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henotypic adaptation is an evolutionary process that

enhances survival in a prey species such as amphibians
(Michimae 2006), reptiles (McLean et al. 2014), mice
(Hoekstra et al. 2005), fish (Stevens et al. 2014), and
invertebrates (Cuthill et al. 2005). Animal colors have evolved
to serve different adaptive functions, including camouflage,
thermoregulation, warning or startling predators, and
communicating with conspecifics (Pérez i de Lanuza and Font
2016). Chromatophores are pigment-containing cells in the
skin of ectothermic animals such as amphibians and reptiles
(Taylor and Hadley 1970), so polymorphism in skin color is
associated with these cells. Any changes related to these cells can
lead to abnormal coloration that includes melanism, albinism,
axanthism, cyanism, erythrism, hypomelanism, and leucism.

Melanism, when affected individuals are black in color,
often is considered the opposite of albinism, which is charac-
terized by the absence of pigmentation (Allain et al. 2023).
Axanthism is described as the lack of xanthophores, erythro-
phores, and iridophores in the skin, leaving animals unable to
reflect red, orange, and yellow light (Jablonski et al. 2014).
Cyanism is characterized by individuals being a vibrant blue
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Figure 1. An unusual color pattern in a European Treefrog (Hyla arborea)
from Montenegro. Photograph by Aleksandar Simovi¢.
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and is possibly caused by a proliferation of cyanophores in
the skin (Allain et al. 2023). Erythrism leads to the color of
affected animals being red due to an excessive deposition of
erythrophores (which produce red and orange pigments) in
the skin, with various shades and degrees of intensity possi-
ble (Moore and Ouellet 2014). Hypomelanism is a condition
characterized by reduced pigmentation, and affected animals
typically have impaired visual acuity (Balkema and Driger
1991). Leucism is characterized by a partial loss of pigmenta-
tion, resulting in white or pale coloration; affected individu-
als can superficially resemble albinos but their eyes are dark
(Bechtel 1991).

Various color abnormalities in herpetofauna have been
documented and described by, for example, Gvozdenovié
and Schweiger (2014), Jablonski et al. (2014), Kolenda et al.
(2017), Borteiro et al. (2021), Fanaru et al. (2022), and Allain
et al. (2023). Color abnormalities such as melanism are more
frequent in cooler climates where the body tends to warm up
faster than in lighter individuals (e.g., Hodges 2008; Ikovi¢
et al. 2014; Nash et al. 2016). Although, natural selection
usually eliminates aberrations (Andrén and Nilson 1981),

Figure 2. An unusual color pattern in a Yellow-bellied Toad (Bombina
variegata) from Montenegro. Photograph by Vuk Ikovi¢.
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instances are known when individuals or even populations
characterized by aberrant coloration survive and reproduce
(Jablonski et al. 2014).

Few color abnormalities of amphibians and reptiles
from Montenegro have been described. To the best of our
knowledge, only melanism in Nazrix natrix, Natrix tessellata,
and Zootoca vivipara has been documented (Gvozdenovié
and Schweiger 2014; Ikovi¢ et al. 2014). We herein report
abnormal color patterns in Hyla arborea, Bombina variegata,
Dinarolacerta mosorensis, and Zamenis situla from typical
habitats in Mediterannean and Alpine biogeographical
regions in Montenegro. The discovery of affected individuals
was incidental during authors’ various field activities or, in the
case of Z. situla, information was provided by local fisherman
Milo§ Cetkovi¢ (see Acknowledgements).

We encountered a single European Treefrog (Hyla
arborea) with brown skin and dark spots (Fig. 1) on a cool
(<10 °C), cloudy day in “Orjenska lokva” (42.55782,
18.55181; elev. 1,586 m asl), a pond that is one of the largest
permanent bodies of water in the area around Sedlo, Orjen,
Herceg Novi. That area is characterized by alpine grasslands
on a carbonate substrate. Despite high annual precipitation,
the region is quite dry and permanent bodies of water are rare
due to the permeable substrate (Nature Park Orjen 2024).
Hyla arborea typically has a green dorsum that enables it to
blend into vegetation (Pinto et al. 2013), although color can
vary depending on temperature and time of day (Speybroeck
et al. 2016) or on substrate or background coloration
(Nielsen 1980). Koren and Jeli¢ (2011) reported different
color patterns, including a brown type, in H. arborea from
various locations in Croatia; Dordevi¢ et al. (2016) recorded
European Treefrogs with grayish gound color as well as nearly
black individuals with “golden” lateral stripes in Vojvodina
Province, Serbia; and Zimi¢ and Agovi¢ (2018) documented
16 color patterns in H. arborea from various locations in
Bosnia and Herzegovina, including a brown type. All the
above authors noted that green was the dominant ground
color in H. arborea.

