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Herpetologists have long been fascinated by the color 
patterns of reptiles and amphibians, and coloration 

has been shown to influence reproductive success, behavior, 
and survival across taxa (Protas and Patel 2008; Olsson et al. 
2013). For example, Hegna et al. (2013) found that within 
a species of poison frog (Oophaga pumilio) predation levels 
were higher on a green morph than on either the cryptic or 
conspicuous red morph. Additionally, evidence indicates that 
polymorphism within species is associated with important 
behavioral traits. Reiter et al. (2014) described differences in 
levels of aggression between striped and unstriped color poly-
morphs of the Red-backed Salamander (Plethodon cinereus); 
striped salamanders were more aggressive and territorial than 
unstriped individuals, which might explain the former’s abil-
ity to mate with larger, presumably more fecund females. 
Such findings indicate that coloration can have significant 
effects on the ecology and persistence of species and is there-
fore worthy of attention. 

In addition to typical variations in patterning (i.e., “wild-
type” polymorphisms), atypical colorations that are less fre-
quently observed in nature range from true albinism (i.e., a 
total lack of melanin) to melanism with various intermediate 
levels of pigment expression (Henle et al. 2017a). Such oddi-
ties may be linked to genetic mutations that cause a reduction 
or lack of pigment-storing cells (i.e., chromatophores), the 
inability to produce particular pigments (e.g. melanin), or the 
over-production of pigments leading to unusually dark or col-
orful individuals (Nachman et al. 2003; Kamaraj and Purohit 
2014). Some forms of coloration (i.e., albinism, leucism) are 
rarely seen in nature, possibly due to increased predation or 
disease (e.g., skin cancer) and potential for genetically-linked 
mutations (Childs 1953; Krecsák 2008; Szydłowski et al. 
2020). Yet, in some instances abnormal coloration could be 
adaptive. For example, reduced pigmentation is common in 
low-light ecosystems like caves where lack of pigment is not 
detrimental (Protas et al. 2006; Soares and Niemiller 2020).

Albinism is of particular biological importance because it 
results in a total lack of melanin, which in most cases would 
make individuals more conspicuous and likely to become 
prey or could eliminate protection from ultra-violet light. 
Frequencies of albinism vary across taxa. For example, a 
review by McCardle (2012) indicated that birds and mam-
mals have the highest number of species with albinism; how-
ever, reptilian and amphibian color morphs are sporadically 
recorded in natural populations, particularly in salamanders 
(Henle et al. 2017b). Given that rates of taxonomic bias are 
high, reports of albinism of ectothermic vertebrates might 
be low due to underreporting or an unconscious bias in the 
publication process (Bonnet et. al. 2002). Consequently, 
reporting atypical coloration in lesser-studied taxa (e.g., sala-
manders) is important, as are occasional syntheses of existing 
knowledge (e.g., literature reviews) to bolster research and 
encourage future reporting.

Albinism usually is caused by a mutation in genes 
involved in the synthesis of melanin. Because this biochemi-
cal pathway has multiple steps, several potential mutations 
can result in albinism (Bian et al. 2021). For example, the 
Black-spotted Frog (Pelophylax nigromaculatus) has at least 
five different recessive mutations that can result in albi-
nism (Nishioka and Ueda 1985; Nishioka et al. 1987). 
Furthermore, subcategories or special cases of albinism can 
result in considerable variation in how albinism is expressed. 
For example, in mammals, albinism can result in a lack of pig-
ment in the eyes, skin, and hair (oculocutanesous albinism) 
or only the eyes (ocular albinism) (Montoliu et al. 2014). In 
amphibians and reptiles, individuals may be full or partial 
albinos if all or some tissues lack melanin, respectively (Henle 
et al. 2017b). Also important is noting that amphibians and 
reptiles have multiple types of pigment-producing cells (i.e., 
chromatophores), including melanophores that store mela-
nin, xanthophores/erythrophores that store yellow, orange, 
or red pigments, and iridophores that store light-scattering, 
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iridescent compounds. Therefore, the amount of melanin is 
only one factor determining coloration, and conditions other 
than albinism can result in a pale or white appearance. This 
is well-illustrated in the Axolotl (Ambystoma mexicanum), 
which has an albino form that lacks all melanin but also a 
white or leucistic form that appears pale due to the absence 
of all chromatophores in the skin (Houillon and Bagnara 
1996). Thus, an albino Axolotl can still express pigments 
in xanthophores and iridophores, which gives it a yellowish 
hue, but its melanophores are devoid of melanin. The leucis-
tic form, however, expresses no skin pigment, not because it 
cannot produce pigments, but because the chromatophores 
are absent. Therefore, leucistic individuals appear white due 
to a total lack of pigment, but their eyes are dark because 
the ocular pigments do not depend on chromatophores. As 
such, leucistic and albino conditions are often confused in 
the literature (Henle et al. 2017a). 

