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Abstract. The criteria used by previous authors to define colour aberrancies of snakes, particularly albinism, are varied and
terms have widely been used ambiguously. The aim of this work was to review genetically based aberrant colour morphs of
wild Neotropical snakes and associated terminology. We compiled a total of 115 cases of conspicuous defective expressions
of pigmentations in snakes, including melanin (black/brown colour), xanthins (yellow), and erythrins (red), which in-
volved 47 species of Aniliidae, Boidae, Colubridae, Elapidae, Leptotyphlopidae, Typhlopidae, and Viperidae. Most of them
were hypopigmented conditions, mainly amelanism, but also anerythrism, axanthism, hypomelanism, leucism, piebald-
ism, and albinism (total absence of pigments). Hyperpigmented aberrancies were mostly melanism and xanthism, plus a
few instances of erythrism. No associations with diurnality and fossorial behaviour were observed, neither for blanched
nor hyperpigmented aberrancies. A discussion of the terms most commonly used for wild snakes is provided, with an ac-
count of cases of aberrant colourations in other South American reptiles. Finally, we propose a simple classification frame-
work of wild snake colour aberrancies based on predominant dorsal colour and eye pigmentation for the adoption of a
standardized terminology, which may be applicable to other squamates and chelonians. We advocate the use of a more ac-
curate terminology in the scientific literature that would avoid the use of confusing terms like “partial albinism”.

Key words. Albinism, amelanism, anerythrism, axanthism, erythrism, leucism, melanism, Neotropical snakes, piebald-

ism, xanthism.

Introduction

Skin colours of snakes are remarkably variable, serving
purposes such as concealment, mimicry, warning sig-
nals, and also thermoregulatory advantage (NORRIS &
LowE 1964, BECHTEL 1978). This diversity relies on the
distribution and pigment production by specialized skin
cells called chromatophores: melanophores, and xantho-
phores that include the erythrophores (BECHTEL 1978).
The melanophores, located in the dermis and epidermis,
produce eumelanin (black/brown) or phaecomelanin (pale
red/yellowish) that are stored in organelles called melano-
somes, and the xanthophores produce pteridines that are
stored in the pterinosomes; xanthophores and erythro-

phores, located usually in the dermis, are responsible for
yellow and red respectively, determined by the ratio of
carotenoids and pteridines in each cell (BAGNARA 1966).
Additional types of colour-functional cells lacking pig-
ments are the guanophores and iridophores located in the
dermis, which contain fine particles of guanine and layers
of purines, respectively, and produce different colours and
hues depending on cell disposition and the arrangement of
crystals (BAGNARA et al. 1968; ROHRLICH & PORTER 1972,
GOSNER 1989).

Conspicuous deviations from the typical skin colour
of a given species are widespread in the animal kingdom,
with examples of excessive and reduced pigmentation
(WITKOP 1975). Snakes are no exception, with several in-
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herited chromatic aberrancies (hereafter CA) producing
atypical colourations (e.g., BECHTEL 1991, KRECSAK 2008,
THAKUR & TRIVEDI 2018). Some of these expressions are
presumed to compromise protection against predators or
solar radiation, consequently lowering fitness and sur-
vivorship (BECHTEL & BECHTEL 1981, KRECSAK 2008).
These ecological handicaps were thought to explain the
overall low frequency of CA in wild populations, espe-
cially those based upon hypopigmentation, commonly
referred to as albinism (AMARAL 1932a, BECHTEL 1995).
The generalized concept of albinism in vertebrates is re-
garded as an inherited defect that will negatively affects
the normal production of melanin (Wrtkop 1988). In hu-
mans, it is a well-studied hereditary syndrome expressing
itself in variably atypical amounts of melanin in the skin,
hair, and eyes (WITKOP 1985).

BERNILS & MOURA-LEITE (1991) classified colour
anomalies of snakes, distinguishing inherited CA from
those defects of the dorsal pattern that can be inherited
(WoLF & WERNER 1994) but also could be a result of in-
cubation conditions (CLAUSE & BECKER 2015). The de-
scription and classification of CA in snakes is challeng-
ing due to the intricate mechanisms of skin colour pro-
duction and the varied hereditary effects of the different
chromatophore types (PRUST 1984; BECHTEL 1995). These
defects are yet scarcely studied with regard to the genes
involved and their expression mechanisms (DAvis Ra-
BOSKY et al. 2016, IWANISHI et al. 2018). Although some
authors attempted to classify them based upon dimin-
ished, missing, or overexpressed pigments (HARRIS 1970,
DYRKACZ 1981, PRUST 1984, BECHTEL 1995), no general
consensus has yet been reached. A wide range of vague-
ly defined terms have instead been used, particularly for
conditions involving diminished colourations (BECH-
TEL 1995). A reduced production or complete absence of
melanin has usually been termed albinism, taking a cue
from the condition affecting humans, sometimes speci-
fying it further as complete, oculocutaneous, pure, to-
tal or true albinism (AMARAL 1927, BECHTEL & BECHTEL
1989, BECHTEL 1991; HOSHING et al. 2013, KUMBAR et al.
2016). The terms albinistic, albinoid, albinotic, and par-
tial albino/albinistic are equally imprecise, but have lib-
erally been employed (e.g., HARRIS 1970, DYRCAKZ 1981,
MIRANDA et al. 1985, ESQUEDA et al. 2005, MAHABAL &
THAKUR 2014, GEZOVA et al. 2018). Moreover, they were
also used for what actually constitutes piebaldism and
leucism (PRADO 1939, NICEFORO 1958), two well-known
hereditary defects of melanin expression that have been
widely recorded in vertebrates. Wild piebald and leucis-
tic snakes are predominantly white with pigmented eyes,
commonly presenting piebalds large pigmented blotches
(BECHTEL 1991, 1995).

Herein, we present as a case study the available infor-
mation about CA in wild Neotropical snakes, report new
cases, and review the terminology historically used. We
propose standardization for future descriptions, and pro-
vide further data on other reptiles from the region and
references on this topic about non-Neotropical snakes.

Materials and methods

We analysed published cases of CA in wild snakes from
South America, Middle America, and the Caribbean re-
gion, considered as reports of a conspicuous reduction
(hypopigmentation) or overexpression (hyperpigmenta-
tion) of at least one dorsal colour beyond the usual col-
our variation of species/populations or polychromatism
(NEILL 1963). Aberrancies were classified based on the pre-
dominant colour and eye pigmentation following HARRIS
(1970) if both could be assessed from the text or illustra-
tions: 1) Hypopigmentation (HYPO) of dorsum: amelan-
ism, lack of melanin expression (dark colours), including
eyes; hypomelanism, diminished melanin expression with
pigmented eyes; axanthism, lack of xanthins (yellow col-
our); hypoxanthism, diminished xanthins; anerythrism,
lack of erythrins (red colour); hypoerythrism, diminished
erythrins; leucism, white, plus patternless and pigmented
eyes; piebaldism, predominantly or patchily white with pig-
mented eyes; albinism, total absence of pigments, includ-
ing in the eyes. 2) Hyperpigmentation (HYPER) of dor-
sum: erythrism, melanism, and xanthism, overexpressed
erythrins, melanin, and xanthins respectively; being par-
tial if indications of the species’ pattern remain. When one
or more colours were completely or partially substituted by
another, we considered only the overexpression.

We additionally recorded the following ecological hab-
its of snakes: fossorial (FO), non-fossorial (NFO; arboreal,
aquatic, terrestrial), diurnal (DI), and nocturnal (NO). As-
sociations between the number of species with contrasting
ecological attributes (nocturnal/diurnal; fossorial/non-fos-
sorial) and contrarious CAs (HYPER/HYPO; amelanism/
melanism, AMEL/MEL) were tested in 2 X 2 tables using
Fisher’s exact test (FET). We added to the dataset of pub-
lished work and internet resources some new cases from
Uruguay and Brazil observed by the authors and photo-
graphic records obtained from local people. Snake taxono-
my follows UETZ et al. (2020).

Results

We compiled 115 cases of CA in wild Neotropical snakes
representing 47 species of Colubridae (n = 56; 49.1 %), Vi-
peridae (n = 415 36.0%), Boidae (n = 5; 4.4 %), Elapidae (n =
7; 6.1%), Typhlopidae (n = 3; 2.6%), Aniliidae (n = 1; 0.9%),
and Leptotyphlopidae (n = 1; 0.9%). Categorization of the
CA of each case according to our classification framework
based on the colourations of dorsum and eyes, allowed the
identification of 10 basic types that are represented in Fig-
ure 1.

Classification of a CA type using our criteria was pos-
sible in 87 examples of 42 species, of which most were in-
stances of hypopigmentation (n = 52; 59.8%), mainly amel-
anism (n = 26), followed by a few cases of leucism (n =
5), piebaldism (n = 11), hypomelanism (n = 6), aneryth-
rism (n = 2), and single occurrences of axanthism and albi-
nism. The hyperpigmentation records (n = 35, 40.2%) were
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mostly melanism (n = 19) and xanthism (n = 13), plus a
few aberrant erythristic snakes (n = 3). The taxonomic dis-
tribution of these instances of CA is summarized in Ta-
ble 1, and some examples are provided in Figures 2—4. Raw
data is presented in Supplementary Table S1; we were un-
able to classify some reports published by AMARAL (19273,
1927b, 1932a), HOGE (1952), NICEFORO (1958), BERNILS et
al. (1990), GIRAUDO (2001), FREITAS (2003), DUARTE et al.
(2005), and OrTIZ et al. (2017), due to their omission of
critical information to us.

