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ABSTRACT The relict leopard frog (Rana onca) was once thought to be extinct, but has recently
been shown to comprise a valid taxon with extant populations. We delineate the minimum his-
torical range of the species based on records from 24 localities, report the extinction of 2 of 7
populations extant in the 1990s, and estimate total population size. The 5 remaining populations
occurred in 2 areas: near the Overton Arm of Lake Mead and in Black Canyon along the Colorado
River below Lake Mead, Nevada. These 2 areas are only 3.6 and 5.1 km long, respectively. The 5
extant populations inhabited spring systems with largely unaltered hydrology and no introduced
American bullfrogs (Rana catesbeiana) or game fishes. In a mark-recapture study conducted in the
Overton Arm area, the estimated number of adult frogs averaged 36 over 555 m of stream habitat,
and estimated annual survivorship of adults averaged 0.27. A single mark-recapture estimate for
the size of the largest population within Black Canyon, at a site approximately 450 m in length,
was 637 adult frogs. An estimate for the total number of frogs at all sites, based on mark-recapture
data, visual encounter surveys, and extent of habitat, was approximately 1,100 adults (range 693–
1,833). The 2 recent population extinctions occurred concomitantly with encroachment of emer-
gent vegetation into pools. We speculate that this occurred as a result of natural processes in one
case, and anthropogenic processes in the other.

RESUMEN La especie Rana onca previamente fue considerada extinta, pero recientemente se
ha demostrado que es un taxón válido con poblaciones actuales. Delimitamos el rango mı́nimo
histórico de distribución de la especie basado en registros en 24 localidades, registramos la extin-
ción de dos de las siete poblaciones presentes durante los años de 1990 y estimamos el tamaño
total de la población. Las cinco poblaciones restantes se encontraron en dos áreas: en la vecindad
del brazo de Overton del Lago Mead y en el Cañón Negro a lo largo del rı́o Colorado rı́o abajo
del Lago Mead, Nevada. Estas dos áreas son de longitud de sólo 3.6 y 5.1 km, respectivamente.
Las cinco poblaciones actuales habitaron un sistema de manantiales sin perturbaciones y sin la
rana exótica rana toro (Rana catesbeiana) u otros peces exóticos. En un estudio de marca-recaptura
conducido en el área del brazo de Overton, el número estimado de ranas adultas promedió de
36 en una distancia de 555 m de hábitat ripario y la supervivencia anual estimada de adultos
promedió de 0.27. Una sola sesión de marca-recaptura estimó que el tamaño de la población más
grande del Cañón Negro, en un sitio de aproximadamente 450 m de longitud, fue de 637 ranas
adultas. Un cálculo para el número total de ranas en todos los sitios, basado en registros de marca-
recaptura, muestreos visuales y extensión del hábitat, fue de aproximadamente 1,100 adultas (con
un rango de 693–1,833). La extinción de dos poblaciones coincidió con la invasión de vegetación
emergente en charcos. Especulamos que esto ocurrió como resultado de procesos naturales en
un caso y procesos antropogénicos en otro.

The relict leopard frog (Rana onca), once
thought to be extinct, comprises a valid taxon
with extant populations ( Jaeger et al., 2001).
The historical range of this frog, as described
in earlier literature (e.g., Jennings, 1988; Jen-

nings and Hayes, 1994), has been confused be-
cause of taxonomic uncertainties regarding
various leopard frog populations within the re-
gion, but genetic and morphological evidence
indicates that it occurred at least within the
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drainages of the Virgin and Colorado rivers
from the vicinity of Hurricane, Utah, to the
Black Canyon below Lake Mead in Nevada and
Arizona ( Jaeger et al., 2001). The extent of
this known range was relatively small, spanning
only about 190 km. The current range is much
reduced.

In the 1990s, populations were known from
only 7 sites in 3 relatively small areas ( Jaeger
et al., 2001), and by 2001, populations had dis-
appeared from 2 of these sites, leaving only 2
areas inhabited by these frogs. Causes for the
disappearance of R. onca from the majority of
its historical range are not entirely clear, but
suggested factors include alteration of aquatic
habitat due to agriculture and water develop-
ment, and the introduction of exotic predators
and competitors, such as the American bull-
frog (R. catesbeiana), various fishes, and red
swamp crayfish (Procambarus clarkii) ( Jennings,
1988; Jennings and Hayes, 1994). Synergistic
interactions between habitat alteration and ex-
otic species seem to have been particularly
problematic for other ranid frogs (e.g., Adams,
1999).

The dramatic reduction in the range of R.
onca and the likelihood that populations are
now quite small and isolated raise concern
about its continued existence. This taxon has
been petitioned for listing as endangered un-
der the Endangered Species Act. Much of what
has been observed about R. onca population
biology and dynamics, however, remains un-
published. Nevertheless, this information is be-
ing used to develop a conservation strategy for
this frog. Here, we present results from several
studies conducted between 1991 and 2001 that
represent the basis for our understanding of
the distribution, size, structure, and dynamics
of extant and recently extinct R. onca popula-
tions. Further, we specifically define a mini-
mum historical distribution of R. onca in light
of recent taxonomic clarification and describe
observations of habitat changes that seem to
be causally associated with recent population
extinctions.

