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Summary 
 

Iris is an anatomical structure that performs the function of a diaphragm in the visual system of 

the eye. It usually occupies most of the visible part of the eye. In addition to the main function ï 

not to let light pass by the pupil, iris can play many different roles due to the great variability of 

its coloration. Iris can be part of a camouflage or aposematic color, play a different role in intra- 

or interspecific communication. In some species, its color changes depending on age, season, 

biological cycles, or even quickly become marked in response to stimuli. Geckos (Gekkota) are 

distinguished by a particularly large variety of iris color. And in many of them, the iris pattern 

resembles branching veins. What significance and evolution history this pattern has is of interest. 

I used various models of evolutionary reconstruction in the R program to study the evolution of 

veined pattern of coloration of the iris, as well as phylogenetic comparative methods and binary 

character evolution model to identify its connections with the fusion of life and the contrast in 

brightness between the eye and the eye ring. It was revealed that the veined pattern is an ancestral 

condition for geckos and is present in most modern species. Most precisely, the evolution of the 

vein pattern is described by all rates different (ARD) model. veined pattern is associated with a 

nocturnal lifestyle, and presumably appeared after the transition of the ancestors of geckos to a 

nocturnal lifestyle in the Cretaceous period. The veined pattern tends to disappear in groups with 

a diurnal lifestyle. In total, the ARD model indicates 33 independent cases of disappearance and 2 

secondary appearances of a veined pattern, one of which is probably false and caused by an error 

in the source data. It has been shown that the loss of the veined pattern causes a huge increase in 

the rate of acquisition and loss of the cathemeral and crepuscular lifestyles. At the same time, the 

positive relationship between the lost veined pattern and the number of diurnal species is rather 

weak. Based on this, the assumption is made that the loss of the veined pattern has a destabilizing 

effect on the lifestyle in evolutionary terms, thus contributing to its rapid change in all directions. 

It has also been shown that the brighter the iris is in relation to the eye ring, the more likely it is to 

match the appearance with the veined pattern.  It has been suggested that a dim iris surrounded by 

a bright eye ring plays both a signaling role for relatives and a cryptic for predators. Bright iris 

takes over, presumably, takes over the function of the eye ring as a simple bright signaling device 

and loses a complex veined pattern. It is also assumed that the veined pattern can develop on the 

basis of the iris venous network. Further histological studies are required to verify this. The 
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revealed patterns confirm the great importance and diversity of the roles of iris coloration in geckos 

and also suggest its significant role in evolution. Further studies of the role of the iris pattern in 

geckos may be promising, as they can complement our understanding of the significance of this 

important and little-studied structure. 

Souhrn 
Iris je anatomick§ struktura, kter§ pln² funkci br§nice ve vizu§ln²m syst®mu oka. KromŊ hlavn² 

funkce ï nenechat svŊtlo proj²t ģ§kem, mŢģe duhovka hr§t mnoho rŢznĨch rol² kvŢli velk® 

variabilitŊ jej²ho zbarven². Iris mŢģe bĨt souļ§st² kamufl§ģe nebo aposematick® barvy, hr§t jinou 

roli ve vnitrodruhov® nebo mezidruhov® komunikaci. U nŊkterĨch druhŢ se jeho barva mŊn² v 

z§vislosti na vŊku, roļn²m obdob², biologickĨch cykolech nebo se dokonce rychle mŊn² barvu v 

reakci na podnŊty. Gekoni (Gekkota) se vyznaļuj² obzvl§ġtŊ velkou rozmanitost² barvy duhovky. 

A v mnoha z nich se vzor duhovky podob§ vŊtv²c²m se ģil§m. JakĨ vĨznam a historii evoluce m§ 

tento vzorec, je zaj²mav®. Pouģil jsem rŢzn® modely evoluļn² rekonstrukce v programu R ke studiu 

vĨvoje ģilkovan®ho vzoru zbarven² duhovky, stejnŊ jako fylogenetick® srovn§vac² metody a 

bin§rn² model evoluce znakŢ k identifikaci jeho spojen² s f¼z² ģivota a kontrastem jasu mezi okem 

a oļn²m prstencem. Bylo zjiġtŊno, ģe ģilnatĨ vzor je podm²nkou pŚedkŢ gekonŢ a je pŚ²tomen u 

vŊtġiny modern²ch druhŢ. NejpŚesnŊji je vĨvoj vzoru ģ²ly pops§n modelem all rates different 

(ARD). ģilnatĨ vzor je spojen s noļn²m ģivotn²m stylem a pravdŊpodobnŊ se objevil po pŚechodu 

pŚedkŢ gekonŢ na noļn² ģivotn² styl v obdob² kŚ²dy. ĢilnatĨ vzor m§ tendenci mizet ve skupin§ch 

s denn²m ģivotn²m stylem. CelkovŊ model ARD Oznaļuje 33 nez§vislĨch pŚ²padŢ zmizen² a 2 

sekund§rn² vzhled ģilkovan®ho vzoru, z nichģ jeden je pravdŊpodobnŊ nepravdivĨ a zpŢsobenĨ 

chybou ve zdrojovĨch datech. Bylo prok§z§no, ģe ztr§ta ģilkovan®ho vzoru zpŢsobuje obrovsk® 

zvĨġen² rychlosti z²sk§v§n² a ztr§ty katemer§ln²ho a krepuskul§rn²ho ģivotn²ho stylu. SouļasnŊ je 

pozitivn² vztah mezi ztracenĨm ģilkovanĨm vzorem a poļtem denn²ch druhŢ pomŊrnŊ slabĨ. Na 

z§kladŊ toho se pŚedpokl§d§, ģe ztr§ta ģilkovan®ho vzoru m§ destabilizuj²c² ¼ļinek na ģivotn² styl 

z evoluļn²ho hlediska, coģ pŚisp²v§ k jeho rychl® zmŊnŊ ve vġech smŊrech. Bylo tak® prok§z§no, 

ģe ļ²m jasnŊjġ² je duhovka ve vztahu k oļn²mu prstenci, t²m je pravdŊpodobnŊjġ², ģe bude 

odpov²dat vzhledu s ģilkovanĨm vzorem. Bylo navrģeno, ģe matn§ duhovka obklopen§ jasnĨm 

oļn²m prstencem hraje sign§ln² roli pro pŚ²buzn® i z§hadnou pro pred§tory. Jasn§ duhovka 

pŚevezme pravdŊpodobnŊ funkci oļn²ho prstence jako jednoduch®ho jasn®ho signalizaļn²ho 

zaŚ²zen² a ztrat² sloģitĨ ģilkovanĨ vzor. PŚedpokl§d§ se tak®, ģe ģilnatĨ vzor se mŢģe vyvinout na 
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z§kladŊ ģiln² s²tŊ duhovky. K ovŊŚen² toho jsou nutn® dalġ² histologick® studie. Odhalen® vzory 

potvrzuj² velkĨ vĨznam a rozmanitost rol² zbarven² duhovky u gekonŢ a tak® naznaļuj² jeho 

vĨznamnou roli v evoluci. Dalġ² studie role vzoru duhovky u gekonŢ mohou bĨt slibn®, protoģe 

mohou doplnit ch§p§n² vĨznamu t®to dŢleģit® a m§lo studovan® struktury. 
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Introduction 
Coloration has a major role in animal survival and plays various functions. Some of the functions, 

such as thermoregulation, protection against ultraviolet light (UV) and mechanical protection 

(Cuthill et al., 2017, Kritsky & Telegina, 2004, McNamara et al., 2021), are probably ancient, and 

emerged already during early stages of life on Earth (Kritsky et al., 2010, Kritsky & Telegina, 

2004, DôAlba & Shawkey, 2019, Menor-Salv§n, et al., 2022). This is because these functions are 

not dependent on visual abilities of organisms. Advanced visual apparatus evolved during Cambric 

explosion which gave the coloration new palette of function (Parker, 1998). After that, novel 

functions related to intra- and interspecific communication, crypsis or mimicry emerged (Cuthill 

et al., 2017). It was thanks to the emergence of vision that the coloration shows the richness we 

see today.  

Since the first forms of vision could had been probably monochromatic (Pichaud et al., 1999), the 

first forms of cryptic and signaling coloration were also probably much simpler. At least by means 

of relative importance of achromatic and chromatic contrasts. According to the monochromatic-

first hypothesis, the main benefit of coloration lied in distinguishing UV radiation coming the sun 

and the optical spectrum of light subsequently reflected from environment potentially containing 

food (Pichaud et al., 1999).  Even today UV coloration play important role in animal biology, but 

the contrary the monochromatic-first hypothesis most of the examples studied focus on the role of 

UV coloration in animal communication rather than crypsis (Hausmann et al., 2003, Badiane & 

Font 2021, de Lanuza & Font, 2014, Stella & Kleisner, 2022). 

However, the most prominent examples of coloration such as rainbow lights of rowing plates of 

ctenophores, vibrant colors of exoskeletons of coral polyps, the variegated amphibian skin, reptile 

scales, bird plumage rely on chromatic contrasts for the observers to be conspicuous. The history 

of the origin of color vision is not known. One reason may be because most of the color producing 

mechanisms are ancient and date back to the origin of life same as their functions. This is fact 

collides with the monochromatic-first hypothesis as colors have been produced before the 

emergence of complex vision and there is no reason why even simple optical apparatus should not 

distinguish between different colors if  it had at least two photoreceptor proteins available with 

overlapping absorbances (Hill & McGraw, 2006). Indeed, there exist even unicellular organisms 

that are able to distinguish between various wavelengths of light (Colley & Nilsson, 2016). 
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Moreover, even plants do not need complicated optical cameras to sense various wavelengths of 

light and react to it (Baluġka & Mancuso, 2016). 

