Priloha ¢. 1

Publikace, které jsou soucasti disertacni prace:

I. Fischer, D., Velensky P., Chmela¥, J. & Rehék, 1. (2016). European green lizard (Lacerta
viridis) at the territory of Prague zoo. Gazella 43: 37-59.

Predkladatel disertacni prace zpracoval shrnuti publikace v anglickém jazyce a podilel se na
terénnim sbéru dat, ktera odevzdal skoliteli prostrednictvim strucné zpravy.

IIl. Chmelar, J., Civis, P, Fischer, D., Frynta, D., Jetabkova. L. & Rehak, 1. (2020). Distribution of
the European green lizard, Lacerta viridis (Squamata: Lacertidae), in the Czech Republic:
Real data and a predictive model. Acta Societatis Zoologicae Bohemicae, 84, 1-12.
Predkladatel disertacni prace zpracoval je prvnim autorem publikace, proved| statistickou
analyzu dat a sepsal text manuskriptu véetné zpracovani grafickych vystupii.

Ill. Chmelaf, J., Civis, P., Fischer, D., Frynta, D., Jetabkova., L, Rudolfova, V. & Rehak. 1.
(2023). Protecting isolated reptile populations outside their main area of distribution: a
predictive model of the Dice snake, Natrix tessellata, distribution in the Czech Republic.
Biodiversity Data Journal, 11.

Predkladatel disertacni prace zpracoval je prvnim autorem publikace, proved| statistickou
analyzu dat a sepsal text manuskriptu vcéetné zpracovani grafickych vystupu, navic byl i
korespondencnim autorem a zapracovaval pripominky v ramci recenzniho Fizeni.

IV. Chmelar, J., Frynta, D., Rudolfova, V., Fischer, D. & Rehék. 1. (2024). Analysis of
microhabitat preferences in the European green lizard (Lacera viridis) - a tool for conservation
management of isolated populations. Herpetozoa. Date submitted: 12 February 2024,
submission ID: 120806

Predkladatel disertacni prace je prvnim autorem publikace, proved| terénni sbér dat, jejich
statistickou analyzu a sepsal text manuskriptu, navic je i korespondencnim autorem a zajistuje
komunikaci a upravy manuskriptu v ramci recenzniho rizeni.

V. Chmelat, J., Civis, P, Fischer, D., Frynta, D., Jetabkova., L, Rudolfova, V. & Rehdk. 1. (2024).
Can predictive modelling of species distribution explain population decline? Study on the sand
lizard, Lacerta agilis, in the Czech Republic. Salamandra. Date submitted: 23 February 2024,
submission ID: 1668

Predkladatel disertacni prace je prvnim autorem publikace, proved| statistickou analyzu dat a
sepsal text manuskriptu véetné grafickych vystupii, navic je i korespondencnim autorem a
zajistuje komunikaci a upravy manuskriptu v ramci recenzniho rizeni.

VI. Chmelat, J., Civis, P., Fischer, D., Frynta, D., Jefabkova., L, Rudolfova, V. & Rehak. 1.
(2024). One snake to eat them all: A predictive model of Coronella austriaca distribution in
the Czech Republic and its comparison to syntopic reptile species. Amphibia-Reptilia. Date
submitted: 24 February 2024

Predkladatel disertacni prdace je prvnim autorem publikace, proved! statistickou analyzu dat a
sepsal text manuskriptu véetné grafickych vystupii, navic je i korespondencnim autorem a
zajistuje komunikaci a upravy manuskriptu v ramci recenzniho rizeni.



Jestérka zelend ulovivsi sarance (plocha ¢.5)
European green lizard hunting grasshopper (area No.5) Foto/Photo Petr Velensky
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V aredlu Zoologické zahrady hl. m. Prahy se diky zvIastnimu rezimu Gzemniho vyuZiti v pozoruhodné
mife zachovala biologicky cennd spolecenstva svézana s ficnim fenoménem (srv. Rehak 2015). Proje-
vuje se to i unikatnimi vyskyty teplomilnych zivocichd, ktefi se v okolni krajiné mimo karon Vitavy ne-
vyskytuji. Jejich napadnym a z hlediska ochranafského vyznamnym reprezentantem je jestérka zelena
(Lacerta viridis), kterd je u nas dle vyhlasky 395/1992 kriticky ohrozenym druhem. V Cechéch ma ostrdiv-
kovity vyskyt. Ceské lokaIni populace jsou na severu druhového rozsiteni - jako vysledek postglacialni
holocenni expanze jestérek zelenych z jiznéjsich glacidlnich refugii (Bohme et al. 2006a) -a jsou izolo-
vany od souvislého druhového areélu i navzajem. Jejich izolovanost se odrazii v signifikantni genetické
odlisnosti a nizsi genetické variabilité ve srovnani s populacemi ze souvislého aredlu druhu (Bohme et
Moravec 2005, srv. téZ Bohme et Berendonk 2005, B6hme et al. 2006b).

Populace jestérky zelené v Zoo Praha mé - jakoZto izolovand reliktni autochtonni populace - mi-
mofadnou biologickou, védeckou a ochranafskou hodnotu. Takové populace, vzhledem ke genetické
vyjime¢nosti, souvisejici s izolovanosti, fragmentaci, malou populaéni pocetnosti, genetickym driftem,
snizenou variabilitou a moznosti vyskytu unikédtnich genetickych variant, vyzaduji i specialni metody
ochranaiského managementu (srv. Bohme et al. 2007, Joger et al. 2010). V poslednich dekadach se si-
tuace jestérek zelenych v aredlu prazské zoo opakované stala kritickou a je patrné, Ze bez aktivniho
ochranného managementu by mohla zcela zaniknout (Brantlovd et al., 1991, Pecina 1992, 1993, 1998,
Fischer et Rehak 2010, Fischer 2015, Rehak 2015).

V letech 2011 - 2015 byly provedeny v aredlu Zoo Praha rozsdhlé managementové zésahy cilené
na obnovu stepnich biotopt v oblasti tzv. Zakézanky a nasledné dalsi drobnéjsi tpravy v letech 2016
a 2017, které vyrazné zménily charakter dotcenych ¢asti.V tomto sdéleni podavame souhrn nasich po-
znatk{ o stévajicim stavu populace jestérky zelené v aredlu Zoo Praha, véetné zhodnoceni vlivu vyse
uvedenych managementovych zasah( na jestérky zelené, a navrhy dalich opatieni na jeji stabilizaci
a posileni.

Vyskyt jestérek zelenych v Zoo Praha je priibézné sledovéan autory prace a jsou k dispozici i pozorovani
dalsich pracovnik(i Zoo Praha. Cileny intenzivni terénni vyzkum byl proveden predevsim v roce 2015
po rozsahlych rekultivacnich zméndch jizniho a jihozépadniho svahu vitavského udoli, ktery ma pro
existenci mistni populace jestérky zelené zésadni vyznam, aby bylo mozno zachytit dopad téchto zmén
na jestérci populaci (Fischer 2015). Nasledné byl autory provadén prdbézny monitoring.
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Pro detailni vyzkum v roce 2015 bylo vymezeno celkem sedm zakladnich studijnich ploch, v rdmci
kterych byl realizovdn monitoring. Hlavnimi kritérii pro vybér studijnich ploch byly potvrzeny vyskyt
zdjmového druhu v minulosti, potencidlni atraktivita plochy pro zdjmovy druh a vhodnost plochy pro
nasledny monitoring z hlediska jeji pfistupnosti a eliminace potencialniho nebezpedi pro nvstévniky
(v podobé uvolnénych kamend v prudkém svahu). V dUsledku toho byly z monitoringu vyfazeny i né-
které plochy, které jsou s nejvétsi pravdépodobnosti jestérkami vyuzivany. Napf. ¢ast odlesnéného ne-
pfistupného svahu pod,Zakazankou” a ¢ast prudkého skalnatého svahu nad,Zakazankou".

Terminy jednotlivych navstév byly voleny tak, aby postihly pokud mozno nejvyznamnéjsi etapy
ro¢niho cyklu aktivity jestérek (napf. obdobi pafeni ¢i obdobi lihnuti mlddat) a zarucily co mozné nej-
vy33i aktivitu jeStérek (volba vhodného pocasi a ¢asu monitoringu). V ramci zvolenych termin( bylo
provedeno s¢itani jedincli v jednotlivych studijnich plochach. Témi byl veden pozorovatelsky transekt
tak, aby byly prohledany pokud mozno veskeré dostupné plochy potenciélné vhodné pro vyskyt za-
jmového druhu. Zaroven byl pfi volbé vedeni transektu a postupu v rdmci jeho trasy kladen ddiraz na
eliminaci moznosti vicenasobného zapocitani stejnych jedinct (v piipadé jakychkoliv pochybnosti ne-
bylo dané pozorovani brano v potaz).

V rdmci kazdé navstévy byly (mimo jiné) zaznamendvany nasledujici idaje: pocasi, ¢as monitoringu,
stav lokality (napf. stav porost(, rizné managementové zésahy), pozitivni i negativni jevy ve vztahu
k jestérkdm a pozornost byla vénovana i pfitomnosti moznych jestércich predatord (napf. kocky - véetné
jejich fotodokumentace). Nélezy jednotlivych jedincl byly v terénu lokalizovéany pomoci vyznamnych
bodu (jednotlivé expozi¢ni prvky, vyznamné terénni prvky, stavby apod.) a nasledné zakresleny do le-
teckého snimku lokality.

Tab. 1: Pfehled uskute¢nénych néavstév lokality v prdbéhu roku 2015 s uvedenim blizsich okolnosti
monitoringu.

Tab. 1: Overview of site visits in 2015 - with monitoring details.

Zkoumané = S q
Datum plochy Cas Pocasi Poznamky
primarni navstéva, rekognoskace terénu, vymezeni
_ jasno, bezvétfi, zajmovych ploch; pocatek vegetacni sezony, travino-
2.4, 12,45 10.00-13.50 17-19°C bylinna spolecenstva v ramci jedno-tlivych ploch ne-
zapojend, mezer-nata a relativné nizkého vzristu
jasno, bezvétfi, pozdéji travinobylinna spolecenstva v ramci jednotlivych
12.5. 1-7 7.45-13.30 stredné silny vitr, ploch stale ne zcela zapojena, castecné mezernata;
11-21°C Cast plochy 2 profezana, probiha vyklizeni vétvi
18.5. ! (;a;t)é 2; 3 12.45-17.00 Jasno, "E'c’y vitr dtto, ast plochy 4 cerstvé pokosena
iasno, slaby vitr ¢ast plochy 1zarostla kompaktnim porostem vysokych
5.6. | 1(cast)4,56,7 | 10.00-12.30 ) 22’ ° zeé’c ! travin; biotopy na skalnatéjsich svazich zna¢né pro-
schlé v dusledku dlouhodobého srazkového deficitu
nejprve zatazeno s destém, biotopy na svazich extrémné vyschlé (vétsina
14.7 1.7 0.15-13.45 pozdéji prechodné vegetace prakticky zcela, spalena”) v disledku
o ) ' polojasno, postupné dlouho-dobého srazkového deficitu a vy-
oblacno, slaby vitr, 17°C sokych teplot; plocha 5 peclivé vysekana
vétsina stanovist (s vyjimkou téch kolem vod-
i _ jasno, slaby vitr, nich ploch) extrémné vyschla v dusledku dlouho-
Bt U [ 23-26°C dobého srazkového deficitu a vysokych teplot
(vétsina vegetace prakticky zcela,,spalena”)
5.10. 1-7 11.45-14.30 jasn& f';';!c""" vétsina stanovist extrémné vyschla (viz vyse)
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Nalezeni jedinci byli rozdéleni do nasleduijicich kategorii: adultni samci, adultni samice, adulti bez ur-
Ceni pohlavi, subadultni samci (po druhém pfezimovani), subadultni samice (po druhém pfezimovani),
subadulti bez ur¢eni pohlavi (po druhém ptezimovani), 0++ jedinci (mladata po prvnim pfezimovani)
a 0+ jedinci (tohoro¢ni mladata). Nalezeni jedinci nebyli odchytavani ani individualné znaceni. Pfile-
Zitostné byla pofizovana pouze fotodokumentace, ktera v nékterych pfipadech umoziuje naslednou
identifikaci. V rdmci zpracovani ziskanych dat byl vyhodnocen i vyskyt rGznych zaznamenanych trau-
matickych a posttraumatickych zmén (mohou napf. vypovidat o predacnim tlaku).

Na zékladé ziskanych vysledki byla graficky vyhodnocena prostorova distribuce vyskytu jestérky
zelené v ramci zkoumanych studijnich ploch. Déle byla zhodnocena i frekvence nalezti jestérek v ramci
zkoumaného souboru studijnich ploch. Stanoveny byly i nékteré populaéni charakteristiky, jako je vé-
kova struktura ¢i pomér pohlavi a byla hrubé odhadnuta i pocetnost mistni populace a jeji hustota.
Vzhledem k tomu, Ze jedinci nebyli individudlné rozpoznavani, vychdzel odhad pocetnosti populace
v roce 2015 z nejvyssich poctd soucasné (béhem jednoho transektu) zaznamenanych a prokazatelné
rGznych jedinct v jednotlivych sledovanych kategoriich a podilu zkoumanych ploch na celkové plose
stanovist potencidlné vhodnych pro vyskyt jestérek. | vzhledem ke skute¢nosti, Ze se jednalo o vyhod-
noceni vysledkd z jediné sezény, navic poznamenané extrémnimi suchy a dlouhodobé nadprlimérnymi
teplotami (coz pravdépodobné vedlo k rapidnimu sniZeni aktivity jeStérek a snizeni Uspésnosti lihnuti
vajec), je treba chapat provedeny odhad pocetnosti populace pouze jako orienta¢ni tdaj.

V aredlu Zoo Praha je populace jestérky zelené vézana na jizné az jihozépadné orientované, misty
skalnaté svahy centrélni az JZ ¢asti zahrady, na nichz se zachovala specificka spolecenstva skalni stepi.
Vyznamnd &ast téchto stanovist je aktudlné soucésti maloplo$ného zvldsté chranéného tzemi - PP
Skaly v zoologické zahradé - zfizeného Nafizenim 17/2014 Sb. hl. m. Prahy s G¢innosti od 1.12.2014.
Prislusné svahy jsou velmi prikré a maji pfevyseni az 60 m. Vystupuijici srazy jsou tvofeny starohornimi
horninami (zejména Sedé prachovce a bfidlice s vlozkami drob), je zde pozoruhodny odkryv ordovic-
kych vrstev s hrubé vrstevnatym slepencem a valouny a také népadné pfitomnost Zelezné rudy. Nejen
skalnaté srazy, ale i cely hieben byly dle mapovych podkladd z predminulého a minulého stoleti az do
padesétych let minulého stoleti bez vyznamnéjsich porostli strom0 a kefd, aviak nésledné (zejména
v $edesdtych a sedmdesétych letech minulého stoleti, jak ukazuji letecké snimky) doslo k vyraznému
zardstani svaht invaznim akatem a dalsimi dfevinami. Pr(ibéZzné bylo provedeno nékolik managemen-
tovych opatfeni k redukci nechténych porost(, dostatecné radikalni vsak byla az vyse uvedené obnova
zlet 2011 - 2015. Pro bliz3i udaje k lokalité viz Brantlova et al. 1991, Pecina 1992, 1993, 1998, Hrcka
2013, Fischer 2015, Rehak 2015, 2017.

Plocha 1: Jizné az jihozadpadné orientovany svah s vyraznymi skalnimi masivy, aktualné témér ce-
loplodné pokrytymi ochrannou draténou siti (plvodné s vyplni ok z degradovatelného plastu, ktera
ma ustoupit prorustajici vegetaci, coz se jiz do znacné miry stalo). Lokalita je ohranicena z jihu a jiho-
zépadu neddvno rekonstruovanou zpevnénou cestou (,Zakézanka"), ze severu pak taktéz zpevnénou
cestou, tvofici jednu z patefnich navstévnickych tras. Svah, plivodné z vétsi ¢asti zarostly zapojenym
porostem akatu, popf. borovic, byl v letech 2011 - 2013 odlesnén za icelem rekonstrukce stepnich bi-
otopU (Rehak 2015). Timto pocinem byl dan zaklad pro vznik dalSich vhodnych stanovist pro jestérku
zelenou na Gzemi zoo. Cast je v soucasnosti téméf bez stromové a kefové vegetace (masivné zarGsta
predevsim travinami s dominujicim ovsikem), na ¢asti je ponechan mozaikovity porost kefl a nizsich
drevin. Misty byly ponechany kmeny dfevin a vytvoreny palisady z kmend a nahromadénych vétvi.
Na jihu a jihozépadé navazuje prudky, z¢asti taktéz nedavno odlesnény svah, ktery zhruba z poloviny
zabiraji oteviené vybéhy. Druhd polovina nevyuzivaného svahu je z velké ¢asti pokryta draténym ple-
tivem. Obé stanovisté oddéluje nové rekonstruovana cesta. Jeden jeji okraj tvoii kamennd zidka s vy-
betonovanymi sparami, druhy pak vysoky hladky betonovy obrubnik. Tyto prvky jsou pro fadu druh
Zivocichd (napf. obojzivelnici) jen obtizné piekonatelnou & nepfekonatelnou migraéni bariérou. Cas-
tecné tato bariéra ztéZuje migraci i plaziim, v¢etné zajmového druhu. V plose 1 jsou zbudovany malé
venkovni expozice nasich plazl. Na vychodé svah pokracuje cerstvé odlesnénymi plochami, na kterych
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Stredni ¢ast plochy 1(5.10.2015). Z pohledu jestérek jedna z nejatraktivnéjsich partii zoo
Middle part of area 1 (5.10.2015). From the view of lizards, one of the most attractive areas of the zoo
Foto/Photo David Fischer

Severozapadni ¢ast plochy 1(5.6.2015)
Northwest part of area 1 (5.6.2015) Foto/Photo David Fischer
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Stredni ¢ast plochy 1(5.10.2015). Z pohledu jestérek jedna z nejatraktivnéjsich partii zoo
Middle of area 1 (5.10.2015). From the view of lizards, one of the most attractive areas of the zoo
Foto/Photo David Fischer

byla v roce 2015 zbudovéna vinice (i tato plocha by za pfedpokladu, Ze bude citlivé obhospodarovana
a vhodné doplnéna urcitymi prvky mohla do budoucna slouzit jako biotop jestérky zelené). Cca 60 %
plochy 1 je soucasti PP Skaly v zoologické zahradé.

Plocha 2: C4st jihozdpadné exponovaného svahu, navazujiciho na severozapadni cip plochy 1 (obé
Casti lokality oddéluje zpevnéna cesta - ,Zakézanka"). Zkoumana byla pouze horni polovina svahu
(spodni ¢ast je velmi prudkd, z¢asti zasitovand draténym pletivem, mnohdy ale s volnymi kameny a suti,
kterd by pfi pohybu touto ¢asti lokality mohla byt uvolnéna a mohla by tak zranit ndvstévniky zahrady).
Svah byl z¢asti cerstvé odlesnén (v jarnim obdobi 2015 odtud byly vynaseny zbytky vétvi) a v pribéhu
jara 2015 tu probihala chemicka likvidace zmlazuijicich akétdi. Cast svahu (pod rozhlednou) je zarostla
pomérné zapojenym, nicméné fidkym porostem kfovin s fidkym travinobylinnym podrostem. Césti
svahu jsou téméf bez vegetacniho krytu, severni a severovychodni ¢ast plochy naopak zardista bujnym
porostem travin. Vétsina plochy je soucasti PP Skaly v zoologické zahradé

Plocha 3: Pfikry svah lemujici cestu ohranicujici ze severu ¢ast plochy 1. Jednd se o uzky, dobie oslu-
nény (jizné exponovany) lem cesty s mezernatou vegetaci a skalnimi vychozy (navazujici ¢ast svahu je
ale stinnd, s kompaktnim porostem kiovin a dfevin). Do svahu jsou zakomponovény voliéry. Jestérky
zde mohou volné migrovat do navazujici plochy 1.

Plocha 4: Pata JZ exponovaného svahu se skalnatymi vychozy a sutovymi poli, vétsinou ale po-
mérné husté zarostla dfevinami a kifovinami s pfilehlou plosinou s tenisovym kurtem a malou budovou,
s kosenymi travniky na severozapadé a nekompaktnimi porosty dfevin s travinobylinnym podrostem
v jihovychodni ¢asti (zde i zbytky zaklad(l byvalych staveb). Jedna se o mimoradné vyznamné stano-
visté pro uzovku podplamatou (probiha zde jeji pareni), jejiz volné Zijici populace rovnéz obyva areal
prazské zoo. V pribéhu roku 2015 byla v ndvaznosti na jihovychodni ¢ast plochy zahajena vystavba
novych budov.

Plocha 5: Plocha proluka po byvalém pavilonu Selem pfi paté jizné exponovaného skalnatého svahu
(pokryt draténou siti). Plocha je tvorena stropem kanaliza¢niho pivadéce. Okraje zar(istaji kompaktnim
porostem kiovin. Pfed Upravami v roce 2016 vétsinu plochy pokryvala fidka travinobylinn vegetace
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Charakter plochy 3 (5.10.2015)
Appearance of area 3 (5.10.2015) Foto/Photo David Fischer
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Charakter plochy 5 (18.5.2015)
Appearance of area 5 (18.5.2015) Foto/Photo David Fischer

(porost byl kosen). Ojedinéle byly pfitomny vétsi kameny. Cast volného prostranstvi slouzila v roce 2015
jako doc¢asna deponie vétvi. V roce 2016 byla tato plocha rekultivovana tak, aby si zachovala vysokou
heterogenitu prostredi a aby vzrostla jeji vyuZitelnost pro jestérky zelené. Pata skaly byla obohacena
valem ze skladanych kamen, na plose vznikly dvé foliové tiiné, zbyla plocha byla oseta lu¢ni vegetaci.
Od navstévniho prostoru oddéluje pfirodni stanovisté nizka skladana zidka. Velmi dobfe oslunénd ¢ast
lokality, oddélend na jihu asfaltovou cestou od plochy 6. Na zapadé i vychodé sousedi s venkovnimi
expozicemi a pfedstavuje tak pravdépodobné velmi vyznamny migracni koridor, umoZznujici populaci
jestérek komunikovat se stanovisti v jizni ¢asti zahrady, mimo jiné i s plochou 6.

Plocha 6: Jizné az jihozépadné exponovany bieh vodniho pfikopu, pfi vychodnim okraji s kratkou
skladanou zidkou. Misty dobfe oslunény, misty zastinény. Rizné typy vegetacniho krytu, od mokiadnich
druhd v lemu vodni plochy, pres fidké travinobylinné porosty, po prakticky holé enklavy. Cast biehu je
porostla brectanem. Okraj svahu se vzrostlymi dfevinami. Na severu a severovychodé je plocha oddé-
lena od navazujicich biotopt (mimo jiné plocha 5) asfaltovou cestou.

Plocha 7: Uzky lem mezi skalnim masivem a asfaltovou vefejnou cestou (jedna z patefnich a velmi
frekventovanych tras). Mezernaté porosty drevin a kfovin, pfes jizni expozici je plocha pomérné stinna.
Vlemu cesty vysadby okrasnych kefQ, ¢ast plochy prekryta stépkou. Misty fidsi travinobylinné porosty.
Na severu navazuji skalni biotopy veskrze prekryté draténou ochrannou siti.
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Populacni disperze: Jestérky byly zaznamendny ve viech vymezenych studijnich plochéch. V roce
2015 byla jednoznacné nejvyssi frekvence vyskytu zjisténa v plose 1 (52,1 % vsech zaznam), s 29,6 %
zéznamU pak nasleduje plocha 5. Jedinou studijni plochou, v rdmci které byl zaznamenan vyskyt jes-
térek pii kazdé provedené kontrole, byla plocha 1, coz vyplyva, mimo jiné, i ze skutecnosti, Ze se jedna
o0 nejvétsi studijni plochu s nejvyssi heterogenitou. Frekvence zaznamu jestérek v rdmci ostatnich zkou-
manych ploch se pak pohybovala v rozmezi od 1,4 % - 5,6 % a jestérky zde byly pozorovany pouze
v rdmci nékterych névstév (vyskyt zde nebyl kontinualni). Tyto plochy jsou vyuZivany pravdépodobné
spise pfilezitostné - v roce 2015 mohl byt napf. pfesun jestérek do blizkosti vodniho kandlu (plocha 6)
dlsledkem extrémniho sucha a dlouhodobé trvajicich vysokych teplot.

