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Preface

The Southern Forest Resource Assessment
(SFRA) was initiated in 1999 as a result of
concerns raised by natural resource managers,
the science community, and the public regarding

the status and likely future of forests in the South.

These included changes to the region’s forests
brought about by rapid urbanization, increasing
timber demand, increasing numbers of satellite
chip mills, forest pests, and changing air quality.
In response to these issues, leaders of four of
the region’s Federal natural resource agencies—
USDA Forest Service, U.S. Environmental
Protection Agency, U.S. Fish and Wildlife Service,
and the Tennessee Valley Authority—agreed

to work together to provide a careful evaluation
of the overall condition and ongoing changes

of southern forests. State forestry and fish

and wildlife agencies were invited to take part
and actively contribute to the effort. The USDA
Forest Service, through the Southern Region
and Southern Research Station, provided overall
leadership. This report and a summary report
are the products of a 3-year process that involved
much scientific inquiry and public involvement.
Because of its role in determining the form

of the analysis and products, the process itself
deserves description.

The Assessment was organized around a set of
questions that defined its intent and scope. Each
of the first 23 chapters of this report answers a
specific question defined through a public
process—
the initial phase of the Assessment. Initial
concerns were drafted by a group of about 75
experts from participating government agencies,
using a workshop format. They were organized

within four broad topic areas—social/economic,
terrestrial ecosystems, water and aquatic
ecosystems, and forest conditions and health—
and then summarized as a preliminary set of
Assessment questions. These were presented

to the public for discussion and input.

To gather public input, two workshops were
conducted at each of five locations around the
South. After the audience was presented with an
overview of the projects objectives and general
design, attendees were invited to take part in any
or all of four separate breakout sessions organized
around the four broad topic areas. In each of these
facilitated sessions, participants were invited to
identify concerns and issues that they believed
should be addressed by the Assessment. Each
session was recorded and the responses compiled.
For those who could not attend one of the
meetings, initial draft questions were also posted
on the Assessment Web site, and comments were
welcomed by mail and email. Utilizing the
comments received, Assessment leaders crafted
another iteration of questions, adding details
obtained from public input. A second round of
public comment was used to craft the semifinal
iteration of questions.

A scientist/analyst was selected by the Assess-
ment Planning Team to conduct the analysis for
each question. These individuals, called question
managers, comprised the Assessment Team. This
team included representatives of the USDA Forest
Service, U.S. Environmental Protection Agency,
U.S. Fish and Wildlife Service, and academia. In
February 2000, the Assessment Team was
convened for an initial meeting to finalize their
questions, assess the feasibility of addressing the



questions, and draft initial study plans. The final
Assessment questions are listed after the chapter
titles in the “Table of Contents” of this report.
Public input was also requested on the draft study
plans. Following public review and comment, the
plans were finalized, and the analysis was begun.

Each question manager was encouraged to
consult with colleagues or to build his/her own
research team to complete the work. During
the course of the nearly yearlong analysis, two
Assessment Team meetings were conducted
to discuss progress, share data, and coordinate
efforts. These meetings were open to the public
but were carefully designed to allow the team
to efficiently conduct their business while
interacting with the attendees in an organized
way. Importantly, preliminary findings were
never discussed in open Assessment Team
meetings, consistent with a strict team policy
that findings not be released piecemeal and
without careful peer review.

Responses to each question were drafted by
question managers and submitted as separate
chapters for the technical report, and Assessment
coleaders compiled and synthesized major
findings from them for the summary report.

All documents were then evaluated using a

peer review process patterned after standard
approaches utilized by scientific journals. Subject
experts were selected from a set of candidates
suggested by members of the public, agency
representatives on the Assessment Planning Team,
and the question managers themselves. A single-
blind peer review process was employed—

the identities of the reviewers were kept
confidential—in order to maximize candor

in the reviews. Once received, reviews were
compiled and returned to the question managers
for consideration as they revised their chapters
and finalized them for release in the draft report.
On November 26, 2002, the draft chapters
(including the summary report) were published
via the SFRA Web site and compact disc, and
the draft summary report was printed and made
available for distribution.

Although draft reports had been peer reviewed
by more than 100 experts, the Assessment
Planning Team had agreed early in the process to
provide the public an opportunity to review them
and offer feedback on their accuracy and
completeness. Ninety days were provided for
this purpose, during which time comments were
received via a threaded message board on the
SFRA Web site and through the mail. Comments
were evaluated and parsed into specific points,
organized by chapter, and distributed to question
managers for consideration while making final
chapter revisions.

The chapters contained in this report represent
the Assessment Team’s best effort to address the
critical issues regarding the status and likely future
of southern forests. They provide a synthesis of
the available, pertinent literature across a broad
suite of scientific disciplines. In addition, they
provide insights into where knowledge is lacking
and identify topics that warrant additional investi-
gation. We hope that the information contained
in this report, along with the glossary and
comprehensive datasets available at the
Assessment Web site (http://www.srs.fs.fed.us/
sustain), will enhance understanding of southern
forests, inform public discussion and debate, and
improve public forest policies for the benefit of all.
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What are the history,
status, and projected
future of terrestrial
wildlife habitat types and
species in the South?

Key Findings

m There are 132 terrestrial vertebrate
species that are considered to be

of conservation concern in the South
by State Natural Heritage agencies.
Of the species that warrant conser-
vation focus, 3 percent are classed

as critically imperiled, 3 percent

as imperiled, and 6 percent as
vulnerable. Eighty-six percent

of terrestrial vertebrate species

are designated as relatively secure.
The remaining 2 percent are either
known or presumed to be extinct,

or have questionable status.

m Species of conservation concern
are dominated by amphibians and
reptiles. Fifty-four amphibians,

40 reptiles, 20 birds, and 18
mammials are classed as imperiled.

m Increasing population trends are
reported for wild turkey, white-tailed
deer, and black bear. Populations

of northern bobwhite quail, gray fox,
and red squirrels have declined for
several years. There have also

been declines in mourning dove

and American woodcock populations.

Cottontail rabbit and ruffed grouse
populations have demonstrated
cyclical patterns. Among the
migratory game birds, record
harvests of ducks and geese have
occurred in recent years.

m Groups of nongame birds with
more than 50 percent of their species
showing significant declining trends
include grassland-nesting birds

(70 percent), ground-nesting birds
(57 percent), and shrubland-nesting
birds (53 percent).

Chapter 1:
Terrestrial
Ecosystems

Margaret Katherine Trani (Griep)
Southern Region, USDA Forest Service

m Since presettlement, there have
been significant losses of community
biodiversity in the South (Noss and
others 1995). Fourteen communities
are critically endangered (greater
than 98-percent decline), 25 are
endangered (85- to 98-percent
decline), and 11 are threatened

(70- to 84-percent decline). Common
factors contributing to the loss of
these communities include urban
development, fire suppression,
exotic species invasion, and
recreational activity.

m The term “fragmentation”
references the insularization of
habitat on a landscape. The change
in arrangement of remaining habitats
can be accompanied by a loss of
habitat area. Habitat fragmentation
can result in the decline of interior-
dwelling birds; the decline of some
large, wide-ranging species; and

the loss of other specialized species.
Habitat fragmentation affects the
patch, connectivity, and edge
characteristics of a landscape.

m Connectivity within a landscape
may facilitate movement and
fecundity for some species, while
the size and shape of landscape
patches influences the integrity

of both biotic and abiotic processes.
Edge characteristics also have
important implications for

the persistence of an array

of terrestrial species with very
different habitat requirements.

m The availability of hard

and soft mast can influence
some terrestrial vertebrate
species. Mast is an essential
component in the diet of many
birds and mammals. Disease,

insect infestation, advanced age,
climatic processes, and distur-
bance influence mast yields.

m The ranges of many species

cross both public and private

land ownerships. The numbers of
imperiled and endangered species
inhabiting private land indicate its
critical importance for conservation.

m The significance of land owner-
ship in the South for the provision
of species habitat cannot be
overstated. Each major landowner
has an important role to play in
the conservation of species and
their habitats.

Introduction

The South has an impressive
diversity of terrestrial communities
and species associations. These
communities range from mountain
spruce-fir forests to tropical hardwoods,
and from coastal dunes to prairies.
Centuries of settlement and land use
change have brought a number of
threats and pressures. The majority
of the landscape has been modified
considerably, resulting in the
disappearance, degradation, and
endangerment of native communities.

This chapter assesses the historical
and present status of terrestrial species
across the South. It is organized into
six major sections:

1. An overview of southern historical
conditions affecting terrestrial
vertebrate species.

2. A review of populations, harvests,
and the conservation status of species
occurring in the South.
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3. A review of selected sensitive
communities in the region and the
common threats to these communities.

4. An overview of vertebrate species
that consume hard and soft mast. This
section also lists several mast-producing
species that occur in the South.

5. An evaluation of the significance of
public and other land for maintaining
species and their habitats.

6. A review of the literature on
fragmentation and its influence on
landscapes and the species supported
by those landscapes.

Several species are included that,
at one stage or another of their lives,
return to land to reproduce or spend
a part of their lives there. The focus
is on vertebrates because information
on the regional biogeography of many
terrestrial invertebrate groups is
lacking (Echternacht and Harris 1993).
Scientific names are provided in the
chapter tables; therefore, common
names will be used in the text. (Note:
Additional information on the status
and habitat relationships of vertebrate
resources across the South is provided
in chapters 5 and 23, which include
discussions of threatened and
endangered species.)

Methods and
Data Sources

Data on the conservation status
of terrestrial vertebrate species were
compiled from State Natural Heritage
agencies using NatureServe (2000).
The Natural Heritage database is
an inventory of known occurrences
for species of conservation concern,
including federally listed species. Stein
and others (2000) list multiple criteria
used by Natural Heritage for assessing
conservation status: occurrence
(number of distinct populations or
subpopulations); condition (viability
of extant populations); population size;
area of occupied habitat; short- and
long-term population trends; known
or suspected threats; susceptibility
to intrinsic biological factors; and
the number of protected occurrences.
This methodology provides the basis
for conservation status designations
that indicate the degree of imperilment.

Species known to be extinct (GX),
or possibly extinct (GH), are recorded
independently. For example, the

Southern Forest Resource Assessment

passenger pigeon is assigned the GX
ranking because there is no question
about its extinction. For a considerable
number of species that have not been
observed in many years, however,

there remains some hope of rediscovery.
That, for example, is the case for
Bachman'’s warbler. These species

were assigned the status of GH.

Information on game and furbearer
abundance was obtained from the
Renewable Resources Planning Act
(RPA) Wildlife Report (Flather and
others 1999). The RPA is a periodic
assessment of natural resources on
the Nation's forests and rangelands.
The RPA data on game populations
originated from State agencies using
questionnaires developed by the
USDA Forest Service and the Natural
Resources Conservation Service.

Data from the RPA assessments are
taken from various State and Federal
agencies. Population projections of
harvested animals are based on surveys
of experts from State wildlife agencies.

Information on rare and threatened
communities was based on the
comprehensive reviews conducted
by Grossman and others (1994),
Noss and others (1995), White and
others (1998), and Walker (2001).

Information on the acreage and
distribution of Federal land was
obtained from the National Parks
index (U.S. Department of the Interior
2000a), the Lands Report from the Fish
and Wildlife Service (U.S. Department
of Interior 2000b), and the Lands
Area Report of the USDA Forest Service
(U. S. Department of Agriculture,
Forest Service 2000c). Agency reports
also were compiled for national parks
(U.S. Department of the Interior, Park
Service 2000) and national refuges
(U.S. Department of the Interior, Fish
and Wildlife Service 2000), providing
property descriptions and species lists.

Statewide timberland ownership
data were obtained from the Forest
Inventory and Analysis Research
Work Unit (FIA) of the Southern
Research Station (U.S. Department
of Agriculture, Forest Service 2000a).
For each State, the acres in both
public and private ownership
categories were analyzed.

A literature search was conducted
for information on fragmentation,
rare communities, historical conditions,
and species habitat relationships.
In addition, research stations and

universities throughout the South
were contacted to obtain additional
information. The results from this
effort were combined with additional
information obtained from several
plant and animal field guides. A list of
mast-producing species was compiled
using vegetation guides; terrestrial
vertebrate species that include mast
as a component of their diet were
extracted from wildlife field guides.

Results

Historical Conditions

The presettlement landscape of
the South was quite diverse: forests
of different ages were interspersed
with expansive savannas, dense
cane thickets, barrens, and swamps.
Disturbance was a major influence on
the composition of southern forests,
creating forest openings and resetting
succession (Lorimer 2001). Forests
were dynamic; natural succession
progressed with shade-tolerant plants
replacing pioneer species. Periodic
flooding and associated sedimentation
influenced the distribution and
composition of local areas.

Frequent thunderstorms provided
a source of natural fires, resulting
in a landscape of mixed species
composition. Lightning fires burned
unabated (Williams 1989). Fire
frequency and intensity were dominant
forces (refer to chapter 25). Fire was
important for the persistence of many
communities including pine forests,
oak-hickory forests, savannas, barrens,
and prairies (Trani and others 2001).

Native Americans, through use of
fire and crop cultivation (Buckner
1989, Delcourt and Delcourt 1987),
further modified the composition and
open character of the forest. Fires were
frequently set to create openings for
crops and to drive game for harvest.
The effects of native inhabitation
on southern forests were extensive
(refer to chapter 24).

Wildlife of the presettlement South
was quite impressive. Dickson (2001)
describes large herds of bison and
elk roaming throughout the prairies
and savannas of the region. White-
tailed deer and wild turkey also were
numerous. Large carnivores (black
bear, cougar, red wolf, and bobcat)
were abundant, and a diversity of
successional seres supported a variety
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of prey populations. Other mammals
included mink, muskrat, river otter,
beaver, gray fox, red fox, spotted
skunk, long-tailed weasel, bats,

and numerous small mammals.

Birds present in today’s forests also
were likely present during presettle-
ment (Dickson 2001). Raptors such
as the Mississippi Kite, bald eagle,
osprey, red-shouldered hawk, and
barred owl were likely occupants
of historic bottomland forests. The
Swainson’s and Bachman’s warblers
inhabited cane thickets, while the
yellow-breasted chat and indigo
bunting populated young forests.
Cavity-nesting birds such as red-
headed woodpeckers, American
kestrels, and great crested flycatchers
were abundant in the old-growth
forests of eastern Texas (Truett
and Lay 1984). The ivory-billed
woodpecker thrived in oak-gum
forests, foraging on snags for insects.

Early records of reptiles and
amphibians are limited, but these
records make frequent reference
to rattlesnakes and alligators (Dickson
2001). Historic forest habitats appear
to have supported viable, diverse
populations of herpetofauna (Gibbons
and Buhlman 2001).

Extensive inundated bottomland
forests supported habitat for millions
of wood ducks and mallards
(Heitmeyer 2001). Wood ducks
commonly nested in the cavities
of abundant old-growth forests.
Hooded mergansers, green-winged
teal, gadwall, and American widgeon
also frequented flooded bottoms.

The southern landscape changed
dramatically with the advent of
European settlers. Settlement resulted
in the extensive clearing of forest and
conversion of the land to pasture or
cropland (DeGraaf and Miller 1996).
These lands were often managed with
fire, which was also used to maintain
savannas and other open areas in the
East (Williams 1989). In particular,
fire was used to create favorable
grazing conditions for domestic
animals (Healy 1985).

By 1819, all land was claimed east
of the Mississippi River (Dickson
2001). Natural resources were treated
as if they were inexhaustible. Forests
were cut with little thought for forest
regeneration, and soils were seriously
depleted through erosion and excessive
cropping. Wildlife species and their
habitats were likewise exploited
without concern for their persistence.
The decline in abundance of wildlife
that occurred during the last half of
the 19" century remains unparalleled
in the history of the South.

Deer populations nationwide
plummeted to fewer than a million
animals by 1900 (Dickson 2001).
Bison and elk disappeared from the
region. The wild turkey disappeared
from several States within its range.
The wood duck was drastically reduced
by indiscriminate harvest. Populations
of large carnivores, regarded as threats
to livestock and people, were deci-
mated, and viable populations of black
bear and cougar were relegated
to relatively remote areas.

The loss of bottomland forest in
the Mississippi Alluvial Valley affected
waterfowl and other species that
were displaced into adjacent areas.
Harvests of the passenger pigeon
and the Carolina parakeet for market
led to their demise in the early 1900s
(table 1.1). Market hunting, the
domestication of land, and the harvest
of mature forests without regeneration
led to the extirpation of some species
in various Southern States (table 1.2).
(Note: It is possible that some species
were extirpated because their range is
on the periphery of the region. Their
loss may be related to random effects
associated with low populations at
the edges of their ranges.)

During the 1930s and 1940s,
the States recognized the dire status
of wildlife populations and initiated
efforts to address the problem.
The Duck Stamp Act (1934), the
Pittman-Robertson Act (1937),
and the Dingle-Johnson Act (1950)
apportioned funds to States for
wildlife restoration projects, habitat
acquisition, and research.

These efforts came too late for
some species (table 1.1). The ivory-
billed woodpecker foraged in mature
bottomland hardwoods along the
Atlantic and Gulf coasts. Its diet
consisted of wood-boring insect
larvae occurring in dead and dying
trees. Overhunting and intensive
harvesting of virgin hardwood forests
between the 1880s and 1920s led
to the decline of this species (U.S.
Department of the Interior 1973).

Table 1.1—Terrestrial vertebrate species classified as presumed or possibly extinct in the South

Scientific name

Presumed extinct
Conuropsis carolinensis

Carolina parakeet

Common name

Former areas of occurrence

AL, AR, FL, GA, LA, MS, NC, OK, SC, TN,

TX, VA

Ectopistes migratorius Passenger pigeon AL, AR, FL, GA, LA, MS, NC, OK, SC, TN,
TX, VA

Monachus tropicalis West Indian monk seal FL

Possibly extinct
Campephilus principalis
Eurycea troglodytes
Plethodon ainsworthi
Vermivora bachmanii

Source: NatureServe 2000.

Ivory-billed woodpecker

Valdina farms sinkhole salamander
A plethodontid salamander
Bachman’s warbler

TX
MS

AL, AR, FL, GA, LA, MS, NC, OK, SC, TN, TX

AL, MS, OK, SC, TN, VA
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Table 1.2—\Vertebrate species extirpated from selected States within the South

Scientific name

Mammals

Rodents
Erethizon dorsatum
Microtus ochrogaster

Carnivores
Canis lupus
Canus rufus
Leopardus pardalis
Leopardus wiedii
Martes pennanti
Mustela nigripes
Panthera onca
Puma concolor
Ursus arctos

Other mammals
Bos bison

Cervus elaphus
Lepus americanus

Birds
Wading birds
Grus americana
Waterfowl
Cygnus buccinator
Shorebirds
Bartramia longicauda
Numenus borealis
Perching birds
Corvus corax
Other birds
Anhinga anhinga
Centrocercus urophasianus
Geotrygon chrysia
Tympanuchus cupido
Tympanuchus phasianellus
Zenaida aurita

Reptiles
Snakes
Masticophis flagellum

Source: NatureServe 2000.

Bachman's warbler, last observed in
the 1960s, once inhabited Arkansas,
Kentucky, Alabama, South Carolina,
Louisiana, and Missouri. The extensive
clearing of bamboo and canebrake
habitat for agriculture along the
Mississippi River and West Gulf Coastal
Plains bottoms degraded the wintering
and breeding habitat for this species
(Ehrlich and others 1992). Excessive

Common name

Common porcupine
Prairie vole

Gray wolf

Red wolf

Ocelot

Margay

Fisher

Black-footed ferret
Jaguar; otorongo
Mountain lion
Grizzly or brown bear

American bison

Wapiti or elk
Snowshoe hare

Whooping crane
Trumpeter swan

Upland sandpiper
Eskimo curlew

Common raven

Anhinga

Sage grouse

Key West quail-dove
Greater prairie chicken
Sharp-tailed grouse
Zenaida dove

Coachwhip

Former areas of occurrence

NC, VA
LA

AR, GA, KY, NC, OK, TN, TX, VA
AL, AR, FL, GA, KY, LA, OK, TX, VA
AR, LA

TX

NC, TN

OK

LA

AL

OK, TX

AL, AR, FL, GA, KY, LA, MS, NC, OK, SC,
TN, VA

AL, AR, GA, KY, LA, NC, OK, SC, TN, VA

NC

AR, FL, KY
KY, LA

TN
OK, SC

AL

KY

KS, OK

FL

AR, KY, LA, TN
OK, TX

FL

KY

collecting for the millinery trade may
also have contributed to the decline.

The Valdina Farms salamander was
endemic to Texas. The amphibian
occurred in isolated, intermittent pools.
It is now extinct due to flooding of
its only known habitat. Populations
of the West Indian monk seal, which
originally inhabited the Florida coast,
were decimated during the 19" century.

The major factor in its extermination
was over-hunting, principally for
blubber (to make oil) and for meat.
The seal’s inherent tameness increased
its vulnerability to slaughter.

The last four decades of the 20"
century brought legislation that
furthered species conservation efforts,
including the Wilderness Act (1964),
the Endangered Species Act (1966,
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1969, and 1973), the National
Environmental Policy Act (1970), the
Marine Mammal Protection Act (1971),
and the National Forest Management
Act (1976). Through these and several
other conservation efforts, conditions
for many species have improved across
the South (Dickson 2001). However,
the loss and modification of unique
forest communities continues to affect
populations of other species. The
remainder of this chapter examines
these influences, presenting the trends
for a diversity of southern species.

Status and Trends of
Terrestrial Vertebrate
Species

Conservation status ranks for
southern species—The databases
of the State Natural Heritage agencies
were used to derive a regional species
list of global (G) conservation ranks.
The G ranks reflect a species’ rarity
throughout its range. For example,
a species holding the G conservation
ranking of G1 in Virginia also carries
the same rank elsewhere in the Nation.

These ranks are: GX (presumed
extinct: intensive search has not located
additional populations); GH (possibly
extinct: historically known and may be

Secure/apparently
secure 86%

Other 1%

possibly
/extinct 1%

rediscovered); G1 [critically imperiled
globally because of extreme rarity
(observations include 5 or fewer
locations or fewer than 1,000 animals)]
or because some factor of its biology
makes it vulnerable to extinction];
G2 [imperiled globally because of
rarity (observations reflect 6 to 20
locations or 1,000 to 3,000 animals)]
or because of other factors making

it vulnerable to extinction]; G3
[vulnerable globally because of rarity
throughout its range (observations
include 21 to 100 locations or 3,000
to 10,000 animals) or because it is
found locally in a restricted area];

G4 (apparently secure globally,
although the species may be rare in
parts of its range, especially at the
periphery; usually more than 100
occurrences and 10,000 individuals);
and G5 (secure globally: observations
are common and widespread).

Figure 1.1 shows the proportion
of vertebrate taxa in each of the
conservation ranking categories.
One hundred thirty-two species are
considered to be of conservation
concern. Among terrestrial vertebrates,
28 species are classified as critically
imperiled, 37 species as imperiled,
and 67 species as vulnerable. Eighty-
six percent of southern terrestrial

vertebrate species are designated as
relatively secure by Natural Heritage.

Figure 1.2 shows species ranked
as presumed or possibly extinct,
critically imperiled, imperiled, or
vulnerable among the four major
vertebrate taxa. Collectively, these
species represent animals with
elevated risks of extinction or
of conservation concern.

The proportion of species at risk
varies greatly among taxonomic
groups. Forty-one percent of imperiled
species are amphibians, followed
by reptiles (30 percent), birds (15
percent), and mammals (14 percent).
With the exception of mammals,
the number of species at risk within
each taxonomic group is not
proportionate with their respective
richness in the region. For example,
amphibian species comprise only
14 percent of the terrestrial vertebrates
occurring in the South, yet they
comprise 41 percent of the imperiled
species list. Conversely, bird species
comprise 48 percent of southern
terrestrial vertebrates, but only
15 percent of the imperiled species.
Refer to chapter 5 for additional
data on regional species richness.

I Presumed/possibly extinct (GX/GH)
I Critically imperiled (G1)
[ Imperiled (G2)

Presumed

[ Vulnerable (G3)

| | |

Mammals

Critically
imperiled 3%

. Birds
Imperiled 3%

ampriviars N N 2

o 4

Vulnerable 6%

Figure 1.1—Proportion of southern terrestrial vertebrate species at risk.

The Other category includes species that have not been ranked or have

questionable status (NatureServe 2000).

20
Number of species

60

Figure 1.2—Number of terrestrial vertebrate species at risk

delineated by major taxa in the South (NatureServe 2000).
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Table 1.3—Amphibian species within the South with global rankings of G1, G2, and G3

Scientific name Common name Areas of occurrence

Frogs and toads

G1
Bufo houstonensis Houston toad TX

G2
Rana okaloosae Florida bog frog FL

G3
Rana capito Gopher frog AL, FL, GA, LA, MS, NC, SC, TN

Salamanders

G1
Desmognathus sp.1 Waterrock knob salamander NC
Eurycea latitans Cascade caverns salamander TX
Eurycea nana San Marcos salamander TX
Eurycea neotenes Texas salamander TX
Eurycea rathbuni Texas blind salamander TX
Eurycea robusta Blanco blind salamander TX
Eurycea sosorum Barton Springs salamander TX
Eurycea sp. 1 Jollyville Plateau salamander TX
Eurycea sp. 2 Salado Springs salamander TX
Eurycea sp. 4 Buttercup Creek caves salamander TX
Eurycea sp. 5 Georgetown salamander TX
Eurycea sp. 6 Pedernales River spring salamander TX
Eurycea sp. 7 Edwards Plateau spring salamander TX
Eurycea sp. 8 Comal Springs salamander TX
Eurycea tridentifera Comal Blind salamander TX
Plethodon petraeus Pigeon Mountain salamander GA
Plethodon shenandoah Shenandoah salamander VA
Notophthalmus meridionalis Black-spotted newt TX

G2
Ambystoma cingulatum Flatwoods salamander AL, FL, GA, SC
Desmognathus carolinensis Carolina mountain dusky salamander NC, TN

Desmognathus ocoee

Ocoee salamander

AL, GA, NC, SC, TN

Desmognathus orestes Blue Ridge dusky salamander NC, VA
Eurycea pterophila Blanco River Springs salamander TX
Gyrinophilus palleucus Tennessee cave salamander AL, GA, TN
Haideotriton wallacei Georgia blind salamander FL, GA
Phaeognathus hubrichti Red hills salamander AL
Plethodon aureolus Tellico salamander NC, TN
Plethodon caddoensis Caddo Mountain salamander AR
Plethodon fourchensis Fourche Mountain salamander AR
Plethodon hubrichti Peaks of Otter salamander VA
Plethodon ouachitae Rich Mountain salamander AR,OK
Plethodon virginia Shenandoah mountain salamander VA
Necturus alabamensis Black warrior waterdog AL
Notophthalmus perstriatus Striped newt FL, GA
Siren sp. 1 Lesser siren (Rio Grande population) TX

G3
Amphiuma pholeter One-toed amphiuma AL, FL, GA, MS

Aneides aeneus
Desmognathus aeneus

Green salamander
Seepage salamander

AL, GA, KY, MS, NC, SC, TN, VA
AL, GA, NC, SC, TN

Desmognathus apalachicolae Apalachicola dusky salamander AL, FL, GA
Desmognathus brimleyorum Ouachita dusky salamander AR, OK
Desmognathus imitator Imitator salamander NC, TN
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Table 1.3—Amphibian species within the South with global rankings of G1, G2, and G3 (continued)

Scientific name

Salamanders (cont.)

G3 (cont.)
Desmognathus santeetlah
Desmognathus wrighti
Eurycea junaluska
Eurycea sp. 9
Eurycea tynerensis
Plethodon punctatus
Plethodon teyahalee
Plethodon websteri
Plethodon welleri
Necturus lewisi

Common name

Santeetlah dusky salamander
Pigmy salamander

Junaluska salamander

Sandhills salamander

Oklahoma salamander
White-spotted salamander
Southern Appalachian salamander
Webster’s salamander

Weller’s salamander

Neuse River waterdog

G1 = critically imperiled; G2 = imperiled; G3 = vulnerable.

Source: NatureServe 2000.

The conservation status of individual
species are presented in tables 1.3, 1.4,
1.5, and 1.6. Several of these species are
discussed in further detail in chapters 5
and 23, including the factors
influencing imperilment and species
habitat relationships. Species that are
federally listed as threatened or
endangered are discussed in chapter 5.

Fifty-four amphibian species
are of conservation concern (table
1.3). Salamanders dominate with 51
listings; frogs and toads have 3 listings.
Examples include the Houston toad,
gopher frog, flatwoods salamander,
Ocoee salamander, green salamander,
and several species in the Plethodon,
Desmognathus, and Eurycea genera.

Forty reptile species are imperiled
or vulnerable (table 1.4). Reptile
subgroups with global rankings of
concern include turtles (19), lizards
(10), snakes (9), and others (2).
Oceanic and map turtles dominate
this list. Other reptiles of conservation
concern include the alligator snapping
turtle, bog turtle, gopher tortoise,
glass lizard, southern hognose snake,
and crocodile.

Twenty avian species are of concern
(table 1.5). Subtaxa include 2 wading
birds, 3 shorebirds, 6 perching birds,
and 9 others. Several of these species
include the whooping crane, piping
plover, Bachman’s sparrow, Florida
scrub jay, red-cockaded woodpecker,
and lesser prairie chicken.

Eighteen mammal species are
imperiled or vulnerable (table 1.6).

Mammalian subtaxa with global
rankings of concern include 5 bats,

8 rodents, 3 carnivores, and 2 others.
Bats are represented by the Indiana
bat, Rafinesque’s big-eared bat,
southeastern myotis, and several
other species. Additional mammals
include the Allegheny wood rat,

red wolf, and swift fox.

Population and harvest trends
for southern species—The regional
population and harvest trends
presented in this section, unless
otherwise stated, originated from
the RPA (Flather and others 1999).
The RPA represented the best source
of quantitative data on regional trends
for multiple species at the time of
this Assessment. Information was
collected from cooperating State
wildlife agencies. Population estimates
were summed across those States
that provided data. (The list of States
that provided population estimates
is available at the Rocky Mountain
Research Station, Fort Collins, CO.)
The absence of data from certain
States resulted from variation in the
distribution of species or the lack of
data for certain years. The RPA included
only States that provided estimates
for 1975 to 1990 (in 5-year intervals)
and 1993 in the trend analysis.

Projections were based on a weighted
average percentage change from 1993
to the year 2000 and 2045 for States
that provided projection estimates.
The average percentage change was
then applied to the 1993 population
estimate in order to extrapolate a total

Areas of occurrence

NC, TN

NC, TN, VA

NC, TN

NC

AR, OK

VA

GA, NC, TN

AL, GA, LA, MS, SC
NC, TN, VA

NC

projected population for States
that provided population estimates
(Flather and others 1999).

Population and harvest trends
for southern species: big game
species—Big game species are
primarily large mammals taken
for sport or subsistence. Because of
State agency convention, the wild
turkey also is included. The species
comprising big game were the first
to stimulate widespread public
interest in wildlife conservation.
For this reason, historical information
about game species is extensive for
several States.

Wild turkey populations have
consistently increased since 1975
(fig. 1.3). Five States project that turkey
populations will decline over the next
four decades (Flather and others 1999).

For States reporting on white-tailed
deer, populations have increased
approximately fourfold since 1975
(fig. 1.4). There is concern among
State personnel that deer may become
a management problem during the
next decade. Seven States expect deer
numbers to decline slightly over the
next 50 years (Flather and others
1999). (Additional information on deer
is provided in chapters 3, 4, and 5.)

The trend in black bear numbers is
positive for the four States reporting
(fig. 1.5). Biologists from these States
expect bear populations to decline
somewhat over the next few decades
(Flather and others 1999). (Note: The
Florida and Louisiana subspecies of
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Table 1.4—Reptile species within the South with global rankings of G1, G2, and G3

Scientific name

Turtles
G1
Lepidochelys kempii
Pseudemys alabamensis
G2
Sternotherus depressus
Graptemys barbouri
Graptemys ernsti
Graptemys flavimaculata
Graptemys oculifera
G3
Macroclemys temminckii
Caretta caretta
Chelonia mydas
Eretmochelys imbricata
Dermochelys coriacea
Kinosternon hirtipes
Clemmys muhlenbergii
Gopherus polyphemus
Graptemys caglei
Graptemys gibbonsi
Graptemys nigrinoda
Trachemys gaigeae
Lizards
G2
Sceloporus arenicolus
Neoseps reynoldsi
G3
Crotaphytus reticulatus
Holbrookia lacerata
Holbrookia propinqua
Sceloporus woodi
Coleonyx reticulatus
Cnemidophorus dixoni
Ophisaurus compressus
Ophisaurus mimicus
Snakes
G1
Tantilla oolitica
G2
Clonophis kirtlandii
Heterodon simus
Nerodia harteri
Nerodia paucimaculata
G3
Pituophis ruthveni
Stilosoma exenuatum
Tantilla atriceps
Sistrurus catenatus
Other reptiles
G2
Crocodylus acutus
G3
Caiman crocodilus

G1 = critically imperiled; G2 = imperiled; G3 =

Source: NatureServe 2000.

Common name

Kemp’s or Atlantic ridley
Alabama redbelly turtle

Flattened musk turtle
Barbour’s map turtle
Escambia map turtle
Yellow-blotched map turtle
Ringed map turtle

Alligator snapping turtle
Loggerhead

Green turtle

Hawksbill

Leatherback tinglar
Mexican mud turtle

Bog turtle

Gopher tortoise

Cagle's map turtle
Pascagoula map turtle
Black-knobbed map turtle
Big bend slider

Sand dune lizard
Sand skink

Reticulate collared lizard
Spot-tailed earless lizard
Keeled earless lizard
Florida scrub lizard
Reticulated gecko
Gray-checkered whiptail
Island glass lizard
Mimic glass lizard

Rim Rock crowned snake

Kirtland's snake
Southern hognose snake
Brazos water snake
Concho water snake

Louisiana pine snake
Short-tailed snake

Mexican blackhead snake
Massasauga

American crocodile

Spectacled caiman

vulnerable.

Areas of occurrence

AL, FL, GS, LA, MS, NC, TX, VA
AL, FL, MS

AL

AL, FL, GA
AL, FL

MS

LA, MS

AL, AR, FL, GA, KY, LA, MO, MS, OK, TN, TX

AL, FL, GA, LA, MS, NC, SC, TX, VA
AL, FL, GA, LA, MS, SC, TX, VA
AL, FL, GA, LA, MS, NC, SC, TX
AL, FL, GA, LA, MS, NC, TX, VA
TX

GA, NC, SC, TN, VA

AL, FL, GA, LA, MS, SC

TX

LA, MS

AL, MS

TX

TX
FL

TX

TX

X

FL

TX

TX

FL, GA, SC

AL, FL, GA, MS, NC, SC

FL

KY
AL, FL, GA, MS, NC, SC
TX
TX

LA, TX
FL
TX
OK, TX
FL

FL, GA
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Table 1.5—Bird species within the South with global rankings of G1, G2, and G3

Scientific name

Wading birds
G1
Grus Americana
G3
Phoenicopterus ruber
Shorebirds
G1
Numenus borealis
G2
Charadrius montanus
G3
Charadrius melodus

Perching birds
G2
Dendroica chrysoparia
Vireo atricapillus
G3
Aimophila aestivalis

Aphelocoma coerulescens
Pipilo alberti
\Vermivora crissalis
Other birds
G1
Pterodroma feae
Pterodroma hasitata
G2
Amazona viridigenalis
G3
Columba leucocephala
Pelecanus erythrorhynchos

Picoides borealis
Strix occidentalis

Thalassarche chlororhynchos
Tympanuchus pallidicinctus

Common name

Whooping crane

Greater flamingo

Eskimo curlew
Mountain plover

Piping plover

Golden-cheeked warbler
Black-capped vireo

Bachman’s sparrow
Florida scrub jay

Albert’s towhee
Colima warbler

Fea’s petrel
Black-capped petrel
Red-crowned parrot

White-crowned pigeon
American white pelican

Red-cockaded woodpecker
Spotted owl

Yellow-nosed albatross
Lesser prairie chicken

G1 = critically imperiled; G2 = imperiled; G3 = vulnerable.

#\West Texas.
Source: NatureServe 2000.

black bear, of conservation concern
in the region, are discussed separately
in chapter 5.)

Population and harvest trends
for southern species: small game
species—Species classified as small
game typically include resident
game birds and mammals that are
associated with upland (forest, range,
or agricultural) habitats. There is some
variation among State wildlife agencies

as to which species are managed

as small game. In this chapter, quail,
grouse, rabbits, and squirrels are
considered small game. Few State
wildlife agencies monitor small
game populations; therefore, the
trends reviewed here should be

interpreted carefully.

The populations of gray, red, and
fox squirrels have been declining in
the South since 1985 (fig. 1.6).