METHODS Population Study Areas The 7 sites sup-
porting R. onca in the 1990s occurred in 3 areas: 1)
near the Overton Arm of Lake Mead, Clark County,
Nevada (3 sites; also referred to as the Northshore
Springs Complex); 2) Black Canyon near the Colo-
rado River below Lake Mead, Clark County, Nevada

(3 sites); and 3) a site adjacent the Virgin River 4
km northeast of Littlefield, Mohave County, Arizona
(Fig. 1; referred to as Littlefield in Jaeger et al.,
2001, but herein as Reber Springs). All 7 sites con-
sisted of perennial springs and resultant stream hab-
itat and, with the exception of the Reber Springs
site, were under geothermal influence (Pohlmann
et al., 1998; unpubl. data). Multiple visits to each site
suggested that discharge rates (provided below) are
relatively constant throughout the year.

Blue Point, Rogers, and Corral springs in the Ov-
erton Arm area were located within 3.6 km of each
other at 470 to 490 m elevation in an area where
gypsum-rich soil predominates (Fig. 1, localities 17,
18, and 19, respectively). Much of the aquatic habi-
tat was entirely covered by dense vegetation, pre-
dominately Scirpus, Eleocharis montevidensis, Typha,
Anemopsis californica, and Solidago confinis. Continu-
ous aquatic habitat extended downstream from Blue
Point Spring for 555 m, comprising the Blue Point
Springs study area. Below this area, the stream trav-
eled underground for 370 m and then remained on
the surface for most of the rest of its extent, which
terminated in a desert wash approximately 2.4 km
below the spring. At Rogers Spring, aquatic habitat
extended almost continuously for approximately 3.2
km to Lake Mead, a reservoir formed in 1935 by the
closure of Hoover Dam. Both of these springs were
consistently warm (308C at sources; Pohlmann et al.,
1998) with high discharge rates of 1,040 and 2,750
L/min, respectively (Pohlmann et al., 1998). A num-
ber of exotic, generally small tropical fishes have
been introduced at these springs (Courtenay and
Deacon, 1983). Corral Spring, also thermally influ-
enced (278C at source; unpubl. data), was much
smaller (discharge ,1 L/min; Pohlmann et al.,
1998) and extended intermittently for only 240 m.
Feral burros grazed and drank along all 3 springs,
but a fence was constructed at Corral Spring in 1991
to exclude burros from most of the aquatic habitat.

In Black Canyon, the 3 springs with R. onca (Boy
Scout, Salt Cedar, and Bighorn Sheep springs) were
located within 5.1 km of each other at 240 to 260 m
elevation in steep-walled, narrow canyons that drain
to the Colorado River (Fig. 1, localities 21, 22, and
24, respectively). Although continuously flowing, the
Colorado River in Black Canyon comprises the up-
per portion of Lake Mojave, a reservoir formed in
1951 by the closure of Davis Dam. At Boy Scout
Springs, perennial discharge totaled 960 L/min
(Pohlmann et al., 1998), and the stream extended
approximately 760 m to the river. Vegetation within
the channel was scant because of periodic scouring
during rainstorms. Water temperatures from spring
sources ranged up to 558C (Pohlmann et al., 1998;
unpubl. data), attracting frequent recreational users.
Salt Cedar Spring, located just north of the conflu-
ence of Salt Cedar Canyon and the Colorado River,
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FIG. 1 Locality records ($1.0 km apart) for Rana onca. Symbols indicate locations of extant populations
(solid circles, n 5 5), historical (pre-1970) localities based on verified museum specimens where the species
no longer occurs (open circles, n 5 17), and historical localities based on literature (locality 20) or a missing
specimen (locality 15) where the species no longer occurs (asterisks, n 5 2). All symbols represent historical
localities except for 3 sites in Black Canyon with extant populations (localities 21, 22, 24). Material and
information supporting these locality records are provided in Appendix 1.

was also warm (418C at source; unpubl. data) and
extended approximately 360 m, terminating at the
river. Discharge was approximately 120 L/min (un-
publ. data) and ran down a steep gradient, but be-
cause of a small watershed, storm-induced scouring
was minimal and the stream was overgrown almost
entirely with vegetation (primarily Tamarix and Pro-
sopis glandulosa). Leopard frogs at both of these sites
were only found downstream, where waters had
cooled, or in cooler side pools. Bighorn Sheep
Spring extended approximately 450 m, disappearing
into alluvium about 100 m from the Colorado River.
The temperature at its source was 328C (Pohlmann
et al., 1998), with an estimated discharge of about
75 L/min (unpubl. data). The stream had a much

greater extent of slow-moving pools than the other
2 springs in Black Canyon and was intermediate in
the extent of vegetation cover over water.