We encountered a single Yellow-bellied Toad (Bombina
variegata) with an intense bright-green dorsum and hardened
warts with black tips (Fig. 2) during a warm (-28 °C) sunny
day in a stream running through oak-hornbeam forest in
Kuljage, Pastrovi¢i, Budva (42.28096, 18.90244; clev. 324
m asl). According to Speybroeck et al. (2016), B. variegata
typically has a light to dark brown or grayish dorsum with
scattered warts, occasionally with hardened black tips. A
green dorsum appears to be very rare. Deschandol (2024)
included in a Flickr photostream a photograph by Frank
Canon of a green B. variegata from Montenegro, but without
a precise location. The typically cryptic dorsal coloration of
Yellow-Bellied Toads is known to blend into the natural
environment and appears to provide protection from avian
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predators (Preifiler et al. 2021). About 20 other individuals
found in the stream with the bright green toad had the usual
dorsal coloration.

We found a single Mosor Rock Lizard (Dinarolacerta
mosorensis) with a bright green dorsum and dark spots
(Fig. 3) basking on a rock during a sunny day (ca. 21 °C)
in Komarnica, Kozarica, Savnik (43.03304, 19.04523; elev.
1,029 m asl). The area is characterized by grasslands on a
carbonate substrate and oak, hornbeam, and beech forests,
in both of which Mosor Rock Lizards occur where rocks are
present. The dorsum in D. mosorensis typically varies from
a uniform pale gray to chocolate brown, sometimes with
small dark spots. The back also can be shiny (Speybroeck et
al. 2016). Coloration in lizards has biological functions such
as mimicry, warning signals, sexual dimorphism, and mate
selection, and some of the factors that can affect color include
sex, temperature, ontogenetic state, the color and season of
the environment, state of excitation, physical condition, and
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Figure 3. An unusual color pattern in a Mosor Rock Lizard (Dinarolacerta
mosorensis) from Montenegro. Photograph by Vuk Ikovic.
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lighting (Smith 1995). We were unable to find any similar
color aberrations in D. mosorensis in the literature, so we
suspect that this variant is rare. Color abnormalities in various
lizard species have been reported; melanism, cyanism, and
hypomelanism in Zootoca vivipara (Gvozdenovi¢ et al. 2014;
Kolenda et al. 2017; Allain et al. 2023); albinism, melanism,
axanthism, leucism, piebaldism, and hypomelanism in Anguis
fragilis and erythrism in A. fragilis and Lacerta agilis (Allain
et al. 2023), and “aberration punctato-lineata” in L. agilis , a
dorsal pattern consisting of dark spots often surrounded by
white or light rings (Jablonski et al. 2017). Piebaldism, also
known as partial or regional albinism, is characterized by a
series of non—patterned, unpigmented (white or pale) spots
distributed on a pigmented background and without any
change in eye color (Kornilios 2014). Such patterns are highly
variable and can change depending on the sex, age, and season
(e.g., Kotenko and Sviridenko 2010; Jablonski et al. 2017).
Milo§ Cetkovi¢ (see Acknowledgements) encountered a
single European Ratsnake (Zamenis situla) with black-bordered
longitudinal lines and a few small reddish blotches on a gray
dorsal ground color but lacking typical reddish transverse
blotches or longitudinal lines and black markings on the
head (Fig. 4) on a sunny day (-15 °C) in Zagora, Platamuni,
Kotor (42.30416, 18.73299; elev. 67 m asl). This area is
characterized by maquis, a thick scrubby evergreen underb-
rush of Mediterranean shores. According to Spaybroeck et al.
(2016), dorsal ground color in Z. sizula is gray, yellowish, or
beige with either black-bordered reddish transverse blotches
or longitudinal lines, and rows of black and sometimes red
blotches on each flank; black markings on the head include
Y-shaped markings on the back of the head often extending
between the eyes, a black streak from the corners of the mouth
extending toward the upper posterior edges of the eyes, a black
bridle between the eyes, and black blotches under the eyes.
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Figure 4. An unusual color pattern in a European Ratsnake (Zamenis
situla). Photograph by Milos Cetkovié.
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We were unable to find any cases in the literature of a pattern
similar to that of the Z. sizula from Zagora; consequently, we
believe that such a pattern, which could be a form of partial
axanthism, is rare. Only a few cases of axanthic amphibians
and reptiles have been discovered in nature (Jablonski et al.
2014; Cattaneo 2015; Kolenda et al. 2017; Cavalcante and
Bruni 2018; Borteiro et al. 2021; Schluckebier et al. 2022;
Allain et al. 2023). An additional note of interest is that this
snake was encountered during the winter (20 December
2020). Winter activity in reptiles is well documented, but it
appears to be more common in lizards than in snakes and
turtles (e.g., Gvozdenovi¢ Nikoli¢ et al. 2024). However,
according to Altunisik and Kara (2021), climate change is
affecting winter activity in reptiles. The last several winters in
Montenegro were very warm (Institute of Hydrometeorology
and Seismology 2024), and climate projections showed
increases in mean winter temperature of 2-2.5 °C (Dragojevi¢
2020); consequently, an increasing frequency of observations
of winter-active reptiles is not surprising — and such incidents
are likely to become more common in the future.