Areas of occurrence

AL, GA, LA, OK, TX

FL

AR, LA, NC, TX
OK, TX

AL, AR, FL, GA, KY, LA, MS, NC, OK, TN,
TX, VA

TX
MS, OK, TX

AL, AR, FL, GA, KY, LA, MS, NC, OK, SC,
TN, TX, VA

FL

TX

TX

NC
FL, GA, NC, VA

FL, TX*

FL, TX

AL, AR, FL, GA, KY, LA, MS, NC, OK, TN,
TX

AL, AR, FL, GA, KY, LA, MS, NC, OK, SC,
TN, TX, VA

™

FL, NC

OK, TX

Cottontail rabbit populations declined
slightly between 1975 and 1980

(fig. 1.7), but recovered by 1990.

One State projects that cottontail rabbit
populations may decline by 2045
(Flather and others 1999).

Northern bobwhite quail populations
have declined from 1975 to the present
(fig. 1.8). Among the States reporting
trends in bobwhite abundance,
populations have declined by nearly
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Table 1.6—Mammal species within the South with global rankings of G1, G2, and G3

Scientific name

Bats
G2
Myotis sodalis
G3
Corynorhinus rafinesquii

Myotis austroriparius

Myotis grisescens
Myotis leibii
Rodents
G1
Dipodomys elator
G2
Geomys texensis
G3
Tamias canipes
Geomys arenarius
Geomys knoxjonesi
Neofiber alleni
Neotoma magister
Podomys floridanus
Carnivores
G1
Canus rufus
G3
Vulpes velox
Panthera onca
Other mammals
G2
Trichecchus manatus
G3
Antilope cervicapra

Southern Forest Resource Assessment

Common name

Indiana or social myotis

Rafinesque’s big-eared bat

Areas of occurrence

AL, AR, KY, NC, OK, SC, TN, VA

AL, AR, FL, GA, KY, LA, MS, NC, OK, SC,

TN, TX, VA

Southeastern myotis

AL, AR, FL, GA, KY, LA, MS, NC, OK, SC,

TN, TX, VA

Gray myotis
Eastern small-footed myotis

AL, AR, FL, GA, KY, OK, SC, TN, VA
AL, AR, GA, KY, NC, OK, SC, TN, VA

Texas kangaroo rat OK, TX
Llano pocket gopher TX
Gray-footed chipmunk TX
Desert pocket gopher TX
Jones’ pocket gopher TX
Round-tailed muskrat FL, GA

Allegheny woodrat

AL, KY, NC, TN, VA

Florida mouse FL

Red wolf NC, SC, TN

Swift fox OK, TX

Jaguar; otorongo X

Manatee FL, GA, LA, MS, NC, SC, TX, VA

Blackbuck ™>®

G1 = critically imperiled; G2 = imperiled; G3 = vulnerable.

2Exotic.
Source: NatureServe 2000.

50 percent, from 23 million birds
in 1975 to 12 million birds in 1993
(Flather and others 1999). Forest
(ruffed) grouse populations show a
cyclical pattern, but appear to have
declined since 1985 (fig. 1.9).

Bobwhite quail trends from the
Breeding Bird Survey (BBS) are
consistent with State agency estimates
(Flather and others 1999). BBS data
suggest that the abundance of this
species has declined significantly
(P < 0.05) in the South. Bobwhite
numbers have declined by 2.6 percent
per year from 1966 to 1996, and have
declined at an even greater rate since
1985 (-5.6 percent per year).

State agency projections for most
small game species suggest minor
changes in future population status.
Forest grouse are expected to remain
stable. State biologists forecast
declines for bobwhite quail, squirrels,
and cottontails.

Population and harvest trends for
southern species: migratory game
birds—Muigratory game birds include
waterfowl, such as ducks and geese,
and other migratory species, such
as mourning doves and woodcock.
The long history of migratory bird
management in North America has
resulted in an impressive monitoring
system. Population and harvest trends

originate from annual reports published
by the U.S. Fish and Wildlife Service
and the North American Waterfowl
Plan (Flather and others 1999).

Waterfowl trends are traditionally
tracked by major flyways, which are
the migration routes from breeding
to wintering habitat. In the South,
the major routes are the Atlantic
and Mississippi flyways (fig. 1.10).
National duck harvests have been
recorded since the early 1960s.

Over the last 25 years, 41 percent
of the national harvest was taken in
the Mississippi flyway and 15 percent
from the Atlantic flyway. Both had large
harvests during the 1970s, followed by
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Figure 1.3—Population trends of wild turkey in Southern States
that provided estimates and long-term projections [based on
State wildlife agency data (Flather and others 1999)].
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Figure 1.4—Population trends of deer in Southern States that
provided estimates and long-term projections [based on State
wildlife agency data (Flather and others 1999)].
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Figure 1.5—Population trends of black bear in Southern States
that provided estimates and long-term projections [based on
State wildlife agency data (Flather and others 1999)].
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Figure 1.6—Population trends of red, gray, and fox squirrels
in Southern States that provided estimates and long-term
projections [based on State wildlife agency data (Flather
and others 1999)].

75 ‘80 ‘85 90 ‘93

Year

‘00 ‘45

Figure 1.7—Population trends of cottontail rabbits in Southern
States that provided estimates and long-term projections [based
on State wildlife agency data (Flather and others 1999)].
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Figure 1.8—Population trends of northern bobwhite quail
in Southern States that provided estimates and long-term
projections [based on State wildlife agency data (Flather

and others 1999)].
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Figure 1.9—Population trends of

forest grouse in Southern States

that provided estimates and long-
term projections [based on State

wildlife agency data (Flather and

others 1999)].

Figure 1.10—Trends in duck harvest from 1965
to 1995 by administrative flyway encompassing
the South (Flather and others 1999).

substantial declines through much

of the 1980s, and substantial harvest
increases during the 1990s. Duck
harvests in the Mississippi flyway
increased by 260 percent from 1988
to 1995, with a record 6.6 million
ducks harvested in 1995 (Flather and
others 1999).

Trends in goose abundance were
derived from surveys conducted
in migration and wintering areas.
Record numbers of geese were
harvested for three consecutive years
starting in 1993 along the Mississippi
flyway (fig. 1.11). After reaching a
peak harvest of about 550,000 birds
in 1983, the goose harvest in the
Atlantic flyway declined to nearly
180,000 birds in 1995.

Management units are traditionally
used by agencies to report population
trends of mourning doves and
American woodcock. Both species
are monitored using call-count surveys,
which provide an index of population
size. National trends in population
indices for both species show evidence
of declines, but the magnitude of the
decline is greater for woodcock than
for mourning doves. This pattern is
confirmed by BBS data, which indicate

Figure 1.11—Trends in goose harvest from 1965
to 1995 by administrative flyway encompassing
the South (Flather and others 1999).
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Figure 1.12—Population trends in mourning dove from 1966 to 1996
by management unit (Flather and others 1999).

Eas_tern
region

Central
region

Population index
N
(4]
Population index
N
()]

Figure 1.13—Population trends in woodcock from 1968 to 1996
by management unit (Flather and others 1999).
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that doves declined annually at a rate of
0.3 percent compared to a 3.2 percent
decline for woodcock over the 30-year
period (Flather and others 1999).

Mourning dove calling counts
indicate declining populations during
the last 10 years in the eastern and
central management units (fig. 1.12).
Intensive agricultural practices may be
influencing the breeding populations
throughout much of the bird’s range
(Brady and others 1998). The acreage
of agricultural land in the eastern
management unit is positively related to
dove populations because agricultural
fields provide the forest edge habitat
preferred by doves. Increased herbicide
use and crop rotation may have
contributed to observed declines
(Martin and Sauer 1993). In the central
management unit, the trend toward
fewer and larger farms also may
have influenced dove populations.

Call-count trends for woodcock
show similar declines in both the
eastern and central management units
(fig. 1.13). Trends since 1968 indicate
that the number of woodcock heard
have declined by 2.5 percent per year
in the eastern unit and 1.6 percent
per year in the central unit (Flather
and others 1999). In the last decade,
this rate of decline has accelerated.
Woodcock select early successional
hardwood forests interspersed with
fields and forest openings. As with
the mourning dove, the widespread
decline in woodcock may be linked
with habitat alteration due to forest
succession and land use intensification
(Straw and others 1994).

Population and harvest trends
for southern species: furbearer
species—There are few comprehensive
examinations of trends in furbearer
populations nationwide. Often, the
only available data are temporal harvest
trends that reflect fur prices rather
than population status. The limited
information on population trends
makes furbearer projections uncertain.

The RPA used a compilation of
furbearer status reports completed
for the International Association of
Fish and Wildlife Agencies during
1993. A survey of State agency
biologists provided population
projections to 2003 (Southwick
Associates. 1993. 1993 State and
provincial survey of furbearers
with emphasis on nuisance animals.
Unpublished report. On file with:
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Rocky Mountain Research Station,
2150 Center Avenue, Fort Collins,
CO 80526).

Population projections of southern
furbearers are shown in figs. 1.14, 1.15,
1.16, 1.17, 1.18, and 1.19. Of the
10 Southern States reporting beaver
population projections, 5 expected
population increases through 2003
(fig. 1.14). The beaver population is
projected to decline in North Carolina,
and remain stable (or increase) in
the remainder of the South.

The majority of raccoon populations
are projected to increase or remain
stable throughout the South (fig. 1.15).
Exceptions occur in Alabama and North
Carolina, where disease-caused declines
are projected (Flather and others 1999).

Of the four States reporting on
muskrat populations, two expect
population increases through 2003
(fig. 1.16). The remaining States
(Virginia and Tennessee) project stable
populations. Projections on coyote
abundance are limited to Georgia
and Mississippi (fig. 1.17). Both
States report that coyote populations
are expected to remain stable.

Bobcat projections are reported only
for Florida and Oklahoma (fig. 1.18).
Florida biologists report stable bobcat
populations, while Oklahoma biologists
report that bobcat populations are
increasing. Finally, the five States that
made projections for red and gray foxes
(Virginia, Kentucky, Tennessee, South
Carolina, and Texas) predicted stable
populations (fig. 1.19).

Population and harvest trends for
southern species: nongame birds—
In the United States, nongame birds are
not legally taken for sport, subsistence,
or profit. Nongame species comprise
the majority of taxa that inhabit the
South. There are few data sources on
populations of nongame species.

Data from the BBS were used to
provide information on breeding bird
trends in the South for the RPA. Details
on the implementation of the BBS can
be found in Droege (1990); information
on statistical analyses can be found in
Sauer and others (1997). The relative
abundance trend for each bird species
was summarized in two ways. First,
the numbers of species with statistically
significant increasing, decreasing, or
stable trends were estimated. Second,
birds were grouped according to life-
history characteristics including nest

Southern Forest Resource Assessment
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Figure 1.14—Projected trends of beaver populations in the South
[based on State wildlife agency data (Flather and others 1999)]. States
that provided estimates are shaded.
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Figure 1.15—Projected trends of raccoon populations in the South
[based on State wildlife agency data (Flather and others 1999)].
States that provided estimates are shaded.
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Figure 1.16—Projected trends of muskrat populations in the South
[based on State wildlife agency data (Flather and others 1999)].
States that provided estimates are shaded.
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Figure 1.17—Projected trends of coyote populations in the South
[based on State wildlife agency data (Flather and others 1999)].
States that provided estimates are shaded.
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Figure 1.18—Projected trends of bobcat populations in the South
[based on State wildlife agency data (Flather and others 1999)].
States that provided estimates are shaded.
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Figure 1.19—Projected trends of red and gray fox populations
in the South [based on State wildlife agency data (Flather and
others 1999)]. States that provided estimates are shaded.
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type (cavity or open cup), nest location
(ground, low, midstory, or canopy),
migration status (neotropical migrant,
short-distance migrant, permanent
resident), and breeding habitat
(woodland, shrubland, grassland,
wetland, urban). The resulting

trends are presented in figure 1.20.

Approximately 42.4 percent of
breeding bird species appear stable,
35.2 percent have declined, and
22.4 percent have increased across
the South (table 1.7). It is worth noting
that Flather and others (1999) found
that the percentage of declining species
was greater in the South than in
any other RPA region. Abundance
trends among species groups
vary considerably. Species with
declining trends include 70 percent
of grassland-nesting birds, 57 percent
of ground-nesting birds, 53 percent
of shrubland-nesting birds, 49 percent
of open-cup nesting birds, 46 percent
of urban-nesting birds, and 41 percent
of neotropical migrants. Numbers of
the majority of cavity-nesting species
and wetland species have been stable.

Figure 1.21 suggests that bird species
richness is high along the Southern
Appalachians and along the Atlantic
Coast from northeastern North Carolina
to the Chesapeake Bay. Because some
species are missed during bird count
surveys including nocturnal species,
raptors, and absent migrants, it
is important to note that the bird
richness estimates are biased low
(Sauer and others 1997).

Raptors include hawks, falcons,
eagles, vultures, and owls. In contrast
to other bird species, raptors naturally
exist at relatively low population
densities and are widely dispersed
in their habitats. The natural scarcity
of raptors, their ability to move quickly,
and the difficulties of detection inhibit
the determination of population status
(Fuller and others 1995).

As a group, raptors are poorly
surveyed, and quantitative data are
lacking to determine their population
trends. Table 1.8 presents a national
summary of the status and population
trends of 33 species and subspecies
of southern raptors. Two species, the
American kestrel and burrowing owl,
are declining across the United States.
Mississippi Kites, osprey, bald eagles,
and peregrine falcons are increasing.
Populations of 22 species are
considered stable nationwide.

Southern Forest Resource Assessment
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Figure 1.20—The proportion of southern bird species with increasing,
decreasing, and stable trends from 1966 to 1996. Birds have been grouped
by broad life-history characteristics, migration status, and breeding habitat
(Flather and others 1999).

Table 1.7—Number of breeding bird species with increasing,
decreasing, and stable trends from 1966 to 1996 by life history
characteristics for the South

Life history Total Increasing Decreasing Stable
characteristic species species species species
N N (Percent) - - -------

All species 210 47 (22.4) 74 (35.2) 89 (42.4)
Nest type/location

Cavity 29 10 (34.5) 8 (27.6) 11 (37.9)

Open cup 86 18 (20.9) 42 (48.8) 26 (30.2)

Ground/low 54 7 (13.0) 31 (57.4) 16 (29.6)

Midstory/canopy 65 20 (30.8) 20 (30.8) 25 (38.5)
Migration status

Neotropical 76 12 (15.8) 31 (40.8) 33 (43.4)

Short distance 50 17 (34.0) 20 (40.0) 13 (26.0)

Permanent resident 42 9 (21.4) 16 (38.1) 17 (40.5)
Breeding habitat

Woodland 58 15 (25.9) 19 (32.8) 24 (41.4)

Shrubland 43 8 (18.6) 13 (53.5) 12 (27.9)

Grassland 10 7 (70.0) 3 (30.0)

Wetland/open water 46 11 (23.9) 8 (17.4) 27 (58.7)

Urban 13 2 (15.4) 6 (46.2) 5 (38.5)
Source: Flather and others 1999.

Figure 1.21—

Patterns of bird
richness in the South

Number of species based upon counts

E wh from the Breeding
Bl 42 - 48 Bird Survey (Flather
[ 49-54 e and others 1999).

[155-72
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Table 1.8—The national trends of raptors that occur in the South

Scientific name

Accipiter cooperii
Accipiter gentilis
Accipiter striatus
Aquila chrysaetos
Asio acadicus

Asio flammeus
Asio otus

Athene cunicularia
Bubo virginianus
Buteo brachyurus

Buteo lagopus

Buteo lineatus

Buteo jamaicensis

Buteo platypterus

Buteo regalis

Buteo swainsoni
Caracara plancus
Cathartes aura

Circus cyaneus
Coragyps atratus
Elanoides forficatus
Falco columbarius

Falco peregrinus anatum
Falco sparverius

Falco sparverius paulus
Haliaeetus leucocephalus

Ictinia mississippiensis
Nyctea scandiaca
Otus asio

Pandion haliaetus
Rostrhamus sociabilis
Strix varia

Tyto alba

Common name

Cooper’s hawk
Northern goshawk
Sharp-shinned hawk
Golden eagle

Northern saw-whet owl
Short-eared owl
Long-eared owl
Burrowing owl

Great horned owl
Short-tailed hawk

Rough-legged hawk
Red-shouldered hawk
Red-tailed hawk
Broad-winged hawk
Ferruginous hawk
Swainson’s hawk

Crested caracara

Turkey vulture

Northern harrier

Black vulture

American swallow-tailed Kite
Merlin

American peregrine falcon
American kestrel
American kestrel, Florida
Bald eagle

Mississippi Kite
Snowy owl

Eastern screech-owl
Osprey

Snail kite

Barred owl
Common barn owl

Status/Trend/Comments

Stable

Unknown/C2?

Stable/regional differences

Stable

Stable

Stable/local concern

Stable/local concern

Declining/local concern

Stable

Stable/northern range limit, about <500 birds in
u.s.

Stable

Stable/local concern

Stable/local increases; Breeding Bird Survey data

Stable/migration count decline in 1980s

Unknown/C2

Unknown/C3;” local concern

Unknown/northern range limit

Stable

Stable/nomadic, no standard survey; local concern

Stable/population estimation difficult

Stable/historical range

Stable

Endangered; increasing

Stable/Breeding Bird Survey Data

Declining/C2

Threatened or endangered in contiguous U.S.;
increasing/status reassessment underway

Increasing/range expansion

Stable

Stable

Increasing/good information

Endangered, stable/northern range limit

Stable/western range expansion

Stable/local concern

4Proposal to list; available data are not conclusive for threatened or endangered status.
® Proven more widespread than previously believed or not subject to identifiable threat.

Source: Fuller and others 1995.

The status of a raptor population

The endangered snail kite breeds

of nesting habitat and release of

often reflects changes in the availability
of prey species. However, changes in
raptor status also can indicate subtle
environmental conditions, such as
chemical contamination or disease.

Nesting ospreys are concentrated
along the Atlantic Coast. Most regional
populations declined through the early
1970s. Following the nationwide ban
on DDT in 1972, osprey productivity
improved, and population numbers
increased in many areas. Osprey
numbers are stable, and in some

areas they are increasing.

in central and southern Florida
wetlands, the northern extent of

the range. The species declined from
1900 to 1960. Populations remain
relatively stable today.

Bald eagle populations declined
dramatically between 1950 and 1970.
Illegal shooting, habitat alteration,
and DDT adversely affected bird
populations. The species was classified
as endangered in 1978. Following
the DDT ban, bald eagle reproduction
improved, and populations began
increasing. The active protection

hand-reared eagles aided this increase.
Habitat loss remains a threat in many
areas (Fuller and others 1995).

Ferruginous hawk populations are
stable in some areas, but declining
in others. Status determination
is complicated by the low density
of nesting birds and fluctuation in
breeding associated with cycles of
prey abundance.

The peregrine falcon also suffered
from contamination by DDT and other
organochlorine pesticides. Peregrine
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recovery has been hastened in the East
by the release of hundreds of birds bred
in captivity; these birds survived and
produced young in the wild.

Sensitive and Rare
Communities

Extent of threatened
communities—Several authors have
described and identified the threatened
and sensitive communities in the
South (Boyce and Martin 1993,
Grossman and others 1994, Noss
and others 1995, White and others
1998). The South supports a diversity
of communities; a high proportion
of them are considered imperiled
to some degree (Walker 2001).

Noss and others (1995) listed
numerous threatened and endangered
communities that have experienced
losses in the South (table 1.9). The
amount of areal loss relative to the
estimated presettlement area was used
as an indicator of vulnerability. The
14 communities listed as critically
endangered have estimated losses
of over 98 percent of their area
since European settlement. These
include old-growth deciduous forest,
spruce-fir forests, longleaf pine
savannas, bottomland forest,
and several types of prairies. Twenty-
five endangered communities have
experienced losses between 85 and 98
percent. These communities include
Coastal Plain hardwoods, pocosins,
mountain bogs, ultramafic glades,
and Louisiana prairies.

Having experienced over 70
percent losses compared to estimated
presettlement area, 11 communities
are regarded as threatened. These
include tropical hardwood hammaocks,
sandhill woodlands, and saline prairies.

In addition to the list in table 1.9,
Noss and others (1995) reported
24 communities that have lost at
least 50 percent of their area. These
include pocosins (Coastal Plain), sand
pine (Florida), baldcypress-tupelo
(Mississippi, Tennessee), flatwoods-
swale habitats (Florida), herbaceous
marsh (Florida), calcareous forest
(Louisiana), scrub-shrub swamp
(Louisiana), cove hardwood forest
(Tennessee), and others.

Boyce and Martin (1993) also
recognized several sensitive commu-
nities that are under pressure from a
variety of factors. Such factors included

Southern Forest Resource Assessment

Table 1.9—Ecosystem communities that have declined by 70 percent or

more in the South since European settlement

Ecosystem type

Critically endangered: >98 percent loss
Old-growth deciduous forests
Southern Appalachian spruce-fir
Longleaf pine forests and savannas
Slash pine and rockland habitat
Loblolly-shortleaf pine forests
Canebrakes
Bluegrass savannah-woodland

and prairies
Black Belt and Jackson prairies
Ungrazed dry prairie
Wet and mesic coastal prairies
Atlantic white-cedar
Native prairies
Bottomland forest
High-quality oak-hickory

Endangered: 85-98 percent loss
Red spruce
Spruce-fir forest
Upland hardwoods
Old-growth oak-hickory
Cedar glades
Longleaf pine
Longleaf pine forest, 1936-87
Mississippi terrace prairie, calcareous

prairie, Fleming glades

Live oak, live oak-hickory
Prairie terrace-loess oak forest
Mature forest, all types
Shortleaf pine-oak-hickory
Mixed hardwood-loblolly pine
Xeric sandhill
Stream terrace-sandy wooded-savannah
Slash pine
Gulf Coast pitcher-plant bogs
Pocosins
Mountain bogs
Appalachian bogs
Upland wetlands
Ultramafic glades

Threatened: 70-84 percent loss
Bottomland and riparian forest
Xeric scrub, scrubby flatwoods, sandhills
Tropical hardwood hammock
Saline prairie
Upland longleaf pine
Live oak-pine-magnolia
Spruce pine-hardwood flatwoods
Xeric sandhill woodlands
Flatwood ponds
Slash pine-pondcypress-hardwood
Wet hardwood-loblolly pine

Geographic area

Southeast

Tennessee, North Carolina, Virginia
Southeastern Coastal Plain
Southern Florida

West Gulf Coastal Plain

Southeast

Kentucky

Alabama, Mississippi

Florida

Louisiana

Virginia, North Carolina
Kentucky

West Virginia

Cumberland Plateau, Tennessee

Central Appalachians
West Virginia

Coastal Plain, Tennessee
Tennessee

Tennessee

Texas, Louisiana

Florida

Louisiana

Louisiana

Louisiana

Louisiana

Louisiana

Louisiana

Louisiana

Louisiana

Florida

Coastal Plain

Virginia

North Carolina

Blue Ridge, Tennessee
Highland Rim, Tennessee
Virginia

Southeast
Lake Wales Ridge, Florida
Florida Keys
Louisiana
Louisiana
Louisiana
Louisiana
Louisiana
Louisiana
Louisiana
Louisiana

Source: Noss and others 1995. Based on the published literature, Natural Heritage programs, and

expert opinion.
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Table 1.10—The Nature Conservancy’s summary of distributions and threats for rare communities of the South

Geographic

area Habitat

Southern Spruce-fir

Appalachian Beech

Mountains Bog, fen
Grassy bald
Cliff, gorge
Other

South Florida

Coastal Plain

Continental
Interior

Other

Tropical hardwood

Slash pine

Barrier island
Longleaf pine
Other forests
Glade, prairie

Forest
Glade, prairie
Other

Outcrop

Number of
communities

WN PP NDNDDN

Threats

Nonindigenous species, recreation,
air pollution, past logging, hydrological
alteration, succession.

Development, nonindigenous species,
hydrological alteration, fire suppression,
burning, fragmentation, agriculture,
recreation.

Development, grazing, fragmentation,
hydrological alteration, fire suppression,
nonindigenous species, agriculture, past
logging, mining, burning, recreation.

Fire suppression, agriculture, recreation,
grazing, past logging, nonindigenous species,
succession, mining, hydrological alteration.

Recreation, grazing, agriculture, hydrological

Forest
Canebrake

Source: Grossman and others 1994.

urban growth, land use conversion,
water diversion, exotic species,

and pesticide runoff. Everglades,
mangroves, bottomland hardwood
forests, pocosins, mountain bogs,
and Carolina bays were classified

as threatened. They classified longleaf
pine, spruce-fir and other high-
elevation forests, heath balds, maritime
communities, rock outcrops, glades,
grasslands, and sand-pine scrub

as vulnerable.

Grossman and others (1994) listed
57 rare communities in the South
(table 1.10). Community types were
ranked on a global scale based on the
number of occurrences, areal extent,
condition, threats, and fragility. These
57 communities had global ranks of G1
(found in 1 to 5 occurrences globally)
or G2 (found in 6 to 10 occurrences
globally). Twenty-one types occur
in the Coastal Plain, 5 in south Florida,
17 in the Southern Appalachians, and
11 in the Continental Interior.

Communities can decline in areal
extent or have their structures
impoverished or compromised.

P RPPFEP PON OWWO

Communities covering smaller areas
tend to maintain smaller populations
that are more vulnerable to extinction
than larger populations (Soulé 1987).
Communities also can lose vigor
because of change in their structure,
function, or composition. For example,
intense livestock grazing entails
replacement of native perennial
grasses with exotic annuals. The
factors contributing to community
imperilment that are listed in table
1.10 are further discussed in the
following section.

Profiles of selected rare
communities—This section reviews
some selected communities of
concern. Each general community
type can include multiple associations.
Each account includes distribution,
composition, threats, and potential
management. Where available, steps
toward restoration are presented.
The accounts were developed from
White and others (1998), Boyce
and Martin (1993), Noss and others
(1995), and Walker (2001). The
discussion of communities follows
White and others (1998).

alteration, fire suppression.

Profiles of selected rare
communities: old-growth forests—
Although forests predominate in
the South, less than 585,790 acres
of old-growth forest exist (White
and others 1998). The remaining
old-growth forests tend to be on
steeper, rockier, or mesic sites difficult
to farm or harvest. Old-growth forest
composition varies with forest type,
but characteristics generally associated
with old-growth forests include large,
old trees; accumulations of woody
debris; and multilayered canopies.

Many vertebrate species occur
in patches of old-growth forest.
These include the Jefferson salamander,
the Peaks of Otter salamander, the
oak toad, and the scarlet king snake
(Wilson 1995). Public lands such as
the Great Smoky Mountains National
Park and several national forests protect
some of the largest tracts in the South.
With the exception of these areas,
old-growth remnants are often smaller
than 250 acres.

Threats to old-growth remnants
include invasions by nonindigenous
species, interruption of natural
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disturbance regimes, outbreaks of
forest pests, and timber harvest
(Walker 2001).

Management options vary by forest
type, but controlling nonindigenous
species and herbivores, and choosing
benign methods to accomplish these
objectives are factors to consider.
Management actions that mimic natural
disturbances are particularly important
because natural disturbance regimes
are unlikely to be intact. Management
emphasis may also include the
provision of forested buffers around
existing old-growth remnants.

Profiles of selected rare
communities: spruce-fir forests—
The spruce-fir community is confined
to the highest peaks of Virginia,
Tennessee, and North Carolina.

Red spruce communities occur at
an approximate elevation of 4,500
feet. In the northern limit of its range,
Fraser fir is replaced with balsam fir.
This community is characterized by
relatively high moisture levels, short
growing seasons, acidic soils, and
extreme weather conditions. The
flora is distinctive. The community
reproduces in small-scale patches
resulting from wind disturbance.

The presettlement extent of the
Southern Appalachian spruce-fir
community has been estimated as
30,000 to 35,000 acres (White and
others 1998). These remote forests
remained relatively undisturbed until
the widespread harvests of the late
1800s (White and others 1998). In
1934, the majority of the remaining
spruce-fir forest went into public pro-
tection with the establishment of the
Great Smoky Mountains National Park.

Spruce-fir communities are threatened
by infestations of balsam woolly
adelgids. The stresses induced by insect
attack are exacerbated by additional
stresses of acid precipitation, which
influence soil and stream chemistry.

Air pollution and the deposition of
heavy metals, such as lead, copper,
zinc, nickel, and manganese, also
contribute to the decline of this
community (refer to chapter 18).
They inhibit regeneration and
contaminate the understory. Airborne
pollution is carried with prevailing
winds originating from industrial
areas of southern Ohio and Indiana.

In addition, recreation activities
compact soil and damage young trees.
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As the southern population centers
expand, continued recreational
pressure may further adversely affect
the spruce-fir community.

Spruce-fir communities support
several terrestrial species that are
uncommon elsewhere. Examples
include the endangered subspecies
of northern flying squirrel, Weller's
salamander, the endangered spruce-
fir moss spider, mountain ash, and
the threatened rock gnome lichen.
The northern saw-whet owl, black-
capped chickadee, and red crosshill
also inhabit the community.

Restoration centers on enhancing
the stocking of red spruce trees
and increasing stand structural
complexity. Appropriate silvicultural
treatments include the release of spruce
saplings from the understory and
the removal of competing stems. In
some areas, restoration may involve
conversion of open areas to forests
by planting seedlings.

Profiles of selected rare
communities: wetlands, bog
complexes, pocosins—In the last
two centuries, the Nation has lost
approximately 30 percent of its
wetlands. Substantial losses have
occurred along the southern Coastal
Plain and along the lower reaches
of the Mississippi River. In addition,
Florida has lost 46 percent (9 million
acres) of its wetlands (Stein and
others 2000). Wetland loss is of special
concern, because these habitats provide
critical waterfowl and fish habitat.

Small wetlands occur in depressions
embedded in forested areas. Soils are
saturated for extended periods from
rainfall and ground water seepage.
Among the most vulnerable areas
are small (less than 2 acres), isolated
bogs that retain characteristic species.
Bogs require distinct hydrological
conditions to function ecologically.
Intermittent fires and beaver activities
may contribute to the origin and
maintenance of this complex.

The exact number of remaining
bogs is difficult to determine but is
most certainly fewer than 150 in the
entire South. Over half of the existing
bogs occur on private land, and are
threatened by development, grazing,
off-road vehicle use, agricultural
practices, and hydrological alteration.

Pocosins are freshwater wetlands
dominated by a dense cover of broad-

leaved evergreen shrubs or low-growing
trees. They have highly organic soils
that developed in areas of poor
drainage. This community occurs in
upland interstream areas. Peat layers
are thick, and vegetation is shrubby.

The bog complex provides habitat
for a diversity of herpetofauna. Wilson
(1995) lists 37 species of reptiles and
amphibians associated with Carolina
bays, pocosins, and bogs in the South;
41 are associated with swamp habitat.
These species include the bullfrog,
green frog, eastern tiger salamander,
four-toed salamander, mountain chorus
frog, and snapping turtle. The bog
turtle, threatened in the northern
portion of its range, also inhabits these
areas. This turtle is collected illegally, as
are rare orchids and carnivorous plants.
Opportunities for species to recolonize
are minimal, and the community is
permanently diminished.

Avian species occurring in these
communities include cedar waxwing,
Nashville warbler, northern water-
thrush, purple finch, white-eyed
vireo, and wood duck. Characteristic
mammals include the long-tailed shrew,
marsh rice rat, mink, muskrat, river
otter, southern bog lemming, southern
short-tailed shrew, and the star-nosed
mole. Butterflies include the Atlantis
fritillary and silver-bordered fritillary.

No vertebrates are endemic to
pocosins, but the community provides
habitat and refuge from adjacent
landscape development. In North
Carolina, 41 species of mammals
inhabit pocosin and Carolina bay
sites (White and others 1998).

Conservation activities include
protection from heavy equipment,
off-road vehicles, and foot traffic;
controlling changes in site hydrology
by providing buffers between adjacent
sites, filling ditches and blocking
drains; and restricting livestock grazing.
The retention of woody debris provides
valuable microhabitat for many species.
Adjacent land management activities
that alter the surrounding watershed
degrade these sensitive communities.
Restoration includes maintenance of
site hydrology and woody plant control.
Periodic prescribed burns adjusted
to maintain vegetative conditions help
to maintain the community. Species
reintroduction into selected sites also
may be required.
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Profiles of selected rare
communities: bottomland and
floodplain forests—The forested
wetlands of the Coastal Plain,
Piedmont, and Continental Interior
Provinces include bottomland
hardwood forests and deepwater
alluvial swamps. Bottomland hard-
woods are located along waterways
and in low-lying areas such as the
Mississippi Delta region. Common tree
species include ash, sycamore, water
tupelo, cypress, willow, cottonwood,
elm, oaks, river birch, silver maple,
sweetgum, black walnut, and pine.
Vegetative composition and structure
vary with flooding duration. Trees
are vulnerable to prolonged changes
in hydrology and are characterized by
rapid growth. Bottomland hardwoods
are found almost exclusively on alluvial
soils that are associated with old
riverbeds, existing streams, and
impoundments and their terraces.
Soils are saturated year round or nearly
so; the understory is sparse with vines
and shrubby vegetation.

Beneficial characteristics of this
community for wildlife include
hard mast production, cavity tree
provision, and production of abundant
invertebrate biomass. In agricultural
landscapes, bottomland forests serve
as refuges for many species. Species
associated with this community include
wood stork, prothonotory warbler,
marbled salamander, and the swamp
rabbit. The loss of bottomland
hardwood forests to agricultural
conversion contributed to the decline
of the Carolina parakeet and the ivory-
billed woodpecker (Dickson 2001).

Many bottomland sites are productive
and have been in agricultural
production for long periods. Several
cypress-oak reforestation projects
in the Mississippi Alluvial Valley
have been successful in areas where
frequent flooding precludes agricultural
development. Restoration of this
community occurs primarily on
public land.

Profiles of selected rare
communities: glades, barrens,
and prairies—Scattered throughout
the South are naturally treeless areas
referred to as prairies, glades, and
barrens. Historical accounts suggest
that these open communities were once
widespread (Delcourt and others 1993),
but estimates of original extent are
uncertain. These grass-dominated

communities occurred in the Piedmont,
Interior Plateau, Ridge and Valley,
and Coastal Plain Provinces.

Lightning fires, Native American
burning, grazing by elk and bison,
and soil conditions historically
maintained these areas. Today, these
communities occupy only a fraction of
their original extent due to agricultural
conversion, recreation use, exotic
species invasions, fire exclusion,
and the loss of large herbivores.

Forbs and grasses occurring on
rocky or shallow soil dominate glades;
composition varies with geology, soil
type, and soil depth (Walker 2001).
The limestone glades of the Ozarks,
dominated by perennial grasses, have
a more open nature than glades of the
Interior Low Plateau. Eastern redcedar
woodlands are commonly associated
with glades of various types. Threats
to glade communities include
construction, quarrying, agriculture
(pasture), fire suppression, and
nonindigenous species invasion.

The barren and prairie communities
contain the majority of the region’s
native grasslands. In the South, they
include the Black, Jackson, and Grand
Prairies. In these communities, grasses
are dominant, and shrubs and trees
are generally absent. The sites are
highly productive because they retain
nutrients. As a result, they support
a vast array of animal and plant life.
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Species composition varies with site
moisture. Characteristic species include
little bluestem, Indian grass, and

big bluestem. Composition varies
depending upon specific soil and
geologic types.

The size and isolation of these open
areas preclude support of endemic
vertebrates. Many rare species of
birds, reptiles, and arthropods use
these communities. Vertebrate species
that have been extirpated from these
communities include the greater
prairie chicken, bison, and elk.

Restoration centers on the control
of woody species from adjacent forest
habitats and the use of prescribed
burning to maintain the diversity
of the grassland communities. The
retention of characteristic species
relies upon site-specific management.

Profiles of selected rare
communities: longleaf pine and
southern pinelands—Longleaf pine
historically dominated Coastal Plain
sites from southern Virginia to eastern
Texas. It also occurred on sites in the
Piedmont, southern Ridge and Valley,
and southern Blue Ridge Provinces
(fig. 1.22). This community once
covered over 40 percent of the entire
region, but it has declined by more than
98 percent (Noss and others 1995).

The community came under pressure
during the mid-17® century. Demand
began for naval stores and then turned
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Figure 1.22—The historic and present distribution of longleaf pine
in the South (White and others 1998).
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to timber needs. By the 1960s,
extensive areas were harvested and
converted to commercial plantations
of loblolly and slash pine. Fire
suppression and the introduction of
livestock further restricted the longleaf
community to a few isolated locations
comprising about 5 million acres.

At present, the majority occurs on

private land. Much of what remains
is largely degraded due to lack of
proper management. have limbless lower trunks.

Community composition varies with The community harbors several
soil moisture and geography. Wiregrass  vertebrate species. The fox squirrel
and bluestem dominate the herbaceous s a long-lived species with low
layer. This herb layer is diverse and reproductive rates. It depends on
includes grasses, wildflowers, and longleaf pine for late summer forage.
carnivorous plants. In mature The decline in longleaf communities

communities, the trees are thinly
distributed and flat-topped, and

Table 1.11—Examples of soft and hard mast-producing species in the South

Scientific name

Soft mast

Pomes
Amelanchier spp.
Crataegus spp.
Pyrus malus

Drupes
Berchemia scandens
Callicarpa Americana
Celtis occidentalis
Cornus florida
Gaylussacia spp.
Gaylussacia dumosa
Ilex spp.
Ilex cassine
Ilex coriacea
Ilex deciduas
llex glabra
Ilex myrtifolia
Ilex opaca
Ilex vomitoria
Morus rubra
Myrica cerifera
Myrcia pensylvanica
Nyssa aquatica
Nyssa sylvatica

Persea borbonia
Prunus serotina
Prunus spp.

