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1 Uvod

Plazi a obojzivelnici maji na prahu 21. stoleti status dvou nejohrozenéjSich skupin
obratlovcl. Jejich role pro terestrické i akvatické ekosystémy je v8ak zasadni. Hlavnimi
priCinami ohrozeni jsou pfedevsim ztrata biotopu, znecisténi zivotniho prostfedi, globalni
zména klimatu, obchod s volné Zijicimi druhy, onemocnéni a parazitézy, zavle€eni
nepuvodnich druht nebo rozrustajici se dopravni infrastruktura. Tyto faktory mohou pusobit
synergicky a mit pro populace plazi a obojzivelnik katastrofalni nasledky. Obé skupiny
jsou si vyvojové vzdalené, a prece u nich mizeme najit z hlediska ochrany urcité podobné
znaky. Casto spolu sdileji stejny habitat a vyznamné zasahy je mohou poskodit spoleéné.
Dlouhou dobu byly tyto skupiny opomijeny a patficné pozornosti se jim zaCalo dostavat ve
druhé poloviné 20. stoleti. Od té doby se naSe znalosti plazl a obojzivelniki vyznamné
prohloubily, ale stale je toho dozajista mnoho, co je$té nevime. Zajimavym fenoménem
mizejicich populaci obojzivelnikd jsou kupfikladu morfologické anomalie koncetin a dalSi
malformace, o jejichz vzniku se mizeme Casto jen dohadovat. S malformacemi se mizeme
setkat i u plazl, kde napf. deformované ocasy mohou vyznamnym zpisobem ovliviiovat

jejich zivotni potfeby.

V oCich vefejnosti jsou plazi a obojzivelnici vnimani jako néco nedulezitého, z ¢ehoz
prameni celkovy nezajem o tyto dvé skupiny. Herpetologie ani zdaleka nedosahuje takovée
popularity jako napf. ornitologie. Hufe dostupné ¢&i ne tolik ,senzacni“ lokality byvaji
navstévovany mnohem méné a pozornost profesionall i amatérll je zaméfena predevsim
na mista, kde pfedpokladaji zajimava pozorovani. | proto nam z mnoha mist chybi presnéjsi

faunisticka data.

K plaziim a obojzivelnikim patfi i jejich paraziti. Pokud chceme o herpetofauné (v SirSim
slova smyslu, tedy o obojzivelnicich i plazech) mluvit jako o ,zanedbané” skuping, o jejich
parazitech to plati hned nékolikanasobné. Parazitologie jako védni disciplina se tradi¢né
zabyvala predevSim parazity Clovéka a hospodarskych zvirat, pficemz ostatni skupiny
zUstavaly opomenuty. Pfitom poznani a pochopeni vztahi mezi organismy a jejich parazity
nam muze napovédét mnoho o jejich biologii. Nové poznatky je mozné vyuzit v problematice

komplexni ochrany téchto skupin.



2 Literarni prehled

2.1 Ohrozeni plazi a obojzivelnici

Na svété v sou€asnosti rozeznavame 11690 druh( plazi (Reptile Database, 2022) a 8434
druhl obojzivelnikd (Amphibiaweb, 2022). Jejich druhova diverzita je tedy zna¢na. Nicméné
obé skupiny vétsi pozornosti odborniku (potazmo vefejnosti) dlouho unikaly. Poté, co zacaly
ve druhé poloviné 20. stoleti pfichazet zpravy o alarmujicim stavu populaci obojzivelnikd,
se k témto skupinam zacala obracet pozornost ve vétSim méFitku. Verejnost €asto vnima
plazy a obojzivelniky v lepSim pfipadé jako zbyteéné €i obtéZujici (Zim & Smith, 1956) Ci
v hor8im pfipadé jako odporné a nebezpecéné (Stankova et al., 2021). Obé skupiny ale maji

stézejni roli v ramci ekosystém, které obyvaiji.

Obojzivelnici jsou v souCasnosti nejohrozenéjsi skupinou obratlovci (IUCN, 2021). Ve
druhé poloviné 20. stoleti jsme byli smutnymi svédky vyhynuti tak zajimavych druhd, jako
byla napf. tlamorodka zazracna, jejiz posledni jedinec uhynul v chovu v roce 1983 (Tyler &
Davies, 1985). Poklesim populaci obojzivelniku je pfikladana vétsi pozornost od konce 80.
let 20. stoleti, kdy probéhl prvni svétovy kongres herpetologie (First World Congress for
Herpetology). Klesajicim poctim obojzivelniki nebyla zpocatku prikladana takova
pozornost a pfi¢iny byly vysvétlovany napf. pfirozenymi fluktuacemi populaci (Blaustein et
al., 1994; Pechmann et al., 1991; Pechmann & Wilbur, 1994). Nicméné alarmuijici zpravy o
vyznamnych populaénich poklesech se objevovaly v prabéhu 90. let i na prelomu tisicileti
¢im dal Castéji (napf. Laurance et al., 1996; Pounds et al., 1997; Lips, 1998; Houlahan et
al., 2000), ¢imz se vétSina odbornikl zacala utvrzovat v pfesvédCeni, Ze se nejedna o
nahodné jevy. V roce 2004 vySla zasadni studie pfinasejici potvrzeni obav, Zze vyhynutim je
ohrozena vice nez trfetina vSech dosud znamych obojzivelnikl, téméFr polovina druh(
prochazi populacnimi poklesy, a jejich populace klesaji mnohem rychleji, nez je tomu u
ptaku &i savcl (Stuart et al., 2004).

Plazi maji oproti obojzivelnikim vyhodu nezavislosti na akvatickém prostfedi a napf. i lepSi
odolnosti vici vnéjSim faktordm diky pokozce kryté Supinami nebo odolnéjSim vapenitym
vaje€nym oballim. Mnoho z nich dokaze prekonavat zna¢né vzdalenosti jak terestricky, tak
i akvaticky (napf. mofské zelvy, Ernst & Barbour, 1989). Plazi vSak s obojzivelniky ¢asto
obyvaji stejné prostredi a jsou jeho degradaci ohrozeni v podobné mife (Gibbons et al.,
2000). Poklesy populaci plazd a obojzivelniki mohou byt provazany i ekologicky, kdy je
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jeden druh potravné zavisly na druhém a pfi poklesech pocetnosti populace kofisti klesa i
podetnost populace predatora (napf. Shine, 1991). V CR pak plazy nejvice ohrozuje
zcelovani zemédélskych pozemkl v nepfirozené velké monokulturni plochy, intenzivni
chemizace zemédélstvi, plodné strojové seceni luk, neprichodnost krajiny, zarlstani udoli
neofyty, které zastinuji vhodna stanovisté nebo zmény vodniho reZimu v krajiné (Moravec,
2015).

Shrnuti hlavnich pfi€in ohrozeni plazli a obojzivelnik( v globalnim méfitku je stru¢né

popsano v nasledujicich podkapitolach.

2.1.1 Ztrata habitatu

Zatimco v roce 1945 bylo na planeté pouze 2,5 miliardy obyvatel, v sou€asné dobé se
svétova populace prehoupla pfes 7,7 miliard. Rostouci trend je predpokladan i pro dalSi
desetileti. V roce 2050 ma svétova populace presahnout 9,7 miliard a v roce 2100 dokonce
10,9 miliard obyvatel (United Nations, 2019). Vlivem globalizace navic dochazi ke zméné
stravovacich navyku a zvySeni primérné rocni spotfeby potravin, které je potfeba nékde
péstovat Ci chovat. Predpoklada se, ze do roku 2050 bude poptavka po produktech
zivoc€isné vyroby az o 50 % vyS$Si nez v sou€asné dobé, kdy zivocisna vyroba (v€etné svych
zdroju) zabira 30 % plochy zemského povrchu a vyuziva
8 % svétové spotieby vody (FAO 2011). Mimo jiné je tento sektor také jednim z hlavnich
producentu sklenikovych plynt (Foley et al., 2011; Gerber et al., 2013), coz je jednou

z pricin globalni zmény klimatu.

Az trfetina druhu terestrickych obratlovcl je zkoncentrovana do 25 center biodiverzity
(,biodiversity hotspots®). Z téchto oaz biodiverzity celosvétové zbyva zhruba tfetina puvodni
rozlohy, ktera ¢ini pfiblizné 1 % zemské souSe. Mnoho autorl proto povazuje ztratu
vhodnych stanovist za hlavni pfiinu poklesu populaci plazi a obojzivelnika (Alford &
Richards, 1999; Brooks et al., 2002). Zavislost na akvatickém prostfedi (obojzivelnici a
néktefi semiakvatiCti plazi) a relativni neschopnost pfesunu na jiné lokality, kdy nékteré
druhy obojzivelnikl sva stanovisté takirka neopoustéji, je €ini velmi zranitelnymi (Gibbons et
al., 2000). Jako pfiklad uvedme jedno z center biodiverzity, Madagaskar. Ten je vyznamny
vysokou mirou endemismu — az 98 % druhl obratlovci bychom nenalezli nikde jinde na
svété (Langrand & Wilmé, 1997). Madagaskar ztratil mezi lety 1950-2000 podle odhadd 80

—90 % puvodnich lesu a zbylé lesni porosty jsou jen fragmenty bez migracnich koridor(. To
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ohroZuje tisice endemickych druhl, mezi nimi i mnoZstvi plazi a obojZivelnikd (Andreone
et al., 2005; Harper et al., 2007).

2.1.2 Znedisténi

Znecisténi chemickymi polutanty je vyznamnym faktorem ohrozujicim pfedevsSim
obojzivelniky, ktefi jsou svym Zivotnim cyklem vazani na akvatické prostfedi, kde se
mnozstvi polutanti soustfeduje. Obojzivelnici se svym zZivotnim podminkam pfizpUsobili
propustnou pokozkou, kterd umoznuje dychani, ¢i vodu propustnymi obaly, které chrani
jejich vejce. To samoziejmé& usnadriuje vnikani polutantl. Podle Global Amphibian
Assesment a nékterych autorll je znecisténi prostfedi povazovano za druhou nejvétsi
hrozbu pro populace obojzivelniku (Stuart et al., 2004; IUCN, 2021).

2.1.3 Globalni zména klimatu

Teplota na nasi planeté stoupa. V porovnani s hodnotami pfed zhruba 120 lety je vySSi o
1,2 °C, pocet chladnych dnl v roce se snizil a naopak teplych dnl v roce zvysil (WMO,
2021). Zména klimatu nuti druhy vyhledavat optimalni podminky pro Zivot jinde a zejména
pro druhy s nizS§i schopnosti disperze a prekonavani bariér (pfirodnich i ¢lovékem
vytvofenych) je tak faktorem pfimo je ohrozujicim vyhynutim (Thomas et al., 2004). Nékteré
druhy ektotermnich zvifat jsou na zmény teplot velmi citlivé (Huey et al., 2009). Dlouhodobé
oteplovani klimatu zaroven vytvafi vhodné podminky pro S$ifeni riznych onemocnéni
(Epstein et al., 1998). Pro populace obojzivelnikl je tento faktor vyznamny zejména

Z hlediska vytvofeni vhodnych podminek pro Sifeni chytridiomykdzy (Pounds et al., 2006).

2.1.4 Obchod s volné zijicimi druhy (wildlife trade)

llegalni obchod se zvifaty je jednou ze tfi nejvynosnéjSich ilegalnich cinnosti. Na
pomysiném Zebficku se tyCi na tretim misté za ilegalnim obchodem s drogami a se
zbranémi (Nellemann et al., 2016). Oblibenost terarijnich zvifat jako domacich mazli¢ku je
na vzestupu, plazi a obojzivelnici jsou rovnéz zadanym artiklem pro tradi¢ni medicinu Ci
pfimou konzumaci. Néktefi autofi, i vzhledem k souCasné situaci ohledné pandemie
koronaviru Covid-19, jejiz puvod je pfisuzovan pravé obchodu se zvifaty, vyzyvaji ke
zprisnéni pravidel obchodovani s volné zijicimi druhy (Borzeé et al., 2020). Obchod se

zvifaty je regulovan Umluvou o mezinarodnim obchodu s ohrozenymi druhy volné Zijicich
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zivoCichu a plané rostoucich rostlin (Convention on International Trade in Endangered
Species of Wild Fauna and Flora, zkracené CITES; CITES, 2022). Neregulovany obchod se
zvifaty muze vyznamnym zpusobem ohrozZovat plvodni herpetofaunu ilegalnim odchytem
jedincl. Jednim z problému ochrany plazi a obojzivelnikl je v takovém pfipadé relativni
.nepruznost® legislativniho aparatu, kdy v pfipadé popsani nového druhu trva pomérné
dlouho, nez se mu dostane adekvatniho ochranného statusu. Neni vyjimkou, Ze se
v nabidkach prodejct objevi nové popsané druhy (Casto s velmi omezenym arealem
rozSifeni) dfiv nez na IUCN Red List (Altherr & Lameter, 2020).

Jako nam znamy pfiklad vlivu obchodu se zvifaty na plvodni faunu z naseho uzemi mize
slouzit severoamericka Zelva Trachemys scripta a jeji poddruhy. Zelva nadherna se do
Ceskych zverimexu dostala jiz v 60. letech (Brejcha et al., 2009), zahy jako nechténa opustila
akvaria svych majitelll a ocitla se v pfirodé. Tam dokaze prezivat desitky let a puvodni
pfislusniky fauny omezuje predaci, zabiranim vhodnych mist ke slunéni (v pfipadé
ektotermnich druh(l) & vyhanénim z hnizd v pfipadé vodnich ptakd (Cadi & Joly, 2003;
Pe&at, 2008). Dnes je na nasem uzemi pomérné znacné rozsifena a neni problém se s ni
setkat na mnoha lokalitach (Sandera, 2022). Piedpoklada se, ze kvdli ,wildlife trade* se
globalné rozsifila i plishova onemocnéni postihujici obojzivelniky i plazy (Létters et al., 2020)
— viz dale. Stejné tak je obchod se zvifaty potencialnim prostfedkem pro Sifeni parazit(
(Rataj et al., 2011).

Néktefi autofi povazuji obchod s volné Zijicimi druhy za zasadni faktor z hlediska jejich
ochrany (Altherr & Lameter, 2020), nicméneé je jisté dobré neopominat fakt, Ze chov v zajeti
pomohl nékterym druhim doslova ,vstat z mrtvych® — tyka se to napf. leguana modravého
(Cyclura lewisi), jehoz odhadovana populace ve volné pfirodé Citala zacatkem tisicileti 5-15
jedincu (Alberts, 2004), coz z tohoto druhu ucinilo jednoho z nejohrozenéjSich plazu planety.
Diky chovatelskému usili v zachranné stanici pfimo na ostrové Gran Cayman a soudinnosti
zoologickych zahrad bylo do nové vzniklych rezervaci navraceno nékolik stovek jedincl a
populace se zacCala opét rozrustat. IUCN vroce 2012 prehodnotila status leguana
modravého z ,kriticky ohrozeny“ (CR) na ,ohrozeny” (EN) (Burton, 2012). Dal§im takovym
pfikladem je atraktivni zaba atelopus panamsky (Atelopus zeteki). Ten je dnes v pfirodé
pravdépodobné vyhynuly a jako druh pfeziva pouze v chovech v lidské pécdi (McCaffery et
al., 2015). Vplanu je jeho navraceni do pfirody. Kvdli setrvavajicimu vyskytu

chytridiomykézy (viz dalSi kapitola) v puvodnich oblastech obyvanych timto druhem
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k navratu zpét do pfirody zatim nedoslo. Chovatelstvi tedy v podobnych pfipadech sehrava

zasadni roli.

2.1.5 Globalni Sifeni onemocnéni a parazitéz

2.1.5.1 Plisnova onemocnéni

Plisfiova onemocnéni predstavuji vyznamnou hrozbu pro globalni biodiverzitu (Fisher et al.,
2012). Obojzivelnici a plazi jsou toho jasnym didkazem. V roce 1998 byla prokazana
souvislost mezi poklesy poctu zab a infekci houbou chytridiomycetou (Berger et al., 1998).
Ta byla o rok pozdéji popsana jako Batrachochytrium dendrobatidis (¢esky snad ,chytrida
zabi“ podle Jirki & Balaz, 2021) a ji zplsobené onemocnéni dostalo pojmenovani
chytridiomykéza (Longcore et al., 1999). Zanedlouho bylo zjisténo, Ze se jedna o globalni
hrozbu (Morehouse et al., 2003), ktera ma na svédomi pravdépodobné desitky vyhubenych
druht a u stovek dalSich mOze za populaéni poklesy (Scheele et al.,, 2019). Toto
onemocnéni zpusobuje dychaci a osmoregulacni potize na kuzi a naslednou smrt béhem
nékolika tydnl. Rovnéz ocasati obojzivelnici maji svou chytridiomykézu zplsobovanou
druhem B. salamandrivorans (&esky ,chytrida mlokozrava®“, opét podle Jirkt & Balaz, 2021),
ktera byla popsana az v roce 2013 (Martel et al., 2013). Ta decimuje ocasaté obojzivelniky
v Némecku a Nizozemsku (Spitzen-van der Sluijs et al., 2016). Populace mloka skvrnitého
(Salamandra salamandra) v zapadni Evropé kvuli tomuto onemocnéni poklesly o 96 %
(Martel et al., 2013). Oba puvodci chytridiomykdzy pochazeji pravdépodobné z Asie a po
svété se rozsifili kvuli globalnimu obchodu se zvifaty (Lotters et al., 2020), coz je jeden
z dalSich bodu pfi¢in ubytku obojzivelnika. | hadi Celi velké hrozbé v podobé plisfiového
onemocnéni zpusobovaného Ophidiomyces ophiodiicola. Ta ohrozuje populace hadu
v Severni Americe a v Evropé (Franklinos et al., 2017). Projevuje se otoky a viedy na kuzi,
CastéjSi frekvenci svlekll a zmé&nami v chovani, jako je napf. Castéjsi vyhfivani (Lorch et al.,
2015). Zpusob pfenosu této plisné zatim neni zcela jasny a je pfedmétem soucasnych

vyzkumda.

2.1.5.2 Ranaviry
Ranaviry jsou védé znamy jiz od 60. let minulého stoleti, vétsSi pozornosti se jim ale zacalo
dostavat na prelomu tisicileti, kdy byly prokazany jako pUvodci masovych uhynu

obojzivelnikd (Daszak et al., 1999; Price et al., 2014). Podobné jako B. dendrobatidis jsou



ranaviry rozsifeny témér po celém svété. Napadaiji vSechna vyvojova stadia obojzivelnik( a

narusuji epitel cév, coz zplsobuje vnitini krvaceni (Balseiro et al., 2009).

2.1.5.3 Perkinsea

Prvokem rodu Perkinsea mohou byt postizena larvalni stadia Zab. Kvili infekci perkinseou
jsou u nich pozorovana vyrazné zvétSena jatra a nasledné problémy s pohybem (Davis et
al., 2007). Dochazi tak k hromadnym uhynum pulct jako napf. v USA, kde je Perkinsea
udavana jako treti nejcastéjsi pficina masovych vymirani zab po chytridiomykdze a ranaviru
(Isidoro-Ayza et al., 2017).

2.1.5.4 Parazitézy

Parazitismus je jednou z nejvice rozSifenych zivotnich strategii organismi a hraje dulezitou
roli v evoluci. Snad kazdy druh na planeté ma svého parazita. Néktefi mohou za urcitych
podminek zasadnim zplsobem ovliviiovat pocetnost populace svych hostiteld (Hudson et
al., 1998). Paraziti plazii a obojzivelnik(l v§ak nejsou tak dobfe prozkoumani, jako napf. u
savcUl Ci ptaku, coz jsou skupiny, které jsou pro ¢lovéka dulezité jako hospodarska zvirata,
proto je jejich parazitézam vénovana mnohem vétsi pozornost. V poslednich desetiletich
proSla parazitologie vyznamnymi zménami a od pfevazné deskriptivnich postupl
vyuzivajicich predevsim morfologii (ktera ma ale stale svij zasadni vyznam) doSlo
k pfechodu na ekologické, imunologické a fylogenetické metody urCovani parazita.
VySetfeni importovanych zvifat do chova ukazuiji, Ze plazi mohou byt velice ¢astymi hostiteli
pestré Skaly parazitl potencialné prenositelnych na ¢lovéka (Rataj et al., 2011). Mohou
proto slouzit jako rezervoary onemocnéni (Dsouli et al., 2006), ale naopak i jako hostitel
s ,fedivym“ u€inkem (Giery & Ostfeld, 2007; Ginsberg et al., 2021). U obojzivelnikl jsou
parazitdzy spojovany s hromadnymi uhyny a povazovany za faktor potencialné ohroZzujici

celé populace (Johnson & Lunde, 2005; Lannoo, 2008).

2.1.6 Nepuvodni (invazni) druhy

Na naSi planeté se nachazi mnozstvi pfirozenych bariér (pohofi, mofe, oceany...), které
dlouhou dobu predstavovaly neprekonatelné prekazky pro mnozstvi druhu. Diky tomu se
ekosystémy vyvijely v relativni izolaci. Dnes je introdukce neplvodnich druht snadna diky
globalizaci svéta. V ramci planety migruji lidé a s nimi migruji i zvifata a rostliny. Druhy se

mohou mezi svétadily pfesouvat doslova v ramci hodin. Za biologickou invazi je povazovano
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Sifeni organismu mimo misto svého puvodniho vyskytu, velmi ¢asto spojené s lidskou
cinnosti, pfi které dojde k zamérnému ¢i neumysinému zavle€eni organismu (Hulme, 2015).
Vzhledem k absenci pfirozenych nepfatel, potravni kompetici, predaci, pfenosu patogend,
hybridizaci a pusobeni zmén na stanovistich, pusobi invazni druhy negativné na druhovou
pestrost a celkové fungovani ekosystému (Levine, 2008). Dopady nepuvodnich druhl na
puvodni faunu mohou byt zcela zasadni a mize dochazet ke zménam celych ekosystému
a vyznamnému poklesu populaci (Lowe et al., 2000). Pfikladem mohou byt zdivocCelé
domaci kocky, které jako predatofi-generalisté lovi menS$i obratlovce, a vyznamné tak
ohrozuji pfedev§im ostrovni populace puvodni fauny (Medina et al., 2011). Znamé jsou
priklady ostrovnich druh(, které byly vyhlazeny z nékterych mist vyskytu po zavileceni
nepuvodnich druh(, které jim konkuruji ¢i je pfimo ohrozuji predaci — za vSechny pfipady
uvedme priklad haterie novozélandské (Sphenodon punctatus), ktera se stala obéti potkan(
a dalSich neplvodnich druht na ostrovech kolem Nového Zélandu (Daugherty et al., 1990)
a dnes preziva na nékolika lokalitach nebo pfipad, kdy puvodni druhy jestéra (ale i ptaku a
dalSich menSich obratlovcl) zacaly mizet po zavle€eni nepuvodni bojgy Boiga irregularis na
ostrov Guam (Rodda & Fritts, 1992). | neplvodni druhy rostlin mohou zpusobit zasadni
pretvareni ekosystém, které nebude vyhovovat plvodnim druhtiim, v€etné obojzivelnikl a
plazu, jako se to stalo v pfipadé rostliny Miconia calvescens na pacifickych ostrovech Tahiti
a Hawai (Lowe et al., 2000). Global Invasive Species Database (GISD) fadi mezi 100
nejvyznaméjSich invaznich druhl i nékolik plaztl a obojzivelniki — kromé zminénych B.
irregularis a zZelvy nadherné (Trachemys scripta elegans), je to jesté ropucha obrovska
(Rhinella marina), stfedoamericka Zzaba Eleutherodactylus coqui a skokan volsky
(Lithobates catesbeianus) (GISD, 2022).

2.1.7 Dopravni infrastruktura

Dopravni infrastruktura na nasi planeté neustale houstne. Efekt vlivu mnozicich se
dopravnich komunikaci je dvoji: jednak dochazi k fragmentaci krajiny a silnice je pro plazy
a obojzivelniky ¢asto neprekonatelnou prekazkou, jednak na silnicich mnoho jedincl umira
pfi pokusu o jejich pfekonani (Spellerberg, 2002; Andrews & Gibbons, 2005). Mortalitu na
pozemnich komunikacich ovliviuji i zivotni strategie druht. Vétsi Sanci, ze je na silnici
prejede automobil, maji druhy, které migruji, nemaji staly domovsky okrsek nebo aktivhé
vyhledavaji kofist (Meek, 2009). Pro ektotermni organismy muze byt rozehfata silnice

v podvecernich hodinach lakavym mistem k nastfadani tepla (Bhandarkar & Paliwal, 2021).



V naSich podminkach jsou pro plazy a obojzivelniky velmi nebezpecné i cyklostezky
(Moravec, 2015).

Obr 1 Cerstvé prejety jedinec trnorepa Uromastyx nigriventris. Jizni Maroko. Foto: Daniel
Koleska

2.2 Morfologie

2.2.1 Malformace obojzivelniku

Ruzné typy malformaci obojzivelnikl jsou v literatufe publikovany jiz nékolik stoleti (Ouellet,
2000). VysS8i pocty publikovanych pfipadl, které se v literatufe objevuji v poslednich
desetiletich (napf. Ouellet, 2000; Sessions, 2003; Mobnico et al., 2016; Sousa & Costa-
Campos 2016) souvisi pravdépodobné s vét§im zaméfenim odbornikl na tuto
problematiku. Nicméné v nékterych oblastech jsou prokazané vyznamné narUsty
malformaci obojzivelnikl a poklesy jejich populaci (napf. Johnson et al., 2003). Pfedstavu;ji
tak vyznamny faktor ohrozujici tuto skupinu. Autofi vysvétluji vznik malformaci rizné — napf.
Ouellet et al. (1997) a Lannoo (2008) je pfisuzuji znecisténi prostfedi pesticidy a jejich
nasledny vliv béhem ontogeneze obojzivelnikl. Nelze v§ak opomenout mozny vznik i kvali

predchozimu pokusu o predaci (Ballengeé & Sessions, 2009). Blaustein et al. (1997)
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prokazali vliv UV-B zafeni na vznik deformit u Zabich embryi. Johnson et al. (1999, 2002) a
Kiesecker (2002) podavaji zpravy o malformacich zpUsobenych parazitickymi motolicemi

(Trematoda).

Malformace tykajici se koncetin jsou u Zab nejCastéji pozorovanymi morfologickymi
anomaliemi. RozliSujeme tzv. polydaktylie (vys$Si pocCet prsta), ektrodaktylie (zkraceni prsta
nebo chybéjici prsty), syndaktylie (srust prstu), polymelie (vy$Si pocet koncetin), ektromelie
(zkraceni koncetiny ¢i chybéjici koncetina), symelie (srust koncetin) &i klinomelie (pokfiveni
koncetiny). Mezi dalSi typy malformaci a morfologickych anomalii patfi mikrocefalie
(zmenSeni hlavy), anophthalmie (chybéjici oko/oci), makrophthalmie (zvétSené oko/odi),
nestandardni tvar tympania (napf. trojuhelnik) nebo barevné anomalie jako je melanismus
(tmavé zbarveni), zprihlednéni kuze (,translucent skin®) ¢i nestandardni zabarveni oka
(Borkin & Pikulik, 1986; Rakhimizhanova & Kromov, 1998; Puky, 2006; Fayzulin et al.,
2018). Ackoli jednotlivé nalezy (do 5 % v populaci) jsou povazovany za relativné pfirozené,
nékteré studie udavaji az 90% vyskyt malformaci v populaci (Johnson et al., 2002), coz uz
lze povazovat za faktor ohroZujici Zivotaschopnost populace. Vyskytu malformaci u
obojzivelnikl by tedy méla byt vénovana patfiéna pozornost s ohledem na jejich komplexni

ochranu.
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Obr 2 Priklady ektromelie (zkraceni koncetiny) pfedni koncetiny (A) a zadni koncetiny (D) u
kunky zlutobfiché (Bombina variegata) z Bosny a Hercegoviny. Nepublikovana data. Foto:
Daniel Koleska, RTG: Karolina Hamzova.

