zjistovat trendy a dopad odchytu,
pfipadné pfijimat legislativni restrikce omezujici odchyt. Po nashromazdéni dostatecného
mnozstvi informaci o biologii, ekologii, etologii a zoogeografii popsané¢ho druhu muize byt
vyhodnocena jeho potencialni invazivnost. Pfikladem popisu, ktery je prvnim krokem

k piipadnému omezeni obchodu ¢i k ochrané druhu, je pravé tato publikace.
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Abstract

Cherae (Astaconephrops) gherardii n. sp. is amoderate burrowing cray fish endemic to the Ajamaru Lakes of West Papua,
Indonesia. This species is one of the crayfish species from this region that are exploited for omamental purposes. Its com-
monly used commercial name in the pet rade is “Rambow Crayfish” or “Blue Moon Crayfish™, and its native name is
“udang kuku biru”. The new species is genetically and morphologically similar to Cherax boesemani, however, both spe-
cies may be easily distinguished morphologically or by using sequence divergence, which is substantial for considering
. gherardii n. sp. to be avalid species.

Key words: Cherax gherardii n. sp., new species, taxonomy, morphology, phvlogeny, pet trade

Introduction

Crayfish from the genus Cherax belong to a group of freshwater decapod crustaceans that are exploited for
ornamental purposes (Chucholl 2013; Papavlasopoulou ef al 2014; Patoka er ol 2014). Cheray crayfish from West
Papua are captured in the field and subsequently exported by Indonesian wholesalers to European, USA and
Japanese pet markets (Lukhaup & Herbert 2008; Patoka er al 2015). Inasmuch as certain traded Cherav crayfish
from West Papua are scientifically undescribed and their captured quantities are not registered by relevant
authorities, the related potential decline of abundance of these species can be easily overlooked. Scientifically
undescribed species are advertised only under trade names as noted by Patoka er al. (2014). The new species of
Cherax crayfish presented in our paper is known under the commercial name “Rainbow Crayfish” (Mendoza
Alfaro et al. 2011) and “Blue Moon Crayfish™ (Schifer 2014). However these names are also used for certain other
scientifically undescribed Cherax crayfish. Three crayfish species native in regions of West Papua and adjoining
Papua (formerly known as Iran Jaya), Cherax boesemani Lukhaup and Pekny, 2008, C. holthuisi Lukhaup and
Pekny, 2006, and C. pekryvi Lukhaup and Herbert, 2008, were described following their omamental exploitation in
recent yvears (Lukhaup & Pekny 2006; Lukhaup & Herbert 2008; Lukhaup & Pekny 2008). The new species
complements this collection and its description is crucial for proper management of this crayfish in its native range.

The new species, Cheray (Astaconephrops) gherardii n. sp.., is genetically and morphologically most similar to
Cherax boesemani, which is endemic to the Ajamaru Lakes and the Ajamaru River in West Papua, Indonesia
(Lukhaup & Pekny 2008). Both species may be easily distinguished using sequence divergence or by coloration;
chelae shape; position and color of the uncaleified patch on the outer margin of chelae of adult males; rostral
reaching; and large teeth on propodal cutting edges.
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Madterial and methods

All specimen morphometric measurements were taken with digital calipers with an accuracy 0.1 mm (e.g. Cooper
& Boyko 2006; Thoma ef al. 2014). Weight was taken using a digital pocket scale with an accuracy of 0.01 g. The
following abbreviations are wsed below: TL, total body length; TCL, total carapace length; PCL, postorbital
carapace length.

Specimen and tissue collection. Obtained crayfish were captured in the field for ormamental purposes in West
Papua, Indonesia and consequently imported with other Cherax species into the Czech Republic between October
2013 and February 2014, We collected altogether three individuals (two adult males and one adult female) from
one of the leading Czech wholesalers of omamental aquatic animals, including crayfish. All specimens were
photographed and kept alive separately in indoor tanks until samples of haemolymph were obtained for DNA
analysis. After this procedure, the specimens were preserved in 80% ethanol. One male was designated as
holotype, the female as allotype, and the second male as paratype.

DNA extraction, amplification and sequencing. DNA was extracted wing the NucleoSpin® Tissue kit
(Macherey-Nagel GmbH & Co. KG. Diren, Germany) following the manufacturer’s protocol. Two molecular
markers were amplified, namely cytochrome oxidase subunit [ (COI) and 165 rRNA. Primers LCO and HCO
(Folmer ef al. 1994) and 1471 and 1472 (Crandall & Fitzpatrick 1996) were used for COI and 165 rRENA
amplification, respectively. All PCR reactions were carried out in a Biometra T3000 thermocyeler (Giittingen,
Germany ) with the following cycling conditions: 5 minat 95 °C; 40 cycles of 30sat W “C, 30 sat 50°C, 45 5at 72
“C; 10 min at 72 °C. PCR reactions were run in 10 pl of 5 pL of PPP Master mix [50 mM Tris-HCI, pH 2.8, 40
mM (NH_J250,. 0.02% Tween 20.5 mM MgCL, 400 IM dATP, 400 IM dCTP, 400 IM dGTPE, 400 IM dTTP, and 100
UL Tag-Purple DNA polymerase], 0.3 pL of each primer (10 pmol /pL), 1 pL. genomic DNA. For sequencing,
the PCR products were run on an electrophoresis agarose gel, the relevant bands excised and purified wsing the
Mucleospin® (Macherey-Nagel) kit. Purified products were subsequently sequenced onan ABI automatic capillary
sequencer (series 373; Macrogene, Inc., Korea).

Genetic data analysis. Nucleotide sequences were aligned using MAFFT v7.017 (Katoh er all 2002)
implemented in GENEIOUS 8.0.5 (www.geneious.com, Kearse er al 2012), further the alignment of COI
sequences was checked by ranslating into aminoacids. For the concatenated dataset, partial gene fragments were
downloaded from the Mational Center for Biotechnology Information (NCBI) available sequences (C. holthuisi
KJ930520, KJ1950521—COL KI920804; KJ920805—168, C. boesemani KI930307—COI, KI1920783—165; and
C. peknyi KI950533—C0I, KI920835—168). Further particular gene fragments were extracted from available
Cherax mitogenom sequences available on NCBI to get fragments comesponding to ours (C monticola KF649851 ;
C. guadricarinatus KF649850; C. bhicarinaius KM301041; C robustus NC02378; and Euastacus spinifer
MNC026214). The sequence divergences were estimated in MEGAG6 (Tamuwra ef al 2013) using the Kimura 2-
parameter model. The HKY+G model of evolution was chosen by AIC and BIC (Akaike and Bayesian information
criterion, respectively) estimated in ModelTest 2. 1.7 (Darriba er al. 2012) for combined dataset as well as for both
gene fragments datasets. A maximum likelihood (ML) tree was constructed in PHY ML (Guindon & Gascuel 2003)
implemented in GENEIOUS 8.0.5 (Kearse er al. 2012), while Bayesian analyses was conducted in MrBayes 3.2.4.
(Ronguist ef al. 2012).

Systematics

Cherax (Astaconephrops) gherardii Patoka, Bliha and Kouba, new species
Figs. 1-2

Diagnosis. Carapace surface smooth with exception of one to five small spiniform tubercles posterior cervical
groove on lateral carapace. Eyes large, pigmented, comea slightly broader than eyestalk. Rostrum lanceolate in
shape with excavated margins. Rostral margins with three prominent teeth. Rostral carinae prominent. Postorbital
ridges prominent with one acute tubercle at anterior terminus. Scaphocerite regularly namows into apex with a
single distinct spine at terminus. Antennular peduncle reaching slightly behind acumen, antennal peduncle
reaching slightly behind apex of scaphocerite. Uncaleified patch on lateral margin of chelae of adult male pale,
translucent, extending from about middle of palm to about one fifth of opposable propodus (fixed finger). Propodal

CHERAY (A5 TACONEPHROPS) GHERA RDI Zootara 3964 (5) © 2015 Maenolia Press - 527
61



cutting edge with row of small granules and one large tubercle. Chelipeds blue with orange joints. Palm of chelae
blue in basal part, pale in distal part. Fingers orange, in distal third black with hooked orange tips. Row of blunt
spines on inner lateral margin of palm light blue. Other walking legs deep blue in color. Gonopores of both sexes
normmal in shape and position.

Description of holotypic male. (Figs. 1. 2B-G, 3A). Body and eyes pigmented. Eyes not reduced. Body
subovate, slightly compressed laterally. Cephalothorax 1.2 times broader than pleon.