Rhus copallina

Rhus glabra

Rhus radicans

Rhus typhina

Rubus spp.

Sabal spp.

Sambucus canadensis
Sassafras albidum
Serenoa repens
Viburnum spp.

Source: Halls 1977.

Common name

Serviceberries
Hawthorn
Common apple

Alabama supplejack

American beautyberry

Hackberry

Flowering dogwood

Huckleberries

Dwarf huckleberry

Hollies

Dahoon

Large gallberry

Possumhaw

Gallberry

Myrtle dahoon

American holly

Yaupon

Red mulberry

Southern bayberry

Northern bayberry

Water tupelo

Black tupelo and
Swamp tupelo

Redbay

Black cherry

Wild cherries and
plums

Shining sumac

Smooth sumac

Common poison ivy

Staghorn sumac

Blackberries

Palmetto

American elder

Sassafras

Saw-palmetto

Viburnum

Scientific name

Berries
Diospyros virginiana
Juniperus virginiana
Lonicera japonica
Smilax spp.
Vaccinium spp.
Vitis aestivalis
Vitis rotundifolia

Hard mast

Nuts
Aesculus octandra
Carpinus caroliniana
Carya spp.
Carya aquatica
Carya cordiformis
Carya glabra
Carya ovata
Carya tomentosa
Castanea spp.
Fagus grandifolia
Juglans cinera

Juglans nigra
Ostrya virginiana
Nyssa sylvatica
Quercus spp.
Quercus alba
Quercus chapmanii
Quercus michauxii
Quercus prinus
Quercus stellata
Quercus virginiana
Quercus falcate
Quercus ilicifolia
Quercus incana
Quercus laurifolia
Quercus marilandica
Quercus nigra
Quercus nuttalli
Quercus phellos
Quercus pumila
Quercus rubra

Common name

Common persimmon
Eastern redcedar
Japanese honeysuckle
Greenbriers
Blueberries
Muscadine grape
Summer grape

Yellow buckeye
American hornbeam
Hickories
Water hickory
Bitternut
Pignut
Shagbark
Mockernut
Chinkapin
American beech
Butternut

(white walnut)
Black walnut
Eastern hophornbeam
Black gum
Oaks
White oak
Chapman oak
Swamp chestnut oak
Chestnut oak
Post oak
Live oak
Southern red oak
Bear oak
Bluejack oak
Laurel oak
Blackjack oak
Water oak
Nuttall oak
Willow oak
Running oak
Northern red oak
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has limited its range and reduced
population levels. The red-cockaded
woodpecker occurs in the open
pinewoods, using fairly mature trees
with minimal understory (Hamel
1992). Trees also must have proper
heartwood conditions for nest cavities.
This species has also declined, but
active management has stabilized
several populations. The sensitive
Bachman’s sparrow breeds in dense,
grassy places where scattered pine
trees and saplings are present.

Dodd (1995) reported that 74
amphibians and 96 reptiles occur
in the range of the longleaf pine
community. These include the
flatwoods salamander, Red Hills
salamander, striped newt, Carolina
gopher frog, eastern indigo snake,
gopher tortoise, eastern diamondback
rattlesnake, Florida pine snake,
and Florida scrub lizard.

Although the influence of longleaf
reduction on the herpetofaunal
community has not been assessed
directly, several species may have
been affected. The gopher tortoise,

a keystone species in longleaf pine
savanna, has declined by 80 percent
over the last century (White and
others 1998). Amphibians breeding

in temporary ponds have been
particularly affected by habitat
alteration. The flatwoods salamander
has disappeared from its eastern range;
gopher frogs are nearly extirpated

in North Carolina, Alabama, and
Mississippi; and dusky salamanders
appear to have declined in coastal
South Carolina and peninsular Florida.

Conversion of longleaf pine forests
to agriculture, slash, or loblolly pine
plantations and urban development
threaten the continued existence of
several herpetofauna species in Georgia
and Florida (Ware and others 1993).
Hardwood encroachment stemming
from fire suppression also has contri-
buted to the loss of longleaf pine
communities. Historically, frequent
low-intensity fires reduced litter
accumulation, controlled competing
woody species, and improved
herbaceous vigor (Walker 2001).
Recent awareness of the importance
of this sensitive community has
encouraged restoration efforts.

Profiles of selected rare
communities: Atlantic white-cedar
swamps—Atlantic white-cedar once
was distributed from southern Virginia

to interior Georgia and from the Florida
Panhandle along the Gulf of Mexico

to Mississippi. Drainage, development,
and harvest without regeneration

have reduced Atlantic white-cedar

to 10 percent of its original extent.

Much of the original community
was destroyed by European settlers
who cleared land for agriculture.
Today, white-cedar swamps are
restricted to inaccessible freshwater
wetlands in small, isolated stands.
Road construction and the damming
of waterways continue to diminish
this habitat, as does suburban en-
croachment, industrial runoff,
and pollution.

Atlantic white-cedar swamps are
unigue communities adapted to
variable hydrological regimes, fire,
and peat soils. This community type
often represents some of the only forest
in regions of intense agricultural and
urban development. Atlantic white-
cedar areas provide habitat for many
species, including black bear, deer,
rabbits, and other fauna. The diversity
of bird species is relatively high in
Atlantic white-cedar swamps, com-
pared to adjacent areas. The Hessel’s
hairstreak is a butterfly that feeds
exclusively on Atlantic white-cedar.

During restoration, these stands
require frequent, light fires in the
dry season. Fire removes competitive
vegetation and clears the seedbed
for regeneration.

Hard and Soft Mast

Southern species that produce
mast—Mast refers to specific kinds
of fruits of woody species. Hard
mast possesses a hard exterior, as
in acorns, while soft mast has fleshy
fruits, as in berries. Both forms of mast
are important in the diets of southern
wildlife. Many southern woody plants
produce mast (table 1.11). Mast yields
are unpredictable from one year to the
next and vary according to species,
location, and weather.

Pomes are fruits that have several
tough, papery-walled cavities that
house seed; the cavities are surrounded
by thick flesh. These fruits may be large
like apples or small like serviceberries.
Fresh pomes have a high moisture
and carbohydrate content, but are
low in crude protein (Halls 1977).

A drupe is a pulpy fruit with an inner
ovary wall that encloses a seed. Drupes
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are extensively eaten by wildlife. The
fruits tend to be low in crude protein
and high in carbohydrates; nutrient
content varies considerably among
species. Drupe producers in the South
include wild cherries, plums, hackberry,
and red mulberry (Halls 1977).

Berries are fruits with fleshy ovaries
that envelop one or more seeds. Most
species are eaten by wildlife. Fruits are
usually high in carbohydrates and low
in crude protein. Species that produce
berries include persimmon, blueberry,
and grape.

Hard mast includes nuts and one-
seeded fruits (or kernels). Most have
concentrations of crude fat, and some
also are relatively high in crude protein
(Halls 1977). Characteristic species
include hornbeam, hickory, beech,
walnut, black gum, and several
species of oaks.

Selected species that utilize mast
in their diet—Mast is an essential
component in the diets of many
vertebrates in the South (Combs
and Frederickson 1996, Doherty and
others 1996, Jensen 1982, Wolff 1996).
Tablel1.12 lists several mast-consuming
mammals, including mice, voles,
woodrats, rabbits, raccoons, and foxes.
Several birds also consume mast
(table 1.13) including game birds
(doves, quail, pheasant, grouse, turkey),
waterfowl (mallards, wood ducks),
woodpeckers, and songbirds (finches,
thrushes, jays, and towhees). The
relationship between mast and the
food habits of several game species,
such as deer, bear, and squirrels
has been documented extensively
(Fridell and Litvaitis 1991, Kirkpatrick
1989, Kurzejeski 1989, Pelton 1989,
Wentworth and others 1989).

Selected species that utilize mast
in their diet: white-tailed deer—
Hard mast is often an important
component of the fall and winter
diet of white-tailed deer. Nutrition,
reproduction, weight, and antler
characteristics of individual animals
are influenced by acorn availability
(Wentworth and others 1989). In
poor mast years, reproduction rates
may be low, and conception may
be delayed. Postnatal survival also
can decline following years of minimal
acorn production. Fawn weight also
can be directly related to the size
of the acorn crop.



Table 1.12—Selected mammals of the South that utilize hard

and soft mast in their diets

Scientific name

Castor canadensis
Clethrionomys gapperi
Didelphis virginiana
Glaucomys sabrinus
Glaucomys volans
Mephitis mephitis
Neotoma floridana
Neotoma mexicana
Neotoma micropus
Ochrotomys nuttalli
Odocoileus virginianus
Peromyscus attwateri
Peromyscus boylii
Peromyscus floridanus
Peromyscus gossypinus
Peromyscus leucopus
Peromyscus maniculatus
Procyon lotor

Sciurus carolinensis
Sciurus niger
Spermophilus variegatus
Sus scrofa

Sylvilagus palustris
Tamiasciurus hudsonicus
Tamias striatus

Urocyon cinereoargenteus
Ursus americanus
Vulpes vulpes

Common name

Beaver

Southern red-backed vole
Virginia opossum
Northern flying squirrel
Southern flying squirrel
Striped skunk

Eastern woodrat
Mexican woodrat
Southern plains woodrat
Golden mouse
White-tailed deer

Texas mouse

Brush mouse

Florida mouse

Cotton mouse
White-footed mouse
Deer mouse

Raccoon

Gray squirrel

Fox squirrel

Rock squirrel

Wild boar

Marsh rabbit

Red squirrel

Eastern chipmunk
Gray fox

Black bear

Red fox
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Figure 1.23—National forest and other public ownership of timberland
in the South (U.S. Department of Agriculture, Forest Service 2000a).
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Selected species that utilize
mast in their diet: black bear—
The abundance and distribution
of oak mast (particularly white oak)
also can influence black bear natality,
mortality, and dispersal. Shifts in home
range sometimes occur in response to
fluctuations in hard mast availability.
The birth and survival of young bears
can be directly associated with oak
mast crops (Pelton 1989). Poor mast
years often result in increased bear
movement, which can result in
increased mortality due to vehicular
accidents and human-bear interactions.
The loss of the American chestnut
likely had a significant influence
on the population dynamics of black
bears in the Southern Appalachians
(Pelton 1989). In addition, the reliance
on soft mast in the seasonal diet of
black bear highlights the importance
of early successional habitats in the
provision of this food source (Trani
and others 2001).

Selected species that utilize mast in
their diet: squirrels—The availability
of hard mast also can influence squirrel
populations. Poor mast crops can result
in population declines, while abundant
mast crops may result in substantial
population increases (Kurzejeski 1989).
Mast comprises the majority of the fall,
winter, and spring diets of red, gray,
and fox squirrels. Acorns, walnuts,
and hickory nuts are major food
sources for these squirrels as well
as for the eastern chipmunk.

Selected species that utilize mast
in their diet: game birds—Hard mast
provides a high-energy resource for
ruffed grouse, wild turkey, bobwhite
quail, and several waterfowl. These
species consume acorns in proportion
to their availability throughout the year;
foraging for mast requires little energy
expenditure (Kirkpatrick 1989). Red
oak acorns have an elevated phenolic
content and are less palatable than
white oak species.

Factors affecting mast supply
availability—In recent years, there
have been concerns about the decline
of mast-producing species (particularly
oaks) in the South. Chapter 16 presents
trend information from the FIA on oak
and other overstory mast-producing
trees. In addition, an examination of
oak decline in the South is presented
in chapter 18. The factors that may
have contributed to the decline, and
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Table 1.13—Selected birds of the South that utilize hard and

soft mast in their diets
Scientific name

Aix sponsa

Anas platyrhynchos
Anas strepera
Aphelocoma coerulescens
Bombycilla cedrorum
Carpodacus purpureus
Catharus guttatus
Certhia americana
Colaptes auratus
Colinus virginianus
Columba fasciata
Columba flavirostris
Corvus brachyrhynchos
Cyanocitta cristata
Cyanocitta stelleri
Ixoreus naevius
Melanerpes carolinus
Melanerpes erythrocephalus
Melanerpes formicivorus
Meleagris gallopavo
Mimus polyglottos
Parus bicolor

Parus inornatus
Phasianus colchicus
Pheucticus ludovicianus
Philohela minor
Picoides pubescens
Picoides villosus

Pipilo erythrophthalmus
Quiscalus quiscula

Sitta carolinensis
Sphyrapicus varius
Sturnus vulgaris
Toxostoma rufum
Tympanuchus cupido
Zenaidia macrocroura

the subsequent reduction in hard mast
production, are briefly mentioned here.

Many variables, including disease,
insect infestation, advanced stand

age, drought, and disturbance influence

oak forests. Mature oaks are quite
susceptible to disease and drought
conditions. As these forests age,

tree vigor is reduced. They become
susceptible to windthrow and ice
storms. Longevity varies by species
and site characteristics. Lack of natural
disturbance is another factor. Fire
suppression has resulted in an increase
in other species in former oak-
dominated areas.

Common name

Wood duck

Mallard

Gadwell

Scrub jay

Cedar waxwing

Purple finch

Hermit thrush

Brown creeper
Northern flicker
Bobwhite quail
Band-tailed pigeon
Red-billed pigeon
American crow

Blue jay

Stellar’s jay

Varied thrush
Red-bellied woodpecker
Red-headed woodpecker
Acorn woodpecker
Wild turkey

Northern mockingbird
Tufted titmouse

Plain titmouse
Ring-necked pheasant
Rose-breasted grosbeak
American woodcock
Downy woodpecker
Hairy woodpecker
Rufous-sided towhee
Common grackle
White-breasted nuthatch
Yellow-bellied sapsucker
Starling

Brown thrasher

Greater prairie chicken
Mourning dove

Chestnut blight had a dramatic
influence on the American chestnut
(chapter 18). Chestnut oaks, which
replaced chestnuts in many places,
are an important source of hard mast
for wildlife populations. Gypsy moth

infestations on the poor sites occupied

by chestnut oaks often inhibit oak
regeneration. Infested trees have

a reduced capability for stump
sprouting, and their acorns lack

the energy reserves to remain viable.
Repeated defoliation kills many oaks.
When this happens, yellow-poplar
often captures the site.
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Contribution of
Public Lands

Extent of public lands in the
South—Public land comprises
approximately 11 percent of timber-
land in the South (chapter 16). The
distribution of public land between
States varies considerably (fig. 1.23).
For example, national forests
occupy 3 percent of the timberland
in Alabama and Georgia but 13
percent of the timberland in Arkansas
(U.S. Department of Agriculture,
Forest Service 2000a).

FIA data indicate that 4 million acres
of timberland are managed by States,
1 million acres by counties and
municipalities, and 16 million acres
by Federal agencies (U.S. Department
of Agriculture, Forest Service 2000a).
State land is contained in State parks,
wildlife management areas, State for-
ests, and State natural resource areas.
Counties and municipalities hold land
in local parks and recreation areas,
many of which contribute importantly
to the conservation of habitat.

The primary Federal land
management agencies in the South are
the USDA Forest Service, the National
Park Service, and the U.S. Fish and
Wildlife Service (fig. 1.24). Federal land
is concentrated in the Appalachian and
Ozark Mountains, with less land in the
Piedmont and Coastal Plain. The Forest
Service manages approximately 60
percent of the southern Blue Ridge,
the eastern edge of the Appalachian
Mountain chain. In contrast, less than
one-tenth of the mid-Atlantic Coastal
Plain is under Federal management.

National parks and the National
Park Service—The idea of preserving
Federal land in national parks is rooted
in the conservation movement of the
late 1800s. Created in 1916, the
mission of National Park Service was
to conserve scenic, natural, and historic
resources (Loomis 1993). Congress
precluded timber harvesting, mining,
and livestock grazing.

In the 1960s, the Leopold Report
shifted this preservation philosophy
towards ecological management
(Loomis 1993). Parks were managed
to restore a more natural appearance,
and visitor development was directed
to areas outside the parks. Park policies
allowed fire as a management tool for
maintaining the park environment.
Recreational activities were limited
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Figure 1.24—The distribution of national forests, national parks,
and national willife refuges in the South (White and others 1998).

based upon soil and vegetation
characteristics, concerns about water
quality, and sensitivity of wildlife

to human presence. Still, on National
Park Service land there is ongoing
conflict between preserving the natural
environment and providing for

visitor use.

The Agency’s current mandate is to
perpetuate native plant communities;
manipulation of vegetation is kept
to a minimum. Species management
objectives include the provision of
self-regulating populations. Impacts
on animal populations are avoided
with restrictions on the removal
of individual animals.

In 2000, the National Park
Service managed 97 properties in
the South totaling over 5 million

acres (table 1.14). These properties
are in seven different designations,
each of which is managed with differ-
ent objectives. National parks contain
outstanding natural features and
generally are of a sufficient size

to ensure protection from outside
influences. National preserves also
protect selected natural features, but
allow uses such as hunting or mining
if they do not impair the resources

of the preserve. National seashores
protect water-related areas of natural
significance that occur on the Atlantic
and Gulf coasts. National recreation
areas emphasize recreational use.
Recreational areas also may exist on
national forests. National parkways
protect scenic resources along travel
corridors such as the Blue Ridge
Parkway. National monuments

and national historic sites (including
national battlefields) are established
to commemorate historical events
(Loomis 1993).

The following area accounts describe
selected National Park Service proper-
ties that provide valuable habitat for
a variety of species in the South. Many
areas contain impressive vertebrate
diversity or provide examples of
applied conservation biology. Property
information is summarized from
U.S. Department of the Interior,

Park Service (2000).

National parks and the National
Park Service: Buffalo National River,
AR—The Buffalo River is one of the
few remaining unpolluted, free-flowing
rivers in the South. Stretching 135
miles, the Buffalo River cuts its way
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Table 1.14—National Park Service national parks and monuments in the South

National Park Service property

Alabama
National Parks
Horseshoe Bend National Military Park
Little River Canyon National Preserve
Tuskegee Airman National Historic Site (Private)
Tuskegee Institute National Historic Site
National Monuments
Russell Cave National Monument

Total

Arkansas
National Parks
Arkansas Post National Memorial
Buffalo National River
Fort Smith National Historic Site
Hot Springs National Park
Little Rock Central HS National Historic Site
Pea Ridge National Military Park

Total

Florida
National Parks
Big Cypress National Preserve
Biscayne National Park
Canaveral National Seashore
De Soto National Memorial
Dry Tortugas National Park
Everglades National Park
Gulf Islands National Seashore
Timucuan Ecological and Historic Preserve
National Monuments
Castillo de San Marcos National Monument
Fort Caroline National Memorial
Fort Matanzas National Monument

Total

Georgia

National Parks
Andersonville National Historic Site
Chattahoochee River National Recreation Area
Chickamouga and Chattanooga National Military Park
Cumberland Island National Seashore
Jimmy Carter National Historic Site
Kennesaw Mountain National Battlefield Park
Martin Luther King, Jr. National Historic Site

National Monuments
Fort Frederica National Monument
Fort Pulaski National Monument
Ocmulgee National Monument

Total

Total acres

2,040
13,633
87

58

310
16,128

749
94,328
75
5,549
18
4,300

105,019

720,573
172,924
57,662
27

64,700
1,508,607
135,607
46,000

21
138
228

2,706,487

495
9,206
8,119

36,415
71
2,884
34

241
5,623
702

63,790

continued
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through massive limestone bluffs in
the Ozark Mountains. The Buffalo
National River has three designated
wilderness areas within its boundaries.

Ninety-five thousand acres furnish
habitat for 250 species of birds and
a variety of animals. It also contains
70 mines that provide important habitat
for gray, Indiana, and Ozark big-eared
bats. The Buffalo National River also
is along the migration route of the
federally listed Eskimo curlew.

National parks and the National
Park Service: Mammoth Cave
National Park, KY—This park was
established in 1941 to preserve one
of the longest known cave systems
(336 miles) in the Nation. The park
also was designated as a World Heritage
Site in 1981 and an International
Biosphere Reserve in 1990.

The park’s 52,830 acres support a
variety of plants and animals including
several bat species of conservation
concern: southeastern bat, Rafinesque’s
big-eared bat, and eastern small-footed
bat. There are several State-listed
reptiles, including the northern coal
skink, glass lizard, and the northern
pine snake. Among the 872 flowering
species that have been confirmed are
21 listed plants.

National parks and the National
Park Service: Congaree Swamp
National Monument, SC—This
monument was established to protect
the largest remaining tract of virgin
bottomland hardwood wetlands in
the South. The monument is an inter-
national biosphere reserve, a national
natural landmark, a wilderness area,
and a continentally important bird area.

Biodiversity is very high within the
Congaree’s 22,000 acres. Amphibians
that thrive in the deep floodplain
sloughs include the marbled sala-
mander, the eastern newt, the southern
dusky salamander, and the greater
siren. Frogs include the southern
leopard frog and the chorus frog.

One hundred seventy-three species

of birds occur in the monument,
including several of conservation
concern. Among these are the barred
owl, pileated woodpecker, and
Swainson’s warbler. At different seasons
of the year, prothonotory warblers,
Mississippi kites, and herons use the
refuge. In addition, Congaree Swamp
supports important sites for the silver-
haired bat, hoary bat, Brazilian
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free-tailed bat, Rafinesque’s big-
eared bat, and southeastern bat.

Feral hogs in the park are placing
this unique resource at risk. Wetland
communities are subject to severe
damage from hog rooting and
other behavior.

National parks and the National
Park Service: Great Smoky
Mountains National Park, NC, TN—
The Great Smoky Mountains National
Park is one of the largest protected
areas in the South (521,621 acres) and
is World-renowned for the diversity
of its plant and animal resources and
the integrity of the wilderness within
its boundaries. Established as a national
park in 1934, it was designated as an
International Biosphere Reserve in 1976
and a World Heritage Site in 1983.

The park protects some of the World'’s
finest temperate deciduous forests.
Due to the fertile soil and abundant
rain, this area boasts 1,650 species of
flowers and trees, 50 mammal species,
and 27 salamander species. Migrating
birds abound in late spring.

Existing and impending threats in the
park include invasion by exotic species,
air pollution, and forest diseases. Since
fire suppression was initiated in the
1930s, oak regeneration has been
minimal at some sites with adverse
consequences for mast-utilizing species.

National parks and the National
Park Service: Big Thicket National
Preserve, TX—Big Thicket was the
first preserve in the National Park
System to protect an area of rich
biological diversity. Established in
1974, it also was designated as an
International Biosphere Reserve. The
preserve consists of nine land units
and six water corridors encompassing
more than 97,191 acres. The Big
Thicket is rich in biological resources
and contains swamps, bayous, pine
savanna, sandhills, plains, and desert.

National parks and the National
Park Service: Shenandoah National
Park, VA—This park extends along the
Blue Ridge Mountains, encompassing
over 198,000 acres. The oak-hickory
forest is inhabited by deer, black bear,
bobcat, and wild turkey. Species such
as the chipmunk, groundhog, raccoon,
skunk, opossum, and gray squirrel are
frequently detected. Approximately 200
species of birds have been recorded,
including flycatchers, thrushes, vireos,
35 species of warblers, and migrating
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Table 1.14—National Park Service national parks and monuments in the
South (continued)

National Park Service property Total acres
Kentucky
National Parks
Abraham Lincoln Birthplace National Historic Site 337
Cumberland Gap National Historic Park 20,454
Mammoth Cave National Park 52,830
Total 73,621
Louisiana
National Parks
Cane River Creole National Historic Park 207
Jean Lafitte National Historic Park and Preserve 20,020
New Orleans Jazz National Historic Park 4
National Monuments
Poverty Point National Monument 911
Total 21,142
Mississippi
National Parks
Brices Cross Roads National Battlefield Site 1
Gulf Islands National Seashore 135,458
Natchez National Historic Park 108
Natchez Trace National Scenic Trail 10,995
Natchez Trace Parkway 51,747
Tupelo National Battlefield 1
Vicksburg National Military Park 1,736
Total 200,046

North Carolina
National Parks

Blue Ridge Parkway?® 88,734
Cape Hatteras National Seashore 30,319
Cape Lookout National Seashore 28,243
Carl Sandburg Home National Historic Site 264
Fort Raleigh National Historic Site 513
Guilford Courthouse National Military Park 220
Moores Creek National Battlefield 88
Wright Brothers National Memorial 428

Total 148,809

Oklahoma
National Parks

Chickasaw National Recreation Area 9,889
Oklahoma City National Memorial 6
Washita Battlefield National Historic Site 315

Total 10,210

South Carolina
National Parks

Charles Pinckney National Historic Site 28
Cowpens National Battlefield 842
Kings Mountain National Miliary Park 3,945
Ninety Six National Historic Site 989

continued

# Property is in two or more States.
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Table 1.14—National Park Service national Parks and monuments in the

South (continued)
National Park Service property

South Carolina (cont.)
National Monuments
Congaree Swamp National Monument
Fort Sumter National Monument

Total

Tennessee
National Parks
Andrew Johnson National Historic Site
Big South Fork National River and Recreation Area
Fort Donelson National Battlefield
Great Smoky Mountains National Park?
Obed Wild and Scenic River
Shiloh National Military Park
Stones River National Battlefield

Total

Texas

National Parks
Amistad National Recreation Area
Big Bend National Park
Big Thicket National Preserve
Chamizal National Memorial
Fort Davis National Historic Site
Guadalupe Mountains National Park
Lake Meredith National Recreation Area
Lyndon B. Johnson National Historic Park
Padre Island National Seashore
Palo Alto Battlefield National Historic Site
Rio Grande Wild and Scenic River
San Antonio Missions National Historic Park

National Monuments
Alibates Flint Quarries National Monument

Total
Virginia

National Parks
Appomattox Court House National Historic Park
Arlington House, The Robert E. Lee Memorial
Colonial National Historic Park
Fredericksburg National Military Park
George Washington Memorial Parkway
Maggie L. Walker National Historic Site
Petersburg National Battlefield
Manassas National Battlefield Park
Prince William Forest Park
Richmond National Battlefield Park
Shenandoah National Park
Wolf Trap Farm Park for the Performing Arts

National Monument
Booker T. Washington National Monument
George Washington Birthplace National Monument

Total
Grand total

# Property is in two or more States.
Source: U.S. Department of Interior 2000a.

Total acres

21,867
195

27,866

17
125,242
552
521,621
5,173
3,997
708

657,310

58,500
801,163
97,191
55

474
86,416
44,978
1,570
130,434
3,357
9,600
819

1,371
1,235,928

1,775
28
9,349
7,787
7,248
1
2,659
5,212
18,661
1,078
198,182
130

224

550
252,884
5,519,240
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hawks. Permanent residents include
ruffed grouse, barred owl, raven,
woodpeckers, and junco. The park also
supports several salamander species
and two poisonous snakes, the timber
rattlesnake and the copperhead snake.

The hemlock woolly adelgid, an
exotic insect, currently jeopardizes
the eastern hemlocks in the park. First
detected 10 years ago, the adelgid is
an aphid-like insect that sucks sap from
branches of the hemlock. The tree loses
strength and sheds its needles, and
often does not survive (chapter 17).

National parks and the National
Park Service: Blue Ridge Parkway,
NC, VA—The Blue Ridge Parkway
consists of 469 miles of road and
protects the natural features of the
Blue Ridge while connecting the
Shenandoah National Park with the
Great Smoky Mountains. The parkway
encompasses 88,734 acres.

The parkway supports several species
of rare plants and animals. Some
of these, such as the Peaks of Otter
salamander and the Blue Ridge
goldenrod, do not occur in other
southern areas. Ponds and wetlands
near the parkway provide essential
habitat for amphibians, reptiles,
mammals, and birds.

Many Neotropical migrant species
return to the parkway each spring.
These include the scarlet tanager, veery,
wood thrush, and Kentucky warbler.
The autumn hawk migration also
occurs along the Blue Ridge Parkway.
Raptors recorded include the American
kestrel, red-tailed hawk, sharp-shinned
hawk, broad-winged hawk, golden
eagle, and peregrine falcon.

National wildlife refuges and
the Fish and Wildlife Service—
A network of lands set aside for wildlife
began in 1903 with the designation
of Pelican Island, FL, as the first
National Wildlife Refuge. The Fish
and Wildlife Service has responsibility
for the Refuge System. Refuge
objectives include the provision and
enhancement of habitat, perpetuation
of migratory bird resources, preserva-
tion of natural diversity, and restoration
of endangered and threatened species.

Land is acquired for game refuges,
waterfowl production areas, and other
reasons. Many refuges were created
under the authority of the Endangered
Species Act, providing anchors for
biodiversity and ecosystem-level
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conservation. These areas have been
instrumental in the recovery of several
species including the whooping crane,
Key deer, and American crocodile.

The Migratory Bird Conservation
Act of 1929 directed the Agency to
purchase areas as refuges for migratory
birds. In 1934, the Duck Stamp
program established permanent funds
for the acquisition of waterfowl
habitats. The system has an outstanding
record for the successful management
of these species. The emphasis on
migratory birds has now expanded
to include colonial water birds,
birds of prey, shorebirds, seabirds,
and songbirds.

The earliest form of management
consisted of law enforcement and
periodic counts of wildlife. As the
system expanded, there was an evolu-
tion from habitat management for a
few species to ecosystem management.
For example, planting vegetation for
ducks evolved to planting an array
of native grasses and forbs to rebuild
prairie diversity. Prescribed fire was
incorporated to reduce hazardous
fuel loads and restore vegetation
communities. Management has been
altered to mimic natural disturbance for
maintenance of a diversity of habitats.

One hundred seventy-two refuges
spread across the South encompass
approximately 4 million acres (table
1.15). The greatest concentration
of wildlife refuges is in Florida and
along the Mississippi and Atlantic
flyways. Hundreds of species of birds,
mammals, reptiles, and amphibians
are supported by the diversity of
habitats in the Wildlife Refuge System.
Several of these properties are discussed
in greater detail in the following
section. Information on species and
communities are summarized from
U.S. Department of the Interior,

Fish and Wildlife Service (2000).

National wildlife refuges and the
Fish and Wildlife Service: Florida
Panther National Wildlife Refuge—
This refuge supports a variety of
habitats, including cypress forests,
swamps, pine forests, hardwood
hammocks, prairies, marshes, and
sloughs. Permanent and seasonal
wetlands cover a majority of the
refuge area (26,529 acres). The refuge
is closed to the public to minimize
disturbance to the Florida panther
population that occurs there.

Refuge

Alabama

Blowing Wind Cave
Bon Secur
Choctaw

Eufaula

Fern Cave

Grand Bay

Key Cave
Watercress Darter
Wheeler

FSA Interest AL?

Total

Arkansas

Bald Knob
Big Lake
Cache River
Felsenthal
Holla Bend
Logan Cave
Overflow
Pond Creek
Wapanocca
White River
FSA Interest AR?

Total

Florida

Archie Carr
Arthur R. Marshall
Caloosahatchee
Cedar Keys
Chassahowitzka
Crocodile Lake
Crystal River
Egmont Key
Florida Panther
Great White Heron
Hobe Sound
Island Bay

J.N. Ding Darling
Key West

Lake Wales Ridge
Lake Woodruff
Lower Suwannee
Matlacha Pass
Merritt Island
National Key Deer
Okefenokee
Passage Key
Pelican Island
Pine Island
Pinellas

St. Johns

St. Marks
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Total
acres

264
6,678
4,218
7,953

199
2,496
1,060

9
34,247
743

57,867

14,760
11,036
45,232
64,902
6,428
124
12,235
26,816
5,484
154,856
3,459

345,332

127
145,787
40

891
30,843
6,688
80

328
26,529
192,584
980

20
6,315
208,308
1,814
21,559
51,031
393
139,174
8,614
3,678
64
4,824
602

394
6,256
67,122

Table 1.15—U.S. Fish and Wildlife Service refuges within the South

Refuge

Florida (cont.)

St. Vincent

Ten Thousand Islands

FSA Interest FL?
Total

Georgia

Banks Lake
Blackbeard Island
Bond Swamp
Eufaula

Harris Neck
Okefenokee
Piedmont
Savannah
Wassaw

Wolf Island

FSA Interest GA®

Total

Kentucky

Clarks River
Ohio River Islands
Reelfoot

Total

Louisiana

Atchafalaya
Bayou Cocodrie
Bayou Sauvage
Big Branch Marsh
Black Bayou Lake
Bogue Chitto
Breton

Cameron Prairie
Catahoula
D’Arbonne
Delta

Grande Cote
Handy Brake
Lacassine

Lake Ophelia
Mandalay
Sabine

Shell Keys
Tensas River
Upper Quachita
FSA Interest LA

Total

Mississippi

Bogue Chitto
Dahomey
Grand Bay
Hillside
Mathews Brake

Total
acres

12,490
35,034
3,124

975,693

3,559
5,618
5,490
3,231
2,762
391,402
34,967
12,011
10,070
5,126
4,778

479,014

5,017
410
2,040

7,467

15,255
13,169
22,261
12,642
1,861
29,493
9,047
9,621
6,545
17,420
48,799
6,077
466
34,379
17,306
4,619
140,717
8
65,746
41,063
14,026

510,520

6,808
9,167
5,120
18,678
2,419

continued
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Table 1.15—U.S. Fish and Wildlife Service refuges within the

South (continued)

Refuge

Mississippi (cont.)

Mississippi Sandhill Crane

Morgan Brake
Noxubee

Panther Swamp

St. Catherine Creek
Tallahatchie

Yazoo

FSA Interest MS?

Total

North Carolina
Alligator River
Cedar Island
Currituck

Great Dismal Swamp

Mackay Island
Mattamuskeet
Pea Island

Pee Dee

Pocosin Lakes
Roanoke River
Swanquarter
FSA Interest NC?

Total

Oklahoma
Deep Fork
Little River
Optima
Ozark Plateau
Salt Plains
Sequoyah
Tishomingo
Washita
Wichita Mountains

Total

Puerto Rico
Cabo Rojo
Culebra
Desecheo
Laguna Cartagena

Total

South Carolina
ACE Basin
Cape Romain
Carolina Sandhills
Pinckney Island
Santee
Savannah
Tybee
Waccamaw
FSA Interest SC?

Total

4Farm Service Agency.

Total
acres

19,713

7,372
46,914
35,272
24,931

4,839
12,940
29,326

223,499

156,125
14,482
4,317
24,812
7,150
50,180
5,834
8,439
108,692
17,977
16,411
6,175

420,594

8,387
12,029
4,333
2,858
32,057
20,800
16,464
8,075
59,020

164,023

1,857
1,574

360
1,036

4,827

11,772
65,225
45,348
4,053
12,483
14,839
100
4,978
1,430

160,228

Source: U.S. Department of the Interior 2000b.

Refuge

Tennessee
Chickasaw
Cross Creeks
Hathcie
Lake Isom
Lower Hatchie
Reelfoot
Tennessee
FSA Interest TN?

Total
Texas

Anahuac
Aransas

Attwater Prairie Chicken
Balcones Canyonlands

Big Boggy
Brazoria

Buffalo Lake
Grulla
Hagerman
Laguna Atascosa
Little Sandy

Lower Rio Grande Valley

McFaddin

Moody

Muleshoe

San Bernard

Santa Ana

Texas Point

Trinity Point

FSA Interest TX?
Total

Virginia

Back Bay

Chincoteague

Eastern Shore

Featherstone

Fisherman Island

Great Dismal Swamp

James River
Mackay Island
Martin

Mason Neck
Nansemond
Occoquan Bay
Plum Tree Island
Presquile

Rappahannock River

Wallops Island
FSA Interest VA?

Total
Virgin Islands
Buck Island

Green Cay
Sandy Point

Total
Grand total

Total
acres

22,376
8,861
11,556
1,846
9,353
8,409
Sl Elee)
685

114,445

34,296
114,397
9,199
16,481
4,526
43,905
7,664
5
11,320
57,826
3,802
77,695
56,181
3,517
5,809
30,267
2,088
8,952
6,801
1,718

496,449

8,315
13,598
1,570
326
1,025
83,944
4,195
874
146
2,276
423
642
3,502
1,329
2,975
3,373
134

128,647

45
14
490

549
4,089,154
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There are several listed species on
the refuge. Mammals include the
Florida panther and Florida black bear.
Avian species include the wood stork,
snail kite, bald eagle, and Florida
grasshopper sparrow. The American
alligator, eastern indigo snake, striped
mud turtle, and loggerhead sea turtle
are reptiles of conservation concern.

Habitat management objectives center
on the provision of optimum conditions
for the panther. Other objectives
include restoration of natural diversity
and implementation of environmental
education programs promoting Florida
panther and south Florida ecosystems.

National wildlife refuges and the
Fish and Wildlife Service: St. Vincent
National Wildlife Refuge, FL—This
12,490-acre island refuge is a red wolf
propagation site. Additional endangered
and threatened species that occur on St.
Vincent Island include the bald eagle,
piping plover, wood stork, eastern
indigo snake, and loggerhead sea turtle.

The primary refuge objective is
management and preservation of the
natural barrier island and associated
native plant and animal communities.
Additional management objectives
include the provision of habitat
for migratory birds and protection
of listed species.

