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Abstrakt

Multikomponentni signdly jsou komplexni podnéty, sestavajici se z mnoha soucasti, vnimané pouze
jednim smyslovym orgdnem. Barevné vzory na télech ZivocichG mohou fungovat praveé jako
multikomponentni signaly. Tato prace zahrnuje vysledky studiji zabyvajici se zpUsoby pordukce barvy
na povrchu tél Zelv a Supinatych plazd spolecné s poznamkami o relativistické m pojeti funkce
takovych barevnych povrchi tél Zivocichl. Vysledky ukazuji, Ze zbarveni Zelv, kterému byla do
soucasnosti vénovana pouze mala pozornost, je pod vlivem plsobeni pohlavniho vybéru. Zbarveni
Zelv je stejné jako zbarveni Supinatych plazl vysledkem uporadani riznych typl pigmentovych bunék
v kazi. Zelvy véak mohou produkovat barvu svych tél také pomoci uspotadani vldken kolagenu v ki,
cozZ je jev znamy pouze u ptakd a savcl. Mezi zkoumanymi druhy se mechanismy produkce barvy
povrchu téla vyrazné lisi, prestoze jsou jednotlivé slozky utvarejici zbarveni mezi témito druhy
sdilené. Na prikladu polymorfnich jésterek je ukazano, Ze kategorické rozdily v barvé jednotlivych
morf vznikaji ve skutec¢nosti na zakladé kvantitativnich rozdild v obsahu jednotlivych pigment(.
Kvantita téchto pigmentl je vSak regulovana dvéma konzervativnimi Useky DNA, které jsou sdilené
mezi barevnymi morfami napfi¢ rliznymi druhy. Zelvy a plazi nabizeji uzite¢ny pohled na evoluci
multikomponentni signalizace, pravé diky ndzornému a zajimavému sloZeni jejich klze. V ramci
teoretického pojeti signalizace mezi Zivocichy se jevi pfechod od chapani barevnych povrchi jako
jednoznadénych signald kvality ke konceptu multikomponentnich dynamickych proces, které nabyvaji
vyznam skrze interakce jedincU, jako slibnym krokem pro lepsi uchopeni podstaty zvifeci komunikace



Abstract

Multicomponent signals are complex stimuli directed to receptors of only single modality. Colourful
ornaments of animals are multicomponent signals. In this thesis | present results of studies on the
origin of coloration in turtles and squamate reptiles together with notes on relativistic view of the
functionality of animal coloration. The results show that turtle coloration, which have been studied
only marginally until now, is shaped by sexual selection. It is shown that turtles share mechanisms of
coloration by vertical organization of different pigment cell types together with squamate reptiles.
Turtles also produce colour by organization of collagen fibres which share trait with birds and
mammals. Mechanisms of body coloration differ dramatically between closely related turtle species
studied even though the individual constituting components are shared among these species. On the
example of polymorphic lizards, it is shown that qualitative categorical difference between groups of
individuals of the same population are maintained based on quantitative changes in pigment
contents regulated by ancient loci shared by different species. The turtles and reptiles are valuable
source of our knowledge on the evolution of multicomponent visual signalling due to their intriguing
composition of skin. Transition from monocomponent-like understanding of colour signals as
indicators, to study of multicomponent signalling as dynamical relativistic processes may represent
promising direction in study of animal communication in the future.



1. Uvod

Zbarveni Zivocichl je multikomponentni znak,
sestavajici se zmnoha udrovni organizace.
Jednotlivé slozky zbarveni se mohou v evoluci
vyvinout pro rGzné ucely, ale teprve ko-opce
téchto povrchll pro komunikaéni ucely jim udili
jejich signalizacni nebo i dalsi funkce (Maran
and Kleisner 2010; Kleisner 2011, 2015).
Multikomponentni signal je komplexni vjem
urceny pouze pro jedinou smyslovou modalitu
(témi jsou zrak, sluch, ¢ich a hmat). Naopak
multimodalni ¢i polymodalni signaly jsou
zpracovavany mnoha smysly najednou (Rowe
1999; Candolin 2003). PrestozZe toto rozdéleni
bylo dobfe definovdno jiz pred dvéma
desetiletimi, v literatufe panuje okolo obo
pojmu stale zmatek a tyto pojmy jsou libovolné
zaménovany. Vtéto praci pouZivam pojem
multikomponentni jako oznaceni pro souhru
mnoha Urovni organizace (od molekularni, pres
bunécnou aZz po ekologickou), které utvareji
signaly uréené pouze jedné smyslové modalité.
Funkce zbarveni jako signalu v obdobi zvitecich
namluv, varovnych signdll, mimetického
zbarveni ¢i zbarveni kryptického, je uréovand
pravé vnimanim ostatnich organisma (Chittka
and Brockmann 2005; Ryan 2011; Prum 2012;
Endler and Mappes 2017). Zbarveni je tak
zajimavym a fascinujicim modelem pro
studium podob jez Zivocichové nabyvaji a jejich
vhimanim.

