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REPTILED & AMPHIBIAN

Abstract.—Over the years, the terminology in regards to the abnormal coloration of reptiles and amphibians has
become more complex with not all authors agreeing on the same terms. This, combined with the diversity of chro-
matic abnormalities, has led to some confusion, particularly between hobbyists and biologists who tend to use different
jargon. In this review, we aim to address this issue by explaining how color within the skin of amphibians and reptiles
arises, and evaluating which terminology should be used. This information is then used to explore each of the known
chromatic abnormalities observed in amphibians and reptiles before summarizing the known cases from the British
Isles. Finally, we also present a number of previously unrecorded instances of color abnormalities in the hope that it
promotes further examples to be recorded. Given their rarity in nature, color abnormalities are likely to have a signifi-
cant impact on the fitness of animals displaying them. Despite our efforts to summarize all the available information on
color abnormalities in the herpetofauna of the British Isles, there are still gaps in our knowledge. These could be filled
through the effort of a national recording scheme aimed at abnormally colored individuals.

‘x 7ild reptiles and amphibians can naturally vary in

appearance extensively and it is clear that this diversity
puzzled early naturalists with some trying to explain different
variations as different species (Bell 1839), such as a red form
of the European Adder (Vipera berus) described as V. com-
munis. There are two drivers of this variation, one being the
patternation of the individual and the other its coloration.
Abnormal coloration (reviewed herein) can be seen as the base
colors of a species differing from those usually seen within
nature, caused by mutations such as albinism or melanism
(Ferreira et al. 2019). Abnormal patterning is different to this
and is usually observed as animals possessing spots or stripes
when they usually would not (and vice versa). A species with
a large range of pattern diversity is the Common Frog (Rana
temporaria), which can be maculated, striped, barred or none
of these. Common Frogs also have a wide range of potential
base colors ranging from olive-green to dark brown (Beebee
and Griffiths 2000). The combination of these factors has
undoubtedly caused confusion in the past.

The natural variation available within a particular herp-
tile species is often exploited and exaggerated by the pet trade
via selective breeding to create ‘designer morphs’ but also pro-
vides the wild population with the means to adapt to different
environments, and diversify their visual signaling (McLean et
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al. 2014; Thorpe and Stenson 2003). Reptiles and amphib-
ians can have several coloration abnormalities that arise
through a variety of mechanisms, although these are often of
a genetic origin rather than an environmental one (Frost et al.
1986a; Frost et al. 1986b). Abnormal chromatic phenotypes
are widespread across both amphibians and reptiles through-
out the world, with some more common than others. Not all
abnormalities are recorded from all species, perhaps due to
their rarity, the disadvantage they cause the affected animal,
or because the genes associated with such abnormal coloration
are deleterious to developmental pathways (Corn 1986).
Chromatophores are pigment—containing cells that are
found in the skin of ectothermic animals such as amphibians
and reptiles (Bagnara et al. 1968; Taylor and Hadley 1970).
These specialized cells can be grouped together based on the
color they reflect under white light. Melanophores contain
melanosomes which are filled with melanin, producing a
perception of dark color, and iridophores contain crystalline
chemochromes which reflect light producing iridescence.
Finally, xanthophores contain carotenoids which produce a
yellow color (Bagnara et al. 1968). In amphibians, melano-
phores are found at the base of a dermal chromatophore unit
with layers of iridophores and xanthophores above (Bagnara
et al. 1968). The structure of reptilian and amphibian skin
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may also contain other pigment cells such as erythrophores
and leucophores (Schartl et al. 2016). The abnormalities that
lead to axanthic, melanoid, and albino animals are all intrinsic
to the neural crest stem cells (Frost et al. 1984; Sawada and
Dalton 1979). Due to the cause of these color abnormalities,
they are permanent.

When determining the color of an animal in the wild,
there are numerous factors that can affect the way it appears
in nature. These include the background the animal is being
viewed on, the angle at which the animal is being viewed
from, the lighting conditions, and the stage at which a rep-
tile is viewed in the slough cycle (which may make some ani-
mals appear duller than they actually are). Some coloration
abnormalities will also present themselves differently in dif-
ferent species, depending on the life-stage, making the animal
appear to be abnormal in color, when upon closer inspection
they are in fact not abnormal. Currently the literature and
nomenclature regarding color abnormalities are non—consen-
sual. This makes it hard to draw conclusions and comparisons
particularly with older literature where detailed descriptions
or photographs are not available. Here we summarize each
of the irregularities that have been recorded in amphibians
and reptiles in the British Isles, from the current body of lit-
erature, providing a description and exploring the cause of
each, to provide a more consensual viewpoint. We also pres-
ent multiple new cases, brought to our attention through
various means such as online forums or Facebook posts from
members of the herpetological community, with a summary
of each.

Albinism
Albinism is by far the most easily recognized of the coloration
abnormalities encountered in nature. It is characterized by the
absence of pigmentation. Even though albinos may have cor-
rect chromatophores, they are unable to produce melanins
(Bechtel and Bechtel 1981; Frost et al. 1986a). As a conse-
quence, affected animals usually possess a white or pale skin
and red or pink eyes (Bechtel and Bechtel 1981). The lack of
pigmentation in the iris allows the blood vessels within the
eye to be seen. Albinism may reduce the fitness of an affected
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animal due to their lack of camouflage and vulnerability to
ultraviolet radiation (Childs 1953).

