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Abstract:

We studied skin pigmentation characteristics of the starred agama, Stellagama stellio, at different altitudes
and climate conditions from Anatolia, Turkey. The epidermis was composed of stratum corneum and stratum basale, while the dermis occupied a much larger area. Melanophores were only found in the dermis
and melanin pigments exhibited different distribution patterns in cells. Our results indicated that the skin
pigmentation of S. stellio varied among populations depending on the altitude and climatic conditions.
At higher altitudes, the melanophores in dorsal skin were larger and its melanin pigments aggregated in
melanophores. The aggregation of the melanin pigments indicated the skin had lighter colour. The melanin
pigments tended to be dispersed at lower altitudes. The skin of populations inhabiting hot climates and
lower altitudes was more pigmented, while populations from steppe and higher altitudes exhibit lower
pigmentation when comparing melanophores areas.
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Introduction
The activity patterns of animals depend on both biotic
(e.g. ecological interrelationships, vegetation structure) and abiotic (e.g. altitude, environmental temperature, moisture) factors in the environment they
inhabit (Zamora-Camacho et al. 2013). Reptiles,
as ectotherms, are strongly dependent on environmental temperature for maintaining their physiology
(Bennet 1980). The variation of temperature along
with the altitudinal gradients could be the cause of
the differences in lizards’ thermoregulatory needs,
behaviour and phenology (Adolph & Porter 1993,
Chettri et al. 2010, Gutiérrez et al. 2010).
Generally, skin consists of three main layers:
epidermis, dermis and hypodermis. The epidermis
is composed of keratinised stratified squamous epithelium (Ross & Pawlina 2011). The outer keratinised surface of the epidermis consists of dead cells
produced by the cells of the deepest epidermal layer
during the maturation (Irish et al. 1988). The non-

mammalian dermis may contain connective tissue,
cells, blood vessels and related ducts. Paraphyletic
reptiles, as a group, have been characterised as devoid of glands on the dermis, in contrast with the
amphibians (Romer 1949, Hiller & Werner 2008).
Reptiles’ integument has adapted to arid conditions through some alterations such as increasing
of keratinisation, pigmentation and of dorsal-ventral
skin thickness (Darwish 2012). Therefore, the skin
of most reptiles including chelonians, crocodiles and
lizards is hard and contains scales (Toni et al. 2007).
Histological organisation of the integument can vary
among species (Alibardi 2003, Chang et al. 2009,
Darwish 2012).
Chromatophores
are
pigment-containing
and light-reflecting cells or groups of specialised
skin cells in ectothermic vertebrates (Oliveira &
Franco-Bellusci 2012). Melanophores are a kind
of chromatophores, which produce and contain
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black and brown melanin pigments and have some
dendrite-like extensions (Kierszenbaum 2002,
Oliveira & Franco-Bellusci 2012). These cells
are located in stratum basale of the epidermis in endotherms, whereas in ectotherms they are located
mostly in the deepest layer of dermis. Melanin protects the organism against the damaging effects of
non-ionizing ultraviolet irradiation (Ross & Pawlina
2011, Cichorek et al. 2013).
Reptile pigmentation originates from physical and cellular processes (Cooper & Greenberg
1992). Colour patterns in reptiles may be affected
by reproductive tactics, hormones, physiological
stress and ageing (Ollson et al. 2013). The structural (physical) colouration derives from the interaction of light with ordered collagen fibrils or with
the reflecting platelets of chromatophores present in
the dermis. Other types of skin colouration are an
adaptive response to the surrounding environment
and derive from rapid or slow (physiology-based)
re-distribution of melanosomes within dermal melanophores or from the long (morphology-based) accumulation of melanosomes in the epidermis from
epidermal melanocytes (Alibardi 2011).
The starred agama, Stellagama stellio (Linnaeus,
1758), is widely distributed along the Mediterranean
islands of Turkey and Greece and also in Anatolia,
Syria, Eastern Iraq, Lebanon, Israel and Jordan to
Lower Egypt and Northern Saudi Arabia (Daan 1967,
Başoğlu & Baran 1977, Almog et al. 2005). Agamas
generally prefer rocky areas with limited vegetation
and are well adapted to semi-desert and desert areas
(Başoğlu & Baran 1977). In this study, we investigated skin structure and pigmentation variations of S.
stellio among populations found at different altitudes
and climate conditions in Anatolia, Turkey.

