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Abstract 

This conference brought together scientiests and managers from federal, state, and local agencies, along with 
private-sector interests, to examine key concepts involving sustainable ecological systems, and ways in which to apply 
these concepts to ecosyst~m management. Session topics were: ecological consequenses of land and water use changes, 
biology of rare and declining species and habitats, conservation biology and restoration ecology, developing and 
applying ecological theory to management of ecological systems, sustainable ecosystems and forest health, and 
sustainable ecosystems to respond to human needs. A plenary session established the philosophical and historial 
contexts for ecosystem management. 
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Preface 

The purpose of this conference was to bring together 
scientists and managers from' federal, state, and local 
agencies, along with private sector interests, to examine key 
concepts regarding sustainable ecological systems, and ways 
in which to apply these concepts to ecosystem management. 
In organizing the conference, the planning committee relied 
heavily on three documents. The first was the June 4, 1992, 
statement by Forest Service Chief, F. Dale Robertson, 
regarding ecosystem managemenj. Second, was the March 8, 
1993, statement of ecosystem management principles written 
by the Acting Director for Ecosystem Management for the 
Forest Service, Ann M. Bartuska. The final document was a 
report produCed by the Ecological Society of America's 
Committee for a Research Agenda for the 1990's (Lubchenco 
et al. 1991) entitled, "The sustainable biosphere initiative: An 
ecological research agenda", published in the society's 
journal (Ecology 72:371-412). 

The conference consisted of a plenary session, six 
concurrent sessions, three field trips, and a poster session. All 
papers presented in the plenary session established a 
philosophical and historical context for ecosystem 
management. This was followed by a hosted lunch and poster 
session featuring approximately 30 posters on a broad range 
of ecosystem management issues. In the afternoon two 
concurrent sessions where held, on "The Ecological 
Consequences of Land and Water Use Changes" and the other 
on "The Biology of Rare and Declining Species and 
Habitats." The second day was devoted to the three 
concurrent field trips: "The Biology of Rare and Declining 
Species," "The Ecological Consequences of Land and Water 
Use Change," and "Conservation Biology and Restoration 
Ecology." Conference evaluation forms showed that field trip 

v 

participants found the trips very rewarding, not only for their 
content but also {or the open discussion of ecosystem 
management concepts in the field. 

The last day of the conference was dedicated to two 
concurrent sessions in the morning and two more in the 
afternoon. The morning sessions were "Conservation Biology 
and Restoration Ecology" and "Developing and Applying 
Ecological Theory to the Management of Ecological 
Systems. " The afternoon sessions were "Sustainable 
Ecosystems and Forest Health" and" Sustainable Ecosystems 
to Respond to Human Needs." A banquet was held that 
evening followed by a presentation by Tom Bonnicksen on a 
biosocial systems perspective on ecosystem management. 
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What We Know and Don't Know About 
Amphibian Declines in the West 

Paul Stephen Corn 1 

Abstract - The problem of declining amphibian species is thought to be 
particularly.acute in western North America, but there are many gaps in our 
knowledge. Although several declines have been well-documented, other 
declines are anecdotal or hypothesized. Most documented declines are of 
ranid frogs or toads (Buto). Species from montane habitats and those 
occurring in California have been best studied. Status of many desert 
species is ~nknown. Habitat destruction and introduced predators are the 
most common threats to amphibian populations. Some declines may 
represent natural variation in population size. Causes have not been 
determined for several cases where common species have declined over 
large areas. There are important considerations for ecosystem management, 
whether changes in amphibian populations are natural or caused by human 
activities. Causes for declines must be known so that management can be 
prescribed (or proscribed) to eliminate or minimize these causes. The 
natural variability of amphibian population numbers and the complexity of 
metapopulation structure emphasize the necessity of conSidering multiple 
temporal and spatial scales in ecosystem management. The decline of 
amphibian species throughout the world has received considerable recent 
attention (e.g., Blaustein and Wake 1990, Griffiths and Beebee 1992, Yoffe 
1992). Much of this attention derives from a workshop held in February, 
1990 on declining amphibians sponsored by the National Research Council 
Board (NRC) on Biology in Irvine, California (Barinaga 1990, Borchelt 1990). 
Because of media attention in the aftermath of this conference, it is a 
popular perception that amphibian declines are a new phenomenon that 
herpetologists have been slow to recognize (Griffiths and Beebee 1992, 
Quammen 1993). However, concern about amphibian populations in the 
United States dates back over 20 years. Beginning in the 1960s, a large, 
well-documented decline of northern leopard frogs (Rana pipiens) occurred 
in the upper Midwest (Gibbs et al. 1971, Hine, 1981, Rittshof 1975). 

