
    The Foothill Yellow-legged Frog (Rana
boylii) occurs on the Pacific Slope of North
America, from west central Oregon and Cali-
fornia to northwestern Baja California, where
its populations have experienced widespread
de clines (Thomson et al. 2016). Within the
Diablo Range of central California, Foothill
Yellow-legged Frogs remain locally common
along the shallow riffles and permanent pools
of intermittent streams, which are character-
ized by sand-cobble substrates interspersed
with large boulders and bedrock outcrops. As
the dry season advances, intermittent streams
contract to a series of isolated pools, some of
which persist until the first rains reconnect
these habitats. These same pools also serve as
dry-season refuges for California Red-legged
Frog (Rana draytonii), Diablo Range Garter-
snake (Thamnophis atratus zaxanthus), and a

flightless giant water bug (Abedus indentatus),
among other native aquatic invertebrates and
vertebrates (Bogan et al. 2019). On warm sum-
mer and fall days, congregations of Foothill
Yellow- legged Frogs may be observed basking
on the sun-exposed edges of isolated pools.
    During a stream survey on 21 September
2015 of aquatic invertebrates and vertebrates
along intermittent reaches of Coyote Creek,
Santa Clara County, California, USA, we ob -
served predation on a young adult Foothill
Yellow-legged Frog (approximately 45 mm
snout– vent length) by an adult giant water bug
(A. indentatus) (approximately 35 mm total
length) in an isolated pool (37°8�33.99�N,
121°29�12.87�W) (Fig. 1). The giant water bug
was perched at the shallow edge of the pool,
with its breathing straps at the surface of the
water, injecting digestive enzymes into its prey
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      ABSTRACT.—During the summers of 2015 and 2018, we observed predation on Foothill Yellow-legged Frogs (Rana
boylii) by a giant water bug (Abedus indentatus), a California Red-legged Frog (Rana draytonii), and a Diablo Range
Gartersnake (Thamnophis atratus zaxanthus) adjacent to 3 separate isolated pools along intermittent reaches of Coyote
Creek, Santa Clara County, California, USA. To the best of our knowledge, our observations provide the first published
record of California Red-legged Frog and giant water bug preying upon Foothill Yellow-legged Frogs. As pool habitat
contracts over the course of the dry season, locally abundant Yellow-legged Frogs may be increasingly vulnerable to pre-
dation from a suite of aquatic and terrestrial predators.

      RESUMEN.—Durante los veranos de 2015 y 2018, observamos tres eventos de depredación sobre individuos de rana
patiamarilla (Rana boylii) por parte de una chinche acuática (Abedus indentatus), una rana de patas rojas californiana
(Rana draytonii) y una culebra acuática (Thamnophis atratus zaxanthus) en 3 pozas aisladas a lo largo de un río intermi-
tente (Coyote Creek, Santa Clara County, California, USA). Hasta donde sabemos, estas son las primeras observaciones
publicadas sobre Rana draytonii y Abedus indentatus depredando individuos de Rana boylii. Nuestras observaciones
sugieren que Rana boylii podría ser más vulnerable a depredadores tanto acuáticos como terrestres conforme la estación
seca avanza y el hábitat acuático disponible disminuye.
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via its beak-like mouthparts. Occasional move-
ments of the frog’s legs confirmed that it was
preyed upon while still living, rather than
being scavenged after death.
    During subsequent stream surveys of aquatic
vertebrates in Coyote Creek on 8 September
2018, we observed predation on Foothill Yel-
low-legged Frogs by California Red-legged
Frog and Diablo Range Gartersnake adjacent
to 2 iso lated pools separated by 1.92 km. At
the first pool (37° 8�6.80�N, 121° 29�2.57�W;
319 m elevation; time 10:25), we observed a
large-sized female Red-legged Frog (125 mm
snout–vent length) perched on a narrow, sun-
exposed bed rock ledge approximately 15 cm
above the pool’s water surface. The Red-
legged Frog had partially swallowed headfirst
a Foothill Yellow-legged Frog (approxi mately
50–60 mm snout–vent length), with the prey’s
hind limbs below the knees protruding from
its mouth. Startled by our presence, the Red-
legged Frog jumped into the pool and imme-
diately regurgitated the Foothill Yellow-legged
Frog, which then escaped.
    The second Foothill Yellow-legged Frog
predation event in 2018 occurred adjacent to
another isolated pool (37° 7�11.50�N, 121°
28�51.12�W; 304 m elevation; time 15:00). At
this pool, we hand-caught a neonate Diablo
Range Gartersnake (total length ca. 25 cm) on