FIGURE 1. Cherax gherardii n. sp.. holotype.

Rostrum (Fig. 2D) relatively slender, lanceolate in shape, 3.6 times as long as wide, reaching slightly beyond
end of second segment of antennular peduncle. Terminus of acumen straight, not deflected or upturned. Median
carina absents. Rostral margins elevated, anteriorly convergent throughout length to acumen, posteriorly forming
rostral carinae. Each lateral margin bearing three slightly uptumed prominent teeth on distal half. Upper surface
smooth and without setae, sparsely short setose hairs present on outer rostral margins and on ventral side of
rostrum. Rostral carinae prominent, extending as slight elevation posteriorly on to carapax, gradually fading and
indistinct behind middle of PCL (a well-developed rostral carinae is characteristic to subgenus Astaconephrops).
Postorbital ridges (Fig. 2D) prominent, strongly elevated posteriorly, gradually fading, remaining 1/3 of PCL
indistinct. Anterior terminus of postorbital ridges with slightly uptumed spiniform tubercle. Eyes (Fig. 2D)
relatively large; cornea globular, darkly pigmented, about as long as eyestalk and slightly broader.

Antennulae and antennae normal in shape; the antennae similarly long as TL. Antennular peduncle reaching
slightly behind acumen, antennal peduncle reaching slightly behind apex of scaphocerite. Coxicerite of antennal
peduncle with spiniform tubercle anteriorly; basicerite with one lateral and one ventral spiniform and hooked
tubercles (Fig. 2B). Scaphocerite (Fig. 2G) horizontal, with lamina 2.7 times as long as broad, broadest at
midlength; convex in distal part becoming narrower at base, but otherwise is straight; reaching slightly behind the
antennular peduncle; regularly narrows into the apex; thickened outer lateral margin with prominent spiniform
tubercle at apex reaching distinctly beyond the lamina; rounded inner margin strongly covered by setae.

Epistome (Fig. 2F) with subcordiform cephalis lobe bearing weak cephalomedian projection and constricted at
base; lateral margins of lobe not thickened; each lateral margin covered with two groups of small tubercles
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separated by smooth area; central part smooth with fovea, not pitted; inner side of cephalomedian projection
strongly setose, ventral surface smooth with sparse short hairs, not pitted; epistomal zygoma prominent and thick,
moderately arched with obligue arms.

FIGURE 2. Cherax gherardii n, sp.: A, lateral view of carapace; B. lateml view of antennal peduncle; C. dorsal view of right
chela: D. dorsal view of carapace: E. ventral view of right chela: F. epistome and coxicerite of antennal peduncle; (. dorsal
view of right scaphocerite; A from allotype, B-G from holotype.
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Areola 1.8 times as long as broad at narrowest part. Length of areola 28% of TCL; surface smooth and pitted.
Cervical groove distinct, non-setose. Carapace surface smooth, pitted, with set of 4 anteriorly directed small
spiniform tubercles laterally just posteriorly to cervical groove at level of antennae and below, only the lowest one
prominent.

Male chelipeds and chelae (Fig. 2C, E, 3A) equal in form and size. Chelae 2.6 times as long as broad and 7.1
times as long as deep, strongly compressed; chela surface smooth, pitted; palm 1.6 times longer than fingers;
carapace 1.2 times longer than chela; fingers slightly gaping; dactyl broad at base, tapering slightly towards tip;
opposable propodus triangular, merging gradually into palm of chela; opposable propodus 1.8 times broader than
dactyl at base. Outer lateral margin of chelae with swollen soft and uncalcified patch which extends from about
middle of palm to about one fifth of opposable propodus, surface of the uncaleified patch slightly pitted (Fig 3);
entire inner lateral margin of palm covered with slender row of more than ten bluntly topped teeth. Dacty] cutting
edze with small granular teeth mainly near base, and with one large prominent tooth near middle of cutting edge;
setose in posterior part of ventral surface. Dactyl tip with acute, hooked spine pointing outwards at an angle of
approx. 45°, Propodal cutting edge with numerous denticles which are more distinet near base; one large prominent
tooth at middle of cutting edge; setose in posterior part of ventral surface. Propodal tip with acute, moderate
hooked spine. Propodal and dacty| tips slightly crossing when fingers clasp. Carpus smooth, pitted; with one well-
developed acute and hooked spiniform tubercle in the middle of dorsolateral inner margin (mentioned tubercle is
characteristic for genus Cherax); terminated with one spiniform tubercle oriented straight. Ventral carpal surface
covered with tiny hairs and with fovea; fovea not pitted; margins slightly elevated; inner margin with set of 3 or 4
small granules and one acute spiniform tubercle oriented almost straight; outer margin with one spiniform tubercle
oriented straight. Merus laterally depressed in basal part; surface smooth and pitted; single directly oriented
spiniform tubercle present on dorsal surface; row of three directly oriented spiniform tubercles present on ventral
surface; row of small granules on entire inner ventrolateral margin; chela 2.0 times longer than mers. Merus
laterally strongly depressed; surface smooth and pitted; single spiniform tubercle present on ventral margin.

Second pereiopod reaching slightly behind apex of scaphocerite. Palm as long as fingers; fingers and palm
sparsely setose; tips of fingers hooked. Carpus 2.0 times longer than palm. Merus 1.6 times longer than carpus and
2.7 times longer than ischium.

Third pereiopod 1.4 times longer than second pereiopod. Palm 1.2 times longer than fingers. Fingers sparsely
setose; tips of fingers hooked. Carpus 1.5 times longer than palm. Merus 1.6 times longer than carpus and 2.6 times
longer than ischium.

Fourth pereiopod reaching in to middle of the scaphocerite. Propodus and dactyl setose. Dactyl slightly
hooked. Propodus 1.7 times longer than carpus. Merus 2.1 times longer than carpus and 2.1 times longer than
ischium.

Fifth pereiopod reaching proximal end of scaphocerite. Propodus and dactyl setose. Dactyl slightly hooked.
Propodus 2 imes longer than carpus. Merus 2.4 times longer than carpus and 2 times longer than ischium.

Dorsal surface of pleon smooth in median region; plewra smooth, densely pitted. Each pleomere strongly
setose with short hairs on posterior margin. Telson with two posteriorly directed spiniform tubercles in caudolateral
corners. Protopod of wopod with single posteriorly directed spiniform tubercle on distal margin. Endopod of
uropod with two posteriorly directed spiniform tubercles in middle and outer margin of mesial lobe. Exopod of
uropods with transverse row of posteriorly directed diminutive spiniform tubercles ending in two bigger posteriorly
directed spiniform tubercles on outer margin of mesial lobe.

Deseription of allotypic female. (Fig. 2A, 3B). Differing from the holotype in the following respects: soft
uncaleified patch on palm absent; the chelae 3.0 times as long as broad, 8.7 times as long as deep; palm of chela 1.2
times longer than fingers; pleon equally broad as cephalothorax; tubercles on propodal cutting edges smaller and
less prominent than in holotype; cervical groove with set of four (right side) and three (left side) anteriorly directed
prominent tubercles.

Deseription of paratypic male. Differing from the holotype in the following respects: left chela 3.4 times as
long as broad and 7.5 times as long as deep; one large tooth at about middle propodal cutting edge of left chela not
so prominent; single straight spiniform tubercle on dorsal surface of ischium of left cheliped poorly developed.
Cervical groove with set of four (left side) and five (right side) anteriorly directed small tubercles. Endopod of
uropods without spiniform tubercles.
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FIGURE 3. Outer lateral margin of chela: A. holotype (adult male); B. allotype (adult female).

Remarks. The single well-developed acute and hooked spiniform tubercle in the middle of dorsolateral inner
margin of carpus is characteristic for the genus Cherax. The well-developed rostal carinae and triangular shape of
scaphocerite is characteristic for adult males from the subgenus Astaconephrops. Both holotype and allotype chelae
were without visible damage. The paratype has a regenerated right chela, left chela 1.5 times longer than right
chela; this specimen has prominent erosion with soft tissue on inner lateral side of ischium of left cheliped, right
chela with indistinct tubercles on propodal and dactyl cutting edges; uncalcified patch on outer lateral margin of
palm of right chela absent; the anterior part of the carapace, before cervical groove on left lateral side with large
swollen ulcer.

Size. Holotype TL = 94 mm, TCL = 43 mm, PCL = 31 mm, and weight = 20.61 g; allotype female TL = 97
mm, TCL =45 mm, PCL = 32 mm, and weight = 27.07 g; paratype TL = 78 mm, TCL = 35 mm, PCL = 26 mm,
and weight = 18.09 g.