Participants in the NRC workshop concluded that declines of 
amphibians were a global problem. Unfortunately, another 
conclusion was that much of the information on declines was 
anecdotal and few causes of declines had been discovered. In 
the past three years, some progress has been made in 
documenting the extent of amphibian declines, but many of the 
causes remain undiscovered. 

1 Paul Stephen Com is Zoologist, USDI Fish and Wildlife Service, 
National Ecology Research Center, 4512 McMurry Avenue, Fort 
Collins, Colorado 80525-3400 
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In North America, amphibian declines have been most 
numerous in the West and have occurred among species 
occupying both montane and low-elevation desert habitats. 
Several species have declined or disappeared from relatively 
undistutbed habitats, including National Pruks and Wilderness 
Areas (Bradford 1989; Bradford et al., in press; Carey 1993; 
Corn et al. 1989; Fellers and Drost, in press). Amphibians are 
key components of many ecosystems, both on small (Seale 
1982) and large (Hairston 1987, Petranka et al. 1993) scales, so 
their disappearance may complicate efforts to manage 
ecosystems on a sustainable basis. 



My objective for this review is to summarize the current 
knowledge of amphibian declines in the western United States 
(west of the Great Plains). Many declines are now well 
documented, and the causes for many of these have also been 
detennined. I will describe the unknown,uspected declines that 
have not been documented and declines for which causes have 
not been detennined. Finally, I will discuss the problems 
amphibian declines create for ecosystem management. 

KNOWN DECLINES 

At least 79 species of amphibians inhabit the western United 
States, including 38 salamanders and 41 anurans (frogs and 
toads) (Stebbins 1985). Only three of these taxa are listed by 
the U. S. Fish and Wildlife Service (USFWS) as threatened or 
endangered. The desert slender salamander (Batrachoseps 
arid us) is endangered in southern California because it is an 
endemic species restricted to one moist desert canyon (Bwy et 
al. 1980). The Santa Cruz long-toed salamander (Ambystoma 
macrodactylum croceum) is endangered in the Monterey Bay 
area of central California because most of its breeding ponds 
have been drained for uman development or agriculture (Ruth 
1988). The Wyoming toad (Bufo hemiophrys baxteri) is 
endangered in the Laramie Basin of southern Wyoming (Baxter 
et al. 1982). The cause or causes of the decline of this species 
are still unknown. Besides these listed species, moderate to 
serious declines of several other amphibians have been described 
in recent years. 

No widespread declines of salamanders have been 
documented. Collins et al. (1988) described the loss of at least 
4 of the 17 known populations of the Huachuca tiger salamander 
(Ambystoma tigrinum stebbinsi) in southern Arizona. The size 
of a population of Arizona tiger salamanders (A. t. nebulosum) 
inhabiting a small group of high-elevation ponds in central 
Colorado declined from about 1700 in 1982 to 200 in 1987 
(Harte and Hoffman 1989), but the same population fluctuated 
from 2900-3500 salamanders in 1988-1991 (Wissinger and 
Whiteman 1992). 

Most declines have been of anurans. Declines have been 
verified for several species of toads (genus Bufo). Baxter et al. 
(1982) noted that declines of the Wyoming toad began in the 
mid-l 970s, and within a decade it was considered probably 
extinct (Lewis et al. 1985). A single population was discovered 
in 1987 (Anon 1987). The persistence of the Wyoming toad 
now relies on a small captive population, because no egg masses 
have been obseIVed in the wild population since 1991 (Wyoming 
Dept. Game and Fish, unpublished data). The Amargosa toad 
(B. nelsoni) is also an endemic species, restricted to a few 
springs in southern Nevada and eastern California. Altig and 
Dodd (1987) found this species to be absent from most known 
localities in Nevada. 

