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Abstract

Amphibian decline is a global problem. Declines have been attributed to harvesting,
habitat loss or degradation, pollutants, ozone depletion, global climate change, anomalous
weather patterns, introduced exotic species, and disease, however some decline causes
remain enigmatic. In the United States, amphibian declines appear to be more severe in

the western states, than those east of the Rocky Mountains, The northern leopard frog

_._(Rana pipiens) was once widely distributed across the state of Nevada, however, repeated
surveyé of historical sites revealed that leopard frogs have severely declined in the state.
Analyses have determined that suites of habitat variables where leopard frogs are present,
are statistically different from habitat where leopard frogs were not found. It appears that
some of the current decline hypotheses are more important for leopard frogs in Nevada
than others. These causes include habitat degradation, negative interactions with

introduced species, and discontinuity of habitat.
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Chapter 1: The Natural History and Habitat Requirements of Leopard Frogs

Abstract

Amphibians have been declining worldwide. Declines have been attributed to harvesting,
habitat loss or degradation, pollutants, ozone depletion, global climate change, anomalous

weather patterns, introduced exotic species, and disease, however some decline causes

_remain enigmatic. In the United States, amphibian declines appear to be more severe in

fhe western states. Leopard frog (Rana pipiens complex) declines have been documented
in at least six western states. The biology of leopard frogs is important in understanding
the basic environmental needs of these frogs. A meta-analysis of habitat determined that
the minimum requirements of leopard frogs include water and at least 100m? of grass,

wet meadow or marsh.



Introduction

Amphibians evolved about 350 million years ago, and have inhabited the earth since the
Devonian period (Duellman and Trueb, 1986). Amphibians have adapted to life in a
diversity of environments and climates and can be found on every continent (with the
exception of Antarctica). Today there are more than 4500 extant species of amphibians,

and many new amphibian species are being discovered each year (Stebbins and Cohen,

1995). However, recent global declines and numerous local and global extinctionsare

decreasing the number of amphibian species worldwide. It is also likely that species are
becoming extinct before they have been discovered. Therefore, it is alarming that this
prehistoric, and highly adaptable lineage is presently declining. The purpose of this
chapter is to investigate documented amphibian declines, summarize the biology of
leopard frogs, and define leopard frog habitat. This was accomplished by reviewing the
literature on amphibian decline, R. pipiens biology, and using compiled information on R.

pipiens habitat in a meta-analysis to determine the basic habitat needs for this species.

Amphibian Declines

Global amphibian declines.—Amphibian declines have been documented worldwide
since the 1970s (Barinaga, 1990; Blaustein and Wake 1990; Wyman, 1990; Wake, 1991;
Corn, 1994; Drost and Fellers, 1996). In recent decades, sudden and simultaneous die
offs have been recorded on different continents (Barinaga, 1990). The causes of decline

are likely complex, as populations of some species are declining while sympatric species



remain unaffected {Drost and Fellers, 1994). Similarly, populations of the same species
may be declining in some areas of their range, but thriving in other locations (Wymann,
1990; Blaustein, 1994). As a result of global declines, the Declining Amphibian
Populations Task Force (DAPTF) was assembled in 1991 to assess the extent of, and
investigate causes of amphibian declines, and to establish protocols for studying

amphibian populations.

Causes of declines.—Amphibians are considered more susc-eptible to environmental
chang;than ar; bther vertebrates because amphibian skin is highly permeable to liquids
and gasses (Duellman and Trueb, 1986; Wyman, 1990). Also, most amphibians use both
terrestrial and aquatic habitats during parts of their life cycle, making them more
vulnerable to changes in both kinds of environments., Consequently, amphibians could
signal potentially detrimental changes in the environment long before other animals
would respond to those changes. Because amphibian declines are a global phenomenon,

the welfare of amphibian habitats worldwide, as well as species associated with these

habitats, may be in jeopardy.

Hypotheses for global frog declines include over harvesting, habitat loss or degradation,
poliutants, UV radiation exposure, global climate change, anomalous weather patterns,
exotic species, diseases and parasites, and natural population fluctuations in conjunction
with disturbance. There is no single cause that can explain amphibian declines. Various
combinations of the above hypotheses are likely responsible. The following provide

examples of each of these suspected causes.



(1) Harvesting in the U.S. for research and teaching reportedly consumed anywhere
between 9 and 22 million frogs annually during the 1960s and 1970s (Gibbs et al.,
1971; Merrell, 1971). Many frogs, including Rana pipiens, were also harvested for
their edible legs from the late 1800s through the 1950s (Brice, 1897; Souder, 2000).

(2) Habitat loss or degradation is the most cited and the most likely cause of amphibian
declines worldwide (Blaustein, 1994; Corn, 1994; Jennings and Hayes, 1994; Wake,

1991; Wyman, 1990; Lehtinen et al., 1999). Loss of habitat has been implicated in the

__near extinction of Darwin’s frog (Rhinoderma darwinii) in Chile (Crump, 2000).In

addition, the red-legged frog (Rana aurora), mountain yellow-legged frog (Rana
muscosa), and the Natterjack toad (Bufo calamita) are among many amphibians that
have suffered declines due to habitat loss and degradation (Waldman and Tocher,
1998).

(3) Pollutants such as pesticides, are believed to have negatively impacted leopard frogs
in parts of Wyoming and Washington (Stebbins and Cohen, 1997). Agricultural run-
off (e.g., fertilizers and pesticides) have been found to cause deformities in Minnesota
frogs (including Rana pipiens) (Hayes, 1986; Souder, 2000).

(4) Ozone depletion causes an increase in UV radiation reaching the Earth’s surface.
Intense UV radiation is known to cause death and abnormalities in developing
amphibian eggs (Higgens and Sheard, 1926, in Duellman and Trueb, 1986; Blaustein
et al., 1994b). Exposure of anuran eggs to UV rays has been suggested as a cause of
decline in high-elevation populations of the western toad (Bufo boreas) in Oregon

{Blaustein et al., 1994b).



(5) Global climate change has been implicated as an underlying cause of amphibian
declines. In regions that have periodic droughts, global warming may cause an
increased frequency of drought. Although some amphibians are adapted to drought
conditions, (e.g., spade foot toad [Scaphiopus couchii ]; Newman, 1989), increased
drought frequency may not allow these amphibians enough time to carry on their life
cycles between drought periods. Similarly, changes in the timing of season can cause

 life cycles to be shifted, (e.g., emerging and breeding times to be earlier; Alford and

_Richards, 1999), which may upset the ecological balance in an area. Long-term

climate change may force populations to move to new locations in order to stay
within preferred climatic conditions. If populations are unable to move to suitable
regions quickly enough, or if geographic boundaries prevent them from doing so
(e.g., mountain ranges or large bodies of water), the population will likely perish.

(6) Anomalous weather patterns have been implicated in the disappearance of the
golden toad (Bufo periglenes) and decline of the harlequin frog (Atelopus varius) in
Costa Rica (Stebbins and Cohen, 1997; Crump, 2000). Sudden irregularities in
weather can cause massive die offs if a population can not tolerate a change they have
no physical or behavioral adaptations for.

(7) Introduced exotic species such as non-native fish and bullfrogs have been implicated
in declines of the red-legged frog (R. aurora) and mountain yellow-legged frog (R.
muscosa) in California and Nevada (Hayes and Jennings, 1984; Jennings and Hayes,
1994; Stebbins and Cohen, 1997). Invasive, non-native plants such as tall white top
(Lepidium latifolium) and salt cedar or tamarisk (Tamarix sp.) that invade riparian

habitats, can alter habitat making it unsuitable for amphibians. These plants tend to



dominate native vegetation, transforming vast areas into monocultures of the exotic
species. Studies on tall white top have shown that this weed acts as a salt pump,
taking sodivm from the subsurface soil and depositing it on the surface. (Blank and
Young, 1997; Young et al., 1997). Both plants are capable of completely changing
riparian habitats in a relatively short period of time.

(8) Disease, for example red legged disease, caused by Aeromonas hydrophilia, a

bacterium naturally common in amphibian habitats (Gibbs, 1973), can infect entire

__amphibian assemblages (K. Pope, pers. comm.). Chitrid fungus has also been

suspected in amphibian- dié offs in the western U.S., Australia, and central and South
America (K. Pope, pers. comm.; Daszak et al., 1999; Merrell, 1999). This fungus was
only recently discovered (1998) and its ultimate impact on amphibians is still
unknown (K. Pope, pers comm.). Chitrid fungus can be transported from water body
to water body by biologists, people recreating (e.g., fishing, boating), and others who
unknowingly carry the fungus on their shoes or equipment (K. Pope, pers. comm.).
Birds may also transport chitrid fungus if a part of the bird remains wet from an
infested water source and the bird enters another water body. Amphibians have an
increased susceptibility to both red-legged disease and chitrid fungus when they are
stressed or their immune systems are suppressed (K. Pope, pers. comm.; Daszak et

al., 1999).



Declines of Leopard Frogs

Continental declines of leopard frogs.—Leopard frogs (Rana pipiens complex) are
declining throughout their range. In the 1970s various reports estimate that between 9 and
22 million frogs were harvested annually in the U. S., Canada and Mexico for education
and research alone, and most of these were leopard frogs (Gibbs et al., 1971; Merrell,

- 1971). At this time it was calculated that the frog population in the U.S. had declined by

approximately 50% (Gibbs et al,, 1971). Captive rearing and frog farming have since

considerably decreased the amount of frogs taken from the wild for research and
education, and many populations have been able to rebound, although not to their original
numbers (Stebbins and Cohen, 19935). Studies begun in the 1960s indicate that population
declines began in eastern North America and spread west, and that currently, declines in
the western U.S. might be more severe than those east of the Rocky Mountains (Corn,
1994; Stebbins and Cohen, 1997). The general aridity of the west causes a higher human
demand for what little water exists. As the human population expands we increasingly
encroach on native habitats, often altering them, and rendering them unsuitable to native
species. A lowering of the water table occurs when water is continually diverted for
agriculture, livestock and recreation, which subsequently reduces wetland areas and
impacts species that are closely associated with these wetlands. Also, natural population
fluctuations could cause local extinctions if recruitment is impossible because a lack of

connectivity of habitat among populations.



Examples of leopard frog declines in the western U.S.—Surveys in Colorado reveal that
nine populations of léopard frogs disappeared between 1973 and 1982 and that these
extirpations have been attributed to habitat degradation (Corn and Fogleman, 1984). In
Targhee National Forest, Idaho, all ninety-eight sites that historically had leopard frog
populations were searched in 1992, and no leopard frogs were found (Clark et al., 1993,

in Stebbins and Cohen, 1997). Rana pipiens are now believed to be extinet in this area

- and causes are unknown. Similarly, the Chiricahua leopard frog (Rana chiricahuensis)

____was found in only 2 of 36 historical locations, and R. pipiens was found at 12 of 25

literature sites in Arizona between 1983 and 1987 (Clarkson and Rorabaugh, 1989).
Habitat alteration, including water diversion, severe erosion, and clearing of land for
agriculture are suspected causes of leopard frog declines here (Clarkson and Rorabaugh,
1989). As a result of severe declines, the Chiricahua leopard frog (R. chiricahuensis) was
recently proposed for listing as a threatened species in Arizona (Humphrey and Fox,
2000; Ryan, 2000). In Washington State, all historical sites containing R. pipiens were
surveyed in 1993, but only one leopard frog population was found (Stebbins and Cohen,
1997; Leonard et al., 1999). Bullfrogs (Rana catesbeiana) were found in more than half
of the former Rana pipiens habitat in Washington (Leonard et al., 1999). In Oregon, no
leopard frogs have been reported from the once populated Owyhee River drainage since
the 1970s, and causes are unknown (Stebbins and Cohen, 1997). Some populations of
leopard frogs in Wyoming and Minnesota that experienced declines in the 1970s, appear
to have partially recovered since the applications of pesticides and commercial collection

have been regulated (Gibbs et al., 1971; Moriarity, 1998).



