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Abstrakt

Dizertace se zabyva zejména zbarvenim (a také oSupenim) u vybranych druhti plazi a sleduje,
jaké evolucni ¢i ekologické souvislosti indikuji vlastnosti téchto povrchovych znakt. Hlavni
tematické okruhy lze zhruba rozdélit na dv€ skupiny: antipredacni signdly a efekty
partenogeneze. Dominantni metodou, pouzitou ve vétSin€ studii je vizualni modelovani. Praci
tvoti nasledujici ptipadové studie.

1) Scinkové rodu Tiligua pouzivaji v ohrozeni svlij napadné¢ modry jazyk k zastraseni
potencidlnich predatort. Zjistili jsme, Ze jazyk ma zdrovenl pomérné vysokou reflektanci
v UV spektru, tedy v barvé Casto pouzivané jestéry k vnitrodruhové komunikaci. Pomoci
vizualnich modeli jsme zjiStovali, jak modry jazyk vnimaji soukmenovci a predatofi tilikvy
(dravi ptaci). V obou vizualnich modelech se UV-modry jazyk jevi proti pfirodnimu pozadi
napadnéjsi, nez jazyk rizovy. V modelu soukmenovcii se navic jeho odstin ¢astecné prekryva
s odstiny UV-modrych skvrn, které jsou pohlavné selektovanym znakem u rtznych druht
jestérek. UV-modry jazyk tedy zifejmé pfispiva k efektivité deimatického signalu pfi
antipredacnim chovani a nelze vyloucit ani jeho ptipadnou roli ve vnitrodruhové komunikaci.

2) U gekoncika noéniho (Eublepharis macularius) jsme detekovali UV reflektanci
nepigmentovanych ploch kize. Ty tvofi na ocase, kterym gekoncici signalizuji pfi
antipreda¢nim chovani (ale i pfi namluvach), bilé plosky. To mlze byt dilezité hlavné u
mlad’at, kterd v ohrozeni exponuji Cernobilé prouzkovéani na ocase a v okoli tlamy za
doprovodu vokalizace. Jelikoz plazi vidi UV spektrum, mize ptitomnost UV slozky zesilovat
napadnost tohoto signalu. Pfipadné mezipohlavni rozdily v intenzit¢ ani rozsahu UV
reflektance se nam prokézat nepodatilo.

3) Varovna zbarveni maji pomérné omezenou paletu (Cervend, zlutd, Cerna, bild),
univerzalni a jakou roli zde hraji jednotlivé komponenty kontrastu. Pomoci eye-trackingu a
vizudlnich modelt jsme zjistili, Ze pozornost pfitahuje hlavné chromaticky kontrast.
V trichomatickém vidéni lidi, ale i tetrachromatickém vidéni ptaki je to zejména kombinace
cerveno-Cerna (na hadovi) a Cerveno-zelena (had x pozadi), zatimco u dichromatt (vétSiny
savcl) jsou to kombinace obsahujici zlutou. Aposematické vzory tedy ziejme funguji
univerzalné diky cileni na maximalni chromatické kontrasty v riznych vizudlnich systémech.

4) Partenogenetické rozmnozovani mize byt z dlouhodobého hlediska nevyhodné,
protoze geneticky uniformnim klontim schazi variabilita i moznost zbavovat se Skodlivych
mutaci. Zda je jejich kvalita horSi, jsme zjiStovali porovnadnim vyvojové stability
partenogenetickych a bisexudlnich druhti u jestérek rodu Darevskia. Zaméfili jsme se na
poruchy v symetrii oSupeni. Partenogenetické druhy nevykazovaly znamky vétsi vyvojové
nestability nez druhy bisexudlni. Obecné je vSak kvili hybridnimu pavodu partenogenii
obtizné rozlisit, zda je negativni jev dasledkem klondlniho mnozeni, nebo nekompatibility
rodicovskych genomt. V nasem piipadé se klonime spise ke druhé moznosti.

5) Absence samcii, a tedy 1 pohlavniho vybéru u partenogenetickych druhii, by
teoreticky mohla vést ke ztrat¢ napadnych znaki, pokud by klony byly schopny reagovat na
selekci k vétsi krypsi. Porovnali jsme rozsah 1 intenzitu UV-modrych skvrn u
partenogenetickych a bisexudlnich jestérek rodu Darevskia. Hodnoty partenogenti v principu
odpovidaji hodnotam bisexualnich samic. Urcité rozdily mezi jednotlivymi partenogeny jsou
pak zjevné disledkem jedine¢né kombinace rodic¢ovskych genomii u kazdého z nich.



Abstract

The PhD thesis deals mainly with the coloration (and also scalation) of selected reptile species
and explores evolutionary or ecological contexts indicated by these traits. The main topics can
be roughly divided into two groups: ‘antipredation signals’ and ‘effects of parthenogenesis’.
The dominant method used in most studies is visual modelling. The work consists of the
following case studies.

1) Blue-tongue skinks use their conspicuous blue tongues to threaten potential
predators. We found that the tongue has a relatively high UV reflectance, a typical feature of
intraspecific communication in lizards. Using visual models, we investigated how the blue
tongue is perceived by the conspecifics and predators (birds of prey). In both visual models,
the UV-blue tongue appears more conspicuous against the natural background than a pink
tongue. In addition, in the conspecifics model, its hue partially overlaps with hues of UV-blue
spots, which are sexually selected traits in various species of lizards. Thus, the UV-blue
tongue seems to contribute to the effectiveness of the deimatic display and its possible role in
intraspecific communication cannot be ruled out either.

2) We detected UV reflectance in non-pigmented areas of the skin in the Leopard gecko
(Eublepharis macularius). These form white patches on the tail, which the geckos use in both
antipredation and courting contexts. This can be important especially for the juveniles, who
expose their black-and-white striped tail and vocalize when threatened. Since reptiles see the
UV spectrum, the presence of a UV component can increase the conspicuousness of this
signal. We did not detect any significant sex differences in the intensity or extent of the UV
patches.

3) Warning coloration has a relatively limited palette (red, yellow, black, white) which,
however, occurs throughout the animal kingdom. So the question is - to what extent is this
signal universal and what role do its particular components play? Eye-tracking test compared
with visual models revealed that attention is drawn mainly by chromatic contrast. In the
trichomatic vision of humans and tetrachromatic vision of birds, it is especially the
combinations of red-black (on snakes) and red-green (snake x background). In dichromats
(most mammals), high chromatic contrasts contained yellow. Aposematic patterns, therefore,
seem to be universal, achieving maximum chromatic contrasts in different visual systems.

4) Parthenogenetic reproduction may be disadvantageous in the long term because
genetically uniform clones lack variability and the ability to get rid of harmful mutations. In
order to find out whether their quality is poorer, we compared the developmental stability of
parthenogenetic and bisexual species in lizards of the genus Darevskia. We have focused on
anomalies in the symmetry of their scalation. Parthenogenetic species did not show signs of
greater developmental instability than bisexual species. In general, however, due to the hybrid
origin of parthenogens, it is difficult to distinguish between the effect of clonal reproduction
and outbreeding depression, especially when interpreting anomalies. In this case, we incline to
the second option.