Materials and Methods
Study area: Ten individuals (five males and five
females) were collected in April–May 2010 from

each of four localities: Hatay (Samandağ, 1 m a.s.l.),
Denizli (Hierapolis Ancient City Pamukkale, 363 m
a.s.l.), Konya (1005 m a.s.l.) and Isparta (Bağkonak
Village, Yalvaç, 1345 m a.s.l.).The individuals had
been previously collected for a study on their bone
histology and age structure (Kumaş & Ayaz 2014).
Climate conditions experienced by the population were classified according to the Köppen-Geiger
climate classification (WMKGCC 2016). Hatay and
Denizli have warm temperate climate with hot summer (CSa). Isparta has warm temperate climate with
warm summer (CSb). Konya’s climate is classified
as cold steppe climate (BSk). Climate data related
to mean temperature and rainfall (1987–2011) of the
study areas were obtained from the Turkish State
Meteorological Service (Table 1).
Histological Analysis: As a part of previous studies, all individuals were already fixed with
96% ethanol. Small parts of skin tissue were dissected from both dorsal and ventral regions and
were prepared for histological analysis. Five-µmthick longitudinal sections were stained with Harris
Haematoxylin & Eosin and Mallory’s trichrome and
examined under a light microscope. Melanophore
areas were measured using a Nikon Eclipse i5 light
microscope with a Nikon DS-Fi1c camera and Nikon
NIS Elements version 4.0 image analysis systems
(Nikon Instruments Inc., Tokyo, Japan). All data
were compared statistically using ANOVA (Oneway analysis of variance: Tukey test). The alpha was
set at 0.05.

Results
General skin structure: Each of the three skin layers,
epidermis, dermis and hypodermis, had different tissue characteristics. Epidermis, the uppermost layer
of the skin, contained two layers, called stratum corneum and stratum germinativum (stratum basale).
Two distinct keratin layers were observed in the
stratum corneum: an uppermost light-coloured layer

Table 1. The geographic and climatic data for localities where Stellagama stellio was collected for the present histological analysis
Locality

Coordinates

Hatay-Samandağ

36.064646 °N
35.948684 °E

Denizli-Hierapolis
Ancient City
Pamukkale
Konya-Karapınar
Isparta-Bağkonak
Village, Yalvaç
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37.909669 °N
29.120193 °E
37.690586 °N
33.641506 °E
38.286538 °N
31.182445 °E

1

Mean
temperature
(°C)
18.8

Mean
humidity
(%)
75.1

Annual
rainfall
(mm)
76.4

363

16.4

59

46.02

Warm temperate climates
with hot summer (CSa)

1005

10.9

62.7

23.6

Local steppe climate (BSk)

1345

11.1

59.7

42.3

Warm temperate climates
with warm summer (CSb)

Altitude
(m)

Type of climate
WMKGCC (2016)
Warm temperate climates
with hot summer (CSa)
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and a darker-coloured one. We observed an artificial
gap between these layers resulting from the preparation (Fig. 1). The cellular portion of the epidermis
consisted of a single layer of stratum germinativum
(stratum basale) layer, composed of simple columnar
or high cuboidal cells, called keratinocytes, located
on the basal lamina. Epidermal melanophores were
not observed between epithelial cells. The epidermis
was substantially thinner than the dermis.
The connective tissue in the dermis did not
project into the epidermis, so we did not observe
dermal papillae. In the dermis, there were two different layers, including papillary dermis and reticular dermis, according to the distribution of collagen. Although no dermal papillary was observed in
the dermis, collagen fibres close to the epidermis,
which were called papillary dermis, showed a different appearance compared to those of the reticular dermis located in the deeper part of the dermis.
The papillary dermis contained thin and randomly
distributed loose connective tissue, whereas the reticular dermis was composed of dense connective
tissue (Fig. 2). Blood vessels were seen in papillary dermis (Fig. 3). As expected, epidermal skin
appendages, including secretion channels and sebaceous glands, were not found within the dermis.
The melanophores were only found in the dermis
layer and not found in the epidermis. The large melanophores were extended from the reticular layer
to the papillary dermis and reached stratum basale
of the epidermis. Melanin pigments were dispersed
throughout the melanophores, which were located
from the papillary dermis to stratum basale, while
melanin pigments were aggregated in melanophores
located in the reticular dermis.