2.2.2 Malformace plazu

Stejné jako u obojzivelnikd, i u plazli se setkavame s rozlicnymi télesnymi malformacemi od
chybéjicich prstd pfes anophthalmie az po deformace ocasu, které maji za dusledek
rozvétveni ocasu. K tzv. bifurkacim (rozdéleni ocasu na dvé vétve), pfipadné viceCetnym
rozdélenim ocasu, dochazi pfi naruSeni michy v ocasu napf. pfi zranéni drtivého charakteru
dusledkem predace. Podle vSeho jsou relativné bézné u druhd(, které pouzivaji jako
antipredacéni strategii kaudalni autotomii (Bateman & Fleming, 2009). Autotomie je
,dobrovolné® odvrzeni nékteré, zpravidla periferni, Casti téla (koncetiny, ocasu, chapadia...).
Tuto strategii vyuziva pomérné velké mnozstvi druhl plazu, ale i nékterych ocasatych
obojzivelnikl (napf. Lynn, 1950; Macat et al., 2015). Ne vSichni plazi vSak touto schopnosti
disponuji. Obecné plati, ze tam, kde ma ocas néjakou vyznamnou funkci (napf. uchopovaci
u chameleond, obrannou u varanul, lokomoc&ni organ pro pohyb ve vodé u krokodylu,
balanéni organ u agam), se autotomie nevyvinula. Bateman & Fleming (2009) udavaiji, ze

malformace ocasu vyvolané kaudalni autotomii se neobjevuji u Celedi Iguanidae.
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Odvrzeny ocas je schopen prudkych pohybl danych stahy ocasnich svall, coz obvykle
odvrati pozornost predatora od unikajiciho Zivo€icha, a muze mu zachranit zivot. Proces
autotomie v ocasni ¢asti probiha v oblasti tzv. pfinych zén zlomu, které u plazt neprobihaiji
v prostoru mezi obratli, nybrz napfi¢ obratlovym centrem a neuralnim obloukem. Pouze u
nékterych ocasatych obojzZivelnikd probiha zlomova zéna mezi obratli. Na povrchu obratle
je zéna zlomu dobfe pozorovatelna i makroskopicky. Kromé nékolika postsakralnich obratlt
(byva jich 4 — 9; vétsi pocet je u beznohych forem, napf. u slepysa, blavora a dvouplaz()
déli zlomova zéna kazdy ocasni obratel, takze ocas se mize odlomit t€sné za kofenem
stejné jako u Spicky. Zminéné postsakralni obratle zustavaji autotomii nedoteny, protoze
je v jejich urovni kloaka, u samcl hemipenisy, a jsou na né upevnény rovnéz svaly u€astnici
se lokomoce (pohybu). Zlomova zéna neni zcela stabilni — muze byt pfed pficnymi vybézky
obratle (pokud jsou vyvinuty), ale mize byt rovnéz v Urovni pfiéného vybézku, takze jej muze
podélné Stépit. PFi¢ny zlom obratle je doprovazen pferusenim mékkych tkani, protoze patef
obklopuji podélné vrstvy tukového vaziva, svaly, cévy, nervy a kuze, uvnitf neuralniho
kanalu pak probihda micha. Vlastni mechanismus autotomie je velmi variabilni. PFficinou
odlomeni ocasu mlze byt vnéjsi sila (v pfirodé je to vétSinou predator), ale mize k ni dojit
rovnéz vyluéné Cinnosti ocasnich svall, bez vnéjsiho dotyku (tzv. spontanni autotomie). Je
zajimavé, ze k autotomii dochazi tésné (nanejvys tfi obratle) pfed mistem dotyku; tim se
ztraci jen nezbytna €ast ocasu. S autotomii souvisi regenerace, coz je schopnost vytvaret
relativné slozité struktury, které byly v disledku nejriznéjSich pFicin ztraceny. Regenerace
j& mnohem rozs$ifengjsi nez autotomie (napf. znovuvytvoreni konc€etin po poranéni) a touto
schopnosti prosluli pfedevsim obojzivelnici. Regeneraci |ze rozdélit do nékolika fazi: hojeni
rany, vytvoreni blastému, diferenciace a rust. Vlastni rana je zpravidla pomérné malé
poskozeni. Krvaceni se témér ihned zastavi a svalstvo se zakryje béhem nékolika minut
kuzi, ktera se kolem rany stdhne. Pozoruhodné je, Ze konec odlomeného obratle v ocase je
osteoklasty rozru$en (avSak v zavislosti na charakteru poranéni to nemusi byt pravidlem —
viz dale) a pozdéji spolu s nekrotizovanym vazivem odvrzen. Konec pahylu ocasu je tedy
tvofen jen malym rudimentem plavodniho obratle. Povrch rany je poté pfekryt vicevrstevnym
epitelem, ktery vytvofi apikalni CepiCku. Nékolik dni po autotomii se ependym obalujici
odlomeny konec michy za¢ne prodluzovat a vytvaret tak jakousi trubici, ktera se dostane do
styku s vnitfnim povrchem apikalni CepiCky; celek tak vytvafi utvar, ktery se nazyva blastém.
Blastémové buriky jsou schopny proliferace a zacnou mezi né vrustat krevni vlasecnice.

Rust zaCina asi 15 dni po autotomii a trva pfiblizné tfi mésice. Vysledkem je regenerovany
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ocas, ktery mize dosahnout (nékdy i pfesahnout) velikost puvodniho, vétSinou vSak
dosahne jen zlomku puvodni velikosti (Rocek, 1996). Pfi pokusu o unik s vyuzitim autotomie
se muze stat, ze ocas se neoddéli uplné a rana se opét zaceli. Pfi naruSeni obratli vSak
zaCne proces regenerace, ¢imz muze dojit k bifurkaci (Dudek & Ekner-Grzyb, 2014),
pfipadné rustu dalSich vétvi ocasu. ltalsky védec Lorenzo Alibardi ucinil zajimavy
experiment, pfi kterém pomoci ¢asti michy umeéle vpravenych do rany doslo k rustu dalSich
vétvi ocasu (Alibardi, 2010). Pravé rozdrceni michy v ocasni €asti hraje pravdépodobné
zasadni roli pfi vzniku téchto malformaci (Bateman & Fleming, 2009). Podle Alibardiho
(2010) se poranéni ocasu a jeho malformace velmi Casto objevuji u druhu, které ziji
pospolité a je u nich tedy i vétSi pravdépodobnost vnitrodruhové agrese a vzniku rozli¢nych

zranéni pravé na ocase (napf. Koleska et al., 2017a).

2.2.3 Rustové ploténky a ukonéeny/neukoncéeny rust plazu

Postnatalni rust kostry je tradi¢né rozdélen na ukonéeny a neukonéeny typ (Lincoln et al.,
1982). Hlavni rozdil mezi témito dvéma typy je ten, ze druhy s neukon&enym ristem rostou
po cely svUj zivot, zatimco u druh s ukonéenym ristem prestane télo rist v dobé kolem
dosazeni pohlavni dospélosti (Reiss, 1989). Endotermni organismy (ptaci a savci) jsou
povazovany za skupiny s ukonéenym rastem, kdezto plazi jsou jako ektotermni organismy
(spole€né s rybami a obojzivelniky) povazovani za skupinu s neukonéenym riistem (napf.
Kozlowski, 1996; Stamps et al., 1998). Lze vSak skutecné toto tvrzeni zevSeobecnit na celou
skupinu plazd? Skupina Supinati (Squamata) jsou nejpocetnéjSim fadem plazi zahrnuijici
pfes 10000 druhd. V ramci této skupiny rozeznavame podle pozice zubu na Celisti skupiny
Acrodonta, kam bychom fadili starosvétské Celedi Chameleonidae a Agamidae, a skupinu

Pleurodonta, kam bychom fadili ¢eled’ Iguanidae sensu lato (Pyron et al., 2013).

Rustové ploténky jsou chrupavcité desticky pfitomné v dlouhych kostech, Zebrech a
obratlech a umoznvuiji jejich rast do délky. Na dlouhych kostech se nachazeji mezi metafyzou
a sekundarnim osifikacnim centrem (Farnum, 2007). Vyvinuly se u savcl a u jestéra.
Podobna, ale zvinéna ploténka se nachazeji i v pta€ich kostech a zfejmé byla pfitomna i v
kostech dinosaurt (Barreto et al., 1993). Riustové ploténky se nachazi v oblastech metafyzy,
tedy mezi koncovymi epifyzami a stfedni ¢asti. Chrupavkové buriky (chondrocyty) v ploténce
se neustale déli a ploténka tak na epifyzarni strané pfirasta. Jedna se o tzv. intersticialni
rust kosti. Na diafyzarni strané je chrupavcita tkan ploténky stejnym tempem odbouravana,

resp. preménovana na kostni tkan. Proces rlstu chrupavky a proces jeji pfemény na kost
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jsou v rovnovaze, a tak ploténka zlstava stéle stejné silna. V urcité fazi se vSak cela ristova

ploténka zméni na kostni tkan a cela kost tak pfestane rist (Marjit, 2016).

Podle novéjsi literatury je pohled na univerzalnost tvrzeni o ukonéeném rlstu pro Squamata
pfehodnocovan (napf. Frydlova et al., 2017, Omeyer et al., 2018), a to na zakladé studia
stavu rustovych chrupavek (growth plate cartilage — GPC) dlouhych kosti, jejichz pretrvani
¢i absence u starSich jedinct jsou dobrym indikatorem ukoncenosti €i neukon&enosti rastu.
Zjednodus$ené fe€eno — podivame-li se pomoci modernich zobrazovacich metod na dlouhé
kosti a rustové chrupavky dospélych jedincu riznych skupin Supinatych, mizeme dobfe
porovnat, zda u nich v dobé umrti stale dochazelo k rastu, ¢i nikoli. U dospélych jedincu je
degradace rustovych chrupavek jasnym znakem zastaveni rlstu, jak bylo prokazano napfr.

u mensich druhu varanu (Frydlova et al., 2017).

2.3 Distribuce herpetofauny

Pro pochopeni populacnich fluktuaci je nezbytné nutné mit presna data o vyskytu a denzité
konkrétnich druhl. RozSifeni herpetofauny je v ramci nasi planety znacné, nicméné to
stejné se neda Fict o odbornicich, ktefi se jim vénuji. Je tedy nutné, aby se v ramci studia
za objekty svého badani vypravovali na nejriznéjSi mista. Ta nejnedostupnéjsi zlstavaiji
logicky probadana méné nez ta snadnéji dostupna. Na nasi planeté se nachazi zhruba 25
center biodiverzity, kam je koncentrovana mimoradné bohata fauna a flora (Brooks et al.,
2002).

Obr 3 Svétova centra biodiverzity podle Spicera (2017).
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2.3.1 Balkansky poloostrov

Jedno z center biodiverzity se nachazi i na jihu Evropského kontinentu. Na uzemi Evropy
se vyskytuje 301 druhl plaz( a obojzivelniki, a to v€etné 14 neplvodnich druhu, které se
zde adaptovaly (Speybroeck et al., 2020). Jejich distribuce v ramci kontinentu neni
rovhomeérna. Obecné se da fici, ze bohatost biodiverzity stoupa smérem na jih. Mediteranni
pobfezi Evropy — Ibersky, Apeninsky a Balkansky poloostrov tak skyta domov nejvétSimu
poctu druhu evropskych plazu a obojzivelnikl. Druhova koncentrace herpetofauny v jiznich

Castech Evropy je dobfe ilustrovana v mapé Sillero et al. (2014).
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Obr 4 Druhova diverzita plaztl v Evropé. Prevzato ze Sillero et al. (2014).

Navzdory tomu, Zze mame k dispozici komplexni data o rozSifeni evropské herpetofauny
zalozena na dlouhodobém monitoringu rtiznych skupin odborniku, stale se najdou mista,
kde jsou informace nedostateCné. Takovym pfikladem muze byt Makedonie (dnes spravné
~oeverni Makedonie®, ale zGstafime u starSiho oznaceni, aby nedo$lo ke zmateni svétovymi
stranami). Makedonie je stat uprostfed Balkanského poloostrova s rozlohou 25 713 km?.
Svou polohou nema pfistup k mofi jako jiné balkanské staty, nicméné i tak je jeji biodiverzita

pomé&rné bohata. Uzemi této zemé zahrnuje nékolik vyznamnych geomorfologickych
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jednotek, jako je napf. udoli feky Vardar, Helenidy nebo Dinarské hory. Slozeni
herpetofauny Makedonie je relativné dobfe znamé (napf. Gasc et al., 1997; Sillero et al.,
2014, Speybroeck et al., 2010), nicméné presnéjSi data o distribuci u nékterych druht chybi.
V soucasnosti se v Makedonii vyskytuje 14 druh( obojzivelniki a 32 druhl plazt podle
platné taxonomie (Speybroeck et al., 2020). ObsahlejsSi shrnuti distribuce herpetofauny
publikoval Sterijovski (2014). Béhem mapovani herpetofauny Makedonie v ni zanechal
Ceskou stopu prof. Julius Komarek (rovnéz plsobil na tehdejSi Vysoké Skole zemédélske),
ktery jako zoolog tuto zemi navstivil v letech 1914, 1925 a 1930 a napsal o ni mj. fascinujici
knihu Neznama Makedonie (Komarek, 1941). Makedonie je severni hranici rozSifeni
nékterych druhu (napf. Eryx jaculus, Xerotyphlops vermicularis). O tom, Ze tato zemé ma
stale jesté sva tajemstvi, svédc&i i minimum zaznamui plazl (pfedevs§im hadu) ve verejné

pfistupné databazi iNaturalist.

Obr 5 HroznySek turecky (Eryx jaculus) je jeden z nejvzacnéjSich plazu Evropy. Makedonie.
Foto: Daniel KoleSka
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2.3.2 Maroko

Maroko je severoafricka zemé rozkladajici se na plose 446 550 km? (710 850 km?,
pocitame-li i uzemi Zapadni Sahara, které si Maroko narokuje) s vyznamnymi geografickymi
prvky v podobé pohofi Atlas, pousté Sahara a pobfezi Atlantského oceanu. V ramci
severoafrického regionu patfi tato zemé mezi regiony s nejvétsi biodiverzitou. RozSifeni
herpetofauny Maroka je opét pomérné dobfe znamé diky souhrnnym pracem z pfelomu
tisicileti (Bons & Geniez, 1996; Schleich et al, 1996), dil€¢im pozorovanim (napf. Funk et al.,
2004; Barata et al., 2011; Kane et al., 2019) i novéjSi publikaci shrnujici dosavadni poznatky
(del Marmol et al., 2019). K mapovani herpetofauny Maroka a ur€ovani jednotlivych druhd
vyznamnym  zpUsobem napomaha i vefejné prfistupna webova aplikace

www.moroccoherps.com (Martinez et al., 2022).

Za jednoho z nejvzacnéjSich hadll Maroka je povazovana zmije Echis leucogaster (Spawls
& Branch, 1995; Bons & Geniez, 1996; Schleich et al., 1996). Tato zmije dorlstajici max.
83 cm byva oblast zapadniho Sahelu a nékolik izolovanych lokalit v severni Africe, v€etné
Maroka. ldealnim habitatem jsou vIhéi mista, jako jsou zahrady, oazy nebo koryta fek.
Zajimava je jeji schopnost zastraSovani pomoci drsnych Supin na boku téla. Pfi zastrasovani
o sebe tfe boky, kde ma zoubkované Supiny, které vydavaji neCekané hlasity zvuk
pfipominajici syCeni (vlastni pozorovani). Podobné jako jiné druhy zmiji rodu Echis je toxicky
vyznamna. Néktefi autofi (Arnold et al., 2009, Pook et al., 2009) povazuji E. leucogaster za
poddruh E. pyramidum. Nicméné Okuda et al. (2001) pfinesli dikazy o samostatnosti druhu
na zakladé rozboru jedu a revize celého rodu. Zajimava je potravni preference
E. leucogaster — zda se, Ze pfevaznou Cast jeji potravy tvofi bezobratli (stonohy), dale se
Zivi hlodavci a obojzivelniky (Mané & Trape, 2019). Jesté pred 20 lety byla znama z jediné
marocké lokality, kde byla roku 1963 objevena (Bons & Dakka, 1963). OvSem pocinaje
rokem 1999 byly popisovany stale nové lokality na uzemi Maroka a areal vyskytu se zde
rozSifoval (Herrmann et al., 2000; Aymerich et al., 2004 a dal$i). Dnes je vyskyt E.
leucogaster v Maroku fragmentovany mezi mésty Agdz na severovychodé a Tiglit na jihu.
Zajimavé je, Ze vétSinu téchto lokalit propojuje feka Draa, nejdelSi vodni tok Maroka o délce
1100 km. Protéka od mésta Ouarzazate na severu, prfes mésta Agdz a Zagora k hranicim
s Alzirskem, odkud se tahne na zapad pfes mésto Tan Tan az do Atlantského oceanu a
poskytuje zmijim vhodny vIhCi habitat s mnozZstvim menSich jezirek, kde se drzi voda.
Z hlediska uceleni znalosti o rozSifeni E. leucogaster je udoli feky Draa velmi zajimavé.
S malym poctem nalezi muze souviset i pfevazné no¢ni aktivita tohoto druhu. Geneticka
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analyza vzorkl E. leucogaster z Mauritanie a Maroka naznacuje, Ze jsou si blizce pfibuzné.
Lze tedy pfedpokladat, Ze v této oblasti maji zmije souvisly vyskyt nebo se evolu¢né oddélily
teprve v nedavné dobé (Escoriza et al., 2009).

Obr 6 Subadultni jedinec zmije Echis leucogaster z nové objevené lokality v okoli mésta
Assa. Maroko. Foto: Daniel KoleSka

Specifickym problémem ochrany herpetofauny Maroka jsou podzemni nadrze na vodu. Ty
jsou hojné rozmisténé takika po celém uzemi zemé a mnoho z nich jiz davno neplni puvodni
funkci. Srazky se v nékterych oblastech Maroka pohybuji i pod 100 mm za rok. Z tohoto
dlvodu byly (a stale jsou) budovany zachytné nadrze na destovou vodu. Tyto nadrze jsou
zpravidla oteviené, aby do nich mohly ustit sbérné kanaly. Tim se ale také stavaji snadno
pfistupné pro zvifata, ktera do nich vnikaji bez moznosti nasledného uniku zpét na povrch.
Kromé druhd, kterym naopak tyto stavby vyslovené vyhovuji (gekoni rodu Tarentola a
Ptyodactylus, rosni¢ky Hyla meridionalis), v nich vétSina uvéznénych zvifat nalezne smrt
dehydrataci, vyhladovénim nebo predaci (del Marmol et al., 2019). Sami jsme se o tom
presveédcCili bEhem dvou herpetologicky zaméfenych vyprav do Maroka v kvétnu a zafi 2017.
Ve studnach jsme v pribéhu obou cest nalezli desitky zvifat, vétSinou jestéra, hada a zab,
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ale i nékteré savce a napf. i delSi dobu uhynulé tele. DalSim vyznamnym problémem je
desertifikace krajiny. Klimatické modely pfedpovidaji pokles srazek a postupnou pfeménu
mediteranni krajiny na poust. Zpravy o ubytku vodnich ploch, a tedy i prostoru pro
rozmnozovani obojzivelnikl, se objevuji jiz néjakou dobu (napf. Urama & Ozor, 2010).
Maroko disponuje jesSté jednim velmi specifickym faktorem ohroZujicim lokalni
herpetofaunu. Tim jsou tzv. ,zafikavaci“ hadl. Historicky se snad jedna o pfislusniky
zahadného bratrstva Aissaoua, jehoz pfislusnici manipulaci s jedovatymi hady dokazovali
svou nadvladu nad zvifaty a pfirodou. Dnes je ,zafikavacstvi“ hadu prfedevsim turistickou
atrakci, nebot Maroko je diky své poloze blizko Iberského poloostrova oblibenym cilem
evropskych turistd. Problém spociva v tom, Ze tito ,zafikavacli ziskavaji zvifata z pfirody a
drzi je ¢asto v naprosto nevyhovujicich podminkach. Zvifata tak bohuzel brzy umiraji, coz
je zaminka pro ziskani dalSich jedincl z pfirody (del Marmol et al., 2019). Sami jsme takto
béhem cest Marokem vidéli pfedstaveni v poustnim kempu, kde mél ,zafikavac® své sidlo
nedaleko. Hned vedle jeho pfibytku jsme vidéli Cerstvé zabitého jedince zmije Daboia

mauritanica, ktery udajné neprezil vystoupeni.

Obr 7 Kontrola nadrze na destovou vodu. Maroko. Foto: Daniel KoleSka
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2.4 Parazitofauna plazul a obojzivelniku

Parazitofauna plazd a obojzivelniki byla dlouho opomijena, nicméné v poslednich
desetiletich se tento pohled méni a parazitim plazd a obojzivelnikl je vénovana stale vétsi
pozornost. Pfes relativné velké mnozstvi publikovanych dat vSak dodnes neexistuje uceleny
seznam parazitofauny evropskych plazi a obojzivelnikli, ktery by uleh&il determinaci
jednotlivych druhd a pomohl pochopit jejich ekologii. Kazdy dalSi poznatek o rozSifeni
parazitl plaz( a obojzivelniki nam proto mize pomoci doplnit chybéjici informace o jejich

vzajemnych ekologickych vztazich.

V kapitole popisujici ohrozeni plazt a obojzivelniku jsme se kratce vénovali pfipadim, kdy
paraziti pfimo ohrozuji populace svych hostiteld. Na vztah plaz( a obojzivelniku a jejich
parazitl vSak mizeme nahlizet i jinak. Vzhledem k tomu, Ze tyto dvé skupiny patfi mezi
nejohrozenéjsi skupiny obratlovc, je pro hostitelsky specifické druhy parazitt dilezité, aby
jejich hostitelské druhy prezily, jinak se samy ocitnou na hranici vyhynuti, protoze nejsou

schopni bez nich pfezivat. Ztratime-li hostitele, ztratime i jejich parazity.

2.4.1 Mikrosporidie (Microsporidia)

Jsou vnitrobunééni paraziti zivocichl. Do hostitelské bunky pronikaji dlouhou injekéni trubici
(vldaknem), kterou je injikovan zarodek (sporoplasma). Uvnitf hostitelské burky dochazi ke
dvéma vyvojovym fazim - merogonii a sporogonii. Béhem merogonie se meronti
(jednoduché bunky) déli na dcefiné buriky. Tento cyklus se mize nékolikrat opakovat. Pfi
této fazi vznikaji spory, které infikuji okolni buriky, v nichZ opét iniciuji merogonii. V urcité
fazi se merogonie zastavuje a vznikd nova generace silnosténnych spor vypliujicich
hostitelskou bunku, ze které se stava vacek vyplnény sporami. Tyto silnosténné spory pak
odchazeji do vnéjsiho prostfedi s vykaly nebo se uvolnuji po smrti hostitele (Volf & Horak,
2007).

2.4.2 Vytrusovci (Apicomplexa)

Jedna se opét o vnitrobunécéné parazity, méné Casto Ziji na povrchu bunék hostitele. B€éhem

svého vyvoije stfidaji nepohlavni generace (merogonie), pohlavni (gamogonie) a tvorbu spor

(sporogonie) v zavislosti na tom, je-li v jejich vyvojovém cyklu pfitomen mezihostitel

(heteroxenni cyklus) &i nikoli (homogenni cyklus). U plazt a obojzivelniki se setkavame

s hemogregarinami (Haemogregarinidae) a kokcidiemi (Eimeriorina). U plazt parazituji
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napf. Hemolivia mauritanica (hostitelem je suchozemska Zelva Testudo marginata) nebo
kokcidie rodu Eimeria a Sarcocystys (Volf & Horak, 2007). Kokcidie Sarcocystys lacertae
vyuziva jako mezihostitele jeStérky (nap¥. Podarcis muralis) a jako definitivni hostitel ji slouzi
hadi zZivici se jinymi plazy (Coronella austriaca) (Volf et al., 1999). U obojzivelniku je
znamych nékolik desitek kokcidii, pfedevsim z rodu Eimeria (Duszynski et al, 2007).

2.4.3 Tasemnice (Cestoda)

Paraziti, které nalezneme u vSech skupin obratlovcl. Dospélci tasemnic parazituji v travici
soustavé, kde jsou pfichyceny pomoci hlavicky (scolex) s pfichytnymi organy. Scolex je
vyznamnym determinacnim znakem tasemnic. Zpravidla se jedna o hermafrodity, vyjimecné
0 gonochoristy. Z téla definitivniho hostitele odchazi spole€né s trusem vaji¢ka tasemnic.
V ramci jejich heteroxenniho cyklu se dostavaji do téla mezihostitele (Volf & Horak, 2007).
U plazl jsou znamé pfipady parazitace tasemnici rodu Oochoristica z traviciho traktu

trnorepll a leguant (Rataj et al, 2011).

Obr 8 Tasemnice rodu Oochoristica z traviciho traktu trnorepa Uromastyx nigriventris. Jizni
Maroko. Foto: Daniel KoleSka
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2.4.4 Motolice (Trematoda)

Paraziti s ovalnym zplostélym télem. Maji heteroxenni cyklus s dvéma a vice hostiteli.
Prvnim mezihostitelem je zpravidla mékkys. Do toho pronika obrvené stadium zvané
miracidium. Mezihostitele opousti ve stadiu cerkarie, jez aktivné vyhledava dalSiho
mezihostitele Ci definitivniho hostitele. Cerkarie nepfijimaji potravu, jako zdroj energie maji
zasoby glykogenu. V mezihostiteli vytvafi metacerkarie, které jsou uvnitf cysty ve tkani
mezihostitele. Zde vyCkavaji na pozieni mezihostitele definitivnim hostitelem. Poté dochazi
k pfeméné na dospélce a rozmnozeni (Volf & Horak, 2007). Velice dobfe prozkoumany je
Zivotni cyklus motolice Ribeiroa ondatrae z USA a jeji vliv na své mezihostitele. R. ondatrae
se v prvnim mezihostiteli, kterym je vodni Snek rodu Planorbella, rozmnoZuje nepohlavné.
Z téla Sneka se poté dostavaji do vody tisice cerkarii. Cerkarie pronika kuzi mezihostitele
(vyvijejiciho se pulce) do rostouci nohy a vytvaFi odolnou metacerkarii (cystu). Béhem
metamorfézy pulce a nasledného dospivani dochazi k vyvojovym vadam (malformacim),
nejCastéji na nohach. Takto malformovany jedinec Zije se zvySenou pravdépodobnosti, ze
podlehne definitivnimu hostiteli, kterym je rybozZravy ptak (napf. volavka). V definitivnim
hostiteli dochazi k pohlavnimu rozmnozZovani motolice, produkci vajicek a opakovani cyklu
(Blaustein & Johnson, 2003).