Deficiency in the enzyme tyrosinase is a contributing fac-
tor in cases of albinism across many taxa (Bechtel and Bechtel
1981), but in some species of reptile, both tyrosinase—posi-
tive (T+), and tyrosinase—negative (T-) variants can occur.
Tyrosinase—positive specimens tend to exhibit the bold pat-
terning of their ‘wild type’ counterparts, due in part to their
ability to still synthesize melanin (even in reduced quantities),
whereas T— specimens appear almost devoid of color and pat-
tern, and are often much lighter in appearance (Gamble et
al. 20006). Similarly, hypomelanism (sometimes referred to as
xanthic albinism), and amelanism (the total absence of black
pigment) are often mistaken as caused by entirely separate
genetic mutations but are in fact allelic and are simply vari-
ants of T+ albinism (Bechtel and Bechtel 1981). In the case of
the Black Rat Snake (Pantherophis obsoletus obsoletus), breed-
ing trials showed that two non-allelic forms (meaning that
they are not genetic in origin) of incompatible amelanism
expressed alongside the above—mentioned allelic T+ muta-
tions (Bechtel and Bechtel 1981). The striking appearance
of color and pattern mutations in reptiles, and the seemingly
endless possibilities have led to the elevated success of some
reptiles in the pet trade and an almost fanatical interest in
their genetics. This is especially true when compared to albi-
nism in mammals, which possess only melanophores, leav-
ing albino individuals usually monochrome in appearance
(Gamble et al. 2006).

Albinism is by far the most reported chromatic abnor-
mality in the herpetofauna of the British Isles (Table 1). In
some cases such as with the Common Frog, albino spawn
(transient albinism) may be found; they are visually differenti-
ated from normal spawn due to the contrast in color. Beebee
(1985) notes that some albino frogs are a pale yellow in color
due to lymph fluid under the skin; this could potentially
cause confusion with xanthochromic individuals. Albinism,
similarly to leucism (see below), in Smooth Newts (Lissotriton
vulgaris) is sometimes associated with neoteny (Inns 2009).
For more information on the causes of this phenotype please

see Frost et al. (1986a; Henle et al. 2017).

Table 1. A summary of the amphibians and reptiles of the British Isles that have been recorded with occurrences of albinism.

Vernacular name Scientific name

Reference(s)

Adder Vipera berus

Harris (1936); Leighton (1901)

Barred Grass Snake Natrix belvetica

Baker (2003); Boulenger (1913); Procter (1926)

Common Frog Rana temporaria

Eales (1933); Smallcombe (1938)

Common Toad

Bufo bufo

Frazer (1983); Pash et al. (2007)

Great Crested Newt Triturus cristatus

Inns (2009)

Slow Worm Anguis fragilis

Knight (1966)

Smooth Newt Lissotriton vulgaris

Inns (2009); Spooner et al. (2007)
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Axanthism

Axanthism is typically encountered as a bluish body color,
especially in animals that are usually green; however, affected
animals may also be dark in color, if they would normally be
pale or brown (Jablonski et al. 2014). The skin of axanthic
animals lacks xanthophores, erythrophores and iridophores
leaving them unable to reflect red and yellow light, normally
as a result of a genetic mutation (Jablonski et al. 2014). This is
why axanthic frogs appear blue, due to the absence of yellow
pigments in their skin. Axanthic animals also lack iridophores,
that produce light—scattering pigments, typically resulting in
a darker coloration overall (Jablonski et al. 2014). The eyes of
axanthic individuals contain melanophores and iridophores,
giving them a dark color (Frost et al. 1984; Frost-Mason and
Mason 1996). Some axanthic animals that appear darker
than normal in color, particularly reptiles, may be mistaken
for those with melanism (Frost-Mason and Mason 1996) but
can be differentiated by possessing discernible patterns that
are lighter in color (Szkudlarek 2019). Axanthism has been
reported to vary in prevalence between populations and evi-
dence from ranids in the United States suggests that it is far
more common at higher latitudes (Berns and Uhler 19606),
perhaps suggesting some thermoregulatory advantage of the
darker blue coloration.

During a routine amphibian survey at a site in
Cambridgeshire, United Kingdom (52.2437, 0.0478) in
June of 2013, a possibly axanthic Common Toad (Bufo bufo)
was discovered (Fig. 1). The toad was a uniform dark brown
color all over, with some darker striping visible on the hind
legs. Introduced Marsh Frogs (Pelophylax ridibundus) are
occasionally reported as being blue or turquoise in color (Fig.
2), which is consistent with axanthism, although there are no
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Figure 1. The axanthic Common Toad (Bufo bufo) seen in Bar Hill,

Cambridgeshire (52.2437, 0.0478) while surveying for Great Crested
Newts (I7iturus cristatus) in 2013. Photograph by Steven Allain.
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Table 2. A summary of the amphibians and reptiles of the British
Isles that have been recorded with occurrences of axanthism.

Vernacular name Scientific name Reference(s)
Adder Vipera berus Bell (1839)
Common Toad Bufo bufo This review
Marsh Frog Pelophylax ridibundus This review
Slow Worm Anguis fragilis This review

published reports of them being axanthic. In May 2018, a
partially axanthic Slow Worm (Anguis fragilis) was discovered
in south-west London, the first known instance of such (Fig.
3). Axanthism has only been observed in a small number of
amphibians and reptiles in England (Table 2). Axanthic frogs
have previously been labelled as those showing cyanism (Tyler
1982), but as no native amphibian species are bright green,
this may help to explain the scarcity of records from the
British Isles. For more information on this phenotype please

see Frost et al. (1986b) or Jablonski et al. (2014).

Cyanism
Cyanism is characterized by individuals being a vibrant blue
color, when they would not normally be. This is possibly
caused by a proliferation of cyanophores in the skin. Although
they were first identified in fish (Goda and Fujii 1995),
cyanophores likely also occur in amphibians and reptiles
although further research is needed to confirm this (Bagnara
et al. 2007). The causes of cyanism are not known, although
they are likely genetic in origin. The blue color of cyanistic
individuals therefore almost always occurs as a structural color
as it is formed by the scatter of blue wavelengths from the skin

Figure 2. An axanthic Marsh Frog (Pelophylax ridibundus) from RSPB

Rainham Marshes, Essex (51.4959, 0.2142) displaying turquoise color-
ation. Photograph by Neil Phillips.
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of the animals (Bagnara et al. 2007). Confusingly, if speci-
mens are found dead, they may be blue in color despite the
fact they may not have been so in life. This post—mortem
cyanism has been reported in the Sand Lizard (Lacerta agi-
lis) but also occurs in other reptile species, with the origin of
the color being structural rather than through pigmentation
(Rautenberg, 2007). An increase in blue coloration within
an individual may be mistaken for cyanism, particularly in
individuals of Slow Worm that have an increased number of
blue scales (usually seen on the flanks of males) over parts
of the animal (Capula et al. 1997), whose numbers increase
with age (Simms 1970). Such older individuals are sometimes
mistaken for cyanistic ones.

