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KEY FINDINGS

* The South has 1,076 native terrestrial vertebrates: 179
amphibians, 525 birds, 176 mammals, and 196 reptiles.
Species richness is highest in the Mid-South (856) and
Coastal Plain (733), reflecting both the large area of these
subregions and the diversity of habitats within them.

The geography of species richness varies by taxa.
Ampbhibians flourish in portions of the Piedmont and
Appalachian-Cumberland highlands and across the Coastal
Plain. Bird richness is highest along the coastal wetlands of
the Atlantic Ocean and Gulf of Mexico, mammal richness
is highest in the Mid-South and Appalachian-Cumberland
highlands, and reptile richness is highest across the
southern portion of the region.

The South has 142 terrestrial vertebrate species

considered to be of conservation concern (e.g., global
conservation status rank of critically imperiled, imperiled,
or vulnerable), 77 of which are listed as threatened or
endangered by the U.S. Fish and Wildlife Service. More
than 900 plant species are of concern, 141 of which are
threatened or endangered. Threats to biodiversity are
occurring throughout the region.

The proportion of species at risk varies among taxonomic
groups: 46 percent of imperiled vertebrate species are
amphibians, followed by reptiles (25 percent), mammals (16
percent), and birds (13 percent). The Coastal Plain (64) and
Mid-South (55) lead in the numbers of imperiled vertebrate
species, followed by the Appalachian-Cumberland
highlands (31), Piedmont (29), and Mississippi Alluvial
Valley (9).

Hotspots of vertebrate species of conservation concern
include the Atlantic and Gulf coasts, Peninsular Florida,
and Southern Gulf. Emerging areas of concern include
sections within the Appalachian-Cumberland highlands
(Blue Ridge, Southern Ridge and Valley, Cumberland
Plateau and Mountain, Interior Low Plateau) and Mid-
South (Ozark-Ouachita Highlands, West Texas Basin and
Range, and Cross Timbers).

'Margaret Trani Griep is the Regional Wildlife Ecologist, Southern Region,
U.S. Department of Agriculture Forest Service, Atlanta, GA 30309. Beverly
Collins is an Associate Professor, Department of Biology, Western Carolina
University, Cullowhee, NC 28734.

* Hotspot areas for plants of concern are Big Bend National
Park; the Apalachicola area of the Southern Gulf Coast;
Lake Wales Ridge and the area south of Lake Okeechobee
in Peninsular Florida; and coastal counties of North
Carolina in the Atlantic Coastal Plain. The Appalachian-
Cumberland highlands also contain plants identified by
States as species of concern.

Species, including those of conservation concern, are
imperiled by habitat alteration, isolation, introduction of
invasive species, environmental pollutants, commercial
development, human disturbance, and exploitation.
Conditions predicted by the forecasts will magnify these
stressors. Each species varies in its vulnerability to
forecasted threats, and these threats vary by subregion. Key
areas of concern arise where hotspots of vulnerable species
coincide with forecasted stressors.

There are 614 species that are presumed extirpated from
selected States in the South; 64 are terrestrial vertebrates
and 550 are vascular plants. Over 50 percent of the
terrestrial vertebrates are new to this list since the Southern
Forest Resource Assessment. Factors contributing to their
demise include urban growth, industrial development,
incompatible agricultural practices, degradation of
wetlands, alteration of natural hydrological conditions,
pesticide contamination, natural and human-caused
disturbance, and destruction of locally unique habitats.
Mid-South: Forest loss and urban growth in the Ozark-
Ouachita Highlands threatens concentrations of plant and
animal species. Urban development along southern borders
of Texas and Louisiana in the Cross Timbers and Western
Gulf sections could impact a large number of reptiles and
birds.

» Appalachian-Cumberland highlands: Forecasted
changes in the Interior Low Plateau of central Kentucky
and Tennessee threaten bats and plants associated with
limestone glades. Urban development in the Southern
Appalachians could imperil the diversity of salamanders.
Recreational use may add additional pressure on rare
communities, and climate change threatens species
endemic to high elevation areas.

Piedmont: Substantial urban growth and forest loss
could degrade the diversity of amphibians, mammals, and
plants, although species in inaccessible sites (such as rock
outcrops) may be less at risk. Management on public land
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may become difficult due to the population pressure in
surrounding counties. Species in areas transitional to other
subregions may also be threatened by climate change.
Mississippi Alluvial Valley: Urban growth forecasts for
the Deltaic Plain could degrade the richness of shorebirds
and waterfowl in the wetlands of the Mississippi Flyway as
well as habitat for the Louisiana black bear. Sea level rise
could inundate the coastal habitat inhabited by numerous
species.

Coastal Plain: Urban development could threaten species
along both coasts and within the Florida Peninsula, which
serves as stopover habitat in the Atlantic Flyway and
nesting habitat for imperiled sea turtles. The flora of inland
ecosystems is threatened by changing fire regimes. Projected
inundation of mangrove and coastal live oak forests from sea
level rise would reduce habitat for several taxa.

High elevation forests: Spruce-fir forests in the Southern
Appalachians are subject to air pollution, acid deposition,
and natural disturbances. Climate warming and further
housing development may result in the loss of endemic
species or changes in species ranges.

Upland hardwood forests: Declines are predicted at 14
percent throughout the region under the Cornerstone that
forecasts higher levels of urbanization and lower timber
prices. Predicted northward shifts in species distributions
could threaten forest interior species and reassemble forest
types, including the widely distributed oak-hickory forest.
Longleaf pine forests: Portions of the Coastal Plain

are expected to lose acreage under the Cornerstone that
forecasts higher urbanization and higher timber prices,
while south-central Florida and northwest Alabama are
predicted to gain acreage of this forest type.

Early successional forests: Under the Cornerstone that
forecasts higher urbanization and higher timber prices,

the greatest losses are expected in the Northern Ridge

and Valley section, southern Florida and associated Keys,
and scattered locations in coastal Virginia and North
Carolina. Gains are expected in the Ridge and Valley

of east Tennessee, Cumberland Plateau and Mountains,
Apalachicola region of Florida, Ozark-Ouachita Highlands,
and adjacent northern area of the Mississippi Alluvial Valley.
Climate change is an additional source of stress on
terrestrial species and ecosystems. Projections of
temperature increase and variability in precipitation
patterns may change the future distribution of many
species, influencing seasonal movement, recruitment, and
mortality. Species may move into the habitats of others,
creating new assemblages; changes in phenology will affect
the timing of resource availability.

Species at risk from climate change include those with
restricted geographic ranges, patchy distributions, and
those that occur at the margins of their ranges. Other
characteristics include limited dispersal ability, low genetic
diversity, affinity to aquatic habitats, narrow physiological
tolerance, and late maturation.

» Communities at high elevations, grassland communities,
and wetland ecosystems may be particularly susceptible

to climate change. Species whose ranges are limited to
coastal areas will be vulnerable to projected changes in sea
level. Sea level rise may inundate barrier islands, coastal
wetlands, and marshes of the Coastal Plain, as well as
along the eastern Atlantic and Gulf coasts.

The forecasts pose challenges on how best to implement
future conservation and management strategies. New tools
and approaches to managing uncertainty (e.g., scenario
planning, sensitivity analysis, or ecological risk analysis)
may become routine.

Integrating climate science into management planning
will be important, accompanied by monitoring strategies
that identify patterns in disturbance, phenology, and range
changes. As future impacts occur across large areas, the
appropriate decision-making level may shift to cover
landscape or regional scales; temporal scales will be longer
than typically considered.

An awareness of the relationship between the forecasts and
the geographic pattern of species occurrence will foster
planning efforts. The implications for the conservation of
southern species are significant: in the midst of a growing
region, the provision of biological diversity will become a
critical conservation issue.

INTRODUCTION

The diversity of plant and animal communities in the South
ranges from high elevation forests to coastal wetlands,
barrier islands, and arid regions of west Texas. Factors
contributing to the diversity of these communities include
regional gradients in climate, geologic and edaphic site
conditions, topographic variation, and natural disturbance
processes (Boyce and Martin 1993, Delcourt and others
1993, Healy 1985). These factors have contributed to the
diversity of several species groups: salamanders, snakes, and
turtles (White and others 1998). Throughout the South, the
evolution of plants and animals combines with the isolation
that characterizes some habitats to produce many pockets of
endemism. Endemic species are unique to a given geographic
area or locale (http://en.wikipedia.org/wiki/Cosmopolitan
distribution); physical, climatic, and biological factors can
contribute to endemism.

Centuries of land use change have modified the southern
landscape, resulting in the disappearance and endangerment
of species communities. Habitat loss and degradation have
become serious threats (Buckner 1989, Noss and others
1995, Williams 1989). Rapid population growth has resulted
in land-use conversion (such as wetland drainage and
channelization), urban sprawl, and habitat fragmentation
(White and others 1998). Landscape modification has led

to habitat isolation, water and air pollution, and altered
disturbance regimes (Lorimer 2001, Trani and others 2001).
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The introduction of nonnative invasive species (Wilcove and
others 1998) is a major concern, as is the proliferation of the
illegal pet trade (Bailey and others 20006).

The fragmentation of forests that occurs with the conversion
of forest habitats often eliminates or displaces species from
a site simply because less habitat occurring in smaller and
more isolated patches supports fewer species (MacArthur
and Wilson 1967). This effect has been shown in fragments
of globally imperiled pine rockland forest scattered within
urban South Florida (Possley and others 2008), where the
result has been fewer plant species and high variance in
species richness. Reduced population size can decrease
genetic diversity and outcrossing rates (Aguilar and others
2008, Godt and others 1996), while microclimate gradients
from edge to interior habitats alter species composition
(Honu and others 2009, Matlack 1994). Forest edge provides
habitat for invasive species, and decreases habitat for interior
species (Fridley and others 2009, Guirado and others 2006).

Another concern is the effect of changing climate on plant
and animal communities. Species that are rare because of
restrictive or specialized needs are especially at risk. Climate
change is one of the factors attributed to amphibian declines
(Trani 2002b) and is a special concern for high elevation
communities. Along with suffering the direct effects of sea
level rise—changes in temperature, precipitation, and coastal
inundation—species are indirectly affected by changes in
fire regimes and species interactions.

Although the future of these species and the communities
they inhabit is uncertain, human population expansion over
the next five decades raises the possibility of substantial
impacts. The objective of this chapter is to examine how
changes in forest environmental and social conditions affect
terrestrial wildlife, their habitats, and forest vegetation
communities in the South. It is organized into six major
discussion topics:

* The geographic patterns of richness for amphibian, bird,
mammal, and reptile species, along with a description of
the differences in richness among taxa and subtaxa

The geographic patterns of terrestrial wildlife species
formally listed as threatened or endangered under the
Endangered Species Act of 1973 (Flather and others 2008)
along with a discussion of the environmental factors that
imperil them

The geographic patterns of other at-risk plant and
terrestrial wildlife species—those ranked as species of
conservation concern by State Heritage Agencies (Trani
2002b)—along with a discussion of the environmental
factors that imperil them

The extent of species extirpation that have already
occurred, along with a discussion of the factors that
contributed to their extirpation. Comparisons are made
with the state lists of extirpated wildlife species presented

in the Southern Forest Resource Assessment

* The potential impact on southern species from forecasts of
urban development, forest loss, and climate change, and the
key areas of concern that coincide with forecasted changes

* The potential effects of anticipated futures on selected
forest communities: longleaf pine forests, high elevation
forests, early successional communities, and upland
hardwood forests

Each topic is addressed for the region as a whole and by
subregion and section. The focus is on terrestrial vertebrate
species, vascular plants, and select forest communities
identified during public meetings held throughout the region
(Wear and others 2009). Additional information on forest
communities is provided in chapter 4 (land uses), chapter

5 (forest conditions), chapter 3 (climate change), chapter

16 (invasive insects and diseases), and chapter 15 (invasive
plant species). Terrestrial species of non-forest habitats, such
as arid west Texas, are included. However, because aquatic
species were examined in extensive detail in Herrig and
Shute (2002) and were not identified as a concern during the
public meetings, they are not covered here.

METHODS
Species Criteria

The major species groups included in this analysis consist
of the following: birds, mammals, reptiles, amphibians, and
vascular plants. The analysis includes forest or non-forest
dwelling species that are native to the South.

Species with a conservation status rank of G1-G5 were
selected for the richness analyses; G1-G3 and federal status
species for the areas of conservation concern analyses; and
SX-SH for the State extirpation analyses (table 14.1). Species
that were not assessed, unranked or not yet ranked were

not included due to the incompleteness of location data for
those species. The following filters were applied to the global
species data (McNees 2010):

* The species occurs in one or more of the 13 Southern
States;

¢ The species has a rounded G-Rank of G1, G2, G3, G4, or
G5, creating a full-species analysis;

* Infrataxa records were rolled up to the full species level
for the G-Rank counts. However, infrataxa were tallied
individually in the Federal status analyses if that was the
relevant taxonomic level that the listing applied to (i.e.,
often a subspecies has Federal listing status but not the
species in entirety);

* A data record was excluded if it was not mappable or had a
last observed date prior to 1970;

* For analyses using range maps, the following were
excluded: historic, introduced, and extirpated/extinct
portions of a species range.
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Table 14.1—Conservation status ranks used by NatureServe and its network of Natural Heritage Programs
(NatureServe 2011)

Status Rank Definition

Critically imperiled—At a very high risk of extirpation due to extreme rarity (often five or fewer occurrences), very
steep declines, or other factors. Critically imperiled globally because of extreme rarity or because of some factor(s)
the organism especially vulnerable to extinction. Typically 5 or fewer occurrences or very few remaining individuals

Imperiled—At high risk of extirpation due to very restricted range, very few populations (often 20 or fewer), steep
declines, or other factors. Imperiled globally because of rarity or because of some factor(s) the organism very
vulnerable to extinction or elimination. Typically 6 to 20 occurrences or few remaining individuals (1,000 to 3,000) or

Vulnerable—At moderate risk of extirpation due to a restricted range, relatively few populations (often 80 or fewer),
recent and widespread declines, or other factors. Vulnerable globally either because the organism is very rare and
local throughout its range, found only in a restricted range (even if abundant at some locations), or because of other
factors making it vulnerable to extinction or elimination. Typically 21 to 100 occurrences or between 3,000 and

Apparently secure—Uncommon but not rare; some cause for long-term concern due to declines or other factors—
although the organism may be rare in parts of its range, particularly on the periphery—and usually widespread.
Apparently not vulnerable in most of its range, but possibly cause for long-term concern. Typically more than 100

Secure—Common, widespread, and abundant—although the organism may be rare in parts of its range,
particularly on the periphery. Not vulnerable in most of its range. Typically with considerably more than 100

Possibly Extirpated—Known from only historical records; evidence that the species may no longer be present, but
not enough to state this with certainty. A species has been searched for unsuccessfully, but not thoroughly enough

G1

(<1,000) or acres (<2,000) or linear miles (<10).
G2

acres (2,000 to 10,000) or linear miles (10 to 50).
G3

10,000 individuals.
G4

occurrences and more than 10,000 individuals.
G5

occurrences and more than 10,000 individuals.
SH

to presume that it is no longer present.
SX

Presumed Extirpated—Species is believed to be extirpated from the state. Not located despite intensive searches
of historical sites and other appropriate habitat, and virtually no likelihood that it will be rediscovered.

Geographic analysis

Geographic shapefiles for each section, subregion, and
region boundary used for the Futures analyses (fig. 14.1)
were obtained from the Forest Service, U.S. Department
of Agriculture. (Further description of these areas, and the
process of their delineation, can be found in chapter 1).

Shapefiles of the occurrence and range records were
extracted from NatureServe’s central databases for species
matching project criteria. The species shapefiles were
separately intersected against the county, section, and
subregion GIS layers using a series of spatial join processes
to attribute each individual occurrence record and range
polygon to appropriate county, section, and subregion
polygons (McNees 2010). The county boundaries layer was
downloaded from the U.S. Geological Survey.

The attribute table from the output layer of each spatial
join process in the step above was imported into Microsoft
Access. The results tables were combined so that there was

a single table for the county, section, and subregion results;
these were then summarized to create unique lists of species
within each area. Crosstab queries generated counts by
taxonomic groupings and conservation rank categories.