Regardless on their ancient origins (Vopalensky & Kozmik, 2009) animal eyes stand out in 

importance as their optical complexity reached the top in the organic world. Moreover, not only 

that eyes function as visual organs, but actually eyes themselves are often colorful. Especially in 

vertebrates, the coloration of eyes is diverse both in colors and patterns. In fish, the eye coloration 

is usually a continuation of the body color pattern, so the eyes do not stand out against its 

background of surrounding tissue even if the overall coloration is conspicuous. However, many 

fishes also have conspicuous eyes (Thresher, 1977). It is worth to note, that fish can rapidly change 

their eye color as part of intraspecific communication (Freitas et al., 2014, Heathcote et al., 2020). 

Amphibians are also characteristic by coloration of the eyes that is often continuation of a pattern 

of the body. In some instances, eyes of frogs bear pattern that resembles presence of veins, but 

black in color. Amphibinas are also capable of rapid eye-color change amphibians (Nilsson Skºld 

et al., 2013). Even though color patterning of the eyes of birds and mammals is not very diverse, 

almost always being a monotonous color with some simple concentric gradient, the intraspecific 

and interspecific variation in these groups is very interesting. First birds contain in their eyes color-

producing mechanisms that are otherwise missing in both mammalsô and birdsô integuments 

(Oliphant et al., 1992). Given that birds and mammals are both only fully endothermic lineages of 

vertebrates, the bird eye has been called a ñrefugium of color producing mechanisms in 

endothermsò. Furthermore, it looks that variation in color of eyes of birds is great (Si et al., 2021). 

However, we still lack functional explanations of this variation (Craig & Hulley, 2004). In birds 

the eye can also change its color rapidly (Carlson et al. 2020). The variation and color producing 

mechanisms in mammals are basically unknown with exemption of human eyes (Eiberg et al., 

2008). One special characteristic for human eyes is that they are polymorphic in color which is 

characteristic that surprisingly is not found anywhere in the nature with exeption of domesticated 

animals (Negro et al. 2017).  
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Fig. 0.1. The diversity of eye color in vertebrates. upper on the left ï fish, upper on the right ï 

Reptiles, middle on the left -  Birds, middle on the right ï Frogs, middle on the lover - Mammals. 

Photographs: upper on the left ï science.org.au, upper on the right ï Matthieu Berroneau, middle 

on the left - dailykos.com, middle on the right ï Jodi Rowley, middle on the lover ï

howanimalswork.blogspot.com 
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Usually, the most noticeable parts of the coloration of the eyes in vertebrates are pupil, and iris. 

The pupil is transparent throughout its entire depth (cornea, lens, and vitreous body) and acts as a 

pinhole camera, so that the light that passed through it is almost not reflected (Zhu et al., 2012). 

Therefore, the pupil usually looks completely black. In nocturnal species, the pupil can be colored 

due to the reflection of light from the tapetum lucidum - a specialized reflective layer located 

behind the retina (Ollivier et al., 2004). The reflected light crosses the retina once more, 

reactivating the photoreceptors, and then exits through the pupil, coloring and illuminating it. 

Tapetum lucidum presumably originally appeared independently in three orders of fish in the 

Devonian period (Schwab et al., 2002). It has repeatedly disappeared and appeared in various 

evolutionary branches of vertebrates, and is present today in some fish and mammals, as well as 

in crocodiles (Vee et al., 2022). 

If the pupil is colored only under specific conditions the situation with the iris is completely 

different. Iris is an anatomical structure that surrounds the pupil opening, preventing light from 

entering the eye outside of it, thus acting as the diaphragm of the optical system of the eye 

(Neuhuber & Schrºdl, 2011). Therefore, it is saturated with pigments that absorb or reflect the 

light (Thumann, 2001). Usually, iris occupies most of the surface of the visible part of the eye. It 

can be pigmented in various ways, and if the eye has some complex color pattern, then it is usually 

placed on the iris. Moreover, there is a version that in iris various pigment cells had a selective 

advantage, and evolved independently of the skin, which lost these cells more easily. This area has 

not yet been sufficiently studied, for example, in mammalians, the chromatophore composition of 

iris is known among only a few species (Oliphant et al., 1992). The frequent important role of iris 

coloration ascribed by the confluence of two factors. First, it placed on a very important organ, 

which, moreover, for the effectiveness of its work should be in a most visible place. And secondly, 

the evolutionary potential iris color. For example, passerine birds nesting in cavities had a strong 

selection towards the coloration of the iris in dark inconspicuous colors (Davidson et al., 2017). 

Jackdaws nesting in cavities, on the contrary, have very light irises, strongly contrasting with black 

plumage. They contribute to the good visibility of animals in their refuge and, thus, effectively 

drive away competing members of the population from the nests (Davidson et. al., 2014). 

Other structural parts of vertebrates may also be responsible for the coloration of the eyes. For 

example, the sclera, completely hidden behind the iris in most animals, is located around it and 
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visible in primates, being an important part of the coloration of the eyes. The lighter sclera makes 

the direction of view clearly visible, which gives an advantage to species more prone to cooperative 

behavior (Danel et al., 2018). Dark sclera is characteristic of species with a high level of lethal 

intraspecific violence and a reduced tendency to cooperate. (Mearing et al., 2022). 

Iris is equipped with muscles capable of changing the pupil area, thus regulating the amount of 

light it transmits. This is usually an unvoluntary and uncontrolled phenomenon called pupillary 

light reflex (PLR), which is necessary for the retina to quickly adapt to changes in light levels. 

PLR is not related to image formation (Chambers et al., 2022). Its mechanism has been studied 

only in few species, so we are not in the position to generalize for whole families for the time 

being. It is known, for example, that in humans, the regulation of pupil width through contraction 

of muscles of iris is carried out by means of nerve pathways emanating from the retina, since 

stimulation of the retina of one eye causes narrowing of both pupils. But at least in some 

amphibians, reptiles and mammals, iris can adapt to the level of illumination autonomously thanks 

to its own internal light sensitivity. Thus, the size of the pupil may differ in different eyes, 

depending on the illumination of each of them. This photosensitivity in different species can be 

provided by pigment melanopsin, rhodopsin (Douglas, 2018) or some cryptochrome (Tu et al., 

2004). Presumably, the own photosensitivity of the iris can also be provided together by several 

different pigmets (Sipe et al., 2011). The regulation of pupil size by iris contraction is not always 

limited to PLR. For example, there is data on voluntary control of pupil width in Gekko gekko 

(Gekkota, Gekkonidae) (Denton, 1956). The possibility of voluntary control of pupil width is also 

known in humans, however, the mechanism of this phenomenon is still unclear (Balcazar, & Orr 

2023; Ekman et al., 2008, March). It can be assumed that the iris muscles are provided with energy 

not only by local glycolysis but require oxygen to be obtained through network of capillaries. Iris 

has a blood supply through its own capillary network (e.g. Szumny & SzelŃg, 2014; Chamot et al., 

1999). This is because the muscles need to to be constantly ready to react repeatedly and quickly 

to changes in lighting condition. The capilarries do not necessarily need to be present in the iris, 

but for example some reptiles have capillaries also in the spectacle covering the eyes (Bellhorn et 

al., 2018). Also the already mentioned primate sclera is also protruded by abundant capillaries.  

In any case, surprisingly iris is a rather poorly studied anatomical structure. The evolutionary role 

of its coloration is important and possibly unique, but the available histological and functional data 
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about it are rather fragmentary. Nevertheless, the eyes of reptiles are also very diverse, which we 

will focus on further. In some reptiles and birds (Carlson et al., 2020), eye color is able of rapid 

change. Males of Terrapene carolina carolina (Emydidae) can change the color of the iris from 

pale yellow to a bright red in less than 5 seconds (Carlson et al., 2020). The appearance of the iris 

can completely change due to the pupil too. So, Gekko gecko (Gekkonidae) can change the area of 

its pupil more than 300 times (Go et al., 2020). Many species of another genus of geckos ï 

Strophurus (Diplodactylidae) have bright and/or contrasting patterns of the iris (Nielsen et al., 

2016). Nevertheless, with all the variety of irises among reptiles, there are very few publications 

about them. 

I suppose that, perhaps, the evolutionary and ethological role of iris is underestimated and therefore 

further research in this area may be promising. Especially reptile iris has almost never been studied. 

Almost nothing is known about its significance. Not more than the general role as the diaphragm 

of the eye (reference). Except the more or less obvious assumptions that occur (for example, that 

one or another iris is cryptic, there is almost no research on this topic. Against this background, 

the recent series of attempts to use iris for biomonitoping stands out (Rocha et al., unknown year).  

In addition, unfortunately, there are no big fundamental comparative anatomical studies of irises 

of various reptiles, but it is quite possible to gain an overview using verbal description from 

particular taxonomic studies and from photographs.  

Some of the reptiles have irises partially covered with skin, as in chameleons (A), and possibly 

some pygopodids (B) and other groups of geckos (e.g. I). Carphodactylidae have eyelids, 

sometimes partially hiding the iris, as in (E). But most of them are rounded, clearly visible and 

variative. They may be cryptic colored (J, D) as a continuation of the complex body pattern, may 

be a bright or slightly able to reflecte the light (I) or a conspicuous complex pattern (F, G), or be 

rather darkly pigmented (E), which may also make it difficult to see the direction of their sight 

(Ireland, & Gans, 1977). A great variety and complexity of iris color patterns is observed in geckos 

with vertical pupils (E, F, G). The groups of geckos that have developed a rounded pupil have a 

relatively simple color pattern (H, I). 
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Fig. 0.2. A - Chamaeleo chamaeleon, Chamaeleonidae; B - Pygopus lepidopodus, Pygopodidae, 

C - Crocodylus acutus, Crocodylidae, D -Sphenodon punctatus, Sphenodontidae, E - 

Carphodactylus laevis, Carphodactylidae, F - Ptyodactylus guttatus, Phyllodactylidae, G ï  

Strophurus strophurus, Diplodactylidae, H ïGonatodes vittatus, Sphaerodactylidae; I ï 

Cnemaspis pulchra, Gekkonidae, J - Pseudemys concinna, Deirochelyinae. 