Kromé plochy 2, resp. 4, a plochy 1, kde byly na skaldch pod lanovkou jeStérky pozorovany jako
na jedné z poslednich ploch pfed zahajenim rozsahlych managementovych praci v roce 2011 (Pecina
1992) a pak az od roku 2014 (Rehak 2015), jsou zaznamy vyskytu jestérek v ostatnich studijnich plo-
chéch pravdépodobné prvnimi novodobymi pozorovanimi jejich vyskytu v téchto ¢astech Zoo. Nizké
pocty pozorovanych jedincl v nékterych studijnich plochach jsou ale pfinejmensim piekvapivé. Napf.
plocha 2, kterd je podle pozorovani v minulosti povaZovéna za klicovou pro existenci mistni populace
jestérek, kam byly jiz v minulosti cileny managementové zésahy na podporu tohoto druhu (Pecina
1992, 1993, 1998) a jesté pomérné nedévno (kolem roku 2010) zde byly béhem jediného dne pozoro-
vany desitky jedinct (napt. Vita in verb. uvadi z roku 2010 jednorazové pozorovani cca 25-ti adultnich
samc(, z let 2009 - 2011 pak i pozorovani vice nez 30-ti rliznych jedincd). V roce 2015 zde byla ale jes-
térka zastizena pouze 2 x (adultni samice, 0++ jedinec).

Subadultni samice - plocha 3
Subadult female - area 3 Foto/Photo David Fischer
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Adultni samec v dobé péfeni - plocha 1
Adult male at mating season - area 1 Foto/Photo David Fischer

fezavani keit, aplikace herbicid(). Na jedné strané se mohlo jednat 0 moznou pficinu presunu jestérek
do jiné casti lokality (zvysené ruseni, aplikace chemickych prostredki?), na strané druhé zde zdstala
znacnd ¢ast plochy bez uvedenych zdsah( a ani zde jestérky nalezeny nebyly. Dokonce zde pfechodné
vznikala velmi vhodna stanovisté napt. ve formé hromad vétvi, které na jinych mistech jestérky hojné
vyuzivaly (napf. plocha 5). Co se tyka ruseni jestérek v dusledku zvyseného pohybu osob, neni tato
skutecnost jako pficina jejich vymizeni z dané ¢asti lokality pfili$ pravdépodobna. Na jinych mistech
zahrady totiz jestérky vyuzivaji plochy v bezprostiedni blizkosti frekventovanych cest (napf. plochy
1,3, 5, 6) nebo plochy, které jsou vyuzivany k docasné deponaci vétvi (plocha 5). Stejné tak nase zku-
Senosti z jinych lokalit ukazuji, Ze i velmi razantni managementové zasahy na lokalitéch s vyskytem
tohoto druhu nevedou k podobnému efektu - naopak jestérky okamzité vyuzivaji napf. padlé kmeny
nebo docasné kupy vétvi jako pfechodnd stanovisté.

Podobné piekvapivy je pouze jediny nélez jeStérky v plode 4, kterd z jihu navazuje na plochu 2 (je
od ni oddélena cestou), a ktera nabizi fadu potencialné atraktivnich stanovist (mimo jiné se jedna
o vyznamnou plochu z pohledu mistni populace uzovky podplamaté, kterd zde byla i v priibéhu roku
2015 bézné pozorovana).

Dalsim moznym vysvétlenim zjisténého stavu je relativné ¢erstvy managementovy zasah (ukon-
¢eniv roce 2013) kolem,Zakézanky” (plocha 1 a navazujici izemi), ktery nabid| jestérkadm misty velmi
atraktivni nové biotopy a nové migracni moznosti. To mohlo mit sice za nasledek pfesun ¢asti popu-
lace do téchto obnovenych stanovist, nicméné je velmi nepravdépodobné, Ze by doslo k takto rychlé
emigraci prevazné vétsiny jedinct, navic za situace, kdy se plocha 2 ani plocha 4 zdaleka nenachazeji
ve stavu, ktery by byl pro jeStérku zelenou neatraktivni.

Dal$i moznosti je presun ¢asti jedinch do partii, které nebyly pfedmétem monitoringu — napt. ¢asti
svahu pfiléhajici k plose 2 z jihu a jihozapadu, popt. skutecnost, Ze se v rdmci monitorovanych ploch
jedna o biotop, ktery je nej¢lenitéjsi a nejméné piehledny. Cast jedincti tak mohla v rémci monito-
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Adultni samice - plocha 1
Adult female - area 1 Foto/Photo David Fischer

ringu uniknout pozornosti. Vysvétleni vyse uvedené skutecnosti |ze s nejvétsi pravdépodobnosti hledat
v kombinaci viech vyse uvedenych faktorG. V budoucnu by méla byt tomuto zajimavému jevu kazdo-
padné vénovéna zvysend pozornost.

Podle pozorovani v roce 2016 Ize konstatovat pozitivni vyvoj plochy ¢. 1 v disledku sukcese
spojené s mirnym zardstanim lokality. Rovnéz Upravy provedené na plose ¢. 5 jsou pro jestérky
ziejmé pFinosné.V obou pfipadech bude potiebné v nasledujicim obdobi situaci na obou téchto plo-
chéach monitorovat a priibézné vyhodnocovat. Na ostatnich plochdch nebyly zaznamenény zadné vy-
znamnéjsi zmény.

Prostorové vyuziti jednotlivych sledovanych ploch jestérkami je velmi nerovnomérné, jestérky
vyuzivaji pouze urcité jejich casti. Podobny charakter disperze zaznamenali Fischer et Rehdk (2010)
i u populace jestérek zelenych v Tichém udoli na protilehlém brehu Vitavy. Nejlépe je tato skutec-
nost patrna v rdmci plochy 1. Vyznamnym kritériem vybéru vhodnych mist je pro jestérky evidentné
Ukrytova kapacita danych ¢asti lokality (Blazek 2013, Chmelai 2013, 2016). V plose 1, kde byl v obdobi
2011 - 2013 proveden razantni management, ktery znacné ¢ésti lokality zcela zbavil porosti drevin ,
je nejvétsi frekvence nélez(i soustfedéna do nékolika jasné vymezenych zén.

Prvni je oblast kolem voliéry a nevyuZzivané cesty (schodisté) v severovychodni ¢asti sledované
plochy. V dané ¢asti se naléza fada potencidlnich Ukrytl v porostech plazivych kefd, prostorach pod
kofeny porazenych stromd, popf. ve skladanych zidkach podpirajicich zpevnénou cestu. Misty zde
také byly v rdmci managementu lokality ponechany kmeny porazenych strom ¢i formace z nahro-
madénych vétvi.

Dal3i vyznamnou zénou jsou ¢asti lokality pod lanovou drahou, kde méli pdvodné porost jiny cha-
rakter, a mohl zde tak byt ponechdn mozaikovity porost nizich kfovin. Kromé toho se zde vyskytuji
i kefe ostruziniku, jsou tu umistény rGizné technické prvky (schodisté pod lanovkou) a skalni vychozy
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Par pfi ndmluvach - plocha 5
Couple at courtship - area 5 Foto/Photo David Fischer

jsou prekryty draténym pletivem, vyuZivanym jeStérkami jako Ukryt. Misty jsou ve svahu ponechény
i hromady vétvi a terén je zde obecné velmi ¢lenity. Podobny charakter maji i ¢asti navazujicich ploch
pfi horni hrané svahu (ponechané kmeny, mozaikovity vyskyt nizsich kiovin).

Posledni vyznamnéjsi zénou s vy33i frekvenci vyskytu jeStérek je pak Uzky pas mezi kamennou zidkou
lemujici,,Zakédzanku” a prudkou hranou svahu s pafezy porazenych strom(, rozpadajicim se skalnim
vychozem, popt. skalnim vychozem pokrytym dréténym pletivem.

Veskeré uvedené plochy maji dva pro jestérky vyznamné atributy: jsou dobfe oslunéné a maji vy-
sokou ukrytovou kapacitu - jinymi slovy nabizeji vhodné mista ke slunéni v blizkosti potencialnich
ukrytd. Jako ukryty v daném pripadé jestérky vyuzivaji prostory pod parezy, hustou plazivou ¢i po-
lehlou vegetaci, az k zemi zavétvené kefe, prostory pod draténou ochranou skalnich masiv(, prostory
pod polehlymi kmeny & hromady vétvi, pukliny a prostory v rozpadajici se skéle ¢i erodujicim terénu
a nory vyhloubené drobnymi savci. Jako mista ke slunéni pak Sirokou skalu stanovist v blizkosti po-
tencialnich ukryt( (oslunéné plochy volného terénu, umélé zidky, betonové schody u voliéry, okraje
skalnich vychozd, ponechané kmeny strom0, pafezy ¢i kofenové nabéhy pokacenych dievin nebo po-
nechané hromady vétvi).

Znacna Cast plochy 1 ale v soucasné dobé zadouci kombinaci vhodnych mist ke slunéni a dostatkd
atraktivnich Gkryt nenabizi - podstatna ¢ast je zcela hold (pouze s travinobylinnou vegetaci), na dal-
Sich plochach nejsou kefe zavétveny az k terénu; pod pafezy porazenych dievin nejsou dostatecné
prostory (pokud jsou, jsou jeStérkami vyuZzivany - viz nejsevernéji prokdzany vyskyt v rdmci plochy 1).
Zavislost vyskytu jestérek na pfitomnosti vhodnych Ukrytt je dobte patrnd i napf. v pripadé plochy 5.
Zde byly jestérky (v hojném poctu) pozorovéany v dobé, kdy zde dochazelo k nérlistu travinobylinné
vegetace (kryt pfi pohybu jinak otevienou plochou proluky), a kdy zde byly deponovany na hroma-
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0+ jedinec vyuzivajici umélou skldadanou zidku - plocha 6
0+ individual using artificial wall of stacked stones - area 6 Foto/Photo David Fischer

déch vétve. Od chvile, kdy bylo dno plosiny peclivé vysekano (kolem 14.7.2015, nacez zde v dUsledku
extrémnich teplot a sucha jiz vegetace dostatecné nenarostla) a byly odstranény hromady vétvi, nebyl
zde jiz vyskyt jestérek vibec zaznamenan.

Vékova skladba populace: At jiz odvozena od poctu nalezenych prokazatelné rGznych jedincd, tak
od frekvence nélezl jednotlivych vékovych kategorii, koresponduije s idaji zjisténymi u populace v Ti-
chém udoli Fischerem et Rehakem (2010). Na lokalité v Tichém tdoli byly témito autory zjistény v rliz-
nych letech poméry jednotlivych vékovych kategorii (adult: subadult : juvenil bez dalsiho rozliseni na
0+a0++)1:0,21:0,68;1:0,33:0,70;1:0,34:0a 1:0:0,46. Zjisténé poméry byly pfitom jednoznaéné
zavislé na Uspésnosti reprodukce jestérek v jednotlivych letech. Pokud by byly v pfipadé vysledkd, zis-
kanych v roce 2015 pfi sledovani populace v Zoo Praha, slouceny kategorie 0+ a 0++, vychazeji poméry
jednotlivych kategorii v pfipadé, Ze jsou odvozeny od poctu prokazatelné rliznych zaznamenanych je-
dincli 1:0,12:0,65, v pfipadé, Ze jsou odvozeny od frekvence pozorovani jednotlivych vékovych kate-
gorii pak 1:0,16:0,45.Tyto hodnoty dobie koresponduji s hodnotami zjisténymi v Tichém udoli.

Pomér pohlavi: Vyrovnany - pohybuje zhruba kolem hodnoty 1: 1.V pfipadé, ze je odvozen od
poctu prokazatelné rliznych zaznamenanych jedincd, dosahuje hodnoty 0,88 : 1 ve prospéch samic,
v pfipadé, Ze je spocten na zakladé frekvence pozorovani jednotlivych pohlavi, dosahuje hodnoty
1,33 :1 ve prospéch samci. Fischer et Rehék (2010) zaznamenali u nedaleké populace v Tichém tdoli
pomér pohlaviv rliznych letech v rozmezi 1,08 - 1,38:: 1 ve prospéch samcd, coZ v podstaté korespon-
duje se zjisténymi hodnotami v ramci populace v Zoo Praha.

Pocetnost populace: Lze v daném pripadé pouze hrubé odhadovat. V ramci provedenych pri-
zkuma bylo na lokalité zaznamenéano 30 prokazatelné riznych jedinct. Vzhledem ke skutecnosti, ze
predmétem prizkumu byly odhadem necelé 2/3 ploch potencidlné vhodnych pro jestérky, které jsou
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0++ jedinec, vyuzivajici skalni vychoz prekryty draténou siti - plocha 1
0 ++ individual using a rock outcrop covered by wire mesh - area 1 Foto/Photo David Fischer

v arealu Zoo k dispozici, a s prihlédnutim ke zpUsobu ziskani aktuélnich dat (pouze sedm celodennich
pozorovani, prizkum provadény béhem jediné sezény s pomérné netypickym pribéhem pocasi, ne-
znackovani jedinct), mlze byt skute¢nd pocetnost mistni populace vyrazné vyssi - kvalifikovanym
odhadem pfinejmensim cca dvojndsobna. Vyssi skute¢né pocetnosti napovidaji i pozorovani Vity (in
verb.), kdy v rozmezi let 2009 - 2011 v ramci plochy 2 a pfilehlych stanovist pozoroval jednordzové
napf. cca 25 adultnich samcd. Z téhoZ obdobi uvédi ze stejnych ploch jednorazové pozorovéni i vice
nez 30-ti rliznych jedincd (véetné juvenil().

Hustota populace: Pri plose zkoumané ¢asti lokality cca 2 ha se pohybuje kolem 15 jedincl /ha
(ve skutecnosti mUze byt - stejné jako pocetnost - vyssi), coz koresponduje s populacni hustotou zjis-
ténou na nedaleké lokalité v Tichém udoli, ktera se pohybovala v rozmezi 11 - 22 jedincl / ha (Fischer
et Rehdk 2010).

Traumatické a post-traumatické zmény: V rdmci provedenych pozorovani byl zaznamenan rege-
nerat ocasu u dvou adultnich samcti a jednoho 0+ jedince. To predstavuje 6,7 % jedincti za situace, kdy
je podil spocten z poctu zaznamenanych prokazatelné riznych jestérek, popf. pouze 4,2 % ze viech
pozorovanych jedinc béhem celého roku 2015. Pro srovnani - u nedaleké populace v Tichém udoli
byl Fischerem et Rehdkem (2010) zaznamenan vyskyt regeneratu u celkem 26 % jedincG! Nizké pro-
cento vyskytu regeneratd u jestérek ze sledovanych ploch v rdmci Zoo Praha mize signalizovat nizsi
predacni tlak. Na druhou stranu miZze znamenat také pouze skutecnost, Ze jsou zde jestérky predatory
loveny Uspésnéji, nez je tomu na lokalité v Tichém udoli. Nizsi procento vyskytu regeneratd, zejména
u samcti, mize taktéz signalizovat nizsi hustotu populace (tim i méné pfilezitosti, kdy dochazi napf.
k soubojim samcll a vzajemnému zranovani) - vzhledem ke zjisténé kumulaci populace do nékolika
vyraznych okrsk( i vzhledem ke skutec¢nosti, ze populacni hustota je s hodnotami zjisténymi v Tichém
Udoli srovnatelnd, je viak tato interpretace pouze malo pravdépodobnd.
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Tab. 2: Frekvence pozorovani jestérek zelenych (véetné rozdéleni na jednotlivé kategorie) ve sledova-
nych studijnich plochéach v pribéhu monitoringu realizovaného v roce 2015.

Tab. 2: Frequency of observation of green lizards (including division into individual categories) in mo-
nitored study areas during the monitoring carried out in 2015.

Kate-gorie Plochal | Plocha2 | Plocha3 | Plochad4 | Plocha5 | Plocha6 | Plocha7 Celkem
ad. 7 0 0 1 6 1 1 16=225%
samci
ad. samice 8 1 0 0 3 1 1 14=19,7% 62%
n:?&. 9 0 0 0 4 1 0 14=19,7%
subad. samci 0 0 0 0 1 0 0 1=14%
subad. samice 0 0 1 0 0 0 0 1=1,4% 9,8%
neid. subad. 4 0 0 0 1 0 0 5=7%
0+ 1 0 2 0 0 1 0 4=5,6%
0++ 8 1 0 0 6 0 1 16=22,5%
celkem 37=521% | 2=28% | 3=42% | 1=14% [21=296% | 4=56% | 3=42% n

Graf 1: Frekvence pozorovani jestérek zelenych ve sledovanych studijnich plochach v pribéhu moni-
toringu realizovaného v roce 2015.

Figure 1: Frequency of observation of green lizards in monitored study areas during the monitoring
carried out in 2015.
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| pies skutecnost, Ze diky provedenému managementu se z pohledu jestérky zelené jednoznacné silné
zvysila atraktivita fady ploch v rdmci zoologické zahrady a doslo diky tomu k expanzi tohoto druhu na
mnohem vétsi zemi, byly zaznamendny nékteré jevy s negativnimi, popf. potencialné negativnimi
dopady na mistni populaci tohoto druhu:

Nizka ukrytova kapacita: Zaznamenana v nékterych ¢astech nové rekonstruovanych stanovist.
Management, realizovany na stanovistich obyvanych jestérkami, Ize obecné vnimat velmi pozitivné,
aviak v nékterych pfipadech byl provadén az pfilis razantné. Napt. v rdmci ¢asti plochy 2, pro mistni
populaci jestérky zelené za mimoradné vyznamné, bylo zaznamendano misty plo3né odstranéni stromo-
vého a kefového krytu s ndslednym vyklizenim prakticky veskerého vyfezaného materidlu. Vétsi zcela
holé plochy se stavaji z pohledu jestérek neatraktivnimi diky absenci potencidlnich tkrytd, za které jim
velmi ¢asto slouzi napf. nizko zavétvené kefe. Vzhledem k jizni expozici danych svahtl pak navic dochazi
k situaci, Ze zde zcela chybi zastinéné plochy dulezité pro termoregulacni chovani jestérek a svahy pak
navic v letnim obdobi extrémné vysychaji.

Odlisna situace (s na prvni pohled podobnym vysledkem) nastala v pfipadé plochy 1. Vzhledem
k vychozimu stavu obnovovanych stepnich lokalit, které byly ze zna¢né ¢sti porostlé hustymi porosty
drevin s pfevahou akétu - a pro jestérky zcela neatraktivni — musel byt primdrni managementovy zasah
realizovan velmi razantné. Nékteré ¢asti lokality (zejména severozapad) tak musely byt zcela zbaveny
hustého porostu dfevin (bez moznosti ponechani mozaiky vhodnych kefd) a kefe ponechané v jinych
partiich nejsou vzhledem k podminkam, ve kterych plivodné vyristaly, zavétveny az k zemi. Nedostatek
Ukryt(i po provedeném zasahu byl ¢astecné velmi vhodné kompenzovén vybudovanim umélych prvka,
jako jsou ponechané lezici kmeny stromi ¢i formace z vétvi a slabsich kminkd. | pies tyto snahy zde
ovsem, zejména v severozapadni ¢asti plochy, zlstaly partie s velmi nizkym Ukrytovym potencidlem,
které nebyly v roce 2015 jestérkami pravdépodobné viibec vyuzivany. K jejich kumulaci pak dochazelo
v téch ¢astech lokality, kde byl primarni zésah patrné 3etrnéjsi (okoli lanové dréhy), popf. tam, kde byly
zachovany i vytvofeny podminky s vyssi ukrytovou kapacitou.

Pfes vySe uvedené dil¢i vyhrady byl z pohledu jestérek zelenych provedeny management zcela z3-
sadnim pozitivnim krokem, o ¢emz svédci rychld kolonizace dané plochy vétsim mnozstvim jedincd
(prvni jedinci zde byli pozorovéni prakticky bezprostfedné po dokonceni pracijiz v roce 2014). Podobny
efekt rychlého osidleni nové obnovenych ploch byl zaznamenén i v rdmci plochy 2 a pfilehlych ¢asti
lokality pfi prvnich rozsahlejsich pokusech o zachranu populace jestérky zelené na izemi Zoo Praha
(Pecina 1992, 1993).

Migracni bariéry: V rdmci rekonstrukce cesty vedouci napfi¢ jizné exponovanym svahem, jehoz
soucésti je i studijni plocha 1 (,Zakézanka"), byly pfi jejim okraji zbudovény vysoké hladké betonové
obrubniky. V kombinaci s hladkou betonovou patkou cesty, vysokou mnohdy i kolem 2 m, se tak tato
pési komunikace stala bariérou komplikujici migraci drobnych Zivocich( timto svahem. Do jaké miry
znemoznuje tento prvek migraci pravé jestérek zelenych na zakladé ziskanych dat nelze jasné vyhod-
notit, migracni pfekdzkou i pro tento druh vsak zcela jisté mlize byt.

Zvyseny predacni tlak: V ramci realizovanych navstév lokality byly v plochach s vyskytem jestérek ¢i
v jejich bezprostrednim okoli ¢asto pozorovany kocky, kterych na izemi Zoo Praha Zije pravdépodobné
pomérné znacné mnozstvi. Kocky pfitom mohou pro jestérky predstavovat velmi vyznamné nebez-
peci - mohou je lovit jak jako zdroj potravy, tak napf. i v ramci her (tento aspekt m0Zze byt i vysvétlenim
nalezu zabitého, ale jinak neporuseného adultniho samce v plose 2 v roce 2014). Lov jestérek rliznych
druh v rdmci her (tedy aniz by pak byly pozieny) je u kocek pravdépodobné pomérné béznym jevem
a napf. v okoli vesnickych lidskych sidel je ¢asto hlavnim ddvodem vyrazného snizeni pocetnosti, v ex-
trémnich pfipadech i vymizeni téchto Zivocich( (Fischer, vlastni pozorovéni).

Nad lokalitou pravidelné lovi postolky obecné (Falco tinnunculus). Je jedinym predatorem, u néhoz
byla predace na jestérku zelenou dolozena pfimym pozorovanim - nélez ulovené jestérky zelené
v hnizdé postolky na fimse byvalého pivovaru (Velensky, vlastni pozorovani). Na lokalité se zdrzuje
mnozstvi strak obecnych (Pica pica), které povazujeme témér s jistotou za vazné predatory jestérky ze-
lené, a to podle pozorovani, kdy doslova procesavaji a prohrabavaji vrchni vrstvy padniho profilu, coz
interpretujeme jako lov mladat jestérek. Kis (in lit.) jednou pozoroval na skalnim ochozu pod Oborou
straky perouci se o jestérci kadaver.
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V aredlu Zoo Praha se vyskytuje i fada dal3ich potencialnich predatord. Zije tu napf. uzovka hladké
(Coronella austriaca), ktera je saurofagni, nicméné na Gizemi Zoo Praha byla za poslednich pét let pozo-
abundanci tohoto hada, kterd ovsem muze byt pravé interkorelovana s nizkou abundanci jestérek.
Nebezpedi mohou piedstavovat pro jestérku nékteré dalsi druhy ptakd (byl zde pozorovén i bazant
obecny, Phasianus colchicus). V bezprostfedni blizkosti ploch s vyskytem jeStérek vznikla po rekultivaci
hnizdni kolonie volavek popelavych (Ardea cinerea), nebylo oviem doloZeno, ze by jimi byly jeStérky
loveny. Kis (in lit.) popisuje, jak vidaval nad strani pod oborou a nad byvalymi,Gocary” pavy korunkaté
(Pavo cristatus), ktefi se volné pohybuiji v aredlu Zoo Praha:,Chodili tam docela pravidelné a procesavali
pro jestérku predstavovat hrozbu napt. jeZci, potkani, lasicovité Selmy, lisky a divoka prasata. 5.10.2015
byl zaznamendn v mistech vyskytu jestérek (popf. v mistech jejich moznych zimovist) vétsi pocet vy-
hrabanych nor (prlimér cca 8 - 10 cm). Plvodce se bohuzel nepodafilo identifikovat, nicméné miize se
jednat o vysledek snahy sav¢ich predator(i o predaci zimujicich jestérek, popt. uzovek podplamatych.
V téchto souvislostech byl pozoruhodny nélez (jesté pred ukoncenim obdobi pfezimovani) jestérky
zelené, ktera byla evidentné vyhrabana a usmrcena néjakym predatorem.

Predaci ze strany vyse uvedenych zivocichti (s vyjimkou kocek a potkand) Ize sice povazovat za pfi-
rozenou, ale pfi nizké abundanci jestérek muze byt jeji dopad na populaci velice zavazny.

Pouzivani herbicid: Pfi nasledné udrzbé vykacenych ploch jsou vyuzivany herbicidy (Roundup),
oz je pfi managementu tohoto typu bézné (napt. lokéIni aplikace na fez, ale i na list). V pfipadé ¢asti
plochy 2 byly ale v roce 2015 tyto latky na vymladky stromd zfejmé aplikovany postfikem a ve znacném
mnozstvi. V rdmci takovéhoto zpUsobu uZiti je pak samoziejmé likvidovan i dalsi vegetacni kryt v okoli
likvidovanych dfevin (coz mlize v dlisledku vést napf. k Ubytku hmyzu a tedy ke snizeni potravni na-
bidky pro jestérky). Dalsim aspektem zplsobu aplikace herbicidd mlze byt negativni ovlivnéni zoo-
cenoz (veetné jestérek) pfimo chemickymi latkami, které jsou jejich soucasti.