Vnitrodruhovd komunikace, jako je
napfiklad soupefeni mezi ¢leny jednoho
pohlavi mezi sebou nebo vybér partnera k
pareni, casto zahrnuje signalizaci pomoci
barevnych casti téla. Pokud k vybéru partnera
na zakladé néjakého znaku trvda mnoho
generaci, tzn. Na populaci plsobi pohlavni
vybér, mohou vzniknout u tohoto znaku rozdily
mezi Rozdil mezi

pohlavimi. pohlavimi

1. Introduction

Animal colouration is a complex
that

exists on multiple levels of organisation, its

multicomponent morphological trait
component subunits evolve for various roles
and may later be co-opted for communication
or other functions (Maran and Kleisner 2010;
Kleisner 2011, 2015). Multicomponent signals
consist of complex inputs to single-modality
receptors (i.e. vision, hearing, smell, or touch).
Multimodal or polymodal signals, on the other
hand, multiple
receptors belonging to different modalities
(Rowe 1999; Candolin 2003). Yet although the
distinction
multimodal signals has been clearly spelled out
almost twenty years ago, many scholars still
use the terms interchangeably. | understand
multicomponency to mean a

simultaneously activate

between multicomponent and

multilevel
interplay of various levels of organisation of
signals directed at receptors of just one
modality. Functionality of colouration in

epigamic displays, warning signals, mimicry, or

cryptic colouration, is significantly co-
determined by the relevant organisms’
perception and cognition (Chittka and

Brockmann 2005; Ryan 2011; Prum 2012;
Endler and Mappes 2017). Animal colouration
is an interesting and intriguing model to
investigate if we want to better understand the
interface between complementary processes,
appearance, and perception.

Intraspecific communication involving

colouration includes intrasexual signalling

during aggressive behaviour or intersexual
mate choice based on signalling during
courtship. The evolutionary result of persistent
mate choice, i.e. sexual selection, are
differences between the sexes in the trait

subject to such choice. In case of colour, the



v zbarevni se nazyva pohlavni dichromatismus.
K odhadlim vlivu pusobeni pohlavniho vybéru
na néjaky znak se casto pouZiva jako proxy
korelace hodnot tohoto znaku s hodnotami
rozdilu mezi pohlavimi ve velikosti téla. U
jestérl (Pérez | de Lanuza et al. 2013, Ord et al.
2001) hodnoty dimorfismu ve velikosti téla
pozitivné koreluji s velikosti  pohlavniho
dichromatismu. U vétSiny jestér( jsou vsak
samci vétsi nez samice (Cox et al. 2007). Samice
si mohou snadno vybirat mezi samci, pokud ti
jsou mensi nebo srovnatelné velci a nemohou
je ke kopulaci nutit, a tak spiSe, nez na roli
vybéru samic by trend u jestérd mohl ukazovat
na roli zbarveni v soubojich mezi samci. Pokud
bychom tedy chtéli porozumét roli samic
v utvareni zbarevni samcli, méli bychom se
zaméfit na skupiny, kde jsou samice vétsi nez
samci. U vétSiny druhi Zelv jsou samice vétsi
ne? samci (Ceballos et al. 2013). Zelvy tak
predstavuji idealni modelovou skupiny pro
studium vlivu pohlavniho vybéru na promény
zbarveni v kontextu kovariace s pohlavnim
velikostnim dimorfismem. To je také téma
studie zahrnuté v této disertacni praci. Studie
se zabyva vztahem mezi pohlavnim velikostnim
dimorfismem, zplsoby namluvniho chovani a
pritomnosti pestrého zbarveni u mnoha druht
sladkovonich Zelv.

