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Abstract
Albinism in Natrix tessellata (Serpentes:  Natricidae). The Dice Snake, Natrix tessellata, 
varies in color and pattern, and has several color morphs. Except for melanism, color 
aberrations are quite rare in the species. Of the two published records of albinism in N. 
tessellata, the first, from the mid–19th century in Italy is dubious; the second is from Israel. 
Herein, albinism in juvenile N. tessellata from Slovakia is documented, and the occurrence 
of albinism in all species of European snakes is discussed.

Keywords:  Central Europe, color aberration, Dice Snake, European snakes, Natricinae.

Resumo
Albinismo em Natrix tessellata (Serpentes:  Natricidae). Natrix tessellata varia em cor e padrão e 
tem várias formas de cores. Exceto pelo melanismo, as aberrações cromáticas são muito raras na 
espécie. Dos dois registros de albinismo publicados para essa espécie, o primeiro, de meados do 
século 19 na Itália, é duvidoso; o segundo é de Israel. Documentamos aqui o albinismo em jovens de  
N. tessellata da Eslováquia e examinamos o contexto de albinismo observado entre outras serpentes 
da Europa.

Palavras-chave:  aberração cromática, albinismo, Europa Central, Natricinae, serpentes européias.

Introduction

Natrix tessellata (Laurenti, 1768) comprises 
nine mitochondrial evolutionary lineages that 
have a rather uniform morphology (Mebert 
2011) across the wide range of the species 
(Guicking et al. 2009). It is one of the most 
common semiaquatic snake species in the 
western Palearctic (Gruschwitz et al. 1999) 
belonging to the family Natricidae (Zaher et al. 
2019); it inhabits watercourses with mostly 

rocky shores (Conelli et al. 2011) and feeds 
mainly on fish or amphibians (Frotzler et al. 
2011, Storm 2018). The species is known for its 
color and pattern variation in natural populations 
(Sterijovski et al. 2011), including different 
color morphs (e.g., uniformly brown or 
yellowish), and except for melanism, color 
aberrations are rare (e.g., In den Bosch et al. 
1998, Sterijovski et al. 2011, Tuniyev et al. 
2011).

To date, only two albinotic individuals of 
Natrix tessellata have been reported—one from 
Italy and one from Israel. The albinotic juvenile 
snake from Kfer Netter, Israel, was found alive; 
other than a photograph, no further information 
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was provided by Werner (2016:  268). The snake 
from Italy was found by Riccardo Magnani on 
09 August 1879 at Cantone delle Tre Miglia, 
near Pavia in northern Italy. It is a male with a 
snout–vent length of 44.5 cm and tail length of 
11.5 cm (total length, 55 cm). The specimen has 
two preocular, three postocular, and eight 
supralabial scales (Razzetti in litt. 2018). Pirotta 
(1879) described it to be pinkish in color with 
two darker spots on the scales on the top of the 
head, and slight brownish shades on ventral and 
subcaudal scales. However, leucism cannot be 
excluded in this case as the original author Mr. 
Magnani placed the specimen in alcohol, 
believing it a venomous species. After a few 
hours in alcohol, Pirotta (1879) could not 
recognize the color of the iris; this led Pirotta 
(1879) to consider the specimen as either 
leucistic or albinotic. The snake is deposited in 
the zoological collection of the museum in the 
Natural History Museum in Pavia, under voucher 
number CR0373 (Figure 1).

Figure 1.	 A potentially albinotic individual of Natrix tessellata found in Pavia in 1879 and deposited in the Natural 
History Museum in Pavia, Italy (voucher no. CR0373).

The first record of albinism in N. tessellata 
from Slovakia reported here is important. 
Although albinism occurs in all vertebrates, it is 
rare in wild populations, especially in adults 
(Ferri and Bettiga 1992). The condition is a 
genetic anomaly caused by lack of activity of the 
enzyme tyrosinase, which is responsible for 
formation of melanin (Creel et al. 1974), 
resulting in the absence of melanin in the skin, 
the iris, and the choroid (Spadola and Di Toro 
2007, Krecsák 2008). Estimates of the occurrence 
of albinism in the wild vary from 1:10,000 to 
1:30,000 (Bechtel 1995).