Obr 9 Zivotni cyklus motolice Ribeiroia ondatrae, b&hem kterého vznikaji malformace
koncCetin obojzivelniku. Pfevzato z Blaustein & Johnston (2003).
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2.4.5 Hlistice (Nematoda)

Jedna se o nejpocetnéjSi a nejrozSifenéjsi skupinu zivoCichl. Védecky je popsanych vice
nez 14000 druhd a mnoho dalSich na svU(j popis ¢eka. Odhaduje se, ze by tato skupina
mohla citat kolem 40000 druht (Zhang, 2013). Hlistice jsou zpravidla gonochoristé
s pohlavnim dimorfismem (determinacni znak), ackoli se muZeme setkat i s jinymi
reprodukénimi strategiemi, jako je napf. partenogeneze Ci hermafroditismus. Dospélci
parazitujicich druhtd (ne vSechny hlistice jsou paraziti) se vyskytuji u bezobratlych,
obratlovct i u rostlin. Nékteré druhy dokonce mohou stfidat parazitujici a volné Zijici
generace. NejCastéjsi lokalizaci parazitujicich hlistic v téle hostitele je travici trakt, ale
muzeme je najiti v krevnim obéhu, kuzi, nervové soustavé apod. Hlistice prodélavaji nékolik
larvalnich stadii (L1-L4). Hostitelsky cyklus mize byt monoxenni (geohelminti, ktefi se
vyvijeji v pidé) nebo heteroxenni (biohelminti) s vyuzitim mezihostitele (Volf & Horak,
2007). U plazu jsou znamé pripady parazitaci hlisticemi napf. rodu Capillaria a Ophidascaris
u hadd a Angusticaecum u zelv (Rataj et al., 2011).

Obr 10 Blize neurCené hlistice (pravdépodobné Skrkavky) z traviciho traktu Cerstvé
prejetého varana bengalského (Varanus bengalensis), Sri Lanka. Foto: Daniel KoleSka
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2.4.6 VrtejSi (Acanthocephala)

Skupina s heteroxennim cyklem s vyuzitim mezihostitele, kterym je bezobratly. Definitivnim
hostitelem je obratlovec. Mezihositel pozfe larvu, ktera se nazyva akantor. V mezihostiteli
koncCi vyvoj stadiem cystakant. Definitivni hostitel pozie mezihostitele a nakazi se infekénim
stadiem vrtejSe. Dospély vrtejS se vyviji ve stfevé definitivnino hostitele, kde se uchycuje
pomoci chobotku a hackd. Plazy a obojzZivelniky vrtejSi zpravidla vyuZzivaji jako tzv.
paratenické hostitele, kde nedochazi k vyvoji parazita, ale je zde schopen pfezit (na rozdil
od vnéjSiho prostfedi) do doby, nez jej pozie definitivni hostitel (Volf & Horak, 2007).
VrtejSUm velmi vyhovuje akvatické prostfedi, proto se s nimi mizeme setkat napf. u
ocasatych obojzivelnikl (zde jako definitivnich hostitelt). Takovym pfFikladem muze byt
vrtej§ Acanthocephalus anguillae balkanicus, ktery byl pozorovan u nékolika druhl na
Balkanském poloostrové, a to v€etné macarata jeskynniho (Proteus anguinus) (Amin et al.,
2019).

2.4.7 Pijavky (Hirudinae)

Pijavky jsou znamy u plazll z pfipadl parazitace u vodnich Zelv a krokodyll. Je zde zfejma
afinita k vodnimu prostfedi. Pijavky rodu Placobdella saji krev sladkovodnich Zelv a jsou to
hostitelé a prenaseci krevnich vytrusovcll rodu Haemogregarina (Telford, 2009). Zastupci
tohoto rodu jsou zajimavi svou péc¢i o potomstvo. Rodi¢e (jedna se o hermafrodity) nosi
mladata pfichycena na bfisSni strané a po urcCité dobé je nechaji prelézt na jejich prvniho
hostitele (Bielecki et al., 2012). U obojzivelniku jsou pfipady parazitace pijavkami ¢astéjsi a
dokonce mohou vyznamnym zpusobem pfispét ke sniZzovani populaci (Stead & Pope,
2010). Zvlastni pfipad masivniho napadeni pijavkami u skokant hnédych (Rana temporaria)
a ropuch obecnych (Bufo bufo) byl hlasen v letech 2020 a 2021 z Anglie. Obojzivelnici byl
nalezeni s o¢ima, hrdelni ¢asti téla a v oblastech kloubl s velkym mnozstvim pijavek (Julian,
2021).
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Obr 11 Pijavka parazitujici na ropuse berberské (Sclerophrys mauritanica), Maroko. Foto:
Daniel Koleska

Obr 12 Pijavka parazitujici na zelvé bahenni (Emys orbicularis), v tomto pfipadé se jedna

o velmi starého samce s ,rozvolnénymi“ stitky karapaxu. Bulharsko. Foto: Daniel KoleSka

2.4.8 Rozto€i (Acari)

Z této skupiny jsou parazity plazi Emelikovci (Mesostigmata), sametky (Prostigmata:
Trombiculidae) a kliStata (Ixodida). U sametek jsou parazitické pouze larvy, které parazituji
sanim lyzové tkané a tkafnového moku hostitele. Dospélci napadaiji jiné roztoge. Cmelikovci

jsou pomérné pocCetna skupina, ktera vyuziva nékolik zplsobu obzivy zahrnujici
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parasitismus hmyzu a obratlovct (Volf & Horak, 2007). Zivotni cyklus je dobfe popsan u
¢melikovce Ophionyssus natricis, ktery se vyskytuje u hadu. Larvy jsou volné Zijici a po 1 —
2 dnech se svlékaji do stadia protonymfy. Ty se uZ Zivi paraziticky a po 3 — 14 dnech se
méni v deuteronymfy, které opoustéji télo hostitele a po dalSim dni se opét sviékaji a méni
v dospélce. Dospéla stadia jsou opét paraziticka. Celkovy vyvoj z vajicka k dospélci trva 2
— 3 tydny, pfi€emz dospélci mohou Zit dalSich 40 dni. Vajicka nakladena samickou se za
idealni teploty (25 °C) lihnou po asi dvou dnech (Wozniak & DeNardo, 2000). Vyvoj klistat
zahrnuje tfi stadia — larvu, nymfu a dospélce. Larvy zpravidla parazituji na menSich
obratlovcich, jako jsou napf. hlodavci nebo pravé jestérky, hadi i Zelvy. Dospélci si pak
vybiraji vétsi teplokrevné savce, vCetné Clovéka (Volf & Horak, 2007). KliStata jsou
prenaseci infekcnich onemocnéni pfenositelnych i na ¢lovéka. Tyka se to napfiklad lymské
boreliézy, kterou zplsobuje bakterie Borrelia burgdorferi. Existuji pfedpoklady, ze hadi
mohou byt vyznamnymi reducenty nakazy lymskou boreliézou, jelikoz se Zivi hostiteli klistat
(s nimi Zerou i samotna kliStata jako pfenasece). Jeden chrestys lesni (Crotallus horridus)
ro¢né sezere s kofisti 2500-4500 klistat (Kabay, 2013). Zajimavy je i pfipad, kdy mohou
plazi pasobit jako ,Fedici“ faktor onemocnéni. V téle plazl se bakterii tolik nedafi a klistata,
ktera na plazech saji, maji mensi mnozstvi bakterii, nez ta, ktera parazituji na jinych

rezervoarovych druzich, napf. mysich (Ginsberg et al., 2021).

Obr 13 Klistata parazitujici na Zelvé Zlutohnédé (Testudo graeca), Bulharsko. Foto: Daniel
Koleska
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3 Hypotézy a cile prace

Na zakladé studia dostupné literatury a zkuSenosti z prace v terénu lze pfedpokladat, Ze:

1. RuUzné skupiny plazd budou mit rizné pretrvavani rastovych plotének.

2. U socialné zijicich plazt a obojzivelnikl obyvajicich antropogenni lokality se budou
vyskytovat télesné malformace Cetnéji nez u solitérné Zijicich druha.

3. Podrobnym prizkumem malo probadanych oblasti Balkanského poloostrova
(Makedonie) a severni Afriky (Maroko) Ize dolozit dosud neznamé udaje o rozSifeni
nékterych druhu plazd a obojzivelnikd.

4. U plazli a obojzivelniki na nedostateéné prozkoumanych lokalitach Ize oCekavat

potvrzeni vyskytu dosud neohlasenych parazita.

Cilh prace je nékolik:

1. Zhodnotit pretrvavani ruastovych plotének u dvou skupin plazi — Acrodonta a
Pleurodonta.

2. Vyhledavat a popsat morfologické anomalie u plazt a obojzivelnikl, véetné jejich
hlaSeni u druhd, kde nejsou popsany.
PFinést nové poznatky o rozsifeni plaz a obojzivelnikl v Evropé a severni Africe.

PFinést nové poznatky o rozsifeni parazitofauny plazu a obojzivelnikd v Evropé.
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4 Publikované prace
4.1 Malformace obojzivelniku

4.1.1 Holer, T., & Koleska, D. 2018. A case of unilateral anophthalmia in an adult
Pelophylax kl. esculentus (Linnaeus, 1758). Herpetozoa, 31(1-2): 103-104.

U obojzZivelniki muZeme pozorovat rozlicné morfologické abnormality po celém svété.
Jednou z nich je i anophthalmie — morfologicka abnormalita, pfi které jedinci chybi jedno Ci
obé oc¢i (Ouellet, 2000). 30. zafi 2017 jsme béhem studie populace zelenych skokanu r.
Pelophylax u Pacova (Vyso&ina, CR) nalezli jedince, ktery se vyznadoval jednostrannou
anophthalmii. Tento jedinec mél plné vyvinuté oko pouze na pravé strané. Na levé strané
hlavy oko zcela chybélo. Zajimavé je, ze navzdory zfejmym problémim s prostorovou
orientaci, byl jedinec v dobrém télesném stavu bez znamek podvyzZivy &i zranéni.
Pozorovani morfologickych abnormalit u zelenych skokand je relativné bézné. Velka ¢ast
popsanych pfipadl se tyka anomalii jako je polydaktylie (Borkin & Pikulchik, 1986),
syndaktylie (Rakhimizhanova & Khromov, 1998) nebo anomalie ve zbarveni téla (Dubois,
1968; Murphy, 1980). O pfi¢inach anophthalmie mizeme zatim pouze spekulovat — viz
dal$i pripady morfologickych anomalii obojzivelnik(. Toto pozorovani je pravdépodobné

prvni zdokumentovany pfipad anophthalmie z naseho uzemi.
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A case of unilateral anophthalmia in
an adult Pelophylax Kl. esculentus
(LINNAEUS, 1758)

Various types of morphological ab-
normalities are found in amphibians all
over the world (OUELLET 2000). Among
non-skeletal abnormalities that are not re-
lated to coloration, anophthalmia (the ab-
sence of the eye) and localized or general-
ized edema are most frequently detected
(HENLE et al. 2017).

Out of a large number of documented
instances of anuran and urodelan morpho-
logical malformations (HENLE et al. 2012;
LaNNOO 2009), anophthalmia was reported
in 159 cases, involving 47 species of Anura
and eight of Urodela. The rarity of anoph-
thalmia in natural populations of urodeles
was explained by their high capability of
regeneration (HENLE et al. 2017).

Probably because they are easily
detected, most teratological findings in nat-
ural populations of frogs of the hybridoge-
netic Pelophylax k1. esculentus (LINNAEUS,
1785) complex apply to malformations of
the fingers, toes and limbs such as poly-
dactyly (BORKIN & PIKULIK 1986),
ectrodactyly, syndactyly (RAKHIMZHANOVA
& KHrROMOV 1998), polymely (DUMERIL
1865), symmely (BrucH 1864), clinomely
(Puky 2006), phocomely (Kurtyak 2010)
and polyphalangy (ZAMALETDINOV 2014)
but also microcephaly (FLax & BORKIN
2004), melanism, blue-colored individuals
(MurpHy 1980), translucent skin (DuBoIs
1968) and anophthalmia. As to the genus
Pelophylax, anophthalmia was described,
e.g., in natural populations of Pelophylax
ridibundus (PALLAS, 1771) (MARUSCHAK &
MURAVYNETS 2013) and reproductive com-
munities formed by individuals of P.
lessonae (CAMERANO, 1882) and P. Kkl. escu-
lentus (LINNAEUS, 1758) (BERGER & UZzZEL
1977).

On September 30, 2017, during the
study of water frogs, the authors found an
adult male Pelophylax kl. esculentus, who
had only one (right) eye. The frog was cap-
tured in a pond of about 4 m2, located in
Pacov, in the Region of Vysocina, Czech
Republic (GPS coordinates: 49.474 N,
14.999 E, 580 m a.s.l.). This and two more
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ponds lie next to a narrow stream in a
grassy area between the dams of large
ponds 1-2 ha in size. Fields surrounding
Pacov are used mainly for agricultural pur-
poses providing a potential source of con-
tamination by pesticides. No more mal-
formed frogs were observed at this locality.
The skin in the area of the missing eye did
not show any visible signs of injury, sug-
gesting that the left eye of this specimen
had not developed at all or had been heavi-
ly injured during an early larval develop-
mental stage. Nonetheless, the frog was in
a good nutritional condition and thus, must
have been able to hunt prey successfully
despite its reduced spatial orientation.
After closer examination, the specimen was
photographed and released back to the
pond. The causes of the observed mon-
ophthalmia remain unknown.
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Fig. 1: The monophthalmic specimen of Pelophylax kl. esculentus (LINNAEUS, 1758) from Pacov,
Czech Republic. Observe the complete absence of the left eye.
Photo: Tomas Holer.
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4.1.2. Koleska, D., & Jablonski, D. 2016. Two cases of unclear hindlimb malformation
in Bombina variegata. Ecologica Montenegrina, 9: 56-58.

V tomto €lanku prezentujeme dvé pozorovani malformace koncetiny u kunky Zzlutobfiché
(Bombina variegata). Prvni nalez byl u€inén v roce 2014 v jizni Albanii pod horou Shéndelli.
Druhy nalez pochazi z roku 2016, kdy jsme pozorovali podobny pfipad u kuriky v Lacul
Poiana Marului v Rumunsku. A¢ jsou obé lokality znaéné vzdaleny, jsou si pozorovani velmi
podobna. U obou pfipadl jsme identifikovali tzv. ektromelii (zkraceni ¢i nedostate¢né
vyvinuti) kosti — v prvnim pfipadé femuru a tibiofibuly, v druhém pfipadé calcania a talu.
V obou pfipadech byl zbytek koncetiny formovan v jakysi Spi€aty vyrustek, kloubni spojeni
bylo funkéni. Oba jedinci byli opét ve velmi dobrém stavu a nejevili Zadné znamky zranéni
¢i podvyzivy. Da se tedy pfedpokladat, Ze zdarné unikali predatorim a dokazali si obstarat
potravu. Podobna pozorovani popsal jiz dfive napf. Meteyer et al. (2000) u

severoamerického skokana Rana pipiens ¢i Hoppe (2000).
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Limb malformations in anurans are recently frequently reported worldwide (e. g. Ouellet 2000, Sessions
2003, Monico et al. 2016, Sousa & Costa-Campos 2016). Although malformations are unlikely to cause
major population declines, this problem might represent an emerging threat (Hoppe 2000). Herein we report
noticeable limb malformations at Bombina variegata (Linnaeus, 1758), a small anuran species found
throughout most of central and southern Europe from France through Balkans to southern Greece (Sillero et
al. 2014). It occurs mostly on disturbed sunny habitats of temporary character such as flooded wheelruts,
cattle troughs or drainage ditches (Speybroeck et al. 2016).

Figure 1. Obscrved individuals of Bombina variegata with a hind limb malformations from Shéndelli Mts., Albania:
(A) ventral view, (B) dorsal view; and Lacul Poiana Marului, Romania: (C) ventral view, (D) dorsal view.

Ecol. Mont., 9, 2016, 56-58 56
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On 28" June 2014 in a small pond of the foothills of Shéndelli Mts., southern Albania (40.379°N, 20.030°E,
776 m elev.), we observed an adult female of B. variegata with a malformation of the right hind limb (Fig.
1A, B). Ectromelia of femur and tibiofibula with a presumably functional joint was present. Tarsal bones and
digits were completely missing. Posterior part of the limb was shaped into a point with a tip part of soft
tissue. Despite this malformation, observed individual was in a good nutritional condition, fully mobile,
without any other visible injuries.

Second observation was made on 16™ June 2016 near a road leading to Lacul Poiana Marului
(45.428°N, 22.466°E, 523 m elev.), Romania. We found an adult female of B. variegata with a limb
malformation very similar to the one described above (Fig. 1C, D). Ectromelia of calcanium and talus on the
left hind limb was present. Digits were completely missing. Again, posterior part of the limb was shaped into
a point with a tip part of soft tissue. Although malformed, this adult female seemed, again, to be capable of
regular feeding, according to its nutritional condition. No additional injuries were present. Many more
individuals (>50) of B. variegata were observed on the locality but none were malformed such as the one
described.

Missing or malformed limbs as one of the most common anuran deformities (Ballengée & Sessions
2009) arc considered to be a result of various possible teratogenous causes. Ouecllet et al. (1997) and Lannoo
(2008) discuss environmental pollution by pesticides and other chemicals used in agriculture as one of the
factors causing malformed body parts during amphibian ontogenesis. Blaustein ef al. (1997) proved UV-B
radiation to be causing deformities of anuran embryos. Johnson ez al. (1999) and Kiesecker (2002) blame
parasitic infestation by trematodes for incorrect limb development; and there are other suggested causes
discussed such as microbes or other diseases (Sessions & Ruth 1990). It was proven that some anuran
species develop body malformations caused by nitrogenous fertilizers during larval stage and these
deformities affect their movement afier metamorphosis (e. g. Marco et al. 1999). However, missing part of a
hind limb could be also caused by previous attempt of predation (Ballengée & Sessions 2009). The Yellow-
bellied toad has several potential predators such as mammals, water birds, reptiles (Bajger 1980) or even
invertcbrates such as Aeshna cyanea (Vorndran et al. 2002) predating on tadpoles. Notwithstanding, in our
records is remarkable a shape of the posterior parts of the malformed limbs; both arc formed into a point.
Considering this shape and similar previous findings of Meteyer ct al. (2000), we may presume that the limbs
were exposed to the teratogenous factor before metamorphosis. However, missing parts of limbs are
obviously difficult to interpret due to various possible causes. Therefore we cannot be certain which factor
(or factors) caused malformations we observed. Nevertheless, we lean to the environmental pollution by
chemicals used in agronomy as a presumed cause of the origin.
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4.2 Malformace plazu

4.2.1 Koleska, D., & Jablonski, D. 2018. A four-tailed Iguana delicatissima (Squamata:
Iguanidae) on Petite Terre, Guadeloupe (Lesser Antilles, Caribbean region).
Phyllomedusa: Journal of Herpetology, 17(1): 157-159.

Na zakladé dfive publikovanych praci (viz dal$i prace) o malformacich ocasu u jestéra, jsme
obdrzeli fotografii leguana jedlého (téZ ,chutného, Iguana delicatissima) z ostrova Petite
Terre, Guadeloupe. Pozorovatelé (F. Soto a F. Hedin) nas pozadali o potvrzeni, Ze se jedna
o nékolikanasobné rozdéleni ocasu, tzv. furkaci. Pozorovan byl nedospély jedinec I.
delicatissima s ocasem rozdélenym na celkem 4 vétve — 3 z nich byly pomérné dlouhé, 1
kratSi s tupym zakonCenim. Fotografie jedince je Spatné kvality, jelikoz pfi pfiblizeni
pozorovatell doslo k jeho utéku. PFicinu vzniku nékolikanasobného rozvétveni ocasu neni
mozné stanovit bez blizSiho prozkoumani. Nicméné pro rod Iguana bylo takové pozorovani

popsano vubec poprve.
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The Lesser Antillean Green Iguana, Iguana
delicatissima Laurenti, 1768 occurs on 10 main
islands of the northern Lesser Antilles (Knapp
2007). Because it is restricted to this relatively
small area, the species survival is threatened by
several factors such as habitat loss, traffic and
hunting (Debrot and Boman 2014), as well as
predation by domestic dogs and cats. Also, there
is opportunistic hybridization with introduced 1.
iguana (Linnaeus, 1758) that results in fertile
descendants (Vuillaume er al. 2015). The
population of I delicatissima on the Petite Terre
Islands is important given the absence of L
iguana and therefore, the lack of hybridization
(Breuil 2002).
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We received a picture of an Iguana
delicatissima with an oddly shaped tail. The
photograph (Figure 1) was taken on 12 December
2017 around 11:00 h during a field trip on Petite
Terre, Guadeloupe (16.171° N, 61.109° W; 5 m
a.s.l.) by Frangois Soto and Fanny Hedin. Given
the poor quality of the photograph, we may only
assume that the individual was a subadult
(considering the height of the dorsal crest, bright
green coloration and size of the head) of
indistinguishable sex. The tail was clearly
malformed into four branches. Three of them
were long (approximately the size of a regular
tail) and the fourth one was short and with a
blunt tip. According to the observers, the
individual did not look malnourished and lacked
other visible deformations. It stayed almost
completely still on the branch during the whole
observation (ca. 10 min) until the observers
approached it, whereupon it escaped. The animal
was not manipulated in any way.
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Supernumerary tails occur in lizards rather
frequently. Two-branched tail malformations are
called bifurcations and these have been reported
in many lizard families (e.g., Koleska et al. 2017
and literature cited therein). Records of tail
malformations with three branches (trifurcations)
are more scarce (e.g., Koleska and Jablonski
2015, Passos er al. 2016) and malformations
with more than four tails are rare (e.g., Mata-
Silva et al. 2010, Pelegrin and Leao 2016).

Supernumerary tail malformations are usually
thought to result from previous injury or an
incomplete tail autotomy (Lynn 1950). Although
some think that Iguanidae lack tail autotomy
(e.g., Bateman and Fleming 2009), others, based
on studies of skeletal adaptations, have provided
evidence that members of the family Iguanidae
can lose their tails during early development
stages but lose this ability with age (Etheridge
1967). Therefore, the I delicatissima observed
may have suffered a non-specified tail injury as a
juvenile. Moreover, tail breaks in iguanids can
occur for several possible reasons: (1)

37

. The observed individual of Iguana delicatissima on Petite Terre, Guadeloupe. (A) Overview, (B) closer view of
the malformation with a contour of the four tail branches that are also marked by numbers (1-4) from the basal
split (1) to the most distant tail branch (4).

intraspecific aggression (Pérez-Buitrago er al.
2010) owing to crowding; (2) sexual aggression
during mating (Iverson et al. 2004); or (3) failed
predation attempts (Hayes er al. 2012) and
incomplete tail autotomy (Pelegrin and Ledo
2016). According to the observers, there were
many I. delicatissima seen across the island.
Although we may only guess the precise origin
of this malformation, we suspect that intraspecific
aggression may have contributed to this
malformation. This is the first record of a
supernumerary tail malformation for the genus
Iguana.
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4.2.2 Koleska, D., & Jablonski, D. 2015. Tail trifurcation recorded in Algyroides
nigropunctatus (Duméril & Bibron, 1839). Ecologica Montenegrina, 3: 26-28.

Béhem herpetologické expedice do Kosova v roce 2015 jsme pozorovali vibec prvni pfipad
trifurkace u pajesStérky dalmatské (Algyroides nigropunctatus) v okoli obce Dedaj
v jihozapadni €asti Kosova. Po bliz§im prozkoumani odchyceného jedince (samec) jsme
zZjistili, Ze ma ocas pfiblizné 10 mm za kloakou rozdélen do 3 vétvi. NejdelSi z ocasl méfil
priblizn& 30 mm, daldi 15 mm a posledni 10 mm. Pdvodni ocas byl Gpln& oddélen. Zadné
dal8i znamky zranéni jsme na téle nepozorovali a jedince vypustili na misté nalezu.
V souladu s poznatky Lorenza Alibardiho (2010), doslo ke vzniku trifurkace pravdépodobné

drtivym zranénim ocasu v misté roztrojeni a naslednému rozdrceni michy.
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The Dalmatian Algyroides, Algyroides nigropunctatus (Duméril & Bibron, 1839), is a diurnal lizard
belonging to the family Lacertidae. It occurs on the coasts of the Adriatic and Ionian seas from easternmost
part of Italy (Istria) to southern Greece (Sillero ef al. 2014). This species inhabits coastal areas as well as
inland mountain regions, mainly in central-western Balkans (Albania, southern parts of Serbia/Kosovo —
Metohija, eastern Macedonia and eastern Montenegro; Ajti¢ et al. 2005, Urosevi¢ et al. 2015) which reflects
the strong influence of Mediterranean climate on these areas.

As other lacertid lizards, 4. nigropunctatus uses caudal autotomy as widespread strategy to avoid
being predated (Bateman & Fleming 2009; Pafilis et al. 2009). Bifurcation or more rarely trifurcation of tail
is occasionally observed as a probable result of previous injury possibly caused by predation, not by
developmental tail deformity (Lynn 1950). There are several previous records of tail bifurcation in lacertid
lizards (e.g. Tamar ef al. 2013; Dudek & Ekner-Grzyb 2014) and also in other families — e.g. Anguidae
(Conzendey et al. 2013) or Gekkonidae (Kumbar ef a/. 2011). Natural tail trifurcation in lizards seems to be
more exceptional as there is few records in available literature (c.g. Pheasey et al. 2014).

On June 7th 2015 between 11.00 h and 12.00 h of local time we recorded and captured an adult 4.
nigropunctatus male (Fig. 1A) basking on a rocky place close to Dedaj village, Metohija, Serbia/Kosovo
(42.28528°N 20.55711°E, 332 m a.s.l., DM68 in the 10 x 10 UTM geographic coordinate grid system — new
locality record sensu Urosevi¢ ef al. 2015). After a closer examination of the individual we found out that it
has trifurcated tail. The tail was trifurcated approximately 10 mm posterior to the cloaca (Fig. 1B, C). The
longest tail measured approximately 30 mm. The second longest tail measured approximately 15 mm with a
smaller third tail growing from its basec and measuring approximately 10 mm. The individual was in good
condition without other deformitics or injurics. As far as we know there arc no other previously observed
cases of tail trifurcation in this species. Total number of individuals observed on the locality was two adults.

As cxpected, tail bifurcation or trifurcation is usually considered as a result of previous injury caused
by predation (Lynn 1950) and is probably rclatively common deformity in species using tail autotomy. Most
frequently, a predator may cause an injury but the tail sometimes stays attached which subsequently causes
an incomplete caudal autotomy. This injury might be extensive cnough to start the regencration process and
growing of a new tail in the place of injury while the original tail stays attached (Dudek & Ekner-Grzyb
2014). However, our specimen seemed to have its original tail completely removed considering different
scalation on all of its regenerated tails (Fig. 1B, C). Alibardi (2010) describes an experiment leading into a
formation of supernumerary tail using autotransplantation of spinal cord and ependyma (for details see the
article). Spinal cord seems to be the essential element promoting the process of regeneration in
supernumerary tail formations in natural conditions in reptiles (Evans & Bellairs 1983). We cannot be sure
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which one of the two mechanisms described above was present during formation of this specific tail
trifurcation and whether there were some other factors included. However considering findings of Alibardi
(2010) we expect that specimen we observed could have suffered a major crushing injury resulting in
fragmentation of the vertebrae and subsequent separation of individual regenerating tails. There are also
records of bifurcated tails of approximately even length (“twin” tails) (Mitchell ef al. 2012; Cordes & Walker
2013) which may indicate complete loss of original tail as well. However, the specimen was not collected
and preserved therefore we cannot proceed with further examination by x-ray.

Figure 1. Recorded specimen of Algyroides nigropunctatus with trifurcated tail. A - overall view in natural condition; B
- ventral view; C - dorsal view.
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4.2.3 Koleska, D. 2018. First record of tail bifurcation in Asaccus gallagheri from the

United Arabian Emirates. Herpetology Notes, 11: 115-116.