Coloration of live specimens. Background color of live individuals dark brown, marbled on sides of carapace
with pale brown spots. Cervical groove and distal end of carapace orange. Pleon with prominent orange spot on
both lateral sides on each pleomere. Soft distal part of caudal fan orange. Chelipeds blue with orange joints, palm
of propodus blue in basal part, pale in distal part. Fingers orange, distal third black with orange tips. Row of blunt
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spines on inner lateral margin of palm light blue. Ventral surface of chela pale orange with bluish basal margin,
fingers black in distal third with orange tips. Remaining pereiopods deep blue. Both antennal and antennular
peduncle blue, flagella reddish-brown. Swollen uncalcified patch on outer lateral margin of palm pale and
translucent, the rest of the margin whitish. Maxillipeds deep blue, ventral surface of cephalothorax and pleon pale.

Deposition of types. Holotype, allotype, and paratype are deposited at the Czech University of Life Sciences
Prague. Holotype, No. JP2014/10-20: 7, Indonesia, West Papua; collected by anonymous supplier of John's
Aquatic wholesaler, TL 94 mm. Allotype, No. JP2014/10-21: £, Indonesia, West Papua; collected by anonymous
supplier of John's Aquatic wholesaler, TL 97 mm. Paratype, No. JP2014/10-24: 7, Indonesia, West Papua;
collected by anonymous supplier of John's Aquatic wholesaler, TL 78 mm.

Systematic position. Cherax gherardii belongs to the subgenus dstaconephrops due to well-developed rostral
carinae and triangular shape of scaphocerite (Holthuis 1949, 1950, 1982; Munasinghe ef al. 2004). This subgenus
includes eight Papuan species, namely: Cherax (Astaconephrops) albertizii (Nobili, 1899), C. (A.) boecsemani
Lukhaup and Pekny, 2008, C. (4.) forenrzi Roux, 1911, C. (4.) minor Holthuis, 1996, C. (4.) misolicus Holthuis,
1949, . (4. ) monticola Holthuis, 1950, C. (4.) guadricarinatus (von Martens, 1868), and C. (4.) rivnchotus Riek,
1951. The new species, Cherax (A.) gherardii n. sp., differs from all others in the Astaconephrops subgenus in its
coloration.

Cherac (A.) gherardii is morphologically most similar to C (4.) boesemani and differs from this species in the
following characters: chelae in C. (4. ) boesermani are 2.3 to 2.4 times as long as broad and 5.4 times as long as deep
while 2.6 to 3.4 times as long as broad and 7.1 to 8.7 times as long as deep in C. (4.) gherardii; uncalcified patch on
outer lateral margin of chelae of adult males extends from middle or distal third of opposable propodus to about
middle of palm and is yellowish or pale to white in C. (4.) boesemani while it is pale, translucent and extends from
about middle of palm to about one fifth of opposable propodus in C. (4.) gherardii; in C. (A.) boesemani rostrum
reaches close to the end of the ultimate antenmular peduncle while reaching slightly beyond end of second segment
of antennular peduncle in C. (4.) gherardii; propodal cutting edge without large teeth in C. (4.) boesemani while
there is one prominent large tooth in C. (4.) gherardii; no setose hairy parts present on chelae except for ventral
cutting edge of opposable propodus in C. (A.) boesemani while setose hairs developed in posterior ventral surface
of dactyl in C. (4.) gherardii.

Cherac (A.) gherardii differs from C. (4. ) albertisii in shape of chelae, and color of uncaleified patch on outer
lateral margin of chelae of adult males. Chelae 5.0 to 5.8 times as long as broad in C. (4.) albertisii while 2.6 to 3.4
times in C. (A.) gherardii. Uncalcified patch red in C. (4.) afbertisii while pale and translucent in C. (A.) gherardii.

Cherax (4.) gherardii differs from C. (4.) lorentzi in shape of chelae, number of rostral teeth, and color of
uncaleified patch on outer lateral margin of chelae of adult males. Chelae in C. (4.) forenizi 2.1 to 3.3 times as long
as broad while 2.6 to 3.4 in C. (4.) gherardii. Each lateral margin of the rostrum with 2 teeth in C. (4.) lorenizi
while with 3 teeth in C. (4.) gherardii. Uncalcified patch red in C. (4.) lorentzi while pale and translucent in C. (4.)
gherardii.

Cherax (A.) gherardii differs from C. (A.) minor in shape of chelae, size of eyes, number of rostral teeth, and
position of uncalcified patch on outer lateral margin of chelae of adult males. In C. (4. ) minor chelae less than 2.0
times as long as broad while 2.6 to 3.4 in C. (4.) gherardii. Eyes are small and cornea is narower than eyestalk in
C. (A) minor while eyes large and comea slightly broader than eyestalk in C. (4.) gherardii. Each rostral lateral
margin bears no teeth except for 2 or 3 small subapical denticles in C. (4) minor while 3 large teeth present in distal
third of rostrum in C. (4.) gherardii. Uncalcified patch extends from middle or distal third of opposable propodus
to about middle of palm in C. (4.) minor while from about middle of palm to about one fifth of opposable propodus
in C. (A.) gherardii.

Cherax (A.) gherardii differs from C. (A.) misolicus in shape of chelae, number of rostral teeth, and in
spination on lateral carapax. Chelae of C. (4.) misolicus 2.0 to 2.4 times as long as broad while 2.6 to 3.4 inC. (4.)
gherardii. Each rostral lateral margin with 2 to 3 teeth in C. (A.) misoficus while with 3 in C. (4.) gherardii. Both
lateral sides of carapax with 7 to & tubercles in C. (4.) misolicus while 3 to 5 spiniform tubercles in C. (4.)
gherardii.

Cherax (A.) gherardii differs from C. (4.) monticola in shape of chelae, number of rostral teeth, and in number,
position and color of uncalcified patch of chelae in adult males. Chelae 2.3 to 2.7 times as long as broad in C. (4.)
mornticola while 2.6 to 3.4 times in C. (A.) gherardii. Each rostral margin with 0 to 3 small but distinct lateral teeth
in C. (4) minor while with 3 large teeth in C. (4.) gherardii. In C. (A.) monticola one large whitish uncalcified
patch extending from extreme anterior part of palm proper to short distance before top of opposable propodus.
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Furthermore, one minor uncalcified area present in proximal half of the lower margin of palm. In C. (4.) gherardii
only one pale and translucent uncalcified patch extendimg from about middle of palm to sbout one fifth of
opposable propodus.

Cherax (4.) gherardii differs from C. (4.) guadricarinatus in shape of chelae, length and elevation of rostral
carinae, and in color and position of uncalcified patch on outer lateral margin of chelae of adult males. Chelae
slender and long in C. (4.) guadricarinagtus while 2.6 to 3.4 times as long as broad in C. (4.) gherardii. Rostral
carinae with strongly elevated margins reach behind end of postorbital ridges in C. (A.) guadricarinatus while
rostral carinae gradually fade before postorbital ridges, margins are not so elevated in C. (A.) gherardii. Uncalcified
patch consists of a red to whitish-orange membrane, extending close to tip of propodus in C. (4. ) guadricarinatus
while itis pale and translucent, extending from about middle of palm to about one fifth of opposable propodus in C
(A.) gherardii.

Cherax (4.) gherardii differs from C. (4. ) rfvnchotus in width of areola, size of eyes, number of rostral teeth,
and color of uncalcified patch on outer lateral margin of chelae of adult males. Areola namow, 4.0 to 5.0 times as
long as broad in C. (4.) rhynchotus while 1.8 times as long as broad in C. (4.) gherardii. Eyes small in C. (4.)
rivachotus while large in C. (4.) gherardii. In C. (4.) rhpmchotus, each rostral margin with two teeth while three in
C. (A.) gherardii. Color of uncalcified patch white in C. (4.) rhymchotus while pale and transhucent in C. (4.)
gherardii.

D

FIGURE 4. The Bird's Head Peninsula, West Papua, Indonesia, and the indicated locality of the Ajamaru Lakes.
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C. boesemani K.1950507, K.J920783

88M1.0
C. gherardii n. sp. haplotype 1
50/0.85 | C. gherardii n. sp. haplotype 2
C. holthuisi KJg50520, KJa20804
39/0.75
C. holthuisi KJas0521, KJa20805
40/0.96 .
C. peknyi KJ950533, KJ920835
C. quadricarinatus KFe49850
98/1.0
82/0.99
C. bicannatus kms01041
100/1.0
— (. monticola KFa49a51

C. robustus NCD23478

Euastacus spinifer Mcoze214

0.05

FIGURE 5. Bayvesian analysis consensus phylogram of selected Cherar species based on combined COI and 165 dataset. ML
bootstrap values and posterior probabilities are displayed next to each node.