An interesting but little studied case of albinism is tran-
sient albinism, which is the condition in which individuals 
lack melanin as embryos but exhibit normal coloration later in 
life (Henle et al. 2017a). Transient albinism can occur when 
females are incapable of producing melanin during oogenesis, 
but offspring genes allow for melanin production later. This 
is the expected condition when an albino female mates with a 
wild-type male, producing heterozygous offspring capable of 
melanin production. The melanin initially present in amphib-
ian eggs is maternally-derived in the ovary and functions as 
part of a suite of strategies to protect embryos from harmful 
ultra-violet radiation (UVB) (Licht and Grant 1997). This 
melanin is stored in egg organelles known as melanosomes that 
are concentrated on the upper, dorsal (or animal pole) por-
tion of the embryo. As such, species that nest in cryptic sites 
(e.g., under rocks) usually lay eggs that lack melanin, whereas 
those that oviposit in areas exposed to sunlight lay eggs heav-
ily pigmented with melanin (reproductive modes 1 versus 2; 
Salthe 1969). Therefore, transient albinism refers specifically 
to eggs that are laid without melanin by a species that typi-
cally lays melanin-rich eggs (Henle et al. 2017a.). To illustrate, 
consider that salamanders of the genus Eurycea naturally lay 
white eggs that lack melanin, and this would therefore not be 
considered a case of transient albinism. Species in the genus 
Ambystoma, however, lay melanin-rich eggs and transient 
albinism can occur in these species. For example, Harsa-King 
(1980) demonstrated that, although albino Axolotls can create 
melanosomes during oogenesis, these organelles are never filled 
with melanin; therefore, albino females lay white eggs devoid 
of pigment. Wild-type or white (leucistic) Axolotls, however, 
lay eggs darkly colored with melanin (Houillon and Bagnara 
1996). Thus, when an albino female mates with a leucistic or 
wild-type male, the eggs are initially white, but the embryos 
eventually produce their own melanin. In the case of leucism, 
melanin is present only in the embryo’s eyes. Transient albi-

nism also can be induced in a laboratory for research purposes 
via the application of chemicals, most commonly phenylthio-
carbamide (PTC), which inhibits melanin production (Piatt 
1951; Dumont and Eppig 1971; Camp and Lardelli 2001). 
This procedure allows for the study of embryonic melanin 
production in species in which maternal and embryonic mela-
nin are indistinguishable. For example, Piatt (1966) used a 
clutch of transient albino Spotted Salamanders (A. maculatum) 
to study the production of melanin in the developing eye. In 
typical embryos, distinguishing between retinal pigment pro-
duced by the female versus the developing offspring would be 
difficult. 

Among amphibians, transient albinism has been observed 
in species including the Moor Frog (Rana arvalis), European 
Green Frog (Bufotes viridis), Spotted Salamander (A. macu-
latum), and the Common Parsley Frog (Elodytes puncta-
tus) (Piatt 1966; Rivera et al. 2001; Henle et al. 2017b.; 
Kaczmarski 2018), although records are generally rare (Henle 
et al. 2017b). Herein we describe a novel incidence of tran-
sient albinism in the Streamside Salamander (Ambystoma 
barbouri). Although albinism has been reported for A. bar-
bouri (Petranka 1998), to our knowledge, this is the first 
report of transient albinism in the species and the first report 
of albinism of any kind in Tennessee, where populations are 
threatened by habitat destruction and reproductive isolation. 
In addition to this novel report, we present a comprehensive 
review of abnormal color variations in Ambystoma to place 
our finding within the broader context of aberrant coloration 
in the genus and provide a useful tool for future researchers 
who wish to study color aberrations in Ambystoma. 