Ektotermni obratlovci

(ryby,
obojzivelnici, hatérie, Supinati plazi, Zelvy a
krokodyli) vytvareji zbarveni povrchu svych tél
pomoci usporadani mnoha typl pigmentovych
od kterych
neabsorbované svétlo. Zelvy, krokodyli a ptéci

bunék ve Skare, se odrazi
tvori skupinu Archelosauria, ktera je sesterska
ke skupiné Lepidosauria, jenz zahrnuje vSechny
Supinaté plazi a hatérie (Crawford et al. 2015).
Archelosauti prodélali v pribéhu své evoluce
dramatické zmény ve své fyziologii, které vedli

k endotermii u ptakd, a které ovlivnili i zplsob

result is thus sexual dichromatism. To illustrate

the role of sexual selection, sexual size
dimorphism is often used as a proxy. In
lacertids, the magnitude of sexual size
dimorphism positively covaries with magnitude
of sexual dichromatism (Pérez | de Lanuza et al.
2013) and the same correlation has also been
found in iguanids (Ord et al. 2001). In most
lizards, including lacertids and iguanidids, the
males are larger than females (Cox et al. 2007).
It may be that females can effectively choose
mates only when the males are smaller or
equal in size, because when the males are
larger, females simply mate with winners of the
male-male competition. To better understand
the relation between sexual size dimorphism
and sexual dichromatism in relation to
intersexual selection, we need to compare taxa
where female-biased and male-biased sexual
size dimorphism are either balanced or females
are mostly larger than males. Most turtle
species exhibit female-biased sexual size
dimorphism (Ceballos et al. 2013). Thus, turtles
may represent ideal model to study the
influence of intasexual selection by testing
covariance between sexual size dimorphism
and colour traits. One of the works included in
this thesis focuses on relation between
courtship behaviou, sexual siye dimorphism
and presence of conspicuous bodz coloration

among various species of freshwater turtles.

In ectothermic vertebrates, i.e. in fish,

amphibians, tuatara, squamate reptiles,
turtles, and crocodiles, colour is produced by
interaction between the incident light and
optic properties of different pigment cell types,
which can be organised vertically in
superimposed layers composed of various
pigment cell types, xanthophores, iridophores,
melanocytes, and melanophores, present in

the dermis. In Archelosauria, a sister clade to



utvareni barvy na povrchu jejich tél (Li et al.
2014; Eliason et al. 2016; Eliason and Clarke
2018). Ptaci
pigmentovych bunék (Kelsh et al. 2009) a pro

produkuji pouze jeden typ
pestré zbarveni kiiZze museli podobné jako savci
vytvofit novy zplsob utvafeni barvy. Tim
zpUsobem je specidlni usporadani
vnitrobunécénych a extrabunéénych protein(
jako jsou keratiny nebo kolageny. Tretim
novym zpusobem urcujicim paletu barev ptaku
a savcl je zvySend tvarova diverzita organel
v pigmentovych burkach. Ptaci jsou zndmi jsou
barevnosti a podobné tomu tak je i u jestéra.
Proto by mohlo byt zajimavé tyto dvé napadné
zbarvené skupiny Zivocichl srovna mezi
s sebou. Pfi takovém srovnani je ale treba
zahrnout i Zelvy a krokodyli, protoze ti tvori
s ptdky monofyletickou linii (Shaffer et al.
2013; Wang et al. 2013; Crawford et al. 2015).
Krokodyli vSak nepredstavuji idealni skupinu
pro studium pestrého zbarveni, protoze nejsou
pestre zbarveni a jsou schopni pestré zbarveni
vnimat pouze v omezené mire (Emerling 2017).
Zelvy proto predstavuji idedlni skupiny pro
studium evoluce zbarveni v ramci
Archelosaurll, protoZe jsou pestrobarevné a
jejich zrak dokaze barvy dobie rozeznavat. Ve
studii zahrnuté vtéto praci jsme se proto
vénovali mechanismUim utvareni barvy u dvou

druh sladkovodnich zelv.