A series of map image files were produced in .gif format
(200 dpi resolution) using ArcMap showing the various
counts of species by county for the South. Areas of unique
species richness or rarity were identified and representative
species occurring in these areas described. Legend
categories were determined using the natural breaks method
for dividing a range of numeric values into categories, an
iterative process to minimize within-category variance.

Biodiversity-forecast analyses

Cornerstone scenarios were selected for the analysis of
biodiversity-forecast stressors based on their potential for
future impacts in the South. The spatial products created
during the initial geographic analysis (patterns of species
richness and rarity) were then analyzed in contrast with the
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forecast maps generated for urban growth (chapter 4), forest
loss (chapter 5), and climate change (chapter 3). Patterns of
coincidence were identified and examined; selected areas

of particular concern were described where forecasted
stressors coincided with species richness and rarity by
subregion and section. A synthesis of the published literature
further described how anticipated land use change, human
population growth, urbanization, and related infrastructure
development could affect species in the South.

GIS maps of special forest communities under selected
forecasts were developed from Forest Inventory and Analysis
data (chapter 5). Distributions for 2010 and 2060 and
percentage changes were described for longleaf pine, early
successional forest, and upland hardwood forest along with

a discussion of potential impacts on the species that inhabit
these communities.

DATA SOURCES

The foundation of this analysis consists of global (range-
wide) tracking data developed by NatureServe (2010, 2011)
and State-level tracking data provided by Natural Heritage
Programs across the South. Use of standard ranking criteria
and definitions makes Natural Heritage ranks comparable
across taxa groups and across jurisdictions. Standardized
criteria include population size, area of occupancy,
population trends, suspected threats, environmental
specificity, and viability of extant populations. Species
data are updated annually, incorporating new information
provided by field surveys, monitoring activities, and
literature reviews. Systematic surveys for imperiled and
other species occurrence vary across counties in the South.
These data gaps and other limitations are discussed in the
Knowledge and Information Gaps section.

The species locations were derived from element of
occurrence and range map data sources. For species
considered at-risk (G1-G3) or those having Federal listing
status, the data were based on NatureServe’s element of
occurrence database which is based on observed locations of
species (for G3 species that lack occurrence records, range
map data were substituted). The threatened or endangered
species listed by the U.S. Fish and Wildlife Service were
verified from the U.S. Department of the Interior (2011).

For species considered secure or apparently secure (G4-G5),
the data were based on NatureServe’s range maps for birds,
mammals, reptiles, and amphibians. (Because NatureServe
does not maintain range maps for plant species, data were not
available for G4 to G5 plants.) Unlike element of occurrence
data, this information is coarsely mapped and intended to
represent the entire range of a species. While often based

on element occurrence data, the ranges for species are

also based on published literature, expert opinion, and

consultations with other organizations. The following are the
sources of the range map data specific to this analysis:

* Digital Distribution Maps of the Birds of the Western
Hemisphere (Ridgely and others 2007). ArcView
shapefiles contain the known range of each species
depicted as polygons where a species is widespread,

or as points where there are isolated records. Not all
vagrant occurrences are depicted. Data were provided

by NatureServe in collaboration with Robert Ridgely,
James Zook, The Nature Conservancy Migratory Bird
Program, Conservation International Center for Applied
Biodiversity Science (CABS), World Wildlife Fund US,
and Environment Canada WILDSPACE.

Digital Distribution Maps of the Mammals of the Western
Hemisphere (Patterson and others 2007). ArcView

shape files contain the known range of each species
depicted as polygons where a species is widespread, or

as points where there are isolated records. Data were
provided by NatureServe in collaboration with The

Nature Conservancy, Conservation International CABS,
World Wildlife Fund US, and Environment Canada
WILDSPACE.

Digital Distribution Maps of the Reptiles of the United
States and Canada (NatureServe 2007). This dataset
contains distribution information for terrestrial and aquatic
reptiles, crocodilians, and turtles occurring in the United
States and Canada. Distribution maps accompany Red List
Assessments and species accounts in NatureServe Explorer
(www.natureserve.org/Explorer/). Annotated maps indicate
scale, sources, taxonomic decisions, current range, origin,
and island distributions where applicable.

Digital Distribution Maps of the International Union

for Conservation of Nature Red List of Threatened
Species: Amphibian Range Maps (International Union for
Conservation of Nature 2009). Part of a global biodiversity
assessment, the dataset contains spatial data for
approximately 20,000 species including amphibians. The
data are held in shapefiles; the known range of each species
is depicted in polygon format.

RESULTS

Geographic Patterns of Vertebrate Richness

The terrestrial vertebrates of the South consist of 1,076 native
species (NatureServe 2011): 179 amphibians, 525 birds,

176 mammals, and 196 reptiles. Species richness is highest
in the Mid-South (856) and Coastal Plain (733). It is

evident that species richness is influenced by a species-arca
relationship among the subregions. Richness reflects the
large area of these subregions (chapter 1) and the diversity

of habitats within them. The remaining, smaller subregions
support fewer vertebrate species: 528 for the Piedmont,
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cypress-gum swamps, and mixed hardwood-pine habitats
support a variety of species. Coastal bayous and slow-
moving rivers provide habitat for sirens and amphiumas,
while hellbenders prefer cool, fast-flowing upland rivers.
Some amphibians have geographic ranges that are restricted
to specific physiographic regions. For example, Coastal
Plain forests are important for mole salamanders, while
other amphibians occur in small, isolated populations in
high elevation areas that retain northern climates (Gibbons
and Buhlmann 2001). Moisture is a limiting factor: several
terrestrial species migrate to aquatic habitats for egg
deposition, while aquatic species use terrestrial habitat

for dispersal of juveniles and other seasonal activity. Leaf
litter, fallen logs, moist soils, and other surface debris serve
as refugia from drying conditions.

The Coastal Plain (106 species) leads in amphibian richness,
followed closely by the Piedmont (94), Mid-South (91), and
Appalachian-Cumberland highlands (90). Sixty-two species
of amphibians inhabit the Mississippi Alluvial Valley

(fig. 14.3). Salamander richness is highest in the
Appalachian-Cumberland highlands (64) and Piedmont (61),
and frog and toad richness is greatest in the Coastal Plain
(50) and Mid-South (46).

The distribution of amphibians across the South is far
reaching, encompassing mountains, highlands, and coastal
areas along the Atlantic Ocean and Gulf of Mexico

(fig. 14.4). The Southern Appalachians support notable
richness levels of salamander species in the Blue Ridge (54),
Central Appalachian Piedmont (48), Southern Appalachian
Piedmont (43), and both Ridge and Valley sections (41).
Characteristic species include the cave salamander
(Eurycea lucifuga), dusky salamander (Desmognathus

fuscus), eastern newt (Notophthalmus viridescens), lesser
siren (Siren intermedia), marbled salamander (4mbystoma
opacum), and mudpuppy (Necturus maculosus).

Frog and toad richness is highest in the Cross Timbers (38)
and High Plains (37) sections of the Mid-South and Southern
Gulf (34) section of the Coastal Plain (table 14.2). The

two Mid-South areas provide habitat for the Cajun chorus
frog (Pseudacris fouquettei), Cope’s gray treefrog (Hyla
chrysoscelis), southern leopard frog (Rana sphenocephala),
eastern narrow-mouthed toad (Gastrophryne carolinensis),
Hurter’s spadefoot (Scaphiopus hurterii), and red-spotted
toad (Bufo punctatus). The Southern Gulf supports the
barking treefrog (Hvla gratiosa), Coastal Plain toad (Bufo
nebulifer), and spring peeper (Pseudacris crucifer).

The areas that support a diversity of both amphibian
assemblages form an arc across the southern portion of the
Northern Atlantic (51 species), Eastern Atlantic (60 species),
westward across the Southern Gulf (67 species), and
northwest across the Middle Gulf-Eastern (67 species), the
Holocene Deposits section of the Mississippi River

(59 species), and the Ozark-Ouachita Highlands (58 species).
The two Atlantic sections provide habitat for the four-toed
salamander (Hemidactylium scutatum), northern dwarf
siren (Pseudobranchus striatus), and spotted salamander
(Ambystoma maculatum). The Southern and Middle
Gulf-Eastern locations provide habitat for the three-lined
salamander (Eurycea guttolineata) and Woodhouse’s

toad (Bufo woodhousii). Numerous frogs, toads, and
salamanders inhabit the Holocene Deposits including the
Gulf Coast waterdog (Necturus beyeri complex), Louisiana
slimy salamander (Plethodon kisatchie), and Ozark zigzag
salamander (Plethodon angusticlavius). Characteristic

Piedmont 94

Subregion

Coastal Plain 106

0 20 40

60 80 100 120

Number of species

Figure 14.3—Richness of amphibian species by subregion in the South.
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Alluvial Valley (306), Piedmont (283), and Appalachian-
Cumberland highlands (257).

Bird richness along the coastal areas and wetlands of the
Atlantic Ocean and Gulf of Mexico points to the importance
of this habitat (fig. 14.6). The pattern across the southernmost
portions of Texas and Peninsular Florida reflects those
species typical of Latin America and the Caribbean (Stein
and others 2000). Of particular prominence are the Southern
Gulf; the portions of the Cross Timbers and High Plains that
form the Texas eastern coastline; and the Western Gulf and
Deltaic Plain at the mouth of the Mississippi River. The two
Mid-South sections each support habitat for over 360 species;
these include Cooper’s hawk (Accipiter cooperii), golden
eagle (Aquila chrysaetos), white-tailed kite (Elanus
leucurus), Le Conte’s sparrow (Admmodramus leconteii),
Jjuniper titmouse (Baeolophus ridgwayi), and canyon wren
(Catherpes mexicanus).

The Northern Atlantic and Western Gulf provide habitat for
a diversity of waterfowl including American wigeon (4nas
americana), blue-winged teal (4nas discors), bufflehead
(Bucephala albeola), hooded merganser (Lophodytes
cucullatus), and lesser scaup (4Aythya affinis). The salt
marshes of the Northern Atlantic also support important
breeding and wintering populations of the American black
duck (Anas rubripes) and black rail (Laterallus jamaicensis).
Numerous wading birds inhabit the Southern Gulf and
Florida Peninsula including the great egret (Ardea alba),
little blue heron (Egretta caerulea), and white-faced ibis
(Plegadis chihi). Thirty-three species of shorebirds occur in
the Eastern Atlantic, Northern Atlantic, and Western Gulf;
characteristic species include the American oystercatcher
(Haematopus palliatus), dunlin (Calidris alpina), greater
yellowlegs (Tringa melanoleuca), and upland sandpiper
(Bartramia longicauda).

Mammals—Terrestrial, marine, and freshwater habitats in
the South are home to 176 native mammals (NatureServe
2011) including rodents, bats, and carnivores. Rodents

(79 species) are the largest group, with representative species
including squirrels, pocket gophers, voles, jumping and
harvest mice, and muskrats. There are 39 species of bats
inhabiting the region. Foxes, weasels, canids, and skunks
are among the 25 species of carnivores. The relative absence
of large, native carnivores reflects the history of European
settlement (Trani and others 2007). The American black
bear (Ursus americanus) is the largest carnivore currently
inhabiting the South. The NatureServe category of “other
mammals” includes 33 species represented by ungulates,
lagomorphs, shrews, moles, and others.

Mammals are associated with specific habitats that offer
suitable forage and refuge; patterns of use vary with seasonal
food availability. Areas are diverse in composition, structure,

and ecological succession stage; mosaics of cover types
and the ecotones between them enhance prey density and
other food opportunities. Most hollow logs, snags, brush
piles, or rock outcrops are acceptable dens for rodents and
carnivores, but the caves used by some bats must meet
precise temperature and humidity conditions. Mammals
associated with aquatic habitats use estuaries, marshes, and
streams. Terrestrial habitats include desert, prairie, savanna,
and agricultural fields. In the mountains, high-elevation
habitats (such as spruce-fir and northern hardwood forests)
are important to the long-tailed shrew (Sorex dispar); in
coastal areas, bottomland hardwoods and cypress swamps
support the swamp rabbit (Sylvilagus aquaticus).

The peak number of mammal species (148) occurs in the
Mid-South, where rodent (68), bat (38), and carnivore (22)
diversity occur in highest numbers (fig. 14.7). Second is
the Coastal Plain (103 species), which supports the most
species categorized as “other mammals” (24 species) by
NatureServe. The next tier is led by the Appalachian-
Cumberland highlands (77 species), Piedmont (76 species),
and Mississippi Alluvial Valley (61 species).

The distribution of mammal diversity across the region
highlights patterns in two quite different subregions: the
Mid-South and the Appalachian-Cumberland highlands

(fig. 14.8). Of particular importance is the West Texas

Basin and Range section, which is located on the Mexican
border and provides habitat for 99 mammal species.
Together, the four Mid-South sections support the highest
richness of rodents ranging from 57 species in the High
Plains to 27 species in the Ozark-Ouachita Highlands.
Characteristic rodents from these sections include the
cactus deermouse (Peromyscus eremicus), Chihuahuan
pocket mouse (Chaetodipus eremicus), Mexican ground
squirrel (Spermophilus mexicanus), Southern Plains
woodrat (Neotoma micropus), and Texas antelope squirrel
(Ammospermophilus interpres). Bat richness is also greatest
in the Mid-South, with the High Plains (25 species) and West
Texas Basin and Range (24 species) supporting the southern
yellow bat (Lasiurus ega), spotted bat (Euderma maculatum),
Yuma myotis (Myotis yumanensis), and other species.
Carnivore richness is highest in the band from southcentral
Texas (17 species) expanding westward through the Western
Gulf (15 species). Unique western carnivores include

the ocelot (Leopardus pardalis), western spotted skunk
(Spilogale gracilis), and white-nosed coati (Nasua narica).
Each remaining area in the South supports a range of 10 to
12 carnivores.

Mammal richness is also notable in the Appalachian-
Cumberland highlands, which encompasses a much
smaller area than the Mid-South but supports 16 bat species
including the eastern small-footed myotis (Myotis leibii),
gray myotis (Myotis grisescens), and Virginia big-eared
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bat (Corynorhinus townsendii virginianus). There are 28
rodent species within mountainous areas providing habitat
for the Allegheny woodrat (Neotoma magister), red squirrel
(Tamiasciurus hudsonicus), and southern bog lemming
(Synaptomys cooperi). The Central Appalachian Piedmont
(20 species) and Blue Ridge (18 species) support the largest
number of “other mammals,” which include the American
water shrew (Sorex palustris), Appalachian cottontail
(Sylvilagus obscurus), hairy-tailed mole (Parascalops
breweri), and long-tailed shrew among others.

Reptiles—The South supports 196 reptile species
(NatureServe 2011), including snakes (90), lizards (53),
turtles (50), crocodilians (2), and worm lizards (1). The major
subgroups of snakes are nonvenomous snakes, coral snakes,
and pit vipers; species that inhabit the water are especially
prevalent. Two of the largest snakes in North America

occur in the region: the eastern indigo snake (Drymarchon
couperi) and eastern diamond-backed rattlesnake (Crotalus
adamanteus). The four lizard subgroups include anole
lizards, fence lizards, collared lizards, horned lizards,
whiptails, skinks, and glass lizards. The turtle group consists
of sea turtles, snapping turtles, box turtles, mud and musk
turtles, tortoises, and soft-shell turtles. The two crocodilians
are quite well-known: the American alligator (4/ligator
mississippiensis) and American crocodile (Crocodylus
acutus). The fossorial worm lizard (Rhineura floridana),
despite its name and appearance, is an Amphisbaenian and
does not belong in either the snake or the lizard group.

With the exception of lizards, the all reptiles reach their
maximum species richness in the South (Bailey and others
2006). As with amphibians, ecological importance of lizards
has become recognized in the past decade as resource
objectives focus on biodiversity conservation, landscape
perspectives, and their role in ecosystem functioning.