Methods
Observation of transient albinism.—We discovered two nests 
with white embryos (i.e., transient albinos) while searching 
for A. barbouri eggs to use in an incubation study. To conduct 
nest surveys, we selected a location in a stream and walked 
upstream, turning every rock that was large enough for nest-
ing to occur, and returning rocks to their original position. 
We initially assumed these white eggs were dead embryos as 
dead eggs often are invaded by fungi and appear discolored, 
but on further examination with a jeweler’s loupe, cell divi-
sion was visible and no fungal hyphae were present. We pho-
tographed each nest and completed egg counts using imageJ 
software (National Institute for Health: https://imagej.net/
ij/index.html). We collected eight transient albino eggs and 
returned them to the laboratory to incubate at 10 °C and 20 
°C (n = 4 per temperature). These temperatures were selected 
for convenience, as we were conducting a study of the effects 
of incubation temperature on development using 5, 10, 20, 
and 25 °C treatments. We selected the two intermediate tem-
peratures to increase the likelihood of successful development 
(Garcia et al. 2003). Once hatched, larvae were maintained 
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individually inside 9 x 3 in PVC tubes kept in a 20-gallon 
tank and fed brine shrimp hatchlings and frozen bloodworms 
three times a week until metamorphosis. We housed meta-
morphs individually in Sterilite containers (11 x 6.6 x 2.7 in) 
with dechlorinated water, paper towels, and damp cardboard, 
and fed them Dwarf White Isopods (Trichorhina tomen-
tosa) and European Nightcrawlers (Dendrobaena hortensis). 
Individuals were photographed and massed at metamorphosis 
and every thirty days thereafter.

Literature Review.—We conducted a systematic literature 
review using GoogleScholar and the Tennessee Technological 
University library search engine (EagleSearch: https://www.
tntech.edu/library/) using the search terms Ambystoma, 
Caudata, salamander AND albinism, coloration, leucism, 
melanism, and variation. We also utilized EndNote to locate 
“Notes” published in Herpetological Review prior to 2019 that 
otherwise do not appear in search engine results. We reviewed 
“Herpetoculture” and “Natural History Notes” sections in 
Herpetological Review published after 2019. We also collected 
records from Dyrkacz (1981), who previously reviewed albi-
nism in reptiles and amphibians and reported records that 
were otherwise unpublished. We reviewed articles for reports 
of any color abnormalities in the genus Ambystoma from all 
years until March 2023. For each article, we reviewed the 
literature cited for additional records. Studies included in 
this review had to be published or translated into English 

and report a sighting of one or more individuals in nature 
with at least one abnormal color variation. If the origin of 
the individuals was unknown (e.g., Piatt 1966), we did not 
include the record in our review. We defined abnormal color 
variations as albinism, leucism, hypomelanism, melanism, 
and partial melanism or albinism; all other variations were 
excluded. We used Henle et al. (2017a), a commentated glos-
sary of color anomalies, to define these colorations: albino = 
lacking all melanin, including the eyes (including transient 
albinism); leucistic = lacking all exterior pigment, excluding 
the eyes; hypomelanism = substantial reduction in pigment; 
melanism = completely black body; partial melanism = only 
part of the body displays typical pigmentation, the rest dis-
plays melanism; partial albinism = only part of the body dis-
plays typical pigmentation, the rest lacks melanin. 