Snizeni atraktivity biotopu: V nékolika pfipadech byl zaznamenan stav, kdy zplisob udrzby né-
kterych ploch nekoresponduje s ekologickymi naroky jetérek. Jako pfiklad Ize uvést napf. situaci za-
znamenanou v ramci studijni plochy 5, kterd patfila v jarnim obdobi 2015 k ¢astem lokality, kde byla

Pohled na zar(istajici jizné exponovany svah v ramci plochy 2 (27.4.2015)
View of the south exposed slope within area 2 with growing vegetation coverage (27.4.2015) Foto/Photo David Fischer
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opakované zaznamenéna druha nejvyssi frekvence vyskytu jestérek (po plose 1). V priibéhu cervence
byla proluka peclivé pokosena a vyklizena, ¢imz doslo k rapidnimu poklesu atraktivity této plochy v dii-
sledku snizeni jeji ukrytové kapacity (jestérky zde od tohoto terminu jiz nebyly viibec pozorovany).

Na druhou stranu Ubytek vhodnych ploch pro jestérky zplisobuje i masivni zar(istani (absence ma-
nagementu) potencialné zajimavych biotop(i hustym porostem ket a drevin (napt. plochy navazu-
jici severovychodné na plochu 4). Na mistni populaci jestérek mdze mit vliv i rozsifovéani zastavénych
ploch do biotopd, kde se tito Zivocichové vyskytuji, popf. se vyskytovat za urcitych podminek mohou
- naptf. plocha 4.

Jako ptiklad, kdy by naopak bylo mozné vyuzit potencidl dané ¢asti lokality pro jestérky, Ize zminit
nové sanované jizné exponované svahy navazujici vychodné na plochu 1.V daném svahu byla v roce
2015 zaloZena vinice, ktera — bude-li mit prvky umoziujici osidleni této plochy xerofilni biotou - se
muzZe stat atraktivnim domovem jestérky zelené.

Negativnim se naopak neukazuje prekryti ¢asti skalnich vychozd ochrannou draténou siti. Toto fe-
$eni (z pohledu bezpecného provozu zahrady nevyhnutelné) sice esteticky narusuje vnimani skalnich
biotopd, nicméné pro jestérky predstavuje dany prvek zfejmé vitané rozsiteni ukrytové kapacity sta-
novisté (byly opakované pozorovany, jak se pod draténou sit ukryvaji).

Ruseni ze strany navstévnikii a usmrcovani jedincl pohybujici se technikou: Jedna se o jevy,
jejichz celkové dopady na mistni populaci jestérky zelené jsou s nejvétsi pravdépodobnosti zcela mar-
gindlni. Jestérky bézné vyuzivaji ke slunéni plochy v bezprostfedni blizkosti frekventovanych navstév-
nickych tras. Nelze vyloucit, ze pfitomnost navstévnikd, plynule proudicich po vyhrazenych plochéch,
by mohla mit i antipredacni vyznam, a Ze jestérky tuto okolnost pozitivné vnimaji. Nebezpeci jejich
usmrcovéani obsluznou technikou povazujeme vzhledem k rychlosti pohybu za minimalni (na rozdil od
jinych druh(, jako jsou napf. obojzivelnici nebo juvenilni stadia uzovek podplamatych, jejichz usmrco-
vani projizdéjici technikou bylo v aredlu zahrady potvrzeno). Nelze vyloucit ndhodné usmrceni jestérky
pfi koseni porost pomoci motorovych sekacek ¢i motorovych kos (v roce 2015 bylo takto v plose 4
zaznamendno napf. usmrceni uzovky hladké).

Jestérka zelena (oznacena Sipkou) vyhfivajici se pobliz informacniho panelu na plose ¢.5
European green lizard (indicated by the arrow) basking close to the information panel at the area No.5
Foto/Photo Petr Velensky”
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Stézejnim prvkem stanovist atraktivnich pro vyskyt jestérek jsou Ukryty v bezprostiedni blizkosti vhod-
nych mist ke slunéni (nejatraktivnéjsi jsou pak prvky, které tyto dva aspekty kombinuji). V piipadé
obnovy stepnich svah je tak treba v prvni fadé pokud mozno okamzité pfi zadsahu ponechdvat mo-
zaikovity vyskyt kiovin (idedlni pokryvnost cca 20% plochy). Dalezité ale je, aby ponechané kere byly
zavétveny co nejnize k terénu, jen tak mohou slouzit jako vhodny Ukryt. V pfipadé, Ze se na dané plose
takovéto kefe nevyskytuji, Ize tohoto stavu dosdhnout podporou zmlazovani vybranych jedinct (se-
Fiznuti bez aplikace herbicidu). Ukrytovy potenciél stanovisté Ize déle zvy3ovat budovanim sklada-
nych zidek (idedIné jednou stranou zapusténych do terénu) ¢i ponechénim lezicich kmend. Jako velmi
vhodné prechodné feseni (minimalné do obnovy Zadouciho vegetacniho krytu) Ize vyuzit ponechani
roztrousenych skupinek mensich hromad vétvi.

Jednoréazova velkoplosna likvidace veskerého porostu drevin a kfovin se jevi jako nepifilis vhodné
feSeni - tento postup lze zvolit za situace, kdy se jednd o stanovisté, kde se jestérky jiz prokazatelné
nevyskytuji (pfipad sanace plochy 1). | tak je velmi dUlezité okamzité ,vybavit” nové vzniklou plochu
nékterymi vyse uvedenymi prvky, zvysujicimi jeho heterogenitu a tak i atraktivitu pro jestérky (opét
pfipad plochy 1, kde se ukazuje, Ze jestérky prioritné kolonizovaly budto plochy, kde mohl byt pone-
chan mozaikovity kryt kefG nebo plochy, kde byly zbudovany vyse uvedené prvky zvysujici Ukrytovou
kapacitu lokality).

Pokud dochézi k dpravam ploch, kde se jestérky aktualné vyskytuji (napf. plocha 2), je dlezité je
provadét tak, aby tyto biotopy zUstaly pro jestérky kontinualné atraktivni (viz vyse uvedené ponechani
urcitého procenta kiovin, zbudovani novych ukryt(i a mist ke slunéni atd.). Pokud situace vyzaduje ra-

Na studijnich plochéch obyvanych jestérkami |ze doporucit pro zvyseni jejich atraktivity pro jes-
térky nasledujici:

Plocha 1: Vétsina této plochy neni aktualné jestérkami prakticky viibec vyuzivéna. Tuto situaci Ize
zménit zvysenim heterogenity danych ploch (= zvysenim ukrytové kapacity). V daném pfipadé se
v prvni fadé nabizi kombinace viech vyse uvedenych prvki - tj. zbudovéni vétsiho poctu sklddanych
zidek ¢astec¢né zapusténych do terénu, instalace vétsich kust kment do zcela odlesnénych partii svahu,
popf. dosazeni kefll (idedlné napf. Sipky). Zejména v plose 1 se pak nabizi vyuziti znacného mnozstvi
parezd pokacenych strom(. Pokud by se podafilo pod nimi vytvofit dostate¢né prostorné a hluboké
dutiny, vznikla by zde fada novych vhodnych Ukrytl pro jestérky.

Plocha 2 (v¢etné prilehlych ¢asti jizné a jihozdpadné orientovaného svahu az k hranici plochy 4): Zde
je treba provést citlivy managementovy zésah s ponechdnim mozaikovitého porostu nizkych, az k zemi
zavétvenych kefli (idedIné napt. Sipky). Tyto porosty je dale tieba v daném rozsahu udrzovat (sefiznutim
a zmlazenim drevin Ize dosahnout postupné i zadouci podoby (vétve az k terénu)). V plose Ize pone-
chat na vhodnych mistech i mensi kupky vétvi, popf. zaklinéné kmeny porazenych stromdu. Vzhledem
k tomu, Ze se jednd o ¢ast lokality se stéZejnim vyznamem pro mistni populaci uzovky podplamaté, je
tfeba managementové zasahy sladit i s pfipadnymi specifickymi stanovistnimi naroky tohoto druhu.

Ptipadna aplikace herbicidd musi byt provddéna lokélné (na fez, na list), nikoliv plosnym po-
stfikem.

Plocha 3: Plochu, minimalné nékolik metr(i iroky pas navazujici na okraj cesty a proluky mezi vo-
liérami, by bylo vhodné udrZovat ve stavu, kdy zde nebude kompaktni porost kefové a stromové ve-
getace. Vhodné by bylo stavajici vegetacni kryt profedit na mozaiku, kdy by alespor 50 % ploch bylo
dobfe oslunéno a doplnit tuto ¢ast lokality o prvky, zvysujici atraktivitu pro jestérky.V daném pfipadé
by se jednalo predevsim o skladané zidky, popf. rizné formace vétsich kamend. Vhodné a jestérkami
vyuzivané jsou i plochy ¢aste¢né porostlé popinavou vegetaci. Likvidovat je tfeba porost Skumpy.

Plocha 4: V jihovychodni (ploché) ¢asti lokality by bylo vhodné profedit porost vzrostlych dfevin
(cca na polovinu soucasného stavu) a Ize sem umistit nékteré prvky zvysujici atraktivitu plochy pro
jestérky a plazy obecné (jednd se o velmi vyznamnou ¢ést lokality pro uzovky podplamaté). Kromé
sklddanych zidek, ponechanych kmen ¢&i drobnych kupek vétvi Ize pouZit i volné nakupené hromady
vétsich kamen(. V ramci pravidelné kosenych ploch (napt. kolem histé a vedle umisténé budovy) by
bylo vhodné ponechavat alespor pfechodné nekosené (po dobu aktivity jeStérek) tzké lemy v jejich
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Vhodné provedeny management v ramci vychodni ¢asti plochy 1 (26.8.2015)
Properly executed management within the eastern part of area 1 (26.8.2015) Foto/Photo David Fischer

obvodu (pokoseny by byly az v pozdné podzimnim obdobi). Csti lokality navazujici na plochu 4 ze
severozapadu (Uzemi mezi lokalitou 4 a 2) by bylo vhodné upravit stejné, jako je navrhovéno v plose
2 (ale s ohledem na vyznam z pohledu uzovky podplamaté). Cést se vzrostlymi dievinami lezici nejvy-
chodnéji (nad zastavénymi plochami) Ize ponechat v sou¢asném stavu.

V ramci pfipadné vystavby novych objektl by mél byt bran zietel na vyznam dané plochy (archi-
tektonické feseni staveb a jejich okoli, podplirna a kompenzacni opatieni pro plazy, omezeni vystavby
v nejcennéjsich plochach).

Plocha 5: Pro jestérky zelené velmi vyznamna ¢ast lokality (po plo3e 1 zde byla zaznamendna nej-
vyssi frekvence vyskytu). Pravdépodobné mimoradné duilezity (a jediny) migracni koridor spojujici vyse
polozené ¢asti lokality se stanovisti v dolni ¢asti zahrady (napf. kolem vodniho kanalu) - zbytek svahu
totiz zabiraji venkovni vybéhy a expozice, které zfejmé nejsou jestérkami vyuzivany.

Tato plocha byla prvni, na které byla v roce 2016 realizovana opatfeni, vychazejici z odborné exper-
tizy (Fischer 2015). Vyrazné obohaceni prostoru skladanymi valy a zidkami, pfitomnost mensich vodnich
ploch a ponechani hustého vegetacniho krytu lu¢nimi rostlinami pfineslo v roce 2017 navrat a posileni
mistni populace jestérek. Pfi letmém priizkumu 22.-23.7. 2017 zde bylo pozorovano nejméné 6 jestérek
zelenych (dva samci, dvé samice a dva subadultni jedinci).

Z pohledu mistni populace jestérky zelené je mimoradné dulezité, aby tato plocha zUstala zacho-
vana ve stavu vyhovujicim pro jestérky - véetné zachovani dostatecné hustého, disperzné kvetouciho,
vegetacniho pokryvu.

Plocha 6:V ramci dané plochy by bylo vhodné zbudovat v oslunénych partiich svahu dal3i kamenné
zidky. Jinak je tfeba lokalitu udrzovat zhruba v soucasné podobé (dulezité je zachovani oslunénych
ploch).

Velkou vyzvou zUstavéa nové odlesnény svah, na kterém byla v roce 2015 vybudovana vinice, pod
niz je budovan Rékostv pavilén. Vhodnymi Gpravami by bylo mozno dosahnout vyrazného zvy3eni
atraktivity této plochy pro jestérky. Inspiraci pfitom mohou byt napf. stévajici vinice v Podyji (Sobes),
které optimalné propojuji produkci vinné révy s biologickou funkci tohoto stanovisté — jedna se o loka-
litu s nesmirné pocetnou populaci jestérky zelené a dalsich vzacnych druhd plazd, jako je napf. uzovka
podplamata a uzovka stromova. Vsechny tyto druhy jsou zde vazany do znacné miry na sklddané zidky,
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Skladana zidka s vysokou atraktivitou pro jestérky - plocha 6 (26.8.2015)
Wall composed of stacked stones highly attractive for lizards - Area 6 (26.8.2015) Foto/Photo David Fischer

které tvori oporu jednotlivych teras (podobna zidka je v nové zbudované vinici v zoo pfi jejim dolnim
okraji), popf. na okrajové partie vinic stepniho charakteru. Optimalnim fesenim by tak bylo dopInéni
téchto, popf. dalsich prvkl zvysujicich heterogenitu lokality, i do nové vinice na Uzemi Zoo Praha. Je
velmi pravdépodobné, Ze by se z této ¢asti zahrady stal nesmirné atraktivni biotop pro mistni druhy
plazd, véetné jestérky zelené. K prosperité xerotermnich organismd by pfispéla i minimalizace pfipad-
ného pouziti biocidd a jinych potencidlné nebezpecnych latek.

Predmétem dalsiho podrobného vyzkumu (instalace fotopasti atd.) by mél byt predacni tlak (nejen
ze strany kocek) a jeho dopad na populaci.V aredlu Zoo Praha by bylo vhodné eliminovat volné se po-
hybujici kocky. Rovnéz je potiebné sledovat vliv migracnich bariér a eventuélné hledat moznosti mi-
gra¢niho zprdchodnéni,Zakazanky".

Pouzivani herbicid(i by mélo byt omezeno na nutné minimum a mélo by dochdazet pouze k cilené
lokaIni aplikaci - plodnd aplikace postfikem je neZzadouci. Déle by bylo velmi vhodné ovéfit slozeni
a mozné dopady (v¢etné téch zplsobenych dlouhodobou kumulaci nékterych latek) pouzivanych
herbicidl na jestérky, do jejichz organismu se mohou dostavat jak pfimym kontaktem, tak napt. pfi
pfijiméni tekutin nebo druhotné s potravou (hmyzem ktery napf. pozrel oSetfenou vegetaci). Velmi
vhodné by bylo, vzhledem ke skutecnosti, Ze herbicidy jsou na zemi Zoo Praha pouZzivany pomérné
béZné, analyzovat dostupnou literaturu zabyvajici se problematikou vlivu herbicid(i na rdzné skupiny
zivocichd.

Udrzba ploch obyvanych jestérkami a pro jestérky potencialné vhodnych, by tam, kde je to mozné
v kombinaci s provoznimi potfebami Zoo Praha, méla respektovat jejich ekologické naroky (ponechéni
enklav s vyssi vegetaci, zachovéni heterogenity porost(, dostate¢né oslunéni, koseni s ohledem na mi-
nimalizaci nebezpeci usmrcovani jestérek).

PFi planovéni staveb by mél byt dle moZnosti bran ohled na vyskyt jestérek (a dalich zvlasté chrané-
nych druh rostlin a Zivocichl) a veskeré plochy s potvrzenym vyskytem jestérek by mély byt v co nej-
vy$si mozné mite chranény pred poskozovanim.V ramci soucasnych lokalit s potvrzenym vyskytem jes-
térek md zasadni vyznam zachovéni plochy 5 - jednd se zjevné o velmi vyznamny migraéni koridor.

Podékovani za cenné poznatky k vyskytu jestérek zelenych v Zoo Praha patfi panu Vojtéchu Vitovi,
zaméstnanci Zoo Praha.
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The European green lizard, Lacerta viridis, is in the Czech Republic listed as a critically endangered spe-
cies by the local legislative regulations. Populations in the Bohemia region are located beyond the nor-
thern border of continuous range of the species and are closely related to the so-called river pheno-
menon of deeply engorged river valleys. This phenomenon describes specific microclimatic conditions
which allow thermophilous species to survive outside of their continuous range. The distribution of the
Bohemian populations is the result of post-glacial expansion of the species from south-glacial refuges
and these populations are geographically and genetically isolated from each other.

The grounds of Prague zoo are located in such area with distinctive microclimate and a slope with
south and west exposition, suitable for inhabitation by several reptile species. Moreover, due to the
specific nature of the space usage and construction, the lizard population can survive in large parts
of the zoo area even though the space is used for different purpose. The Lacerta viridis population lo-
cated on the grounds of Prague z00, as an isolated autochtonnous relict population, has a significant
conservation value due to its genetic distinction and requires specific management that considers
low abundance, habitat fragmentation, low genetic variability and isolation as some of the the most
threatening factors.

Even though some management measures were applied earlier, the intensive conservation mana-
gement took place in the Prague zoo in the period from 2011 to 2015 with the focus on renewing the
rocky steppe biotope in the area of Zakazanka. Several smaller interventions were made in the years
2016 and 2017, mostly in smaller areas or in maintaining parts of the area which was a subject to ear-
lier management. The recent paper contains a critical evaluation of these management measures and
proposes additional.

The population has been continuously monitored by the authors of the recent paper and Zoo
employees. The intensive field research was carried out in 2015 in the south and southwest slope of
the Vltava river. The Lacerta viridis individuals were not marked, so the abundance is estimated from
line transects. In total, seven study areas were chosen (see Map 1).

The individuals were found in each of the chosen study area at least once, with the most findings
(52,1 %) in area 1, area 5 contained 29,6 % of findings. Other areas contained from 1,4 % to 5,6 % fin-
dings (see Table 2). Before the management measures, the findings were concentrated in areas 1, 2 and
4.The numbers of findings between study areas are highly unbalanced and even within the individual
study areas, lizards use only their parts. That consists with data from close populations of Lacerta viridis
with the availability of shelter and basking places as a decisive parameter.

The number of demonstrably different individuals we have observed is 30. Based on the presump-
tion that not all areas suitable for Lacerta viridis were monitored, the season of 2015 was not typical in
terms of climate conditions (long dry periods) and there were just 7 full day visits at the site, the quali-
fied estimation of the abundance is approximately at least twice this number (60).

The observed age composition of the population based only on demonstrably different individuals
during one visitis 1:0.12: 0.65 (adults : subadults : juveniles), based on all findings 1:0.16 : 0.45.

Sex ratio was observed from demonstrably different individuals is 0.88: 1 (M : F) and 1.33: 1 when
based on all findings.

Based on the total area of 2 ha, the observed density is approximately 15 individuals / ha. The au-
thors estimate the real total density to be higher as they do with abundance.

The number of individuals with regenerated tail was very low (6,7 % of demonstrably different in-
dividuals and 4,2 % from all findings). The closest population of Lacerta viridis in Tiché udoli contained
26 % individuals with regenerated tail.
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Even though the management measures definitely raised attractiveness of large parts of Prague zoo
area for Lacerta viridis and allowed spreading to new habitats, some aspects of presence on the grounds
of Prague zoo already have or could have potentially negative impact on the local population.

In some parts of the area inhabited by lizards is a low availability of shelters. Especially in study areas
1 and 2 where some parts have been completely devoid of bushes and left temporarily unusable for
the lizards. This destroys not only potential shelters, but also makes the whole area exposed to direct
sunlight and prevents thermoregulation in hot weather. This measure was necessary in areas that had
to be rid of trunk acacia which covered them continuously and there was no other vegetation present
to be left on site. The lack of shelter was partially compensated by leaving some of the cut branches or
smaller trunks on site. Also, the usage of herbicides (Roundup) could affect the lizard population either
directly or indirectly through the food chain.

Other negative aspect of presence on the grounds of Prague zoo could be a concrete curbs of pa-
thway in the area of Zakdzanka, which can disrupt a possibly important migration corridor for Lacerta
viridis.

The Prague zoo is also a home to several freely living potential predators. A large number of freely
roaming cats has been observed. Only predator with directly observed predation on Lacerta viridis
present on site is Kestrel (Falco tinnunculus). Indirect observation show also predation by European
magpie (Pica pica). The potential predators include: Smooth snake (Coronella austriaca) even though
their abundance seems to be extremely low, Common pheasant (Phasianus colchicus), Grey heron
(Ardea cinerea), freely roaming Indian peafowl (Pavo cristatus), other possible but probably not with a
large impact on the population could be rats, hedgehogs and foxes. Even though this predation can
be considered natural (except cats, peafowls and rats), it can pose a serious threat to a population with
such a low abundance.

The management measures could have lowered attractivity of some parts of the area by too in-
tensive vegetation removal. For example, part of study area 5 which was previously used by lizards
was not temporarily used after the management measures in July 2015. The opposite could be newly
constructed vineyard which connects to study area 1 and is expected to provide a new and attractive
habitat. A new hand-laid stone wall with sufficient inner spaces was constructed in area 5 and was im-
mediately settled by lizards. Also, the slope stabilization by steel mesh which was installed on parts
of the slope proved to increase the attractivity of the biotope and the mesh is used by the lizards as a
temporary shelter.

The effect of a large number of visitors could be predicted to be significantly negative, but the ob-
servations show otherwise. Lizards use basking places in close proximity to pathways and corridors
with visitors (it is not excluded that lizards recognize the antipredatory value of visitors” presence) and
react only if a human cross the border of the corridor.

Based on the observations and evaluation of previous management measures, recent paper pro-
poses several new measures and modification of ongoing ones.

The most important recommendation is to leave parts of the vegetation on site and retain the land-
scape mosaic (with the ideal vegetation coverage of 20 %). The bushes left on site should have bran-
ches close to surface to provide shelter. The availability of shelters can also be raised by leaving cut
branches on site in small piles.

Heterogenity of areas completely rid of vegetation should be raised by constructing stone walls,
installation of solitary stones, temporary placement of piles of branches and planting new bushes in
sufficient distances. These measures should also be considered in the new vineyard, especially stone
walls which could either create terraces (one is already present at the bottom of the vineyard), or line
the edges.

The next part of research should be focused on predation (for example by photo traps) and its impact
on the population. Also, the impact of possible migration barriers should be thoroughly examined.
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Abstract. The European green lizard, Lacerta viridis (Laurenti, 1768), is listed in the Czech Republic as critically
endangered. Its distribution in the Bohemia region is restricted to small isolated local populations which are located
beyond the northern border of continuous range of this species and are closely related to very specific habitats.
Populations in southern Moravia form the northwestern boundary of the continuous distribution of the species.
Based on the statewide database of the Czech Nature Conservation Agency, we created a predictive model and
determined key factors influencing the species distribution in the Czech Republic. The most relevant factors were:
annual precipitation, terrain slope, average temperature of the warmest quarter and precipitation in the coldest
quarter. The model is well compatible with published data on Lacerta viridis distribution in the Czech Republic
and is applicable in both theory and practice of the species conservation — e.g. focusing faunistic research to certain
areas, critical analysis of controversial presence reports and as an input for species management in the form of
repatriation and introduction.

Key words. Distribution, predictive model, species management, conservation, monitoring, river phenomenon.

INTRODUCTION

In ecology, predictive models are becoming increasingly popular as a tool for complex distribu-
tion analysis and identification of key climatic and geographical factors (Elith et al. 2006, Civi§
2013). As the number of studies increases, the focus is not only on the distribution of plants, but is
expanding to animals, including reptiles (Kaliontzopoulou et al. 2008, Sillero & Carretero 2013,
Oraie et al. 2014, Hosseinian Yousefkhani et al. 2015, Wirga & Majtyka 2015), even in a relation
to climate change (Dubey et al. 2013).

In the Czech Republic, the European green lizard Lacerta viridis (Laurenti, 1768) is generally
rare and declining, as a result of habitat degradation (Barus et al. 1989, Rehak 1996, 2015, 2017,
Mikétova & Necas 1997, Moravec 2015). According to legislative regulations in the Czech Repub-
lic, the European green lizard remains listed among the critically endangered species even though
the current Red list for the Czech Republic decreased the category to endangered (Jetabkova et al.
2017). The reason for this change is a generally better state of populations in southern Moravia
(in contrast to populations in Bohemia).



Although the oldest (Lower Miocene) central European fossil remnants of a lizard closely
related to Lacerta viridis have been described from Dolnice in the Cheb District (Ceriiansky
2010), the recent distribution of European green lizard in the Czech Republic is the result of
post-glacial expansion of the species from south-glacial refuges (Barus et al. 1992, Godinho et
al. 2005, Bohme et al. 2006, Rehdk 2015). All Czech populations belong to the nominotypical
subspecies. In Bohemia, the European green lizard distribution is isolated from the continuous
range of the species (Nettmann & Rykena 1984, Gasc et al. 1997, Crnobrnja-Isailovi¢ 2009,
Moravec 2015, Rehéak 2015).