Photographs: A - Ćlvaro Alemany, 11520 Rota, C§diz, Spain, 21.7.2023, 13:30 CEST; B - Nic 

Gambold, Subtropical rainforest, upper Tweed River, NE NSW, Australia, November 2, 2017; C 

- James F. Parham, Northwestern Mexico (Parham et al., 2015); D - N. Millichamp (Rainwater et 

al., 2011); E - Andrew Blayney, Auckland, New Zeland, December 2016.; F - Jules Farquhar, 

Wet Tropics near Cairns, Queensland, Australia, July 18, 2017; G ï avi ben zaken, March 22, 

2009; H ï Wes Read, October 24, 2022, Cape Range, WA; I ï Paul, February 15, 2018; J ï 

Fernando Iglesias, Sri Lanka, February 14, 2019. 

 

Gekkota is an infraorder of lizards, sister to the rest of Squamata with the exception of blind skinks, 

with which the phylogenetic relationship is still unclear (information from timetree.org). Gekkota 

are the fairly diverse clade of predominantly nocturnal reptile species and include some of the 

smallest amniotes. Their skeleton is often interpreted as paedomorphic and/or ñprimitiveò, but it 

can have various specializations, for example to climbing or, on the contrary, limb reduction to 

dwell under earth surface or in the grass (Daza et al., 2014). Unlike most other reptiles, geckos are 

able of real vocalizationions and have a ears specialized for distinguishing the sounds they make 



11 
 

themselves (Russell & Bauer, 2021). According to the open taxonomic Reptile - database 

(reptarium.cz) there are already 2,265 known species, and new species are constantly being 

actively described (note ï further in the whole work, all data on the number of taxa are taken from 

this database). Sometimes the term "geckos" is used as a designation for all Gekkota except 

Pygopodidae - a family of geckos with the reduced limbs, more similar to snakes than to typical 

lizards. In this case, the equivalent of Gekkota is the expression "geckos and pygopodids" (e.g. 

Stark et al. 2020; Shine, 1986). In order not to cause confusion, in this work, "geckos" will mean 

all the species from the infraorder Gekkota. Geckos have different types of sex determination, 

which have changed many times throughout their evolution.  

Geckos have both temperature-dependent and genetic sex determination, and heterogametic sex 

can be both male and female. The sex determination modes are still studied only in a small part of 

the species, but it is already clear that the modes vary dramatically even in the closely related 

species. For example, in the genus Gekko (family Gekkonidae), G. hokouensis has a genetic sex 

determination with a female heterogametic sex, G. gekko ï also genetic, with a male heterogametic 

sex, and G. japonicus ï can have a sex determination both genetic with a female heterogametic 

sex and temperature-dependent (Gamble, 2010). 

Gekkota contains seven families. The largest of them is Gekkonidae, contains 57 genus and 1553 

species. It is distributied in all biogeographic regions, but apparently the center of their diversity 

is at low and moderate latitudes of Eurasia and Africa (Rodda, 2020). It is characterized by loss of 

temporal arches and parietal foramen (Hutchins, et al., 2003). They feed mainly on insects and 

plants (Rodda, 2020). Species with large individuals often eat smaller geckos (Vitt & Caldwell, 

2013). They are usually sedentary and also mostly diurnal (73% vs. 25% nocturnal) (Rodda, 2020). 

Phyllodactylidae is another family composed of 10 genera and 163 species of very different 

geckos, (Gamble et al., 2008). Invertebrates predominate in their diet (reference). Phyllodactylids 

are mostly nocturnal but some species have cathemeral lifestyle (reference). They inhabit all 

biogeographic realms except Australasian and Oriental (Rodda, 2020). Sphaerodactylidae is a 

family of geckos with a predominant diurnal lifestyle. It contains 12 genera and 230 species. They 

are very widely distributed, mostly in the Neotropical biogeographic realm, and are absent only 

from the Australasian and Oriental realms. They are very diverse in their modes of ecological 

behavior. They feed mainly on invertebrates. Many species have skin, that is easily torn. This 
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serves to escape from predators (Rodda, 2020). Family Eublepharidae contains 6 genera and 47 

species of fairly large nocturnal animals, on average more than twice the weight of typical lizards 

(13.2 g vs 5.3 g). They all feed on invertebrates, but are quite heterogeneous in their feeding 

strategies. They are found in North America, Asia and Africa (Rodda, 2020). They have a movable 

eyelid, which is considered a primitive trait, since it is reduced in other geckos (Jonniaux & 

Kumazawa, 2008). Carphodactylidae is a family endemic to Australia. It contains 7 genera and 

34 species, mainly with a nocturnal lifestyle. All have a cryptic appearance, often complemented 

by a characteristic, often rather small, leaf-shaped tail. They are diverse in diet, but they more often 

feed on invertebrates. Two thirds of their species are endangered (Rodda, 2020). Diplodactylidae 

is a family from Australia, New Zealand and nearby islands. It contains 25 genera and 191 species. 

These geckos are also mostly nocturnal. They are characterized by a wide variety of modes of 

ecological behavior comparable to members of family Sphaerodactylidae. They feed most often 

on invertebrates, but there are also omnivoric and even herbivoric species. In all known cases of 

hunting, they just sit and wait for prey to approach (Rodda, 2020). Pygopodidae is a family from 

Australia and Papua New Guinea. Contains 7 genera and 47 species. Have predominant diurnal 

lifestyle. Pygopodids outwardly resemble snakes, because their limbs are reduced and the body is 

elongated. In some species, the rudiments of the limbs have been transformed into copulatory 

organs (reference). Unlike the usual lengthening due to the body and shortening of the tail for other 

lizards than geckos who have lost limbs and live underground, pygopodids, on the contrary, have 

an elongated tail that helps to move in the grass. The average shape index has the lowest value of 

any above ground family. They feed mainly on insects, but also there are several omnivorous 

species. In several insectivorous species, nutrition occurs not by swallowing, but by crushing the 

insect and licking the liquid (Rodda, 2020). 

In general, geckos are a large and diverse group of lizards, which also has a wide variety of iris 

color patterns. Gecko irises have attracted the attention of researchers more than once. For example, 

the I3S program was developed, capable of detecting Tarentola boettgeri bischoffi with 95% 

accuracy from photographs of irises (Rocha et al., 2013). This species has a common "veined" iris 

pattern among geckos ï a pattern similar to branching blood veins. The presence of such a method 

raises the question of whether the geckos themselves can use irises for some intraspecific (or even 

interspecific) signaling. Another interesting observation of the same subspecies allowed to prove 

the long-term stability of the individual characteristics of the iris pattern (Rocha & Rebelo, 2014). 



13 
 

If this property is common to geckos, then this hypothetically may contribute to a greater role of 

the iris in identifying specific individuals than age or other time-related groups (for some regular 

or irregular cycles) within the population (if, of course, the iris has such roles). 

In this work, I describe the phylogenetic distribution of iris color patterns among geckos and try 

to relate that to the geckosô lifestyle and several morphological parameters. With the help of 

various analyses, I show that there exist some shared evolutionary trends among iris color pattern 

and the lifestyle and morphological variables.  

This makes sense primarily in the context of the possible role of iris in intra- and interspecific 

signaling, as well as the diaphragm of the eye, tightly pigmented to delay light. But also this can 

be given another meaning. According to the cooperative eye hypothesis, the human sclera has 

become so light because it better showing the direction of the gaze (Tomasello et al., 2007). Eyes 

are very important to humans, and it can be assumed that at least to some extent this significance 

is reflected in the attitude of a person to the eyes of other animals. As an example of such 

interspecific visual interaction, we can cite a positive feedback loop of an increase in the 

concentration of oxytocin in the blood of a domestic dog and its owner when they look at each 

other for a long time. Wolves do not exhibit such behavior under any conditions (Vitt & Caldwell, 

2013). So, probably, in the past, something prompted a person to look a dog in the eye when the 

dog itself did not do it. Maybe this is something that also stimulates to some extent and study the 

irises of geckos. In the end, we study not only what is expedient in some vulgar sense, as if 

civilization in development is the same as some eternally self-improving factory. Decorating 

household items and being satisfied with their appearance is no less valuable for us than increasing 

labor productivity. This work is technically appropriate in the sense that it can show new 

evolutionary patterns and events, improve the understanding of an important anatomical structure 

in an ecologically influential infraorder. But it is also interesting simply because it is about cool 

multicolored patterned eyes, which are pleasant and interesting to look at, especially all together 

in such a variety. And in this aspect, it's just the study of what we want to study.  
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Objectives 
1. To compile a database of photographs of iris coloration of geckos (Gekkota). 

2. To study evolution of iris coloration by phylogenetic comparative methods to answer following 

questions:  

a. How common is the Ăveinedñ iris pattern among geckos? 

b. Is the Ăveinedñ pattern ancestral to all geckos? 

c. How the complexity of iris patterning in geckos evolved over the course of evolution. 

d. What is the relationship between the presence of a the Ăveinedñ pattern among geckos 

and their lifestyle, dorsal pigmentation pattern, brightness pattern, and 

conspicuousness? 

e. What are the relationships among iris pattern, lifestyle, and brightness pattern during 

the evolution of geckos? 
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Materials and Methods 

Phylogenetic sampling 
For the purposes of the study, it was necessary to obtain information about the phylogeny of geckos. 

