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Introduction

One of my earliest memories occurred following a spring rain on my
uncle’s dairy farm in southeastern Kansas when I was only three or four years
old. I ventured down the long, muddy driveway to a large puddle where | found
a most amazing sight that | will never forget. Ringed around the edge of the
puddle and submerged in the murky waters with only eyes and noses revealing
their presence were a dozen or so young leopard frogs seeking refuge from the
emerging sun. I don’t know if these were the first frogs I had ever seen, but I do
know they had a profound effect on my life. Motionless, their crisply patterned
skin glistened like glazed ceramic. Each black leopard spot was separated from
an olive green background by a thin yellow edge as if painted by the steadiest
of hands with a fine detail brush. Their eyes, fixed and alert, stared blankly but
ready to trigger their thick hind legs into action if the grubby little kid watching
them came any closer. The only motion of these frogs was the steady pulse of
their pearl white throats, looking soft and flexible like oiled rubber. Of course
I had to catch one, so the frogs all dove into the puddle and I dove in after
them. After many failed attempts, | managed to catch a frog, and the tactile
sensation was just as incredible as their appearance. This frog was moist and
slick but kicked powerfully with its strong hind limbs. Its belly and throat were
just as soft as they looked; they really were like soft rubber. And the frog’s eyes
protruded when it was relaxed but closed and sunk into its skull as it struggled.
Eventually, my aunt came to the rescue of the frogs and took me inside to clean
the mud off. But that moment had sealed my future as an ecologist and wildlife
biologist.

From that point on, amphibians had a major influence on my life. I
could not venture near a pond, stream or woodland without embarking on a
search for amphibians, reptiles, and other wonders of nature. | would spend
cold spring evenings silently in icy marshes just to witness the raspy croak
of chorus frogs and hot summer days swimming among cricket frogs at
Blackburn’s pond. I would be scolded for digging holes and filling them with
water to attract frogs to our suburban lot, and chased out of the pond of a new
apartment complex for swimming with the frogs. My career would lead me to
study everything from cockroaches and cicadas, to bison and wolverines, but it
all started with a chance encounter with frogs in a muddy puddle on a dreary
Kansas day.
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Amphibians in Decline

Sadly, encounters with amphibians such as the one that so profoundly
impacted my life are becoming increasingly rare. Amphibians are experiencing
a crisis unprecedented in their 370 million year history on Earth. Of the
approximately 6,000 amphibian species currently described by science,

33% are known to be threatened with extinction.: A recently published study
estimates that the rate of extinction for amphibians could be 211 times higher
than the background extinction rate estimated from the fossil record over
the past 2.5-2.75 million years.? In the New World, which contains 53% of

all known amphibian species, two out of five species (39%) are threatened
with extinction.® If species that are believed to be threatened with extinction,
but there is insufficient data to know for sure, are included, the percentage

of amphibian species threatened by extinction climbs to an astonishing 50%
globally.

The causes for these declines are many. Habitat loss and degradation is
the leading threat, affecting nearly 4,000 species.! Pollution is the next major
threat affecting more than 1,000 species. And recently, disease caused by
chytrid fungus has emerged as a significant threat to amphibians, including
those living far from humans in areas relatively safe from habitat loss and
pollution. The greatest number of threatened amphibian species is found in
Central and South America, in part because those areas harbor the largest
concentration of the world’s amphibian diversity.

Declines in North America

But the amphibian crisis is not limited to the biodiversity-rich tropics.
Amphibian declines have been documented on every continent where
amphibians live, including North America. Amphibian declines in the United
States struck a personal note when | recently visited a city park near the home

where | grew up. A

Number of Amphibian Species “At Risk”" large naturalistic
Total Global* (%) MNational*(%) _State/Province* (%) ESA/COSEWIT water garden and
- formal lily garden
United States 277 120(43.3%) 128 (46.2%) 246 (88.8%) 22(7.9) . i
remain, and look just
Canada 46 1(2.2%) 16 (34.8%) 29 (63.0%) 16 (34.8%)

as | remember them
in my youth. But gone

'Includes species with a moderate to severe risk of extirpation or extinction (NatureServe conservation
status ranks 1-3) as well as species already presumed to be extirpated or possibly extirpated (status ranks H

and X). NatureServe. 2007. NatureServe Explorer: An online encyclopedia [web application]. Version 6.2. Na- were the steady drone
tureServe, Arlington, Virginia. Available http://www.natureserve.org/explorer. (Accessed: October 10, 2007). of American bullfrogs
*Global rankings refer to a species’ extinction risk over its entire range, national rankings refer to a species’ (Rana catesbeiana),
risk within a given country, and state/provincial ranks refer to risk within a particular U.S. state or Canadian

the soft cluck of

province. .
plains leopard frogs

Species currently listed, candidates for listing, or proposed for listing, under the U.S. Endangered Species or o
species listed by the Committee on the Status of Endangered Wildlife in Canada excluding those desig- (Rana blairi), and
nated “Not at Risk”” the tick tick tick of

Blanchard’s cricket

frogs (Acris crepitans
blanchardi). In their place were only the sounds of the wind and traffic. After
an hour long search, I finally located a single small bullfrog, but in the 1970s,
these ponds teemed with hundreds upon hundreds of frogs and the shallows
writhed with thousands of tadpoles wriggling among water lily stems. It
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seems tragic that the thousands of children who visit this park each month cannot
experience the abundance of amphibian life that | enjoyed in my youth.

Stories such as these are being repeated all over North America and they do
not just occur in urban areas. At my home in southwest Montana, | am fortunate
enough to live in some of the most pristine country left in the lower 48 states.
Nearly all wildlife species that were present when Europeans first visited this area
over 200 years ago are still here. Even such wilderness icons as gray wolves and
grizzly bears still roam the forests and valleys around my home, and are on the
increase. But our local amphibians have not fared as well. Of four species of frogs
and toads native to our valley, only the Columbia spotted frog (Rana lutiventris)
remains common. Boreal chorus (Pseudacris maculates) frogs have been reduced
to only one or two lonely voices on a cold spring night. Boreal toads (Bufo boreas
boreas), once the most abundant amphibian in these mountains, and northern
leopard frogs (Rana pipiens), largely extirpated west of the Continental Divide, are
gone. When an area that still contains large carnivores that have been extirpated
from most of their former ranges cannot support its native amphibians, there is
clearly a problem.