Molecular data confirmed genetic affinities of the Bohemian populations to those in neighbo-
ring parts of Lacerta viridis distribution in NE Germany (Elbe River) and Moravia (Béhme et
al. 2006, Bohme & Moravec 2011). Moreover, individual relic Bohemian populations are also
more or less isolated from each other and genetically slightly distinct (Bohme et al. 2006, 2007,
Bohme & Moravec 2011). These populations are ecologically notable as inhabitants of biotopes
retaining ancient characteristics and they can differ significantly in autecology parameters (Fischer
& Rehak 2010, Blazek 2013, Chmelat 2014, Rehak 2015, Fischer et al. 2016).

Since 2007, Czech Nature Conservation Agency has been monitoring presence of the European
green lizard in order to get the most up-to-date and comprehensive picture of the species distri-
bution. While certain places of occurrence have traditionally been well known in the long term
since 1851 (Stépanek 1949, Moravec 2015), no published data are available in other areas of the
Czech Republic, where natural conditions do not exclude the presence of Lacerta viridis.

The focus of recent paper is to review yet unpublished Nature Conservation Agency faunistic
reports, to analyze available distribution records, to identify the key factors affecting the distri-
bution of European green lizards and to create a predictive model of the European green lizard
distribution in the Czech Republic. We intend to help to prioritize the monitoring effort (to focus
on places where the predicted probability of presence is high, but no real presence has been re-
corded). At the same time — by comparing the predictive model with the known distribution of
the European green lizard in the Czech Republic (based on critically evaluated published and our
own data) — to evaluate the usefulness of creating predictive distribution models for the theory
and practice of conservation and species management in particular.

MATERIAL AND METHODS

As a source of the European green lizard presence sites was used a statewide database maintained by the Nature Conserva-
tion Agency of the Czech Republic. The database contained 1,333 records from the whole territory of the Czech Republic
collected within the period from 1932 to 2014, with only 103 records being older than 1980.

The Predictive Distribution Model was created using MaxEnt software, version 3.3.3k, the output being a GIS document
in .asc format. This software was specifically chosen to work well with presence-only data (Elith et al. 2006, Hernandez et
al. 2006). As the European green lizard presence prediction value, the “Logistic threshold” was defined, i.e. the optimization
between the sensitivity of the model and the location of all real places of presence in the predicted areas.

For modeling purposes, a total of 74 layers were created for the Czech Republic: the lowest, highest and average
temperatures for individual months (36 layers in total), precipitation in individual months (12), bioclimatic variables
according to worldclim.org methodology — see Appendix (19), altitude, surface exposure, human footprint, slope, road
network, water bodies, watercourses (Civi$ 2013).

For modeling via the Maxent interface, WorldClim Worldwide database is standardly used as the source of climate
variables. This database, however, uses only data from two meteorological stations for the Czech Republic (Hijmans et
al. 2005), which is why it was inappropriate for our research, and we have created layers for the bioclimatic variables
manually.

All layers were created in ArcGis 9.3 (ESRI 2008) in the 2D coordinate system S-JTSK Krovak East-North. The
layers of climate variables were created based on the Climate Atlas of Czechia (Tolasz et al. 2007), which includes data
from 1961 to 2000.



RESULTS AND DISCUSSION

The predictive strength of the model is very high (AUC=0.958). Only 4.2% of the actual real
presence points were located below the predicted occurrence threshold, including several remote
presence points from areas where the European green lizard occurrence is unlikely — for example
area near Krnov and Mlada Boleslav. These are points that the national database has taken over
from sources labeled as controversial. The number of these points is negligible and we consider it
a tax for a large data sample from a wide spectrum of informants. Since the database is only open
for authorized zoologists, included records are reliable and the size of the input data set contri-
butes to prediction strength (Hernandez et al. 2006, Merow et al. 2013). The “logistic threshold”
prediction, when the sensitivity of the model is equal to its specificity, was 0.208. Therefore,
any higher value means that the model predicts the European green lizard presence, see Fig. 1.
The most important contributors to the resulting model were: BIO 12 — annual precipitation
(explaining 29.9% variability), slope — terrain slope (12.9%), BIO 10 — Average temperature of
the warmest quarter (10.5%) and BIO 19 — precipitation in the coldest quarter (9.2%). Graphs of
these variables are shown in Figs. 2-5.

According to the model, the probability of presence of the European green lizards is highest
in the range of annual precipitation between 500-550 mm (Fig. 2). The probability also grows
with increasing inclination of the terrain up to 20-25° (Fig. 3). It is almost constant at the average
temperatures of the warmest quarter 10—18 °C, the highest for temperatures of 19—20 °C and above
20 °C sharply drops below the threshold of prediction (Fig. 4). According to the precipitation in
the coldest quarter, the probability is highest if it exceeds 150 mm (Fig. 5).

Fig. 1. Predicted distribution of the European green lizard, Lacerta viridis (Laurenti, 1768) in the Czech Republic — white
points represent recorded presences from the national database.
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The annual precipitation variable is an expected result, given that the green lizards are located
mostly in warm and dry habitats in Central Europe. The precipitation range 500-550 mm per
year corresponds to the avoidance of excessively humid locations (Mikatova 2001, 2002, Fischer
& Rehak 2010, Moravec 2015).

The increasing probability of presence with increasing slope inclination corresponds to the
theory of Lacerta viridis distribution being linked to so-called river phenomenon (Jenik & Slavi-
kova 1964, Vannote et al. 1980, Lozek 1988, Strodicke 1995, Ward 1998, Mikatova 2001). This
theory indicates that thermophilous organisms can be found behind the northern boundary of
their continuous area in the deeply cut river valleys on the slopes with southern exposition. For
the European green lizard distribution in Bohemia, the link to the river phenomenon was well
documented (Lozek 1988, Mikatova et al. 2001, Mikatova 2002, Fischer & Rehak 2010, Moravec
2015, Rehak 2015, Fischer et al. 2016). The resulting map of the species presence in Bohemia
is in full compliance with the occurrence of a river phenomenon in the Czech Republic. In this
model, the slope explains a large portion of variability, but only when combined with other sig-
nificant variables. Examples of European green lizards from localities in Bohemia (isolated from
the continuous area of species distribution) and from localities in South Moravia (northwestern
border of the continuous species range) are shown in Figs. 6-12.

The dependence of prediction on average temperatures in the warmest quarter is self-evident,
but it is interesting to see a sharp drop when exceeding the 20 °C threshold. During sunny weather,

Fig. 6. Lacerta viridis (Laurenti, 1768) — adult male, Praha-Troja, Central Bohemia, 27 April 2018. Photo by 1. Rehak.
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Fig. 7. Lacerta viridis (Laurenti, 1768) — adult female, Albertovy skaly, Central Bohemia, 28 May 2016. Photo by D. Fischer.

the surface temperatures of the exposed parts of habitats can easily exceed 80 °C, it is likely that
the long-term excess of these temperatures will have a negative effect on the green lizard presence.
There is also a strong assumption of intercorrelation of average annual precipitation with average
annual temperatures (Schulz & Halpert 1993).

Dependence on precipitation in the coldest quarter is somewhat surprising. Based on this, the
probability of presence is growing. A possible interpretation is that the European green lizards
require a snow cover for a successful wintering. The snow isolates the wintering site from extreme
frosting, but also from sun heating, which can interrupt wintering, and an individual will often
not survive this interruption in hibernation (Vongrej et al. 2007).

The most recently published map of distribution (Moravec 2015) is in good consistency with
our predictive model, but since it is a square network map without precise locations and coordi-
nates, a more detailed comparison is problematic — especially with regard to the extraordinarily
variable geomorphological relief of the Czech Republic and to the distribution of the European
green lizard in the Czech Republic, where there is a strong correlation with the geomorphological
relief variability — in this case the network mapping easily includes the areas where the species
is not present.

We consider the result of finding large areas with high probability of modeled prediction where
real occurrence is not reported to be extraordinarily important. Here we see the need to direct
species monitoring to these places and search for historical data. Also, these sites should be con-
sidered as a matter of priority for possible repatriation efforts and for conservation management
by species introduction if the nature conservation authority decides for them.

The comparison of our predictive model and real distribution shows that the predicted and
real distribution is almost fully accordant. Thus we consider a creation of predictive distribution
models as a helpful instrument to facilitate monitoring and conservation efforts.



Fig. 9. Lacerta viridis (Laurenti, 1768) — adult female, Novy Hradek, Southern Moravia, 26 May 2012. Photo by D. Fischer.



Fig. 11. Lacerta viridis (Laurenti, 1768) — adult male, Sobes, Southern Moravia, 25 May 2015. Photo by D. Fischer.



Fig. 12. Lacerta viridis (Laurenti, 1768) — a couple (female on top), Albertovy skaly, Central Bohemia, 17 May 2006.
Photo by D. Fischer.

REFERENCES

BARUS V., BAUEROVA Z., KOKES J., KRAL B., LUsk S., PELIKAN J., SLADEK J., ZEIDA J. & ZMa J. 1989: Cervend kniha
ohroZenych a vzacnych druhii rostlin a Zivocichit CSSR 2. Kruhotisti, ryby, obojzivelnici, plazi, savci [ The Red List of
Endangered and Rare Species of Plants and Animals of the Czechoslovak Republic 2. Cyclostomes, Fish, Amphibians,
Reptiles, and Mammals). Praha: SZN, 136 pp (in Czech).

BARUS V., KMINIAK M., KRAL B., OL1vA O., OPATRNY E., REHAK I, ROTH P., SPINAR Z. & VOITKOVA L. 1992: Fauna CSFR.
Plazi. Reptilia (Fauna of Czechoslovakia. Reptiles, Reptilia). Praha: Academia, 222 pp (in Czech, with a summary
in English).

BLaZEk D. 2013: Autekologie jestérky zelené (Lacerta viridis) v Ceském Krasu [Autecology of the European Green
Lizard (Lacerta viridis) in the Cesky Kras Region]. Unpublished MSc Thesis. Ceské Budg&jovice: University of South
Bohemia, Czech Republic, 57 pp (in Czech).

BonaME M. U. & Moravec J. 2011: Conservation genetics of Lacerta viridis populations in the Czech Republic (Reptilia:
Lacertidae). Acta Societatis Zoologicae Bohemicae 75: 7-21.

BoHME M. U., SCHNEEWEISS N., FRITZ U., MORAVEC J., MAJLATH 1., MAJLATHOVA V. & BERENDONK T. U. 2006: Genetic
differentiation and diversity of Lacerta viridis viridis (Laurenti, 1768) within the northern part of its range: an
investigation using mitochondrial haplotypes. Salamandra 42: 29-40.

Bo6HME M. U., Fritz U., KOTENKO T., DZUKIC G., LyUBISAVLEVIC K., TZANKOV N. & BERENDONK T. U. 2007: Phylogeography
and cryptic variation within the Lacerta viridis complex (Lacertidae, Reptilia). Zoologica Scripta 36: 119-131.

CHMELAR J. 2014: Ekologie, etologie a variabilita jestérky zelené, Lacerta viridis, v Prirodni rezervaci Tiché udoli [ Ecology,
ethology and variability of European green lizard, Lacerta viridis, in the Tiché udoli Natural Reserve]. Unpublished
MSc Thesis. Praha: Charles University, Czech Republic, 112 pp (in Czech).

Civi§ P. 2013: Vyskyt a potencidlni dopady chytridiomykézy v Ceské republice (Occurrence and potential impacts of
chytridiomycosis in the Czech Republic). Unpublished PhD Thesis. Praha: Czech University of Life Sciences Prague,
Czech Republic, 22 pp (in Czech, with an abstract in English).

10



CRNOBRNJA-ISAILOVIC J., VOGRIN M., CORTI C., PEREZ-MELLADO V., SA-SOUSA P., CHEYLAN M., PLEGUEZUELOS J., NETTMANN
H. K., STERDOVSKI B., LYMBERAKIS P., PODLOUCKY R., COGALNICEANU D. & Avci A. 2009: Lacerta viridis. The IUCN
Red List of Threatened Species 2009. URL: https://dx.doi.org/10.2305/IUCN.UK.2009.RLTS.T61530A12507156.
en. (accessed 11 October 2020).

CERNANSKY A. 2010: Earliest world record of green lizards (Lacertilia, Lacertidae) from the Lower Miocene of Central
Europe. Biologia, Bratislava 64: 737-741.

Dusky S., PIKE D. A. & SHINE R. 2013: Predicting the impacts of climate change on genetic diversity in an endangered
lizard species. Climatic Change 117: 319-327.

ELiTHJ., GRAHAM C. H., ANDERSON R. P., DUDIK M., FERRIER S., GUISAN A., HUMANS R. J., HUETTMANN F., LEATHWICK J. R.,
LEHMANNA., L1J., LoHMANN L. G., LOISELLE B. A., MANION G., MORITZ C., NAKAMURA M., NAKAZAWA Y., OVERTON
J.M., PETERSON A. T., PHILLIPS S.J., RICHARDSON K., SCACHETTI-PEREIRA R., SCHAPIRE R. E., SOBERON J., WILLIAMS S.,
Wisz M. S. & ZIMMERMANN N. E. 2006. Novel methods improve prediction of species’ distributions from occurrence
data. Ecography 29: 129-151.

ESRI 2008: ArcGIS 9.3. Redlands, CA: Environmental System Research Institute.

FiscHER D. & REHAK 1. 2010: The ecology, ethology and variability of the European green lizard, Lacerta viridis, from a local
population along the river Vltava in Central Bohemia. Gazella 37: 51-163 (in Czech, with a summary in English).

FiscHER D., VELENSKY P., CHMELAR J. & REHAK I. 2016: European green lizard (Lacerta viridis) at the territory of Prague
z00. Gazella 43: 37-59 (in Czech, with a summary in English).

GascJ.P.,,CABELAA., CRNOBRNJA-ISAILOVIC J., DOLMEN D., GROSSENBACHER K., HAFFNER P., LESCURE P., MARTENS H., MARTINEZ-
Rica J. P., MAURIN H., OLIVEIRA M. E., SORANIDOU T. S., VEITH M. & ZUIDERWUK A. (eds) 1997: Atlas of Amphibians
and Reptiles in Europe. Paris: Societas Europaea Herpetologica & Muséum national d’Histoire naturelle, 496 pp.

GobINHO R., CrESPO E. G., FERRAND N. & HARRIS D. J. 2005: Phylogeny and evolution of the green lizards, Lacerta spp.
(Squamata: Lacertidae) based on mitochondrial and nuclear DNA sequences. Amphibia-Reptilia 26: 271-285.

HERNANDEZ P. A., GRAHAM C. H., MASTER L. L. & ALBERT D. L. 2006: The effect of sample size and species characteristics
on performance of different species distribution modeling methods. Ecography 29: 773-785.

Humans R. J., CAMERON S. E., PARRA J. L., JONES P. G. & Jarvis A. 2005: Very high resolution interpolated climate surfaces
for global land areas. International Journal of Climatology 25: 1965-1978.

HOSSEINIAN Y OUSEFKHANI S. S., RASTEGAR-POUYANI E., RASTEGAR-POUYANI N., MASROOR R. & SMmiD J. 2013: Modelling the
potential distribution of Mesalina watsonana (Stoliczka, 1872) (Reptilia: Lacertidae) on the Iranian Plateau. Zoology
in the Middle East 59: 220-228.

JENIK J. & SLAVIKOVA J. 1964: Stiedni Vltava a jeji pehrady z hlediska geobotanického [Central Moldau and its dams from
the geobotanical point of view]. Pp.: 67-100. In: Moravcova M. (ed.): Vegetacni problémy pri budovani vodnich dél
[Vegetation Problems in Building Water Works). Praha: CSAV, 258 pp (in Czech).

JERABKOVA L., KRASA A., ZAVADIL V., MIKATOVA B. & RoziNEk R. 2017: Cerveny seznam obojzivelniki a plazii Ceské
republiky [The Red List of amphibians and reptiles of the Czech Republic]. Priroda [Praha] 34: 83-106 (in Czech,
with an abstract in English).

KALIONTZOPOULOU A., BRITO J. C., CARRETERO M. A., LARBES S. & HaRris D. J. 2008: Modelling the partially unknown
distribution of wall lizards (Podarcis) in North Africa: ecological affinities, potential areas of occurrence, and
methodological constraints. Canadian Journal of Zoology 86: 992—1001.

LoZek V. 1988: Ri¢ni fenomén a prehrady [River phenomenon and dams]. Vesmir 67: 318-326 (in Czech).

MEerow C., SMITH M. J. & SILANDER J. A. 2013: A practical guide to MaxEnt for modeling species’ distributions: what it
does, and why inputs and settings matter. Ecography 36: 1058—1069.

MIKATOVA B. & NECAs P. 1997: Lacerta viridis (Laurenti, 1768). Pp.: 72—73. In: NECAS P., MODRY D. & ZavaDIL V. (eds):
Czech Recent and Fossil Amphibians and Reptiles. An Atlas and Field Guide. Frankfurt am Main: Chimaira, 94 pp.

MIKATOVA B., VLASIN M. & ZAvADIL V. 2001: Atlas rozsiFeni plazii v Ceské republice [Atlas of the Distribution of Reptiles
in the Czech Republic]. Praha: AOPK CR, 258 pp (in Czech).

MIkATOVA B. 2002: The green Lizard, Lacerta viridis (Laurenti, 1768), in the Czech Republic: Distribution, ecology and
conservation aspects. Mertensiella 13: 138—149.

MoRravec J. 2015: Lacerta viridis (Laurenti, 1768) — jeStérka zelena [Lacerta viridis (Laurenti, 1768) — the European
green lizard]. Pp.: 147-179. In: Moravec 1. (ed.): Fauna CR. Plazi (Reptilia) [Fauna of the Czech Republic. Reptiles
(Reptilia)]. Praha: Academia, 532 pp (in Czech).

NETTMANN H. K. & RYKENA S. 1984: Lacerta viridis — Smaragdeidechse. Pp.: 129-180. In: BoHME W. (ed.): Handbuch der
Reptilien und Amphibien Europas. Band 2/I. Echsen II (Lacerta). Wiesbaden: Aula-Verlag, 416 pp.

ORAIE H., RAHIMIAN H., RASTEGAR-POUYANI N., RASTEGAR-POUYANI E., FICETOLA G. F., HOSSEINIAN Y OUSEFKHANI S. S.
& KHOSRAVANI A. 2014: Distribution pattern of the snake-eyed lizard, Ophisops elegans Ménétriés, 1832 (Squamata:
Lacertidae), in Iran. Zoology in the Middle East 60: 125—132.

REHAK 1. 1996: Aktualizace Cervenych seznamii ohroZenych druhii obojzivelnikii a plazii Ceské republiky [Update of the
Red Lists of Endangered Species of Amphibians and Reptiles of the Czech Republic]. Praha: AOPK CR (in Czech).

11



REHAK 1. 2015: Protecting and managing a local population of the European green lizard, Lacerta viridis at the Prague
Zoo, Czech Republic. International Zoo Yearbook 49: 56—66.

ReHAK L. 2017: Recovery of wild European green lizard (Lacerta viridis) population in Prague Zoo. Pp.: 30-34. In: BEREZINA
0.G.,S1Lo V. A. & S1Lo O. V. (eds): Proceedings of International Scientific-practical Conference Zoos in the Modern
World as a Unique Site for Biodiversity Conservation and Ecological Education, 05.08.2017, Russia. Novosibirsk:
Garamond, 236 pp (in Russian, with English summary).

ScHurrz P. A. & HALPERT M. S. 1993: Global correlation of temperature, NDVI and precipitation. Advances in Space
Research 13: 277-280.

SILLERO N. & CARRETERO M. A. 2013: Modelling the past and future distribution of contracting species. The Iberian
lizard Podarcis carbonelli (Squamata: Lacertidae) as a case study. Zoologischer Anzeiger. A Journal of Comparative
Zoology 252: 289-298.

STRODICKE M. 1995: Die Smaragdeidechse, Lacerta viridis (Laurenti, 1768) in der Mitte und im Norden der Tschechischen
Republik. Herpetozoa 8: 73-80.

StiPANEK O. 1949: ObojZivelnici a plazi zemi Eeskych se zietelem k fauné stfedni Evropy [Amphibians and reptiles of
the Bohemian Lands with respect to the fauna of Central Europe]. Archiv pro Prirodovédny Vyzkum Cech, Novd Rada
1: 1-122. (in Czech).

Torasz R., MikovA T., VALERIANOVA A. & VOZENILEK V. (eds) 2007: Climate Atlas of Czechia. Praha: Czech
Hydrometeorogical Institute, 256 pp.

VANNOTE R. L., MINsHALL G. W., CummINs K. W., SEDELL J. R. & CusHING C. E. 1980: The river continuum concept.
Canadian Journal of Fisheries and Aquatic Sciences 37: 130-137.

VONGREJ V., SMOLINSKY R., BULANKOVA E. & JaNDZIK D. 2008: Extraordinary winter activity of the Green lizard Lacerta
viridis (LAURENTI, 1768) in southwestern Slovakia. Herpetozoa 20: 173.

WARD J. V. 1998: Riverine landscapes: biodiversity patterns, disturbance regimes, and aquatic conservation. Biological
Conservation 83: 269-278.

WIRGA M. & MasTyka T. 2015: Do climatic requirements explain the northern range of European reptiles? Common
wall lizard Podarcis muralis (Laur.) (Squamata, Lacertidae) as an example. North-Western Journal of Zoology 11:
296-303.

APPENDIX
Bioclimatic variables according to worldclim.org methodology

BIO1 = Annual Mean Temperature

BIO2 =Mean Diurnal Range (Mean of monthly (max temp — min temp))
BIO3 = Isothermality (BIO2/BIO7) (x100)

BIO4 = Temperature Seasonality (standard deviation x100)
BIO5 = Max Temperature of Warmest Month

BIO6 = Min Temperature of Coldest Month

BIO7 = Temperature Annual Range (BIO5-BIO6)

BIO8 =Mean Temperature of Wettest Quarter

BIO9 = Mean Temperature of Driest Quarter

BIO10 = Mean Temperature of Warmest Quarter

BIO11 = Mean Temperature of Coldest Quarter

BIO12 = Annual Precipitation

BIO13 = Precipitation of Wettest Month

BIO14 = Precipitation of Driest Month

BIO15 = Precipitation Seasonality (Coefficient of Variation)
BIO16 = Precipitation of Wettest Quarter

BIO17 = Precipitation of Driest Quarter

BIO18 = Precipitation of Warmest Quarter

BIO19 = Precipitation of Coldest Quarter
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Abstract

Marginal populations of animals are highly susceptible to environmental pressures
associated with climatic changes. Understanding their distribution and ecological
requirements is, thus, essential for the development of efficient conservation strategies.
The dice snake, Natrix tessellata, is listed as critically endangered in the Czech Republic.
In certain regions (Bohemia and Silesia), its populations are located beyond the northern
border of the continuous range of the species, while the south Moravian populations are
connected to it. Based on the statewide database of the Czech Nature Conservation
Agency, we created a predictive model and determined key factors influencing the species
distribution. The most relevant factors were: watercourses and bodies, average annual
temperatures, altitude, slope inclination and precipitation seasonality. The model fits the
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presence records well and is applicable in both theory and practice of the species
conservation — for example, focusing faunistic research to certain areas, critical analysis of
controversial presence reports and as an input for species management in the form of
repatriation and introduction.

Keywords

conservation, monitoring, species management, river phenomenon

Introduction

In ecology, predictive models are becoming increasingly popular as a tool for complex
distribution analysis and identification of key climatic and geographical factors (Elith et al.
2006, Civis 2013). As the number of studies increases, the focus is not only on the
distribution of plants, but is expanding to animals, including reptiles (Kaliontzopoulou et al.
2008, Hosseinian Yousefkhani et al. 2013, Sillero and Carretero 2013, Oraie et al. 2014,
Wirga and Majtyka 2015, Vargas-Ramirez et al. 2016, Petrosyan et al. 2020, Chmelar et al.
2020, Srinivasulu et al. 2021), predictions of invasive species spreading (Pyron et al. 2008,
Jarnevich et al. 2018) and even in relation to climate change (Dubey et al. 2012).
Especially small isolated populations are presumed to be most threatened by habitat
erosion due to the climate change (Sinervo et al. 2010).

In the Czech Republic, the dice snake, Natrix tessellata (Laurenti, 1768) is generally rare
and declining, as a result of habitat degradation (Pecina 1991, Velensky et al. 2011) and
introduction of the invasive American mink (Neovison vison) that predates on N. tessellata
(Kapler 1994, Mikatova et al. 2001, Svab 2003, Musilova and Zavadil 2011). The habitat
fragmentation due to roads and cycle paths that often lead close to the river banks and
either degrade the habitat directly or block the migration route between feeding and
wintering and reproduction sites are also factors. (Telenchev et al. 2017). According to
legislative regulations in the Czech Republic, N. tessellata is listed amongst the critically
endangered species according to the Ministry of the Environment of the Czech Republic
and the current Red List of amphibians and reptiles for the Czech Republic lists the
species as endangered (Jefabkova et al. 2017).