Initially, it was planned to use data from database timetree.org (hereinafter - timetree), containing 

a constantly updated phylogenies of all the organisms. However, at a late stage of this work, I have 

noticed a discrepancy between the phylogeny presented at timetree and the taxonomic system 

available at reptile-database.org. The most obvious error was lack of monophyly of family 

Gekkonidae. Also, even though still not resolved, position of Diplodactylidae on timetree did not 

correspond to relatively recent phylogenetic hypotheses (Singhal et al., 2021). Hence phylogenetic 

relationships for this study have been adopted from Zheng & Wiens, 2015. It also contains many 

other reptiles and is the most complete modern phylogeny of geckos publicly available that I have 

found. The differences between the phylogenies of Zheng & Wiens, 2015 (Fig. 2.1, A) and timetree 

are presented in Fig. 2.1, B. The selection of species was initially focused on the species 

composition of the timetree phylogeny, and as a result, only species contained simultaneously in 

both phylogenetic trees were available for subsequent comparative analyses, even though the total 

number of species investigated for eye pattern was larger. Thus, the final sampling was reduced 

from total by 32% - from 407 species to 277 species. 
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Fig. 2.1 The cladograms of phylogeny of Gekkota by Zheng & Wiens, 2015 (A) and timetree.org 

(B). Both cladograms has same 265 species of geckos. The colors assigned to the families are 

shown below. Species belonging to the same family are indicated by one color. Comparing the 

cladograms, you can see the polyphilia of some families on the cladogram B. 

All processing and visualization of phylogenetic data was carried out in the program R. The 

phylogenetic data itself was presented in the form of .nwk format files. 

Collection of photographs 
To obtain information about the presence of a venation pattern and other studied visual 

characteristics of geckos, a database of photographs was collected. Each studied species is 

represented by at least one-color photograph which clearly shows the pattern of the iris as well as 

the dorsal part of the body. If polymorphism in the studied traitss was observed in different 

photographs available of the same species, which could affect their evaluation, allthe photographs 

that represent the diversity were included. Priority was given to photographs of adult animals. The 

photographs were collected at publicly available internet databases and in the publications. Priority 

was given to images from reliable sources, that is, from articles published in peer-reviewed 
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scientific journals, as well as from websites where the taxonomic determination of species is 

evaluated by specialists. These were mainly reptile-database.reptarium.cz , inaturalist.org and 

flickr.com. If there were no available photographs in the reliable sources, images were taken from 

any other sources in which the determination of the desired species was plausible: articles in other 

journals, personal blogs etc. The complete list of the photograph sources is available as a part of 

Supplementary materials and the whole database of pictures is available online at the Open Science 

Framework page of the project. 

For each photograph, the following data were recorded: 1. Name of the author of the pohotograph 

or the nickname of the account that published the photograph Most of the images had author of 

the photograph available. 2. Date when the photograph was taken 3. Locality, preferably 

geographic coordinates with the specified error.  

 

Pattern of iris  
The coloration pattern of the iris in geckos is very variable both between species and, sometimes, 

within them. Therefore, in order to unify the classification of possible variants of iris patterns, a 

special classifiction of veined pattern of iris types was developed (Table 2.1).  

Venation pattern of iris (VPI ) is a trait, used as a binary parameter, describing whether the shape 

of the pigment pattern of the iris is similar to branching veins and capillaries. The positive value 

of the VPI assumes that pigmented veins-like net is visible on the iris. The negative value assumes 

that no such structures are visible on it. 

The rows of the table contained the name of the of the main VPI types, the columns ï its additional 

characteristic. Accordingly, each cell means a separate pattern of the coloration of the iris. If the 

VPI type corresponding to the cell was found in the something photograph in the sample, then the 

VPI type code is written to this cell in the form of a combination of abbreviated row and column 

names separated by a hyphen. Each filled cell received one of three colors indicating the value of 

venation (Table 2.1). If the new VPI type found in the sample did not match any cells, a new 

column and/or row needed to describe it was added to the table. Sometimes the code of a complex 

VPI type was designated as a composite of several VPI types from the table. Each of the composite 

VPI types was also assigned one of three colors. 
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In the process of expanding the table of VPI types , it turned out that some codes of them can 

duplicate the meaning of each other for all or some of the cases. Since the values of the table of 

VPI types are not intended directly for analysis, but are only material for post-processing, it was 

decided not to improve the code system to complete non-degeneracy. Less common codes have 

been replaced with similar more common ones only where it is easiest to do so. In other cases, the 

problem is solved by assigning the same color to codes with a similar meaning and creating 

exceptions. 

11 basic VPI types were used to classify irises with a slit pupil. Each of them can be "common", 

and some may have a modifier, thus forming a new VPI type. There are 8 possible modifiers in 

total. For round pupils, there were originally 11 basic VPI types and were have not modifiers. But 

in the final, all irises with round pupils were classified as non-veined. Therefore , in the context of 

this work , all of them can be simplified to a single, always non-veined VPI type r  (round). 

The main VPI types of slit-like pupils: c (Common) ï the most common among geckos a VIPT, 

with clearly visible vein-like streaks. cc (Common Compacted) ï a VPI type occurs only in a 

modified forms, that differs from Common by a rather higher density of pigmented veins-like net. 

sc (SuperCompacted) ï an intermediate VPI type that differs from Common by a much thicker 

pigmented venous net, which is difficult or impossible to distinguish at a distance. l (Latticed) ï a 

special veined VPI type with pronounced diagonally running vein-like streaks. They form 

characteristic geometric shapes, similar to a lattice with broken segments. g (Granite) ï an 

intermediate VPI type in which the iris with not very well distinguishable vein-like streaks and an 

iridescent background looks like a slice of the mineral of the same name. f (Filamentous) ï a veined 

VPI type that differs from Common by very thin vein-like streaks. nvdd (Non-veined difuusion 

design) ï a non-veined VPI type that is not monotonous, but is close to monotonous (a very blurred 

pattern and/or very small dots merging when viewed from afar). d (Drawing) ï a non-veined VPI 

type with a pronounced drawing visible from afar. dvn (Destructed veined design) ï a non-veined 

VPI type that looks like a very unevenly erased Common. Assigned only to the species Ailuronyx 

tachyscopaeus (Gekkonidae), which was not included in the final sample. cb (Completely 

black/brown) ï the iris is completely monochrome black or brown. nrBSM  (Non-round, inner - 

Brighter, outer - Spotted/Mosaic) ï a non-veined VPI type in which a narrow ring encircling the 

pupil is brighter than the area around it, which is a speckled or mosaic. The pattern is similar to 



19 
 

the one of common variants of round pupilsô VPI type. It occurs in geckos of the genus Lialis 

(Pygopodidae).  

Possible modifiers of VPI types: D (Dark) ï the background of the veined pattern is dark pigmented, 

which complicates the visibility of the pattern. P (Pale)  ï the vein-like streaks are poorly 

pigmented, which complicates its visibility. SP (SuperPale) ï the vein-like streaks are present, but 

so poorly pigmented that they are almost invisible. lp (Low Polarized) ï the pigmentation density 

of the iris is somewhat shifted to the sides relative to the dorsoventral axis of the animal. mp 

(Medium Polarized) ï the pigmentation density of the iris is significantly shifted to the sides 

relative to the dorsoventral axis of the animal. D-lp (Dark, Low Polarized) ï the combination of 

Dark and Low Polarized. D-mp (Dark, Medium Polarized) ï the combination of Dark and Medium 

Polarized. 

Venation pattern of iris types of vertical pupil iris coloration 

 Modifiers 

The main types 

of patterns 

Common Dark Pale SuperPale Low 

Polarized 

Medium 

Polarized 

Dark, 

Low 

Polarized 

Dark, 

Medium 

Polarized 

Pale, 

Medium 

Polarized 

Common c c-D c-P c-SP c-lp c-mp c-D-lp c-D-mp  

Common 

Compacted 
    cc-lp  cc-D-lp cc-D-mp  

SuperCompacted sc sc-D sc-P   sc-mp   sc-P-mp 

Latticed l l-D        

Granite g         

Filamentous f f-D f-P   f-mp    

Non-veined 

difuusion design 
nvdd    nvdd-lp nvdd-mp    

Destructed 

veined design 
dvn         

Drawing d    d-lp d-mp    

Completely 

black/brown 
cb         

No-rings, inner - 

Brighter, outer - 

Spotted/Mosaic 

nrBSM         

Complex venation pattern of iris types of vertical pupil iris coloration 

nvdd+d-mp l+nvdd l+nvdd-pm c+nvdd-pm c+nvdd l+d f+nvdd-pl sc-P-mp+d 

Venation pattern of iris types of round pupil iris coloration 

Round r 

Table 2.1. Types of patterns of geckos irises. Value of venation of an iris is indiceting by cell 

color: redï veined, orange ï intermediate, blue ï non-veined. 

The completely black VPI type visible in the photograph was not assigned to the species if both of 

the following conditions were met: there is reason to assume that this is simply the result of a 
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camera flash or other specific lighting; there are photograph of the same species in the sample 

(preferably but not necessarily of the same individual from a different angle), in which a veined 

pattern is visible. 

The evaluation of the VPI was carried out as follows. All VPI types found in something species 

the collected photographs were assigned to this species. Every species that has been assigned at 

least one veined or mixed VPI type is considered a species with a veined VPI. Accordingly, a 

species with a non-veined VPI is considered only the one to which exclusively the non-veined VPI 

type are attributed. 