The Yosemite toad (B. canorus), more widely distributed than 
the previous species, occurs at high elevations in the Sierra 
Nevada in California. This species apparently has declined over 
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much of its range. At seven locations in the eastern Sierra 
Nevada, Kagarise Sherman and Morton (1993) observed 
averages of 6-70 toads per site per day in 1976 but only 0-5 
toads per site per day in 1990. Bradford and Gordon (1992) 
found this species present at Onl~ 17 of 235 sites within 30 
randomly selected 15 km2 (5.8 mi ) study areas above 2,440 m 
(8,000 ft). The boreal toad (B. boreas boreas) was widely 
distributed and abundant in the southern Rocky Mountains in 
Colorado, southeast Wyoming, and northern New Mexico. Com 
et al. (1989) failed to fmd the boreal toad at 49 of 59 (83%) 
known localities in the Front and Patk Ranges of Colorado and 
the Medicine ~ow Mountains in Wyoming. Carey (1993) 
documented the extinction of several populations of this species 
in central Colorado. Continued SUIVeyS in Colorado have located 
only a few scattered small populations (Corn, unpublished data). 
Olson (1992) obseIVed declines of two populations of boreal 
toads in the Oregon Cascades in 1991 and Blaustein and Olson 
(1991) described mortality of thousands of boreal toad eggs at 
a third site neatby in 1990._ 

All other documented amphibian declines in the West are of 
frogs of the genus Rana. Hayes and Jennings (1986) compiled 
references, both anecdotal and well-documented, that indicated 
evety ranid frog in the West had undergone either local or 
regional declines. Leopard frogs (R. pipiens Complex) have been 
hit particularly hard. The Vegas Valley leopard frog (R. fisheri) 
occurred only in the warm springs of the Las Vegas Valley. This 
species is now extinct (M. R. Jennings 1988b). The relict leopard 
frog (R. onca) occurred along the Vrrgin River in southern 
Nevada and southwestern Utah. This species has recently been 
considered conspecific with the Vegas Valley leopard frog (pace 
1974) and also extinct (M. R. Jennings 1988b). However, R. D. 
Jennings (1993) found three small populations of relict leopard 
frogs in Nevada, and he presented a morphological analysis 
indicating that relict and Vegas Valley leopard frogs were distinct 
species. Corn and Fogleman (1984) obseIVed extinction of 
northern leopard frogs from a few ponds in northern Colorado, 
and more extensive SUIVeyS found this species absent from 29 
of 33 (88%) known localities in northern Colorado and southern 
Wyoming (Corn et al. 1989). Northern leopard frogs were also 
absent from 13 of 28 (46%) known localities in Arizona 
(Clarkson and Rorabaugh 1989). Chiricahua leopard frogs (R. 
chiricahuaensis) were absent from 34 of 36 (94%) of known 
localities in Arizona (Clarkson and Rorabaugh 1989), and 
lowland leopard frogs (R. yavapaiensis) have been extirpated 
from the lower Colorado River in Arizona and California and 
the Imperial Valley in California (Clarkson and Rorabaugh 1989; 
Jennings and Hayes, in press). 

The U. S. Fish and Wildlife SeIVice (USFWS) was petitioned 
to list the spotted frog (R. pretiosa) as threatened in 1989, and 
USFWS found that listing was warranted but precluded for 
populations of spotted frogs in western Oregon, western 
Washington, northern Nevada, southern Idaho, and the Wasatch 
Front in Utah (USFWS 1993b). Spotted frogs have been rare in 
western Oregon and Washington for several decades (Dumas 
1966, Nussbaum et al. 1983). McAllister et al. (1993) searched 



