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ABSTRACT

The piedmont prairie burrowing crayfish, Distocambarus crockeri Hobbs & Carlson, 1983, is a primary burrowing crayfish endemic to South
Carolina, USA. The species is the most widely distributed and studied of the five species of Distocambarus Hobbs, 1981. Surveys have clarified
the species distribution and habitat, but, like other burrowing crayfishes, our understanding of its ecology is lacking. We report the discovery of
two leucistic specimens of D. crockeri collected in an ephemeral pool in a roadside ditch on 14 March 2022 in Edgefield County, South Carolina.
To the best of our knowledge, our discovery represents the first documented case of leucism in a primary burrowing crayfish. We discuss the
significance of this observation in relation to other recorded observations of color anomalies throughout crayfishes as well as potential environ-

mental causes of leucism.
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Freshwater crayfishes are recognized as ecosystem engineers and
keystone species (Crocker & Barr, 1968; Momot et al., 1978;
Creed, 1994; Momot, 1995; Usio, 2000), mostly because of
their burrowing ability. Hobbs (1981) assigned crayfishes into
three burrowing categories based on behavior: tertiary, second-
ary, and primary. Tertiary and secondary burrowing crayfishes
construct relatively simple burrows with a single vertical tun-
nel that remains connected to perennial lentic or lotic surface
waters. Tertiary and secondary burrowing crayfishes often only
burrow when sheltering themselves from predators, avoiding
desiccation, or when reproducing. Conversely, primary burrow-
ing crayfishes spend the majority of their lives within and around
their terrestrial burrows and do not require a direct connection
to perennial surface waters. Primary burrowing crayfishes con-
struct complex burrows which often exhibit multiple portals
(surface openings for burrows), tunnels, and chambers that
can occur significant distances from permanent bodies of water
(Hobbs, 1981). Unsurprisingly, with over 150 described species
of primary burrowing crayfishes, their secluded underground
lifestyle has thus far resulted in a poor understanding of their
biology. According to the International Union for Conservation

of Nature (IUCN), 19.5% of primary burrowing crayfishes are
categorized as being data deficient, but 12.9% of primary bur-
rowers have not been evaluated (Bloomer et al., 2021; IUCN,
2022).

One unanswered question relating to primary burrowing
crayfishes relates to their coloration and color patterns (Schus-
ter, 2020). Despite spending a majority of their lives under-
ground, primary burrowing crayfishes can exhibit vibrant colors,
with many species displaying conspicuous red, orange, and blue
colors and distinct color patterns (Schuster, 2020). The function
of such vibrant colors and conspicuous patterns in primary bur-
rowing crayfishes remains unknown, but it has been speculated
to be important in intra/interspecific competition, communi-
cation, camouflage, and species identification (Schuster, 2020).
Although some primary burrowing crayfishes may possess con-
spicuous coloration, other primary burrowing crayfishes exhibit
inconspicuous, drab colorations, like many tertiary and second-
ary burrowing crayfishes. Tertiary and secondary burrowing
crayfishes often display coloration that provides camouflage and
advantages for life in open-water stream habitats, where they are
presumably exposed to increased predation pressures compared
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to primary burrowers (Kent, 1901; Thacker et al., 1993; Fiireder
& Machino, 2002; Sacchi et al., 2021).

Atypical colors phenotypes and color patterns have been doc-
umented in several species of crayfishes, although almost entirely
within tertiary and secondary burrowers. For instance, an indi-
vidual of Cambarus bartonii bartonii Fabricius, 1798 from east-
ern Pennsylvania was discovered with a bilaterally partitioned
color phenotype with the left half of the body dark olive green
and the right half light amber (Hartzell, 2017). A similar obser-
vation of color bilateralism was recorded in Faxonius immunis
Hagen, 1870 (Dowell & Winier, 1969). Blue-color phenotypes
appear to be common in crayfishes, with documented instances
of atypical blue coloration appearing in three of four families:
Cambaridae (Procambarus clarkii Girard, 1852, P. hagenianus
Faxon, 1884, P. acutus Girard, 1852, Cambarus carolinus Erich-
son, 1846, and Creaserinus hedgpethi Hobbs, 1948), Parastacidae
(Cherax destructor Clark, 1936), and Astacidae (Pontastacus lep-
todactylus Eschscholtz, 1823) (Hayes & Reimer, 1975; Walker
et al., 2000; Schuster, 2020; Kale et al., 2021). Atypical color
phenotypes are also popular in the pet trade, with orange pheno-
types of Cambarellus patzcuarensis Villalobos, 1943 (Weiperth
et al., 2017) and blue phenotypes of Procambarus alleni Faxon,
1884 being sold worldwide.