Ventral Skin Histology: The histological
structures of the epidermis and hypodermis layers
were found to have similar features. However, there
were some differences among populations in terms
of melanocyte size and pigment distribution.
The melanophores of the individuals from the
Denizli region, located between stratum basale of
the epidermis and the papillary dermis had dispersed
pigments. Those were seen as a thin layer (Mean
area ± SD = 5.84 ± 0.86 µm2). Large melanophores
(639.19 ± 23.45 µm2) extended from the reticular
layer to the papillary dermis with pseudopodia and
then reached stratum basale (Fig. 4a).
In Konya individuals, the pigment granules
were rather concentrated in melanophores and the
cells found between the stratum basale and papillary dermis layers. In a single female, we observed
that melanophores reached from the papillary dermis
layer to stratum basale with pseudopodia. Mediumsized melanophores (11.52 ± 2.14 µm2) were observed in three females and one male between the
papillary dermis and the reticular dermis, whereas
a small number of black and large melanophores
(38.33 ± 9.84 µm2) were observed in the reticular
dermis (Fig. 4b).
The melanin pigments were parallel to the
epithelial surface in individuals that were collected
from Isparta. They formed a thick and dense layer in
the papillary dermis (144.01 ± 12.36 µm2, Fig. 4c).
In two females, some of the melanophores reached
stratum basale by pseudopodia. In some individuals,
there were medium-sized melanophores between
the reticular and the papillary dermis (10.98 ± 2.14
µm2). Melanophores were mostly observed in the reticular dermis, whereas the ones that had dispersing

Fig. 1. Histological view of the ventral skin of a male Stellagama stellio from Isparta. Blue arrows indicate bundles
of collagen fibres. Stain: Harris Haematoxylin-Eosin.
Scale-bar: 31.94 µm

Fig. 2. Histological view of the dorsal skin of a female
Stellagama stellio from Denizli. Stain: Harris Haematoxylin-Eosin. Scale-bar: 31.94 µm
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Fig. 3. Longitudinal section of the ventral skin in a male
Stellagama stellio from Hatay. Blue arrows indicate the
melanophores. BV: blood vessels. Stain: Harris Haematoxylin-Eosin, Scale-bar: 7.78 µm

Fig. 5. Longitudinal sections of the dorsal skin of Stellagama stellio from [a] Denizli, [b] Konya, [c] Isparta, and
[d] Hatay (M: melanophores, Nc: Nucleus). Stain: Harris
Haematoxylin-Eosin. Scale-bar: 7.78 µm

pigments were mostly located between the papillary
dermis and stratum basale.
Melanophores formed a very thin layer in the
papillary dermis (38.93 ± 4.83 µm2, Fig. 4d) in individuals that were collected from Hatay. Only two
males had, respectively, one and two medium-sized
black melanophores in the reticular dermis (43.56 ±
5.78 µm2, Fig. 3).
Dorsal Skin Histology: The dispersing melanin pigments were not found under stratum basale
in individuals that were collected from Denizli.
Melanophores were located between collagen fibres in the reticular dermis and covered a large area
(253.93 ± 34.78 µm2, Fig. 5a).
In Konya and Isparta individulas, melano330