Reptiles occupy a variety of habitats including mesic and xeric
hardwood forests, sandhills, grasslands, prairies, barrens,
outcrops, beaches and dunes, agricultural and urban areas
(Bailey and others 2006). Rivers, streams, swamps, lakes,

and marshes figure prominently in aquatic turtle occurrence.
Groups such as mud turtles (Kinosternon spp.) use terrestrial
habitat for nesting and winter dormancy, spending the summer
in wetland areas. The forested mountain areas support an
abundance of reptiles including the bog turtle (Glyptemys
muhlenbergii), while the longleaf pine-wiregrass community
is vital habitat for the gopher tortoise (Gopherus polyphemus)
and glass lizard (Ophisaurus spp.). Cypress-gum swamps
support several species (Gibbons and Buhlmann 2001)
including the rainbow snake (Farancia erytrogramma) and
striped crawfish snake (Regina alleni). Leaf litter and fallen
logs provide shelter and foraging opportunities; friable soils
are an important habitat component for many.

The Mid-South (148 species) leads in reptile richness

(fig. 14.9), where snake (74) and lizard (45) species occur

in the highest numbers. The diversity of this subregion
reflects its large size and strategic location at the crossroads
of several distinct reptilian fauna (Stein and others 2000).
Many eastern reptiles reach their westernmost distribution
in the Mid-South, while the converse is also true for western
reptiles. Second in reptile richness is the Coastal Plain (129),
which supports the most turtle species (43) in its abundant
coastal and freshwater habitats. The third tier is comprised
of the Piedmont (75), Mississippi Alluvial Valley (72), and
Appalachian-Cumberland highlands (60).

The distribution of reptile diversity is concentrated across

the southern portion of the region, with notable differences
among the various groups (fig. 14.10). Lizard richness is
highest in the western sections of three Mid-South sections—
High Plains (38), West Texas Basin and Range (35), and Cross
Timbers (25)—reflecting availability of arid habitats. These
three sections provide habitat for the Texas spotted whiptail
(Aspidoscelis gularis), eastern collared lizard (Crotaphytus
collaris), round-tailed horned lizard (Phrynosoma modestum),
and canyon lizard (Sceloporus merriami). Snakes are quite
diverse in both the eastern and western portions of the region.
The High Plains (64), Cross Timbers (58), and West Texas
Basin and Range (43) sections support the Chihuahuan hook-
nosed snake (Gyalopion canum), prairie rattlesnake (Crotalus
viridis), and Texas threadsnake (Leptotyphlops dulcis).

The Southern Gulf (48), Eastern Atlantic (42), and Florida
Peninsular (40) sections are inhabited by the cottonmouth
(Agkistrodon piscivorus), Florida crowned snake (7antilla
relicta), and southern watersnake (Nerodia fasciata). The
Southern Gulf supports the maximum diversity of turtles

(34) including the Alabama map turtle (Graptemys pulchra),
Pascagoula map turtle (Graptemys gibbonsi), and Peninsula
cooter (Pseudemys peninsularis). Other notable Coastal

Plain areas inhabited by a variety of turtles include the
Eastern Atlantic (23), Middle Gulf-Eastern (23), and Florida
Peninsular (21). Characteristic species include the common
musk turtle (Sternotherus odoratus), eastern box turtle
(Terrapene carolina), southern painted turtle (Chrysemys
dorsalis), and spiny softshell (Apalone spinifera).

Geographic Patterns of Species Listed as
Threatened or Endangered

Figure 14.11 displays the distribution of 77 vertebrate species
listed as threatened or endangered by the U.S. Fish and
Wildlife Service in the South. There is an evident pattern

of endangerment along the Atlantic Ocean coast extending
from North Carolina to Florida and along the Gulf of Mexico
westward to Louisiana, with pockets along the southern coast
of Texas.
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Table 14.4—Vascular plant species that are Federally listed as threatened or endangered in the South (U. S. Department
of Interior 2011)

Scientific name= Common name ESA» Subregion name Sectioned
Ferns and Relatives

Asplenium scolopendrium var. americanum Hart’s-tongue Fern T Appalachian-Cumberland  3_4,3_5
Isoetes louisianensis Louisiana Quillwort E Coastal Plain 1.4
Isoetes melanospora Black-spored Quillwort E Piedmont 2.2
Isoetes tegetiformans Merlin’s-grass E Piedmont 2.2
Conifers and Relatives

Torreya taxifolia Florida Torreya E Coastal Plain, Piedmont 1.4,2_2
Flowering Plants

Graminoids

Carex lutea Sulphur Sedge E Coastal Plain 1.2
Scirpus ancistrochaetus Northeastern Bulrush E Appalachian-Cumberland  3_2
Zizania texana Texas Wild Rice E Mid-South 53
Cacti

Astrophytum asterias Star Cactus E Mid-South 53
Coryphantha scheerivar. robustispina Pima Pineapple Cactus E Mid-South 5 4
Echinocereus chisoensis var. chisoensis Chisos Hedgehog Cactus T Mid-South 5.2,5.3,5_4
Echinocereus viridiflorus var. davisii Davis’ Green Pitaya E Mid-South 5 4
Escobaria minima Nellie Cory Cactus E Mid-South 5 4
Escobaria sneediivar. sneedii Sneed Pincushion Cactus E Mid-South 5 4
Harrisia fragrans Fragrant Prickly-apple E Coastal Plain 1.3
Pilosocereus robinii Key Tree Cactus E Coastal Plain 1.3
Sclerocactus brevihamatus ssp. tobuschii gggtral;ook Fishhook E Mid-South 5 3,5 4
Sclerocactus mariposensis Lloyd’s Mariposa Cactus T Mid-South 54
Vines

Apios priceana Price’s Potato-bean T gggz}:l:m:riﬂ’cziﬁq%r:ﬁg’d :13:2 2.3.3.4,
Bonamia grandiflora Florida Lady’s-nightcap T Coastal Plain 1.3
Clematis morefieldii Morefield’s Leatherflower E Appalachian-Cumberland  3_4,3_5
Clematis socialis Alabama Leather-flower E Piedmont 2.3
Cucurbita okeechobeensis Okeechobee Gourd E Coastal Plain 1.3
Galactia smallii Small’s Milkpea E Coastal Plain 1.3
Jacquemontia reclinata Reclined Clustervine E Coastal Plain 1.3
Herbs

Abronia macrocarpa Large-fruit Sand-verbena E Mid-South 5.2
Aeschynomene virginica Sensitive Joint-vetch T Coastal Plain, Piedmont 11,21
Amaranthus pumilus Seabeach Amaranth T Coastal Plain 1.1,1.2
Ambrosia cheiranthifolia South Texas Ragweed E Mid-South 5_2
Amorpha herbacea var. crenulata Crenulate Leadplant E Coastal Plain 1.3
Amphianthus pusillus Little Amphianthus T Piedmont 21,22
Arabis perstellata Braun’s Rockcress E Appalachian-Cumberland  3_5
Arabis serotina Shalebarren Rockcress E Appalachian-Cumberland  3_2
Astragalus bibullatus Pyne’s Ground-plum E Appalachian-Cumberland  3_5
Baptisia arachnifera Hairy Rattleweed E Coastal Plain 1.2
Callirhoe scabriuscula Texas Poppy-mallow E Mid-South 53

(Continued)
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Table 14.4—(continued) Vascular plant species that are Federally listed as threatened or endangered in the South (U. S.

Department of Interior 2011)

Scientific namea
Campanula robinsiae
Cardamine micranthera

Chamaesyce deltoidea ssp. adhaerens

Chamaesyce garberi
Chrysopsis floridana
Clitoria fragrans
Crotalaria avonensis
Cryptantha crassipes

Dalea foliosa

Echinacea laevigata

Echinacea tennesseensis

Eriogonum longifolium var. gnaphalifolium

Eryngium cuneifolium

Euphorbia telephioides
Geocarpon minimum
Geum radiatum
Halophila johnsonii
Harperocallis flava
Helenium virginicum
Helianthus paradoxus
Helianthus schweinitzii

Helonias bullata

Hexastylis naniflora

Hoffmannseggia tenella
Houstonia purpurea var. montana
Hymenoxys texana

Hypericum cumulicola

lliamna corei
Isotria medeoloides

Justicia cooleyi
Lesquerella filiformis

Lesquerella lyrata

Lesquerella pallida

Lesquerella perforata
Lesquerella thamnophila

Liatris helleri

Liatris ohlingerae

Lupinus westianus var. aridorum

Common name

Robins’ Bellflower
Small-anther Bittercress
Wedge Spurge

Garber’s Spurge

Florida Goldenaster
Pigeon Wings

Avon Park Rabbit-bells
Terlingua Creek Cat’s-eye

Leafy Prairie-clover

Smooth Purple Coneflower

Tennessee Coneflower
Scrub Wild Buckwheat

Wedgeleaf Button-
snakeroot

Telephus Spurge

Tiny Tim

Spreading Avens
Johnson’s Sea-grass
Harper’s Beauty
Virginia Sneezeweed
Pecos Sunflower
Schweinitz’s Sunflower

Swamp-pink

Dwarf-flower Heartleaf

Slender Rushpea
Mountain Bluet
Prairie Dawn

Highlands Scrub St.
John’s-wort

Peters Mountain Mallow
Small Whorled Pogonia

Cooley’s Water-willow
Missouri Bladderpod

Lyrate Bladderpod

White Bladderpod

Spring Creek Bladderpod
Zapata Bladderpod
Heller’s Blazingstar
Florida Gayfeather

Scrub Lupine

ESA®

m

m mm-—< m-—< mm

4 mM—AAm-Am-A m A m m

— m m mmm +H

mm 4 mmm —+H < m

Subregion name
Coastal Plain
Piedmont
Coastal Plain
Coastal Plain
Coastal Plain
Coastal Plain
Coastal Plain
Mid-South

Coastal Plain,
Appalachian-Cumberland

Coastal Plain, Piedmont,
Appalachian-Cumberland

Appalachian-Cumberland
Coastal Plain

Coastal Plain

Coastal Plain

Coastal Plain, Mid-South
Appalachian-Cumberland
Coastal Plain

Coastal Plain
Appalachian-Cumberland
Mid-South

Piedmont

Coastal Plain, Piedmont,
Appalachian-Cumberland

Piedmont, Appalachian-
Cumberland

Mid-South
Appalachian-Cumberland
Coastal Plain, Mid-South

Coastal Plain
Appalachian-Cumberland

Coastal Plain, Piedmont,
Appalachian-Cumberland
Coastal Plain

Mid-South

Coastal Plain,
Appalachian-Cumberland

Coastal Plain
Appalachian-Cumberland
Mid-South
Appalachian-Cumberland
Coastal Plain

Coastal Plain

Sectioned
1.3
21
1.3
1.3
1.3
1.3

(Continued)
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Table 14.4—(continued) Vascular plant species that are Federally listed as threatened or endangered in the South (U. S.

Department of Interior 2011)

Scientific names=
Lysimachia asperulifolia
Manihot walkerae
Marshallia mohrii
Minuartia cumberlandensis
Nolina brittoniana

Oxypolis canbyi

Phlox nivalis ssp. texensis
Pinguicula ionantha
Pityopsis ruthii

Platanthera leucophaea

Platanthera praeclara

Polygala lewtonii

Polygala smallii
Polygonella basiramia
Polygonella myriophylla
Potamogeton clystocarpus

Ptilimnium nodosum

Sagittaria fasciculata
Sagittaria secundifolia

Sarracenia oreophila
Sarracenia rubra ssp. alabamensis

Sarracenia rubra ssp. jonesii

Schwalbea americana
Scutellaria floridana

Scutellaria montana
Silene polypetala
Sisyrinchium dichotomum

Solidago albopilosa
Solidago shortii
Solidago spithamaea
Spigelia gentianoides
Spiranthes parksii
Thalictrum cooleyi
Thymophylla tephroleuca
Trifolium stoloniferum

Trillium persistens

Trillium reliquum

Common name
Roughleaf Loosestrife
Walker’s Manihot

Mohr’s Barbara’s-buttons
Cumberland Sandwort
Britton’s Bear-grass
Canby’s Dropwort

Texas Trailing Phlox
Violet-flowered Butterwort
Ruth’s Silk-grass

Eastern Prairie White-
fringed Orchid

Western Prairie White-
fringed Orchid

Lewton’s Polygala
Tiny Polygala
Wireweed

Small’s Jointweed
Little Aguja Pondweed

Harperella

Bunched Arrowhead
Little River Arrowhead
Green Pitcherplant

Alabama Canebrake
Pitcherplant

Mountain Sweet
Pitcherplant

Chaffseed
Florida Skullcap

Large-flower Skullcap
Fringed Campion
Reflexed Blue-eyed-grass
White-haired Goldenrod
Short’s Goldenrod

Blue Ridge Goldenrod
Gentian Pinkroot
Navasota Ladies™-tresses
Cooley’s Meadowrue

Ashy Dogweed
Running Buffalo Clover

Persistent Trillium

Relict Trillium

ESA®
E

= m A mmmim = m

m mmmmm -

m < m

m

m mmmmm-+<m+-< m m H —H m m

m

Subregion name
Coastal Plain

Mid-South

Coastal Plain, Piedmont
Appalachian-Cumberland
Coastal Plain

Coastal Plain

Coastal Plain

Coastal Plain
Appalachian-Cumberland

Appalachian-Cumberland

Mid-South

Coastal Plain
Coastal Plain
Coastal Plain
Coastal Plain
Mid-South

Coastal Plain, Piedmont,
Mid-South

Piedmont, Appalachian-
Cumberland

Piedmont

Piedmont, Appalachian-
Cumberland

Coastal Plain

Piedmont, Appalachian-
Cumberland

Coastal Plain

Coastal Plain

Piedmont, Appalachian-
Cumberland

Coastal Plain, Piedmont

Piedmont, Appalachian-
Cumberland

Appalachian-Cumberland
Appalachian-Cumberland
Appalachian-Cumberland
Coastal Plain

Coastal Plain, Mid-South
Coastal Plain

Mid-South
Appalachian-Cumberland
Piedmont, Appalachian-
Cumberland

Coastal Plain, Piedmont

Sectionecd

11,
53

1.5,
3_4,

1.3

1.2,

1.7
1.4
3_1

3.2

5.2

1.3

2_2,

1.2,

1.4

2_3,
1.2,
2.1,

3_4,

3_5
3_1
1.4

1.2

2.3
3_5

1.4

3_1

1.4,1.7

3.3,3_4
14,2 2
2_2,3.1

3_5

1.7,5_2

1.2,

5.3

3_4,
2 2,

1.2,

2.2

1.4

3_5
3_1

1.4,1_5,

(Continued)
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Table 14.4—(continued) Vascular plant species that are Federally listed as threatened or endangered in the South (U. S.
Department of Interior 2011)

Scientific namea Common name ESA» Subregion name Sectioned
Warea amplexifolia Wide-leaf Warea E Coastal Plain 1.3

Warea carteri Carter’s Mustard E Coastal Plain 1.3

Xyris tennesseensis ;?;Sn Sessee Yellow-eyed- E 28;2}2&'32:{]6?%%2:? erllrt;d 1.5,2.3,3_5
Trees and Shrubs

Asimina tetramera Four-petal Pawpaw E Coastal Plain 1.3

Ayenia limitaris Texas Ayenia E Mid-South 53

Betula uber Virginia Roundleaf Birch T Appalachian-Cumberland  3_2
Chionanthus pygmaeus Pygmy Fringetree E Coastal Plain 1.1
Conradina brevifolia Shortleaf Rosemary E Coastal Plain 1.3
Conradina etonia Etonia Rosemary E Coastal Plain 1.3
Conradina glabra Apalachicola Rosemary E Coastal Plain 1.4
Conradina verticillata ggrsnetﬁgglnd False T Appalachian-Cumberland  3_4
Deeringothamnus pulchellus Beautiful Pawpaw E Coastal Plain 1.3
Deeringothamnus rugelii Rugel’s Pawpaw E Coastal Plain 1.3
Dicerandra christmanii Yellow Scrub Balm E Coastal Plain 1.3
Dicerandra cornutissima Longspurred Mint E Coastal Plain 1.3
Dicerandra frutescens Scrub Mint E Coastal Plain 1.3
Dicerandra immaculata Lakela’s Mint E Coastal Plain 1.3
Frankenia johnstonii Johnston’s Frankenia E Mid-South 53
Hudsonia montana Mountain Golden-heather T Appalachian-Cumberland  3_1

Lindera melissifolia Pondberry E XI(I)L?\?itaaIIVP;ﬁ?y’ Mississippi ]:é 14—j 14,
Prunus geniculata Scrub Plum E Coastal Plain 1.3

Quercus hinckleyi Hinckley’s Oak T Mid-South 5 4
Rhododendron chapmanii Chapman’s Rhododendron E Coastal Plain 1.3,1.4
Rhus michauxii Michaux’s Sumac E Coastal Plain, Piedmont 1.2,2.1,2_2,
Ribes echinellum Miccosukee Gooseberry T Coastal Plain, Piedmont 1.4,2 2
Spiraea virginiana Virginia Spiraea T Ei&agrggrrlmet{ngppalachian- (23:2 3:15 3.3,
Styrax platanifolius ssp. texanus Texas Snowbell E Mid-South 5 3,5 4
Ziziphus celata Scrub Ziziphus E Coastal Plain 1.3

aSpecies names follow USDA NRCS Plants Database (2010).

bT = Threatened; E = Endangered; SAT = Similarity of Appearance to a threatened taxon.

cLocation data from NatureServe (2010).

d1_1 (Northern Atlantic); 1_2 (Eastern Atlantic); 1_3 (Florida Peninsular); 1_4 (Southern Gulf); 1_5 (Middle Gulf-Eastern); 1_6 (Middle
Gulf-Western); 1_7 (Western Gulf); 2_1 (Central Appalachian Piedmont); 2_2 (Southern Appalachian Piedmont); 2_3 (Piedmont
Ridge, Valley and Plateau); 3_1 (Blue Ridge); 3_2 (Northern Ridge and Valley); 3_3 (Southern Ridge and Valley); 3_4 (Cumberland
Plateau and Mountain); 3_5 (Interior Low Plateau); 4_1 (Holocene Deposits); 4_2 (Deltaic Plain); 5_1 (Ozark-Ouachita Highlands);
5_2 (Cross Timbers); 5_3 (High Plains); 5_4 (West Texas Basin and Range).
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Table 14.5—Amphibian species of global conservation concern within the South (NatureServe 2011)®

Scientific name

Common name

Subregion name

Section?