Leopard frogs in Nevada.— Recent studies suggest that populations of leopard frogs
have severely declined, been locally extirpated, or are considered extinct in Nevada
(Corn, 1994; Panik and Barrett, 1994). Two endemic species of leopard frogs known
from drainages near Las Vegas, in southern Nevada are the Vegas Valley leopard frog
(Rana fisheri) and the relict leopard frog (Rana onca). Although R, onca, and R. fisheri
were considered to be R. pipiens until the 1970s, these two species are only known from

~ localized areas in Clark County. Rana fisheri has been considered extinct since the 1940s,

_whereas R. onca, thought to have gone extinct, was rediscovered by R. D. Jennings in

1799;tC0m, 1994). The third species of leopard frog, R. pipiens, was once widely
distributed in the northern three-quarters of the state. Lindsdale’s (1940) report on
amphibians collected in Nevada between 1927-1938 stated that leopard frogs (all
considered to be one species in 1940) were the “commonest and most widespread kind of
frog in the state.” Likewise, LaRivers (1942) stated that leopard frogs were “the most
widely distributed of Nevada Ranidae,” (this had to have included R. pipiens, R. onca,
and R. fisheri). In a more recent survey (1992) of the once populated Truckee River, in
Washoe County, R. pipiens were found in only one of 31 localities (Panik and Barrett,
1994). Anecdotal evidence suggests numerous local extirpations in western Nevada (P. F.
Brussard and H. R. Panik, pers. comm.). Museum records also indicate that few leopard
frogs have been collected since the 1970s. Although this later observation could reflect
collection effort, it might also indicate declines. My surveys of 87 historical sites in 2000
revealed few remaining populations in areas where leopard frogs once occurred. Despite
these declines, no one had undertaken a statewide study of the status of northern leopard

frogs in Nevada.
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The causes of many amphibian declines worldwide remain enigmatic (Barinaga, 1990,
Wake, 1991; Crump et al., 1992; Blaustein et al., 1994a). It is likely that different
populations respond to different threats, and some populations respond to combinations
of the hypothesized causes for documented declines (Blaustein and Wake, 1990; Rabb,
1990; Wyman, 1990; Houlahan et al., 2000). Determining the causes of leopard frog

declines in Nevada may offer insight into the decline causes of other populations of

leopard frogs and/or other amphibian species.

The Biology of Leopard Frogs

Taxonomy and distribution.—Prior to 1968, all leopard frogs in the United States were
considered to be a single species, Rana pipiens (Littlejohn and Oldham, 1968; Brown,
1973; Dunlap and Kruse, 1976; Hillis, 1988). Differences among populations were
considered to be examples of broad geographic variation within a single species (Pace,
1974). Closer scrutiny of morphological and behavioral characteristics in several
geographic areas led to the division of R. pipiens into four separate species by 1968,
specified by call type and referred to as northern, southern, eastern and western leopard
frogs (Littlejohn and Oldham, 1968; Brown, 1973; Pace, 1974). After 1973, leopard frogs
went through numerous species divisions (Pace, 1974). Currently, about 25 species of
leopard frogs are recognized within the Rana pipiens complex (Hillis, 1988) with
members distributed throughout North and Central America (Stebbins, 1985). Within this
complex, the northern leopard frog (Rana pipiens) is currently one of the most

widespread anurans in the United States. The geographic range of this species is nearly



11

trans-continental (Stebbins, 1885; Fig. 1). Leopard frogs occur in elevations from sea
level to about 3300 m (Stebbins, 1985). In many western states leopard frogs exist in
isolated populations, probably as a result of post-Pleistocene changes in climate, which
caused extreme fluctuations in water levels and the amount of water covering the West
(Fig. 2). Given the lengthy isolation of some of these populations, there are likely to be
additional cryptic species. However, genetic differences, as a result of geographic

_isolation, may have been obscured by the commercial transport of frogs which may have

__provided gene flow to many populations (Hoffman, pers. comm.).

Leopard frog lineages in Nevada.—There are two extant species of leopard frogs in
Nevada, the relict leopard frog (R. onca), and the northem leopard frog (R. pipiens; Fig.
3). Rana onca is restricted to springs surrounding L.ake Mead and to marshy areas
associated with the Virgin River in southern Nevada (Fig. 1). A third species, the Vegas
Valley leopard frog (R. fisheri), from Clark County Nevada is extinct (last seen 1942;
Behler and King, 1979). Rana onca was formerly synonymous with R. pipiens, and many
museum specimens collected from Clark County prior to the 1970s were incorrectly
identified as R. pipiens as well as other members of the R. pipiens complex (Jennings et
al., 1988). However, morphological differences distinguish R. onca from R. pipiens
(Hillis, 1988). Rana onca has shorter, less distinct dorsolateral folds, which extend three-
quarters of the way down the dorsum, whereas these folds extend the entire length of the
body in R. pipiens. The legs of R. onca are usually spotted rather than barred as in R.

pipiens and the upper labial stripe is incomplete in R. onca. Males of R. onca also lack the
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vestigial oviducts present in R, pipiens (Jennings et al., 1988). Finally, the ranges of the

two species do not currently overlap (Fig. 1).

Life history.—Rana pipiens is generally active from March through November depending
on regional climate (Pace, 1974; Merrell, 1977). Leopard frogs depend on wet areas,
although, they can be found far from water bodies during summer (Zenisek, 1963; Dole,

1967 Pacc 1974 Merrell 1977; Hine et al., 1981). These frogs commonly emerge in

early pnng (March or April) and males immediately begm calling for mates. During thls

" tlme frogs are concentrated in or around lentic water bodies where courtship and
spawning takes place (Hine et al., 1981; Merrell, 1977; Hammerson, 1999). Leopard
frogs generally do not lay their eggs until the water temperature remains at least 8-13 °C
for about 10 days (Merrell, 1977; Hine et al., 1981; Gilbert and Fortin, 1994). Males can
be distinguished from females during the breeding season by the presence of an enlarged
nuptial pads (thumb muscles), which are used for gripping the female during amplexus.
Males also have enlarged vocal sacs which become evident when vocalizing (Dole,
1965a). Egg masses are attached to aquatic vegetation from 10-65 cm below the surface,
usually in a shallow, warm area of the breeding pond (Zenisek, 1963; Pace, 1974;
Merrell, 1977; Hine et al., 1981; Hammerson, 1999). Females produce between 600—
6000 eggs per clutch (Hine et al., 1981; Gilbert and Fortin, 1994; Degenhardt et al., 1996;
Hammerson, 1999), and eggs hatch approximately 14-16 days after oviposition
depending upon temperatures (Hammerson, 1999). During the breeding season, females
are secretive, coming to the breeding pools only to mate, whereas males are more

conspicuous, calling from the surface of the water (Hine et al., 1981). This difference in
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behavior can give the impression of an unequal sex ratio in springtime, however studies
conducted through the summer and fall show that there are similar numbers of males and
females (Hine et al., 1981). After oviposition, leopard frogs leave the water and live
almost exclusively in moist grassy areas surrounding the breeding pool or other nearby
water sources (Dole, 1967). Males usually reach sexual maturity and begin breeding in
one year, whercas females usually mature their second spring after metamorphosis

(Force, 1933; Dole, 1965a; Gilbert and Fortin, 1994).

V;Surnmer movements are generally restricted to short distances. Leopard frogs are sit-and-
wait predators, and often remain in the same location for days (Dole, 1965b). During
nocturnal rains they are known to travel long distances (at speeds of up to 40 m/h)
perhaps to familiarize themselves with their surrounding habitat (Dole, 1965b; Merrell,
1971). In late fall, leopard frogs return to permanent water sources where they
occasionally can be heard calling, although there have been no reports of autumn
breeding (Pace, 1974). The onset of hibernation coincides with consistently cooler
weather (Zenisek, 1963; Merrell, 1971). In general, R. pipiens are no longer audible or
visible after the air and water temperature drop to about 10-12 °C (Zenisek, 1963; Hine et
al., 1981). Winter is spent in a state of torpor in mud depressions under water. In this
state, leopard frogs are capable of movement and have been observed lifting themselves
and rotating, presumably to increase oxygen diffusion through the skin because silt tends
to accumulate over their bodies (Emery et al., 1972). Rana pipiens may emerge
intermittently during hibernation in periods of warm weather, but will return to winter

torpor when temperatures drop below about 10 °C again (Zenisek, 1963).
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Leopard frogs feed on a variety of invertebrates (Degenhardt et al., 1996) however, like
most frogs, they are not selective with their food and will generally eat anything that
moves and can fit in their mouths. Predators of leopard frogs include numerous snakes,
tiger salamanders (Ambystoma tigrinum) and various species of fish and birds
(Hammerson, 1999). While living terrestrially, frogs obtain their moisture by sitting on
the damp soil and absorption takes place through a “seat patch” located in the groin area

______(Dole, 1967; Tracy, 1976).

Leopard frogs and ecosystem processes.—Leopard frog tadpoles are filter feeders and
consume algae, detritus, and suspended particles. Thus, they contribute to nutrient
cycling and convert particulate matter in aquatic environments (Seale, 1980). They also
may reduce eutrophication of ponds and lakes by grazing on primary producers which
may otherwise multiply unchecked (Seale, 1980; Stebbins and Cohen, 1997). Adult
leopard frogs are primary predators of invertebrates and, therefore, may contribute to the
control of insect abundance (Stebbins and Cohen, 1995). Both frogs and tadpoles are an
important food source for many fishes and riparian snakes, birds, and some mammals

(Stebbins and Cohen, 1995; Lannoo, 1998).

Leopard frogs as bicindicators.—The skin of amphibians in general, is a semi-permeable
surface through which gasses and water are exchanged and solutes within these substrates
may be absorbed. Because Rana pipiens use both terrestrial and aquatic habitats during

their life cycle, they are susceptible to changes in both environments. Therefore, these



15

animals are likely to experience effects of environmental perturbations before animals

with less permeable skin and/or without dual habitat requirements.
Habitat Assessment of Leopard Frogs

Characterization of Rana pipiens habitat.—Climatic conditions and biological

communities vary considerably across the broad geographic range of R. pipiens. Habitat

_in the northeastern United States can be characterized as moist deciduous forests,

lwhereas the southwest has arid coniferous forests at higher elevations and dry sagebrush
communities at lower elevations. Microhabitat similarities across regions may allow
northern leopard frogs to live in a diversity of ecosystems, therefore it is important to
characterize R. pipiens habitat at the microhabitat level. Habitat descriptions accompany
many of the published studies on R. pipiens. These data were used to (1) characterize R.
pipiens habitat by determining the main habitat components, and (2) determine which of

Nevada’s historical sites currently have the best habitat for R. pipiens.