5) The absence of males, and hence absence of sexual selection, could theoretically lead
to loss of conspicuous traits in parthenogenetic species, provided they are able to respond to
natural selection for greater crypsis. We compared the extent and intensity of UV-blue spots
in parthenogenetic and bisexual lizards of the genus Darevskia. The values of parthenogens
correspond to those of bisexual females. Certain differences between the individual
parthenogens are obviously due to the unique combination of parental genomes in each clonal
species. Thus, the assumption of fading ornaments was not confirmed.



Uvod

Dizertaéni prace zkouma u vybranych druht plazl, co o svém evolu¢nim, ekologickém nebo
etologickém kontextu prozrazuji jejich povrchové znaky; zejména zbarveni, ale naptiklad i
oSupeni. Praci tvofi Ctyfi, respektive pét, ptipadovych studii, které 1ze tematicky rozdélit do
dvou okruhli. Prvnim jsou antipredacni signdly a druhym jsou disledky partenogeneze.
V ptipad¢ antipredacnich signalii je pro fadu druht klicové efektivni zastraseni ¢i odrazeni
predatora (Ruxton, Sherratt, & Speed, 2004). Dany signal vSak miize pusobit rozdiln¢ na
rizné druhy predatort v zavislosti na jejich vizualnim systému (Hart, 2002; Endler & Mielke,
2005; Troscianko et al., 2017). Prvni tfi studie se tedy zabyvaji mimo jiné tim, kdo jsou
,cilovi divaci“ napadného zbarveni, zda soukmenovci, nebo predatofi, pfipadné ktefi.
Studovanymi zivoc€ichy byli: scink druhu Tiliqua gigas, majici vyrazné modry jazyk, ktery
v ohrozeni prudce vyplazuje na uto¢nika (studie I), gekon¢ik nocni (Eublepharis macularius),
polopoustni pozemni druh se zajimavou proménou antipreda¢niho chovani béhem ontogeneze
(studie II) a koralovky (Lampropeltis), napodobujici svym vzorem jedovaté koralovce
(Micrurus) (studie III). U tilikviho jazyka a gekoniho ocasu, tedy na mistech aktivné
exponovanych, ocitne-1i se dany zivo€ich v ohroZeni (Landova et al., 2013; Badiane ef al.,
2018), jsme zaznamenali vyraznou UV reflektanci. O UV je vSak znamo, Ze se podili na
vnitrodruhové signalizaci a podléha pohlavnimu vybéru; denni druhy jeStérd maji
tetrachromatické vidéni, citlivé na UV svétlo (Fleishman, Loew, & Whiting, 2011). Pokusili
jsme se tedy zjistit, zda Ize UV komponentu vysvétlit z funkéniho hlediska.

U aposematického vzoru hadii jsme zkoumali jeho pfipadné vyladéni na rGzné typy
vidéni. Cerveno-Eerno-zluté zbarveni je vyuZivano ve varovném zbarveni nejriizngjsich
skupin zivocicht a pro aposematiky je diilezité, aby jejich varovny signal byl co nejucinné;jsi,
a ziejmé& také co ,,nejprenosnéjsi (Ruxton et al., 2004). Testovali jsme tedy, v ¢em spociva
(luminan¢ni) kontrast, a jak se li§i vriznych vizudlnich systémech; dichromatickém,
typickém pro Selmy, a tetrachromatickém, typickém pro ptaky. Navic jsme zapojili i1 lidské
respondenty jako zastupce trichromatli a porovnavali jejich reakce z eye-trackeingu
s vizualnimi modely. Vizualni modelovani bylo ostatné zdsadni metodou ve vétSing studii.

Druhym okruhem jsou studie zabyvajici se partenogenezi a jejim piipadnym vlivem na
fenotyp Zivocicha. Klonélni rozmnozovani je v pfirod¢ vzacné a podle fady hypotéz by mélo
byt v lecCems nevyhodné. Piedpoklada se, ze partenogenetické druhy vymiraji brzo, jelikoz
jsou coby klony geneticky neménnég, a tedy neschopné se zbavovat Skodlivych mutaci a drzet
krok s adaptujicimi se patogeny a parazity (principy Miillerovy rohatky a ¢ervené kralovny;
Miiller 1964; Van Valen 1973). Pokud tedy partenogeni hife Celi podobnému stresu, lze
pfedpokladat, Ze se to n&ak projevi na jejich téle. Zaméfili jsme se tedy na asymetrie
v oSupeni, tedy na poruchy v jeho pravidelnosti, které jsme pouzili jako proxy vyvojové
stability (Mpller & Swaddle, 1997) (studie 1V). Zaméfili jsme se na komplex
partenogenetickych a bisexualnich jestérek rodu Darevskia, rozsitenych na Malém Kavkaze
(Darevsky, 1967). Podobné jako u dalSich obligatné partenogeneckych plazi, i zde vznikly
partenogenetické linie hybridizaci bisexuélnich druhG (Murphy et al, 2000). V rodu
Darevskia se na tom podilely dva druhy maternalni a dva paterndlni, jejichz vzajemnymi
kombinacemi vzniklo sedm diploidnich linii partenogenetickych (Moritz et al., 1992; Fu,
Murphy, & Darevsky, 2000). My jsme zkoumali Ctyfi, z nichz kazdd ma svou unikatni
kombinaci rodicovskych genomti.

Kromé vyvojovych poruch jsme prozkoumali i druhy aspekt souvisejici s klonalnim
mnozenim, a tim je absence samc, a tedy i1 absence pohlavniho vybéru. Jak jiz bylo feceno
vySe, UV zbarveni hraje u plazi dileZitou roli a ¢asto je soucasti pohlavné dimorfnich znakd,
zejména u jestéru. Ti neziidka disponuji jasné UV-modrymi skvrnami na bocich a biise, které



odrazeji kvalitu a dominanci samct (Fleishman et al, 2011; Pérez i de Lanuza, Font, &
Monterde, 2013). Jelikoz ndpadnost samcich a samiCich vzorG miize pozitivné
korelovat (Amundsen, 2000; Potti & Canal, 2011), je otdzka, zda nepfitomnost samcli u
partenogent ovlivni rozsah ¢i intenzitu téchto znakti. Pokud ano, lze ptedpokladat, ze
partenogeni budou selektovani pfirodnim vybérem k vétsi krypsi, coz by samo o sob¢ bylo
dokladem, ze jsou schopny navzdory genetické uniformité odpovidat na selekéni tlaky (studie
V).

Cile prace

Jadro prace tvofi Ctyii pfipadové studie. Pro dotvofeni celkového obrazu studované
problematiky je pfipojen i1 pfipravovany rukopis paté studie.