Statistics for the United States derived from the NatureServe database reveal
cause for concern. Of the 277 species currently listed as U.S. native amphibians,
about 43% are considered “at risk” globally,- 46% are considered “at risk” within
the U.S., and 89% are considered “at risk” in at least one U.S. state. Only 8% of
amphibians native to the U.S. have any legal status under the Endangered Species
Act, leaving 92% with no protection, or consideration for protection, under the
Act. Of 46 native Canadian amphibians, 2% are considered globally “at risk”, 35%
are at risk of extinction within Canada, and 63% are listed as “at risk” in at least
one province. However, 35% of Canadian amphibian species have some form of
legal status by the Committee on the Status of Endangered Wildlife in Canada
(COSEWIC) and are, therefore, being reviewed for protection under the Species at
Risk Act (Canada’s version of the U.S. Endangered Species Act). Thus, nearly one
half of all amphibian species are at risk of being lost in the U.S. In addition, 9 out
of 10 species in the U.S., and more than one third of all Canadian amphibians, face
a moderate to severe risk of being extirpated from portions of their ranges within
these two countries.

As in other regions, amphibians in North America are declining due to
multiple threats. Habitat loss is the leading threat with 70% of all U.S. species and
56% of Canadian species threatened by habitat loss!. The major causes of habitat
loss are mining and timber extraction, development, and agriculture. In fact,
habitat loss affects, or has affected, over 90% of all U.S. and Canadian amphibians
known to have any major threats. However, amphibians in North America are
affected by additional threats such as pollution, invasive species, and disease.
Although the number of species affected by these additional threats is much lower
than the number affected by habitat loss, the impact of these other threats are
more severe for many species.

a Species “at risk” are species with a moderate to severe risk of extirpation or extinction (NatureServe conservation status ranks 1-3)
as well as species already presumed to be extirpated or possibly extirpated (status ranks H and X). Global rankings refer to a spe-
cies’ extinction risk over its entire range, national rankings refer to a species’ risk within a given country, and state/provincial ranks
refer to risk within a particular U.S. state or Canadian province. For more information about conservation status rankings, visit the
NatureServe web site at: www.natureserve.org.
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Major Threats to Amphibians in the United States and Canada
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Opportunities for Action

Although the statistics look grim, there is some cause for optimism.
Compared with many wildlife species, most amphibians have relatively
small home ranges, often remaining within a few hundred yards of breeding
sites and rarely venturing more than a few miles from them. Within suitable
habitat, amphibians often occur in very high densities and may even be the
most abundant vertebrates in some ecosystems.® In many cases, amphibian
habitat loss may be limited to loss of suitable breeding sites which are often
very small, and often ephemeral, pools of water. These characteristics provide
tremendous opportunities for small groups and individuals to make significant
contributions to their local amphibian populations. Unlike grizzly bears that
require millions of acres of habitat to support a single population, a single
person can realistically create or restore high quality habitat to support a
thriving population of amphibians in a backyard or community. Working
together, a relatively small number of people could significantly mitigate the
single major threat affecting the majority of amphibians in North America by
replacing, restoring, or reconnecting lost and fragmented habitat.



Introduction A 5

A Need for Planning

Although individuals can create or restore amphibian habitat, their efforts
will be most effective with careful planning. Indeed, action with a lack of
planning could prove counterproductive. Small-scale habitat restoration needs
to consider the “where” and “how” of conservation. Habitat projects should
be targeted to provide appropriate habitat for local species of interest, but not
create vectors for transmission of chytrid and other diseases into new areas.
Projects must also avoid creating corridors for expansion of invasive species
like American bullfrogs, which have been implicated in amphibian declines
where this species has been introduced outside its natural range. In order
to accomplish this goal, projects should be coordinated using Geographic
Information Systems (GIS) and other conservation tools to guide appropriate
actions. Because conservation resources are limited, coordinated efforts must
be targeted to those areas where habitat enhancement projects are likely to
have the greatest positive impact per unit of resources expended.

About this Report

This report is intended as the
first step toward determining where
small-scale habitat projects should be
targeted within the U.S. and Canada.
The analyses presented here provide
maps of species distributions and the
severity of threats facing amphibian
communities across the U.S. and
Canada. Because this assessment
is intended specifically for guiding
small-scale habitat projects likely
to be implemented by individuals
or small groups, special attention is
paid to the impact of infrastructure
development, which is the type of
threat most likely to be prevalent in
areas where such projects would be
built. To enhance the utility of this
report as a priority setting tool, results
have been summarized by ecoregion.
Amphibian communities and
appropriate conservation methodology
will likely remain consistent within a
given ecoregion but not necessarily
between dissimilar regions. As mentioned previously, this report is intended
as only the first step for prioritizing habitat improvement projects. Because
it encompasses nearly an entire continent, the resolution of these analyses is
necessarily coarse and is appropriate only for selecting ecoregions for targeting
conservation activities. Once these targets are selected, finer scaled analyses
are needed to develop effective plans for amphibian habitat projects within a

given region.

This water garden provides amphibian habitat in a busy urban setting.



Methods

Data Sources and Processing

Spatial analyses of amphibians native to the U.S. and Canada were
conducted using Digital Distribution Maps of the Amphibians of the Western
Hemisphere® developed as part of the Global Amphibian Assessment and
provided by the IUCN World Conservation Union, Conservation International,
and NatureServe. This dataset includes GIS layers of distributions for 265
amphibian species native to the U.S. and Canada which includes 94 anurans
(frogs and toads), and 171 caudates (salamanders and newts).

Amphibian taxonomy has undergone considerable revision since the
Digital Distribution Maps of the Amphibians of the Western Hemisphere were
developed which created problems with combining data from sources that
follow different taxonomic schemes. To rectify these differences, | consulted
the concept references in NatureServe* and synonymy and taxonomic
descriptions in Amphibians of the World to attribute additional data sources
to appropriate distribution maps as the taxonomy appeared in 2004 when they
were created.