Nékteré barevné fenotypy vzniklé
dlouhodobé
projevit a predstavuji tak pouze individualni

mutaci se v populaci nemusi
variabilitu. Jiné fenotypy, vzniklé zejména
zménami v genetické regulaci zbarveni vsak
mohou mit vyrazny vliv na populacni
variabilitu. Ukazuje se, Ze pravé osvédcené
kombinace regulacnich sekvenci s funkcénimi
lokusy  zajistuji dlouhodobou funkénost
fenotypovych znak(. Diverzita ve zbarveni tak

mUZe nové vznikat pravé diky vyméné téchto

Lepidosauria (containing the tuatara and
squamate reptiles) (Crawford et al. 2015)
which includes turtles, crocodiles, and birds,
we find that dramatic evolutionary changes
affecting colour production mechanisms have
taken place during evolution (Li et al. 2014;
Eliason et al. 2016; Eliason and Clarke 2018).
Birds do not produce any additional pigment
cell types other than epidermal melanocytes
(Kelsh et al. 2009). Moreover, birds seem to
share colour-production mechanisms with
mammals rather than with reptiles, including
keratin-based colour production in feathers
and hair, reflection by dermal collagen fibres,
and increased diversity of melanosomes. Given
that both birds and
squamate reptiles developed a vast array of

among tetrapods,

colours, it may be useful to compare these two
groups to better understand the dynamics of
colour evolution in these two lineages with
high colour variability and elaboration. To do
that, one would also have to consider turtles
because

and crocodiles, they form a

monophylum with birds. Existing results
suggest that after their divergence from the
lineage leading to birds, crocodiles may have
passed through a nocturnal bottleneck, which
led to a reduction in their capacity to
discriminate colours (Emerling 2017). For this
reason, they may be not well-suited for the
study of colour evolution in the archelosaurian
clade. Turtles, however, the closest relatives of
birds and crocodiles (Shaffer et al. 2013; Wang
et al. 2013; Crawford et al. 2015), seem to be
more a promising candidate and although
some studies did address the presence of
pigment cell types in both crocodiles and
turtles (Alibardi 2011, 2013), we still lack
detailed information on the mechanisms of
colour production in both of the extant non-

avian lineages of archelosaurs. A thorough



osvédcenych kombinaci mezi rdznymi druhy
(Dasmahapatra et al. 2012). PrestoZe na$
znaosti neustdle nardGstaji jsme stale na
pocatku porozuméni toho, jak zmény useku
genetické informace ovliviiuji evoluci zbarveni.

Jednim ze ¢tyf Timbergenovych pravidel pro

porozuméni zvifeciho chovani je pravé
porozumét mechanismim, které vedou
k produkci funkénich fenotypovych znaki

(Bateson and Laland 2013). Nez tedy zacheme
délat zavéry o signalni funkci zbarveni, je
potfeba se zaméfit na mechanismy, které
ktomuto  zbarveni  vedou. UdrZovani
barevného polymorfismu v populaci nemusi
byt nutné spojené se vznikem reprodukcnich
bariér mezi morfami (Ng et al. 2017). Dva
stejné barevné fenotypy jedné evolucni linie
mohou mit naprosto odliSné mechanismy
produkce (lwanishi et al. 2018) a nesou tak i
naprosto odliShou zpravu o jejich nositeli. Snad
nejzndméjSim a nejvice prostudovanym
pfikladem role zbarveni pro signalizaci je
populacni dynamika leguankl pestrych (Uta
stansburiana). V populaci leguank se vyskytu;ji
tfi barevné morfy, které mezi sebou hraji
evoluéni hru kdmen nlzky papir (Sinervo and
Lively 1996), kdy jednotlivé barvy reprezentu;ji
odliSnou strategii samc pro dosaZeni Uspéchu
u samic. Pravé zbarveni samcul je davano za
priklad jednoznacného signalu kvality samct
(Sinervo et al. 2006). Tyto tfi morfy se lisi ve
svych fyziologickych charakteristikach,
agresivité i vykonnosti (Sinervo et al. 2000).
Jejich zbarveni  vsak  nelze pfipsat
jednoznaénému mechanismu. Tyto morfy se lisi
v komplexnich zpUsobech utvareni barvy,
z nichZ nékteré jsou mezi morfami sdilené a
jiné jsou kvantitativniho rdzu (Haisten et al.
2015). Vysvéltit signal, ktery samci leguanki
vysilaji smérem k samicim tak nemusi byt zcela

jednoduché, a to jak samice signal rozlusti

examination of colour-producing mechanisms
in turtles may thus yield valuable comparative
insights on the evolution of colour-producing
mechanisms and colour as multicomponent
trait. One of the works included in this thesis
focuses on colour producing mechanisms in
two freshwater turtle species.