Otazka Modelovy druh Metoda
I. Jaké jsou vizualni vlastnosti Tiliqua gigas Spektrofotometrie, vizudlni
modrého jazyka tilikvy a jak modelovani

souviseji s vidénim jejich
soukmenovcti ¢i predatori?

II. Mize byt UV reflektance u Eublepharis macularius Multispektralni fotografie,
gekoncika no¢niho adaptivni? vizualni modelovani

II1. Je pro aposematické zbarveni Homo sapiens, Eye-tracking,

diilezitéjsi chromaticky ¢i Lampropelltis spp. spektrofotometrie, vizualni
achromaticky kontrast? Nakolik modelovani

univerzalné aposematicky vzor

pusobi?

IV. Vykazuji partenogenetické druhy Darevskia spp. Kvantifikace vyvojovych
znamky zhorSené kvality v disledku anomalii v meristickych
genetické uniformity? znacich

V. Mé absence pohlavniho vybéruu  Darevskia spp. Multispektralni fotografie,
partenogenetickych druhi vliv na vizualni modelovani
pestrost pohlavné selektovanych UV

znakt?



Material a metodika

Hlavni metodou, uzitou ve Ctyfech z péti studii, bylo vizualni modelovéni, tedy matematicka
aproximace toho, jak jsou konkrétni stimuly vnimany v riznych vizudlnich systémech (di-,
tri- nebo tetrachromatickém). Nejcastéji jsme zjistovali miru chromatického (barevného) a
achromatického (jasového) kontrastu a luminanci (svétlost) (Vorobyev & Osorio, 1998;
Siddiqi et al., 2004; Endler & Mielke, 2005). V dilcich piipadech jsme sledovali 1 dalsi mozné
parametry napiiklad saturaci nebo komplexitu vzoru. Vstupni data byla ziskdvana bud’
spektrofotometrickym méfenim v rozsahu 300-700 nm, nebo pomoci multispektralni
fotografie, kdy jsme pofizovali snimky zvifat ve viditelném 1 UV svétle a posléze je
analyzovali pomoci specialnich programti (TetraColorSpace, MICA toolbox, aj.; Stoddard &
Prum, 2008; Troscianko & Stevens, 2015; van den Berg et al., 2019).

Vysledky a diskuze
L. Tilikvy

Modré barva je u zastrasujicich signdlit pomérné neobvykla. UV-modry jazyk, ktery tilikvy
pouzivaji k zastraSeni uto¢nikli, se vSak jevi jako vyrazngj$i nez jazyk rtizovy (mé vyssi
chromaticky kontrast) proti tilikvé samotné, respektive proti riznému ptirodnimu pozadi. UV
tedy miZze pfispivat ke zvySené ndapadnosti, a tedy i efektu obranného signilu. UV
v kombinaci s modrou posouva jazyk do stejného barevného prostoru, v jakém jsou UV-
modré skvrny nékterych druhti jestérek. Ty jsou Casto pouzivany ve vnitrodruhové signalizaci
(indikuji naptiklad dominanci samct; Whiting et al., 2006). Samci tilikvy mohou byt vici
sob¢ znacné agresivni (Amey, Couper, & Shea, 2005), takZe neni vylouceno, ze modry jazyk
hraje roli 1 pfi vnitrodruhovych interakcich.

II. Gekoncici

Ultrafialova reflektance u gekonc¢ika no¢niho je omezena na plochy kize, které postradaji
pigmentaci. Piipadnd adaptivni vlastnost tohoto zbarveni je vSak otdzna. Nepodafilo se
prokézat zadné mezipohlavni rozdily v kvalité¢ ani kvantit¢ UV slozky zbarveni, ackoli by
knim kompetice mezi samci vést mohla (Kratochvil & Frynta, 2002). S nejvétsi
pravdépodobnosti tedy pfispiva pouze obecné k vys§imu kontrastu vzord, jejichZ je soucasti.
Ty se nachazeji zejména na ocase, ktery je dulezity pii antipredacnim chovani (Landova et al.,
2013). U juvenilt je Cernobile prouzkovany, zatimco t€lo je prouzkované cerno-zluté a UV
neodrazi. Vzhledem k jejich no¢ni ¢i soumracné aktivité je tedy cernobilé prouzkovani za tmy
ziejm¢ vyrazngj$i nez Cernozluté a tak miize slouzit k pfesmérovani pozornosti predatora na
nejméné zranitelnou Cast téla — ocas schopny autotomie. Jelikoz fada zivo¢ichli mé Cipky
citlivé na UV, coz pravdépodobné uméji vyuzivat i pfi nizkych intenzitdch osvétleni (White et
al., 1994; Roth & Kelber, 2004), mtze byt UV slozka dulezitd proto, Ze bez ni, by bilé plochy
nevypadaly ve vidéni plazi bile, a tedy tak kontrastné.

III. Koralovky

Pomoci eye-trackingu jsme zaznamenali reakce lidskych respondenti na rtizné trikolory,
vychazejici z aposematického vzoru koralovek. Porovnanim s vizudlnimi modely vyslo, ze
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barevné kombinace s vysokym chromatickym kontrastem pfitahuji pozornost ziejmé vice, nez
kontrasty achromatické. Navic se ukazuje, Ze barevny vzor kordlovky teoreticky dokaze mit
vysoky chromaticky kontrast pro vice vizudlnich systémil, pfestoze se tyto mezi sebou lisi
v rozsahu vnimatelnych barev. Pro pta¢i predatory (tetrachromaty) je dulezita pifitomnost
cervenych prouzki, které jsou ndpadné kontrastni jak vici pozadi, zejména zelenému, tak
vuci ¢ernym prouzkiim na hadovi. Dokonce se ukazuje, ze 1 prouzky, které vnimame jako
bilé, tvoii u ptakl vysoky chromaticky kontrast. Ti je totiz zfejm¢ jako bilé nevnimaji, jelikoz
pohlcuji UV svétlo. Pro predatory savei (dichromaty) zas ma zas vysoky chromaticky kontrast
prouzkovani obsahujici Zlutou. Cerveno-&erno-zluté/bilé prouzkovani koralovek a koralovcil
tedy zfejm¢ funguje jako univerzalni signal pro rizné typy predatord. Svédci pro to
behaviordlni pokusy na ptacich (Smith, 1975, 1977), v pfipadé¢ savéich vSak podobné
experimenty chybi, je tedy zadouci je otestovat.