Also, each VPI type assigned to a particular species was assigned a confidence level. It depended 

on the quality of the best photograph of this biological species, which shows this VPI type. The 

confidence level has four gradations of probability of error: 1. Error is almost impossible; 2. Low; 

3. Medium; 4. High.  

When assigning a VIP value to a species, this value was assigned the highest confidence level, 

which is among all VPI types of this biological species. But the confidence level of VPI may be 

higher in cases where all VPI types of this species can be determined less reliably than the presence 

or absence of pigmented veins-like net in the iris. The final sample included only species 

confidence level VPI of whose is from 1 to 3. 

The evaluation was made by the author of the work. In the most ambiguous cases, the advisory 

assistance of third parties was used. 

Brightness pattern 
Brightness pattern is a parameter that displays the ratio between the brightness of the iris, the eye 

ring and the rest of the head. Brightness pattern was recorded as the combination of these three 

contrasts by a letter code X1X2X3, where X1 is the ratio of the brightness of the iris to the eye ring, 

X2 is the eye ring to the rest of the head, X3 is the iris to the rest of the head. Each X can have one 

of the following values: N (no contrast), L (lighter) or D (darker). 

Due to the large variability of brightness pattern in many species, a lot of ambiguous cases and 

heterogeneity of photographs (different angles and lighting during photographing, as well as 

distortions due to photograph processing), the following system of rules was introduced. 
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1. If the pattern on several zones is like parts of a single pattern, it is considered that there is no 

contrast. When it seems justified, the head pattern is considered in the context of the whole-body 

pattern. This is necessary when there are patterns on the body outside the head that duplicate the 

appearance of the eye and the area around it. 2. If there are contrasts inside one zone, it is 

considered as bright as its brightest part is. The first rule takes precedence over the second. 3. If 

the brightness pattern differs in several photograph s of geckos of the same species, then priority 

is given to the one that looks the main for the species. 4. If it seems that in part of the photograph 

s the difference in brightness pattern is caused by a different angle and/or lighting, then priority is 

given to the brightness pattern obtained when the camera is positioned at a righter angle to the eye 

and under lighting that seems more similar to lighting in a natural environment. The most common 

distortion is that the iris appears darker due to shooting at an angle. 5. If the reason for the difficulty 

is a part of photograph s of the same species with too low quality, priority is given to higher-quality 

photographs. 6. In unclear cases, preference is given to a lighter iris and rings around the eyes, and 

the lack of contrast has the least priority 

 

 

Figure 2.2 An example of a problem with determining brightness pattern. photograph s of 

Gehyra australis heads from the collected database. The iris in all photograph s is approximately 

the same brightness and darker than the eye ring, as well as darker than the head, except for the 

darkest morpha (b). In patterns where the pigmentation of the scales is dark enough to 

distinguish the contrast between the eye ring and the rest of the head (b and c), the eye ring is 

lighter. Based on this, the DLD brightness pattern is assigned to the species (as in the photograph   

ʩ). If there had been a different set of photograph s in the database, the result might have been 

different. For example, if it was only photograph a, the brightness pattern of the species would be 

DND, and if only b ï DLD. 

Photographs: a. ï barnesjc; b. - Stephen Zozaya; c. - Anders Zimny. 
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A simplified version of the BrP classification was carried out by distributing these 13 pattern 

variants into three groups, depending on the ratio of the brightness of the iris and its immediate 

environment (eye ring), regardless of the brightness of the rest of the head. Group L (Lighter, iris 

is much lighter than eye ring ï LNL, LDN, LDL), D (Darker, iris is much darker than eye ring ï 

DLD, DLN, DND), N (Neutral, differences in brightness between iris and eye ring are medium or 

insignificant ï NNN, DDD, LLL, NDD, NLL, LDD, DLL). 

 

Generalized Linear Model and Phylogenetic Generalized Linear Model 
Data analysis using Generalized Linear Model (GLM) (Nelder & Wedderburn, 1972; McCullagh 

& Nelder, 1989), implemented using the core functions ñglmò in the program R (R & Team, 2020). 

Data analysis using Phylogenetic Generalized Linear Model (PhyloGLM), based on poisson 

regression (Paradis & Claude, 2002) and logistic regression (Ives & Garland Jr, 2010), 

implemented using the function ñphyloglmò, by Tung Ho, & An®, 2014, in R from the package 

phylolm.  

 

Results 

Evolution of eye coloration patterns 
The first stage of the study was a review of the distribution of the studied traits in the context of phylogeny. 

For information on phylogeny, a phylogenetic tree from additional materials to the work (Zheng & Wiens, 

2016) is used here and further. A total of 277 species of geckos from all 7 families were taken. The following 

traits are applied to the resulting tree: veined pattern of iris, lifestyle, brightness pattern (3 characters) and 

brightness pattern (13 characters). 



23 
 

 

Fig. 3.1 Cladograms of distribution pattern of coloration of iris among Gekkota. The blue color 

indicates species with veined VPI, red color ï with non-veined VPI. Each family is highlighted 

with a line of a different color. 

The disappearance of veined state of VPI was noted 33 times in all gecko families (supplementary 

materials, Table 4.1). In the case of Pygopodidae at the level of the whole family. Although the 

ARD model gives an unambiguous result for all families, the ER model allows for some 

uncertainty for the Sphaerodactylidae ï the only family other than Pygopodidae, mainly consisting 

of animals that have lost the veined VPI.  
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Of the two cases of re-acquisition of veined VPI, the case of Lygodactylus guibei, Gekkonidae is 

most likely an error in the identification of the species in the source of the photograph (Kenny, 

2019). In other photographs of this species included in the database, the iris is not very clearly 

visible, but most likely that it is not veined. Since no other satisfactory photographs of the eyes of 

this species could be found on the Internet, further research will be required to clarify this issue. 

In the case of Lialis burtonis, Pygopodidae, the veined VPI is observed on one of the three 

available clear images (Fig. 4.1 right). Based on the rather large variability of the iris color pattern 

in L. burtonis (Fig. 4.1 right left), it can be assumed that the veined variation does not have any 

specific role, which may be characteristic of species with a relatively stable veined pattern. The 

case of L. burtonis may be particularly interesting for studying the origin and development of the 

veined VPI, because of its membership to the phylogenetic group where, according to our model, 

there was no veined even in the ancestor of the family. Nevertheless, I cannot exclude a possibility 

that this is an ancestral condition, that continuously persists throught the time of taxon existence. 
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ARD 

ER 

other to vein 

 

vein to other  

Figure 3.2. Models of VPI evolution in geckos. 1 - veined VPI, 0 - non-veined VPI. The arrows 

show the direction of the sign change. The rate of change is indicated near the arrow. The model 

names are indicated under the arrows. 
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Model Log-likelihood Akaike weights 

ARD -127.953843 0.67452700 

ER -129.6837 0.32288017 

NR (other to veined) -164.827371 0.00000000 

NR (veined to other) -134.529730 0.00259283 

Table 3.1. Log-likelihood and Akaike weights of used character evolution models. 

The evolution of venation was modeled using various models. ARD (all-rates-different) model 

(venation can appear and disappear at different rates), ER (equal-rates) model (one parameter 

directs the rate of appear and disappear of venation; in this case, results was completely identical 

to symmetrical (SYM) model, where transitions from veined status and back have the same 

parameter, so SYM model will not be considered separately) as well as both possible NR (non-

reversible) models (change of venation can only occur in one direction) (Figure 3.2.). 

Modeling of various variants of the evolution of the VPI showed that the all-rates-different (ARD) 

model is the most plausible by a large margin from the equal-rates model and both possible non-

reversible models. According to it, veined VPI is an ancestral condition of the entire group of 

Gekkota, as well as every family in this group, except for Pygopodidae. 

Akaike weights were calculated for each model. It turned out that the ARD model has a much 

larger Akaike weight than the others. Therefore, it can be considered the most plausible. 
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Fig. 3.3 The cladogram of Gekkota. Color of the tips ï venation status of species, color of the 

labels - probability of venation status of species of ancestral groups by ARD model. Blue rings 

mean veined species or presumed ancestral group, red - non-veined. The ratio of colors in the nodes 

in the form of pie charts corresponds to the probability of a particular state of the parameter in the 

ancestral group. Each family is highlighted with a line of a different color. 
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Fig. 3.4 The cladogram of Gekkota. Color of the tips ï venation status of species, color of the 

labels - probability of venation status of species of ancestral groups by ER model. Blue rings 

mean veined species or presumed ancestral group, red - non-veined. The ratio of colors in the 

nodes in the form of pie charts corresponds to the probability of a particular state of the 

parameter in the ancestral group. Each family is highlighted with a line of a different color. 
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Evolution of eye coloration according to a life style 
 

 

Fig. 3.5 Cladograms of distribution pattern lifestyle among Gekkota. The blue color indicates 

species with veined Nocturnal lifestyle, red color ï yellow ï with  diurnal, orange ï with 

cathemeral or crepuscular. Each family is highlighted with a line of a different color. 

After determining the model that best shows the evolution of venation, it's possible to create a list 

of events of changing this parameter among evolution of Gekkota. Individual 

appearence/disappearence events are calculated by the number of tips/nodes on the cladogram with 

the ARD model, which are assigned more than 50% probability of such a state of venation, which 
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is assigned to the node of the highest hierarchy as having less than 50% probability. Thus, a total 

of 33 cases of loss of veined pattern of iris and 2 cases of re-acquisition were recorded. In 9 cases, 

the veined pattern disappeared in the group, which now consists of more than one species, and in 

5 of them ï more than one genus. 