Data collection.—A literature search was conducted for studies involving R. pipiens,
which included habitat descriptions. Twenty-nine papers described habitats in areas
throughout the geographic range of R. pipiens (Table 1). Descriptions varied in the amount
of detail given. Categories of habitat variable were made. Similar vegetation types were
combined into a single category (e.g., woody riparian vegetation included cottonwoods,
willows, and alder). The presence of each habitat component described by the authors was

tallied (Table 1). Although “marshes” could be included in “freestanding water”, whereas
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irrigation canals and ditches could be labeled “flowing water”, I kept these parameters
separate because of their unique properties. Grouping these parameters did not change the

overall result of the analyses.

Frequency of habitat components—The frequency of habitat variables reported in the
literature were summarized to determine the habitat features most often used by leopard

frogs throughout the United States and Canada (Fig. 4). The most frequently reported

habitat components at leopard frog locations were grass, water, and emergent vegetation.
Mc;rc épeéiﬁcally, leopard frogs were reported as occupying areas with freestanding water
more often than flowing water and marshes. Habitat constituents such as forest/woods,
springs, swamps, and circumstances such as no fish, permanent water, water > 2 m deep,
low concentrations of particulates in the water, and a muddy substratum are not described

in the bulk of the literature, and therefore were not concluded to be necessities

components for leopard frogs.

Regional microhabitat similarities.—Although regional climates and habitats be very
different throughout the geographic range of R. pipiens, the basic habitat components
remain very similar. Some areas containing grass, water, marshes, and aquatic vegetation
can be found even within the most arid of regions. Thus, it is no surprise that the
geographic range of R. pipiens is so large. To understand how leopard frogs were able to
arrive at suitable microhabitats within arid regions, we can examine the historical and

geologic past.
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Native and introduced frogs in Nevada—Historical records indicate that there were both
native and introduced populations of R. pipiens in the state in the early 1900s (R.
McQuivey, pers. comm.). For example, journal entries made by explorers in the mid
1800s record the presence of leopard frogs in Nevada prior to the arrival of non-native
American colonists (e.g., P. 8. Ogden, Snake Country Journals, 1829; E. D. Perkins, Gold
Rush Diary, 1849). Newspaper articles report that frog farming and importing frogs for

commercml use was a profitable business in the late 1800s (e g Gold Hill News, 1871;

White Pine News, 1872; Elko Independent, 1872; Carson Dally Appeal, 1878; Reno

| WEvemng Gazette, 1883). These reports indicate that both leopard frogs and bullfrogs were
plentiful in Nevada in the late 1800s (e.g., Nevada State Journal [Reno], 1883; Silver State
[Winnemucca], 1885; Mason Valley Tidings [Greenfield ], 1893; Walker Lake Bulletin
[Hawthorne], 1893; Genoa Weekly Courier, 1895). Documented introduced populations of
leopard frogs were centered around major towns and cities, and these frogs likely
hybridized with native leopard frogs if present. To explain how native populations of
leopard frogs could have spread throughout Nevada, an understanding of the Great

Basin's hydrographic history is nccessary.

Post-Pleistocene changes.—The Great Basin, an interior hydrographic basin covering
most of Nevada, has undergone large fluctuations in surface water levels since the
Pleistocene (Grayson, 1993). For most of the Pleistocene, pluvial Lake Lahontan covered
one fourth of Nevada, and sometime between 14,500 and 13,000 years B.P., water levels
in Nevada reached their all time high (Benson, 1993). Since then, there have been at least

three major fluctuations between high and low water levels (Grayson, 1993; Fig. 2). In
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times when the Great Basin received high precipitation, frogs (and other riparian-obligate
species) would have greater opportunities to disperse widely within the state. In times of
low precipitation, riparian species would have been confined to fewer bodies of water.
During the period of western expansion in North America (early to mid 1800s), leopard

frogs likely had been in Nevada for thousands of years.

On a smaller scale, even subtle changes in water levels can have large effects on

ter—As-water levels-drop;interstices-of dry land between patches of

— -wethabitat-emerge and increase in size, potentially causing greater isolation from one

water body to another. As the patches of wet habitat become increasingly isolated,
organisms depending on that habitat may be unable to move from one water source to
another. These hydrological events impede gene flow and recolonization and ultimately
may lead to local extirpations. Water sources can become isolated from one another as a
result of anthropogenic and natural causes. Isolation in conjunction with habitat
degradation, climate change, anthropogenic disturbance, disease, or even natural

population fluctuations can cause local extirpation and declines in virtually any species.

Conclusions —Though regional climactic differences are large throughout the geographic
range of Rana pipiens, basic microhabitat components in riparian areas tend to be similar.
These microhabitats and the amphibian populations they support may be more isolated
from each another in arid regions. Anthropogenic changes may have larger effects on
amphibian species in arid areas than in moister regions because the isolation of water

sources can occur quickly when connecting wet habitats are removed. The aridity of
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Nevada and the constant changes (both natural and anthropogenic) occurring in this
region likely contributed to the isolation and ultimately the decline of leopard frogs in

this state.
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Figure 1. Putative geographic distribution of the northern leopard frog (Rana pipiens), the
relict leopard frog (Rana onca), and the Vegas Valley leopard frog (Rana

fisheri). Map was modified from Stebbins (1985).

Figure 2. Simulation of surface water coverage (blue) of the western Great Basin (a)
13,750 years B.P. (b) 12,500 years B. P. (c) 2,500 years B.P. (d) 1000 years

B.P. Several cycles of high and low water levels have occurred since 14,000

__years B.P. giving frogs ample opportunity to colonize and become establishedin

many locations in Nevada.

Figure 3. The northern leopard frog (Rana pipiens). Specimen shown here was caught at

Ruby Lake National Wildlife Refuge, Elko Co., Nevada (July 2000).

Figure 4. Frequency of habitat constituents at leopard frog locations reported in the
literature. Grass, water, marshes and aquatic vegetation are the habitat

components most often found in study areas supporting leopard frog

populations.
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Figure 4

Habitat Constituents Reported
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Chapter 11: The Status and Distribution

of the Northern Leopard Frog (Rana pipiens) in Nevada
Abstract

Leopard frog populations are declining. Declines in the western United States appear to

be more severe than declines east of the Rocky Mountains. The northern leopard frog

(Rana pipiens) was once widely distributed across the state of Nevada, however, repeated

Hsurveys of historical sites revealed that leopard frogs have severely declined in the state.
Analyses have determined that suites of habitat variables where leopard frogs are present,
are statistically different from habitat where leopard frogs were not found. However,
some sites without leopard frog populations appear to be similar to sites where frogs are
extant for three possible reasons: (1) leopard frogs live in areas that have the same basic
habitat components as sites without frogs, but only specific combinations of these
components can support frogs, (2) sites without leopard frogs may be able to support
leopard frog populations, but do not have the characteristics necessary for long term
persistence, and (3) sites with leopard frogs are vulnerable to extirpation. Threats to
leopard frogs in Nevada include habitat degradation and negative interactions with
introduced species. Long-term population monitoring, and captive-breeding followed by
repatriation is recommended for the persistence of leopard frogs in Nevada. Additional

experimental research to gain evidence for decline causes in this state is encouraged.
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Introduction

Leopard frog (Rana pipiens complex) populations appear to be declining on a continental
scale (Jennings and Hayes, 1994; Drost and Fellers, 1994; Leonard et. al., 1999). The
recent proposal for listing of the Chiricahua leopard frog (R. chiricahuensis) in
southeastern Arizona as well as documented declines of northern leopard frogs (R.

‘pipiens) in areas of Colorado, Wyoming, and Idaho have drawn attention to western

_;United States as a region warranting immediate attention (Corn and Fogleman, 1984,

WiClarkson and Rorabaugh, 1989; Com et al., 1989; Koch and Peterson, 1995; Humphrey
and Fox, 2000; Ryan, 2000). Leopard frogs were the most common amphibians in
Nevada when Jean Lindsdale compiled state records for amphibians and reptiles in the
late 1930s. However, leopard frogs were found in only 18 of 97 historical locations
during repeated surveys in 2000 and 2001. Three of these historical sites with leopard
frog populations were in southern Idaho. These data suggest a severe decline. Habitat
degradation and negative interactions with introduced species (e.g., tall white top and
bullfrogs) are likely causes of these declines. Because leopard frogs require both
terrestrial and aquatic habitats to complete their life cycle, these frogs may be useful as
indicators of riparian health. This study was conducted to provide baseline information
on R. pipiens in Nevada that is necessary for hypotheses testing and management of this
species. My objectives were to determine the current status and distribution of R. pipiens
in Nevada, compare habitat where frogs were found to where frogs were not found, and

investigate likely causes of declines. This was accomplished by conducting repeated
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surveys of historical and random sites, recording habitat parameters and disturbances

found at each site, and statistically analyzing habitat variables.

Amphibian decline.—Evidence for global amphibian declines has been collected since the
1970s (Barinaga, 1990; Blaustein and Wake 1990; Wyman, 1990; Wake, 1991; Com,
1994, Drost and Fellers, 1996). Hypotheses proposed to explain declines include over

harvesting, habitat loss or degradation, pollution, ozone depletion, global climate change,

__._anomalous weather patterns, introduced exotic species, and discase. However, no single

factor appeéfé fo explain patterns of decline, and many extinctions remain enigmatic. For
example, the gastric brooding frog (Rheobatrachus silus) of eastern Australia, discovered
in 1973, had mysteriously disappeared by 1981 (Tyler, 1989). Likewise, the golden toad
(Bufo periglenes) of Costa Rica has not been seen since 1989 (Crump, 1992). The
disappearance of both of these species was surprising because their habitats remained
seemingly undisturbed. Because so many populations have unknown extinction causes, it
is important to study similar species before they are on the brink of extinction to
determine the process by which extinction is occurring, and deduce ways to prevent

future declines.

Amphibians in western United States appear to be more vulnerable to decline and
extinction than those east of the Rocky Mountains (Corn, 1994; Stebbins and Cohen,
1997). For example, leopard frogs have declined in Arizona, Colorado, Idaho, Montana,
New Mexico, Oregon, Washington, and Wyoming (Gibbs et al., 1971; Hammerson,

1982; Corn and Fogleman, 1984; Hayes and Jennings, 1986; Clark et al., 1993, in
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Stebbins and Cohen, 1997; Clarkson and Rorabaugh, 1989; Stebbins and Cohen, 1997;

Leonard et al., 1997).

Recent studies suggest that leopard frogs have declined, been locally extirpated, or have
gone extinct in Nevada (Corn, 1994; Panik and Barrett, 1993). There are two endemic
species of leopard frogs in Nevada, known only from isolated drainages near Las Vegas,

the Vegas Valley leopard frog (Rana fisheri}, and the relict leopard frog (R. onca). Rana

____[fisheri has been considered extinct since the 1940s, whereas Rana onca once thought to

have gone e*ﬁnct, was recently rediscovered by Jennings in 1993 (Corn, 1994). A third
species of leopard frog, the northern leopard (Rana pipiens), known from across most of
the northern U.S. and southern Canada (Fig. 1), was reported to be the most common and
widespread amphibian in Nevada in the early part of the 20" century (Lindsdale, 1940).
Until the 1970s, R. pipiens, R. onca, and R. fisheri were considered a single species.
Recent anecdotal evidence suggests R. pipiens is no longer abundant in Nevada (Panik
and Barrett, 1993). Despite these putative declines, a statewide study of the status and

distribution of northern leopard frogs had not been undertaken in Nevada.