Acknowledgements

We thank Milo$ Cetkovi¢, who shared his discovery of the
unusual Zamenis situla and gave us permission to use his
data and photograph; and Rastko Ajti¢ for his help with
the preparation of this manuscript. This work was sup-
ported by “Natura 2000 in Montenegro,” implemented by
the Environmental Protection Agency of Montenegro; and
“Promoting protected areas management through integrated
marine and coastal ecosystems protection in coastal area
of Montenegro,” implemented by the former Ministry of
Ecology, Spatial Planning, and Urbanism of Montenegro.

Literature Cited

Allain, S.J.R., D.J. Clemens, and O. Thomas. 2023. Taste the rainbow: A review of
color abnormalities affecting the herpetofauna of the British Isles. Reptiles &
Amphibians 30: €18470. https://doi.org/10.17161/randa.v30i1.18470.

Altunisik, A. and Y. Kara. 2021. Unusual winter activity of Bufo bufo (Anura:
Bufonidae). Twurkish Journal of Biodiversity 4: 105-107. https://doi.
org/10.38059/biodiversity.951087.

Andrén, C. and G. Nilson. 1981. Reproductive success and risk of predation
in normal and melanistic colour morphs of the adder, Vipera berus.
Biological Journal of the Linnean Society 15: 235-246. https://doi.
org/10.1111/j.1095-8312.1981.tb00761 x.

Balkema, G.W. and U.C. Driger. 1991. Impaired visual thresholds in
hypopigmented animals. Visual Neuroscience 6: 577-585. https://doi.
0rg/10.1017/5095252380000256X.

Bechtel, H.B. 1991. Inherited color defects: Comparison between humans and
snakes. International Journal of Dermatology 30: 243-246. https://doi.
org/10.1111/j.1365-4362.1991.tb04628 x.

Borteiro, C., A. Diesel Abegg, F.H. Oda, D. Cardozo, F. Kolenc, I. Etchandy, I.
Bisaiz, C. Prigioni, and D. Baldo. 2021. Aberrant colouration in wild snakes:
Case study in Neotropical taxa and a review of terminology. Salamandra 57:

124-138.

Cattaneo, A. 2015. The Zamenis longissimus (Laurenti) axanthic phenotype found
on the Castelporziano Presidential Estate: Considerations on its morphology,
genetic nature and probable extinction (Serpentes: Colubridac). Rendiconti

Lincei 26: 385-389. https://doi.org/10.1007/s12210-015-0384-7.



