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A New Report of Albinism in the Common Garter Snake
(Thamnophis sirtalis), and a Review of Existing Records:
Is There a Geographic Bias in Observations?

Albinism is one of the most striking aberrations of body colorin
vertebrates, arising from an absence of melanin in the integument
(McCardle 2012). Errors at any of several steps in the pathway of
melanosynthesis can block the production of melanin in the skin,
largely (but not exclusively) as a result of autosomal recessive
mutations (Bechtel 1995). In mammals, oculocutaneous albinism
is associated with the expression of white skin and pale yellow hair
due to a lack of accessory pigments in these structures (Bechtel
1995; Carden et al. 1998). In contrast, squamate reptiles normally
possess additional classes of long-wavelength pigment in the
integument expressed independently of melanin: pteridines,
which are naturally produced in the dermis, and carotenoids,
which must be acquired in the diet but may be secondarily stored
in the dermis (Bechtel 1995). As a consequence, albino squamates
that retain these accessory pigments typically exhibit yellow or red
skin (xanthic albinism; “albino” sensu Bechtel 1995). The complete
lack of endogenous integumentary pigment in squamates (i.e., no
melanin or pteridine) is termed leucism, and the skin of leucistic
reptiles is white (Bechtel 1995). Leucistic reptiles are also often
referred to as albinos, especially in the older literature (McCardle
2012). However, xanthic albinos and axanthic albinos (i.e.,
leucistics) are phenotypically distinct, and the latter are especially
uncommon (Bechtel 1991).

Reports of albinism in reptiles have been published on an
occasional basis throughout the last century (e.g., Hensley 1959;
Dyrkacz 1981 and references therein), but multiple records for
an individual species remain the exception rather than the rule
(Bechtel and Bechtel 1981; Krecsak 2008). The major reason is
that albinos are rare: perhaps as few as 1 in 30,000 individuals
in wild populations of a given species may exhibit the condition
(Bechtel 1995). With the possible exception of species that inhabit
aphotic environments (Gross et al. 2009; McCardle 2012), albinos
are thought to experience reduced fitness relative to non-albino
conspecifics, ensuring that the frequency of albinos remains low
(Bechtel 1995; Krecsdk 2008). At least partly as a consequence,
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reports of albinism are scarce for most individual species, limiting
the potential to test hypotheses for the biological significance of
albinism, and integumentary coloration more generally.

One exception to this generalization is the Common European
Adder (Vipera berus). Krecsak (2008) found evidence that albinism
in this widely distributed species was more common in the
northern part of its range (i.e., Scandinavia) than in the south
(central and southern Europe). Several possible explanations were
invoked to explain this pattern: high local densities might provide
protection to albinos by dilution effect; the reduced species
diversity and population sizes of mammalian and avian snake
predators at northern latitudes further reduce predation pressure
on albinos; and offshore islands, the source of several specimens,
may be linked to increased rates of albinism due to genetic drift
mechanisms, inbreeding, or both (Krecsdk 2008).

Another possible explanation is that populations at northern
latitudes may be less vulnerable to negative effects of UV
radiation, diminished at northern latitudes relative to the tropics.
This hypothesis has been invoked to explain the reduction of
integumentary melanin in human populations at northern
latitudes as compared with those found near the equator
(Jablonski and Chaplin 2010), but conceivably could help explain
elevated frequencies of albinism at high latitudes in some other
vertebrate groups. We note that some ectothermic organisms
exhibit increased melanism in populations at higher latitudes,
apparently as an adaptation for increased thermoregulatory
efficiency (e.g., Clusella Trullas et al. 2007). This overall pattern,
however, is not incompatible with relaxed selection on albinos via
reduction in UV-induced skin damage.

The Common Garter Snake (Thamnophis sirtalis) is one of
the most wide ranging reptiles in North America, found from
Florida and southern Quebec in the east, to California and British
Columbia in the west (Rossman et al. 1996). Isolated populations
are known as far south as northern Mexico, and as far north as the
Northwest Territories of Canada. The latter populations represent
the mostnortherly known for any snake in the Western Hemisphere
(Rossman et al. 1996). Twelve subspecies are presently recognized
in this taxon, of which the most widely distributed is the Eastern
Garter Snake, T s. sirtalis (Rossman et al. 1996).