IV. Jestérky

Z porovnani vyvojové stability mezi partenogenetickymi a bisexudlnimi druhy jestérek rodu
Darevskia vychazi, ze partenogenetick¢é druhy ziejmé netrpi zvySenou mirou asymetrii
(poruch v oSupeni). Pfesnéji feCeno, maji signifikantné vyssi hodnoty nez druhy maternélni,
avSak podobné jako druhy paternalni. Mezi né patii i D. valentini, bisexualni druh, u n¢hoz
byla zjisténa nejvyssi mira asymetrii mezi studovanymi druhy. Je tedy mozné, ze bisexualni
druhy jsou néchylnéjsi k nékterym typim stresu, naptiklad k inbreedingu, zatimco
partenogenetické druhy maji vyhodu z vysoké heterozygotnosti, kterd je disledkem jejich
hybridniho ptivodu, a klonalni mnozeni ji dlouhodob¢ udrzuje. Pro to svéd¢i 1 nékteré doklady
u ryb (Vrijenhoek & Lerman, 1982; Mezhzherin & Kokodii, 2009). Hybridita miize byt také
jednou z pfi¢in vzniku asymetrii u partenogent (tzv. outbreedingova deprese; Gharrett et al.,
1999). U negativnich znakl se tedy vlivy hybridity a klonality tézko rozliSuji. Lze vSak
predpokladat, Zze téz§i formy poruch u partenogent zkratka neprojdou tvrdou selekci
(Darevsky, 1966). Predpoklady cervené kralovny a Miillerovy rohatky se tedy nepotvrzuji.

V. Jestérky

Dosavadni vysledky svéd¢i pro to, ze absence samcii nemd na napadnost zbarveni u
partenogenetickych samic vliv. Kvantita i kvalita UV-modrého zbarveni u partenogenetickych
samic je srovnatelnd s hodnotami samic sexualnich a obecné jsou hodnoty partenogent opét
v rozmezi hodnot jejich rodicovskych druhii. Mezi jednotlivymi partenogenetickymi druhy
vSak pomérné podstatné rozdily jsou. Relativné barevné D. armeniaca a D. unisexualis se 1i8i
od nenapadnych D. dahli a D. rostombekovi. To je patrné diisledkem vlivu genomu pomérné
pestré D. valentini, ktera je paternalnim rodi¢em u prvni dvojice partenogenti. Mnohem
podstatnéjsi nez zplsob rozmnozovani se tedy jevi unikéatni kombinace rodicovskych genomt
v kazdé z partenogenetickych linii.



Zavéry

Modry jazyk tilikvy (Tiliqua gigas, studie I), ktery funguje jako deimaticky signal, odrazi
znacné mnozstvi ultrafialového svétla, coz je v ptipadé vystraznych signala unikéatni.
Vysokéd UV reflektance je sice obecnou vlastnosti sliznic, avSak v kombinaci s modrou
ma jazyk velmi obdobné optické vlastnosti jako UV-modré skvrny u jinych druhti jestért.
Ma tedy potencial fungovat jako signal ve vnitrodruhové komunikaci.

Bilé (nepigmentované) plochy klize u gekonc¢ika no¢niho (Eublepharis macularius, studie
II) podstatné odrazeji UV svétlo. JelikoZ jsou omezeny hlavné na ocas (a u juvenild i na
hlavu), ktery je vyuzivan pii antipredacnim chovani, Ize se domnivat, ze ptitomnost UV
zesiluje kontrast, a tedy i efektivitu signalu.

Naopak se nepodaftilo presvédciveé prokdzat mezipohlavni rozdily ve zbarveni, at uz
vintenzit¢ UV nebo v celkové podob¢ vzoru (s vyjimkou svétlejSich samct z jedné
populace). Nejedna se tedy o pohlavné selektovany znak.

V percepci aposematickych signalti (studie III) zfejmé hraje vyznamnéjsi roli kontrast
chromaticky, nez achromaticky.

Cerveno-¢erno-bily/zluty vzor koralovek a koralovcd je pravdépodobné vyladén jak na
vizuélni systém ptadich, tak sav¢ich predatori.. Cervena hraje duleZitou roli ve vytvareni
vysokého barevného kontrastu viici zbytku vzoru i viici pozadi u tetrachromatt, zlutd u
dichromat.

Partenogenetické jestérky rodu Darevskia (studie IV) nejevi znamky horsi kvality (vetsi
vyvojové nestability) ve srovnani s rodiCovskymi bisexudlnimi druhy. Nepotvrzuji se
tedy principy ¢ervené kralovny ¢i Miillerovy rohatky.

rodi¢ovskych genomt u partenogent.

Pti zkoumani partenogenetickych organismii hybridniho ptivodu je tfeba brat v iivahu, ze
pozorované znaky lze interpretovat jak zhlediska klonalniho rozmnozovani, tak
z hlediska hybridity, pficemz efekty obou fenoméni se od sebe tézko odd¢luji. V nasem
piipadé se nicméné zda, Zze podoba sledovanych znakii souvisi primarné s hybridizaci a
klonalni rozmnozovani jejich podobu spiSe jen konzervuje. Plati to nejen pro asymetrie,
ale 1 napiiklad 1 pro rozsah a intenzitu UV zbarveni (studie V). Hlavni vyzvou do
budoucna je tedy nalézt zplisoby, které by umoznily separovat od sebe vlivy obou
fenoménd.



Introduction

The dissertation deals with coloration (and also scalation) in selected species of reptiles and
explores how their qualities relate to the ecological or ethological contexts. The work consists
of five case studies, which can be roughly divided into two thematic groups: ‘antipredation
signals’ and ‘consequences of parthenogenesis’. As for antipredation signals, effective
deterrence of predators is crucial for many species (Ruxton et al. 2004). However, the signal
may act differently depending on the visual system of the predator (Hart 2002; Endler and
Mielke 2005; Troscianko et al. 2017). The first three studies, therefore, deal with the question
— who is the “target audience” of the signal? The model species are: skink Tiliqgua gigas,
which fiercely exposes its markedly blue tongue to predators when threatened (study I);
Leopard gecko (Eublepharis macularius), a semi-desert ground-dwelling species with an
interesting shift in antipredatory behaviour during ontogenesis (study II); milk snakes
(Lampropeltis) mimicking the pattern of venomous coral snakes (Micrurus) (study III). We
found substantial UV reflectance in the tongue of Tiligua and the tail of the gecko, i.e. in body
parts actively exposed during antipredation behaviour (Landova et al. 2013; Badiane et al.
2018). Yet, UV is known to be used rather in intraspecific communication and is part of
sexually selected coloration; diurnal lizards can see UV due to UV sensitive cones
(Fleishman, Loew, & Whiting, 2011). Therefore, we wanted to find out whether the UV
component can be explained functionally in our cases.

In the aposematic pattern of snakes, we examined its tuning to various visual systems.
Black-red-yellow coloration is widely used by various taxa and it is important for the
aposematic animals to signalize as effectively as possible, and maybe as universally as
possible (Ruxton et al., 2004). We tested what components make the signal effective, whether
it is the colour (chromatic) contrast, or luminance (achromatic) contrast, and how they differ
in various visual systems; dichromatic, typical of most mammals, and tetrachromatic, typical
of birds. We tested also human respondents on the eye-tracker a compared their reactions with
visual models. In fact, visual modelling was the dominant method in most of our studies.