The recent distribution of N. tessellata in the Czech Republic is the result of post-glacial
expansion of the species from south-glacial refuges, while the isolated Bohemian and
German populations are presumed to be from Holocene climatic optimum (Guicking and
Joger 2011); expansion of N. fessellata from glacial refuges was also documented for
Asian populations (Jablonski et al. 2023). The origin and distribution in the Czech Republic
are similar to the distribution of the European green lizard (Lacerta viridis) and the
distribution of these species significantly overlaps mostly in river valleys in Bohemia, but
also in southern parts of Moravia (Moravec 2015, Chmelar et al. 2020). In Bohemia, Silesia
and Germany, N. tessellata distribution is isolated from the continuous range of the species
and these individual populations are mostly isolated from each other (Gruschwitz and
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Glnther 1996, Mikatova et al. 2001, Vi¢ek et al. 2010, Guicking and Joger 2011, Moravec
2015). Molecular data confirmed genetic affinities of Bohemian populations (samples from
rivers Berounka and Ohfe) to those in neighbouring parts of N. tessellata distribution in
Germany, Bulgaria, Romanian Donau Delta, Slovakia and Serbia (Guicking et al. 2009).
On the other hand, samples from the population near Havifov show a similar haplotype to
populations in Hungary, southern Austria and Slovenia (Jablonski et al. 2014). Furthemore,
recent molecular data confirm interspecific hybridisation within the genus Natrix (Asztalos
et al. 2021, Schéneberg et al. 2023).

Since 2007, the Czech Nature Conservation Agency has been monitoring the presence of
N. tessellata in order to obtain the most up-to-date and comprehensive picture of the
species distribution. While certain places of occurrence have traditionally been well known
in the long term since 1790 (Lindaker 1790, étépa’nek 1949, Moravec 2015), no published
data are available in other areas of the Czech Republic, where natural conditions do not
exclude the presence of N. tessellata.

The focus of this recent paper is to review yet unpublished Nature Conservation Agency
faunistic reports, to analyse available distribution records, to identify the key factors
affecting the distribution of N. tessellata and to create a predictive model of the species
distribution in the Czech Republic. We intend to help to prioritise the monitoring effort (to
focus on places where the predicted probability of presence is high, but no real presence
has been recorded). At the same time — by comparing the predictive model with the known
distribution of N. tessellata in the Czech Republic (based on critically evaluated published
and our own data) — to evaluate the usefulness of creating predictive distribution models
for the theory and practice of conservation and species management in particular.

Material and methods

As a source of N. tessellata presence sites, we used a statewide database maintained by
the Nature Conservation Agency of the Czech Republic. The database contained 660
records from the whole territory of the Czech Republic collected within the period from
1895 to 2014, with only 102 records being older than 1980.

For modelling purposes, a total of 73 layers were created for the Czech Republic: the
lowest, highest and average temperatures for individual months (36 layers in total),
precipitation in individual months (12), bioclimatic variables according to worldclim.org
methodology (Table 1) (19), altitude, surface exposure, human footprint, slope, road
network, watercourses and -bodies (including a 200 m buffer on each side of the
watercourse or -body) (Civis 2013).

For modelling via the MaxEnt interface, WorldClim Worldwide database is routinely used
as the source of climate variables. However, this database uses data from only two
meteorological stations for the whole Czech Republic (Hijmans et al. 2005), which is why it
was unsuitable for our research and we have created layers for the bioclimatic variables
manually.
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Table 1.

Bioclimatic variables according to worldclim.org methodology.

Variable Description

BIO1 Annual Mean Temperature

BIO2 Mean Diurnal Range (Mean of monthly (max temp - min temp))
BIO3 Isothermality (BIO2/BIO7) (* 100)

BIO4 Temperature Seasonality (standard deviation *100)
BIO5 Max Temperature of Warmest Month

BIO6 Min Temperature of Coldest Month

BIO7 Temperature Annual Range (BIO5-BIOG6)

BIO8 Mean Temperature of Wettest Quarter

BIO9 Mean Temperature of Driest Quarter

BIO10 Mean Temperature of Warmest Quarter

BIO11 Mean Temperature of Coldest Quarter

BIO12 Annual Precipitation

BIO13 Precipitation of Wettest Month

BIO14 Precipitation of Driest Month

BIO15 Precipitation Seasonality (Coefficient of Variation)
BIO16 Precipitation of Wettest Quarter

BIO17 Precipitation of Driest Quarter

BIO18 Precipitation of Warmest Quarter

BIO19 Precipitation of Coldest Quarter

All layers were created in ArcGis 9.3 (ESRI ArcGIS 2008) in the 2D coordinate system S-
JTSK Krovak East-North. The layers of climate variables were created, based on the
Climate Atlas of Czechia (Czech Hydrometeorological Institute 2007), which includes data
from 1961 to 2000.

Variables containing maximum, minumum and average temperatures and precipitation in
individual months were not included in the model because of their high intercorrelation. In
similar cases, a careful interpretation is recommended for making possible implications for
species conservation (Syfert et al. 2013). These data were also already included in the
WorldClim bioclimatic variables.

The climatic variables were screened for intercorrelation in ENM Tools (Warren et al. 2010
), resulting in correlation matrices for the Pearson correlation coefficient "r", Pearson
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coefficient of determination "r?" and Variance Inflation Factor "VIF" (Suppl. material 1).
Variables with r > 0.8, r > 0.8 and VIF > 10 were considered heavily intercorrelated (
Pradhan 2016) and removed from the model not to be used alongside variables with which
they were closely correlated. The final model included the following variables: altitude,
aspect, human footprint, road network, BIO 1, BIO 2, BIO 3, BIO 4, BIO 6, BIO 7, BIO 8,
BIO 9, BIO 12, BIO 15, slope, watercourses and -bodies.

The Predictive Distribution Model was created using MaxEnt software (Phillips et al. 2023),
the output being a GIS document in .asc format. This software was specifically chosen to
work well with presence-only data (Elith et al. 2006, Hernandez et al. 2006). As the N.
tessellata presence prediction value, the “Logistic threshold” was defined, i.e. the
optimisation between the sensitivity of the model and the location of all real places of
presence in the predicted areas. MaxEnt model was run in three replications and
automatically cross-validated. All other settings in the model were set to default.

Results

The predictive strength of the model (mean AUC) was 0.92 (92% of actual presence
records were above the prediction threshold) (Suppl. material 2). The mean “logistic
threshold” prediction, when the sensitivity of the model is equal to its specificity, was 0.151.
Therefore, any higher value means that the model predicts N. tessellata presence (see Fig.
1). The most important contributors to the resulting model were: Watercourses with 200 m
buffer - Water_buffer (explaining 36.7% variability), BIO 1 — Average annual temperature
(18.7%), altitude (11.6%), slope (11.4%) and BIO 15 - Precipitation seasonality (9.6%) Figs
2,3,4,5,6.

Figure 1. EEH

Predicted distribution of the dice snake, Natrix tessellata (Laurenti, 1768), in the Czech
Republic.
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Response of Natrix_tessellata to Water_buffer
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Figure 2. EEH

Response curve of the watercourses and -bodies variable (including 200 m buffer around
courses, y-axis: 1-3 watercourses ascending with course size, 4-6 waterbodies, ascending
with body size).
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Figure 3. EEH

Response curve of the annual average temperature (°C / 10).
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Response of Natrix_tessellata to altitude
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Response curve of altitude (m a.s.l.).

Response of Natrix_tessellata to slope

ner T

=1 =1
=l [==]
T T

logistic output
[
on

05 1
0.4rF 1
03f 1
0 8 10 15 20 25 a0
slope
Figure 5. EEI

Response curve of slope (°).
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Response of Natrix_tessellata to BIO15

logistic output
- [ -
in ™ -

[
=
T

[=1
(]
T

BIO15

Figure 6. EEI

Response curve of BIO 15 - Precipitation Seasonality (Seasonality Index).

According to the model, the probability of presence of N. tessellata is highest in areas up to
200 m from watercourses and -bodies (Fig. 2) in areas with annual temperatures of
10-11°C (Fig. 3). The probability of presence sharply drops in altitudes 250-400 m a.s.l.
(Fig. 4) and is highest in areas with slope inclination of 20-25° (Fig. 5). The probability of
presence is also highest in areas with the Precipitation Seasonaility index (Walsh and
Lawler 1981) of 0-10 and 40-45 (Fig. 6).

Discussion

The predictive strength of the model was very high (mean AUC = 0.92). Only 8% of the
actual real presence points were located below the predicted occurrence threshold,
including several remote presence points from areas where N. tessellata occurrence is
unlikely — for example, area near Ceska Trebova and Zabreh in the East Bohemia/West
Moravia or Volary and Vimperk in the South-western Bohemia. These points are listed in
the national database as taken over from sources labelled as controversial. The number of
these points is negligible and we consider it a price for a large data sample from a wide
spectrum of informants. Since the database is only open for authorised zoologists, included
records are reliable and the size of the input dataset contributes to the prediction strength
(Hernandez et al. 2006, Merow et al. 2013).

The probability of presence by annual average temperature is highest at 10-11°C. This
result is in full accordance with the published data and with the fact that significant areas
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with higher temperatures are hotspots of the actual N. tessellata distribution (Mikatova et
al. 2001, Moravec 2015). So far, there is no indication from the core area of distribution that
higher temperatures are restraining the presence of the species. The average and
maximum temperatures on the majority of the area are gradually increasing from 1961
(Zahradnicek et al. 2020). The increase seems to be even faster in years 2011 to 2019 and
these increases are most severe in the already warmest areas of the Czech Republic with
the increase as high as 0.43°C per 10 years. This could mean significant future changes of
suitable habitats for many species, including reptiles.

The predicted presence probability increased with proximity to watercourses and -bodies.
This corresponds with publications about populations at or beyond the northern edge of the
species continuous area of distribution (Mikatova et al. 2001, Moravec 2015) and, apart
from species ecology, this can be explained by the fact that the Czech N. tessellata
populations are linked to the so-called river phenomenon (Jenik and Slavikova 1964,
Vannote et al. 1980, Lozek 1988, Ward 1998, Mikatova et al. 2001). The specific geology
and temperature, water and air regime of deeply incised river valleys allow the occurrence
of thermophilic organisms beyond the northern boundary of their continuous range on river
slopes with southern exposition.

Increasing probability of prediction with decreasing altitude and increasing slope inclination
supports the suspected link of the distribution to river valleys and its importance was
closely followed by altitude. Near the northern edge of the species distribution range, N.
tessellata inhabits mostly altitudes of 200-350 m a.s.l. (Mikatova et al. 2001, Moravec 2015
). This corresponds with the model, where the probability of prediction sharply drops above
approximately 400 m a.s.l., although N. tessellata can be found even higher in the
mountains in the southern parts of its range (Piemonte, Italy up to 2000 m a.s.l., Austria up
to 840 m a.s.l., Bulgaria up to 1420 m a.s.l., Asia up to 2800-3000 m a.s.l. (Rehak 1992,
Nistri et al. 1997, Grillitsch and Cabela 2001, Stojanov et al. 2011).

Precipitation was expected to influence the species distribution, given that Czech N.
tessellata populations are piscivorous and closely related to rivers and waterbodies as a
source of prey. The highest probability of presence in areas with a Seasonality Index
(Walsh and Lawler 1981) of 0-10 (precipitation spread throughout the year) and 40-45
(rather seasonal with a short drier season) corresponds to the avoidance of excessively
humid locations for reproduction and wintering (Mikatova et al. 2001, Moravec 2015).
There is also a strong assumption of intercorrelation of average annual precipitation with
average annual temperatures (Schultz and Halpert 1993).

The link to the river phenomenon was well documented for N. fessellata distribution in
Bohemia (Lozek 1988, Mikatova et al. 2001, Moravec 2015). The regional pattern of
distribution suggests historical contraction of the range following the period of the Holocene
climatic optimum with N. tessellata populations surviving in these refugia (Guicking and
Joger 2011).

The resulting map of the species presence in Bohemia is in full compliance with the
occurrence of the river phenomenon in the Czech Republic. In this model, the precipitation
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variable explains a large portion of variability, but only when combined with other significant
variables. Examples of N. tessellata from localities in Bohemia (isolated from the
continuous area of species distribution) and from localities in South Moravia (north-western
border of the continuous species range) are shown in Figs 7, 8, 9, 10.

7

Figure 7. m

Picture of a N. tessellata biotope in Bohemia (Nezabudické skaly Natural Reserve).

Figure 8. E
Natrix tessellata individual from a population in Bohemia (Nezabudické skaly Natural
Reserve).
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Figure 9. EEH

Picture of N. tessellata biotope in South Moravia (Podyji National Park).

Figure 10. I
Natrix tessellata individual from a population in South Moravia (Podyji National Park).
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The most recently published map of distribution (Moravec 2015, Sandera 2023) is in good
consistency with our predictive model, but since it is a square network map without precise
locations and coordinates, a more detailed comparison is problematic — especially with
regard to the extraordinarily variable geomorphological relief of the Czech Republic and to
the distribution of N. tessellata in the Czech Republic, where there is a strong correlation
with the geomorphological relief variability — in this case, the network mapping easily
includes the areas where the species is not present.

The link of Bohemian N. tessellata populations to specific microclimatic parameters and
terrain morphology suggests that the most effective conservation strategy should be
protecting their actual and predicted habitats. Additionally, the habitats linked to river
phenomenon seem to be amongst the most resistant to climate change which otherwise
poses a major threat to reptile populations (Sinervo et al. 2010, Dubey et al. 2012). Since
climatic data from a large area have lower resolution, we recommend to analyse climatic
parameters and their changes on a smaller scale, for example, several populations within
areas with the highest temperature increases.

Conclusions

We consider the result of finding large areas with high probability of modelled prediction
where real occurrence is not reported to be extraordinarily important. Here, we see the
need to direct species monitoring to these places and search for historical data. These
sites should be considered as a matter of priority for possible repatriation efforts and for
conservation management by species introduction if the nature conservation authority
decides for them. Additionally, these areas might be possible corridors for migration. In
recent history, reptile species have been observed to occur beyond the northern range of
their continuous areas (Jablonski et al. 2014, Rehak et al. 2022) with the possibility of both
natural migration and human introduction. This expansion could also provide opportunity
for hybridisation with related species (Asztalos et al. 2021, Schoneberg et al. 2023). The
areas pinpointed from the model should also be subject to analysis of human footprint and
possible dangers, for example, new cyclist corridors are being constructed along major
rivers leading to heightened mortality and turning promising migration corridors into
ecological traps.

The comparison of our predictive model and real distribution shows that the predicted and
real distribution are almost fully accordant. Thus, a creation of predictive distribution
models is a helpful instrument to facilitate monitoring and conservation efforts.
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Abstract

The European green lizard (Lacerta viridis) populations in Bohemia are located beyond the
northern border of continuous range of this species, are stenotopic, closely linked to very
specific habitats in deeply incised river valleys (the so-called river phenomenon) and isolated
from each other. The chosen research site is the subject of long-term conservation management
aimed at strengthening and maintaining abundance of the local population. In order to formulate
a generalizable model for the management of other isolated Lacerta viridis populations, the
authors performed a spatial analysis of the places with presence of an observed individual in
order to determine and evaluate significance of the chosen biotic and abiotic factors for habitat
discrimination. The results indicate that positive discrimination is based on the presence of a
rock debris and a hiding place. Strongest factors towards negative discrimination were high
percentages of grass and high vegetation coverage. The model is well applicable in both theory
and practice of the species conservation and population management.

Key Words:

conservation modelling, spatial analysis, discriminant function analysis, population ecology,
population characteristics, regional stenotopy, climate change



Introduction

Species distribution is often modelled and analyzed on a large scale (Kaliontzopoulou et al.
2008; Sillero et Carretero 2013; Oraie et al. 2014; Hosseinian Yousefkhani et al. 2015; Wirga
et Majtyka 2015; Vargas-Ramirez et al. 2016; Petrosyan et al. 2020; Chmelaf et al. 2020, 2023;
Srinivasulu et al. 2021). Due to ecological specifics, reptiles may also show major differences
in microhabitat preference and usage. Both these aspects need to be taken into account for an
effective management of their habitats and populations.

Studies based on positive or negative discrimination of selected factors are common in botanical
works, but have recently been applied to reptiles (Sacchi et al. 2011) for occurrence prediction.
A similar analysis can be used to separate sympatrically occurring species according to their
ecological demands (Melville et Swain 1997, Heltai et al. 2015), or to confirm the search for or
avoidance of certain environmental factors, for example invasive plant species (Hacking et al.
2014).

In the Czech Republic, the European green lizard, Lacerta viridis (Laurenti, 1768), is generally
rare and declining, as a result of habitat degradation, and its survival in this location is uncertain
(Barus etal. 1989, 1992; Mikatova et Necas 1997; Mikatova 2002; Moravec 2015; Rehak 2015;
Mikatova et Jetdbkova 2023). All populations in the Czech Republic should belong to the
nominotypical subspecies Lacerta viridis viridis (Béhme et al. 2007b). According to legislative
regulations in the Czech Republic, the European green lizard remains listed among critically
endangered species even though the current Czech Red List decreased the category to
endangered (Chobot et Némec 2017). The reason for this change is a generally good state of
populations in the Moravia region in the Southeast in contrast to populations in the Bohemia
region. However, the biggest difference between Bohemian populations and populations from
South Moravia is the noticeably lower genetic diversity, heterozygosity rate and allele richness
of these populations (B6hme et Moravec 2011) as opposed to the populations in the core area
(Nemitz-Kliemchen et al. 2020). This is apparently a consequence of geographic isolation of
these population and an important aspect for their conservation and management.

Molecular data confirmed genetic affinities of Bohemian populations to those in neighboring
parts of their continuous distribution range in NE Germany (Elbe River) and Moravia (Bohme
et al. 2006; Bohme et Moravec 2011). No recent records of L. viridis presence is known from
Poland (Skawinski et al. 2019). Moreover, individual relic Bohemian populations are also more
or less isolated from each other and genetically slightly distinct (B6hme et al. 2006; Bohme et
al. 2007a; Bohme et al. 2007b; Bohme et Moravec 2011). These populations are ecologically
notable as inhabitants of biotopes retaining ancient characteristics and they can differ
significantly in ecological parameters (Strodicke 1995, Joger et al. 2010; Fischer et Rehak 2010;
Blazek 2013). These habitats are mostly highly fragmented (Prieto-Ramirez et al. 2018).

All Bohemian populations are bound to the so-called "river phenomenon" (Lozek 1988).
Populations are geographically isolated from each other, even from a continuous southern
distribution. The idea of the formation of metapopulations is therefore not very likely. This
creates the possibility of comparing these individual populations, both in terms of morphology,
ecology and ethology. These are also populations showing regional stenotopy, linked to specific
biotopes at the northern limit of species distribution and occur sympatrically with other animal
and plant species that are connected with the river phenomenon (Ward 1998; Chmelaf et al.
2023). The data on the ecology obtained from these localities are therefore very valuable, as the



European green lizards are probably found here at the very ecological limits of the species. The
Bohemian relict autochthonous populations of Lacerta viridis have extraordinary scientific and
conservation value, and due to their genetic exceptionality related to isolation, fragmentation,
small population size, genetic drift, reduced variability and the possibility of occurrence of
unique genetic variants, they also require special methods of conservation management (cf.
Bohme et al. 2007a, Joger et al. 2010).

The distribution of L. viridis in the Czech Republic has already been analysed and a prediction
model has been developed to identify suitable habitats on a large scale (Chmelar et al. 2020).
The aim of this paper is to identify the key factors influencing microhabitat selection, to
evaluate if these factors correspond on both scales, and to contribute to the practice and theory
of conservation of isolated populations in general.

Material and methods

The research was carried out in the valley of the Unéticky stream, otherwise also called Tiché
udoli (the Silent Valley). The entire location is located on the border of Prague and the Central
Bohemian region. The valley has the local character of a gorge. The whole sampling area is
part of the Roztocky haj —Tiché doli Nature Reserve and is protected by national laws.

From a geological point of view, the monitored area falls into the area of the Barrandien
Paleozoic, sedimentary rocks, especially shale and silicite, predominate. The filling of the
valley consists of alluvium deposits on sandy gravels (Fediuk 1997).

The location of the European green lizard is a south-facing slope with an area of 4.2 ha
consisting of 2 abandoned quarries and the slope itself. Its important parts are fragments of
heaths and rocky steppes with native flora on rocky outcrops. Such diverse terrain includes a
considerable number of microclimates with relatively high temperature differences. There are
frost basins in the area of the valley floor, with a frequent temperature inversion, especially in
spring. In contrast, the exposed rock outcrops show significantly higher temperatures than
would be usual for the given time of year.

For easier orientation and differentiation of individual sub-biotopes, the monitored area was
divided into smaller parts. A linear transect with a total length of 1.9 km was laid out through
these parts, and all the individuals detected along this transect were recorded. The obtained data
were also used for mapping the annual and daily activity, for estimating the number of the
population and as an indicator of the relative composition of the population in terms of gender
ratios and age categories. In total, 403 presences were recorded in the years 2011-2014 with the
total of 119 visits to the site.

GPS coordinates of the points of presence was measured using a Trimble GeoXT GPS receiver.
The recorded measurements were further enhanced by geodetical software. The estimated
accuracy of the measured points is within 50 cm in 87.6% of cases, within 1 m in 9% and only
3.4% of the measurements have an expected deviation greater than 1 m.

These points of recorded presences were used to perform the spatial analysis. The mapping was
carried out during June and July 2014 in order to minimize seasonal differences in microhabitat



layout. Also, the variables were selected with minimizing the effect of seasonal change in mind.
Especially in the case of variables related to vegetation, we focused on the percentage of their
coverage and/or number, rather than to the exact height, or the degree of shading of the surface.
Two types of variables were mapped in the field, namely:

1. Percentage representation of the given surface within a radius of 0.5 and 2.5 m from the point
of recorded presence. The following factors were mapped: scree, grass, soil, tall vegetation,
raised rock, stump or fallen log, leaves and branches.

2. The number of given objects within a radius of 0.5 and 2.5 m from the point of occurrence.
The following objects were mapped in this way: bush, thornbush, tree, raised rock, stump or
fallen log, shelter and deep shelter.

Factors with unclear definition were arbitrarily standardized according to their assumed
ecological function, not according to systematics. Tall vegetation includes herbs higher than 30
cm. A raised stone is defined as having a minimum length of 30 c¢m in its longest dimension
and an elevation of at least 15 cm compared to the surrounding surface, rock outcrops were also
classified in this category. A shrub was scored as any woody plant up to 2 m tall that was
sprouting close to the surface and could therefore provide shelter from a potential predator. As
trees were classified woody plants from a height of 2 with branches high above the ground and
did not provide direct shelter near the surface. Shelter was defined as any subsurface space in
which an individual is able to hide. In the case of a deep shelter, it was assumed that it could
also serve as a place for wintering or a laying a clutch of eggs.

For comparison with the above-mentioned presence records, we created a total of 200 random
points within the same area using the QGIS software. Selected variables were recorded in the
vicinity of these points using the same method as above.

Prior to the analysis, variables were screened for spatial intercorrelation using the Mantel test.
Principal component analysis (PCA) was also performed to identify redundant variables. Both
types of points were then compared using discriminant function analysis (DFA) in the
STATISTICA software, using the presence as the grouping variable (value of 0 for random
point and 1 for a point of recorded presence. The final model was constructed by a method of
backwards stepwise variable elimination. Another DFA was afterwards performed with the age
category (adult, subadult, juvenile) as a grouping variable in order to identify possible
differences in their microhabitat structure. Again, backwards stepwise variable elimination was
used.

In the case of a comparison without considering the category of the individual, the probability
of correct classification would be 50% for a random sample (random point and a presence
record). The probability of random classification was specified in the statistical method to be
the same for all categories, i.e. in the case of random distribution 33.3% for each of the 3 age
categories.



Results

The Mantel test identified variables with r > 0.2 Only the percentage of soil in the radius of 0.5
and 2.5 m from the presence record had exceeding values of intercorrelation and were not
included in further analyses.

1. DFA of presence records and random points

Unreduced model shows significant differences between random and recorded presence points
(Wilks' Lambda: 0.577, Fa4.578) = 17.69 p < 0.0001).

Then we reduced the number of variables in the model by backwards stepwise elimination
method and 9 variables have remained in the model: scree percentage 0.5 m, grass percentage
0,5 m, high vegetation 0.5 m, branches percentage 0.5, elevated rock/stump percentage 0.5 m,
number of trees 0.5 m, branches percentage 2.5 m, number of shelters 2.5 m, number of deep
shelters 2.5 m.

Wilks' Lambda of the reduced model (0.598) remained significant (F9,593) = 44.24 p < 0.0001).
The success of the classification is summarized in Tab. 1. The model was able to classify the
random points correctly in 82.5 percent of cases (165 out of 200). The classification success
rate of points of presence was 79,9 % (322 out of 403).