Materials and Methods

On 16 July 2018 at about 18:00 h, an 
anonymous person informed MO of a clutch of 
eggs of Natrix tessellata from Šaca, Slovakia 
(48°3838.4  N, 21°0946.8  E; 252 m a.s.l.), 
where the species is known to occur (Lác and 
Lechovič 1964). The clutch of 18 eggs was 
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between wooden boards to be used for 
construction. Three mold-infested, unfertilized 
eggs were removed from the clutch, and the rest 
of the eggs were placed in an incubator. During 
incubation (moist vermiculite; 26°C; 60–70% 
humidity), two eggs started to rot and were 
removed on 20 and 23 July 2018. On 11 August 
2018, 13 hatchlings, eight normally colored and 
five albinos, hatched after 26 days inside the 
incubator. The incubation period for N. tessellata 
eggs for Central Europe is 41–72 days (Velenský 
et al. 2011). All individuals are kept in plastic 
boxes with pine bark. Each box also contains a 
large water bowl, a shelter, and a branch of 
appropriate size. Photoperiod and heating are 
provided by heat lamps with temperatures 
reaching up to 28°C in a basking spot and room 
temperature in other parts of the enclosure. 
Individuals are fed separately every 7–10 days 
on aquarium fish provided by local breeders. The 
eggs were collected and maintained in captivity 
under permit number 10783/2018-6.3 from the 
Ministry of Environment of the Slovak 
Republic—Directorate for Nature, Biodiversity 
and Landscape Protection. Blood samples were 
taken from all individuals and each has its 
voucher number (DJ8522–8534), deposited in 
the collection of the Department of Zoology, 
Comenius University in Bratislava.

Morphometric and meristic data for all 
snakes were recorded 1 wk after the snakes 
hatched. The following measurements were 
taken by SP with a digital caliper to the nearest 
0.1 mm:  head length (HL), head width (HW), 
mouth length (ML). Snout–vent length (SVL), 
tail length (TL) and total length (TotL = SVL + 
TL) were measured using a tailor´s tape measure. 
The following meristic characters were re
corded:  preocular (PREOC), postocular (POSTOC), 
supralabial (SUPL), sublabial (SUBL), ventral 
(VENT), subcaudal scales (SUBC) and dorsal 
scale row (DORS), following the methods of 
Moravec (2015). We also documented possible 
anomalies in scalation. All individuals were 
photographed 30 days after hatching from the 
dorsal and ventral sides and close up photographs 

of the head from upper, bottom and lateral side 
were taken. Detailed photos of five albino 
individuals are presented in Appendix I. Six 
individuals [two albinotic (DJ8524, DJ8526) and 
four normally colored (DJ8530–8532, DJ8534)], 
died independently within 5 mo after hatching. 
One year after hatching, the remaining living 
individuals were measured (Table 1). We 
compared all metric and meristic characters with 
results of Laňka (1973) and Opoldusová (2008) 
and with our own data for N. tessellata from 
Slovakia. At the time of this writing (April 
2020), three albinotic and four normal individuals 
are being kept in captivity.

To compare rarity of albinism in other 
European species of snakes, we reviewed and 
summarized published and unpublished (obser
vations from field herpetologists supported by a 
photo; Appendix II) data about albinotic snakes 
(Table 2).

Results

Albinotic individuals from Šaca, Slovakia, 
have unpigmented, pinkish skin, and reddish 
eyes lacking pigmentation (Figure 2; Appendix 
I). Darker pinkish spots are present on cephalic 
scales, mainly on the parietal, frontal and 
supraocular scales. The inverted V-pattern 
behind the head is not as visible as it is in 
normally colored individuals, but darker spots 
occur on a few scales in that region. There is a 
ventral pattern of alternating yellowish and 
pinkish spots in each albino snake (Figure 2).

At hatching, all juvenile N. tessellata—both 
albinotic and normally colored—had relatively 
similar SVL and head measurements (HL, HW, 
and ML), but TL differed sexually. Mean SVL 
of newly hatched juveniles was 23.27 cm (range 
21.40–24.00; SD ± 0.63). Similarly, mean TL 
was 6.16 cm (range 5.40–6.80; SD ± 0.46). Of 
the13 hatchlings, seven were males and six 
females; a total of five was albinotic—four males 
and one female. All metric and meristic data are 
summarized in Table 1. There were no anomalies 
in the numbers of PREOC and POSTOC scales. 
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Table 2.	 List of published and unpublished data recording albinotic species of snakes in Europe; *true albinism not 
verified. Unpublished observations (in litt. or pers. comm.) are supplemented by photos and presented in 
Appendix II.