The second part of the thesis is aimed on the possible effects of parthenogenesis on
animals’ phenotype. Clonal reproduction is rare in nature and should be disadvantageous for
several reasons. Parthenogenetic species are believed to die out as they are genetically
uniform and thus unable to get rid of harmful mutations or keep up with rapidly adapting
pathogens and parasites (the principle of Miiller’s ratchet and the Red Queen; Miiller 1964;
Van Valen 1973). Thus, if parthenogens are less likely to compensate for such a stress, we can
assume that it will somehow affect their body. So we focused on asymmetries in scalation
which we used as a proxy of developmental stability (Meller and Swaddle 1997) (study IV).
We focused on the complex of parthenogenetic and bisexual lizards of the genus Darevskia,
inhabiting the Lesser Caucasus (Darevsky 1967). As in other obligatory parthenogenetic
reptiles, parthenogenetic Darevskia resulted from hybridization of bisexual species (Murphy
et al. 2000). Two maternal and two paternal species contributed to the formation of the clones,
resulting in seven diploid unisexual species (Moritz et al. 1992; Fu et al. 2000). We examined
four, each having its unique combination of parental genomes.

The last study (manuscript in preparation) examines the second aspect related to clonal
reproduction - the absence of males, and thus the absence of sexual selection. As mentioned
above, UV colour plays an important role in reptiles and is often part of sexually dimorphic
traits, especially in lizards. Males have usually bright UV-blue spots on the flanks and belly,
which signal their quality and dominance. Since the conspicuousness of patterns may
positively correlate between the sexes (Amundsen 2000; Potti and Canal 2011), the question
is whether the absence of males will affect the extent or intensity of these traits in
parthenogenetic females. If so, it would mean that parthenogens can respond to natural
selection for greater crypsis, despite their genetic uniformity (study V).
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Aims of the study

The core of the work includes five case studies (four publication/submitted manuscripts and
one manuscript in preparation).

Question

I. What are the visual
properties of the blue
tongue? How is it perceived
by its conspecifics and
predators?

II. Can UV reflectance be
adaptive in Leopard geckos?

II1. What contrast is more
important in an aposematic
pattern, chromatic or
achromatic? Is the
aposematic pattern equally
conspicuous to various visual
systems?

IV. Do parthenogenetic
species show signs of
“deterioration” due their
genetic uniformity?

V. Does the absence of
sexual selection in
parthenogenetic species
affect the conspicuousness of
their UV-blue traits?

Model species

Tiliqua gigas

Eublepharis macularius

Homo sapiens, Lampropeltis
Spp.

Darevskia spp.

Darevskia spp.

Method

Spectrophotometry, visual
modelling

Multispectral photography,
visual modelling

Eye-tracking,
spectrophotometry, visual
modelling

Quantification of
developmental anomalies in
meristic characters

Multispectral photography,
visual modelling



Materials and methods

The dominant method used in four of the five studies was visual modelling, a mathematical
approximation of how specific stimuli are perceived in different visual systems (di-, tri-, or
tetrachromatic). We mostly measured chromatic (color) and achromatic (luminance) contrast
and overall luminance (Vorobyev and Osorio 1998; Siddiqi et al. 2004; Endler and Mielke
2005). In the partial experiments, we also recorded other parameters like saturation or
complexity of the pattern. Input data were obtained either by spectrophotometry in the range
300-700 nm, or by multispectral photography, taking pictures of animals in both visible and
UV spectra and then analysing them with specialized programs (TetraColorSpace, MICA
toolbox, etc.; Stoddard & Prum, 2008; Troscianko & Stevens, 2015; van den Berg et al.,
2019).

Results and discussion

I. Blue-tongue skinks

Blue colour is quite unusual in warning signals. However, the UV-blue tongue used by
Tiliqua to deter attackers appears to be more contrasting than a pink tongue (having higher
chromatic contrast) against the skink itself, or against different natural backgrounds. The UV
component therefore can contribute to higher conspicuousness and hence effectiveness of the
deimatic signal. Furthermore, the tongue’s hue partially overlaps with the hues of UV-blue
spots that certain lizard species use for intraspecific signalling (for example, they indicate
male dominance; Whiting et al. 2006). Male Tiliquas can be quite aggressive to each other
(Amey, Couper, & Shea, 2005), so it is possible that the UV-blue tongue also plays a role in
intraspecific interactions.

II. Leopard geckos

Ultraviolet reflectance in nocturnal gecko is limited to areas of skin that lack pigmentation.
However, the adaptive meaning of this colour is questionable. No sex differences in the
intensity or extent of the UV component were detected, although they might be expected due
to considerable male-male competition (Kratochvil & Frynta, 2002). Most likely, it only
generally contributes to the higher contrast of the patterns it is part of. These are found mainly
on the tail, which is important in antipredation behaviour. The juveniles are striped in black
and white, while the body is striped in black and yellow, which absorbs UV. Because of their
nocturnal or twilight activity, black-and-white striping is likely to be more pronounced in the
dark than black-yellow, so it may redirect the predator's attention to the least vulnerable part
of the body — the autotomic tail. Since many animals have UV-sensitive cones, which can
possibly act in low light condition as well (White et al., 1994; Roth & Kelber, 2004), the UV
component may be important, because without it, the white surfaces would not appear so
contrasting.

IIT Milk snakes

Using eye-tracking technique, we recorded human reactions to various tricolours based on the
aposematic coloration of milk snakes. The results from eye-tracking and visual modelling
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suggest that it is rather chromatic than achromatic contrast, which attracts most attention.
Furthermore, milk snake pattern seems to achieve high chromatic contrasts in multiple visual
systems. For bird predators (tetrachromats), the presence of red rings is important. They are
strongly contrasting against both the background (especially the green vegetation), and the
black rings on the snake. It even turns out that the rings we perceive as white have high
chromatic contrast in birds. They are probably not perceived as white, since they absorb UV
light. In mammalian predators (dichromats) the high chromatic contrast is rendered with
yellow. Red-black-yellow/white rings of milk snakes and coral snakes therefore seem to act as
a universal signal for different types of predators. This is supported by behavioural
experiments on birds (Smith 1975, 1977), though, similar studies on mammals are lacking,
and therefore it is desirable to test them.

IV. Lizards

Our comparison of parthenogenetic and bisexual lizards of the genus Darevskia suggests that
parthenogenetic species apparently do not suffer from an increased developmental instability.
More precisely, they have significantly more asymmetries than maternal, but not paternal
species. The latter include D. valentini, a bisexual species with the highest degree of
asymmetries among the species studied. Thus, it is possible that bisexual species are more
susceptible to certain types of stress, inbreeding, for instance, while parthenogenetic species
have the advantage of high heterozygosity due to their hybrid origin. This is supported by
some evidence in fish (Vrijenhoek and Lerman 1982; Mezhzherin and Kokodii 2009).
Hybridity can also cause asymmetries in parthenogens (so-called outbreeding depression;
Gharrett et al., 1999). Thus, for negative traits, the effects of hybridity and clonality are
difficult to distinguish. However, it can be assumed that the more severe forms of disorders
simply do not pass through hard selection in the parthenogens (Darevsky 1966). In sum, the
assumptions of the Red Queen and the Miiller Ratchet are not confirmed.