In April 2013, a female albino Eastern Garter Snake T s. sirtalis
was discovered by one of us (KMD) in a residential neighborhood
in Macon, Georgia, USA. Following this discovery, we reviewed
existing reports of albinism in natural populations of T. sirtalis
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Fic. 1. Subadult albino female Eastern Garter Snake (Thamnophis s.
sirtalis) from Macon, Georgia.

and other species of Thamnophis (Hensley 1959; Gilboa and
Dowling 1974; Dyrkacz 1981). In light of Krecsdk’s (2008) study,
and the exceptionally broad latitudinal distribution of T sirtalis,
we asked whether albinism in T sirtalis also varies along a
latitudinal gradient. We also considered whether observations
of aberrant snakes vary along a longitudinal gradient. Given the
diversity of eastern and western habitats utilized by this species
in North America (e.g., subtropical marshland, montane forest,
prairie, oak savannah: see Rossman et al. 1996) and the variable
thermal, lighting, and predator-prey regimes experienced across
these populations, it is conceivable that selection against albinos
might be variable along an east-west gradient, independent of
any possible north-south cline.

In this report, we first provide details on the newly discovered
albino specimen of T_s. sirtalis. We then review existing published
reports and museum specimens of albinos and leucistic 7. sirtalis
and other species of Thamnophis, and conduct statistical tests
of the hypothesis that albinism and leucism vary geographically
in T s. sirtalis. We also provide perspective on the opportunities
and challenges that await researchers interested in testing
hypotheses for the functional significance of albinism in T.
sirtalis and other reptiles.

MATERIALS AND METHODS

On 27 April 2013, KMD captured a female albino T s.
sirtalis (Fig. 1) in the backyard of his residence in Macon, Bibb
Co., Georgia (32.85°N, 83.66°E) around 1200 h. This urban
environment is an older, well-established neighborhood where
most of the houses were built before 1915. The weather was
mostly sunny with a temperature of about 20°C; however, the
immediate surroundings where the specimen was found remain
shady and moist most of the time (KMD, pers. obs.). The snake
was discovered when, upon approach, it quickly retreated to a
narrow space between a loose pile of red bricks and the wood

paneling of the side of the house where it was collected. The
appearance of this specimen coincided with other observations
of snakes in the immediate area, probably a function of the
onset of the spring breeding season in this species (Reed and
Gibbons 2008). After capture, the snake was placed in a dark,
cool environment until morphometric data could be collected
two days later.

We then conducted a review of existing records of albinism
and leucism in both T. sirtalis (Table 1) and other Thamnophis
species (Table 2), limiting our search to records described in
published reports, as well as searches of museum specimen
databases provided in HerpNet2 (www.herpnet2.org). We list
only those reports where at least state- or province-level locality
datawas provided; when subspecies was not given, we tentatively
assigned putative subspecies using range maps in Rossman et al.
(1996). We did not personally examine any preserved material;
in many cases, final disposition of the described specimen(s)
was not indicated in the original report. In this report, we use
the definitions of Bechtel (1995) and restrict the terms “albino”
to amelanistic xanthic specimens, and “leucistic” to amelanistic
axanthic specimens. We note that the term “albino” has been
applied by various authors to include a wider or narrower range
of aberrant phenotypes (e.g., Harris 1970). Thus, it is conceivable
that some listed specimens might not represent albinism as
defined here (sensu Bechtel 1995).

To test whether the distribution of albino T. sirtalis differed
from those of non-mutant (putative wild-type) T. sirtalis, we
also searched HerpNet2 for all records of T. sirtalis specifically,
including those listed under older genera (Eutaenia and Natrix).
Of a total of 25979 records of this species, 9823 included latitude
and longitude data, and were thus available for use in analysis.
As HerpNet2 provides fields for entry of significant notes
regarding specimens (such as the occurrence of albinism),
we assumed that albinism would ordinarily be noted if it
was present. Promisingly, we found one record (MSUM 183)
in HerpNet2 described as albino that confirmed a literature
report (Hensley 1959). However, we also found three records
of albinism in the literature that were not described as such in
their HerpNet2 specimen records (AMNH 162456, Hensley 1959;
CM 48368, Dyrkacz 1981; CM 26259, Barton 1947). Thus, it is
likely that some other specimens given in HerpNet2, but lacking
supporting literature documentation, and which we assumed
were wild-type in our analysis are in fact albino or leucistic. Prior
to analysis, two of three records of albinos found in the literature
but not described as such in HerpNet2 were removed to prevent
their duplicative use in analysis; the third such record did not
contain latitude and longitude data in HerpNet2 and therefore
was not listed twice in the analyzed data set. One additional
record of a putative wild-type T. sirtalis had clearly questionable
locality data associated with it, and was also removed. We used
nonparametric tests, as data for wild-type and albino T sirtalis
did not meet conditions for normality. All statistical analyses
were conducted using Systat 12 (Systat Software, Inc. 2007).