the downstream water’s edge. Following cap-
ture, the gartersnake immediately regurgi-
tated headfirst a dead Foothill Yellow-legged
Frog (ca. 35 mm snout–vent length) (Fig. 2).
    We believe our observations are the first
published record of adult California Red-
legged Frog and giant water bug preying upon
adult Foothill Yellow-legged Frogs. Giant water
bugs (Hemiptera: Heteroptera: Belostomati-
dae) have been observed preying on a diversity
of aquatic and semiaquatic animals, inclu ding
insects, crustaceans (amphipods and cladocer-
ans), frogs, fish, turtles, and birds (citations in
Ohba 2018). However, predation on vertebrates
by giant water bugs is most commonly car ried
out by the genus Lethocerus (55–90 mm total
length), rather than by the smaller genera
Abe dus and Belostoma (20–40 mm total length)
(Bogan et al. 2014, Lytle 2015). These 2 smaller
genera more commonly prey upon aquatic
invertebrates, as well as terrestrial inverte-
brates that fall into aquatic habitats.
    The diet of adult Red-legged Frogs consists
of a wide taxonomic range of terrestrial and
aquatic invertebrates and vertebrates. Specific
prey items include amphibians, such as Cali-
fornia Tiger Salamander (Ambystoma califor -
niense) larvae, Sierran Treefrog (Pseudacris
sierra), and California Toad (Anaxyrus boreas
halophilus), as well as snakes (e.g., Common
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    Fig. 1. Giant water bug (Abedus indentatus) with captured Foothill Yellow-legged Frog (Rana boylii) within an isolated
pool, along Coyote Creek, Diablo Range of central California, USA. Photo by M.T. Bogan.
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Gartersnake [Thamnophis sirtalis]), fish (e.g.,
threespine stickleback [Gasterosteus aculea-
tus]), and several species of small rodents
(Hayes and Tennant 1985, Baldwin and Stan-
ford 1987, Hayes et al. 2006, Davidson 2010,
Stitt and Seltenrich 2010). Because the Cali-
fornia Red-legged Frog is known to prey on
amphibians, it does not seem unusual that it
would consume the closely related congener,
Foothill Yellow-legged Frog, in pools where
they co-occur. Our predation observation is
consistent with the suggestion of Hayes and
Tennant (1985) that California Red-legged Frog
prey items occur mostly along the shoreline
near the water surface.
    Bishop et al. (2014) studied the diet of Cali-
fornia Red-legged Frogs through isotope and
stomach content analyses and found that
99.7% and 82%–90% of the diet, respectively,
came from terrestrial prey. The high percent-
age of terrestrial prey items might be partially
explained by the fact that many prey items

originated from frogs captured in ponds, an
aquatic environment unsuitable for Foothill
Yellow-legged Frogs. Our predation observa-
tion was along a reach of intermittent stream,
where Foothill Yellow-legged Frogs are locally
abundant and therefore would be readily
avail able as prey for California Red-legged
Frogs. From 2014 to 2018, we documented
the presence of Yellow-legged Frogs within
our study reaches at 88.7% of the total sites
where we observed adult California Red-
legged Frogs (n = 62; R. Leidy unpublished
data). Bishop et al. (2014) posits that California
Red-legged Frogs likely favor larger prey
items to maximize foraging (i.e., metabolic)
effi ciency and reduce their own predation risk.
Our observation of an adult Red-legged Frog
consuming a large-sized adult Foothill Yellow-
legged Frog is consistent with this contention.
    The highly aquatic Diablo Range Garter-
snake eats small frogs, such as Sierran tree -
frogs (Pseudacris sierra), salamanders and their
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    Fig. 2. Neonate Diablo Range Gartersnake (Thamnophis atratus zaxanthus) upon capture regurgitating a Foothill
Yellow-legged Frog (Rana boylii) froglet, adjacent to an isolated pool along Coyote Creek, Diablo Range of central
California, USA. Photo by S.M. Carlson.
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larvae, fish, and invertebrates such as slugs and
leeches (Preston and Johnson 2012). Aquatic
gartersnakes are known to prey on the various
life stages of Foothill Yellow-legged Frogs
where their ranges overlap (Fitch 1936, 1940,
1941, Stebbins 1951, Zweifel 1955, Jennings
and Hayes 1994, Bourque 2008). Our observa-
tion is significant in that it documents a neo -
nate feeding on a relatively large-sized post-
metamorph Foothill Yellow-legged Frog. This
may indicate an ontogenetic shift in foraging
strategy by this species from smaller to larger
prey items, as observed for the Oregon Garter -
snake (T. a. hydrophilus) (Lind and Welsh 1994).
    In addition to the 3 predation events dis-
cussed above, other studies have documented
that larval, postmetamorph, and adult Foot -
hill Yellow-legged Frogs are prey for a wide
variety of other invertebrates and vertebrates,
including adults cannibalizing recent meta-
morphs (Moyle 1973, Rombough et al. 2005,
Hothem et al. 2009, Kupferberg 1996, Ashton
and Nakamoto 2007, Wiseman and Bettaso
2007, Olson and Davis 2009, Gonsolin 2010,
Hayes et al. 2016). Within our study reach of
Coyote Creek, Foothill Yellow-legged Frogs
are often abundant within and adjacent to rela-
tively small isolated pools embedded within
long reaches of the dry streambed. For exam-
ple, at one isolated pool measuring 8.5 m2 we
documented a congregation of >100 individ-
ual postmetamorph and adult Foothill Yellow-
legged Frogs (R. Leidy unpublished data).
Simi larly, we have observed Foothill Yellow-
legged Frog tadpoles numbering 100 to >1000
in several other isolated pools (R. Leidy
unpublished data). At such densities, Foothill
Yellow-legged Frogs confined within relatively
small patches of aquatic habitat likely play an
important role in decomposition processes,
critical trophic linkages, and the transfer of
nutrients between intermittent aquatic (stream)
and terrestrial (upland) ecosystems. Although
permanent pools in intermittent streams may
act as refuges for Foothill Yellow-legged Frogs,
inhabiting these pools may also result in
increased predation risk and mortality (Jen-
nings and Hayes 1994, Rombough and Hayes
2005, Kupferberg et al. 2008).
    The effects of predation on Foothill Yellow-
legged Frog have been identified as a knowl-
edge gap for which future research is needed
(Hayes et al. 2016). One potentially fruitful
ave nue for future research is understanding

whether there are seasonal dietary shifts by
predators on Foothill Yellow-legged Frog as
intermittent streams contract into isolated
pools. Specifically, does a greater percentage
of the diet of the California Red-legged Frog
come from aquatic prey, such as the Foothill
Yellow-legged Frog, as its densities increase
within shrinking stream pools? And will Foot -
hill Yellow-legged Frog populations be more
vulnerable to their native predators under
proj ected climate change scenarios for Califor-
nia, especially during drier years when less
freshwater habitat is available?
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