Cyanism can be distinguished from such pattern—related
polymorphisms by a uniform blue coloration throughout the
whole body, with some darker elements still visible, due to the
presence of melanophores. In the summer of 2018, a cyanistic
A. fragilis (Fig. 4) was discovered beneath an artificial cover
object in Treborth, Bangor (53.2170, -4.1717). On 1 June
2020, a cyanistic female Viviparous Lizard (Zootoca vivipara)
was seen in a residential garden in Biggleswade, Bedfordshire
climbing a garden fence (Fig. 5). Despite being quite conspic-
uous, it is likely that the Z. vivipara was trying to find a more
optimal spot to bask. To our knowledge these are the first
records of cyanistic individuals from both species and the only
cyanistic reptiles currently known throughout the British Isles
(Table 3). There are currently no other explanations as to the
bright blue color of the A. fragilis and Z. vivipara, despite the
lack of current information regarding the presence of cyano-
phores in reptilian skin.
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Table 3. A summary of the reptiles of the British Isles that have
been recorded with occurrences of cyanism. No amphibians within
the British Isles have so far been recorded with cyanism.

Vernacular name Scientific name Reference(s)

Slow Worm

Viviparous Lizard

This review

Anguis fragilis

Zootoca vivipara

This review

Erythrism

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 possible (Moore and Ouellet 2014).
Erythrophores are present in skin of both amphibians and rep-
tiles (Schartl et al. 2016), indicating that both groups are sus-
ceptible to erythrism. The eyes of erythristic animals may or
may not be affected but in some cases are red, too, as the lack
of melanosomes allows their blood vessels to be visible such as
with albinistic animals. Cases of erythrism in the literature have
been reported more in reptiles than amphibians, although not
every case is recorded. For example photographs of erythristic
individuals of A. fragilis from throughout England have previ-
ously been posted on forums and social media sites. However,
erythrism in A. fragilis has never been formally reported, at least
to our knowledge. The causes of erythrism in other species can
be linked to diet (Hudon and Mulvihill 2017) or unknown
causes (Bukacinski and Bukacifiska 1997); however, in reptiles
and amphibians there is likely a genetic component demon-
strated by selective breeding in captive animals.

Figure 3. An axanthic Slow Worm (Anguis fragilis) showing incomplete axanthism discovered in

south-west London in 2018. Photograph by Jim Foster.

Figure 4. A cyanistic Slow Worm (Anguis fragi-
lis) encountered on a routine survey at Treborth,
Wales (53.2170, -4.1717), found underneath a
cover object. Photograph by Luke O’Sullivan.
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Figure 6. An erythristic Slow Worm (Anguis fragilis) from
Biggleswade garden. Photograph by Caroline Sims. Northamptonshire (52.5778, -0.5548) in May 2020. Photograph by
Nicholas Milton.

Table 4. A summary of the amphibians and reptiles of the British Isles that have been recorded with occurrences of erythrism.

Vernacular name Scientific name Reference(s)

Common Frog Rana temporaria Beebee and Griffiths (2000); West and Allain (2020)
Sand Lizard Lacerta agilis This review

Slow Worm Anguis fragilis This review
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Figure 7. An erythristic Sand Lizard (Lacerta agilis) from Dorset. Figure 8. A hypomelanistic Slow Worm (Anguis fragilis). Photograph by
Photograph by David Bird. Josh Harwood.

Currently only a limited number of erythristic amphib- ~ was encountered in the summer of 2008 during a destructive
ians and reptiles are known from the British Isles (Table  habitat search in Dorset (Fig. 7), although tissue samples to
4) including those presented herein. On 25 May 2020,  confirm this may be required. Beebee and Griffiths (2000)
an erythristic Slow Worm was found in Fineshade Wood,  state that orange and red colored R. temporaria have turned up
Northamptonshire (52.5778, -0.5548) underneath an artifi-  frequently in southern Britain. Some of these frogs were likely
cial cover object (Fig. 6). Similarly, an erythristic Sand Lizard ~ erythristic while others were brightly colored females in the
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Table 5. A summary of the reptiles of the British Isles that have been recorded with occurrences of hypomelanism. No amphibians within

the British Isles have so far been recorded with hypomelanism.

Vernacular name Scientific name Reference(s)
Barred Grass Snake Natrix helvetica Baker (2014)
Slow Worm Anguis fragilis Hails (2017); this review

Viviparous Lizard Zootoca vivipara

Gleed-Owen (2005); Palmer (2005)

breeding season exhibiting pattern plasticity. The taxonomic
breadth across which erythrism occurs in reptiles and amphib-
ians is likely greater in nature than currently recognized in the
literature. For example, erythristic Smooth Snakes (Coronella
austriaca) have been recorded from elsewhere in their range
(Magdt et al. 2016), but not yet from the British Isles.

Hypomelanism

Hypomelanism is a condition in which there is a reduced pig-
mentation compared with that seen in the wild type. Animals
exhibiting hypomelanism have their visual acuity significantly
affected (Balkema and Driger 1991), in a similar way to albi-
nistic individuals as a direct result of the absence of melanin, a
photo—protectant (Brenner and Hearing 2007). As with cases
of albinism, survivability is reduced due to conspicuous col-
oration (Gezova et al. 2018). A hypomelanistic Slow Worm
(Anguis fragilis) was discovered in June 2020 during a private
reptile translocation at a site in Sussex (Fig. 8). Other than
this, a small number of amphibians and reptiles have been
recorded as being hypomelanistic in the British Isles (Table
5), although the true number of specimens with this color
aberration is probably higher.

