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The Elucidation of Amphibian Declines

Are Amphibian Populations Disappearing?

Jamie K. Reaser

Center for Conservation Biology, Department of Biological Sciences, Stanford University, Stanford, Cali-
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Abstract
Information regarding most am-
phibian declines is anecdotal and
_natural fluctuations in amphib-
ian population size are not un-
common. However, biologists can
no longer find amphibians in re-
gions where they were once nu-
merous, and have directly ob-
served population declines and
species extinetion. Inventory and
monitoring programs are being
established worldwide in order to
assess the status of amphibian
populations and to attempt to
identify causes of declines. Fac-
tors that may be contributing to
local amphibian declines include
natural population fluctuations,
natural succession and other
changes in vegetation, introduced
predators and competitors, patho-
gens, excessive collecting, toxic
compounds, and habitat destruc-
tion. Climate disturbance, pollut-
ants, and increases in UV-B ra-
diation have been implicated in
some well docuwmented regional
amphibian losses. These factors
may decrease amphibian popula-
tion size by causing mass mortal-
ity, reducing the ability of indi-
viduals to produce viable off-
spring, and/or by inhibiting dis-
persal of indiwviduals. A loss of
amphibians will have a significant
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impact on the state of the environ-
ment, as well as a decline in our
cultural heritage and human well-
being. Both biologists and con-
cerned citizens have vital roles in
amphibian conservation. A brief
list of possible citizen actions to
help protect amphibious life is pre-
sented here.

Amphibian populations world-
wide seem to be declining. Even
the causal observer can not find
frogs, toads, and other amphib-
lans as numerously as they once
could. Within the few short de-
cades of our lifetimes, a wide va-
riety of amphibians seem to have
been disappearing. Population
declines and species extinction
dot the pages of personal journals.
Biologists now search harder than
ever, asking “why” and hoping to
find the answers so that future
generations don’t have to be told
what they are missing.

Finding answers is no easier
than finding frogs. There is ample
evidence that humankind has
greatly impacted the distribution
and abundance of animal and
plant species worldwide through
extensive habitat alteration and
degradation. Such observations
can be made daily, and by non-
biologists. What we need to know,
however, is how specific land uses
impact the population dynamics of

amphibians, and at what spatial
and temporal scales. We also need
to know what the loss of amphib-
ians means for the continued func-
tioning of ecosystems. Ultimately,
we need to know what the disap-
pearance of amphibians signifies
for human well-being.

The paucity of data

Unfortunately, information re-
garding most amphibian declines
is anecdotal. For several species,
range reductions are well docu-
mented, but local population de-
clines are less evident. For most
species, studies only provide frag-
mentary pictures of populations
on population trends.

Research on amphibian ecol-
ogy has historically lagged behind
that of other vertebrate groups
because amphibians are often dif-
ficult to study and funding is
harder to obtain. Those concerned
about the loss of Neotropical mi-
gratory birds can reference broad
ranging, standardized datasets
from numerous monitoring pro-
grams. Several of these datasets
span multiple decades; one was ini-
tiated as early as 1900. However,
long-term (decade or longer) moni-
toring programs exist for only a
few amphibian species and only at
specific sites. Amphibian popula-
tion dynamics can typically be de-
seribed as “boom or bust;” natural
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fluctuations may be the rule rath-
er than the exception. Thus, only
very long-term datasets are use-
ful in validating suspected trends
and elucidating the mechanisms of
amphibian population declines.

The first worldwide effort to
assimilate data and hypothesize
the causes and consequences of
amphibian declines was held in
Irvine, California in 1990 (Blau-
stein and Wake 1990). Since this
meeting, an international investi-
gatory team, entitled the Declin-
ing Amphibian Populations Task
Force (DAPTF) of the Species
Survival Commission (SSC), In-
ternational Union for the Conser-
vation of Nature (IUCN), has been
formed and working groups have
been designated to address poten-
tial causes (e.g., toxins, UV-B ra-
diation, pathogens) and geogra-
phic regions. The findings of work-
ing groups and individual scien-
tists are published quarterly in
the DAPTF newsletter, Froglog,
making information readily avail-
able. Conservation organizations,
naturalist societies, and regional
agencies have been successful in
establishing local amphibian in-
ventory and monitoring programs
that often effectively utilize a mas-
sive volunteer work force. County-
and continent-wide initiatives,
such as the North American Am-
phibian Monitoring Program
(NAAMP), are in various stages of
design, testing, and implementa-
tion.