Some mutations which give rise to
phenotypes
represent just individual variability that does

differently  coloured may
not spread further into the population. In some

cases, however, changes in the genetic
regulation of colour may have a significant
impact on population variability and
combinations of genetic variants can be shared
even across different species, thus ensuring
established functionality (Dasmahapatra et al.
2012). We are only beginning to understand
how mutations in the genetic loci involved in
pigment synthesis influence the evolution of
colour. One of the four Timbergen’s rules for
the study animal behaviour states that one
ought to understand the mechanisms on which
trait functionality is based (Bateson and Laland
2013). Before concluding that colouration has
a signalling role, it is thus necessary to first
investigate the relation between variability of
colouration and the mechanisms that underlie
with  different

phenotypes may show no differences in

its production. Animals

neutral molecular markers, such as
microsatellites, and yet form two different
colour within an

morphs interbreeding

population where the functional role of
colouration is unknown (Ng et al. 2017). Two
apparently identical phenotypes within a taxon
can be due to different molecular mechanisms
(lwanishi et al. 2018) and therefore have a
different signalling potential. The best-known
example of the role of colouration in visual

signalling of reptiles are side-blotched lizards



zUstava vzhledem k jeho slozitosti zahadou.
Dvé studie zahrnuté v této prdci se zabyvaji
polymorfnimi evoropskymi jestérkami zednimi
(Podarcis muralis). Prvni prace fesSi objeveni
vzacného modrého fenotypu v populaci a
druhd se zabyvd mechanismy vzniku
polymorfniho zbarveni na genetické, chemické
i bunécné urovni.
V minulém desetileti doslo
k vyraznému posunu v interpretaci vyznamu
zbarveni pro evoluci intersexudlni komunikace
ZivoCichl. PGvodni presvédcéeni, Ze zbarveni
predstavuje jednoznacny signdl o schopnosti
jedince preZivat v prostfedi ustupuje novému

pohledu na komunikaci jako na komplexni

proces zahrnujici preadaptaci smyslového
Ustroji na jisté kvality signdld a roli
samostatného chovéani jednotlivel jako

Ustfedni utvarejici vlivy pro evoluci zbarveni
(Kirckpatrick et al. 2006; Ryan et al. 2007; Prum
2017; Ryan 2019). Tento konceptualni posun
v porozuméni role zbarveni ZivoCichl si zada
ddkladné
produkce barvy jako multikomponentnich

nase porozuméni mechanism
signall napti¢ mnoha organismy (Cuthill et al.
2017, Eliason 2018). Navic s koncem dvacatého
stoleti zacalo byt napadné, Ze ne pouze znaky,
jez sdili molekularni aparat se mohou v evoluci
vyvijet v Uzkém spojeni, ale Ze i znaky jejichz
vztah je dany napfiklad sdilenou ekologii ba
dokonce sdilenymi zadjmy jedinci mohou

v pribéhu evoluce nasledovat spolecné
trajektorie, coZ plati zejména pro chovani zvifat
(Ryan 1998). Dalsi vyzkum v oblasti zbarveni
je tedy Zadouci a
ohledu

moznost k novym objevl, vzhledem k jejich

Zivocisnych tél plazi

predstavuji vtomto jedinecnou
barevnosti a také zplsobu utvareni barev jako
potencidlniho multikomponentniho signalu

(Grether et al. 2004).

(Uta stansburiana), where colouration within
the population seems to follow the rock-paper-
scissors game (Sinervo and Lively 1996). It has
been claimed that male U. stansburiana use
their orange, yellow, or blue colour to signal
their mating strategy (Sinervo et al. 2006). The
three morphs differ substantially in their
physiological characteristics, aggressiveness,
and endurance (Sinervo et al. 2000), but colour
in this species cannot be
explained by differences in pigment types or

polymorphism

structural reflectance alone (Haisten et al.
2015). In short an explanation of encoding of
the functional role in a signal involving as many
components as colour remains elusive. One of
the works included in this thesis focuses on
description of rare blue phenotype of
polymorphic lizard Podarcis muralis and the
other work included in this thesis focuses on
colour producing mechanisms and underlying

genetic mechanisms in Podarcis muralis.