Species N Country References

Coronella austriaca 1 Austria Happ 1994

2 Czech Republic Rehák 1992, B. Trapp (in litt.)

1 Italy Pirotta 1879

1 Netherlands Lenders 2008

1 Slovakia D. Revaj (pers. comm.)

Coronella girondica 1 France Geniez and Grillet 1989

1 Spain Martínez-Silvestre et al. 2009

Dolichophis jugularis 1 Cyprus Baier et al. 2013

Elaphe sauromates 2 Bulgaria Petzold 1975, Jablonski et al. 2019

Hierophis viridiflavus 1 Italy Scali 1992

Malpolon monspessulanus 1 Spain Martínez-Silvestre and Soler 2018

Natrix helvetica 2 France Baudin 2003, Varanguin 2012

1 U.K. Boulenger 1913

Natrix maura 5 Spain Pérez and Collado 1975, Herrador and Pulido 
2006, Alaminos and López 2011, L. Gonzáles 

García (in litt.), E.R. Ara (in litt.)

Natrix natrix 1 Austria Sackl and Putz 2002

1 Czech Republic Musilová et al. 2006

1 Germany M. Bollhorn (in litt.)

1 Poland T. Krajča (pers. comm.)

Natrix tessellata* 1 Italy Pirotta 1879

Natrix tessellata 5 Slovakia This study

Vipera ammodytes 1 Italy Krecsák 2008

Vipera aspis 3 France Bruno 1985, Naulleau 1997, Guiller 2007

Vipera berus 1 Bulgaria Stojanov 2014

2 Finland Vainio 1931, Krecsák 2008

1 Germany Buchner 1917

2 Sweden Edelstam 1971, Krecsák 2008

1 Slovakia Gezova et al. 2018

4 U.K. Leighton 1901, Harris 1936, Krecsák 2008

Zamenis longissimus 3 Austria Erber 1879, Sochurek 1955, Esterbauer 2014

1 Bosnia & Herzegovina Ćurić 2019

1 Italy Ferri and Bettiga 1992

1 Serbia Radovanović 1941

8 Slovakia Balthasar 1935, Gabzdil 2003, Musilová et al. 
2006, Gezova et al. 2018, S. Kl’účiková-Píšová (in 
litt.), D. Revaj (pers. comm.), L’. Magyariová and 

Š. Bánovský (in litt.)

1 Slovenia Krofel 2004

1 Switzerland Bruno and Maugeri 1990

Zamenis scalaris 4 Spain Rollinat 1934, Lesparre 2001, Manjón 2011, D. 
Lerena and R.C. Zárate (in litt.)

Albinism in Natrix tessellata
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Figure 2.	 Comparison of normally colored and albinotic 
hatchlings of Natrix tessellata from Šaca, 
Košice, Slovakia:  frontal (A), dorsal (B), and 
ventral (C) views.

A

B

C

However, the following anomalies in scalation 
were observed in 11 of the 13 individuals:  fused 
SUPL in DJ8522; fused SUBL in DJ8533; 
inserted SUBL in DJ8523 and DJ8530; fused 
SUBC in DJ8522–8524, DJ8526, DJ8529, and 
DJ8531; inserted VENT in DJ8527 and DJ8531–
8533; and split VENT in DJ8528 (numbers listed 
in Table 1).

We found records of a total of 65 truly 
albinotic snakes representing four families and 
eight genera in Europe (Table 2); this total 
includes the five juveniles from Šaca, Slovakia, 
as a new record for Europe. The total excludes 
the dubious record of N. tessellata (CR0373) 
from Pavia, Italy, as well as the albinotic Israelic 
snake (Werner 2016). Among the albinotic 
snakes recorded in Europe, the genus Zamenis 
contains the most albinos (20 individuals, 
representing ~ 33% of the total; the five 
individuals from Šaca were excluded from this 
calculation because they were found as eggs and 
hatched in captivity), which were found in eight 
countries. Only one albino snake is recorded for 
each of the genera Dolichophis (Cyprus), 
Hierophis (Italy), and Malpolon (Spain). Spain 
has the greatest number of albinotic snakes; a 
total of 11 individuals of four species is known—
Coronella girondica (Daudin, 1803), Malpolon 
monspessulanus (Hermann, 1804), Natrix maura 
(Linnaeus, 1758), and Zamenis scalaris (Schinz, 
1822). Each of the following countries has only 
one record of an albino snake:  the Netherlands, 
Bosnia and Herzegovina, Cyprus, Poland, Serbia, 
Slovenia, and Switzerland. In the genus Natrix, 
albino individuals occur in almost all species 
[viz., N. natrix (Linnaeus, 1758), N. helvetica 
(Lacépède, 1789), N. maura, and N. tessellata] 
with the exception of N. astreptophora (Seoane, 
1885). Four albino N. natrix were found in each 
of four countries (Austria, Czech Republic, 
Germany, and Poland), three N. helvetica in two 
countries (France and the United Kingdom), and 
five N. maura in one country (Spain; Table 2). 
Six truly albinotic N. tessellata individuals occur 
in two countries—one in Israel and five described 
here from Slovakia (excluding the dubious 
record from Italy).
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Discussion