Instances of hypopigmented CA have been described by
various authors in a rather erratic manner, often referring
to them as albinism, oculocutaneous albinism, and partial,
complete or full albinism. The external characters previ-
ously used to differentiate the various expressions of “al-
binism” were explicit only occasionally and include varied
and sometimes poorly defined criteria relating to body col-
ouration and the pigmentation of the eyes and/or tongue
(Table 2). Consequently, mismatches with our classifica-
tion were commonplace. For instance, nearly all previously

reported cases that were classified by us as amelanism and
hypomelanism had not been referred to as such by other
authors. Previous regional works did not recognize cases
of piebaldism (n = 7). Conversely, our classification of the
hyperpigmentation type was not congruent with previous
reports by other authors only in two cases of xanthism (see
Supplementary Table S1).

Associations of CA with ecological attributes (see Ta-
ble 3) proved to be not significant: HYPER/HYPO vs. DI/
NO, P = 0.086; HYPER/HYPO vs. FO/NFO, P = o0.129;
AMEL/MEL vs. DI/NO P = 1.0, AMEL/MEL vs. FO/NFO
P =o0.201

Discussion
Albinism, hypomelanism and amelanism

Our dataset indicates that CAs known for wild Neotropical
snakes are varied and are represented in a broad taxonom-
ic range. Most common CAs are those related to the pro-

Figure 1. Schematic representation of major conspicuous colour aberrancies in wild snakes.
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Table 1. Colour aberrancies (CA) in wild Neotropical snakes. PM, pigmented; NP, not pigmented.

Dorsal colour

CA in previous reports

Total occurrence

. Extent E CA
variation e yes (number of works) (number of cases)
. . Partial albinism (2), hypomelanism Bothrops (2), Dipsas (1), Drymarchon (1),
Partial PM Hypomelanism (1), leucism (1), xanthism (1). Erythrolamprus (1), Philodryas (1).
. . Crotalus (3), Oxyrhopus (3), Xenodon (3),
Absence A1b1p1sm (.9).’ total alb1n1sm.(5), Boa (2), Dipsas (2), Philodryas (2), Micru-
. partial albinism (3), amelanism (2),
Total NP Amelanism L. rus (4), Bothrops (1), Erythrolamprus (1),
complete albinism (1), ; . .
Black full albinism (1) Geophis (1), Leptodeira (1), Lygophis (1),
’ Ninia (1), Phalotris (1).
. PM . . Lygophis (5), Bothrops (4),
Over- Partial Melanism Melanism (4). Erythrolamprus (1), Phalotris (2).
expression PM . . Bothrops (3), Crotalus (1), Dendrophidion
Total Melanism Melanism (5). (1), Erythrolamprus (1), Oxyrhopus (1).
Absence Partial PM Hypoxanthism Not reported. Not identified.
Total PM Axanthism This study. Erythrolamprus (1).
Yellow . . Xanthism (7), albinism (1), Crotalus (4), Bothrops (5), Dipsas (1),
Sverlg esion Partial - PM " Xanthism leucism (1), not provided (1). Epicrates (1).
X]
P Total ~PM Xanthism Xanthism (1). Bothrops (2).
Absence Partial PM Anerythrism  Not reported. Not identified.
Red Total PM Anerythrism  Anerythrism (1), “nigrismus” (1).  Corallus (1), Micrurus (1).
Over- Partial PM Erythrism Erythrism (1), not provided (1). Anilius (1), Micrurus (1), Oxyrhopus (1).
expression Total ~PM Erythrism Not reported. Not identified.
Partial PM Piebaldism Albinism (4), leucism (1). Atractus (1), Boiruna (4), Pseudoboa (2).
All  Absence Total PM Leucism Leucism (3), albinism (1). Atractus (3), Boa (1), Mastigodryas (1).
NP Albinism Total albinism (1). Amerotyphlops (1).

duction and distribution of melanin, mainly in the shape
of amelanism and melanism. The majority of previous re-
ports about aberrant hypopigmentation usually quoted it
as albinism (e.g., SAZIMA & DI-BERNARDO 1991). Albinism,
from Latin “albus” (white), was first coined to indicate a
defective melanin expression in humans (Witkop 1985).
BECHTEL (1995) defined snake albinism as “a congenital
decrease or absence of melanin in the skin, mucosa, and
eyes”. However, it was traditionally applied to CAs not in-
volving melanin expression (BECHTEL 1995, SUNTRARAC-
HUN et al. 2015; THAKUR & TRIVEDI 2018). Its usage in Neo-
tropical snakes often included both melanin-related de-
fects and others like xanthism (e.g., AMARAL 1933-1934).
Snake albinism in a strict sense applies to the complete
lack of functional chromatophores in the skin and eyes. In
general, colouration defects related to diminished melanin
expression are difficult to categorise because the absence of
black pigment may have variable effects on the remaining
colours, falsely suggesting, for instance, a case of xanthism
(BECHTEL 1995). In Neotropical snakes, these were the most
common CAs and traditionally also the most problematic
ones to classify. A few instances of hypomelanism in Neo-
tropical species showed normal patterns with less intense
black/brown (e.g., LEMA 1960, VARGAS 2015, MENDONGA et
al. 2020). Most of the other records were examples of amel-
anism, which goes along with pigmentless (reddish) eyes
like in albinism (e.g., PRADO & BARROS 1940, RENAULT &
SCHREIBER 1949, HOGE & BELLUOMINI 1957-1958, VILLA &

R1vAas 1971, MIRANDA et al. 1985, VEIGA & TEIXEIRA 1993,
DE LA TORRE-LORANCA et al. 2006, SCROCCHI et al. 2006,
VALENCIA et al. 2009, TRAVAGLIA-CARDOSO et al. 2014,
MACHIN et al. 2018, LOPES et al. 2019).

Red and/or yellow colours are supposed to be more in-
tense once they are not obscured by melanin (BECHTEL
1995), as has been observed in amelanistic Erythrolamprus
miliaris (DA SILvA et al. 2010) and Philodryas patagonien-
sis (Fig. 2G). Remarkably, in amelanistic Micrurus lemnis-
catus (PAREDERO et al. 2017) and M. pyrrhocryptus (this
study) both colours appeared fairly smoothed, and the red
stripes were altered to orange in a Phalotris lemniscatus
(ABEGG et al. 2015, Fig. 2C). This is probably due to the
lack of phaeomelanin (pale red/yellowish colour) in amela-
nistic snakes, a variant of melanin known from other ver-
tebrates but recently discovered also in reptiles (ROULIN
et al. 2013). In normally dark species like Amerotyphlops
brongersmianus, amelanism may result in a pink coloura-
tion (MIRA-MENDES et al. 2017), but this putative albinism
to the eye deserves careful study. Besides, we know of a
report of amelanism in the Neotropical lizard Tropidurus
semitaeniatus (FLORENCIO et al. 2019). Amelanism in non-
Neotropical snakes was commonly reported as albinism
(e.g., KRECSAK 2008, SHEDD 2013, HOSHING et al. 2013,
ADIMALLAIAH & VYAS 2015, GEZOVA et al. 2018), but also
as hypomelanism (WHITFORD et al. 2018), and sometimes
explicitly used as a synonym (i.e., HOGAN & SMITH 1998).
The consideration of an incomplete albinism because of
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Table 2. Criteria used by different authors to classify “albinism” in Neotropical snakes. * extracted/translated by the authors.

Criteria

Author Reported . Pink/red Pink/red Colou? aberrancy
anomaly Body colouration matching
eyes tongue
MIRANDA et al. (1985)  Partial albinism Diminished dark pigmentation. * - YES  Albinism, amelanism.
NORONHA et al. (2013)  Partial albinism ti;)'r:Otil absence of tegument pigmenta- YES - Albinism, amelanism.
“...absence of melanin in certain body re- .
. . . . - Albinism, amelan-
. - gions, with the skin presenting a white color . -
ABEGG et al. (2014) Partial albinism ©, . L - - ism, hypomelanism,
with pigmented zones, or producing lighter . :
» piebaldism.
shades of the common colors...
“...homogeneous, ...with single dominant Albinism, leucism,
VALENCIA et al. (2009) Albinism c'c;l.or » 8 > 8 - - piebaldism, others
depending on species.
“...partial or complete inability of an organ- Albinism, amelanism,
ORTIZ et al. (2017) Albinism s - - hypomelanism, leu-
ism to produce melanin’ k : .
cism, piebaldism.
“...absence of skin pigmentation, ...and oc-
Lopks et al. (2019) Albinism casionally, partial or total absence of dorsal YES YES Albinism, leucism.
and dorsolateral patterns...”
VEIGA & TEIXEIRa (1993) ggﬁhoscmutaneous Uniformly white body (unpigmented).* YES YES  Albinism, amelanism.
MIRANDA et al. (1985) ggﬁiﬁ[e Absence of dark pigmentation.* YES YES Albinism, amelanism.
PRADO & BARROS (1940) Total albinism  Absence of melanin.* YES - Albinism, amelanism.
BERNILS et al. (1990) Total albinism  Faded dorsal pattern.* YES YES Albinism, amelanism.
DA SILVA et al. (2010) Total albinism  “..lack of skin pigmentation...” YES YES  Albinism, amelanism.
ABEGG et al. (2015) Total albinism  “...pinkish-yellow, yellow or white body...”  YES YES Albinism, amelanism.