In the past decade, our understanding
of the role of colouration in the evolution of
intersexual visual signalling in animals shifted
away from the previously dominant view that
it is a case of honest signalling of individuals’
ability to fit within their environment towards
a rather more comprehensive view, according
is based on a
preadaptation of the perceptive apparatus of
signal receivers and on responses to visual cues

to which communication

based on the agency of individual receivers
(KIRKPATRICK et al. 2006; Ryan et al. 2007;
Prum 2017; Ryan 2019). New conceptual
approaches to studies in animal colouration
emphasise the need to understand the
proximate mechanisms of colour production as
multicomponent signals across a broad range
of taxa (Cuthill et al. 2017; Eliason 2018).
Moreover, with the end of the twentieth
century, the bottom-up genocentric view of life



Vtéto praci
teoretické studie zabyvajici se relativistickym

jsou pfrilozeny dvé
pojetim zbarveni jako multikomponentiho
signalu. Prace zdlraznuji potfebu nahlizet
preference pro znak a vyznam tohoto znaku ne
jako vzdy platné universalni jevy, ale jako jevy
z podstaty
Interakce jedinc vedou k sebe ustanovujicim

vzeslé interakci mezi jedincu.
rovnovaham hodnot preferenci i znak, a tudiz
i k nevyhnutelné dynamické povaze preferenci
i znak(. Tato dynamika je pak to, co dava
znaklim jejich vyznam. RozliSeni procesd na

organizace nemaji pfimou sobéstacnost. Znaky

a preference pro né jsou dynamické,
mnohourovnové entity, které povstavaji skrze
ustanoveni rovnovahy v procesech na jinych
Urovnich organizace. Tak napfiklad zbarveni,

které vznika diky sebeorganizacnim vztahlim

mezi jednotlivymi pigmentovymi burikami,
vstupuje jako rovnovainy stav, jako
jednotlivost, do interakénich

sebeorganizujicich vztahll mezi jedinci. Tyto
vztahy pak jako rovnovainy vztah utvdreji
jednotlivost druhu a druhy dale vstupuji do
dalSich interakci a utvareji prostredi. Prostredi
pak naopak utvari zpétné druhy, druhova
prislusnost determinuje vztahy mezi jedinci a
jedinci urcuiji, které z usporadani pigmentovych
bunék prejde do dalsi generace. Interakce mezi
jedinci tak ale zpétné ovliviiuje pravé procesy
probihajici na rdznych Urovnich organizace,
které jedince utvafi, skrze vzdjemnou percepci
a interpretaci.

processes started to be substituted by a more
comprehensive approach, which assumes that
not only genetically linked traits can co-evolve
and that this is the case especially with respect
to behaviour and animal communication (Ryan
1998). More research is needed to clarify the
existence of variegated surfaces of animals.
Reptile colouration is an excellent example of
multicomponent signalling because of the
complexity of organisation and diversity of
colour-producing elements involved (Grether
et al. 2004).

Two theoretical works are included in this
theis, both focusing on relativistic view of
coloration as multicomponent signal. One
perhaps ought to view preference for a trait
and its meaning not as universal entities but
rather as essentially interactive entities which
appear on the level of individuals. Interaction
between individuals leads to selforganisation
and a dynamic nature of traits, in this case the
evolution of colouration pattern and some
quality. Interaction between individuals is in
this context essential because neither traits
nor preferences are the result of a
straightforward agency of gene loci. Traits and
preferences are dynamic, multilocal
interactions which emerge from the
scaffolding of a multitude of processes
involved on other levels of organisation and
amount to an individual’s overall setup. Thus,
for instance colouration, which emerged by
self-organising processes related to the
evolution of pigmentation, appears as one of
the interaction hubs located within a network
of links between individuals in virtue of being
a compatible substrate for preferences of
other individuals. On the other hand,
however, it also influences via a feedback
those processes which take place on levels of
organisation that contribute to the formation
of an individual via mutual perception and
interpretation



2. Cile prace

Hlavnim cilem této prace bylo dlkladné prostudovat proximatni mechanism( sbarveni u plazl. Az do
dnesni doby se vétsina studiji o zbarveni zaméfuje poze na jednotlivé slozky mechanism0 zbarveni a
dikladné studie zahrnujici celou sifi komplexity pordukce zbarveni jsou pouze ojedinélé. ProtoZe je
zbarveni Zel témér neprozkoumané, bylo prvnim cilem zjistit jaké mechanismy vyuZivaji zelvy k utvareni
svého barevného povrchu. Mechanismy Zelviho zbarveni byly studovany na bunécéné, nanstrukturalni i
chemické drovni. Ddle bylo otazkou, jestli je Zelvi zbarveni ovliviiovano pohlavnim vybérem. DalSim cilem
bylo srovnat produkci Zelviho zbarveni se produkci zbarveni u Supinatych plazl a vysvétlit vznik barevného
polymorfismu u jeSterd. Na teoretické Urovni bylo cilem poskytnout uceleny pfehled o vlivech plsobich na
evoluci zbarveni plazl obecné.