G1

Bufo houstonensis Houston toad Coastal Plain, Mid-South 1.7,5_2
Rana sevosa Dusky gopher frog Coastal Plain 1.4

G2

Rana okaloosae Florida bog frog Coastal Plain 1.4

G3

Rana capito Carolina gopher frog gg;:}:::ﬁ?r':bzﬁdbr:ﬁ :rtfd i:]é’, 12__22,, 12__%,

G1

Eurycea chisholmensis Salado salamander Mid-South 52
Eurycea nana San Marcos salamander Mid-South 53
Eurycea naufragia Georgetown salamander Mid-South 5_2
Eurycea neotenes Texas salamander Mid-South 5.3
Eurycea rathbuni Texas blind salamander Mid-South 53
Eurycea robusta Blanco blind salamander Mid-South 5.3
Eurycea sosorum Barton Springs salamander Mid-South 5_3
Eurycea species 6 Pedernales River Springs salamander Mid-South 5.3
Eurycea species 8 Comal Springs salamander Mid-South 5.3
Eurycea species 10 Dolan Falls salamander Mid-South 5_4
Eurycea tonkawae Jollyville Plateau salamander Mid-South 52,53
Eurycea tridentifera Comal blind salamander Mid-South 53
Eurycea waterlooensis Austin blind salamander Mid-South 53
Gyrinophilus gulolineatus Berry Cave salamander Appalachian-Cumberland 3_3
Notophthalmus meridionalis  Black-spotted newt Mid-South 5.2,5_3
Plethodon amplus Blue Ridge gray-cheeked salamander Piedmont, Appalachian-Cumberland  2_1, 3_1
Plethodon meridianus South Mountain gray-cheeked salamander Appalachian-Cumberland, Piedmont  2_1,3_1
Plethodon shenandoah Shenandoah salamander Piedmont, Appalachian-Cumberland 2.1,3_2
G2

Ambystoma bishopi Reticulated flatwoods salamander Coastal Plain 1.4
Ambystoma cingulatum Frosted flatwoods salamander Coastal Plain 1.2,1.3,1_4
Desmognathus abditus Cumberland dusky salamander Appalachian-Cumberland 3_4
Desmognathus folkertsi Dwarf black-bellied salamander Appalachian-Cumberland 3_1
Eurycea pterophila Blanco River springs salamander Mid-South 5.3
Eurycea species 7 Edwards Plateau spring salamander Mid-South 53,5 4
Gyrinophilus palleucus Tennessee cave salamander ggsz::(l;m:mbzﬁdb:ﬁ;;h ;13:3: g:g’ 3.3,
Haideotriton wallacei Georgia blind salamander Coastal Plain 1_4
Necturus alabamensis Black Warrior waterdog Coastal Plain, Piedmont 1.5,2_3
Notophthalmus perstriatus ~ Striped newt Coastal Plain 1.2,1.3,1_4
Phaeognathus hubrichti Red Hills salamander Coastal Plain 1.4
Plethodon aureolus Tellico salamander Appalachian-Cumberland 3_1

(Continued)
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Table 14.5—(continued) Amphibian species of global conservation concern within the South (NatureServe 2011)«

Scientific name Common name Subregion name Section®
Plethodon caddoensis Caddo Mountain salamander Coastal Plain, Mid-South 16,51
Plethodon cheoah Cheoah Bald salamander Appalachian-Cumberland 3.1

Plethodon fourchensis Fourche Mountain salamander Mid-South 51

Plethodon hubrichti Peaks of Otter salamander Piedmont, Appalachian-Cumberland 2_1,3_2
Plethodon kiamichi Kiamichi slimy salamander Mid-South 5.1

Plethodon ouachitae Rich Mountain salamander Mid-South 51

Plethodon petraeus Pigeon Mountain salamander Piedmont 2.3
Plethodon sequoyah Sequoyah slimy salamander Mid-South 51

Plethodon sherando Big Levels salamander Piedmont 2.1

Plethodon shermani Red-legged salamander Appalachian-Cumberland 3_1

Plethodon virginia Shenandoah Mountain salamander Appalachian-Cumberland 3.2

G3

Amphiuma pholeter One-toed amphiuma Coastal Plain 1.3,1_4
Aneides aeneus Green salamander Sgnggmfm’cm%rgﬁ grt{d é::(; 2:11_’ 2:523
Cryptobranchus Hellbender Coastal Plain, Piedmont, :13—15 §—§ g—g’ ’
alleganiensis Appalachian-Cumberland 3~ 4” 3 5’ -
Desmognathus aeneus Seepage salamander gggzltglzﬁigmbziri%rgﬁ e?rt;d ;:15 g:g 2.3,
ggg[;gggg;ggs Apalachicola dusky salamander Coastal Plain 1.4
Desmognathus imitator Imitator salamander Appalachian-Cumberland 3_1
Desmognathus santeetlah Santeetlah dusky salamander Appalachian-Cumberland 3_1
Desmognathus wrighti Pygmy salamander Appalachian-Cumberland 3.1,3.2,3_3
Eurycea junaluska Junaluska salamander Appalachian-Cumberland 3.1,3_8
Eurycea latitans Cascade Caverns salamander Mid-South 53

Eurycea troglodytes Eurycea troglodytes complex Mid-South 53

Eurycea tynerensis Oklahoma salamander Mid-South 51

Necturus lewisi Neuse River waterdog Coastal Plain, Piedmont 11,21
Plethodon jordani Red-cheeked salamander Appalachian-Cumberland 3_1

Plethodon kisatchie Louisiana slimy salamander \9&?:;,8' Plain, Mississippi Alluvial 1.7,4.1
Plethodon metcalfi Southern gray-cheeked salamander Piedmont, Appalachian-Cumberland  2_2,3_1
Plethodon montanus Northern gray-cheeked salamander Piedmont, Appalachian-Cumberland  2_2, 3_1
Plethodon punctatus White-spotted salamander Appalachian-Cumberland 3.2
Plethodon teyahalee Southern Appalachian salamander Piedmont, Appalachian-Cumberland 2_2,3_1
Plethodon websteri Webster’s salamander Coastal Plain, Piedmont ;—g 1522
Plethodon welleri Weller’s salamander Appalachian-Cumberland 3.1,8.2

aG1 = Critically imperiled; G2 = Imperiled; G3 = Vulnerable.

b1_1 (Northern Atlantic); 1_2 (Eastern Atlantic); 1_3 (Florida Peninsular); 1_4 (Southern Gulf); 1_5 (Middle Gulf-Eastern); 1_6 (Middle
Gulf-Western); 1_7 (Western Gulf); 2_1 (Central Appalachian Piedmont); 2_2 (Southern Appalachian Piedmont); 2_3 (Piedmont
Ridge, Valley and Plateau); 3_1 (Blue Ridge); 3_2 (Northern Ridge and Valley); 3_3 (Southern Ridge and Valley); 3_4 (Cumberland

Plateau and Mountain); 3_5 (Interior Low Plateau); 4_1 (Holocene Deposits); 4_2 (Deltaic Plain); 5_1 (Ozark-Ouachita Highlands);
5_2 (Cross Timbers); 5_3 (High Plains); 5_4 (West Texas Basin and Range).
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species) lead in the number of species of concern followed by
the Appalachian-Cumberland highlands (31 vertebrate and
207 plant species) and Piedmont (29 vertebrate and
188 plant species). Nine imperiled vertebrate and 20 plant
species inhabit the Mississippi Alluvial Valley. Although
several of these hot spots are shared by several species, there
are interesting differences among the taxa that are described
below.

Amphibians—Sixty-six amphibian species are of
conservation concern (table 14.5). Salamanders dominate
with 62 listings, followed by frogs and toads with 4 listings.

Amphibians at risk occur in heaviest concentrations across
the Appalachian-Cumberland highlands, Coastal Plain, and
Mid-South (fig. 14.16). Numbers of imperiled amphibians are
prominent in the Blue Ridge (15 salamanders) where they are
affected by habitat degradation, water pollution, drought, and
acid rain. Characteristic species include the Blue Ridge gray-
cheeked salamander (Plethodon amplus), Tellico salamander
(Plethodon aureolus), and hellbender (Cryptobranchus
alleganiensis).

Also important in supporting species at risk are the High
Plains (12 species) and Southern Gulf (11 species). These
areas provide important habitat for the dusky gopher frog
(Rana sevosa), Florida bog frog (Rana okaloosae), and
striped newt (Notophthalmus perstriatus). Threats to these
species include loss of longleaf pine, agricultural and urban
development, fire exclusion, contamination of springs,
introduction of nonnative fish into breeding ponds, and
stream impoundment.

Birds—Eighteen avian species are of conservation concern
(table 14.6). The breakdown along subtaxa is 3 wading and
shorebirds, 7 perching birds, and 8 others. Species include
the Kirtland’s warbler (Dendroica kirtlandii), golden-
cheeked warbler (Dendroica chrysoparia), Fea’s petrel
(Pterodroma feae), and lesser prairie chicken (Tympanuchus
pallidicinctus).

Bird species at risk occur predominately along the Atlantic
Ocean extending from southern Virginia to Florida and
continuing along the Gulf of Mexico across Louisiana to
the southernmost tip of eastern Texas (fig. 14.17). Highest
numbers occur in the Cross Timbers (7 species) and High
Plains (6 species) sections of the Mid-South. Species such
as the piping plover (Charadrius melodus) are vulnerable to
disturbance of nesting areas, declining fish populations, oil
spills, and extreme weather conditions. The black-capped
vireo (Vireo atricapilla) is vulnerable to cowbird parasitism
and loss of nesting habitat from housing development, road
construction, and over-browsing by domestic livestock.

Peninsular Florida supports six birds at risk, including the
Florida scrub jay (Adphelocoma coerulescens) and wood
stork. Conservation concerns center on rapidly growing
population centers and habitat conversion to urban and
agricultural uses (such as sugarcane and citrus production).
Imperiled birds also occur in the Eastern Atlantic, Southern
Gulf, and Western Gulf sections; these species include

the whooping crane (Grus americana) and red-cockaded
woodpecker (Picoides borealis). Threats to birds in these
areas include conversion of longleaf pine and upland
hardwoods to other uses, hydrological alteration, and coastal
development.

Mammals—Twenty-two mammal species are imperiled or
vulnerable (table 14.7). Rodents dominate with 8 listings,
followed by bats (7), carnivores (4), and others (3). Species
include the Texas kangaroo rat (Dipodomys elator),
Strecker’s pocket gopher (Geomys streckeri), red wolf (Canis
rufus), and jaguar (Panthera onca).

Although the Coastal Plain (10 species) and Mid-South

(9 species) support the largest number of imperiled
mammals (fig. 14.18), it is the Appalachian-Cumberland
highlands where the majority of hot spots occur. Numbers
of imperiled mammals are particularly prominent in
Oklahoma and Tennessee in the Interior Low Plateau,
Cumberland Plateau and Mountain, Southern Ridge and
Valley, and in the Blue Ridge of North Carolina. Species
occurring in these sections include the eastern small-
footed myotis, Carolina and Virginia northern flying
squirrels, and Virginia big-eared bat. The Ozark-Ouachita
Highlands are also notable, supporting the Ozark big-eared
bat, southeastern myotis (Myotis austroriparius), and
several other bat species. Cave disturbance, vandalism,
and destruction of roost sites imperil these species, as
does habitat loss stemming from deforestation and stream
channelization. Threats to other mammals in these areas
include insect pests (such as balsam wooly adelgid,

gypsy moth), acid rain which contaminates mycorrhizal
food sources, and heavy metals in forest litter. Habitat
fragmentation has resulted in population isolation and the
loss of dispersal and travel corridors.

Peninsular Florida and the northern portion of the Eastern
Atlantic are also important for mammals at risk, supporting
the round-tailed muskrat (Neofiber alleni), Florida
deermouse (Podomys floridanus), and West Indian manatee
(Trichechus manatus). Threats to these species include loss
of wetlands, marsh drainage, and salt water intrusion—

all of which reduce available habitat and further isolate
populations. For the manatee, the potential loss of warm-
water refugia from residential and commercial development
of coastal land remains a problem.
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Table 14.6—Bird species of global conservation concern within the South (NatureServe 2011)¢

Scientific name

Common name

Subregion name

Section?

G1
Grus americana

Whooping crane

Coastal Plain, Mid-South

1.3,5.2,5_3

G3

Charadrius melodus Piping plover Coastal Plain, Mississippi  1_1,1_2,1_3,1_4,1_7,
Alluvial Valley, Mid-South  4_2,5_2,5_2

Charadrius montanus Mountain plover Coastal Plain, Mid-South 1.7,5_2,5_3

G1

Dendroica kirtlandii Kirtland’s warbler Coastal Plain 1.1,1.3,1_4

G2

Aphelocoma coerulescens  Florida scrub-jay Coastal Plain 1.2,1.3,1_4

Dendroica chrysoparia Golden-cheeked warbler Mid-South 52,53

G3

Aimophila aestivalis Bachman’s sparrow Coastal Plain, Piedmont, 1.1,1.2,1.3,1_4,1_5,
Appalachian-Cumberland, 1_6,1_7,2_1,2_2,2_3,
Mid-South 3_3,3.4,3.5,5.1,5_2

Tachycineta cyaneoviridis ~ Bahama swallow Coastal Plain 1.3

Vermivora crissalis Colima warbler Mid-South 5.4

Vireo atricapilla Black-capped vireo Mid-South 5.2,5.3,5_4

OtherBids

G1

Campephilus principalis Ivory-billed woodpecker Coastal Plain, Mississippi  1_3,1_4,1_6,4_1
Alluvial Valley

Pterodroma feae Fea’s petrel Coastal Plain 11

Pterodroma hasitata Black-capped petrel Coastal Plain 1.2,1.3

G3

Oceanodroma castro Band-rumped storm-petrel Coastal Plain 1.2,1_3

Patagioenas leucocephala White-crowned pigeon Coastal Plain 1.3

Picoides borealis Red-cockaded woodpecker  Coastal Plain, Piedmont, 1.1,1.2,1_3,1_4,1_5,
Appalachian-Cumberland, 1_6,1_7,2_1,2_2,2_3,
Mississippi Alluvial Valley, 3_3,3_4,3_5,4_1,5_1,
Mid-South 5.2

Strix occidentalis Spotted owl Mid-South 5.4

Tympanuchus pallidicinctus Lesser prairie-chicken Mid-South 53

aG1 = Critically imperiled; G2 = Imperiled; G3 = Vulnerable.

b1_1 (Northern Atlantic); 1_2 (Eastern Atlantic); 1_3 (Florida Peninsular); 1_4 (Southern Gulf); 1_5 (Middle Gulf-
Eastern); 1_6 (Middle Gulf-Western); 1_7 (Western Gulf); 2_1 (Central Appalachian Piedmont); 2_2 (Southern

Appalachian Piedmont); 2_3 (Piedmont Ridge, Valley and Plateau); 3_1 (Blue Ridge); 3_2 (Northern Ridge and
Valley); 3_3 (Southern Ridge and Valley); 3_4 (Cumberland Plateau and Mountain); 3_5 (Interior Low Plateau);
4_1 (Holocene Deposits); 4_2 (Deltaic Plain); 5_1 (Ozark-Ouachita Highlands); 5_2 (Cross Timbers); 5_3 (High
Plains); 5_4 (West Texas Basin and Range).
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Table 14.7—Mammal species of global conservation concern within the South (NatureServe 2011)°

Scientific name Common name Subregion name Section?