Amphibian distribution maps were processed and analyzed using a GIS.8
Analyses were restricted to native amphibians within their natural range of
distribution. Prior to analysis, maps were modified to remove those areas of a
species’ distribution where it has been introduced outside its known natural
range. For example, Bufo marinus occurs naturally in extreme southern
Texas but has been introduced and formed feral populations in Florida
and Hawaii. Therefore, the Florida and Hawaii portions of this species’
distribution were removed. An exception was made for the tiger salamander
(Ambystoma trigrinum) because this species has been widely translocated
between populations within the species natural range due to its use as bait for
recreational fishing. Therefore, many populations have been infused with genes
from non-native populations but this could not be delineated on maps for the
purposes of this assessment.

Quantifying Risk

Amphibian distribution maps were converted to 1km x 1km grid cells,
subdivided into State and Province regions®°and assigned risk severity
scores according their NatureServe Conservation Status®. These status scores
assess each species’ stability, or risk of extirpation, at the global (across the
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species’ entire range), national (across a species’ range within a specific country),
and sub-national (State or Province) level. Each level is assigned a numeric rank
indicating the severity of risk of extirpation within the scope of that level. Ranks
with the lowest number represent the highest risk of extirpation. Ranks less than
4 are considered “at risk” and range from moderate to high risk of extirpation
(rank = 3), to extremely high risk of extirpation (rank = 1). Thus, a species with

a G5N3S1 ranking would be considered at the least risk of extinction globally, at
moderate risk of extirpation nationally, and at extreme risk of extirpation within a
given state or province and would only be considered “at risk” at the national and
sub-national levels. At risk status also includes ranks
that indicate the species is presumed, or probably,
extirpated within a given area (rank = X or H). Only
status levels within the “at risk” were used for assigning
risk severity scores for these analyses.

Conversion of NatureServe
Ranks to Risk Severity Scores

NatureServe Conservation Status’

Risk Severity Each ies distributi ianed
Global National State/Province Score ) ac _SpECIeS Istribution map was assigne

G1, GX, GH N7, NX, NH 51,5X. SH = risk severl.ty scores by converting the NatureServe

Conservation Status ranks to a numeric scale and
G1G2 N1N2 S1S2 5 . .

applying those scores to appropriate areas of each
G2 N2 S2 4 e s qe e . .

species’ distribution. Global scores were applied across
G2G3 N2N3 S2S3 3 . . . .

the species entire range, while national and sub-
= 2B £2 2 national scores were applied only to areas within the
G3G4 LED 5354 L country, state, or province where they applied. Scores
Other Other Other 0

for each of the three levels were summed to combine
'Data developed as part of the Global Amphibian Assessment and pro- them into a total severity score for each location within
vided by the IUCN World Conservation Union, Conservation International, . . . .
a species range. This method automatically applies
and NatureServe. ) o
the highest weighing to global scores and the lowest
weighting to State and Province scores because by
default, ranks at lower levels of evaluation are never lower than the ranks at levels
above. For example, a species with a G1 ranking will automatically receive N1 and
S1 rankings throughout its range because a species cannot be globally imperiled
but secure within portions of its range. In this example, the species would receive
a risk severity score of 18 (6+6+6) throughout its range. In contrast, a species

ranked G5N5S2 (0+0+4) would receive a much lower score of four which would
only apply within the state or province where the S2 rank is assigned.

Identifying Priorities

To identify priority areas for conservation, grids of individual species’ risk
severity scores were combined to calculate the combined severity of risks across
the U.S. and Canada and these results were summarized by ecoregion. Two types
of combined risk maps were produced. The first type represents cumulative risk
which was calculated by stacking all species grids on top of each other, and adding
up the combined risk severity scores for each 1km? grid cell. Because cumulative
risk is strongly influenced by the number of species (or species richness) found at
a particular location, it is a good metric to use for determining where conservation
should be applied to help the maximum number of amphibian species that
are facing the most severe threats. The second type of risk map represents the
proportional risk experienced at a location. The proportional risk is the total
combined risk score divided by the maximum potential risk score. This produces
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an index with range 0-1 where zero indicates that no species at a given location
are “at risk” and one indicates that all species at a given location are critically
imperiled at the global level. This proportion of risk severity index provides a
good indicator of overall ecosystem health with respect to amphibians. Areas
with a high percentage of amphibian species having high risk severity scores
are likely to be areas where ecosystems have been degraded to a point where
they no longer sustain healthy amphibian populations in general. In contrast,
areas with a low percentage of species “at risk” are likely providing adequate
habitat and ecosystem function to support most of its native amphibians and
threats to the few “at risk” amphibians are likely to be species specific. For both
types of risk maps, calculations were made for all anurans (frogs and toads), all
caudates (salamanders and newts), and all amphibians combined.

A combined conservation value index was calculated for each 1km? grid cell
that balances the importance of biodiversity, threats, and ecosystem function
into a single metric. This index was calculated by rescaling the mean number of
species/1km?and cumulative risk index to a range of 0-1 (matching the range
of the proportional risk index) and averaging these three metrics. As with other
metrics, conservation value was calculated separately for anurans, caudates,
and all amphibians combined.

To further aid in identifying priority areas for amphibian conservation,
all results were summarized by ecoregion. Ecoregions are areas that contain
distinct assemblages of species and natural plant communities. These regions
are convenient for setting conservation priorities because habitats, ecological
processes, and species found at different locations within an ecoregion are
much more similar than those found between different ecoregions. Thus,
conservation tools can often be applied effectively across entire ecoregions
whereas different ecoregions often will require different tools or methods. For
this assessment, | used Terrestrial Ecoregions of the World" developed by
the World Wildlife Fund which divides the world into 867 distinct ecoregion
units. Combined risk calculations were summarized by calculating the average
combined scores of 1lkm? grid cells by ecoregion boundary. The resulting maps
display the average combined score for each ecoregion. Species richness was
similarly summarized by totaling the number of species expected in each 1km?
grid cell and averaging these values by each ecoregion to provide an estimated
average number of species/1km?.
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Results

Setting priorities for conservation requires determining which areas are
likely to provide the greatest positive return on conservation efforts. The two
most common criteria for setting priorities are biodiversity and threats.*?