MIRrRA-MENDES et al.
(2017)

Total albinism

“...decrease or absence of melanin in the
skin, mucosa, and eyes...”

Albinism, amelanism,
hypomelanism.

Table 3. Lifestyles of Neotropical snakes for which reports of col-
our aberrancies exist (number of species). * includes fossorial
taxa.

) Hypopigmentation Hyperpigmentation
Habit Amelanism  Other  Melanism  Other
non-fossorial 11 11 8 9
fossorial 7 5 1 2
diurnal 8 7 4 0
nocturnal® 10 9 5 11

the lack of melanin expression was rarely made explicit
by indicating the particular deficiency, for instance as an
“amelanistic partial albino” (i.e. ANTONIO & BARKER 1983,
CLARK et al. 1983, HERMAN 1983, HUDSON & CARL 1983).
A few case reports classify such cases just as “amelanism”
(i.e., JONES & FRIEDMAN 2015, HOLT & DOLLAR 2018).
Autosomal recessive and non-allelic inheritance of
amelanism were indicated for captive Pantherophis gutta-
tus and Pituophis melanoleucus (BECHTEL & BECHTEL 1962,
BECHTEL 1980, BECHTEL & BECHTEL 1981). Likewise, hy-
pomelanism in Pantherophis obsoletus is autosomal reces-
sive (BECHTEL & BECHTEL 1981). SAENKO et al. (2015) dem-
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onstrated that a retrotransposon insertion in the oculocu-
taneous albinism type II gene (OCA2) was responsible for
an amelanistic phenotype in P. guttatus. Besides, IWNANISHI
et al. (2018) recently identified a non-sense mutation in the
TYR gene (which encodes the tyrosinase enzyme involved
in the first step of the conversion of tyrosine to melanin) as
the cause of one of the two amelanistic phenotypes known
from Elaphe climacophora in Japan.

Piebaldism

This condition is a commonly misidentified CA of snakes.
Piebald is an old English word combining “pie” in refer-
ence to the white/black plumage of magpies, and “bald”
from the Greek “phalios” indicating white spotting (SPrITZ
1992). The synonym “albinistic pinto” was barely used in
snakes (DYRKACZ 1981, PRUST 1984). It is a non-progres-
sive defect that is well studied in mammals, associated with
the KIT gene (which encodes the kinase receptor proteins
necessary for the development and function of the melano-
cytes), producing a variety of phenotypes depending on
the mutation (SPRriTZ 1992). GLOYD (1958) inaccurately
pointed out that it resembled vitiligo, a human skin disease
of undefined aetiology and not strictly genetic. Similarly,
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Figure 2. Colour aberrancies in Neotropical snakes related to the amount of melanin in the skin. A) hypomelanism in Bothrops alterna-
tus (Maldonado, Uruguay [UY], MACHIN et al. 2018); B) normal B. alternatus (Treinta y Tres [TT], UY; photo A. Sosa); C) amelanism
in Phalotris lemniscatus (same specimen as in ABEGG et al. 2015); and D) normal specimen (TT, UY; photos A. Sosa); E) melanism
in P lemniscatus (Piridpolis, UY; photo IE); F) hypomelanism in Philodryas patagoniensis (Minas, UY); G) amelanism in P. patago-
niensis (TT, UY, Uruguay, same specimen as in MACHIN et al. 2018; photo CB); and H) normal specimen (TT, UY; photo A. Sosa);
I) amelanism in Micrurus pyrrhocryptus; and J) normal specimen (Chaco, Argentina; photos Fundacion Refugio Salvaje, Argentina).
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the cases of progressive piebald-like depigmentation ob-
served in captive specimens of the non-Neotropical rattle-
snake Crotalus viridis, Burmese python Python bivittatus,
Ball python P. regius (BECHTEL 1995, BROGHAMMER 2000),
and also free-ranging iguanas Ctenosaura oedirhina from
Honduras (GOODE & PASACHNIK 2016, as piebaldism), are
of unconfirmed hereditary disposition. Besides, reports
of leucism in the Neotropical lizards Iguana iguana from
Colombia, and Amphisbaena darwini trachura and Tropi-
durus hispidus from Brazil, are likely cases of piebaldism
according to their colour patterns (CHALKIDIS & D1-BER-
NARDO 2004, AYALA-MONEDERO & ALVAREZ-LEON 2014,
SANCHES et al. 2019).

Piebald snakes show white spots, patches or a pre-
dominantly white skin (PRUST 1984, BECHTEL 1995), and
are very uncommon in the wild (Dopp 2000, KORNILIOS
2014, GROsS et al. 2016). They are particularly appreciated
by reptile keepers, who sometimes call them just “pieds”
(BROGHAMMER 2000). In captive Ball pythons (Python re-
gius), piebaldism is based upon a recessive Mendelian in-
heritance (BROGHAMMER 2000). Our local examples most-
ly concern Boiruna maculata (BOULENGER 1896, CEI 1993,
GIRAUDO 2001, SCOTT et al. 2006, CARREIRA et al. 2018,
MACHIN et al. 2018) and Pseudoboa nigra (PRADO 1939,
NORONHA et al. 2013) of the tribe Pseudoboini, but also sin-
gle cases known from Mastigodryas boddaerti (NICEFORO
1958) and Atractus zebrinus (this study). The first two are
usually black snakes, being piebalds scarcely spotted with
white (BOULENGER 1896), fairly stained white (Fig. 3A), or
primarily white (e.g., GIRAUDO 2001, NORONHA et al. 2013,
MACHIN et al. 2018). The occurrence of normal colours on
the head slightly extending posteriorly was constant in the
studied cases and may therefore allow for differentiating
them from other melanin-related defects. Although well-
known as a common genetic defect in domestic mammals
(MAHABAL et al. 2019), the rarity of piebaldism in wild rep-
tiles and researchers being not familiar with colour vari-
ants in other vertebrate groups may explain the misclassifi-
cations in previous works.

Leucism

Leucism originates from the Greek word “leukos” (= white),
and refers to a hereditary non-progressive defect affecting
the presence of chromatophores in the skin, which turns
white in the case of snakes, eventually presenting scarce
iridophores (BECHTEL 1995). Leucism is symmetrical, and
does not change with age (vAN GRouw 2013). The eyes are
unaffected, as pigmented cells of the retinal epithelium de-
velop independently (JAcksoN 1997). Confusion regarding
leucism is not exclusive to the snake literature as there is
broad usage of the term for various instances of whitening
plumage in birds and the coats of mammals, in which nu-
trition and other genetic conditions may also produce sim-
ilar aberrations (VAN GROUW 2006, 2013; LUCATI & LOPEZ-
BAUCELLS 2016, ZALAPA et al. 2016). Leucistic snakes may
exhibit some tiny and scattered faded stains throughout
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the body colouration, added to which may be blue eyes
(PRUST 1984, ENTIAUSPE-NETO et al. 2018). Available re-
ports from the wild are quite rare elsewhere, with most of
them not recognizing instances as leucism (LAHIRI 1955,
LovE & LOVE 1979, ANTONIO & BARKER 1983, BECHTEL
1991, KRECSAK 2008, STEPHENSON & DRACE 2014, LOBO &
SREEPADA 2016, BRUNI 2017, SYLER & SY 2011, CHAUDHURI
et al. 2018, MOHALIK et al. 2019), and at least in Panthero-
phis obsoletus, it is autosomal recessive (BECHTEL & BECH-
TEL 1985, BECHTEL 1995). Neotropical cases concern Atrac-
tus reticulatus (GIRAUDO & SCROCCHI 2000, ENTIAUSPE-
NETO et al. 2018; Fig. 3C) and Boa constrictor (USA 2015).
Putative ones were reported from Mastigodryas boddaer-
ti (NICEFORO 1958) and Atractus trilineatus (Boos 2001).
The absence of patches with normal colour(s) easily allows
distinguishing them from piebald snakes. Leucism is also
known from the Neotropical lizards Gonatodes albogularis
from Colombia (GRISALES-MARTINEZ & ARIAS-ALVAREZ
2018), Homonota taragui from Argentina (COURTIS et al.
2015), and the freshwater Amazon turtle Podocnemis unifi-
lis (ERICKSON & KAEFER 2015).

Melanism

Hyperpigmentation in polychromatic snakes is common
in both Palaearctic (e.g., BECHTEL 1978, ANDREN & NIL-
SON 1981, KING 2003, JABLONSKI & KAUTMAN 2017, Ka-
LAENTZIS et al. 2018) and Neotropical species (CACCIA-
LI 2010; BERNARDO et al. 2012). Of the types of aberrant
hyperpigmentation, spontaneous melanism is likely the
most common condition and possibly more frequent than
widely supposed, as recognizing it necessitates observers
to be familiar with a species’ normal colour range (BECH-
TEL 1995). As with CAs in general, the absence of one col-
our may be confusing as it will cause others to seemingly
become enhanced. For instance, anerythristic individuals
of conspicuously red snakes may be misidentified as cas-
es of melanism, sometimes also called nigrism (BERNILS
& MOURA-LEITE 1991). Melanism is a quite common CA
in lizards, as has been documented from European species
(DOMENEGHETTI et al. 2016; RECKNAGEL et al. 2018, and
references therein).