Fig. 4. Longitudinal sections of the ventral skin of Stellagama stellio from [a] Denizli. Stain: Mallory’s trichrome, [b] Konya, [c] Isparta and [d] Hatay. Blue arrows indicate the melanophores; the red circle indicates
dispersion of melanin in the melanophores. Stain: Harris
Haematoxylin-Eosin. Scale-bar: 7.78 µm

phores were larger than those of other populations
(50.72 ± 17.76 µm2 and 543.12 ± 39.45 µm2, respectively) and those cells extended from the papillary
dermis to stratum basale by a large number of pseudopodia. In the papillary dermis densely aggregated
pigments in melanophores were observed (Fig. 5b).
The melanophores in the reticular dermis (543.12 ±
47.26 µm2) were larger than those in the papillary
dermis (4.09 ± 1.06 µm2) in individuals collected
from Isparta (Fig. 5c).
In Hatay individuals, medium-sized melanophores (14.09 ± 2.38 µm2) were mostly located in
the papillary dermis and they reached stratum basale
by their pseudopodia. Melanophores, which also appeared in the reticular dermis (8.64 ± 1.14 µm2), were
smaller than those of the papillary dermis (Fig. 5d).
In populations living under WMKGCC categories “Warm temperate climates with warm summer”
and “Local steppe climate” conditions, pigmentation
of skin was higher than that of populations living under “Warm temperate climates with hot summer” (F
= 45.521; df = 97, P < 0.0001). The largest mean area
of melanophores located in the reticular dermis was
obtained from Denizli and Isparta populations that
live in warm temperate climatic condition.
At higher altitudes (Konya and Isparta), the
melanophores in dorsal skin were larger and melanin pigments were aggregated in the cells. The aggregation of the melanin pigments indicated that
the skin had a light colour. The melanin pigments
tended to disperse at lower altitudes (Hatay and
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Denizli) which meant that the dorsal skin was darker
at lower altitudes. The skin of populations inhabiting hot climates and lower altitudes (Hatay and
Denizli) was more pigmented than the one of other
populations. Even though the ventral skin generally
exhibited similar structure with the dorsal skin, in
Isparta population the melanophores of the ventral
skin were close to the epidermis unlike dorsal skin.
This could be caused by differences in average temperature. According to a melanophore area comparison, the skin of individuals living in hot areas and at
low altitudes was more pigmented, while the steppe
and higher altitudes populations exhibited lower pigmentation.

Discussion
Studying different altitude gradients is an opportunity to understand adaptations to variable environmental factors. The variables with the highest effect
on an organism regarding altitude are temperature
and ultraviolet radiation which respectively decrease
and increase with altitude (Reguera et al. 2014).
Therefore, reptiles distributed in lowlands and highlands are expected to have different phenology due
to the different climatic conditions they experience
(Castilla et al. 1999).
Melanophores are light-absorbing pigment
cells that produce black or brown colours, found
both in the epidermis and the dermis. The spatial
arrangement and architectural combination of these
pigment cells can produce different skin colours in
reptiles (Morrison 1995, Morrison et al. 1996).
The presence of epidermal melanophores may vary
with age, sex, skin surface location and geographical
distribution (Cooper & Greenberg 1992). The presence of epidermal melanophores and dermal chromatophores was shown for Plestiodon latiscutatus
(see Kuriyama et al. 2006) and Sphenodon punctatus (see Alibardi 2011).
Epidermal melanophores allow transfer of
melanosomes into the keratinocytes (Alibardi
2011). Melanophores of poikilotherms cause dark
backgrounds and generally contain dispersed melanosomes. When melanin pigments aggregate in the
perinuclear region they cause light colour (Cooper
& Greenberg 1992). Desert lizards have typically
light colour at high temperatures, becoming darker
only at very low body temperatures (Atsatt 1939).
We found that Stellagama stellio had dorsal
and ventral skin pigmentation variations along the
altitudinal gradient. We detected that melanin pigments aggregated within the melanophores in the
populations living in warm temperature climate with