Etymuology. The specific name comesponds to the Latin form, singular genitive of Gherardi, in honor of
Francesca Gherardi (Florence, Italy, 1955-2013), Associate Professor at the University of Florence, a brilliant
astacologist and ethologist, interested in the behavior and ecology of freshwater decapod crustaceans including
crayfish.

Common name. Both trade names of the new species, “Rainbow Crayfish™ and “Blue Moon Crayfish,™ are
used for other scientifically undeseribed Cheray species. The local name used by native inhabitants is "udang kuku
biru" (crayfish with blue legs). Therefore we proposed a new name, Blue-Legged Crayfish, as a common name for
the new species, Cherax (A.) gherardii n. sp.

Distribution. Based on information from the supplier, C. gherardii occurs in surounding tributary streams to
Ajamaru (also Ayamaru or Aiamaru) Lakes, West Papua, Indonesia (GPS 51°16'23. 18" E132°1221") (Fig. 4),
where also Cherax boesemani oceurs (Lukhaup and Pekny, 2008). The three connected Ajamaru Lakes are located
in the west-central part of the Bird's Head Peninsula at the westem extremity of West Papua on the Ajamam
limestone plateau about 250 m a.s.1. The shallow well-vegetated lakes are situated at the headwaters of the Ajamaru
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River which is a ributary of the Kais River. The lakes are surrounded by low and rounded hills covered with low
rainforest and the gardens of the Mejprat people who live close by and in a relatively dense population (Allen &
Boeseman 1982; Bartstra 1998). A collecting trip along with a detailed survey is recommended to improve the
knowledge of C. (A.) gherardii distribution.

Phylogenetics. The phylogenetic relationship inferred from two mitochondrial gene fragments (COI and 165)
results in a phylogram with a clearly defined species, C. gherardii n. sp. (Fig. 5). The new species forms a strongly
supported (88-100%) monophyletic clade with C. boesemani differing at 9.2% (COI+ 1638 dataset) from each other.
Cherax gherardii and C. boesemani form a sister clade to C holthwisi and, together with C. pekmyi, C
quadricarinatus, C. bicarinats, and C. monticola, belong to the northern group of Cheray species occurring in
Papua and North Australia. Cheray robustus and Ewastacus spinifer (NC026214. 1) here represent an outgroup. The
detailed phylogenetic relationships within the northern Cherax species group are described in Bldha er al (In Prep).
From three analyzed specimens, two haplotypes were identified at COl sequence; however all three specimens
share the same haplotype for 1658 rRNA. In addition, pafristic distance based on the COI data set among C
gherardii and the others ranges from 0280 (C. boesemani) to 0.781 (C. robustus). These values are beyond the
crustacean species level threshold of a 0.16 substitutions per site (Lefébure ef al 2006). Both the high level of
sequence divergence, along with the morphological differences described above, suggests that C. gherardii n. sp. is
distinet from the closely related C. boesemani and supports the view that it can be described as a separate species.
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3.6. Kalous, L., Patoka, J., Kopecky, O. (in print) European hub for invaders: Risk
assessment of freshwater aquarium fish exported from the Czech Republic. Acta
Ichthyologica et Piscatoria.

[Evropské centrum pro invazni druhy: Vyhodnoceni rizik, ktera predstavuji akvarijni

ryby vyvéazené z Ceské republiky]

Ceska republika patii dlouhodobé mezi pét piednich celosvétovych producenti, importért
a exportért akvarijnich ryb. Oproti produkcni akvakultuie je ale tento sektor dlouhodobé
ptehlizeny, a proto dosud nebyla vyhodnocena mira rizika, kterou akvarijni ryby predstavuji
z hlediska biologickych invazi. Celkem bylo na trhu v CR zaznamenano 1118 druhi
exotickych sladkovodnich a brakickych ryb z 51 celedi. V publikaci je déle uveden seznam
nejvice prodavanych druht akvarijnich ryb. Na zékladé shodnosti klimatickych podminek
V piivodnim aredlu rozsifeni a v EU byla u téchto druhli vyhodnocena Sance na pfezimovani,
atedy na uspésné etablovani v pfirodé. Druhy, které by pfezimovat mohly, byly nasledné
analyzovany pomoci predikéniho modelu potenciélni invazivnosti FISK (Freshwater Invasive
Scoring Kit, CEFAS) a podle dosazeného skére byly tyto druhy rozdéleny do tii kategorii:
1) malo nebezpecné, 2) stiedné nebezpecné a 3) vysoce nebezpeéné. Jako vysoce nebezpedné

byly oznaceny Ctyfi druhy, pficemz nejvyssiho skore dosahl karas zlaty (Carassius auratus).
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Background. The aquarium fish trade is characterized by an enormous number of species
Aquarium fish may have an impact on native biota by means of their invasiveness as well as
through pathogen or parasite transfer. The Czech Republic has become a gateway for aguatic
pets into the European Union. The aims of the study are to identify the most commeon
aquarium fish species on the wholesale market. estimate temperature suitability for seasonal
(winter and summer) survival in the EU, and also assess the invasiveness risk of the most
common aquarium fish with the strongest temperature matching.

Materials and methods. List of aquarium fish species, their origin, and availability from
producers and traders situated in the Czech Republic were collected. The target area was
established as EU states. Estimation of the temperature suitability for each species was done
using Climatch 1.0 software. The Freshwater Fish Invasiveness Screening Kit (FISK) was
employed for species with temperature suitability within the target area exceeding 10% in the
coldest quarter of the vear.

Results. In total. 1.118 species belonging to 51 families were identified. Thirty-three species

belonging to 13 families were assessed as “very common”. Three sources of origin were
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Although most freshwater aquarium fishes in Europe are kept within indoor closed
systems. some are released into the wild — usually by hobbyist (Copp et al. 2007, Patoka et al.
2014Db). Released animals may sometimes form viable populations (Elvira and Almoddvar
2001, Koséo et al. 2010, Papavlasopoulou et al. 2013).

Potential invasiveness for the EU has already been assessed for freshwater turtles used
as pets (Kopecky et al. 2013, Masin et al. 2014) and crayfish (Chucholl 2013,
Papavlasopoulou et al. 2014, Patoka et al. 2014a), but the risk from freshwater aquarium fish
has been evaluated only from local perspectives (Copp et al. 2005b, Copp et al. 2005c,
Papavlasopoulou et al. 2013, Simonovié et al. 2013). Although there is an intuitive
assumption that the majority of released fish cannot survive winter in a large part of the EU,
the presence of non-native species in the natural environment for only a short period may still
affect native biota and aquaculture through such means as pathogen transfer (Peeler et al.
2011). Imported aquarium fishes could be infected by viruses (Vesely et al. 2011). antibiotic-
resistant bacteria (Dobiasova et al. 2014, Gerzova et al. 2014) or parasites (Kennedy 1993,
Sobecka et al. 2012), some of which may have zoonotic potential (Weir et al. 2012, Mehrdana
et al. 2014).

Eradication of invaders, diseases, and parasites in aquatic ecosystems is usually very
difficult and costly. It is easier to prevent a new introduction than subsequently to try and
mitigate its environmental impacts (Copp et al. 2005a, Maceda-Veiga et al. 2013). Obviously,
early identification of potential invaders, their origins, and the reasons for their possible
miroductions is crucial for proper environmental management (Kolar and Lodge 2001). The
commercial aquarium fish trade sector is directly connected to potential release into the wild
of non-native fish. This 1s because the distribution channel ends with live fish. which are sold
to customers in pet shops (e.g. Duggan 2010).

We focused data collection on wholesale trading within an EU trade hub. because later
tracking of fish is very problematic or nearly impossible. The aims of the present work are to:
1) identify the most common aquarium fish species on the wholesale market in the Czech
Republic, 2) estimate temperature suitability to survive on EU territory in winter and summer
for the most common aquarium fish, and 3) assess the invasiveness risk of the most common

aquarium fish with the strongest temperature matching.