2. Aims of the study

The main aim of this work was to analyse comprehensively and in detail the proximate mechanisms of
colour production in reptiles. Until recently, most studies on colour production tended to deal with the
individual mechanisms of colour production separately and comprehensive research on the interplay of
the various mechanisms which participate in colour production was rare. Since turtle coloration is not a
well-understood phenomenon, our first goal was to describe the colour-producing mechanisms in turtles
as such. We started by investigating the cellular, nanostructural, and chemical basis of the production of
yellow-red colour in turtles. At the same time, we tried to see whether coloration plays a role in their mate
choice. To trace the influence of sexual selection on the evolutionary patterns of distribution of
conspicuous coloration in a wide range of turtle taxa, we tested covariance between sexual size
dimorphism, courtship behaviour, and the presence of conspicuous coloration. To have a suitable
foundation for a comparison with turtle coloration, we also studied the mechanisms of production of the
yellow-red colour in polymorphic lizards. The emergence of new phenotypes in population, discovered
during field work, raises a question of stability of novel phenotypes in populations. Most generally, the
main theoretical aim of this study was to provide an insight into the factors which influence the dynamics
of colour phenotypes in reptile populations in the course of their evolution.

3. Material a metodika

V préci bylo vyuZivano Sirokého spektra metod a to zejména mnohorozmérnych statistickych metod,
metod elektronové mikroskopie, a chromatografickych metod.

3. Material and methods

In this thesis broad range of methods were used. Statistical methods involved above all multivariate
analyses. Microscopical analyses were conducted mostly using transmision electron microscopy. Chemical
analyses involved High-performance Liquid Chromatography.



4. Vysledky a diskuse

Bylo ukdzdno, Ze zbarevni Zelv nejspise podléha
pohlavnimu vybéru. Vysledky ukazali, Ze
zbarveni plazli je multikomponentni signal na
mnoha Urovnich organizace. Na pfikladu
kolagenovych vlaken bylo ukdzdno, Ze jejich
pred

Ze v nékterych

funkce je primarné ochrana

infracervenym zafeni, ale
pripadech muiZe byt jejich nanostruktura
dostacujici k produkci barev povrchu téla.
Mechanismy pordukce zbarveni se liSi vyrazné i
mezi blizce pfibuznymi druhy, avsak jednotlivé
slozky jsou mezi druhy sdilené a liSi se pouze
jejich usporadani. Polymorfismus, tedy podle
definice katergorické rozdily mezi jedinci,

vznikd u jeStérky zedni na zdkladé

kvantitativnich rozdill v zastoupeni

jednotlivych chemickych komponent.
Jednotlivé chemické komponent jsou mezi
morfami sdilené a je to geneticka regulace,
kterd je zodpovédnd za kategorické rozdily ve
fentoypu. Tyto kategorie fenotypu, stejné jako
jejich  molekularni mechanismy, jsou navic
sdilené mezi rlznymi druhy jestérek. Vysledky
podtrhuji relativni povahu zbarveni jako
signalu. | presto, Ze jednotlivé slozky zbarveni
konkrétnimu

mohou mit vztah ke

fyziologickému  stavu  organismu, jejich

kombinace, které vedou k obdobnym
fenotyplm napfic evolu¢nimi liniemi plazd jsou
jedinecné.