Study Objectives

This study was designed to determine the current status and distribution of Rana pipiens
in Nevada and investigate likely causes of any declines. There were three objectives of
this study. First, the status and statewide distribution of R. pipiens was determined by
surveying both historical and randomly chosen wetlands for leopard frogs. Anecdotal

evidence and preliminary data indicated that leopard frogs are no longer as abundant in
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Nevada as they were in the 1930s. Contemporary field guides (Stebbins, 1985; Behler
and King, 1998) show R. pipiens distributed across the entire state. However, both
historical records and anecdotal evidence indicated that R. pipiens distribution is neither
continuous nor widespread. Second, likely causes of declines were investigated through
habitat assessments, and presence of disturbances. Agricultural and livestock practices,
presence of exotic species, and water depletion through anthropogenic and natural

changes are possible causes of leopard frog declines in Nevada. Third, differences

between sites where frogs are found and where they are not found were examined to

identify habitat components that predict leopard frog presence.

Methods

Historical Data

Twenty-two major U.S. museum collections were queried for records of Rana pipiens in
Nevada (Appendix 1). Nine museums provided a total of 166 records. Locations from the
literature and biologists’ field notes provided 12 additional historical records, and recent
observations of leopard frogs provided three more localities in Nevada. Furthermore, the
number of sites with extant leopard frog populations was enhanced, by including three

sites in southern Idaho, near the Nevada border, with habitat comparable to Nevada.

Identification of Historical Sites
Records with identical locality descriptions, but with specimens deposited in different

museum collections, were considered a single historical site. Records determined to be
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Rana onca, based on collection date and locality information, were excluded from this
study. Rana onca was not recognized as distinct from R. pipiens until 1971 (Platz and
Mecham, 1979), and the distributions of the two species do not appear to overlap
(Stebbins, 1985; Fig. 1). Records lacking sufficient locality information (i.e., those giving
only a County, or a town name, and those that I was unable to locate in the field) were
excluded from analyses. Locations that had connecting habitat were considered to be the

same site. These restrictions left a total of 97 distinct historical sites of R. pipiens for this

study. These sites were located on a digitized map of Nevada and Idaho (Biological

Resdurcéstesearch Center, University of Nevada, Reno; www.brrc.unr.edu) using
Arc/View v, 8.0, and map coordinates were recorded from the map for sites lacking this
information in original records. All site localities were confirmed using a Garmin eTrex
{Olathe, Kansas) GPS device in the field. Information on land, water, and trends in frog
populations was obtained for several areas in Nevada by talking with biologists, park

rangers, ranchers and private land owners.

Random Sites

An additional 20 wetland sites were chosen randomly from GIS coverages (not included
in historical records). These sites were surveyed twice in 2001 to look for previously
undocumented leopard frog populations. Site locations and descriptions, number of visits,
and average number of R. pipiens seen are listed in Appendix 2. The random sites were
generated using Excel v. 8.0 (Microsoft Corporation) and ArcView v. 8.0 (ESRI)
software. In ArcView, a 12-m buffer around Nevada’s lakes and streams was created.

This buffer distance was chosen because terrestrial habitat at distances further than 12 m
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from water are likely to be dry given the general aridity of the Great Basin. The buffer
coverage was merged with a map of Nevada’s wetlands, riparian habitat and wet
meadows, selected out of the Nevada vegetation database (Utah Cooperative Fish and
Wildlife Research Unit, 1996), to create one polygon coverage of likely frog habitat
within the state. Two thousand four hundred random coordinates within Nevada were

generated in Excel and converted to an archived shape file within my map. The 20

wetland locations were points that intersected with the wetland coverage.

Additional Sites

Sixteen newly found records of historical locations were surveyed in 2001. These records
were found after the first field season, in unpublished reports and field notes of biologists
working in Nevada. The sixteen sites were surveyed once or twice depending on pre-

determined criteria (see survey techniques).

Surveying and Characterization of Historical Sites

Historical Sites.—All historical sites were initially surveyed in 2000. Sites with extant
frog populations in 2000 were visited once in 2001 to ensure there was no drastic
population fluctuation from the previous year. Sites with suitable habitat for Rana pipiens
but in which no frogs were found in 2000 were revisited twice in the subsequent field
season (2001), during the breeding season (April-May 2001) and again in the summer
(June—August 2001), to determine if individuals had escaped detection in 2000. Repeated
surveys are recommended to increase the likelihood of finding current populations from

historical data (Corn, 1994; Reed, 1996). Suitable habitat was defined by the presence of
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specific minimum habitat requirements as reported in the literature (Merrell, 1977; Hine
etal., 1981) and the results of a habitat assessment conducted for this study (Chapter 1).
The smallest patch of terrestrial habitat in which leopard frogs were encountered in 2000
was 100 m?, and was therefore used as a minimum-area criterion for terrestrial habitat of
leopard frogs. The four most frequently reported habitat variables at leopard frog sites
were grass, freestanding water, flowing water, and marshes. Therefore, sites having

freshwater and at Jeast 100 m’ of wet meadow, grassy field, or marsh were considered

slulabl@ habitat regardless of habitat perturbations (e.g., exotic species, agriculture,

livestock, etc.). This method produced a subset of 38 of the 97 historical sites where

suitable leopard frog habitat currently exists.

Sites were surveyed by trained, experienced field technicians, either alone or in pairs.
Thirty-three percent of the surveys were made by one person, and the remaining 67%
were surveyed in pairs. All surveys were conducted during the daylight hours and lasted
from 0.6-2.8 h. Nighttime surveys are not as successful as daytime surveys in general
(Dole, 1965b; Hine et. al., 1981; this study), and a single site (Ruby Marsh) surveyed
both during daylight and after dark during this study revealed 19 frogs during the day and

one frog at night.

The area surveyed at each historical site in 2000 depended upon the available habitat.
All sites in 2001 were surveyed by walking 2 km in each direction up and downstream
from documented locations and, if conditions allowed, by boating the stretch of river or

pond perimeter and surveying the emergent vegetation to search for populations that may
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have migrated from historical locations. Two kilometers was chosen because this distance
exceeds the dispersal distance of most leopard frogs {(Dumas, 1964). Although a distance
of 2 km may not account for decades of migration, it was biologically meaningful,
especially if dispersal was recent. Drought conditions within the Great Basin in the last

few years may have forced frogs to migrate up drainages.

Random and Additional Sites.—Random sites were initially surveyed in 2001. These sites

were visited twice if they had water, If no water was found at the random site, the nearest

water to this site was surveyed twice (N = 10). If there was no water within several

kilometers of the site, the locality was visited only once (N = 3).

The locations from the 16 new records were surveyed one or two times during 2001 in
accordance with methods used for 2000 (i.e., sites without frogs were resurveyed if they
had water and 100 m? of wet meadow, field, or grass). Leopard frogs were found in
eleven of the 16 new locations during the first survey and therefore were not resurveyed.
Two of the remaining new locations were visited only once because one had no water at
or near he location, and another site had only puddles of water, no terrestrial habitat, and
heavy road-building machinery working throughout the area. The remaining three

locations were visited twice.

Survey techniques.—Surveys were conducted throughout the entire active season (late
March—early October) to facilitate visits to all sites at least one time during the life cycle

of R. pipiens when they would be most conspicuous (e.g., breeding in early spring, and
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metamorph dispersal in late summer). During the spring (late March—May), R. pipiens are
concentrated around breeding areas where males call for mates (Zenisek, 1963; Merrell,
1977; Hine et. al., 1981), and are therefore easier to find than during the summer when
they disperse to grassy wet meadows and other damp places (Dole, 1967). Rana pipiens
tadpoles metamorphose and disperse in late summer (July—August) and can be found in

great numbers at the perimeters of water bodies at this time (Bovbjerg and Bovbjerg,

1964; Merrell, 1977). Adult R. pipiens congregate around water bodies again in early fall

oo ,W,_(S_eptember—October,) just before hibernation (Zenisek, 1963; Pace, 1974).

Sites were surveyed for frogs by walking back and forth along banks and in grassy and/or
marshy areas. Dip nets were swung from side-to-side to flush out frogs that might be
hidden in the vegetation (Dole, 1965a). Frogs and tadpoles were captured by hand or net.
Aquatic breeding areas were visually surveyed for tadpoles and egg masses, and aquatic
vegetation was probed to displace hiding tadpoles. Frogs were sexed (males have
enlarged thumb pads and vocal sacs), weighed (+ 0.5 g), and their body length measured
(SVL £ 1 mm). Tissue samples (toe tips) were collected for genetic analysis (not part of
this study). Up to five adults and tadpoles per population were taken as vouchers and

were deposited in the University of Nevada, Reno Zoology Museum.

Habitat data.—Habitat components of each site were measured or estimated, and
locations were photographed. Measurements and estimates made at each of several visits
were averaged together to generate a single measurement for each variable for each site.

Total area surveyed was measured by counting paces made through the area, or along
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each side of a water body converted into kilometers (1 pace [2 steps] = 1.5 m). This
distance was then multiplied by the width of the area covered. If more than one person
surveyed an area, each person calculated their own area searched and the areas from each
person were combined. Areas of large water bodies were estimated by pacing off the
average width and length of the pond, lake or stream and multiplying the two distances.
In areas with large expanses (>100 m?) of primarily one type of vegetation (e.g., grassy

field, and cattail marsh), estimates were made of the area searched by the amount of

_paces made through that area. In general, areas (>100 m”) were estimated instead of

méasured because we felt that precise measurements of large areas were unimportant
biclogically, and sometimes impossible to obtain. For example, areas that were extremely
large (i.e., those having many hectares of marsh), or impossible to walk (i.e., those with
deep mud, or with vegetation too dense to walk through), were either visually estimated
on site, or estimated later using maps (map scales ranged from 1:24000-1:250,000).
Dominant vegetation types were recorded and estimates of percent cover of vegetation
over of the total area searched were made. Conductivity, pH, and water temperature, were
measured at each site ca. 20 cm below the water surface at the waters edge. Bank height,
flow, water depth, stream width and small pond areas were also measured. Cloud cover,
wind velocity, and air temperature were recorded at the time of each search, and any
weather changes throughout the time of the survey were noted (e.g., increased cloud
cover, and precipitation). Sightings or sign of potential predators, competitors, or other
animals suspected to affect frogs or their habitat were noted at each site. Habitat

modifications by anthropogenic causes were also noted.
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Data Analyses

Disturbance types—Habitat disturbances were recorded at each site and compiled to
determine the most prevalent type at sites with frogs and sites without frogs (Fig. 2). The
97 historical sites, but not the random sites, were included in this analysis. Random sites
were excluded because their purpose was to determine if undocumented leopard frog
populations existed, No undocumented populations were found, therefore it was uncertain

that habitat at the random sites was comparable to habitat of historical sites. Historical

- sitesarebiologically meaningful to leopard frogs because we k;:ow that fr-ogs ir“l-l;;ii)i-ted
- W&?es; io;;ttxons at some point in time. Disturbance types were tallied for each historical
site and a histogram was created to illustrate frequency of occurrence for each category of
disturbance. Sites were permitted to be included in more than one category if more than
one disturbance type was present. A miscellancous category was created to account for

various uncommon disturbance types such as mowing, construction, trash or an

undetermined cause manifested in the absence of vegetation.