MATERIALS AND METHODS

Identification of the most common aguarium fish species




identified: domestic production within the EU, farm production outside the EU. and wild
harvests in the region of origin. The major suppliers outside the EU are in South-east Asia.
Only one common species originated from wild harvests. FISK scoring divided the 11 species
evaluated as having the strongest temperature suitability in the EU (TSEU) into seven species
bearing medium risk and four species representing high risk. The family Cyprinidae was the
most frequent among all evaluated taxa (seven species). but the majority of high-risk fishes
belonged to the family Poeciliidae (three species). The highest score was obtained by
Carassius auratus (Linmaeus, 1758).

Conclusion. The risk potential of aquarium fishes most traded in the EU seems to be not
alarming. Attention should be focused on the possibility of novel pathogen and/or parasite

transfer to native aquatic biota as an important aspect of regulating the aquarium fish trade.

Keywords: introduction pathway. aquarium trade. invasive species, freshwater fish, risk

assessment, FISK

INTRODUCTION

Aquaculture, recreational fisheries. and trade in aquatic pets are considered the main
driving forces behind the introduction of non-native aquatic species (Copp et al. 2005a). The
aquarium fish trade in particular includes an enormous number of species. of which ca 5.300
and ca 1.800 are of freshwater and marine origin, respectively (Hensen et al. 2010, Rhyne et .
2012). Approximately 90% of freshwater aquarium fish originate from aquaculture production
(Tlusty 2002) and breeding in captivity is steadily growing. especially in Asia (Jayalal and
Ramachandran 2012, Raghavan et al. 2013).

In contrast to the immense diversity of fishes and locations of their native ranges. the
international trade is characterized by just several re-exporting hubs that encompass the
majority of the world’s aquarium fish supply (Livengood and Chapman 2007, Jayalal and
Ramachandran 2012). By far the most important hub is Singapore, which covers about 30%
of the total trade (Jayalal and Ramachandran 2012, Rani et al. 2014). The Czech Republic, in
addition to its own production, has become a gateway to the European Union (EU)
(Livengood and Chapman 2007, Jayalal and Ramachandran 2012, Maceda-Veiga et al. 2013)
and constitutes an important hub for imports into the largest markets for aquatic pets

(Livengood and Chapman 2007).
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Ovwer the period of June 2013 to May 2014, we collected list of aquarium fish species,
their origin. and availability from producers and traders situated in the Czech Republic. Data
were obtained from the offers of five major wholesalers and 93 private producers of aguarium
fish who sell their fish abroad. Based on personal consultations and/or physical inspections,
we clarified numerous misnomers and market names from the preliminary summary list. We
used the Catalog of Fishes (Eschmeyer 2014) to validate scientific names. Availability on the
market was evaluated according to Chucholl (2013).

Target area

The EU states were taken as the target area, including the autonomous islands of
Macaronesia (namely the Azores, Madeira, and the Canary Islands) in a manner similar to
Kopecky et al. (2013). Due to their geographical remoteness, overseas departments and
regions were not included into our study as parts of the EU.

Estimation of temperature smitability within the target area

We examined the temperature match between source area and target area for very
common aquarium fish. We computed climate match data (Bomford 2008) in Climatch 1.0
(Bureau of Rural Sciences) by source region versus target region for each species. Besides the
whole year (used for FISK only) we compared 1) the warmest. and 2) the coldest quarter of
the year. Where the model predicted a relatively close climate match between the source area
and the meteorological station in the target area according to the temperature variable (score =
7.0}, this was interpreted as meaning that temperature is not a constraint for the species
survival (Britton et al. 2010). We calculated the temperature suitability in the EU (further
referred to as TSEU) for each species as the percentage of meteorological stations with
Climatch score = 7.0 within the target area. Additionally. a paired r-test in R statistical
software (R Development Core Team. 2014) was employed to reveal differences between the
warmest and coldest periods of the year for all analysed species of fish.

Assessment of invasiveness risk

To evaluate potential invasiveness, we employed the Freshwater Fish Invasiveness
Sereening Kit (FISK) (Copp et al. 2005b, Copp et al. 2009, Lawson et al. 2013) on species
with TSEU over 10% in the coldest quarter of the year. We used 10% threshold of TSEU as
demonstrative criterion based on qualified estimate of the obtained data for FISK. Information
regarding the biology. ecology. biogeography. exploitation by humans, invasive history, and
presence of ‘undesirable traits” of each evaluated species were obtained through a review of

the scientific literature (Nelson 2006, Froese and Pauly 2014).
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RESULTS

In total. we eredibly identified 1,118 species of aquarium fish belonging to 51
families. Thirty-three species belonging to 13 families were assessed as ‘very common’ due to
their being available in large quantities through the entire season.

Traded aquarmum fish had three sources of origin: 1) domestic production within the
EU. ii) farm production outside the EU. and 111) wild harvests in region of origin (Table 1).

The major suppliers outside the EU are located in South and Southeast Asia (China,
India, Indonesia. Malaysia, Singapore. Taiwan, Thailand. and Vietnam). South America
(Brazil. Colombia, and Peru). Africa (Congo and Nigeria) and the Middle East (Israel). Just
one very common species. Chromobotia macracanthus (Bleeker, 1852), endemic to Borneo
and Sumatra (Indonesia), originated exclusively from wild harvest.

Evaluation of temperature smitability with target area

When comparing all 33 fishes classified as very common. the warmest period of the
year in the target area showed a stronger climate match with the source area (paired t-test, t=
6.98. P < 0.0001). The particular temperature suitability for each species in the warmest and
coldest periods of the year within the target area is given in Table 1.

Assessment of invasiveness risk

FISK scoring divided the 11 species evaluated with the highest TSEU in winter (over
10%) into seven species representing medium risk for the EU and four species bearing high
risk (Table 1). The family Cyprinidae occurred most frequently among all evaluated taxa
(seven species), but the majority of high-risk fishes belonged to the family Poeciliidae (three
species).

Of all the evaluated fishes, the highest risk score was obtained by Carassius auratus

(Linnaeus, 1758) from family Cyprinidae. commonly known as goldfish.

DISCUSSION

In total. we identified 1,118 traded freshwater aquarium fish species. a number which
1s slightly higher than that published by Livengood and Chapman (2007), who recognized
1,100 species. The finding underscores the importance of the Czech Republic as a distribution
hub for the aquarium fish trade. Although not all of the fish are continuously present in the
Czech Republic, they can be imported upon customer request and redistributed to other
European countries.

Gozlan et al. (2010) has suggested that the survival and spread of most aquarium fish

1s unlikely throughout the EU due to their ecological and physiological requirements, as they
5
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mostly come from tropical or subtropical climates. This was undoubtedly proven by the test of
33 fish species classified as very common on the market. Only 13 species displayed TSEU
exceeding 10%. Within the territory of the EU. such locations are apparently situated in
southern European countries. Only one species, Carassius auratus (family Cyprinidae). which
1s tolerant to cold water (Rixon et al. 2005, Kottelat and Freyhof 2007), had TSEU of at least
95% in winter. Traded varieties of goldfish clearly form a genetically monophyletic lineage
(Rylkowva et al. 2010), therefore we analysed C. auratus sensu stricto separately from other
representatives of the C. auratus complex (sensu Takada et al. 2010). The area of lower
Yangtze River in China, which is considered as the only source of C. auratus for
domestication (Rylkova et al. 2010, Wang et al. 2013) was used for comparison of climate
conditions between the target area (EU) and the region of origin. In contrast Veer and
Nentwig (2014) in their evaluation used Carassius auratus and Carassius gibelio (Bloch,
1782) together.

Although the probability of freshwater aquarium fish being established within the EU
is relatively low. their survival during summer is likely (Elvira and Almodévar 2001, Ellis
2006). Our results show that during the warmest period of the year, aquarium fish are not very
much affected by temperature over most of the territory of the EU (Table 1). Twenty-six
species out of 33 evaluated showed TSEU of at least 25% in summer. and 8 species had
summer TSEU of at least 70%. This may be conducive to short-term survival in natural
habitats where aquarium fish are released by hobby keepers. This finding supports concerns
as to possible transfer of novel pathogens into the native fish assemblage through uncontrolled
release of infected aquarium fish. This 1s most likely to happen in areas of high population
density., where higher propagule pressure could be expected (Copp et al. 2005b, Kalous et al.
2013). Go and Whittington (2006) already presented that ornamental gouramis from
Southeast Asia are the source of megalocytivirus (Family Iridoviridae) causing losses on
native Maccullochella peelii (Mitchell, 1838) in Australia.