Results
Observation of transient albinism in Ambystoma barbouri.—
On 9 December 2022, in the Central Basin of Tennessee 
(Sumner County), we found white embryos comingled with 
typical black embryos. One nest contained 85 typical and 
110 transient albino embryos and the other contained 223 
typical and 104 transient albino embryos (Fig. 1). The four 
eggs incubated at 20 °C died but three embryos in the 10 
°C incubator continued developing. The embryos remained 
albino through the formation of the tailbud and gill plate 

Figure 1. Two Streamside Salamander (Ambystoma barbouri) nests in the Central Basin of Tennessee with both normal and transient albino eggs. 
Photographs by Joshua Hall (left) and Julia Thulander (right).
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(i.e., Harrison stages 26–29); however, once limb buds began 
forming, chromatophores became visible, and the embryos 
expressed dark pigment (likely, melanin; Fig. 2). At hatching, 
the two remaining larvae had typical coloration and contin-
ued to present coloration consistent with other A. barbouri 
(Fig. 2). This phenomenon was termed transient albinism by 
Henle et al. (2017b) and, to our knowledge, this is the first 
published observation in A. barbouri; however, transient albi-
nism has been recorded for the Small-mouthed Salamander 
(A. texanum), which is the sister species to A. barbouri (Cahn 
1930). 

Abnormal coloration in Ambystoma.—Of the 32 currently 
recognized species of Ambystoma (AmphibiaWeb), abnor-
mal color patterns in wild animals have been observed in 
ten (31.3%), with a frequency of occurrence higher in some 
than others (Table 1). The species most commonly identi-
fied with abnormal coloration are A. maculatum (Spotted 
Salamander) and A. opacum (Marbled Salamander) (Table 1; 
Fig. 3). Complete albinism is the most commonly recorded 
abnormal coloration and has been found in eight of ten spe-

Figure 2. Development of transient albino Streamside Salamanders (Ambystoma barbouri) from embryos to juvenile: Albino embryos (Harrison stage 30) 
(A), typical embryo (Harrison Stage 36) (B), development of chromatophores of transient albino embryo (Harrison stage 39) (C), typical embryo (Harrison 
stage 39) (D), newly hatched transient albino larvae (E), and transient albino metamorph with normal coloration (F). Photographs by Joshua Hall (A) and 
Julia Thulander (B–F). 

Figure 3. Number of records of abnormal coloration in species of 
Ambystoma showing reductions or increases in pigment. 
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Table 1. Records that report wild-caught Ambystoma with color aberrations. Studies are listed alphabetically by species. If multiple records 
exist, they are reported alphabetically by the last name of the first author. “NA” indicates that a number of individuals was not reported or 
that a specific location was not provided. “Albino” refers to complete albinism unless otherwise noted. Color morphs represent our designa-
tion based on Henle et al. (2017a) and might differ from the term used by the original author.