Principal components analysis—Habitat measurements from historical sites were
standardized, and used in a principal components analysis (PCA). Only those variables
considered to be biologically meaningful to leopard frogs were used in this analysis
(Appendix 3). Many of these variables were not independent from one another, therefore,
a PCA was used to create a set of new variables (factors) that were uncorrelated, for use
in subsequent analyses. Principal components analysis combines the input variables
linearly, such that the first combination explains the greatest amount of the variance

within the data set, the second combination describes the next greatest amount without
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overlapping the first, and so on, until all the variance is accounted for in the form of
multiple principal components. Every principal component need not be used in
subsequent analyses because most of the variation within the data set will be accounted

for by the first few.

There are several ways of deciding how many principal components should be used in

_ _sq_l?g_:c_ll_lgn_t_ analyses (Hair et al., 1987). It is unclear if one method is better than another,

__however, the most often used method is to use only those principal components with

eigéﬁ;/élues > rl (Gutzwiller and Barrow, 2001). The PCA was computed in StatView® v.
4.5.1 (Abacus Concepts) statistical software using 22 continuous variables and 97 sites. |
used the 75% variance rule, which was the program default to create factors (Roth, 1995).
The resulting seven orthogonal factor scores were used as the principal components (Hair
et al., 1987). The seven principal components were then used as independent variables in

a logistic regression (described below).

A correlation matrix of both the original variables and PCA factors was created in JIMP®
v. 4.0.4 (SAS Institute) to determine which among the original variables were correlated
with each factor. All coefficients with values of > 0.6 were considered correlative
(showing a correlation between the original variable and the factor), which indicated the
important components of each factor (Table 1). By determining what each factor
represented (e.g., orthogonal factor 1 became the habitat-size factor), conclusions could
be made regarding what was biologically meaningful with respect to the habitat data

collected. The correlation value of > 0.6 was chosen because it represented the value at
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which variables did not overlap, therefore permitting a correlative habitat description of
each factor (e.g., habitat size was the main correlative variable for only factor 1, even
though it was also represented in some portion in all of the other factors; Hair et al.,

1987).

Logistic regression—A logistic regression (JMP® v. 4.0.4; SAS Institute) was used to

compare habil;ajs between sites populated and unpopulated by leopard frogs. The seven

orthogonal factors or principal components (with eigenvalues >1) from the PCA were

used as independent variables and the presence/absence of frogs was used as the

dependent variable for this analysis.

Multi dimensional scaling—Ordination techniques were used to reveal patterns of
similarity/dissimilarity in habitat characteristics among sites. Ordination was computed
with NT-SYS-pc (Rohlf, 1995). Each variable was standardized by subtracting its
minimum and dividing by its range. A Bray-Curtis distance matrix was computed based
on habitat, which ordered sites according to similarities to other sites across all habitat
variables. A principal coordinates analysis was conducted as a preliminary ordination,
and multidimensional scaling was used to improve the representation of the distance
matrix. The two resulting habitat axes were then rotated so that the first axis was aligned
maximally with the presence versus absence of frogs. A variance ratio test was also
conducted using the rotated principal coordinate axes from above. The variances of these
axes were calculated in Excel and sites having frogs were compared statistically to sites

without frogs along both axis one and two, using an F-test. A Mann Whitney-U test was
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used to statistically compare the means of axis one for sites with frogs and from without

frogs, and the analysis was performed in StatView™ v.4.5.1 (Abacus Concepts).

Dendrogram.—All historical sites were used in a hierarchical cluster analysis (using the
Ward method in JMP® v. 4.0.4, SAS Institute). From the dendrogram, I made general

characterizations for each group of sites and labeled them according to their known

similar properties. The resulting clusters were also mapped to show where clusters fall

- geographically.

Results

Status and Distribution of leopard frogs in Nevada

Historic and current distribution of leopard frogs.—Data compiled on historical R.
pipiens populations indicates that the historical distribution of these frogs is different
from the distribution shown in field guides. According to historical records, leopard frogs
were never documented from central Nevada (Fig. 3). This study also shows that the
current distribution of leopard frogs in Nevada is much smaller than the historical

distribution (Fig. 4).

Sites with leopard frogs.—Of 117 sites surveyed in 2000-2001, leopard frogs were found
at 18 (15%) locations (Appendix 2; Fig. 5). No leopard frogs were found in extreme
northwestern (four sites), or central (seven sites) Nevada. The majority of extant
populations were found in eastern Nevada, especially in Spring and Lake Valleys. Six

populations in these valleys were geographically isolated by large expanses of dry
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uninhabitable areas. However, because of the presence of numerous springs and
connecting habitat, there is likely a network of populations throughout these valleys.
Only five of 79 (6%) historical locations taken from museum records had frogs. Sites
described in literature and field notes provided eight of 12 (67%) locations with frogs,
and personal communications added two of three (67%) locations with frogs. The three

sites visited in Idaho all had frogs. Three of four sites with leopard frogs in 2000 also had

leopard frogs in 2001 These two-year sites were Ruby Marsh, Ferguson Sprmgs and the

] Jolm 8 p{operty in Wadsworth. At the site south of Minden in which only a smgle leopard

frog was seen in 2000, no leopard frogs were seen in 2001. At three historical sites in
which no leopard frogs were found in 2000 (Ambrosetti Pond Ranch, Dead Ox Wash,

and Zgraggen Ranch), one or two frogs were seen at each site in 2001.

Eight additional occupied sites were found by surveying previously unsearched areas
which were described in field notes, or from reports and personal communication
(Hovingh, Bear, and Sada, pers. comm.). All eight sites had standing water and at least
100 m? of wet meadow, field, or marsh, (see Appendix 4 for more detailed site
descriptions). Three locations in Idaho with Rana pipiens populations were visited and
habitat data were obtained from these sites. Leopard frogs inspected at all sites

throughout Nevada and Idaho appeared to be healthy.

Potential threats.— Fifty-three (55%) sites had fish large enough to be predators of frogs,
tadpoles or eggs, and 46 (47%) had predatory birds. Forty-one (42%) sites had cattle or

evidence of cattle at the time of the search. Snakes were seen at 26 (27%) sites.
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Amphibians (other than leopard frogs) were seen at 26 (27%) of the historical sites, 24
{25%) of the amphibian populafions were bullfrogs. Seven (7%) of the historical sites

were completely dry.

Habitat analysis

Physical characteristics—Elevations ranged from 945-2250 m. All 97 historical sites

had air and water temperatures within the range acceptable for leopard frogs to be active,

and-all sites were located within the documented elevational range of leopard frogs

7(;Stelr)ili)irrls,fl 985) Sites with frogs had pHs ranging from 6.3-8.8 (= 8.1, SD £ 0.75), and
sites without frogs had pHs ranging from 6.7--10.8 (y = 8.0, SD + 0.84). Conductivities

ranged from 108-954 (y = 479, SD + 253) at sites with frogs and from 28-6670 (y = 640,
SD + 1012} at sites without frogs. Flow ranged from 0.0-0.4 mv/s (y = 0.04, SD £ 0.10) at

sites with frogs and 0.0-1.0 m/s (y=0.16, SD + 0.23) at sites without frogs.

Types of disturbance.—All sites had at least one type of obvious disturbance. Various
forms of habitat degradations were found at 72% of sites without frogs and 78% of sites
with frogs. This was the largest category for both groups, which included disturbances
that did not fit in tot the other categories. Percentages of each disturbance are reported at
sites without frogs versus sites with frogs as follows: fragmentation (67%, 22%); erosion
(57%, 44%); no water or drying up (37%, 11%); agriculture and irrigation (37%, 72%);
human recreation (35%, 22%); urbanization (34%, 6%); grazing (30%, 44%); bullfrogs
(25%, 22%); tall white top and tamarisk (13%; 22%); and high predator density (5%,

17%; Fig. 2). Two sites with bullfrogs and some grazing each revealed a single leopard
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frog (Minden and Ambrosetti Pond Ranch), and a third site with bullfrogs and some
grazing supported a leopard frog population (the John’s property). Two sites (Ruby
Marsh and Gray’s Lake) are wildlife refuges with human recreation and a high predator
density, (predators included trout, bass, shore birds, and ducks), supported populations of
leopard frogs. One isolated site with disturbed terrestrial habitat and evidence of human

recreation supported an extremely large and dense population of leopard frogs (Ferguson

Principal components analysis.— The result of the PCA was highly significant (P =

<0.0001). The analysis produced 11 principal components (or factors), of which seven
had eigenvalues of >1.0. These seven factors accounted for 74% of the total variance
within the original variables [factor 1 (25.5%), factor 2 (15.8%), factor 3 (9.9%), factor 4
(8.4%), factor 5 (5.2%), factor 6 (4.8%), factor 7 (4.3%)]. The correlations show that
factor 1 is primarily made up of habitat size, open water size, wet ground size, and
conductivity; factor 2 minimum bank height and average bank height; factor 3 cobble
substratum, and rocky substratum; factor 4 elevation, and longitude; factor 5 latitude;
factor 6 concrete; and factor 7 algal mats, and emergent vegetation (Table 1). Factors
were evaluated according to the above correlations as follows: factor 1 corresponds
primarily to potential habitat size, factor 2 to bank height, factor 3 to substratum, factor 4
to geographic location, factor 5 to latitude, factor 6 to concrete, and factor 7 to aquatic

vegetation.
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Logistic Regression.— Habitat at historical sites where leopard frogs are extant is
statistically different from historical sites without leopard frogs (2 < 0.0001). Four of the
seven habitat factors were also significant. These included habitat size (P = 0.0406), bank
height (P = 0.0025), geographic location, (P = 0.0165), and aquatic vegetation (P <

0.0001), but not substrata (P = 0.1237), northing (P = 0.1856), or concrete (P = 0.2788).

Multi-dimensional scaling—The scatter plot of historical sites indicates that sites having

-gxtant populations of leopard frogs cluster, and are more similar to one another, than are

sites without léopard frogs (Fig. 6). The main separation between sites with frogs and
sites without frogs was found along axis one, as leopard frogs sites were statistically
different from sites without frogs (U = 164; P <0.0001). This plot also shows that sites
with leopard frogs fall within the range of sites without frogs (i.e., sites without leopard
frogs appear to be more variable than those with extant frogs). The variances of the
principal coordinate axis one and axis two were statistically different (F = 3.824, Piyo.uiled
= 0.003; F = 3.741, Piwo-uiied = 0.003) for historical sites without leopard frogs (6=
0.588; N = 79) and for sites with leopard frogs (6° = 0.154 ; N = 18). This indicates that
sites without leopard frogs are significantly more variable along both axes than those

with leopard frogs.

