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LIMB MALFORMATION IN A FOOTHILL YELLOW-LEGGED FROG
(RANA BOYLII) FROM SONOMA COUNTY, CALIFORNIA

Jerr A ALvarRez, KyLA M GARTEN, AND DaviD G Cook

AssTRACT—Reports of limb malformations in am-
phibians have increased in the last 20 y. In California,
this includes anuran species in the families Hylidae
and Ranidae. While working with Foothill Yellow-
legged Frogs in Sonoma County, we observed a
malformation of a hind limb in 1 individual, the
source of which was undetermined. We believe this to
be only the second such report of a malformation in
this declining species.
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Malformations in amphibians are not uncom-
mon (Sessions and Ruth 1990; Dournon and
others 1998), and anurans specifically often
show malformations that originate from para-
sites (Tidd 1962; Johnson and Sutherland 2003;
Kupferberg and others 2009). In California, the
trematode parasite Ribeiroia spp. is known to
infect anuran larvae (for example, Pacific Tree-
frog [Hyliola (Pseudacris) regilla], California Red-
legged Frog [Rana draytonii], and American
Bullfrog [Lithobates catesbeianus]; Johnson and
others 2013, 2019), causing malformations dur-
ing metamorphosis (Johnson and others 2002,
2013, 2019). These malformations typically occur
in lentic eutrophic habitats, such as cattle stock-
ponds that support the primary intermediate
host, the planorbid (family Planorbidae) snail
(Johnson and Chase 2004; Budria and Candolin
2014; JAA and DGC pers. obs.). Anurans, the
2nd intermediate host, become infected, and the
parasite drives developmental malformations,
typically of the limbs (Johnson and others 2002,
2019).

Anurans from lotic habitats that show mal-
formations are less common (Johnson and Chase
2004). Kupferberg and others (2009), however,
found that the copepod Lernaea cyprinacea
parasitized larval Foothill Yellow-legged Frogs
(R. boylii) in the South Fork of the Eel River
(Mendocino County, California), causing post-
metamorphic malformations of the limbs, eyes,
and snout. The Foothill Yellow-legged Frog is

typically a lotic species (Storer 1925) that rarely
occurs in eutrophic systems (Wilcox and Alvarez
2019). Although the Foothill Yellow-legged Frog
can be a host to a variety of parasites (Dodd
2013), there is a paucity of observations of
malformations in this species. Herein we report
a limb malformation in a Foothill Yellow-legged
Frog from Sonoma County, California.

On 19 October 2019, we surveyed a small
seasonal tributary to Sonoma Creek near the
headwaters. This tributary was dry, except for a
small perennial pool where we observed 1 adult
and approximately 30 post-metamorphic Foot-
hill Yellow-legged Frogs, and a few larval
California Giant Salamanders (Dicamptodon en-
satus). The pool covered 6 m?, had a depth of 0.3
m, a substrate of gravel and small cobble, and
was shaded by riparian vegetation. The pool
contained clear, cool water (approximately 11—
13°C), filamentous algae (Charophyta), and no
wetland vegetation. The site characteristics
suggested that lotic conditions prevailed during
winter and spring rainy seasons, transitioning to
an oligotrophic isolated pool in summer and
autumn. The surrounding uplands were unde-
veloped and not grazed by livestock.

We dip-netted 3 post-metamorphic Foothill
Yellow-legged Frogs from the pool and placed
them in water-filled plastic bins for observation.
Two frogs appeared to be morphologically
typical. The 3rd frog swam in small circles and
was removed from the bin to allow for closer
observation. Upon examination, the right rear
leg of this individual appeared to be severely
malformed. We noted that the lower leg, foot,
and toes (tibia, fibula, astragalus, calcaneum,
and phalanges) were all reduced by approxi-
mately 50% (visually estimated), and surround-
ing musculature was reduced or missing (Fig. 1).
The distal portion of the leg was positioned
atypically in that it was directed dorsally, as
opposed to posteriorly. We also closely exam-
ined the frog for any atypical growths, parasites,
and injuries; none were found. This malforma-
tion appeared morphometrically similar to the
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FIGURE 1.

A post-metamorphic Foothill Yellow-
legged Frog with limb deformity, Sonoma County,
California: (A) dorsal view of frog; (B) lateral view
showing right rear limb bent upward from its typical
position. Photos by KM Garten.

malformations observed in other California
amphibian species with Ribeiroia infection (John-
son and others 2002; Johnson and Chase 2004;
JAA, pers. obs.); however, in this case the cause
of the malformation was not determined. We
returned the 3 frogs to the habitat in which they
were captured.

To our knowledge, malformations in Foothill
Yellow-legged Frogs have been documented in
only 1 watershed throughout the range of the
species (Kupferberg and others 2009), suggesting
that the incidence of malformations is either
extremely rare, underreported, a new phenom-
enon, or a combination thereof. Although we did
not evaluate or determine the cause of the
malformation we observed, parasites such as
Ribeiroia or the copepod reported by Kupferberg
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and others (2009) could be responsible; however,
other plausible causes remain possibilities such
as physical injury, an unknown parasite, or other
pathogen. Owing to the recent declines of some
populations of the Foothill Yellow-legged Frog
in California (Patterson 2019), we recommend
further investigations into the possible causes
and effects of malformations in this species, and
amphibians in general, at the local and regional
level.
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