The Reber Springs site consisted of multiple non-
thermal springs within approximately 230 m of each
other, emanating from an embankment bordering
the floodplain of the Virgin River (Fig. 1, locality 8).
Total discharge was approximately 270 L/min (un-
publ. data) and coalesced on the floodplain, form-
ing a marsh before eventually reaching the river ap-
proximately 500 m from the farthest spring. Nearly
all the surface water was covered by vegetation, par-
ticularly on the floodplain, where a dense mat of
Scirpus with scattered Prosopis glandulosa dominated.
A small artificial pond, about 15 m in diameter and
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largely covered by Typha, was fed by one of the
springs.

Population Sampling—Between 1991 and 2001, we
conducted detailed population surveys at the Blue
Point Spring study area (the upper 385 m through
1994; the entire 555-m upper reach thereafter) and
at Corral Spring. Surveys were conducted exclusively
at night beginning in July 1993, and between then
and November 1996, these visits were conducted on
a single night at approximately 8-week intervals. At
the 2 sites, we searched aquatic habitat not entirely
covered with vegetation twice each night, with at
least 1 hour between searches. These searches were
conducted as visual encounter surveys (VES) by
counting the first observations of individual frogs
and, when possible, capturing individuals, bagging
them, and then releasing them following the second
pass. Location of capture was recorded to the near-
est 2 m downstream from the water source. Cap-
tured frogs were identified by sex and measured for
snout-urostyle length (SUL) to the nearest 1 mm.
During the study period, we also conducted occa-
sional nighttime VESs at other portions of Blue
Point and Rogers springs favored by R. onca.

At the Blue Point Spring study area, beginning in
April 1994, we individually marked frogs by clipping
2 toes (exclusive of thumbs; 1 toe per foot) or with
passive integrated transponder (PIT) tags (Bio-
Sonics, Inc., Seattle, Washington) and a single toe
clip. Tags only were used with individuals larger than
55 mm SUL and were inserted under the skin an-
terior to the sacral hump and then pushed up be-
hind the hump. Population parameters from mark-
recapture data of adult frogs (herein defined as SUL
$ 42 mm, the approximate size at which enlarged
thumbs become evident in males) were estimated
using the standard Jolly-Seber model for open pop-
ulations ( Jolly, 1965; Pollock et al., 1990) during the
13 sampling periods throughout 1995 and 1996.

Nighttime VESs were extended to R. onca popu-
lations within Black Canyon after their unexpected
discovery in the Canyon in 1997 during other am-
phibian surveys (Bradford et al., 2003). Surveys were
conducted at each of the Black Canyon springs dur-
ing 1997, twice in 1998 (spring and summer), and
again in 2001. To gain a rough idea of population
size at the largest population within Black Canyon,
Bighorn Sheep Spring, we conducted a single mark-
recapture effort involving 60 marked adult frogs;
this mark-recapture effort was limited by permit out
of concerns regarding the manipulation of remain-
ing R. onca populations. Our initial capture was con-
ducted prior to springtime recruitment (27 March
2001). We captured frogs during an up-and-back
search of the site, treating frogs as described for the
Blue Point Spring study site, but only marking adults
with a single toe clip. We captured frogs again about
1 month later (30 April 2001). Population size of

adults was estimated using the Petersen Index for
sampling without replacement, modified to mini-
mize bias for small samples (Seber, 1982; Krebs,
1999). Because of the relatively low recapture rate,
the Poisson distribution was used to calculate 95%
confidence limits of the population estimate (Krebs,
1999).

As part of an extended effort to evaluate the status
of R. onca across its remaining distribution, we con-
ducted nighttime VESs at the Reber Springs site in
April and June 1998, and again 3 times during
March and May 2001. During the 1998 surveys, toe
clips were taken from each captured frog as genetic
samples ( Jaeger et al., 2001).

Historical and Current Distributions To delineate a
minimum historical range of R. onca, we requested
specimen records from 35 museums for Rana spp.
from Washington County, Utah; Clark and Lincoln
counties, Nevada; Mohave County, Arizona; and San
Bernardino County, California. We examined many
of these specimens (Appendix 1) to determine gen-
eral consistency with the type specimen and descrip-
tion for R. onca (Cope, 1875) and the morphological
analysis in Jaeger et al. (2001). Because there was no
evidence that R. yavapaiensis (lowland leopard frog)
occurred along the Virgin River and adjacent por-
tions of the Colorado River ( Jaeger et al., 2001), our
evaluation was focused on identifying R. onca speci-
mens from R. pipiens (northern leopard frog), a spe-
cies also found in this region. We used 3 major mor-
phological characters that generally distinguish be-
tween these 2 species, based on an unpublished
analysis by one of us (RDJ) of 19 traits for 24 R.
pipiens from Nevada, New Mexico, and Utah, and the
53 R. onca specimens represented in Jaeger et al.
(2001): 1) dorsolateral folds were broken posteriorly
in R. onca (often inset or becoming indistinct pos-
terior to the break), but continuous in R. pipiens; 2)
dorsal spots anterior to the eye were usually lacking
in R. onca but were almost always present in R. pi-
piens; and 3) the pattern on the posterior surface of
the thigh appeared reticulated (with varying degrees
of indistinctiveness) in R. onca, but was dark spotted
(often irregular in shape) in R. pipiens.