Leucism
Leucism is characterized by partial loss of pigmentation in
the skin of an animal, which gives them a white or pale color

(Bechtel 1991). Individuals may superficially resemble albi-

nos but their eyes are dark in color, helping to distinguish
between the two (Bechtel 1991). In some cases, eyes of leu-
cistic animals are visible through their skin, due to the lack
of pigmentation in the surrounding tissues (Harkness and
Allain 2020). Leucism means reduction or loss of all types
of pigment, whereas albinism is just the lack of melanin. For
example, leucistic snakes have reduced numbers of irido-
phores and likely few or no melanophores and xanthophores
(Bechtel 1991). As with albinism (above), the loss of camou-
flage caused by leucism may increase the likelihood of pre-
dation (Krecsdk 2008). Leucism within Smooth Newts (L.
vulgaris) is often associated with neoteny; both are linked to
damage or developmental problems with the pituitary gland
(Frazer 1983).

Leucism was recorded in several amphibians and reptiles
throughout the British Isles (Table 6). It is likely that some
individuals reported as being albinistic are indeed leucistic
and vice versa. Care has been taken to discern these. In April
2015, a leucistic female B. bufo was observed in amplexus
with a normally colored male in a residential garden in Leeds

(Fig. 9).

Melanism
Melanism is often seen as the opposite abnormality to albi-
nism, where the affected individuals are black in color.
Melanism is one of the most commonly reported color aber-
ration in reptiles and is caused by the darkening of normal

Figure 9. A leucistic female Common Toad (Bufo bufo) in amplexus with a
normally colored male, photographed in April 2015. Photograph by Mark
Darwell.

Figure 10. A piebald Common Toad (Bufo bufo) from Cumbria showing
approximately 30% normal coloration, with the rest being much paler in

color. Photograph by Sam Griffin.



ALLAIN ET AL.

REPTILES & AMPHIBIANS e 30: 18470 « 2023

Table 6. A summary of the amphibians and reptiles of the British Isles that have been recorded with occurrences of leucism.

Vernacular name Scientific name Reference(s)

Barred Grass Snake Natrix helvetica Boulenger (1913)

Common Frog Rana temporaria Nicholson (1997)

Common Toad Bufo bufo This review

Great Crested Newt Triturus cristatus Baker (20006)

Natterjack Toad Epidalea calamita Beebee and Griffiths (2000)

Slow Worm Anguis fragilis Harkness and Allain (2020); Jablonski and Purkart (2018)

Smooth Newt Lissotriton vulgaris

Smith (1964)

pigmentation, due to increased melanin production by mela-
nocytes in the stratum basale skin layer (Bechtel 1995). Some
ecological hypotheses have been raised to try to explain the
adaptiveness of melanism. For example, a darker color may
provide a thermoregulatory advantage when basking on a
lighter background (Strugariu and Zamfirescu 2009; Jambrich
and Jandzik 2012). Where these thermoregulatory advantages
are negligible, Gvozdik (1999) hypothesized that frequency
of melanistic individuals may be mainly driven by predation
pressure or habitat type. There is some evidence that mela-
nistic individuals are subject to increased predation risk from
visually—orientated predators (Andren and Nilson 1981).
However, there is also evidence that melanism can increase
inconspicuousness and therefore reduce predator attacks,
especially in complex habitats (Gvozdik 1999; Nash et al.
2016 and references therein). In sampled populations female
Z. vivipara were found to be less frequently melanistic than
males, possibly as a function of their increased need to bask
during pregnancy where they could more likely be predated
by visual predators, despite the thermoregulatory advantage
melanism would provide (Jambrich and Jandzik 2012).
Melanism has been reported to be relatively frequent in
certain geographical areas or under certain environmental
conditions for some species, such as V. berus (Strugariu and
Zamfirescu 2009). Melanistic adders are often associated
with high latitudes and mountainous areas that tend to have
colder climates, though they can be found at lower altitudes,
too (Thiesmeier and Voelkl 2002). Interestingly, melanis-

tic adders are thought to obtain their black coloration only
in later life, during their second or third year, and neonates
that are born melanistic are much rarer (Forsman 1995). This
requires further investigation to confirm whether or not this
is the case. Melanistic specimens tend to reach larger sizes
than their normally colored conspecifics, perhaps as a result of
increased thermoregulatory ability due to the darker coloration
(Strugariu and Zamfirescu 2009). Melanism has been reported
in three of the snakes found in the UK, Adders (V. berus),
Barred Grass Snakes (V. helvetica) and Smooth Snakes (C. aus-
triaca) with the occurrence broadly reflecting the species’ natu-
ral ranges (Nash et al. 2016). There are reports of melanistic
Z. vivipara and A. fragilis within the British Isles (Table 7) but
melanistic L. agilis are yet to be recorded (Beebee and Griffiths
2000), with melanism in Z. vivipara being more common.
Melanistic individuals of L. agilis have been recorded elsewhere
in their range (Smolinsky 2016), so it may only be a matter of
time until a melanistic individual is recorded in a British popu-
lation. For whatever reason, melanistic amphibians are present
in the wild but underreported (Alho et al. 2010; Lunghi et al.
2017), despite the occurrence of melanism in nature and the
potential benefit such coloration could provide.

Piebaldism
Piebaldism, also known as partial or regional albinism, is char-
acterized by a series of non—patterned, unpigmented (white
or pale) spots distributed on a pigmented background, with-
out any change in the color of the eyes (Kornilios 2014). It

Table 7. A summary of the amphibians and reptiles of the British Isles that have been recorded with occurrences of melanism.

Vernacular name Scientific name

Reference(s)

Adder Vipera berus Boulenger (1913); Leighton (1901)

Barred Grass Snake Natrix helvetica Halfpenny and Bellairs (1976); Worsnip (1978)
Natterjack Toad Epidalea calamita Cooke et al. (1983); Hall and Nissenbaum (1988)
Slow Worm Anguis fragilis Gleed-Owen (2012)

Smooth Snake Coronella austriaca

Pernetta and Reading (2009)

Viviparous Lizard Zootoca vivipara

Smith (1964); Simms (1970)
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Table 8. A summary of the amphibians and reptiles of the British Isles that have been recorded with occurrences of piebaldism.