V. Lizards

Our results suggest that the absence of males does not affect the conspicuousness of
parthenogenetic females. The quantity and quality of UV-blue coloration in parthenogenetic
females is comparable to that of sexual females, and in general the values of parthenogens are
within the range of their parent species. The relatively colourful D. armeniaca and D.
unisexualis differ from the drab D. dahli and D. rostombekovi. This is probably due to the
effect of the genome of D. valentini, a relatively colourful paternal parent shared by the first
two parthenogens. Thus, the unique combination of parental genomes in each of the
parthenogenetic species appears to be far more important than the reproduction mode itself.
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Conclusions

* The tongue of Tiliqua gigas (study I), which acts as deimatic signal, reflects a
significant amount of ultraviolet light, which is an exceptional case.

* High UV reflectance is a general characteristic of mucous membranes, but in
combination with blue coloration, the tongue has optical properties very similar to
those of UV-blue patches in other lizard species. Therefore, it has also the potential as
an intraspecific signal.

*  White (unpigmented) skin areas in Leopard gecko (Eublepharis macularius, study II)
reflect UV light substantially. Because they are mainly restricted to the tail (and also
to the head in juveniles), which is used in antipredation behaviour, it can be assumed
that the presence of UV enhances the contrast and thus the signal efficiency.

* There was no convincing evidence of sex differences in colour, either UV intensity or
overall pattern (except lighter males in one population). Therefore, UV in Leopard
geckos is not a sexually selected trait.

* Chromatic contrast rather than achromatic plays a more prominent role in the
perception of aposematic signals (study III).

» The red-black-white / yellow pattern of milk snakes and coral snakes is probably tuned
to visual systems of both avian and mammalian predators. In tetrachromats, red plays
an important role in generating high colour contrast against the rest of the pattern as
well as against the background. In dichromats, high chromatic contrast is yielded with
yellow.

» Parthenogenetic lizards of the genus Darevskia (study IV) do not show signs of poor
quality (greater developmental instability) compared to parental bisexual species.
Thus, the principles of the Red Queen or the Miiller Ratchet are not confirmed.

* Asymmetries in scalation may also be due to the imperfect compatibility between
parental genomes in parthenogens.

* When investigating parthenogenetic organisms of hybrid origin, it should be kept in
mind that the observed traits can be interpreted in terms of clonal reproduction as well
as hybridity, and the effects of both phenomena are difficult to separate. However, in
our case, the appearance of the traits appears to be primarily related to hybridization
(clonal reproduction rather conserves their expression). This applies not only to
asymmetry but also to the extent and intensity of UV coloration (study V). The main
challenge for the future is to find ways to distinguish the effects of both phenomena.

12



Literatura / References

Amey AP, Couper PJ & Shea GM. 2005. Fatal intra-specific aggression in free-ranging
Blue-Tongued Lizards, Tiliqua scincoides (Scincidae). Herpetofauna 35: 73-75.

Amundsen T. 2000. Why are female birds ornamented? Trends in Ecology & Evolution 15:
149-155.

Badiane A, Carazo P, Price-Rees SJ, Ferrando-Bernal M & Whiting MJ. 2018. Why blue
tongue? A potential UV-based deimatic display in a lizard. Behavioral Ecology and
Sociobiology 72: 1-11.

van den Berg CP, Troscianko J, Endler JA, Marshall NJ & Cheney KL. 2019.
Quantitative Colour Pattern Analysis (QCPA): A Comprehensive Framework for the Analysis
of Colour Patterns in Nature. bioRxiv: 592261.

Darevsky IS. 1966. Natural Parthenogenesis in a Polymorphic Group of Caucasian Rock
Lizards Related to Lacerta saxicola Eversmann. Journal of the Ohio Herpetological Society
5:115.

Darevsky IS. 1967. Rock lizards of the Caucasus: systematics, ecology and phylogenesis of
the polymorphic groups of Caucasian rock lizards of the subgenus Archaeolacerta [in
Russian]. Leningrad: Nauka, Academy of Sciences of USSR.

Endler JA & Mielke PW. 2005. Comparing entire colour patterns as birds see them.
Biological Journal of the Linnean Society 86: 405—431.

Fleishman LJ, Loew ER & Whiting MJ. 2011. High sensitivity to short wavelengths in a
lizard and implications for understanding the evolution of visual systems in lizards.
Proceedings of the Royal Society B: Biological Sciences 278: 2891-2899.

Fu JZ, Murphy RW & Darevsky IS. 2000. Divergence of the cytochrome b gene in the
Lacerta raddei complex and its parthenogenetic daughter species: Evidence for recent
multiple origins. Copeia 2000: 432—-440.

Gharrett AJ, Smoker WW, Reisenbichler RR & Taylor SG. 1999. Outbreeding depression
in hybrids between odd- and even-broodyear pink salmon. Aquaculture 173: 117-129.

Hart NS. 2002. Vision in the peafowl (Aves: Pavo cristatus). The Journal of experimental
biology 205: 3925-3935.

Kratochvil L & Frynta D. 2002. Body size, male combat and the evolution of sexual
dimorphism in eublepharid geckos (Squamata: Eublepharidae). Biological Journal of the
Linnean Society 76: 303-314.

Landova E, Jan&ichova-Laskova J, Musilova V, Kadochova S & Frynta D. 2013.
Ontogenetic switch between alternative antipredatory strategies in the leopard gecko

(Eublepharis macularius): Defensive threat versus escape. Behavioral Ecology and
Sociobiology 67: 1113—-1122.

Mezhzherin SE & Kokodii S V. 2009. Genetic homeostasis and developmental stability in
natural populations of bisexual (Carassius auratus) and unisexual (C. gibelio) goldfishes.
Tsitol Genet 43: 50-57.

Moller A & Swaddle J. 1997. Asymmetry, developmental stability and evolution. Oxford:

13



Oxford University Press.

Moritz C, Uzzell T, Spolsky C, Hotz H, Darevsky I, Kupriyanova L. & Danielyan F.
1992. The maternal ancestry and approximate age of parthenogenetic species of Caucasian
rock lizards (Lacerta: Lacertidae). Genetica 87: 53—62.

Miiller HJ. 1964. The relation of recombination to mutational advance. Mutation
Research/Fundamental and Molecular Mechanisms of Mutagenesis 1: 2-9.

Murphy RW, Fu J, MacCulloch RD, Darevsky IS & Kupriyanova LA. 2000. A fine line
between sex and unisexuality: The phylogenetic constraints on parthenogenesis in lacertid
lizards. Zoological Journal of the Linnean Society 130: 527-549.

Pérez i de Lanuza G, Font E & Monterde JL. 2013. Using visual modelling to study the
evolution of lizard coloration: Sexual selection drives the evolution of sexual dichromatism in
lacertids. Journal of Evolutionary Biology 26: 1826—1835.

Potti J & Canal D. 2011. Heritability and genetic correlation between the sexes in a songbird
sexual ornament. Heredity 106: 945-954.