Albinism in snakes is considered to be a rare, 
autosomal recessive mutation with an expected 
ratio of normally colored to albinotics of 3:1 if 
mating two heterozygotes (Clay 1935, Bechtel 
and Bechtel 1985). When mating heterozygotes 
and homozygotes, the probability of albinotic 
juveniles is approximately 50% (Bechtel and 
Bechtel 1985). When two homozygotes mate 
then 100% of offspring will be of the albino 
phenotype. However, without information on the 
coloration of unhatched N. tessellata, we can 
only estimate the genotype of the parents; most 
likely one was a heterozygote and the other a 
recessive homozygote. The frequency of 
recessive alleles is greater in small, fragmented 
populations (Laikre 1999) and that could be the 
case in this study. The population in eastern 
Slovakia is at the northern edge of the range of 
the species (Gezova and Jablonski 2018) and one 
might assume that populations occurring near 
the range limits have lower densities and 
effective population sizes (Vucetich and Waite 
2003). The occurrence and survival of albinotic 
individuals also may be related to abiotic 
environmental features such as elevation and 
temperature (Kehas et al. 2005). Moreover, 
environmental pollution (Kolenda et al. 2017) 
that may occur in an urban area, such as the one 
where the egg clutch was found, may be 
correlated abnormal scutelation in reptiles, but 
the relationship has not been well studied 
(Mulder 1995, Cruz-da-Silva et al. 2018 and 
literature therein). However, anomalous scalation 
in N. tessellata is not unusual in central Europe 
(e.g., Laňka 1978, Rehák 1989, Baruš et al. 
1992).

Abnormally colored species of snakes may 
be subject to higher predation pressure by 
visually oriented predators, and thus, be 
negatively affected by the lack of pigmentation 
because they are more easily visible. In addition, 
reproductive fitness of albino snakes is reduced 
(Krecsák 2008, McCardle 2012). The lack of 
pigment in the eyes adversely affects vision; 

thus, it is more difficult for albino snakes to find 
suitable prey, avoid danger, and perceive visual 
signals during mating season (Miller 2005, 
Krecsák 2008). These facts may partially account 
for the fact that more albino juveniles were 
encountered in the wild than adults (e.g., 
Alaminos and López 2011, Gezova et al. 2018, 
Martínez-Silvestre and Soler 2018). Nevertheless, 
albinotic adults of several genera of European 
snakes, including the genus Natrix, have been 
observed in the wild (e.g., Sackl and Putz 2002, 
Krecsák 2008, Alaminos and López 2011, Bruni 
2017, Jablonski et al. 2019). Krecsák (2008) 
posits that there are more aberrant European 
Viperinae snakes in northern regions than in 
southern regions; however, we observed the 
opposite in our review in which the most albinos 
occurred in central Europe and the Iberian 
Peninsula with the greatest number of albinos 
recorded in the genera Zamenis, Vipera, and 
Natrix. We suggest that there is no clear pattern 
in albinism in European snakes and that albinotic 
individuals seem to be distributed randomly in 
the natural populations. However, ecological, 
and environmental factors need to be investigated 
more thoroughly.
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Appendix I. Albinotic individuals No. 8522–8526 from Šaca, Košice. Head in lateral (A, B), dorsal (C)  
and ventral (D) views. Dorsal (E) and ventral (F) views of body. Numbers of individuals written  

below correspond to the numbers listed in Table 1.
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Appendix II. Previously unpublished photographs of albinotic snakes from Europe. (A) Coronella austriaca, Czech Republic 
(B. Trapp); (B) C. austriaca, Slovakia (D. Revaj); (C) Natrix maura, Spain (L. Gonzáles García); (D) N. maura, Spain  

(E.R. Ara); (E) Natrix natrix, Germany (M. Bollhorn); (F) N. natrix, Poland (T. Krajča); (G) Zamenis longissimus,  
Slovakia (S. Kľúčiková-Píšová); (H) Z. longissimus, Slovakia (Ľ. Magyariová and Š. Bánovský);  
(I) Z. longissimus, Slovakia (D. Revaj); (J) Zamenis scalaris, Spain (D. Lerena and R.C. Zárate).
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