One conservation approach is to focus on areas containing high biodiversity
with the idea of conserving the greatest number of species possible for unit

of conservation effort. Areas containing high biodiversity are often found in
relatively remote or pristine areas with high ecological integrity. Securing such
areas to protect them from threats before those threats become severe can be
very cost effective since it is often easier to protect high quality habitat than to
attempt to restore habitat that has already been degraded. Another approach
to conservation is to focus on those areas facing the greatest or most urgent
threats to prevent further habitat degradation and possibly initiate restoration
efforts. Most often these two approaches are combined to attempt to balance
an area’s biodiversity value against threats to set conservation priorities.

This section presents maps of species richness, cumulative risk,
proportional risk severity, and combined conservation value of amphibians
native to the U.S. and Canada, and summarized by ecoregion. Results are
presented for frogs and toads, salamanders and newts, and all amphibians
combined. A table is also provided that summarizes each of these metrics by
ecoregion. Because one objective of this assessment is to prioritize areas for
small scale habitat improvement projects, all of the above metrics were also
calculated for the subset of species that face infrastructure development as a
major threat, because those are the species most likely to benefit from backyard
and small community projects.

Data Limitations

These results were derived from Digital Distribution Maps of the
Amphibians of the Western Hemisphere*, NatureServe!, and the Global
Amphibian Assessment® and are subject to limitations inherent to those
data. In addition, these results are intended for regional analysis at a broad
scale only. Species range maps provide only a general approximation of a
species’ geographic distribution. However, such maps are not intended to
indicate actual occupation of a species at a specific location. Actual occupation
depends on the distribution of suitable habitat within a species’ geographic
range and many other factors. The results presented here are calculated with
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Mean Species Richness by Ecoregion
of Native Amphibians in the U.S. and Canada

Mean Species Richness by Ecoregion of
Native Frogs and Toads in the U.S. and Canada

the assumption that every species is present in every 1km?2 within its mapped
range. However, it is certain this assumption is not true for most species, as it
is highly unlikely that suitable habitat will occur across every square kilometer
of any species’ range. In other words, there are gaps in the actual occurrence

of any given species within its mapped range of distribution. Therefore, values
calculated for individual Ikm?grid cells should be interpreted with caution.
However, when viewed across large areas or aggregated into regions, these
results provide a reasonable representation of the spatial trends for the metrics
presented here.

Analysis of Amphibians at Risk

Species Richness

Species richness is simply the number of species occurring within a given
area and is an indicator of general biodiversity value. Amphibian species
richness in North America generally follows the patterns of temperature and
moisture, creating increasing concentrations of species as one approaches
the southeastern U.S., particularly along the southeastern Coastal Plain and
Gulf coast. Species richness declines with increasing latitudes and towards the
relatively dry continental interior.

However, the distributions of species richness are different between frogs
and toads, and salamanders and newts. Frog and toad species richness follows
the same patterns as total amphibian species richness, except that frogs and
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Mean Species Richness by Ecoregion of Native
Salamanders and Newts in the U.S. and Canada

toad species are more concentrated along the southeastern coastline of the

U.S. and through the east Central Texas forests and Blackland prairies. In
contrast, salamander and newt species are concentrated in moist, but slightly
cooler regions compared with frogs and toads. As a result, the majority of
salamanders and newt species are found in the U.S. east of the Mississippi
River, with the highest concentrations in the Appalachian Mountains. There is
also a secondary concentration of salamander species found in the cool, moist
climate of the Pacific Northwest coastline, while the remainder of the continent
supports relatively low species richness. This is particularly significant because
the United States contains 32% of all known caudata species in the world.
Thus, the Appalachians and the Pacific Northwest are extremely important
areas for conservation of salamanders and newts globally, and these are the
only general regions that contain more salamander and newt species than frogs
and toads.

Cumulative Risk

Cumulative risk represents the combined risk severity of all species
potentially present at a given location. These scores are derived from
conservation status at three geographic scales (global, national, local (state
or province))*. The rating system presented here sums threats across all
three geographic scales and, therefore, places the highest weight on global
conservation status and the lowest weight on local conservation status.
Cumulative risk is the sum of risk severity scores for all species and is,
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Cumulative Risk by Ecoregion " Cumulative Risk by Ecoregion of
of Native Amphibians in the U.S. and Canada Native Frogs and Toads in the U.S. and Cana

therefore, heavily influenced by the number of species present at a location.
Therefore, this metric is useful where preserving biodiversity value is a priority
because it gives the highest priorities to areas with the most species facing the
most severe risk.

All Amphibians

Despite the strong influence of species richness, observed patterns of
cumulative risk differ dramatically from patterns of species richness. Combined
cumulative risk for all species is highest in the south and central Cascades of
the Pacific Northwest and the Southeastern conifer forests. Other areas of high
cumulative risk occur in other ecoregions of the Pacific Northwest extending
into the Sierra-Nevada, along the Middle Atlantic coast, the Appalachians, and
the Ozark Mountains.

Frogs and Toads

Cumulative risk for frogs and toads is much higher in the western United
States, particularly throughout the west coast states, the desert southwest, and
the central and southern Rocky Mountains. However, cumulative risk remains
high in the Middle Atlantic forests and moderately high in the Tamaulipan
mezquital of south Texas and the southeastern conifer forests.

Salamanders and Newts

Areas of high cumulative risk for salamanders and newts are much more
concentrated than for frogs and toads, with the highest cumulative risk
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occurring in species inhabiting the southeastern conifer forest ecoregion.
However, the southern and central Cascades and the Blue Ridge-Appalachian
forests also show high cumulative risk scores which are only slightly below
those of the southeastern forests.

Proportional Risk

Proportional risk is an indicator of overall ecosystem health. Healthy
ecosystems are capable of supporting all of their native species such that
populations persist over evolutionary timescales (the time needed for species to
evolutionarily adapt to changing conditions). In contrast, areas suffering from
widespread habitat loss or decline in ecosystem function are no longer capable
of supporting healthy populations of many native species. Therefore, the
proportion of species within an ecosystem suffering declines, and the severity
of those declines, provides a useful indicator for determining where ecosystem
integrity is at risk.