Roth LSV & Kelber A. 2004. Nocturnal colour vision in geckos. Proceedings of the Royal
Society B: Biological Sciences 271: 485-487.

Ruxton GD, Sherratt TN & Speed MP. 2004. Avoiding attack: the evolutionary ecology of
crypsis, warning signals, and .... Oxford University Press: New York, NY, USA.

Siddiqi A, Cronin TW, Loew ER, Vorobyev M & Summers K. 2004. Interspecific and
intraspecific views of color signals in the strawberry poison frog Dendrobates pumilio.
Journal of Experimental Biology 207: 2471-2485.

Smith SM. 1975. Innate Recognition of Coral Snake Pattern by a Possible Avian Predator.
Science 187: 759-760.

Smith SM. 1977. Coral-snake pattern recognition and stimulus generalisation by naive great
kiskadees (Aves: Tyrannidae). Nature 265: 535-536.

Stoddard MC & Prum RO. 2008. Evolution of Avian Plumage Color in a Tetrahedral Color
Space: A Phylogenetic Analysis of New World Buntings. The American Naturalist 171: 755—
776.

Troscianko J, Wilson-Aggarwal J, Griffiths D, Spottiswoode CN & Stevens M. 2017.
Relative advantages of dichromatic and trichromatic color vision in camouflage breaking.
Behavioral Ecology 28: 556-564.

Troscianko J & Stevens M. 2015. Image calibration and analysis toolbox - a free software
suite for objectively measuring reflectance, colour and pattern. Methods in Ecology and
Evolution 6: 1320-1331.

Van Valen L. 1973. A new evolutionary law. Evolutionary Theory 1: 1-30.

Vorobyev M & Osorio D. 1998. Receptor noise as a determinant of colour thresholds.
Proceedings of the Royal Society B: Biological Sciences 265: 351-358.

Vrijenhoek RC & Lerman S. 1982. Heterozygosity and developmental stability under
sexual and asexual breeding systems. Evolution 36: 768-776.

White RH, Stevenson RD, Bennett RR, Cutler DE & Haber WA. 1994. Wavelength

14



Discrimination and the Role of Ultraviolet Vision in the Feeding Behavior of Hawkmoths. 26:
427-435.

Whiting MJ, Stuart-Fox DM, O’Connor D, Firth D, Bennett NC & Blomberg SP. 2006.
Ultraviolet signals ultra-aggression in a lizard. Animal Behaviour 72: 353-363.

15



Zivotopis / Curriculum vitae

Narozen / Born 22.1. 1985, Praha

Vzdélani / Education

Od / Since 2011 Doktorské studium, katedra zoologie PtF UK / PhD study, Department of
Zoology, Faculty of Science, Charles University in Prague

2013 -2017 Magisterské studium, katedra dokumentéarni tvorby, FAMU / MA study,
Department of Documentary Filmmaking, Film & TV School, Academy
of Performing Arts in Prague

2010 -2013 Bakalatské studium, katedra dokumentarni tvorby, FAMU / BA study,
Department of Documentary Filmmaking, Film & TV School, Academy
of Performing Arts in Prague

2008 — 2011 Magisterské studium, katedra zoologie PF UK / MSc. study, Department
of Zoology, Faculty of Science, Charles University in Prague

2005 — 2008 Bakalatské studium, odborna biologie, PfF UK / BSc. study, Biology,
Faculty of Science, Charles University in Prague

Zahranic¢ni expedice / International expeditions

Terénni zoologické expedice v Arménii ve spolupraci s Yerevan State University (2007) a
Russian-Armenian (Slavonic) University (2007, 2010, 2012, 2019) pod vedenim prof. Eduard
G. Yavruyana.

Zoological field expeditions in Armenia in cooperation with Yerevan State University (2007)
and Russian-Armenian (Slavonic) University (2007, 2010, 2012, 2019) under supervision of
prof. Eduard G. Yavruyan.

Pedagogicka ¢innost / Teaching

Ugast na vyuce praktik Etologické metody I, Zoologie obratlovct, Morfologie Zivoéichi,
Ekomorfologie, Etologie a Sociobiologie.

Practice teaching:  Ethological methods I, Vertebrate zoology, Animal morphology,
Ecomorphology, Ethology and sociobiology

16



Seznam publikaci / Selected publications

Abramjan, A., Bauerova, A., Somerova, B., Frynta, D. (2015) Why is the tongue of blue-
tongued skinks blue? Reflectance of lingual surface and its consequences for visual
perception by conspecifics and predators. The Science of Nature (Naturwissenschaften),
102(7-8), 1-12

Holanovéa Zahradnickova, V., Abramjan, A., Palup¢ikové, K., Rehdk, 1., Frynta, D. (2017)
Discovering an Antillean Anolis (Squamata: Polychrotidae) with contrasting sexual
dichromatism in otherwise sexually monomorphic genus. Acta Soc. Zool. Bohem. 81, 31-47

Balasanyan, V., Yavruyan, E., Somerova, B., Abramjan, A., Landova, E., Munclinger, P.,
Frynta, D. (2018) High diversity of mtDNA haplotypes confirms syntopic occurrence of two
field mouse species Apodemus uralensis and A. witherbyi (Muridae: Apodemus) in Armenia.
Russian Journal of Genetics 54(6), 687-697

Abramjan, A., Frydlova, P., Suchomelova, P., Jancuchova-Laskova, J., Landova, E.,
Yavruyan, E., Frynta, D. (2019) Comparing developmental stability in unisexual and bisexual
rock lizards of the genus Darevskia. Evolution & Development, 1-13.

Abramjan, A., Baranova, V., Frydlova, P., Landova, E., Frynta, D. Ultraviolet reflectance and
pattern properties in Leopard geckos (Eublepharis macularius). Submitted to Behavioral
Ecology and Sociobiology

Abramjan, A., Zampachové, B., Radlova, S., Landova, E., Frynta, D. Snakes, ‘flags’ and
contrasts: analysing conspicuousness of aposematic pattern through eye-tracking and visual
modelling. Submitted to Biological Journal of the Linnean Society

Skalnikova, P., Frynta, D., Abramjan, A., Rokyta, R., Nekovatfova, T. Spontaneous color
preferences in rhesus monkeys: What is the advantage of primate trichromacy? Submitted to
Scientific Reports

Konferenéni prispévky / Conference presentations

Abramjan, A., Bauerova, A., Somerova, B., Frynta, D. (2015) Pro¢ maji tilikvy modry jazyk?
Reflektance povrchu jazyka a jeho vnimani soukmenovci a predatory. 42. Etologicka
konference, 4.-7. 11. 2015, Ceské Budgjovice. (prednaska/lecture)

Skalnikova, P., Frynta, D., Abramjan, A., Rokyta, R., Nekovarova, T. (2016) Spontanni
barevna preference u lidi a non-huménnich primati (Makak rhesus): Srovnavaci studie. 43.
Etologické konference, 2.-5. 11. 2016, Nitra. (poster)