hot summers, whereas degraded within the melanophores in the populations living in warm temperature climate with warm summers and in local steppe
climate. To date, four hypotheses have been proposed to explain the occurrence of dorsal and ventral
colour polymorphism: thermoregulatory advantages
in different microclimatic conditions (Sherbrooke
et al. 1994, Lepetz et al. 2009, Sacchi et al. 2012),
mimesis when different morphs are advantageous
at different habitats (Stuart-Fox et al. 2004,
Rosemblum 2006, Capula et al. 2009), protection
from ultraviolet radiation (Clusella-Trullas et
al. 2008, Reguera et al. 2014) and sexual selection
(Stuart-Fox & Ord 2004). Among these hypotheses, we only tested whether altitude dependent temperature variables elicit colour change.
Our results showed that darker dorsal and ventral colouration at higher altitudes did not support the
“thermal melanism hypothesis”, which predicts that
dark individuals are advantageous in cool climates as
they heat faster and reach higher equilibrium temperatures than lighter individuals (Clusella-Trullas
et al. 2007, 2008). Gvoždík (1999) compared heating rate, body size and body condition of Zootoca
vivipara and found that the species did not confirm
thermoregulatory advantage hypothesis. Heating up
faster is important for ectotherms especially for reptiles because in this case thermoregulation is connected to solar radiation (Vitt & Caldwell 2009).
Our results supported the “protection against ultraviolet damage hypothesis” (Porter & Norris 1969),
which helps us to explain why S. stellio was darker
at increased altitudes, based on increasing UV radiation intensity with elevation (Porter & Norris
1969). Solar radiation is necessary for thermoregulation but it can be harmful at high altitudes (Sola
et al. 2008) because the thinner atmosphere allows
more UV radiation to reach the ground (Reguera et
al. 2014). High levels of UV radiation damages DNA
(Ravant et al. 2001), eggs and embryos (Marquis
et al. 2008) and can cause cellular oxidative stress
(Chang & Zheng 2003).
The other two hypotheses about dorsal and
ventral colour variation depending on altitude, the
“cryptic-colouration hypothesis” (Reguera et al.
2014) and the “sexual selection” (Stuart-Fox &
Ord 2004) were not examined in our study. Further
analysis would suggest the most effective mechanism for altitude-dependent polymorphic colouration at S. stellio.
There are many studies on dorsal and ventral
colour polymorphism, not only in terms of abiotic
factors and environmental changes but also with regard to genetic factors, such as phenotypic plastic331
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ity (Rosemblum 2005) and melanocortin-1 receptor
(e.g., Marklund et al. 1996, Ducrest et al. 2008,
Huang et al. 2014, Fulgione et al. 2015). Melanin
pigments provide the most widespread source of
colouration in vertebrates. The melanin-based colouration could be the result of both mutations in the
melanocortin-1 receptor gene and of differential expression of the same gene for a wide range of vertebrates (e.g. Skoglund & Höglund 2010, Våge et
al. 2014, Zhang et al. 2014, Fulgione et al. 2015).
However, this mechanism is still poorly known in
lizards and some populations can exhibit a high variation of melanism (Fulgione et al. 2015). Future

melanin-based studies of agamid lizards could help
in understanding the skin colouration mechanisms
and the environmental factors that effect skin colour
polymorphism.
Acknowledgements: The study protocol was approved with
Decision No. 2011-027 by the Laboratory Animals Ethical Committee at Ege University, Turkey. The fieldwork was conducted
under permissions [2010-2507] obtained from the Directorate
General for Nature Conservation and National Parks, Ministry
of Environment and Forestry, Republic of Turkey. We thank the
editor and two anonymous reviewers for their constructive comments, and Melodi Yenmiş for valuable comments of earlier version of the manuscript.