Podobny pfipad jako u pajestérky dalmatské byl pozorovan v roce 2017 u gekona Asaccus
gallagheri ve Spojenych Arabskych Emiratech. Dva samci A. gallagheri byli kratce
pozorovani na skalni sténé v udoli Wadi Shawkah, kde byly rovnéz pozorovany dalsi druhy
plazd - napf. zmije omanska (Echis omanensis), gekon Trachydactylus hajarensis ¢i denni
gekoni Pristurus rupestris a P. celerimus. Samec A. gallagheri s bifurkaci ocasu byl
vyfotografovan bez dalSi manipulace. Ocas byl rozdvojen pfiblizné v poloviné délky na dvé
vétve (pfiblizné 30 a 25 mm). Obé meély zZluté zbarveni, jak je u samcu tohoto druhu bézné.
Podle Pérez-Buitrago et al. (2010) jsou bifurkace ocasu bézné u druhd, které se vyskytuiji
ve vysokeé populaéni hustoté, a hrozi proto vétsi riziko vnitrodruhové agrese a nasledného

zranéni.
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First record of tail bifurcation in Asaccus gallagheri from
the United Arabian Emirates

Daniel Koleska**

The genus Asaccus Dixon & Anderson 1973 (formerly
Phyvllodactvlus Gray, 1828) includes Middle Eastern
geckos of small or medium size. These nocturnal
geckos have a slender body composition, paired
terminal scansors in the digits that lack lamellae, are
without femoral or preanal pores and the left oviduct
and therefore lay only one egg at a time (Carranza et
al., 2016). The systematics of the genus is not yet fully
understood. This genus for nearly 20 years comprised
only three species. However, research performed in
the last two decades increased the number of species
to current 18 (see Carranza et al, 2016 and citations
therein). Four species are recently recognised in the
UAE (Carranza et al., 2016), where A. gallagheri was
the most commonly encountered during our fieldwork.
Asaccus gallagheri is endemic to the Hajar Mountains in
the eastern part of the country and can be found on sites
at the sea level up to 1700 m a. s. L. (Gardner, 2013).

On January 11th, 2017 at around 2130 local time,
I observed two individuals (both adult males) of A.
gallagheri in Wadi Shawkah (25.102 °N 56.052 °E,
301 m a. s. L.), Ras al-Khaimah, United Arab Emirates,
during a brief herpetological surveillance. The site was
represented by a steep rocky slope without vegetation
and with numerous cracks providing potential shelter. A
water dam was present in the near surroundings. One of
the observed individuals had a tail bifurcation (Fig. 1).
The tail was forked approximately 30 mm posterior to
the cloaca. The tails were approximately 30 and 25 mm
long. One of the tails held a small residue of shed skin
and had a grey colouration on the tip. Both tail branches
were otherwise yellow-coloured as the rest of the

! Department of Zoology and Fisheries, Faculty of Agrobiology,
Food and Natural Resources, Czech University of Life
Sciences Prague, Kamycka 129, 165 00, Praha, Czech
Republic
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original part of the tail. Despite this malformation, the
observed individual seemed to be in a good nutritional
state without any other visible injuries. At the site, I also
observed Trachydactvlus hajarensis. During the day the
site was occupied by the geckos of the genus Pristurus
—namely P rupestris and P celerimuis.

Tail bifurcations are considered to be a result of
previous injuries (Lynn, 1950). According to Alibardi
(2010), such deformities may be caused by an
incomplete caudal autotomy and due to crushed spinal
cord and ependyma within the tail. These malformations
arerather frequent among lizards and are recorded in the
families Agamidae (e.g. Ananjeva and Danov, 1991),
Anguidae (e.g. Conzendey et al., 2013), Gekkonidae
(e.e. Kumbar et al, 2011), Gymnothalmidae (e.g.
Pheasey et al., 2014), Iguanidae (e.g. Mata-Silva et al.,
2013), Lacertidae (e.g. Koleska and Jablonski, 2015),
Mabuyidae (e.g. Vrcibradic and Niemeyer, 2013),
Scincidae (e.g. Mitchell et al, 2012), Teiidae (e.g.
Pelegrin and Ledo, 2016) and Tropiduridae (e.g. Passos

Figure 1. Individual of Asaccus gallagheri with a bifurcated
tail.
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et al, 2014). However, tail malformations apparently
occur more often in lizard populations with higher
densities (e.g. Pérez-Buitrago et al., 2010) and therefore
with a higher chance of intraspecific interactions such
as male-male competition or fights over food resources.
Records of bifurcation in A gallagheri are therefore
noteworthy since population densities are usually rather
low in this species. Moreover, as far as I am aware, this
is the first record of tail bifurcation in this species.
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the photograph and alsoto J. Dohnal for his great help and amusing
company during the fieldwork. This work was supported by the
Internal Grant Agency of the Czech University of Life Sciences
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4.2.4 Koleska, D., Svobodova, V., Husak, T., Kulma, M., & Jablonski, D. 2017. Tail

bifurcation recorded in Sauromalus ater. Herpetology Notes, 10: 363-364.

Dalsi pfipad bifurkace (rozdvojeného ocasu) jsme zaznamenali u Cukvaly zavalité
(Sauromalus ater) chované v Zooparku Zajezd v CR. Cukvalu zoopark obdrzel spole¢né
s dalSim jedincem v roce 2015 z importu. U dospélé samice byla na prvni pohled patrna
malformace ocasu, ktery byl evidentné zkraceny a v misté oddéleni pavodni ¢asti rozdélen
na 2 ¢asti (18 a 7 mm). Celkova délka samice od hlavy ke kloace (SVL) Cinila 123 mm. Délka
ocasu (od kloaky) Cinila 107 mm. Nutri¢ni stav zvifete byl velmi Spatny a bohuZzel do nékolika

tydnu uhynula. Jedna se o prvni zaznam bifurkace ocasu pro tento druh.
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Tail bifurcation recorded in Sauromalus ater

Daniel Koleska**, Veronika Svobodova®, Tomas Husak®, Martin Kulma* and Daniel Jablonski?

Saromalus ater Duméril, 1856 is a desert member
of the family Iguanidae distributed in the Sonoran
and Mojave deserts in southwestern United States and
northwestern Mexico, where it inhabits rocky flats and
hillsides. It reaches a total length of approximately 50
cm, while the tail may reach half of this length. Herein,
we report a case of tail bifurcation in an imported
individual of S afer held in captivity in Zoopark Zajezd,
Zajezd, Czech Republic, recorded in this species for the
first time.

On 24 October 2015 staff of Zoopark Zajezd received
a shipment of two imported individuals of S afer. One
of the individuals (an adult female) had a bifurcated
tail (Fig. 1A). According to the importer, the individual
was already caught with this anomaly. The bifurcation
was located 89 mm posterior to the cloaca. The
supernumerary tails were of different length (Fig. 1B).
The longer tail measured 18 mm while the shorter tail
was 7 mm long. Snout-to-vent length (SVL) of the
individual was 123 mm, vent-to-tail length (VTL) was
107 mm. Although the individual was in poor nutritional
condition, it had no other visible malformations or
injuries.

Tail bifurcation is considered to be a frequent
malformation among lizards and is recorded in families
Agamidae (Ananjeva and Danov, 1991), Anguidae
(Conzendey et al, 2013), Gekkonidae (Kumbar et
al., 2011), Gymnothalmidae (Pheasey et al., 2014),
Iguanidae (Mata-Silva et al., 2013), Lacertidae (Dudek
and Ekner-Grzyb, 2014; Tamar et al., 201 3), Mabuyidae
(Vrcibradic and Niemeyer, 201 3), Scincidae (Mitchel et
al, 2012), Teiidae (Pelegrin and Ledo, 2016; Cordes
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and Walker, 2013), Tropiduridae (Passos et al., 2014;
Martins et al., 2013). Sup ernumerary tails are considered
to be aresult of a previous injury rather than congenital
malformation (Lynn, 1950). Although e.g., Bateman and
Fleming (2009) mention that caudal autotomy appears

Figure 1. Individual of Saromalus ater with a bifurcated
tail.
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to be absent in the Iguanidae, there are several recent
records of supemumerary tail malformations of lizards
belonging to this family; e.g., Cophosaurus texcauis
(Mata-Silva et al., 2010), Cvelura carinata, C. cvchlura,
C. rilevi (Hayes et al., 2012) or Urosaurus bicarinatus
(Mata-Silva et al., 2013). Etheridge (1967) noted that
juveniles of Iguana iguana have skeletal adaptations
allowing tail autotomy, which disappear as they grow
older and reach maturity. Therefore we presume that
our specimen suffered a tail injury during an early stage
of its life and the tail bifurcation developed as a result.
Tail breaks in Iguanidae are considered as outcomes of
intraspecific aggression (Pérez-Buitrago et al., 2010),
sexual aggression during mating (Iverson et al., 2004)
or failed attempts of predation (Hayes et al., 2012).
Nevertheless, as far as we know, this is the first record
of tail bifurcation for this species and one of the few
recorded in the Iguanidae. Tail regeneration is of recent
interestasacomparativemodel forregenerativemedicine
(Alibardi, 2010; Delorme et al., 2012). Therefore we
believe that our observation on this anatomical anomaly
could have certain value for future research.
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4.3 Fyziologie plazu

4.3.1 Frydlova, P., Mrzilkova, J., Seremeta, M., Kiemen, J., Dudak, J., Zemli¢ka, J.,
Némec, P., Velensky, P., Moravec, J., Koleska, D., Zahradni€kova, V., Jirasek, T.,
Kodym, P., Frynta, D. & Zach, P. 2019. Universality of indeterminate growth in lizards
rejected: the micro-CT reveals contrasting timing of growth cartilage persistence in
iguanas, agamas, and chameleons. Scientific Reports, 9(1): 1-14.

Supinati plazi (Squamata) jsou povaZzovani za skupinu s neukon&enym riistem. Sougasna
literatura nicméné rozporuje dosavadni definice tohoto rustového typu, prfedklada nové
teoretické modely a zpochybriuje zevSeobecnéni tvrzeni neukonéeného rlstu pro vSechny
studenokrevné obratlovce. Navazali jsme na nas predchozi vyzkum aplikaci metody uCT na
ristové chrupavky (growth plate cartilage — GPC) v epifyze dlouhych kosti, které jsou
zodpovédné za podélny kosterni rast procesem endochondralni osifikace. Soustredili jsme
se na pocetnou a rozmanitou skupinu lguania zahrnujici Acrodonta (agamy a chameleoni)
a Pleurodonta (,leguani“). Dokladame absenci rlstové chrupavky u vétSiny dospélych
jedinct skupiny Pleurodonta, coz vysvétlujeme jako nezvratné zastaveni procesu rustu
kosti. Tento poznatek jasné vylu€uje vSeobecné tvrzeni, ze vSichni jestéfi maji neukoneny
rist. Na druhou stranu jsme zaznamenali pfetrvavajici rustové chrupavky u vétSiny
dospélych jedincu skupiny Acrodonta. To pravdépodobné doklada schopnost télesného
ristu po vétSinu jejich Zzivota. Tato zjevna rozdilnost mezi skupinami Acrodonta a

Pleurodonta je velmi zajimava a podrobnéji se ji vénujeme v diskuzi ¢lanku.
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Universality of indeterminate
growth in lizards rejected: the
micro-CT reveals contrasting timing
of growth cartilage persistence in
iguanas, agamas, and chameleons

Petra Frydlova('?, Jana Mrzilkova(9%3, Martin Seremeta®?, Jan Kfemen??, Jan Dudak(*,
Jan Zemli¢ka(®)%, Pavel Némec(®)?, PetrVelensky?, Jifi Moravec®, Daniel Koleska’,
Veronika Zahradni¢kova?, Tomas Jirdsek®, Petr Kodym?®, Daniel Frynta(®'* & Petr Zach(%%3

Squamate reptiles are considered to exhibitindeterminate growth. Nevertheless, current literature
disputes the available definitions of this growth type, presents new theoretical models, and questions
its universality in cold-blooded vertebrates. We have followed up on our previous research employing
micro-CT to explore growth plate cartilage (GPC) in the epiphysis of long bones, which is responsible
for longitudinal skeletal growth by the endochondral ossification process.We focused on numerous
and highly diversified group of the Iguania clade comprising Acrodonta (agamas and chameleons) and
Pleurodonta (“iguanas”). We recorded the absence of GPC in most of the examined adult Pleurodonta
specimens and interpret it as an irreversible arrest of skeletal growth. This finding clearly rejects the
universality of indeterminate growth in lizards. On the other hand, we found apparent GPC preservation
in most of the adult specimens belonging to Acrodonta. This suggests a preserved ability to continue
body growth throughout most of their life. We discuss the uncovered disparity between Acrodonta and
Pleurodonta and emphasize the importance of GPC degradation timing.

Postnatal skeletal growth connected with the increase in skeletal size is traditionally divided into the determinate
and indeterminate type'. The main difference is in the ability to continue growth throughout the life in indetermi-
nate growers, while the determinate ones cease their skeletal growth typically close to sexual maturation® Sebens®
brought more accurate definitions with a detailed description of growth curves which are variations on attenuat-
ing or asymptotic growth. Ectothermic vertebrates (fish, amphibians and reptiles) are considered as groups with
indeterminate body growth*” (but see'*'), while endotherms (birds and mammals) are determinate growers*'”
(but see'®2!). Nevertheless, current literature is pointing to the problematic classification of animal taxa to specific
groups according to the available definitions of body growth??-2°.

In our previous comparative study, we employed advanced imaging methods (micro-radiography and
micro-computed tomography) to evaluate growth abilities in monitor lizards (Varanidae) according to the pres-
ence/absence of the growth plate cartilage (GPC) in the epiphysis of long bones?. In fully grown specimens of
small-bodied species, we clearly demonstrated the degradation of GPC. It is a sign of determinate growth as it
arrests the growth irreversibly (for the description of the cellular process of growth plate degradation see**2

1Department of Zoology, Faculty of Science, Charles University, Viniéna 7, CZ-12844, Prague, Czech Republic.
2Specialized laboratory of experimental imaging, Ruska 2411/87, CZ-10000, Prague, Czech Republic. *Department of
Anatomy, Third Faculty of Medicine, Charles University, Ruska 2411/87, CZ-10000, Prague, Czech Republic. “Institute
of Experimental and Applied Physics, Czech Technical University in Prague, Husova 5, CZ-11000, Prague, Czech
Republic. *Prague Zoo, U Trojského Zamku 3, CZ-17100, Prague, Czech Republic. “Department of Zoology, National
Museum, Cirkusova 1740, CZ-19300, Prague, Czech Republic. ’Department of Zoology and Fisheries, Faculty of
Agrobiology, Food and Natural Resources, Czech University of Life Sciences Prague, Kamycka 129, CZ-16500,
Prague, Czech Republic.®Zoological and Botanical Garden Pilsen, PodVinicemi 9, CZ-30116, Pilsen, Czech Republic.
9National Institute of Public Health, Srobarova 48, CZ-10042, Prague, Czech Republic. *email: frynta@centrum.cz
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Figure 1. Phylogenetic pattern of the growth plate cartilage (GPC) across Iguania. Visualization of GPC
presence (green) and absence (black) within the Iguania clade comprising Acrodonta (agamas and chameleons)
and Pleurodonta (“iguanas”). Reconstruction of ancestral states was done using the parsimony method
implemented in Mesquite (Maddison and Maddison 2015). Monitor lizards (Varanidae), the beaded lizard
(Helodermatidae) and Chinese crocodile lizard (Shinisauridae) were used as outgroup (Anguimorpha).

and references therein). In large-bodied species of monitor lizards, we found a contrasting growth pattern typi-
cal for indeterminate growers. Adults, except for very old senescent individuals, retained GPC nearly through-
out their entire life. We interpreted this dual pattern of body growth in monitor lizards as an extreme case of
heterochrony™.

The dual pattern of body growth in monitor lizards violates the universality of indeterminate growth in squa-
mate reptiles. Nevertheless, the reported association of the growth pattern with the adult body size of the species
may beattributed to an extreme evolution of body size in this otherwise homogeneous group of lizards. Thus, we
searched for other clades of squamates with great variation in body size but exhibiting contrasting life strategies. We
focused on Iguania (sensu*) comprising the subclades of Acrodonta (chameleons and agamas) and Pleurodonta
(Iguanidae and related families, hereafter also called “iguanas”). Those two crown subclades oflizards (for phyloge-
netic relationships see Fig. 1) have undergone convergent evolution. They feature unique evolutionary history and
specific ecological strategies, which makes it possible to search for the putative selective pressures involved in the
regulation of body growth and its possible arresting. The goals of this study were (1) to employ advanced imaging
techniques to evaluate the presence/absence of GPC in examined specimens; (2) to score the species according to
the pattern of GPC persistence in adults; (3) to test the universality of the presumed indeterminate growth in this

clade, and (4) to discuss the putative life-history parameters responsible for the body growth pattern.

Results
We analysed 150 bones of agamid (38), chamaeleonid (46) and “iguanid” (67) lizards to determine the pres-

ence/absence of epiphyseal growth plates in the femoral epiphysis. We confirmed that the employment of
micro-radiography and micro-CT enables detailed visualization of epiphyseal growth plates (presence/absence/
the process of degradation; Figs. 2, SI1). The presence of the growth plate cartilage was scored in the following
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Figure 2. Visualisation of proximal part of the femur by micro-CT. Frontal cross-section of the proximal part of
the femur. The epiphyseal growth plate is present in adult Uromastyx ornatus (a) and completely absent in adult
old Chamaeleo calyptratus. (b) Abbreviations: Epiphysis (Epi), Metaphysis (Met), Diaphysis (Dia), Suture (Sut),
Epiphyseal growth plate (asterisk).

cases: (1) epiphysis and diaphysis separated by a wide radio-translucent band corresponding to non-calcified
growth cartilage in the area near metaphysis; (2) the trabeculae not extended into the metaphysis; and (3) the
suture between the epiphysis and the metaphysis was present (Figs. 2a, SI2, SI3). The absence of the growth
plate cartilage was scored when: (1) the radio-translucent band corresponding to non-calcified growth carti-
lage was absent, which is a sign of growth plate senescence, degradation or even its complete absence; (2) the
suture between the epiphysis and the metaphysis was not present; and (3) the whole proximal part of the femur
was occupied by a continuous network of bone trabeculae (Figs. 2b, SI4, SI5). We detected the process of GPC
degradation as well (labelled with &in Table 1). In that case, (1) the radio-translucent band corresponding to
non-calcified growth cartilage was not present in whole cross-section of femoral epiphysis, but just partly; (2) the
suture between the epiphysis and the metaphysis was present only on one side of the femoral epiphysis or was
absent; (3) the area of primary and secondary ossification centres was mostly occupied by a network of bone tra-
beculae and partly encroached to metaphysis (SI1, SI6, SI7). For formal analyses, we used binary data concerning
the GPC state (presence/absence). The results of micro-CT examinations and data on age, sex and body size of the
studied specimens are summarized in Table 1 (for references concerning SVL,,,, see SI8).

We detected the presence of the growth plate cartilage in fully-grown individuals of the Acrodonta clade
(Fig. 3a,b). GPC was present in almost all examined chameleons (42 individuals). Many of these animals were
adults that have already reached a body size close to the upper limit reported for the species. In an old female
of Calumma parsonii, we captured the process of GPC degradation (SI1). The only examined chameleons with
completely absent GPCs were two old Chamaeleo calyptratus (Fig. 2b), one Furcifer oustaleti, and one Calumma
parsonii. A similar pattern was found in agamid species; GPC was present in 30 individuals. Most of these ani-
mals were mature and probably fully-grown. Nevertheless, we did not find GPCs in two extremely old males of
Uromastyx loricatus (more than 28 and 30 years old) as well as in three large-bodied agamas (a male and two
females of Physignathus cocincinus and a male of Intellagama lesueurii, which were also old animals kept for many
years in Prague z00). GPC was absent also in common bearded dragon (Pogona barbata) and one small-bodied
common butterfly lizard (Leiolepis belliana).

We found a completely different pattern in Pleurodonta (Iguanidae and related families), where GPC was
absent in most of the adult fully-grown specimens. This GPC degradation was most apparent in anole liz-
ards (Dactyloidae). All small-bodied anoles arrest body growth via GPC degradation early in ontogeny. In
large-bodied species of anoles, we detected GPC in 4 (two Anolis baracoe, one A. garmani, one A. porcus) of 10
examined adults (>2/3 maximum body size). The analysis of GPC in the rest of “iguanas” revealed the absence
of GPC in most of the species. We assume that in large-bodied species, similar to the pattern in monitor lizards,
GPC is present for a longer time to allow growth to a bigger size. Nevertheless, in extremely old specimens kept
in Prague zoo, growth is irreversibly arrested, and the GPC is completely missing (a male of Iguana iguana more
than 23 years old, a female of Cyclura nubila more than 21 years old).

The disappearance of GPC in adulthood is probably coupled with a phylogenetic relationship. Acrodonta
continue skeletal growth through most of their life. GPC is present even in fully-grown specimens (Fig. 3a,b),
but is missing in very old/senescent individuals. In Pleurodonta, body growth arrests apparently earlier than in
Acrodonta (Fig. 3¢). In large-bodied members of Iguanidae, GPCs persist to adulthood and disappear just in
senescent individuals.

To perform formal tests, we employed generalized linear models with a binomial distribution and phyloge-
netic generalized linear mixed model for binary data. The results of both models revealed a strong effect of the
clade (Acrodonta versus Pleurodonta) and body size on the persistence of GPC (Table 2, Fig. 1).
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Agamidae Acanthocercus atricollis + 1315 A CUNI
Acanthosaura capra + 1321 | 958 M A CUNI
Agama aculeata + 89.7 767 |M A CUNI
Agama agama + 1380 | 1007 M A CUNI
Agama lionotus dodomae | + 1380 | 1010 M A Z.Prague
Agama lionotus dodomae | + 1400 | 1024 |M A Z.Prague
Agama lionotus dodomae | + 1150 | 84.1 F A Z.Prague
Agama lionotus dodomae | + 1250 | 914 |F A Z.Prague
Agama lionotus dodomae | + 105.0 | 76.8 F A Z.Prague
Agama lionotus dodomae | + 1290 | 944 F A Z. Prague
Agama somalica + 700 |680 |F A CUNI
Dracovolans + 72.1 84.8 M A CUNI
Hydrosaurus weberi + 279.8 | 84.8 M A CUNI
Chlamydosaurus kingii + 2340 | 921 M A CUNI
Intellagama lesueurii - 166.0 [546 |M A NMP
Leiolepis belliana - 1350 |759 |F A CUNI
Leiolepis ngovantrii + 1046 |827 |F A CUNI
Paralaudakia caucasia + 1130 [653 M A CUNI
Physignathus cocincinus - 1650 | 825 F A Z. Prague
Physignathus cocincinus - 2220 |888 M A NMP
Physignathus cocincinus - 2270 | 1135 |F A CUNI
Physignathus cocincinus + 1780 |[712 M A CUNI
Pogona barbata - 2150 | 864 F A CUNI
Pogona vitticeps + 2110 | 977 M A CUNI
Saara loricata - 2850 |98.3 M A(>30) CUNI
Saara loricata - 2550 |87.9 M A(28) CUNI
Uromastyx acanthinura + 180.0 | 7L1 F A Z. Pilsen
Uromastyx acanthinura + 189.0 | 747 M A Z. Prague
Uromastyx acanthinura + 1050 | 415 F SA Z. Prague
Uromastyx acanthinura + 1200 |474 (M SA Z.Prague
Uromastyx acanthinura + 710 | 281 M SA Z.Prague
Uromastyx aegyptia 4 2500 |66.7 M A(5) CUNI
Uromastyx ocellata 4 1730 | 994 F A Z.Dube¢
Uromastyx ocellata + 1680 (966 |M [A Z.Dube¢
Uromastyx ornata + 1770 (1073 |M |A Z. Usti
Uromastyx ornata - 1500 [765 |F A Z. Usti
Uromastyx ornata - 1400 |714 (M |A Z. Usti
Uromastyx ornata + 1848 [ 943 F A CUNI

Corytophanidae Basiliscus plumifrons - 1706 [ 1015 |M A CUNI
Corytophanes cristalus - 1108 | 886 |F A CUNI
Laemanctus longipes - 1330 |950 |F A Z.Pilsen
Laemanctus longipes - 112.0 | 80.0 F A Z.Pilsen
Laemanctus longipes - 129.0 [92.1 F A(12) CUNI
Laemanctus serratus + 85 85 M [A CUNI

Crotaphytidae Crotaphytus collaris + 85.0 786 M |A Z.Dube¢
Crotaphytus collaris + 76.0 70.2 M [A CUNI
Crotaphytus collaris + 85.0 [89.6 [F A CUNI

Dactyloidae Anolis allisoni - 55.0 |73.3 F A CUNI
Anolis allisoni — 60.0 |80.0 |F A CUNI
Anolis allisoni - 80.0 |[80.0 (M |A CUNI
Anolis allisoni - 740 |740 (M |A CUNI
Anolis baracoae o+ 116.0 [74.8 F A CUNI
Anolis baracoae +: 146.0 (849 (M A Z.Dubet
Anolis baracoae — 141.0 910 |F A CUNI
Anolis baracoae = 133.0 |858 |F A CUNI
Anolis barbatus + 1230 | 724 |M A CUNI
Anolis barbatus + 86.0 54.8 E SA CUNI

Continued
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Anolis barbatus + 58.0 M SA CUNI
Anolis barbalus = 1350 | 860 |F A CUNI
Anolis bartschi - 770 963 M A CUNI
Anolis bartschi + 65.0 81.3 M A CUNI
Anolis bartschi — 58.0 912 F A CUNI
Anolis bartschi o 420 525 M SA CUNI
Anolis carolinensis - 650 |915 M A CUNI
Anolis equestris - 1150 | 67.6 F A CUNI
Anolis equestris — 160.0 | 84.2 M A CUNI
Anolis equestris = 1350 | 794 F A CUNI
Anolis garmani + 950 |86 |M A Z. Pilsen
Anolis lucius - 48.0 80.0 F A CUNI
Anolis porcus + 1220 | 753 M A CUNI
Anolis porcus + 69.0 |40.1 F SA CUNI
Anolis porcus + 500 309 (M SA CUNI
Anolis porcus + 470 | 273 F SA CUNI
Anolis roquet + 57.8 67.2 M SA CUNI
Anolis roquet - 710 |86 |M A CUNI
Anolis sagrei o+ 49.1 87.8 (M A CUNI
Anolis smallwoodi - 1600 | 84.2 M A CUNI
Anolis smallwoodi - 117.0 | 709 F A CUNI
Anolis vermiculatus - 99.0 79.5 M A CUNI
Anolis vermiculatus + 57.0 67.1 SA CUNI