The Binary character evolution model (BCEM) was used to investigate in which directions various 

parameters on their combinations with the presence/absence of veined pattern of iris evolved. 

The result of BCEM with venation-lifestyle showed that diurnal and cathemeral/crepuscular (c/c) 

lifestyles more often disappear, and nocturnality more often appears. c/c species lose their venation 

pattern of iris much more often than they acquire. Between non-veined c/c species and non-veined 

non-c/c species, there is an extremely fast transition in both directions, which is tens to thousands 

of times faster than all other BCEM processes modeled by this method in this work. Moreover, 

non-veined c/c species are about twice as likely to switch to other lifestyles than vice versa. Non-

c/c species do not acquire or lose veined pattern of iris. Veined species are more likely to switch 

to a nocturnal lifestyle, but individuals with a nocturnal lifestyle acquire and lose veined pattern 

of iris at about the same rate. Veined non-nocturnal species are much more likely not to lose their 

veined pattern. Non-veined species lose and acquire a nocturnal lifestyle at about the same rate. 
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Fig. 3.6. Binary character evolution model of evolution of venation and lifestyle. The 

independent model shows the rate of change of a particular binary trait. The dependent model 

shows the rate of transitions between all combinations of values of two binary traits. 
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Distribution of brightness patterns 
The frequencies of various brightness patterns were calculated for the sample under study. In the summary 

Table 3.7., they are presented up to integers. 
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Figure 3.7. Distribution of brightness patterns in Gekkota. Near each image in the lower left 

corner indicated the letter code of the brightness pattern, in the lower right corner is its frequency 

in the sample of species. 

 

 

Fig. 3.8 Cladograms of distribution brightness pattern with 3 char. among Gekkota. The black 

color indicates species with have iris very darker, then eye-ring, white ï very lighter, gray ï 

difference in its brightnes is low or not exist. Each family is highlighted with a line of a different 

color. 
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Fig. 3.9 Cladograms of distribution brightness pattern with 9 char. among Gekkota. The red color 

indicates species with DDD brightness pattern, orange ï DLD, white ï DLN, bright green ï 

DND, yellow ï LLL, violet ï LNL, blue- NDD, dark green ï NLL and brown ï NNN. Each 

family is highlighted with a line of a different color. 
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The BrP (brightness pattern) was described using a 13 factors (see methodology) describing 9 

patterns (DDD, DLD, DLN, DND, LLL, LNL, NDD, NLL and NNN) which could be found among 

species in the sample (Figure 3.7.). The GLM (3.2.) analysis showed there is no dependence 

between any of these patterns and venation.  

One of the reasons why the mutual correlation of Veination and brightness pattern was not showed 

by neither GLM nor PhyloGLM analyses could bet he number of factor levels compared to small 

species sample. Thus, instead 13 levels I have simplified the categorisation into 3 simple levels. 

All types of BrP were divided into those in which the iris is much darker than the eye ring (D), 

much lighter (L), or has a smaller or absent difference in brightness (N) (see the methodology). 

Since there are fewer parameters in this model, it better represents all pairs of parameters that can 

be obtained with its help, in particular with the Venation parameter (supplementary materials, 

Table 5.2.). 

GLM analysis showed a dependence on the value of L and N on Veination (Table 3.3). With 

PhyloGLM analysis showed, that is a dependence on L and N (Table 3.4.). BrP L is the rarest 

among geckos. In the families Carphodactylidae and Diplodactylidae, animals with this pattern 

have only a veined VPI, Gekkonidae and Sphaerodactylidae ï only non-veined , in other families 

the pattern is not represented. According to the Binary character evolution model (Fig. 3.10.), the 

only pronounced tendency associated with BrP L is to disappear in species with a veined VPI. BrP 

D occurs in all families except Pygopodidae and prevails in all species with veined VPI 

(supplementary materials, Table 5.2.). It is never acquired by species with non-veined VPI (Fig. 

4.12.). BrP N is present in all gecko families, and in all except Pygopodidae and Sphaerodactylidae, 

it prevails in species with veined VPI. In non-veined species, it disappears more often, but at the 

same time it often contributes to the loss of the veined VPI. At the same time, from is acquired and 

lost at a much higher rate than BrP L and D.  

Thus, we can see a pronounced trend that BrP D is present mainly in species with a veined VPI, 

BrP N ï in both, but more often with a veined (51 nonïveined species out of 145), and L - mainly 

in non-veined (Table 3.10.). Moreover, Binary character data evolution model does not particularly 

give unambiguous results. If we look at the trend by family, we can see that all cases of prevalence 

of BrP N or L species among wiry species are only in families with a predominant diurnal lifestyle. 

Moreover, BrP D does not prevail in non-veined species in any family, and BrP N occupies an 
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obviously intermediate position because it dominates a smaller percentage of non-veined species 

in all families than BP L. 

Accordingly, it can be concluded that there is a dependence according to which the brighter the is 

iris relative to the eye ring, the more likely it is that the species does not have a veined eye pattern, 

and that it belongs to a family with a predominant diurnal lifestyle. 

 

Fig. 3.10. Binary character evolution model of evolution of venation and brightness pattern. The 

independent model shows the rate of change of a particular binary trait. The dependent model 

shows the rate of transitions between all combinations of values of two binary traits.  

The light BrP slowly disappears only, the dark and the neutral appear and disappear at about the 

same speed, and these changes are very active in the neutral. Dark BrP does not occur in non-

veined species and veined species with non-dark BrP do not lose their veined pattern. Veined 

species with dark BrP appear and disappear at approximately the same rate by transitions to D+ b-

/D-b+ and back. Non-neutral non-veined species do not acquire veined pattern. Neutral veined and 

non-neutral non-veined species more often switch to neutral non-veined. Non-light veined species 

often lose their veined pattern, but even more often become dark BrP. The light ones do not lose 

or acquire veined pattern. Light veined species do not lose light BrP. 
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Relationships between eye coloration pattern lifestyle and brightness 
In order to find the relationship between the evolution of the veined pattern of iris and the evolution 

of other studied parameters within the boundaries of the sample under study, the GLM method 

was used. The studied parameters were correlated separately with respect to veined pattern and 

polarization of the iris coloration. 

 Estimate Std. Error z.value Pr(>|z|)  

Intercept -15.7063 1455.3977 -0.011 0.991390  

Diurnal lifestyle -2.9821 0.6757 -4.414 1.02e-05 ***  

Nocturnal lifestyle 1.3260 0.3865 3.431 0.000601 ***  

BP DLD 16.6484 1455.3978 0.011 0.990873  

BP DLN 18.3284 1455.3978 0.013 0.989952  

BP DND 18.7348 1455.3982 0.013 0.989729  

BP LLL 16.4264 1455.3979 0.011 0.990995  

BP LNL 15.1441 1455.3979 0.010 0.991698  

BP NDD -0.3074 2058.2431 0.000 0.999881  

BP NLL 17.1867 1455.3984 0.012 0.990578  

BP NNN 16.5277 1455.3977 0.011 0.990939  

Table 3.2. GLM analysis of relation of veined pattern of iris to lifestyle, brightness pattern (9 

char.), DPP and Conspicuousness. 

 Estimate Std. Error z value Pr(>|z|)  

Intercept 2.1366 0.4816    4.436 9.15e-06 ***  

Diurnal lifestyle -2.7679 0.6339 -4.367 1.26e-05 ***  

Nocturnal lifestyle 1.3087 0.3725 3.513 0.000443 ***  

br3L -2.5917 0.8585 -3.019 0.002539 **  

br3N -1.2887 0.4004 -3.219 0.001288 **  

Table 3.3. GLM analysis of relation of veined pattern of iris to lifestyle, brightness pattern (3 

char.), DPP and Conspicuousness. 

GLM analysis shows that venation correlates with all dependent parameters except the 13-char 

brightness pattern. It can be assumed that the division of the BrP-13char. was carried out too 

subjectively and divorced from a possible biological role, but there is some biological meaning 

in the 3-charmform. Diurnal lifestyle negatively correlates with venation, and nighttime 

positively. L and N BrP-3char negatively correlate with venation.  

Phylogenetic Generalized Linear Model 
 To analyze the level of coevolution of the venation of irises and other studied variables while ta

king into account the phylogenetic relationships, the PhyloGLM method was used. 

 

 
 Estimate StdErr z.value lowerbootCI upperbootCI p.value  

Intercept 1.14091831 0.64820307 1.76012481 0.07274535 2.1111 0.0783866 . 

Diurnal lifestyle -2.50940305 0.68012425 -3.68962445 -3.75330416 -1.2026 0.0002246 ***  

Nocturnal lifestyle 0.86499102 0.27469417 3.14892385 0.30973042 1.4478 0.0016387 **  

br3L -1.92317631 0.75498705 -2.54729707 -3.22763746 -0.6541 0.0108561 *  

br3N -0.97166792 0.26848351 -3.61909718 -1.60108472 -0.4657 0.0002956 ***  
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Table 3.4. PhyloGLM analysis of all dependent parameters () together with veination as 

independent parameter. 

Analysis using PhyloGLM of the correlation between veination and all other parameters showed 

a significant correlation with lifestyle and simplified brightness pattern.  

Discussion 

Origin and evolution of the veined pattern of iris coloration 
Interestingly, so far the gecko eye coloration attracted attention only in the genus Strophurus from 

family diplodactylidae (reference). Actually, this is the only evidence that we have for evolution 

of eye coloration in any reptile group. The study found that Strophurus geckos evolved brightly 

colored irises. However, same as my results confirm, the whole group diplodactylidae is not 

characteristic by a rapid or repeated evolution of eye coloration. Since the Strophurus geckos are 

characteristic by other conspicuous traits such as brightly colored skin patches or conspicuous 

keratinous thorns on their tail, while being toxic, the bright uniform color of their iris probably 

represents evolutionary adaptation as an aposematic signal (reference). Thus, it may be possible 

that also in other groups of geckos, the loss of veined pattern is an adaptation to a particular 

lifestyle. 