Human-mediated introduction of pathogens into new areas is recognized as one of the
most important factors driving disease emergence in wildlife populations (Daszak et al. 2001).
Not much attention has been devoted to possible disease and/or parasite transfer from
introduced aquarium fish to local native fishes in Europe even though the problem has already
been noted by Peeler et al. (2011).

The presented list of 33 agquarium fish species could be used as a starting point for

examining the pathogen control process.
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The risk assessment is meaningful only for species with considerable propagule
pressure and which may survive winter in the target area. Duggan et al. 2006 proved the
existence of the relationships between frequency of occurrence of aquarium fishes in shops
and likelihood of their introduction and of establishment. We therefore evaluated 11 of the
most traded aquarium fish species having TSEU of at least 10%. The fishes evaluated as
medium risk are: South American catfish Corydoras paleatus (Jenyns, 1842) with the second
highest TSEU, reaching 38% in winter, but so far with no records in the wild; South Asian
catfish Clarias batrachus (Linnaeus, 1758 with TSEU reaching 24%. already found in
England but only in channels sustained by the heated waters from a power station or dead due
to temperature intolerance (Zicba et al. 2010): as well as three cyprinids, Danio rerio
(Hamilton, 1822)., Tanichthys albonubes Lin. 1932, and Trigonostigma heteromorpha
(Duncker, 1904), and two gouramis, Trichogaster lalius (Hamilton. 1822) and Trichopodus
leerii (Blecker, 1852). with TSEU over 10%.

The highest FISK score among the most comumon aquartum fish was obtained by
Carassius auratus. The evaluation of this fish by FISK as high risk is in accordance with
observed reproduction of the species in open waters, e.g. in England and the Iberian Peninsula
(Copp et al. 2005¢, Ribeiro et al. 2008). Three high-risk species belonged to the family
Poeciliidae. Poecilia latipinna (Lesueur, 1821) has already been introduced and established in
Greece (Papavlasopoulou et al. 2013). In contrast, Poecilia sphenops (Valenciennes, 1846)
has been established only in thermal water springs in Hungary and Romania (Petrescu-Mag et
al. 2008). which could reflect its higher temperature demands (see Table 1). The same seems
to apply for Xiphophorus helleri Heckel, 1848, which is oceasionally recorded in Slovakia but
1s probably not established there (Majsky 2000, Koséo et al. 2010). Interestingly, Poecilia
reticulata Peters, 1859, which was introduced and established i some regions of Spain
(Elvira and Almoddvar 2001), was evaluated by our model as having 0% TSEU. probably
pointing to some weaknesses in our approach. While we compared the air temperatures of
source and target areas, these do not completely reflect water temperatures (Britton et al.
2010). In addition. the temperature suitability of particular species might not be completely
explained by the minimum and maximum air temperatures of the region of origin (Tojo et al.
2010). In any case. several prediction models. including FISK, are based on the same climate
data (Bomford 2008, Henderson et al. 2011).

It might be advisable to test also the climate data of regions where fish have been
miroduced and established. but this approach discriminates against species that have not yet

been established outside of their regions of origin or in places which do not correspond to
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their minimum or maximum temperature suitability. Unfortunately. the scientific literature
also lacks information regarding the minimum survival temperature for the majority of
aquarium fishes as either adults or larvae. Such information could play an important role in
any risk assessment model.

The aforementioned weaknesses notwithstanding, this is the first comprehensive
assessment of potential risks of aquartum fish species within the territory of the EU. More
detailed studies are needed to evaluate risks within specific areas, where more precise data on
water temperature and propagule pressure are available. Although the risk potential of the
most traded fishes in the EU seems to be not alarming, attention should nevertheless be
directed to the possibility of novel pathogen transfer to native aquatic biota as an important

aspect of regulating the aquarium fish trade.
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List of the most traded ornamental fishes, including family, authority; origin (D — domestic

Table 1

production in EU, O — farm production outside EU, F — field capture in region of origin),

temperature suitability n the EU in % (TSEU), FISK score and FISK category (low-,

medium-, and high-risk)

Species name Family Authority i:?gll]'ln TSEU FISK
winter summer score category

Carassius auratus Cyprinidae (Linnaeus, 1758) DO as 73 26 high
Corvdoras paleatus Callichthyidae  (Jenvns, 1842) D 38 38 4 medmm
Poecilia latipinna Poeciliidae (Lesueur, 1821) DO 35 20 22 high
Tanichthys albonubes Cyprimdae Lin 1932 DO 20 39 55 medmum
Clarias batrachus Clariidae (Linnaeus, 1758) 0 24 00  16.5 medium
Poecilia sphenops Poeciliidae Valenciennes, 1846 D O 20 o8 20 high
Trichopodus leerii Osphronemidae (Bleeker, 1852) D 17 83 12 medium
Trigonostigma heteromorpha  Cyprimdae (Duncker, 1904) D 16 o1 1 medium
Xiphophorus helleri Poeciliidae Heckel. 1848 D 15 78 21 high
Trichogaster lalius Osphronemidae (Hamilton 1822) 0 14 03 13 medium
Danio rerio Cyprimdae (Hanulton, 1822) D O 14 03 45 medmum
Thorichthys meeki Cichlidae Brind, 1918 D a 33

Astronotus ocellafus Cichlidae (Agassiz, 1831) DO 8 15

Xiphophorus maculatus Poeciliidae (Giinther, 1866) D O 4 25
Gymnocorymbus ternetzi Characidae (Boulenger, 1895) D 3 20

Trichopodus frichopterus Osphronemidae (Pallas, 1770) D 2 51

Paracheirodon innesi Characidae (Myers, 1936) DO 2 30

‘; f:{f;’;;gﬁif Pangasiidac ~ (Sauvage, 1878) 0 > 24
Epalzeorhynchos frenatum Cyprinidae (Fowler, 1934) 0 2 23

Pangio kuhlii Cobitidae (Valenciennes, 1846) O 1 51

Balantiocheilos melanopterus  Cyprinidae (Bleeker, 1850) 0 1 49

Puntius tetrazona Cyprimdae (Bleeker, 1855) D 1 49

Megalechis thoracata Callichthvidae  (Valenciennes, 1840) D 1 33

Ancistrus dolichopterus Loricariidae Kner. 1834 D 1 30

Piaractus brachypomus Characidae (Cuvier. 1818) 0 1 30

Paracheirodon axelrodi Characidae (Schultz, 1956) D 1 28

Gyrinocheilus aymonieri Gyrinocheilidae  (Tirant, 1883) 8] 1 15

Chromobotia macracanthus ~ Botiidae (Bleeker, 1852) F 0 31

Poecilia reticulata Poeciliidae Peters, 1859 DO 0 30
Mikrogeophagus ramirezi Cichlidae (Myers & Harry, 1948) D 0 27

Pterophyllum scalare Cichlidae (Schultze, 1823) D 0 27

Synodontis nigriventris Mochokidae David, 19036 D.O 0 24

Befta splendens Osphronemidae  Regan, 1910 (8} 0 3
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3.7.

3.7.1.

3.7.2.

3.7.3.

Neimpaktované vystupy

Certifikovana metodika

e Patoka, J. 2012. Chov rakdl v akvariich. CZU v Praze. pp. 44. ISBN: 978-80-213-
2249-3.

Chovatelské ptirucky

e Patoka, J. 2013. Sladkovodni raci. Robimaus. Rudna u Prahy. pp. 71. ISBN: 978-
80-87293-30-0.

e Patoka, J. 2012. Krabi a poustevni¢ci. Robimaus. Rudna u Prahy. pp. 72. ISBN:
978-80-87293-27-0.

e Patoka, J. 2010. Krevety sladkovodni. Robimaus. Rudna u Prahy. pp. 71. ISBN:
978-80-87293-15-7.

e Patoka, J. 2008. Chovame sladkovodni raky. Grada Publishing. Praha. pp. 128.
ISBN: 978-80-247-1836-1.