To determine the current distribution of R. onca,
we conducted targeted surveys for the species be-
tween 1991 and 2001 at 66 localities with potential
habitat (e.g., permanent water with pools . 30 cm
deep). Surveys of most sites were conducted during
the day between April and November of 1991
through 2001, using dip nets to search for tadpoles
and amphibians of any species. Some sites also were
surveyed at night by walking along shorelines using
a headlamp or 100,000-lux lamp. These surveys iden-
tified the 7 populations extant in the 1990s repre-
sented in Jaeger et al. (2001). Areas surveyed were:
1) vicinity of Virgin and Santa Clara rivers between
approximately Saint George, Hurricane, and Gun-
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FIG. 2 Number of Rana onca captured or ob-
served in a portion of the Blue Point Spring study
area (source to 385 m downstream) and Corral
Spring, Nevada. ‘‘Adults’’ refers to frogs $42 mm
snout-urostyle length. ‘‘Unknown’’ represents frogs
that were not captured or frogs that were captured
but not measured or sexed (early dates only). Ob-
servations during winter from approximately De-
cember to early February were omitted because
frogs were largely hidden during these times.

lock, Utah; 2) Virgin River between approximately 5
km NE of Littlefield, Arizona and 6 km SW of Riv-
erside, Nevada; 3) Muddy River and Meadow Valley
Wash, Nevada below approximately 750 m elevation;
4) springs to the east and west of the Overton Arm
of Lake Mead, Nevada (i.e., within the Virgin River
valley prior to the creation of Lake Mead in 1935);
5) springs in Nevada and Arizona that drain to the
Colorado River between Lake Mead and 6 km SW
of Willow Beach, Arizona; and 6) the Grand Wash
area of northwestern Arizona and adjacent Nevada
(even though this area lacked historical records for
native ranids; Fig. 1). The Las Vegas Valley was ex-
cluded from surveys because all aquatic habitat for
leopard frogs had been eliminated or greatly modi-
fied, and no sighting of the Vegas Valley leopard frog
(Rana fisheri) has been made since the 1940s ( Jen-
nings and Hayes, 1994).

As part of other amphibian surveys, searches
south of the Black Canyon area at springs in the
Eldorado Mountains near Lake Mojave, Nevada re-
vealed little permanent water and no leopard frogs
(Bradford et al., 2003), and no R. onca were found
in targeted surveys for this species at 74 sites in Ar-
izona within the vicinity of the Virgin River, Lake
Mead, and Lake Mojave (Blomquist et al., 2003).

RESULTS AND DISCUSSION Observations and
Status of Extant Populations—At the Blue Point
Spring study area, the number of frogs ob-
served varied considerably, ranging from 4 to
32 individuals along the upper stream segment
(0 to 385 m) that was observed consistently be-
tween 1991 and 2001 (Fig. 2). Numbers were
generally higher beginning in September
1996. This apparent increase in numbers co-
incided with erosion of an embankment
around a culvert approximately 120 m down-
stream from the stream source, possibly in-
creasing access to the upper section by frogs
from below. For surveys of the entire Blue
Point Spring study area (0 to 555 m), which
began in February 1995, an average of 46%
more individuals were captured or observed
than in the 385-m segment represented in Fig.
2. At all times, most individuals captured were
adults (Fig. 2). Median body size (SUL) of
adults in 1993 through 2001 averaged 61.5 mm
for females (SE 5 0.76; n 5 23 dates) and 53.5
for males (SE 5 0.67; n 5 22 dates). No gen-
eral trend for change in median body size was
evident (r2 5 0.05 and 0.03 for females and
males, respectively; P k 0.05). The mean dis-
tance moved by marked individuals between
consecutive captures in 1995 and 1996 aver-

aged 17.8 m 6 3.23 SE (n 5 37). The maxi-
mum distance moved between any captures for
any individual was 120 m.

Population parameters at Blue Point Spring
(555 m) were estimated based on 96 adult
frogs captured and marked in 1995 and 1996
(Table 1). During this period, the observed
proportion of frogs that had been captured
previously (excluding the first 2 sampling pe-
riods, when most frogs were new captures) av-
eraged 65% (range 5 31 to 100%). The esti-
mated probability that a frog alive at a given
time is captured at that time averaged 0.35 (Ta-
ble 1). The mean estimated survival rate per
month averaged 0.90, which corresponds to an
annual survival rate for adults of 27%. The
mean estimated population size over the 13
sampling periods was 35.9 adult frogs, with



June 2004 223Bradford et al.—Status of the relict leopard frog

TABLE 1—Estimated population parameters for Rana onca based on Jolly-Seber analysis of mark-recapture
data and visual encounter survey (VES) results for adult frogs ($42 mm snout–urostyle length) sampled 13
times at the Blue Point Springs study area (0 to 555 m), Nevada, in 1995 and 1996. Values given are based
on the estimated values for the individual sample times or sample intervals. A total of 96 frogs was marked.
Probability for goodness of fit of model was P 5 0.03.