   

Fig. 4.1. Variety of patterns of iris in Lialis burtonis. left ï veined VPI, middle and right ï no 

veined VPI. Photographs: left ï Adam Brice, middle ï Edward Evans, right ï Jono Dashper. 

The iris pattern and lifestyle 
According to the study of Gamble et al. (2015) the evolution of the lifestyle is best captured by the 

ARD model while considering three lifestyle categories:nocturnal, cathemeral or crepuscular, 

diurnal. The ancestral state of the lifestyle of the Gekkota is nocturnal (Gamble et al. 2015). This 
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is also indirectly confirmed by fossil data ï Gobekko cretacicus, a fossil lizard close to the crown 

group of geckos, lacks the parietal foramen of light-sensitive parietal eye (Daza, 2013) which is in 

living geckos lacking e.g. in Eublepharidae which are also mostly nocturnal.My results showed 

that with regard to the specific families, and according to the above mentioned ARD model, the 

ancestral state of the families Sphaerodactylidae and Pygopodidae is the cathemeral or crepuscular 

(c/c) lifestyle, and the rest of families are ancestraly nocturnal. The simpler division of lifestyle 

only to diurnal or nocturnal the results showed that showed that the ancestral state of the lifestyle 

of the families Sphaerodactylidae and Pygopodidae could be diurnal. This is largely consistent 

with the distribution of the veined VPI at the level and separate families of the Gekkota if we 

compare its veined state with a nocturnal lifestyle, and the nonïveined state with a different one 

from the nocturnal. The only exception is the family Sphaerodactylidae, but as already indicated, 

the ancestral state of veined VPI for this family is a little less unambiguous than for the rest. A 

high correlation between the VPI and lifestyle is confirmed by, GLM (3.3.) and PhyloGLM (3.4.) 

analysis. 

The type of lifestyle is a very important property of the species, contributing to the evolution of 

the life form in one direction or another (Zhao et al., 2009, Menaker et al., 1997). Therefore, it can 

be assumed that it is primarily a predictor of all other parameters within this study. Not only it 

influences animal coloration as during the night lighting conditions differ dramatically from 

daytime (reference), but also other traits such as metabolic rates (Emerling, 2017, Lovegrove, 

2017). In mammals the nocturnality also influences eye-shape, that could be related to eye 

patterning (Hall et al., 2012). However the nocturnality in geckos is not conservative. All modern 

diurnal geckos are ótertiarilyô diurnal ï i. e. originate from an ancestor who switched to a nocturnal 

lifestyle from a secondary diurnal one (Rºll, 2001). In history there were at least 40 transitions 

between lifestyles in the geckos (Gamble et al., 2015).  

Analysis using Binary character evolution model (Fig. 3.6.) allowed to identify the cause-and-

effect relationship of dependence between VPI and lifestyle. The result showed that species with 

a veined VPI more often change their lifestyle to nocturnal. But the opposite is not true: Nocturnal 

species with a non-veined VPI have no tendencies to change either VPI or lifestyle. Thus, it seems 

that eye coloration is more conservative trait than lifestyle itself and in the case of lifestayle 

transition it may take some time for the eye coloration to follow, if ever. In fact, the change from 
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non-veined pattern may be irreversible as we can see only only trends from the veined VPI or no 

change at all (Fig. 4.1. right and left). While nocturnal species do not gain veined pattern diurnal 

and c/c species lose veined VPI. This may be explained by selection pressure on veined pattern in 

nocturnal species, while this may be lost in diurnal and c/c species. The reason might be also that 

in diurnal and c/c species there emerge novel selection pressures for the eye coloration as these are 

now visible under new conditions. As nocturnal species need to spend most of their daytime hidden 

or at least unobserved by predators, it may be possible that veined eye coloration serves as cryptic. 

This hypothesis has been stated for some groups of the birds in which species that hide have 

inconspicuous eye coloration (Craig & Hulley, 2004).  

 

Fig. 5.2. The number of species with veined and non-veined VPI among groups by different 

lifestyles in relative (top) and absolute (bottom) values. N ï nocturnal species, C ï cathemeral 
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species, D - diurnal species. Yellow represents lack of venation, black represents venation. It is 

clear that absolutely non-veined species are almost equally distributed among the categories, 

while veined species are predominantly present among nocturnal species. However relatively 

non-veined species clearly decrease with the increase in diurnality. 

In the diagram showing the distribution of veined and nonïveined VPI among species (Fig. 5.2) 

with different lifestyles, one can see a clear pattern that species with a veined VPI are much more 

common among nocturnal species, and species with non-veined VPI among diurnal species. The 

proportion of veined species among c/c species is intermediate between diurnal and nocturnal, 

which corresponds to the assumption that this lifestyle has features of a transitional state between 

the other two. The fact that the absolute number of species with a non-veined VPI among c/c 

species does not differ much from their number among diurnal and nocturnal is consistent with the 

enormous speed of forward and reverse transitions to this lifestyle of species that have lost the 

veined iris pattern (Fig. 3.6, independent model, C-, v- <-> C+. v-). It could be, that once species 

lifestyle is destabilized, this is just the period when the loss of veined VPI occur, and it is thus in 

certain equilibrium sin c/c lifestyle which signify the period of evolutionary plasticity.  Thus c/c 

species seems the most important to investigate for the mechanisms of the iris color pattern 

formation in geckos. 

 

 

Fig. 5.2. Cryptic veined iris in Phyllodactylus tuberculosus, Phyllodactylidae (left) and Cryptic 

non-veined in Uroplatus phantasticus, Gekkonidae (ʩʧʨʘʚʘ). Fotos: left - Chus L·pez, January 

5, 2017, right - Bill Hughes, May 16, 2010. 
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Fig. 5.2. conspicuous veined iris in Strophurus strophurus, Diplodactylidae (left) ʠ conspicuous 

non-veined iris in S. taenicauda, Diplodactylidae (right). Fotos: left - Frank Deschandol, 

November 6, 2018, right - Wes Read, November 17, 2019. 

 

The iris pattern and brightness pattern 
Iris with its VPI does not exist in isolation, but is surrounded by an eye ring. The term eye ring is 

often used in ornithological literature. For birds, it can be both bright conspicuous or inconspicuous 

bearing the same color as eye and its surroundings. The brightness of eye ring can be, for example, 

an indicator of age or vary depending on the season (Frieze & Lloyd, 2017). In geckos, a similar 

morphological structure is also present and it is variable in its conspicuousnes. As you can see in 

Figure 3.7., among geckos there are very different variants of differences in brightness between 

the eye ring, iris and the rest of the head. GLM and PhyloGLM analyses showed that there is a 

correlation between presence of VPI and the brightness ratio between the iris and the eye ring. But 

the interesting question is, what exactly is the causal relationships behind this correlation. 

First of all, it is worth mentioning here that veined VPI can play a role in intra- or interspecific 

communication. Firstly, this pattern, at least in some cases, has long-term stability (Rocha & 

Rebelo, 2014). Secondly, there are already successful attempts to use the iris of geckos for species 

identification through the I3S program (Rocha et al., 2013, Rocha et al., unknown year). This 

suggests that animals maybe also use veined VPI in a similar way for signaling purposes. 

Dark iris and eye ring can also play a cryptic role, as it is known, for example, in cavities nesting 

passerine birds (Davidson et al., 2017). Among mantellid frogs, bright iris is associated with an 

arboreal lifestyle, but it can also serve for partner recognition or as an aposematic protective 
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signaling marker (Amat et al., 2013). It is important to consider that the cryptic role can be 

combined with the signaling one, since the appearance is often a compromise between the 

conflicting requirements of the habitat (Marshall & Stevens, 2014). 

It is also interesting how the regularities associated with BrP are abstracted on all geckos. For 

example, in passerine birds, a regularity is known, the brightness of the iris correlates with various 

biological and behavioral indicators, as well as with the color of the eye ring exclusively within 

the boundaries of individual families, but not in samples from representatives of different families 

(Craig & Hulley, 2004). In geckos, this is known in relation to the dorsal pigmentation pattern. 

Unlike most lizards, the dorsal pigmentation pattern in geckos does not have a clear correlation 

with their ecological behavior and can only be considered in the context of the openness/closeness 

of the habitat, and not have common regularity for all geckos (Allen et al., 2020). Nevertheless, it 

can be assumed that the relationship between brightness pattern and VPI generalizes well to the 

level of all Gekkota. As you can see on Table 5.2 (see Supplemental material), the lighter the iris 

of a certain species in relation to the eye ring, the higher the probability that the species will not 

have veined VPI among all Gekkota, and among 3 out of 4 families representing all BrP-3char 

states. 

Thus, it can be assumed that veined VPI is a species-specific signaling marker for relatives and a 

cryptic pattern for predators. The eye ring usually has a simpler coloration pattern than veined VPI. 

It can also be assumed that when iris is significantly brighter than the eye ring, it takes over its role 

as a simpler bright signaling marker, and therefore simplifies its pattern to non-veined. 

 

Conclusions 
In this work, it is proved that the veined iris pattern was probably the ancestral state of the iris 

pattern for the common ancestor of the crown group of geckos. The positive relationship 

established by phylogenetic comparative methods between nocturnal lifestyle and veined VPI 

suggests that the probable time of occurrence of veined VPI in geckos is the period after the 

transition of the ancestors of their crown group to a nocturnal lifestyle. According to fossil data, 

Gobekko cretacicus from the Cretaceous period, close to modern geckos, had a reduced parietal 
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eye, which may indicate a transition to a nocturnal lifestyle (Daza, 2013). Thus, the assumed upper 

limit of the origin of veined VPI in geckos is the Cretaceous period. 