What we do know

Amphibian populations can fluctu-
ate greatly between years; varia-
tions in moisture, predation, com-
petition, disease, and catastrophic
events may greatly influence popu-
lation size. Populations may suffer
great losses. Yet, if the same popu-
lations experience “good years”
that result in many surviving off-

spring, the long-term population
trend may be stable. Long-term
stability may also be attained if
amphibians from other locations
recolonize sites where popula-
tions have been annihilated. For
example, Norman Weitzel and
Howard Panik observed Pacific
chorus frogs (Pseudacris regilla)
in Nevada and found that in 80%
of the years between 1975 and
1989 frogs produced offspring that
became members of the next gen-
eration. The population was anni-
hilated from the breeding pond ten
times by natural disturbances that
included flash floods, stream dry-
ups, and sudden increases in water
temperature. Yet, after each local
extinction event, this population
was soon reestablished by coloniz-
ing chorus frogs.

Extremely long-term data-
sets are required to distinguish be-
tween natural population fluctua-
tions and anthropogenically in-
duced declines. Joseph Pechmann
and his colleagues monitored
populations of one species of frog
and three species of aquatic-
breeding salamanders in the
southeastern U.S. for twelve con-
secutive years. They found no evi-
dence of drastic declines for any
species, although the populations
sizes did fluetuate. However, bi-
ologists Michael Reed and An-
drew Blaustein recently reana-
lyzed Pechmann’s data as well as
that from four other long-term
studies using a statistical tool
called power analysis. All these
studies, analyzed by this method,
indicated no declines. While the
datasets from these studies were
not extensive enough to reveal
statistical evidence of a decline,
the lack of decline in populations
of these amphibians could not be
supported. Thus, even with twelve
years worth of scientifically rigor-
ous data, the status of these am-
phibian populations cannot be de-
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finitively assessed.

Amphibians cannot be found
in many of the locations where they
were once numerous. Yellow-leg-
ged frogs, red-legged frogs, spot-
ted frogs, leopard frogs, western
toads, cricket frogs, and tiger sala-
manders are a few of the North
American amphibians dwindling
in the number of sites of occur-
rence and population size. The am-
phibian queue for listing under the
United States’ federal Endan-
gered Species Act has become so
long that species ruled as justified
for protection are precluded from
it for years by stacks of preceding
paperwork.

Herpetologists have wit-
nessed the vanishing of amphibian
populations, and even entire spe-
cies. Biologists Stephen Corn and
James Fogleman conducted an ex-
ceptional study, documenting six
populations of the leopard frog
(Rana pipiens) in Colorado for the
decade 1973-1982. In 1973 only a
single population failed to repro-
duce. For frogs this may not be un-
usual, but by 1981 no leopard frogs
could be found at any of the sites.
The study ended with a total ab-
sence of R. pipiens in the region.

The golden toad (Bufo per-
iglenes) of Costa Rica, so named
because of the male’s bright or-
ange color, never failed to show up
for its annual spring breeding orgy
(see Figure 1, page 4) from the
early 1970s through 1987. Martha
Crump and her colleagues counted
1500 individual adult golden toads
in 1987, but noted that only 29 tad-
poles metamorphosed and joined
the population. From 1988 to 1990
these biologists located only 11
toads. Bufo periglenes has not been
seen at the study site since.

In Australia, just north of
Brisbane, a bizarre little frog was
discovered in 1973. The gastric
brooding frog (Rheobatrachus
silus), so named because it swal-
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lowed and brooded its young in its
stomach, was an immediate won-
der to science and a potential boon
for physiologists interested in find-
ing cures for ulcers and possibly
other gastric disorders in humans.
A loss of worldwide significance,
the frog has not been seen since
1979, leaving little clue as to what
caused its extinetion. Strangely
enough, its natural habitat was
found in seemingly pristine tropi-
cal forest, far from routine human
disturbance.

Why are amphibians
declining?

Could the above mentioned frogs
have succumbed to natural, local-
ized climatic disturbances such as
drought ... been the victims of op-
portunistic pathogens ... suffered
from a yet, undetected global at-
mospheric phenomenon? Could
the little known golden toad and
gastric brooding frog merely be
sitting it out underground, await-
ing what they consider more fa-
vorable conditions?

It is difficult to generalize as
to the causes of amphibian disap-
pearances. Not every amphibian
population, nor every species, is
declining. And, those that are de-
clining are doing so at varying
rates and scales. Figuring out
what is happening to amphibians
and why is exasperatingly difficult
and exhaustingly time consuming.