Mean 95% C.I. Range

Probability that a frog alive at a given time is cap-
tured at that time

Survival rate per month
Number marked in population
Population size
Number seen (VES)

0.35
0.90

20.7
35.9
18.8

—
0.84–0.95
17.7–23.7
26.8–45.0
13.3–24.4

0.19–0.56
0.70–1.00
7.9–29.0

12.8–53.9
8–41

TABLE 2—Numbers of Rana onca adults ($42 mm snout–urostyle length) encountered during nighttime
visual encounter surveys at sites in Black Canyon, Nevada, and Reber Springs, northeast of Littlefield, Ari-
zona. Dates exclude the winter period from December to early February.

Site
Inclusive

dates
Number
of visits

Mean number
seen Range

Boy Scout Springs
Salt Cedar Spring
Bighorn Sheep Spring
Reber Springs

1997–2001
1997–2001
1998–2001

1998
2001

4
3
4
2
3

13
5

110
6
0

7–19
4–6

54–199
6–6
0–0

95% confidence limits of 26.8 to 45.0. There
was no general pattern of increase or decrease
in estimated population size during 1995 and
1996 (r2 5 0.06, P k 0.05), although numbers
were greatest at the end of this period (Fig. 2).
The estimated population size of 35.9 adult
frogs exceeded the average number of frogs of
all sizes actually seen in VESs by a factor of 1.9
(i.e., 35.9/18.8; Table 1). At the other seg-
ments of Blue Point and Rogers springs, frogs
were observed throughout the period 1993
through 2001 (these observations also were
verified by National Park Service resource per-
sonnel, S. Romin, pers. comm.).

At the Black Canyon sites, R. onca was most
abundant at Bighorn Sheep Spring, with an av-
erage of 110 frogs counted during VESs (Table
2). During the mark-recapture population es-
timate effort at Bighorn Sheep Spring, we ini-
tially counted 104 frogs and captured 60 of
these (maximum permitted). Of the captured
frogs, we marked 57 nominal adults, the small-
est of which was 46 mm SUL, and released 3
juveniles (all ,39 mm) unmarked. During the
recapture survey, we captured 166 frogs; 158

were considered adults based on size, and 11
were recaptures. During this second survey,
however, frogs up to at least 46 mm SUL were
apparently recent recruits because this was a
modal size at this time; previously only 1 indi-
vidual was found of this size and none were
found that were .39 and ,46 mm SUL.
Therefore, to estimate the early spring popu-
lation size, we excluded 35 frogs with SUL ,
46 mm that represented recent recruits. The
resultant values for computing the Petersen es-
timate were 57 initially marked, 131 captures
on the second visit, and 11 recaptures. These
values yield a population estimate of 637 frogs,
with 95% confidence limits of 381 and 1,210.

At Boy Scout Springs, an average of 13 frogs
were seen per visit, occurring at scattered lo-
calities throughout the length of the stream
(Table 2). At Salt Cedar Spring, an average of
5 individuals were seen per visit, occurring
over a 40-m stream reach not entirely covered
by dense vegetation (Table 2).

During nighttime VESs at the Reber Springs
site in 1998, 6 adults were counted during both
surveys (Table 2), but none of the frogs
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marked in April were those captured in July.
Frogs at this site had been observed during
daytime searches in 1992 and 1996. No frogs
were found during 3 nighttime surveys be-
tween March and May 2001 nor during more
recent searches (Blomquist et al., 2003).

To obtain a rough estimate of the total num-
ber of R. onca adults existing in 2001, we used
a combination of mark-recapture estimates of
population size, VES counts, and estimates for
extent of available habitat. At the Overton Arm
sites, the estimated total linear extent of aquat-
ic habitat was 5.1 km, based on ground mea-
surements, aerial photographs, and United
States Geological Survey digital orthophoto-
quads. Assuming a frog density similar to that
observed in the Blue Point Spring study area
in 1995 and 1996 (i.e., mean of 35.9 adults/
555 m; VESs in 2001 indicated little change in
the size of this population), the estimated total
number of adult frogs in the Overton Arm
area was about 330 adults. Bracketing this val-
ue using the 95% confidence limits for the
population estimate at the study area resulted
in a total estimate of 246 to 414 adult frogs.
These values are likely an overestimate because
the density of frogs encountered in most of the
aquatic habitat in this area was conspicuously
lower than the density seen in the Blue Point
Spring study area. In Black Canyon, the pop-
ulation estimate at Bighorn Sheep Spring was
637 adults (381 to 1,210, 95% confidence lim-
it) for a time when 104 frogs were counted, a
factor of 6.1 (range 5 3.7 to 11.6). Applying
these factors to the average VES counts at the
other 2 sites in Black Canyon (mean counts of
only 5 and 13; Table 2), we obtained an esti-
mate for the total adult population size in
Black Canyon of about 747 (range 5 447 to
1,419), 85% of which were at Bighorn Sheep
Spring. While we recognize that this is a gross
extrapolation of our data, this exercise sug-
gests approximately 1,100 adult frogs (range 5
693 to 1,833) as the rough estimate for the to-
tal population of adult R. onca, more than half
of which occurred at 1 site.