Interpreting Proportional Risk

Proportional risk is the proportion of cumulative risk of an area in relation
to the maximum potential risk that could occur. Maximum potential risk
is reached if all species expected to occur at a given location are critically
imperiled at the global (and, therefore, also at the national and state/
province) level. If no species at a location is considered at risk at any level,
the proportional risk equals zero. However, it is important to understand that
areas that naturally support low species richness are more sensitive to changes
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in proportional risk than areas that support a large number of species. This

is because declines in only one or two species in areas of low natural species
richness represent a large proportion of all species present, and can, therefore,
drastically influence the proportional risk value of the area. On the other hand,
areas of natural low species richness are typically harsh environments where
only very robust generalist species (species that can occupy a wide range of
habitats) or very specialized species (those that have very narrow habitat
requirements) can live. In both cases, proportional risk may be very important
because habitat specialists tend to be very sensitive to rather modest changes
in their environment, and habitat generalists can often tolerate fairly large
alterations of their environment. Therefore, a high proportional risk value

in areas of naturally low species richness could indicate even relatively small
changes to highly sensitive ecosystems or very large changes to naturally robust
ecosystems.

All Amphibians

The sensitivity of areas with naturally low species richness to proportional
risk is reflected in the observed patterns for all amphibians. By far, the highest
proportional risk is concentrated along the west coast of North America with
the highest values found to the north along the coasts of Alaska and British
Columbia. These northern ecoregions have naturally low amphibian species
richness, ranging from six species in the Northern Pacific coastal forests and
Pacific Coastal Mountain ice fields and tundra to as little as two potential
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species in the Copper Plateau taiga of Alaska. However, not all areas with
high proportional risk are in areas of naturally low species richness. High
proportional risk is indicated throughout the Pacific Northwest and most of
California (particularly the Sierra-Nevada) in areas with moderate levels of
amphibian species richness.

Frogs and Toads

Patterns of proportional risk for frogs and toads are similar to those for
all amphibians combined, with highest risks associated with species along
the west coast of North America but with risk values considerably higher for
frogs and toads in the Pacific Northwest and California compared with those
in the northern ecoregions in Alaska and British Columbia. In addition, frogs
and toads in the central and southern Rocky Mountains, particularly in the
Arizona Mountain forests of the Southwest, have moderately high values and
proportional risk in the American West in general is higher than found in the
eastern half of the continent.

Salamanders and Newts

Salamanders and newts show a very different pattern of proportional risk
with areas of high risk concentrated in a few, widely dispersed ecoregions.
Highest proportional risk values are associated with salamanders found in
the Western Gulf coastal prairies of Texas and Louisiana, the Northern Pacific
coastal forests of British Columbia, the Tamaulipan mezquital of south Texas,
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and the Sierra-Nevada of California. In addition, moderately high proportional
risk values occur in the Central and Southern Cascade forest of Washington
and Oregon, and the Alberta Mountain forest of southwest Alberta.

Combined Conservation Value

Setting conservation priorities often means striking a balance among a
number of conservation targets. Each of the metrics previously presented
in this report address different conservation targets. These metrics provide
information about where the most amphibian species occur, which areas
contain species associated with the greatest total severity of risk or decline,
and which ecosystems appear in danger of losing significant portions of their
amphibian communities. The combined conservation value index is an average
of the three prior metrics to help set priorities that strike a balance between the
three targets.

All Amphibians

Four general regions stand out as high conservation value for all
amphibian species combined. The highest conservation value is found along
the Middle Atlantic coast and extending into the southeastern Gulf coast
states. Another area of high conservation value occurs along the Blue Ridge-
Appalachian Mountains, which is surrounded by a region of moderately high
conservation value. The Ozark Mountains of Arkansas and Oklahoma create
another region of high conservation value. The Pacific Northwest; particularly
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the Central and Southern Cascades forests, the Northern California coastal
forests, and the Willamette Valley; comprise a fourth area of high combined
conservation value.

Frogs and Toads

Areas of high conservation value for frogs and toads are widely dispersed.
The highest conservation values are found along the Middle Atlantic coast
and the southeastern conifer forests. Eastern and southern Texas, particularly
the East Central Texas forests, Texas Blackland prairies, Western Gulf
coastal grasslands, and Tamaulipan mezquital forms another region of high
conservation value. This region is adjacent to the Piney Woods and Ozark
Mountains, which also have high conservation value. Remaining areas of high
combined conservation value for frogs and toads are scattered among the
Arizona Mountains forests, the Sierra Madre Occidental pine-oak forests, and
the Atlantic coastal pine barrens.

Salamanders and Newts

Predictably, combined conservation value for salamanders and newts is
highest in the Appalachian, Southeastern, and Middle Atlantic coast forest
regions with moderately high conservation values in adjacent forest ecoregions.
Areas of moderately high conservation value outside this region include the
Ozark Mountains and Central U.S. hardwood forests and the Pacific Northwest.
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Analysis of Amphibians Threatened
by Infrastructure Development

To assess conservation priorities for amphibians most likely to benefit from
backyard and other small-scale habitat projects, | repeated the above analyses
on the subset of amphibians which have infrastructure development listed
as a major threat in the Global Amphibian Assessment database®. Because
backyard and small-scale projects are most likely to occur in urban, suburban,
or rural residential areas, it is reasonable to assume that species most likely
to benefit from such projects are those experiencing, or likely to experience,
habitat loss due to development. It is important to understand, however, that
these analyses do not pinpoint areas where habitat destruction by development
is actually occurring. Rather, these analyses are intended as a coarse filter to
identify areas of high conservation value for species that appear to be suffering
from infrastructure development over significant portions of their range. The
results provide a good first step in narrowing the focus to general areas where
projects that offset habitat loss to development are likely to bear fruit. Finer-
scale analyses are required to pinpoint the actual patterns of infrastructure
development, and severity of its impacts on amphibians, in order to develop
effective strategies to offset these losses within a particular area.
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Species Richness

Of 265 amphibian species analyzed in this report, 49% (130 species) have
infrastructure development listed as a major threat. The pattern of species
distributions is similar to that of all native amphibians, except there is a higher
concentration of species along the Middle Atlantic coast and the Appalachian
regions compared with general amphibian species distributions. However,
frogs and toads threatened by development are much more concentrated
along the Middle Atlantic and Gulf coasts but have a moderate to relatively
low species richness elsewhere. The distribution of salamanders and newts
threatened by development is nearly identical to the distribution of all
salamanders and newts in the U.S. and Canada.
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U.S. Census Data
Ratio of Population Growth by County
1990-2000

ESRI. 2004.Data and maps from U.S. Census Bureau data.’