National wildlife refuges and
the Fish and Wildlife Service:
Okefenokee National Wildlife
Refuge, GA—Established in 1936,
the Okefenokee Refuge covers 391,402
acres. The swamp contains numerous
islands and lakes, along with vast areas
of nonforested terrain. Prairies cover
approximately 60,000 acres of the
swamp. Once forested, these marsh
expanses were created during periods
of severe drought when fires burned
vegetation and surface layers of peat.

A wide variety of bird species are
supported. The prairies harbor wading
birds, including herons, egrets, white
ibis, sandhill cranes, wood storks, and
bitterns. Scrub-shrub areas support
various warblers.

Refuge objectives encompass
protection of the unique environmental
qualities of the Okefenokee ecosystem,
and the provision of optimum habitat
for a wide diversity of fish, birds,
mammals, reptiles, and amphibians.
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National wildlife refuges and the
Fish and Wildlife Service: Tensas
River National Wildlife Refuge, LA—
This refuge lies in the upper basin
of the Tensas River in northeastern
Louisiana. It includes the site of the
last documented sighting of the ivory-
billed woodpecker. The refuge supports
65,746 acres of woodlands, croplands,
reforested agricultural fields, and open
water. The area also is home to the
threatened Louisiana black bear.

Management objectives include water
management for waterfowl, wading
birds, and shorebirds. Cooperative
farming provides habitat for migratory
birds and bear. Deer are managed
via public hunting.

National wildlife refuges and the
Fish and Wildlife Service: Alligator
River National Wildlife Refuge,
NC—This 156,125-acre refuge was
established to preserve a unique
wetland habitat type, the pocosin,
and its associated terrestrial species.
Diversity of habitat types includes
bogs, freshwater and brackish marshes,
hardwood swamps, and Atlantic white-
cedar swamps. Plant species include
pitcher plants, sun dews, low-bush
cranberries, bays, pond pine, red
maple, and a wide variety of herbaceous
and shrub species common to
the South.

Refuge objectives center on the
preservation of the unique wetland
and the provision of habitat for the
red wolf, red-cockaded woodpecker,
American alligator, black bear,
waterfowl, and migratory birds.

National wildlife refuges and
the Fish and Wildlife Service:
Mississippi Sandhill Crane National
Wildlife Refuge, MS—This refuge
occupies 19,713 acres of pine-savanna
habitat interspersed with cypress,
rivers, and marsh on the Coastal Plain
of Mississippi. Water bodies such
as Perigal Bayou, Old Fort Bayou,
and BIuff Creek flow through various
units of the refuge. Approximately
100 endangered sandhill cranes inhabit
the refuge.

Refuge objectives center on the
provision of habitat for the sandhill
cranes and protection of the diverse
savanna communities used by cranes.
Crane management includes population
monitoring, captive bird release,
predator control, and law enforcement.
Habitat restoration is accomplished
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via prescribed burning, vegetation
manipulation, and noxious
weed control.

National wildlife refuges and the
Fish and Wildlife Service: White
River National Wildlife Refuge, AR—
Established in 1935, the White River
Refuge contains the largest contiguous
block of bottomland hardwood forest
under a single ownership in the South.

White River supports one of the
largest concentrations of wintering
mallard ducks in the Mississippi
flyway on its 154,856 acres. Numerous
species of wading birds, shorebirds,
geese, neotropical migrants, and
raptors (including the bald eagle)
also inhabit the area.

Refuge objectives center on the
provision of optimum habitat for
migratory bird and resident species,
and support for a diversity of species
common to the White River bottoms.

National forests and the Forest
Service—The USDA Forest Service was
established in 1905 to provide quality
water and timber for the Nation. In
the subsequent years, the Forest Service
embodied the concept of multiple
uses. Multiple uses refer to resource
management that benefits a variety
of purposes while ensuring the
productivity and quality of the
environment. Benefits include the
provision of water, forage, wildlife,
wood, and recreation.

The Weeks Act authorized purchase
of lands for the National Forest System,
especially deforested land, which would
be reforested for watershed protection.
The Clark-McNary Act (1924) further
allowed the Agency to purchase private
land that was potentially valuable for
timberland production.

Acquisitions under the Weeks and
Clark-McNary Acts further added
area to the National Forest System.

The mission of the Forest Service
centers on four primary objectives: (1)
protection and management of natural
resources on National Forest System
land; (2) research on forests and forest
resource utilization; (3) assistance
to State and local governments, forest
industry, and private landowners for
land management; and (4) international
assistance for the management of forest
resources (Loomis 1993). The Forest
Service has recently issued policies
for preservation of old growth and
maintenance of biological diversity.

National forests are found in 13
Southern States, Puerto Rico, and the
Virgin Islands (table 1.16). Over 15
million acres in the South are managed
by the Forest Service. National forest
ownership ranges from 27,831 acres
in Puerto Rico to 2,586,074 acres in
Arkansas. In addition to Arkansas,
the greatest concentrations of national
forest are in Virginia (1,660,428 acres),
Mississippi (1,158,967 acres), and
Florida (1,152,824 acres). Hundreds
of animals and plants are supported
by the diversity of habitats in the
National Forest System.

National forests and the Forest
Service: roadless areas—Roadless
areas comprise nearly 1 million acres
of the southern national forests (table
1.17). Substantial acreages with this
designation are in Virginia (394,000
acres) and North Carolina (172,000
acres). Roadless areas have a range
of habitat types and successional
seres. Habitat tends to be contiguous,
providing refuge from human
disturbance that can disrupt species
movement and reproduction.

These areas possess ecological
characteristics that are rare in
developed landscapes, such as
large, relatively undisturbed blocks
of habitat (U.S. Department of
Agriculture, Forest Service 2000b).
Invasion of exotic species, erosion,
sedimentation, and disruption of water
flow are often less likely in roadless
than in roaded areas. Species richness
may be improved in roadless areas that
are large enough to offer a mosaic of
habitat patches in various successional
stages following disturbance.

National forests and the Forest
Service: wilderness areas—
Wilderness areas cover 698,513 acres
in the South (table 1.18). Arkansas
(116,937 acres), Georgia (114,789
acres), and North Carolina (103,226
acres) have the largest amounts
of wilderness in the South (U.S.
Department of Agriculture, Forest
Service 2000c). The Wilderness Act
requires that these areas retain their
primeval character without permanent
developments or human habitation.
Roads, timber harvesting, and
motorized access are prohibited, but
hunting and fishing are permitted.

One objective of managing wilderness
is to preserve naturally functioning
ecosystems. Relatively large blocks
of undisturbed habitat are rare in
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Table 1.16—National forest location and acreage in the South

Gross NFS Other
Location acreage acreage acreage
Alabama
Conecuh NF 171,177 83,858 87,319
Talladega NF 740,334 389,328 351,006
Tuskegee NF 15,628 11,252 4,376
William B. Bankhead NF 348,917 180,548 168,369
Talladega PU 11,706 0 11,706
Pea River LUP 40 40 0
State total 1,287,802 665,026 662,776
Arkansas
Ouachita NF? 2,004,231 1,423,459 580,772
Ozark NF 1,496,999 1,136,709 360,290
St. Francis NF 29,729 21,201 8,528
Quachita PU 1,442 1,442 0
Ozark PU 7,115 3,263 3,852
State total 3,539,516 2,586,074 953,442
Florida
Apalachicola NF 632,890 565,543 67,347
Chotawhatchee NF 1,152 1,152 0
Ocala NF 430,441 383,573 46,868
Oscala NF 190,932 158,255 32,677
Nekoosa PU 674 223 451
Pinhook PU 171,182 40,025 131,157
Tates Hell-New River 6,863 4,053 2,810
State total 1,434,134 1,152,824 281,310
Georgia
Chattahoochee NF 1,515,885 749,352 766,533
Oconee NF 260,883 115,231 145,652
Chattahoochee PU 69,302 195 69,107
Ocmulgee PU 10,000 250 9,750
Yonah PU 46 46 0
Forestry Sci. Lab. EA 4 4 0
State total 1,856,120 865,078 991,042
Kentucky
Daniel Boone NF 1,360,692 547,686 813,006
Jefferson NF? 54,614 961 53,653
Land between the Lakes 170,310 170,310 0
Redbird PU 686,399 145,099 541,300
State total 2,272,015 864,056 1,407,959
Louisiana
Kisatchie NF 1,022,373 603,230 419,143
Bayou Beouf PU 2,264 980 1,284
State total 1,024,637 604,210 420,427
Mississippi
Bienville NF 382,821 178,542 204,279
De Soto NF 796,072 506,028 290,044
Delta NF 118,150 60,015 58,135
Holly Springs NF 519,943 155,661 364,282
Lyndon B. Johnson NGL 115,438 20,309 95,129

continued
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Table 1.16—National forest location and acreage in the South (continued)

Gross NFS Other
Location acreage acreage acreage
Mississippi (cont.)
Homochitto NF 373,497 191,505 181,992
Holly Springs NF 119,155 66,874 52,281
De Soto PU 240 240 0
Homochitto PU 67 67 0
Forest Hydro. Lab. EA 15 15 0
Forestry Sci. Lab. EA
(state college) 7 7 0
Forestry Sci. Lab. EA (Gulfport) 10 10 0
Southern Hardwoods Lab EA 3 3 0
State total 2,309,980 1,158,967 1,151,013
North Carolina
Cherokee NF? 327 327 0
Croatan NF 308,234 159,886 148,348
Nantahala NF 1,349,000 527,709 821,291
Pisgah NF 1,076,511 505,420 571,091
Uwharrie NF 219,757 50,189 169,568
Nantahala PU 17,027 737 16,290
Yadkin PU 194,496 0 194,496
Forestry Sci. Lab. EA 27 27 0
State total 3,165,379 1,244,295 1,921,084
Oklahoma
Ouachita NF? 723,552 350,845 372,707
Black Kettle NGL 32,537 30,710 1,827
Rita Blanca NGL 15,816 15,576 240
State total 771,905 397,131 374,774
Puerto Rico
Caribbean NF 55,665 27,831 27,834
State total 55,665 27,831 27,834
South Carolina
Francis Marion NF 414,699 252,288 162,411
Sumter NF 960,805 360,868 599,937
Silviculture Watershed Lab EA 15 15 0
State total 1,375,519 613,171 762,348
Tennessee
Cherokee NF? 1,204,520 634,198 570,322
Cherokee PU 7,712 325 7,387
Land between the Lakes 63,852 63,852 0
State total 1,276,084 698,375 577,709
Texas
Angelina NF 402,231 153,180 249,051
Davy Crockett NF 394,200 160,652 233,548
Sabine NF 442,705 160,656 282,049
Sam Houston NF 491,800 162,996 328,804
Black Kettle NGL 576 576 0
Caddo NGL 68,661 17,873 50,788
Lyndon B. Johnson NGL 115,438 20,309 95,129

continued
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Table 1.16—National forest location and acreage in the South (continued)

Location

Texas (cont.)
McClellan Creek NGL
Rita Blanca NGL

State total
Virginia
George Washington NF?
Jefferson NF?

Jefferson PU
Kimberling Creek PU

State total

Grand total

PU = purchase unit; LUP = land utilization project; EA = experimental area; NGL = national grassland.

Property is in two or more States.
Source: U.S. Department of Agriculture 2000a.

Table 1.17—Summary of
inventoried roadless areas

in the South
Total

State acreage
Alabama 13,000
Arkansas 95,000
Florida 50,000
Georgia 63,000
Kentucky 3,000
Louisiana 7,000
Mississippi 3,000
North Carolina 172,000
Oklahoma 13,000
South Carolina 8,000
Tennessee 85,000
Texas 4,000
Virginia 394,000

Total 910,000

Source: U.S. Department of Agriculture 2000c.

the South. These are of particular
importance to mammals that have large
home ranges. Importantly, wilderness
contributes to understanding

wildlife in an unmanaged setting.

Implications of Habitat
Fragmentation on
Vertebrate Species

This section reviews the literature on
habitat fragmentation and the resulting
influence on the species that inhabit
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Gross NFS Other
acreage acreage acreage

1,449 1,449 0

77,413 77,413 0

1,994,473 755,104 1,239,369

1,635,565 960,133 675,432

1,586,343 700,268 886,075

1,145 0 1,145

271 27 244

3,223,324 1,660,428 1,562,896

28,882,907 15,644,482 13,287,425

Table 1.18—Wilderness areas in the South
NFS Other Total

State acreage acreage acreage
Alabama 32,167 80 32,247
Arkansas 116,578 359 116,937
Florida 74,495 4 74,499
Georgia 114,537 252 114,789
Kentucky 16,779 658 17,437
Louisiana 8,679 0 8,679
Mississippi 6,046 0 6,046
North Carolina 102,634 592 103,226
Oklahoma 14,543 1,425 15,968
South Carolina 16,671 0 16,671
Tennessee 66,349 40 66,389
Texas 38,483 0 38,483
Virginia 87,064 78 87,142
Total 695,025 3,488 698,513

Source: U.S. Department of Agriculture 2000a.

those landscapes. Two additional
chapters of the Assessment examine
fragmentation in the South. Chapter 6
presents an analysis of southern
locations using remotely sensed
imagery. In addition, chapter 3
examines the influence of roads and
power lines on habitat fragmentation.

The definition of fragmentation—
The term “fragmentation” is often
used to refer to the insularization of
habitat on a landscape. The change
in arrangement of existing habitats is
often accompanied by a loss of habitat

area. A landscape may cover hundreds
of square miles or a much smaller area.
The definition depends on the context
of its use and is shaped by the scale

at which ecological processes are
discussed (Trani 2002).

Fragmentation may occur when a
forested landscape is subdivided into
patches. Fragmentation may also occur
when numerous openings for such
things as fields, roads, and power lines
interrupt a continuous forest canopy.

It also can refer to discontinuities of
vegetation in the landscape. Wetland
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habitat can become fragmented when
portions are drained for urban
development, while prairie habitat

can become fragmented by agricultural
development. The resulting landscape
pattern alters habitat connectivity

and edge characteristics, influencing

a variety of species.

Factors that contribute to landscape
fragmentation—Landscape fragmen-
tation may result from natural processes
such as hurricanes, wildfires, and
floods. Landscape fragmentation may
also occur in association with land
use conversion for urban development,
agricultural use, and timber harvesting.
The ecological consequences of natural
or human-caused fragmentation differ
depending on the pattern imposed
by these factors.

Landscape modification has occurred
for thousands of years. Native inhab-
itants modified landscapes by burning
and clearing forested areas. The first
European settlers divided vast forests
into farmlands and settlements. This
trend continues today. Much of the
southern landscape is under intensive
management and is becoming an
increasingly complex mosaic of
forest, urban, and agricultural areas.

Timber harvesting may fragment
the landscape, depending on the
number, size, and arrangement of
harvest units (Trani 1996). Higher
levels of fragmentation occur when
small, numerous harvest units are
dispersed over the landscape than
when units are clustered. A dispersed
harvest scheme increases spatial
heterogeneity, patchiness, and forest
edge length. However, the changes
in pattern resulting from timber
harvest are often temporary because
the harvested area regenerates and
reverts to forest. The rate of succession
depends on the composition of the
residual stand, browsing by herbivores,
subsequent management activities,
weather, and other disturbances
(Wigley and Roberts 1994).

It is important to note that a forested
landscape supporting a mosaic of
different seral stages is not ecologically
the same as a landscape containing
isolated forested patches surrounded by
agricultural or urban areas. Each seral
stage provides habitat that varies in
suitability for a particular species as it
moves through the forested landscape.
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Roads may contribute to forest
fragmentation when their placement
divides large landscapes into smaller
patches and interior forest habitat is
converted into edge habitat. As road
density increases, the populations
of some species may become isolated
(chapter 3). Roads located along
the periphery of a landscape have the
least influence on the resulting pattern
(Trani 1996). The influence of roads
on habitat fragmentation varies with
road width and degree of permanence.
A six-lane interstate highway has a
greater effect on landscape pattern
than does a 20-foot forest road. Some
roads, such as unimproved dirt roads,
may be temporary, while others are
paved and permanent.

Influence of landscape fragmen-
tation upon terrestrial species—
Harris (1988) cited fragmentation as
the most serious threat to biological
diversity in the Nation. Area-sensitive
species requiring large tracts of habitat
may decline or be extirpated locally.
The movement of species between
patches may be inhibited. Population
persistence may be linked to the
number, size, and degree of isolation
of forest patches (Robbins and
others 1989).

Influence of landscape fragmen-
tation upon terrestrial species—
The influence of fragmentation on
the landscape can be associated with
three related factors: (1) patchiness,
(2) edge, and (3) connectivity.

Influence of landscape fragmen-
tation upon terrestrial species:
patchiness—Changes in patch size
have been recognized as a major
component of fragmentation. Species
richness may decline as patch area is
reduced (Ambuel and Temple 1983,
Askins and others 1990, Lynch and
Whigham 1984). Small remnant
patches of forest surrounded by open
areas constitute unfavorable habitat
for many species; these remnants
also have increased susceptibility to
windthrow disturbance and other
processes. Robinson and Wilcove
(1994) suggested that fragmented
landscapes become population sinks
that are only sustained by immigration
from nearby forest tracts that are
large enough to produce a surplus
of individuals.

Matthiae and Stearns (1981) found
that the density of red squirrel, gray
squirrel, raccoon, and red fox increased

with habitat patch size. Fahrig and
Merriam (1985) also reported that
certain mammals were more common
in large forest tracts than in smaller,
isolated patches. Populations of white-
footed mice and chipmunks in small
forest patches declined to a point that
local extirpations occurred.

Rosenberg and Raphael (1986)
reported that gray foxes, ringtail cats,
and northern flying squirrels were
sensitive to forest fragmentation. Picton
(1979) found that the presence of large
mammals was correlated with the size
of the mountain ranges where each
species occurs. Mammal population
can increase when minimum habitat
size requirements are met. The
insularity of populations increases
with continued landscape fragmen-
tation while larger, undeveloped areas
protected these species from extinction.

Roads may or may not act as barriers
to the movement of species between
habitat patches. Extensive networks of
roads have negative impacts on black
bears, white-tailed deer, and Florida
panthers (chapter 3). These negative
impacts stem from loss of habitat,
increased hunter accessibility, and
vehicular mortality.

Long-term population declines have
been observed for neotropical migrants
inhabiting small forest patches.
Breeding bird censuses for isolated
forest patches indicate general
reductions in abundance and diversity
of species over the past several years
(Lynch and Whitcomb 1977). Critical
information for the conservation of
bird species includes understanding of
the relationship between reproductive
success and habitat size and quality.
The dependence of many breeding
songbirds on large blocks of forest is
well established (Robbins and others
1989, Whitcomb and others 1981).

Species sensitive to patch size tend
to be highly migratory, are forest-
interior specialists, build open nests,
and/or nest on the ground (Whitcomb
and others 1981). The worm-eating
warbler, the hooded warbler, and the
black-and-white warbler are generally
absent in patches less than 50 acres
(Hamel 1992). Other species that
are sensitive to patch size include the
swallow-tailed kite, broad-winged
hawk, barred owl, pileated woodpecker,
and black-billed cuckoo (Hamel
1992). While many species avoid



Chapter 1: Terrestrial Ecosystems

small patches, widespread permanent
residents and short-distance migrants
tend to predominate in small patches
(Askins and others 1990).

Habitat isolation has been associated
with population declines in large snakes
due to increasing networks of roads
(Gibbons and Buhlmann 2001). These
networks divide forested habitat into
smaller and smaller parcels. Likewise,
amphibian mortality is intensified
when a heavily traveled road separates
individuals from the forest they live
in and the wetland they require
for breeding.

Influence of landscape fragmen-
tation upon terrestrial species:
edge—An edge is the place where
two different plant communities,
successional stages, or land uses come
together. Fragmentation can increase
the amount of edge habitat in a
landscape. Inherent edges are caused
by changes in soil type or topography,
whereas induced edges are those
created by disturbance. Induced edges
can be created by land uses, including
cultivation, fertilization, and harvest,
and by environmental disturbances
such as fires, blowdowns, and floods.

The creation of forest edge influences
seedling establishment and vegetative
composition. For some species, these
effects persist hundreds of yards into
the forest interior (Chen and others
1992). For example, the edge habitat
may serve as an access point, attracting
cowbirds into the interior of a forested
landscape (Askins 1994).

Many species occur in edge habitat,
particularly those that use one habitat
for food and another for cover. Game
birds, such as the American woodcock
and northern bobwhite quail, occur in
edge habitats. Many species in urban
and agricultural landscapes are edge-
adapted. Many woodland passerines
favor edge habitat (Yahner and
Scott 1988), which may provide
enhanced forage and/or improved
habitat conditions.

In contrast, excessive edge may
lead to reduced populations of species
dependent on large blocks of forest
interior (Robbins and others 1989).
Species that use continuous mature
forest may be replaced by generalist
species. Southern breeding birds that
nest only in the interior of forests
include the sharp-shinned hawk,
Cooper's hawk, hairy woodpecker,

winter wren, and veery (Hamel 1992).
Edge can negatively affect these species,
particularly in patches with large
perimeter-to-area ratios (Noss 1983).

An increase in density of forest-edge
and farmland species along edges may
exclude certain interior and long-
distance migrant species. Competition
by the edge-adapted starling exerts
a direct negative impact on many
forest species (Harris 1988). This
competition may influence bird
community composition more than
area-dependent changes in habitat
(Ambuel and Temple 1983).

Species that occur in edge habitats
are subject to high rates of mortality
from predators attracted to these
habitats. The raccoon, least weasel,
and striped skunk often hunt for
small mammals along edges. Ground
nests receive predation pressure where
mammals and reptiles are the dominant
predators (Chasko and Gates 1982).
Predation reduces the recruitment of
the Kentucky warbler, scarlet tanager,
wood thrush, yellow-throated vireo,
and ovenbird (Temple and Cary 1988).
Increases in edge density contribute
to the escalation of nest predation
and parasitism to levels that can
bring reproductive success below
replacement rates.

Nest parasitism by cowbird species
may be an important factor in the
decline of some breeding birds. Brood
parasites lay their eggs in the nests of
other species, reducing the reproductive
success of their hosts. The brown-
headed cowbird may have contributed
to the population declines of the
Acadian flycatcher, veery, American
redstart, and Louisiana waterthrush
(Brittingham and Temple 1983).

Influence of landscape fragmen-
tation upon terrestrial species:
connectivity—Connectivity, the degree
of continuity of a landscape, is also
affected by fragmentation. Connectivity
may facilitate dispersal and improve
habitat quality by connecting patches
of habitat. It has been suggested that
the population dynamics of species
are affected by the spatial pattern of
fragmentation (Haddad and others
2000, Hanski 1991). There is
disagreement, however, on the value
of corridors for the conservation of
biological diversity. One view is that
populations linked by corridors are
vulnerable to the spread of disease
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and several environmental stressors
(Gilpin 1987, Quinn and Hastings
1987). If corridors spread the risk
of environmental stress among
isolated populations, persistence
time may actually be longer in
fragmented landscapes (Fahrig

and Paloheimo 1988).

Another view suggests that species
persistence is lower in fragmented
habitats than in contiguous habitats
(Tilman and others 1994). These
studies suggest that corridors are
valuable as a conservation tool.

This point of view is discussed next.

Heany and Patterson (1986)
presented an extensive review of
the regional patterns of mammal
distribution as affected by habitat
connectivity. Pelton (1986) described
how the loss of connectivity restricts
the distribution of black bears. When
disturbance causes local extirpation,
populations may be reestablished
through the dispersal of individuals
from source populations. Jackson
(1987) reported corridors aided red-
cockaded woodpeckers in colonizing
existing habitat. Forest birds can often
use small tracts of forest connected
to large tracts by wooded corridors
(Robbins 1979). Forest-interior
birds and small mammals (Merriam
1990) persist in forest fragments
connected by woodland corridors
that ease colonization.

Species that are able to move
between connected habitat patches
operate demographically as a
metapopulation. Corridors may
permit the survival of extinction-prone
populations through the immigration
of individuals. Corridors also may
facilitate movement of an individual
within its home range. Such movement
may be particularly important for
species whose home range area
requirements exceed the average
patch size. For example, Rosenburg
and others (1997) reported that
migratory amphibians, such as red-
spotted newts, may require corridors
among seasonally used habitats. The
loss of connectivity may cause local
extirpation. Many amphibian and
reptile species cannot move through
relatively large, deforested areas
to reach other suitable forest habitat.
Where declines of herpetofaunal
populations occur, population sizes
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will not be rebuilt quickly in a
fragmented landscape (Gibbons
and Buhlmann 2001).

Discussion and
Conclusions

Status and Trends
of Terrestrial Vertebrate
Species

Natural Heritage classifies 86
percent of southern vertebrate species
as secure or apparently secure. The
populations of these species appear
to be resilient; some species such
as white-tailed deer and beaver have
rebounded despite incredible odds.
Population trends are positive for
several big game, small game, and
waterfowl species. In addition, the
long-term population projections
for several furbearer species appear
stable or increasing.

In contrast, declines in the
populations of northern bobwhite
quail, ruffed grouse, and woodcock
warrant further management focus.
The decline in breeding populations
of grassland and shrubland nesting
birds also is a concern in the region.
The numerous species with G1, G2,
or G3 conservation ranks suggest
that these vertebrates are sensitive
to changes in their environment.
Identifying the factors that contribute
to the declines of these species may be
useful for predicting future conditions.
Several of these factors, as well as their
associated conservation measures,
are examined in chapter 5.

Significant losses of community
biodiversity have occurred throughout
the region. Several communities have
been classified as critically endangered,
endangered, or threatened. An addi-
tional 24 communities have been
identified as having a 50-percent loss
of presettlement area. It is critical
to halt further losses of these
communities and to raise public
awareness through education.

There appears to be a commonality
of threats to sensitive species and
communities of the South. Many
species and communities experienced
declines associated with human
disturbance and settlement patterns.
The growth of human populations
in the South will continue to pressure
species and the communities that
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support them. Vertebrate species

and their associated habitats are
influenced by urban development,

fire suppression, agricultural practices,
forest pest and exotic species outbreaks,
and recreation activity. Other species
are rare due to restrictive or specialized
habitat conditions (chapter 2).

The future of a majority of these
sensitive species and communities
in the South depends on active resto-
ration and management. Restoration
complements species conservation by
maintaining habitat composition,
structure, and function. Activities
that mimic natural disturbance are
particularly important. Prescribed
burning can enhance herbaceous
diversity and control structural
characteristics. Other treatments are
useful for suppressing woody growth
and enhancing the vigor of other
species. These management techniques
are described further in chapter 4.

Hard and Soft Mast

For many species, mast is an essential
food source. Thus, provision of hard
and soft mast is important for the
management of terrestrial species
inhabiting southern forests.

Many silvicultural techniques
enhance mast production (chapter 4).
Management of stocking density
can encourage reproduction of
mast-producing species and limit
interspecific competition. Artificial
regeneration has been successful
for several species, including northern
red oak, white oak, and black cherry.
Genetic selection for acorn production
and seedling growth also has the
potential to be successful. These
treatments can play an important
role in southern forest areas that
may experience mast decline.

The Implications of
Habitat Fragmentation

Extensive literature suggests that
landscape patterns affect the abundance
and persistence of terrestrial species.
The fragmentation of the landscape,
and the consequences of that
fragmentation on ecosystems and
population dynamics, are concerns
shared across the region.

Natural processes and human
activities may influence habitat loss
and isolation. Changes in patchiness,
edge, and connectivity may eliminate,

displace, or enhance species popu-
lations and habitats. Isolated habitat
patches may reduce the number

of species present simply because
smaller habitats support fewer species
(MacArthur and Wilson 1967).
Preservation of species composition
and integrity in these areas cannot be
expected. Corridors may increase the
movement of habitat-restricted species,
thereby improving overall habitat
quality (Haddad and Baum 1999,
Rosenburg and others 1998).

Understanding how spatial patterns
alter species habitat may provide
resource managers with a basis for
making land use decisions. Species
respond to patterns in various ways,
using certain areas for feeding and
reproduction, and avoiding other areas
entirely. By altering the distribution and
availability of spatial resources, changes
in landscape pattern influence many
of the components important for the
persistence of species (Merriam 1990).

The South’s growing human
population raises the possibility
of a substantial impact on species
and their habitats in the next several
decades (chapter 6). In the midst
of expanding populations, the provision
of biological diversity has become
a critical conservation issue.

The Influence of Land
Ownership Patterns

The population increases projected
for the South may continually increase
demands on natural ecosystems,
species, and their habitats during
the 21% century (Boyce and Martin
1993). This prospect presents a
challenge to forest resource manage-
ment. Biodiversity often declines
as economic development proceeds.
Natural habitats for native species
are replaced by industrial and urban
development, while other habitats
are modified or degraded. The future
may also bring increased concern for
conservation of endangered species
and habitats and the reservation of
lands for aesthetic and recreation
values (Boyce and Martin 1993).

These changes highlight the
important role that public lands
will have in the conservation of species
and their habitats. The Forest Service,
Fish and Wildlife Service, and National
Park Service manage millions of acres
in the South. Other agencies, such as
the U.S. Department of Defense and
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the Tennessee Valley Authority, also
manage critical habitat areas. There
are numerous Federal policies that
dictate the management and
conservation of natural resources.

Without these public lands, many
species would be in trouble. For
example, over 53 percent of the species
with viability concerns in the Ozark
and Ouachita Highlands are known
to occur only on national forests (U.S.
Department of Agriculture, Forest
Service 1999). The Peaks of Otter
salamander is an example of an
imperiled species that occurs solely
on Federal land—in this case, the
George Washington and Jefferson
National Forests and the Blue Ridge
Parkway. The Federal land in the
Florida Panhandle and the central
Appalachian Mountains supports
concentrations of imperiled and
listed species (Stein and others 2000).
National wildlife refuges play a key
role in the protection of listed species
such as the red wolf and the Florida
panther, and in the provision of
key areas of habitat for waterfowl,
migratory birds, and many other
species. National parks are important
for the preservation and management
of old growth, spruce-fir, and other
rare and sensitive communities of both
plants and animals. National forests
are key in the provision of wilderness
areas, large blocks of forest interior,
and a diversity of habitats.

Other public lands are also important
for the conservation of species and their
habitats. State agencies own significant
areas designated as parks, wildlife
management areas, forests, or natural
resource areas. While the purposes
of such areas vary, the conservation
of biological diversity is often one
objective for these properties. In
Florida, State agencies are carrying
out aggressive land acquisition
programs for conserving biodiversity,
using shared Federal excise tax
revenues as a funding source. City and
county governments also own a variety
of land in parks and recreation areas
that support species and their habitats.

Many imperiled and endangered
species are found on public land,
and this land represents a relatively
small percentage of forest land in the
South. It seems clear, therefore that
public land is vital for maintaining
imperiled and endangered species
(Stein and others 2000).

The area of public land is being
supplemented by acquisition efforts
by private conservation organizations.
The Nature Conservancy, the Trust
for Public Lands, and Ducks Unlimited
acquire land for conservation purposes.
They either manage it or transfer
it to public agencies. The Nature
Conservancy has created its own
system of conservation properties
in the South. In contrast, the Trust
for Public Lands acquires land for
ultimate ownership and management
by public resource agencies. Many
of the trust’s land transactions have
been from forest industry lands that
were important biologically.

The magnitude of private ownership
also presents a significant challenge
for southern forests. Individual land-
owners are changing the characteristics
of future forest resources. For example,
the absence of management on private
land may result in declines in early
successional habitat in many areas
(Trani and others 2001). The small
tracts typical of present land use
patterns often provide little opportunity
for forest management and natural
disturbance sufficient to create early
successional forest. A myriad of species
may be influenced by this condition.

The Forest Service and other partners
have initiated active reforestation
programs with the private sector as part
of the Lower Mississippi Valley Joint
Venture. Land clearing and alteration
of hydrology have resulted in environ-
mental degradation throughout the
valley. This step towards changing
private land use practices may lead
to restoration of the bottomland
hardwood system, the provision of
quality habitat, economic opportunities
for landowners, and a reliable wood
supply to meet society’s needs.

The significant numbers of imperiled
and endangered species inhabiting
private land indicate the critical
importance of this land for conservation
(Stein and others 2000). For this
reason, a variety of strategies designed
to encourage conservation on private
areas have been implemented by
government agencies. Incentive
programs have been created to
encourage reforestation of private
land. Recognizing the significance
of private land to the imperiled species
of the region is essential. Often, wildlife
conservation may be more important
than timber production on this land.
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Industry land also offers opportunities
to provide wildlife habitat. Given the
incentive of green certification
programs and the scale of their
operations, many large corporations
are taking positive actions to protect
sensitive biological resources on their
property (Stein and others 2000).

Industry land supports breeding bird
species, game species, and other species
(Wigley and others 2000). Individual
companies work with government
agencies to identify threatened and
endangered species on their land.

The Special Sites program within
the Sustainable Forestry Initiative
manages ecological sites to maintain
wetlands, longleaf pine, and other
unique communities (Weyerhaeuser
and Price 2001).

Forest industry has also donated
thousands of acres to State agencies
and the Nature Conservancy (Owen
and Helssenbuttel 1989). Donations
include the Beryl Anthony Wildlife
Management Area in Arkansas (7,000
acres), Great Dismal Swamp National
Wildlife Refuge in Virginia (60,000
acres), and several wildlife manage-
ment areas.

The significance of many types
of landowners in the South in
providing wildlife habitat cannot
be overstated. Each major landowner
has an important role to play in
the conservation of species and
their habitats.

Needs for Additional
Research

Data are needed on the distribution,
population dynamics, and habitat
requirements of many southern species.
Basic life history and management
information is lacking for several
threatened and endangered species.
For some nongame birds and game
species, standardized inventories lend
themselves to regional assessments.
For most species, however, there is a
dearth of monitoring information from
which to evaluate regional conditions.

Centers of amphibian and reptile
diversity should be identified in
sensitive communities. Long-term
monitoring of amphibian and reptile
populations is needed to establish
population trends. Further study
also is warranted to assess the impact
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the expected climate changes may
have on amphibians and other
sensitive species.

Further research is desirable into
management techniques that mimic
natural disturbance for the creation of
landscape patterns that are consistent
with the evolutionary history of species.
Applied research is needed to identify
the best approaches, including burning,
for restoring degraded communities
and maintaining sensitive communities.

Finally, methods should be developed
to quantify and forecast influences
of human developments on southern
biodiversity. We must identify verte-
brate species that may be influenced
by future habitat fragmentation, and
examine how fragmentation attributes
change over time.
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Key Findings

Introduction

Nowhere in America is there
a greater variety of native plant
communities, native plant species,
or rare and endemic native plants
than in the forests of the Southeast.
However, this exceptional bounty
of diversity is under increasing stress
from habitat conversion, alterations
in community composition, and
exotic pest and disease species.
Human activities have impacted
native plant communities since the
first aboriginals settled in the region,
and humans are likely to remain a
formative part of the southern
landscape for the foreseeable future.

The human use of native plants
and their communities mirror
contemporary societal needs. At
the beginning of the 21 century
the forested plant communities of
the South are producing more than
ever. Although the vast majority of
the region’s plant communities have
been altered to a greater or lesser
extent, an increasingly important
societal need is the conservation
of natural areas and the restoration
of public lands. Rare vascular plant
species are not evenly distributed
throughout the South. Peaks of
rare species diversity occur in the
Southern Appalachians, the Florida
Panhandle, and the Lake Wales Ridge
region of Florida. Secondary peaks of
rare species diversity are located in
Arkansas’ Ouachita Mountains and
on the Cumberland Plateau.

Native plant communities in the
South have been much studied and
written about since the Bartrams
explored the region in the 18"
century (Bartram 1791). Bartram
noted that Native Americans as well
as European settlers altered native
plant communities by intentional
burning, land clearing for
agriculture, clearcutting of timber,
and introductions of exotic species
from Europe and the Caribbean.
The plant communities of the South
were not pristine in Bartram’s time,
and they were not pristine when
Europeans first arrived on these
shores. The southern landscape had
already seen 10,000 years of human
history. The last 400 years, however,
have brought more radical changes
than any caused by Native Americans.

Today's landscape and vegetation
are not only the result of a very long
history of change; they are also the
starting point of tomorrow’s vegetation.
To better understand the resource at
hand, it is valuable to remind ourselves
of how we got here so that, perhaps,
we can do better in the future. For
the purposes of this Assessment, a
native plant community is defined
as a set of populations of plants
naturally indigenous to an area that
are interacting to the extent and degree
that would have been observed prior to
European settlement and share critical
physiognomic and compositional traits.

It is somewhat arbitrary to define
what is natural in terms of a pre-
European timeframe, because it is
impossible to separate the influences

of native cultures from the historical
landscape. However, even at the
height of aboriginal culture in the
Southeastern United States, Native
Americans could not have had the
impact on native vegetation to the
degree that the Europeans had.

Plant communities, both native
and otherwise, are defined not only by
their inter- and intraspecific interactions
and composition—which species are
present and in what numbers—but
also by their structure. Major structural
elements include seral stage; the relative
abundance, age distribution, and spatial
arrangement of dominant species in
each canopy layer; as well as physical
metrics such as the height, size, and
spatial arrangement of individuals.
Natural disturbances such as hurricane
blowdowns, ice storms, and drought
are common events that markedly
influence the structural condition
of plant communities and have
contributed to the perpetuation
of a full spectrum of structural
and seral conditions.