Loecally, factors that may be
contributing to amphibian de-
clines include natural population
fluctuations, natural succession
and other changes in vegetation,
introduced predators and com-
petitors, pathogens, excessive col-
lecting, toxic compounds, and habi-
tat destruction. Climate distur-
bance, pollutants (particularly
those associated with acid deposi-
tion and pesticides), and increases
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in UV-B radiation have been im-
plicated in some well documented
regional amphibian losses (see re-
views by Barinaga 1990; Wyman
1990; Blaustein and Wake 1990;
Tyler 1991, Phillips 1994; Blau-
stein and Wake 1995).

Unfortunately, there may be
a significant time lag between the
negative influence of a factor on
amphibians and evidence of a
population decline. Prospecting for
cause and effect relationships is,
therefore, exceptionally difficult
even in contemporary studies. Di-
agnosis is further complicated be-
cause factors can act in concert
and their relationship is rarely ob-
vious. For example, frogs have
been observed to die of an infec-
tion caused by a common, wide-
spread microbe called Aeromonas
hydrophilla that is not normally
pathogenic. Any number of other
factors may inhibit frogs’ immune
systems, making them susceptible
to infection.

Three general hypotheses
illustrate the mechanisms by
which various factors can cause
the extinetion of amphibian popu-
lations, and eventually species:

1) Mass Mortality hypothesis

A factor or combination of factors
influences amphibians in such a
manner as to induce mortality of
individuals, sometimes entire
populations. Different factors
may contribute to mortality at
varying points in amphibian de-
velopment. However, the decline
of many populations is not merely
a problem of producing viable off-
spring. It is apparent that some
factors are influencing adult sur-
vivorship because many of the
rapid declines are occurring in
periods far shorter than the ani-
mals’ life span.

2) Reduction of Fitness
hypothesis

One or more sublethal factor(s)
reduces the ability of individual
amphibians to produce viable off-
spring (i.e., “fitness”). This eventu-
ally leads to population declines
and even population- and species-
level extinction. Genetic variation,
growth rate, size at maturity, lon-
gevity, and physiological con-
straints all influence the fitness of
amphibians. Some amphibians
have such specific conditions for
breeding that even subtle environ-
mental changes can result in the
failure of a population to breed.

3) Failure to Rescue
hypothesis

The observed declines are prima-
rily driven by the failure to rees-
tablish populations following lo-
cal extinction. Typically, when a
local population goes extinct, the
habitat is colonized by amphib-
ians dispersing from nearby
sources (this reestablishment is
termed the “rescue effect”). Under
this scenario, changes in the
chemical or structural environ-
ment prevent amphibians from
dispersing widely.

Several biological character-
istics of amphibians are likely to
impede recolonization following
local extinetion: (1) physiological
limitations (particularly water re-
quirements) make it difficult,
even impossible, for amphibians
to persist in or travel through
suboptimal habitat; (2) amphib-
ians tend to have small home
ranges, many move only short dis-
tances, and rarely “wander”; and
(3) amphibians, especially the
adults of many species are ex-
tremely faithful to a specific loca-
tion, or set of locations, and are un-
likely to abandon sites even if they
can no longer breed there.
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The specific means (e.g.,
physiological processes) by which
these general mechanisms operate
are not well understood and are
rarely investigated. In part, this is
due to the fact that solving the
puzzle requires the cooperation of
experts across disciplines as di-
verse as geology and genetics. Re-
gretfully, most biologists are highly
specialized and rarely trained or
encouraged to work with col-
leagues from other fields. When
they have, however, pieces of the
puzzle fall into place. For example,
and interdisciplinary team in Or-
egon led by Andrew Blaustein is
now able to illustrate how strato-
spheric ozone depletion may lead
to amphibian population decline. It
works like this: Ultraviolet-b radia-
tion penetrates the Earth’s thin-
ning, protective ozone shield and
beams its way to earth where it
comes in contact with amphibian
eggs. The high-level and/or pro-
longed exposure to radiation caus-
es damage to eggs’ DNA (the ge-
netic information template) mol-
ecules, which in turn results in the
death of cells and thus tadpoles do
not develop. As adult frogs die and
are not replaced by new genera-
tions, the population declines and
eventually goes extinct. Blaustein
and the other investigators further
learned that different amphibian
species have varying amounts of
photolase, an enzyme that can re-
pair DNA damage. The declining
Caseades frog is low in photolase,
while the coexisting and successful
Pacific chorus frog has good DNA
repair capabilities; extra copies of
photolase genes secure protection.