Counties by Population Rate 2000 to 1990
POP 2000/POP 1990
Under 0.95
0951 - 1.10
1110 - 1.20
1210 - 135
1360 - 1.50
over 1.5
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Cumulative Risk

The highest cumulative risk for amphibians threatened by development
is associated with species living in the Central and southern Cascades forests,
followed by other areas of the Pacific Northwest and the Florida and Gulf coast
areas of the extreme southeastern U.S. Cumulative risk is, likewise, highest
in the Cascades and Pacific Northwest regions, with moderate risk associated
with species in the Rocky Mountains, Southwest, and Mid-Atlantic to Gulf
coast regions. Cumulative risk for salamanders and newts is concentrated in
the Cascades and surrounding areas of the Pacific Northwest and in the Blue
Ridge-Appalachian Mountains and surrounding regions. Moderately high risk
is also associated with salamanders in the Gulf coast regions.
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Proportional Risk

There is a strong prevalence of amphibian species threatened by
infrastructure development associated with high proportional risk in the
western United States, beginning approximately along the Rocky Mountain
Front Range and extending to the Pacific coast. This region has experienced the
highest rate of increase in human population in the country in recent decades.
Proportional risk for frogs and toads is particularly strong in the extreme
desert Southwest (likely due to a number of endemic habitat specialists in the
region) and the Willamette Valley. Moderately high risk is associated with
frogs and toads in the southern Rocky Mountains and Colorado Plateau, and
generally in the Pacific Northwest. Proportional risk for salamanders and newts
is highest in the southern and central Cascades forests. Proportional risk for
salamanders is generally lower (mean = 0.005) than for frogs and toads (mean
= 0.022, p < 0.0001).
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Clockwise from upper left: P Lethodon elongatus, En-
satina escholtzi, and Aneides lugubris with eggs. Photos
courtesy of Tim Paine
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Clockwise from above left: Aneides flavipunctatus,
Taricha granulosa, immature Bufo (species not identi-
fied), and Rana boylii. Photos courtesy of Tim Paine
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Combined Conservation Value

Combined conservation value for amphibians threatened by development
is concentrated in three regions. The highest values are found in the Pacific
Northwest, from the Cascades to Northern California. In addition, the entire
Appalachian region and the Middle Atlantic and southeastern coast regions
have high conservation value for amphibians threatened by development.
These same Pacific Northwest, Middle Atlantic, and southeastern forest regions
also rank high when considering only frogs and toads, but the Appalachians
do not. The Arizona Mountains and Colorado Rockies also rank high for
frogs and toads, and the entire western interior of the U.S. has moderate
conservation value. For salamanders and newts, the Appalachian forests and
Northern California coastal forests rank at the top of all ecoregions. The Pacific
Northwest, Middle Atlantic and Southeastern forests in general rank in the
top 10% of conservation scores as well, but these scores are only moderate
compared with the Appalachians.






Summary of Priorities

The results of these analyses reveal general patterns of native amphibian
biodiversity and vulnerability in the U.S. and Canada. These patterns provide
useful information for setting conservation priorities to address amphibian
declines. It is important to remember, however, that these results do not
necessarily indicate where threats to amphibian populations occur. Rather,
they reveal where amphibian species that are “at risk” are concentrated.
Identifying these areas of at-risk species is the first step in formulating a
comprehensive conservation strategy. Additional, more detailed analyses
are needed within priority areas to determine the actual patterns of available
habitat and threats to develop effective plans for safeguarding amphibians in
those areas.

Broad Geographic Trends

The patterns of amphibian risk do not follow the patterns of amphibian
species richness. Species richness of amphibians is generally highest in the
southeastern U.S. and decreases toward the Northwest of the continent.
However, even cumulative risk severity, which is influenced by species
richness, has a split distribution with highest values distributed in the
southeastern and northwestern U.S. This indicates that threats to amphibians
in the U.S. and Canada are not uniform across the continent, and amphibians
in some parts of the continent are experiencing higher pressure from threats
than amphibians in other areas.

In addition, frogs and toads in the western interior of the continent are
experiencing higher risk than those living in most areas that support a greater
number of species. This is cause for concern, particularly considering the
relatively high proportional risk across this region, which may signal a systemic
and widespread decline in ecosystem function. In these areas, proportional
risk averages 10%-20%, which is the equivalent of having up to 20% of all local
species globally threatened with extinction, but it is more often the result of
a much higher percentage of local species being at least moderately at risk of
extinction. This is a region of naturally low species richness for amphibians,
but the few species that occur were often historically abundant and important
components of the region’s ecosystems.
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Priority Areas

All Amphibians

There are four areas that stand out as important for amphibian
conservation in general. These areas are the Middle Atlantic and Southeastern
coastal areas, the Pacific Northwest, the Appalachian Mountains, and the Ozark
Mountains. Although these areas are already well known for being centers of
amphibian biodiversity or conservation concern, these analyses indicate the
relative importance of biodiversity, cumulative threats, or ecosystem function
within these priority areas.

«  The Middle Atlantic to southeastern coastal areas — This area boasts the highest
number of amphibian species overall, and these areas are rich in both frogs
and toads and salamanders and newts. These areas also contain a relatively
high human population, which puts pressures on these biologically rich
ecoregions.

. Pacific Northwest — While not as species rich as the southeastern U.S., the
region provides areas of abundant moisture to support the richest assemblage
of amphibians west of the Rocky Mountains.

«  Ozark Mountains — This region stands out because it supports moderately high
numbers of both anurans and caudates with a moderately high cumulative risk
of being lost. This is due, in part, to a number of locally endemic species found
in the region.

«  Appalachian Mountains — As mentioned previously, this area contains the
largest assemblage of salamander and newt species found on the planet. For
this reason alone, the area is important for amphibian conservation, but this
region also supports a relatively high number of frog and toad species, which
makes it important for amphibians in general.