Methods

The literature was reviewed for
information about the history of
southern vegetation. There are already
several reviews of this material. The
better treatments of the subject include
Delcourt and Delcourt (1993), Mac
and others (1998), Ricketts and others
(1999), and Stein and others (2000).
An extensive and detailed primary
literature exists on the paleobotany
of the region based on palynology (the
study of ancient pollen). Only a small
portion of that information was used
in this work, but anyone interested in
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further reading can consult the
reviews of Watts (1980) and Delcourt
and Delcourt (1998).

Results

Prehistory of Southern
Native Plant Communities

Through providing an understand-
ing of the history of native plant
communities in the South, this
Assessment hopes to put into
context the background against
which change has occurred. It is
important to understand the roles
that global climate change and
indigenous human cultures played
in shaping the plant communities that
are considered native or natural today.
In this Assessment, only those works
that address the Quaternary, 2 million
years before present (BP), and later
floras are discussed. The primary
focus is on the vegetation history
of the Holocene, 10,000 years BP.

For the majority of the Quaternary,
the climate of the Southeast has been
colder than at present (Greller 1988).
During this period, there were multiple
continental glaciation episodes that
did not affect our region directly, but
nonetheless had significant impacts
on the composition of our native
plant communities. These glaciations
have been attributed by most to
Milankovitch (1941) variations in
the orbit of the Earth about the sun.
The components of the Milankovitch
cycle are expressed at periods of
approximately 100,000, 41,000, and
21,000 years (Delcourt and Delcourt
1993). The effects of each of these
cycles have been correlated with
the relative severity of glacial periods
and the rapidity with which glacial
advances or retreats occurred.

The coastlines of the Southeastern
United States achieved their present
approximate position and shape during
the early Quaternary (Christensen
1988). Changes in sea level associated
with Quaternary glaciations have
profoundly affected the vegetation of
the historical Coastal Plains, though
due to normal coastal processes, most
of the evidence of paleocoastal plant
communities has been obliterated.
Likewise, the major Quaternary
glaciations also profoundly impacted
the depositional landscape, especially
in the Mississippi Basin.
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The composition of native plant
communities of the Southeastern
United States has changed less than
that of any other region in the country
during the last 20,000 years (Delcourt
and Delcourt 1993). This is not to
suggest that plant communities in the
South have been static over that period.
About 18,000 years ago, at the peak
of the last major glacial period, the
influence of Arctic air masses and
boreal vegetation extended to about 33°
N. latitude, the approximate latitude of
Birmingham, AL, and Atlanta, GA
(Delcourt and Delcourt 1993).

These forests were dominated by
various spruce species (Picea spp.) and
jack pine (Pinus banksiana); fir (Abies
spp.) was abundant in some locations.
The understories of these forests were
generally typical of modern spruce-fir
forests, with the exception of the
absence of certain prairie elements
(Wright 1981). Today, jack pine is
essentially limited to boreal forest types
and higher elevations in New England,
Wisconsin, Minnesota, and northward.
Modern boreal forests dominated by
spruce and fir are similarly restricted
to New England and Canada.

Temperate deciduous forests
dominated the landscape south of 33°
N. latitude, to about 30° N. latitude,
including most of the then Gulf Coast
from about 84° W. longitude. The
climate of this region was similar to or
slightly drier than modern conditions,
based on the analysis of the species
present in pollen profiles collected
from lake sediments deposited during
this time. Oak (Quercus spp.), hickory
(Carya spp.), chestnut (Castanea
dentata), and southern pine species
were abundant. Walnuts (Juglans spp.),
beech (Fagus grandifolia), sweetgum
(Liquidambar styraciflua), alder (Alnus
spp.), birch (Betula spp.), tulip tree
(Liriodendron tulipifera), elms (Ulmus
spp.), hornbeams (Carpinus spp. and
Ostrya spp.), tilias (Tilia spp.), and
others that are generally common in
modern southern deciduous forests
were also common then. Pollen of
members of the grass, sedge, and
sunflower plant families (Poaceae,
Cyperaceae, and Asteraceae) were
also common in samples from this
time period (Delcourt and Delcourt
1993, Greller 1988, Watts 1980).

The vegetation south of 30° N.
latitude, in peninsular Florida, was
dominated by sand-scrub communities

with xeric pine-oak forests in the
uplands. Swamps and marshes
occupied low-lying and coastal areas
(Delcourt and Delcourt 1993, Greller
1988, Watts 1980). The areas that
were occupied by coastal marshes at
that time are now submerged because
sea levels during the time of peak
glacial extent were significantly lower
than modern levels. The sand-scrub
communities still occupy significant
areas of upland central Florida
(Ricketts and others 1999).

During glacial periods, extensive
mesophytic forest communities, similar
in character and overall composition
to modern lowland and bottomland
forests, occurred along major river
drainages, especially the Mississippi
embayment, the Alabama-Coosa-
Tallapoosa Basin, the Apalachicola-
Chattahoochee-Flint Basin, and the
Savannah River Basin (Delcourt and
Delcourt 1993, Greller 1988).

From approximately 15,000 years
BP to approximately 10,000 years BP
there was a gradual warming trend
throughout the region, but the period
of 14,000 years BP to about 12,000
years BP was marked by a high degree
of climatic variability, including
increased seasonality and other climatic
extremes (Delcourt and Delcourt 1993).
By approximately 10,000 years BP,
deciduous forests had expanded
northward throughout the region,
with pockets of boreal elements
remaining only at high elevations in
the Appalachian Mountains and in a
few other refuges. Broadleaf evergreen
and pine forests occupied an area
similar in extent to what they occupy
today, primarily in the Coastal Plains.
Mesophytic and bottomland forest
communities continued to occupy
the major river drainages of the
region (Delcourt and Delcourt 1993).

Although the exact date is in
question, this was also the period
in which humans first colonized the
Southeast. Archeologists date the
earliest potential human habitation
at approximately 12,500 years BP.
Between 12,500 and 10,000 years BP,
the human population of the region is
thought to have been largely nomadic
and very sparsely distributed. Human
influence on the region’s vegetation
was almost certainly trivial and
highly localized.

At about this time, many large
herbivores that heretofore had been
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common in the region went extinct
(Martin and Klein 1984). Among these
animals were the mastodon, ground
sloth, and giant bison. In other parts
of the World where large grazing
animals still exist, they are known

to exert a profound influence on the
composition and condition of the
native plant communities. Likewise,
their extinction would lead to a variety
of (largely unpredictable) changes. It is
not clear why this guild of plant-eating
animals disappeared from the region,
but overexploitation by aboriginal
Americans and an inability to adjust to
climatic changes are most often posited.
It is certain that their disappearance
altered regional patterns of vegetation
(Martin and Klein 1984).

At the beginning of the Holocene
(10,000 years BP), the climatic
conditions in the Southeast were
comparable to conditions today
(Delcourt and Delcourt 1993).
However, the existence of modern
climatic conditions does not necessarily
imply the existence of modern native
plant communities. Although the
major modern community types
were flourishing in the Southeast by
10,000 years BP, the understory flora
had not yet come to resemble modern
herbaceous floras. Mixed hardwood
forests dominated the majority of the
upper Coastal Plains, Piedmont, and
lower Mountain regions. Southern pine
communities dominated the middle
and lower Coastal Plains, whereas
evergreens and some remnant boreal
elements occupied higher elevation
sites. Canopy openings in the mixed
hardwood and high-elevation forest
regions are thought to have been
infrequent and due either to local
edaphic conditions or natural
disturbance (Delcourt and Delcourt
1993, Watts 1980).

Evidence of human habitation in
the region becomes common at about
10,000 years BP (the Paleo-Indian
period), but there is little evidence
that these cultures had significant or
large-scale impacts on the landscape
(University of Illinois 1997).

Around 8,700 years BP to
approximately 5,000 years BP, a period
of significant warming and drying,
often called the hypsithermal period,
began impacting the vegetation of the
Southeast. During the hypsithermal
period, extensive expansions of prairies
and savannas occurred throughout the

region (Delcourt and Delcourt 1993),
and xeric oak and oak-hickory forest
types proliferated. Many species with
more northerly affinities migrated
northward and, to the extent possible,
upward in elevation. Given the limited
heights of the Appalachian Mountains,
many of these boreal elements were
extirpated during this period. Others
were relegated to isolated refuges
(Delcourt 1979, Delcourt and Delcourt
1998). Further retraction of boreal
forest elements caused a proportional
increase in pine-dominated forests in
the Appalachians. The hypsithermal
was also responsible for the expansion
of sand and scrub habitats in central
Florida (Delcourt and Delcourt 1993,
Wiatts 1971). The grasslands and
savannas of the time expanded and
were also linked to the great interior
plains grasslands to the west of the
region. As a result, elements of the
prairie flora became established
throughout the region, first by simple
migration, but then also by invading
disjunct openings (including glades
and barrens) that were forming in

the canopy of more mesic forests
(Delcourt and Delcourt 1993).

During most of the climatic shifts
of the last 100,000 years, most plant
migration in Eastern North America
occurred along a more or less north-
south axis. The hypsithermal
was significant because it made
conditions favorable for the invasion
and establishment of species from
the center of the continent.

With the warming and drying of the
climate throughout the region, species
with more mesic proclivities retreated
to shrinking riparian and riverine areas.

During this period, the population
density of aboriginal peoples increased
substantially. The hypsithermal also
saw the transition from Paleo-Indian
to Archaic Indian cultures. During this
period, the Archaic Indians’ settlements
and populations tended to increase in
size. Archaic Indians remained; like
their Paleo-Indian ancestors, they
were largely nomadic but were able
to remain in some areas for extended
seasons by practicing more
concentrated resource usage. Increased
resource use was made possible by
technological advances that improved
the efficiency of the harvest, collection,
and processing of, for example, native
plant materials. More concentrated
occupation had significant but still
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local impacts on the abundance
and regeneration of tree species
(University of Illinois 1997).

At the end of the hypsithermal
interval, about 5,000 years BP, all
of the components of the modern
southern forests were in place. As
the climate cooled and precipitation
increased, species migrated so that
communities were reassembled in
new form. The boreal elements of the
early Quaternary enjoyed a modest
expansion. Riparian, bottomland, and
wetland plant communities expanded.
Grasslands and savannas contracted
and retracted westward.

Within approximately 1,000 years
of the end of the hypsithermal, the
distribution of species within plant
communities of the Southeast had
more or less stabilized and would
see only minor changes until the
colonization by Europeans (Delcourt
and Delcourt 1993).

At about 4,000 years BP, the Archaic
Indian cultures began practicing
agriculture throughout the region.
Technology had advanced to the point
that pottery was becoming common,
and the small-scale felling of trees
became feasible. Some of their crop
plants, such as corn and squashes
(Zea mays and Cucurbita spp.), were
acquired through trading with cultures
from the South that had a longer
tradition of agriculture (Delcourt 1987).
Other crop plants were selected from
local natives on the basis of desirable
cultivation and harvesting traits. This
period also saw increasing emphasis
on some forms of passive agriculture,
in which existing perennial plants were
cared for to increase or improve their
output of desired products such as
beechnuts or cranberries. Concurrently,
the Archaic Indians began using fire in
a widespread manner in large portions
of the region. Intentional burning of
vegetation was taken up to mimic the
effects of natural fires that tended to
clear forest understories, thereby
making travel easier and facilitating the
growth of herbs and berry-producing
plants that were important for both
food and medicines.

Approximately concurrent with the
transition from the Archaic Indian
culture to the Woodland Indian
culture, around 2,800 to 2,500 years
BP, aboriginal groups began to establish
relatively large settlements. People from
these settlements visited sites to exploit
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specialized resources such as fish,
medicinal plants, and cherts. There
was a trend, however, toward more
permanent occupations to maintain
local agricultural plots (University of
[llinois 1997). It was during this time
that the Mound cultures began to
develop and flourish. Woodland Indian
Culture evolved into the Mississippian
Indian Culture in large portions of

the region approximately 1,000 years
BP (University of lllinois 1997).
Mississippian Culture agriculture
became more highly developed, and
villages, both large and small, were able
to support a more specialized citizenry
(Delcourt 1987). Mounds became larger
and more numerous, and the amount
of land needed to support these
populations increased. The majority

of Mississippian Culture sites are
associated with wetland, riparian,

or riverine habitats, and these people
became quite expert at altering local
hydrological patterns to keep their
villages dry and their fields irrigated,
and to supply community water needs.
In some places, soil erosion became
locally significant.

Indian use of fire in land manage-
ment continued from approximately
4,000 years BP to approximately 500
or 600 years BP (Adams 1992, Cowell
1998, Delcourt and Delcourt 1997).
This practice significantly affected
the structure of forest stands and the
relative abundance of species over
large portions of the region. It is not
clear to what extent fire influenced
the composition or richness of
regional floras.

For reasons that are unclear,
approximately 500 years ago,
aboriginal populations declined
significantly throughout Eastern North
America and more broadly throughout
the Americas. Most anthropologists
attribute this depopulation to the
transmission and spread of pathogens
brought to North America by
Europeans. Some communities are
known to have lost 98 percent of
their population; in general it seems
that approximately two-thirds of the
Indian population of the Eastern United
States was eliminated in a very short
time. As a consequence, large areas
that had been cleared, burned, and
farmed by native peoples were left
fallow. Thus, by the time the first
European observers were reporting
the nature of the vegetation of the
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region, it is likely to have changed
significantly since the regional peak
of Indian influence.

A myth has developed that prior
to European culture the New World
was a pristine wilderness. In fact, the
vegetation conditions that the European
settlers observed were changing rapidly
because of aboriginal depopulation.
As a result, canopy closure and forest
tree density were increasing throughout
the region.

When Europeans started making
regular visits to the New World
approximately 500 years BP, and during
subsequent colonization (specifically
in Florida, but also shortly afterwards
northward along the Atlantic coast),
they also began introducing Eurasian
and nonnative tropical plant species.
Exotic plants first became prevalent
around permanent settlements,
especially along the coasts, and then
spread inland along travel routes to
other suitable locations.

The earliest exotic plants to
become established in the region
came originally as packing material
(often rough hay) in shipping crates
or animal bedding material. Later,
food, forage, and medicinal plants
were introduced in support of the
settlements (Carrier 1923). The
introduction of exotic animals
(especially hogs, cattle, and rats) also
began at this time. These animals also
have had a significant and permanent
impact on the vegetation of the region.

In June of 1527, a group of Spaniards,
including Cabeza de Vaca, began a 10-
year expedition from Florida along the
gulf coast into Texas and on into the
American Southwest (Cabeza de Vaca
1542). In his account of the journey,
Cabeza de Vaca reported that: (1)
the natives of Florida cultivated large
quantities of corn; (2) palmetto was
abundant and was used commonly for
food, fiber, and fuel; and (3) extensive
areas of heavy timber (almost certainly
longleaf pine) were present with a
considerable amount of large woody
debris on the ground. The chronicles of
other early Spanish explorers, such as
Hernando de Soto and Ponce de Leon,
contain similarly superficial accounts of
the existing native vegetation. The first
really useful and widely available
information on the natural vegetation of
the Southeast was not published until
more than 200 years after the Spanish
exploration of the region.

Southern Native
Plant Communities
In Historical Times

Information about the historical
native plant communities of the region
can be difficult to interpret. Since the
modern concept of a plant community
did not evolve until the late 19" and
early 20" centuries, earlier writers
seldom included the kind of infor-
mation we would like to have for
this Assessment. Also, most common
paleobotany methods have limited
value in the study of historical
vegetation, because they have poor
resolving capabilities over the relatively
short period of the last 500 years. These
difficulties aside, there is currently a
great deal of interest in the nature of
native plant communities at the time of
European settlement, largely motivated
by the current trend toward restoring
such plant communities in the South.

Although Europeans began to explore
and settle the Southeast by the mid-
and late 16" century, their impact
on the native plant communities
of the region was limited largely to
Coastal Plain, savanna, and bottomland
forests. For the most part, the earliest
settlements were established in coastal
areas and on broad river terraces
accessible by boat and barge. Even
the rare interior settlements, such
as the Arkansas Post established in
1686, were built along major rivers
to avail themselves of local patterns
of commerce. These areas were often
cleared to make way for agriculture.
Some of the clearings were made for
subsistence farming, but the largest
were made for commercial farming
and livestock production. The quantity
of timber taken during this time was
limited both by technology and local
demand. Consequently, large areas
of upland forest in the South went
essentially untouched until the
191 century.

The exploitation of natural resources,
such as timber and forage, increased
as population increased and as an
industrial base was built in North
America. Improved agricultural
efficiency, a growing population, and
better access to European markets by
the end of the 18" century provided
both the motivation and the capital
necessary to expand the conversion of
native vegetation to agriculture (Carrier
1923). People began to move westward
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into the interior of the region and began
to clear increasingly large tracts of land.
In this era of increased trade, additional
exotic species were introduced to the
South, and exotic plants that had
become well established moved with
the expanding population.

Although the Native American
population had declined significantly,
these people were sufficiently common
in the early 18" century to exert a
continued impact on wide areas of
the southern landscape through their
agriculture and, more importantly, their
use of fire as a means of manipulating
vegetation. The aboriginal practice of
burning the forests was adopted by
European settlers soon after permanent
settlements were established.

Like the Indians, the European
settlers of the interior South tended
to choose specific areas in which to
build homes and farms. Relatively flat
topography, access to water and timber,
and proximity to trade routes via
waterways or overland were important
criteria for settlement sites. Such places
are most typically found either along
the terraces of large river systems or
on the Coastal Plain. Consequently,
riverine forest communities and
longleaf pine communities were
the first natural vegetation types in
the interior South to be impacted by
the expansion of European settlement.
However, these native plant
communities had long been inhabited
by aboriginal people. In some cases,
the Europeans removed the Indians
by force so that they could occupy
their land. Europeans selected and
exploited other areas on the basis
of their strategic value for military
outposts or their proximity to
mineral resources. These areas
were less common but usually
had equally significant impacts
on the local vegetation.

Until the 20" century, the economy
of the South was based largely on
agriculture. Technology changed the
kinds of crops grown, especially for
the export market. From the late 18"
century until the early 20™ century,
resin extraction from pines, especially
longleaf pine, for use by American
and European navies shaped the
management of longleaf pine forests
in the Coastal Plains. The naval stores
industry, based on the processed and
unprocessed resin, or tar, used to seal
the hulls of ships and many other

things, began to decline with the
development of metal hull ships at

the end of the 19™ century. Large farms
became common in the region by the
early 19™ century, due in great part to
technological improvements like the
invention of the cotton gin in 1793.
Until the beginning of the 19™ century,
tobacco accounted for the majority of
southern exports; thereafter and well
into the 20™ century, mechanized
cotton production dominated the
South. Large tracts of agricultural land
were created out of the native plant
communities of the Coastal Plain where
cultivation was relatively easy. This
form of land use also greatly affected
longleaf pine communities, as well as a
wide range of hardwood communities
that existed on river terraces.

Increases in farm size had the effect
of concentrating economic power in
the hands of relatively few established
families and companies. There was little
incentive for these families to develop
new centers of agriculture or diversify
the crops being grown. The majority of
new settlements in the interior South
were based either on a subsistence
economy or service to relatively small
areas. Certain areas were completely
converted to agriculture, with
permanent and deleterious implications
for the native plant communities.

In areas dominated by subsistence
farming, less obvious impacts to the
native plant communities occurred,
such as the disruption of population
processes caused by fragmentation,
the introduction of exotic species,
impacts on rare communities such
as mountain bogs and glades, and
widespread alterations in forest
community structure related to timber
harvesting and fuel-wood gathering.

There was considerable curiosity in
17" and 18" century Europe about
North American ornamental and
medicinal plants. In fact, most of the
“botanists” of this time were collectors
for wealthy Europeans. These botanists,
however, usually did not catalog the
natural resources of the region. It was
left to the early 18" century botanists
from the Northeast to first explore
and describe the vegetation of the
Southeast. Most notable among these
early explorers were John (1699-1777)
and William Bartram (1739-1823).

The Bartrams made several journeys
of botanical exploration and collection
and published accounts of the natural
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history of the areas that they visited.
William Bartram’s “Travels through
North and South Carolina, Georgia,
East and West Florida . . .” became

an international bestseller shortly after
being published in 1791. This success
was no doubt due in part to John
Bartram’s reputation and to his and
William’s extensive correspondence
with European botanists. William
Bartram states that the purpose of

his trip through the South was the
“discovery of rare and useful products
of nature, chiefly in the vegetable
kingdom,” and to “obtain specimens
and seeds of some curious trees and
shrubs (which were the principal
objects of this excursion).”

Although “Travels through North
and South Carolina, Georgia, East and
West Florida . . .” is full of details of
soil conditions in various places, lists
of species encountered, and in some
cases detailed descriptions of particular
species, Bartram did not generally
offer useful accounts of the native
plant communities. He did record
the occurrence of many of the broad
community types we are familiar with,
including forests, savannas, glades, and
swamps, described in such termsas “. . .
expansive green meadows or savannas,
in which are to be seen glittering
ponds of water, surrounded at a great
distance, by high open pine forests and
hommocks, and islets of oaks and bays
projecting into the savannas . . . .”

He also noted large areas of clearcut
longleaf pine (Bartram 1791, p. 312)
and “expansive ancient Indian fields”
(Bartram 1791, p. 458). Bartram
was particularly interested in the
agricultural potential of the South,
noting not only the areas used by the
aboriginals for cropping (e.g., Bartram
1791, p. 511), but also areas that
would be suitable for the cultivation
of European crops as diverse as olives
and oranges (Bartram 1791, p. 337).
He also documents the early trade in
useful native plants such as ginseng
(Bartram 1791, p. 327) and rosinweed
(Silphium) (Bartram 1791, p. 398).
Bartram also offers accounts of
introduced species such as barnyard
grass (Echinochloa) (Bartram 1791, p.
430) as well as a description of Franklin
tree (Franklinia altamaha) (Bartram
1791, p. 467), a species that is now
extinct in the wild. Perhaps most
remarkable about the landscapes
described by Bartram is that many
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of these places remained unchanged
until the late 19" century.

Thomas Nuttall, traveling in the
Arkansas Territory around 1819
(Nuttall 1821), also described what
he saw in general terms: thickets of
dwarf oaks, hills of pine and oak, and
scattered areas of prairie. He too noted
the effect of the human hand on the
landscape, mentioning annual fires
set by the white settlers and extensive
areas of cutover pine. Nuttall cataloged
many nonwoody plants as well. As
was customary at the time, he did not
elaborate about the specific conditions
in which these plants were growing,
but simply stated this or that species
was growing under oaks, along
streams, or high upon a hill.

Bartram and Nuttall are the most
important of the early botanical
explorers of the South, but their work
is of limited value in determining the
nature of native plant communities in
existence at the time. Their approach
reflected the contemporary philosophy
of natural history and botany. At the
beginning of the 19" century, ecology
was not yet a word, much less a
science. Linneaus had developed
his natural classification system only
a half century earlier; there was not
yet a concept of natural selection or
evolution, and it was a time of global
exploration and discovery. All of the
major seafaring European nations were
establishing colonies around the World.
The purpose of this exploration was the
acquisition of power and wealth, and
because many plants were the source
of great wealth, botanists were needed
to travel to “unexplored” parts of the
World to catalog the plant life. At the
time, this was called phytogeography,
a term that describes the endeavor
well enough. The primary concern
of phytogeographers was to identify
the location and distribution of plant
species. While phytogeography was
a necessary step in the development
of plant ecology, at the beginning
of the 19" century little effort
was expended on describing the
interrelations among the species that
were being so faithfully cataloged.

After Bartram and Nuttall, a
procession of botanists and naturalists,
often physicians with an interest in
botany, collected plants in the areas
around their homes. For the most
part, these collectors did not directly
contribute to the understanding of
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the distribution of native plant
communities. However, their work
would become important later, in
the late 19" and early 20" centuries,
as regional floras for the South

were developed.

In 1835, the first railroad system
in the South began operating in North
Carolina, in the heart of the longleaf
pine forests of the Coastal Plain (Croker
1987). The industrial revolution had
brought to the South the means by
which its abundant forest resources
could be transported great distances
and still turn a tidy profit. The longleaf
pine forests of the Coastal Plains were
not only a source of high-quality timber
for a growing population, but also
the Nation's most important source of
naval stores. The naval stores industry
began in North Carolina and spread
throughout the Coastal Plains with
the railroad (Croker 1987). By
1854, the railways had reached the
Mississippi River.

In the mid-19™ century, clearcutting
was the primary logging method
employed. Modern forestry, as practiced
in Europe at the time, would not
become commonplace in North
America until the early 20" century.
In the first half of the 19™ century,
extensive areas of forest were leveled
to create pastureland. In many places
the native forest has never recovered.
Forested areas surrounding major
river ports were extensively cut to
fuel steamboats. Vast acreages of
wetlands and river terraces were
drained or plowed by the mid-19t"
century, causing significant losses to
local biodiversity in some areas. Strip
mining, especially for coal to stoke
hungry steamboats and railroad
locomotives, became commonplace
where deposits were sufficiently
shallow to exploit, such as the Upper
Cumberland Plateau. Strip mining
eliminated forest cover and frequently
altered or killed riparian and aquatic
plant and animal communities
downstream from the spoil piles.
Although much of this activity in
the region slowed during the 1860s,
logging resurged quickly thereafter.
By the 1880s, a broad sector of
Americans, mostly in the Northeast
and West, were becoming concerned
about the unbridled exploitation of the
Nation’s forest and wetland resources.

The evolution of forest protection
laws and the establishment of

national forests in the South parallel
the development of the modern
conservation movement in the United
States (Williams 2000). Issues such as
farmland erosion, forest clearcutting,
and the hyperexploitation of buffalo
were on the national conscience. The
first use of the word conservation in
the context of the protection of natural
resources was in 1875, by John Warder,
president of the American Forestry
Association. The leadership of America’s
conservation movement was borne by
Gifford Pinchot, John Muir, Charles
Sargent, and Theodore Roosevelt.

The Federal Government began
setting aside tracts of land as forest
reserves when Congress passed the
Forest Reserve Act of 1891 (Williams
2000). This legislation allowed the
President to “from time to time, set
apart and reserve, in any state or
territory having public land bearing
forests, in any part of the public lands,
wholly or in part covered with timber
or undergrowth, whether commercially
valuable or not, as public reservations
...." Federal forest administration was
consolidated under the leadership
of Gifford Pinchot in 1905 with the
establishment of the U.S. Department
of Agriculture’s Forest Service (Williams
2000). The first national forest
established in the South was the
Arkansas National Forest (1907). Two
national forests in Florida were added
to the growing system in 1908 (Ocala
and Choctawhatchee). Most of the
national forests throughout the South
are a result of the Weeks Act of 1911.
This act broadened the mandate of
the Forest Service and provided for the
purchase of land, largely for watershed
protection. From the time of their
establishment until the beginning of
the Second World War, the national
forests of the South served primarily
as conservation areas (Williams 2000).
National forest lands have since been
critical refuges of functional native
plant communities in the South.

At the turn of the 20" century,
the logging industry in the South was
producing lumber at its historical peak.
So much forest land had been logged
out that timber companies were finding
it difficult to access merchantable trees
and were beginning to close mills and
move to the newly opened virgin
timberlands of the Northwest. Although
the First World War caused a short-
lived resurgence in the demand for
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timber and naval stores, the con-
version of the shipbuilding industry
to steel by 1920 caused demand for
southern timber and naval stores to
fall drastically. By 1930 the majority
of the Coastal Plains longleaf pine
communities had been essentially cut
over (Croker 1987), as had the interior
shortleaf pines (P. echinatus). Upland
hardwood forests fared somewhat
better, at least in some places.

After 300 years of land conversion
and alien plant introduction, it is no
surprise that in the early part of the
20" century exotic plant species
were common throughout the region.
Some had been planted purposefully as
ornamentals, as forage for livestock, or
increasingly as erosion control agents
by State and Federal agencies. Others
were simply accidental tourists that
made their way across the region
without the direct assistance of people,
in stocks of hay or the coats of domestic
animals. Palmer (1926) notes an
abundance of “introduced species [and]
adventive woody species” in
the vicinity of Hot Springs, AR. He
specifically noted Japanese honeysuckle
(Lonicera japonica), Princess tree
(Paulownia tomentosa), and many
other introduced species.

Vascular plants were not the only
exotic species introduced to the United
States during historical times. Among
the most destructive exotics were fungal
pathogens of trees. Chestnut blight
(Cryphonectria parasitica) was
introduced into this country in New
York in 1904. It spread rapidly
and was actively killing trees in the
Southern Appalachians by the 1920s.
By the early 1950s, American chestnut
(Castanea dentata) was ecologically
extinct throughout its range in Eastern
America. This species once was a
dominant tree of Appalachian forests.
In some areas, one tree in four was a
chestnut. Although loss of the chestnut
was significant in terms of change
in forest composition, there is some
disagreement about the ecological
impact of chestnut blight. Only one
species extinction is suspected to have
resulted from the blight (American
chestnut moth, Ectodemia castaneae);
and the greatest impacts to native
plant communities seem to have been
a change in tree density (a temporary
result of canopy gaps created by the
death of chestnuts) and a realignment
of dominant overstory tree species

resulting from competition (Stein
and others 2000, Woods and Shanks
1959). Different trees have replaced
the chestnut as the dominant canopy
species in different portions of the
chestnut’s former range.

Dutch elm disease (Ophiostoma
ulmi and O. nova-ulmi) entered the
United States in 1930 in logs imported
from Europe. There is differential
susceptibility among Ulmus species,
but the American elm, a common street
and landscaping tree, has been the
hardest hit. By the late 1970s Dutch
elm disease was known to have
impacted elm trees throughout
the country (Schlarbaum 1997).

Butternut canker (Sirococcus
calvigigenti-juglanacearum), which
impacts Juglans cineria, was first
observed in the United States in
1967, but it is believed to have been
infecting trees for many years by that
time. By 1995, the USDA Forest Service
estimated that over three-quarters of
all butternut trees had perished from
the disease (Schlarbaum 1997).

There have been many other exotic
disease-causing fungi and insects that
have had significant impacts on the
native plant communities of the South.
Examples include white pine blister
rust (Cronartium ribicola), the gypsy
moth (Lymantria dispar), and the
balsam wooly adelgid (Adelges piceae).
Many introduced disease organisms
are still impacting our native plant
communities, and it is likely that new
pests will be periodically introduced
to our region. No one can tell what
damage they might bring in the future.
For a more thorough discussion of
the impact of exotic diseases of forest
trees, see chapter 17 of this report.

The study of the flora of the South
was in some respects dependent on
the publication of local and regional
floras. Improvements in the knowledge
of the botany of the region required
these tools. Several local floras had
been published for portions of the
South, including Walter’s Flora
Caroliniana (1788), Mohr’s Flora of
Alabama (1901), and Gattinger's
Flora of Tennessee (1901). The first
comprehensive flora of the Southeast
was published in 1860 by Chapman.

It was an important though incomplete
work. Unfortunately, it seemed to stifle
further serious assessments of the local
flora of the region until the early 20"
century. It was not until 1903, with
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the publication of Small’s Manual of
the Southern Flora, that the region
had a comprehensive, systematic flora.
Revised in 1933, Small's Manual is
a monumental work of 1,500 pages
and was the standard of southern
botany floras for over 50 years
(Reveal and Pringle 1993). The last
20 years have seen the development
of several important new floras
[e.g., Smith (1994) and Wunderlin
and Hansen (2000)].

The lack of specific information about
native plant communities in the South
from settlement times to the end of the
19t century is the product of two
conspiring circumstances. First and
foremost, the Southeast has been
continuously occupied for longer than
any other region of the United States:
by the early 19" century, when the
Nation became interested in its natural
resources, the focus was on the wild
and unknown West rather than the
familiar South.

Secondly, the development of plant
ecology as a modern science took place
largely in Europe beginning in the early
and mid-19" century. There and then
the concepts of succession and plant
associations were first developed into
forms recognizable today. However,
at the time, the study of plant ecology
was a subdiscipline of plant geography.
Plant geography, the description of the
distribution of plants, was the primary
concern of European academics,
capitalists, and naturalists. In the 19t
century, naturalists from many nations
were traveling around North America
cataloging plants. The pinnacle of plant
geography studies was reached in the
early 20" century and coincided with
the rise of the modern study of plant
ecology. The earliest focus of the
fledgling field of ecology was the study
of plant community succession. That
research was done in the midwestern
plains and eastern forests.

Henry Cowles first described
the dynamic (changing) nature of
vegetation. Prior to Cowles, plant
geographers were content to map
the current condition and extent
of vegetation. Many of Cowles’ students
went on to make important contri-
butions to the study of succession
throughout North America. E. Lucy
Braun became renowned for her
descriptions of virgin forests in
the Eastern States, especially the
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Appalachian Mountains. Her work
is still read and used as a reference.

Fredrick Clements was arguably the
first community ecologist in America.
Working largely with prairie and
old-field communities in the Midwest,
Clements described much of the
vegetation of North America, named
many plant associations, and identified
successional stages for his named
communities. He described the plant
community as a form of superorganism
to indicate his perception of the
interdependence of all of the parts
of a community, and he described
succession as the development or
life cycle of the organism.

Clements notion of the superorganism
was not universally accepted. In 1926,
Henry Gleason, who conducted his
research in forested communities
similar to those common throughout
the South, wrote an influential paper
that criticized Clements views and
posited that the nature of plant
associations is determined by the
individualistic behavior of plant
species. Gleason’s individualistic notion
of plant communities eventually won
out over Clements idea of the
superorganism.

The complexity of southern forest
plant communities hampered the
development of a comprehensive and
consistent community classification
system, such as those developed early
in the history of land management in
the Midwest and West.

Beginning with the study of plant
succession in the first quarter of the
20 century, a practical science of plant
and community ecology evolved. From
this point forward meaningful data
became available about the nature of
native plant communities. However,
because the South had been settled
for centuries, by the early 20™ century,
vast tracts of native plant communities
had been converted, planted, logged
over, infested with weeds, or otherwise
impacted, so opportunities to study
intact native communities were rare.

The Great Depression of the early
1930s was exceptionally difficult for
the people of the South, but it did a
lot for the native plant communities
of the region. The Federal Government
purchased land and established
many national forests. The Civilian
Conservation Corps (CCC), established
in 1933 during the Franklin Roosevelt
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administration, did extensive
reforestation in the South. The formal
teaching of forest sciences in the United
States had finally matured by the 1920s
and 1930s, so that an abundance of
well-trained foresters working for the
USDA Forest Service, State forestry
agencies, and the CCC itself were
available to supervise and direct the
work (Williams 2000). The fledgling
USDA Forest Service was working to
control unauthorized timber cutting

on Federal land. Unfortunately, this was
also the time in which widespread fire
suppression activities began. Although
this practice was well intentioned at
the time, it eventually led to significant
declines in native plant communities
throughout most of the Southeast.

The timber industry in the South
remained depressed until the outbreak
of the Second World War. At about
the same time, serious scientific
research was started at government
and university labs to increase the
productivity of forest land. Much of
this work focused on the development
of “improved” tree selections and
cultivation practices. One of the
innovations that arose was the
growing of pines in plantations.

Plantation cultivation of pines turned
out to be exceptionally productive.
Newly developed tree selections thrived
in the prepared conditions of the
plantation. Large tracts of cutover
land, especially in the Coastal Plain
and Piedmont, would eventually be
converted to pine plantations. This
method focused timber production
on developed sites. Although those
sites were forever altered, this intensive
form of silviculture saved many acres
of native forest from more traditional
timber harvesting.

The next large threat to native
plant communities in the South came
from another, unlikely advancement
in technology. From the time of
settlement the South was largely
rural, agrarian, and sparsely populated.
The widespread availability of air
conditioning in the 1950s and 1960s
made living and conducting business
much easier in the sweltering heat
of southern summers. The South,
therefore, began to see significant
increases in immigration and
urbanization. Land was developed,
and large tracts were fragmented. These
trends led to rapid increases in demand

for building materials, electricity, and
additional agricultural production.

Improvements in technology
and mechanization (especially in
agriculture) and decreasing Federal
commodity price supports led to
significant consolidations in the timber
and farm industries. Former farmers
migrated to cities in the North and
South. In the 1940s, 42 percent of
the population in the South lived on
farms. By the 1950s, only 15 percent
of southerners lived on farms. The
majority of the population of the region
became isolated from the landscape,
forever changing the way southerners
viewed their forests.

After the end of the Second World
War, pine forests in the South,
including those on State and Federal
land, were predominantly managed
for timber production. The birth of
the modern conservation movement
in the 1960s came, in part, as a
reaction to concerns about public
land management priorities and the
lax enforcement of environmental laws.

The Current Condition of
Native Plant Communities
in the South

Ecosystems—In the Southeastern
United States, interacting aggregations
of plant and animal communities and
the abiotic factors affecting them are as
diverse as any in the World. No place in
North America has more diverse forests
in terms of plants or animals, or more
different types of forests. One very
important source of this diversity in
plant communities in the Southeast is
the exceptionally high degree of
endemism (occurrence restricted to a
particular region or area) in the regional
flora, especially in Coastal Plain conifer
forests and in Appalachian forests.