REsuLrs

Albino T. s. sirtalis from Macon, Georgia—Measurements
of this specimen were obtained on 29 April, two days after
collection. At that time its body mass was 25.5 g, and its total
length was 410 mm. Consistent with earlier reports of albino
(sensu Bechtel 1995) T. s. sirtalis, this specimen exhibits a
generalized yellow ground color with orange-red and blue-
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g S lavender color elements arranged in stripes; thus, the overall

g a < 8 || body color pattern is retained despite the absence of melanin.

2 = E Scale rows 1-3 are uniform light yellow. Rows 4-8 are orange,

@ 2 g =i with pale blue or lavender rectangular spots on rows 4 and 8

; g 5 é arranged in an alternating checkerboard pattern. A central yellow
§ S ‘3 f:% % ':j: 9 5 stripe occupies scale row 9. The ventral scales are a light yellow

S = s iz = & N o cream color. The distal portion of the tail exhibits a pronounced

=8 B = -g 5 g s sinusoidal kink, suggesting a previous injury.

28 b E E ¥ A 8 Albinism and leucism in T. sirtalis.—Including the specimen

8 S é § described here, we found 43 independent observations

= = = describing 52 cases of putative albinism or leucism in T. sirtalis

(Table 1). Three observations described the birth of multiple

2 | | (I B3 albino offspring (Dyrkacz 1981; Weller 1983). Most of the original
2 = literature reports describing cases of albinism in T. sirtalis do

= — f § not clarify whether a given specimen was specifically albino

80 H % = or leucistic (sensu Bechtel 1995). In 19 of these 43 cases, this

= | | | 1 | |ESs distinction was clearly made in the original report, or could

s £3T T reasonably be inferred based on details of description of the

= § o9 specimen (see Table 1). Of these, only 3/19 individuals (16%)

" B were reported to be leucistic, consistent with expectations that

K £ this phenotype is much rarer than albinism (sensu Bechtel 1995).

g | | § . Of these 43 separate observations of aberrant Common

® Z Garter Snakes, at least 37 (88%) are definitely or probably the

- nominate subspecies T s. sirtalis. Either albinism or leucism was

- 5 g = 5 report(.ed 1n.0nl'y3 of 11 c}escrlbed subspecies (sirtalis, parietalis,

% '_:E: | B TR E and plC.kerlI:lgll) recognlze'd by Rossman et al. (1.996). TVYO of

= = :. = E 2 these (sirtalis and parietalis) represent the forms with the widest

% T’i he geographic range of any subspecies of Common Garter Snake,
= Ha 53 EC! and their disproportionate representation among observations

‘g g R0 R0 | of albinism is therefore not unexpected.

S = < < Albinism and leucism in other Thamnophis.—We also

examined reports of albinism in other species of garter snakes.

o - - ~ Overall, we found 16 independent observations representing

§ % § E [ at least six species of Thamnophis exclusive of T. sirtalis (Table

2 © 2).In 13/16 records, albinism or leucism was specifically noted,
& ojs '§ § and/or a distinction could be made based on a description of the
g « é“ 5 § :5 repqrt(?d spe(.:lme.n(s). (?f these 13 speC}mens, only 1 (8%) was

z § = E £52F leucistic, again reinforcing the expectation that leumsgl '(sens.u

s 2 g ® | | | =8 °F Bechtel 1995) is a much rarer phenomenon than albinism in

S o i = garter snakes more generally.

:;v /M Geographical variation in albinism.—Inspection of Table 1
suggests that more putative albinos and leucistics have been
- @ found in areas towards the northern part of its range. Figure

S = E’ E’ E’ g3 g - 2A graphically represents this trend, revealing a peak in the

*E’ S 287 E § E § % number of independent observations around 40°N latitude.

3 § fog A 5 3 g 5 | = However, we found no difference in the latitude of records of

©Cag E g 8% E S albino/leucistic snakes as compared with records of putative

o = - § wild-type srlakes (Mann-Whitney LL: 203269; P=0.91; albinos/

B S e = 2 § g § S leucistics: X = 41.0°N, wild-type: X = 41.2°N). The latitudinal

g 5 8 /M = % o | 58> 2] distribution of putative wild-type snakes from the HerpNet2

~ g £E g database (data not shown) exhibits the same general pattern

" o . Z ;c% :ms = as that observed for albinos/leucistics, supporting the notion

g 2 §° 'go % that the peak observed in Fig. 2A reflects biased sampling of T.