Species	 Source	 Number	 Life Stage	 Color Morph	 Location

A. annulatum	 Trauth and Cartwright 1989	 1	 Larva	 Albino	 Baxter County, Arkansas
	 Anderson 2020	 1	 Larva	 Leucistic	 Pulaski County, Missouri
	 Anderson 2020	 1	 Larva	 Leucistic	 Warren County, Missouri
A. barbouri	 Petranka 1998	 1	 Adult	 Albino	 Fayette County, Kentucky
	 Thulander and Hall 2023	 214	 Eggs	 Albino (transient)	 Sumner County, Tennessee
A. flavipiperatum	 Cortés-Vázquez et al. 2016	 1	 Juvenile	 Leucistic	 Tecolotlán, Mexico
A. gracile	 Dyrkacz 1981	 1	 Adult	 Albino	 Multhomah County, Oregon
A. jeffersonianum	 Collins, J.T. 1965	 1	 Adult	 Albino	 Hamilton County, Ohio
	 Dyrkacz 1981	 1	 Adult	 Albino	 Hamilton County, Ohio
	 Dyrkacz 1981	 7	 Larva	 Albino	 Hamilton County, Ohio
	 Harris 1967	 18	 Larva	 Albino	 Washington County, Maryland
A. mabeei	 Palis et al. 2020	 1	 Larva	 Hypomelanisitc	 Berkeley County, South Carolina
A. maculatum	 Bieri 2021	 4	 Adult	 Albino	 Marquette County, Michigan
	 Bieri 2021	 NA	 Eggs	 Albino	 Marquette County, Michigan
	 Bogart et al. 2017	 2	 Adult	 Melanistic	 Ontario, Canada
	 Brandt 1952	 1	 Adult	 Albino	 Washington County, Tennessee
	 Britcher 1898	 NA	 Eggs	 Albino (transient)	 NA
	 Dyrkacz 1981	 1	 NA	 Leucistic	 Campbell County, Kentucky
	 Dyrkacz 1981	 1	 Adult	 Albino	 Cecil County, Maryland
	 Dyrkacz 1981	 1	 Adult	 Albino	 Thompkins County, New York
	 Easterla 1968	 2	 Adult	 Melanistic (1 partial)	 Clay County, Arkansas
	 Hartzell 2020	 1	 Juvenile	 Hypomelanistic	 Montour County, Pennsylvania
	 Hensley 1959	 1	 Adult	 Albino	 Prince Georges County, Maryland
	 Lowcock 1985	 1	 Adult	 Albino	 Oak Bay, Quebec, Canada
	 Rye 1991	 1	 Adult	 Albino	 Ontario, Canada
	 Smith and Michener 1962	 1	 Adult	 Albino	 Thompkins County, New York
	 White 2002	 1	 Adult	 Partially melanistic	 Fairfax County, Virginia
	 White 2008	 1	 Adult	 Melanistic	 Fairfax County, Virginia
A. m. mavortium	 Blais and Sprague 2020	 2	 Larvae	 Hypomelanistic	 Yavapai County, Arizona
A. opacum	 Campbell 2011	 1	 Adult	 Albino	 Franklin County, Tennessee
	 Deegan et al. 1998	 3	 Larva	 Albino	 Newport County, Rhode Island
	 Dyrkacz 1981	 3	 Larva	 Albino	 Baltimore County, Maryland
	 Dyrkacz 1981	 8	 Larvae	 Albino	 Noxubee County, Mississippi
	 Hall 2020	 1	 Adult	 Melanistic	 Weakly County, Tennessee
	 Mitchell and Church 2002	 1	 Larva	 Leucistic	 Caroline County, Virginia
	 Mitchell and Church 2002	 1	 Metamorph	 Leucistic	 Caroline County, Virginia
	 Simpson and Wilson 2010	 4	 Adult	 Melanistic (1 hypomelanistic)	 Hamilton County, Tennessee
	 Waltson and Register 2004	 1	 Adult	 Partial albino	 Alexander County, Illinois
	 Waltson and Register 2004	 3	 Larva	 Partial albino	 Alexander County, Illinois
A. texanum	 Allyn and Shockley 1939	 1	 Adult	 Albino	 Vigo County, Indiana
	 Cahn 1930	 NA	 Eggs	 Albino (transient)	 Champaign County, Illinois
	 Dyrkacz 1981	 2	 Adult	 Leucistic 	 Stoddard County, Missouri
	 Jones 1991	 2	 Adult	 Albino	 Oklahoma County, Oklahoma
	 Underhill 1968	 NA	 Eggs	 Albino (transient)	 Champaign County, Illinois
	 Underhill 1968	 NA	 Larva	 Albino (transient)	 Champaign County, Illinois
	 Underhill 1968	 1	 Adult	 Albino 	 Champaign County, Illinois
A. tigrinum 	 Childs and Howard 1955	 NA	 Larva	 Albino	 Madera County, California
	 Dyrkacz 1981	 1	 Juvenile	 Albino	 Kennedy County, Colorado
	 Dyrkacz 1981	 1	 Larva	 Albino	 Boulder County, Colorado
	 Humphrey 1967	 1	 Metamorph	 Albino	 Kandiyohi County, Minnesota
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cies that exhibited color aberrations (Fig. 3). Of the records, 
24 reported sightings of adults (50% of records), whereas 
five reported sightings in juveniles, 15 in larvae, and five in 
embryos (Fig. 4). 