In contrast, the South has the greatest
absolute number of introduced plant
species in North America. Florida alone
reports 800 introduced species existing
outside of cultivation (FLEPPC 2001).

One of the most important tools in
the study of any system, including
plant communities, is a comprehensive
means of classifying the observed
diversity. Several large-scale vegetation
classification methods are in current
use; the most important are those
described by Kuchler (1985), Bailey
(1994, 1998), and The Nature
Conservancy (TNC) (1999). Each of
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these systems divides the region on
the basis of either general physio-
graphy or potential natural vegetation.
Although many other methods exist,
these methods illustrate the basic
philosophies of large-scale vegetation
classification. Although most vegetation
classification systems are in agreement
on the general distribution of regional
plant communities, there is still

much discussion and continuing
research concerning how to

define the transitions between
vegetative communities.

Small-scale community classifi-
cation can be generally useful in
understanding the dynamics of
local vegetation. Hierarchical and
geographically comprehensive systems
such as TNC's National Vegetation
Classification System (Anderson and
others 1998, Grossman and others
1998) define literally thousands
of plant associations based on the
presence of dominant and associated
species. The utility of this system
(and similar systems) is its
inherent flexibility.

One of the most useful qualities of
TNC's National Vegetation Classification
System is the assignment of rarity ranks
to plant communities (Association for
Biodiversity Information 2001). A
comprehensive system of rarity ranks
across the Nation allows for an
assessment of the geography of
community diversity.

According to TNC figures, the
Southeastern United States has
the highest number of endangered
ecosystems of any region of the country.
More than 30 percent of all natural
plant communities throughout the
Southeast are critically endangered,
and the Southeast has the highest
proportion of imperiled plant
communities in the United States,
exclusive of Hawaii (Stein and others
2000). A great number of the rare
plant communities in the Southeast
are inherently rare, and their rarity
is a function of the great plant diversity
in the region. However, the majority
of rare communities in the Southeast
are rare because of habitat alteration
or degradation.

The majority of inherently rare
plant communities are relatively
small patches of plants in unique
combinations, often due to the presence
of equally rare edaphic conditions.
These patch communities can be

seen as occurring within a matrix of
more common, widespread community
types. Most habitat conservation
activities tend to focus on the

patch habitats.

Because there has not been a
single consistent convention for
the identification of plant communities
during the majority of the history
of the Southeast, it is essentially
impossible to discuss the specific
changes to those plant communities
over time. However, this is not to say
that we cannot assess the overall trends
in conditions of plant communities.
On the basis of conversion, alteration,
and impedance of function, more than
99 percent of all plant communities
in the South are not in the condition
they were in prior to European
settlement. Some of these changes
have been subtle, but most are
readily distinguishable. It is impossible
from the perspective of current times
to know precisely what has been
lost, but we can estimate the general
loss sustained by southern native
plant communities.

Among the communities to have seen
the greatest change in historical times
are the region’s forests. All of the forests
of the South have been touched,
directly or indirectly, at one time
or another, by the hand of humanity.
Sometimes that hand has been gentle,
but in most cases it has not.

By some estimates, all of the upland
hardwood forests of the Appalachians
have been altered. The hardwood
forests have suffered from chestnut
blight, Dutch elm disease, and
butternut canker. Even if the impact of
disease is discounted, less than 10
percent of the original native forest area
of the region has not been eliminated
or altered. Most was cleared prior to
the 1930s. Estimates vary from State
to State, but, on average, approximately
half of all presettlement hardwood
forest has been eliminated (Walker
and Oswald 1999), and the majority
(essentially all) of what remains is
compromised by fragmentation,
exotic pest and disease organisms,
and altered natural processes such as
fire and livestock grazing (Mac and
others 1998, Noss and others 1995).

Coastal Plains longleaf pine forests,
renowned for their high levels of
diversity, endemism, and species rarity,
have been reduced by more than 98
percent, compared to presettlement
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conditions. Most have been converted
to agriculture or pine plantations, two
plant communities notable for their
lack of diversity, endemism, and species
rarity. Most of the longleaf pine forests
were cut by the 1920s, but longleaf
pine habitat was still being clearcut and
converted into plantations in the 1980s
(Noss and others 1995, Stein and
others 2000). They were used as a
source of timber since aboriginal times,
but European settlers were clearcutting
vast areas of longleaf pine by mid-18®
century. Longleaf that was not cut for
lumber was commonly used as a source
of naval stores beginning in the 17t
century, a practice that continued into
the early 20" century (Croker 1987).
The remaining large blocks of longleaf
exist almost exclusively in public forests
(notable privately owned large tracts

of longleaf include the Moody tract in
southern Georgia and Green Swamp in
North Carolina). Many areas of longleaf
forests are being managed for the
endangered red-cockaded woodpecker.
Remaining blocks are, in some places,
threatened by exotic plant species, such
as Cogon grass (Imperata cylindrical),
fire suppression, and some forestry
(site preparation) practices that disturb
the forest understory plants, in lieu of
burning, to facilitate the growth of the
trees. There is also much concern, but
little that can actually be done, about
the fragmentation of the original
longleaf community (Croker 1987).
Only minor fragmentation agents, such
as roads, can be managed to increase
longleaf habitat continuity, whereas

the major fragmentation factors—
conversion to agricultural and urban
land uses—are essentially intractable.
Many public land management agencies
are currently practicing longleaf forest
restoration activities, and others are
encouraging restoration on private land.
These efforts, while very important,
vary greatly in their success. While it is
relatively simple to successfully grow
longleaf pine, the reconstitution of

the original plant community is

very difficult.

Fewer than 50 percent of the
presettlement spruce-fir forests
still exist in the Appalachians (Noss
and others 1995). Of that quantity,
more than 98 percent either have
been altered or are under attack by
introduced pests. Over 90 percent
of the red spruce forests in central
Appalachian forests have been
lost (Noss and others 1995).
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Approximately 90 percent of the
forested habitats in Florida have been
altered or eliminated, including 60
to 75 percent of the forested uplands
of Lake Wales Ridge, an area of
exceptionally high species rarity
and endemism. Only on the Atlantic
and Gulf coastal barrier islands does
a majority of the natural forest cover
remain. It has survived due to its
isolation and unsuitability for
agriculture or development (Noss and
others 1995, Stein and others 2000).

More than 98 percent of the
presettlement old-growth forests in the
South have been altered or lost (Stein
and others 2000). The vast majority
of the remaining old-growth forests
in the South are on Federal land in
national forests and national parks.

Of the original 60 to 90 million acres of
Coastal Plain pinelands, only 3 percent
survive today as old growth (Croker
1987, Noss and others 1995, Walker
and Oswald 1999). Less than 2 percent
of the forests in Kentucky have old-
growth characteristics (Noss and others
1995). In Tennessee, only about 5
percent of the presettlement old-growth
forest on the Cumberland Plateau
remains, and no more than 20 percent
of the forest of Tennessee’s Blue Ridge
Province can be classified as old growth
(Noss and others 1995). Those few
tracts of old growth not on public land
are mostly in fragments of 100 acres

or less, which reduces their value (Stein
and others 2000). Most of the forest
types classified as old growth today

are actually second- or third-growth
forests that have or are developing the
structural characteristics of old growth.

Open habitats in the South such
as glades, barrens, and prairies were
common at the time of European
settlement, as noted by the earliest
travelers to the region. There are,
however, no good estimates of how
much of the landscape was occupied
by these open areas. The current best
approximation suggests that as much
as 10 percent of the plant communities
of the South were historically open
habitats (Mac and others 1998). Today,
approximately 1 percent of the forested
landscape of the South is occupied by
openings such as barrens, prairies, and
glades. In most cases these areas are
very small, and they are not integrated
across the landscape (Mac and others
1998, Stein and others 2000) as they
once were.
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Among open habitat types, prairies
seem to have suffered the greatest
losses. Settlers saw these relatively flat,
treeless, and fertile areas as productive
and easy to clear. In Kentucky, less
than 200 acres of an original 3 million
acres of native prairie remain (Noss
and others 1995). In Texas, Louisiana,
Florida, Mississippi, and Arkansas,
nearly 99 percent of acres originally
in prairie types have been lost (Noss
and others 1995).

The majority of glades that survive
today tend to occur in mountainous
regions that were never converted to
agriculture, and they typically have very
stony soil. There is no information on
the total area in glades throughout the
region, but estimates are that less than
half of the original glade habitat in the
region survives intact, and the majority
of that which remains is ecologically
compromised due to either the
presence of exatic species or the lack
of fire. In Tennessee, approximately
one-half of all the area in cedar glades
has been converted (Noss and others
1995). Limestone glades throughout
the region have been disturbed at
higher rates (Noss and others 1995),
probably because they are more
commonly located at lower elevations
and in areas of gentler topography.

High-elevation grassy balds are
mountaintop treeless areas. Although
the mountains on which these open
areas occur are not high enough to
have alpine plant communities, various
edaphic and historical circumstances
have conspired to keep these areas
treeless. Grassy balds tend to support
herb-rich communities that require
frequent disturbance (Greller 1988).
Their ecological origin is still a matter
of debate. About 50 percent of the
area that was occupied by grassy
balds in 1900 remains today (Mac
and others 1998).

Almost all of the wet hardwood
forests, such as those that occur in
bottomlands and hammaocks on the
tropical Coastal Plain, have declined
to approximately 20 percent of their
presettlement cover (Mac and others
1998, Noss and others 1995). A
slightly larger percentage of the original
floodplain forests has survived (Noss
and others 1995), but most of it was
cleared at some time in the past and
has returned to forested cover in the
last century. In the last 25 years,
accelerated efforts have been made

to restore floodplain forest, especially
in the Mississippi Valley.

The Southeast comprises only 16
percent of the land area of the lower
48 United States, but it contains 36
percent of all wetlands and 65 percent
of forested wetlands. About 78 percent
of all wetlands in the Southeast has
been altered to some degree (Noss
and others 1995).

Unique or isolated wetlands have
fared worst overall. Although the
Southeastern United States has the
highest diversity of carnivorous plants
in the World, the habitat in which
these plants occur has declined by
approximately 97 percent. Reed
wetlands, known as canebrakes, have
been reduced by more than 98 percent
(Mac and others 1998). Mountain
bogs, especially those in the Southern
Appalachians and Blue Ridge, are home
to a great variety of unique native plant
species. Although approximately 10
percent of these bogs remain, few are in
fully functioning ecological condition
(Mac and others 1998).

Pocosins, upland wetlands that occur
on the Coastal Plain, have been reduced
to about 20 percent of their original
area (Mac and others 1998, Noss and
others 1995). Similarly, only about 10
percent of the original Atlantic white-
cedar forests, which require frequent,
low-intensity fires and are typically
only seasonally wet, are left (Noss
and others 1995).

Table 2.1—Percentage of wetland
acres lost in Southeast, 1780s
through 1980s

State Loss
Percent
Alabama 50
Arkansas 72
Florida 46
Georgia 23
Kentucky 81
Louisiana 46
Mississippi 59
North Carolina 49
Oklahoma 67
South Carolina 27
Tennessee 59
Texas 572
Virginia 42
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In the early 1600s, there were
approximately 220 million acres
of wetlands in the lower 48 States
(Mitch and Gosselink 1993).
Nationwide, over one-half of wetland
acres have been converted to other
uses. The degree of wetland loss has
been less on the Coastal Plains, thanks
in part to restoration and conservation
activities that began in the 20™ century.
Today, only 28 percent of Coastal
Plain wetlands have been permanently
converted (Noss and others 1995),
but a significantly higher proportion
have been impacted by human
management and exotic plant species.

The degree of loss of wetlands varies
widely among States within the South
(table 2.1) and is complicated by
the large-scale alterations of wetlands
and hydrology conducted by humans.
Countless acres of wetland have
been drained either for agriculture,
pasture, or urbanization, and countless
other acres were lost during stream
channelization, diking, or deforestation
(Mac and others 1998, Mitch and
Gosselink 1993, Noss and others
1995). The rate of wetland conversion
was greatest (Mitch and Gosselink
1993) from the 1950s through
the mid-1970s. Since the 1970s the
States with the greatest rate of wetland
loss nationwide are all in the South:
Arkansas, Florida, Mississippi, North
Carolina, and South Carolina (Mitch
and Gosselink 1993).

The condition of the native plant
communities discussed in this chapter
is reflective of the condition of the
majority of native plant communities
in the South. In fact, it is exceptionally
rare to find pristine plant communities.
Even the most remote places have
been affected by invasive exotic plants,
introduced disease organisms, changes
in community structure and function
stemming from altered fire and
hydrological regimes, and even
changes in the local seed- and
pollen-dispersing animals.

Rare Plant Species in
the Southern Region

Plant communities, whether rare or
common, comprise species that share
similar ecological needs and tolerances.
The diversity of plant species in the
South is rivaled in North America only
by the California flora. This diversity is
due in part to a broad array of species
that are either highly localized in their

distribution or are very sparsely
distributed over large areas.

Two widely accepted classes/
categories of plant species endan-
germent are protected under the
Endangered Species Act of 1973
(ESA); and TNC has commonly
used the category of “imperiled
species” (Association for
Biodiversity Information 2001).

Within the Assessment area,
approximately 115 plant species
are listed as either threatened or
endangered under the ESA (U.S.
Department of the Interior, Fish and
Wildlife Service 2001). Of this number,
52 occur in Florida. Those species
are clustered in the Appalachicola and
Lake Wales Ridge areas. The Southern
Appalachians contain the next greatest
concentration of threatened and
endangered plant species.

Figures 2.1 and 2.2 show the
distribution of rare plant taxa in the
South by equal-area hexagons and
counties, respectively. These maps were
derived from data held by State
Heritage programs and represent the
occurrences of vascular plant species
with a TNC rarity rank of G1-G2. These
are species considered to be critically
imperiled
or imperiled (Stein and others 2000)
based on the number, size, and
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condition of populations known

to exist. The distribution of rare

taxa is used here as a proxy for the
distribution of plant diversity. Low-
diversity plant communities such as
agricultural lands or beaches rarely
contain uncommon taxa, whereas there
is a Worldwide pattern of uncommon
species being associated with highly
diverse plant communities. The
occurrence data represented in figures
2.1 and 2.2 should not be interpreted
as the distribution of plant species on
a trajectory toward extinction. Most
of the rare plants in the South (or the
World for that matter) are species that
are naturally rare (Rabinowitz 1981).
These data are, in all likelihood,
incomplete in that private lands may
be under-surveyed for rare plants,
and some States have generally better
surveys than others. However, figures
2.1 and 2.2 represent the best available
data at this time and are more than
adequate to elucidate the overall
pattern of species diversity and rarity
in the South.

These figures display three hotspots
of plant diversity in the South: the
Southern Appalachian Mountains, the
Appalachicola lowlands of the Florida

Figure 2.1—Distribution of imperiled vascular plant species in the
South based on the number of occurrences in equal-area hexagons.



58

Panhandle, and the Lake Wales Ridge
region of central Florida. The Southern
Appalachians are a refuge for a wide
range of species in genera with
generally more northerly affinities.
Many of the rare taxa in the Southern
Appalachians are thought to be relicts
from periods of glaciation in the distant
past. The Lake Wales Ridge hotspot is a
portion of Florida that was submerged
during times of rising sea levels, such
as during the hypsithermal period from
8,700 to 5,000 BP. Many of the rare
plants on Lake Wales Ridge are thought
to have been more widely distributed
in the past. The Apalachicola lowlands
plant diversity hotspot is more difficult
to explain. Although the area has a
striking diversity of habitats such as
karst features, a variety of bogs, and
wiregrass communities, these factors
alone are unlikely to be the cause of
the richest endemic flora in the South.
Some scientists have suggested that
some combination of habitat diversity,
generally markedly low levels of soil
nutrients, and a long history of frequent
fires has made the area a challenge for
most plant species and an opportunity
for the evolution of specialized taxa.

Other areas with important
levels of plant diversity in the South
include the Coastal Plain, the Ozark-
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Ouachita Highlands, and the
Cumberland Plateau.

Although most of the rare plant
species in the South are species that
are naturally rare, forest fragmentation
and land conversion have significantly
impacted the distribution and abun-
dance of a large number of species.
Other factors associated with human
density, such as over-harvesting
and hydrologic alterations, have
diminished many species that were
formerly common.

Many of the plant diversity hotspots
represented in figures 2.1 and 2.2 occur
primarily or largely on public land.

This result highlights the importance

of public land for the conservation of
rare plants. Although not all public land
management practices favor rare plants,
in many places public land is the only
place in which rare plant conservation
is politically or economically possible.

Discussion and
Conclusions

Plant communities of the South
deserve many superlatives. They are

Figure 2.2—Distribution of imperiled vascular plant species in the South

based on the number of occurrences in counties.

exceptionally diverse, being rich in
both the number of species and the
number of endemic taxa. Forests of the
South are also among the most heavily
impacted in North America. They are
severely fragmented, have experienced
greater levels of human habitation for
longer than any other forests in North
America, and have the greatest number
of exotic species. The native plant
communities of the South have a
history of increasingly intensive use,
but recent changes in social attitudes
are a source of great hope to those who
appreciate the very special qualities of
the native southern landscape. There is
no chance that the South will ever see
the communities that Cabeza de Vaca
and De Soto saw, or even the relatively
more modified landscapes first
described by Bartram and Nuttall.

In fact, continuing urbanization and
population pressures will almost
certainly conspire to keep the majority
of the South’s landscape working

hard to support its people (table 2.2).
However, the remaining public land

in the region is increasingly being
managed for uses other than
commodity production, and native
plant community restoration and
species protection activities on both
public and private land are at an all-
time high. Changes will continue into
the future, most of them detrimental to
the overall health of native plant
communities in the South. Increasing
human populations and resource
demands will further fragment the
remaining forests and natural areas.
Invasive species will occupy
increasingly larger proportions of

the southern landscape. Global

climate change will also impact the
composition and distribution of plant
communities in the South. However,
increasing awareness of the value of
forests and natural areas has slowed the
pace of land conversion in the South,
and recent efforts by State and Federal
Government landowners to improve
forest conditions through restoration
suggest that, at least in part, some of
the inevitable changes coming to
southern native plant communities will
be improvements. The native plant
communities of the South will never be
what they were, but if the future brings
increasing functionality to the
remaining intact ecosystems of the
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Table 2.2—Timberland in Southern States by ownership class

All
State ownerships
Alabama 21,931.9
Arkansas 18,392.1
Florida 14,650.7
Georgia 23,796.1
Kentucky 12,347.3
Louisiana 13,783.0
Mississippi 18,587.4
North Carolina 18,710.4
South Carolina 12,454.9
Tennessee 13,965.0
Virginia 12,094.9
Total 180,713.7

Source: Data from Southern Region Forest Inventory and Analysis, http://www.srsfia.usfs.msstate.edu/.

South, then the conservation and
restoration efforts of today will have
been successful.

Needs for Additional
Research

TNC's National Vegetation
Classification System is the most
important development for the study
of natural plant communities in the last
decade. This uniform, standardized
method for classifying plant
communities will provide a reliable
means for comparing where we are
with where we have been. Alternatively,
efforts to model the current and
projected distributions of plant
communities or forest trees can
substantially aid our understanding
of the distribution of plant diversity
throughout the South. For example,
Prasad and Iverson (1999) have
developed multiple maps of the
current and projected distributions
of 80 eastern forest trees based on a
variety of sets of projected conditions.

Even though trained botanists have
been exploring the Southern United

States for over 300 years, the mapping
of native plant communities has just
begun. A full accounting of the
variation and geography of species
and their communities is critical.

This information is essential to

make an accurate assessment of the
conservation needs of the region.

The greatest challenges to natural
plant communities throughout the
nation, but particularly in the South,
are conversion to agriculture, the
creation of tree plantations, and
urbanization. The fourth common
source of degradation of natural plant
communities is the incursion of exotic
invasive plant species. There is a great
need to investigate more effective
methods of control, whether chemical,
biological, or physical. There are
many safety concerns associated
with chemical and biological control
methods, but physical methods
usually prove slow and expensive.

It is impossible to eliminate exotic
species from our region, but we can
still take steps to reduce their impact
on native plant communities and
learn to better manage the impacts.
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Hardwoods Softwoods

National Industrial All National Industrial

forests forests ownerships forests forests

------------------ Acres (thousands) - - - - - ---------------"-"--------
605.4 5,499.4 7,447.1 237.2 2,789.9
2,371.8 4,514.6 5,077.0 831.8 2,450.3
1,029.5 4,601.5 7,437.8 7253 2,921.9
710.7 4,890.5 10,805.4 192.4 3,154.3

698.9 204.5 682.1 64.2 0
568.5 4,422.5 5,006.7 327.9 2,357.1
1,106.6 3,314.1 5,751.0 505.3 1,579.7
1,082.4 2,420.4 6,261.9 168.0 1,528.2
560.0 2,394.3 5,561.5 311.2 1,492.3
556.8 1,393.0 1,468.9 93.3 336.6
1,360.9 714.5 3,352.8 137.2 840.3
10,651.5 34,369.3 58,852.2 3,594.0 19,450.6

There is currently a management
emphasis on the retention and
development of old-growth forests,
or forest stands with old-growth
characteristics, on public land.
However, concerns over the habitat
needs of wildlife, especially migratory
birds, has recently highlighted the
broader need for forests with a range
of structural traits. Early successional
forest stands in particular support a
very different array of native plant
communities than do mature forests.
There is a significant opportunity
for research to contribute to a better
understanding of the historical
abundance and distribution of
open areas in the South.

Finally, a future research priority
for native plant communities should
be restoration ecology. In the past,
restoration has meant the establishment
of any kind of vegetative cover on
denuded landscape such as eroded
farmland or strip mines. In the last
decade, there has been a significant
trend toward restoration of native
communities using native plant
material. However, the availability of
native material is limited, and there is
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a growing concern about the source of
the plant material used in restoration.
We have much to learn about the
distribution of genetic diversity in

the native species commonly used

for restoration, and even more to
learn about the potential for use in
restoration of the majority of plant
species native to the South.
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What are the likely effects
of expanding human
populations,
urbanization, and
infrastructure
development on wildlife
and their habitats?

Key Findings

Impacts of Exotic Plants
and Animals

m Exotic plants and animals have

had a documented impact on forest
wildlife and habitats. Exotic species
threaten the survival of some sensitive
wildlife species.

m Some forest wildlife species have
benefited from exotic species, but
indiscriminant use of exotic species
for wildlife management purposes in
the past has led to serious problems.

m Of the exotic species introduced
into this country, only 4 to 19 percent
have caused great harm. Another 6

to 53 percent have neutral or as

yet undetermined effects.

m Approximately 42 percent of species
that are listed in the United States as
threatened or endangered under the
Endangered Species Act are at risk
because of competition with or
predation by exotic species.

m More effective programs for
preventing the introduction and
establishment and spread of exotic
species are needed. Protection

and recovery of native species

and ecosystems should be included
as a goal in programs for control
and management of exotic species.

Land Use Changes
in Forested Habitats

m Urban and agricultural land

uses have interrupted the continuity
of southern forests and created
forest islands. Wildlife species

differ in their response to the
resulting fragmentation.
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m Some wildlife species, particularly
habitat specialists, have been
harmed by loss and degradation

of forest habitat and population
isolation caused by urbanization
and agriculture.

m Other forest wildlife species

have benefited from the creation

of edge habitat and have adjusted

to the new habitats created by people.
Habitat generalists tend to adjust
more easily to changes brought
about by urbanization.

m Urbanization excludes some
sensitive forest wildlife species but
increases the presence of others.
Urban habitats vary in their ability
to support a diversity of forest
wildlife. Advance planning and
careful management can enhance
the habitat value of urban and
suburban conservation areas.

m For the most part, wildlife species
that are tolerant of urbanization

are not the rare or declining species
that are of management concern.

m For species with area sensitivities,
those that require forest interior,
those that require specialized habitats,
and those intolerant of human
disturbance, special management
considerations will be needed

as urbanization increases in areas

of the South.

m Prior to European settlement,

early successional and disturbance-
dependent birds were found in
naturally occurring and Native
American-maintained forest openings.
Many of these disturbance-maintained
ecosystems have been lost from the
landscape during the last 300 years.

m The value of agricultural areas

in providing habitat for early
successional wildlife species (such
as bobwhite) depends largely on how
they are managed. “Clean farming,”
loss of pastures, creation of fescue-
dominated pastures, and the use of
heavy, fast-moving machinery have
reduced the value of the habitat
formerly found in pastures and
agricultural fencerows.

m Agricultural crops provide foraging
habitat for some forest wildlife, such
as deer, black bears, raccoons, and
many bird species.

m Woody fencerows enhance the
habitat value of agricultural areas
for some wildlife and facilitate the
movement of other forest wildlife
species. However, woody fencerows
in grassland habitats can reduce
the habitat value to grassland-
dependent birds due to increasing
predator presence.

m Abandoned agricultural fields

in the South have provided important
old-field habitat for some early
successional and disturbance-
dependent wildlife species. This
abandonment trend is diminishing
in many areas of the Southeast, but
forecast abandonment of agricultural
lands in the Western portion of

the region may provide at least

a temporary benefit for early
successional species.

m Successful conservation of

some forest bird species will

likely require forest management
areas with thousands of acres of
contiguous forest habitat. Similarly,
many early successional and
disturbance-dependent bird species
are also area-sensitive, requiring
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hundreds of acres for successful
conservation of some grassland
bird species and dozens of acres for
some scrub-shrub birds.

m The area-sensitivities documented
for many forest bird species must

be considered in a landscape context.
Forest patch size is of greater concern
in fragmented landscapes, such as
the ridge and valley province of the
Appalachians and the Mississippi
Alluvial Plain, than in predominantly
forested landscapes, such as heavily
forested areas of the southern Blue
Ridge and Cumberland Plateau and
the Ozark-Ouachita Highlands.

Linear Land Uses (Roads,
Power Lines, and Trails)

m The effects of linear land uses
(roads and utility rights-of-way)

on forest birds should be considered
in a landscape context. A continuum
of effects has been documented,
depending on the percent of the
landscape forested, the road type
and width, the maintenance needs,
and other site-specific factors.

m Linear corridors, such as roads

and power lines, can exclude sensitive
forest wildlife from the adjoining
habitat for distances ranging up to
330 feet or more. Effects on sensitive
forest birds are of more concern

in fragmented landscapes.

m In largely forested landscapes,
roadsides and power line corridors
can provide important habitat for
some grassland and early successional
bird species with less concern required
for the negative effects often attributed
to fragmentation.

m Linear corridors act as barriers

to the movement of some wildlife
species, fragmenting populations.
Examples include road effects on
woodland mice, interstate highway
effects on black bears, and power line
effects on some neotropical migrants.
Negative impacts documented for
neotropical migrants as a result

of fragmentation (such as reduced
reproductive success in small

forest patches) are of greater

concern in heavily fragmented
landscapes, however.

m Linear corridors act as travel lanes
for other wildlife, such as grassland
or scrub-shrub birds in largely
forested landscapes, connecting
isolated areas of habitat.
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m Roadsides and power line corridors
facilitate the spread of exotic plants
and animals. Many exotics have

been slower to gain a foothold in
predominately forested landscapes.

m Road mortality has been well
documented for many wildlife
species, but the extent of the problem
varies with a number of parameters,
including traffic speed and volume,
road type, extent of cleared rights-
of-way, wildlife species present, and
season. Road-related mortality is a
serious problem for some rare species,
such as the endangered Florida
panther and the endangered Key deer.

m Sensitive forest plant species can
be negatively impacted by human use
of forest trails. “Collectable” wildlife
may become rare along trails.

Introduction

Effects of Exotic Species
on Forest Wildlife and
Wildlife Habitat

Exotic nonnative plants and animals
were introduced into this country
either intentionally or accidentally.

In addition, many native species

have been accidentally or intentionally
introduced to other regions of the
country, sometimes with negative
consequences. The latter group will

not be discussed in this chapter. Since
European colonization, thousands

of plants and animals have been
intentionally introduced into the United
States. Many of these introductions
have been beneficial to humans.
Nonindigenous crops and livestock

are the foundation of U.S. agriculture
(U.S. Congress, Office of Technology
Assessment 1993). Other exotic species
are mainstays of horticulture and the
pet and aquarium industries: others are
used successfully for soil erosion
control and biological control. Of the
introduced species, only a relatively few
cause great harm. The U.S. Congress,
Office of Technology Assessment,
estimates 4 to 19 percent of exotic
species fall into this category. Another 6
to 53 percent are estimated to have
neutral or unknown effects. Many of
our most invasive exotic species have
been introduced into an environment in
which they did not evolve and in some
cases they have few or no natural
enemies. Once established, they

reproduce and spread unimpeded by
(and often at the expense of) native
plants and animals.

Human Land Use Changes
and Forest Wildlife

Following European settlement,
historic trends in southern forest
wildlife have closely followed habitat
changes associated with land
conversion and timber resource
removal, coupled with uncontrolled
exploitation of many species. For a
more detailed history of southern forest
wildlife see chapter 1. Alterations in
land use have changed the amounts of
forest habitat available to forest wildlife
species. They have fragmented forest
stands and changed forest edge and
forest interior habitats. Changes in
the abundance, species richness, and
species composition of forest wildlife
have been documented in response
to land use changes. This section
describes the responses of forest
wildlife to human land use changes.

See chapters 6 and 24 for a more
detailed discussion of historic land use
changes. The initial conversion of
forests and forest openings to farmland
brought many changes in the numbers
and kinds of wildlife (Bolen and
Robinson 1995). Land conversions
were not always negative for wildlife,
however. Timber cutting for
homesteads, cooperage, tanbark,
heating, and land conversion (for fields
and livestock) was initially beneficial
to many wildlife species (Clark and
Pelton 1999). Small farms carved from
forests offered more edge habitat and
supplemental food sources for many
wildlife species. As forest timbering
and land use conversions increased,
however, a combination of habitat loss
and unrestricted wildlife exploitation
decimated populations of black bears,
white-tailed deer, and turkeys (Adams
1994, Clark and Pelton 1999).

Later, a trend toward abandonment
of the small farms carved into wood-
lands began as the soils were depleted
(chapter 6). As previously tilled lands
reverted to shrubs and other vegetation,
white-tailed deer, eastern cottontails,
northern bobwhite, and some early
successional bird species were highly
favored (Clark and Pelton 1999, Hunter
and others 2001b). The conversion of
agricultural land to some type of forest
cover is expected to continue in some
areas of the South as landowner returns
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from agriculture decline relative to
those from forestry (chapter 6).
Recent changes in farming practices
have reduced the value of farms as
habitat for some wildlife species.

Currently, strong economic growth
has led to increased urbanization in
parts of the South (chapter 6).
Urbanization fragments the natural
landscape, destroys habitat required
for many species, modifies habitat for
others, and creates new habitat for
some species (Adams 1994). This land
use shift will continue to influence the
region’s forests along with forest wildlife
and habitat (chapter 6). Recent patterns
of urban growth in the South have
moved more people into the historically
rural areas in low-density residential
developments. In some areas of the
South, forest cover remains relatively
high, but the landscape is highly
fragmented. Land use changes that
result in increased forest fragmentation
could have negative impacts on a
number of forest wildlife species,
including many mature forest and
early successional bird species.

Linear Land Uses (Roads,
Power Lines, and Trails)

Along with urbanization, linear
human land uses, such as roads and
power lines, are increasingly prevalent
in the South. The mortality of wildlife
due to vehicle collisions and forest
habitat loss are the most obvious
impacts of roads on forest wildlife,
but an increasing body of information
suggests that the effects on wildlife
populations are much more complex.
About 3.85 million miles of public
roads now exist in the United
States (Forman 2000). Based on an
assumption that some of the ecological
effects of roads extend outward for
more than 330 feet, Forman estimates
that about one-fifth of the U.S. land
area is directly affected ecologically
by the system of public roads. Several
compilations and review papers on
the ecological effects of roads are
available (Findlay and Bourdages
2000, Forman and Deblinger 2000,
National Resources Defense Council
2000, Trombulak and Frissell 2000).

Similarly, power line corridors
function in a variety of ways to affect
forest wildlife populations. Knight and
Kawashima (1993) estimated that there
were more than 0.31 million miles of

power lines in the United States,
covering an estimated 5.2 million
acres of land.

Trails also are linear features that
bisect forest habitats and can affect
sensitive forest plants and wildlife.
Outdoor recreation activities are
growing in popularity throughout the
United States (Miller and others 1998),
and recreational opportunities in the
South are increasingly concentrated
on the relatively small percentage
of forested public land (chapter 11).
More information about outdoor
recreation in southern forests can
be found in chapter 11.

Methods

To describe the documented effects
of introduced exotic species, human
land use changes, and infrastructure
development on forest wildlife,
information was incorporated from
available scientific literature and the
World Wide Web.

Data Sources

Sources of information used for
compiling this chapter are cited in the
text and details about these references
can be found in Literature Cited.

Results

Effects of Exotic Species
on Forest Wildlife and
Wildlife Habitat

Exotic plant pathogens and forest
wildlife—More than 20 species of
exotic plant pathogens have been
introduced into forests in the United
States (Pimentel and others 1999), and
exotic forest pests have greatly altered
the species composition of forests
in the East (Campbell 1997). Some
tree species, important as sources of
timber, other products, wildlife food,
or other ecological services, have been
virtually eliminated throughout their
ranges or greatly reduced in numbers in
large portions of their ranges. The loss
of nuts and berries formerly produced
by vanishing or severely reduced tree
species has had a poorly documented
but surely substantial impact on wildlife
species of the forest (Campbell 1997).
See chapter 17 for a complete
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discussion of forest timber pathogens
and diseases. Although the impacts of
exotic plant pathogens to timber
resources are well documented, the
impacts on forest wildlife resources are
not well described.

At the beginning of the 1900s, the
American chestnut was one of the most
important wildlife plants of the Eastern
United States (Martin and others 1951).
With this tree practically exterminated
by the exotic chestnut blight, mast-
dependent forest wildlife, such as
white-tailed deer and black bears,
had to settle for inconsistent acorn and
hickory nut crops as their primary food
(Clark and Pelton 1999). The blight
almost certainly reduced the carrying
capacity of southern highland habitats
for mast-dependent wildlife. Hard mast
output may have been reduced as much
as 34 percent following the loss of
chestnuts (Diamond and others 2000).
The blight is thought to have caused
at least five indigenous insect species
to become extinct or extremely rare
(U.S. Congress, Office of Technology
Assessment 1993). In areas where
resprouting chestnuts remain in
the understory, birds and mammals
continue to transport virulent and
hypovirulent-like strains of chestnut
blight fungus (Scharf and DePalma
1981). Chinquapins in southern forests
(including the Allegheny and Ozark
chinquapins) vary in their susceptibility
to chestnut blight. The chinquapins
may not match the former value of
the American chestnut in their habitat
contribution to wildlife in southern
forests (Martin and others 1951),
but the nuts they produce are
valuable to wildlife (U.S. Depart-
ment of Agriculture, Forest Service
1999). Chestnut blight has affected
chinquapins in southern forests
and is expected to continue reducing
the prevalence of susceptible tree
species. However, no extermination
of any southern wildlife species has
been documented in conjunction
with chinquapin losses.

Dutch elm disease devastated
American elms as it spread across
most of the country. In areas where
Dutch elm disease removed the elm
trees from the forest canopy, bird
population surveys documented high
local extirpation and colonization rates
by bird species during the early 1950s
(Whitcomb and others 1981). In Great
Britain, reductions in bird abundance
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and diversity were documented in
wooded farmlands accompanying
elm death from Dutch elm disease
and subsequent felling of dead trees
(Osborne 1982, 1983, 1985). The
combination of Dutch elm disease
and logging reduced the availability
of suitable nesting cavities for cavity-
nesting waterfow! species (Johnsen
and others 1994).

Other exotic plant pathogens
continue to affect wildlife habitat
in southern forests by reducing the
abundance of valuable forest tree

million acres each, and their spread
rates are increasing (Miller 1997).
Clearcuts in the South can become
infested with exotic vines, such as
Japanese honeysuckle and mile-a-
minute, which can prevent the
growth of seedlings and retard timber
yields (Campbell 1997, Nuzzo 1997).
English ivy and Japanese honeysuckle
can overgrow and eventually kill
trees and understory plants and have
fundamentally altered the character
and structure of some forests (U.S.
Congress, Office of Technology

Assessment 1993). The herbaceous or
shrub layers of large but unrecorded
areas of forest are being transformed
into virtual monocultures by exotic
vines, herbs, and shrubs. In some
cases, these plant invasions have been
shown to reduce forage or cover for
wildlife (Campbell 1997). Table 3.1
lists some exotic plant species that
are particularly noxious in forests in
the Southern United States.