Vernacular name Scientific name Reference(s)

Common Frog Rana temporaria Baker and Biddle (2020)
Common Toad Bufo bufo This review

Great Crested Newt Triturus cristatus Sewell (2007)

Slow Worm Anguis fragilis This review

normally arises through developmental anomalies in pigment
cell differentiation, not necessarily involving genetic muta-
tions (Acevedo et al. 2009) although there is also evidence for
genetic heritability (Baker and Biddle 2020). This chromatic
anomaly is rare in amphibians with only a handful of records
published, including three caudate species and one anuran
from North America (Whipple and Collins 1990; Neff et al.
2015). Though this rarity, however, may also be a function
of inconsistencies in color abnormality nomenclature (such as
partial leucism or partial albinism). Piebaldism is more com-
mon in reptiles where it has been reported in lizards (Rocha
and Rebelo 2010), snakes (Kornilios 2014) and amphisbae-
nians (Kazilas et al. 2018) in the wild. In Europe, records are
rare despite the fact that unusually colored frogs have some-
times caught the nation’s attention (Beebee 1997).

A small number of cases of piebaldism within the her-
petofauna of the British Isles exist (Table 8), although there
are not many. Here we provide reports of two more species
bringing the total to four, most of which are amphibians.
The first of these is a piebald B. bufo from Cumbria encoun-
tered in September 2016 (Fig. 10). The individual shows less
than a third of its normal coloration and is instead covered
with blotches of a lighter shade, typical of piebald animals.
The other case is the only recorded reptile with piebaldism
in the British Isles, in this instance A. fragilis found in 2020
(Fig. 11). The Slow Worm is very reminiscent of the piebald

Anatolian Worm Lizard (Blanus strauchi) described by Kazilas
etal. (2018). It is plausible that such abnormalities would not
have such a strong selection pressure in regards to predation

in a fossorial species, compared to cursorial ones (Kornilios
2014).

Xanthism
Xanthism (also called xanthochromism or flavism) is a condi-
tion characterized by the affected animals being abnormally
yellow in color; as with albinos, their eyes are usually red due
to the lack of melanophores (Mitchell 1994). In fish, it has
been suggested that xanthophores might go into overproduc-
tion with melanophores or other pigment cells absent (Angus
and Blanchard 1991). Xanthism is thought to have a genetic
basis which can explain its presence across a wide taxonomic
spectrum (Angus and Blanchard 1991). This color anomaly
is a form of amelanism, where the skin lacks all skin pigments
except for xanthophores which contain xanthine (Mendonga
et al. 2020). Xanthism is regarded by some as the opposite
abnormality to axanthism (see above) as both relate to the
number of xanthophores present in the skin. Previously xan-
thochromic frogs have been mistaken as albinistic individuals
(Allain and Goodman 2017), what may be in part due to the
lack of consensual literature on the topic. Xanthism has been
observed in both amphibians and reptiles (Mendonga et al.
2020; Mitchell 1994), although the literature is scarce at best.

Figure 11. A piebald Slow Worm (Anguis fragi-
lis) found inhabiting a garden among woodlice.
Photograph by Emma-Jane Thompson.

Figure 12. A xanthic Great Crested Newt (77iturus cristatus) discovered on a routine monitor-
ing survey for the species. Photograph courtesy of FPCR Environment & Design Ltd.
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Table 9. A summary of the amphibians of the British Isles that have been recorded with occurrences of xanthism. No reptiles within the

British Isles have so far been recorded with xanthism.

Vernacular name Scientific name

Reference(s)

Common Frog Rana temporaria

Allain and Goodman (2017)

Great Crested Newt Triturus cristatus

This review

This chromatic abnormality is mainly recorded in cryptic or
nocturnal snake species (Mendonga et al. 2020) whereas in
diurnal species, there would be a stronger negative selection
pressure against such coloration due to the loss of cryptic col-
oration protecting from visual predators. Just as with albinism
and leucism, xanthism may reduce the fitness of the affected
animal (Krecsdk 2008).

Within the British Isles, xanthism has only been recorded
in amphibians (Table 9), although it has likely been misat-
tributed to albinism in some species (including reptiles) in the
past. In April 2015, as part of an ecological survey targeting
Great Crested Newts ( T7iturus cristatus), a xanthic individual
was found (Fig. 12). The newt’s eyes were paler in color than
usual although not entirely red and the body was a pale-yel-
low color. The areas of the newt that would usually be yel-
low or orange such as the ‘rings’ on the toes are particularly
vibrant. There are, however, some dark spots on the tail and
pigmentation over the crest, which is consistent with other

xanthic individuals (Mendonga et al. 2020).

Discussion

As well as reviewing a variety of color abnormalities in the
herpetofauna of the British Isles from the literature, we also
present a number of new cases with photographs to illustrate
these examples. This review is not a complete synopsis as new
records of such abnormalities are constantly being reported,
although it is the first to summarize all currently available
information. It is hoped with this review, that other mem-
bers of the herpetological community will begin to record
the color abnormalities of herpetofauna they encounter, and
take the necessary steps to fill in the gaps we have identified.
Although this review encompasses the entirety of the British
Isles, there is a strong bias towards records in England with a
lack of others throughout the rest of this potential geographic
range, especially Scotland and Ireland. This may be due to a
number of factors including the densities of amphibian and
reptile species in those geographic locations and a reduced
number of surveyors in those areas where records are lacking.

One of the reasons why some abnormalities may have
not been recorded is their rarity in nature due to the increased
risk of predation (Krecsdk 2008). However, this is unlikely
to affect species that are nocturnal or fossorial as their lighter
color cannot be detected as easily by visually-orientated
predators in low-light conditions (Kornilios 2014). For diur-
nal species, surviving long enough to be encountered by a

human surveyor or to breed may be the biggest challenge,
depending on the abnormality. There is also the possibility
that some abnormalities simply can’t exist without damag-
ing pathways critical for the development and survival of the
affected animal (Corn 1986). Some of the abnormalities listed
may not affect the whole body (depending on their cause) and
so affected individuals may have patches of normally colored
skin/scales, such as is the case of the axanthic Slow Worm
(Fig. 3) reported herein.