60 locations in western Washington from 1989-1991 and found 
only a single individual of this species at one site. Turner (1 %2) 
failed to fmd spotted frogs at several known localities in northern 
Nevada Spotted frogs are currently restricted to a few disjunct 
areas along the Wasatch Front in Utah, but Ross et al. (1993) 
observed 126 adult frogs and 162 egg masses at 19 sites in 1991 
and 124 adult frogs and 478 egg masses at 54 sites in 1992. In 
western Utah, spotted frogs are distributed among a few isolated 
marshes but are more numerous than in central Utah. Hovingh 
(1993) observed several hundred egg masses in seven 
populations in the Tule Valley in periodic obselVations from 
1981-1991, and O. Cuellar (Dept. Biology, Univ. Utah, unpubl. 
manuscr.) found 354 egg masses at Gandy Salt Marsh in Snake 
Valley in 1992. 

The Tarahumara frog (R. tarahumarae) occurs mostly in the 
Sierra Madre Occidental of Mexico, but all five known 
populations in southeastern Arizona and several other 
populations in northern Sonora ~ve disappeared (Hale and 
Jarchow 1987). The California ~-legged frog (R. aurora 
draytonii) was once perhaps the most common ranid frog in 
California, but it has undergone a long-term and severe decline 
in the San Joaquin Valley (Moyle 1973), Central Valley (Hayes 
and Jennings 1986), and apparently has been extiIpated from 
drainages in the Mojave and Sonoran Deserts in southern 
California (Jennings and Hayes, in press). The USFWS was 
petitioned to list the California red-legged frog as threatened or 
endangered, and the agency recently determined that such action 
was warranted (USFWS 1993a). 

Mountain yellow-legged frogs (R. muscosa) were common in 
the Sierra Nevada in California, but have been absent from 
aquatic habitats at middle and lower elevations for several 
decades (Bradford 1989). This species has recently declined also 
in remaining high elevation sites. In 1989-1990, Bradford et al. 
(unpubl. manuscr.) resurveyed 27 sites in Sequoia and Kings 
Canyon National Pruks where mountain yellow-legged frogs 
were observed in 1978-1979, and the species was absent from 
all but one site. Bradford and Gordon's (1992) sulVey of 30 
randomly selected study areas found this species present at only 
12 of 235 sites. Fellers and Drost (in press) searched 16 known 
localities and 34 other areas of Lassen Volcanic National Part<, 
California in 1991 for Cascades frogs (R. cascadae). They found 
only two individuals at one site. Nussbaum et al. (1983) 
mentioned a decline of this species in Oregon, but quantitative 
data for northern populations have not been published. 

Data Limitations 

Several studies have documented amphibian declines by 
sUlVeying for presence or absence of a species at known 
localities where previous occurrence was recorded from museum 
specimens or from the literature (Altig and Dodd 1987; Bradford 
et al., unpubl. manuscr.; Clarkson and Rorabaugh 1989; Com 
et al. 1989; Fellers and Drost, in press; Jennings and Hayes, in 
press). Surveys for presence or absence have some problems. 
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Some species, particularly leopard frogs, may be difficult to 
detect, because adults disperse after the breeding season. Failure 
to detect a species that is present, of course, overestimates any 
decline. There are several other caveats that apply to 
presence/absence data, all of which may overestimate the 
number of known localities which, in tum, can lead to an 
overestimate of decline. First, museum records do not always 
represent breeding populations. Second, some records are from 
marginal habitat, where breeding may occur but is rarely 
successful. This is a particular concern for localities at high 
elevations, but it is extremely difficult in practice to judge which 
localities are marginal. Finally, museum and literature records 
are usually combined over several decades, and this ignores 
natural processes of extinction and recolonization. 