Dendrogram.—The hierarchical cluster analysis produced 11 main clusters, which
grouped sites according to their overall habitat similarities (Fig. 7). Clusters represent
general site characteristics and are grouped from top to bottom by color. Cluster la (red)

contains eight sites, three of which had leopard frogs. Sites within this group were located
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in western Nevada, and had small damp areas with shallow pools or ponds. Cluster 1b
(red) contains five sites, one of which had leopard frogs. Sites in this cluster were located
in western Nevada, had large areas of shallow water, and patchy terrestrial habitat, with
the exception of site 99, which had no suitable terrestrial habitat. Cluster 2 (light blue)
contains ten sites, one with leopard frogs. These sites had little or no terrestrial habitat

and isolated springs or large bodies of water. Cluster 3 (green) contains four sites, three

of which had leopard frogs. This site is characterized by large areas of wet grass with

adjacent large bodies of water. Cluster 4a (dark blue) includes four sites, none of which

had leopard frogs. This site is characterized by wet grassy areas. Cluster 4b (dark blue)

has two sites, also lacking leopard frogs, and both of these sites lack terrestrial habitat.
Cluster S (purple) has three sites, all of which had leopard frogs. Each of these sites
contains small isolated springs. Cluster 6 (green) includes four sites, which had no
leopard frogs. These sites had slow moving creeks with either down-cut or flattened
banks, and little or no suitable terrestrial habitat. Cluster 7 (yellow) has five sites, none of
which had leopard frogs. This site is characterized by pools with adjacent flowing water,
and patchy wet grassy areas, with the exception of site 112, which had no grassy areas.
Cluster 8 (dark blue) has six sites, none of which had leopard frogs. This cluster is
characterized by no suitable terrestrial habitat and human-altered aquatic habitats. Cluster
9 (green) includes two sites, none of which had leopard frogs. These sites are distinct
sections of the same creek, characterized by dry substratum and no suitable terrestrial
habitat. Cluster 10 (purple) contains three sites, none of which had leopard frogs, and this

cluster is characterized by large arcas of human-altered aquatic habitat, and no suitable
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terrestrial habitat. Finally, cluster 11 (orange) includes a single site lacking leopard frogs.

This was the only cemented ditch surveyed.

There were two main clusters, one that included some sites with frogs, and the other that
had no sites with frogs. These two main clusters were mapped, and both frog and non-

frog sites fall throughout Nevada. Therefore there is no evidence of a geographic reason

for the presence/absence of leopard frogs on this level. However, ten smaller clusters

S mthm thf.ttwo main ¢lusters were also mapped. On this finer scale, the map shows that

some sites cluster geographically (Fig. 8).

Discussion

Status and Distribution

Historic and current distribution of leopard frogs—The historical distribution of leopard
frogs based on records I collected, was determined to be smaller than previously reported
(Stebbins, 1985; Fig. 3). However, the current distribution determined from this study, is

both considerably smaller, and less continuous than the historical distribution (Fig. 4).

Sites with leopard frogs.—Leopard frogs appear to have declined in Nevada over the past
70 years. Leopard frogs reportedly used to be found over much of Nevada, but of the 114
sites in this study, R. pipiens were found in only 15 locations (excluding the three Idaho
sites). Six sites with leopard frogs were found in the same valley. These sub-populations

may function as a metapopulation because numerous neighboring springs in this valley
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likely allow occasional gene flow between populations, therefore enabling populations to
persist through extinction and recolonization events. All other extant populations in
Nevada did not appear to have the potential for a metapopulation dynamic. It is unlikely
that any substantial populations of leopard frogs exist in undocumented areas because no
R. pipiens were found at 20 random locations determined to have characteristics suitable

for leopard frogs. It is also unlikely that any substantial populations of leopard frogs were

missed at historical locations because multiple surveys of migration pathways were

. conducted. If populations are so small that they are undetectable with multiple surveys,

then these populations may be on the verge of extirpation.

Comparison of Frog and Non Frog Sites

PCA and logistic regression.—This analysis provided seven uncorrelated variables for
the logistic regression. Habitat from historical sites with extant frogs, as represented in
these seven uncorrelated factors, was statistically different from sites where leopard frogs
were not found. This result suggests that historical sites where leopard frogs were not
found, no longer have the necessary combination of habitat variables to support them.
Some of the sites without frogs had abundant damp grass adjacent to large areas of water,
and appeared to provide suitable habitat for leopard frogs. Conversely, some of the sites
with leopard frogs had habitat that did not appear to be well suited for leopard frogs (e.g.,

little grass, disturbed habitat}.

The logistic regression indicated that the best predictors of leopard frog presence were

factors one, two, four, and seven. The variables that were correlated with the significant
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factors included habitat size, bank height, geographic location, and percent cover of algal

mats, and emergent vegetation.

There are some biological reasons why factors one, two, four, and seven should be
significant predictors of where leopard frogs are found. Habitat size was expected to be a
significant predictor of leopard frog occurrence. The more habitat available, the more

places there are for frogs to live. Bank height, making up most of factor two, is likely

-associated with the presence of leopard frogs because R. pipiens are both terrestrial and

previously described, high banks would pose a barrier to normal daily and seasonal
activities of leopard frogs. Emergent vegetation is used by leopard frogs to anchor their
egg masses, which keeps them within the selected oviposition site where conditions are
presumably most suitable for development. Algal mats may be important to Rana pipiens
in Nevada for several reasons. Leopard frogs were observed sitting on algal mats where
they could presumably absorb moisture. The largest population of leopard frogs found
was confined to an area were there were more frogs than the terrestrial habitat could
perceivably support. These frogs appeared to compensate for the lack of moist terrestrial
habitat by using algal mats. Frogs were also seen resting on algal mats in Spring Valley
(N. Millick Spring) where the grass had been grazed to a short stubble. Tadpoles in
advanced stages of development are known to rest on top of algal mats presumably to
breathe, because of the transformation of the respiratory system metamorphosis
(Bovbjerg and Bovbjerg, 1964). I also observed this behavior in tadpoles at Grays Lake,

Idaho. Algae is also food for tadpoles (Stebbins and Cohen, 1995).
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Several factors, which were expected to be significant, were not good predictors of
leopard frog habitat, For example, because leopard frogs hibernate under water (Bovbjerg
and Bovbjerg, 1964; Emery, 1972; Pace, 1974), the availability of deep water was
expected to be important to Rana pipiens. Leopard frogs should be found in places where
they could hibernate in water that was deep enough so as not to freeze solid, or

experience anoxic conditions over winter. However, results suggest that water depth is

not a strong predictor of the presence of leopard frogs. Substrate was also expected to be

important to leopard frogs because this component may play an important role for cover

and hibernacula for leopard frogs. Not only do leopard frogs hibernate in the mud at the

bottoms of lakes and streams (Bovbjerg and Bovbjerg, 1964; Emery, 1972), but leopard
frogs also jump into water and seek cover in mud or silt as a means of predator
avoidance. Leopard frogs select oviposition sites in areas of little or no water flow (Pace,
1974). Flowing water could dislodge eggs and wash them to areas where conditions may
be suboptimal for development, and therefore was expected to be significant, however

this could not be confirmed for the study.

The limitation of PCA with respect to my study is that if there are many variables
measured within a site that have a value of zero, or with no data (blank cells), the data
will tend to violate the assumption of normality. OQur data had sites containing variables
with values of zero or no value (blank cells), therefore not all of the variables were
normally distributed. Because of this limitation, additional analyses were performed to
confirm results, Sites with data containing many zeros or blank cells were those lacking

water, or with little vegetation. For example, if a site had no water, then variables such as
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flow, conductivity, water depth, riparian width, and bank height could not be measured.
Sites with little vegetation received values of zero for each missing vegetation type, and

sites with one type of substratum received zeros for the other categories of substrata.

Multi-dimensional scaling.—The ordination shows that sites with leopard frogs cluster.
The axes represent habitat similarity indices. In general, axes created from multi-

dimensional scaling cannot be specifically defined. Sites with leopard frogs are

significantly different from sites without frogs in their mean value of axis one, and their

rvariance' in axes one and two. The higher variance seen among sites without leopard frogs
could indicate that these sites have been altered more than sites without leopard frogs.
However, the scatter plot also indicates considerable overlap in sites without frogs and
sites to where frogs are present. If the necessary habitat characteristics are present at sites
historically inhabited by frogs, and had remained intact since the record was reported,
factors other than habitat alteration must have played a role in extirpation of that
population. Possible explanations include the proximity of occupied patches and the

availability of connecting habitat between populations.

Sites with the “necessary habitat characteristics” were not necessarily unaltered. Some
sites with obvious habitat disturbances also had leopard frogs. In these cases, either sites
were not so disturbed as to eliminate all of the leopard frogs, or sites may have additional
components (unmeasured in this study) that are important for leopard frog persistence
despite habitat perturbations. For example, Spring Valley, Rupes bog hole, and Lake

Valley had all been heavily grazed, yet all had leopard frogs. These sites were also
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connected to a network of springs throughout the valleys, which may facilitate
recruitment from less disturbed areas. White Horse Pass, the site with the largest and
densest population of leopard frogs, was not only disturbed but also completely isolated
from other water sources making immigration and emigration impossible. Although there
was pavement on two sides of one of the ponds and a small area of grass around either
pond, this site is possibly infrequently used by humans because it is =~ 48 km from any

town, and not visible from the nearest road. Isolation from other suitable habitat, and

ihtérestingly, all individuals seen at this location were brown morphs, suggesting that the

population has experienced a genetic bottleneck. Another possible explanation is that
there was a small founder population, as the isolation of this area from other water

sources may indicate that this population was introduced by humans.

The John’s property in Wadsworth had some grazed areas but it also had areas of tall bull
rush (Scirpus sp.) which are relatively unaltered by cattle. The ponds here are adjacent to
the Truckee River, which at one time likely served as a corridor for leopard frogs.
Invasive, and non-native tall white top (Lepidium latifolium) is now the dominant and
frequently the only vegetative cover along the banks of the Truckee River. Also, dense
populations of bullfrogs inhabit inlets and oxbow ponds along the river. Juvenile
bullfrogs also inhabit the ponds on the John’s property however, the bullfrog population
here is not as dense as populations found closer to the river. Leopard frogs at the John’s
property may be able to sustain their population in the presence of bullfrogs because the

bullfrogs here are small and less abundant.
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In conclusion, the similarities between sites with leopard frogs and those where we did
not find leopard frogs indicate that (1) leopard frogs live in areas that have the same basic
habitat components as sites without frogs, but only specific combinations of these
components can support frogs, (2) sites without leopard frogs may be able to support
leopard frog populations, but do not have the characteristics necessary for long term
persistence, and (3) sites with leopard frogs are vulnerable to extirpation. However, other

environmental variables not measured in this study also may explain why R. pipiens are

Aﬁ_Aﬁr,A

.- _able to-persist in some locations despite cbvious habitat disturbance.

Dendrogram.—Hierarchically clustering sites indicated which sites were most similar
(Fig. 5). The basis for some of these groupings was obvious, but others were difficult to
identify. Many sites without frogs were clustered with sites that had frogs. This is
additional evidence that the habitat characteristics alone do not predict the presence of
leopard frogs. Furthermore, the ten mapped clusters indicate that there are geographic

reasons for some clusters (Fig. 8).

Limitations of Using Historical Data

There is some controversy as to how to use historical records to determine if populations
have declined. For example, many historical records only represent where the individuals
occurred in the sample at the time the record was taken. Furthermore, the inability to
detect a species in an area where it has historically occurred does not mean that the
species is locally extinct {Corn, 1994; Orr et al., 1998). Making such assumptions can

erroneously indicate, or overestimate the severity of a decline. However, several steps
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were taken in this study to alleviate bias. For example, random sites were surveyed to
determine if undocumented populations had escaped detection. Migratory pathways were
surveyed to account for populations that may have migrated from the original location.
Random sites, and historical sites having the minimum habitat requirements for leopard

frogs were surveyed several times.