There are also several reports of individuals with white color
phenotypes (see below), which may be a result from genetic
conditions known as leucism and albinism. Albinism results
from a genetic mutation in which there is a total absence of the
pigment melanin (Lutz, 2008), resulting in an entirely white
phenotype. By contrast, leucism, sometimes referred to as par-
tial albinism, occurs when the majority, but not all, of the body
exhibits a lack of melanin due to genetic mutation, resulting in
a white phenotype with the possibility of pigmented features,
such as the eyes (Sage, 1962; Jehl, 1985; Fleck et al., 2016).
Although there is substantial confusion regarding the nomen-
clature of white-color aberrations (see van Grouw (2021)

for a discission of these issues in birds), we discuss leucism
following the definition provided above, in which a major-
ity of the animal in question is white, but some regions may
remain pigmented. Nevertheless, it is worth highlighting that
crustacean coloration is believed to be primarily driven by
carotenoid-based pigments, and not melanin-based pigments
(Tlusty & Hyland, 2005; Wade et al., 2005). Still, we use the
word leucism to describe these color phenotype aberrations in
alignment with previous literature. Within natural populations
of crayfishes, there are reports of leucism in P. leptodactylus
(Kale et al., 2020), P. clarkii (Nakatani, 1999), Faxonius pro-
pinquus Girard, 1852 (Dunham et al., 1979) and Faxonius rus-
ticus Girard, 1852 (Glon, 2016). Further, leucism is believed
to result from a genetic mutation within a single locus (Owen
& Skimmings, 1992; Fleck et al., 2016), which allows leucistic
crayfish to be bred in the pet trade. For example, within the
pet trade, leucistic or “white” Procambarus clarkii are widely
available (Faulkes, 2015a, b; Putra et al., 2018). Unsurpris-
ingly, within primary burrowing crayfishes, few observations
of atypical coloration have been reported in the literature.
While describing two new species of Lacunicambarus, Glon et
al. (2020) commented on abnormalities in the base color for
two banded mudbugs, Lacunicambarus freudensteini Glon et al.,
2020: one specimen exhibited an abnormal powder blue col-
oration, whereas a second one exhibit pink coloration. Addi-
tionally, there are reports of a population of prairie crayfish,
Procambarus gracilis Bundy in Forbes, 1876 in which many
individuals possess blue coloration (Secker, 2013).

We report the discovery of two leucistic individuals of the
piedmont prairie burrowing crayfish, Distocambarus crockeri
Hobbs & Carlson, 1983, a primary burrowing crayfish endemic
to South Carolina, USA. Individuals of this species are typically
inconspicuous, being dark brown to grayish brown with stripes
or patterning sometimes present. As one of the five species of
Distocambarus, D. crockeri has the widest distribution, spanning

Figure 1. The roadside ditch where we collected two leucistic individuals of Distocambarus crockeri (A, B).
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Edgefield, McCormick, Greenwood, and Saluda counties in
South Carolina (Hobbs & Carlson, 1983; unpublished data).
Both leucistic individuals were collected in Edgefield County
on March 2022, (33.921730, -82.126683) at a roadside ditch
(RSD) site D. crockeri historically inhabited (Welch & Ever-
sole, 2006). Intense anthropogenic manipulation from logging
occurred at the site at the time of sampling (Fig. 1). Pine-tree
management frequently occurs in Edgefield and surrounding
counties, with clear-cutting as a common practice to initiate new
plots for the timber industry. At the collection site, a culvert-fed
pool approximately 25 m long x 1.5 m wide filled the RSD with
approximately 12 cm of turbid water containing a large amount
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of trash. The entire RSD habitat had an open canopy and sur-
rounding vegetation composed of grasses, sedges, and rushes,
with evidence of mowing.