References
Adolph S. C. & Porter W. P. 1993. Temperature, activity, and
lizard life histories. American Naturalist 142: 273-295.
Alibardi L. 2011. Cytology and localization of chromatophores
in the skin of the Tuatara (Sphenodon punctaus). Acta
Zoologica 93: 330-337.
Alibardi L. 2003. Immunocytochemistry and keratinization in the
epidermis of crocodilians. Zoological Studies 42: 346-56.
Almog A., Bonen H., Herman K. & Werner Y. L. 2005. Subspeciation or none? The hardun in the Aegean (Reptilia:
Sauria: Agamidae: Laudakia stellio). Journal of Natural
History 39: 567-86.
Atsatt S. R. 1939. Color changes as controlled by temperature
and light in the lizards of the desert region of Southern
California. University of California Publications in Biological Science 1: 237-276.
Başoglu M. & Baran I. 1977. Türkiye Sürüngenleri, Kısım I.
Kaplumbağa ve Kertenkeleler (The Reptiles of Turkey, Part
1. The turtles and lizards). -Ege Üniversitesi Fen Fakültesi
Kitap Serisi, No: 76, İlker Matbaası, Bornova-Izmir.
Bennet A. F. 1980. The thermal dependence on lizard behaviour.
Animal Behaviour 28: 752–762.
Capula M., Chiantini S., Luiselli L. & Loy A. 2009. Size and
shape in Mediterranean insular lizards: patterns of variation
in Podarcis raffonei, P. sicula and P. wagleriana (Reptilia,
Squamata: Lacertidae). Aldrovandia, Bollettino del Museo
Civico di Zoologia di Roma 5: 217-227.
Castilla A. M., Van Damme R. & Bauwens D. I. R. K. 1999.
Field body temperatures, mechanisms of thermoregulation
and evolution of thermal characteristics in lacertid lizards.
Natura Croatica 8(3): 253-274.
Chang C & Zheng R. 2003. Effects of ultraviolet B on epidermal
morphology, shedding, lipid peroxide, and antioxidant
enzymes in Cope’s rat snake (Elaphe taeniura). Journal of
Photochemistry and Photobiology B: Biology 72: 79–85.
Chang C., Wu P., Baker R. E., Maini P. K., Alibardi L. &
Chuong C. M. 2009. Reptile scale paradigm: Evo-Devo,
pattern formation and regeneration. International Journal
of Developmental Biology 53: 813-826.
Chettri B., Bhupathy S. & Acharya B. K. 2010. Distribution
pattern of reptiles along an eastern Himalayan elevation
gradient, India. Acta Oecologica 36: 16–22.
Cichorek M., Wachulska M., Stasiewicz A. & Tyminska A.
2013. Skin melanocytes: biology and development. Postepy
Dermatologii Alergologii 1: 30-41.

332

Clusella‐Trullas S. C., van Wyk J. H. & Spotila J. R. 2007.
Thermal melanism in ectotherms. Journal of Thermal Biology 32(5): 235-245.
Clusella‐Trullas S., Terblanche J. S., Blackburn T. M. &
Chown S. L. 2008. Testing the thermal melanism hypothesis: a macrophysiological approach. Functional Ecology
22(2): 232-238.
Cooper W. E. & Greenberg J. N. 1992. Reptilian coloration and
behavior. Volume 18: Biology of the Reptilia Physiology,
University of Chicago Press, Chicago. In edited: Gans, C.,
Crews, D., pp. 298-422.
Daan S. 1967. Variation and Taxonomy of the Hardun, Agama
stellio (Linnaeus, 1758) (Reptilia, Agamidae). Beaufortia
14: 109-134.
Darwish S. T. 2012. Comparative light and ultrastructural studies
of skin in Stenodactylus petrii and Ptyodactylus guttatus
(Reptilia: Gekkonidae). Egypt Journal of Experimental
Biology 8: 9-14.
Ducrest A. L., Keller L. & Roulin A. 2008. Pleiotropy in
the melanocortin system, coloration and behavioural syndromes. Trends in Ecology & Evolution 23(9): 502-510.
Fulgione D., Lega C., Trapanese M. & Buglione M. 2015.
Genetic factors implied in melanin-based coloration of
the Italian wall lizard. Journal of Zoology 296: 278-285.
Gvoźdik L. 1999. Colour polymorphism in a population at common lizard, Zootoca vivipara (Squamata: Lacertidae). Folia
Zoologica 48(2): 131-136.
Gutiérrez J. A., Krenz J. D. & Ibarguengoytı´a N. R. 2010.
Effect of altitude on thermal responses of Liolaemus pictus
argentinus in Argentina. Journal of Thermal Biology 35:
332-337.
Hildebrand M. & Goslow G. 2001. Analysis of vertebrate
structure. 5th eds. John Wiley Sons, Inc., New York.
Hiller, U. & Werner, Y. L. 2008. First evidence of unicellular
glands in the general epidermis of terrestrial reptiles.
Naturwissenschaften 95: 193-202.
Huang J., Zhou B., He D. Q., Chen S. Y., Zhu Q., Yao Y. G.
& Liu Y. P. 2014. Melanocortin 1 receptor (MC1R) gene
and association with plumage color in domestic geese. The
Journal of Poultry Science 51: 270-274.
Irish F. J., Williams E. E. & Seiling E. 1988. Scanning electron
microscopy of changes in epidermal structure occurring
during the shedding cycle in squamate reptiles. Journal of
Morphology 197: 105-126.