G1

Eumops floridanus Florida bonneted bat Coastal Plain 1.3

G2

Myotis sodalis Indiana myotis Coastal Plain, Piedmont, 1.5,2_1,2_2,2_3,3_1,3_2,
Appalachian-Cumberland, Mid-South 3_3,3_4,3_5,5_1

G3

Corynorhinus rafinesquii Rafinesque’s big-eared bat Coastal Plain, Piedmont, 1.2,1.3,1_4,1.5,1_6,1_7,
Appalachian-Cumberland, 2_2,2_3,3.1,3_3,3_4,3_5,
Mississippi Alluvial Valley, Mid-South  4_1, 5_1

Leptonycteris nivalis Mexican long-nosed bat Mid-South 5_4

Myotis austroriparius Southeastern myotis Coastal Plain, Piedmont, 1.1,1.2,1.3,1_4,1_5,1_6,
Appalachian-Cumberland, 1.7,2.1,2_2,3.1,3_4,3_5,
Mississippi Alluvial Valley, Mid-South 4_1,5_1

Myotis grisescens Gray myotis Coastal Plain, Piedmont, 1.2,1_4,1.5,2_1,2_3,3_1,
Appalachian-Cumberland, 3.2,3.3,3_4,4.1,5_1
Mississippi Alluvial Valley, Mid-South

Myotis leibii Eastern small-footed myotis Piedmont, Appalachian-Cumberland, 2_1,2_2,2_3,3_1,3_2, 3_3,
Mid-South 3_4,3.5,5_1

G1

Geomys streckeri Strecker’s pocket gopher Mid-South 5.3

G2

Dipodomys elator Texas kangaroo rat Mid-South 5.2,5_3

Geomys texensis Central Texas pocket gopher ~ Mid-South 5.2,5_3

G3

Geomys arenarius Desert pocket gopher Mid-South 5 4

Geomys knoxjonesi Knox Jones pocket gopher Mid-South 5_4

Neofiber alleni Round-tailed muskrat Coastal Plain 1.2,1.3,1_4

Neotoma magister Allegheny woodrat Piedmont, Appalachian-Cumberland 2_1,2_3,3_1,3_2,3_3,3_4

Podomys floridanus Florida deermouse Coastal Plain 1.2,1.3,1_4

G1

Canis rufus Red wolf Coastal Plain 1.2,1_4

Mustela nigripes Black-footed ferret Mid-South 5.2,5.3,5 4

G3

Vulpes velox Swift fox Mid-South 53

Panthera onca Jaguar Mid-South 5.2,5_3
OtherMammals

G2

Trichechus manatus West Indian manatee Coastal Plain, Mississippi Alluvial 1.1,1.2,1.3,1.4,4_2

Valley

Sorex species 1 A shrew Coastal Plain 11

G3

Sylvilagus robustus Robust cottontail Mid-South 5_4

aG1=Critically imperiled; G2=Imperiled; G3=Vulnerable.

51_1 (Northern Atlantic); 1_2 (Eastern Atlantic); 1_3 (Florida Peninsular); 1_4 (Southern Gulf); 1_5 (Middle Gulf-Eastern); 1_6 (Middle
Gulf-Western); 1_7 (Western Gulf); 2_1 (Central Appalachian Piedmont); 2_2 (Southern Appalachian Piedmont); 2_3 (Piedmont
Ridge, Valley and Plateau); 3_1 (Blue Ridge); 3_2 (Northern Ridge and Valley); 3_3 (Southern Ridge and Valley); 3_4 (Cumberland
Plateau and Mountain); 3_5 (Interior Low Plateau); 4_1 (Holocene Deposits); 4_2 (Deltaic Plain); 5_1 (Ozark-Ouachita Highlands);
5_2 (Cross Timbers); 5_3 (High Plains); 5_4 (West Texas Basin and Range).
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Table 14.8—Reptile species of global conservation concern within the South (NatureServe 2011)«

Scientific name Common name Subregion name Section?
Crocediians
G2
Crocodylus acutus American crocodile Coastal Plain 1.3
Lzads
G2
Plestiodon reynoldsi Sand skink Coastal Plain 1.3
Sceloporus arenicolus Dunes sagebrush lizard Mid-South 5.3,5_4
G3
Coleonyx reticulatus Reticulated gecko Mid-South 5 4
Crotaphytus reticulatus Reticulate collared lizard Mid-South 5.3
Ophisaurus compressus Island glass lizard Coastal Plain 1.2
Ophisaurus mimicus Mimic glass lizard Coastal Plain 1.1,1.2,1_4
Sceloporus woodi Florida scrub lizard Coastal Plain 1.3
smakes
G1
Tantilla oolitica Rim Rock crowned snake Coastal Plain 1.3
G2
Clonophis kirtlandii Kirtland's snake 23327225'2‘1‘%’3@."., orlang 1-5:3.5
Heterodon simus Southern hog-nosed snake Coastal Plain, Piedmont 1.1,1.2,1.3,1.4,2_2
Nerodia harteri Brazos watersnake Mid-South 52,53
Nerodia paucimaculata Concho watersnake Mid-South 52,53
Pituophis ruthveni Louisiana pinesnake Coastal Plain, Mid-South 1.6,1.7,5_2
G3
Drymarchon couperi Eastern indigo snake Coastal Plain 1.2,1.3,1_4
Lampropeltis extenuata Short-tailed snake Coastal Plain 1.2,1.3,1_4
Tantilla cucullata Trans-Pecos black-headed snake = Mid-South 5 4
Teles
G1
Lepidochelys kempii Kemp’s Ridley sea turtle Coastal Plain, Mid-South ;—12 LA1314
Pseudemys alabamensis Alabama redbelly turtle Coastal Plain 1.4

(Continued)
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Table 14.8—(continued) Reptile species of global conservation concern within the South (NatureServe 2011)¢

Scientific name Common name Subregion name Section®
G2
Dermochelys coriacea Leatherback Coastal Plain 1.1,1.2,1_3
Graptemys barbouri Barbour’s map turtle Coastal Plain, Piedmont 1.2,1.4,2 2
Graptemys ernsti Escambia map turtle Coastal Plain 1.4
Graptemys flavimaculata Yellow-blotched map turtle Coastal Plain 1.4,1.5
Graptemys gibbonsi Pascagoula map turtle Coastal Plain 1.4
Graptemys oculifera Ringed map turtle Coastal Plain 1.4,1.5
Sternotherus depressus Flattened musk turtle Coastal Plain, Piedmont 1.5,2_83
G3
Caretta caretta Loggerhead gﬁ) S\zﬁl\?;ﬁg’, w,sdsngtﬁ 1:12 15_722’, 15‘?;}, -4
Chelonia mydas Green turtle Coastal Plain 1.1,1.2,1.3,1_4
Eretmochelys imbricata Hawksbill Coastal Plain 1.1,1.3
Glyptemys muhlenbergii Bog turtle Eil:eﬂrggrrr;,ngppalachian- 2.1,2.2,3_1
Graptemys caglei Cagle’s map turtle Mid-South 53
Gopherus polyphemus Gopher tortoise Coastal Plain, Piedmont 1.2,1.3,1.4,1.5,2 2
Graptemys nigrinoda Black-knobbed map turtle Coastal Plain, Piedmont 1.4,1.5,2 2
Coastal Plain, Piedmont,
Macrochelys temminckii Alligator snapping turtle m:gsggﬁﬁl ﬁgl;\gg%ﬂﬁ}" i é 14 ?é__g 5;:§5 5
Cumberland ’ ’ U T
Pseudemys gorzugi Rio Grande River cooter Mid-South 5_3
Trachemys gaigeae Mexican plateau slider Mid-South 5 4

aG1 = Critically imperiled; G2 = Imperiled; G3 = Vulnerable.

b1_1 (Northern Atlantic); 1_2 (Eastern Atlantic); 1_3 (Florida Peninsular); 1_4 (Southern Gulf); 1_5 (Middle Gulf-Eastern);
1_6 (Middle Gulf-Western); 1_7 (Western Gulf); 2_1 (Central Appalachian Piedmont); 2_2 (Southern Appalachian
Piedmont); 2_3 (Piedmont Ridge, Valley and Plateau); 3_1 (Blue Ridge); 3_2 (Northern Ridge and Valley); 3_3 (Southern
Ridge and Valley); 3_4 (Cumberland Plateau and Mountain); 3_5 (Interior Low Plateau); 4_1 (Holocene Deposits);

4_2 (Deltaic Plain); 5_1 (Ozark-Ouachita Highlands); 5_2 (Cross Timbers); 5_3 (High Plains); 5_4 (West Texas Basin and
Range).
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five that are threatened—among them Florida skullcap
(Scutellaria floridana) and Telephus spurge (Euphorbia
telephioides). Two other regions in Florida, the central
ridges and uplands, including Lake Wales Ridge, and much
of the area south of Lake Okeechobee, have a number of
sensitive species. Sandhills, scrub, flatwoods, bayheads,
and hammocks of the Florida central uplands have 21
species listed as endangered or threatened. These include
pygmy fringetree (Chionanthus pygmaeus), false rosemary
(C. brevifolia), and scrub balm (Dicerandra frutescens).
Upward along the Atlantic Coastal Plain, at-risk plants in
North Carolina include wet-site species. Examples include
the endangered pondberry (Lindera melissifolia) and
Canby’s dropwort (Oxypolis canbyi), as well as American
chaffseed (Schwalbea americana) and other species of fire-
prone ecosystems that occupy pine savannas, bottomland
and swamp forests, and scattered pocosin wetlands.

Species Extirpation within Selected States
of the South

Terrestrial vertebrates—The Southern Forest Resource
Assessment (Trani 2002b) presented 32 terrestrial species
that were classified as extinct or extirpated from the South.
In the years following that effort, the databases from State
Heritage Agencies (NatureServe 2011) indicate this list has
expanded to 65 species (table 14.9). The degree of extirpation
species varies among taxonomic groups, with birds
comprising 61 percent, followed by mammals (28 percent),
reptiles (6 percent), and amphibians (5 percent).

Recent extirpation was most prominent in the perching bird
and wading bird groups. Nine perching species have been
lost from six States. Henslow’s sparrow (4dmmodramus
henslowii) has experienced population and range reductions
due to habitat alteration (urban growth and industrial
development), while the bobolink (Dolichonyx oryzivorus)
decline has been attributed to incompatible agricultural
practices (NatureServe 2011). There appears to be a pattern
among extirpated wading birds that reflects the continuing
loss and modification of wetland habitat in the South. The
American bittern (Botaurus lentiginosus) is threatened by
the degradation of wetlands due to drainage, siltation, and
conversion to agriculture; the wood stork has been negatively
impacted by human alteration of natural hydrological
conditions that affect both nesting and feeding areas. The
white-faced ibis is also vulnerable to fluctuating water levels,
habitat alteration, and pesticide contamination.

Also notable is the first appearance of extirpated bat species
on the list since the Southern Forest Resource Assessment.
Populations of the Northern myotis (Myotis septentrionalis)
in the South are small and widely dispersed; the philopatry
displayed by this bat for winter roosts may lead to local
extirpation if a hibernaculum is modified or destroyed

(Chapman 2007). The Indiana myotis is quite vulnerable to
natural and human-caused disturbance due to concentrated
populations in few winter hibernacula. Population declines
have also been attributed to destruction of summer
foraging and roosting habitat by deforestation and stream
channelization (Ford and Chapman 2007).

Carnivore species (10) remain the largest group of extirpated
mammals in the South. The extirpation of large carnivores
such as the gray wolf (Canis lupus) reflects the history of
European settlement (Trani 2002b) where they were regarded
as threats to livestock and personal safety. The decline of

the red wolf has been attributed to indiscriminate predator
control, extensive land clearing, and coyote (Canis latrans)
hybridization (Trani and Chapman 2007). The disappearance
of the jaguar reflects habitat destruction, illegal hunting,

and exploitation by the fur industry (NatureServe 2011).
Other carnivores such as the cougar (Puma concolor) were
relegated to relatively remote areas.

Recent extirpation of reptile species occurred in four States.
The mimic glass lizard has a disjunct distribution in the
South; it is vulnerable to habitat loss from development,
conversion to pine plantations, and road mortality. Snakes
comprise three-fourths of the State-level reptile extirpations.
The Southern hog-nosed snake is declining throughout most
of its range in the Coastal Plain; potential threats include
fire ants, intensive agricultural/silvicultural activities,
widespread pesticide application, and road mortality.

Frogs and toads are new to the list of extirpated amphibian
species since the Southern Forest Resource Assessment. The
dusky gopher frog formerly occurred in the Coastal Plain
from Alabama to Louisiana; it is now known from a small
area in Mississippi and threatened by habitat degradation
(NatureServe 2011).

Vascular plants—The 550 extirpated plant species listed

by NatureServe (2011) databases include those within

74 vascular plant families (table 14.10). Habitat loss has
reduced the range of species associated with unique plant
communities or those found in areas subject to development.
Climate change may cause further reduction in species range.
For example, seaside heliotrope (Heliotropium curassavicum
var. curassavicum), a plant of salt flats and marshes in the
South, has disappeared from North Carolina, likely due

to past coastal development, and may be threatened in the
future by sea level rise in other Southern States (chapter 13).
Other obligate and facultative freshwater wetland plants,
including four bladderwort (Utricularia) species, have
disappeared from selected States. Plants of locally unique
areas such as glades, savannas, and prairie-like sites (e.g.,
yellow flax (Linum sulcatum), entire leaf Indian paintbrush
(Castilleja indivisa), and American columbo (Frasera
caroliniensis), have been extirpated from some States,
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Table 14.9—Sixty-five terrestrial vertebrate species considered to be extirpated from selected
States in the South (NatureServe 2011). Species in red are new additions since the Southern Forest
Resource Assessment (Trani 2002b)

Scientific name

Common name

No. Species Former Area of Occurrence

Frogs and Toads 2

Rana heckscheri River frog NC
Rana sevosa Dusky gopher frog AL, LA
Salamanders 1

Plethodon ainsworthi Catahoula salamander MS

Other Birds 15

Anhinga anhinga Anhinga KY

Campephilus principalis Ivory-billed woodpecker gll‘(’,FSL(’:’GT‘?\i’K& LA, MS, NC,
Centrocercus urophasianus  Greater sage-grouse OK

Chlidonias niger Black tern KY

Columbina passerina Common ground-dove NC

Conuropsis carolinensis Carolina parakeet ﬁ'(‘:’, %F"(’, FSL(’:,G"I%,ISI'KZ,L\'/AA MA,
Cynanthus latirostris Broad-billed hummingbird X

Ectopistes migratorius Passenger pigeon ﬁ'(‘:” %F"(’, FSL(’:,(-;‘I'?\},ISI'KZ,L\'IAA M3,
Fulica americana American coot SC

Geotrygon chrysia Key West quail-dove FL

Picoides borealis Red-cockaded woodpecker KY, TN

Sterna dougallii Roseate tern VA

Tympanuchus cupido Greater prairie-chicken AR, KY, LA, TN
Tympanuchus phasianellus ~ Sharp-tailed grouse OK, TX

Zenaida aurita Zenaida dove FL

Perching Birds 1"