Recent Population Extinctions The R. onca
population at Corral Spring went extinct in
1995 (Fig. 2). Numbers of frogs captured or
seen at Corral Spring declined from 40 and 33
individuals in November 1991 and June 1992,
respectively, to 0 to 2 throughout 1994, and 0
individuals subsequently. Frogs captured or

seen both before and during the decline con-
sisted primarily of adult animals. Tadpoles
were observed in 1991, 1992, and 1993, and
the last tadpole was seen in December 1993. At
the Reber Springs site, R. onca disappeared
sometime after the last adults were observed in
summer 1998; a tadpole was seen earlier that
year.

The recent population extinctions observed
at Corral Spring and Reber Springs occurred
concomitantly with conspicuous habitat chang-
es at both sites. Between 1991 and 1996, the
pools at Corral Spring that were initially largely
open with scattered emergent vegetation be-
came choked with emergent vegetation, pri-
marily Scirpus. By early summer of 1994, most
of these pools had virtually no open water, al-
though trampling by bighorn sheep (Ovis can-
adensis) kept 2 pools partially open during the
summer months through 1995. During the pe-
riod 1993 through 1996, the linear extent of
surface water or saturated substrate along the
channel below Corral Spring, however, dimin-
ished only slightly. At the Reber Springs site,
R. onca were observed only within open marshy
habitat near one of the spring sources. Amer-
ican bullfrogs had long colonized the artificial
pond at this site and the nearby Virgin River,
and R. onca were not observed in these areas.
Between 1992 and 2001, emergent vegetation
(primarily Scirpus) had increased dramatically
in the marsh such that by 2001 almost no open
water remained except for a few spots with
mostly stagnant water. Thus, both of these re-
cent population extinctions occurred concom-
itantly with loss of pool habitat caused by the
encroachment of emergent vegetation.

At Corral Spring, we speculate that this ex-
tinction was largely a natural process. Frogs
might periodically colonize this site from Rog-
ers Spring during wet periods after floodwaters
scour vegetation. During drier years, popula-
tions at Corral Spring might subsequently be
extirpated due to shrinkage of aquatic habitat
as dense emergent vegetation becomes re-es-
tablished. Our surveys were initiated in late
1991, a year with high-precipitation storms that
scoured vegetation at Corral Spring. At that
time, aquatic habitats were more extensive
along the currently dry wash below Rogers
Spring than in subsequent years, and frogs pos-
sibly colonized Corral Spring by traveling 3.0
km along this shared drainage or by traveling
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1.6 km straight-line distance. Such dispersal
distances have been reported for other Rana
species, albeit in more mesic environments
(Marsh and Trenham, 2001). We do not know
whether leopard frogs persisted at Corral
Spring between 1957, when several specimens
were collected, and 1991, when our surveys be-
gan. Confounding this scenario, however, is
the exclusion of feral burros by the fence con-
structed in 1991, which likely facilitated vege-
tation encroachment. Grazing and trampling
by feral burros is common along the springs in
the Overton Arm region and seems to be an
important factor in limiting complete vegeta-
tion coverage.

At the Reber Springs site, we speculate that
vegetation encroachment and the associated
extinction of R. onca resulted from anthropo-
genic processes. Until some years ago, vegeta-
tion in this area was kept open by livestock
grazing. Subsequently, with the absence of
grazing, emergent vegetation grew to cover vir-
tually all the open water at the site. Moreover,
introduced American bullfrogs likely occupied
most of the favorable habitat in this region and
are known to be generally favored over most
western ranids when natural hydrological pro-
cesses are impaired (Sartorius and Rosen,
2000).

Current and Historical Distributions Of the 7
localities where leopard frogs were found in
the 1990s, all 7 localities were either historical
localities (Blue Point, Rogers, and Corral
springs) or within a few kilometers of a histor-
ical locality (Reber Springs; Boy Scout, Salt Ce-
dar, and Bighorn Sheep springs; Fig. 1). In ad-
dition, a few frogs have been observed at a
small spring located between Blue Point and
Rogers springs (S. Romin, pers. comm.), and
3 leopard frogs were observed on separate oc-
casions during 2000 through 2002 at the fish
hatchery at Willow Beach, Arizona, located 10
km downstream from Bighorn Sheep Spring in
Black Canyon (C. Fiegel, pers. comm.). At Wil-
low Beach, 1 frog was collected and confirmed
as R. onca based on mitochondrial DNA se-
quence similarity (unpubl. data) and another
was marked with a toe clip likely indicating
movement from Bighorn Sheep Spring.