The ecological correlates of melanism in reptiles are
controversially discussed, including the putative advan-
tages for thermoregulation, protection from solar irra-
diation and exposure to predators (BITNER & KING 2003,
RECKNAGEL et al. 2018). Melanism is of simple recessive
inheritance in the Common garter snake Thamnophis sir-
talis (KING 2003), which does not apparently increase its
risk of being predated upon (BITTNER 2003). On the other
hand, darker Swedish Vipera berus were suggested to ben-
efit from better thermoregulation ability but may incur a
greater predation risk in a trade-off (ANDREN & NILSON
1981). The underlying causes of differential melanism fre-
quency between populations need to be studied on a case
by case basis. For instance, the occurrence of island mel-
anism like in some Mediterranean snakes such as Eirenis
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modestus (KALAENTZIS et al. 2018) may be explained by
a complex interaction of reduced gene flow, genetic drift,
and selective forces (BITTNER & KING 2003).

As far as Neotropical snakes are concerned, we com-
piled some records of melanism from colubrids (LEmA
1985, MENEZES et al. 2014, CosTA-CAMPOS et al. 2015, BAR-
BOsA et al. 2019, this study) and viperids (SAPORITI 1938,
HoGE 1952a, DA SiLva et al. 1999, Fig.2E). Additionally,
there is a single record from the lizard Tropidurus torqua-
tus from Brazil (PEREIRA et al. 2014).

Erythrism and anerythrism

A variable amount of red in the colour pattern is typi-
cal of some snakes, like Thamnophis sirtalis (Moor1 et
al. 2011), and Neotropical elapids of the genus Micrurus
(SoINT 1974, FEITOSA et al. 2015). Noticeable examples of
inter-populational variations are the presence/absence of
red colours in the pattern that is driven by Mendelian in-

heritance like observed in the dipsadid Sonora semiannu-
lata from the western United States (DAvis RABOSKY et al.
2016), and the entirely erythristic population of the Caro-
lina pigmy rattlesnake Sistrurus miliarius (PALMER 1971).
On the other hand, sporadic occurrences of conspicuous-
ly aberrant red colours or erythrism are among the rarest
CAs in wild snakes elsewhere (MACAT et al. 2016). The
anomalous excess of red or brown colouration is some-
times called rufinism in the zoological literature, but is a
term not traditionally used for snakes (PRUST 1984; BEcH-
TEL 1995). Three cases of snake erythrism from the Neo-
tropics, involving Anilius scytale (CRUZ-DA-SILVA et al.
2018), Micrurus corallinus (this study, Fig. 4A), and Oxy-
rhopus guibei (AMARAL 1932), displayed partial substitu-
tions of other colours by red. Anerythristic wild snakes
seem to be quite rare as well (BECHTEL 1980, BECHTEL &
BECHTEL 1989) and we know of only two examples from
the region: M. corallinus (BERNILS & MOURA-LEITE 1991)
and the Tree boa Corallus annulatus (LEwIs et al. 2009),
with both lacking only red.

Figure 3. Piebaldism and leucism in wild Neotropical snakes. A) piebald Boiruna maculata (Durazno, Uruguay [UY]; dead specimen,
photo CB); B) normal B. maculata (Chaco, Argentina, photo CB); C) leucistic Atractus reticulatus (Rio Grande do Sul, Brazil, same
specimen as in ENTIAUSPE-NETO et al. 2018; photo L. M. Borges); D) normal A. reticulatus (Rivera, UY; photo CB).
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Xanthism and axanthism

As quoted for red colour, snake polychromatism in Neo-
tropical taxa may express itself in yellow variants, as is seen
in Xenodon merremii (CACCIALI 2010) and the exceptional-
ly beautiful yellow phase of the viperid Bothriechis schlegelii
(GOMEZ & BUITRAGO-GONZALEZ 2017). Besides, a popu-
lation of entirely yellow specimens of the pelagic elapid

Hydrophis platurus (usually only yellow-bellied) is known
from western Costa Rica. Being a surface feeder, this char-
acteristic possibly helps this snake to avoid overheating in
a tropical climate (BESSESEN & GALBREATH 2017). Xanthic
snakes may also synthesize small amounts of melanin and
have coloured eyes (BECHTEL 1995).

The term flavinism is occasionally used in the herpeto-
logical literature for exceptionally yellow specimens. How-

Figure 4. Non-melanin related colour aberrancies in wild Neotropical snakes. A) erythristic Micrurus corallinus; and B) normal speci-
men (Brazil [BR]; photos O. A. V. Marques); C) xanthic Bothrops jararacussu (Iguapé, Sao Paulo [SP], BR; photo O. A. V. Marques);
D) normal B. jararacussu (Ibiina, SP, BR; photo A. D. Abegg); E) axanthic Erythrolamprus poecilogyrus (Rio Negro, Uruguay [UY]);
and F) normal specimen (Quebrada de los Cuervos, UY; photo CB).
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ever, the over-expression of yellow is sometimes hard to
differentiate from the change in colouration induced by the
absence of melanin in amelanistic specimens (i.e., THOMAS
etal. 2002).

Xanthic CA in Neotropical snakes was seldom ob-
served, being more common in viperids of the genera
Bothrops (HOGE 1952a, SUEIRO et al. 2010, VARGAS 2014,
DuUARTE in UgTz et al. 2020, TOKUDA & COSTA 2019;
Fig. 4C) and Crotalus (SAzIMA & D1-BERNARDO 1991, CAR-
DOSO & PARPINELLI 2006); it was also documented from
Dipsas mikanii (AMARAL 1933-1934) and Epicrates crassus
(HOGE & BELLUOMINI 1957-1958). Although such CA has
been claimed to protect its bearer from solar irradiation
in tropical climates (BESSESEN 2012), xanthism was noted
only in nocturnal species in our case study.

As far as the contrarious condition, axanthism, is con-
cerned, we know of only a single case in wild snakes from
our region, recorded by local people in Erythrolamprus
poecilogyrus (Fig. 4E). Axanthic snakes are difficult to dif-
ferentiate from anerythristic ones, and both were called
“black albinos” because they stand out by exhibiting only
black and brown colours (BROGHAMMER 2000).

Concluding remarks

SAzIMA & DI-BERNARDO (1991) proposed that hypo-
pigmented CA of Neotropical wild snakes seemed to be
more frequent in fossorial and nocturnal species, whose
blanched phenotypes would undergo less intense preda-
tion. Our exploratory analysis on an expanded data set is
not conclusive in this regard, however. It must be noticed
that correlates of ecological attributes of snakes (diurnal/
nocturnal, fossorial/non-fossorial) and major CA catego-
ries (hyper-/hypopigmentation, melanism/amelanism)
sometimes became statistically significant, or approached
significance during the computations for this work, by the
addition of small amounts of new data. This indicates the
weakness of our analysis with the available information, as
the data matrix of taxonomical distribution of CA in Neo-
tropical snakes is still unstable. Improved testing would
require the pooling of more observations for the consid-
eration of phylogenetic constraints, and also obtaining CA
frequency estimates in snake communities, which are dif-
ficult to document given the rarity of some of the condi-
tions and the observation bias of hard-to-find taxa (e.g.,
fossorial species). Additional bias underlying accumulated
historical data from biological collections and large-scale
surveys is created by observers possessing the ability to
recognize colour aberrancies in snakes to different extents,
and unequal sampling effort in different areas (BECHTEL
1980).

Interestingly, we recorded aberrant hyperpigmentation
in a few fossorial species, but these CAs seem to provide
no major contributions to thermoregulation, as they were
also infrequent in terrestrial diurnal snakes. Even when
melanism may bring about some functional advantages for
snakes with regard to heat absorption, reproduction and

survival (BITTNER et al. 2002, CLUSELLA-TRULLAS et al.
2008 and references therein), such must be evaluated on
a case-by-case basis. When studying the sea snake genus
Laticauda, Lorioux et al. (2008) did not find an associa-
tion of enhanced pigmentation (melanism) with advantag-
es for survival either regarding thermoregulation, preda-
tion, or protection solar irradiation. As was proposed by
these authors for snake melanism, other aberrant coloura-
tions studied herein may be, to a great extent, fortuitous
phenomena.

Additional significant gaps in our knowledge about the
complex mechanism of skin colour production in snakes
are the scarcity of available histological and genetic stud-
ies (GOSNER 1989, BECHTEL 1995). Despite multiple genes
involved in pigmentation having been isolated and special
attention having been paid to the melanocortin-I receptor
(MCir) in several amphibians, birds, mammals, and rep-
tiles, variable or no relationships between colour variation
and gene polymorphism were observed (Guo et al. 2010,
HERCZEG et al. 2010, CORSO et al. 2012, BUADES et al. 2013;
SUNTRARACHUM et al. 2015). Although explored to an in-
creasing extent at molecular level, the available knowledge
on snake CA genetics is still incipient (SAENKO et al. 2015,
SUNTRARACHUN et al. 2015, IWANISHI et al. 2018). Routine
sampling by field biologists would allow for large-scale
DNA surveying in the long run, as experimental studies are
expensive and time-consuming (e.g., BECHTEL & BECHTEL
1985, 1989). A desirable alternative shortcut would be the
analysis of the huge amount of valuable information gen-
erated by professional snake breeders over several decades
(e.g., BROGHAMMER 2000).