There are solutions to these problems. Determination of 
presence or absence should not be based on single SUIVeyS. 
Multiple surveys of single sites in different seasons are necessruy 
to verify that a species is absent. One method to alleviate the 
inflation of known localities is - to conduct presence/absence 
SUlVeyS for more than one species. The total number of localities 
searched will usually be greater than the number of known 
localities for any one species. Presence of a species at many 
previously unrecorded localities suggests that a widespread 
decline is unlikely, even though the species may be absent from 
several known localities. For example, Com et al. (1989) found 
tiger salamanders absent from 12 of 22 (55%) known localities 
but present at 11 new localities, chorus frogs (Pseudacris 
friseriata) absent from 20 of 56 (36%) known localities but 
present at 19 new localities, and wood frogs (Rana sylvatica) 
absent from 9 of 29 (31%) known localities but present at 9 
new localities. I conclude that these species have not declined 
appreciably in the Rocky Mountains. Conversely, a species that 
is absent from most known localities and which is not found at 
many new sites probably has undergone a decline. Com et al. 
(1989) found boreal toads absent from 83% of known localities 
and at only 2 new localities and northern leopard frogs absent 
from 88% of known localities and at no new localities. I 
conclude that both of these species have undergone serious 
declines. 

SUGGESTED DECLINES 

The foothill yellow-legged frog (Rana boy/ii) inhabits rocky 
streams at middle elevations in California and Oregon. Moyle 
(1973) felt that this species had declined in the San Joaquin 
Valley and the adjacent foothills of the Sierra Nevada, and Hayes 
and Jennings (1988) and Jennings (1988a) described a general 
decline in California. No data have yet been published, however, 
on numbers of populations that have disappeared or rates of 
decline. 

Several species of amphibians inhabit or are associated with 
small streams in the forests of the Pacific Northwest (Bury 
1988): tailed frog (Ascaphus truei) , giant salamanders (four 
species of Dicamptodon), torrent salamanders (four species of 



Rhyacotriton), and woodland salamanders (at least three species 
of Plethodon). Logging and associated road building destroy or 
alter amphibian habitat, especially through sedimentation in 
low-gradient streams (Bury and Corn 1988). Amphibian 
populations may be eliminated or severely depressed for several 
decades (Corn and Bury 1989). Because approximately 90% of 
the low- and mid-elevation forests west of the Cascades have 
been logged (Morrison 1989), and much of that in the last 40 
years (Harris 1984), it is a reasonable hypothesis that populations 
of stream-dwelling amphibians have declined over much of the 
landscape (Welsh 1990). Raphael (1988) predicted declines of 
three species of terrestrial salainanders in northern California, 
based on continued harvest of old-growth Douglas-fir 
(Pseudotsuga menziesii) forest: Petranka et al. (1993) recently 
made a similar prediction for terrestrial salamanders in the 
Appalachian Mountains of the southeastern United States. There 
have been no studies, however, documenting changes in the 
regional distribution and abundance of stream amphibians. 

CAUSES OF DECLINES 

A variety of explanations have been offered for amphibian 
declines in the West, but few of these have been tested 
rigorously. One certain reason for the lack of experimentation 
is the lack of experimental subjects. Most amphibian declines 
have been obselVed after the fact, so causes for declines have 
been based more on correlative than experimental evidence. 
Causes for declines fall into two broad categories: 
human-induced (anthropogenic) or natural (usually climatic) 
factors. Most anthropogenic causes are attributable to habitat 
destruction or alteration 

Habitat Destruction and Alteration 

Several amphibian declines are clearly attributable to 
conversion of wetland habitat to utban or agricultural use or by 
water development projects. The transfonnation of the Las Vegas 
Valley from a spring-fed wetland to a large city and the Colorado 
and Vugin Rivers to Lake Mead have caused the extinction of 
the Vegas Valley leopard frog and the near-extinction of the 
relict leopard frog (Jennings 1988b; Jennings and Hayes, in 
press). The large reselVoirs and channelization of the lower 
Colorado River in Arizona and California and agricultural 
development of the Imperial Valley in California have eliminated 
appropriate habitat for the lowland leopard frog (Jennings and 
Hayes, in press). Similar changes are blamed for much of the 
disappearance of California red-legged frogs from desert 
drainages in southern California (Jennings and Hayes, in press). 
Moyle (1973) considered habitat alteration to be a factor in 
declines of California red-legged frogs and foothill 
yellow-legged frogs in the San Joaquin Valley. Jennings (1988a) 
considered alteration of riparian vegetation by livestock grazing 
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to be an important factor in the decline of ranid frogs in 
California. The role of logging in the possible decline of 
amphibians in the Pacific Northwest was discussed previously. 