With all this potential variation, it is important to explore
potential advantages it may provide to individuals. Aside from
the thermoregulatory advantages already mentioned, experi-
ments have shown that color polymorphism may be impor-
tant in social interactions (Vercken and Clobert 2008). The
extreme cases we report and describe herein are rare in nature
for a number of reasons. For populations of some species
such as C. austriaca and L. agilis that have experienced major
population bottlenecks, the genes for such abnormalities may
no longer naturally occur in British populations. This may
also be true for populations of introduced species, which
originated from a small number of founders. Albinism (Curi¢
2019) and hypomelanism (Kolenda et al. 2017) have been
recorded in Aesculapian Snakes (Zamenis longissimus) within
their native range, indicating that there may be a possibility of
encountering such color anomalies in the introduced popula-
tions of Great Britain.

National surveys of unusually colored amphibians have
been carried out in the past, the best example being Nicholson
(1997). That survey documented the distribution of albino or
partially albino frogs throughout Great Britain, with most of
them recorded in southern England. It is likely that leucis-
tic, albino, and xanthic frogs were all included in the survey
and listed as albino, the problem being that eye color in most
cases was not mentioned. As highlighted above, this is one of
the more reliable ways to determine which color anomaly an
animal displays. There is also evidence of piebald frogs and
a single erythristic individual which was recorded with both
red eyes and red skin (Nicholson 1997). These cases highlight
the issues of such national surveys without a consensus on
nomenclature, definitions, and diagnostics. There is a need
for such a national survey to be replicated, with a wider taxo-
nomic spread, which would hopefully produce some signifi-
cant results given the power of citizen scientists. This would
help to explore not only the number of species affected by
such abnormalities, but also their geographic spread.



ALLAIN ET AL.

Acknowledgements

We would like to thank everybody who contributed their
photos and accompanying information for this review, with-
out them it would not have the same level of impact. We
would also like to thank Rob Ward and Jim Foster from the
Amphibian and Reptile Conservation Trust for their help-
ful comments and suggestions throughout the writing and
researching of this review.

Literature Cited

Acevedo, J., D. Torres, and A. Aguayo-Lobo. 2009. Rare piebald and partially leu-
cistic Antarctic fur seals, Arcrocephalus gazella, at Cape Shirreff, Livingston
Island, Antarctica. Polar Biology 32: 41-45. https://doi.org/10.1007/s00300-
008-0500-6.

Allain, S.J.R. and M.J. Goodman. 2017. A case of xanthochromism in the common
frog (Rana temporaria). Herpetological Bulletin 139: 39—40.

Alho, ].S., G.Herczeg, F. S6derman, A. Laurila, K.I. Jénsson, and J. Merili. 2010.
Increasing melanism along a latitudinal gradient in a widespread amphibian:
local adaptation, ontogenic or environmental plasticity? BMC Evolutionary

Biology 10: 1-9. https://doi.org/10.1186/1471-2148-10-317.

Andren, C. and G. Nilson. 1981. Reproductive success and risk of predation in nor-
mal 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.

Angus, R.A. and P.D. Blanchard. 1991. Genetic basis of the gold phenotype in
sailfin mollies. Journal of Heredity 82: 425-428. https://doi.org/10.1093/
oxfordjournals.jhered.al11118.

Bagnara, ].T., J.D. Taylor, and M.E. Hadley. 1968. The dermal chromatophore
unit. Journal of Cell Biology 38: 67-79. https://doi.org/10.1083/jcb.38.1.67.

Bagnara, J.T., P.J. Fernandez, and R. Fujii. 2007. On the blue coloration of ver-
tebrates. Pigment Cell Research 20: 14-26. https://doi.org/10.1111/j.1600-
0749.2006.00360.x.

Baker, J.M.R. 2003. Natrix natrix (grass snake): Albino hatchling. Herpetological
Bulletin 86: 27-28.

Baker, J.M.R. 2006. A partially neotenous Great crested newt, T7iturus cristatus.
Herpetological Bulletin 98: 29-31.

Baker, ].M.R. 2014. Natrix natrix (grass snake): Pale coloration. Herpetological
Bulletin 128: 28.

Baker, ].M.R. and R. Biddle. 2020. Piebald Common Frogs Rana temporaria.
Herpetological Bulletin 152: 42. https://doi.org/10.33256/152.42.

Balkema, G.W. and U.C. Driger. 1991. Impaired visual thresholds in hypopig-
mented animals. Visual Neuroscience 6: 577-585. https://doi.org/10.1017/
S095252380000256X.

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.

Bechtel, H.B. 1995. Reptile and Amphibian Variants: Colors, Patterns, and Scales.
Krieger Publishing Company, Malabar, Florida, USA.

Bechtel, H.B. and E. Bechtel. 1981. Albinism in the snake, Elaphe obsoleta. Journal
of Herperology 15: 397—402. https://doi.org/10.2307/1563528.

Beebee, T.J.C. 1985. Frogs & Toads. Whittet Books Limited, London, UK.

Beebee, T.[J.C.] 1997. Funny-coloured frogs. British Herpetological Society Bulletin
60: 40.

Beebee, T.J.C. and R A. Griffiths. 2000. Amphibians and Reptiles: A Natural History
of the British Herpetofauna. HarperCollins, London, UK.

Bell, T. 1839. A History of British Reptiles. John Van Voorst, London, UK.

Berns, M.W. and L.D. Uhler. 1966. Blue frogs of the genus Rana. Herpetologica
22: 181-183.

Boulenger, G.A. 1913. The Snakes of Eurogpe. Methuen & Co. Ltd, London, UK.

Brenner, M. and V.J. Hearing. 2007. The protective role of melanin against UV
damage in human skin. Photochemistry and Photobiology 84: 539-549. https://
doi.org/10.1111/j.1751-1097.2007.00226.x.

Bukacinski, D. and M. Bukacinska. 1997. Production of erythristic eggs by the
Black-headed Gull in Poland. 7he Wilson Bulletin 109: 177-182.