The ARD model most reliably describes the evolution of VPI in geckos. Its advantage over the ER 

model, which assumes only the disappearance of the venated VPI, is associated with two cases of 

the reappearance of veininess in non-venous species (Supplemental material, Table 5.1.). The first 

case is Lialis burtonis from the predominantly diurnal clade Pygopodidae, in which the iris 

coloration pattern is quite variable, and in some cases veined (Fig. 5.1.). Therefore, it may not have 

any special meaning and be rather random. Or, as already mentioned above, it have any relation to 

convergate with snakes. The second case - Lygodactylus guibei (Gekkonidae) ï as too already 

indicated, is rather an error in the identification of the species by the author of the photographs. 

But there are many cases of the disappearance of the veined VPI. According to the ARD model, 

the veined VPI disappeared 33 times: Gekkonidae (14 times), Phyllodactylidae (7), 

Diplodactylidae (5), Sphaerodactylidae (3), Eublepharidae (2), Pygopodidae (1 time, in the 

common ancestor of the family) and in Carphodactylidae (1). That is, the evolutionary trend is the 

irretrievable loss of the veined patterns. 

Results of Binary character evolution model (Fig. 4.11.) they show a regularity according to which 

non-veined VPI have a huge rate of appearance and disappearance of the cathemeral/crepuscular 

lifestyle. This indicates the role of a non-veined VPI as a strong destabilizer of the life cycle. Based 

on this, it can be assumed that the veined VPI has in some way become an important part of some 

mechanism of adaptation of geckos to the nocturnal lifestyle, and its loss breaks this mechanism, 

contributing to a rapid change in lifestyle. Maby this is seen in Fig. 5.2.: Species with a 

cathemeral/crepuscular lifestyle and a veined VPI have a numerically intermediate position 

between a veined and non-veined VPI. But species with a cathemeral/crepuscular lifestyle and an 

non-veined VPI show numerically a very weak opposite trend. I tend to interpret this graph as 

follows: due to the destabilization of the lifestyle caused by the loss of the veined VPI, diurnal 

species with an non-veined VPI often migrate to the cathemeral/crepuscular lifestyle, and from 

there partly back to the nocturnal. Accordingly, the cathemeral/crepuscular lifestyle begins to play 

a very active role as a "transit point" between day and night lifestyles. 

It was found that the veined VPI is co-dependent with the brightness of the iris relative to the eye 

ring. The darker the iris and the brighter the eye ring, the more often the iris will be veined, and 
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vice versa. Also, bright irises are relatively dominant in families with a daytime lifestyle. On the 

one hand, this is an argument in favor of the cryptic role of the veined VPI, since it is less needed 

by diurnal species. On the other hand, in favor of a species-specific signaling role, since a bright 

eye ring unmasks the iris and can itself be signaling, but perhaps in this case this unmasked veined 

iris is needed to give a more specific signal. 

Further directions in studying iris as an important, but so far poorly studied structure could be to 

study the external similarity of the veined iris pattern with the venous network. This is important 

to understand becauseé  To study whether venation pattern of the iris is caused by its role in 

cryptic or disruptive masking and/or caused by the role of VPI in the species-specific signaling. 

First step towards understanding this will be to examine intrapopulational variation of iris 

patterning in some species of the geckos look for putative correlates that could unveil the role of 

eye coloration in intraspecific communication. An intriguing question is whether the venation 

pattern of the iris may be driver of the lifestyle transition. As the veined VPI disappears mainly 

during the transition to a diurnal lifestyle, it may be possible that the non-veined VPI then helps to 

accelerate the lifestyle change in other directions. To my knowledge this is a first study ever on 

eye coloration is such broad level taxon such as infraorder gekkota. Thus, research on other groups 

of animals is crucial for our understanding of factors shaping eye coloration in vertebrates. 
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Supplementary material 

 

Family Loss of VPI Re-acquisition of VPI Total species 

Gekkonidae Pachydactylus rangei  1 

 Rhoptropus barnardi  

Rhoptropus biporosus 

 2 

 Blaesodactylus antongilensis  1 

 Blaesodactylus boivini  1 

 Ebenavia inunguis  1 

 Cnemaspis podihuna 

Cnemaspis tropidogaster 

Cnemaspis kandiana 

Rhoptropella ocellata 

Lygodactylus tolampyae 

Lygodactylus capensis 

Lygodactylus williamsi 

Phelsuma klemmeri 

Phelsuma vanheygeni 

Phelsuma pronki 

Phelsuma guentheri 

Phelsuma borbonica 

Lygodactylus guibei 

 

12 

 Cnemaspis africana 

Cnemaspis uzungwae 

Cnemaspis dickersonae 

Uroplatus phantasticus 

Uroplatus pietschmanni 

Uroplatus sikorae 

 6 

 Narudasia festiva  1 

 Hemidactylus sataraensis  1 

 Cyrtopodion agamuroides  1 

 Cyrtopodion sistanense  1 

 Tropiocolotes tripolitanus  1 

 Luperosaurus macgregori  1 

 Cnemaspis kendallii 

Cnemaspis limi 

Pseudogekko compressicorpus 

Pseudogekko smaragdinus 

 4 

Summary 14 groups 1 group 34 



55 
 

Phyllodactylidae Tarentola delalandii  1 

 Tarentola chazaliae  1 

 Tarentola annularis  1 

 Tarentola mauritanica  1 

 Phyllopezus periosus  1 

 Phyllodactylus wirshingi  1 

 Homonota underwoodi  1 

Summary 7 groups 0 groups 7 

Sphaerodactylidae Chatogekko amazonicus 

Lepidoblepharis festae 

Lepidoblepharis xanthostigma 

Gonatodes eladioi 

Gonatodes vittatus 

Gonatodes ceciliae 

Coleodactylus septentrionalis 

Coleodactylus brachystoma 

Coleodactylus meridionalis 

Pseudogonatodes lunulatus 

Pseudogonatodes guianensis 

Sphaerodactylus parvus 

Sphaerodactylus elegantulus 

 13 

 Pristurus celerrimus 

Pristurus minimus 

Pristurus carteri 

 3 

 Quedenfeldtia trachyblepharus 

Quedenfeldtia moerens 

 2 

Summary 3 groups 0 groups 18 

Eublepharidae Holodactylus africanus  1 

 Aeluroscalabotes felinus  1 

Summary 2 groups 0 groups 2 

Diplodactylidae Oedura marmorata  1 

 Strophurus taenicauda  1 

 Naultinus elegans 

Naultinus manukanus 

 2 

 Eurydactylodes vieillardi  1 

 Eurydactylodes symmetricus  1 

Summary 5 groups 0 groups 6 

Pygopodidae Delma concinna 

Delma mitella 

Delma fraseri 

Lialis burtonis 

 

12 
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Ophidiocephalus taeniatus 

Lialis jicari  

Pletholax gracilis 

Paradelma orientalis 

Pygopus lepidopodus 

Pygopus nigriceps 

Aprasia aurita 

Aprasia pseudopulchella 

Aprasia repens 

Summary 1 group 1 group 12 

Carphodactylidae Carphodactylus laevis  1 

Summary 1 group 0 groups 1 

Total summary 33 groups 2 groups 80 

Table 5.1 Grous of Gekkota, that loss or re-acquisition veined pattern of iris by ARD model. 

 

 

Parametr Char. Gekkota Carph. Dipl. Eubl. Gekk. Phyll. Pyg. Sph. 

Lifestyle Nocturnal 164, 21 11, 1 30, 1 12, 2 74, 10 28, 3 2, 2 7, 2 

 Cathemeral 75, 27 3, 0 11, 1  34, 13 13, 4 5, 5 8, 4 

 Diurnal 38, 34  5, 4  15, 12  6, 5 13, 13 

Brightness DDD 1, 1      1, 1  

 DLD  26, 9 1, 0 5, 1 1, 1 13, 7 5, 0  1, 0 

 DLN 80, 10 2, 0 13, 1 6, 0 38, 4 16, 3  5, 2 

 DND 12, 1  3, 0  9, 1    

 LLL  8, 4  5, 1  3, 3    

 LNL 14, 11 1, 0 2, 0  2, 2   9, 9 

 NDD 1, 1      1, 1  

 NLL 5, 3  1, 0 1, 0 2, 2   1, 1 

 NNN 130, 42 10, 1 17, 3 4, 1 56, 16 20, 4 11, 10 12, 7 

Br3 D 118, 20 3, 0 21, 2 7, 1 60, 12 22, 3  6, 2 

 L 14, 11 1, 0 2, 0  2, 2   9, 9 

 N 145, 51 10, 1 23, 4 5, 1 61, 21 20, 4 13, 12 13, 8 
 

No 

veined 
0-0.10 0.11-0.20 0.21-0.30 0.31-0.40 0.41-0.50 0.51-0.60 0.61-0.70 0.71-0.80 0.81-0.90 0.91-1.00 

Table 5.2 the frequency of a non-veined pattern among Gekkota in general and individual 

families, depending on the values of the studied parameters. Abbreviations in columns: Char. ï 

character, Carph. ï Carphodactyldidae; Dipl.- Diplodactylidae, Eubl. ï Eublepharidaae,  Gekk ï 

Gekkonidae, Phyll ï Phyllodactylidae, Pyg. ï Pygopodidea, Sph. ï Sphaerodactylidae. 