From historical records and recent observa-
tions, we identified 24 distinguishable (i.e.,
$1.0 km apart) localities that were clearly at-
tributable to R. onca, excluding the observa-

tions at Willow Beach (Fig. 1). Specimens from
12 of these sites were represented as R. onca in
the molecular or morphological analyses in
Jaeger et al. (2001). We also identified speci-
mens as R. onca from 10 additional localities
and identified 2 locality records likely attrib-
utable to R. onca that could not be verified
(Fig. 1; Appendix 1). Specimens examined in-
cluded samples from all localities represented
in the records of 35 museums, although spec-
imens from some museums were not exam-
ined.

The geographic extent of the 24 localities
extended the boundaries for the historical dis-
tribution of R. onca beyond the sites repre-
sented in Jaeger et al. (2001), primarily along
the Santa Clara and Muddy rivers (Fig. 1).
Specimens examined upstream of the sites des-
ignated for R. onca (Fig. 1) along the Virgin
River and its tributaries, and along tributaries
of the Muddy River, were morphologically
more consistent with R. pipiens. Specimens to
the south were located within the range of R.
yavapaiensis, as depicted in Jaeger et al. (2001),
many of which were included in that study, ex-
cept for a single, large leopard frog specimen
from the Colorado River at the southern tip of
Nevada, which was not assigned to R. onca or
R. yavapaiensis because of the considerable
overlap in the morphological characteristics
for these 2 frogs (see Jaeger et al., 2001).

Based on the above observations, the mini-
mum historical distribution for R. onca was
springs, streams, and wetlands within the Vir-
gin River drainage downstream from the vicin-
ity of Hurricane and Gunlock, Utah; along the
Muddy River, Nevada; and along the Colorado
River from its confluence with the Virgin River
downstream to Black Canyon below Lake Mead
in Nevada and Arizona. All localities are within
a few kilometers of these rivers, and many lo-
calities are virtually at the river. The most re-
cent distribution of R. onca in Black Canyon
and along the Overton Arm encompassed
maximum linear extents of only 3.6 and 5.1
km, respectively, comprising a small fraction of
the known historical distribution of the spe-
cies.

Several issues regarding the historical distri-
bution of R. onca remain unresolved. First, Jae-
ger et al. (2001) cautioned that the southern
limit of the R. onca genotype along the Colo-
rado River downstream from Black Canyon is
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unknown. Second, the tributaries of the Colo-
rado River upstream of the confluence with
the Virgin River have not been thoroughly sur-
veyed for R. onca. Third, questions about the
taxonomic identity of extinct leopard frog pop-
ulations within the Las Vegas Valley, Nevada,
closely situated to current R. onca distributions
(i.e., R. fisheri; see Jaeger et al., 2001) remain
unanswered. For these reasons, the historical
distribution we have identified for R. onca
should be considered a minimum.

Conservation Two factors suggested as pri-
mary causes for the dramatic reduction in
range of R. onca are the loss or alteration of
aquatic habitat for agriculture and water de-
velopment, and the introduction of nonnative
predators or competitors, such as American
bullfrogs, various fishes, and crayfish ( Jen-
nings, 1988; Jennings and Hayes, 1994). Our
observations are consistent with this sugges-
tion. All populations documented by us oc-
curred in spring systems with largely unaltered
hydrology and no American bullfrogs or game
fishes, although crayfish inhabited a portion of
Salt Cedar Spring and a variety of mostly small,
exotic fishes inhabited Rogers and Blue Point
springs (Courtenay and Deacon, 1983). In con-
trast, historical sites that no longer supported
R. onca typically had been dramatically altered
or eliminated for water development or agri-
culture, or contained the above-mentioned in-
troduced species.

Several risks or threats to the existence of R.
onca populations are evident. Foremost, the
small number of populations, small population
sizes, small areas inhabited, and relatively low
annual survivorship of adults render these
populations vulnerable to stochastic processes,
local events, and long-term genetic bottle-
necks. Natural local disasters could include hy-
drological change, flash flooding at the Black
Canyon sites, disease, or potential colonization
of some sites by exotic predators or competi-
tors. For example, dewatering of a substantial
portion of the wetlands in the lower part of the
Blue Point Spring system was observed in 1996
due to dissolution of gypsum-rich soil (W. Pelle
and L. Martin, pers. comm.). Moreover, con-
nectivity among the sites and connectivity with
other potentially favorable unoccupied sites
have been dramatically reduced because of the
formation of Lake Mead and Lake Mojave and
by degradation and loss of interspersed smaller