Introduced Predators 

Introduction of exotic species of predators, for which native 
species may have poor defenses, is a special case of habitat 
alteration The bullfrog (R. catesbeiana), a large ranid from 
eastern North America, has become established throughout the 
West (Bury and IWheian 1984). Predation or competition by 
bullfrogs has been blamed for declines of relict leopard frogs 
(Cowles and Bogert 1936), spotted frogs (Dumas 1966), 
northern leopard frogs (Hammerson 1982), and California 
red-legged and foothill yellow-legged frogs (Moyle 1973). 
Hayes and Jennings (1986) pointed out that there was little 
experimental evidence to support this hypothesis, and suggested 
that predation by introduced warm water fish, mainly 
centrarchids (}.1icropterus spp. and Lepomis spp.) and catfish 
(lctalurus spp.), and habitat alteration were equally likely to 
explain declines of ranids in California Jennings and Hayes (in 
press) observed that other introduced potential predators, 
including mosquitofish (Gambusia ajJinis) and red swamp 
crayfish (Procambarus clarkii), as well as bullfrogs, were 
present at most historical native frog localities in southern 
California. 

Introduction of salmonid fish (Oncorhynchus spp., Salmo 
spp., Salvelinus, spp.) into historically fishless waters is thought 
to be responsible for the decline of the mountain yellow-legged 
frog in the Sierra Nevada. Bradford (1989) sampled 67 lakes 
and documented that frogs and fish did not coexist in any of 
them. Bradford et al. (in press) found that presence of fish has 
fragmented remaining populations of mountain yellow-legged 
frogs in Sequoia and Kings Canyon National Parks. This 
fragmentation may be contributing to the continuing decline of 
this species (Bradford et al., unpubl. manuscr.). 

Human exploitation might also be considered to be a form 
of predation Although bullfrogs are a game species in most 
states, there is no evidence that other native frog species are 
sought in large numbers. There were large hatvests of California 
red-legged frogs for food from 1888-1935 (Jennings and Hayes 
1985), but there is no real evidence that this contributed to the 
current scarcity of this species. 

Pollutants 

Hale and Jarchow (1987) speculated that deposition of heavy 
metals from copper smelters in Arizona and Mexico was 
responsible for the disappearance of the Tarahwnara frog, but 
evidence to support this hypothesis was lacking. Harte and 
Hoffman (1989) concluded that episodic acidification during 
snowmelt in Colorado may have caused mortality of tiger 
salamander embryos. Wissinger and Whiteman (1992) did not 



obselVe acid conditions in the same populations of salamanders, 
and found that salamanders did not breed during the initial stages 
of snowmelt. Anthropogenic episodic acidification occurs during 
initial snowmelt when acid anions (sulfate and nitrate deposited 
throughout the winter) are flushed out, lowering the buffering 
capacity of surface waters (Vertucci 1988). This is usually before 
there is open water in breeding ponds and before breeding begins 
for most amphibians (Vertucci and Com 1993). 

Chronic acidification (the pennanent lowering of buffering 
capacity) is probably a minor occurrence in the Rocky 
Mountains that is not responsible for amphibian declines. Acid 
deposition is relatively low, and no amphibian species breed 
exclusively in habitats with the lowest buffering capacity (Com 
and Vertucci 1992). Similarly, Bradford et al. (1992) argued that 
acid precipitation was not responsible for declines of mountain 
yellow-legged frogs and Yosemite toads in California. 