Ammodramus henslowii Henslow’s sparrow TX

Chondestes grammacus Lark sparrow VA

Contopus cooperi Olive-sided flycatcher VA

Corvus corax Common raven AL

Dendroica cerulea Cerulean warbler X

Dendroica nigrescens Black-throated gray warbler TX

Dolichonyx oryzivorus Bobolink TN

Riparia riparia Bank swallow AL

Thryomanes bewickii Bewick’s wren AL, GA, NC

Vermivora bachmanii Backman’s warbler glﬁ,’;%’ Erlﬁ’(i'/ﬁ" KY, LA, MS,
Vireo bellii Bell’s vireo TN

Raptors 3

Aquila chrysaetos Golden eagle KY, NC, VA

Elanoides forficatus Swallow-tailed kite OK

Falco peregrinus Peregrine falcon AL, SC

Shorebirds 2

Bartramia longicauda Upland sandpiper KY

Numenius borealis Eskimo curfew SC, TX

(Continued)
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Table 14.9—(continued) Sixty-five terrestrial vertebrate species considered to be extirpated
from selected States in the South (NatureServe 2011). Species in red are new additions since the
Southern Forest Resource Assessment (Trani 2002b)

Scientific name Common name No. Species Former Area of Occurrence
Wading Birds 6

Botaurus lentiginosus American bittern KY
Grus americana Whooping crane AR, GA, LA, TX
Grus canadensis Sandhill crane AL
Mycteria americana Wood stork X
Plegadis chihi White-faced ibis AL
Plegadis falcinellus Glossy ibis AR, SC
Waterfowl 3
Anas discors Blue-winged teal NC
Anas rubripes American black duck X
Cygnus buccinator Trumpeter swan LA, OK
MAMMALS
Bats 2
Myotis septentrionalis Northern myotis FL
Myotis sodalis Indiana myotis MS
Carnivores 9
Canis lupus Gray wolf .?)F("’ \';IA" GA, KY, NC, OK, TN,
Canis rufus Red wolf SI}‘(”AFF,‘\", %&%ﬁ’ KY, LA, MS,
Leopardus pardalis Ocelot AR, LA
Leopardus wiedii Margay X
Panthera onca Jaguar LA, TX
Puma concolor Cougar AL, GA, KY, NC, SC
Martes pennanti Fisher NC
Mustela nigripes Black-footed ferret OK, TX
Ursus arctos Brown bear OK, TX
Other Mammals 4
Bos bison American bison ﬁ'(‘:’, %F:(’,FSL(’:’("\.‘I.A&"’IS&,L\'IAA MS,
Cervus canadensis EIk AL, GA, LA, OK, TN, SC, VA
Lepus americanus Snowshoe hare NC
Ovis canadensis Bighorn sheep TX
Rodents 2
Erethizon dorsatum North American porcupine NC, VA
Microtus ochrogaster Prairie vole LA
REPTLES 4
Lizards 1
Ophisaurus mimicus Mimic glass lizard MS
Snakes 3
Heterodon simus Southern hog-nosed snake AL, MS
Masticophis flagellum Coachwhip KY
Sonora semiannulata Groundsnake AR
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Table 14.10—Number of vascular plant species by family considered to be extirpated
from selected States in the South (NatureServe 2011)

Family
Acanthus
Amaranth

Aster

Barberry
Beech
Bladderwort
Blazingstar
Borage
Broom-Rape
Buckthorn
Buckwheat
Buttercup
Cactus
Carrot
Currant
Dodder
Dogbane
Elm

Evening-Primrose
Ferns and Relatives
Fig-Marigold
Figwort

Flax
Four-O’clock
Gentian
Geranium
Goosefoot
Grape

Grass

Greenbrier
Heath

Holly
Honeysuckle
Iris

Laurel
Loosestrife
Lily

Madder
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3
3
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GA(1)

AR(1), GA(2), LA(1), OK(1), TN(2)
AR(1), OK(1)

AR(1), FL(1), LA(1)

VA(1)

AR(2), GA(3), KY(2), LA(2), NC(5), OK(1), SC(2), VA(1)
FL(1)

(Continued)
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Table 14.10—(continued) Number of vascular plant species by family considered to be
extirpated from selected States in the South (NatureServe 2011)

Family No. Species Former Area of Occurrence

Mallow 6 KY(1), LA(2), NC(1), TN(1), TX(1)

Meadowfoam 1 LA(1)

Melastome 2 GA(1), TX(1)

Morning-Glory 1 NC(1), OK(1), VA(1)

Milkweed 7 AR(1), GA(1), LA(1), MS(1), NC(1), OK(1), TX(1)

Milkwort 4 KY(1), NC(1), VA(2)

Mint 16 AR(1), FL(1), GA(2), KY(5), NC(6), TN(1), TX(1), VA(2)

Mustard 13 AL(3), GA(2), KY(3), LA(2), MS(1), NC(2), TN(1), VA(1)

Nettle 1 NC(1), OK(1)

Orchid 30 "IA"IE{IEB FL(10), GA(4), KY(4), NC(5), OK(2), SC(3),

Other Flowering o4 AL(1), AR(1), FL(1), GA(2), KY(3), LA(6), OK(3), SC(2),

Plants TX(1), VA(5)

Pea o5 AL(3), AR(2), FL(2), GA(2), KY(2), LA(1), NC(6), SC(1),
TN(2), TX(3), VA(3)

Pepper 1 FL(1)

Pink 11 AL(1), FL(1), LA(2), OK(1), SC(2), TN(1), VA(5)

Pipewort 2 SC(1), TN(1)

Pitcherplant 2 LA(1), TN(1)

Plantain 1 FL(1), KY(1), VA(1)

Pondweed 5 KY(1), LA(2), NC(2), VA(1)

Potato 7 GA(2), MS(1), OK(4)

Primrose 4 GA(1), KY(3), VA(2)

Rock-Rose 3 AR(1), FL(1), TN(2)

Rose 11 AR(3), GA(1), MS(1), NC(2), TN(1), TX(1), VA(€2)

Rue 1 FL(1)

Rush 4 AL(1), KY(1), NC(1), TN(1)

Saxifrage 4 AL(1), KY(1), LA(1), NC(1), TN(1)

o BRI

Spurge 3 AR(2), FL(1)

St. John’s Wort 7 AL(1), KY(3), NC(2), VA(2)

Stonecrop 1 NC(1), TN(1)

Sumac 2 OK(1), SC(1)

Valerian 1 OK(1)

Verbena 3 KY(1), NC(1), OK(1), VA(1)

Violet 1 OK(1)

Water-Lily 1 MS(1), NC(1)

Water-Milfoil 1 KY(1)

Water-Plantain 4 AR(1), LA(1), NC(1), VA(1)

Willow 3 AR(1), KY(2), NC(1)

TOTAL 550
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especially where the habitat is sparse or at the edge of the
range.

Plant species that were initially known from single sporadic
locations, or are inconspicuous may easily be overlooked in
field surveys. This includes the southern (Listera australis)
and heartleaf (L. cordata) twayblades orchids, possibly
extirpated from Kentucky and North Carolina, respectively.
On the other hand, showy or specialized plants such as
selected orchids may be lost through habitat reduction and
exploitation. These include species in the genus Platanthera:
Chapman’s fringed orchid (P. chapmanii - Presumed extinct
Georgia); white fringeless orchid (P. integrilabia - Presumed
extinct North Carolina); eastern prairie white-fringed orchid
(P. leucophaea - Presumed extinct Oklahoma); snowy orchid
(P. nivea - Presumed extinct Arkansas), and purple fringeless
orchid (P. peramoena - Presumed extinct South Carolina).
Harvesting from the wild may lead to increasing rates of
extirpation of economically important plants if market
demands increase faster than the supplies from garden
populations.

Forecasts of Urban Growth, Forest Loss,
and Climate Change

Potential sources of future threats to wildlife and plant
communities include forest and range loss, coastal
inundation, forest fragmentation with land development,
and growing urban centers. Because the forecasts of urban
growth vary across the South, species may be impacted
disproportionally. Forecast changes in forest cover reflect, for
the most part, the pattern forecast for urbanization (chapter
4). Among the possible futures described in chapter 2, the
one that predicts the highest loss of forest and the greatest
urban growth, Cornerstone B, will be discussed below.
Urbanizing areas overlap with several areas of conservation
concern in the following subregions:

Mid-South—In Arkansas, the Ozark-Ouachita Highlands
region around Hot Springs and Little Rock is predicted

to experience 10 to 20 percent forest loss and an equal
percentage of urban growth. This area includes Hot Springs
National Park and the Ouachita National Forest. Forest and
glade plants that could be threatened on unprotected lands
in this westernmost area include the vulnerable southern
lady’s slipper (Cypripedium kentuckiense) reported by Case
and others (1998), the clasping twistflower (Streptanthus
maculatus), and least trillium (7rillium pusillum) reported by
Timmerman-Erskine and others (2003).

Urban growth in this subregion is forecast for counties

that support the Caddo Mountain salamander (Plethodon
caddoensis), the Ozark big-eared bat (Corynorhinus
townsendii ingens), and the Oklahoma salamander (Eurycea
tynerensis). Additional Mid-South development along the

southern borders shared by Cross Timbers and Western Gulf
could impact a numerous reptiles, especially Cagle’s map
turtle (Graptemys caglei), loggerhead, and other turtles. This
area also lies within a band of especially high avian richness
that occurs along the Texas Gulf Coast of the Central Flyway.

Appalachian-Cumberland highlands—Ten to twenty-five
percent urban growth and 10 to 20 percent forest loss near
Nashville in the Interior Low Plateau and around Knoxville
and Asheville in the Blue Ridge section could threaten bats,
salamanders, and concentrations of sensitive plant species.
The central Tennessee basin, adjacent escarpment, and
highland rim around Nashville have plants of limestone
glades, prairie-like areas, and forests. These include the
endangered Pyne’s ground plum (4stragalus bibullatus) and
Tennessee coneflower (Echinacea tennesseensis), which

are endemic to central basin limestone glades (Baskin and
Baskin 2005, Snyder and others 1994).

In eastern Tennessee and western North Carolina, forest
loss, increased recreational use and residential development
near Knoxville and Asheville threaten to reduce the high
biodiversity of the Southern Appalachian Mountains.
Warmer temperatures may allow migration of southern
species into lower elevation sites. Even though large public
land holdings (Great Smoky Mountain National Park, Blue
Ridge Parkway, and Nantahala, Pisgah, and Cherokee
National Forests) buffer and protect these habitats, residential
development and growing recreational use threaten plant
species such as the endangered spreading avens (Geum
radiatum), which is endemic to high elevation rock outcrops,
grassy balds, and cliff faces (Murdock 1993). Warmer
temperatures, changes in precipitation or fire regime, or
climate-change induced competition from offsite plants

may threaten spreading avens (Godt and Hamrick 1995;
Murdock 1994), along with other species of high elevation
and unique habitats such as the vulnerable false dandelion
(Krigia montana) on cliffs, outcrops, and grassy balds; the
vulnerable Rugel’s ragwort (Rugelia nudicaulis) of spruce
forests; and the endangered Smoky Mountains mannagrass
(Glyceria nubigena) of high elevation seeps. The Blue Ridge
supports a notable 53 species of salamanders, 15 of which
are imperiled or vulnerable: dwarf black-bellied salamander
(Desmognathus folkertsi), red-legged salamander (Plethodon
shermani), and South Mountain gray-cheeked salamander
(Plethodon meridianus). Any loss of habitat connectivity will
make migration difficult for the amphibians that occur there.

Piedmont—Forecasts of substantial urban growth (10 to
25 percent), with substantial losses of forest habitat, could
impair the relatively high richness of amphibians (59 to

76 species/section) and mammals (49 to 58 species/section)
that inhabit this subregion. Several species of concern
occur in the Central Appalachian Piedmont (14), Southern
Appalachian Piedmont (18), and Piedmont Ridge and
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Valley (17), including the black warrior waterdog (Necturus
alabamensis), gray myotis, Peaks of Otter salamander
(Plethodon hubrichti), and Shenandoah Mountain
salamander. The greater than 25 percent urban growth
predicted for Atlanta, particularly expansion along Interstate
85 northward toward Greenville, SC, could threaten plants
of upland forests and openings, such as American ginseng
(Panax quinquefolius). However, more than 75 percent of at-
risk plant species in the fast-growing DeKalb and Gwinnett
counties around Atlanta are either associated with protected
lands or with areas that are otherwise inaccessible for
development (e.g., granite outcrops).

Areas with concentrations of sensitive plant species or plant
communities—including the Blue Ridge escarpment and
foothills (Southern Appalachian Piedmont), and southern
extensions of the Cumberland Plateau and adjacent Valley
and Ridge (Piedmont Ridge, Valley and Plateau)—are
predicted to have 3 to 20 percent increase in urban area and
forest loss. The escarpment and foothills area, primarily in
northern South Carolina, includes mountain outcrops such
as Table Rock State Park, gorges, lakes (such as Jocassee,
Keowee, and Hartwell), the Chattooga Wild and Scenic
River, and the growing urban area around Greenville.
Beyond protected public lands, development threatens plants
such as the imperiled Oconee-bells (Shortia galacifolia) in
ravines and shady streambanks. Plants at risk from habitat
loss in the Piedmont Ridge and the Valley and Plateau
section of northern Alabama and Georgia include the
endangered Alabama leather-flower (Clematis socialis) that
occurs along roadsides and recently logged forests (Trusty
and others 2009).

Coastal Plain—The forecast of a 3 to 25 percent forest loss
with subsequent urban development, especially along the

Atlantic and Gulf coasts, threatens wildlife and their habitats.

Areas close to the coast also are at risk of storm surges and
the greater salinity that accompanies sea level rise (chapter
13). For example, seabeach amaranth (Amaranthus pumilus)
on barrier island dunes is threatened by beach erosion and
inundation as well as construction (U.S. Department of the
Interior 2011). More extensively, loss of freshwater emergent
marsh and pool habitat threatens wildlife such as the marsh
rabbit (Sylvilagus palustris) and several waterbirds that
depend on these habitats (Erwin and others 20006).

Climate change-induced inundation of mangrove forests
(e.g., Rhizophora mangle, Avicennia germinans, or
Laguncularia racemosa) along the coast of the Coastal Plain
may reduce available habitat and nesting substrate for birds
such as the frigatebird (Fregata magnificens), mangrove
cuckoo (Coccyzus minor), reddish egret (Egretta rufescens),
and roseate spoonbill (4jaia ajaia). Loss of this habitat may
also impact the diamondback terrapin (Malaclemys terrapin)
and salt marsh snake (Nerodia clarkii). Live oak (Quercus

virginiana) maritime forests that occur on Atlantic and Gulf
coast barrier islands may also be degraded by predicted

sea level rise. These forests serve as important nesting
habitat for many birds that feed in aquatic habitats as well as
supporting a diversity of winter avifauna. Birds affected by
the loss of live oak maritime forests include the boat-tailed
grackle (Quiscalus major), fish crow (Corvus ossifragus),
great crested flycatcher (Myiarchus crinitus), and northern
parula (Parula americana). Other characteristic species of
this forest are the broadhead skink (Eumeces laticeps), green
treefrog (Hyla cinerea), golden mouse (Ochrotomys nuttalli),
and southeastern shrew (Sorex longirostris).

Coastal areas also have a mixture of vegetation types, such
as fire-maintained wet pine savannas and flatwoods, seeps
and pocosins, marshes, swamps, and bottomlands—that are
home to diversity of species and are at risk from changing
fire regimes and other indirect effects of climate change
(chapter 3). One area of at-risk plant diversity is the Cape
Fear Arch region of North and South Carolina: LeBlond
(2001) lists 22 endemic and another 22 near-endemic plant
species such as coastal goldenrod (Solidago villosicarpa) in
coastal edge forests and roughleaf loosetrife (Lysimachia
asperulifolia) in the ecotone between upland pine forest and
pocosin (Sorrie and others 2006) in this region. Along the
Eastern Atlantic and Florida coastlines that coincide with
portions of the Atlantic Flyway, extensive development will
likely eliminate important stopover habitat for spring and
fall migrating birds as well as habitat for resident species.
This coastline is also an important nesting area for sea turtles
such as the leatherback and Kemp’s Ridley (Lepidochelys
kempii). This forecast will impact the habitat for 25 species
of conservation concern including the red wolf, round-tailed
muskrat, and short-tailed snake (Lampropeltis extenuata).