Finally, we advocate a more accurate use of terminology
in the herpetological literature concerning common CAs
in wild snakes, but more generally in squamate reptiles,
particularly with regard to melanin hypopigmentation.
The criteria used by previous authors to define and classify
these pigmentation deficiencies in snakes were heteroge-
neous and often confusing, mainly with regard to the wide-
spread use of terms like albinism and partial albinism. In
any case, the occurrence of albinism, as considered herein,
was greatly overestimated in the literature, and criteria for
its recognition were not uniform. Vague terms like partial
albinism/leucism, albinistic or albinoid should be discard-
ed to avoid confusion, as they do not refer to specific chro-
matophore defects. We propose a simplified categorization
framework based on just three basic colours in the dorsal
and eye pigmentation, which may permit even inexperi-
enced researchers to differentiate the most common genet-
ically based CAs reported for wild snakes (Fig. 1).

Acknowledgements

We are grateful to O. A. V. MarQuEes (Instituto Butantan),
A. Sosa, L. M. BorGes, D. FaB1us, and the Fundacién Refugio
Salvaje (Chaco, Argentina), for sharing information on new cas-
es of colour aberrancies and photographs, and to G. J. Scroc-
cHI for his comments on an earlier draft of this manuscript.
A. Lasso, R. VILARO (Dpto. Biblioteca, Facultad de Veterinaria,

133



CLAUDIO BORTEIRO et al.

Montevideo), D. JaBLONSKI (Zoology Dpt., Comenius Univer-
sity, Bratislava), M. ZADRAVEC (Bioraznolikost vugrovecke oko-
lice), A. M. L. N. DE MAcCEDO (Brazilian Archives of Biology and
Technology), and R. BERNILs (Universidade Federal do Espirito
Santo) kindly provided us with literature. CB and FK acknowl-
edge the assistance rendered by the Agencia Nacional de Inves-
tigacion e Innovacion (ANII/SNI), FHO received a postdoctoral
fellowship from the Fundagdo Cearense de Apoio ao Desenvolvi-
mento Cientifico e Tecnoldgico/Coordenagao de Aperfeicoa-
mento Pessoal de Nivel Superior (Grant n° 88887.162751/2018-
00), and ADA a Master’s fellowship from the Conselho Nacional
de Desenvolvimento Cientifico e Tecnoldgico (130115/2019-3).
Our re-classification of study cases is by no means intended to
be offensive to other authors, but a proposal towards standardi-
zation of terms.

References

ABEGG, A. D., C. M. pA Rosa, C. P. CAVALHEIRO, E. R. OrTIZ, &
L. M. BORGES (2014): Partial albinism in Sibynomorphus ven-
trimaculatus (Boulenger, 1885) (Serpentes: Dipsadidae) in Rio
Grande do Sul state, Brazil. - Herpetology Notes, 7: 475-476.

ABEGG, A. D., O. M. ENTIAUSPE NETO & T. LEMA (2015): First
record of albinism in the Elapomorphini tribe (Serpentes:
Dipsadidae). — Herpetology Notes, 8: 503-505.

ADIMALLAIAH, D. & A. Vyas (2015): Cases of albinism in
Russel ‘sviper Daboia ruselli from Mumbai, Maharashtra, In-
dia. - Reptile Rap, 17: 25-26.

AMARAL, A. (1927): Albinismo em “cobra coral”. Revista do Mu-
seu Paulista, 15: 3-9.

AMARAL, A. (1927a): Da occorréncia de albinismo em cascavel,
Crotalus terrificus (Laur.). — Revista do Museu Paulista, 15: 55—
57

AMARAL, A. (1927b): Albinismo em “Dorme-dorme”, Sibynomor-
phus turgidus (Cope, 1968). — Revista do Museu Paulista, 15:
61-62.

AMARAL, A. (1932): Notas sobre chromatismo de ophidios I. Pri-
meiro caso de erythrismo em serpente, observado no Brasil. -
Memorias do Instituto Butantan, 7: 75-79.

AMARAL, A. (1932a): Notas sobre chromatismo de ophidios II.
Casos de variagdo de colorido de certas serpentes. - Memo-
rias do Instituto Butantan, 7: 81-87.

AMARAL, A. (1933-1934): Notas sobre chromatismo de ophidios.
III. Um caso de xantismo e um novo de albinismo, observados
no Brasil. - Memorias do Instituto Butantan, 8: 151-153.

ANDREN, C. & G. N1LsON (1981): Reproductive success and risk
of predation in normal and melanistic colour morphs of the
adder, Vipera berus. — Biological Journal of the Linnean Soci-
ety, 15: 235-246.

ANTONIO, E. B. & J. B. BARKER (1983): An inventory of phenotypic
aberrancies in the Eastern diamondback rattlesnake (Crotalus
adamanteus). - Herpetological Review, 14: 108-110.

AvAaLA-MONEDERO, R. M. & R. ALvAREZ-LEON (2014): A report
on a case of incomplete leucism in the Green iguana (Iguana
iguana iguana) (Squamata: Iguanidae) in the Caribbean Co-
lombian. - Boletin Cientifico del Museo de Historia Natural
(Caldas), 18: 158-162.

BAGNARA4, J. T. (1966): Cytology and cytophysiology of non-
melanophore pigment cells. - International Reviews in Cyto-
logy, 20: 173-205.

134

BAGNARA, J. T., J. D. TAYLOR & M. E. HADLEY (1968): The dermal
chromatophore unit. - Journal of Cell Biology, 38: 67-79.

BarBosa, V. N,, J. M. S. AMARAL, L. E L. Lima, R. C. FRANGA,
E G. R. FRANGA & E. M. SANTOS (2019): A case of melanism
in Dendrophidion atlantica Freire, Caramaschi & Gongalves,
2010 (Colubridae) from Northeastern Brazil. - Herpetology
Notes, 12: 109-111.

BECHTEL, E. (1980): Geographic distribution of two mutants of
the Corn snake, Elaphe guttata guttata. - Herpetological Re-
view, 11: 39-40.

BECHTEL, H. B. (1978): Color and pattern in snakes. - Journal of
Herpetology, 12: 521-532.

BecHTEL, H. B. (1980): Histochemical demonstration of two
types of albinism in San Diego Gopher snakes (Pituophis
melanoleucus annectens) by use of DOPA reaction. — Copeia,
1980: 932-935.

BECHTEL, H. B. (1991): Inherited color defects. Comparison be-
tween humans and snakes. — International Journal of Derma-
tology, 30: 243-246.

BECHTEL, H. B. (1995): Reptile and amphibian variants. Colors,
patterns, and scales. — Krieger Publishisng Co., USA.

BECHTEL, H. B. & E. BECHTEL (1962): Heredity of albinism in the
Corn snake, Elaphe guttata guttata, demonstrated in captive
breedings. - Copeia, 1962: 436-437.

BecHTEL, H. B. & E. BECHTEL (1981): Albinism in the snake
Elaphe obsoleta. - Journal of Herpetology, 15: 397-402.

BecHTEL, H. B. & E. BECHTEL (1985): Genetics of color muta-
tions in the snake, Elaphe obsoleta. — Journal of Heredity, 76:
7-11.

BecHTEL, H. B. & E. BECHTEL (1989): Color mutations in the
Corn snake (Elaphe guttata guttata): review and additional
breeding data. - Journal of Heredity, 80: 272-276.

BerNARDO, P. H., E A. MacHADO, R. W. MURPHY & H. ZAHER
(2012): Redescription and Morphological Variation of Oxy-
rhopus clathratus Duméril, Bibron and Duméril, 1854 (Serpen-
tes: Dipsadidae: Xenodontinae). — South American Journal of
Herpetology, 7: 134-148.

BERNILS, R. S. & J. C. MoURA-LEITE (1991): Registro de carencia
de eritrina em uma cobra-coral, Micrurus corallinus (Merrem,
1820) (Serpentes, Elapidae). - Acta Biologica Leopoldensia, 13:
97-100.

BErniLS, R. S., J. C. MOURA-LEITE & R. G. Ajuz (1990): Albinis-
mo em Crotalus durissus (Serpentes. Viperidae) do Estado do
Parana - Brasil. - Biotemas, 3: 129-123.

BESSESEN, B. L. (2012): Geospatial and behavioral observations of
a unique xanthic colony of Pelagic sea snakes, Pelamis platu-
rus, residing in Golfo Dulce, Costa Rica. - Herpetological Re-
view, 43: 22-26.

BESSESEN, B. L. & G. J. GALBREATH (2017): A new subspecies of
sea snake, Hydrophis platurus xanthos, from Golfo Dulce, Cos-
ta Rica. - ZooKeys, 686: 109-123.

BITTNER, T. D. (2003): Polymorphic Clay models of Thamnophis
sirtalis suggest patterns of avian predation. - Ohio Journal of
Science, 103: 62-66.

BITTNER, T. D, R. B. KING & J. M. KERFIN (2002): Effects of body
size and melanism on the thermal biology of Garter snakes
(Thamnophis sirtalis). - Copeia, 2002: 477-482.

BiTTNER, T. D. & R. B. KING (2003): Gene flow and melanism
in garter snakes revisited: a comparison of molecular markers



Aberrant colourations in wild snakes

and island vs. coalescent models. — Biological Journal of the
Linnean Society, 79: 389-399.

Boos, H. E. A. (2001): The snakes of Trinidad & Tobago. — Texas
A&M Univ. Press, USA.

BROGHAMMER, S. (2000): Albinos. Color and pattern mutations
of snakes and other reptiles. - M&S Verlag, Germany.