Disease 

Mass mortality of amphibians from disease is not uncommon 
and may be a natural feature of the biology of a species, or it 
may be induced by an anthropogenic agent. Redleg disease or 
other bacterial infections have killed larval tiger salamanders in 
Arizona (Collins et al. 1988) and Utah (Worthylake and Hovingh 
1989), mountain yellow-legged frogs (Bradford 1991) and 
Yosemite toads (Kagarise Sherman and Morton 1993) in 
California, boreal toads in Colorado (Carey 1993), and Wyoming 
toads (Wyoming Dept. Game and Fish, unpublished data). 
Redleg affects amphibians whose immune systems have been 
weakened by stress, and Carey (1993) hypothesized that a 
regional anthropogenic stress was responsible for the declines 
of boreal toads in Colorado. This hypothesis explains the 
apparent synchronous decline over a large area, but the stressor 
has yet to be identified. The only potential anthropogenic 
stressor discussed by Carey (1993) was acid precipitation, but 
there are no data to support this hypothesis. 

Kagarise Sherman and Morton (1993) suggested that stress 
from handling and obselVation may have contributed to redleg 
disease in Yosemite toads. They obselVed the greatest mortality 
in 1978-1979 when obselVations of breeding toads were most 
intense, including the use of drift fences and pitfall traps. 

Climate 

Weather is one of the most significant natural killers of 
amphibians. Many amphibians breed in temponuy ponds that 
mayor may not persist long enough for tadpoles to transform. 
Temperature extremes or fluctuations in water level during 
breeding may kill large numbers of embryos. Such short-tenn 
events are unlikely to have caused large declines of western 
amphibians. Many species are long-lived and occasional mass 
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mortality of embryos or tadpoles can be tolerated (Olson 1992). 
However, several species of southwestern anurans inhabit 
streams in canyons, and short-tenn events such as flash floods 
(spates) can cause catastrophic mortality of adults. Flooding has 
been suggested as contributing to declines of California 
red-legged frogs (Hayes and Jennings, in press) and foothill 
yellow-legged frogs (Sweet 1983) in southern California, and 
Chiricahua leopard frogs in New Mexico (R. D. Jennings, 
Western New Mexico State U niv., Silver City, NM, pers. 
comm.). Metter (1968) described catastrophic mortality in tailed 
frog populations after flash floods in Idaho and Oregon The 
streams were altered tsubstantially, most tadpoles were washed 
away, and many adult frogs that sulVived suffered amputated 
limbs. 

Excessive precipitation does not have to be concentrated in 
a brief period. Bradford (1983) documented mass mortality of 
mountain yellow-legged frogs in the Sierra Nevada. 
Overwintering frogs died from oxygen depletion in shallow 
lakes when heavy precipitation resulted in ice cover that was 
thicker and more persistent than normal. 

Drought may also cause amphibian declines over large areas. 
Com and Fogleman (1984) described extinction of several 
populations of northern leopard frogs in Colorado when breeding 
ponds dried after a severe winter drought in 1976-i977. Kagarise 
Shennan and Morton (1993) felt that low snowfall in several 
years since 1971 has contributed to the decline of the Yosemite 
toad by causing ponds to dry before tadpoles complete 
metamorphosis. 

Carey (1993) listed cold weather as a potential stressor that 
could cause suppression of the immune system leading to redleg 
disease. Cold weather was associated with mortality of 
Tarahumara frogs (Hale and Jarchow 1988), mountain 
yellow-legged frogs (Bradford 1991), Yosemite toads (Kagarise 
Shennan and Morton 1993), boreal toads (Carey 1993), and 
Wyoming toads (Wyoming Dept. Game and Fish, unpublished). 

Population Dynamics 

It has been suggested that many changes in amphibian 
abundance that have been tenned declines may be fluctuations 
that are within the natural range of variation in population size. 
Pechmann et al. (1991) monitored numbers of amphibians 
breeding at a pond in South Carolina and found that some 
species could be rare or absent for several years and then reach 
high abundance in one or two good years. Harte and Hoffman 
(1989) and Wissinger and Whiteman (1992) may have obselVed 
a similar phenomenon in the decline and recovery of tiger 
salamanders in Colorado. Amphibian populations can be 
extremely variable from year to year (BelVen and Grudzien 
1990, Pechmann et al. 1991), but stochastic variation is an 
unlikely cause when most populations in a large area decline or 
go extinct at the same time (for example, boreal and Wyoming 
toads). 