Tab. 1: Classification Matrix of DFA analysis, Rows: Observed classifications Columns:
Predicted classifications

Percent | Random [Presence
Random 82,5 165 35
Presence 79,9 81 322
Total 80,8 246 357

2. DFA of age categories the unreduced model (Wilks' Lambda: 0.75, Fs754) = 2.392618, p <
0.00001) shows significant differences in classification between points of presences of adults
and juveniles:

(Squared Mahalanobis distance = 1.25, F = 3.52, p <0.00001) and between points of presences
of juveniles and subadults (Squared Mahalanobis distance = 1.60, F = 1,65, p = 0.03). The
classification success rate is shown in Tab. 2 and cluster visualization is shown in Fig. 1.

Tab. 2: Classification Matrix of DFA analysis with age category as grouping variable, Rows:
Observed classifications, Columns: Predicted classifications

Percent a s j
a 88,4 236 4 27
s 13,5 27 5 5
j 35,4 64 0 35
Total 68,5 327 9 67




Fig. 1: Visualisation of canonical analysis according to age categories. The result shows no
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3. Principal Component Analysis (PCA) of all variables

clusters.

Through principal component analysis, from the PCA scree plot, 5 factors explained significant
percentage of variability. The first 2 factors were selected as determinants, which are
graphically represented in the form of axes in Figures 2 and 3. The first factor explained a total
of 20.13% of the internal variability, while the second factor explained 13%. Four main vectors
were identified by projecting the variables onto the plane.



Fig. 2: Projection of PCA into factor plane
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Discussion

Regardless of the chosen statistical method, all the analyses results show that the distribution
of individuals in the monitored locality is not random.

The output of discriminant analysis shows that the created model is reliably able to distinguish
a point of presence from a randomly selected point. However, it can’t reliably classify the
presence points of individuals into the correct age category. There was a significant
discrimination between juveniles and adults and between juveniles and subadults, but the
classification success rate was relatively small. Nevertheless, the change of habitat preference
by L. viridis during ontogeny is widely recognized and supported by the published data from
many populations (e.g. Fischer et Rehak 2010; Harta et al. 2017).

The sex of adult individuals was not evaluated in the analysis due to no significant difference
in the success of classification of presence points of males and females in preliminary analyses.

After discarding redundant variables, nine statistically significant key environmental factors
remained. In the 50 cm radius of the presence of the animal it is the scree percentage, grass
percentage, high vegetation, branches percentage, raised rock/stump percentage, number of
trees,-proportion of debris, grasses and tall vegetation (not shrubs, which were evaluated as a
separate variable). The proportion of high vegetation and grasses was higher at random points,
while a higher representation of debris, on the other hand, was more characteristic of points
with the presence of lizards. At a distance of up to 2.5 m, following variables remained after
the reduction, branches percentage, number of shelters, and number of deep shelters which
characterized the points of real presence.

According to the results of the analysis, it is precisely these variables that are able to distinguish
multidimensional groups of objects, in this case points on the monitored location. These results
should be interpreted with great caution. The European green lizard is a relatively large and
very mobile species. A circle within 50 cm directly from the place of presence would therefore
show which surface is directly chosen by the animal for its current position. Factors at this
distance will therefore be important mainly in terms of thermoregulation and passive
antipredation. From the point of view of prey accessibility, but especially active antipredation,
the vicinity of a point at a greater distance is much more important. The value of 2.5 m was not
chosen randomly, it is the approximate maximum distance that an adult individual was able to
run in one partial run without stopping. In this environment, the authors assumed discrimination
according to the presence of a potential long-term shelter.

From the PCA visualization (Fig. 2), four vectors can be recognized.

1. The first vector which corresponds with the direction of recorded presence, contains
mainly variables of elevated rock and shelter (both within 0.5 m and 2.5 m from the
point of recorded presence) this vector seems to include variables directly linked to
antipredatory/thermoregulatory function. Elevated position provides a basking
opportunity and vantage point to see potential predators or competitors while the
availability of shelter in the immediate vicinity is necessary to avoid predation
(Majlath et Majlathova 2009, Fischer et Rehak 2010).

2. The second vector consists of bush and thorny bush variables and we interpret these
variables as mainly antipredatory. The vector is directed roughly in accordance with
the recorded presence, which corresponds with data from similar studies (Heltai et



al. 2015). Lizards have been frequently observed running first into a nearby shrub if
disturbed and only if pursued further, seeking a refuge in subterranean shelter. This
interpretation can also be supported by a fact that 95% of recorded presence points
had at least one shrub or shelter within 50 cm and 99% had at least one shrub/shelter
within 2.5 m. We found no difference between usage of thorny/not thorny shrubs.

3. The third identified vector contains grass and high vegetation variables and does not
correspond with the direction of recorded presence. Preferred explanation is that
high vegetation and grass provide shade and thus lower the temperature of surfaces
covered by them. Also, these objects limit the lizard field of view without providing
a substantial cover form the predators, posing a potential risk. Of course, during
periods of supraoptimal temperatures, individuals have been observed seeking lower
temperatures in shade, but mostly preferring a shade provided by shrubs or seeking
a subterranean shelter.

4. The last identified vector consists only of the scree coverage (both within 0.5 and
2.5 m) and does not correspond to the presence, but neither goes in the opposite
direction. This is interpreted as mainly thermoregulatory effect since the scree can
be very easily warmed by the sun, but these surface temperatures can in warmer
periods on direct sunlight easily exceed 80° C which makes them unusable. The gaps
between scree are sufficient for juveniles and most subadults to be used as cover
from predators, but larger adults are not able to fit in most of them. The rising
percentage of warmer days in the area (Zahradnicek et al. 2020) could also lead to
switch in both microhabitat and habitat usage in the future (Rehdak et al. 2022) Thus,
we consider scree to be preferred surface only under very specific circumstances.

The nature of the site must also be considered when interpreting the results. The random points
were plotted into the polygon covering the site (4.2 ha) and did not include any areas
inaccessible to lizards. There was therefore no risk that a random point would be placed, for
example, in the middle of a stream or beyond the boundary of the site. Due to the relatively
small size of the polygon, it is therefore necessary to assume that a significant number of the
random points was located in the immediate vicinity of the points of recorded presence, which
was also often the case. Despite this assumption, the analysis was able to distinguish the vast
majority of random points from real observation locations.

For the purpose of the analysis, individuals have not been individually recognized, this means
that the dataset could contain some pseudoreplications by recording the same individual
multiple times. This problem could not be avoided, but was minimized by using the line transect
method, thus significantly lowering probability of repeated records. There was also a time
difference between individual site visits, lowering the risk even more.

Multivariate statistical models are rarely used in the study of reptile habitats. This method is
widespread especially in botany, specifically it is often used to predict the occurrence of
selected species. However, in studies focused on aspects of species protection, these are very
valuable methods, the outputs of which can have direct application. For example, discrimination
of a certain type of habitat in reptiles (Hacking et al. 2014) using the MANOV A method. The
output of their analysis was that Schmeltz's skink (Carlia schmeltzii) avoids microhabitats with
a high proportion of invasive grasses.



A similar method was also used in the study of the local population of L. bilineata in northern
Italy (Sacchi et al. 2011). According to the authors, individuals in the monitored population
purposefully seek out ecotones for their microhabitat, however, they do not discriminate based
on the specific composition of these ecotones. Other authors also mention the importance of
ecotones in L. viridis microhabitat usage (Harta et al. 2017).

In the previous study, we identified 4 factors that showed positive influence on the species
distribution in the Czech Republic: annual precipitation up to 600 mm, slope inclination
between 5-25°, mean temperature of the warmest quarter up to 20 °C and precipitation in the
coldest quarter above 150 mm (Chmelat et al. 2020). These factors seem to well describe the
preferred habitats that can support the L. viridis populations including our chosen research site.

Photos of a habitat and an individual from the research site are shown in Fig. 3 and Fig. 4. The
research site is a subject to an active management since 2000 and in 2013, both the population
density and area usage significantly increased in comparison to data from years 1995-1997
(Fischer et Rehak 2010) with the density and abundance corresponding to populations in similar
habitats (Prieto-Ramirez 2023), still the isolation of the population means a high risk to its long-
term survivability (Bohme et al. 2007b) and small isolated populations are presumed to be most
threatened by habitat erosion due to the climate change (Sinervo et al. 2010). The management
measures were focused on keeping the landscape mosaic with retaining of key microhabitat
elements while avoiding excessive growth of vegetation coverage, ideally by combining
grazing and cutout (Fischer et Rehak 2010; Rehak 2015; Fischer et al. 2016, 2023; Mizsei et al.
2023). Our study has identified some of these microhabitat elements and their combinations
which should be taken into account when planning management measures in similar areas.



Fig. 3: Typical habitat of Lacerta viridis (maintained by active management). Roztocky haj -
Tiche udoli Nature Reserve.
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Abstract.

The sand lizard, Lacerta agilis has been, until recently, considered a common and abundant
species in the Czech Republic. However, a significant decline has been documented in recent
years and several hypotheses have been raised to explain it. We created a predictive model and
determined key factors influencing the species distribution in the Czech Republic. The most
relevant factors were: mean annual temperatures, altitude and proximity to water courses or
bodies. The model is in full accordance with the presence records and can be applied in both
theory and practice of the species conservation, e.g. identifying areas with preferred habitat to
focus species monitoring and management efforts. The model also suggests the vulnerability of
the identified habitats to climate change and interspecific competition with other reptile species.
It is finer than coarse grid maps and is less affected by differences in monitoring effort than
spot maps, shows that Lacerta agilis can occur in the vast majority of the territory of the Czech
Republic as a highly euryecious species, and thus demonstrates that the causes of its decline
here are not significantly linked to geographical or climatic conditions, and indicates that the
causes of the decline of Lacerta agilis must be sought elsewhere. As an ecologically pioneer
species, it can be displaced by successive habitat changes. In areas of sympatric occurrence,

Lacerta agilis may be displaced by the locally more competitive Lacerta viridis. In general, we



consider the most serious cause of the decline of Lacerta agilis in the Czech Republic to be the
homogenization of the landscape and the dramatic decline of suitable habitats occurred as a

result of the creation of large agricultural and urbanized areas.

Key words. Squamata, Lacertidae, species conservation, habitat management, inter-species

competition, climatic change.

Introduction

Studies using predictive modelling of species distribution are a valuable tool in understanding
specific climatic and geographical factors that affecting it (ELITH et al. 2006, C1viS 2013). These
analyses are nowadays common in analyzing the distribution of reptile and amphibian species
(e.g. KALIONTZOPOULOU et al. 2008, SILLERO & CARRETERO 2013, ORAIE et al. 2014,
HOSSEINIAN YOUSEFKHANI et al. 2015, WIRGA & MAJTYKA 2015, PETROSYAN et al. 2020,
CHMELAR et al. 2020, SRINIVASULU et al. 2021, CHMELAR et al. 2023) and the impact of climate
change on species distribution (DUBEY et al. 2013), with a lot of reptile populations being small
and isolated, thus vulnerable to habitat degradation due to a changing climate (SINERVO et al.
2010). These models can also help predict spreading of invasive species (PYRON et al. 2008,
JARNEVICH et al. 2018) and facilitate adequate measures by the competent authorities. In the
presented case study on Lacerta agilis LINNAEUS, 1758 in the Czech Republic, we also use the
distribution model as an auxiliary tool to understand the causes of population decline.

The distribution of L. agilis in the Czech Republic is entirely within the range of the species
(BISCHOFF 1984, AGHASYAN et al. 2021). It can be found dispersed in suitable habitats all over
the Czech Republic excluding high mountains, intensively used agricultural terrain and dense
forests even though it can be found along the edges of these (MIKATOVA 2001, ZAVADIL et al.
2015, JERABKOVA et al. 2017).

Compared to other Czech reptile species, L. agilis has a high ecological adaptability and can
inhabit a wide range of habitats, even in suboptimal climatic conditions. It is considered a
pioneer species that can quickly expand into newly deforested areas or areas with reduced
vegetation coverage (MIKATOVA 2001, MORAVEC 2015, MIKATOVA & JERABKOVA 2023). Until
recently, the species was considered abundant in most parts of the Czech Republic even though

some mentions of population decline are dated up to 1990s (OPATRNY 1992). In recent years,



Czech populations of L. agilis are rapidly declining in abundance despite the species presence
being recorded from most of the areas of statewide quadrate grid mapping (MORAVEC 2015,
MIKATOVA & JERABKOVA 2023).

Legislative regulations in the Czech Republic list L. agilis as Highly Endangered and it is
Vulnerable according to the current Red List of Amphibians and Reptiles for the Czech
Republic (JERABKOVA ET AL. 2017).

The Nature Conservation Agency of the Czech Republic is monitoring occurrence of reptile
species since 2007 in order to map and understand their distribution. Published data of L. agilis
presence are available from most parts of the state (MIKATOVA 2001, MORAVEC 2015,

MIKATOVA & JERABKOVA 2023).

The aim of recent paper is to analyse available distribution records, describe the key factors
influencing the distribution of L agilis and how these factors are affected by the climatic change
in order to understand the recent population decline, and to create a predictive model that
visualizes areas with suitable habitat for monitoring and management focus and identifies areas

for potential species dispersal.



Material and methods

We used a state-wide database maintained by the Nature Conservation Agency of the Czech
Republic as a source of L. agilis presence sites. The database contained 7737 records from the
whole territory of the Czech Republic collected within the period from 1940 to 2014.

We created 73 layers in total for the modelling purposes covering the area of the Czech
Republic: the lowest, highest and average temperatures for individual months (36 layers in
total), precipitation in individual months (12), bioclimatic variables according to worldclim.org
methodology (Tab. 1) (19), altitude, surface exposure, human footprint, slope, road network,
water courses and bodies including a 200 m buffer (Civi$§ 2013).

Tab. 1. Bioclimatic variables according to worldclim.org methodology.

Variable | Description

BIO1 Annual Mean Temperature

Mean Diurnal Range (Mean of monthly (max temp - min
BIO2 temp))

BIO3 Isothermality (BIO2/BIO7) (* 100)

BIO4 Temperature Seasonality (standard deviation *100)
BIOS Max Temperature of Warmest Month

BIO6 Min Temperature of Coldest Month

BIO7 Temperature Annual Range (BIO5-BIO6)

BIO8 Mean Temperature of Wettest Quarter

BIO9 Mean Temperature of Driest Quarter

BIO10 | Mean Temperature of Warmest Quarter

BIO11 | Mean Temperature of Coldest Quarter

BIO12 | Annual Precipitation

BIO13 | Precipitation of Wettest Month

BIO14 | Precipitation of Driest Month

BIO15 | Precipitation Seasonality (Coefficient of Variation)
BIO16 | Precipitation of Wettest Quarter

BIO17 | Precipitation of Driest Quarter

BIO18 | Precipitation of Warmest Quarter

BIO19 | Precipitation of Coldest Quarter

WorldClim Worldwide database, which is routinely being used as the source of climate
variables, only uses data from two meteorological stations for the whole Czech Republic
(HUMANS et al. 2005), this made it unsuitable for our research and we have created layers for
the bioclimatic variables manually in ArcGis 9.3 (ESRI ArcGIS 2008) using the 2D coordinate
system SJTSK Krovak East-North. The layers of climate variables were created, based on the
Climate Atlas of Czechia (Czech Hydrometeorological Institute 2007), which includes data
from 1961 to 2000.



Variables containing maximum, minimum and average temperatures and precipitation in
individual months were not included in the model because of their high intercorrelation. In
similar cases, a careful interpretation is recommended for making possible implications for
species conservation (SYFERT et al. 2013). These data were also already included in the
WorldClim bioclimatic variables.

The climatic variables were screened for intercorrelation in ENM Tools (WARREN et al. 2010),
resulting in correlation matrices for the Pearson correlation coefficient "r", Pearson coefficient
of determination "r " and Variance Inflation Factor "VIF" (Suppl. material 1).

Variables with r > 0.8, r > 0.8 and VIF > 10 were considered heavily intercorrelated (Pradhan
2016) and removed from the model not to be used alongside variables with which they were
closely correlated. The final model included the following variables: altitude,

aspect, human footprint, road network, BIO 1, BIO 2, BIO 3, BIO 4, BIO 6, BIO 7, BIO 8,
BIO 9, BIO 12, BIO 15, slope, water bodies and courses.

The Predictive Distribution Model was created using MaxEnt software (PHILLIPS et al. 2023),
the output being a GIS document in .asc format. This software was specifically chosen to work
well with presence-only data (ELITH et al. 2006, HERNANDEZ et al. 2006). As the L. agilis a
presence prediction value, the “Logistic threshold” was used to optimize between the sensitivity
of the model and the location of all real presence records in the predicted areas. MaxEnt model
was run in three replications and automatically cross-validated. All other settings in the model

were set to default.



Results

The predictive strength of the model (AUC) was 0.624 (62.4 % of actual presence records were
above the prediction threshold). The mean “logistic threshold”, when the sensitivity of the
model is equal to its specificity, was 0.482 higher value means that the model predicts L. agilis
presence (see Fig.1). The most important contributors to the resulting model were: BIO 1 —
Average annual temperature (explaining 22.1 % variability), altitude (21.5 %) and Buf200 -
water courses with 200m buffer (12.6 %). Response curves of these variables are shown in

Figures 2 to 4.

According to the model, the probability of presence of L. agilis is highest in areas with average
annual temperatures of 10-11° C (Fig. 2), in altitudes up to 400 m a.s.l. and dropping up to
altitudes of 1400 m a.s.l. (Fig. 3) and in areas up to 200 m from water courses (Fig. 4).

Fig. 1. Predicted distribution of the sand lizard (Lacerta agilis) in the Czech Republic.
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Fig. 4. Response curve of the water courses and bodies variable (including 200 m buffer around
courses, y-axis: 1-3 watercourses ascending with course size, 4-6 waterbodies, ascending with

body size).
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Fig. 5. Natural monument Neretsky lom - the site of an abundant population of Lacerta agilis.




Fig. 6. Pair of Lacerta agilis, Neretsky lom Nature Monument.




Discussion and conclusions

The predictive strength of the model was low (AUC = 0.624). Nearly 38% of the actual presence
records were located below the predicted occurrence threshold, which further proves the width
of the species ecological valence. These records included several areas where L. agilis
occurrence is unlikely, even though it is recorded (at least historically) from 86 % of quadrates
covering the Czech Republic (MIKATOVA 2001, MORAVEC 2015). The number of these points
is negligible and we consider it a price for a large data sample from a wide spectrum of
informants. Since inputs to the database is only open to biologists authorized by the Nature
Conservation Agency of the Czech Republic, included records are reliable and the size of the
input data set contributes to prediction reliability (HERNANDEZ et al. 2006, MEROW et al. 2013).
The low prediction strength of the model can be explained by L. agilis being a habitat generalist,
especially compared to other Czech reptile species. Distribution models for the European green
lizard, Lacerta viridis (LAURENTI, 1768).and the dice snake, Natrix tessellata (LAURENTI, 1768)
had very strong AUC values due to a close link to very specific habitats in the Czech Republic
(CHMELAR et al. 2020, 2023). In accordance with this hypothesis, a more widely spread species

would be much less likely limited by habitat constraints.

The probability of presence by annual average temperature gradually rises up to temperatures
of 10-11° C which covers warmer areas in the Czech Republic. The species can partly
compensate excessively warm periods by switching the diurnal activity to two daily peaks
(morning and evening) (OPATRNY 1992, MIKATOVA 2001, BLANKE 2004, MORAVEC 2015). In
recent years, there seems to be a trend of moving to colder areas (MIKATOVA & JERABKOVA
2023). The average and maximum temperatures on the majority of the area are gradually
increasing from 1961 (ZAHRADNICEK et al. 2020). The increase seems to be even faster in years
2011 to 2019 and these increases are most severe in the already warmest areas of the Czech
Republic with the increase as high as 0.43°C per 10 years. This could mean significant future
changes of suitable habitats for many species, including Lacerta agilis. Thus, the effect of
altitude on the species distribution was an expected result. This corresponds with the model,
where the probability of occurence lowers with rising altitude and sharply drops above
approximately 1400 m a.s.l. The highest recorded presence in the Czech Republic is from 940
m a.s.l. (Moravec 2015), but in western and central Europe, L. agilis can be found up to altitudes
of 1700 m a.s.l. (GRILLITSCH & CABELA 2001, BLANKE 2004). As with the temperatures, in

recent years, L. agilis seems to be gradually spreading to higher altitudes (MIKATOVA &



JERABKOVA 2023). The habitat shift has been previously described from the edges of the species
range, but not from its core areas (SCHMITZ et al. 2022).

The predicted presence probability increased with proximity to water courses and bodies.
According to the graph scale in Fig. 4, the increase in probability is low (From 50 % to 60 %),
but most predicted hotspots of species presence are in the vicinity of rivers (Fig. 1). Although
there is no specific mention of L. agilis being linked to rivers or water bodies neither by their
trophic nor thermal biology, the preferred types of habitats (unforested with solitary shrubs and
covered by low vegetation (MIKATOVA 2001, MORAVEC 2015, MIKATOVA & JERABKOVA 2023)
are often found near water courses or bodies. The river network in the Czech Republic is very
dense, so the buffer 200 m around water course and bodies covers a large area

The most recently published maps of distribution of L. agilis in the Czech Republic (MORAVEC
2015, MIKATOVA & JERABKOVA 2023, SANDERA 2024) are in good consistency with our
predictive model, but these are square network maps where dimensions of one square are is 10
x 10 km which makes a detailed comparison problematic since the squares of this size often
include areas where the species is not present. This method is also not suitable to study
population ecology since even one presence record is enough to cover the whole square. The
latest atlas of reptile distribution (MIKATOVA & JERABKOVA 2023) also includes a map of
localities of species occurrence which is more comparable with the model. The advantage of
the model is that it is finer than coarse grid maps and is less affected by differences in
monitoring effort than spot maps. According to our model Lacerta agilis can occur in the vast
majority of the territory of the Czech Republic as a highly euryecious species. At the same time,
the model demonstrates that the causes of its decline here are not significantly linked to
geographical or climatic conditions, and indicates that the causes of the decline of Lacerta agilis
must be sought elsewhere.

In some areas, the occurrence of Lacerta agilis may be limited by competition with the
European green lizard, Lacerta viridis. The present model of the distribution of Lacerta agilis
shows that in the Czech Republic conditions suitable for this eurytopic species are also suitable
for stenotopic Lacerta viridis (CHMELAR et al. 2020). However, the syntopic coexistence of
both species (reported e.g. from Hungary - HELTAI et al. 2015) is exceptional here, and in the
case of sympatric occurrence segregation is evident by the selection of different habitats
(FISCHER & REHAK 2010, CHMELAR 2014, REHAK et al. 2022), mostly apparently by the
displacement of the smaller Lacerta agilis from the optimal habitats for L. viridis. As a result
of climate warming, this phenomenon may become increasingly important. The Czech

populations of L. viridis are more resistant to longer dry periods and rising temperatures caused



by the climatic change. L. agilis is generally better equipped to inhabit relatively colder and
wetter habitats (ENRIQUEZ-URZELAI et al. 2022). The large overlap of areas with a high
probability of occurrence of both species should be interpreted that these habitats are suitable
for both species, but are not equally used by both species due to their competition. In colder
and wetter habitats, interactions with the viviparous lizard, Zootoca vivipara (LICHTENSTEIN,
1823), may occur. With the increasing number of records of Podarcis muralis in the Czech
Republic (JABLONSKI et al. 2019, VLCEK & ZAVADIL 2019), it is possible to consider
interactions with this species in the future as well. It is known that in the syntopic occurrence
of L. agilis and P. muralis, both species can overlap in both space and niche usage (HEYM et al.
2013), but can result in a niche separation within the same habitat (FRUHLING et al. 2022).
However, anthropogenic activities seem to be the largest danger to the L. agilis populations in
the Czech Republic. In general and in agreement with others (MORAVEC 2015, MORAVEC 2019,
MIKATOVA & JERABKOVA 2023), we consider the most serious cause of the decline of Lacerta
agilis to be the homogenization of the landscape, and the dramatic decline of suitable habitats
occurred as a result of the creation of large agricultural areas and urbanized areas. The removal
of trees and shrubs opens up large areas for the pioneer colonisation by L. agilis and these areas
are later ecologically degraded so that they act as an “ecological trap”. The preferred L. agilis
habitats contain high number of open spots, high percentage of grass and small bush coverage
(see also NEMES et al. 2006, CEIRANS 2007, MIZSEI et al. 2023). Patches with dense vegetation
provide needed shelter from predation. Large newly cut open areas often do not contain enough
solitary shrubs and other potential shelters from predators. Synanthropic species like cats, dogs
and corvid birds prey on L. agilis and other reptiles. Other major dangers are habitat
fragmentation and overgrowing. Dense coverage of trees and shrubs limits thermoregulation
and can make previous presence sites uninhabitable for the species. The habitats preferred by
L. agilis seem to be among the less resistant to climate change which poses a major threat to
reptile populations (SINERVO et al. 2010, DUBEY et al. 2013).