BRruNI, G. (2017): A leucistic grass snake Natrix natrix (Linnae-
us, 1758) (Serpentes: Natricidae) from Tuscany, Central Italy.
- Herpetology Notes, 10: 313-316.

BuADEs, J. M., V. RODRIGUEZ, B. TERRASA, V. PEREZ-MELLADO,
R. P. BRowN, J. A. CASTRO, A. PICORNELL & M. M. RaAMON
(2013): Variability of the mcir gene in melanic and non-mela-
nic Podarcis lilfordi and Podarcis pityusensis from the Balearic
Archipelago. — PLoS ONE, 8: e53088.

Cacciaty, P. (2010): Chromatic variation in populations of Xeno-
don merremi (Serpentes: Dipsadidae) in Paraguay. — Acta Her-
petologica, 5: 107-112.

CARDOSO, S. R. T. & C. PARPINELLI (2006): Crotalus durissus ter-
rificus (Rattlesnake): a case of xanthism. - Herpetological Bul-
letin, 97: 38-39.

CARREIRA, S., R. HLADKY, LAMAS, D. & E. NEGRIN (2018): Boiru-
na maculata (Mussurana). Coloration. - Herpetological Re-
View, 49: 541-542.

CEL J. M. (1993): Reptiles del noroeste, nordeste y este de la Ar-
gentina: herpetofauna de las selvas subtropicales, Puna y Pam-
pas. - Monografie XIV, Museo Regionale di Scienze Naturali
(Torino).

CHALKIDIS, H. M. & M. DI-BERNARDO (2004): Amphisbaena
darwini trachura (Worm lizard). - Herpetological Review, 35:
165.

CHAUDHURI, A., K. CHAKRABORTY & S. CHOWDHURY (2018):
First report of leucism in Bungarus caeruleus (Serpentes:
Elapidae) from west Bengal, India. - Phyllomedusa, 174: 161-
163.

CLARK, B, E. SMITH & D. D. SmITH (1983): Lampropeltis calli-
gaster calligaster (Praire Kingsnake). Coloration. - Herpeto-
logical Review, 14: 120.

CLAUSE, A. G. & R. N. BECKER (2015): Temperature shock as a
mechanism for color pattern aberrancy in snakes. - Herpeto-
logical Notes, 8: 331-334.

CLUSELLA-TRULLAS, S., J. S. TERBLANCHE, T. M. BLACKBURN &
S. L. CHOWN (2008): Testing the thermal melanism hypoth-
esis: a macrophysiological approach. - Functional Ecology, 22:
232-238.

CoRso0, J., G. L. GONGALVES & T. R. O. FREITAS (2012): Sequence
variation in the melanocortin-1 receptor (MCiR) pigmenta-
tion gene and its role in the cryptic coloration of two South
American sand lizards. - Genetics and Molecular Biology, 35:
81-87.

CosTta-Campros, C. E., P. G. N SAMPAIO, J. G. CORREA, Y. B. Siva
E SiLva, R. R. J. Baia, H. R. M. PAmMPHILIO JUNIOR, M. E M.
FURTADO & P. F. FRANGA (2015): Oxyrhopus occipitalis. Melan-
ism. — Herpetological Review, 46: 105.

COURTIS, A., R. CAJADE, J. M. PINEIRO, A. HERNANDO & MA-
RANGONI (2015): First record of albinism in the Taragiii gecko
Homonota taragui (Squamata: Phyllodactylidae). — Herpetol-
ogy Notes, 8: 425-427.

Cruz-DA-SILVA, R. C., M. A. FREITAS & A. D. ABEGG (2018): A
remarkable specimen of the genus Anilius (Serpentes: Anilii-

dae): rare colour aberration or a new species? — Herpetology
Notes, 11: 161-165.

DA SiLvA, E A, C. L. Assis & E M. QUINTELA (2010): Albinism
in a Liophis miliaris (Linnaeus, 1758) (Serpentes: Dipsadi-
dae) from Minas Gerais State, southern Brazil. - Herpetology
Notes, 3: 171-172.

DA SiLvA, R. J., M. R. M. FonTes, R. R. RoDRIGUES, E. M. BrRU-
DER, M. E B. STEIN, G. P. M. SiroLri, R. PinHAO & C. A. M.
LopEs (1999): A report on a case of melanism in a specimen
of Crotalus durissus terrificus (Laurenti, 1768). — Journal of
Venomous Animals and Toxins Including Tropical Diseases,
5:91-97.

Davis RABOsKkY, A. R,, C. L. Cox & D. L. RABOsKY (2016): Un-
linked Mendelian inheritance of red and black pigmentation
in snakes: implications for Batesian mimicry. - Evolution 7o:
944-953.

DE LA TORRE-LORANCA, M. A., G. AGUIRRE-LEON & M. A.
LOPEZ-LUNA (2006): Coralillos verdaderos (Serpentes: Elapi-
dae) y coralillos falsos (Serpentes: Colubridae) de Veracruz,
Meéxico. - Acta Zoololdgica Mexicana, 22: 11-22.

Dopp, C. K. (2000): An unusually patterned spotted python,
Antaresia maculosa, from Jourama falls, Queensland. — Her-
petofauna, 30: 10-11.

DOMENEGHETTI, D., S. MONDINI & G. BRUNI (2016): Melanism
and pseudo-melanism in the Common wall lizard, Podarcis
muralis Laurenti, 1768 (Reptilia: Lacertidae) in central Italy. -
Herpetology Notes, 9: 307-309.

DuarTE, M. R, E L. FRANCO & A. L. OLIVEIRA (2005): New
records of albinism in neotropical snakes. - Memorias do In-
stituto Butantan, 61: 66.

DYRKACZ, S. (1981): Recent instances of albinism in North Amer-
ican amphibians and reptiles. - Herpetological Circulars, 11:
1-31.

ENTIAUSPE-NETO, O. M., A. D. ABEGG, E M. QUINTELA, M. C. DA
RosA, L. MALTA-BORGES & D. LOEBMANN (2018): First record
of leucism for Atractus reticulatus (Serpentes: Dipsadidae). —
Brazilian Journal of Biology, 78: 174-175.

ERICKSON, J. & I. L. KAEFER (2015): Multiple leucism in a nest of
the yellow-spotted Amazon River turtle, Podocnemis unifilis.
Salamandra, 51: 273-276.

EsQUEDA, L. F, E. LA MARCA & P. SORIANO (2005): Partial al-
binism in Venezuelan specimen of false coral snake, Oxy-
rhopus petola petola (Linnaeus, 1758). - Herpetotropicos, 2:
114.

Fertosa, D. T,, N. J. Da Sirva, M. G. Pires, H. ZAHER & A. L. C.
PRUDENTE (2015): A new species of monadal coral snake of the
genus Micrurus (Serpentes, Elapidae) from western Amazon.
- Zootaxa, 3974: 538-544.

FLorENCIO, S. L., V. S. P. S. SOBRAL, L. S. CABRAL, V. C. Souza,
G. J. B, MoUra, W. R. TELINO-JUNIOR & R. M. LYRA-NEVES
(2019): Tropidurus semitaeniatus (Striped Lava Lizard). Albi-
nism. - Herpetological Review, 50: 381.

FREITAS, M. A. (2003): Serpentes Brasileiras. - Proquigel quimi-
ca, Brazil.

GEZOVA, S., P. DRUGAC, A. PURKART & D. JABLONSKI (2018): Al-
binism in two snake species recorded from Slovakia. — Russian
Journal of Herpetology, 25: 79-82.

GIRAUDO, A. (2001): Serpientes de la Selva Paranaense y del
Chaco Himedo. - LOLA, Argentina.

135



CLAUDIO BORTEIRO et al.

GIRAUDO, A. R. & G. J. ScrRoccHI (2000): The genus Atractus
(Serpentes: Colubridae) in north-eastern Argentina. - Herpe-
tological Journal, 10: 81-90.

Groyp, H. K. (1958): Aberrations in the color patterns of some
crotalid snakes. - Bulletin of the Chicago Academy of Scienc-
es, 10: 785-195.

GOMEZ, C. & W. BUITRAGO-GONZALEZ (2017): Bothriechis schle-
gelii (Berthold 1846). Cabeza de candado, Vibora de pestaiias.
- Catdlogo de anfibios y reptiles de Colombia, 3: 1-11.

GOODE, A. B. C. & S. A. PASACHNIK (2016): Piebaldism in the
Roatan Spiny-tailed iguanas, Ctenosaura oedirhina. — Herpe-
tological Bulletin, 136: 23-28.

GOSNER, K. L. (1989): Histological notes on the green coloration
of arboreal Pit vipers: genus Bothrops. — Journal of Herpetol-
ogy, 23: 318-320.

Gross, I. P, Y. WANG & C. J. SCHWEITZER (2016): Lampropeltis
triangulum syspila (Red Milksnake). Piebaldism. — Herpeto-
logical Review, 47: 684-685.

Guo, X. L, X. L. L1, Y. L1, Z. L. Gu, C. S. ZHENG, Z. H. WEL J. S.
WANG, R. Y. Zrou, L. H. L1 & H. Q. ZHENG (2010): Genetic
variation of chicken MCiR gene in different plumage colour
populations. — British Poultry Science, 51: 734-739.

GRISALES-MARTINEZ, F. A. & L. AR1AS-ALVAREZ (2018): Leucism
in the Yellow-headed Gecko Gonatodes albogularis (Duméril
& Bibron, 1836). — Herpetology Notes, 11: 1003-1005.