Abramjan, A., Réadlova, S., Zampachové, B., Frynta, D. (2017) Role chromatickych a
achromatickych kontrastl v aposematickém zbarveni. 44. Etologickd konference, 22.-
25.11.2017, Jihlava. (poster)

17



Abstrakty praci zaclenénych do dizertace / Abstracts of studies included in the PhD thesis

I. Why is the tongue of blue-tongued skinks blue? Reflectance of lingual surface and its
consequences for visual perception by conspecifics and predators

Andran Abramjan, Anna Bauerova, Barbora Somerova, Daniel Frynta (2015)
Science of Nature (Naturwissenschaften) 102:42

Blue-tongued skinks of the genus Tiliqgua (Scincidae) are characterized by their large blue
melanin-pigmented tongues, often displayed during open-mouth threats, when the animal
feels endangered. It is not clear whether this unusual coloration is a direct anti-predation
adaptation or it may rather serve intraspecific communication, as ultraviolet-blue color is a
frequent visual signal in a number of lizard species. We used spectrophotometry and visual
modeling to compare blue tongues of Tiliqua gigas with tongues and skin coloration of other
lizard species, and to examine their appearance through the eyes of both the conspecifics and
avian predators. Our results show that (1) the tongue coloration is probably not substantially
influenced by the amount of melanin in the skin, (2) lingual and oral tissues are UV-reflective
in general, with blue colored tongues having chromatic qualities similar to UV-blue skin
patches of other lizard species, (3) UV-blue tongues are more conspicuous than pink tongues,
especially in the visual model of conspecifics. We hypothesize that blue tongues may possibly
serve as a semantic (honest) signal analogous to UV-blue skin patches of other lizard species
due to greater UV-bias in the vision of diurnal lizards. Regarding the social behavior and high
aggressiveness in Tiliqua and their relatives, such signal might serve, e.g., in intraspecific
long-distance communication between conspecifics in order to avoid aggression, and its anti-
predation effect may only be a secondary function (exaptation).

II. Ultraviolet reflectance and pattern properties in Leopard geckos (Eublepharis
macularius)

Andran Abramjan, Veronika Baranova, Petra Frydlova, Eva Landova, Daniel Frynta
Submitted to Behavioral Ecology and Sociobiology

Complex visual signaling through various combinations of colors and patterns has been well
documented in a number of diurnal reptiles. However, there are many nocturnal species with
highly sensitive vision, being able to discriminate colors in night conditions, as was shown in
geckos. Because of their sensitivity to chromatic signals, including UV, they may have
potential hidden features in their coloration, which may play role in intraspecific
communication (e.g. mate choice) or interspecific signals (e.g. antipredatory function). We
explored this hypothesis in nocturnal Leopard geckos (Eublepharis macularius), a species
using visual signals in both antipredation defense and courtship, having ontogenetic color
change accompanied by a shift in behavior. We used UV photography and visual modelling in
order to compare various aspects of their coloration (luminance, contrast, color proportions)
between sexes, age groups and populations. We found that Leopard geckos have considerable
UV reflectance in white patches on their tails (and on the head in juveniles). Though, no
prominent differences were detected in their coloration between various groups. We
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hypothesize that the limitation of UV reflectance to the head and tail, which are both actively
displayed during defense, especially in juveniles, might potentially boost the effect of
antipredation signaling.

ITI. Snakes, ‘flags’ and contrasts: analysing conspicuousness of aposematic pattern
through eye-tracking and visual modelling

Andran Abramjan, Barbora Zampachové, Silvie Radlova, Eva Landovéa, Daniel Frynta
Submitted to Biological Journal of the Linnean Society

Conspicuous aposematic colouration is typically linked to high evolutionary cost, as it makes
its bearers visible and attracts attention of potential predators. To cover for this disadvantage,
the aposematic pattern should have a deterring effect to as many possible predators as
possible. In this study, we examined the effectiveness of aposematic tri-coloured pattern of
milk snakes on visual attention of human respondents (trichromatic vision) and we modelled
the visual contrast as seen by other potential predators (di- and tetrachromats). For this
purpose, we decomposed the aposematic pattern into nine coloured triads (‘flags’) and we
measured eye movements of 34 Czech respondents using the eye-tracking camera. The results
show that the most number of fixations as well as the longest total dwell time were pointed
towards the colour boundaries with high chromatic contrast. Concurrently, results from the
visual models show that the presence of the black-yellow contrast yields a high chromatic
contrast for dichromats, while presence of red enhances vision of tri- and tetrachromats
against green background. Thus, the aposematic pattern of milk snakes consists of a balanced
mixture of hues and contrasts that makes the snakes conspicuous to a wide variety of
predators.

IV. Comparing developmental stability in unisexual and bisexual rock lizards of the
genus Darevskia

Andran Abramjan, Petra Frydlova, Jitka Jancichova-Laskova, Petra Suchomelova, Eva
Landova, Eduard Yavruyan, Daniel Frynta (2019)

Evolution & Development: 1-13

Parthenogenetic species are usually considered to be short-lived due to the accumulation of
adverse mutations, lack of genetic variability, and inability to adapt to changing environment.
If so, one may expect that the phenotype of clonal organisms may reflect such genetic and/or
environmental stress. To test this hypothesis, we compared the developmental stability of
bisexual and parthenogenetic lizards of the genus Darevskia. We assessed asymmetries in
three meristic traits: ventral, preanal, and supratemporal scales. Our results suggest that the
amount of ventral and preanal asymmetries is significantly higher in clones compared with
their maternal, but not paternal, progenitor species. However, it is questionable, whether this
is a consequence of clonality, as it may be considered a mild form of outbreeding depression
as well. Moreover, most ventral asymmetries were found in the bisexual species Darevskia
valentini. We suggest that greater differences in asymmetry levels among bisexuals may be,
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for instance, a consequence of the population size: the smaller the population, the higher the
inbreeding and the developmental instability. On the basis of the traits examined in this study,
the parthenogens do not seem to be of significantly poorer quality.

V. Are parthenogenetic females less colourful than sexual ones? Evaluating UV-blue
traits in the lizards of the genus Darevskia

Andran Abramjan, Daniel Frynta
manuscript in prep.

Sexual selection often works against the natural selection by favouring the development of
conspicuous signals, raising the chances of attracting not only the potential mates, but also the
predators. In lacertid lizards, ultraviolet-blue spots on their flanks and shoulders represent
such a trait. Some level of correlation between male and female ornamentation is also known
to exist. Therefore in the absence of the males, the females should hypothetically lose their
conspicuousness. We tested this hypothesis on a complex of parthenogenetic and bisexual
lizards of the genus Darevskia. We evaluated area, counts, UV intensity and saturation of UV-
blue spots and compared the values between the clones and their bisexual progenitor species.
Although some minor differences were detected, no general tendency toward higher crypsis of
the parthenogens was confirmed, as their values basically corresponded to the values of
sexual females. We suggest that their current phenotype rather reflects the unique
combination of their parental genomes and is conserved by the clonal reproduction.
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