Ukazuje se, Ze evoluce zbarveni muzZe byt
tazena ,agenci” jedincl. Tato ,agence” je
omezovana moznostmy smyslového Ustroji
pozorovatell stejné tak jako morfologickymi
vlastnostmi a fyziologii téch jez signalizuji. Diky
sdilenym slozkam zraku a barevnych povrch,
se barva i zrak vevoluci vyvijeji spolecné.
Socialni a evolu¢ni duasledky interakci mezi

jedinci zdaviseji na historické, ekologické i

4. Results and discussion

We had shown that turtle colouration may be
shaped by sexual selection. Results also shown
that reptile colouration is a multicomponent
signal on a number of distinct levels of
organisation. The example of collagen fibre
arrays shows that the nano-organisation of
collagen fibres may have a primarily
thermoprotective function in the skin of turtles
but when suitably organised, collagen fibre
arrays can also produce colour. Mechanisms of
body colouration differ dramatically even
between closely related turtle species but
these species share the individual constituent
components of colouration. The example of
lizards shows that a similar sharing of
components of body colouration may apply
even to molecular mechanisms. Polymorphism
in lizards, i.e. qualitative categorical differences
between groups of individuals within one
population, is maintained based on
guantitative changes in pigment contents. The
individual pigment types are shared among
morphs and two genetic loci responsible for
the variation in pigment types are shared as
These

results highlight the dynamic rather than

modules among different species.
absolute functioning of colour-producing
components. If the function of colour in visual
should

specific

signalling were absolute, colour

represent an  unambiguously

physiological state wuniversally. It seems
however, that any single component of body
colouration represents different qualities of
the physiological state, and that components
combine to produce colour in different regions

or different lineages in a unique way.

It has been shown in that the evolution of
colouration may be driven by the agency of
individuals.  This

interacting agency is



aktudlnim kontextu chovani. Pro biologii je
vSak kontext pfiliS vagni, prestoze zdasadni
koncept, protoze se neustdle méni v zavislosti
k tomu, k éemu se zrovna vztahujeme. Tato
vlastnost, ktera popisuje relativitu hodnot
sdilenych  mezi jedinci v prlbéhu jejich
interakci, vlastnost, ktera jedinclim umoznuje
potrebuje

mohlo byt

interpretovat viemy vsak
konceptualizovat, aby sni
naklddano pro védu prFinosnym zpUsobem.
Koncept Biologického vyznamu se vtomto

ohledu jevi jako slibny pocatek

5. Zavéry

Souhrnem lze fici, Ze mnohoslozkovost
(multicomponency) je klicovym faktorem pro
pochopeni signalizace pomoci barevnych
povrchll nejen u plaz(. Projevuje se na mnoha
Urovnich organizace. Diky ndazornému sloZeni
kGzZe Supinatych plazl a Zelvy je zbarveni Zelv a
Supinatych plazi vhodnym modelem pro
studium multikomponentnich signalG. Diky
jejich  pozici na fylogenetickém stromé
pfedstavuji Zelvy a Supinati plazi vhodné
skupiny organizsm( pro srovndvaci studium se
savci a ptaky, jejichz chovani je daleko blizi
lidskému. Prechod od uchopeni barevnych
signalt jako jednoznacnych zprav of stavu
jedince, k porozuméni dynamické a relativni
povahy vyznamu téchto signald je stézejni krok

pro budouci vyzkum zbarevni Zivocicht

constrained by the receptor apparatus of
observers as well as the morphology and
physiology of signallers. Due to the multiple
shared nodes of constituting processes as well
as the intrinsic complementarity of seeing and
appearing, the receptor apparatus may co-
evolve with colour-producing mechanisms. The
social and evolutionary results of interactions
between individuals depend on the historical,
ecological,
context. In biology, context is a crucial but

social, as well as behavioural
vague concept because it changes together
with all other living systems which coproduce a
context and are affected by it. Biological
meaning is a possible candidate for a notion
that would capture what is shared among the
agents that co-create contexts, secure the
functioning of an organic closure, and influence

evolutionary trajectories
5. Conclusions

To conclude, multicomponency is a key factor

that manifests itself on various levels of

organisation of reptile signalling by
colouration, from mechanisms of production
to functions that signle ornament can have.
Thanks to their skin composition, turtles and
reptiles are a valuable source of our knowledge
of the evolution of multicomponent visual
signalling. Because of their evolutionary origin,
reptiles and turtles may be the ideal groups to
compare with birds and mammals, where our
their

communication may be more burdened by our

understanding of behaviour and
own, human, perception of reality. Moving
away from an understanding of colour signals
as monocomponent indicators, a focus on
multicomponent signalling as dynamic and
relative processes seems to represent the
future direction in the study of animal

communication.
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