In recent years the impact of invasive
exotics on biodiversity has become a
major concern. Biological invasions

species. These include dogwood
anthracnose and butternut canker.
Flowering dogwoods are valuable to
many wildlife species for their fruit

Table 3.1—Exotic invasive plants of southern forests

production (Martin and others 1951; S qunt.
U.S. Department of Agriculture, Forest Common name Scientific name description
Service 1999). Butternuts are consumed . : S
by many species of forest wildlife. Silktree or mimosa tree Albizia julibrissin Tree
Exotic plant invaders and forest Chinabsrry Melia azedgrach Tree
wildlife—Some troublesome weed Tallowtree or popcorn tree Sapium sebiferum Tree
pests (such as Johnsongrass, multiflora Tree of heaven or stinktree Ailanthus altissima Tree
rose, and kudzu) were intentiona”y Empress or princess tree Paulownia tomentosa Tree
introduced as crops for wildlife en- Bicolor lespedeza Lespedeza bicolor Shrub
hancement or for erosion control, Burning bush Euonymus alatus Shrub
but later became pests (Pimentel and Japanese privet Ligustrum japonicum Shrub
ﬁgng/ elrgsvge)r.eTaT:i ifggg%”;’ gt\r,g?jegcse’d Chinese privet Ligustrum sinense Shrub
' Common privet Ligustrum vulgare Shrub
with crop seeds from ship-ballast soil or Multifloraprose Rogsa multflorzfl}J Shrub
zm Zgg(r)rlljgnlw?r?tc;tgﬁarr:':gnécm;eergfi’c Autumn olive Elaeagnus umbellata Shrub
invasive plants, such as CHinese privet, Amur or bush honeysuckle Lonicera maackii Shrub
are shade tolerant and once established Japanese barberry Berberis thunbergii Shrub
are capable of invading relatively dense Japanese honeysuckle Lonicera japonica Vine
forests. Many other invasives, such as Japanese climbing fern Lygodium japonicum Vine
kudzu, mimosa tree, or princess tree, English ivy Hedera helix Vine
are less adept at colonizing deeply Kudzu Pueraria montana Vine
shaded, mature forests except along Mile-a-minute Polygonum perfoliatum Vine
edges, in natural or artificial forest Periwinkle Vinca minor Vine
canopy openings, or in disturbed Oriental bittersweet Celastrus orbiculatus Vine
?]r fragmented forests. Exotic plants Chinese wisteria Wisteria sinensis Vine
Iaanvg Bse:r;ﬁgrzgig’ %&\i’g;%gﬁ'g?’ Winter creeper Euonmus fort[une.i Vine
fertilizers, and the use of agricultural Cogongrass . Imperata S:ylmd_rlga SIS
chemicals (Westbrooks 1998). Other Japanese grass or stiltgrass Microstegium vimineum Grass
human activities result in disturbed Johnsongrass Sorghum halepense Grass
environments and encourage invasive Tall fescue Fescue elatior Grass
plants. These activities include farming, Common teasel Dipsacus sylvestris Herb
creation of highway and utility rights- Crown vetch Coronilla varia Herb
of-way, clearing land for homes Garlic mustard Alliaria petiolata Herb
and recreation areas, such as golf Japanese knotweed Polygonum cuspidatum Herb
courses, and constructing ponds, Musk thistle Carduus nutans Herb
reservoirs, and lakes. Purple loosestrife Lythrum salicaria Herb
Millions of acres of forest land in- Sericea or Chinese lespedeza Lespedeza cuneata Herb
the Southeast are occupied by exotic Spotted knapweed Centaurea maculosa Herb
invasive plants. For many species, Sweet clover Melilotus alba Herb

the acreage infested and spread rates
are unknown. Kudzu and Japanese
honeysuckle occupy more than 7

Source: Miller 1997, USDA Forest Service 1999, Rural Action Inc. 1999.



Chapter 3: Human Influences on Forest Wildlife Habitat

by exotic species may displace native
animals and plants, disrupt nutrient
and fire cycles, and change the patterns
of plant succession (Westbrooks 1998).
Invasive exotic plants encroach into
parks, preserves, wildlife refuges,

and urban areas. Since many of these
areas are significant for maintaining
indigenous animals and plants (U.S.
Congress, Office of Technology
Assessment 1993), the responsible

land management agencies are forced
to expend increasing resources to
control the most troublesome invaders.
Approximately 61 percent of our
national parks have at least a moderate
level of exotic plant infestation: severely
impacted parks include the Great
Smoky Mountains. An estimated 400
of 1,500 vascular plant species in the
Great Smoky Mountains National Park
are exotic, and 10 of these are currently
displacing and threatening other species
in the park (Pimentel and others 1999).
Invasive exotic species are considered
to be the second most important

threat to biodiversity, after habitat

loss and degradation. Approximately
42 percent, or about 400, of the 958
species that are listed in the United
States as threatened or endangered
under the Endangered Species Act are
at risk because of competition with or
predation by exotic species (Wilcove
and others 1998). In south Florida,
exotic plant species, such as Australian
pine, Brazilian pepper, and leatherleaf
fern, are invading disturbed areas

and outcompeting native vegetation,
reducing Key deer foods and habitat
(U.S. Fish and Wildlife Service 1999).
In spite of the severity of exotic plant
invasion in southern forests, the
impacts to forest wildlife in the South
have only been sparsely documented.
More information about the effects

of exotic invasive plants on forest
ecosystems can be found in chapter 2.

Exotic plant invaders and
forest wildlife: use of exotic plant
species by insect herbivores—

Many exotic invasive plant species lack
insect herbivores adapted to live and
feed on them. This factor likely
contributes to their rapid spread.

The number of plant-feeding insects
associated with various trees is a
reflection of the cumulative abundance
of that tree throughout geological
history (Southwood 1961). Recently
introduced exotic tree species generally
support relatively few insect species

compared to abundant native tree
species. The Chinese tallow tree is an
invasive exotic that has spread rapidly
across the Southern United States.
Insects likely control the spread of this
tree in its native China, and the lack
of insect predation has aided its spread
in the United States. Only one species,
the leaf-footed bug, has been reported
causing fruit damage to this exotic
tree (Johnson and Allain 1998).

Exotic plant invaders and
forest wildlife: use of exotic
plant species by forest wildlife—

Despite the tendency of some exotic
plant invaders to form dense mono-
cultures that exclude native flora

and fauna, many species of southern
wildlife use exotic plant species for
forage and cover. Indeed, some invasive
plant species in southern forests were
introduced because they were con-
sidered beneficial for wildlife habitat
(Miller 1997). For instance, multiflora
rose was promoted in the 1930s by
the U.S. Soil Conservation Service for
erosion control and as living fences for
livestock (Plant Conservation Alliance —
Alien Plant Working Group 2002).
Soon after, however, state conservation
agencies promoted its value as wildlife
cover for pheasants, bobwhite quail
and cottontail rabbits, and as food for
songbirds. These agencies encouraged
its use by distributing free rooted
cuttings to landowners. Other exotic
plants that were at one time promoted
by government agencies or private
groups for wildlife cover or food
sources include Japanese honeysuckle,
exotic bush honeysuckles (including
Amur honeysuckle), Chinese lespedeza,
bicolor lespedeza, and Chinese privet
(Miller 1997, Plant Conservation
Alliance — Alien Plant Working Group
2002, Virginia Natural Heritage
Program 2002).

The value of Japanese honeysuckle
both as cover and a food source for
songbirds, gamebirds, hummingbirds,
small mammals, and deer has been
documented (Hugo 1989, Martin
and others 1951, Miller 1997). Other
exotic honeysuckles, such as Amur
honeysuckle, also have been docu-
mented as food and cover for birds
and small mammals (Martin and
others 1951, Whelan and Dilger
1992, Williams and others 1992).

Multiflora rose is an invasive exotic
shrub that was widely promoted by
conservation agencies in the 1930s for
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cover, wildlife food, and as living fences
(Miller 1997). It provides excellent
habitat for gamebirds and songbirds
(Martin and others 1951, Morgan and
Gates 1982) and for cottontail rabbits
(Morgan and Gates 1983).

Japanese and Chinese privets are
invasive exotic shrubs that can replace
native understory species and prevent
forest regeneration in riparian forests
and bottomland hardwood-pine forests
(Miller 1997). Privets are used for food
and habitat by birds, and their seeds
are widely dispersed by birds (Martin
and others 1951, Miller 1997). Chinese
privet also has been documented in
northwestern Georgia as an important
component of fall and winter diets
of the white-tailed deer (Stromayer
and others 1998).

Exotic shrubs in the buckthorn family
provide excellent nesting and feeding
habitat for many species of songbirds
(Whelan and Dilgar 1992). The exotic
shrub bicolor lespedeza provides food
for songbirds, gamebirds, and hooved
browsers, including white-tailed deer
(Martin and others 1951, Miller 1997).

The Chinese tallow tree in coastal
South Carolina is used heavily by
more than 14 bird species (Renne
and others 2000). The Russian olive
provides feeding habitat for songbirds,
gamebirds, and hooved browsers
(Martin and others 1951). Chinaberry
is eaten to a limited extent by song-
birds (Martin and others 1951).

Although these exotic invasive
plant species provide habitat and
food for southern wildlife species,
no scientific investigations were found
that compared the relative habitat value
of these exotic invaders to the native
flora that they displaced. In addition,
no scientific investigations were found
that documented the effects of exotic
plant species invasions on a broad
spectrum of southern forest wildlife
species, including sensitive habitat
specialists. The past introduction of
exotic plants for wildlife management
has unintentionally led to severe
invasive exotic species problems.
Many of the intended habitat benefits
of these invasive species can be found
in carefully selected native species.
See the National Park Service Web site
at http://nps.gov/plants/alien/fact.htm
for some suggested native plant
alternatives. Introduction of exotic
plant species for wildlife enhancement
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should be approached with caution to
avoid future invasive species problems.

Effects of exotic animals on forest
wildlife: exotic insect pests and
forest wildlife—More than 2,000
arthropod species and 11 earthworm
species have been introduced into the
Continental United States, including
approximately 500 exotic insect and
mite species (Pimentel and others
1999). About 360 exotic insect species
have become established in American
forests and approximately 30 percent
of these species have become serious
pests. Although the negative effects
of invertebrate pest species, such as
the gypsy moth and the balsam woolly
adelgid, to southern forests have been
well documented (see chapter 17),
much less information is available
about their effects on wildlife. See
chapter 17 for a description of the
effects of insects and other forest
pests on southern forests.

Balsam woolly adelgid—The balsam
woolly adelgid is an aphid that inflicts
severe damage in balsam-fir forests
(Pimentel and others 1999). The
balsam woolly adelgid has killed up
to 95 percent of the Fraser firs in
the Southern Appalachians.

Resultant habitat losses have impacted
forest wildlife. A few species, such
as the larvae of the moth Semiothisa
fraserata, may depend exclusively
on the Fraser fir for food (Stein and
Flack 1996). Other species, such as
the Weller's salamander, are endemic
to the spruce-Fraser fir habitat of the
Southern Appalachians. Changes in
the avifaunal composition of Fraser
fir forests were documented in the
Southern Appalachians following
destruction of the Fraser fir canopy
by the balsam woolly adelgid (Alsop
and Laughlin 1991, Rabenold and
others 1998).

Frazier fir bark provides substrate
for eight rare species of mosses and
liverworts (Stein and Flack 1996).
The endangered spruce-fir moss
spider lives in moss mats that are
only found in the spruce-Fraser
fir forests of Southern Appalachia
(U.S. Fish and Wildlife Service 1998).
Loss of the tree canopy (due to the
balsam woolly adelgid) has resulted
in increased light and temperature
and decreased moisture on the forest
floor, causing the moss mats on which
the spider depends to dry up and
become unsuitable.
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The endangered Virginia northern
flying squirrel and the endangered
Carolina northern flying squirrel are
found in conifer-hardwood ecotones
or forest mosaics of spruce-fir assoc-
iated with various hardwoods in high
elevations of the Southern Appalachians
(U.S. Fish and Wildlife Service 1990a).
Although decimated by past logging
of spruce forests, these two subspecies
are currently threatened by several
factors including habitat damage to
conifer-hardwood ecotones by the
balsam woolly adelgid and gypsy moth.

Gypsy moth—The gypsy moth
was accidentally released in Medford,
MA, in 1869. The spread rate of
gypsy moths from 1966 through
1990 was approximately 13 miles
per year (Liebhold and others 1995).
Gypsy moths feed on numerous
trees, shrubs, and vines but prefer
oaks (U.S. Department of Agriculture,
Forest Service 1999).

Infestation by gypsy moths can
impact forest wildlife habitat in several
ways. Severe infestations can reduce
the production of acorns and mast
produced by susceptible tree species,
reducing mast available for wildlife.
However, resultant dead trees can serve
as dens for some wildlife (Brooks and
Hall 2000). Defoliation of the over-
story can displace closed-canopy bird
species, while increasing the abundance
of open-canopy species (Michigan
State University 1997). In some heavily
overstocked forests lacking natural
disturbances (such as fire), defoliation
can benefit forest birds dependent upon
smaller openings in mature hardwood
or mixed forests. Beneficiaries include
some declining or priority species, such
as Canada warblers and white-throated
sparrows (Hunter and others 2001b).

Following gypsy moth infestations,
sensitive shade-dependent understory
plants can become stressed by the
increased sunlight reaching the forest
floor (U.S. Department of Agriculture,
Forest Service 1999). Defoliation of
the overstory increases the growth of
shrubs, grasses, and herbs providing
some wildlife with additional cover
and forage (Brooks and Hall 2000).

Red imported fire ants—The red
imported fire ant infests more than
250 million acres in the United States
(Allen and others 1994). Fire ants could
spread across almost a quarter of the
Nation before range limits are reached.
Southern States already infested by the

species suffer damages totaling more
than $1 billion per year (Pimentel
and others 1999).

Red imported fire ants are most
abundant in open habitats with dis-
turbed soil, where sunlight can reach
the soil surface (Stiles and Jones 1998).
They are rare in shaded or undisturbed
habitats, such as intact forests. Fire ants
can invade southern forests along the
margins of linear disturbances, such
as roads or power lines. In areas where
the red imported fire ant is abundant,
native ants are displaced by compe-
tition. Although omnivorous, the
species feeds voraciously on living
and dead insects. Native arthropod
diversity and abundance often are
reduced in heavily infested areas
(Allen and others 1994, Stiles and
Jones 1998, Tedders and others 1990).

Red imported fire ants have
had detrimental impacts on many
wildlife species (Allen and others
1994). Reptiles and amphibians tend
to be vulnerable to displacement by
fire ants when they compete for shared
prey (invertebrates) or have an egg
stage vulnerable to predation during
times of high fire ant activity. Fire ants
have been documented to destroy nests
and cause hatchling mortality of the
threatened gopher tortoise (Allen and
others 1994, U.S. Fish and Wildlife
Service 1990b).

Fire ants compete with native
scavengers that feed on dead animals
and fallen fruit. They have been
implicated in declines of ground-
nesting birds, such as quail and turkey,
because they attack newly hatched
young (U.S. Department of Agriculture,
Forest Service 1999). Nest and chick
predation by the red imported fire ant
has been documented for many bird
species (Allen and others 1994). The
red imported fire ant has been linked
to declines of migratory wintering
populations of the loggerhead shrike
(Grisham 1994). Injuries or death
to white-tailed deer fawns and other
newborn small mammals due to
attack by the red imported fire ant
have been widely reported (Allen
and others 1994).

Effects of exotic animals on forest
wildlife: effects of exotic wildlife
on native forest wildlife—Stein and
Flack (1996) estimate that at least
2,300 species of exotic animals now
inhabit the United States. This total
includes an estimated 20 species of
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exotic mammals, 97 species of exotic
birds, and 53 species of exotic reptiles
and amphibians. These species cost
the U.S. economy about $27.5 billion
every year (Pimentel and others 1999,
Scientific American 1999). Many of the
larger exotic animals were deliberately
imported for aesthetic, sport hunting,
or livestock purposes. Deliberate
imports include European starlings,
European wild boars, ring-necked
pheasants, and feral pigs. Other smaller
exotic pests, such as rats, mice, red
imported fire ants, and balsam woolly
adelgid, arrived hidden in cargo holds,
shipping containers, produce, and
imported forest products. Echternacht
and Harris (1993) indicated that at
least 50 exotic wildlife species have
become established in the Southeastern
United States comprising about 8
percent of the 625 native and exotic
wildlife species. Table 3.2 is based

on their wildlife and faunal description.
It contains a list of exotic wildlife
species that inhabit southern forests.

Feral pigs—~Feral pigs that descended
from domestic farm animals and
European wild boars that were
introduced for sport hunting now
number about 4 million across the

United States. Together, they cost the
economy more than $800 million in
damages per year (Pimentel and others
1999). Florida has about 0.5 million
and Texas has 1 to 1.5 million.

The effects of wild pigs vary greatly
from place to place, depending on
the density of pigs and the sensitivity
of the ecosystems involved (Singer
1981). Their rooting habit has
damaged sensitive forest habitats
across the South, including rare
wetlands and springs in the Ozark-
Ouachita Highlands (U.S. Department
of Agriculture, Forest Service 1999).
Wild pigs compete with wild turkeys
and white-tailed deer for acorns
and other foods. They tear up rotten
logs that provide habitat for many
amphibians and reptiles. In addition,
hogs destroy the nests of turkeys, ruffed
grouse, and other ground-nesting birds
(Miller and Leopold 1992, Sealander
and Heidt 1990). Wild pigs also carry
diseases, such as brucellosis and
pseudorabies that represent a risk to
native wildlife (New and others 1994,
Peine and Lancia 1990, Tozzini 1982).
No antibodies for serious diseases
were detected in a 1990 survey of wild
pigs in the Great Smoky Mountain

Table 3.2—Introduced terrestrial wildlife species in southern forests

Animal
Common name Scientific name description
Cuban treefrog Osteopilus septentrionalis Amphibian
Greenhouse frog Eleutherodactylus planirostris Amphibian
Brown anole Anolis sagrei Reptile
Ring-necked (green) pheasant  Phasianus colchicus Bird
Plain chacalaca Ortalis vetula Bird
Rock dove Columba livia Bird
Rose-ringed parakeet Psittacula krameri Bird
Budgerigar Melopsittacus undulatus Bird
Canary-winged parakeet Brotogeris versicolurus Bird
Monk parakeet Myiopsitta monachus Bird
European starling Sternus vulgaris Bird
Spot-breasted oriole Icterus pectoralis Bird
House sparrow Passer domesticus Bird
Rhesus macaque Macaca mulatta Mammal
Black rat Rattus rattus Mammal
Norway rat Rattus norvegicus Mammal
House mouse Mus musculus Mammal
Wild boar Sus scrofa Mammal
Fallow deer Cervus dama Mammal
Sambar deer Cervus unicolor Mammal

Source: Echternacht and Harris 1993, Choate and others 1994.
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National Park, however (New and
others 1994).

Wild pigs occur in 13 national
parks but are especially problematic
in the Great Smoky Mountains
National Park (Singer 1981). Wild
boars invade high-elevation northern
hardwood communities from about
April through August where their
rooting has reduced understory plant
cover up to 87 percent. Up to 77
percent of all logs and branches are
moved in heavily rooted areas. Red-
backed voles and shrews are normally
common in pristine stands, but are
absent in rooted areas.

Feral cats—Domestic cats, including
both pets and free-ranging animals,
now number about 100 million in
the United States (Coleman and others
1997). The occurrence of cats tends to
be concentrated around areas of human
habitation. Studies of free-ranging
domestic cats indicate that small
mammals comprise about 70 percent
of their prey, and birds constitute about
20 percent. Nationwide, free-ranging
rural cats probably Kill more than a
billion small mammals and hundreds
of millions of birds each year. Free-
ranging cats are a serious threat to
ground-nesting birds, such as turkey
and quail (Miller and Leopold 1992;
U.S. Department of Agriculture,

Forest Service 1999), and also attack
shrub-nesting songbirds. In Florida,
free-ranging cats are contributing to
the imperiled status of several federally
listed species, including the Lower
Keys marsh rabbit, several types of
beach mice, and woodrats.

Free-ranging cats can outnumber
and compete with native predators,
including hawks and weasels (Coleman
and others 1997). Cat predation may
deplete winter populations of microtine
rodents and other prey of red-tailed
hawks, marsh hawks, and American
kestrels (George 1974). Free-ranging
cats also can potentially transmit new
diseases to forest wildlife, including
feline leukemia to cougars (Jessup
and others 1993) and feline distemper
and feline immunodeficiency virus
to the endangered Florida panther
(Roelke and others 1993).

Feral dogs—Free-ranging and feral
domestic dogs are nearly ubiquitous
across the United States (Drost and
Fellers 2000); many problems are
reported in Florida and Texas (Pimentel
and others 1999). Free-roaming dogs
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chase and harass indigenous wildlife
(Sealander and Heidt 1990; U.S
Congress, Office of Technology
Assessment 1993) and disturb ground-
nesting birds, such as quail and wild
turkeys, by attacking adult birds and
consuming eggs and hatchlings (Miller
and Leopold 1992; U.S. Department
of Agriculture, Forest Service 1999).
In southeast Alabama, free-ranging
dogs prey upon the threatened gopher
tortoise and destroy gopher tortoise
burrows (Causey and Cude 1978,

U.S. Fish and Wildlife Service 1990b).
In south Florida, dog-related deaths
are the second most frequent cause

of human-induced mortality for the
endangered Key deer (U.S. Fish

and Wildlife Service 1999).

Free-ranging dogs have the ability
to interbreed with coyotes and the
federally endangered red wolf
(Sealander and Heidt 1990; U.S.
Department of Agriculture, Forest
Service 1999).

European starlings—After the
introduction of European starlings
in the late 1800s, population growth
and range expansion were explosive.
Starling populations now appear to
have leveled off or are decreasing in
most areas across the country (Robbins
2001). Although starlings consume
noxious insects and weed seeds, they
also compete with native species for
food and nesting cavities. Displacement
of native birds by starlings has been
documented in areas of the country
with limited nest sites (Weitzel 1988).
Starlings are known to be a very
aggressive species when competing
for or usurping cavities from other
birds (James and Neal 1986).

Effects on reproduction and
fecundity of red-bellied woodpeckers
were documented due to nest cavity
competition with starlings (Ingold
1994, 1996; Ingold and Densmore
1992). The effects of starling nest cavity
competition on northern flickers and
red-headed woodpeckers were found
to be less severe. Competitive cavity
losses for red-headed and northern
flickers have more serious implications,
however, since these two species are
currently declining. Starlings are
common in urban and agricultural
woods, but are seldom found in
densely forested areas (Ingold and
Densmore 1992). Red-bellied wood-
peckers that nest in more heavily
wooded environments are more
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successful in avoiding competition
with starlings. Starlings also compete
with other native birds, including the
eastern bluebird and purple martin, for
cavity nest sites (U.S. Department of
Agriculture, Forest Service 1999).

House sparrows—rFollowing a series
of introductions in the United States,
house sparrows became well established
across the continent by 1910. Currently,
populations appear to be stable or
decreasing in most areas of the country
(Robbins 2001). House sparrows are
found mainly in urban and agricultural

areas (James and Neal 1986) and
are seldom found in predominantly
forested areas.

Although they commonly nest in
man-made structures, house sparrows
also use deteriorating nests of other
species, woodpecker cavities, and
nesting boxes intended for other
species. House sparrows have been
documented to usurp cavities from red-
bellied and red-headed woodpeckers
(Ingold and Densmore 1992). In
addition to native woodpeckers, house
sparrows have been known to harass

Table 3.3—Some southeastern forest bird species and their sensitivities

to urban and suburban development

Common name

Scientific name

Urban/suburban
association

Mature-forest assemblage (late successional forests)

Pine warbler

Red-eyed vireo
Red-bellied woodpecker
Wood thrush

Ovenbird

Hooded warbler
Acadian flycatcher
Scarlet tanager
Northern parula
Black-and-white warbler
Hairy woodpecker
Pileated woodpecker
Yellow-throated warbler
Prothonotary warbler
Kentucky warbler
Louisiana waterthrush

Dendroica pinus
Vireo olivaceus
Melanerpes carolinus
Hylocichla mustelina
Seiurus aurocapollus
Wilsonia citrina
Empidonax virescens
Piranga olivacea
Parula americana
Mniotilta varia
Picoides villosus
Dryocopus pileatus
Dendroica dominica
Protonotaria citrea
Oporornis formosus
Seiurus motacilla

Tolerant

Intolerant
Tolerant

Intolerant
Intolerant
Intolerant
Intolerant
Intolerant
Intolerant
Intolerant
Tolerant

Intolerant
Intolerant
Intolerant
Intolerant
Intolerant

Shrubland assemblage (early successional clearcuts)

Indigo bunting
Yellow-breasted chat
Common yellow-throat
White-eyed vireo
Prairie warbler

Field sparrow

Gray catbird

Passerina cyanea
Icteria virens
Geothlypis trichas
Vireo griseus
Dendroica discolor
Spizella pusilla
Dumetella carolinensis

Intolerant
Intolerant
Intolerant
Intolerant
Intolerant
Intolerant
Tolerant

Forest-edge assemblage (fragmented landscapes)

Brown-headed cowbird
Northern mockingbird
Chipping sparrow
American robin

Eastern bluebird
Common grackle
Eastern Kingbird
Red-headed woodpecker
Orchard oriole

House finch

Molothrus ater

Mimus polyglottos

Spizella passerina

Turdus migratorius

Sialia sialis

Quiscalus quiscula
Tyrannus tyrannus
Melanerpes erythrocephalus
Icterus spurius

Carpodacus mexicanus

Tolerant

Tolerant

Tolerant

Tolerant

Tolerant

Tolerant
Rural/agricultural
Somewhat tolerant
Rural/agricultural
Tolerant

continued
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Table 3.3—Some southeastern forest bird species and their sensitivities
to urban and suburban development (continued)

Common name

Habitat generalist assemblage
Cardinal

Carolina wren

Tufted titmouse
Blue-gray gnatcatcher
Carolina chickadee

Blue jay

Great crested flycatcher
Summer tanager

Downy woodpecker
Yellow-billed cuckoo
Eastern wood pewee
Mourning dove
Common crow
Northern bobwhite
Brown thrasher
Northern flicker
American goldfinch
Red-shouldered hawk
Yellow-throated vireo
Ruby-throated hummingbird
Eastern phoebe

Eastern screech-owl
Common nighthawk
White-breasted nuthatch

Scientific name

Cardinalis cardinalis
Thryothorus ludovicianus
Baeolophus bicolor
Polioptila caerulea
Poecile carolinensis
Cyanocitta cristata
Myiarchus crinitus
Piranga rubra
Picoides pubescens
Coccyzus americanus
Contopus virens
Zenaida macroura
Corvus brachyrhynchos
Colinus virginianus
Toxostoma rufum
Colaptes auratus
Carduelis tristis
Buteo lineatus

Vireo flavifrons
Archilochus colubris
Sayornis phoebe
Otus asio

Chordeiles minor
Sitta carolinensis

Urban/suburban
association

Tolerant
Tolerant
Tolerant
Intolerant
Tolerant
Tolerant
Somewhat tolerant
Intolerant
Tolerant
Intolerant
Intolerant
Tolerant
Tolerant
Intolerant
Intolerant
Tolerant
Tolerant
Tolerant
Intolerant
Tolerant
Tolerant
Tolerant
Tolerant
Tolerant

Source: Canterbury and others 2000 [based on results from: Engels and Sexton (1994), Smith and
Schaefer (1992), Dowd (1992), Beissinger and Osborne (1982), Rottenborn (1999), Linehan and
others (1967), Blair (1996), Goldstein and others (1986), Friesen and others (1995), Long and
Long (1992), Askins and Philbrick (1987), Aldrich and Coffin (1980), Bolen and Robinson (1995),
Zimmerman (1991), and Hines and Anastasi (1973)].

other native birds including robins,
yellow-billed cuckoos, and black-
billed cuckoos. They can displace
native eastern bluebirds, wrens,

purple martins, and cliff swallows
from their nesting sites (Arcieri 1992,
Pimentel and others 1999). The deaths
of adult and nestling bluebirds were
documented in South Carolina resulting
from aggressive competition with
house sparrows (Gowaty 1984).

Effects of Urbanization
on Forest Wildlife

Effects of urbanization on forest
bird communities—A number of
studies investigated changes to bird
communities by comparing an
urbanized site versus a less urbanized
(or more forested) site. Many investi-
gators found that urbanization
decreased the species diversity of the

avian community and increased avian
density (or bird biomass), favoring
dominance by a few species. Bird
species vary in sensitivity to urban-
ization, leading to loss of sensitive
species and a shift in the species
composition of urban versus forest

bird communities. Habitat specialists,
including many forest insectivores,
neotropical migrants, and forest interior
species, have been documented to

be less tolerant of urbanization.
Beissinger and Osborne (1982), Smith
and Schaefer (1992), Franklin and
Wilkinson (1996), Kluza and others
(2000), Croonquist and Brooks (1993),
and Dowd (1992) all documented shifts
in avian species composition with
increasing urbanization.

Some investigators studied the
response of bird communities across
several sites or along a gradient of
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increasing urbanization. Gradient
studies revealed a less clear pattern

in bird species diversity and density
peaks; in some cases the pattern shifted
seasonally. However, shifts in the avian
species composition were generally
found as urbanization increased

(Blair 1996, Clergeau and others

1998, Lancaster and Rees 1979,
Rottenborn 1999).

Others investigated changes in the
bird community at a single site through
time as the area became urbanized
or more forested. Butcher and others
(1981), Askins and Philbrick (1987),
Aldrich and Coffin (1980), Long
and Long (1992), and Horn (1985)
documented the loss of sensitive
forest bird species after urbanization
or their return after reforestation.

Table 3.3 lists selected forest bird
species in the Southeastern United
States and their tolerances to urban
and suburban development.

Urban fragmentation and
edge effects—Forest size and level
of fragmentation and the effects on
breeding birds—Increasing urban-
ization fragments forest habitat into
smaller and more isolated tracts.
Research on breeding forest birds
has shown that some species have
minimum area requirements. Many
studies documented declines in the
numbers of forest breeding migratory
birds in small isolated forest patches
(Danielson and others 1997). Fragmen-
tation is considered to be a primary
contributing factor to observed
neotropical migrant declines.

Whitcomb and others (1981) found
that many neotropical migrant species
became increasingly rare as the size of
the forest decreased. In addition, area
sensitivities varied depending on the
degree of isolation from larger forest
tracts. They concluded that forest tracts
needed to contain hundreds or perhaps
thousands of acres to conserve popu-
lations of some forest bird species.
Robbins and others (1989) suggested
that when managing forests for wildlife,
top priority should go toward providing
for the needs of area-sensitive or rare
bird species. When conservation of
large contiguous forest tracts is not
possible, they suggested that several
moderately sized contiguous forests
could be helpful in maintaining
rare forest breeding birds.
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Reduced reproductive success
of forest nesting birds in small or
fragmented forests may be due to
increased nest predation or nest
parasitism by brown-headed cowbirds.
Nest parasitism is associated with
brown-headed cowbirds, which lay
their eggs in the nests of other species.
These hosts then raise cowbirds at
the expense of their own offspring.
Nest predation can be caused by a
combination of many avian, mam-
malian, and reptile species. Rates of
nest predation have been found to
be higher in small forest tracts than
in large forest tracts, and small urban
forest tracts experience higher rates of
predation than comparably sized forest
tracts in isolated rural areas (Wilcove
1985). Migratory songbird populations
suffer the most serious effects from
increased predation in small forest
tracts. Keyser and others (1998),
Donovan and others (1995), Robinson
(1992), and Robinson and others
(1995) all documented reduced
reproductive success of neotropical
migrants and other forest nesting bird
species in fragmented forests due to
higher rates of nest predation and/or
nest parasitism.

Recently, investigators stress the
importance of overall forest cover
or landscape levels of fragmentation
surrounding a local area when eval-
uating the presence or nesting success
of area-sensitive or forest-interior
birds. As indicated by Villard (1998),
preference for forest-interior habitat
or avoidance of small fragments tends
to focus attention on the local scale,
whereas processes underlying these
phenomena may take place over
landscape or even continental scales.
Therefore, forest-interior preference
and area sensitivity should be consid-
ered in a landscape context. In one
study, forest cover in approximately
40-square-mile study plots was found
to be the most important factor affect-
ing the distribution of forest birds
(Trzcinski and others 1999). Compar-
atively, the independent measures of
forest fragmentation produced effects
that were inconsistent and far less
important than overall forest cover.
In addition, the reduction in nesting
success of forest birds due to nest
predation and parasitism was much
greater in heavily fragmented land-
scapes with low forest cover than
in heavily forested landscapes (Hartley
and Hunter 1998, Robinson and others
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1995). Similarly, no differences were
detected in the breeding success of
worm-eating warblers in small and
large forest tracts when high amounts
of forest canopy cover were present
in the surrounding landscape (Gale
and others 1997).

In addition, landscape-level factors
may partially affect the distribution
of mammalian nest predators and,
potentially, songbird nest-predation
rates. A combination of local features,
such as proximity to some types of
edge, as well as broader landscape-
level features, such as land use patterns,
was determined to influence the abun-
dance of these mammals (Dijak and
Thompson 2000). At a broader scale,
raccoons were more abundant in
agricultural landscapes with high
densities of streams than in forested
landscapes with low densities of
streams. Opossums were more abun-
dant in heterogeneous landscapes with
widely spaced patches of forest and
high densities of riparian habitat.

A review of Breeding Bird Survey
trends for the southern Piedmont
physiographic area might lead one to
conclude that perhaps urbanization is
not a serious threat to sensitive forest
breeding birds. As indicated in Hunter
and others (2001a), very few vulnerable
species in the southern Piedmont have
declined overall from 1966 to 1996.
This apparent stability, however, may
reflect an overall increase in forest
acreage and maturation of the forests
during this period. As further sum-
marized in Hunter and others (2001a),
wood thrushes and red-eyed vireos
have shown consistent declines within
patches of mature forest in Piedmont
suburban areas, such as Atlanta, GA.
In addition, a number of area-sensitive
woodland bird species, such as
northern parulas, black-throated green
warblers, Swainson’s warblers, and
worm-eating warblers, have population
centers in relatively more forested areas,
such as the southern Blue Ridge and
the South Atlantic Coastal Plain, but
are nearly absent as a breeding species
over much of the southern Piedmont
(Hunter and others 2001a). Perhaps
more revealing than population trend
data alone for woodland warblers and
other sensitive mature forest species is
the absolute abundances for those
species as derived from the Breeding
Bird Survey data (Hunter, W.C.,

May 2002. Unpublished analysis on

Breeding Bird Survey data. 4 p. On file
with: Kenneth L. Graham, U.S. Fish
and Wildlife Service, Ecological
Services, Suite 200, 1875 Century
Blvd., Atlanta, GA 30345). Absolute
abundances of these species in heavily
fragmented physiographic areas, such
as the southern Piedmont and the
southern ridge and valley/southern
Cumberland Plateau, are clearly much
lower than those exhibited by more
heavily forested, less fragmented
physiographic areas, such as the
southern Blue Ridge and northern
Cumberland Plateau.

In the face of very low absolute abun-
dances of sensitive woodland bird
species, positive or negative population
trends within heavily urbanizing areas,
such as the southern Piedmont, may
reflect habitat conditions and popula-
tion trends in nearby physiographic
areas that actually support those
species’ population centers and act
as source populations. Ironically, some
of the most forested physiographic
areas in the Southeast have exhibited
the steepest declines in forest birds
in recent years. These areas have long
been considered to be population
sources for forest nesting birds (and
still are, but to a more limited extent
than previously thought) (Simons and
others 2000). See chapter 4 for more
information concerning population
declines of forest birds in more forested
physiographic regions and for trends in
wood-warbler species in the Piedmont.

Connective corridors and offsetting
the deleterious effects of
fragmentation—The presence of
connective corridors may help to
reduce the isolation of wildlife
populations in fragmented forests
(MacClintock and others 1977,
Machtans and others 1996, Wegner
and Merriam 1979). Corridors may
provide a connection that allows
wildlife to move from one patch to
another across an intervening, inhos-
pitable landscape. This phenomenon
has been especially well documented
for disturbance-dependent grassland
and scrub-shrub bird species, such as
Bachman’s sparrow, in largely forested
areas (Dunning and others 1995). It
is not obvious that animals possessing
the mobility of birds need corridors
to cross-fragmented landscapes, but
it appears that the open space between
forest islands is a barrier to movement
of some songbirds (Whitcomb and
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others 1981). Gaps of 250 feet or

more produced isolation characteristics
for some songbirds in small forest
fragments created by power lines and
roads (Robbins and others 1989). Such
gaps may not represent as serious a
problem in largely forested landscapes,
however (Gale and others 1997). Some
investigators question the conservation
value of corridors or question whether
sufficient experimental evidence

exists to draw conclusions on their
benefits (Inglis and Underwood 1992,
Simberloff and others 1992). Several
potential negative effects and dis-
advantages of corridors should be
considered prior to their use in over-
coming fragmentation (Simberloff and
others 1992). Disagreement over the
value of corridors to overcome the
effects of fragmentation for various
species is likely to continue for some
time. The use of corridors and the effect
of fragmentation on movement patterns
seem to be highly species-specific
(Debinski and Holt 2000).