Skin Pigmentation of Stellagama stellio (L. 1758) (Reptilia: Agamidae) Depends on Climate Conditions...
Kierszenbaum A. L. 2002. Integumentary system. In: Kierszenbaum A. L. (Ed.), Histology and Cell Biology. Mosby Inc.,
New York, pp. 299-304.
Kumaş M. & Ayaz D. 2014. Age determination and long bone
histology in Stellagama stellio (Linnaeus, 1758) (Squamata: Sauria: Agamidae) populations in Turkey. Vertebrate
Zoology 64: 113-126.
Kuriyama T., Miyaji K., Sugimoto M. & Hasegawa M. 2006.
Ultrastructure of the dermal chromatophores in a lizard
(Scincidae: Plestiodon latiscutatus) with conspicuous
body and tail coloration. Zoological Science 23: 793-799.
Lepetz V., Massot M., Chaine A. S. & Clobert J. 2009. Climate
warming and the evolution of morphotypes in a reptile.
Global Change Biology 15(2): 454-466.
Marklund L., Moller M. J., Sandberg K. & Andersson L.
1996. A missense mutation in the gene for melanocytestimulating hormone receptor (MCIR) is associated with
the chestnut coat color in horses. Mammalian Genome
7(12): 895-899.
Marquis O., Miaud C. & Lena J. P. 2008. Developmental responses to UV-B radiation in common frog Rana temporaria
embryos from along an altitudinal gradient. Population
Ecology 50: 123-130.
Martín J. & López P. 2009. Multiple color signals may reveal
multiple messages in male Schreiber’s green lizards, Lacerta schreiberi. Behavioral Ecology and Sociobiology
63(12): 1743-1755.
Morrison R. L. 1995. A transmission electron microscopic
(TEM) method for determining structural colors reflected
by lizard iridophore. Pigment Cell Melanoma Research
8: 28-36.
Morrison R. L., Sherbrooke W. C. & Frost-Mason S. K. 1996.
Temperature sensitive, physiologically active iridophores
in the lizard Urosaurus ornatus: an ultrastructural analysis
of color change. Copeia 1996: 804-812.
Oliveira de O. & Franco-Bellusci I. 2012. Melanic pigmentation in ectothermic vertebrates: occurrence and function.
In: Ma X. P. & Sun X. X. (Eds.). Melanin: Biosynthesis,
Functions and Health Effects. Nova Science Publishers
Inc., New York. pp. 213-225.
Olsson M., Stuart-Fox D. & Ballen C. 2013. Genetics and
evolution of colour patterns in reptiles. Seminars in Cell
& Developmental Biology 24(6): 529-541.
Porter W. P. & Norris K. S. 1969. Lizard reflectivity change and
its effect on light transmission through body wall. Science
163(3866): 482-484.
Ravanat J. L., Douki T. & Cadet J. 2001. Direct and indirect
effects of UV radiation on DNA and its components.
Journal of Photochemistry and Photobiology B. Biology
63(1): 88-102.
Reguera S., Zamora‐Camacho F. J. & Moreno‐Rueda G. 2014.
The lizard Psammodromus algirus (Squamata: Lacertidae)
is darker at high altitudes. Biological Journal of the Linnean
Society 112(1): 132-141.
Romer A. S. 1949. The Vertebrate Body. W. B. Saunders, Philadelphia and London.
Rosenblum E. B. 2005. The role of phenotypic plasticity in
color variation of Tularosa Basin lizards. Copeia 2005(3):
586-596.