H abitat_ fg{t_._tgr_'_bations

- - Typesofdisturbance.—Nearly all 117 historical and random sites had some type of

habltat alteration. Of 97 historical sites, various disturbances were the largest category.
These included mowing/haying, landscaping, trash, and construction. The other
categories were more specific, and therefore more informative. Several categories of
disturbance were present at more sites without frogs than sites with frogs. These
disturbances were associated with the presence of a large human population, and included
fragmentation, erosion, no water or drying, and urbanization. Fragmentation causes
habitat to be disconnected, and consequently, patchy. Patchy habitat may become
increasingly more isolated from other habitat, which would cause genetic isolation as
well. Nearly half (45%) of all sites surveyed had been eroded, most of these severely.
Banks that were down-cut >1 m were common among these sites. Because leopard frogs
live both in water and on land throughout the year (Chapter 1), they need be able to move
back and forth between these two environments. Down-cut banks would tend to hinder
this movement and may prevent frogs from inhabiting an area with this type of
disturbance. Evidence of recent drying was apparent at more sites without frogs than sites

with frogs. At 32 sites, water levels had visibly dropped as indicated by rings from
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previous water levels. Nevada has many ephemeral creeks and pools and the water levels
in these typically fluctuate, however, perennial creeks and lakes surveyed also showed
evidence of drying. Lowering surface water may also lower water tables, which can
change bank vegetation and cause inlets, oxbow lakes, and shallow pools to dry up, thus
decreasing frog habitat. Also, when wet areas that may have connected water bodies

disappear, leopard frogs may experience difficulty immigrating or emigrating.

Urbanization was evident at one site where a single leopard frog was found. This site was

;ﬂq:}g___:'g—mginhighw@y_ but also abutted agricultural land. No other leopard frogs were

found in association with urbanization.

Several disturbances were more prevalent at sites with frogs than at sites without frogs.
Therefore hypotheses for decline in Nevada should not focus on these types of
disturbances. These disturbances included agriculture and irrigation, grazing, tall white
top and tamarisk, and a high predator density. Agriculture and irrigation are disturbances
that may allow areas to have enough water and grass for leopard frog persistence.
Livestock grazing was evident at 44% of the sites with frogs. Areas without vegetative
cover generally do not retain ground moisture, and would therefore prevent frogs from
absorbing water terrestrially. However, grazing may open up breeding areas for frogs.
Therefore, grazing may be a disturbance that leopard frogs can tolerate. Tall white top
and tamarisk cannot be interpreted accurately from this analysis because the degree of
invasion of these non-native plants was not measured. For example, a mono-culture of
tall white top would completely alter the terrestrial habitat, whereas if the white top was

in early succession, and only a few plants were seen, grass and other native vegetation
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could still be dominating the area. A high predator density was present at 17% of the sites
with frogs. Two of the three sites were large wildlife refuges where many native riparian
and shore birds resided or migrated through. The presence of many predators is generally

an indicator of a healthy ecosystem, and predators in these areas had a large choice of

prey.

Non-native Biotic Perturbations

oo . Ofthebiotic disturbances recorded, bullfrogs (Rana catesbeiana) were the most

prevalent type in this study and were found at 22% of the total locations, (28% of the

locations that had water). A single leopard frog was found in each of three sites that also
had bullfrogs. Leopard frogs were also found co-existing with juvenile bullfrogs ata
fourth site, however no adult bullfrogs were ever seen at that location. Non-native
bullfrogs were first introduced to Nevada in the late 1800s (McQuivey, pers. comm.).
Bullfrog populations grow rapidly, and individuals can reach large body sizes at
adulthood (up to 20 cm; Stebbins, 1985). Bullfrogs will prey on other frogs (Porter, 1967;
Moyle, 1973; Hayes and Jennings, 1986; McAlpine and Dillworth, 1989). Large dense
populations of these non-natives, encountered throughout the surveys in 2000 and 2001,
could therefore impact leopard frog populations in the state. Introduced bullfrogs as well
as exotic fish have been shown to affect other populations of southwestern ranids
negatively (Jennings and Hayes, 1986). Non-native salmonids are known to prey on ranid
species, and therefore may pose a threat to leopard frog populations in Nevada, however,

I made no attempt to systematically survey for non-native fish in this study. Additional
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studies of predators are recommended to determine their impact on leopard frog

populations in Nevada.

Conclusions

Leopard frogs have severely declined in Nevada since the 1930s. Repeated surveys

revealed only_ 18 of __97 historical sites with extant populations of leopard frogs. It is

_ unlikely that a single variable explains these declines, and the causes of local

extirpations. However, aggregates of habitat characteristics can be used to predict where

frogs can be found. Some sites without leopard frog populations appear to be similar to
sites where frogs are extant for three possible reasons: (1) leopard frogs live in areas that
have the same basic habitat components as sites without frogs, but only specific
combinations of these components can support frogs, (2) sites without leopard frogs may
be able to support leopard frog populations, but do not have the characteristics necessary

for long term persistence, and (3) sites with leopard frogs are vulnerable to extirpation.

Water levels in the Great Basin have been fluctuating Pleistocene, however in a general
drying trend is also apparent {Grayson, 1993). Although this trend has occurred over
thousands of years, it continues slowly to change water regimes in Nevada. Because of
the aridity of Nevada and recent rapid human population growth, the demand and
competition for water for humans, livestock, and wildlife has become great. Among the
disturbances threatening leopard frog populations in Nevada, habitat degradation, and

interactions with introduced species are likely to have played the largest role in declines
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of leopard frog in Nevada. Direct and indirect influences of habitat degradation and
introduced plants and animals were frequent in the surveys. Agricultural practices, human
recreation, and the growth of towns have altered or destroyed former habitat for Rana
Dpipiens. Several historical locations that once supported leopard frog populations are now
cattle ranches, street corners, parking lots, and city parks. The use of water from the
Truckee River for irrigation caused Winnemucca Lake to dry up by 1939 (Grayson,

1993). It is likely that similar occurrences happened throughout Nevada as the human

....- papwlation-has expanded, Habitat alteration in areas used as corridors between frog

7 ébpﬁlati;ns also would contribute to tﬁe decline of this species. Once leopard frog
populations have become increasingly isolated, immigration becomes increasingly
unlikely, and should a local extirpation occur, it could be permanent. Introduced species
such as tall white top and bullfrogs now dominate many areas where native species once
thrived. Tall white top and bullfrogs have invaded even those areas that are not heavily
altered by humans. Attempts to eradicate either of these exotics would be extremely
difficult given their wide distribution, and the lack of available methods to exterminate

them without harming the habitat or native species.

To preserve and enhance the remaining leopard frog populations in Nevada, we should
initiqte monitoring of the extant populations and begin a captive rearing program. Habitat
reparation and leopard frog reintroductions should follow. Where there is a lack of
suitable habitat connecting populations, then riparian corridors must be developed.
Because the populations of leopard frogs were most widely spread in an area with

interconnected springs (Spring Valley), a metapopulation dynamic may be important for
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populations to be self-sustaining in arid environments. There are multiple components to
cach of the causes of extirpation (e.g., habitat degradation includes grazing and
agriculture, human recreation, road construction and urbanization, erosion, and
fragmentation). Interactions among these presumed causes are likely different at each
site. Therefore, management of icopard frogs in Nevada should be implemented on a site-

by-site basis. Management techniques should be based on experimental data (not

provided by this study) and consequences of management practices should be considered

- .......before they are implemented. For example, intermittent grazing may keep vegetation

from Kovergrowing while retaining enough cover and terrestrial moisture to support
leopard frogs. However, cattle can also cause banks to be down-cut or trampled, and
water to be over abundant in nitrates and silt. Therefore, further experimental rescarch

and hypothesis testing is needed.

This study has revealed a number of potential causes for leopard frog declines in Nevada.
Several of these causes have been suggested in other locations or with other ranid species
{(Hammerson, 1982; Corn and Fogleman, 1984; Jennings and Hayes, 1994), but some

remain enigmatic, Exploring the potential causes of declines in Nevada may be useful for

understanding declines in other arid regions as well.
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Appendix 1. Museums queried for Rana pipiens records in Nevada.

Museum # records
1.) University of Michigan Museum of ZOOloZY.......oecvvvrevrernnrvericvvnciniiins 42

2.) University of Nevada, Reno..........ccoovvviiininnninnnincsnncneeans 42

3.) Museum of Vertebrate Zoology .......ccooovimiinrreininnninrniniernrerrnns 33

4.) University of Nevada, Las VEEas........covveeviiirrnriininnsinisniies 24

5.) California Academy of Sciences & San Diego ......cccocceiniiniiiiiiiniiniiens 12

6.) Personal COmMMUNICALION .....eververiinriiririoninieniiissisitse s s 5

7.) California Academy of SCIENCES ........ccoiieermniiiiiiiin 4

8.) University of Kansas

~10,) Academy of Natural Science, Philadelphia

70

) American-Museum of Natural History, NY ... errmomeeceseeremroes 0
12.) Brigham Young UnivVersity ..........cccurervesenrrererricnemmensmsmccsesesesesssesesesrsnas 0
13.) Carnegie Museum of Natural HiStory ........ccocovvivvmniinnnninncnenennnn 0
14.) Conner Museumn Washington State University ........coocvoveevvvvvvcccnnnvnninninns 0
15.) Idaho State MUSEUIN ... s 0
16.) National Museum of Natural History, Smithsonian Institution ................ 0
17.) San Diego Natural History Museum .........covevmneriniiininimirneniseene 0
18.) Texas A&M, AUSEIN ....c.ooeeeceeiiiiti st ss e 0
19.) University of Arizona, TUCSON .........ccceeeccrinimiiniiniceccntneeer e 0
20.) University of California, Davis .........cccooeeviniiiiniiiiiicnen, 0
21.) University of Colorado MuSeUm ..o 0
22.) University of New Mexico, Albuquerque ........ccovevvvnennniiiiinicciinnenn, 0
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Appendix 3. Variables used in analyses, transformations performed, and rankings used.

Easting, Northing, and Elevation...........ccccovvevrrnnens (no transformation)

Average flow ..o (square root transformation)

ConductiVity .......ccecormmiecinmenccnctieeecrrneeeens (log transformation)

Average pH ... (no transformation)

Maximum water depth e (square root transformation)
%Am;rgg erwaterdegth ............. (square root transformation)

) Mmlmumbank height ......oovvcvvvrerecvicinieins (square root transformation)

Average bank height ... (square root transformation)

Average riparian width ........occeovreenvniniiniinn (square root transformation)

Potential habitat size rank ...........ccccccviiinniiiiiniinn (1-5, 1 = smaliest)

Open water $iZe TaNK ......cocoevvriniccriiinneees (1-5, 1 = smallest)

Wet ground Size rank ........ccoveienveicnnnnniennnnns (1-5, 1 = smallest)

Percent cover of algal mats ..........cooovvvmnvvinnenns (1 + log transformation)

Percent cover of emergent vegetation ..................... (1 + log transformation)

Average 50il MOISIUTE ......ccocvvvrernnmrcinneiiiicinnniene (1-4, 1 = submerged, 5 = dusty dry)

Percent cover of silt/mud/clay/sand substratum ...... (no transformation)

Percent cover of gravel substratum............ccoeeuennn. (no transformation)

Percent cover of cobble substratum............cccoenneee (no transformation)

Percent cover of rocky substratum..........cccovcirneean, (no transformation)

Percent cover of concrete substratum ..........ccovnveee. (no transformation)
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Appendix 4. Descriptions of sites occupied by Rana pipiens in Nevada.