Prispévek ve sborniku

e Patoka, J., Petrtyl, M., Kalous, L. 2012. Raci v Ceské republice: pichled komeréné
vyuzivanych druht. In: Kubik S., Bartak M. (eds), Workshop on Biodiversity,
Jevany, CZU v Praze, pp. 133-142. ISBN: 978-80-213-2343-8.
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4. Diskuze

Okrasna akvakultura je zdrojem chovatelsky atraktivnich druhti, z nichz nckteré ale
mohou piedstavovat vaznou hrozbu z hlediska biologickych invazi (Padilla and Williams,
2004; Liptak and Vitazkova, 2015). Neéktetfi autofi v této souvislosti hovoii o ,,éasované
bombeé*“ (Faulkes, 2014). Zasadnim faktorem pro neptivodni druhy vcetné téch vyuzivanych
v okrasné akvakultuie, na némz zavisi moznost etablovat se na nové lokalité, jsou vhodné
klimatické podminky a ptedevsim teplota vody (Rixon et al., 2005). Klimatické podminky
nelze hodnotit jen podle prostého zemépisného umisténi posuzovanych lokalit, ale také podle
mistnich podminek, které¢ jsou Casto velmi specifické. Naptiklad Novy Zéland ma mirné
oceanské klima, avSak teploty béhem zimy klesaji vice neZ v jinych oblastech podobné
vzdalenych od rovniku (McDowall, 2004). Je tedy ziejmé, ze pro spravné urceni
pravdépodobnosti uchyceni konkrétniho neptivodniho druhu na nové lokalité je velice dulezité
pracovat s co mozna nejpiesnéjSimi klimatickymi daty srovnavajicimi ob&é hodnocené oblasti,
tedy oblast pivodniho rozsiteni druhu a oblast ohrozenou introdukei. Proto byla klimaticka
shoda vyhodnocovéana pomoci aplikace Climatch v1.0 (Bureau of Rural Sciences, 2008), coz
je bézné pouzivany nastroj v publikacich zamétenych na biologické invaze (Chucholl, 2013;
Stott, 2015). Naprosta vétSina druhii vyuzivanych v okrasné akvakultufe nalezi mezi druhy
teplomilné az tropické, nékterym se ale nadrZze nevytapéji a jsou vic¢i nizSim teplotdm
tolerantni. PfedevSim ve statech Jizni Evropy je etablovani téchto tolerantnich druht pomérné
pravdépodobné. Na vétSin¢ tzemi Evropy jsou invazim neplvodnich druhG z okrasné
akvakultury vystaveny predev§im pfirozené ¢i antropogenné oteplené vody (Kosco et al.,
2010; Jakli¢ and Vrezec, 2011; Weiperth et al., 2015). Ovsem kvuli postupné se ménicim
Klimatickym podminkam, kdy se mimo jiné zkracuje studené obdobi, nelze vyloucit
ani etablovani zminénych druhti v oblastech, kde to je v soucasnosti nerealné (Walther et al.,
2002).

Ackoliv okrasna akvakultura pfedstavuje urCitd environmentalni rizika, jakékoliv
snahy o napravna opatieni, legislativni restrikce a osvétovou ¢innost musi byt podpotfeny
detailni analyzou téchto rizik. Vzhledem k tomu, Zze okrasné chovy maji nepopiratelné
| pozitivni stranky, a také proto, Ze neuvazené ,,ochranaiské aktivity mohou naopak skoncit
presné opacnym efektem, nez je zadouci (Jud et al., 2011), je nutné spravné posoudit miru

rizika a urcit nebezpec¢né druhy (Peay, 2009; Papavlasopoulou et al., 2013). Jedna se zejména
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o vytipovani druhti potencialn¢ nebezpecnych z hlediska biologickych invazi, coz je dulezité
kvili zabranéni novym introdukcim, které by mohly mit negativni dopad. Prevence
biologickych invazi je celosvétové feSenym tématem a na tento trend s jistym zpozdénim
reaguje i legislativa. V ramci EU se jedna ptredev§im o nafizeni Evropského parlamentu
a Rady (EU) €. 1143/2014 ze dne 22. fijna 2014 o prevenci a regulaci zavlékani ¢i vysazovani
a Sifeni invaznich neplvodnich druhti. Toto nafizeni iniciuje vytvofeni seznamu druht
nebezpecnych pro tzemi EU.

Aby mohla byt okrasnd akvakultura komplexné vyhodnocena ve vztahu
kK environmentalnim rizikim, musel byt proveden detailni monitoring trhu a dovazenych
a prodavanych druhd. Nejpodrobné&ji byl v ramci piedlozené prace prozkouman trh s raky
uréenymi pro okrasny chov, a to jak ve vztahu k CR, tak i k celé EU. Oproti daty
nepodlozenému navrhovanému plosnému zakazu dovozu a chovu exotickych druht rakd,
ktery navrhuje (Svobodova et al., 2010), prezentované vysledky z predikéniho modelu
invazivity rakt prodavanych v CR pro okrasné uéely ukazuji, Zze prokazatelné nebezpeéné jsou
severoamerické druhy. Z téchto druhii se jako malo nebezpecni ukazali trpasli¢i raci rodu
Cambarellus (Obr. 1) a jako vysoce nebezpecni piedevsim zastupci rodu Procambarus. Jako
potencialné vysoce nebezpeény byl oznafen rak Cerveny (Procambarus clarkii) (Obr. 3)
a hlavné partenogeneticky se mnozici (Scholtz et al., 2003) P. fallax f. virginalis (Obr. 4).
Dilezité je zjisténi, Ze stejné jako v Némecku (Chucholl, 2013), tak i v CR je nejlevn&jsim
a zaroven bézné dostupnym druhem raka na trhu pravé P. fallax f. virginalis, coz zna¢né

zvySuje moznost, Ze bude tento rak vypustén do ptirody.
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Obr. 1: Samice trpasli¢iho raka druhu Cambarellus patzcuarensis

(foto autor)

Raci pochazejici ze zbytku svéta tedy nepiedstavuji natolik vazné nebezpeci, aby
divod k zdkazu dovozu prevazil nad pozitivnim piinosem okrasnych chovi. Jedinou
vyjimkou je australsky Cherax destructor (Obr. 2), ktery byl vyhodnocen jako vysoce
nebezpecny. Je ovSem vnimavy kra¢imu moru, jak bylo diive experimentdlné oveéfeno
(Unestam, 1975), a proto Ize tento druh oznadit jako téZ méné nebezpeCny, nez jSOU raci
pochazejici ze Severni Ameriky. | kdyz byl C. destructor vinou okrasné akvakultury zavlecen
na jednu lokalitu v Italii (Scalici et al., 2009), jeho S$ifeni je z vySe popsané¢ho divodu

nepravdépodobné.
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Obr. 2: Australsky rak Cherax destructor je jedinym druhem z ¢eledi Parastacidae a zaroven
jedinym druhem nepochdazejicim ze Severni Ameriky, ktery byl vyhodnocen jako potencialné
nebezpeény pro astakofaunu v Ceské republice

(foto autor)

Nebezpeci biologickych invazi a dal§ich environmentalnich rizik spojenych s okrasnou
akvakulturou zvySuje 1 nezodpovédné chovani akvaristli, konkrétné vypousténi neptivodnich
druhii do zahradnich jezirek 1 pfimo do pfirody a nelegdlni odchyt pivodnich druhii pro
nasledny chov. Tyto nezadouci cCinnosti byly na zakladé dotaznikového Setfeni zjistény
u chovateli rakdt v CR, &imz byl potvrzen piredpoklad Peay (2009), Ze okrasna akvakultura
aspecialné chov neplivodnich druhGt rakdi v zahradnich jezirkach je zna¢nym

environmentalnim rizikem ohrozujicim pfedevsim piivodni astakofaunu.
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Obr. 3: Rak ¢erveny (Procambarus clarkii) je jednim z vysoce nebezpecnych druhti z hlediska
biologickych invazi. Zaroven se jedna o jednoho z nejvyuzivanéj$ich rakt v okrasnych
chovech

(foto autor)

Zelvy jsou druhové pomémé chudym fadem, oviem celosvétové byly introdukovany
nejcasteji ze vSech plazl a celkem tiinact ze sedmnécti zavlecenych druhii obyva sladkovodni
prostiedi (Kraus, 2009). Nejcastéji introdukovanym druhem byla Zelva nadherna (Trachemys
scripta elegans). Mezi lety 1989 a 1997 bylo do EU dovezeno ptiblizné 52 mil. jedinct téchto
zelv. Po uniknuti ¢i zamérném vypusténi se zelvy nadherné Casto zacaly projevovat invazné,
proto byl import do EU v roce 1997 plosné zakazan (Cadi and Joly, 2004). Z tohoto dtivodu
byl tento poddruh z analyzy vyfazen. Z prodavanych druhti byly jako vysoce nebezpecné
druhy z hlediska biologickych invazi vyhodnoceny: kajmanka drava (Chelydra serpentina),
koznatka trnita (Apalone spinifera), pelomeduza africka (Pelomedusa subrufa) a klapavka

obecna (Sternotherus odoratus). Tyto vysledky z velké ¢asti odpovidaji zjisténi Masin et al.
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(2014), ktefi nasledné provedli celosvétové hodnoceni potencialni invazivnosti
nejprodavanéjSich druhti zelv pro okrasné tcely.