10

REPTILES & AMPHIBIANS e 30: 18470 « 2023

Capula, M., L. Luiselli, and E. Capanna. 1997. The blue-spotted morph of the slow
worm, Anguis fragilis: Colour polymorphism and predation risks. Zzalian Journal
of Zoology 64: 147-153. https://doi.org/10.1080/11250009709356188.

Childs, H.E., Jr. 1953. Selection by predation on albino and normal spadefoot toads.
Evolution 7: 228-233. https://doi.org/10.1111/j.1558-5646.1953.tb00084.x.

Cooke, A.S., B. Banks, and S. Dennison. 1983. Stripeless Natterjacks in England.
British Herpetological Society Bulletin 7: 64-65.

Corn, P.S. 1986. Genetic and developmental studies of albino chorus frogs. Journal
of Heredity 77: 164-168. https://doi.org/10.1093/0xfordjournals.jhered.
al110208.

Curi¢, A. 2019. Albinism of Aesculapian snake Zamenis longissimus (Laurenti, 1768)
in situ: first record for Bosnia and Herzegovina. Natura Sloveniae 21: 31-33.

Eales, N.B. 1933. Albinism in the common frog. Nature 132: 278-279. https://doi.
org/10.1038/132278b0.

Forsman, A. 1995. Opposing fitness consequences of colour pattern in male
and female snakes. Journal of Evolutionary Biology 8: 53-70. https://doi.
org/10.1046/j.1420-9101.1995.8010053 ..

Frazer, D. 1983. Reptiles and Amphibians in Britain. HarperCollins, London, UK.

Ferreira, A., B. Lam, and G.M. Rosa. 2019. Records of albinism variants in amphib-
ians from Portugal. Chemosphere 44: 327-339.

Frost, S.K., F. Briggs, and G.M. Malacinski. 1984. A color atlas of pigment genes
in the Mexican axolotl (Ambystoma mexicanum). Differentiation 26: 182-188.
https://doi.org/10.1111/j.1432-0436.1984.tb01393 x.

Frost, S.K., L.G. Epp, and S.J. Robinson. 1986a. The pigmentary system of devel-
oping axolotls: III. An analysis of the albino phenotype. Development 92:
255-268.

Frost, S.K., L.G. Epp, and S.J. Robinson. 1986b. The pigmentary system of devel-
oping axolotls: IV. An analysis of the axanthic phenotype. Development 95:
117-130.

Frost-Mason, S.K. and K.A. Mason. 1996. What insights into vertebrate pig-
mentation has the axolotl model system provided? International Journal of

Developmental Biology 40: 685-693.

Gamble, T., J.L. Aherns, and V. Card. 2006. Tyrosinase activity in the skin of three
strains of albino Gecko (Eublepharis macularius). Gekko 5: 39—44.

Gezova, S., P. Drugac, A. Purkart, and D. Jablonski. 2018. Albinism in two snake
species recorded from Slovakia. Russian Journal of Herpetology 25: 79-82.
https://doi.org/10.30906/1026-2296-2018-25-1-79-82.

Gleed-Owen, C. 2005. Zootoca (Lacerta) vivipara (Common or Viviparous lizard):
Markings and colouration. Herperological Bulletin 93: 24-26.

Gleed-Owen, C. 2012. Anguis fragilis (slow—worm): melanism. Herpetological
Bulletin 120: 34-35.

Goda, M. and R. Fujii. 1995. Blue chromatophores in two species of callionymid
fish. Zoological Science 12: 811-813. https://doi.org/10.2108/2sj.12.811.

Gvozdik, L. 1999. Colour polymorphism in a population of the common lizard,
Zootoca vivipara (Squamata: Lacertidae). Folia Zoologica 48: 131-136.

Hails, E.L. 2017. The first record of a slow-worm (Anguis fragilis) from the UK with
blue ventral scales. Herpetological Bulletin 140: 37.

Halfpenny, G. and A. d’A. Bellairs, 1976. A black grass snake. British Journal of
Herpetology 5: 541.

Hall, R.A. and D.A. Nissenbaum. 1988. Melanistic Natterjack Toads on the Sefton
Coast, Merseyside. British Herpetological Society Bulletin 24: 15-16.
Harkness, H. and S.J.R. Allain. 2020. A case of leucism in the slow worm (Anguis
[fragilis). Herpetological Bulletin 152: 43. https://doi.org/10.33256/152.43.
Harris, G.T. 1936. Albino adder. Report and Transactions of the Devonshire
Association 68: 134.
Henle, K., A. Dubois, and V. Vershinin. 2017. A review of anomalies in natural
population of amphibians and their potential causes. Mertensiella 25: 57-164.
Hudon, J. and R. Mulvihill. 2017. Diet-induced plumage erythrism as a result of the
spread of alien shrubs in North America. North American Bird Bander 42: 95-103.
Inns, H. 2009. Britain’s Reptiles and Amphibians. WILDGuides, Old Basing, UK.
Jablonski, D., A. Alena, P. Vlgek, and D. Jandzik. 2014. Axanthism in amphibians:
A review and the first record in the widespread toad of the Bufores viridis

complex (Anura: Bufonidae). Belgian Journal of Zoology 144: 93—101. https://
doi.org/10.26496/bjz.2014.69.

Jablonski, D. and A. Purkart. 2018. First report of leucism in Anguis fragilis.
Herpetological Bulletin 145: 35.



ALLAIN ET AL.

Jambrich, A. and D. Jandzik. 2012. Melanism in the topotypic population of the
Pannonian subspecies of the common lizard, Zootoca vivipara pannonica

(Reptilia: Lacertidae). Herpetology Notes 5: 219-221.

Kazilas, C., K. Kalaentzis, and 1. Strachinis. 2018. A case of piebaldism in the
Anatolian Worm Lizard, Blanus strauchi (Bedriaga, 1884), from Kastellorizo
Island, Greece (Squamata: Blanidae). Herpetology Notes 11: 527-529.

Knight, M. 1966. Birth of albino slow-worms. British Journal of Herpetology 3:
259-260.

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.

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

Krecsdk, L. 2008. Albinism and leucism among European Viperinae: a review.
Russian journal of Herpetology 15: 97—-102. https://doi.org/10.30906/1026-
2296-2008-15-2-97-102.