Ambrosetti Pond Ranch

Approximately 16 km south of Carson City, just south of the Carson River is Ambrosetti
Pond Ranch (4324971 N; 258629 E; 1431 m). An inlet from the Carson River feeds a
large shallow pond on the ranch. The pond is encircled by bull rush, some grass, and a

human made stone embankment. Hundreds of bulifrogs (Rana catesbeiana) were seen or

-pond. A sm_ l¢ leopard frog was found in the water, below the only grassy

| .bank at the edge of the pond on 15 July 2001. The bank was located on the western side
of the pond and was about 30—cm high. The pond extends onto an adjacent property,
which was not searched. The leopard frog was toe clipped, taken as a voucher, and

deposited in the UNR museum.

Dead Ox Wash

Along the east side of the Truckee River, halfway between Wadsworth and Nixon, about
2 km north of the Paiute Indian fish hatchery is a spring outflow that forms a wet
meadow and several marshy pools surrounded by bull rushes (4401428 N; 301383 E;
1200 m). One juvenile leopard frog was found in the wet grass adjacent to a pool on 16
April 2001. Tall white top has filled in the area between the river and the spring-fed wet
meadow and marsh. There are plans to burn the area and pump the spring to create a
water tank and grazing area for cattle (D. Grabowski, pers. comm.). This frog was not toe

clipped or taken, in accordance with the Paiute Tribe regulations.
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Ferguson Springs at White Horse Pass

Ferguson Springs at White Horse Pass in northeastern Nevada {40.42987 N; 114.18398
E; 1850 m), is adjacent to Alternate Route 93, = 48 km south of Wendover. The spring is
partially contained in a steel water tank, but overflows into a 200 m? pond, which is
surrounded on two sides by an infrequently used paved road. The water then flows under
the road and through grass and cottonwood trees downhill and east for = 200 m where it

seeps into another 200-m? pond encircled by grass and cattails (Typha sp.). Hundreds of
ther 2VU-m' pon ypha sp

es (except egg masses) were found in and around both ponds

all life stag

and in the wet grass on 14 August 2000, 3 July 2001, and 23 July 2001. Twenty-two
frogs were sexed, weighed, measured and toe-clipped. Seven adults and seven tadpoles

were taken as vouchers for the UNR museum.

The John’s Property

Just north of Wadsworth, Washoe Co. (39.66444 N; 119.27861 E; 1220 m), along the
eastern bank of the Truckee River adult leopard frogs were observed several times in
2000 and 2001. Bullfrogs were also present in this area. The area holds an agricultural
pond (600 m?) and two smaller shallow ponds (= 200 m* each) adjacent to the river. The
main pond is fringed with grass and some cattails, whereas the smaller ponds are
encircled mainly by bull rushes with some grassy areas. The ponds are all fed via an
irrigation ditch that flows from a gravel pit (about 2 km southeast of the property) and
empty into the Truckee River. Water containment in these ponds is controlied by the
property manager. Leopard frogs were found in greater numbers in the ponds surrounded

by bull rush and in the damp grass than in the pond closest to the river that was encircled
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by a fringe of grass. One bumnsi morph (lacking dorsal spots) leopard frog was sited and
photographed on the John’s property. The burnsi morph has been recorded previously in
Minnesota, South Dakota, western Wisconsin, northwestern Iowa, and occasional sitings
have been reported from Colorado and two New England states (Hoppe and McKinnell,
1991; D. M. Hoppe, pers. comm.). No frogs were toe clipped or taken from this property

as requested by the Paiute Indian Tribe.

h There ax.‘trawtwo l(;cations locally known as Lone Tree Spring in Pahranagat Valley (both
were visited to make sure we surveyed the correct one), and frogs were found at one of
these locations. The southern most spring in Pahranagat Valley is located at 4117977 N;
674349 E; 967 m. The spring is in a hollow that is enclosed by Route 93 and a steep
hillside. Densely vegetated bull rush and cattails to 2—m tall, cover most of the water
making it difficult to survey. Only very small (< 10 m?) patches of open water were
observed. An area of low vegetation, mostly yerba mansa (Anemopsis californica),
densely covers parts of the hollow that were not wet during our surveys. This spring is
directly across the road from Maynard Lake which had a historical population of leopard
frogs in 1938, and the two areas were probably connected before the highway was built in
the 1930s. Maynard Lake is now virtually dry and the area is dominated by yerba mansa
and sagebrush. Small pools of water can be found here occasionally throughout the year.
At Lone Tree Spring, at total of five Rana pipiens were seen, one was taken as a voucher

for the UNR museum.
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Minden

A single leopard frog was found on 15 September 2000 near a small marshy pond = 4.8
km south of Minden, (38.91019 N; 119.78212 E; 1440 m). The pond was approximately
1200 m? and is surrounded mostly by cattails with some grass. At the northern border of
the marsh is Route 756, to the east is Route 88, and running diagonally between the two
roads to the south and west of the marsh was a fenced field that had been heavily grazed.

Several juvenile bullfrogs Were observed in the pond. The lone leopard frog was found in

s ‘ti o *Wa,.pnteh Qf_gass, _|l.lSt outside the fence at the southwestern end of the pond.

-Unfortunately, it escaped before we were able to sex, weigh, measure, and toe-clip the

individual. No leopard frogs were found at this location in 2001.

Ruby Lake

Ruby Lake is in northeastern Nevada (40.24823 N; 115.47110 E; 1820 m). The lake and
marsh are approximately 24 km long by 4 km wide. This national wildlife refuge,
managed by the U.S. Fish and Wildlife Service, has many riparian birds, is stocked
annually with rainbow {(Oncorhynchus mykiss), brown (Salmo trutta), and eastern brook
trout (Salvelinus fontinalis), and stocked occasionally with Lahontan cutthroat trout (O.
clarki henshawi, E, Pauch, pers. comm.). Largemouth bass (Micropterus salmoides)also
live and reproduce in the lake but are not stocked. Three areas of the marsh at Ruby Lake
were searched. These included “the Fingers,” located on the western side of the marsh
approximately 5 km north of the refuge headquarters (4456468 N; 630085 E; 1830 m; 25
leopard frogs were seen here); the fishing area, also on the west side but approximately 3

km south of the headquarters (4448127 N; 629479 E; 1840 m; five leopard frogs were



100

seen here); an area of cattail marsh on the east side of Ruby Lake at the end of North
Dike Road (4452230N; 631431 E; 1819 m; no leopard frogs were seen here); and
Narcissus boat launch (4511384 N; 624882 E; 1825 m; one adult Rana pipiens was seen
here). Other locations around the marsh are likely to have leopard frogs as well, however
my intention was simply to find them in the general area, not to determine every location
within marsh complex. A total of nine R. pipiens were identified between the hours of

0800 and 1600 on 25 June 2000, and 25 between the hours of 1400 and 1630 on 24 May

- = - 2001-Only-adult leppard frogs

were seen at Ruby Lake in 2000, however mostly juvenile

frogs were found in 2001. All frogs were found in grassy areas within 40 m of water.
Eighteen frogs were sexed, weighed, measured and toe-clipped. Five R. pipiens were

taken as vouchers and deposited in the UNR museum.

Ruppes Bog Hole

This is a series of several springs located south of Lund, = 4291583 N; 669039 E; 1664
m. One leopard frog was found in the wet grass but escaped capture. Although this
location is close to Spring and Lake Valleys, a mountain range separates the two areas.
At least three local ranchers have grazing rights to the land surrounding the springs.
There is minimal open water, but the springs form a corridor of wet ground, which is
vegetated with sedges and grass. This wet corridor was trodden by cattle and grazed to
the ground when I visited the site. Beyond the area searched, the valley floor was not
explored, but looked dry. However, other springs may exist in the valley beyond where I

surveyed.
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Spring and Lake Valleys

Spring and Lake Valleys are the eastern-most valleys in Nevada, and are east and
southeast of Ely, respectively. Although six populations of leopard frogs were defined in
this region, it is likely that other leopard frog populations exist and intermingle within
each valley. These locations are different from all other areas surveyed because of the
network of springs and creeks that are found throughout both valleys. During times when

the eater level 1shlgh, it is conceivable that all populations found in each valley could be

- connectad. Populations were defined in these valleys on the basis of large intervening

 areas of dry ground. Much of the land in these valleys is privately owned, and some of

the public land (managed by the Bureau of Land Management) is used by local ranchers
for grazing livestock. Alfalfa is grown mainly on the private land, which is watered
periodically. Moist ground is also naturally available in many areas, and pronghorn, mule
deer, and sandhill crane were observed using this habitat. A total of 26 lecopard frogs were

found within these valleys, 24 were toe clipped, and nine were taken as vouchers.

Zgraggen Ranch

Dusty Zgraggen’s ranch is located on the south side of the Humboldt River in Deeth
(4545379 N; 643196 E; 1620 m). Two recent metamorphic leopard frogs were taken at
the edge of the river 22 July 2001, adjacent to a hay field that had recently been mowed
and bundled. Earlier visits were made 26 June 2000 and 11 June 2001 when the hay field
was being irrigated, and was completely submerged. The ranch owner reported seeing
leopard frogs in the wet hay field in past years but not in 2000 or 2001. The Humboldt

River was extremely low in 2001, which may have decreased the amount of breeding
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sites and dispersal corridors available to leopard frogs. It is therefore curious that I did

not find frogs here in 26 June 2000, or during my first visit 11 June 2001 when the hay

field was wet.
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Figure 1. Putative geographic distribution of the northern leopard frog (Rana pipiens), the
relict leopard frog (Rana onca), and the Vegas Valley leopard frog (Rana

fisheri). Map was modified from Stebbins (1985).

Figure 2. Types of disturbance found at all historical sites surveyed (2000 and 2001). Site
may be included under more than one category. Miscellancous habitat

degradation includes trash, construction, mowing and/or an undetermined cause

= = —-— - —--manifested in the absence of vegetation.

Figure 3. Historical distribution of R. pipiens in Nevada based on historical records

collected.

Figure 4. Current distribution of R. pipiens in Nevada based on this study.

Figure 5. Historical and random site locations for leopard frogs in Nevada that were
searched in summer, 2000 and 2001. Red indicates that frogs were found, and

green indicates that frogs were not found.

Figure 6. Scatter plot of rotated principal coordinate axes showing that sites with leopard

frogs are similar to each other whereas sites without leopard frogs are more

varied.
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Figure 7. Hierarchical clustering of 58 of 97 historical sites. Dendrogram shows which
sites are similar to each other and describes general characteristics of the sites

within each cluster. Sites with a star next to them indicate that leopard frogs

were present at that site.

Figure 8. Geographic interpretation of sites that clustered according to their habitat

components. Some clusters appear to cluster geographically as well as
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Figure 6
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Figure 8
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