HaRrRis, H. S. (1970): Abnormal pigmentation in Maryland am-
phibians and reptiles. - Bulletin of the Maryland Herpetologi-
cal Society, 6: 21-27.

HERCZEG, G., C. MATSUBA & J. MERILA (2010): Sequence varia-
tion in the melanocortin-1 receptor gene (Mcir) does not ex-
plain variation in the degree of melanism in a widespread am-
phibian. - Annales Zoologici Fennici, 47: 37-45.

HerMAN, D. W. (1983): Cemophora coccinea copei (Northern
Scarlet snake). Coloration and reproduction. - Herpetologi-
cal Review, 14: 119.

HogaN, K. D. & D. D. SmITH (1998): Lampropeltis calligaster cal-
ligaster (Prairie Kingsnake). Albinism. — Herpetological Re-
view, 29: 104,

HogGg, A. R. (1952): Anomalia na lepidose e pigmentagio das es-
camas dorsais em B. jararaca e B. alternata. - Memorias do
Instituto Butantan, 24: 237-240.

HogGg, A. R. (1952a): Herpetologische Notizen. Farbenaberratio-
nen bei brasilianischen Schlangen. - Memorias do Instituto
Butantan, 24: 269-270.

HoGg, A. R. & H. E. BELLUOMINI (1957-1958): Aberragdes

cromaticas em serpentes brasileiras. — Memorias do Instituto
Butantan, 28: 95-98.

Horr B. D. & A. DOLLAR (2018): Lampropeltis calligaster (Yellow-
bellied Kingsnake). Albinism. — Herpetological Review, 49:
343-344.

HosHING, V., S. THAKUR & A. MAHABAL (2013): Cases of total
albinism in Green keelback Macropisthodon plumbicolor and
Common wolf snake Lycodon aulicus (Colubridae). - Reptile
Rap, 15: 46—-47.

HupsoN, R. & G. CARL (1983): Coluber constrictor flaviventris
(Eastern Yellowbelly Racer). Coloration. - Herpetological Re-
view, 14: 19.

IwaNIsHI, S., S. ZA1TSU, H. SHIBATA & E. NITASAKA (2018): An
albino mutant of the Japanese rat snake (Elaphe climacophora)

136

carries a nonsense mutation in the tyrosinase gene. - Genes
and Genetic Systems, 93: 163-167.

JABLONSKI, D. & J. KAUTMAN (2017): Melanism in Natrix tesselata
(Serpentes: Colubridae) from Slovakia. - Herpetology Notes,
10: 173-175.

Jackson, L. J. (1997): Homologous pigmentation mutations in hu-
man, mouse and other model organisms. - Human Molecular
Genetics, 6: 1613-1624.

JADHAV, M., A. MAHABAL, V. DESAI & J. SHRIVASTAV (2014):
A case of total albinism in Common kukri snake Oligodon
arnensis (Colubridae) with an unusual colour pattern. — Rep-
tile Rap, 16: 3-5.

JonEs, K. C. & N. FRIEDMAN (2015): Tantilla coronata (Southeast-
ern Crowned Snake). Coloration. — Herpetological Review,
46: 651.

KarLaeNTzIs, K., C. KAZILAS & I. STRACHINIS (2018): Two cases
of melanism in the Ring-headed Dwarf snake Eirenis modestus
(Martin, 1838) from Kastellorizo, Greece (Serpentes: Colubri-
dae). — Herpetology Notes, 11: 175-178.

KiNG, R. B. (2003): Mendelian inheritance of melanism in the
Garter snake Thamnophis sirtalis. - Herpetologica, 59: 484-
489.

KorniL1OS, P. (2014): First report of piebaldism in solecophid-
ians: a case of Typhlops vermicularis (Squamata: Typhlopidae).
- Herpetology Notes, 4: 401-403.

KRECSAK, L. (2008): Albinism and leucism among European Vi-
perinae: a review. — Russian Journal of Herpetology, 15: 97-102.

KUMBAR, S. M., A. B. GHADAGE, S. S. PATIL & S. B. LAD (2016):
Record of albino Sand boa (Gonglyophis conicus) from San-
gli District, western Maharashtra, India. - Russian Journal of
Herpetology, 23: 70-72.

LaHIry R. K. (1955): A “white” Python. - Journal of Bombay Nat-
ural History Society, 53: 135-136.

LEMA, T. (1960): Notas sobre répteis do Estado do Rio Grande do
sul — Brasil. VII. Albinismo parcial en Leimadophis poecilogy-
rus picotstriatus Amaral. (Serpentes. Colubridae). — Theringia
(Zoologia), 13: 20-27.

LEMA, T. (1985): Melanismo em serpentes do género Lygophis Fit-
zinger, 1843 (Serpentes, Colubridae), no nordeste do Brasil. -
Theringia (Zoologia), 65: 31-4o0.

Lewis, T. R, D. J. NasH & P. B. C. GRANT (2009): Predation by
Corallus annulatus (Boidae) on Rhynchonycteris naso (Em-
ballonuridae) in a lowland tropical wet forest, Costa Rica. -
Cuadernos de Herpetologia, 23: 93-96.

LoBo, J. V. & SREEPADA, K. S. (2016): First report of leucism in
Python molurus molurus (Serpentes: Pythonidae) from Man-
galore, Karnataka, India. - Phyllomedusa, 15: 199-200.

Lopres, A. C. P. A, M. A. Frertas, E. C. FARIAS JUNIOR & O. M.
ENTIAUSPE-NETO (2019): First record of albinism for Dipsas
neuwiedii (Serpentes: Dipsadidae) in northeastern Brazil. -
Herpetology Notes, 12: 335-336.

Lorioux, S., X. BONNET, BRISCHOUX, F. & M. DE CRIGNTS (2008):
Is melanism adaptive in sea kraits? - Amphibia-Reptilia, 29:
1-5.

Love, W. B. & K. V. LoVE (1979): Pure white rattlesnake. - Herpe-
tological Review, 10: 113.

LucArti, E & A. LOPEZ-BAUCELLS (2016): Chromatic disorders in
bats: a review of pigmentation anomalies and the misuse of the
terms to describe them. - Mammal Review, 47: 112-123.



Aberrant colourations in wild snakes

MACAT, Z., D. HEGNER & D. JABLONSKI (2016): Erythrism in
the Smooth snake, Coronella austriaca (Laurenti, 1768), re-
corded from Georgia. — Russian journal of Herpetology, 23:
73-76.

MacHiN, V., E. Rossing, C. Prigiont, F. KoLENc, A. CRAMPET,
C. BORTEIRO & J. M. VERDES (2018): Hypopigmentation in
wild snakes from Uruguay. — Herpetology Notes, 11: 1051-
1053.

MAHABAL, A. & S. THAKUR (2014): Instances of aberrant colors
and patterns among the Indian herpetofauna: a review. — Rus-
sian Journal of Herpetology, 21: 80-88.

MAHABAL, A., R. M. SHARMA, R. N. PATIL & S. JADHAV (2019):
Colour aberration in Indian mammals: a review from 1886 to
2017. - Journal of Threatened Taxa, 11: 13690-13719.

MENEZES, E. A., D. G. P. TOLEDO & V. ]. GERMANO (2014): Erythro-
lamprus miliaris orinus Cope, 1868 (Serpentes: Dipsadidae:
Xenodontinae): melanism. - Herpetology Notes, 7: 453-454.

MENDONGA, L. R., L. A. OLIVEIRA, C. L. Ass1s, J. J. M. GUEDES &
R. N. FEI10 (2020): First report of xanthism in Bothrops jara-
racussu Lacerda, 1884 (Serpentes: Viperidae). - Herpetology
Notes, 13: 393-395.

MirA-MENDES, C. V., C. H. V. R1os, R. A. MARTINS, MEDEIROS,
R. A, M. SOLE & A.J. S. ARGOLO (2017): A case of albinism
in Amerotyphlops brongersmianus (Vanzolini, 1976) (Serpen-
tes: Typhlopidae) from southern Bahia, northeastern Brazil.
- Herpetology Notes, 10: 131-132.

MIRANDA, M. E., M. T1o VALLEJO & C. S. GRrisOLIA (1985): Nota
sobre casos de albinismo en ofidios argentinos. — Historia Nat-
ural, 5:121-124.

MoHALIK, R. H., S. B. SAHU, M. ARIE & N. B. KaAR (2019): Bunga-
rus caeruleus (Common krait). Coloration and diet. - Herpe-
tological Review, 50: 150-151.

Moor R. D.,]. P. WiENs & G. S. CASPER (2011): Extreme color var-
iation within populations of the common Gartersnake, Tham-
nophis sirtalis, in central North America, with implications for
subspecies status. — Copeia, 2011: 187-200.

NEeILL, W. T. (1963): Polychromatism in snakes. — Quarterly Jour-
nal of the Florida Academy of Sciences, 26: 194-216.

NICEFORO, M. (1958): Dos casos de albinismo en los ofidios de
Colombia. — Boletin del Instituto La Salle, 45: 17-19.

NORONHA, J. C., A. B. BARROS, R. M. MIRANDA, E. ]. ALMEIDA &
D. J. RODRIGUES (2013): Record of leucism in Pseudoboa nigra
(Serpentes: Dipsadidae). - Herpetology Notes, 6: 81-82.