The comparison of our predictive model and the real distribution shows that the predicted and
real distributions are almost fully accordant. Predictive distribution models are a helpful
instrument to facilitate monitoring and conservation efforts, especially when the populations of
studied species decline at an alarming rate. We consider the large areas with high probability
of occurrence identified by the model to be extraordinarily important, with need to direct
species monitoring here. In our opinion, these sites should be considered as a matter of priority
for conservation habitat management. Also, the focus should be on opening possible corridors

for migration to maintain gene flow in otherwise increasingly isolated populations.
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Abstract.

The smooth snake, Coronella austriaca, is recorded from many areas of the Czech Republic
state, but occurs mosaically in small isolated populations, which may be reflected in low
genetic variability and high inbreeding. Its diet includes a significant representation of
reptiles, so its occurrence is also intercorrelated with their availability. Due to its relatively
high position in the trophic chain, its distribution is sensitively related not only to the
distribution of hunted reptiles, but is also a remarkable bioindicator of the quality of the
respective biotopes and natural communities. Conservation monitoring of its populations is
complicated by its very inconspicuous way of life, due to which its presence often remains
undetected. We created a predictive model and determined key factors influencing distribution
of Coronella austriaca in the Czech Republic. The most relevant factors were: slope, annual
precipitation and altitude. There are also obvious correlations of the distribution of Coronella
austriaca with the presence of Lacerta agilis and Lacerta viridis. The model, which is finer
than coarse grid maps and is less affected by differences in monitoring effort than spot maps,
is in full accordance with the presence records and can be applied in the conservation of
Coronella austriaca, e.g. identifying areas with preferred habitat to focus species monitoring
and management efforts and opening of migration corridors. The model also suggests

vulnerability of the identified habitats to climate change and anthropogenic activities. We
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consider the most serious risk to the Coronella austriaca in the Czech Republic to be the
homogenization of the landscape and the dramatic decline of suitable habitats occurred as a

result of the creation of large agricultural and urbanized areas.

Key words. Squamata, Colubridae, species conservation, habitat management, bioindication,

climatic change.

Introduction

Predictive modelling of species distribution is a valuable tool in understanding specific
requirements affecting it (Elith et al. 2006, Civi§ 2013). Modelling for conservation purposes
is becoming common in reptiles and amphibians (e.g. Santos et al. 2006, Kaliontzopoulou et
al. 2008, Sillero & Carretero 2013, Oraie et al. 2014, Hosseinian Yousefkhani et al. 2015,
Wirga and Majtyka 2015, Petrosyan et al. 2020, Chmelat et al. 2020, Srinivasulu et al. 2021,
Chmelat et al. 2023, Kornilev et al. 2023), recently also in connection to the impact of climate
change on species distribution (Carvalho et al. 2011, Dubey et al. 2013, Brito et al. 2014,) and
spreading of invasive species (Pyron et al. 2008, Jarnevich et al. 2018). In the present-study
on Coronella austriaca Laurenti, 1768 in the Czech Republic, we used the distribution model
also to compare its habitat requirements to other selected syntopic reptile species which it
preys upon.

The recent distribution of Coronella austriaca in Europe seems to be a result of several
expansions from refugia in the Iberia, the Balkans, and Caucasus (Galarza et al. 2015, Jablonski
et al. 2019, Stratakis et al. 2022) regions. Central European populations are mostly isolated
from each other and have high inbreeding and low heterozygosity (Sztencel-Jabtonka et al.
2015) with the genetic variability decreasing even more in northernmost populations (Galarza
et al. 2015). Viable isolated populations are known even from relatively very small localities
(Dick and Mebert 2017). The whole Czech Republic is within the range of the species (Moravec
2019). C. austriaca can be found here dispersed in a number of small isolated populations
within various suitable habitats, excluding high mountains, intensively used agricultural terrain
and dense forests (Rehdk 1992a, Moravec 2015, Mikatova and Jefdbkova 2023). In northern
parts of the species the species range, C. austriaca inhabits areas with a dense heath cover, e.g.

in England (Spellerberg and Phelps 1977, Pernetta 2009, Reading 2012) and the Netherlands



(Stumpel and van der Werf 2012), even drained peat bogs in Latvia (Ceirans and Nikolajeva
2014, 2017).

Legislative regulations in the Czech Republic list C. austriaca as Highly Endangered and
Vulnerable according to the current Red List of Amphibians and Reptiles for the Czech
Republic (Jefabkova et al. 2017). Published data of C. austriaca presence are available from
most parts of the Czech Republic (Rehdk 1992b, Vlasin 2001, Moravec 2015, Mikatova and
Jetabkova 2023). Nevertheless, knowledge of its distribution and biology here remains small
and fragmentary. The Nature Conservation Agency of the Czech Republic is monitoring
occurrence of reptile species since 2007. However, conservation monitoring of Coronella
austriaca still has many gaps, due to the fact that its presence is easily overlooked because of
its inconspicuousness. At the same time, due to its position in the trophic chain, the
occurrence of Coronella austriaca is also a useful bioindicator of the ecological status of the
relevant biotopes and natural communities.

The aim of this paper is to present a model of the distribution of Coronella austriaca in the
Czech Republic, compare it with models for some other selected reptile species, analyse
available occurrence records to understand the isolation of individual populations, describe
key climatic and geographic factors influencing the distribution of C. austriaca, identify areas
with potential for dispersal of the species, and provide a tool for assessing how climate

change may affect distribution.



Material and methods

We used a statewide database maintained by the Nature Conservation Agency of the Czech Republic as a source
of C. austriaca presence sites. The database contained 1734 records from the whole territory of the Czech
Republic collected within the period from 1906 to 2014.

We created 73 layers in total for the modelling purposes covering the area of the Czech Republic: the lowest,
highest and average temperatures for individual months (36 layers in total), precipitation in individual months
(12), bioclimatic variables according to worldclim.org methodology (Table 1) (19), altitude, surface exposure,
human footprint, slope, road network, water courses and bodies including a 200 m buffer (Civi§ 2013).

Tab. 1. Bioclimatic variables according to worldclim.org methodology.

Variable | Description

BIO1 Annual Mean Temperature

Mean Diurnal Range (Mean of monthly (max temp - min
BIO2 temp))

BIO3 Isothermality (BIO2/BIO7) (* 100)

BIO4 Temperature Seasonality (standard deviation *100)
BIOS Max Temperature of Warmest Month

BIO6 Min Temperature of Coldest Month

BIO7 Temperature Annual Range (BIO5-BI06)

BIO8 Mean Temperature of Wettest Quarter

BIOY9 Mean Temperature of Driest Quarter

BIO10 | Mean Temperature of Warmest Quarter

BIO11 | Mean Temperature of Coldest Quarter

BIO12 | Annual Precipitation

BIO13 | Precipitation of Wettest Month

BIO14 | Precipitation of Driest Month

BIO15 | Precipitation Seasonality (Coefficient of Variation)
BIO16 | Precipitation of Wettest Quarter

BIO17 | Precipitation of Driest Quarter

BIO18 | Precipitation of Warmest Quarter

BIO19 | Precipitation of Coldest Quarter

WorldClim Worldwide database, which is routinely being used as the source of climate variables, only uses data
from two meteorological stations for the whole Czech Republic (Hijmans et al. 2005), this made it unsuitable for
our research and we have created layers for the bioclimatic variables manually in ArcGis 9.3 (ESRI ArcGIS
2008) using the 2D coordinate system SJTSK Krovak East-North. The layers of climate variables were created,
based on the Climate Atlas of Czechia (Czech Hydrometeorological Institute 2007), which includes data from
1961 to 2000.

Variables containing maximum, minimum and average temperatures and precipitation in individual months were
not included in the model because of their high intercorrelation. In similar cases, a careful interpretation is
recommended for making possible implications for species conservation (Syfert et al. 2013). These data were

also already included in the WorldClim bioclimatic variables.



The climatic variables were screened for intercorrelation in ENM Tools (Warren et al. 2010), resulting in
correlation matrices for the Pearson correlation coefficient "r", Pearson coefficient of determination "r " and
Variance Inflation Factor "VIF" (Suppl. material 1).

Variables with r > 0.8, r > 0.8 and VIF > 10 were considered heavily intercorrelated (Pradhan 2016) and
removed from the model not to be used alongside variables with which they were closely correlated. The final
model included the following variables: altitude,

aspect, human footprint, road network, BIO 1, BIO 2, BIO 3, BIO 4, BIO 6, BIO 7, BIO 8,

BIO 9, BIO 12, BIO 15, slope, water bodies and courses.

The Predictive Distribution Model was created using MaxEnt software (Phillips et al. 2023), the output being a
GIS document in .asc format. This software was specifically chosen to work well with presence-only data (Elith
et al. 2006, Hernandez et al. 2006). As the C. austriaca a presence prediction value, the “Logistic threshold” was
used to optimize between the sensitivity of the model and the location of all real presence records in the
predicted areas. MaxEnt model was run in three replications and automatically cross-validated. All other settings

in the model were set to default.



Results

The mean predictive strength of the model (AUC) was 0.735 (73.5% of actual presence
records were above the prediction threshold). The mean “logistic threshold”, when the
sensitivity of the model is equal to its specificity, was 0.412. Higher value means that the
model predicts C. austriaca presence (see Fig. 1). The most important contributors to the
resulting model were: slope inclination (explaining 25.5 % variability), BIO 12 - annual
precipitation (14.9 %), altitude (12.2 %), Water buffer - water courses and bodies with 200m
buffer (10.8 %) and BIO1 — mean annual temperatures (9.6 %). Response curves of the 3 most

influential variables are shown in Figures 2 to 4.

According to the model, the probability of presence of C. austriaca is highest with the slope
inclination of 20-30° (Fig. 2), in the areas with annual precipitation of 550 mm (Fig. 3),
altitudes up to 400 m a.s.l. and dropping up to altitudes of 1400 m a.s.l. (Fig. 4), areas with
average annual temperatures of 10-11° C, and in areas up to 200 m from water courses and
bodies.

Fig. 1. Predicted distribution of the smooth snake lizard (Coronella austriaca) in the Czech

Republic.




Fig. 2. Response curve of slope (°).
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Fig. 3. Response curve of annual precipitation (mm).
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Fig. 4. Response curve of altitude (m a.s.l.).
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Fig. 5. Habitat of Coronella austriaca (maintained by active management). Roztocky haj-

Tiché udoli Nature Reserve, Czech Republic.



Fig. 6. Coronella austriaca at the Zadni Bahna locality, Brdy Protected Landscape Area,
Czech Republic.
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Discussion and conclusions

The predicted and recorded distributions are almost fully accordant. The predictive strength of
the model was moderate (mean AUC = 0.735) with 26.5 % of the actual presence records
situated below the predicted occurrence threshold, including several areas where C. ausriaca
occurrence is unlikely. These records are marked as controversial in the source database and
their number is negligible and we consider it a price for a large data sample from a wide
spectrum of informants. Snake species and especially C. austriaca can be mistaken for one
another, but input to the database is only open to biologists authorized by the Nature
Conservation Agency of the Czech Republic so we consider included records to be reliable.
Moreover, the large size of the input data set contributes to prediction accuracy (Hernandez et
al. 2006, Merow et al. 2013). The moderate prediction strength of the model suggests a
preference of climatically or geographically specific habitats, but not an extreme habitat
specialisation, especially when compared to some other Czech reptile species. Distribution
models for the European green lizard, Lacerta viridis (Laurenti, 1768) and the dice snake,
Natrix tessellata (Laurenti, 1768) had very strong AUC values (> 0,9), supporting a close link
to very specific habitats in the Czech Republic (Chmelaf et al. 2020, 2023). On the other
hand, our distribution model for, the sand lizard, Lacerta agilis Linnaeus 1758, a widespread
reptile species in the Czech Republic, resulted in a very low AUC, showing the wide
ecological valence of the species (unpublished).

The increasing probability of species presence with increasing slope inclination is in
accordance with the published sources from Central European populations, the preferred
habitat being described as rocky slopes with xerothermic grass and shrubs (Vlasin 2001,
Rybacki 2008, Moravec 2015, Mikatova and Jetabkova 2023). Slope inclination also
increases the prediction probability of Lacerta viridis presence in the Czech Republic
(Chmelaf et al 2020), which C. austriaca preys upon. Strong influence of slope on the species
distribution is also reported from the Iberian Peninsula (Santos et al. 2009). Major part of
secondary anthropogenically created habitats of C. austriaca are also located in slopes, e.g.
stone quarries, sandpits, railway and road embankments and rocky terrasses of vineyards and
orchards (Rehak 1992a, Vlasin 2001, Moravec 2015, Mikatova and Jetabkova 2023).

The annual precipitation seems to affect the species distribution with a peak in approximately
550 mm per year, but shows no avoidance of even excessively humid locations with the
probability of prediction decreasing only mildly with increasing precipitation. This is in

accordance with published data from the Czech Republic, mentioning occurrences on river



banks and in humid clearings (Moravec 2015, Mikatova and Jetabkova 2023). Data from the
isolated populations in the southern part of the species range confirm preference of habitats
with high slope, high precipitation and lower temperatures (Santos et al. 2009). C. austriaca is
probably able to compensate behaviorally for longer humid periods by lowering their activity.
There is also a strong assumption of link of average annual precipitation with average annual
temperatures (Schultz and Halpert 1993), and while the highest probability of predicted
presence is in temperatures of 10-11 °C, the probability does not drop sharply until reaching 7
°C. The species can partly compensate excessively warm periods by altering its diurnal
activity (De Bont et al. 1986, Moravec 2015, Kolanek and Bury 2021). We also presume that
viviparity is an effective adaptation for occurrence and reproduction in areas with suboptimal
conditions. The average and maximum temperatures on the majority of the area are gradually
increasing from 1961 (Zahradnicek et al. 2020). The increase seems to be even faster in years
2011 to 2019 and these increases are most severe in the already warmest areas of the Czech
Republic with the increase as high as 0.43°C per 10 years. This could mean significant future
changes of suitable habitats for many species, including C. austriaca and its prey (see also

Santos et al. 2008).

The effect of altitude on the species distribution was an expected result since the probability
of Lacerta agilis, a common prey of C. austriaca in the Czech Republic (Briick 1965, Kral et
al 1983, Vogel 1984, Zavadil and Sapovaliv 1990, Moravec 2015, Mikatové and Jefabkova
2023), is also dependent on altitude and is highest in the altitudes up to 400 m a.s.l. as shown
by our predictive model for this species (unpublished). This corresponds with the model,
where the probability of occurrence of C. austriaca is highest in altitudes up to 350 m a.s.l.
and gradually drops up to 1400 m a.s.l. The highest recorded presence of C. austriaca in the
Czech Republic is 840 m a.s.l. (V1asin 2001), but in Western and Central Europe, C. austriaca
can be found up to altitudes of 1763 m a.s.l. (Grillitsch and Cabela 2001).

The most recently published maps of distribution of C. austriaca in the Czech Republic
(Moravec 2015, Mikatova and Jefabkova 2023, Sandera 2024) are in good consistency with
our predictive model, but these are square network maps where dimensions of one square are
is 10 x 10 km which makes a detailed comparison problematic since the squares of this size
often include areas where the species is not present. This method is also not suitable to study
population ecology since even one presence record is enough to cover the whole square. The

latest atlas of reptile distribution in the Czech Republic (Mikatova and Jetfdbkova 2023) also



includes a map of localities of species occurrence which is more comparable with the model.
The advantage of the model is that it is finer than coarse grid maps and is less affected by
differences in monitoring effort than spot maps and by the fact that mapping of elusive
species like C. austriaca faces problems with their generally low detectability, which can also
significantly differ both seasonally and between consecutive years (Kolanek and Bury 2021).
According to our model, C. austriaca can occur in most of the territory of the Czech Republic
and even though it is recorded (at least historically) from over 60 % of quadrates covering the
Czech Republic, its distribution is fragmented into small isolated populations (Moravec 2015,
Mikatova and Jetabkova 2023), which can result in low genetic variability and high

inbreeding (Galarza et al. 2015, Sztencel-Jabtonka et al. 2015, Kolanek et al. 2017).

We expect the occurrence of C. austriaca to be linked to the presence of other reptile species
that are its prey. The present model of the distribution of C. austriaca shows that suitable
conditions for its presence in the Czech Republic are also suitable for L. agilis (own data) and
shares hotspots of high prediction probability with stenotopic Lacerta viridis (Chmelaf et al.
2020) and Natrix tessellata (Chmelaf et al. 2023). New sources of prey are also opening for
C. austriaca with the increasing number of records of Podarcis muralis (Laurenti, 1768) in
the Czech Republic (Jablonski et al. 2019, Vi¢ek & Zavadil 2019), and a recent colonisation
by Podarcis tauricus (Georgi, 1801) (Fischer et al. 2019, Rehék et al. 2022). In recent years,
Czech populations of L. agilis, the common prey of C austriaca, seem to be gradually
spreading to higher altitudes (Mikatova and Jefabkova 2023). The dispersal abilities of C.
austriaca are much lower (Sztencel-Jabtonka et al. 2015) and therefore we see an urgent need
to study-the response of this species. Of course, in this case it should be mentioned that C.
austriaca has a wider food spectrum. In the Czech Republic, suitable alternative food for C.
austriaca are also the widely distributed slow worms, Anguis fragilis Linnaeus, 1758 and
Anguis colchica (Nordmann, 1840), which can even fully replace lacertids as a food source
(Rehak 1992a). Czech L. agilis populations are rapidly declining in recent years (Moravec
2015, Mikatova and Jetdbkova 2023) and even though no population of C. austriaca has been
observed due to decline of the prey population (see also Reading and Jofré 2020), there may
be a certain threshold in place. The literature states no clear signs of competition between C
austriaca and other sympatric snake species, often even sharing microhabitat for basking
(Zdunek and Jarmolinski 2023) and wintering (Hromadka and Vozenilek 1976) sites. Despite
this common coexistence, C. austriaca has been observed to prey on other snake species (e.g.

Rehak 1992a).



According to our opinion, the largest danger to C. austriaca populations in the Czech
Republic are anthropogenic activities resulting in the homogenization of the landscape as
result of the creation of large agricultural areas and urbanized areas. Synanthropic species like
cats, dogs and corvid birds prey on C. austriaca and other reptiles.

Populations of C. austriaca are often located in the immediate vicinity of roads which
provides suitable habitat, but also poses a risk of road mortality (Lawicki et al. 2011). Since
the secondary anthropogenic sites are highly used (Rehak 1992a, Vlasin 2001, Najbar 2006,
Moravec 2015, Mikatova and Jetabkova 2023), the risk of their degradation is a significant
problem for C. austriaca populations. Other major dangers are habitat fragmentation and
overgrowing. Dense coverage of trees and shrubs limits thermoregulation and can make
previous presence sites uninhabitable for the species and its prey. The habitats preferred by C.
austriaca are also affected by the climate change, especially by rising temperatures and
decreasing precipitation (Santos et al. 2008), which poses a major threat to reptile populations
(Sinervo et al. 2010, Dubey et al. 2013).

Predictive distribution models are a helpful instrument to facilitate monitoring and
conservation efforts, especially when the populations or habitats of studied species decline at
an alarming rate. Large areas with high probability of occurrence identified by the model are
in our opinion extraordinarily important and should be considered as a matter of priority for
species and habitat conservation management. Predictive modelling for Coronella austriaca,
due to its bioindicative value, given its position in the trophic chain and distribution
sensitively related to availability of preyed reptiles, also provides a useful tool for assessing
the quality of the natural habitats and natural communities. Considering the mosaic
distribution, isolation of populations from each other and low genetic variability and
inbreeding of Coronella austriaca in Central Europe, there is an urgent and strong need to
focus also on the opening and maintenance of corridors allowing migration to enable genetic

flow.
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Abstract. Twoevolutionary lineages of the fire salamander occurin central Europe: the typically striped subspecies
Salamandra salamandra terrestris (Bonnaterre, 1789) and the typically spotted Salamandra salamandra salamandra
(Linnaeus, 1758). In the Czech Republic, fire salamanders have traditionally been viewed as belonging to the S.
s. salamandra evolutionary lineage. Nevertheless, the colour pattern of some individuals in the westernmost part
of the Czech Republic resembles that of S. s. terrestris in having parallel continuous bands along the back. In this
study, we investigated whether in the Czech Republic the presence of striped fire salamander phenotype could
be associated with the genotype of S. s. terrestris. We sequenced the mitochondrial D-loop and two nuclear
markers, Rag2 and PDGFRa, of 61 fire salamander individuals from the Czech Republic. To describe the
geographical distribution pattern of the striped and spotted fire salamander phenotype in the Czech Republic,
we evaluated colour phenotypes of 398 individuals from ten localities distributed so as to cover the whole
country. We found no evidence of presence of genotypes corresponding to the S. s. ferrestris lineage. We did,
however, find that the striped phenotype is found mostly in the northwest of the Czech Republic, where both
the striped and the intermediate phenotype occur significantly more frequently than in the rest of the country,
where the spotted phenotype seems dominant. This finding indicates that Czech and Polish populations of S.
salamandra show a degree of phenotypic pattern variation comparable to that observed in German populations,
although at a local level the frequencies of the striped and spotted phenotype vary. It would be interesting to
test whether a genetic toolkit responsible for the colour pattern is shared via genetic introgression between
populations, or whether the striped phenotype of Czech fire salamanders evolved independently.

Key words: fire salamander, S. s. terrestris, coloration, pigment, evolution, biogeography, Bohemian Massif,
Central Europe
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Coloration and.genetics of Czech fire salamanders

Introduction

Coloration can aid animal survival and reproduction
in various ways, including protection against
solar radiation, crypsis, communication, and
recognition of conspecifics (Cuthill et al. 2017).
One evolutionarily important function of body
coloration is its role in speciation (Andersson
& Simmons 2006). For instance, once females
develop preference for a particular colour patterns
in males, coloration can — much like geographical
isolation — function as a prezygotic reproductive
barrier (Kirkpatrick & Ravigné 2002). On the
other hand, the genetic toolkits responsible for
colour and colour patterns can be shared via

metamorphosis (Pederzoli et al. 2003). During
the course of their life the colour pattern of fire
salamanders from the Balkan peninsula undergoes
only subtle changes (Wisniewski & Wisniewski
1998), but some pattern changes have been reported
in Slovak populations (Balogova et al. 2016) and
the Corsican fire salamander (Salamandra corsica
Savi, 1838) exhibits pronounced colour pattern
changes (Beukema 2011). The colour pattern of fire
salamanders in the Czech Republic has been used
by researchers to distinguish individuals (Opatrny
1983, Peprny 2000).

In central Europe, we find two evolutionary
lineages of S. salamandra, which have traditionally

hybridisation bewtween distinct evolutionary been considered distinct subspecies (Veith 1992,
lineages (Dasmahapatra et al. 2012, Taylor & Steinfartz et al. 2000, Dufresnes 2019). The banded

Larson 2019) and can also lead to speciation
(Mallet 2007). Identification of colour phenotypes
in closely related evolutionary lineages is therefore
important in understanding the functional role of
coloration in a species.

Although fire salamander (Salamandra salamandra
Linnaeus, 1758) coloration is limited to brown,
black, red, and yellow, different lineages of
fire salamanders display a range of distinct
colour patterns (Seidel & Gerhardt 2016). Fire
salamanders develop their colour pattern, i.e. the
form and arrangement of spots and stripes, after

¥

Fig. 1. Colour pattern phenotypes of fire salamanders (Salamandra salamandra

fire salamander (Salamandra salamandra terrestris
Bonnaterre, 1789), type locality Normandy (Eiselt
1958), is found from the Pyrenees to Germany. The
spotted fire salamander (S. s. salamandra Linnaeus,
1758), type locality Niirnberg (Mertens & Miiller
1928), is distributed throughout eastern Germany,
central and eastern Europe, and the Balkans
(Thiesmeier & Grossenbacher 2004, Seidel &
Gerhardt 2016). As the vernacular names suggest,
representatives of the two lineages differ in their
dorsal colour pattern. Salamandra s. terrestris have
two parallel stripes along their back, while spotted
fire salamanders are characterised by an irregular

) from the studied area. A) the striped

phenotype from north-western Bohemia, Czech Republic. B) the spotted phenotype from central Bohemia, Czech

Republic (photos Jiti Moravec).
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distribution of isolated spots on their back
(Boulenger 1911). Boulenger (1911) claimed that
there are no transitions or intermediate phenotypes
in-between the striped S. s. terrestris of western
Europe and the spotted S. s. salamandra of eastern
Europe. Later authors, however, demonstrated
that intermediate phenotypes do exist and in
fact occur widely in central Europe (Eiselt 1958,
Steinfartz et al. 2000, Weitere et al. 2004). According
to Arnold (2002), the two lineages share a contact
zone, which —based on colour pattern phenotypes
— appears to stretch from eastern Germany to the
Czech Republic and Poland. To date, only a few
studies have attempted to quantify the distribution
of fire salamanders’ colour phenotypes (Klewen
1985, Beukema et al. 2016, Najbar et al. 2018,
Burgon et al. 2020) and even fewer have related it
to the distribution of genetic lineages (Veith 1992,
Beukema et al. 2016, Najbar et al. 2018, Burgon et
al. 2020).