Discussion
During oogenesis, female Ambystoma deposit melanosomes 
filled with melanin inside each egg, which serve to protect 
embryos from UVB damage (Harsa-King 1980). This pig-
ment provides the embryo with its initial coloration; however, 
later in development, at approximately Harrison stage 35, 
chromatophores become visible and the developing offspring 
begins producing pigment usings its own genome (Wallace 
and Selman 1990; Thibaudeau and Altig 2012). For context, 
this developmental stage corresponds with the appearance of 
gill buds and first beating of the heart (Bordzilovskaya and 
Dettlaff 1979). Therefore, transient albinism in Ambystoma 
would manifest as embryos that are white until the point of 
gill formation, which is consistent with our observations. 
Thus, we report a novel finding of transient albinism in A. 
barbouri, having found two nests partially with eggs that pre-
sented as complete albino, of which two surviving embryos 
from eight eggs acquired normal pigmentation over time (Fig. 
2). Transient albinism is rarely described in nature, poten-
tially because eggs containing albino embryos are presumed 
dead and not examined further. Moreover, little opportu-
nity exists for observing transient albinism compared to total 
albinism given that the more conspicuous life stages (larvae, 
adults) no longer express the trait. 

We believe the most likely explanation for our observa-
tion is that a single albino female produced all the transient 
albino eggs we discovered and that surviving embryos from 
our study are heterozygous for albinism. This is plausible 
given that albinism has been observed before for A. barbo-
uri, its sister species A. texanum, as well as a variety of other 
species of Ambystoma. Although the nests we discovered 
contained wild-type eggs, these were likely from a different 
female. Streamside Salamanders will often spread a clutch of 
eggs across multiple nest sites resulting in several females ovi-
positing on the same rock (Niemiller and Reynolds 2011). 
Moreover, A. barbouri in Tennessee can produce clutch sizes 
of 98– 278 eggs (Niemiller et al. 2009) and the total number 
of transient albino eggs discovered (214) is within this range. 
A single female could not have laid all the eggs, including 
the wild-type eggs (n = 522). Therefore, the alternative expla-
nation is that two females each produced both albino and 
wild-type eggs.  This is theoretically possible. Houillon and 
Bagnara (1996) conducted embryonic tissue transplant exper-
iments among white, albino, and wild-type axolotls some of 
which resulted in females capable of producing both normal 
and albino eggs. Their experiments demonstrated the endog-
enous production of oocyte melanin by the ovary. Therefore, 
a phenotypically wild-type female could produce albino eggs 
if the tissue of the ovary is albino, perhaps resulting from a 
mutation early in development in the gonadal cell lineage. 
However, the rule of parsimony leads us to believe that genes 
for albinism exist in A. barbouri populations at very low fre-
quency and occasional albino females survive to reproduce. 
This is in our opinion the most likely explanation.

In our literature review, the most reports of abnormal 
coloration were in A. maculatum and A. opacum, but they also 
have some of the largest ranges within the genus (Petranka 
1998) thus providing more opportunities for occurrences to 
be discovered. Indeed, a positive relationship exists between 
a species’ range and the reporting of trait data for that spe-
cies (Etard et al. 2020). Alternatively, the Blue-Spotted 
Salamander (A. laterale) and Tiger Salamander (A. tigri-
num) have similarly large ranges but have far fewer records 
(Table 1), which leads to multiple conclusions. Compared 
with other species, color abnormalities may be less common 
in some species because abnormally colored individuals are 
quickly removed by predators, they possess low levels of genes 
that lead to color abnormalities, or detection probability is 
lower because they are less studied or because they utilize 
more cryptic nesting habitat. 

Additionally, A. maculatum and A. opacum have been 
studied extensively in their natural habitats whereas other 
species (e.g., A. barbouri, A. mexicanum, and A. annulatum) 
are less studied in their habitats. Such work considers ecol-
ogy, evolution, toxicology, and population dynamics and 
could result in more opportunities to detect color abnormali-