The Florida Peninsula, especially around Palm Beach and
Miami, is threatened by projected 10 to 25 percent urban
growth and also by sea level rise (chapter 13). This area is
ecologically diverse and unique; Monroe and Miami-Dade
counties include part of the Everglades and are a mix of
pine forests, hammocks, beach dune and strand, prairies,
cypress swamps, mangroves, and freshwater and saltwater
marshes. These counties contain seven plant species listed as
threatened or endangered (U.S. Department of the Interior
2011); while most of them may be further threatened by
urban growth and sea level rise, marine species such as
Johnson’s seagrass (Halophila johnsonii) could expand
their range (Virnstein and Hall 2009). The habitat of
several aquatic and marsh species in the Everglades may
be vulnerable to sea level rise. This includes the common
yellowthroat (Geothlypis trichas), greater siren (Siren
lacertina), northern harrier (Circus cyaneus), squirrel
treefrog (Hyla squirella), and American mink (Mustela
vison). The Florida Peninsula also includes the inland Lake
Wales Ridge. Although this area is projected to have a
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moderate (3 to 10 percent) increase in urban area and forest
loss, its diverse fire-maintained ecosystems may be more
threatened by changing fire regimes that could accompany
climate change.

The Southern Gulf, which includes the Apalachicola region
westward to the tip of Louisiana, is projected for 3 to

25 percent urban growth and forest loss. Near-coastal areas
and the southern part of Louisiana also are threatened by
direct and indirect effects of sea level rise. Off protected
lands, upland plant species such as Apalachicola false
rosemary are threatened by disturbances caused by
urbanization and other land use changes. Some rare species
such as Florida nutmeg are also at risk from pathogens
(Schwartz and others 2000). The projected urban growth
of the Southern Gulf is coincident with the highest turtle
diversity in the region and with especially rich areas of
habitat for species such as the Mississippi sandhill crane
(Grus canadensis pulla).

Forecasts of increased urbanization in Peninsular Florida
would affect bird habitat on the Gulf and Atlantic Coasts, as
well as the 38 amphibians that occur in the northern areas of
the State. Numerous species of conservation concern could be
imperiled by future habitat losses: 38 species in the Southern
Gulf and 30 species in the Florida Peninsula. Included are

the Florida grasshopper sparrow (Ammodramus savannarum
floridanus), Florida panther, Key Oryzomys (Oryzomys
palustris natator), ringed map turtle (Graptemys oculifera),
and yellow-blotched map turtle (Graptemys flavimaculata).

Mississippi Alluvial Valley—Portions of the Deltaic Plain
are forecast for 10-25 percent urban growth, while the
Holocene Deposits are predicted to expand to a lesser degree
(3-10 percent). This growth could negatively influence the
current richness of shorebirds and waterfowl occurring
within the Mississippi Flyway that runs through these
sections; the wetlands of Louisiana and Mississippi provide
critical stopover habitat for migrating birds crossing the
Gulf from South America. Twenty-five species of frogs and
toads that inhabit the Deltaic Plain could also be impacted.
The projected areas of urban development/forest loss are
adjacent to conservation priority areas designated for habitat
enhancement for the threatened Louisiana black bear, which
are intended to promote bottomland forest connectivity
within the landscape (Lower Mississippi Valley Joint
Venture Forest Resource Conservation Working Group
2007). Other forest-dependent vertebrate species of concern
in this subregion include the American woodcock (Scolopax
minor), ivory-billed woodpecker (Campephilus principalis),
and several forest interior songbirds including the Swainson’s
warbler (Limnothlypis swainsonii).

The sea level rise predicted for the Deltaic Plain would
inundate the coastal wetland habitat inhabited by numerous
species including the American bittern, king rail (Rallus
elegans), least bittern (Ixobrychus exilis), and southern
cricket frog (Acris gryllus).

Overall, southern ecosystems will continue to be threatened
by forest loss and urban growth, as well as effects of climate,
such as altered fire regimes, sea level rise, and spread of
pathogens. Changes in forest communities may occur due

to warming and precipitation patterns. Coastal regions,

high elevation areas, species of fire-maintained systems
(especially near growing urban centers) are especially
at-risk. The value of public and private forest lands for the
preservation and conservation of these species and their
communities will continue to increase in the future.

Forecasts for Selected Forest Communities

High elevation forests—These forests are distributed

above 4,000 feet elevation on the peaks of the Southern
Appalachians and northward in the Appalachian—Cumberland
highlands. Species include red spruce (Forest Type 123), red
spruce/balsam fir (Forest Type 124), eastern hemlock (Forest
Type 105), and northern hardwoods consisting of sugar
maple/beech/yellow birch (Forest Type 801; Woudenberg
and others 2010). They occur in the Allegheny Mountains of
the Central Appalachians in east-central West Virginia and
west-central Virginia, the northern Blue Ridge of central and
northern Virginia, and the southern Blue Ridge of eastern
Tennessee, western North Carolina, and limited areas of
northern Georgia.

High elevation communities are characterized by cool
temperatures, relatively high moisture levels within forests,
short growing seasons, exposed rock and acidic soils, and
extreme weather events. Canopy trees are often misshapen
by persistent strong winds. Open (sparse-to-no tree canopy)
communities such as heath or grassy balds and rock outcrops
are scattered throughout. The distinctive flora includes the
vulnerable Rugel’s ragwort, which is restricted to a few
counties in the Great Smoky Mountains (USDA National
Resource Conservation Service Plants Database 2010), and
the imperiled Fraser fir (4bies fraseri), which is recovering
from infestation (Moore and others 2008) by the balsam
woolly adelgid (Adelges piceae).

High elevation forests support several mammals including
the fisher (Martes pennanti), snowshoe hare (Lepus
americanus), northern flying squirrel, and rock vole
(Microtus chrotorrhinus). The golden-crowned kinglet
(Regulus satrapa), red crossbill (Loxia curvirostra), saw-
whet owl (degolius acadicus), and yellow-bellied flycatcher
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(Empidonax flaviventris) also inhabit this community.
Although few reptiles can tolerate these harsh conditions
(Bailey and others 20006), there are locally high populations
of several salamanders, some of which are endemic habitat
specialists with restricted ranges. Species include the
Allegheny Mountain dusky (Desmognathus ochrophaeus),
imitator salamander (D. imitator), pigmy salamander

(D. wrighti), shovel-nosed salamander (D. marmoratus),
Southern Appalachian salamander (Plethodon teyahalee),
and Weller’s salamander (P. welleri).

High elevation forests are threatened by air pollution, heavy
metal deposition, acid precipitation (which influences soil and
stream chemistry), natural disturbances such as hurricanes
and landslides, and housing development on unprotected
lands (Moore and others 2008; Turner and others 2003;

Wear and Bolstad 1998; White and others, in preparation).
Recent pressures include drier, warmer conditions normally
associated with climate change (Ibanez and others 2007)

and recreational activity that results in soil compaction

and physical damage to young trees (Trani 2002b). These
forest types occur infrequently in the Forest Inventory and
Analysis data that provided the baseline for Forest Future
modeling, precluding any accurate predictions of future
changes. Nevertheless, if population centers expand and

air temperatures warm by 2060 as predicted by several of
the forecasts, the pressures that are currently affecting high
elevation forests are likely to continue. For example, the
Carolina northern flying squirrels that inhabit high elevation
spruce, northern hardwoods, and hemlock forests are ceding
territory to expanding populations of southern flying squirrels
(Glaucomys volans) as well as suffering from human impacts
on the size, quality, and connectedness of their habitat (Weigl
2007) and from the infestation of eastern hemlock (7suga
canadensis) by the hemlock woolly adelgid (4. tsugae).

Upland hardwood forests—Cornerstone B forecasts the
greatest loss in upland hardwood forests caused by moderate
population growth, high urbanization due to strong income
growth, and falling timber prices. The forecast is a 14 percent
decrease South-wide, although the dominant forest type, oak-
hickory forest, is forecast to lose only 1 percent of its area
(chapter 5).

Upland hardwood forests of the South were established in
the 1800s and early 1900s (Lorimer 2001). These forests are
aging and, like forests in all subregions except the newly
planted Mississippi Alluvial Valley, will see a decrease in
acreage of midsuccessional forest and concomitant increase
in late successional forest (chapter 5). Forest aging, with
increasing tree sizes and canopy development, could benefit
interior species that are sensitive to forest fragmentation and
habitat patch size; examples include the gray fox, black and

white warbler (Mniotilta varia), hooded warbler (Wilsonia
citrina), scarlet tanager (Piranga olivacea), and worm-eating
warbler (Helmitheros vermivorus).

Over longer time intervals, oak-hickory forest species

are predicted to increase (Dale and others 2010) or shift
northward, decreasing abundance of this forest type in the
South (Iverson and others 2008, Prasad and others 2009). In
addition, continued forest fragmentation in this heavily-used
forest type, microclimate changes associated with climate
warming, and greater recreational use of the forest with
increasing human population growth, could threaten forest
interior species, thereby offsetting the benefits of forest aging.

Longleaf pine forests—These forests historically dominated
Coastal Plain sites from southern Virginia to eastern Texas.
The fire-maintained longleaf pine—grassland ecosystem
currently occupies less than 5 percent of its original 30
million acres (Van Lear and others 2005). Now highly
fragmented, this diverse, open-canopied ecosystem occurs
primarily in the Coastal Plain over gradients from bogs
through flatwoods to sand ridges. Community composition
varies with soil moisture and geography. Wiregrass and
bluestem dominate the herbaceous layer of longleaf pine
savanna. The herb layer of wet longleaf pine forests is diverse
and includes grasses, wildflowers, and carnivorous plants. In
mature communities, the trees are thinly distributed, flat-
topped, and have limbless lower trunks.

Rare plant species (including 27 plants listed as threatened
or endangered by the U.S. Fish and Wildlife Service)

occur in embedded wetlands, wetland-upland ecotones,
pine flatwoods, savannas, and dry ridges (Van Lear and
others 2005). The threatened or endangered plants include
the Canby’s dropwort in wetlands and the vulnerable
sandhills milkvetch (4stragalus michauxii) in longleaf
pine—wiregrass savannas. The longleaf community supports
several vertebrates. The red-cockaded woodpecker occurs
in the open pinewoods; Bachman’s sparrow (4dimophila
aestivalis) breeds in dense, grassy areas with scattered trees.
Other avifauna include Henslow’s sparrow, brown-headed
nuthatch (Sitta pusilla), and pine warbler (Dendroica pinus).
Characteristic mammals include the southern short-tail
shrew (Blarina carolinensis), eastern mole (Scalopus
aquaticus), Seminole bat (Lasiurus seminolus), nine-banded
armadillo (Dasypus novemcinctus), fox squirrel (Sciurus
niger), marsh rice rat (Oryzomys palustris), and long-tailed
weasel (Mustela frenata; Trani and others 2007). Longleaf
pine communities support 74 amphibians and 96 reptiles
(Dodd 1995), including the eastern spadefoot (Scaphiopus
holbrookii), pine snake (Pituophis melanoleucus), pine
woods treefrog (Hyla femoralis), sand skink, and southern
hognose snake (Heterodon simus).
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rufus), common gray fox (Urocyon cinereoargenteus), and
least weasel (Mustela nivalis) rely on prey associated with
early successional habitats.

The focus in this section is on young forest habitat (10 years
or less). The high-urbanization/high-timber-prices of
Cornerstone A forecasts the greatest loss of young forest
habitat in the Northern Ridge and Valley section of Virginia,
southern Florida and associated Keys, and scattered locations
in the Northern Atlantic, Southern Appalachian Piedmont,
Blue Ridge, northern Interior Low Plateau, and Mississippi
Alluvial Valley (fig. 14.21).

The greatest gain in young forest is predicted in the
Cumberland Plateau and Mountains and adjacent Southern
Ridge and Valley, Apalachicola region of Florida, Ozark-
Ouachita Highlands and adjacent northern area of the
Mississippi Alluvial Valley, and scattered areas throughout
Mississippi and Louisiana. Disturbances that create open-
canopy habitat could benefit some forest plant species,
such as the imperiled Lesquereux’s mustard (Lesquerella
globosa) as reported by the Center for Plant Conservation
(2010b). Gain of young forest, especially if accompanied
by loss of mature forest, could threaten plants and animals
of forest interior and specialized habitats. For example,
Lucy Braun’s white snakeroot (Ageratina luciae-brauniae)
which lives on wet, shaded cliff ledges and overhangs
(Kral 1983), and the endangered Braun’s rockcress (4rabis
perstellata) occurring on moist calcareous forest slopes
(Center for Plant Conservation 2010a) could be threatened
by localized canopy opening, indirect effects of logging, or
land clearing.

DISCUSSION AND CONCLUSIONS

Patterns of Species Richness, Imperilment,
and Extirpation

The richness of species in the South is impressive, with 1,076
native terrestrial vertebrates: 179 amphibians, 525 birds, 176
mammals, and 196 reptiles. Species richness is highest in the
Mid-South (856 species in 115 ecosystems) and the Coastal
Plain (733 species in 153 ecosystems), reflecting both the
large area of these subregions and the diversity of habitats
within them.

The pattern of species richness varies by taxon. The
distribution of amphibians encompasses mountains,
highlands, and coastal areas along the Atlantic Ocean and
Gulf of Mexico. Bird richness along the coastal areas and
wetlands of the Atlantic Ocean and Gulf of Mexico points
to the importance of these areas, while mammal richness

highlights patterns in the Mid-South and Appalachian-
Cumberland. In contrast, the distribution of reptiles is
greatest across the southern portion of the region, with
notable differences among the various subtaxa.

There are 142 terrestrial vertebrate species considered to

be of conservation concern in the South; 77 of these are
threatened or endangered. However, they are overshadowed
by at-risk plants—more than 900 are species of concern and
141 are threatened or endangered. Threats to biodiversity are
occurring throughout the region, particularly in the Coastal
Plain, Mid-South, and Appalachian-Cumberland highlands.

The distribution of threatened or endangered species
coincides with areas of serious conservation concern

along the Atlantic and Gulf coasts, Peninsular Florida, and
Southern Gulf. This pattern has remained relatively stable
and has been observed by others using different data sources
and criteria (Chaplin and others 2000, Dobson and others
1997, Flather and others 2008, Rutledge and others 2001),
which suggests that the geographic extent of identified
endangerment locations is not an artifact of any particular
data set (Flather and others 2008).

There is also a pattern of geographic coincidence between
the Federal status and NatureServe ranking schemes for both
plants and vertebrates with regard to the Atlantic and Gulf
coastal areas and that of Peninsular Florida. However, the
NatureServe rankings provide an additional perspective on
the geography of risk, pointing to locations that are emerging
as new areas of concern: the Appalachian-Cumberland
highlands (Blue Ridge, Southern Ridge and Valley,
Cumberland Plateau and Mountain, Interior Low Plateau
sections) and the Mid-South (Ozark-Ouachita Highlands,
West Texas Basin and Range sections, Edwards Plateau in
central Texas).

The NatureServe ranking scheme also identified five hotspot
areas representing threatened or endangered plant diversity:
Big Bend National Park in the West Texas Basin and Range,
the Apalachicola area of the Southern Gulf Coast, Lake
Wales Ridge and the area south of Lake Okeechobee in
Peninsular Florida, and coastal counties of North Carolina
in the Atlantic Coastal Plain. The Appalachian-Cumberland
highlands also contain plant species of concern at the State
level.

Across all taxa groups, habitat loss and degradation remain
the primary threats to maintaining the current number of
plant and animal species. Degradation can take the form of
environmental contamination (such as water pollution, acid
rain, and pesticides) and agricultural, urban, and commercial
development (such as channel modification, impoundments,
and habitat fragmentation and isolation). Species are also
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impacted by many other factors such as introduction of
forest pests and nonnative plants, disruption of fire regimes,
collection, indiscriminant killing, driving off-road vehicles
through rare plant communities, caving in maternity bat
caverns, and building road networks, power lines, and cell
towers. Each species varies in its vulnerability to these
threats, and the severity of threats often varies by subregion.

Numerous plants and vertebrates are presumed extirpated
from selected States in the South; over 50 percent of the
terrestrial vertebrates have been added to this list since

the time of the Southern Forest Resource Assessment.