Nogrris, K. S. & C. H. LowE (1964): An analysis of background
color-matching in amphibians and reptiles. — Ecology, 45: 565-
580.

OREJAS-MIRANDA, B. (1972): Observaciones sobre un caso de al-
binismo de Leptotyphlops munoai. — Boletin de la Sociedad
Zooldgica del Uruguay, 2: 36.

OrT1Z, E R, A. D. ABEGG & L. M. CORREA (2017): Albinism in
Bothrops jararacussu Lacerda, 1884 (Serpentes, Viperidae)
from the state of Espirito Santo, Brazil. - Herpetology Notes,
10: 177-179.

PALMER, W. M. (1971): Distribution and variation of the Carolina
Pigmy Rattlesnake, Sistrurus miliarius miliarius Linnaeus, in
North Carolina. - Journal of Herpetology, 5: 39-44.

PAREDERO, R. C. B., M. A. Passos & L. B. Souza (2017): Micrurus
lemniscatus (Coralsnake). Albinism. - Herpetological Review,
48: 214.

PEREIRA, L. K. ], C. A. B. GALDINO & L. B. NASCIMENTO (2014):
Tropidurus torquatus. Melanism. — Herpetological Review, 45:
334.

PRADO, A. (1939): Notas ofiologicas 3. Mais um caso de albinismo
em serpente. — Memorias do Instituto Butantan, 13: 1-5.

PRADO, A. & E P. BARROS (1940): Notas ofiologicas. 9. Duas cas-
caveis albinas do Brasil. - Memorias do Instituto Butantan, 14:
31-32.

PRUST, E. (1984): Albinism in snakes. — Litteratura Serpentium,
4: 6-15.

RECKNAGEL, H., M. LaYTON, R. CAREY, H. LEITAO, M. SUTHER-
LAND & K. R. ELMER (2018): Melanism in common lizards
(Squamata: Lacertidae: Zootoca vivipara): new evidence for a
rare but widespread ancestral polymorphism. — Herpetology
Notes, 11: 607-612.

RENAULT, L. & G. SCHREIBER (1949): Consideragdes sobre albinsi-
mo em cascavel. — Folia Clinica et Biologica, 16: 91-92.

RoHRLICH, T. & K. R. PORTER (1972): Fine structural observations
relating to the production of color by the iridophores of the
lizard, Anolis carolinensis. — Journal of Cell Biology, 53: 38-52.

ROULIN, A., A. MAFLI & K. WAKAMATSU (2013): Reptiles produce
pheomelanin: evidence in the Eastern Hermann’s tortoise (Eu-
rotestudo boettgeri). — Journal of Herpetology, 47: 258—261.

SAENKO, S. V., S. LAMICHHANEY, A. MARTINEZ BARRIO, N. Ra-
FATI, L. ANDERSSON & M. C. MILINKOVITCH (2015): Amelan-
ism in the Corn snake is associated with the insertion of an
LTR-retrotransposon in the OCA2 gene. - Scientific Reports,
5:17118.

SANCHES, P. R., F. P. Dos SaNTOs & C. E. C. CAMPOS (2019): First
record of leucism in Tropidurus hispidus (Spix, 1825) (Squa-
mata: Tropiduridae) in north Brazil, eastern Amazon. — Acta
Zooldgica Mexicana, 35: 1-4.

SAPORITL E. J. (1938): Un caso de melanismo en Bothrops alter-
nata (D. y B.). - Physis, 12: 343-347.

SaziMa, I. & M. D1-BERNARDO (1991): Albinismo em serpentes
neotropicais. - Memorias do Instituto Butantan, 53: 167-173.

ScoTT Jr., N. J., A. R. GIRAUDO, G. SCROCCHI, A. L. AQUINO, P.
CACCIALI & M. MOTTE (2006): The genera Boiruna and Clelia
(Serpentes: Pseudoboini) in Paraguay and Argentina. - Papéis
Avulsos de Zoologia, 46: 77-105.

ScroccHl, G. ], J. C. MORETA & S. KRETZSCHMAR (2006): Ser-
pientes del noroeste argentino. Fundacién Miguel Lillo, Ar-
gentina.

SHEDD, J. D. (2013): Contia tenuis (Common Sharp-tailed Snake).
Albinism. - Herpetological Review, 44: 152-153.

SILER, C. D. & E. Sy (2011): Acrochordus granulatus (Marine File
Snake). Aberrant coloration. - Herpetological Review, 42: 280.

Soint, P. (1974): Polychromatism in a population of Micrurus
langsdorffi. - Journal of Herpetology, 8: 267-269.

SprITZ, R. A. (1992): The molecular basis of human piebaldism. -
Pigment Cell Research, 5: 340-343.

STEPHENSON, B. P. & K. M. DRACE (2014): A new report on albi-
nism in the Common Garter snake (Thamnophis sirtalis), and
a review of existing records: is there a geographic bias in ob-
servations? — Herpetological Review, 45: 569-577.

SUEIRO, L. R, C. A. Rojas, J. Y. Risk, E O. S. FRANGCA & S. M.
ALMEIDA-SANTOS (2010): Anomalias cromaticas em Bothrops
jararaca (Serpentes, Viperidae): xantismo interfere na sobre-
vivéncia? — Biotemas, 23: 155-160.

137



CLAUDIO BORTEIRO et al.

SUNTRARACHUN, S., L. CHANHOME & W. THAVEEKARN (2015): Se-
quencing variation in pigmentation genes of albino Cobra. -
International Journal of Pure and Applied Bioscience, 3: 208—
215.

SYLER, C. D. & E. Sy (2011): Acrochordus granulatus (Marine File
snake). Aberrant coloration. - Herpetological Review, 42: 280.

THAKUR, M. & K. TRIVEDI (2018): Albinism in snakes rescued in
Surat, India. - Reptiles & Amphibians, 25: 63-67.

THOMAS, M., R. ROTTSCHEIDT & M. HACHTEL (2002): Ein Fall
von Flavinismus bei der Erdkréte Bufo bufo (Linnaeus, 1758)
nahe Bonn. - Salamandra, 38: 119-123.

TokuDA, M. & A. L. M. CosTa (2019): Bothrops jararaca (Jarara-
ca). Xanthism. — Herpetological Review, 50: 587-588.

TRAVAGLIA-CARDOSO, S., M. S. B. Lucas & G. PUORTO (2014):
Boa constrictor amarali (Reptilia, Serpentes, Boidae): first
record of albinism in the wild. - Herpetologia Brasileira, 3:
88-89.

UETZ, P, P. FREED & J. HOSEK (2020): The reptile database. -
http://reptile-database.org.

USA, Department of Justice (Off. Publ. Affairs) (2015): Unit-
ed States repatriates seven Boa constrictor to Brazil. — Justice
News 15: 17", June.

VALENCIA, J. H., M. ALCOSER-VILLAGOMEZ, K. GARZON & D.
HoLMES (2009): Albinism in Ninia hudsoni Parker, 1940 from
Ecuador. — Herpetozoa, 21: 190-192.

VAN GRoUw H. (2006): Not every white bird is an albino: sense
and nonsense about colour aberrations in birds. — Dutch Bird-
ing, 28: 79-89.

vAN GROUW, H. (2013): What colour is that bird? The causes and
recognition of common colour aberrations in birds. - British
Birds, 106: 17-29.

VARGAS, A. (2014): Fer de Lance Bothrops asper albino. - http://
yourshot.nationalgeographic.com/photos/3810922.

VARGAS, C. (2015): Leucismo en la serpiente rabo amarillo (Dry-
marchon corais) (Boie, 1827), (Serpentes: Colubridae), Estado
de Lara, Venezuela. - Boletin del Centro de Investigaciones
Bioldgicas, 49: 174-178.

VEIGA, L. A. & A. TEIXEIRA (1993): Albinismo em Bothrops alter-
natus Dm. & Bibr., 1854 (Ophidia, Viperidae). - Arquivos de
Biologia e Tecnologia, 36: 521-524.

VILLA, ]. & A. R1vAs (1971): Tres serpientes albinas de Nicaragua.
- Revista de Biologia Tropical, 19: 159-164.

WHITFORD, M. D., G. A. FREYMILLER, ]. M. RyaN, D. P. ]. STEELE,

C. N. TariA & R. W. CLARK (2017): Chionactis occipitalis: hy-
pomelanism. — Herpetology Notes, 10: 411-412.

Wrtkop, C. J. (1975): Albinism. — Natural History, 84: 48-59.

Wrtkop, C. J. (1985): Inherited disorders of pigmentation. — Clin-
ics in Dermatology, 3: 70-134.

Witkop, C. J. (1988): Human albinism and animal models of albi-
nism. - Pigment Cell Research (Suppl.), 1: 88-100.

WoOLE, M. & Y. L. WERNER (1994): The striped colour pattern
and striped/non-striped polymorphism in snakes (Reptilia:
Ophidia). - Biological Reviews, 69: 599-610.

ZALAPA, S. S., S. GUERRERO, M. L. ROMERO-ALMARAZ & C.
SANCHEZ-HERNANDEZ (2016): Coloracion atipica en mur-
ciélagos: frecuencia y fenotipos en Norte y Centroamérica e
islas del Caribe y nuevos casos para México y Costa Rica. -
Revista Mexicana de Biodiversidad, 87: 474—482.

138

Supplementary data

The following data are available online:

Supplementary Table S1. Records of chromatic aberrations in
Neotropical wild snakes.