Tradi¢ni a zaroven nejpocetnéjsi skupinou zivoc€ichii prodavanych pro okrasné ucely jsou
sladkovodni ryby. V CR bylo na trhu zjisténo celkem 1118 druhd naleZejicich k 51 &eledim,
coZ je podobné jako ve Spanélsku a Portugalsku (Maceda-Veiga et al., 2013) a vice nez
v Recku (Papavlasopoulou et al. 2013). Naprosta vétsina zaznamenanych druh@ ryb ma
puvodni aredl rozsifeni v tropickych regionech. Proto neni pfekvapenim, Ze jen mala ¢ast byla
vyhodnocena jako schopna etablovat se alespon na ¢asti izemi EU. Predikce invazivnosti byla
aplikovéana na druhy schopné etablovani, u nichz bylo zaroven zjiSténo, ze patii mezi
invazi byl vyhodnocen Carassius auratus a tii druhy z ¢eledi Poeciliidae: Poceilia latippina,
P. sphenops a Xiphophorus helleri. Ackoliv neni Zadouci podcenovat invazni potencial
u téchto druht ryb, protoze uz byly zaznamenany piipady zavleceni do Evropy (e.g. Kosco et
al., 2010; Papavlasopoulou et al., 2013), z porovnani s nebezpe¢im hrozicim ze strany
introdukeci rakil vyuZivanych pro okrasné Ucely vyplyva, Ze tzv. akvarijni ryby jsou pomérné
malo nebezpecnou skupinou.

Analyzou trhu s okrasnymi druhy, tedy importu, exportu a produkce, bylo v souladu
s predchozimi studiemi prokazano, ze Ceskd republika zaujima spolu se Singapurem,
Thajskem, Malajsii a Japonskem celosvétove predni pozici (Maceda-Veiga et al., 2013; Ploeg,
2013; Saha and Patra, 2013) a zaroven je hlavni dodavatelskou zemi pro ostatni staty EU.
Oproti jinym evropskym statim, jako je napfiklad Némecko (Chucholl, 2013), jen mala ¢ast
chovanych exemplaiti pochdzi z on-line obchodd. To je dano s nejvétsi pravdépodobnosti
vysokou produkci mistnich chovatelli, coz je faktor v ostatnich evropskych statech z velké

miry absentujici.
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Obr. 4: Procambarus fallax f. virginalis je druhem, ktery byl vyhodnocen jako potencialné

vewr

(foto autor)

Cast druht, které se objevuji na trhu s okrasnymi Zivodichy a rostlinami, pochazi
z odchytu z volné ptirody. Druhy, které nemaji védecké jméno, neni mozné sledovat v ramci
monitoringu, zjiStovat jejich biologické a ekologické naroky a také nelze vyhodnotit dopad
ptipadného odchytu na pocetnost volné Zijicich populaci (Lukhaup, 2015). V neposledni fadé
rovnéz nelze posoudit nebezpecnost téchto druhiti z hlediska biologickych invazi. V ramci
analyzy trhu s okrasnymi zivoc¢ichy byl objeven jeden novy druh raka z ¢eledi Parastacidae,
Cherax gherardiae (Obr. 5), ktery je odchytavan a dovazen ze zapadni Casti ostrova Papua
Nova Guinea. Tento rak je blizce ptibuzny srovnéz Vv okrasné akvakultufe vyuzivanym
C. boesemani (Obr. 6) a dopliuje kolekci nové popsanych druht pochazejicich ze zminéné
oblasti (Lukhaup and Pekny, 2006, 2008; Lukhaup and Herbert, 2008; Lukhaup, 2015).
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Obr. 5: Cherax gherardiae patii mezi druhy raki odchytavané pro okrasné ucely ve volné
ptirodé. Veédecky popsan byl v jedné z publikaci, které jsou soucasti predlozené disertacni

prace (foto Miloslav Petrtyl)

Obr. 6: Cherax boesemani je blizce pfibuznym druhem nové popsanému C. gherardiae

(foto autor)
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5. Zavéry a doporuceni pro vyuziti poznatku v praxi

S ohledem na stanovenou hypotézu lze na zaklad¢ ziskanych vysledkli konstatovat, ze
okrasnd akvakultura a cinnosti sni spojené predstavuji urCitd environmentalni rizika.
PredevSim se jednd o riziko zavleceni nepiivodnich druhi na nové lokality, zavleceni
organizmu asociovanych s dovazenymi druhy zivocicht a rostlin, a v neposledni tfadé
0 nekontrolovany odlov z volné ptirody. VSechny vyjmenované aspekty mohou mit velice
negativni dopad na ptivodni biotu i zivotni prostfedi obecné. Proto je nutné iniciovat nova
ochranatska a legislativni opatieni a pfedevsim rozsifit osvétovou ¢innost, ktera by pomohla
prohloubit informovanost chovatelt a laické vefejnosti o dané problematice. Jak bylo zminéno
vySe, je nutné mit na paméti, Ze neuvazeny plosny zdkaz chovu vybranych Zivocisnych skupin
muze mit paradoxné zcela opacné Uc¢inky, nez bylo piivodn¢ zamysleno. Proto je zadouci
potencialni restrikce cilit na konkrétni druhy oznaéené jako nebezpeéné predikénimi modely
invazivity.

Tato disertacni prace predstavuje soubor publikaci zaméfenych pravé na zminovana rizika
spojena s okrasnou akvakulturou véetn¢ vysledkt predikénich modeld, a proto miize poslouzit
jako podklad pro piipravu a zavadéni opatieni, kterd by tato rizika minimalizovala. Takovym
opatfenim je i Nafizeni evropského parlamentu a Rady (EU) ¢&. 1143/2014 o prevenci
aregulaci zavlékani ¢i vysazovani a Sifeni invaznich neptivodnich druhti. Vysledky obsazené
v pfedloZzené disertacni praci mohou napomoci pifi sestavovani Seznamu invaznich
nepuvodnich druhit s vyznamnym dopadem na EU (tzv. ,,unijni seznam*), na jehoz zakladé
maji byt uvedené¢ druhy prioritné¢ sledované a ma byt omezen ¢i zakdzadn obchod s nimi
adovoz do EU. Navazujici vyzkum zaméteny na monitoring sektoru okrasné akvakultury,
trendd s timto odvétvim spojenych, asociovanych environmentalnich rizik a sestavovani
podkladii pro piipadna dal$i legislativni opatieni lze na zékladu vysledki uvedenych

v piedkladané praci jen doporucit.
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6. Seznam citovanych legislativnich predpisi

Natizeni evropského parlamentu a Rady (EU) ¢. 1143/2014 ze dne 22. fijna 2014 0 prevenci

a regulaci zavlékani ¢i vysazovani a §ifeni invaznich neptivodnich druhii

Nafizeni Rady (ES) ¢. 338/97 ze dne 9. prosince 1996 o ochrané¢ druhi volné Zijicich

zivocichil a plané rostoucich rostlin regulovanim obchodu s nimi

Natizeni Statni rostlinolékaiské spravy ¢. SRS 053592/2012 ze dne 10. ledna 2013
0 mimotadnych rostlinolékatskych opatfenich k ochran¢ proti zavlékani a rozSifovani plza

rodu Pomacea (Perry)

Provadéci rozhodnuti Komise ¢. C(2012) 7803) 2012/697/EU ze dne 8. listopadu 2012

0 opatfenich proti zavlékani rodu Pomacea (Perry) do Unie a jeho rozsifovani na uzemi Unie

Umluva o mezindrodnim obchodu ohroZzenymi druhy volné Zijicich Zivo¢ichi a plané

rostoucich rostlin (CITES) ze dne 3. bfezna 1973

v

Zéakon ¢&. 78/2004 Sb., o nakladani s geneticky modifikovanymi organizmy a genetickymi
produkty

Zakon ¢. 99/2004 Sb., o rybnikaistvi, vykonu rybarského prava, rybarské strazi, ochrané

moftskych rybolovnych zdroji a o zméné nékterych zakonil (tzv. zakon o rybarstvi)
Zakon €. 114/1992 Sb., o ochrané ptirody a krajiny
Zakon €. 246/92 Sb., na ochranu zvifat proti tyrani

Zakon €. 254/2001 Sb., o vodach a o zméné nekterych zakont (tzv. vodni zékon)
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