sites. Both reservoirs contain predatory game
fishes and virtually no marsh habitat, and in
Black Canyon, the river level is regulated such
that the canyon floor is never exposed, thereby
preventing the formation of shallow pools bor-
dered by emergent vegetation apparently fa-
vored by the species. Metapopulation processes
that could potentially facilitate the continued
existence of the species are largely precluded.
Finally, as noted above, vegetation encroach-
ment has been implicated in the loss of 2 pop-
ulations since the early 1990s. This encroach-
ment was predominately by native vegetation
apparently responding to a lack of disturbance,
which allowed vegetation to entirely cover po-
tential R. onca habitats. Further expansion of
exotic tamarisk, which completely covers seg-
ments of stream habitat at the R. onca sites in
Black Canyon, and future invasion of other ag-
gressive, weedy vegetation are also substantial
threats.
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APPENDIX 1 Locality records for Rana onca, rep-
resented by corresponding numerals in Fig. 1. Ex-
cept where noted, specimen numbers refer to spec-
imens examined and identified as R. onca separate
from material referenced as Rana onca (syntype) and
Rana spp. (onca) in Jaeger et al. (2001). Collection
abbreviations follow Leviton (1985), except for the
University of Nevada, Las Vegas, Marjorie Barrick
Museum (MBM) and Dixie State College (DC), for
which no codes were available. ‘‘DFB’’ and ‘‘RDJ’’
refer to uncatalogued specimens at the Marjorie Bar-
rick Museum. Counties represented are Washington
County, Utah; Mohave County, Arizona; and Clark
County, Nevada.

(1) Gunlock; DC 1095. (2) near Leeds, and Har-
risburg Creek; Jaeger et al. (2001). (3) Berry Spring;
Jaeger et al. (2001). (4) Washington; DC 86. (5)
Washington Fields (about 5 km SE St. George); DC
873. (6) St. George; DC 823, DC 874, DC 1508, Jae-
ger et al. (2001). (7) near Bloomington; Jaeger et
al. (2001). (8) 3.8 km NE Littlefield, adjacent Virgin
River; DFB 546, Jaeger et al. (2001). (9) Littlefield
(also Virgin River, near or 0.4 km NE Beaver Dam
Creek; also Beaver Dam Lodge); DC 1427, DC 1514,
MVZ 59383, MBM 12244, MBM 12038, MBM 12300,
Jaeger et al. (2001). (10) Mesquite; MVZ 13888,
MVZ 59384. (11) Virgin River, 1.6 km SW Mesquite;
MVZ 19618–19622. (12) Riverside; MVZ 59385. (13)
Moapa River, 8 km WNW Moapa; MSB, uncata-
logued, collected by W. L. Minckley and others. (14)
Glendale, Muddy River; mistakenly referred to as
Virgin River near Glendale in Jaeger et al. (2001).
(15) Moapa River Narrows; specimen catalogued as
MBM 12293 but currently missing. (16) 3 km SE Ov-
erton (also Kaolin; also Kaolin Reservoir); MVZ
19556, MVZ 19572, MVZ 19584, MVZ 19592–19593,
MVZ 19595, MVZ 19604, MVZ 19611, MVZ 19617,
MVZ 20433, MVZ 20658. (17) Blue Point Spring;
RDJ 929, MBM 12219, MBM 12441, Jaeger et al.
(2001). (18) Rogers Spring; MVZ 71802–71803,
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MVZ 20659, MVZ 20661, RDJ 931, Jaeger et al.
(2001). (19) Corral Spring (Spring 1598); MVZ
71792–71794, MVZ 71797–71800, RDJ 915, Jaeger et
al. (2001). (20) mouth of Boulder Wash, Colorado
River; Cowles and Bogert (1936). (21) Boy Scout
Springs, UTM11-E 703050, UTM11-N 3984250; re-
ferred to as Boy Scout Canyon in Jaeger et al.
(2001); DFB 562. (22) Salt Cedar Spring, UTM11-E
703950, UTM11-N 3982600; referred to as Salt Ce-
dar Canyon in Jaeger et al. (2001); DFB 563–565.
(23) Ringbolt Canyon; MBM 12121–12122. (24) Big-
horn Sheep Spring; Jaeger et al. (2001). Two addi-
tional imprecise localities in Black Canyon, Clark

County, Nevada: Cliff Trail to Colorado River, 13 km
SE Boulder; MBM 12032; and Warm Springs, Colo-
rado River; MBM 12301–12302.

NOTE ADDED TO GALLEY PROOF: A population
of leopard frogs, tentatively identified from photo-
graphs as Rana onca, was recently discovered in Sur-
prise Canyon, Grand Canyon National Park, Mohave
County, Arizona, approximately 50 km southeast of
the intersection of the Nevada-Arizona state line and
the Colorado River (L. Gelczis and C. Drost, United
States Geological Survey, Southwest Biological Sci-
ence Center, pers. comm.).