The causes that factored in species extirpations are, in the
majority of cases, the same as those that jeopardize species
of conservation concern today. Although the wide-spread
land clearing of European settlement is not occurring,
dramatic urban growth with accompanying infrastructure
development in the South is projected for all subregions. In
addition, sea level rise may further reduce the range of plants
in coastal estuaries and marshes.

Prioritizing conservation and management efforts on areas
with concentrations of species of concern may be needed
to avert future species losses. New long term strategies

are required that focus upon (and mitigate) multiple
environmental stressors by incorporating ways to promote
landscape connectivity, facilitate species movement, reduce
mortality, and increase species viability.

Forecasts of Urban Growth, Forest Loss, and
Climate Change

Forecasts of human population growth and urban expansion
(chapter 4) raise the possibility of a substantial impact on
species and the communities that support them over the next
several decades. As the South continues to grow, so also

will the number of threats associated with infrastructure
development, water development, land conversion, and

other effects of an urbanizing population. The number of
species negatively affected by the loss of forest is expected to
increase. The geographic pattern of richness and imperilment
indicates that many species in the South are clustered into
identifiable areas of unique richness. Analyzing the overlap
of these areas with hot spots of imperiled species under the
Cornerstone B projections of urban growth and associated
forest loss suggests that several subregions may experience
conflicts between development and species conservation and
management:

* In the Mid-South, forest loss and urban growth in the
Ozark-Ouachita Highlands threatens forest plant and
animal species. Urban development along the southern
borders shared by Cross Timbers and Western Gulf could
impact a large number of reptiles. In addition, the area lies

within a band of especially high avian richness.

In the Appalachian-Cumberland highlands, urban growth
in the Interior Low Plateau of central Kentucky and
Tennessee may threaten wildlife and associated plant
species. Forest loss may degrade forest connectivity,
hindering migration of amphibians that are at-risk for
elimination or displacement. In addition, successful
management of the wildland-urban interface will be
needed to balance species conservation with anticipated
increases in residential development and recreation. And
finally, a warming climate threatens species endemic to
high elevation outcrops and forests.

Substantial urban growth in the Piedmont could reduce
the richness of amphibians and mammals. Management of
species on public lands may be hindered by the pressure
of expanding human populations in surrounding counties,
while the smaller (and shrinking) tracts typical of private
ownership provide little opportunity for sustainable forest
management. Plants in transitional communities, such as
the escarpment and foothills of northern South Carolina
or southern extensions of the Plateau in northern Alabama
and adjacent Georgia, also are at-risk from habitat loss and
climate change.

Urban growth in the Deltaic Plain Section at the mouth

of the Mississippi River could negatively impact the
richness of shorebirds and waterfowl occurring within the
wetlands of the Mississippi Flyway as well as habitat for
the Louisiana black bear. Sea level rise could inundate the
coastal habitat of the American alligator and numerous
species of frogs and toads. Ongoing reforestation programs
such as restoration of bottomland hardwoods will remain of
especial importance in the light of this forecast.

Urban development and the effects of sea level rise
threaten wildlife habitat and plant species in the Atlantic
and Gulf Coastal Plain and Peninsular Florida. The
projected inundation and loss of mangrove and coastal

live oak forests would reduce nesting habitat for several
birds, snakes, and reptiles. Forecasted development along
the coastline portion of the Atlantic Flyway will likely
eliminate important stopover habitat, as well as nesting
areas for several imperiled sea turtles. Inland, the diversity
of flora in fire-maintained Coastal Plain ecosystems

is threatened by urban development and changing fire
regimes.

Urban development forecasted for the South will place
continued demands on natural ecosystems, species, and
their habitats. Biodiversity often declines as development
proceeds: habitats for native species are replaced, while
other habitats are modified or degraded. The forecasts

also raise concern for conservation of imperiled species,
bringing unique management challenges in areas becoming
increasingly urbanized such as Peninsular Florida, the Blue
Ridge, and the Piedmont.
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Losses of forests on the southern landscape would affect
the persistence of species by changing the distribution and
availability of spatial resources. Isolated populations in
fragmented habitat are prone to inbreeding depression and
genetic drift; this is especially true for those species that
cannot disperse long distances. Strategic land acquisition
may improve habitat quality by promoting connectivity
and enabling movement of habitat-restricted species,
especially in the face of climate change (Haddad and Baum
1999, Rosenburg and others 1998). There are a number of
policies and programs that promote habitat conservation.
These approaches include collaborative conservation plans,
landowner incentive programs, and conservation easements.

Biodiversity and Climate Change

Climate change represents an additional source of stress on
terrestrial species and ecosystems (Lovejoy and Hannah
2005). Climate scenarios are incorporated into the forest
condition and land use futures analyses described previously.
Chapter 3 also presents projections for temperature increase
and variability in precipitation patterns over the next century;
this may change the future distribution of many species.

Species respond to environmental conditions based on
habitat needs and physiological tolerances, which in turn
influences community composition, structure, and resilience.
A rise in temperature could influence seasonal movement,
recruitment, and mortality (Inouye and others 2000).
Changes in phenology (e.g., timing of resource availability,
advances in flowering or nesting dates) may alter predator-
prey, competitive interaction, and herbivore-vegetation
dynamics.

Characteristics of species at risk from climate change
include those with restricted geographic range, fragmented
distributions, and those that occur at the margins of their
ranges. Other characteristics include limited dispersal ability,
low genetic diversity, strong affinity to aquatic habitats,
narrow physiological tolerance, and late maturation (Manley
and Trani-Griep 2012, Midgley and others 2002). For
example, the Southern Appalachian Mountains and Piedmont
have an exceptionally high diversity of salamanders

whose ecology is strongly influenced by temperature and
precipitation; there is significant projected loss of high
elevation habitat for these and other species existing at

their thermal maxima (Milanovich and others 2010). Forest
amphibians associated with cool, moist conditions may be
subject to microclimates beyond their tolerance. Ephemeral
streams and ponds may be especially vulnerable to drying
with variable precipitation patterns; this may affect habitat
limitations of several taxa.

Matthews and others (2004) modeled the potential future
distribution of eastern bird species under global climate
change (table 14.11). Climate change has influenced the
geographic range of species along environmental gradients;
temperate birds have shifted their ranges to higher latitudes,
affecting migration strategies and community composition
(LaSorte and Jetz 2010). Successful migration will depend on
the rate of climate change relative to essential habitat needs
and key community interactions. Species may move into the
habitats of others, creating new assemblages. The effect of
this migration is unknown at this time.

Climate warming (ranging between 0.14-0.49 °C and
2.0-2.6 °C) is projected across the South by 2050 (chapter 3).
Warmer temperatures could decrease the winter cold period,
which limits some species, but is tolerated by others, such as
high-elevation plants (Larcher 2010) and is required for seed
germination in others (Walck and Hidayati 2004). Although
moderate change in average annual precipitation is projected,
warmer temperatures could increase summer drought and
fire potential, or allow less cold-tolerant plant species to
establish. It is unlikely, however, that the large-scale shifts

in forest communities predicted under longer-term climate
warming scenarios (e.g., Dale and others 2010) will occur

by 2060; fifty years is a short time for widespread dispersal
and growth of long-lived species (such as trees). In addition,
more immediate factors such as disturbance (e.g., trampling)
and land use can override climate change effects on species
distributions (Feeley and Silman 2010).

Plant communities at high elevations may be particularly
susceptible (Currie 2001, Malcolm and others 2006), where
warming temperatures can lengthen the growing season.
Forest communities in the Piedmont and Coastal Plain may
be influenced by changes in fire frequency. Although some
species of the fire-maintained longleaf pine — grassland
ecosystem of the Coastal Plain Subregion might benefit from
frequent fire, urban growth around major cities may override
climate change effects on much of this ecosystem. Species
whose ranges are limited to coastal areas will be vulnerable
to projected changes in sea level as well as beach erosion.
Sea level rise may inundate barrier islands, coastal wetlands,
and marshes of the Coastal Plain, as well as along the eastern
Atlantic and Gulf coasts.

Communities that support threatened or endangered species
are currently at-risk from a variety of environmental
stressors. The small or disjunct populations that often
accompany species of conservation concern are likely

to be impacted by stochastic climatic events. Sensitive
species, influenced by a number of stressors discussed in
this chapter, may not have the ability to adapt to a changing
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Table 14.11—Predicted influence on selected bird species based on climate change scenarios (Matthews and others 2004)

Scientific name
Aimophila aestivalis
Ammodramus savannarum
Archilochus colubris

Buteo jamaicensis

Buteo platypterus
Caprimulgus vociferus
Catharus fuscescens
Chaetura pelagica
Coccothraustes vespertinus
Coccyzus erythropthalmus
Coragyps atratus

Colinus virginianus
Dendroica cerulea
Dendroica dominica
Hylocichla mustelina

Ictinia mississippiensis
Passerculus sandwichensis
Picoides pubescens
Progne subis

Sayornis phoebe

Sitta carolinensis

Spinus tristis

Tyrannus tyrannus

Vermivora chrysoptera

Common name
Bachman’s sparrow
Grasshopper sparrow
Ruby-throated hummingbird
Red-tailed hawk
Broad-winged hawk
Whip-poor-will

Veery

Chimney swift

Evening grosbeak
Black-billed cuckoo
Black vulture

Northern bobwhite
Cerulean warbler
Yellow-throated warbler
Wood thrush
Mississippi kite
Savannah sparrow
Downy woodpecker
Purple martin

Eastern phoebe
White-breasted nuthatch
American goldfinch
Eastern kingbird
Golden-winged warbler

Influence on species?

Extensive loss in abundance.

Decrease in abundance and range.

Population losses in the South.

Substantial increase in abundance.

Shift in range with losses in northern areas.

Range expands northward; decrease in overall abundance.
Substantial decrease in abundance and contraction in range.
Little change in abundance.

Near extirpation.

Contraction to the north.

Extensive expansion northward and increase in abundance.
Expansion northward.

Decrease in abundance and shift in range northward.
Decrease in abundance in southern range.

Reductions in numbers over its range in eastern forests.
Increase in range from Tennessee northward.

Decrease in abundance and range northward.

Loss in abundance in the south; population gains to the north.
Increase in abundance.

Shift in eastern population to northwest.

Increase in abundance; expansion in range southward.
Extensive loss in abundance.

Decrease in abundance.

Contraction in range northward.

aCanadian Climate Center Model and Hadley Center for Climate Prediction and Research Model.

climate. Thus, climate change projections pose important

questions about future challenges for biological diversity in

the South.

Forecasts of Special Communities

High elevation forests, which occur above 4,000 feet, are too
infrequent to be captured by Forest Inventory and Analysis
data for this assessment. This provided the baseline for Forest
Future modeling, precluding any accurate predictions of
future changes. These forests traditionally have been subject
to air pollution, acid deposition, and natural disturbances.
Climate warming and housing development may result in the
loss of endemic species or changes in species ranges.

Upland hardwood forests are forecast to decline 14 percent
over the region under the high urbanization and low timber

demand predictions of Cornerstone B. The dominant forest
type, oak-hickory, is forecasted to lose only 1 percent.
However, distributions of oak-hickory forest species are
predicted to shift northward, which could threaten forest
interior species of this widespread and heavily used forest

type.

Although some areas of the Coastal Plain are forecasted
to lose acreage of longleaf pine forest under the high
urbanization and high timber demand predictions of
Cornerstone A, other areas such as south-central Florida
and northwest Alabama, are predicted to gain acreage of
this forest type and are potential sites for expansion of the
numerous vertebrates that inhabit this community.

Maturation of southern forests raises concern about the loss
of early successional habitat. Cornerstone A projects the
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greatest loss of young forest habitat in the Northern Ridge
and Valley section of western Virginia, southern Florida

and associated Keys, and scattered locations in the Northern
Atlantic. Gains are forecasted for the Cumberland Plateau
and Mountains and adjacent Southern Ridge and Valley,
Apalachicola region of Florida, Ozark-Ouachita Highlands
and adjacent northern area of the Mississippi Alluvial Valley.

Management Challenges

Finally, our analysis of biodiversity and the Southern
Forest Futures projections underscores the challenges that
resource managers face to conserve the rich species legacy
of the South. The potential implications described herein
bring uncertainty about how best to implement future
conservation and management strategies. Although there is
an existing framework of regulations and programs which
promote species conservation (e. g., Endangered Species Act,
sustainable forestry certification standards, among others),
preparing for future growth will require new strategies to
prepare for the changes in land use, forest conditions, and
urbanization that are expected. For example, extinctions

in longer lived species are expected to lag behind climate
change; adaptation strategies across land ownerships will
require anticipatory measures to ensure the future of the
South’s biodiversity.

New tools and approaches to managing uncertainty will
become essential. Scenario planning, sensitivity analysis,
or ecological risk analysis may become incorporated into
resource planning for areas of concern. Integrating climate
science into land management planning will be important,
accompanied by monitoring strategies that identify patterns
in disturbance, phenology, and species range changes.

Furthermore, static management can no longer be assumed
(Hayward and others 2009); that is, the environment will
change in a directional way rather than varying around a
mean condition (Milly and others 2008). The planning focus
will be on spatial and temporal scales that are broader and
longer than typically considered. As future impacts occur
across large areas, the appropriate decision-making level may
shift to cover landscape or regional scales.

The conservation focus on species of at-risk will continue
until we understand the relationship between the loss of
biodiversity and ecosystem function, resilience, and stability
(Flather and others 2008). It may become commonplace for
management to consider:

 Implementation of vulnerability assessments to identify
species and communities at risk, including strategies to
maximize species persistence and dispersal;

» Examination of landscape connectivity and infrastructure
barriers to migration, incorporating mitigation measures

into planning efforts; and
» Enhancement of genetic diversity to provide resilience
against environmental stressors.

The geographic area managed by the Forest Service in the
South makes it one of a few land stewards that can have a
significant impact on the conservation and management of
biodiversity. The agency will play a substantial role in the
development and implementation of adaptation strategies.
Nevertheless, there is a need for strong collaboration

with State and Federal agencies, private landowners, and
nongovernmental organizations to successfully implement
management across landscapes at scales necessary to make
substantive impacts on species and their habitats (Hayward
and others 2009). A collaborative approach increases the
scale of restoration and conservation on both public and
private lands.

Each species differs in its ability to tolerate climate change
and other environmental stressors. An awareness of the
relationship between the forecasts and the geographic pattern
of species occurrence will foster planning efforts that arise
from the Southern Forest Futures effort. The implications

for the conservation of southern species are significant: in
the midst of a growing region, the provision of biological
diversity will become a critical conservation issue.

KNOWLEDGE AND INFORMATION GAPS

The forecasts of biodiversity response were based on county-
level patterns of coincidence for GIS maps of forecasted
stressors, special forest communities, and species richness
and rarity. This scale of analysis may over- or under-predict
threats to species that occur at finer scales, such as rare
species that occur at only a few locations within a county,

or those that occur in scattered locations. Because this was

a regional assessment, a selection was made early on by the
Futures team as to a suitable, manageable scale. This turned
out to be the county scale for the forecast and other analyses.

The absence of species data in a county does not necessarily
mean the species does not occur there; the area may not have
been intensively inventoried or there may be an uneven level
of scientific knowledge on the identification of uncommon
species or subspecies, particularly herpetofauna. The
following describes known data gaps that State Heritage
Programs have provided to NatureServe for species-at-risk
(G1 to G3 or federal status):

* Florida: Access restrictions in some areas have precluded
thorough surveys on corporate timberlands across north
Florida and on several large (over 10,000 acres) private
ranches in central Florida.
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» Kentucky: Limited access has precluded survey on the
Ft. Campbell military installation (14,000 acres).

* North Carolina: Eighteen counties have not been
systematically inventoried or are currently being inventoried:
Alexander, Alleghany, Anson, Caldwell, Caswell, Cherokee,
Clay, Dare, Graham, Macon, Mitchell, Robeson, Stanly,
Swain, Tyrrell, Union, Wilkes, and Yancey.

* South Carolina: A comprehensive survey has not been
done; the majority of gaps are on private lands.

* Tennessee: Data are limited for the Great Smoky
Mountains National Park in east Tennessee due to data
sensitivity; no data are available for Ft. Campbell in north-
central Tennessee.

* Texas: Extensive areas of privately owned land have not
been surveyed.
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