IKOVIC ET AL.

Cavalcante, R. and G. Bruni. 2018. Axanthism in Emys orbicularis hellenica
(Valenciennes, 1832) (Testudines: Emydidae) from Piedmont, northern Italy.
The Herpetological Bulletin 146: 36-38.

Cuthill, I.C., M. Stevens, J. Sheppard, T. Maddocks, C.A. Pdrraga, and T.S.
Troscianko. 2005. Disruptive coloration and background pattern matching.
Nature 434: 72-74. hteps://doi:10.1038/nature03312.

Deschandol, F. 2024. Flickr photostream. <https://www.flickr.com/photos/frank-
deschandol/32228820187>.

Dordevi¢, S., A. Simovié, I. Krizmanié, and L. Tomovié. 2016. Colour variations
in the European tree frog, Hyla arborea (Linnaeus, 1758), from two small
adjacent ponds in the Vojvodina Province, Serbia. Ecologica Montenegrina 5:
18-21. https://doi.org/10.37828/em.2016.5.2.

Dragojevi¢, S. (project coordinator). 2020. Montenegro Third National
Communication on Climate Change 2020. Ministry of Sustainable
Development and Tourism (MSDT) and the United Nations Development
Programme (UNDP) in Montenegro, Podgorica, Montenegro. <https://
www.meteo.co.me/zakoniipravilnici/Montenegro-NC3.pdf>.

Fanaru, G., A.E. Telea, I. Gherghel, and R. Melenciuc. 2022. Melanism in
the grass snake Natrix nazrix (Linnaeus, 1758) from the Danube Delta
Biosphere Reserve, Romania. Herpetozoa 35: 257-263. http://doi:10.3897/
herpetozoa.35.685310.

Gvozdenovi¢, S. and M. Schweiger. 2014. Melanism in Natrix natrix and Natrix
tessellata (Serpentes: Colubridae) from Montenegro. Ecologica Montenegrina
1: 231-233. https://doi.org/10.37828/em.2014.1.30.

Gvozdenovi¢ Nikoli¢, S., J. Popovi¢, and A. Mi¢anovi¢. 2024. Winter activity of
some reptile species in Montenegro. North-Western Journal of Zoology 20:
196-199.

Hodges, R.J. 2018. Seeing the heat with inexpensive thermography: natural history
observations on the northern viper (Vipera berus) and grass snake (Natrix

helvetica). The Herpetological Bulletin 144: 5-13.

Hockstra, H.E., ].G. Krenz, and M.W. Nachman. 2005. Local adaptation in
the rock pocket mouse (Chaetodipus intermedius): Natural selection and
phylogenetic history of populations. Heredity 94: 217-228. hteps://doi.
org/10.1038/sj.hdy.6800600.

Ikovi, V., M. Krasi¢, and S. Gvozdenovi¢. 2014. A record of melanistic viviparous
lizard Zootoca vivipara (Lichtenstein, 1823) (Squamata, Lacertidac) on
Prokletije Mountain, Montenegro. Hyla 2014(2): 41-44.

Institute of Hydrometeorology and Seismology. 2024. <https://www.meteo.
co.me/>.

Jablonski, D., A. Alena, P. VIgek, and D. Jandzik. 2014. Axanthism in amphibians:
A review and the first record in the widespread toad of the Bufotes viridis
complex (Anura: Bufonidae). Belgian Journal of Zoology 144: 93—101. hteps://
doi.org/10.26496/bjz.2014.69.

Jablonski, D., D. Grula, and J. Christophoryovd. 2017. Unusual colour and pattern
variation of Lacerta agilis (Squamata: Lacertidae) recorded from Central
Europe. Biharean Biologist 11: 126-128.

Kolenda, K., B. Najbar, A. Najbar, P. Kaczmarek, M. Kaczmarski, and T.
Skawinski. 2017. Rare colour aberrations and anomalies of amphibians and
reptiles recorded in Poland. Herpetology Notes 10: 103-109.

Koren, T., and D. Jeli¢. 2011. Interesting color forms of the European tree frog,
Hyla arborea (Linnaeus, 1758) (Amphibia: Ranidae) from Croatia. Hyla
2011(2): 27-29.