Rosenblum E. B. 2006. Convergent evolution and divergent selection: lizards at the White Sands ecotone. The American
Naturalist 167(1): 1-15.
Ross M. H. & Pawlina W. 2011. Integumentary system. In: Taylor
C. (Ed.) Histology: Text and Atlas, 6th Edition, Lippincott
Williams & Wilkins, Philadelphia. pp. 488-501.
Sacchi R., Scali S., Pellitteri-Rosa D., Bellati A., Ghitti
M., Cocca W. & Gentilli A. et al. 2012. Colour polymorphism in common wall lizards, Podarcis muralis:
causes and consequences. In: IX Congresso Nazionale della
Societas Herpetologica Italica, At Bari-Conversano, 26-30
September 2012, Volume: Atti IX Congresso Nazionale
Societas Herpetologica Italica, Pineta, Conversano (Bari),
pp. 203-205
Sherbrooke W. C., Castrucci A. M. & Hadley M. E. 1994.
Temperature effects on in vitro skin darkening in the Mountain Spiny Lizard, Sceloporus jarrovi: a thermoregulatory
adaptation? Physiological Zoology 67(3): 659-672.
Skoglund P. & Höglund J. 2010. Sequence polymorphism in
candidate genes for differences in winter plumage between
Scottish and Scandinavian willow grouse (Lagopus lagopus). PLoS ONE 5, e10334.
Sola Y., Lorente J., Campmany E., de Cabo X., Bech J.,
Redaño A., Martínez-Lozano J. A., Utrillas M. P.,
Alados-Arboledas L., Olmo F. J., Díaz J. P., Expósito
F.J., Cachorro V., Sorribas M., Labajo A., Vilaplana
J. M., SILVA A. M. & Aadosa J. 2008. Altitude effect
in UV radiation during the evaluation of the effects of
elevation and aerosols on the ultraviolet radiation 2002
(VELETA-2002) field campaign. Journal of Geophysical
Research 113: 1-11.
Stuart–Fox D. M. & Ord T. J. 2004. Sexual selection, natural
selection and the evolution of dimorphic coloration and
ornamentation in agamid lizards. Proceedings of the Royal
Society of London B: Biological Sciences 271(1554):
2249-2255.
Toni M., Valle L. D. & Alibardi L. 2007. Hard (beta-) keratins
in the epidermis of reptiles: composition, sequence, and
molecular organization. Journal of Proteome Research 6:
3377-3392.
Våge D. I., Nieminen M., Anderson D. G. & Røed K. H. 2014.
Two missense mutations in melanocortin 1 receptor
(MC1R) are strongly associated with dark ventral coat
color in reindeer (Rangifer tarandus). Animal Genetics
45: 750-753.
Vitt L. J. & Caldwell J. P. 2013. Herpetology: an introductory
biology of amphibians and reptiles. Academic Press.
WMKGCC (World Maps of Köppen – Geiger climate classification) 2016. http://koeppen-geiger.vu-wien.ac.at (last
accessed 02 February 2016).
Zamora-Camacho F. J., Reguera S., Moreno-Rueda G. &
Pleguezuelos J. M. 2013. Patterns of seasonal activity in
a Mediterranean lizard along a 2200 m altitudinal gradient.
Journal of Thermal Biology 38(2): 64-69.
Zhang M. Q., Xu X. & Luo S. J. 2014. The genetics of brown
coat color and white spotting in domestic yaks (Bos grunniens). Animal Genetics 45: 652-659.
Received: 06.07.2016
Accepted: 21.03.2017

333