Ch leonid: Bradypodion th b + 690 821 |M |A CUNI
Brookesia stumpffi + 420 | 1046 |M | A Z. Zijezd
Brookesia thieli + 360 |90 |F A Z. Zijezd
Calumma brevicorne + 1260 | 803 M A Z. Zijezd
Calumma malthe + 1040 | 770 |M A Z. Zijezd
Calumma malthe + 95.0 704 F A Z. Zijezd
Calumma parsonii - 2150 | 931 F A (>6) Z. Zijezd
Calumma parsonii - 183.0 |79.2 F A Z. Zijezd
Furcifer lateralis + 970 |882 |F A CUNI
Furcifer lateralis + 1100 | 1000 |F A Z.Zijezd
Furcifer oustaleti - 205.0 | 76.0 M A(>25) |Z.Prague
Furcifer oustaleti - 2250 | 834 M A(2) Z.Prague
Furcifer oustaleti RS 2150 | 797 M A(>2) Z.Prague
Furcifer oustaleti RS 1750 | 793 F A(>2) Z.Prague
Furcifer oustaleti + 1700 | 77.0 F A Z.Prague
Furcifer oustaleti - 2320 |860 |M |A CUNI
Furcifer oustaleti § 1980 |89.7 |F A Z.Pilsen
Furcifer oustaleti + 1920 |870 |F A Z. Zijezd
Furcifer pardalis + 175.0 (700 |M [A Z.Zijezd
Furcifer pardalis - 179.0 | 716 M A(>45) |CUNI
Furcifer verrucosus + 1200 (1059 |F A Z.Zijezd
Chamaeleo calyptratus + 157.0 [523 M A CUNI
Chamaeleo calyptratus - 205.1 684 (M |A CUNI
Chamaeleo calyptratus - 207.0 |69.0 M A(4) CUNI
Chamaeleo calyptratus + 2009 [67.0 (M |A CUNI
Chamaeleo dilepis + 85.0 567 (M |A Z.Zijezd
Chamaeleo dilepis + 143.0 (953 F A Z.Zijezd
Chamaeleo dilepis + 91.0 |60.7 |F A Z.Zijezd
Chamaeleo dilepis + 60.0 [40.0 |F A Z. Zijezd
Kinyongia fischeri + 95.0 [725 |M [A Z.Zijezd
Rieppeleon brevicaudatus | + 4.0 |58.7 |F A CUNI
Trioceros deremensis + 1200 | 727 |M A Z.Zijezd
Trioceros deremensis + 1200 | 759 |F A Z.Zdjezd
Trioceros ellioti + 720 783 M A Z. Zijezd

Continued
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Trioceros hoehnelii - 83.0 83.0 F A(3) Z. Zijezd
Trioceros jacksonii + 1040 | 788 F A Z. Zijezd
Trioceros jacksonii + 820 |667 M |A Z. Zijezd
Trioceros johnstoni F 1060 | 785 F A Z. Zijezd
Trioceros melleri o 1900 696 |F A Z.Zijezd
Trioceros melleri o 2578 | 895 M A CUNI
Trioceros montium - 1010 | 1090 (M A(2) Z.Prague
Trioceros montium + 95.0 1145 [F A(2) Z.Prague
Trioceros montium 3+ 69.0 83.1 F A Z.Prague
Trioceros rudis + 700|946 |M A Z. Zijezd
Trioceros rudis + 80.0 108.1 | M A Z. Zijezd
Trioceros rudis + 67.0 | 905 F A Z. Zijezd
Iguanidae Cyclura nubila - 4500 (1216 |F A(21) NMP
Cyclura nubila + 3040 |822 F A Z. Dube¢
Cyclura nubila + 4121 | 793 M A CUNI
Dipsosaurus dorsalis - 1140 (803 |F A CUNI
Iguana iguana + 4500 | 1184 |M A NMP
Iguana iguana - 4200 | 1105 |M A(>23) Z. Prague
Sauromalus ater - 1750 |833 M A(>6) Z. Prague
Iguana iguana + 4100 | 1079 (M A CUNI
Sauromalus ater - 1950 |929 M A(>8) Z. Prague
Sauromalus ater - 180.0 | 90.0 F A(>10) Z. Prague
Sauromalus ater + 1380 |69.0 |F A Z. Zijezd
Leiocephalidae Leiocephalus carinatus - 1220 |916 |M A Z. Dubet
Leiocephalus carinatus - 123.0 | 923 M A Z. Dubet
Leiocephalus carinatus - 850 |734 |F A CUNI
Leiocephalus carinatus - 101.0 [ 758 F A CUNI
Leiocephalus personatus - 740 860 |M A CUNI
Leiocephalus personatus - 64.5 750 M A CUNI
Leiocephalus schreibersi + 88.0 917 M A CUNI
Opluridae Oplurus cuvieri + 1315 |855 M [A CUNI
Oplurus fierinensis - 920 |748 |M |A Z.Pilsen
Oplurus grandidieri - 1180 |848 |F A Z.Pilsen
Phrynosomatidae | Sceloporus malachiticus - 89.9 1058 |F A CUNI
Tropiduridae Tropidurus hispidus - 680 600 [F SA CUNI
Tropidurus hispidus + 720 | 635 F SA CUNI
Tropidurus hispidus - 780 |688 |F A CUNI

Table 1. Epiphyseal state in the proximal epiphysis of the femur in the examined species of the Iguania clade.
Growth plate cartilage (GPC) presence (+), absence (—), and process of degradation (£), Snout-Vent Length
(SVL) in millimetres, SVL,,, is relative SVL (in % of maximal SVL from the literature; for references see SI8),

Sex and Age in years, where known. Abbreviations: Male (M), Female (F), Adult (A), Subadult (SA), Charles
University (CUNI), National Museum (NMP), Zoo (Z), Private Breeders (PB). Catalogue numbers of specimens
from National Museum, Prague: Physignathus cocincinus (NMP-P6V 75130); Intellagama lesueurii (NMP-
P6j-29/96); Iguana iguana (NMP-P6V 71313).

GPC persistence in fully grown individuals of agamids and chameleons can be caused by reduced longevity
limiting the time window available for the GPC degradation process. To test this hypothesis, we explored the lon-
gevities and their relationship with body size based on large-scale comparative data*. Small to medium-bodied
species of chameleons are typically short living. It is possible that the mortality is so high that there is not enough
time for GPC degradation. On the other hand, longevities recorded in agamids do not support this explanation.
There are plenty of agamid species regularly attaining longevities permitting enough time for GPC resorption.
Moreover, in anole lizards which are apparently short living, the resorption of GPC is not a problem. PGLS
model revealed a positive relationship between log-transformed longevity and body size in agamid (slope =0.308,
SE=0.05, P < 0.001) and pleurodont (slope =0.422, SE=0.09, P < 0.001) lizards. In contrast, this relationship
(slope =0.170) was not significant in chameleons (P = 0.275). Thus, the longevity of agamids with putatively
indeterminate body growth does not differ from that reported in pleurodonts which are determinate growers.
This suggests that GPC degradation timing is more important than the available lifespan.
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Figure 3. Relationship between growth plate cartilage state and body size. The presence (+GPC:1) and absence
(e GPC:0) of growth plate cartilage (GPC) in agamas (a), chameleons (b), and Pleurodonta (¢) plotted with
respect to body size (SVL) and size relative to maximum SVL reported in the literature (SVL,,). This allows

to check for the relationship between the state of GPC and body size (SVL) of the studied species, as well as
between the state of GPC and the percent of attained maximal body size (SVL, in %).

Discussion

In our comparative study of epiphyseal growth plates, we found surprising disparity in the ability to grow
throughout the lifespan within the Iguania clade. In Acrodonta, the growth plate cartilage (GPC) was present
in most of the examined specimens of chameleons and agamas. The rare disappearance of GPC in senescent
individuals is most probably connected with the gradual depletion of chondrocytic progenitor cells in the resting
zone. This sharply contrasts with the pattern we found in Pleurodonta. Except for a few large-bodied species,
GPC was resorbed in the majority of adult specimens. This suggests that pleurodonts typically resorb GPC and
irreversibly arrest body growth in early adulthood. Thus, we can clearly reject the hypothesis that whole Iguania
exhibit indeterminate growth.
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Clade |1 21.28 65 |71.23 <0.001 | <0.001
SVL 1 11.342 64 |59.89 <0.001 | <001

Table 2. GLM and PGLMM model of the relationship between the growth plate cartilage persistence, clade
and body size. The generalized linear model exploring the relationship between the growth plate cartilage
(GPC) presence/absence and two explanatory variables (Clade coded as Acrodonta versus Pleurodonta and
SVL-Snout-Vent Length). Interaction was not significant; binomial distribution, Chi test. The phylogenetic
generalized linear mixed model for binary data (PGLMM) revealed similar results, only p-values are presented.

Chameleons are a uniform and morphologically highly derived family with numerous specialized adaptations
connected with their arboreal life style®. Members of this family covering dwarf as well as medium-sized species
are early maturing and short-living lizards (e.g., the extremely short lifespan in Furcifer labordi*®) with large
clutchsize (even up to 50 eggs) laid usually once or twice per year. In our study, we found preserved GPC in most
of the studied chameleons, which points to their potential ability to grow throughout the life. The presence of
GPC even in small-bodied species and the absence of a relationship between the preservation of GPC and body
size (Fig. 3b) isin contrast to our findings in monitor lizards, where GPC was absent in all small-bodied species.
It may be advantageous to preserve GPC in adulthood and keep the ability to grow, because larger body size is
associated with higher survival probability and reproduction success (for a theoretical model see”). Moreover,
chameleons exhibit pronounced sexual size dimorphism**%*°. Sexual selection in males*” as well as fecundity selec-
tion in females® appear as candidate ultimate mechanisms responsible for the apparent size and shape dimor-
phism in this family. Moreover, as many species of chameleons are seasonal**, the presence of GPC throughout
the lifespan allows to alternate a period of dormancy with an active growth period, and supports the theoretical
framework of Ejsmond*!* as well as the scarce long-term research in other reptiles with indeterminate growth™.
Our results suggest no relationship of GPC degradation timing with sex (most of the studied animals were kept
in pairs, see Table 1), which challenges the cost of reproduction hypothesis**-*. The only exceptions with arrested
growth were an old male of Furcifer oustaleti, Calumma parsonii and two old males of Chamaeleo calyptratus.
Nevertheless, the Furcifer oustaleti specimen had a metabolic bone disease manifested by bone decalcification,
which is typical for old captive-bred chameleons*. The Chamaeleo calyptratus specimens were healthy with no
signs of a metabolic bone disease. In this case, GPC degradation was probably connected with high age (one
individual was 4 years old). Chamaeleo calyptratus is short-living*s, males have a longer lifespan in captivity (3-5
years) than females (2-3 years). Despite these exceptional nearly senescent individuals, we assume that members
of the family Chamaeleonidae preserved the GPC (and thus at least a theoretical growth ability) throughout their
short life, because they usually dielong before the eventual GPC resorption.

We found a similar distribution in agamid species, which preserved GPC throughout their life, as like in cha-
meleons. This group with a wide spectrum of body sizes (from the smallest genus of Draco to the large-bodied
Intellagama) comprises rather short-living (e.g., Draco volans*’, Ctenophorus isolepis*®, C. maculosus*) or even
annual species (e.g., C. fordi*®, C. nuchalis®'). There are exceptions, as some medium and large-bodied spe-
cies of the genus Uromastyx™, Physignathus® and Hydrosaurus™, are long-lived (>33 years old). The clutch is
medium-sized (mean = 8.3 eggs) and appears once or twice per season (according to Scharf’s review**). Our
results revealed that GPC is present even in individuals which have already reached the maximum of the
species-specific body size, and GPC presence is not dependent on the species-specific body size (GPC is present
even in small-bodied species). GPC degradation appeared just in very old individuals, which were kept in Prague
200 and by private breeders for many years (Physignathus cocincinus, Intellagama lesueurii and Uromastyx lori-
catus) and two specimens of other species of unknown age. Two examined specimens of Iraqi spiny-tailed lizard
(U. loricatus) were more than 28 years old. We assume that in those large-bodied individuals, GPC is present for
a longer time to attain a larger body size, nevertheless, in such almost senescent individuals, there was enough
time for its resorption through gradual depletion of chondrocytic progenitor cells in the resting zone of GPC.
We found a similar pattern in the large-bodied senescent mangrove-dwelling monitor lizard (Varanus indicus?).

Surprisingly, we found a completely opposite pattern in the closely related Pleurodonta, where GPC disap-
pears early in ontogeny (even in animals which reached only 70% of maximal SVL, Fig. 3¢). This pattern was uni-
versal for all studied “iguanid” families (Corytophanidae, Crotaphytidae, Dactyloidae, Iguanidae, Leiocephalidae,
Opluridae, Phrynosomatidae, Tropiduridae), but in anole lizards was most apparent. “Iguanas”, as a convergent
lineage of agamas, feature a broad body size spectrum and various ecological strategies. The mean longevity is
comparable in Acrodonta and Pleurodonta, but extreme longevities were recorded in Iguanidae (e.g., 60 years in
Conolophus pallidus and C. subcristatus®; 54 years in Cyclura nubila®® and 40 years in C. cychlura®’). The mean
clutch size is a bit smaller in “iguanas” (7.1 eggs according to Scharf’s review™*) and reaches the extreme in anoles,
which produce invariant clutches (only one egg per clutch™?).

In most of the examined anoles, GPC was not present, and they arrested growth irreversibly early in ontog-
eny (Fig. 3c). The exceptions were found in four specimens of large-bodied species (Anolis baracoae, A. garmani
and A. porcus, which were almost fully-grown, SVL,, =75-90%). We analysed 32 individuals (13 species), and
both sexes were usually available. Most of the animals were from one private breeder (V. Z.), regularly bred and
were kept under standard common garden conditions. We predicted the difference in timing of GPC resorp-
tion according to the sex of the examined animal. Male anoles are territorial®-* and it should be advantageous
to them to have the opportunity to invest in body growth for a longer period of ontogeny (i.e., preserve GPC
to maintain the growth ability). On the other hand, the cost of reproduction is high in anole females and the
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reduction to one egg per reproductive event is believed to reduce the female reproductive burden® (but see®).
Even though there is only one egg per clutch, the number of broods per year can be very high (e.g., an extreme
case of 25 egg layings per year in A. roquet*®). Consecutive ovulation and egg laying bring elevated levels of pro-
gesterone and derivatives of oestrogen®>. It was experimentally verified that elevated levels of female gonadal
hormones (derivatives of oestrogen®® and progesterone®’) accelerate growth plate senescence. This proximate
mechanism should enhance growth plate resorption and arrest skeletal growth in females earlier than in males.
But we did not observe any sexual dimorphism in the timing of GPC resorption in our dataset.

We found remarkable results in chuckwallas (Sauromalus, Iguanidae) and spiny-tailed lizards (Uromastyx,
Agamidae). These desert herbivorous lizards share many life-history parameters and are considered as eco-
logically convergent species. But GPC is present in spiny-tailed lizards for a longer time in ontogeny than in
chuckwallas. We don't know the exact age of some of the examined spiny-tailed lizards as these specimens were
maintained by the zoo after their confiscation from illegal trade in 2008. Some of them were juveniles, most of
them subadults. Thus, at the time of our analysis, they were more than 10 years old and still possessed GPC. The
only exceptions found were the two senescent individuals of Uromastyx loricatus mentioned above, which were
more than 28 years old. In this case, GPC was fully resorbed. In Sauromalus, GPC was completely resorbed in
two males, which were older than 6 and 8 years, respectively, and in a 10 years old female. This is another piece of
evidence that the timing of GPC resorption differs in acrodonts and pleurodonts and is not primarily connected
with their ecology.

The great difference we uncovered in the timing of GPC degradation between Acrodonta and Pleurodonta
(Fig. 1) was unexpected. These sister clades diversified in parallel in the New and Old world, respectively, forming
plenty of ecologically and morphologically corresponding forms. The absence of GPC in adults of the examined
pleurodonts clearly suggests an irreversible arrest of growth in this clade. In contrast, GPC preservation in the
vast majority of adult acrodonts provides less clear evidence for indeterminate growth. Putatively, the results
may be biased by the composition of the examined material, namely by the precise stage of ontogeny, body size,
age and their interactions. As the growth parameters may exhibit great interindividual variation””!, it is diffi-
cult to control it. Nevertheless, there is a study strongly supporting indeterminate growth in an agamid lizard.
Kumas & Ayaz’* studied longevity and long bone development in four wild populations of Roughtail Rock Agama
(Stellagama stellio) in Turkey. Analysis of LAGs (Lines of Arrested Growth) revealed that these agamas grow
throughout their life although the increments are much smaller in older age. Transverse cross sections of the
epiphysis in different age groups revealed gradual resorption of GPC in the femur. The maximum age detected for
both sexes was 7 years, and even in such old individuals, GPC was thinner but still present’”. The finding that the
preservation of GPC to adulthood is accompanied by continuation of body growth is especially remarkable. This
provides independent evidence for the interpretation of our data.

Our results suggest that there are at least two modes of GPC resorption timing in squamate reptiles. The first
one comprises early timing of GPC resorption. Although the final body size is typically attained after a certain
delay, it is associated with the timing of sexual maturation (for a theoretical background see’). Such evidence was
found in Pleurodonta as well as in small species of monitor lizards. It is also supported by the ontogenetic study
of body growth in the Madagascar ground gecko (Paroedura pictus), which revealed an abrupt process of GPC
degradation’™. The second mode of GPC resorption timing is completely different. The resorption is either con-
siderably postponed or it is not even realised. We found this pattern in Acrodonta and large-bodied monitor liz-
ards. It may be labelled as indeterminate growth; however, it depends on the applied definition of this term™!27,

Our results support a large-scale comparative study of lepidosaurs, which was published recently*. Scharfand
his colleagues corroborated the key prediction from life-history theory and suggested that: “reproducing more
slowly and at older ages, being herbivorous and, plausibly, lowering metabolism, result in increased longevity.”
Nevertheless, body size explains far less of the variation in longevity than it does in mammals and birds, which
is a surprising finding when squamates are considered as indeterminate growers. It is obvious that body growth
is more plastic in squamate reptiles, and diverse ecology and life-history strategies affect it tremendously’®-7%.

We discuss our findings in a wider phylogenetic context. Our previous study of the Anguimorpha clade
revealed determinate body growth in small and medium-bodied lizards (Heloderma, Shinisaurus, Varanus), while
large-bodied monitor lizards were scored as indeterminate growers®. The visualisation of GPC in the Iguania
clade supports these results, even though GPC presence/absence was not connected with body size so tightly.
We found common absence of GPC also in other adult specimens of Squamata (Gekkota, Scincomorpha and
Lacertoidea; unpublished results). Moreover, analysis of bone rings and growth data suggest determinate growth
in tuataras (Sphenodon punctatus) as well'*”. Thus, the ancestor of Lepidosauria was most probably a determinate
grower.

In conclusion, we were able to analyse a large number of femurs by micro-CT. The resolution is high (even
2 um, according to the femur size) and make it possible to employ micro-CT in studies investigating the growth
plate cartilage and the dynamics of its degradation. We found surprising disparity of GPC presence/absence in the
Iguania clade. In Acrodonta, GPC is present nearly throughout the life and disappears in very old and senescent
animals. Thus, growth is not completely blocked in agamas and chameleons (via GPC resorption) and they can be
considered as indeterminate growers. On the other hand, Pleurodonta arrest skeletal growth earlier in ontogeny
(GPC irreversibly disappears) and can be regarded as determinate growers. We interpret the uncovered GPC
disparity as a unique switch in timing of growth arrest signalization leading to a postponed or even cancelled
process of GPC resorption. Taken together with the evidence of determinate body growth in other squamate lin-
eages and tuataras, we interpret our results as a significant challenge to the universality of indeterminate growth
in Lepidosauria.
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Material and Methods

Datacollection. Weanalysed 70 species/subspecies of lizards from the Iguania clade (for the list see Table 1)
which were selected to capture most of the diversity of Iguania, comprising families Agamidae (21 species/37 indi-
viduals), Corytophanidae (4/6), Crotaphytidae (1/3), Dactyloidae (13/33), Chamaeleonidae (22/46), Iguanidae
(4/11), Leiocephalidae (3/7), Opluridae (3/3), Phrynosomatidae (1/1) and Tropiduridae (1/3). We aimed to cover
the spectrum of body sizes, longevities, ecologies, and life strategies. Samples were collected in zoological gar-
dens, collections of the Department of Zoology and museum collections from animals died of natural death. In
addition, we used cadavers of lizards from another morphological study running at the Department of Zoology
(34 individuals).

We were primarily interested in very large and/or old adult individuals approaching their maximal specific
age and body size. We included also a few specimens that were younger and apparently still growing as controls.
The snout-vent length (SVL) of each specimen was measured to the nearest 0.1 mm and expressed as an absolute
(SVL) and relative (SVL,,)) value. The latter represents a percent ratio of SVL of the examined specimen relative to
the maximum SV L reported in the literature for the particular species and sex (the data concerning SVL are sum-
marized in Table 1, SVL,,,, and references in SI8). The maximal SVLs from the literature are often overestimated.
In a plot of regressed SVL to SVL,, and the growth plate cartilage presence/absence as a categorical variable, it is
possible to show a relationship between those variables in various species/clades and the timing of growth plate
degradation. In some cases, our specimens are the largest or oldest ones ever reported, and thus, their relative
size exceeds 100%. These represent additional evidence that we succeeded to include specimens reaching the
upper limits of body size and/or age attainable by the examined species. Nevertheless, it is important to note that
maximal body size is usually larger in captive-bred animals than in wild populations (e.g., compare body size in
captive bred vs. wild Varanus indicus’*%).

The femur was used for analysis as it is the largest long bone in the body. The bone was dissected and mechan-
ically purified. The proximal part of the bone was analysed. The presented measurements were carried out at
micro-CT laboratory of the Institute of Experimental and Applied Physics (IEAP), Czech Technical University
in Prague, and at Specialized Laboratory of Experimental Imaging (joint laboratory of the Third Faculty of
Medicine, Charles University, IEAP and Faculty of Biomedical Engineering, Czech Technical University in
Prague). While the Specialized Laboratory of Experimental Imaging is equipped with a Bruker SkyScan 1275
micro-CT scanner and a customized micro-CT system designed for small animal imaging®' the IEAP labora-
tory operates two in-house developed micro-CT systems utilizing large-area photon counting detectors based
on Timepix technology™. The SkyScan 1275 was used for scanning of large samples as it is equipped with a
highly efficient and fast CMOS flatpanel detector, while the custom systems at laboratory of IEAP were utilized
for smaller samples since higher resolution and higher contrast-to-noise ratio could be achieved using these
set-ups™ 84,

The scan parameters were adjusted for each sample individually according to its size and attenuation prop-
erties. Generally, the samples were scanned in cone-beam geometry with angle step 0.2-0.4 degree and using
40-60 kVp unfiltered tungsten spectrum. The acquired micro-CT data were reconstructed using filtered back pro-
jection algorithm via NRecon software or Volex reconstruction engine (courtesy of Fraunhofer- Allianz Vision,
Germany) in the case of SkyScan 1275 or custom set-up respectively. The voxe-size of the reconstructed slices
was within the range of 4-13 um. The data analysis was carried out using Fiji®(video creation) and CT Vox**(data
survey and figure creation).

We evaluated the epiphyseal senescence and ossification status (the presence or absence of the growth plate)
blindly by two independent observers. The criteria for senescence included a diminished chondrocytic area of
the growth plate between the epiphysis and the metaphysis, and the absence of the suture between the metaphysis
and epiphysis. In addition, the inner structure of the epiphysis was assessed in detail using 3D visualizations made
from micro-CT scans. Juveniles and subadults possess a more dense epiphyseal structure lacking the typical tra-
becular architecture. Later, the endochondral ossification process in secondary ossification centres is completed
and typical trabecular bone architecture appears in the epiphysis of older animals. Finally, the growth plate disap-
pears, and the trabecular bone architecture fills up the space of metaphysis.

We complemented our analysis with additional data from literature concerning the maximal body size and
longevity for the Iguania clade. Most data come from Scharf’s large-scale comparative study*, which analysed the
relationship of longevity, environmental characteristics and life-history traits.

Statistical analyses. We employed a generalized linear model (GLM) to explore the relationship between
GPC presence/absence (binary coded) and two explanatory variables (body size expressed as snout-vent length
and clade coded as Acrodonta versus Pleurodonta) and their interaction in R¥. Since species cannot be con-
sidered as independent data points®, we run analysis accounting for the effect of phylogeny as well. We used
phylogenetic generalized linear mixed model for binary data (PGLMM)*** implemented in R package ‘ape”'.
Weadopted a time-calibrated phylogeny of squamata* even though the relationships inside Pleurodonta remain
uncertain. Because the pattern of GPC degradation is homogenous within pleurodonts (GPC usually resorbed),
incompletely resolved pleurodont phylogeny does not significantly affect results of the analysis. In both types of
models, we used only one individual per species and included only mature individuals (with SVL,, > 75%)" or
those with resorbed GPC (final dataset contained 68 species). For visualisation of different timing in Acrodonta
and Pleurodonta, we plotted the relationship between SVL and SVL,, with GPC presence/absence as a categori-
cal variable in STATISTICA, version 6°* (all specimens were included). The Mesquite programme (version 3.51)
was employed for the ancestral state reconstruction of GPC on a phylogenetic tree®® (the same dataset as for
GLM models). Final circular cladogram was visualized in Dendroscope 3%‘. We scored the GPC binary as absent
vs present (GPC clearly visible as well as nearly resorbed, but still a little bit present) in all analyses. Statistical
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models concerning longevity were performed using PGLS method”*® implemented in R packages ‘ape”®' and
‘nlme*”. The log-transformed data were adopted from Scharf*, phylogeny and branch lengths from Zheng and
Wiens™.
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4.4 Ekologie plazu

4.4.1 Jablonski, D., & Koleska, D. 2017. Molecular identification of Eremias stummeri
(Squamata: Lacertidae) as a prey for Gloydius halys complex (Serpentes: Viperidae)
from Kyrgyzstan. Phyllomedusa: Journal of Herpetology, 16(1): 121-124.

Rod Gloydius dnes sestava z vice nez 13 druh, jak je uvadéno v ¢lanku, ktery vychazel
z informaci tehdy aktualnich praci (napf. Orlov et al., 2014; Kropachev et al., 2016; Wagner
et al., 2016). Popisy novych druh( probéhly relativné nedavno — viz napf. Shi et al. (2018),
Shi et al. (2021) nebo Wang et al. (2019). V kvétnu roku 2016 jsme se vypravili do
Kyrgyzstanu za ucelem herpetologického prizkumu nékterych méné znamych lokalit. 13.
kvétna jsme v okoli obce Jeti-Ogiiz v severovychodni ¢asti zemé nalezli Gerstvé zabitého
jedince G. halys complex. Na téle hada nebyla zadna viditelna zranéni. Béhem ohledani
téla jsme odhalili obsah v bfiSni dutiné. Tim se ukazal byt neuplné straveny zbytek
pajestérky rodu Eremias. Nasledna geneticka analyza prokazala, Ze se jedna o druh E.

stummeri.
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The genus Gloydius comprises 13 species of
venomous Asian pit vipers (Wagner et al. 2016)
that range from east of the Ural Mountains to
Japan and the Ryukyu Islands (McDiarmid ef al.
1999). The Gloydius halys (Pallas, 1776)
complex occurs from Azerbaijan, Iran, through
Central Asia to eastern Siberia, Mongolia, and
China. Traditionally, Gloydius halys from
Kyrgyzstan has been considered a subspecies—
i.e., G. halys caraganus (Eichwald, 1831).
However, given recent descriptions of cryptic
taxa from Kyrgyzstan and unresolved phylo-
genetic relationships, they are called a species
complex (Wagner et al. 2016). These snakes
usually prey on small vertebrates, including
rodents and lizards, but several kinds of
invertebrates also were found in the digestive
tract of this taxon (reviewed by Joger and
Stiimpel 2005).
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Racerunners (Lacertidae: Eremias) are widely
distributed lizards occurring from southeastern
Europe throughout most of the Asian continent
(Ananjeva et al. 2006). Their systematic status is
not yet fully resolved owing to their
morphological resemblance to one another and
the syntopic occurrence of several species
(Pouyani et al. 2012, Liu et al. 2014, Poyarkov
Jr. et al. 2014). These lizards often occur in the
same localities as pit vipers (cf. Sindaco and
Jeremcenko 2008) and are eaten by snakes of the
G. halys complex (e.g., Yakovleva 1964).