éﬂ £ 5 TR | sirtalis more generally.

g = S S i § The longitudinal distribution (Fig. 2B) reveals a central peak
< < = = ; around -80°E longitude (i.e., from South Carolina to Ontario),
Sl a © -« o s though the paucity of records from much of the central and
£ Eo 5 ¢ 8l § = western part of the range of T. sirfalis may be problematic
é S d I I Eg <z & (Rossman et al. 1996). Nevertheless, there was a difference in
=il &‘:‘;E g § the longitude associated with records of albinos/leucistics as
=0 | o <« - 27 ‘é %i compared with putative wild-type snakes (Mann-Whitney U
S S 92 = || BEeoA = 271642; P = 0.0001); specifically, aberrant snakes were more
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Fic. 2. Frequency histograms of unique observations of albinism and
leucism in Common Garter Snakes (Thamnophis sirtalis) per de-
grees North latitude (A) and degrees East longitude (B). The latitude
and longitude of each observation site were inferred from details of
known site locality in the original source publication or museum de-
scription, and assessed using Google Earth. Where only county-level
information was provided in the original description, we estimated
the site latitude as an arithmetic mean of the most northerly and
southerly latitudes associated with the geographical boundaries of
each county. Two observations where at least county-level locality
data were unavailable were excluded.

commonly reported from the eastern US (albinos/leucistics: X
= -83.1°E), whereas the mean longitude of records of wild-type
specimens was shifted further west (wild-type: X =-97.9°E).

We did not perform statistical analysis on the smaller data
set of aberrant garter snakes of Thamnophis species exclusive
of T sirtalis (Table 2),; however, we note that a majority of
observations were also found at sites around 40°N latitude.

Discussion

Albino T. s. sirtalis from Macon, Georgia.—According to
Carpenter (1952), sexual maturity in T s. sirtalis may be attained
atasnout-ventlength (SVL) around 400 mm. Although we did not
measure SVL at the time of capture, populations of T. s. sirtalis in
Michigan have tails that comprise about 25% of the total length.
Assuming that Georgia populations of T s. sirtalis have similar
growth patterns, by extrapolating an SVL of ~ 300 cm at the time
of collection we interpret that the individual was a subadult
when captured, probably born the previous spring or summer
(Carpenter 1952). We acknowledge, however, that geographic
variation in life history traits in T. sirtalis is extensive (Rossman
et al. 1996), and growth rates in populations from Georgia might
differ from those in Michigan. Interestingly, a snake strongly
resembling the specimen described here was seen about two
weeks prior to this observation in the same area of the Drace
residence (KMD, pers. obs.), suggesting that the same snake may
have been resident in the area for at least a few weeks. Although
the possibility that it was a separate specimen should not be
discounted (e.g., Dyrkacz 1981), we know of no other reports of
putative albino snakes from the area.

Albinism in subspecies of T. sirtalis.—Although T. sirtalis
contains at least 11 described subspecies, albinism has been
only reported in just three subspecies, two of which (sirtalis and
parietalis) have the largest geographic ranges of the species. Is
albinism less common in subspecies of T. sirtalis where it has
not yet been reported? Several lines of evidence suggest that this
is probably not the case. First, many subspecies of T. sirtalis for
which albinism has not been recorded have small geographic
ranges (Rossman et al. 1996), and several occur in relatively
remote areas of western North America. Thus, albinism may
be less likely to be encountered in some of these populations,
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simply because of difficulties in accessing appropriate habitat.
In addition, population bottlenecks and associated inbreeding
can generate an increase in homozygous recessive traits such
as albinism (e.g., Gilhen et al. 2012). As a consequence, some
isolated populations of T. sirtalis may be subject to higher rates of
albinism than those seen elsewhere. Finally, it is also likely, in our
view, that some relatively recent observations of albinism in this
species have not been published, perhaps due in part to a lack of
perceived scientific interest in additional observations. Although
this is conjectural, we note that the most recent published report
we found for albinism in any population of Common Garter
Snake was that of Smith (1997).

Geographical variation in albinism.—We considered
whether records of albinism and leucism in T. sirtalis indicated
a geographic bias to the distribution of albinos and leucistics in
this species, as has been described in V. berus (Krecsdk 2008). A
strong test of this hypothesis would compare the frequencies of
aberrant snakes in multiple populations across the geographic
range of T sirtalis, and test whether these frequencies differ
across a latitudinal or longitudinal gradient. Such an approach
is not feasible at the present time; the number of records of
albinism and leucism we found was too small (Table 1) to
generate reliable calculations of aberrant morph frequencies per
population (or even per museum). Instead, we simply compared
the latitude and longitude of albinos to those of wild-type snakes
from a search of museum records. This approach has its own
drawbacks: for example, it assumes wild-type specimens are
collected or observed at a given locality in direct proportion
to their frequency in natural populations, and that albino
specimens would be noted as such in HerpNet2, which is clearly
not always the case. Nevertheless, this approach offers, in our
view, a reasonable starting point to address this question.