Frogs and Toads

In addition to areas important for all amphibians, a few additional areas
are important primarily for frogs and toads.

- Eastern and southern Texas — A band of high species richness from the southern
tip of Texas extending through the eastern third of the state toward the
Ouachita Mountains of Oklahoma contains a particularly diverse assemblage
of frogs and toads, many of which are considered at risk.

«  Arizona Mountains — The Arizona Mountains ecoregion contains fourteen
species of frogs and toads, putting it on par with many areas of the amphibian
rich Southeast. However, many of these species have extremely restricted
ranges and several are critically imperiled globally.

+  West Coast — The greatest proportional risk for frogs and toads is found along
the entire western coast. Some of these areas naturally support extremely low
numbers of species and these high proportional risk values may be an artifact
of the few native species being considered “at risk” elsewhere. But, other areas,
such as throughout most of California and the Pacific Northwest, are under
pressure due to large human populations and other factors, resulting in a high
proportion of “at risk” species.
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Salamanders and Newts

«  Appalachian Mountains — Salamanders and newts reach their zenith in the
Appalachian Mountain regions. This area supports more species of caudates
then anywhere else on Earth. Although this area ranks high as a priority for
amphibians in general, it is particularly critical for salamanders and newts, of
which several species are found nowhere else.

«  Pacific Northwest — The moist mountain and lowland regions of the West
Coast support a number of moderately high number or species of caudates.
Although the species richness of this area does not match the abundant
richness of the eastern United States, the species found in the west tend to be
distinct from those on the other side of the continent. The humbers of species
found along the West Coast reach their peak in the Pacific Northwest from
northern California to southern British Columbia. This region has experienced
significant growth in human population, as well as degradation of aquatic
habitats from logging and grazing, resulting in an increase in cumulative and
proportional risk in the region.

«  Ozark Mountains — The Ozark Mountains form a relatively isolated mountain
plateau within eastern hardwood forest. This area supports an abundance of
cool mountain streams and limestone caves that provide habitat for a diversity
of salamanders and newts. Because of its relatively small size, and the high
number of endemic species found in the area, this area contains a relatively
large number of “at risk” species.

«  Extreme southern and southeastern Texas —The Western Gulf coastal grasslands
scored 15% proportional risk, which seems high for an area that supports a
relative high diversity (18 species) of caudates. In addition, the Tamaulipan
mezquital ecoregion of south Texas scored 12% proportional risk although this
region supports only four native species of caudates. Because high proportional
risk may indicate a widespread loss of ecosystem function, these areas deserve
further investigation to discover why such a high proportion of salamanders
are “at risk.”

Infrastructure Development Priorities

When analyses are restricted to only amphibian species threatened by
infrastructure development, clear patterns emerge. Three areas of overall high
conservation value emerge and include three of the four overall conservation
priorities for amphibians in general described above.

«  Pacific Northwest — Although the Pacific Northwest ranks high as a
conservation priority in general, it rises to the top of the heap for amphibians
threatened by infrastructure development. As previously described, the Pacific
Northwest supports the highest amphibian species richness in the western
half of the continent. The area has also experienced rapid human population
growth in recent decades. Seattle is ranked seventh in the list of 30 Most
Sprawl-Threatened Cities published by The Sierra Club.®®

«  Appalachian Region — This region is another area of high species richness,
supporting the world’s largest assemblage of species of salamanders and newts.
This region is bookended by Atlanta, Georgia, in the south and Washington,
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D.C., in the north. These cities are ranked one and three respectively in the list
of 30 most sprawl-threatened cities. It is estimated that 500 acres of habitat
are lost each week due to sprawl in the Atlanta area alone. In addition, Raleigh,
North Carolina, near the eastern flank of the Appalachian region, is listed as
the second most sprawl-threatened small city in the U.S.

« Middle Atlantic to southeastern coastal area — This large swath of land from the
Middle Atlantic to eastern Gulf coastal plains and extending down the Florida
peninsula to the Everglades supports the highest richness of amphibian species
in North America north of Mexico. It also contains the largest number of the
30 most sprawl-threatened species. At the north and south are Washington,
D.C., and Fort Lauderdale, Florida, ranking three and nine respectively among
the top 10 sprawl-threatened large cities. The area also includes Orlando and
West Palm Beach, Florida, with rank one and four among medium-sized cities,
and Raleigh, North Carolina; Pensacola, Florida; and Daytona Beach, Florida;
ranking two, three, and four respectively.

«  Southwest — The arid Southwest reveals alarmingly high proportional risk
values for frogs and toads. In particular, the Arizona Mountains and Sonoran
and Chihuahuan deserts have proportional risk values ranging from 24%-29%.
Phoenix, Arizona, and San Diego, California, consistently rank high among
sprawl-threatened cites and no doubt are having an impact on species in this
region. But high proportional risk scores, and consequently moderate to high
overall conservation value scores, are high across a broad region extending
from the Texas panhandle to the Baja peninsula.

+  U.S.West — The entire region from the Rocky Mountains to the U.S. Pacific
coast ranks high to moderately high for combined conservation value for
frogs and toads and deserves special consideration because of the apparent
widespread decline of amphibians in this region. In addition to the Pacific
Northwest and Desert Southwest, which are included in this broad region and
are already described as priority areas, the Central and Southern Rockies stand
out as areas of high conservation value. The U.S. West has experienced the
highest rate of population growth in the country in recent decades and current
trends in frog and toad declines are likely to continue without serious effort to
reverse them. Of nine species of frogs and toads considered critically imperiled
or extinct at the national level, six (67%) occur west of the 100th meridian.
Much of the area supports some of the lowest amphibian species richness on
the continent, yet even widespread species with flexible habitat requirements,
such as northern leopard frogs, Columbia spotted frogs, and western toads, are
in decline. The entire region may be suffering a systemic decline in ecosystem
function, rendering it incapable of supporting amphibians. Infrastructure
development is just one of many factors contributing to these declines. Chytrid
fungus has been confirmed in many areas, and the widespread introduction of
fish for sport fishing, as well as degraded wetlands from logging, mining, and
grazing, are other contributing factors. However, efforts to offset habitat loss
due to human population growth would raise awareness of the need to address
the broader issue of amphibian decline in the region.