The localisation of a contact zone between the
western and eastern evolutionary lineages of
fire salamanders, traditionally referred to as S. s.
terrestris and S. s. salamandra, in central Europe
remains an open question (Veith 1992, Arnold
2002, Najbar et al. 2018). This is despite the fact
Weitere et al. (2004) described two contact zones
based on mitochondrial D-loop sequences: one
in south-western Germany, the other in north-
western Germany. The most recent genome-wide
study confirmed the presence of two contact
zones in Germany, one in the extreme south, the
other in the north of the country, including the
Elbe Valley (Burgon 2018, Supplementary Figure
A4.6). The northern contact zone is not limited
to north-western Germany, it extends across the
north towards the northeast but the study did not
include any sampling points further to the east so
the full extent of the distribution remains unclear
(Burgon 2018).

In the Czech Republic, fire salamanders have
historically been believed to belong to the
evolutionary lineage S. s. salamandra. On the other
hand, the presence of S. s. terrestrishas beenreported
in Germany, near the north-western border of
Bohemia, especially in the vicinity of Meifien,
Dresden, and Zittau (Barus & Oliva 1992, Zoéphel &
Steffens 2002), and striped phenotypes were found
over a hundred years ago around Liberec, which
is again in the north-western part of Bohemia
(Prazdk 1898). Phenotypical characteristics of
some individuals in the westernmost part of the
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Czech Republic resemble those of S. s. terrestris in
that they have parallel, more or less continuous
stripes along the back (Barus & Oliva 1992, Benda
2015, Moravec 2019). In the rest of the country, the
spotted phenotype seems dominant (Fig. 1).

Hitherto, we do not have the data on either the exact
distribution of colour phenotypes or the genetic
variation of S. salamandra in the Czech Republic.
In this study, we report our findings on the
distribution of dorsal colour pattern phenotypes
and genetic diversity of fire salamanders in the
Czech Republic. Specifically, we ask whether
the presence of the striped phenotype could be
associated with the genotype of S. s. terrestris in the
Czech Republic.

Material and Methods

Analysis of distribution of colour pattern
phenotypes

To describe the geographical distribution of the
striped and spotted phenotypes of fire salamanders
in the Czech Republic (current distribution of S.
salamandra in the Czech Republic, Jefabkova &
Zavadil 2020), we collected photographs of 398
individuals (National Museum Praha (NMP-
P6V), voucher specimens and living individuals
recorded in the field) from ten localities which
cover the whole range of the country (Jable¢no,
Variov-Usti nad Labem, D&¢in, Roztoky, Praha-
Troja, Kuroslepy, Velka nad Velickou, Libava;
coordinates in Table 1, Fig. 2). Previous studies on
fires salamanders in the Czech Republic showed
that colour pattern can be used to discriminate
individuals (Opatrny 1983, Peprny 2000), hence
no individual marking was needed to avoid re-
captures.

Eiselt (1958) divided the colour pattern phenotypes
of S. salamandra into four categories: striped,
striped-spotted, spotted-striped, and spotted.
Klewen (1985) and Najbar et al. (2018) expanded
this division by adding further categories. Because
we were mostly interested in differences between
the striped and the spotted phenotypes, we
simplified the division and, based on photographs,
sorted individual phenotypes into three colour
pattern categories following Benda (2015) or Veith
(1992). The categories were defined as follows: a)
striped: a yellow dorsal pattern consisting of two
continuous or mostly continuous dorsolateral
bands (Fig. 1A), b) intermediate: a symmetric
dorsal pattern consisting mostly of separate spots,
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some of which may be asymmetric, c) spotted:
no obvious continuous symmetric bands can be
discerned, the yellow dorsal pattern consists of
irregular, randomly distributed spots (Fig. 1B),
which can be accompanied by a single continuous
asymmetric stripe along the body.

We calculated the ratio of each colour pattern
category for each population and interpolated the
values for the geographical space of the Czech
Republic using the RCzechia package (Lacko 2020)
and interpolation function idw in the gstat package
(Pebesma 2004) in R software (R Core Team 2017).
Then we compared the counts of colour pattern
categories between all populations with Pearson’s
chi-squared test using chisq.test followed by a post
hoc analysis based on the residuals of Pearson’s
chi-squared test for count data in the chisq.posthoc.
test package (Ebbert 2019) in R.

Genetic analyses

Sampling (Fig. 3A, Table S1) was designed to
cover the west-east latitudinal gradient of the fire
salamander range in the Czech Republic, with
focus on the north-western part of the country
where individuals of the striped phenotype were
previously reported. We collected 77 individuals
of S. salamandra, 61 of whom were collected
specifically for this study in the Czech Republic and
four in Slovakia. Collection took place in 2017-2018.
Samples were obtained from roadkill. Samples from
the core area of distribution of S. s. terrestris (two
individuals from Germany) were kindly provided
by Professor Wolfgang Bohme from collections of
the Zoologische Forschungsmuseum Alexander
Koenig in Bonn (ZFMK). Samples from the core
areas of distribution of S. s. salamandra (five samples
from Greece-NHMC, three from Albania, one from
Ukraine, and one from Slovenia) were obtained
from roadkill collected during another study.

Small tissue samples were preserved in 96%
molecular grade ethanol. DNA was extracted
using the Tissue Genomic DNA Mini Kit (GT300,
Geneaid) according to the manufacturer’s
instructions. To barcode the salamanders, we used
three DNA markers: the mitochondrial D-loop and
two nuclear markers, Rag2 and PDGFRa, because
it has been reported that these are sufficiently
variable to enable a comparison between closely
related evolutionary lineages (Vences et al. 2014).
We used L-PRO-ML and H-1251-ML to amplify
the D-loop, PDGFRa2F and PDGFRa2R-F primers
to amplify the PDGFRa, and RAG2-SAL-F2 and
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RAG2-SAL-R1 to amplify Rag 2 (Vences et al. 2014).
PCR was performed in a final volume of 25 ul. PCR
conditions were as follows: 120 s at 94 °C for initial
incubation; 39 cycles of 20 s at 94 °C, 50 s at 60 °C,
180 s at 72 °C, and a final extension for 10 min at 72
°C. This was followed by PCR product purification
(Sanda et al. 2008). Sequencing was carried out by
Macrogen Service Centre Europe (Amsterdam,
Netherlands) using amplification primers.

From the GenBank database (Sayers et al. 2019),
we downloaded the sequences of Salamandra
salamandra gallaica (D-loop — KX094979.1, PDGFRa
— KF645649, Rag2 — KF645724.1) and Salamandra

salamandra longirostris (D-loop - KF645599.1,
A Proportion of striped phenotype
0%
’ 55%

B Proportion of intermediate phenotype
0%
. 44%
C Proportion of spotted phenotype
0%

w . 180%

o
Fig. 2. The distribution of proportions of colour pattern phenotypes
of fire salamanders in the Czech Republic as extrapolated in
geographical space. A) striped phenotype, B) intermediate
phenotype, C) spotted phenotype. Note that the scale for different

phenotypes differs.
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Table 1. Differences between populations and the rest of the Czech Republic after post hoc analysis based on residuals of Pearson’s chi-
squared test for counts of individuals belonging to one of the three colour pattern phenotypes.

Localit Coordinates (W(GS84) Colour pattern
ocali
Y N E Value Striped Intermediate Spotted
Jableno 19.88 13.75 proportion of 0% 20% 80%
phenotype
n=10 P values 1 1 1
Usti nad Labem-Variov 50.63 14.05 proportion of 52% 44% 4%
' ' phenotype
n=25 P values 0 1 0
Décin 50.79 14.22 proportion of 53% 40% 7%
' phenotype
n=15 P values 0 1 <0.001
Roztoky 50.15 14.39 proportion of 3% 19% 78%
phenotype
n=119 P values 0.080 0.060 <0.001
Praha-Troja 50.13 14.4 proportion of 0% 30% 70%
phenotype
n=120 P values <0.001 1 0.346
Kuroslepy 4915 16.21 proportion of 13% 40% 47%
phenotype
n=76 P values 1 0.720 0.233
Libavé 19.62 1756 proportion of 20% 27% 53%
' ' phenotype
n=15 P values 1 1 1
Velkd nad Velitkou 48.89 17.53 proportion of 12% 29% 2%
phenotype
n=17 P values 1 1 1

PDGFRa — KF645651.1, Rag2 — KF645726.1) to use
as outgroups when assessing the differentiation
between S. s. terrestris and S. s. salamandra. All
sequences were checked for quality manually
and homologous regions were aligned using the
ClustalW algorithm implemented in Geneious
9.0.5. (Kearse et al. 2012). Haplotypes of the
mitochondrial D-loop were determined using
DNAsp 5.10 (Librado & Rozas 2009) and the
haplotype network was calculated in TCS 1.21
(Clement et al. 2002) using 95% connection limit
and gap as the fifth character. The network was
visualised using tcsBU (Murias dos Santos et
al. 2016). Sequences were concatenated and the
neighbour joining tree calculated in Geneious 9.0.5
using the Juke-Cantor genetic distance model and
bootstrap resampling (random seed = 467,663,
with 10,000 replicates). The partition scheme was
determined by Partitionfinder 2.1.1 (Lanfear et al.
2017). A Bayesian inference tree was calculated
using MrBayes 3.2.6 (Ronquist et al. 2011). The
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analysis consisted of two simultaneous runs,
four MCMC chains, and ten million generations.
The trees were sampled every 100 generations,
whereby the first 25% of trees were discarded.
Bayesian posterior probabilities (BPP) were
estimated from the post burn-in samples, and the
50% majority-rule consensus tree was generated
from the retained posterior distribution trees.

Results

Analysis of distribution of colour pattern
phenotypes

Table S2 presents a categorisation of individuals
based on photographs. A distribution of ratios of
colour pattern as well as interpolation of values
onto the geographical space of the Czech Republic
are shown in Fig. 2. Localities in the north-western
part of the country (D&n and Usti nad Labem-
Vanov) clearly show an increase in the presence
of striped and intermediate individuals and a
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Fig. 3. Sampling design and the results of genetic analyses. A) Sampling design, where circles represent individuals and colour coding
represents haplotype membership: blue — Salamandra salamandra terrestris from Germany, red — Salamandra salamandra salamandra from
the Balkan peninsula and Ukraine, reddish purple - fire salamanders from the Czech Republic and Slovakia that bear “haplotype 17, the
most common found in this study, orange — two individuals from Décin (SS14, SS18) that bear “haplotype 2”, black — individual 5559
from Oderské vrchy that bear “haplotype 3”, yellow — individual SS61 that bears “haplotype 4”. B) A statistical parsimony haplotype
network (connection limit 95%) for 699 bp partial D-loop sequence of studied salamanders calculated using the TCS algorithm. In
this network, branches represent mutations, small blank circles represent missing hypothetical haplotypes. C) Neighbour joining tree
based on a concatenated sequence of mitochondrial D-loop and nuclear Rag2 and PDGFRa sequences (1,335 bp), where node numbers
show consensus percentage support, while branches are of equal length. Individual samples are colour coded according to haplotype
membership. D) Bayesian inference tree based on a concatenated sequence of mitochondrial D-loop and nuclear Rag2 and PDGFRa
sequences (1,335 bp). Node numbers show probability, the scale bar represents the number of nucleotide substitutions per site, individual
samples are colour coded by haplotype membership.

decrease in the occurrence of spotted individuals
compared to the rest of the country. The presence
of the intermediate phenotype was also increased
at locality Kuroslepy and slightly elevated in
Velkd nad Velickou and Praha-Troja. The highest
occurrence of the spotted phenotype was observed
in Jablecno, Praha-Troja, and Roztoky in the
central part of Bohemia, whereby two of these
localities, namely Jablecno and Roztoky, also had
the lowest recorded presence of the striped and the
intermediate phenotype.

The counts of individuals belonging to individual
colour pattern categories differed significantly
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between populations x*(df = 14, n = 398) = 133.41,
P < 0.001. Results of a post hoc analysis based on
the residuals of Pearson’s chi-squared test for count
data are summarised in Table 1. Our results confirm
that localities in the north-western part of the Czech
Republic (D&n and Usti nad Labem-Variov) differ
significantly in the counts of both striped and
spotted colour pattern phenotypes from the rest of
the country (all P <0.001). At these localities there is a
high proportion of striped individuals. On the other
hand, the Praha-Troja locality differs significantly
from the rest of the country (P < 0.001) as there are
no striped individuals. The Roztoky locality differs
significantly in the count of spotted individuals
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(P<0.001). We can thus conclude that localities in the
north-western part of the Czech Republic harbour
a higher proportion of the striped phenotype of S.
salamandra than the rest of the country.

Genetic analyses

The sequencing and postprocessing of sequences
resulted in a concatenated alignment of total
length 1,335 bp (D-loop - 699 bp, GenBank
accession numbers MZ436191-MZ436263;
PDGFRa — 404 bp, GenBank accession numbers
MZ436264-MZ436336; Rag2 — 232 bp, GenBank
accession numbers MZ436337-MZ436397). We
identified 11 single-nucleotide mutations in the
D-loop region only one of which was parsimony-
informative; the rest were singletons. Once we
took the gaps into account, both the DNAsp and
TCS identified eight mitochondrial haplotypes.
One haplotype, represented by S. s. longirostris
(S. longirostris sensu Frost 2020), turned out to be
unconnected to the haplotype network because
the probability of its connection to the network did
not reach the 95% connection limit. One haplotype,
represented by S. s. terrestris, was clearly separate
from a group formed by the haplotype consisting
of S. s. salamandra samples from eastern and
south-eastern Europe. Then we also found a
haplotype represented by S. s. gallaica and four
haplotypes represented by individuals from the
Czech Republic and Slovakia. One of these four
haplotypes contained individuals from the north-
western region of the Czech Republic (haplotype
2, locality Ludvikovice), two haplotypes were
represented by one individual each (both of which
came from northern Moravia, namely haplotype
3, Libava and haplotype 4, Tyn nad Becvou). All
remaining individuals from the Czech Republic
and Slovakia turned out to belong to the remaining
fourth haplotype (haplotype 1, haplotype network
in Fig. 3B).

We found only one single-nucleotide mutation
in the partial PDGFRa sequence and two
single-nucleotide mutations in the partial Rag2
sequence, but only one of those was parsimony-
informative. The single-nucleotide mutation in
the partial PDGFRa sequence was shared by the
two individuals from the localities in Germany.
The parsimony informative single-nucleotide
mutation in Rag2 was shared by seven individuals
sequenced in this study (the two individuals from
Germany, four individuals from north-west of the
Czech Republic, one individual from the central
part of the country and one individual from the
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Czech-Moravian highlands) and sequence of
S. s. longirostris downloaded from GeneBank.
Both neighbour joining (Fig. 3C) and Bayesian
inference-based (Fig. 3D) trees based on these
concatenated data revealed a clear separation
between individuals of S. s. terrestris and the rest
of the samples studied. We therefore conclude that
individuals from the Czech Republic included in
our study donot belong to the S. s. terrestris lineage.

Discussion

Wefound thatthe striped phenotypeof S. salamandra
is most abundant in the north-western part of
the Czech Republic (Fig. 2), where frequencies
of the striped and intermediate phenotype differ
significantly from the rest of the country (Table 1).
Our finding supports and elaborates on previous
reports according to which both fire salamander
phenotypes are sympatric at least in a small part of
the Czech Republic (Benda 2015, Moravec 2019; Fig.
1). Our results thus provoke questions regarding
the historical evolutionary mechanisms which
lead to the coexistence of the striped and spotted
salamander phenotypes in the Czech Republic.

Different authors mention the varying distribution
of the three phenotypes (striped, intermediate, and
spotted) throughout Germany. The distribution
of colour pattern phenotypes of S. salamandra in
central Europe has been studied quantitatively in
Germany by Klewen (1985) and in Poland by Najbar
et al. (2018). In Leiberg (Germany, approximately
270 km west of the Czech Republic), most fire
salamanders belong to the striped phenotype
(80%), with spotted individuals making up only a
small proportion of the population (< 1%) (Klewen
1985). This shows that the striped phenotype is
characteristic of an area west of the Czech Republic.
It has recently been reported that in eastern Upper
Lusatia, the westernmost part of Poland — which is
likewise adjacent to the German border (the locality
is approximately 20 km from German Zittau) —
there is a higher frequency of both the striped (15%)
and the intermediate phenotype (57.9%) than in
other Polish fire salamander populations (Najbar
et al. 2018). Our data show that both the striped
and the intermediate phenotype occur with the
highest frequency at localities in the furthest north-
west of Bohemia, Décin (striped 53%, intermediate
40%) and Usti nad Labem-Variov (striped 52%,
intermediate 44%). These localities are in areas
adjacent to the German border (e.g. Décin is
approximately 50 km from Zittau) in the Elbe Valley
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(Fig. 2A, B). Benda (2015) showed that the striped
phenotype occurs with a higher frequency (48%)
than either the intermediate (22%) or the spotted
form (30%) in Saxon-Bohemian Switzerland, Dé¢in
highlands, which is similarly in the north-western
part of the country, close to the German border.
These results indicate that both the Czech and
Polish populations of S. salamandra show a degree
of phenotypic pattern variation comparable to that
observed in the German populations, although the
frequencies of the striped and spotted phenotype
differ locally.

Within the Czech Republic, localities in north-
western Bohemia are characterised by a high
frequency of both the striped and the intermediate
phenotype. In central Bohemia, we can observe
a sort of hiatus, where the striped phenotype is
virtually missing (< 5%) and the spotted phenotype
reaches its maximum frequency (> 70%). In the
eastern part of the country (Libava), both the
striped and the intermediate phenotypes are
again found at slightly increased frequencies (20%
and 27% respectively; compare Fig. 2A, C). This
geographical trend is similar to that observed in
the Polish populations, where after low occurrence
in the western populations between Lusatia and
Opawskie Mountains, the striped phenotype
increases in frequency in the Opawskie Mountains
(8%) (Najbar et al. 2018). The distance between the
Czech Libava and Polish Opawskie Mountains is
less than 80 km, which means it is possible that
the Salamandra populations of these regions are
related. Our results did not, however, show a
statistically significant difference between Libava
and other populations in the Czech Republic. It is
thus also possible that the difference in frequency
of the colour pattern phenotypes merely reflects
naturally occurring random variation. Variability
of colour pattern phenotypes in populations
of the usually spotted S. s. salamandra remains
virtually unknown. Future studies should attempt
to quantify the abundance of colour pattern
phenotypes in fire salamanders throughout their
range to test the adaptive significance of colour
patterns.

We found no evidence of the presence of genotypes
corresponding to the S. s. terrestris lineage on
Czech territory (Fig. 3) (for comparison between
haplotypes presented in this study and haplotypes
published on GenBank; Fig. S1), although S. s.
terrestris and S. s. salamandra do share a contact
zone in central Europe (Veith 1992, Steinfartz et al.
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2000, Thiesmeier & Grossenbacher 2004, Weitere
et al. 2004, Burgon 2018). Given that the contact
zone between S. s. terrestris and S. s. salamandra is
located at some distance from the Czech Republic
any expectation of the presence of S. s. terrestris in
the country might be unfounded. Nevertheless,
estimates regarding the position of the contact zone
have changed significantly over time (e.g. Freytag
1955, Gauckler 1980, Klewen 1991, reviewed in
Veith 1992). Some relatively recent studies localise
the contact zone only to eastern Germany or
even to eastern France, Switzerland, or southern
Austria (Veith 1992, Thiesmeier & Grossenbacher
2004). Weitere et al. (2004) concluded that there
are two contact zones between S. s. terrestris and
S. s. salamandra: one in south-western Germany,
restricted to the vicinity of Karlsruhe, the other
in north-western Germany, spanning several
hundred kilometres from Ahaus to the Deister,
near Hannover. The most recent genome-wide
study suggests the presence of a lineage that
shares its evolutionary history with individuals
from France (i.e. individuals that would have
traditionally been considered S. s. terrestris) in
the very south of Germany and another lineage
in the north, including the Elbe Valley (Burgon
2018, Supplementary Figure A4.6). Based on this
high-throughput data, the putative contact zone
thus would not have been limited to the north-
western parts of Germany: it would extend across
to the northeast. It remains unclear whether the
distribution of the S. s. terrestris lineage reaches the
very east of Germany, which may be possible given
the presence of this lineage in the Elbe Valley in
the north. However, at this point it must be noted
that not only the distribution of central European
lineages but also their subspecific status is a matter
of discussion (Burgon 2018, Burgon et al. 2021).

Aninteresting question to be answered in the future
is whether the colour pattern phenotypes are the
result of shared or independent evolution of the
German and Czech fire salamanders. The genetic
toolkits responsible for the colour pattern of S. s.
terrestris may be shared by genetic introgression
from S. s. terrestris to Czech salamanders with the
striped phenotype, which is a process known in
other organisms (e.g. Zhang et al. 2016, Dannemann
& Kelso 2017, Andrade et al. 2019). This scenario
could be the case although the loci analysed in
this study are not shared between the Czech fire
salamanders and the S. s. terrestris lineage and the
geographical distance between the non-admixed
populations is rather long. On the other hand,
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the localities characteristic by an increased ratio
of striped individuals are also characterised by
presence of private haplotypes (Décin — “haplotype
2”, Fig. 3A, B; and Libava and Tyn nad Becvou -
haplotypes 3 and 4, Fig. 3A, B). This finding
might suggest that these salamander populations
have a more pronounced structure than those in
the rest of the Czech Republic. It is possible that
at these localities the striped phenotype evolved
independently of the striped phenotype of S. s.
terrestris. This is because 1) according to our results
(Fig.3C, D) the Czech salamandersand S. s. terrestris
do not share any recent evolutionary history and
2) increased genetic structuring at these localities
may have arisen via selection on colour pattern,
as is the case in the Iberian fire salamanders
(Burgon et al. 2020). The polymorphic Iberian fire
salamander populations do not, however, exhibit
a neutral genetic structure. This observation may
imply the possibility that the Czech polymorphic
populations are more ancient. However, we do
not know whether any haplotype is specific for
any colour pattern phenotype, because we did not
examine the colour patterns of individuals that
were used for genetic sampling. More detailed
sampling, including reference individuals from
Germany and Poland, would be needed to place
our findings in a broader context of genetic
variability of fire salamanders in central Europe.
Moreover, different molecular techniques — such
as nuclear microsatellite data or genome-wide
next-generation sequencing — should be employed
to improve the description of genetic variability of
fire salamanders in central Europe.

Conclusions

Our data indicate that the striped phenotype
of S. salamandra occurs more frequently in the
north-western regions of the Czech Republic,
which are closer to the contact zone with S. s.
terrestris. Nevertheless, we found no evidence for
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the presence of genotypes corresponding to S. s.
terrestris in Czech Salamandra populations. More
research on the distribution of fire salamander
colour patterns may reveal interesting facts about
the distribution of their distinct evolutionary
lineages and their evolutionary history, and
perhaps also demonstrate some more general rules
of evolutionary genetics.
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Supplementary online material

Fig. S1. Consensus neighbour joining tree (bootstrap-resampled, random seed = 237534, 10,000 replicates;
reconstructed using Geneious 9.0.5, Biomatter Ltd.) of D-loop haplotypes, node numbers show consensus
percent support, branches show nucleotide substitutions per site. 2,135 (Balkan and Ukraine individuals,
red), SST1(Germany, Salamandra salamandra terrestris), SS1 (Czech and Slovak widespread “haplotype 17,
purple), SS14 (“haplotype 2" from localities at Décin, Czech Republic, orange), SS59 (“haplotype 3" from
locality at Oderské vrchy, Czech Republic, black), SS61 (“haplotype 4" from locality at Lipnik nad Becvou,
Czech Republic, yellow ) represent haplotypes of samples sequenced in this study that were determined using
DnaSP 5.10 (Rozas et al. 2010, Universitat de Barcelona); KY055013.1 and KY055014.1 represent haplotypes
from Sudetes and Carpathians respectively in Poland determined by Konowalik et al. (2016); KT3359XX.X
represent clade C haplotypes throughout of the Germany determined by Steinfartz et al. (2000); KX9519XX.X
represent haplotypes from the Carpathians determined by Voros et al. (2017). Sslongi (S. s. longirostris) and
SSgallaica (S. s. gallainca) represent haplotypes of outgroup evolutionary lineages published by Vences et
al. (2014).

Table S1. Tissue sampling sites and isolates identification.

Table S2. Phenotype sampling sites and colour pattern identification (1 — striped, 2 — intermediate, 3 —
spotted).

(https://www.ivb.cz/wp-content/uploads/JVB-vol.-70-2-2021-Brejcha-et-al.-Fig.-S1-Tables-S1-S2-1.pdf)
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