All else being equal, we expected that if albinos are
encountered at higher frequencies in the northern part of
their range as compared with elsewhere—assuming that any
such observation bias corresponds to true differences in the
frequency of albinism—we would find that the number of
observations of albinos was skewed in this direction. The peak
number of observations was centered at around 40° N (Fig. 1A),
roughly the central part of their latitudinal range (Rossman et al.
1996). However, there was no difference in the median latitude
of albinos and wild-type snakes, and the distribution of wild-
type snakes in the HerpNet2 database corresponds closely with
that of albinos. Thus, we find no support for the hypothesis of a
latitudinal gradient of albinism per se, though limited sampling
in the northern and southern parts of its range could conceivably
obscure a real pattern. It is also conceivable that albinos are more
strongly selected against at relatively high and low latitudes, and
are more abundant at around 40°N, but distinguishing between
this possibility and observer bias is not presently possible.

The peak distribution of albino and leucistic T. sirtalis was
centered around -80°E, with two observations much further
west (Fig. 2A). There was a difference in the median longitude
of albinos and wild-type snakes, with putative wild-type snakes
found further west than albinos. Common Garter Snakes
are largely absent from the major deserts of the western and
southwestern US (Rossman et al. 1996), and the comparatively
small number of records in HerpNet2 of T sirtalis found at sites
between the Great Plains and western Nevada found is not
unexpected (data not shown). However, it is notable that we
found no records for albino T. sirtalis from California specifically,
despite the large number of records from that state with latitude/
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longitude data in the HerpNet2 database (2293/9823 specimens
from California, or 23% of the total).

Summary and future directions.—Is there a geographic bias
in the occurrence of albino T. sirtalis? We found no evidence
for a latitudinal bias in observations, but did find evidence of a
possible longitudinal bias. If this pattern reflects a real biological
phenomenon, perhaps the paucity of albino T. sirtalis records
from the west reflects underlying differences in thermal, climatic,
or predator regimes in western habitats, as compared with those
elsewhere in its range.

We caution, however, that there are many possible alternative
explanations for this pattern. For example, a small observation/
collection rate of albinos at sites in the west might reflect local
behavioral plasticity; as one possibility, adoption of crepuscular
ornocturnal activity by albinos could conceivably lower detection
rates at a given site, even if the frequency of albinos is unchanged.
Alternatively, perhaps the majority of western specimens have
been collected under study designs that either advertently or
inadvertently tended to minimize the chance of encountering
(or capturing) aberrant snakes. In addition to collection or
observer bias, perhaps museums holding the majority of western
specimens of T sirtalis tended to omit supplemental information
about a given specimen (such as possible color anomalies) when
data were uploaded to HerpNet2. This possibility underscores
the importance of direct inspection of individual specimens
whenever possible (Krecsak 2008).

Determining which of these factors, if any, is responsible
for the limited number of observations of aberrant T. sirtalis in
the western part of its range represents a significant challenge.
However, testing the hypothesis of a longitudinal (or latitudinal)
bias might be more feasible in the context of a larger cross-
species study. As a possible starting point, we note that albinism
has been reported from at least four species of garter snake that
have ranges that extend into California (T sirtalis, T. elegans, T.
marcianus, T. ordinoides, Tables 1-2; Rossman et al. 1996), but
for which we found no confirmation of albinism from any record
within that state, either within the literature or in the HerpNet2
database.

More generally, data on color aberrancies from studies of
Common Garter Snakes in the north, south and western parts
of the range of T sirtalis are needed to provide a better sense of
whether the apparent absence of albinos from these areas has a
real biological basis. Inspection of individual preserved snakes
is also likely to reveal additional specimens not reported here.
It is also possible that some reports describing “albinism” in T.
sirtalis conflated albinism (sensu Bechtel 1995) with other color
aberrancies, and inspection of older preserved specimens to
confirm and/or reassess aberrant color status is recommended
for future studies. Despite the limitations inherent in the
approach described here, we believe that we have made steps
towards a rigorous analysis of geographic variation in albinism
and its possible functional significance.
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