On 13 May 2016 we found a dead, freshly
killed subadult male of the Gloydius halys
complex near Jeti-Ogiiz village (42.403° N,
78.221° E; 1888 m a.s.l.), Issyk-Kul Region in
northeastern Kyrgyzstan. The snake was 285
mm long with a head that was 12 mm long and 9
mm wide. We did not observe any superficial
wounds on the snake’s body. The site features a
slight rocky slope that has sparse vegetation and
no trees or shrubs. The pit viper was found in an
area frequently used for grazing; thus, the



Jablonski and Koleska

individual might have been killed by local
farmers. We cannot exclude the possibility of
predation by a larger vertebrate, possibly a bird
of prey as they are known to mob crotaline
snakes (Sazima 2015); however, the body was
not damaged. On inspecting the cadaver, we
noticed that the abdomen contained an
incompletely digested lizard (~100 mm long) of
the genus Eremias (Figure 1). The lizard was
sufficiently decomposed to preclude species
determination. However, based on distribution
(Sindaco and Jeremcenko 2008), the slightly
visible color pattern back of the body, and our
observation of several individuals of E. stummeri
Wettstein, 1940 at the locality, we assume that
the prey item may have been this species of
racerunner.

Comparative DNA sequence analysis confirmed
our supposition. A tissue sample (a piece of the
tail and digit) was collected at the locality,
preserved in 96% ethanol, and deposited in the
private tissue collection of the first author at the
Department of Zoology, Comenius University in
Bratislava under the number 3981. Total genomic
DNA, obtained from the tissue sample of the
specimen was extracted using the NucleoSpin
Tissue kit (Macherey-Nagel, Diiren, Germany)
following the protocols of the respective

manufactures. DNA was amplified by widely
used /6S ribosomal RNA marker (/6S) with

primers 16Sar-L. and 16Sbr-H (Palumbi er al.
2002) and sequenced by Macrogene Inc.
(Amsterdam, Netherlands). The /68 fragment
(528 bp) was aligned using the Clustal W
algorithm (Thompson et al. 1994) as implemented
in BioEdit (Hall 1999) and compared via the
BLAST algorithm (Altschul er al. 1990). Our
resulting sequence alignment corresponded to
99% with the /65 part of the mitochondrion of
E. stummeri originating from Kazakhstan
(GenBank accession number KT372881; Zhou et
al. 2015). Sequence divergence between our
sample from Kyrgyzstan and that published from
Kazachstan is 0.4% (uncorrected p-distances
using MEGA 7.0; Kumar er al. 2016). This
documents the genetic affiliation of our sample
to E. stummeri; the sequence is deposited in the
GenBank sequence database under accession
number KY486773.

There are several recent taxonomic and
distributional studies of Gloydius from various
parts of Asia (Orlov er al. 2014, Kropachev et al.
2016, Wagner er al. 2016). We can supplement
these reports by providing some ecological
information about these pit vipers. The food
spectrum of G. halys depends on the type of
habitat in which they occur and the age of the
snake (Simonov 2009). The diet of adult snakes
mainly consists of warm-blooded prey, such as
small mammals, but observations of individuals

il ol

Figure 1. Dissected specimen of Gloydius halys complex with part of the body of Eremias stummeri. (A) Ventral view
(dorsal view of the lizard’s remains). (B) Dorsal view (ventral view of the lizard’s remains).
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with snout-vent lengths less than 400 mm
revealed that smaller snakes prefer invertebrates,
especially Orthopterans (from 35-61%) and
small lizards (Lesnyak 1964, Yakovleva 1964,
Bogdanov 1970). This supports our observation.
Eremias arguta (Pallas, 1773), E. multiocellata
Giinther, 1872, and E. velox (Pallas, 1771) have
been reported in the diet of G. halys from
Kyrgyzstan (Yakovleva 1964), but this is the
first record of the racerunner E. stummeri. Given
the abundance of E. stummeri at the locality, we
can assume that these lizards are one of the main
prey items of subadult pit vipers. Similarly,
species of Eremias also have been recorded as a
prey item of Eryx miliaris (Pallas, 1773), E.
tataricus (Lichtenstein, 1823) or Vipera renardi
(Christoph, 1861) (Yakovleva 1964, Rodriguez-
Robles er al. 1999).

The body of the racerunner was incomplete,
which suggests that the lizard might have been
dead before it was eaten. Similarly, Yakovleva
(1964) documented part of a limb of Eremias
arguta found in male Gloydius halys with a
snout—vent length of 205 mm. Therefore, it
seems likely that G. halys consumes lizard
cadavers, which might indicate occasional
necrophagy. This is a rare behavior in Viperidae
(Sazima and Strussman 1990).

Direct observation of feeding events is
impractical and invasive approaches are
inappropriate for protected or rare species.
Contents of the digestion tract of freshly killed
individuals (e.g., on the road or killed by man)
may provide direct information about food
preference. Molecular techniques are useful to
identify prey items that are quickly destroyed by
digestive processes. Dietary composition can
provide valuable knowledge about the interaction
of these pit vipers with other reptile species, as
well as elucidate the composition of local
herpetofauna.
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4.5 Distribuce plazl a obojzivelniku

4.5.1 Uhrin, M., Havas, P., Minarik, M., Kodejs, K., Bugos, l., Danko, S., Husak, T,
Koleska, D. & Jablonski, D. 2016. Distribution updates to amphibian and reptilian
fauna for the Republic of Macedonia. Herpetology Notes, 9: 201-220.

Balkansky poloostrov je povazovan za jedno ze svétovych center biodiverzity (Gaston and
David,1994; DZuki¢ and Kalezi¢, 2004; Griffiths et al., 2004; Hewitt, 2011). Nékteré oblasti
Balkanu jsou vSak dosud nedostateCné prozkoumany, coz se tyka pfedevsim rozSifeni
nékterych druhu zvifat. Makedonie je, jakozto vnitrozemsky stat, situovana v centralni ¢asti
Balkdanu. Rozloha Makedonie ¢&ini 25,713 km? a zahrnuje nékolik vyznamnych
geomorfologickych jednotek, jako je napf. udoli feky Vardar, Helenidy nebo Dinarské hory.
Slozeni herpetofauny Makedonie je relativné dobfe znamé (napf. Gasc et al., 1997; Sillero
etal., 2014, Speybroeck et al., 2010), nicméné presnéjsi data o distribuci u nékterych druh
chybi. V sou€asnosti se v Makedonii vyskytuje 14 druht obojzivelnikl a 32 druhl plazl
podle platné taxonomie (Speybroeck et al., 2020). Obsahlejsi shrnuti distribuce
herpetofauny publikoval Sterijovski (2014). V této praci uvadime vysledky kratkého
intenzivniho terénniho prizkumu vyskytu plazl a obojzivelnik( v Makedonii s novymi nalezy

pro nékteré druhy.
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Distribution updates to amphibian and reptile fauna for the
Republic of Macedonia

Marcel Uhrin'*, Peter Hava§’, Martin Minaiik’, Karel Kodej$*, Imrich Bugo$?, Stanislay Danko?, Tomas Husak®,
Daniel Koleska* and Daniel Jablonski®

Abstract. Macedonia, as a part of the Balkan Peninsula, ranks among the most important regions in terms of amphibian and
reptile biodiversity. Thus far, 14 amphibian and 32 reptile species have been found to occur in Macedonia, but with some ex-
ceptions among reptiles, the distribution of most of taxa is poorly understood and/or records have only rarely been published.
We report here records on 10 amphibian and 28 reptile taxa from 85 different localities covering most of the habitats in Mace-
donia. Despite the field survey was conducted during two weeks in June 2014 only, we have recorded new distribution data

for 22 reptile species.

Keywords. Amphibia, Reptilia, new records, Balkan Peninsula, mapping, chorology.

Introduction

The Balkan Peninsula is considered to be a biodiver-
sity hotspot for European biotas (Gaston and David,
1994; Dzuki¢ and Kalezi¢, 2004; Griffiths et al., 2004;
Hewitt, 2011). However, many regions of the Balkans
are still poorly evaluated in terms of basic zoological
research, i.e. species distributions and their occurrence
patterns. Macedonia is an inland country situated in the
central part of the Balkans. The territory of Macedo-
nia covers an area of 25,713 km? and includes several
important geomorphological units, such as the Vardar
River valley, the Helenides, the Dinaric range and the
Thrace-Macedonian massif within three main biogeo-
graphic-climate regions extending in the country: Al-
pine, Continental and Mediterranean (Kral, 2001; Reed
et al., 2004; Melovski et al., 2013). For herpetofauna,
this part of the Balkans has presumably served as micro-
refugia for some species (e.g. Lacerta viridis complex,
Marzahn et al., 2016), as a contact zone of different
evolutionary lineages of species after the Last Glacial
Maximum (e.g., Triturus spp., Wielstra et al., 2014;
Natrix natrix, Kindler et al., 2013) or as a presumable
migration corridor for several Mediterranean elements
(e.g. Testudo graeca, Mediodactylus kotschyi, Platy-
ceps najadum, Zamenis situla; Crnobrnja-Isailovi¢ and
Aleksi¢, 1999; Tomovi¢ et al., 2014; Sterijovski et al.,
2014).

70

Species composition of amphibians and reptiles in
the Republic of Macedonia is fairly well known (e.g.
Gasc etal., 1997; Sillero et al., 2014, 2015) but the exact
distribution of most of the species in the country is not
very well documented. Based on present knowledge,
the fauna of Macedonia includes 14 amphibian species
and 32 reptile species with respect to current taxonomy
(sensu Speybroeck et al., 2010).

There were some recent advances on new records
published (e.g. Rot-Nikéevi¢ et al., 2001; Dzuki¢ et
al., 2005, 2008; Vukov et al., 2006; Sidorovska, 2010;
Zagar et al., 2013; Wielstra et al., 2014), especially for
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reptiles, where a comprehensive review has just recently
been provided (Sterijovski et al., 2014). However, there
are still species whose occurrence is poorly known.
Therefore, we present here the results of short but
extensive field study on amphibians and reptiles in the
country with a distribution updates for several species.

Material and methods

A herpetological field survey conducted across the
whole country was carried out during two weeks in
June 2014. Altogether, 86 localities representing most
regions of Macedonia (Table 1) were surveyed. We re-
corded the geographic coordinates (WGS84 system) and
altitude of all visited localities as well as other relevant
faunistic data. The distribution data of individual species
or species complexes are presented in Universal Trans-
verse Mercator (UTM) grid maps with the resolution of
squares of 10x10 km (Figures 1-3). All herpetological
findings were properly documented in the field and most
of them were photographed (individuals and habitats).

Records were compared with data presented in sum-
mary accounts (Gasc et al., 1997; Sterijovskietal.,2014;
Sillero et al., 2014, 2015) and with other works related
to regional herpetofauna (DZzukic et al., 2005, 2008; Vu-
kov et al., 2006; Sidorovska, 2010; Jeli¢ et al., 2013;
Zagar et al., 2013). Species identification followed Ar-
nold and Ovenden (2002), taxonomy and nomenclature
were adopted from Speybroeck et al. (2010), consider-
ing also recent taxonomical revisions pertaining to bat-
racho- and herpetofauna of this region (e.g. Wielstra et
al., 2013; Hedges et al., 2014).

Results and discussion

A list of all recorded species is presented in Table 1. In
total, we obtained 289 amphibian and reptile records of
38 species (79% of the total number of known species
of Macedonia). Ten of them were amphibians and 28
reptiles, which represent 64% and 85% of all species
known from Macedonia. In comparison with the results
of Sterijovski et al. (2014) we have found 62 new grid
records in a resolution of 1010 UTM for 22 reptile spe-
cies (Figures 2 and 3).

Below we provide a list of recorded species (arranged
by taxonomic groups and families) with a number of
records given in parentheses after scientific taxa name
and with a short description of the species distribution
in the country and a list of new sites with information
on the site altitude. When appropriate, comments on the
circumstances of the record and/or biological, ecologi-
cal and biogeographical notes were added.

Marcel Uhrin ef al.

Amphibia
Salamandridae

Salamandra salamandra (Linnaeus, 1758) (N=4) (Tab.
1, Fig. 1)

Occurrence in Macedonia: According to reported cho-
rological data (Gasc et al., 1997; Sillero et al., 2014,
2015), fire salamanders are probably widespread mostly
in the mountain regions of the country.

Comments: We recorded fire salamanders at four sites;
three records were made at higher altitude (887, 929,
1,680 m) and one (Treska river Gorge; Figs 4A and 5A)
represented a relatively low elevation for this species in
the Balkans region (319 m; cf. Jablonski et al., 2013).
The latter site is situated out of the species range delin-
eated by available chorological data (Gasc et al., 1997;
Sillero et al., 2014, 2015).

Triturus sp. (N=1) (Tab. 1, Fig. 1)

Occurrence in Macedonia: From the genus Triturus
Rafinesque, 1815, two species occur in Macedonia,
T’ ivanbureschi Amtzen & Wielstra, 2013 and 7.
macedonicus (Karaman, 1922), but accurate data on
their distribution are still lacking (Wielstra et al., 2014).
Both species have a contact zone of their ranges in the
eastern part of the country (Wielstra et al., 2014).
Comments: We recorded several newt larvae in Dojran
Lake, near Mrdaja village (153 m). Species affiliation
of the specimens was not possible to confirm but so far
only 7. macedonicus was reported to occur in the vicin-
ity of Dojran Lake (Wielstra et al., 2014).

Bombinatoridae

Bombina variegata (Linnaeus, 1758) (N=5) (Tab. 1,
Fig. 1)

Occurrence in Macedonia: Probably a widespread spe-
cies over the entire country (Gasc et al., 1997; Sillero et
al., 2014, 2015).

Comments: We recorded yellow-bellied toads at five
sites in four 10x10 km quadrates in altitudes from 303
(Treska River Gorge) to 1,601 (Baba in Gali¢ica Mts.)
metres. The record in the central part of the country
(Toplica village, 677 m) is situated out of previously
delineated range (Gasc et al., 1997; Sillero et al., 2014,
2015).

Pelobatidae

Pelobates syriacus Boettger, 1889 (N=2) (Tab. 1, Fig. 1)

Occurrence in Macedonia: Probably a widespread low-
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Figure 1. Maps of the distribution of amphibian species. Records are presented in the 10x10 km UTM mapping quadrates cover-
ing the territory of Macedonia. Dark orange circles — our records; grey circle — data by Sidorovska (2010). For precise site data,

see Table 1.

land species, missing only from the mountain ranges in
the north of the country (Gasc et al., 1997; Sillero et al.,
2014, 2015). Data about the occurrence are concentrated
along the Vardar River including its tributaries and near
larger lakes (Dojran, Prespa and Ohrid regions; Dzuki¢
etal., 2005, 2008).

Comments: We recorded P. syriacus at two previously
known localities (Dojran and Prespa Lakes) (DZuki¢ et
al., 2008).

Bufonidae

Bufo bufo (Linnaeus, 1758) (N=8) (Tab. 1, Fig. 1)

Occurrence in Macedonia: Widespread in the eastern
and southern parts of the country (Gasc et al., 1997; Sil-
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lero et al., 2014, 2015).

Comments: We recorded B. bufo at eight sites in the
regions of two large lakes (Dojran and Prespa Lakes)
and along the Vardar River valley prevailingly on lower
altitudes (120-854 m). Records near Glumovo (282 m)
and Dolna Matka villages (316 m) are situated out of
previously delineated range (Gasc et al., 1997; Sillero et
al., 2014, 2015) of this species in Macedonia.

Bufo viridis Laurenti, 1768 complex (N=6) (Tab. 1, Fig.
1)
Occurrence in Macedonia: The distribution pattern is

not yet fully known (Gasc et al., 1997; Sillero et al.,
2014, 2015).
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Comments: We found specimen of this species com-
plex at six sites in Macedonia, among them record near
Dolna Matka village (352 m) is situated out of previ-
ously delineated species range in this region (Gasc et al.,
1997; Sillero et al., 2014, 2015). Because two species
of the “viridis” complex probably occur in the area of
Macedonia, B. variabilis (Pallas, 1769) in the eastern
part and B. viridis s. str. in the western part of the coun-
try (cf. Stock et al., 2009), exact species affiliation is not
possible applying morphological identification only.

Hylidae

Hyla arborea (Linnaeus, 1758) complex (N=2) (Tab. 1,
Fig. 1)

Occurrence in Macedonia: The current distribution
knowledge is limited to eastern and southern parts of
the country (Sillero et al., 2014, 2015).

Comments: We recorded this species at two sites
(Nikoli¢ village, Stenje village) near large lakes (Dojran
Lake and Prespa Lake). Hyla arborea s. str. occurs in
Macedonia; however, the occurrence of H. orientalis
Bedriaga, 1890, in the eastern part of the country could
not be excluded (cf. Stock et al., 2012; Gvozdik et al.,
2015). The distribution status of the latter species is gen-
erally not well known.

Ranidae

Pelophylax ridibundus (Pallas, 1771) (N=17) (Tab. 1,
Fig. 1)

Occurrence in Macedonia: The marsh frog is wide-
spread in different types of water habitats throughout
the whole country (Gasc et al., 1997; Sillero et al., 2014,
2015), similarly as in neighbouring countries (cf. Hax-
hiu, 1994; Krizmani¢, 2008; Vukov et al., 2013).
Comments: Our observations (altogether 17 site records)
together with several exactly located records available
from Macedonia (Sidorovska, 2010) considerably sup-
plemented the pattern of distribution of this species pre-
viously delineated in 50%50 km quadrates only (Gasc et
al., 1997; Sillero et al., 2014, 2015).

Rana dalmatina Fitzinger, 1838 (N=4) (Tab. 1, Fig. 1)

Occurrence in Macedonia: The occurrence of the agile
frog in Macedonia is limited to the mountainous regions
on the eastern and western country borders (Gasc et al.,
1997; Sillero et al., 2014, 2015). The lack of occurrence
data from the central part of the country could be due
to the low level of surveillance since the species is
commonly widespread in neighbouring countries from
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sea level to 1,500 metres (Albania, Bulgaria, Greece, and
Serbia: Haxhiu, 1994; Valakos et al., 2008; Jablonski,
2011; Stojanov et al., 2011; Vukov et al., 2013).
Comments: We recorded this species at four sites in two
regions, Dojran and Mrdaja villages near Dojran Lake
and near Magarevo village in Pelister Mts. Latter records
were made at altitudes of 1,286 and 1,626 metres, that
are relatively high compared with the altitude data from
Albania or Bulgaria (Haxhiu, 1994; Stojanov et al.,
2011).

Rana temporaria Linnaeus, 1758 (N=2) (Tab. 1, Fig. 1)

Occurrence in Macedonia: Precise data from Macedonia
are missing; the species is reported to occur in northern
mountain regions only (Gasc et al., 1997; Sillero et al.,
2014, 2015).

Comments: We reported this species at two already
known sites (Sar Planina Mt., Popovac Sapka,
2,241 m; Vrben village, 1,289 m) in the western part of
the country, where the species was recently reported
as common by Sidorovska (2010).

Reptilia
Testudinidae
Testudo graeca Linneaus, 1758 (N=7) (Tab. 1, Fig. 2)

Occurrence in Macedonia: A widespread species found
all over the country, with fewer records from the southern
parts (Sterijovski et al. 2014). Records from the western
part of the country should be considered carefully due to
the species range limit; records in neighbouring Albania
were considered doubtful (Haxhiu, 1998; Haxhiu and
Orugi, 2001; Buskirk et al., 2001; Jablonski, 2011).
New records: Krivolak village (155 m), Kurija village
(167 m), Raec River gorge (211 m) (Fig. 4B).
Comments: We made altogether seven observations of
this species in the south-eastern region; new records
considerably supplement the pattern of known species
range in the south-eastern region of the country.

Testudo hermanni Gmelin, 1789 (N=20) (Tab. 1, Fig. 2)

Occurrence in Macedonia: A widespread and relative-
ly abundant species, absent in the highest mountains
(Ljubisavljevi¢ et al., 2014; Sterijovski et al., 2014).
New records: Gevgelija near Vardar River (58 m),
Gjavato village (58 m), Gorni Disan village (406 m),
Kosel village (770 m), Pretor village (854 m), Tikves
Lake (290 m), Vatasa village (350 m), Vatasa village
(Luda Mara river) (401 m).

Comments: Hermann’s tortoise seems to be a common
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Figure 2. Maps of the distribution of reptile species with new records. Records are presented in 1010 km UTM mapping quad-
rates covering the territory of Macedonia and comparing with previously known species distribution patterns (grey colour; sensu
Sidorovska, 2010; Zagar et al., 2013; Sterijovski et al., 2014). Dark orange circles — records re-confirmed occurrence in quadrates
by new records of this study; red circles — new occupied quadrates based on our new records. For precise site data, see Table 1.
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species in the country; we made twenty observations
covering the range provided by Sterijovski et al. (2014).
At four sites we recorded syntopic occurrence of 7.
hermanni and T graeca: Dedeli village, Kurija village,
Nikoli¢ village and Pretor village.

Geoemydidae

Mauremys rivulata (Valenciennes, 1833) (N=1) (Tab.
1, Fig. 2)

Occurrence in Macedonia: The Balkan terrapin is prob-
ably a very rare species in Macedonia, where only a few
records are known from across the Vardar River valley
and in the surroundings of Dojran Lake (cf. Sterijovski
etal., 2014).

New record: Dedeli village (205 m).

Comments: We observed one killed adult female (Fig.
4C) ca. 1.6 km south of Dedeli village. This finding, to-
gether with records from Dojran Lake from 2010 (Zagar
et al., 2013) confirm the contemporary occurrence of
this rare species in this region.

Emydidae
Emys orbicularis (Linnaeus, 1758) (N=3) (Tab. 1, Fig. 2)

Occurrence in Macedonia: The range of the European
pond turtle in Macedonia is represented by scarce data
dispersed almost all over the country where species oc-
currence is limited to suitable water habitats and laying
sites (Sterijovski et al., 2014).

New records: Gevgelija near Vardar River (58 m), Ra-
dobor village (588 m).

Comments: Sterijovski et al. (2014) reported this spe-
cies for eleven UTM squares. We recorded it at three
sites, two of which could be considered as new.

Gekkonidae

Mediodactylus kotschyi (Steindachner, 1870) (N=6)
(Tab. 1, Fig. 2)

Occurrence in Macedonia: The species range in Mac-
edonia is limited to the Vardar River valley (Sterijovski
et al., 2014; Sillero et al., 2014, 2015). Outside this re-
gion only one observation was reported, from the west-
ern part of the country (Debar; Sidorovska, 2010).

New records: Krivolak village (120 m), Dolna Matka
village (309 m), Novo Konsko village (Konska reka
river) (198 m), Pepeliste village (126 m) (Fig. 4D).

Comments: Our records at six sites supported the gen-
eral occurrence pattern (e.g. Sterijovski et al., 2014),
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with the new record as the northernmost site at Dolna
Matka village.

Lacertidae

Algyroides nigropunctatus (Duméril and Bibron, 1839)
(N=3) (Tab. 1, Fig. 2)

Occurrence in Macedonia: A rare species with a south-
ern distribution limit between Ohrid and the Prespa
Lakes region and with a possibly isolated population
recorded in the Treska River valley (Sterijovski et al.,
2014).

Comments: We recorded this species in relatively high
abundance (tens of individuals) at three already known
sites (Dolna Matka village, Trpejca village, north of
Stenje village).

Lacerta trilineata Bedriaga, 1886 (N=18) (Tab. 1, Fig. 2)

Occurrence in Macedonia: The species is among the
most common representatives of Macedonian reptilian
fauna and is widespread all over the country (Sterijovski
etal., 2014).

New records: Asamati village (878 m), Gjavato village
(58 m), Nikoli¢ village (288 m), Raec River gorge (211
m), Toplica village (577 m, 677 m).

Comments: We made observations at 18 different sites
in various parts of Macedonia which corresponded with
the previous view on the species distribution. Records

from new quadrates supplemented the species distribu-
tion mainly in the southern part of the country.

Lacerta viridis (Laurenti, 1768) complex (N=15) (Tab.
1, Fig. 2)

Occurrence in Macedonia: The green lizard is a com-
mon, abundant and widespread species in Macedonia
(Sterijovski et al., 2014).

New records: Gorno Perovo vilage (859 m), Kastiljo
(P¢inja River) (274 m), Nikoli¢ village (160 m, 199 m),
Radobor village (580 m), Sveti Naum (695 m).
Comments: We documented this species at 21 sites
throughout the country; five new records contributed to
new data for five UTM quadrates. The species is locally
abundant; we observed tens of individuals in several
sites (Kurija village, Dolna Matka village, Nikoli¢ vil-
lage, Radobor village, Stenje village).

Podarcis erhardii (Bedriaga, 1876) (N=5) (Tab. 1, Fig.
2)

Occurrence in _Macedonia: Erhard’s wall lizard is
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Figure 3. Maps of the distribution of reptile species with new records. See the legend to Figure 2 for more details.
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a common and locally abundant species in Macedonia
(Sterijovski et al., 2014).

New records: Kosel village (777 m), Pretor village (854
m).

Comments: We recorded this species at five sites only,
with two localities situated in new UTM quadrates. The
species was found at some sites in abundant (more than
ten observed individuals) populations (Pretor village,
Dolna Matka village).

Podarcis muralis (Laurenti, 1768) (N=18) (Tab. 1, Fig.
2)

Occurrence in Macedonia: As with the previous species,
the common wall lizard is widespread and found locally
abundant in Macedonia (Sterijovski et al., 2014).

New records: Kosel village (770 m), Ohrid (old town)
(729 m).

Comments: We recorded 18 sites in 12 quadrates, which
confirm the common occurrence of this species in
Macedonia.

Podarcis tauricus (Pallas, 1814) (N=4) (Tab. 1, Fig. 2)

Occurrence in Macedonia: Records of the Balkan wall
lizard are dispersed throughout the central and south-
western parts of the country (Sterijovski et al., 2014).
New records: Gevgelija near the Vardar River (58 m),
Pretor village (854 m).

Comments: We recorded this lizard at four sites within
three quadrates, two of them being new. Abundant pop-
ulations were observed, e.g. near Stenje village, where
the species occurred in synthopy with two other taxa
(Fig. 4E).

Zootoca vivipara (Lichtenstein, 1823) (N=1) (Tab. 1,
Fig. 2)

Occurrence in Macedonia: The viviparous lizard repre-
sents a Euro-Siberian faunal element with a range lim-
ited to the highest mountains in the northern and north-
western parts of Macedonia (Sterijovski et al., 2014).
Comments: We recorded this species at an only site
(Popova Sapka) in already known area at high elevation
(2,057 and 2,157 metres) at the Sar Planina Mt.

Scincidae

Ablepharus kitaibelii Bibron and Bory de Saint-Vin-
cent, 1833 (N=1) (Tab. 1, Fig. 2)

Occurrence in Macedonia: The scarcity of snake-eyed
skink distribution in Macedonia (Sterijovski et al.,
2014) was recently supplemented by one record from
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2010 reported from the Dojran Lake region (Zagar et
al., 2013).

New record: Trojaci village (549 m).

Comments: Our observation in Trojaci village from
central Macedonia represents a new site outside the pre-
viously delineated range (Fig. 4F and 5C).