Recommendations

These results provide only a first step in setting priorities for amphibian
conservation in the U.S. and Canada. They provide a quantitative approach
for narrowing the focus on a relatively few priority areas, but more detailed
analyses within these areas are needed to develop effective conservation
strategies.

General Priority Areas

More detailed analyses that focus on community characteristics and
patterns of threats could form the basis for a comprehensive conservation
strategy. Community characteristics would include patterns of species
distributions and niche breadths of species within a priority area.

«  Niche breadth — This is important because species with narrow niches are often
sensitive to relatively small changes in their environment and they often occur
over a small geographic range, so threats that impact relatively small areas can
have significant impacts on a species.

«  Species distributions — Mapping and overlaying species distributions provides
useful information for determining where conservation efforts can be targeted
to protect the largest number of species. However, species range maps, such
as those used in this report, are not sufficiently detailed to provide accurate
mapping of species occurrence at an ecoregion scale. Such mapping typically
requires habitat modeling to map areas with a suitable combination of
characteristics needed to provide habitat for a given species.

« ldentifying Threats — To develop effective conservation strategies, we need
to know what threats need to be mitigated to achieve conservation goals.
The Global Amphibian Assessment contains data about the major threats
to amphibians at the species-, and sometimes population-, level. These data
can provide a basis for analyzing threats and can provide useful information
about the vulnerability of the amphibian community in an area to general
types of threats. However, additional information about threats is required
to adequately assess priority areas. For example, knowing that a species is
threatened by mining may not be sufficient if the actual threat to the species is
specifically mountain top removal mining. Having such additional information
about threats can be critical in order to avoid wasting resources to mitigate
types of mining activities that have relatively little negative impacts on
amphibian species targeted.
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«  Mapping Threats — This is different from identifying threats because not all
threats can be mapped. For example, threats like human prejudice may be
ubiquitous across an entire priority area and impact amphibians in the area
regardless of their location. But even these types of threats must be considered
when developing conservation strategies, even if they cannot be spatially
described on a map. Mapping threats is useful for focusing conservation
actions precisely in those locations where threats are occurring. In addition,
mapping often helps to eliminate threats which may affect one or more species
but which are not significant within the priority area.

«  Synthesizing Information — Combining information about community
characteristics and threats provides a powerful tool for focusing conservation
activities. Mapping species communities and threats allows us to focus
activities where vulnerable species and their relative threats coincide.

Community characteristics also provide

guidance for developing general strategies

to effectively address amphibian

conservation challenges. Priority areas
dominated by habitat specialists would
indicate a need for targeted conservation
actions that pinpoint small areas to
protect vulnerable species’ restricted
habitats. But areas where declining species
are predominantly habitat generalists
would indicate a need for widespread
action, such as changing human
perceptions and attitudes or mitigating
widespread land use practices such as
pesticide use. Most areas will require a
combination of strategies that are best

Amphibian breeding habitat in Yellowstone National Park revealed through detailed assessments of

amphibian communities and threats.

Priorities for Infrastructure Development

A major objective of this assessment is to identify priority areas where
small-scale or backyard habitat projects would most effectively mitigate habitat
loss due to development and sprawl. The results indicate that the Pacific
Northwest, the Appalachian Mountains area, and the U.S. Southeast would
be good areas in which to focus these activities. Within these priority areas,
more detailed analyses should be conducted on individual ecosystems. These
analyses should include:

«  Mapping Amphibian Habitat — Habitat maps should indicate areas of existing
habitat as well as habitat that has been degraded and could potentially be
restored.

+  Mapping Threats — This should include maps of all threats currently or likely to
impact amphibians in the region in the near future. Special attention should be
given to patterns of housing sprawl, including recent development patterns as
well as predicted patterns of development over the next 10 to 20 years.
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« ldentify Priorities — Using a similar overlay process as was used for this
assessment, habitat and threat maps are overlaid to identify areas of high
conservation value that would likely be maintained or restored through small-
scale habitat projects.

«  Develop Habitat Guidelines — Guidelines should be created that are specific
to targeted priority areas. This is best accomplished by identifying breeding
and general habitat requirements for all amphibians native to priority areas.
Habitat requirements can then be lumped into categories such as ephemeral
pool/ marshland margin breeders, stream breeders, etc. Guidelines should be
developed to emulate habitat characteristics of those types of habitat found
in the local area. Guidelines should be reviewed and revised periodically as
experience with success in local projects is gained.

«  Form Stakeholder Partnerships — Stakeholders should be recruited to
implement projects within priority areas. In some cases, stakeholders may
be recruited based on the location of their property within a particularly
promising area. Other stakeholders will be recruited because of their interest
in supporting amphibian conservation. Special effort should be made to
include schools, youth groups, and local environmental and garden clubs in
recruiting efforts.

Programs implemented to offset habitat loss due to development and
sprawl need to incorporate landscape context. Landscape context means
implementing projects that integrate seamlessly into the natural landscape
without exacerbating existing threats. For example, projects should avoid
creating traditional “backyard habitat oases.” Such oases typically ignore the
importance of landscape context and end up creating islands of habitat not
normally found in the region. These habitat islands are often very attractive to
wildlife, but they are often more attractive to non-native or aggressive species
than they are to the local natives. A better approach is to attempt to replicate
the types of natural amphibian habitat that already exists in the area or that
has been recently lost.

Considering landscape context also means considering potential ripple
effects (both good and bad) of habitat creation or restoration. Habitat
fragmentation is a major consequence of urban sprawl and can cut animals
off from access to needed habitat. For example, a major subdivision placed
between a frog’s breeding pond and the forests where it spends the rest of
the year could render both areas useless for frogs. In other cases, habitat
fragmentation can split habitat patches into pieces that are too small to support
amphibians. Because of these issues, restoring habitat connectivity is generally
desirable and small-scale habitat projects have the potential to restore such
connectivity. However, landscape context must be considered beforehand
to ensure that restoring connectivity does not open corridors of invasion for
exotic species or disease. How small habitat projects might alter the patterns of
existing threats must be considered when developing any comprehensive plan.
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