Because no visible surface burrows were detected, we col-
lected individuals by dip-netting the entire length of the RSD six
times to disturb any crayfish in the water column and increase
our chances of collection. The first attempt resulted in the collec-
tion of two apparent leucistic individuals of D. crockeri (Fig. 2) in
addition to many other typically colored individuals. Distocam-
barus crockeri was the only species collected at the site (N = 68).
We presumed that both individuals were leucistic based on their
clear-white unpigmented carapaces with the only pigmented

Figure 2. Female leucistic Distocambarus crockeri in situ (A, B); male leucistic individual in situ (C, D); male individual after a fourth molt in

captivity at West Liberty University; photo by ZAG (E).
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region of the body being their eyes. Both crayfishes appeared
to have recently molted based on their exoskeleton pliability.
We sexed each individual and measured their carapace length
with digital calipers. One specimen was a form II male with a
carapace length of 17.5 mm and the second a female with a cara-
pace length of 16.33 mm and a regenerated right claw. Based on
previously published data, both specimens were subadults (i.e.,
too small to reproduce; Eversole & Welch, 2013). The leucistic
female did not survive beyond collection. The male, however,
was taken to West Liberty University alive, where it has since
molted five times.

While in captivity, the male D. crockeri was fed leaf-litter ad
libidum in a 1§ x 15 x 5.5 cm container. During this time, the
crayfish’s white exoskeleton slowly developed darker colors, but
the dominant coloration remained white. After molting, the
crayfish returned to the bright white coloration with pigmented
eyes (Fig. 2E), which confirms leucism (as a genetic phenotype),
ruling out the lack of dietary pigments as a cause of coloration.
We acknowledge, however, that leaf litter alone may not have
supplied the complete range of pigments available in the natu-
ral diet(s) of primary burrowing crayfishes. This discovery is the
first reported case of leucism in a primary burrowing crayfish.

Although color abnormalities such as leucism are rarely
reported in crayfishes, one population of leucistic F. propinquus
is known to have co-occurred with typical colored individuals of
the same species over 40 years in Lake Simcoe, Ontario, Canada
(Dunham et al., 1979; Jordan et al., 1986; Hamr ef al., 2019).
Since this leucistic F. propinquus population was first discovered,
rusty crayfish F. rusticus have invaded Lake Simcoe and compete
sympatrically (Bowles, 2009). Following the invasion of F. rus-
ticus, the abundance of leucistic F. propinquus has dramatically
decreased, with Hamr et al. (2019) recently collecting only six
leucistic individuals, whereas Dunham et al. (1979) collected
119 in two days in 1977. Despite the recent decrease in popu-
lation size, the Canadian population of leucistic F. propinquus
demonstrates that leucism can occur and persist in natural popu-
lations for long periods despite the presumed disadvantage (such
as increased vulnerability to predation or low genetic diversity)
of leucistic phenotypes (Momot & Gall, 1971).

The occurrence of leucism in other taxa has been associ-
ated with mutations arising from radioactive pollution from a
nuclear power plant (Ellegren et al., 1997; Moller & Mousseau,
2001) and inbreeding (Owen & Skimmings, 1992; Bensch
et al., 2000), but the exact mechanism (i.e., physiological or
genetic) causing such leucistic phenotypes is unknown. It is
unclear if inbreeding is present in this population, or whether
nuclear pollution is a likely cause of leucism in this instance.
Nevertheless, it can be speculated that the recent impact of
logging combined with substantial anthropogenic waste, such
as plastic food bags and polystyrene foam cups and containers,
in the particular habitat could have been the likely cause. We
unfortunately did not collect water samples to determine water
quality (e.g., dissolved oxygen, turbidity, nitrates, pH, and other
potential factors). Because populations of primary burrowing
crayfishes presumably have a reduced dispersal capacity and
a reduced gene flow across populations compared to tertiary
burrowing crayfishes (Hurt et al., 2019; Clay et al., 2020), the
resulting atypical color phenotype from inbreeding may per-
sist over time and eventually become common. It can also be

hypothesized that the appearance of abnormal colorations in
primary burrowing crayfishes may be related to the unknown
function of conspicuous coloration (orange, red, blues, etc.)
exhibited by many primary burrowing crayfish species. Primary
burrowing crayfishes presumably face reduced predation pres-
sure due to their burrowing lifestyle compared to tertiary or
secondary burrowing crayfishes inhabiting a permanent body
of water. Since atypical color phenotypes like leucism presum-
ably arise due to genetic mutations or inbreeding, there may be
little to no selection against this trait once they emerge. These
ideas, however, are entirely speculative, but are a potentially fer-
tile area of research that could elucidate the genetic and ecolog-
ical mechanisms relating to crayfish color phenotypes and color
abnormalities.
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