REPTILES & AMPHIBIANS e 32:¢23395 « 2025

Kornilios, P. 2014. First report of piebaldism in scolecophidians: a case of Typhlops
vermicularis (Squamata: Typhlopidae). Herpetology Notes 7: 401-403.

Kotenko, T.I. and H.Y. Sviridenko 2010. Variability of coloration and pattern of
the Sand Lizard, Lacerta agilis (Reptilia, Sauria, Lacertidae): Methodic aspects.
Vestnik Zoologii 44: 137-162.

McLean, C.A., A. Moussalli, and D. Stuart-Fox. 2014. Local adaptation and
divergence in colour signal conspicuousness between monomorphic and
polymorphic lineages in a lizard. Journal of Evolutionary Biology 27: 2654—
2664. https://doi.org/10.1111/jeb.12521.

Michimae, H. 2006. Differentiated phenotypic plasticity in larvae of the
cannibalistic salamander Hynobius retardatus. Behavioral Ecology and
Sociobiology 60: 205-211. https://doi.org/10.1007/s00265-005-0157-x.

Moore, J.D. and M. Ouellet. 2014. A review of colour phenotypes of the Eastern
Red-backed Salamander, Plethodon cinereus, in North America. Canadian
Field-Naturalist 128: 250-259. https://doi.org/10.22621/cfn.v128i3.1603.

Nash, D.]., S. Robinson, and T.R. Lewis 2016. Observations on the distribution of
melanistic snakes in Britain. The Herpetological Bulletin 136: 19-22.

Nature Park Orjen. 2024. Water in Karst. <https://orjen.me/eng/cultural-heritage/
water-in-karst/>.

Nielsen, H.I. 1980. Color and color adaptation of the European tree frog, Hyla
arborea. The Journal of Experimental Zoology 211: 143-151. https://doi.
0rg/10.1002/jez.1402110204.

Pérez i de Lanuza, G. and E. Font. 2016. The evolution of colour pattern
complexity: Selection for conspicuousness favours contrasting within-body
colour combinations in lizards. Journal of Evolutionary Biology 29: 942-951.
heeps://doi.org/10.1111/jeb.12835.

Pinto, F., M. Mielewczik, F. Liebisch, A. Walter, H. Greven, and U. Rascher. 2013.
Non-invasive measurement of frog skin reflectivity in high spatial resolution
using a dual hyperspectral approach. PLoS ONE 8: €73234. https://doi.
org/10.1371/journal.pone.0073234.

Preifiler, K., A. Rodriguez, and H. Prohl. 2021. Evidence for coloration plasticity in
the yellow-bellied toad, Bombina variegata. Ecology and Evolution 11: 17557—
17567. https://doi.org/10.1002/ece3.8391.

Schluckebier, R., M. Sachs, and M. Vences. 2022. Axanthic green toads, Bufotes
viridis (Anura: Bufonidae), from Cologne, Germany. Herpetology Notes 15:
345-348.

Smith, HM. 1995. Handbook of lizards: Lizards of the United States and of Canada.
Cornell University Press, Ithaca, New York, USA.

Speybroeck, J., W. Beukema, B. Bok, J. Van Der Voort, and illustrated by I.
Velikov. 2016. Field Guide to Amphibians and Reptiles of Britain and Europe.
Bloomsbury Publishing, London, UK.

Stevens, M., A.E. Lown, and A.M. Denton. 2014. Rockpool gobies change colour
for camouflage. PLoS ONE 9: €110325. https://doi.org/10.1371/journal.
pone.0110325.

Taylor, ].D. and M.E. Hadley. 1970. Chromatophores and color change in the
lizard, Anolis carolinensis. Zeitschrift fiir Zellforschung und Mikroskopische
Anatomie 104: 282-294. https://doi.org/10.1007/BF00309737.

Zimi¢, A. and V. Agovi¢. 2018. Colour variations in the European tree frog, Hyla
arborea (Linnaeus, 1758) (poster). 2" Balkan Herpetological Symposium
within 13% Croatian Biological Congress with International Participation,
19-23 September 2018, Poreg, Croatia.