Anguidae

Anguis fragilis Linnaeus, 1758 complex (N=5) (Tab. 1,
Fig. 2)

Occurrence in Macedonia: Two species of slow worms
occur in Macedonia (Jablonski et al., 2016) where are
they considered as common (Sterijovski et al., 2014).
Comments: In total, we found this taxon on five sites in
the western part of the country at altitudes of 920-1,630
meters within the previously known range. Based on ex-
ternal morphology inspection only, these records could
not be assigned to any of two species of slow worms,
Anguis fragilis Linnaeus, 1758 s. str. and 4. graeca
Bedriaga, 1881, which occur in this part of Macedonia
(Jablonski et al., 2016). However, according to the dis-
tribution pattern presented by Jablonski et al. (2016) we
can expect that both recorded localities in SW Macedo-
nia (Magarevo and Stenje villages) inhabits 4. graeca.

Pseudopus apodus (Pallas, 1775) (N=2) (Tab. 1, Fig. 2)

Occurrence in Macedonia: The glass lizard has a very
limited range in Macedonia, with confirmed occurrence

in the southern part of the Vardar River valley, including
the region of Dojran Lake only, where it was confirmed
from at beginning of the herpetological research in the
country (Doflein, 1921) as well as recently (Sterijovski
etal., 2014).

Comments: We only re-confirmed the occurrence of
this species at two known sites in the vicinity of Dojran
Lake (Nikoli¢ village, Nov Dojran).

Typhlopidae

Xerotyphlops vermicularis (Merrem, 1820) (N=2) (Tab.
1, Fig. 3)

Occurrence in Macedonia: The range of the worm snake
in Macedonia is limited to the Vardar River valley and

isolated occurrences in the north-east part (Sterijovski
etal., 2014).

New record: Baltalija village (332 m).

Comments: Large numbers of individuals were
recorded near Nikoli¢ village. At the new locality in
Baltalija village, one dead specimen was found on the
road.
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Figure 4. Some representatives of batrachofauna and herpetofauna from Macedonia. A — Salamandra salamandra, a juvenile
individual from the Treska River Gorge near Dolna Matka village. B - Testudo graeca, an adult individual from Krivolak village.
C — Mauremys rivulata, an adult female killed near Dedeli village. D — Mediodactylus kotschyi, an adult individual from Krivolak
village. E — Podarcis tauricus (bottom), P. erhardii (middle), P muralis (top), adult individuals occurring in syntopy near Stenje
village (Prespa Lake). F — Ablepharus kitaibelii, an adult male from Trojaci village. G — Eryx jaculus, a subadult individual from
the Kurija village vicinity. H — Elaphe quatuorlineata, an adult female from Gevgelija near the Vardar River.
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Erycidae
Eryx jaculus (Linnaeus, 1758) (N=1) (Tab. 1, Fig. 3)

Occurrence in Macedonia: This species is very rare in
Macedonia, with only six recorded quadrates without
any recent records (Sterijovski et al. 2014). Historically,
this species was recorded in central Macedonia, in the
Babuna River gorge, Basino village (both Veles region)
and Ulanci village in the Gradsko region (Dimovski,
1971; Sterijovski et al., 2014).

New record: Kurija village (166 m).

Comments: The historical record from Ulanci village
(Dimovski, 1971) is the closest to our new record lo-
cated near Kurija village. One subadult specimen (male,
ca 30 cm) was found on a local road in a dry habitat with
soft soil conditions (Fig. 4G).

Psammophiidae

Malpolon insignitus (Geoffroy Saint-Hilaire, 1827)
(N=13) (Tab. 1, Fig. 3)

Occurrence in Macedonia: The distribution of the East-
ern Montpellier snake is probably not yet well docu-
mented; most records were so far from the eastern part
of the country (Sterijovski et al. 2014).

New records: Baltalija village (333 m), Dedeli village
(164 m), Dervenska klisura gorge (371 m), Gjavato vil-
lage (58 m), Gorno Perovo village (859 m), Mojin vil-
lage (151 m), Mrzenci village (84 m), Naselba Damjan
(480 m), Orasac village (330 m), Raec River gorge (211
m), Valandovo (143 m).

Comments: Many new records found with our survey
suggest that species’ distribution in the country is still
under-estimated. Only two of our 13 observations were
situated in previously known UTM quadrates; thus, our
findings considerably supplement the view on the spe-
cies range in Macedonia. Almost all of our records (10)
were specimens found killed on the road, thus we can
assume that the detectability of live individuals is dif-
ficult. It could be the main reason behind the poor distri-
butional knowledge on this species.

Natricidae
Natrix natrix (Linnaeus, 1758) (N=12) (Tab. 1, Fig. 3)

Occurrence in Macedonia: A common and an abundant
species widely distributed throughout the whole coun-
try but lacking from the southern part (Sterijovski et al.
2014).

New records: Asamati village (878 m), Dolna Matka
village (309 m), Mrdaja village (153 m), Pretor village
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(854 m), Star Dojran (156 m), Sveti Naum (694 m).
Comments: Four of the 12 records present observations
in new quadrates. Among these records, the most sur-
prising are the observations near Dojran Lake, which
is a region with a long-term tradition of herpetological
research (for review see Sterijovski et al., 2014); only in
2010 was the occurrence of this species confirmed here
by Zagar et al. (2013).

Natrix tessellata (Laurenti, 1768) (N=8) (Tab. 1, Fig.
3)

Occurrence in Macedonia: A widespread and relatively
common species all over the country with a scattered
distribution pattern (Sterijovski et al., 2014).

New records: Crnic¢ani village (226 m), Mavrovi Anovi
village (926 m), Mrdaja village (153 m), Sofilari village
(Kriva Lakavica river) (258 m), Sveti Naum (694 m).
Comments: During the survey, a total of seven records
were made with five records in quadrates where the oc-
currence of the species was not previously known.

Colubridae

Coronella austriaca Laurenti, 1768 (N=2) (Tab. 1, Fig.
3)

Occurrence in Macedonia: The smooth snake is a com-
mon species in Macedonia distributed across the coun-
try (Sterijovski et al., 2014).

Comments: We made two observations that only con-
firmed previously known species occurrence in the
north-eastern and south-western parts of the country.

Dolichophis caspius (Gmelin, 1789) (N=14) (Tab. 1,
Fig. 3)

Occurrence in Macedonia: This is a common snake
species in Macedonia occurring throughout the country
(Sterijovski et al., 2014).

New records: Buciste village (387 m), Leskoec village
(739 m), Naselba Damjan (480 m), Rabrovo village
(344 m), Trebenista village (725 m).

Comments: We recorded the Caspian whip snake at 14
sites; in eight quadrates we confirmed previously re-
ported observations, while five records are in new UTM
quadrates. We have observed frequent cases of road
kills in this species (53% of all finds).

Elaphe quatuorlineata (Bonnaterre, 1790) (N=3) (Tab.
1, Fig. 3)

Occurrence in Macedonia: The range of the four-lined
snake in Macedonia is distributed in two distinct parts;
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Figure 5. Localities of selected batrachofauna and herpetofauna records from Macedonia. A — Treska River Gorge near Dolna

Matka village as a habitat of Salamandra salamandra, Podarcis erhardii, Algvroides nigropunctatus and Telescopus fallax. B

Vicinity of Dojran Lake near Nikoli¢ village as a habitat of Lacerta viridis complex, Podarcis muralis, Pseudopus apodus and

Vipera ammodytes. C — New locality of Ablepharus kitaibelii near Trojaci village. D — New locality of Elaphe quatuorlineata

from Gevgelija.

the western and the central part, with most records from
along the Vardar River valley. An additional region
lies in the Ohrid and Prespa regions, where only a few
records have been reported (Sterijovski et al., 2014).
New record: Gevgelija near the Vardar River (58 m).
Comments: We recorded a new locality of the species
occurrence in the southernmost part of the Vardar River
region (Fig. 4H and 5D).

Platyceps najadum (Eichwald, 1831) (N=2) (Tab. 1,
Fig. 3)

Occurrence in_Macedonia: Platyceps najadum has
a distinct distribution in Macedonia, with most records
situated in the eastern part of the country (Sterijovski et
al., 2014).

New record: Mrzenci village (84 m).

Comments: We confirmed this species at two sites in the

south only. Mrzenci village near the Vardar River is
a new site reported from this part of the species range.
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Telescopus fallax (Fleischmann, 1831) (N=1) (Tab. 1,
Fig. 3)

Occurrence in Macedonia: The cat snake is very rare

in Macedonia, being confirmed in only eight mapping
quadrates (Sterijovski et al., 2014). Records near the
Dolna Matka village represent the northern distribution
limit for the species in Macedonia.

Comments: Our record (two observations) confirmed

species occurrence near the Dolna Matka village (Tres-
ka River Gorge), where 7. fallax was recorded only re-
cently in 2009 (Sterijovski et al., 2014). Probably the
range of this species is not yet fully known due to its
rarity with only occasional finds.

Zamenis longissimus (Laurenti, 1768) (N=6) (Tab. 1,
Fig. 3)

Occurrence in Macedonia: The Aesculapian snake be-
longs among the most common reptiles in Macedonia,
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with most of the data concentrated in the western and
northern parts of the country (Sterijovski et al., 2014).
New record: Popova Sapka (1279 m).

Comments: We recorded this species at six sites. They
well confirmed the distribution patterns of the species in
the western part of Macedonia. Our new record is from
a higher elevation in the north of the country.

Zamenis situla (Linnaeus, 1758) (N=1) (Tab. 1, Fig. 3)

Occurrence in _Macedonia: According to published
data (Sterijovski et al., 2014), the range of the species
in Macedonia is limited to the region along the Vardar
river. Considering the overall species range, occurrence
in the western part of the country cannot be excluded
(cf. Sillero et al., 2014, 2015).

Comments: We recorded the leopard snake at a single
site in the Treska River Gorge (Dolna Matka village).
This observation confirmed species occurrence in the
area ten years after the last record (Sterijovski et al.,
2014).

Viperidae

Vipera ammodytes (Linnaeus, 1758) (N=6) (Tab. 1, Fig.
3)

Occurrence in Macedonia: The nose-horned viper
belongs among the most common reptile species in
Macedonia (Sterijovski et al. 2014), with a very wide
altitudinal distribution (from sea level up to more than
2,000 m) and with a peak around 400-800 m (Jeli¢ et
al., 2013).

New record: Asamati village (878 m).

Comments: We recorded this species at six sites at alti-
tudes from 190-1,418 m; two records in new quadrate
supplement the distribution knowledge in the western
part of the country.

Conclusion

During the short field surveillance we were able to
confirm the occurrence of almost the entire batracho-
and herpetofauna of Macedonia, only seven species
were not observed (Ichthyosaura alpestris, Lissotriton
vulgaris, Rana graeca, Lacerta agilis, Hierophis gemo-
nensis, Vipera berus, and V. ursinii). On the other hand,
despite the shortness of our field work, we reported here
several significant additions and confirmations to cho-
rological data on the amphibian and reptile fauna of the
country.

New species site records are constantly being added to
the known species’ ranges, indicating that the full distri-
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bution of many of them is still not sufficiently known.
Our updates on the distribution of amphibians and rep-
tiles in Macedonia showed that limits of ranges of sev-
eral species are present there (e.g. Eryx jaculus, Xero-
typhlops vermicularis) and thus the special care should
be taken to preserve their habitats. Therefore, further ef-
forts should primarily focus, in particular, on the study
of current distribution status and potential habitats of,
e.g. Emys orbicularis, Mauremys rivulata, Mediodacty-
lus kotschyi, Pseudopus apodus, Algyroides nigropunc-
tatus, Zootoca vivipara, Ervx jaculus, H. gemonensis,
Telescopus fallax, Zamenis situla and V. ursinii, which
are considered to be extremely rare reptile species of
Macedonia (Sterijovski et al., 2014). This is also true for
all amphibian species occurring in the country because
of scarcity of recent data and only limited available cur-
rent records (e.g. Sidorovska, 2010).

As shown above, several of our data confirmed the
occurrence of many species at sites where they have
never been reported before (e.g. Pelophylax ridibun-
dus, Testudo graeca, M. rivulata, M. kotschyi, Lacerta
spp., E. jaculus, Malpolon insignitus). In the case of E.
Jaculus, our new record confirmed this rare species in
central Macedonia after more than forty years. Also in
some wide-spread and common species, like e.g. Lac-
erta viridis complex, M. insignitus, Natrix tessellata, we
were able to find additional new data that contributed to
filling the missing gaps in their distribution maps.

Historically, some species were recorded at single lo-
calities without subsequent confirmations (e.g. E. jacu-
lus near Skopje or 7. fallax near Tetovo; Radovanovic,
1964; Grillitsch and Grillitsch, 1999). The distribution
patterns of M. rivulata, P. apodus or H. gemonensis are
interesting in view of the limited records in the southern
part of the country (cf. Sterijovski et al., 2014), even
though their overall distribution in other regions of the
Balkans extends more northerly (e.g. in Croatia; see Sill-
ero et al., 2014). An explanation for this occurrence can-
not be clearly provided yet. A specific question remains
the distribution and borders of contact zones of morpho-
logically uniform species complexes detected by genet-
ics which do not allow their determination in the field
(e.g. Triturus ivanbureschi | macedonicus, Hyla arbo-
rea | orientalis, Bufo viridis | variabilis, Anguis fragilis /
graeca). We cannot precisely identify these distribution
areas here but an extensive field study in combination
with an analysis of molecular data would be necessary
for understanding the general biogeographical patterns
of batracho- and herpetofauna of Macedonia as well as
whole central Balkans.
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4.5.2 Koleska, D., Karhanek, J., Martinez del Marmol Marin, G., & Sassoé-Pognetto, M.
2018. New records of Echis leucogaster in Morocco. Herpetology Notes, 11: 655-657.

Zmije Echis leucogaster je povazovana za jednoho z nejvzacnéjsSich hadt Maroka (Spawls
& Branch, 1995; Bons & Geniez, 1996; Schleich et al., 1996). Obyva oblast zapadniho
Sahelu a nékolik izolovanych lokalit v severni Africe, v€etné Maroka. Jesté pred 20 lety byla
znama z jediné marocké lokality, kde byla roku 1963 objevena (Bons & Dakka, 1963).
Ov8em pocinaje rokem 1999 byly popisovany stale nové lokality na uzemi Maroka.
(Herrmann et al., 2000; Aymerich et al., 2004 a dalSi). Dnes je vyskyt E. leucogaster
v Maroku fragmentovany mezi mésty Agdz na severovychodé a Tiglit na jihu. NasSe prace
pfinasi popis nové lokality z okoli mésta Assa, ktera je 40 km dosud nejblize znamé lokalité
Aouinet Lahna.
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The white-bellied carpet (or saw-scaled) viper Echis
leucogaster ROMAN, 1972 is considered one of the
rarest snakes in Morocco (Spawls and Branch, 1995;
Bons and Geniez, 1996; Schleich et al., 1996). Recent
genetic studies have subdivided the genus Echis into four
main clades consisting of the E. ocellatus, E. coloratus,
E. pyramidum and E. carinatus groups (Arnold et al.,
2009; Pook et al., 2009). Within the E. pyramidum
clade, E. leucogaster inhabits the western Sahel region,
with possibly isolated populations in the Algerian
Hoggar (or Ahaggar) massif, in southern Morocco
and in Tunisia (Pook et al., 2009; Geniez, 2015). Due
to low genetic variability, it has been proposed that E.
leucogaster should be regarded as a subspecies of E.
pyramidum (Armold et al., 2009; Sindaco et al., 2013;
Geniez 2015).

Until less than two decades ago, E. leucogaster was
known in Morocco from only a single locality near
Aouinet Torkoz (presently Aouinet Lahna), where
it was discovered in 1963 (Bons and Dakka, 1963).
However, starting from 1999 observations were made
at other locations, resulting in a fragmented distribution
with three major known populations: in Aouinet Lahna,
which has been confirmed by several observations over
the years (Herrmann et al., 2000; Aymerich et al., 2004;
personal observations by M. Berroneau, T. Charlton, S.
Clerc, D. Herrero, B. Rebollo, M. Sassoe, G.J. Verspui
and M. Wilson); another one in a region located between
Agdz and Bou Azzer and extending south to Allougoum,
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which comprises the northernmost record of the species
in Morocco (Maran and Geniez, 1999; Aymerich et
al., 2004; Escoriza et al., 2009; Pook et al., 2009); and
in the Zemmour region near Amgala, which is known
from only one dead individual and may be contiguous
with populations in northern Mauritania (Aymerich

Figure 1. Photographs of the two Echis individuals found near

Assa. (A) juvenile. (B) male.
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et al., 2004). More recently, a juvenile E. leucogaster
has been found near Tata, suggesting that there could
be a continuous distribution between the population of
Aouinet Lahna and that of Agdz along the Draa valley
(Martinez del Marmol and Rebollo Fernandez, 2012).
In support of this idea, we report here two novel
observations of the species near the town of Assa. A
juvenile specimen (approximately 20 cm in length) of
E. leucogaster was located at the southern exit of Assa
(28.58°N 9.41°W) on May 5, 2017 (Fig. 1 A). The snake
was found active at night in a dry river bed with sparse
vegetation forming potential shelter (Fig. 2). Another
individual, a male of approximately 45 cm in total length,
was spotted in the same area inside a small bush on the
night of September 28, 2017 (Fig. 1B). The habitat in
which the vipers were found is bordered by plantations,
which corresponds with previous records of this species
(see Martinez del Marmol and Rebollo Fernandez,
2012). Other reptiles and amphibians observed in the

Daniel Koleska et al.

surroundings include Chalcides ocellatus, Ptyodactylus
oudrii, Stenodactylus mauritanicus, Tarentola boehmei,
and Pelophylax saharicus and Sclerophrys mauritanica
in a nearby water pond.

This novel locality of E. leucogaster is located 40 km
east of the well-known population of Aouinet Lahna.
The species has been recorded further down the Draa
valley, south of Tiglit (Aymerich etal., 2004), suggesting
that its distribution embraces the lower course of the
Draa river. This region is found within an area of high
occurrence probability as predicted by niche modelling
analysis (Escoriza et al., 2009; Brito et al., 2011). North
of Assa, the closest locality in which the species has
been recorded is Tata at 200 km (Martinez del Marmol
and Rebollo Fernandez, 2012), which is halfway from
the populations situated west of Agdz (Fig. 2). Further
exploration is needed to understand whether the lack
of data in intermediate areas between these localities is
due to poor sampling or rather reflects a fragmentary

@® known locations

new record

Figure 2. Summary of the known distribution of Echis leucogaster in Morocco. Black dots indicate known localities, based on
published reports (see text). The site of the new observations near Assa is marked with a white dot. The inset shows the habitat

where the two individuals were found.
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distribution of the species in isolated populations.
Similarly, it will be interesting to establish whether the
Moroccan populations of E. leucogaster are connected
to those of the Sahel or whether they should be regarded
as relict populations. Genetic analyses have indicated
that Moroccan Echis are very closely related to those
found in southern Mauritania, suggesting that these
populations either have a continuous distribution or have
been separated in recent times (Escoriza et al., 2009). A
better knowledge of the distribution of E. leucogaster
in Morocco is required for predicting factors that may
negatively impact the survival of its populations under
scenarios of climatic and environmental changes (Brito
etal., 2011).

One factor that may influence the distribution of E.
leucogaster in Morocco is the interaction with other
viperids (see for example Herrmann et al., 2000). The
southwestern part of Morocco in which Echis has been
found is an environmental transition zone with potential
sympatry of five distinct species of vipers (Brito et al.,
2011). Indeed, Cerastes cerastes has been found (e.g.
two adult individuals observed by M. Sassoe in May
2017) at sites near Aouinet Lahna where Echis has
also been recorded. Moreover, coexistence between
C. cerastes and Daboia mauritanica has been reported
in the vicinity of Aouinet Lahna (Martinez-Freiria et
al., 2016), suggesting that three species of vipers with
distinct biogeographical affinities occur in sympatry in
the same region. Fieldwork is needed to determine how
these species partition habitat resources in this contact
zone.
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4.6 Parazitologie

4.6.1 Jablonski, D., Koleska, D., Goldberg, S. R., & Bursey, C. R. 2017. Two new
records of ascarid parasites observed in snakes (Colubridae) of Albania. Ecologica
Montenegrina, 11: 20-22.

Ackoli herpetofauna Evropy, potazmo Albanie, je pomérné dobfe popsana (Mizsei et al.,
2017; Speybroeck et al., 2020), o parazitofauné plazi mnoho informaci publikovano neni
(Jablonski et al.,, 2015). Vtéto praci predkladame nalezy dvou druhl endoparazitl
(Nematoda) - Ophidascaris schikhobalovi u Stihlovky balkanské (Hierophis gemonensis) a
Hexametra quadricornis u skvrnovky koCiCi (Telescopus fallax) z Albanie. U O.

schikhobalovi se jedna o vlbec prvni nalez z Evropy.
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While the terrestrial reptile fauna of Albania is well described (Mizsei et al. 2017), information about the
diversity of helminth parasites in these reptiles are poorly known (Jablonski et al. 2015). Forty species of
reptiles occur in Albania including 17 species of snakes. Snakes are well known as hosts for intestinal
parasites with a number of different parasite groups recorded (Baker 1987).

Herein we present records of parasites collected during our research work in Albania in 2015 (Fig.
1A). These parasites were collected in two snake species of the family Colubridae — Hierophis gemonensis
(Laurenti, 1768) and Telescopus fallax (Fleischmann, 1831). Both species are common snakes in
Mediterranean parts of Albania but exhibit different ecology and life histories (Mizsei et al. 2017). For
example H. gemonensis is diurnal and feeds on lizards and small mammals, 7. fallax is nocturnal feeding
mainly on geckos or other small lizards (Kreiner 2007).

First record consists of: one H. gemonensis (adult male, total length 910 mm) found on 9 June 2015
near Zogaj village (42.06921°N, 19.41103°E, 30 m elevation, WGS84). The second record was a 7. fallax
(adult female, total length 825 mm) found on 20 September 2015 close to Skuraj village (41.69926°N,
19.76684°E, 29 m elevation, WGS84). Both snakes were fresh road-kills (Fig. 1B, C) found in the
Mediterranean areas. The body cavity of both specimens was opened in the field and the digestive tract was
removed. The esophagus, stomach, small and large intestine and lungs were opened and visually examined
for helminths. Six and three Nematoda individuals were found in the small intestine of the first and the
second snake, respectively. The Nematoda were fixed in 70% ethanol and were sent to CRB at the
Department of Biology, Pennsylvania State University to determine the species. The specimens were cleared
in a drop of glycerol and studied using a compound microscope. These Nematoda were identified based on
Sprent (1978, 1988) and Anderson et al. (2009) as Ophidascaris schikhobalovi (Mozgovoy, 1950) from H.
gemonensis and Hexametra quadricornis (Wedl, 1861) from T. fallax. These Nematoda were subsequently
deposited in the Harold W. Manter Museum, University of Nebraska at Lincoln, USA (voucher numbers
HWML 110054 for O. schikhobalovi and 110055 for H. quadricornis, respectively).

Ophidascaris schikhobalovi originally described as Amplicaecum schikhobalovi by Mozgovoy
(1950) is known from a variety of snakes and lizards including representatives of the Colubridae:
Hemorrhois (as Coluber) ravergieri, Elaphe dione; Natricidae: Natrix natrix, Natrix tessellata; Elapidae:
Naja oxiana; Viperidae: Macrovipera (as Vipera) lebetina; Agamidae: Phrynocephalus mystaceus and
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Lacertidae: Eremias velox from Central Asia and Russia (Baker 1987). It should be noted that Sprent (1988)
suggested O. schikhobalovi as a synonym of O. excavata Hsu and Hoeppli, 1931, however he was unable to
verify synonymy based upon different spicule to body length ratio reported in the original descriptions.
Sharpilo (1976) considered the host list for O. schikhobalovi to contain N. natrix, N. tessellata, E. dione and
H. ravergieri. Sprent (1988) suggested that other species, i.e., O. najae, occur in elapid snakes of Asia; O.
excavata in terrestrial reptiles of Asia. Ophidascaris schikhobalovi in H. gemonensis is a new host record.
Albania is a new locality record and the first country in Europe where this parasite was recorded.

Hexametra quadricornis is widespread and has been reported from snakes (Colubridae, Elapidae,
Typhlopidae, Viperidae) and lizards (Agamidae, Lacertidae) from southern Europe, Africa, Asia, Oceania
and Russia (see Baker 1987). Hexametra quadricornis was previously reported in 7. fallax from Bulgaria by
Biserkov (1995). Albania is a new locality record for H. quadricornis. Additional parasitological research is
needed to ascertain the diversity of the parasites in the reptiles of Albania.

Al

Kosovo N

Republic of
Macedonia

Figure 1. A — the map of Albania with records of Ophidascaris schikhobalovi (yellow star) and Hexametra
quadricornis (orange star) collected from Hierophis gemonensis (B) and Telescopus fallax (C), respectively.
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4.6.2 Koleska, D., Svobodova, V., & Husak, T. 2016. Larva of the tick Ixodes ricinus
found attached in the oral cavity of a green lizard (Lacerta viridis). Herpetological
Bulletin, 138: 34-35.

V €ervnu roku 2015 jsme pozorovali u dospélého samce jestérky zelené (Lacerta viridis)
larvu klistéte obecného (Ixodes ricinus) uchycenou v ustni dutiné. Jedinec byl zpozorovan
pobliz vinice Sobes (Znojmo) pfi vyhfivani na okraji borového lesa a kamenitého svahu nad
frekventovanou cyklostezkou. Pfi zbézné prohlidce jedince jsme si v8imli ¢erného bodu
v tlamé, coz se ukazalo jako larva klistéte obecného. K naSemu pfekvapeni byla pevné
pfisata a po extrakci z dutiny ustni jevila znamky Zivota. Klistata se zpravidla snazi najit na
téle hostitele misto, kde je mala pravdépodobnost, Ze se jich hostitel zbavi. U jeStérek je to
zpravidla v prostoru za pfednima noham a kolem usniho otvoru (Nelson et al., 1975).
Klistata jsou schopna prezit i delSi dobu ve vodnim prostfedi, dokonce i v prace na prani
pradla (Carroll, 2003). Nékteré druhy kliStat jsou schopné vyuzit i kyslik pfitomny ve vodé a
prezit tak i nékolik dni (Fielden et al., 2011).
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The Green lizard (Lacerta viridis) is a member of the
family Lacertidae and is widely distributed throughout the
central and south-eastern part of Europe from southern
Greece up to central Germany and Poland (Sillero et al.,
2014). This species inhabits mostly lowland south-facing
slopes and prefers xerothermic areas with rather sparse
vegetation. The Castor bean tick (Ixodes ricinus) is a
common parasite of reptiles or other smaller vertebrates
distributed from northern Africa to Scandinavia and from
Ireland to central Russia (Gern & Humair, 2002). This note
reports an /. ricinus larva found attached to the mucous
membrane inside the oral cavity of L. viridis. Such a case
has not been previously reported.

On 13 June2015around 12:00hlocal time, one of us (DK)
found an adult male of L. viridis near the Sobes vineyards,
Znojmo, southern Czech Republic. The individual was
found basking on the border of a sparse pinewood and
a low rocky slope near a busy cycle path (48.81669°N,
15.97550°E; 300 m a. s. 1.) in the Dyje river valley. After
capturing the individual, it was closely inspected. During
manipulation of the lizard it demonstrated some defensive
behaviour including defecation, attempts to bite and
opening the mouth as a threat. With the individual’s mouth
open we noticed asignificant dark spot inside its oral cavity
(Fig. 1A). This spot proved to be an /. ricinus larva firmly
attached to the lizard’s mucous membrane (Fig. 1B). After
removing the . ricinus larva it proved to be alive and
moving. Together with this larva we observed several more

on the lizard’s body, mainly around its forelimbs. As far as
our knowledge goes, observation of /. ricinus parasitizing
inside an oral cavity of a lizard has not been previously
reported.