Unknown 

As yet, there are no satisfactory hypotheses to explain 
declines of boreal toads in Colorado, Wyoming toads, and 
mountain yellow-legged frogs in the Sierra Nevada. Boreal toads 
and mountain yellow-legged frogs were widely distributed and 
abundant, and the lack of a ready answer for their decline is 
alarming, even if the declines represent natural fluctuations in 
the populations of both species. Variable environments 
periodically turn hostile and produce periods of intense selection 
pressure, or "ecological crunches" (Wiens 1977), with 
associated declines in population size. If populations are too 
small, random demographic variation can create an extinction 
vortex (Gilpin and Soule 1986) that makes extinction a common 
event. 

IMPLICATIONS F;OR ECOSYSTEM 
MANAGEMENT 

Bury et al. (1980) reviewed the status of amphibians in the 
United States thought to be declining or in danger of declining. 
They listed 15 species from the West, including 9 salamanders 
of the family Plethodontidae, all of which were endemic or 
isolated species with small ranges. Most species were listed 
because they were highly susceptIble to habitat destruction, and 
few actual declines were documented. There are now at least 15 
species of amphibians with documented declines, including 7 
species of anurans with large distributions (boreal toad, Yosemite 
toad, northern leopard frog, lowland leopard frog, Chiricahua 
leopard frog, California red-legged frog, and mountain 
yellow-legged frog). Declines of common, widely distributed 
species are much more of a problem for ecosystem management 
than is conservation of narrowly distributed endemics, for which 
complete protection of small areas of suitable habitat is the most 
appropriate action 

Any attempt at ecosystem management must take into account 
temporal and spatial variation in ecosystem processes (Landres 
1992). This is especially true of amphibians, not only because 
of temporal variation in population size, but because amphibian 
populations are structured in a variety of ways. The term 
metapopulation describes a group of populations, linked by 
migration, that undergo a dynamic process of extinction and 
recolonization (Hanski and Gilpin 1991). A variety of 
metapopulation models have been developed that describe real 
populations with varying degrees of success (Harrison 1991). 
Different amphibian species may have very different 
metapopulation structures. In Vrrginia, wood frogs inhabiting 
small ponds within a radius of 1 km are essentially a single 
genetic population (Berven and Grudzien 1990). Ponds outside 
this radius are connected by occasional migration by juvenile 
frogs. This is very similar to the situation for pool frogs (R. 
lessonae) in Sweden, where populations more than 1 km from 
other populations have a higher probability of extinction 
(SjOgren 1991). However, red-spotted newts (Notophthalmus 
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viridescens) that share the same ponds in Vrrginia with wood 
frogs are dominated by a single large, stable population that 
sends migrants to peripheral sites that suffer high rates of 
extinction (Gill 1978). Active management would be very 
different for wood frogs and newts, and specific 
recommendations for each species might be different. This is a 
potential conflict because both species occupy the same ponds. 

Predation by introduced fish is a significant problem for 
amphibians and also native fish (Rinne and Minckley 1991) in 
the West. However, sport fishing is a huge industry supported 
by the public and administered by Federal land management and 
State game and fi~h agencies. If ecosystem management includes 
preserving native species (Samson 1992), non-native fish must 
be removed from large areas of the West. Such an action, 
although probably feasible, would generate much controversy 
and strong private and public opposition. To implement 
ecosystem management fully, there are many other equally 
difficult challenges and hard choices to be made. 

In summary, there is much we know and don't know about 
amphibian declines in the West. We know that ranid frogs in 
the Southwest and California have suffered large declines, and 
several species of toads have declined throughout the West. We 
don't know the extent of declines of stream-dwelling amphibians 
in the Pacific Northwest, and we have little' knowledge of the 
status of most desert species, such as spadefoot toads (Spea 
spp.). Habitat destruction and introduction of alien predators 
have probably caused most declines of ranid frogs. We do not 
know the causes of other declines, including boreal and 
Wyoming toads. Including amphibians in plans for ecosystem 
management may cause conflicts with other management 
objectives and desired conditions. 
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