Figure 4. Number of publication records of abnormal coloration in 
Ambystoma according to life stage. 
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ties for A. maculatum and A. opacum. The location of records 
should also be considered as they usually do not come from 
across the entire range of any species, indicating that some 
populations have a greater number of carriers for abnormal 
coloration genes. Alternatively, those populations are more 
heavily studied or commonly observed. The latter is a likely 
explanation. For example, albinism appears to be more com-
mon in the northern range of the Common Garter Snake 
(Thamnophis sirtalis) compared with the southern range; 
however, Stephenson and Drace (2014) showed that when 
compared with records of wild-type individuals, no dif-
ference in the incidence of albinism exists across latitude. 
Ambystoma maculatum and A. opacum are also the only spe-
cies with reported melanistic individuals, possibly indicating 
a higher frequency of carriers for albinism and melanism in 
these species. A general trend across the genus of more albi-
nos than melanistic individuals reported is common in other 
amphibian genera (Jablonski et al. 2014). Also worth not-
ing is that for some species detection of melanistic individu-
als may be difficult due to normal dark coloration (e.g., A. 
barbouri, A. jeffersonianum, and A. talpoideum). Moreover, 
some of these species have relatively high variation in typical 
coloration, which could reduce the probability of reporting 
as some researchers might assume that melanistic individu-
als are within the typical range of colors, whereas species like 
A. opacum and A. maculatum have conspicuous patterns that 
facilitate recognition of melanistic individuals. 

In addition to variation across species, we observed differ-
ences in color aberrations across life stages. If conditions like 
albinism impart a survival disadvantage, the null expectation 
is that the greatest number of reports would be for eggs and 
that the number of aberrant individuals would decrease with 
each life stage — but this is not what we observed. Some life 
stages might be more vulnerable to predation due to color 
variants than others. For example, eggs, juveniles, and adults 
could occupy more cryptic habitat than larvae, which are 
often in the open water column rather than concealed beneath 
rocks or soil (Duellman and Trueb 1994). Indeed, the highest 
number of aberrant coloration reports are for adults and this 
likely is attributable to the life history of Ambystoma. Adults 
spend much of the year underground protected from visual 
predators and emerge only for short periods of time for noc-
turnal breeding events. Therefore, traits like albinism could 
be less detrimental to adult survival than in other life stages 
that remain above ground (e.g., dispersing metamorphs, lar-
vae). Albino Ambystoma might be most vulnerable to preda-
tion in the egg and larval stages. Alternatively, differences 
in records across life stages might merely reflect the relative 
ease of observing adults in comparison to younger life stages 
(i.e., detection probability). For example, adults of some spe-
cies are highly conspicuous in coloration, but their larvae are 
relatively difficult to identify, even for trained researchers. 

Thus, an abnormally pigmented adult would be more easily 
recognized than a larva. Moreover, adults are often the focus 
of monitoring efforts and population studies (e.g., capture-
mark-recapture) potentially resulting in greater detection 
probability of aberrantly colored adults compared with other 
life stages.

Although color abnormalities are fascinating due to their 
rarity, they are difficult to study. The Axolotl (A. mexica-
num) is an exception and has been used at length to under-
stand color polymorphism and has been genetically altered 
or bred to create a wide variety of color morphologies (Frost 
and Malacinski 1980; Frost-Mason and Mason 1996). These 
color morphs are often used in research. Interestingly, the 
genes for albinism were introduced to A. mexicanum through 
somatic cell nuclear transfer with an albino A. tigrinum 
although, to our knowledge, albinism has not been formally 
reported in a wild-caught Axolotl, though albinos are com-
mon in the pet trade (Humphrey 1967). Although hybrid-
ization experiments between A. mexicanum and A. tigrinum 
were unsuccessful, natural hybridization among other spe-
cies of Ambystoma is possible, leading to the possibility for 
gene transfers, which could be used to understand genetic 
links between such abnormalities and other genetic muta-
tions (Riley et al. 2003). For example, albinism is present in 
both A. barbouri and A. texanum, which are sister species, and 
could have resulted from a natural hybridization event given 
that such hybridization is common (Niedzwiecki 2005). 

In conclusion, we report the first instance of transient 
albinism in the Streamside Salamander (A. barbouri) and pro-
vide a review of color aberrations in Ambystoma. Our review 
shows that abnormal coloration is well-documented in some 
species (e.g., A. maculatum and A. opacum) but not others, 
likely due to a variety of factors including variation in range, 
robustness of populations, and availability of populations 
for study. As genomic tools become more readily available 
(and cost effective), important future work should analyze 
the genetic underpinnings of these abnormal colorations and 
make comparisons across species and populations with the 
goal of understanding the evolutionary and ecological signifi-
cance of coloration. We believe the genus Ambystoma would 
be a prime candidate for such research.
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