Leighton, G.R. 1901. The Life History of British Serpents and Their Local Distribution
in the British Isles. William Blackwood and Sons, London, UK.

Lunghi, E., G.F. Ficetola, B. Barzaghi, C. Vitillo, M. Mulargia, and R. Manenti.
2017. Melanism in European plethodontid salamanders. Spixiana 40: 157—
160.

Maedt, Z., D. Hegner, and D. Jablonski. 2016. Erythrism in the smooth snake,
Coronella austriaca (Laurenti, 1768), recorded from Georgia. Russian Journal
of Herperology 23: 73-76.

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

Mendonga, L.R., L. de Avelar Oliveira, C.L. de Assis, J.].M. Guedes, and R.N.
Feio. 2020. First report of xanthism in Bothrops jararacussu Lacerda, 1884
(Serpentes: Viperidae). Herpetology Notes 13: 393-395.

Mitchell, J.C. 1994. An unusually colored northern water snake (Nerodia sipedon
sipedon) from Giles County, Virginia. Banisteria 4: 32-33.

Moore, ].D. and M. Ouellet. 2014. A review of colour phenotypes of the Eastern
Red-backed Salamander, Plethodon cinereus, in North America. Canadian
Field-Naturalisr 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. Herpetological Bulletin 136: 19-22.

Neff, M., S. Viernum, S.E. Twitchell, and J.C. Mitchell. 2015. Three more unusu-
ally-colored salamanders from North America. Herpetology Notes 8: 599-601.

Nicholson, M. 1997. Orange frogs: a warning sign? British Herpetological Society
Bulletin 60: 33-39.

Palmer, K. 2005. Lacerta (Zootoca) vivipara (viviparous or common lizard):
Alternate green colour phase. Herpetological Bulletin 92: 30.

Pash, S., J. Spooner, and J.P. Sumpter. 2007. Albino Common toads (Bufo bufo).
Herpetological Bulletin 100: 8-11.

Pernetta, A.P. and C.J. Reading. 2009. Observations of two melanistic smooth
snakes (Coronella austriaca) from Dorset, United Kingdom. Acta Herpetologica
4:109-112. hteps://doi.org/10.13128/Acta_Herpetol-2960.

Procter, J.B. 1926. A note on an albino Grass-Snake. Proceedings of the Zoological

11

REPTILES & AMPHIBIANS e 30: 18470 « 2023

Society of London 96: 1095-1096. https://doi.org/10.1111/j.1096-3642.1926.
tb02235 x.

Rautenberg, S. 2007. Understanding the reasons for postmortem cyanism in dead
reptiles, with the sand lizard, Lacerta agilis, as an example. Salamandra 43:
173-186.

Rocha, R. and R. Rebelo. 2010. First record of a piebald Selvagens Gecko Tarentola
boettgeri bischoffi (Squamata: Gekkonidae). Herpetology Notes 3: 361-362.

Sawada, S.R. and H.C. Dalton. 1979. Role of neural crest in determining the num-
bers of pigment cells in the melanoid mutant of Ambystoma mexicanum Shaw.
Journal of Experimental Zoology 207: 283-288. https://doi.org/10.1002/
ez.1402070211.

Schartl, M., L. Larue, M. Goda, M.W. Bosenberg, H. Hashimoto, and R.N. Kelsh.
2016. What is a vertebrate pigment cell? Pigment Cell ¢ Melanoma Research
29: 8-14. https://doi.org/10.1111/pcmr.12409.

Sewell, D. 2007. The masked newt: variation of body coloration in a great crested
newt, Triturus cristatus. Herpetological Bulletin 102: 32-33.

Simms, C. 1970. Lives of British Lizards. Goose and Son, Norwich, UK.

Smallcombe, W.A. 1938. Albino Frogs. Nature 141: 753-753. https://doi.
0rg/10.1038/141753a0.

Smith, M. 1964. The British Amphibians and Reptiles. Collins, London, UK.

Smolinsky, R. 2016. A case of partial melanism in Lacerta agilis (LINNAEUS,
1758) from the Czech Republic. Herpetozoa 29: 110-112.

Spooner, J., S. Pash, and J.P. Sumpter. 2007. Occurrence of an albino newt and
albino common toads (Bufo bufo) in the same garden pond. Herpetological
Bulletin 100: 11-12.

Strugariu, A. and $.R. Zamfirescu. 2009. A melanistic adder (Vipera berus) neo-
nate born from a cryptic female: Are black vipers born heavier? North-Western
Journal of Zoology 5: 218-223.

Szkudlarek, M. 2019. The common toad (Bufo bufo) — dark coloration.
Herpetological Bulletin 148: 47-48. https://doi.org/10.33256/hb148.4748.

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.

Thiesmeier, B. and W. Voelkl. 2002. Distribution and ecology of melanistic adders
— a review. Zeitschrift fiir Feldherpetologie 9: 127-142.

Thorpe, R.S. and A.G. Stenson. 2003. Phylogeny, paraphyly and ecologi-
cal adaptation of the colour and pattern in the Anolis roquet complex on
Martinique. Molecular Ecology 12: 117-132. https://doi.org/10.1046/j.1365-
294X.2003.01704.x.

Tyler, J.D. 1982. Cyanistic bullfrog from southwestern Oklahoma. 7he
Southwestern Naturalist 27: 218-218. hteps://doi.org/10.2307/3671149.

Vercken, E. and J. Clobert. 2008. The role of colour polymorphism in social encoun-
ters among female common lizards. Herpetological Journal 18: 223-230.

West, P. and S.J.R. Allain. 2020. A case of erythrism in the Common Frog (Rana
temporaria). Reptiles & Amphibians 27: 331-332. https://doi.org/10.17161/
randa.v27i2.14492.

Whipple, J.F. and ].T. Collins. 1990. A unique pattern variant of the bullfrog (Rana
catesbeiana). Transactions of the Kansas Academy of Science 93: 140-141.

Worsnip, J.V. 1978. Another black grass snake. British Journal of Herpetology 5:
747.