The distribution of ticks on their host’s body seems
to be mainly determined by finding a suitable spot with
minimal disturbance (Nelson et al, 1975). The ticks
seem to choose spots with thin skin providing more firm
attachment (Bauwens et al., 1983). Ticks are usually found
on a lizard’s body around forelimbs, arm-pits and sides of
their heads. These spots also offer ectoparasites to be partly
protected from being scratched off by their host or being
brushed against vegetation. The mucous membrane of oral
cavity seems a very unusual spot for ticks to attach to. We
assume this was a rather rare case with very poor chances
of the tick’s successful survival.

However, all stages of ticks are able to survive in extreme
environmental conditions. The oral cavity is a wet and
low oxygenated place. Although ability of anaerobic
respiration of ticks has not been reliably proven yet, there
are reports of resistance to hypoxia and anoxia (Fielden et
al., 2011). It was also reported, that some ticks are able to
survive quite a long time e. g under water or even in the
automatic washing machine (Cangado et al., 2006; Carrol,
2003; Smith, 1973). Fielden et al. (2011) reported that the
American dog tick (Dermacentor variabilis) is able to
utilise dissolved oxygen in the water. Oxygen is obtained
via a plastron formed by the complex spiracular plates.

Figure 1. L. viridis male with an /. ricinus larva attached to its mucous membrane. A — wider view with noticable dark stain inside
lizards oral cavity. B - close up view with a detail of /. ricinus larva.
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Larva of the tick /Ixodes ricinus found attached in the oral cavity of a Lacerta viridis

However, even with the plastron disabled or in water with
very low oxygen content, D. variabilis can still survive for
several days. Mihalca et al. (2012) report the European
pond turtle (Emys orbicularis), a predominantly aquatic
species, as a host of 1. ricinus.

Lizards play an important role in the life cycle of
1. ricinus (Dantas-Torres, 2015; Foldvari etal., 2009). Their
infections by ticks is currently being investigated because
of the large number of tick-borne diseases potentially able
to affect humans (e. g. Gryczyiiska-Semiatkowska et al.,
2007, Majlathova et al., 2013). Many tick-borne diseases
have shown a significant increase in parts of Europe in the
last two decades (Jones et al., 2008) and therefore any new
observations might have value.
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5 Diskuze

Druhova bohatost naSi planety celi vaznym hrozbam. Plazi a obojZivelnici jsou
nejohrozenéjSimi skupinami obratlovcl a jejich vyznam pro fungovani terestrickych i
akvatickych ekosystému je zasadni (IUCN, 2021). Globalizace svéta, neustale rostouci
lidska populace a potfeba prostoru pro zemédélskou padu, intenzivni chemizace nebo
plishova onemocnéni zahnala mnoho druhl plazd a obojzivelnikl na pokraj vyhynuti,
desitky druhu byly jiz nenavratné ztraceny. Hledani pfic¢in a pfedevSim zpusobd, jakymi Ize
tento trend zvratit i alespon zmirnit je problematikou, kterou se zabyvaiji odbornici na vSech
urovnich. Zakladnim pozadavkem pro uc€innou ochranu organismd je komplexni
porozumeéni mechanismu ztraty biodiverzity, ekologickym potfebam jednotlivych druht a

také tomu, jak tyto druhy reaguji na nastavajici zmény (Gilman et al. 2010).

5.1 Morfologie a malformace u obojzivelniku

Kromé hlavnich pfi€in poklestu v populacich obojzivelniku, jako jsou ztrata habitatu,
klimatickd zména, znecisténi, obchod s volné Zijicimi druhy zvirat ¢i infek&ni onemocnéni,
je jednou z nich i relativné nové pozorovany zvySeny pocCet malformaci. Jejich pfiiny nejsou
vzdy zcela objasnéné (Ouellet, 2000) a mohou byt souborem nékolika synergicky
pusobicich faktor(, jako jsou znecisténi prostiedi pesticidy (Ouellet et al.,1997; Lannoo,
2008), UV-B zareni Blaustein et al. (1997), infestace parazity (Johnson et al., 1999; Johnson
et al., 2002; Kiesecker, 2002). Nelze vS8ak opomenout mozny vznik i kvuli pfedchozimu

pokusu o predaci (Ballengeé & Sessions, 2009).

Popsali jsme nékolik pfipadt malformaci u Zab. U skokana zeleného (P. cl. esculentus) se
jedna o tzv. anophthalmii, kdy dochazi k nedostateCnému ci uplnému nevyvinuti oka.
Pozorovany jedinec z malého jezirka v obci Pacov na Vysoc€iné mél uplné nevyvinuté oko
na levé strané (Holer & Koleska, 2018). Jedinec byl jinak ve velmi dobrém stavu, coz
naznacuje, Zze mu malformace nebranila v normalnim shanéni potravy. U stejného druhu
byla pozorovana i malformace zadni koncetiny u juvenilniho jedince na lokalité Horni
Radoun, rovnéz na VysoCiné. Na koncetiné byly zkraceny kosti calcanius a talus
s pritomnosti jediného prstu (Koleska & Holer, 2018). U kunék zlutobfichych (B. variegata)
jsme pozorovali dva jedince s malformacemi na zadnich koncetinach na dvou lokalitach
v Albanii a Rumunsku (Koleska & Jablonski, 2016). Pokazdé se jednalo o jednoho jedince

z lokality. U stejného druhu jsme pozorovali 6 jedincl s malformacemi na dvou lokalitach
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(Rujiste a VisocCica) v Bosné a Hercegoviné (Koleska & Zimi¢, nepublikovana data). Na
lokalité Rujiste probihal batrachologicky prizkum, v ramci kterého bylo odchyceno 117
jedincl. 5 z nich mélo néjakou formu malformace koncetiny, coz ¢ini 5,85 % pfipadu v
populaci. VSechna tato pozorovani spojuje fakt, ze jedinci byli v dobrém zdravotnim a
nutricnim stavu. Malformace je tedy zfejmé neomezovaly pfi obstaravani potravy. PfiCinu
téchto pfipadl malformaci nelze s jistotou urcit. Nicméné v literatufe je dobfe popsan princip
vzniku nékterych malformaci zplsobenych parazity, ktefi obojzivelniky vyuZzivaji jako
mezihostitele. Malformace koncetin parazitované obojzivelniky zpomaluji ¢i jinak omezuiji
v pohybu a tim zvySuji pravdépodobnost, Ze dojde k predaci a parazit se dostane do téla
definitivniho hostitele, kterym byva zpravidla ptak, do jehoZz jidelniCku obojzivelnici pfirozené
patfi. Takovy parazit pak maze populaci postihovat az v 90 % pfipadd v ramci jedné
populace (Johnson et al., 2002; Blaustein & Johnson, 2003). Vzhledem k tomu, Ze jsme u
zadného ze zmiflovanych pfipadd nezaznamenali vyraznéjSi omezeni pohybu a jedinci byli
v dobrém stavu, povazujeme moznost zpusobeni malformaci parazity za
nepravdépodobnou, ackoli vyloucit ji nelze. Vzhledem k charakteru malformaci je
vyskytu kunék byly v dobé prizkumu pIiné exponované bez zastinéni vodni hladiny a
v pfipadé lokality RujiSte probihala v bezprostfedni blizkosti stavba silnice. Nicméné bez

dal8iho vySetfeni nelze presnou pfi¢inu vzniku urcit.

5.2 Malformace a rust u plazu
5.2.1 Malformace u plazu

S rozliénymi malformacemi se muzZeme setkavat i u plazi. Nékteré druhy disponuiji
schopnosti kaudalni autotomie, ktera jim slouzi jako antipredacni strategie. Tuto strategii
vyuziva pomérné velké mnozstvi druhl plazu, ale i nékterych ocasatych obojzivelnikl (napf.
Lynn, 1950; Macat et al., 2015). Pfi napadeni dojde k ,dobrovolnému®“ odvrzeni ¢asti ocasu,
ktery ma za ukol nalakat predatora a umoznit tak svému byvalému majiteli uték do bezpedci.
Ocas se oddéluje v pficnych zénach lomu, které vedou napfi€¢ obratlovym centrem a
neuralnim obloukem. Nasledné dochazi k regeneraci tkané a opétovnému rustu ocasu. Cely
proces vyborné a jednoduse shrnul Ro¢ek (1996). V pfipadé, Zze se ocas neoddéli uplné a
zUstane Casti pfichycen k puvodnimu ocasu, maze dojit k zahajeni procesu regenerace a
rastu nové vétve (pfip. vétvi) pfi zachovani té pavodni (Dudek & Ekner-Grzyb, 2014).
K procesu tvoreni viceCetnych malformaci ocasu dochazi pfi naruSeni michy v ocasu napf.
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pfi zranéni drtivého charakteru disledkem predace (Bateman & Fleming, 2009). Pfipady se
dvéma vétvemi jsou nazyvany bifurkace, se tfemi trifurkace atd. Pfi naSich prizkumech jsme
narazili na nékolik zajimavych pfipadd malformaci ocasu u riznych druhu jestérd. Prvnim
z nich byla trifurkace ocasu u dospélého samce pajestérky dalmatské (A. nigropunctatus) v
okoli obce Dedaj v jihozapadni ¢asti Kosova (Koleska & Jablonski, 2015). Plvodni ¢ast
ocasu byla zcela oddélena a v misté oddéleni vyrustaly tfi rzné dlouhé vétve (30, 15 a 10
mm). K oddéleni ocasu tedy zifejmé doSlo po drtivém dopadu, pravdépodobné po utoku
predatora. Jedinec nejevil Zadné dalSi znamky poranéni. DalSim pfipadem byla bifurkace u
gekona Asaccus gallagheri ze Spojenych Arabaskych Emiratd. Ve Wadi Shawkah jsme
pozorovali samce s rozdvojenou $SpiCkou ocasu (Koleska, 2018). Gekoni tohoto druhu
obyvaji skalni stény s Cetnymi puklinami. O vhodna stanovisté mezi sebou samci svadéji
souboje. Vzhledem k charakteru bifurkace a jeji lokalizaci na konci ocasu proto
predpokladame, Ze vznikla v disledku vnitrodruhové agrese. A. gallagheri nicméné
nevytvafi husté populace jako jiné druhy (Gardner, 2013). Tretim pfipadem je bifurkace
ocasu u Cukvaly zavalité (Sauromalus ater), kterou jsme pozorovali v chovném zazemi
Zooparku Zajezd (Koleska et al., 2017b). Zvife pochazelo z importu, bylo jizZ odchyceno
s rozdvojenym ocasem. V dobé obdrzeni zasilky importu bylo jiz ve velmi Spatné vyzivové
kondici, ne v8ak vinou malformace. Nejevilo zadné dal$i znamky poranéni. Ctvrtym
pfipadem je vicenasobna malformace ocasu u leguana jedlého (téz chutného, Iguana
delicatissima) z ostrova Petite Terre, Guadeloupe (Koleska & Jablonski, 2018). Pozorovan
byl nedospély jedinec s ocasem rozdélenym na celkem 4 vétve — 3 z nich byly pomérné
dlouhé, 1 kratSi s tupym zakon€enim. Jako dokladovy material slouzila fotografie pofizena
pozorovateli. VSechny pfipady byly u téchto druhl popsany vibec poprvé. Ackoli Bateman
& Fleming (2009) udavaiji, Ze viceCetné malformace ocasu se neobjevuji u ¢eledi Iguanidae,
noveéjsi pozorovani, v€etné téch nasich, toto tvrzeni vyvraci (napf. Hayes et al., 2012;
Koleska et al., 2017b; Koleska & Jablonski, 2018; Mata-Silva et al., 2010, Mata-Silva et al.,
2013). Nova revize téchto malformaci urcila, Zze malformace ocasu se vyskytu;ji pfiblizné u
3 % jestéra (Barr et al., 2020). Z hlediska konkrétniho jedince muze byt velmi nepraktické
mit dva (nebo vice) ocasy misto jednoho. Takova malformace muze mit vyznamny vliv na

lokomoci i na reprodukéni uspésnost.

5.2.2 Rast plazt

Plazi jsou jako ektotermni organismy (spole¢né s rybami a obojzivelniky) povazovani za

skupinu s neukon€enym rustem (napf. Kozlowski, 1996; Stamps et al., 1998). Lze vSak
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skute¢né toto tvrzeni zevSeobecnit na celou skupinu plazi? Rustové ploténky se na
dlouhych kostech nachazi v oblastech metafyzy, tedy mezi koncovymi epifyzami a stfedni
Casti (Marjit, 2016). Déli se na tfi vrstvy — zonu s pomalu mnozicimi se chondrocyty,
proliferativni zonu s rychleji se mnoZzicimi chondrocyty a hypertrofickou zénu, ktera obsahuje
velké nemnozici se chondrocyty. Ztrata funkce rlstovych plotének pfichazi se zvySujicicm
se vékem po dosazeni pohlavni dospélosti. Tento proces se nazyva starnuti rastovych
plotének (Marino et al., 2008). Nasledkem starnuti ristovych plotének dochazi k osifikaci
epifyzy. Kostnata epifyza se nezavisle vyvinula u vétSiny skupin dnesnich obratlovcu
(Teleostei, Anura, Lepidosauria, Aves a Mammalia). Jedna se tak o dobry pfiklad
konvergentni evoluce (Dollo, 1884; Haines, 1942, 1969; Carter et al., 1998; Geiger et al.,
2014). Autofi zabyvaijici se pretrvavanim rastovych chrupavek u plaz( i po dosazeni
pohlavni dospélosti tento fakt povazovali za dikaz neukonéeného rustu. Vyzkumné prace
zabyvaijici se varany ale pfinesly dikazy o tom, Ze u nékterych druhtd s mensim vzristem
ristové ploténky v pozdéjSim véku zanikaji (de Buffrénil et al., 2008; Frydlova et al., 2017).
U vétSich druhd varant pretrvavaji az do velmi pokroc€ilého véku a zanikaji u velmi starych
jedincl (ve studii 23-lety Varanus indicus, coz je na tento druh extrémné vysoky veék).
Casteéna degradace nékterych zoén rastovych plotének v8ak nemusi znamenat nevratné
zastaveni rastu. Zachovani rastovych plotének i v pokrocilém véku u velkych druhd varant
autofi spojuji s tlakem na pohlavni vybér, kdy jsou jedinci s velkym télesnym ramcem
umoznily analyzovat pfetrvavani rastovych plotének i u dalSich skupin plazt. Zaméfili jsme
se na nadceled Iguania, konkrétné skupiny Pleurodonta (,leguani“) a Acrodonta (agamy a
chameleoni). Tyto dvé skupiny prosly konvergentni evoluci. Vzorky poskytli soukromi
chovatelé a zoologické zahrady. Celkem jsme zanalyzovali 151 kosti agam (38),
chameleonu (46) a ,leguand® (67). Analyza metodou uCT ukazala, u vétSiny vzorku ze
skupiny Acrodonta byly ristové ploténky zachovany i do pokrocilejSiho véku (az na skute¢né
letité vyjimky). U skupiny Pleurodonta bylo schéma jiné — vétSina vzorku byla bez rlistovych
plotének, které byly zaniklé, a to i u jedincu, ktefi nedosahli maximalni délky (70 %). Toto
bylo patrné pfedevSim u menSich druhu, jako jsou anolisové. U vétSich druhu (Cyclura,
Iguana) byly rlstové ploténky zachovany i u dospélych jedincu, coz koresponduje s vysledky
ziskanymi od varanu. Vysledky tak vyvraceji ,univerzalnost® tvrzeni o neukonéeném rastu u
plazi. Minimalné u nékterych skupin toto tvrzeni neplati a je nezbytné upravit nas pohled
na koncept rustovych strategii u plazi. Ostatné, neni tomu tak dlouho, co jsme za zvifata

s neukon&enym rustem povazovali slony (Jarman, 1983; Lindeque & Vanjaarsveld, 1993).
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5.3 Vyuziti molekularni genetiky v analyze
potravnich preferenci

Béhem herpetologické expedice vroce 2016 jsme nalezli Cerstvé zabitého jedince
ploskolebce z druhového komplexu Gloydius halys (Wagner et al., 2016) pobliZ obce Jeti-
Ogliz ve vychodnim Kyrgyzstanu. Zabity jedinec nejevil Zadné vyznamné znamky poranéni.
Nicméné lokalita nalezu byla hojné vyuzivana k paseni dobytka, proto se domnivame, zZe
byl had zamérné ubit jako prevence ustknuti. BEhem ohledani kadaveru jsme zjistili, Ze ma
v bfisni dutiné ¢astecné stravenou kofist. Po vyjmuti z bfisni dutiny bylo jasné, Ze se jedna
o zastupce rodu Eremias. Jeho télo bylo jiz CasteCné stravené a znemoznovalo tak jistou
identifikaci na zakladé vnéjSich znaku. Na zakladé ¢astecné viditelného barevného vzoru a
distribu¢nich dat jsme pfedpokladali, Ze se jedna o druh E. stummeri, nicméné jisti jsme si
byt nemohli. Z kadaveru jsme tedy odebrali vzorek tkané a ulozZili do 96% ethanolu.
Nasledna geneticka analyza na Univerzité Jana Amose Komenského v Bratislavé nasi
domnénku potvrdila. Vysledek byl porovnan se sekvenci E. stummeri z Kazachstanu
z databaze GenBank a potvrzen s 99% pravdépodobnosti. Ploskolebci rodu Gloydius bézné
lovi mensi teplokrevné obratlovce, nicméné u mensich jedinct nepresahujicich délku 40 cm
jsou dolozena pozorovani predace plazli, napf. pravé jeStérek rodu Eremias. Jsou vSak
znamé i pripady predace na bezobratlych, pfedevSim rovnokfidlych (Lesnyak, 1964;
Yakovleva, 1964; Bogdanov, 1970; Joger & Stumpel, 2005). Pfima pozorovani predace jsou
z hlediska praktického vyuziti velmi neprakticka a invazivni metody analyzy potravy u
chranénych druht jsou pfinejmensim neetické. Analyza obsahu gastrointestinalniho traktu
u nalezenych Cerstvé zabitych jedincl (napf. v dusledku automobilové dopravy) tak maze
poskytnout hodnotné informace o potravnich preferencich. Molekularné-genetické metody
jsou uzite€né pfi analyze tkani, které agresivni prostredi v travicim traktu jinak rychle rozlozi.
Poznatky o potravnich preferencich konkrétnich druhi nam mohou prozradit leccos o
interakcich s jinymi druhy plazt a stejné tak objasnit sloZeni lokalni herpetofauny, kterou
bychom jinak méli pramalou $anci objevit. Podobnym zpusobem byl prof. Campbellem
nedavno popsan velmi zvlastni had Cenaspis aenigma z utrob koralovce (Campbell et al.,
2018).
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5.4 Nova distribucni data herpetofauny Evropy a
severni Afriky

V ramci herpetologického prizkumu jsme ziskali nova data o rozsifeni herpetofauny
Makedonie v roce 2016 (Uhrin et al., 2016). Podafilo se nam nalézt a zdokumentovat témér
vSechny druhy herpetofauny vyskytujici se v Makedonii, pouze 7 druhl jsme nepozorovali
(Ichthyosaura alpestris, Lissotriton vulgaris, Rana graeca, Lacerta agilis, Hierophis
gemonensis, Vipera berus a V. ursinii). Nékteré druhy maji v Makedonii severni hranici
svého aredlu (Eryx jaculus, Xerotyphlops vermicularis), proto by méla byt vénovana patfi¢na
pozornost predevSim zachovani jejich vhodnych habitatd. Z uvedenych map rovnéz
vyplyva, Zze mnoho naSich pozorovani pfineslo nové poznatky o rozsifeni nékterych druh(
(Pelophylax ridibundus, Testudo graeca, Mauremys rivulata, Mediodactylus kotschyi,
Lacerta spp., E. jaculus, Malpolon insignitus). V pfipadé E. jaculus nase pozorovani
potvrdilo vyskyt tohoto druhu v Makedonii po 40 letech. | u nékterych bézné rozsifenych
druht jsme pfinesli poznatky o jejich vyskytu na novych lokalitach (Lacerta viridis complex,
M. insignitus, Natrix tessellata) a pfispéli tak k doplnéni chybéjicich mist v jejich mapach
vyskytu. Dolozené rozsifeni M. rivulata, P. apodus a H. gemonensis takika striktné na jihu
Makedonie je zajimavé z hlediska toho, Ze jinak jsou tyto druhy v ramci Balkanského
poloostrova rozsifeny i severnéji, nez je Makedonie (Sillero et al., 2014; Speybroeck et al.,
2020). Presnéjsi vysvétleni pro tento fakt nemame a jisté bude nezbytné vénovat priizkumu

herpetofauny Makedonie bliz§i pozornost.

Maroko patfi v ramci severoafrického regionu mezi zemeé s nejvétsi biodiverzitou. RozSifeni
herpetofauny Maroka je pomérné dobfe znamo diky souhrnnym pracem z pfelomu tisicileti
(Bons & Geniez, 1996; Schleich et al, 1996), dil€im pozorovanim (napf. Barata et al., 2011;
Kane et al., 2019) i novéjSi publikaci shrnujici dosavadni poznatky (del Marmol et al., 2019).
Nicméné nékteré druhy jsou stale znamy pouze z roztrousenych lokalit bez dostatecného
poCtu pozorovani. Nase prace pfinasi nova pozorovani zmije Echis leucogaster z okoli
mésta Assa. Nami popsana nova lokalita je 40 km vychodné od nejblizS§i znameé lokality
Aouinet Lahna (Koleska et al., 2018). NejblizSi lokalita severnim smérem (Tata) je vzdalena
200 km. Zajimavé je, ze vétSinu lokalit vyskytu E. leucogaster propojuje feka Draa, nejdelsi
vodni tok Maroka o délce 1100 km. Tahne se od mésta Ouarzazate na severu, pfes mésta
Agdz a Zagora k hranicim s Alzirskem, odkud te¢e na zapad pfes mésto Tan Tan az do
Atlantského oceanu a poskytuje zmijim vhodny vIh¢i habitat s mnozstvim mensSich jezirek,

kde se drzi voda. Z hlediska uceleni znalosti o rozSifeni E. leucogaster je udoli feky Draa
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velmi zajimavé. S malym poc¢tem nalezll mlze souviset i pfevazné nocni aktivita tohoto
druhu. Geneticka analyza vzorkl E. leucogaster z Mauritanie a Maroka naznacuje, ze jsou
si blizce pfibuzné. Lze tedy pfedpokladat, ze v této oblasti maji zmije souvisly vyskyt nebo

se evolucné oddélily teprve v nedavné dobé (Escoriza et al., 2009).

5.5 Nova distribuéni data parazitofauny plaz

O rozsifeni parazitofauny plazd pfinasime nékolik novych informaci. Prvni je pozorovani
parazitace larvy klistéte obecného (Ixodes ricinus) v Ustni duting jestérky zelené (Lacerta
viridis) na jizni Moravé (Podyji). Toto chovani larvy kliStéte u Zivého hostitele bylo popsano
vubec poprvé. Schopnost preziti v prostfedi s minimalnim nebo Zadnym kyslikem byla
popsana V literatufe (Carroll, 2003; Fielden et al., 2011), coz potvrzuje nasi domnénku, Ze
larva byla schopna na jeStérce skute¢né parazitovat Ci se o to minimalné pokous$et. Klistata
si vSak bézné vybiraji na svém hostiteli mista s nejmens$i pravdépodobnosti odstranéni

(Nelson et al., 1975), proto tento pfipad muzeme povazovat spiSe za shodu okolnosti.

Déale jsme popsali vyskyt Skrkavky Ophidascaris schikhobalovi u Stihlovky balkanské
(Hierophis gemonensis) a Skrkavice Hexametra quadricornis u skvrnovky kocCiCi
(Telescopus fallax) z Albanie. O. schikhobalovi byla dfive popsana u Hemorrhois ravergieri,
Elaphe dione, Natrix natrix, Natrix tessellata, Naja oxiana, Macrovipera lebetina,
Phrynocephalus mystaceus a Eremias velox ve stfedni Asii a Rusku (Baker, 1987). H.
guadricornis je Siroce rozSifena a popsana u hadu (Colubridae, Elapidae, Typhlopidae,
Viperidae) a jeStéru (Agamidae, Lacertidae) z jizni Evropy, Afriky, Asie, Oceanie a Ruska
(Baker, 1987). Z Bulharska byla popsana u T. fallax Biserkov (1995). Pro oba tyto parazity
jsou to prvni zaznamy z Albanie. U O. schikhobalovi se jedna o vibec prvni nalez z Evropy.

Je tedy zfejmé, zZe vyskyt parazitu plazd by si zaslouzil vice pozornosti.
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6 Zavery

Tato zavérec€na prace je pfedlozena jako soubor védeckych praci s komentafem. Zaméfena
je na 4 zakladni oblasti — (1) morfologické anomalie u obojZivelniku, (2) morfologickeé
anomalie a rust plazd, (3) nové distribuéni poznatky o herpetofauné Balkanského

poloostrova a severni Afriky a (4) nové poznatky o parazitofauné evropskych plazu.

PFinesli jsme nové poznatky o morfologickych malformacich u plazl a obojzivelnikd u druhd,
u kterych dosud nebyly znamé. Analyzou rlstovych chrupavek pomoci metody uCT byl
vyvracen obecny predpoklad, Zze plazi maji neukonCeny rlst — u skupiny Pleurodonta v
dospélosti rustové chrupavky zpravidla mizi a dochazi k zastaveni rustu. Byla tedy
potvrzena nase hypotéza, Zze u rlznych skupin plazi bude rizné pretrvavani rustovych
plotének. Byly nalezeny nové lokality vyskytu (59) plazt a obojzivelniki v Makedonii, mezi
nimi i nejsevernégjsi vyskyt (M. kotschyi) nebo nalez po 40 letech (E. jaculus). Popsali jsme
novou lokalitu E. leucogaster v Maroku. Témito nalezy byla potvrzena hypotéza dolozeni
dosud neznamych udaju o distribuci plazt a obojzivelniki na méné probadanych lokalitach.
Byl poprvé popsan vyskyt 2 druh( parazitl (O. schikobalovi a H. quadricornis) na uzemi

Albanie, které potvrdilo nasi hypotézu.

Pokles biodiverzity v kontextu globalnich zmén krajiny a Sifeni onemocnéni je potvrzenym
fenoménem, jenz by v budoucnosti mohl ohrozit fungovani celého svétového ekosystému.
Je proto nezbytné nutné prinést veSkeré mozné poznatky o Zivoté a ohrozeni konkrétnich
skupin organismu. Plazi a obojzivelnici si jako nejohrozenéjSi skupiny obratlovcl ziskavaiji
¢im dal vice pozornosti. Poznatky o jejich biologii budou kliCové v boji za jejich zachranu.
Za naprosto zasadni povazuji ve snaze o ochranu biodiverzity popularizaci a praci s
verejnosti. Bez kladného pfistupu vefejnosti bude ochrana herpetofauny tézkym ukolem.
Diky své Cinnosti vzdélavaciho pracovnika ale vidim, Ze se situace lepSi a pfedevsim déti
maji o pfirodu kolem sebe zajem. Pevné vérim, ze tu s nami plazi i obojzivelnici jesté dlouho

vydrzi, prozradi nam mnoho zajimavého ze své biologie a nepfestanou nas fascinovat.
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