The impact of amphibian
declines

A loss of amphibians will have a
significant impact on the state of
the environment. Amphibians are

vital components of the world’s
ecosystems. Amphibians comprise
one-quarter of all vertebrate spe-
cies on earth and sometimes con-
stitute the highest percentage of
vertebrate biomass in a given
area. This measure may be posi-
tively correlated with a species’
contribution to ecosystem func-
tion;i.e., it is one indication of the
organisms’ importance to main-
taining the system’s integrity. Am-
phibians consume aquatic vegeta-
tion, invertebrates and other ver-
tebrates, and are eaten by numer-
ous predators. Therefore, amphib-
ians play multiple, vital roles in the
food chain of ecosystems.

Amphibians are apparently
declining even in seemingly pris-
tine, protected areas worldwide.
Because of these trends, many
biologists are pondering whether
amphibian declines should be in-
terpreted as a warning signal;
that is to say that the disappear-
ance of amphibians indicates that
something is gravely amiss in the
biosphere. Because amphibians
have permeable gills, skin, and
eggs; have diverse life histories;
are widely distributed and occupy
a variety of habitats, their popu-
lation dynamics may qualify as
reliable gauges of environmental
health (if only we can learn to in-
terpret the signals).

Frogs are totems of luck for
numerous native culture; many
hunting poisons, ceremonial hallu-
cinogens, and medicinal drugs are
amphibian products. Amphibians
are chemical factories and the
compounds they produce may
hold eures to all sorts of ills, in-
cluding AIDS and cancer. If
you've had painkillers adminis-
tered recently, you may have a
frog or two to thank. For an excel-
lent review of amphibian contribu-
tions to medicine, see Grenard’s
(1994) Medical Herpetology.
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You can make a difference

Approximately 5,000 amphibians
have been described by science,
with additional descriptions being
cataloged at a rate of 1 to 2 per-
cent a year. The rate of loss is
immeasurable; we don’t know
how many amphibians have come
and gone without recognition.

The amphibian decline “cri-
ses” demands that the status of
amphibian populations be rapidly
assessed and that where declines
are apparent, mechanisms be iden-
tified, managed, and recovery pro-
grams established. This is much
more easily stated than accom-
plished. There are far more am-
phibians than biologists investigat-
ing their declines. Funding is hard
to come by, particularly for the
long-term studies that are critical
to understanding amphibian popu-
lation dynamics. Also, time is not
on the side of the amphibian popu-
lation dynamies—human popula-
tion and resource consumption
continue to increase, rapidly
changing the landscape that am-
phibians have been evolving in for
roughly 350 million years.

Yes, there is hope. Amphib-
ian populations have rebounded
and sites have been recolonized
following massive die-offs. Main-
tenance and recovery of environ-
mental quality, and the restora-
tion of fragmented landscapes will
enable amphibians to persist.

As a citizen concerned about
amphibians, your role in amphib-
ian conservation is as critical as
that of any highly trained biologist.
The following is a very brief list of
the many actions that you ean
take to help protect amphibians,
and maintain their vital roles in
the circle of life.

* Become a volunteer assistant for
a local amphibian monitoring pro-
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gram or research project. Contact
your regional wildlife agency for
information on studies in your
area.

* Enlighten other people to the
wonders and plight of amphibians
by harnessing your enthusiasm
and knowledge. Talk to children,
the media, local officials, and the
voting public.

» Support legislation that pro-
motes healthy, intact ecosystems.

* Fight legislation that weakens
control of pollution and land de-
velopment.

* Encourage government agen-
cies to fund long-term research
projects on amphibians.

* Respect your wetlands by keep-
ing them healthy. Do not pollute
them with unnatural refuse such
as litter and harmful chemicals
(e.g., petroleum products and pes-
ticides).

* Organize routine cleanup pro-
jects.

* Admire amphibians in the wild;
don’t keep them as pets (animals
kept for research, in legitimate
conservation breeding projects,
and as educational displays such
as in zoological parks and aquari-
ums are not considered pets and
contribute to the conservation of
species).

By joining forces, biologists and con-
cerned citizens around the world
can become a very powerful lobby
for the conservation of amphibians.
And amphibians, inventoried and
monitored by these people, may be
a powerful gauge for ensuring the
protection of all life.
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