Fragmented forests have a greater
proportion of edge habitats. Edges have
generally been regarded by wildlife
managers to have a positive effect on
wildlife because the number of species
increases near habitat edges (Yahner
1988). This positive effect likely
remains true for birds in predominantly
forested landscapes. In fragmented
landscapes, however, maximizing
species diversity is not always a
desirable objective in light of the
number of rare species that depend on
large areas of habitat. Rates of nest
predation and brood parasitism are
greater at edges for some forest nesting
birds (Gates and Gysel 1978), especially
as overall forest cover becomes
increasingly fragmented (Donovan and
others 1997). Paton (1994) reviewed a
number of studies that dealt with bird
nesting success as a function of distance
from an edge. Most studies found that
nesting success decreased near edges as
a result of increasing nest predation
and parasitism rates. The strongest
effects appeared to occur within about
125 feet of the edge. Indigo bunting
nests along abrupt forest edges, such
as agricultural edges, wildlife openings
or campgrounds, had nearly twice
the nest predation rate as those found
along more gradual edges, such as
those created by treefalls, streamsides,
and gaps created by selective logging
(Suarez and others 1997).

While the results of many investi-
gations indicate that nesting success for
forest birds is reduced by the proximity
of edges, recent information indicates
that such effects depend on the nature
of the surrounding landscape. Hartley
and Hunter (1998) reviewed various
nest predation studies and concluded
that nest predation rates decreased
as the amount of overall forest cover
increased. Edge effects were more
apparent in largely deforested land-
scapes. Donovan and others (1997)
found that nest predation rates were
significantly higher near edges, but
these increased rates were apparent
only in highly and moderately
fragmented landscapes and not in
unfragmented landscapes. The ovenbird
may be an exception, however. Even
in an extensively forested landscape,
slightly reduced rates of breeding
success were documented for ovenbirds
near forest edges (King and others
1996). Still, ovenbird reproductive
success remains high overall, and
other sensitive neotropical migrants
fare better in highly forested landscapes
(Gale and others 1997). Ovenbirds
reproduce well in midsuccessional
forests, and since such conditions are
plentiful throughout eastern forests,
the ovenbird is not considered a
conservation priority species. See
chapter 1 for more information about
the effects of forest fragmentation on
forest wildlife.

Not all investigators agree that higher
nest predation rates occur in smaller
forests or along forest edges (Friesen
and others 1999, Haskell 1995, Matessi
and Bogliani 1999, Yahner 1996,
Yahner and Mahan 1996). Studies in
large contiguous forest areas, such as
the Great Smoky Mountains National
Park, indicate that although these areas
enjoy an overall higher nesting success
rate for forest nesting birds (such as
wood thrush), they may also support
a more diverse and abundant predator
community than more disturbed or less
contiguous sites (Simons and others
2000). In addition, the magnitude and
patterns of nest parasitism by brown-
headed cowbirds is not consistent
among studies (Coker and Capen 1995,
Donovan and others 1997, Evans and
Gates 1997, Gates and Gysel 1978,
Hahn and Hatfield 1995, Robinson
1992, Robinson and others 1995).

Effects of urban environments on
bird abundance and nesting
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success—In urban areas, forest-
breeding birds may have lower
abundances and lower nesting success.
A 10-acre woodlot without any nearby
houses had greater species richness and
higher abundances of neotropical
migrant species than did a 60-acre
urbanized woodlot, indicating that the
diversity and abundance of neotropical
migrant birds decreased with increased
urban development (Friesen and others
1995). Golden-cheeked warblers
declined near urban development,
apparently due to the increased
presence of blue jays and greater nest
predation (Engles and Sexton 1994).
Declines of neotropical migrants were
documented over a 50-year period

in the North Carolina Highlands
Plateau, likely due, in part, to the close
proximity of residential development
and urban fragmentation (Holt 2000).
Nest predation rates were found to

be greater for woodlands in the vicinity
of human settlement (Matessi and
Bogliani 1999). Mammalian nest
predators were found to be more
abundant in floodplain forests that
adjoined residential and agricultural
lands (Cubbedge and Nilon 1993).

Urban areas as habitat for birds—
Urban woodlands are unsuitable
habitat for many forest bird species,
including many neotropical migrant
birds, birds that require large habitat
areas for breeding, birds that breed
only in forest interior habitats, many
scrub-shrub and grassland species, and
those sensitive to urban disturbance.
Urban and suburban preserves tend to
be small and isolated from other
forests. However, urban woodlands still
provide habitat for some wildlife
species and seasonally support
migrating birds. Not all urban habitats
are the same.

Woody vegetation volume is
important in determining breeding bird
diversity in urban settings (Goldstein
and others 1986). Urban woodlots
of 20 acres or more can support dense
and diverse populations of breeding
birds, provided that they have adequate
shrub understory, mature and dead
standing trees, and vegetative edge
types of sufficient width and proper
quality (Linehan and others 1967).
Large urban parks with well-preserved
natural forest habitat support bird
populations more characteristic of
native forests (Gavareski 1976). Urban
parks, cemeteries, schoolyards, and
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other open spaces are prime sites
for wildlife management (Bolen
and Robinson 1995). For example,
Washington, DC, has only house
sparrows, pigeons (rock doves),
and starlings in the downtown area,
but nearby in the spring gardens
surrounding the White House,

19 species are present.

In urban environments, the objective
of wildlife management should be
to maintain biological diversity by
retaining sufficient habitat for the
maximum number of wildlife species
(Milligan and others 1995). Urban
wildlife habitat designs must consider
the size, composition, connectivity,
dynamics of the habitat patches,
and human perceptions of the habitat
areas. At the same time, however,
urban wildlife habitats must be at a
scale compatible with the surrounding
urban uses. Constraints are necessary
to promote human health and safety,
and to meet habitat requirements
of the different wildlife species.

Urban habitats pose additional risks
to resident avifauna. An estimated 98
million birds are killed each year in the
United States from window collisions
with high-rise buildings (Bolen and
Robinson 1995). In addition, an
estimated 2 to 4 million birds are
killed each year in the Eastern United
States due to collisions with commu-
nication towers (Weisensel 2000).

The relative contributions of these
mortality sources to the declines of
any conservation priority bird species
were not described in these references.

Effects of urbanization on birds
of prey and scavengers—Birds of prey,
such as hawks, eagles, and owls, can be
vulnerable to the effects of urbanization
because they are at the tops of food
chains, and their home ranges are larger
than those of most other birds (Adams
1994). Hawk species differ in their
requirements for nesting habitat and
tolerance for forest openings and
human disturbance. Cooper’s hawks
abandon nest sites when housing
construction and residential
disturbance encroach on established
nest sites (Bosakowski and others
1993). There is evidence, however, of
adaptability of various hawk species to
urban settings. Broad-winged hawks are
more tolerant of forest openings when
selecting nest sites than red-shouldered,
red-tailed, or Cooper’s hawks (Titus and
Mosher 1981). Red-shouldered hawks
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in New York and New Jersey have
higher nest productivity with increas-
ing distance from human habitation
(Speiser and Bosakowski 1995).

Bald eagles generally select well
forested areas near water bodies
and avoid areas of human development
and areas of high boat and pedestrian
traffic (Buehler and others 1991a,
1991b; Chandler and others 1995).
On the lower Melton Hill Reservoir
and the adjoining Clinch River in
eastern Tennessee, residential and
industrial development was found
to be the primary factor limiting
habitat suitability for eagle nesting
(Buehler 1995).

When not searching for food, black
and turkey vultures tend to prefer
forested habitats free of buildings
for roosting and nest sites (Coleman
and Fraser 1989). Nests are frequently
located away from human disturbance
in rock crevices and in roadless,
forested, and undeveloped areas.
Nesting success for vultures was found
to increase farther from buildings due
to lower disturbance and less
depredation by dogs.

Although some raptors are sensitive
to urban disturbance, there may be
differences among individuals, species,
and regions of the country. Raptors
that are tolerant of urban environments
include Mississippi kites, sharp-shinned
hawks, Cooper’s hawks, red-shouldered
hawks, and red-tailed hawks (Adams
1994). Urban woodlands, even those
composed primarily of exotic vege-
tation, lawns, and urban development,
are acceptable to some red-shouldered
hawks (Bloom and others 1993).

One pair of red-shouldered hawks
successfully fledged young within

65 feet of people engaged in jogging,
picnics, and baseball games. American
kestrels also have adapted to urban
environments where suitable nesting
cavities are available (Adams 1994).

The screech owl thrives in some
suburban environments, especially
those with large wooded lots (Gehlbach
1986). Burrowing owls, barn owls, and,
occasionally, great horned owls have
also been found in metropolitan
environments (Adams 1994).
Burrowing owls benefit from light levels
of urban development and reach their
highest densities in areas 55 to 65
percent developed. Other population-
limiting factors are encountered beyond
that development level, however.

Effects of urbanization on
mammals—In general, urban
environments support fewer species
of mammals than surrounding rural
areas (Adams 1994). The species that
occur in urbanized environments tend
to be habitat generalists rather than
specialists. Urbanized areas can support
high populations of exotic species, such
as the house mouse and Norway rat. In
less urbanized areas where large green
spaces remain, more species are likely
to be encountered. Downtown Boston
cemeteries support 20 species of
resident mammals (Bolen and
Robinson 1995).

Small and medium-sized mammals,
especially granivores, are the most
abundant mammals found in urban
and suburban environments (Adams
1994). In one study, mammals found in
urban greenspaces were primarily
habitat generalists that utilize a mosaic
of habitat types (VanDruff and Rowse
1986). Deer mice, meadow voles, tree
squirrels, ground squirrels, chipmunks,
and woodchucks are common residents
of urban areas (Adams 1994). Some
small mammals, however, are habitat
specialists that do not easily adjust to
changes brought about by urbanization.
Fragmentation of habitat in the Great
Dismal Swamp of Virginia and North
Carolina by residential subdivisions and
industrial parks may be contributing
to the decline of five indigenous
subspecies of mammals (Rose 1991).
The Allegheny woodrat is restricted
to only a few habitats and is listed as
threatened in Pennsylvania because
of statewide declines (Balcom and
Yahner 1996). Increases in residential
and agricultural development were
observed near sites of extirpation.

The few sites still occupied by the
woodrat generally had less fragmented
surroundings (agricultural lands)

than sites of extirpation.

Large herbivores do not easily find
suitable habitat in highly urbanized
settings (Adams 1994). Their large
body sizes and correspondingly large
home ranges exclude them from many
urban environments. Nevertheless,
many cities in North America have
very high densities of white-tailed
deer. Problems with damage to urban
vegetation in sensitive areas, such as
flower gardens and parks coupled with
high instances of deer-vehicle accidents,
have prompted some cities to initiate
population control activities (Bolen
and Robinson 1995).
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Small insectivorous mammals, such as
shrews, moles, and bats, are commonly
encountered in most residential areas.
Suburban residential areas often make
excellent habitat for medium-sized
omnivores, such as raccoons (Hoffmann
and Gottschang 1997), opossums,
armadillos, and skunks (Adams 1994).

Red foxes are more tolerant of urban
areas than gray foxes. They occasionally
den in large wooded areas within some
larger cities. Urban foxes are common
in many British cities, even in the
districts most densely populated by
humans (MacDonald and Newdick
1982). In a Boston cemetery, resident
red foxes hunt a burgeoning gray
squirrel population (Bolen and
Robinson 1995). Gray foxes are
more wary of urbanized areas, but
can be found in rural residential areas
(Harrison 1997). The threshold for
avoidance of residential areas by
gray foxes is between 130 and 325
residences per square mile. Coyotes
are becoming more common in urban
and suburban settings (Adams 1994).
Coyotes occur in suburban Seattle and
Los Angeles, in residential areas north
of New York City, and in Lincoln,

NE. In Lincoln, one coyote spent
more than 70 percent of his time
in a 35-acre residential subdivision
(Bolen and Robinson 1995).

Large predators, such as wolves,
cougars, and bears, are not part of
urban mammal communities (Adams
1994). They have been eradicated from
most rural areas as well. Black bear
distribution in coastal North Carolina
is negatively correlated with human
density and positively correlated with
percent of total forested land (Jones
and others 1998).

Effects of urbanization on reptiles
and amphibians—Some amphibians
and reptiles have characteristics that
make them vulnerable to the effects of
urbanization (Adams 1994). They are
less mobile than birds or mammals, and
dispersal rates are slower. With habitat
fragmentation, many amphibians and
reptiles exist in localized distributions
rather than one continuous popu-
lation. Urbanization tends to exclude
specialized reptiles and amphibians,
while species with broad ecological
tolerances and more general habitat
needs tend to be more successful. Many
reptiles and amphibians are eliminated
when wetlands and aquatic habitats are
lost due to drainage, channelization, or

filling. Removal of ground cover and
underbrush eliminates habitat for many
salamanders and snakes (Adams 1994).

Amphibians are especially susceptible
to local extirpations and constraints
on recolonization due to the short
distances traveled, site fidelity, and
physiological constraints (Blaustein
and others 1994). The effects of forest
habitat loss during urbanization may
be especially severe for forest-dwelling
salamanders. Schlauch (1976) found
that woodland salamanders, such as
the blue-spotted, spotted, marbled, and
eastern tiger salamander, were reduced
in distribution in urbanized areas of
Long Island. Loss of ponds, lowered
water tables, urban pollution, reduced
amounts of woodlands, and collections
for pets were contributing factors.
In addition, the northern two-lined
salamander disappeared from most
areas on Long Island due to destruction
of suitable springs. This species needs
cool and flowing spring water to
breed. In western North Carolina, the
abundance and diversity of salamanders
were drastically reduced following
clearcutting of the forests (Ash 1997,
Petranka and others 1993). There is
substantial debate about the recovery
and long-term stability of salamander
communities in managed forests (Ash
1999, Petranka 1999), but deforestation
associated with urban development
would be permanent, with little
likelihood of recovery for many
salamander species.

Recolonization of suitable areas can
also be problematic for some reptiles,
especially those that are habitat
specialists. The Florida scrub lizard is a
rare endemic, and its largest remaining
population is in Florida sand pine scrub
on the Ocala National Forest (Tiebout
and Anderson 1997). The lizard has
limited vagility and can only occupy
young seral stages of a regenerating
forest (less than 7 to 9 years of age).
Scrub lizards probably do not disperse
through forests older than about 12
years of age. Fire suppression and the
lack of forest successional dynamics
have contributed to the rarity of
this lizard.

The threatened gopher tortoise also
is sensitive to urbanization. Egg and
hatchling mortality can be quite high
in urban areas (see sections “Effects of
exotic animals on forest wildlife: exotic
insect pests and forest wildlife” and
“Effects of exotic animals on forest
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wildlife: effects of exotic wildlife on
native forest wildlife”). This problem is
compounded by low reproductive rates
(Adams 1994). The gopher tortoise has
been extirpated from urban areas in
Mobile County, AL (Nelson and others
1992). Populations are more stable,
however, in areas with less severe
habitat disturbance. Habitat
modifications and land use changes
associated with urbanization and
agricultural development have
eliminated the timber rattlesnake from
much of its historic range in east Texas
(Rudolf and Burgdorf 1997).

Although urbanization excludes some
sensitive forest reptiles and amphibians,
urban environments may provide
habitat for some species. The heavily
urbanized western end of Long Island
still supported 28 of the 37 species
documented to historically exist on
Long Island (Schlauch 1976). The less
developed, eastern end supported 35 of
the 37 species. Herpetofauna found to
be urban tolerant by Schlauch (1976)
included the red back salamander,
Fowler’s toad, the brown snake,
the garter snake, and the eastern box
turtle. Due to pet collection, box turtles
disappeared quickly from areas near
any ground-level nature trails, however.

Other general effects of
urbanization on forest wildlife—
Many habitats, such as the longleaf
pine ecosystem or pine-oak woodlands
of the Southern Appalachians, are
dependent upon fire for maintenance.
Fire suppression has affected the quality
of wildlife habitats in some southern
forests. In many forest areas,
management now includes prescribed
burning. However, the increasing
presence of roads and residential
areas has interfered with the use of
prescribed fire. For more information
on the effects of fire suppression and
prescribed burning, see chapters 4 and 25.

For more information about the
effects of air pollution on forest health,
see chapter 18. For more information
about the effects of increasing demand
for timber products on southern
forests, see chapter 13.

Effects of Agricultural Land
Use on Forest Wildlife

Forest wildlife densities and
movement along the forest/
agricultural edge—Forest wildlife
species differ in their responses to
forest/agricultural edges. Some wildlife
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species are limited to forest interior
habitats and avoid edges. Other wildlife
species are adapted to edges and forest
openings, or may be attracted to special
habitats created at forest/agricultural
interfaces. Small mammal species
exhibited differing responses at forest/
field edges (or forest wildlife openings)
(Manson and others 1999, Menzel and
others 1999, Wegner and Merriam
1979). Increased numbers of
mammalian nest predators were found
along forest-field edges (Gates and
Gysel 1978), higher densities of
mammalian predators were found in
floodplain forests adjoining residential
and agricultural land (Cubbedge and
Nilon 1993), and raccoons were found
to be more abundant in forest edges
adjacent to agricultural fields and
streams (Dijak and Thompson 2000).
In contrast, Heske (1995) found

no differences in the abundance

of furbearing and small mammals
along forest/farm edges versus forest
interiors in southern Illinois.

Nest predation of forest nesting
birds adjacent to agricultural areas—
For information about the effects of
small forest fragments and forest edges
on the success of forest-nesting birds
see section “Effects of urbanization on
forest birds: urban fragmentation and
edge effects.”

Some avian species in forests near
agricultural areas have reduced nest
success rates. Rates of nest predation
for songbirds were found to be
ubiquitously high in a study site
bordering agricultural fields. Mam-
malian predators (especially raccoons)
were abundant throughout the study
site and present on all transects
surveyed (Heske and others 1999).
Similarly, higher predation rates for
ground nests were documented in
forests fragmented by agricultural land
due to more abundant avian predators
(Huhta and others 1996) and in an area
fragmented by agriculture, greater
abundances and species richness of
nest predators (particularly avian nest
predators and snakes), as well as more
abundant cowbirds, were found along
pasture-forest edges (Chalfoun and
others 2002). Increased numbers of
nest predators (crows and blue jays)
were noted during bird surveys in
the Great Smoky Mountain National
Park (Wilcove 1988). Apparently,
agricultural and other land conversions
outside the park boundaries caused
an increase of these nest predators,
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even in this large, relatively contiguous
forest area.

Agricultural areas as habitat for
forest wildlife—

m Early successional species: Many
bird species dependent on open
habitats, such as grasslands, prairies,
savannas, glades and barrens, are now
in serious decline in the Eastern United
States (Hunter and others 2001a).
Today, many of these early successional
and disturbance-dependent species are
found associated with active and
abandoned farmland, pastures, and
other human forest clearings. Prior to
European settlement, these species were
found in naturally occurring and
Native-American-maintained forest
openings. Many of these disturbance-
maintained ecosystems have been lost
from the landscape during the last 300
years. Some species dependent on them
found suitable nesting habitat in
human-created fields following loss of
the natural openings. Populations of
disturbance-dependent birds and other
wildlife vary along with trends in
agriculture. Conversions of pastures to
more intensively cultivated row crops
or intensively mowed, fescue-
dominated pastures, the maturing of
abandoned farm fields in some areas of
the South, and the trend to larger fields
of cash crops with accompanying loss
of fence-row habitat have all affected
early successional species. Information
from the 1997 National Resource
Inventory indicates that the 13
Southern States lost about 2.2 million
acres of pasture between 1992 and
1997, a net loss of about 3.4 percent
(USDA Natural Resources Conservation
2000). These species are in trouble not
only because of the intensification of
farming and declining numbers of
pastures, hay meadows, and abandoned
fields, but also due to suppression of
natural disturbances—fires, beaver
activity, and floods—that generate
natural grass-lands and shrublands
(Askins 2001).

The introduction of exatic, cool-
season pasture grasses was probably in
response to overgrazing of native warm-
season species and deteriorating range
conditions (Twedt and others, in press).
Use of “improved” cultivars, such as
tall fescue, red fescue, Bermuda grass,
weeping love grass, and many others,
began in the mid-1930s. Exotic grasses,
such as tall fescue, can be grazed quite
close to the ground and can be hayed

during the mid-nesting season of many
grassland bird species. Depending on
their management, intensively grazed
or frequently mowed fescue pastures
offer little or no cover for wildlife

and can be poor habitat for northern
bobwhite (Barnes and others 1995)
and other grassland species.

Eastern cottontail populations were
found to remain highest in areas with
relatively high amounts of pasture,
stable woodlands, hayfields, and fields
planted in small grains, such as wheat,
oats and barley (Mankin and Warner
1999). The presence of pasture seemed
to be the most important factor,
however. In contrast, increases in row
crops, such as corn and soybeans, were
accompanied by declines in cottontails.
Pasture environments apparently
maintained cottontail abundance
because they are closest to their
preferred vegetation structure (old
fields and early successional shrub
lands). Similarly, landscape features,
such as percentage of woodland on
farms, percentage of farmland in
nonrow crops, percentage of land in
soil-protecting crops, and percentage
of land in conservation tillage, were
used to calculate habitat indices (Ribic
and others 1998). These indices are
important in determining areas likely
to support high populations of northern
bobwhites and cottontails. Indices
indicating farming disturbance, such as
percentage of land under grazing and
percentage of land on which fertilizers,
pesticides, and herbicides were applied,
were associated with lower populations.

m Importance of vegetated fencerows,
hedgerows, and wooded corridors: The
presence of woody fencerows in
agricultural areas provides important
habitat for many wildlife species (Bolen
and Robinson 1995). In areas where
agriculture constitutes a majority of the
land use, fencerows with a continuous
row of trees and shrubs can provide
habitat for up to 36 species of birds per
6.2-mile segment, whereas fencerows
without woody vegetation support 9

or fewer species over the same distance.
Forest edges bordered by multiflora
rose hedgerows had higher bird species
diversity than open forest edges, but
habitat generalists and forest-edge
species provided most of the increased
bird diversity (Morgan and Gates
1982). Forest edges with hedgerows
had more cover in the first 6 feet
aboveground level than open forest
edges and retained more of this
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cover during the winter. In addition,
cottontails were also more frequent

in forest edges where hedgerows
were present compared to open forest
edges (Morgan and Gates 1983).
Similarly, farmstead shelterbelts were
documented to be valuable habitat
for small mammals in agricultural
areas (Yahner 1983).

Vegetated fencerows may be
important for the movement of some
wildlife species, allowing them to reach
isolated forest patches across a matrix
of open agricultural fields. Chipmunks
and white-footed mice tend to move
between wooded habitats down
vegetated fencerows rather than
crossing open fields (Wegner and
Merriam 1979). Similarly, many forest-
nesting bird species move from one
wooded habitat to the next along
vegetated fencerows rather than flying
directly across open fields. Even when
woodland birds, such as eastern pewee,
red-eyed vireo, and wood warblers,
foraged in open fields, they first moved
from the woods down fencerows, then
from fencerows into the open fields.
MacClintock and others (1977)
documented that a narrow, disturbed
corridor of grazed woods and early
second-growth forest could reduce
the isolation of a forest patch, allowing
it to maintain a high diversity of
forest-nesting birds.

Fencerows in agricultural areas may
have negative effects on some species,
however. Nest survival for loggerhead
shrikes in fencerows was documented
to be lower than for those nesting in
the adjoining pastures due to higher
nest predation (Yosef 1994). Most of
the potential nest predators observed
during the study either flew or walked
along fencelines, and appeared to avoid
crossing open pastures. Similarly, area-
sensitive grassland bird species avoided
nesting in grassy pastures within the
first 165 feet of wooded fencerows
(O’Leary and Nyberg 2000). Sensitive
grassland nesters included two
conservation priority species—
Henslow’s sparrow and bobolink.

m Foraging habitat for forest wildlife:
Agricultural areas, including grain
fields, pastures, fruit orchards, gardens,
and vineyards, are important forage
areas for many wildlife species (Martin
and others 1951). Not all forage use of
agricultural land by wildlife results in

damage to crops. Foraging by
insectivorous birds and mammals and
consumption of weed seeds by wildlife
is beneficial to agriculture. Wildlife
often consume waste grain left behind
by mechanical harvesting machines or
consume fruit that has fallen on the
ground. In other cases, however, loss
and damage to crops by wildlife have
been clearly documented. Martin and
others (1951) documented the value of
several agricultural commodities for
wildlife. Corn is consumed by over 100
species of wildlife, including 17 species
of upland gamebirds, 59 species of
songbirds, 10 species of fur and game
mammals, 6 species of small mammals,
and 3 species of hoofed browsers.
Wheat is consumed by more than

94 species of wildlife, and oats are
consumed by at least 91 different
species. Rice and apples are other
important agricultural commodities
eaten by foraging wildlife in the South.

Fallow fields were the most
common habitat selected by
bobwhite, even though crop fields,
wildlife management plots planted
annually in small grain, and woods
managed by prescribed burning,
were available nearby (Yates and
others 1995). Apparently, insects
were the most important food
resource for feeding bobwhite
hatchlings. Insect sampling revealed
that fallow fields had more insects
than other available habitats.

Black bears in the Southeast feed
more in agricultural areas than in other
parts of the United States, but their
use of these areas may increase their
vulnerability to hunting, lowering the
overall rates of survival, especially for
males (Hellgren and Vaughn 1994).

In coastal North Carolina, corn crop
damage by black bears amounted to
about 0.6 percent of the total area
surveyed (Maddrey and Pelton 1995).
Most of the damage was within 165
feet of the forest edge. In questionnaires
completed by coastal North Carolina
farmers, deer were the major cause

of crop depredation (Maddrey and
Pelton 1995). Crop damage by

black bears, birds, and raccoons was
reported less frequently.

Raccoons frequently use agricultural
areas for foraging. One study found
that raccoons in an agricultural area
foraged mainly on corn, which
accounted for up to 76.2 percent
of their diet (Sonenshine and Winslow
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1972). Coyotes were found to be
well adapted to agricultural areas

in Vermont (Person and Hirth 1991).
They preferred hardwood forests in
the winter and spring, and farmland
during the summer and fall.

Great horned owls are habitat
generalists that prefer open cropland
and pastures for foraging (Morrell
and Yahner 1994). Barn owls also
prefer to forage in pastures and grass-
dominated agricultural areas (Bolen
and Robinson 1995).

Wintering flocks of grackels, red-
winged blackbirds, starlings, and
brown-headed cowbirds use fields
and feedlots for foraging. One such
wintering flock removed 1,300 to
7,000 tons of corn each winter from a
total foraging range of about 541,000
acres (White and others 1985). In a
control measure, over 1 million birds
were killed with the surfactant PA-14
one winter. Recruitment of birds from
surrounding areas caused the roost
to return to prekill levels within
about 2 weeks. Roost fidelity for such
wintering flocks averages only 3.5 to
4.4 nights per individual. Thus, the
daily population turnover rate for
the roost is about 23 percent.

m Hazards of agriculture to wildlife:
Although agricultural areas are habitat
for many wildlife species, they can also
subject them to hazards not
encountered in natural areas. Mowing
equipment and nighttime mowing has
increased the mortality of eastern
cottontails, bobwhite, and other wildlife
attracted to pastures and hayfields
(Bolen and Robinson 1995).

Many wildlife species forage in
agricultural fields, but crop losses
have resulted in lethal and nonlethal
depredation control measures (Bolen
and Robinson 1995). Under some
conditions, certain crops may be
harmful to wildlife. Geese that consume
dry soybeans may harm or obstruct
their esophagi as the swelling soybeans
cause hemorrhaging and necrosis,
or prevent the passage of food to the
stomach. Aspergillosis is a fungal
infection of the respiratory tract,
contracted by birds exposed to molding
crops. Once contracted, the infection
can be spread to other birds, causing
sizable die-offs.

Wildlife living and foraging in
agricultural areas are exposed to
insecticides, herbicides, and fertilizers
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(Bolen and Robinson 1995). Many
insecticides are not species-specific
and can be lethal to wildlife through
direct exposure or through ingestion
of contaminated prey species. Some
of the more toxic pesticides, including
the chlorinated hydrocarbons DDT,
Aldrin, and others, are now banned

in the United States, but because of
long residual times and heavy pesticide
buildups, it has taken some time for
their deleterious effects to fade. Most
herbicides approved for use today

are not directly toxic to forest wildlife
if applied correctly. Indiscriminant use
can indirectly harm wildlife, however,
by reducing important vegetation

for cover and forage. Fertilizers in
granular form can resemble seeds

or grit and offer a potential hazard

to birds that might ingest a large
number of granules.

Old field successional areas—
Some areas of the South are likely to
experience a reduction in agricultural
land uses with a subsequent return to
forest habitat (see chapter 6 for more
information). Many of these increases
in forest acres will undoubtedly be
in the form of pine plantations rather
than natural forest types, however
(see chapter 13). See chapter 4 for a
discussion of the influence of pine
plantations on forest wildlife
and habitats.

Abandoned agricultural land under-
goes a series of vegetation changes
that provide important habitat for a
number of wildlife species. The return
to old-field habitat benefits many
disturbance-dependent bird species.
Successful management for many of
these rare and declining birds will
require adequate space for area-
sensitive species, connecting corridors
between early successional habitat
areas, and availability of areas in
specific vegetation stages to offset
natural plant succession (Hunter and
others 2001a). Breeding bird density
and species composition shift as
abandoned farm fields undergo natural
vegetative succession to mature forests
(Johnston and Odum 1956). A few
species, such as the cardinal, persist
through many plant successive stages;
but most birds appear to have a definite
range of vegetative stages. Browsing
mammals, such as deer, also benefit as
abandoned agricultural areas undergo
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the vegetative transition into scrub-
shrub habitats (Adams 1994).

Old-field habitats can vary in
vegetative structure. The presence
of exotic vegetation in agricultural
environments is an influence that
persists long after fields are abandoned.
Previous types of agricultural use
can influence the vegetative structure
and, hence, the wildlife habitat in a
particular abandoned field. Abandoned
pastures differed markedly in their
vegetation compared to previously
cultivated old fields (Stover and Marks
1998). Exotic herbaceous plants in
an old-field environment reached their
peak abundance within 65 feet of the
forest edge (Meiners and Pickett 1999).

Restored bottomland hardwood
forests failed to regain their wildlife
habitat value relative to mature forests
even 50 years after agricultural usage
(Shear and others 1996). Although
the regenerating forests had similar
structural attributes to the uncut
forests, the lack of heavy seeded,
mast-producing tree species (oaks
and hickories) made them generally
less useful for mast-dependent forest
wildlife. Conversely, bottomland
hardwood reforestation efforts that
rely solely on oak planting are slow to
produce a substantial three-dimensional
forest that provides useful habitat for
nongame species, including many
neotropical migrants (Twedt and
Portwood 1997). More naturally
invading species became established
in bottomland hardwood restoration
areas sown with acorns than in areas
planted with oak seedlings (Twedt
and Wilson, in press).

Other general effects of agriculture
on forest wildlife—Agricultural land
uses have resulted in fire suppression
and interruption of presettlement
forest fire patterns. Lack of fire in most
forest habitats has greatly affected the
quality of wildlife habitat. For more
information on the effects of fire
suppression and prescribed burning,
see chapters 4 and 25.

Agricultural disturbance has
permitted introduction of a great
many exotic plant and animal species.
See section “Effects of exotic species on
forest wildlife and wildlife habitat” of
this chapter for information about the
impacts of exotic plant and animal
species on forest wildlife.

Effects of Linear Land Uses
(Roads, Power Lines, and
Trails) on Forest Wildlife

Habitat displacement of wildlife
by roads and power lines—Some
forest wildlife are excluded from or
are less numerous in areas adjacent
to roads and highways. Woodland
breeding birds and terrestrial birds
were found to have reduced densities
adjacent to highways (Reijnen and
others 1995, Kuitunen and others
1998). Some species clearly avoided
the road, while others appeared to
favor road-forest edges. Birds
responding to corridor/forest edges
along a power line corridor could be
divided into edge, deep forest, and
unaffected species (Kroodsma 1982).

Road and power line corridors may
vary in their effects on forest wildlife,
depending on corridor width. Forest-
interior, neotropical migrant birds
exhibited diminished abundances
along wide power line corridors (50
to 75 feet) but not along narrow forest
openings (of 25 feet) along unpaved
dirt roads (Rich and others 1994). Such
edge effects may not be as important for
birds nesting in predominantly forested
landscapes. In a landscape more than
70 percent forested, worm-eating
warblers in small forest patches,
separated by paved two-lane roads and
house lots, were found to have nesting
success comparable to those nesting
in large forest tracts (Gale and others
1997). However, even in heavily
forested landscapes, ovenbirds showed
reduced densities of breeding territories
and reduced pairing success within
500 feet of forest roads (Ortega and
Capen 1999). Therefore, while edges
of narrow corridors may be acceptable
habitat for some bird species, they may
be unsuitable for others. These issues
must be evaluated in terms of the
conservation concerns for the species
at issue in a given situation (see chapter
4 and section “Effects of urbanization
on forest birds: urban fragmentation
and edge effects” of this chapter for
discussions concerning ovenbird
response to edges versus conservation
status).

Forest roads were found to reduce
the abundance and species richness of
macroinvertebrate soil fauna (Haskell
2000). This effect extended up to 330
feet into the forest. Although wider
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roads and those with a more open
canopy produced steeper declines,
even narrow roads through forests
produced marked edge effects.

Early successional and forest
edge habitat—Some wildlife are
attracted to roadsides and power line
rights-of-way because of grassland,
early-successional, or edge habitat.
The value of roadsides and utility
corridors has been documented for
grassland and habitat generalist species
of small mammals (Adams and Geis
1983, Johnson and others 1979).

Corridor width and vegetative charac-
teristics influence the attractiveness of
the habitat for bird species. Road rights-
of-way are important habitat for birds
that nest in edges and ecotones (Warner
1992). The number of roadside nests
and species increased with roadside
width. Mowing schedules, diversity
of vegetation, and vegetative structural
complexity affected the habitat value
of roadsides for nesting birds. Narrow
power line corridors (40 feet wide) had
a reduced diversity of birds compared
to wider corridors (100 feet or more)
(Anderson and others 1977). Wide
corridors attracted more grassland
bird species. Power line corridors
with increased patchiness of shrub
vegetation, showed increased fledging
success of nesting birds (Chasco
and Gates 1992). Fledging success
decreased, however, as the habitat
became more homogeneous. Many
early successional and disturbance-
dependent bird species can be found
in roadsides and utility rights-of-way
(Hunter and others 2001a, Meehan
and Hass 1997), but corridors lacking
shrub growth may have fewer nesting
and wintering birds (Meehan and Hass
1997). Corridor nesting birds were
more dense in the corridor interiors
than along the edge (Kroodsma 1987).

Linear corridors as dispersal
barriers for wildlife—Small forest
mammals, such as eastern chipmunks,
gray squirrels, and white-footed
mice, were found reluctant to venture
onto road surfaces when the distance
between cleared road margins exceeded
65 feet (Oxley and others 1974). Four-
lane highways acted as effective barriers
against the movements of these small
forest mammals. Medium-sized
mammals, such as woodchucks,
porcupines, raccoons, and striped
skunks, crossed wider cleared road
margins more often, but suffered higher

road mortality than small mammals.
Similarly, the movements of white-
footed mice across roads, including
narrow gravel roads, were found to be
infrequent (Merriam and others 1989);
and paved roads were found to be a
significant barrier to the movements
of woodland mice (Mader 1984). Even
small forest roads not open to public
traffic were seldom crossed.

The presence of roads appeared to
substantially hinder the movements
of forest amphibians (Gibbs 1998).

In a different study, primary and
secondary roads did not affect the
presence and movement of forest
frogs and toads (DeMaynadier and
Hunter 2000). The movement of
forest salamanders was significantly
inhibited by primary forest roads, but
the minor forest roads had little effect.

Black bears in the Pisgah National
Forest of North Carolina almost
never crossed an interstate highway;
roads with low traffic volume were
crossed more frequently than those
with high traffic volume (Brody and
Pelton 1989). Bears also appeared
to adjust their home ranges to areas
with lower road densities.

The nature of the corridor edge
may determine how strongly that
edge serves as a boundary for wildlife.
Abrupt vegetative transition from forest
to mowed grass on the edge of a power
line corridor was found to be a barrier
to forest birds and served as a natural
territorial boundary for many bird
species (Chasco and Gates 1992).
When the vegetative contrast of the
corridor was softened by shrubby
vegetation, however, there was greater
overlap between mixed-habitat and
forest bird species. Power line corridors
with abrupt edges were also avoided
by small and medium-sized mammals
because of difficulties in crossing
the dense grass mats (Gates 1991).
Corridors with a wide shrub zone
along the edge had increased use
and permeability to movement.

Wildlife underpasses can be an
effective way to relieve the barrier
effect of roads for some wildlife species
(Clevenger and Waltho 2000). Wildlife
differ in their abilities to utilize under-
passes. In south Florida, white-tailed
deer, raccoons, bobcats, the endangered
Florida panther, alligators, and black
bears were all documented to use
underpasses to traverse an interstate
highway (Foster and Humphrey
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1995). Considerations for topography,
habitat quality, location, and the level
of human activity in the vicinity are
important in designing a successful
wildlife underpass (Clevenger and
Waltho 2000).

Linear corridors as dispersal routes
for wildlife—Road rights-of-way also
can facilitate the movement of wildlife.
Some grassland and early-successional
species, such as Bachman’s sparrow,
require grassy and shrub-dominated
corridors to facilitate their movement
to and from isolated patches of suitable
habitat (Dunning and others 1995).
Meadow voles greatly expanded
their range in central Illinois after
the establishment of continuous
strips of dense, grassy vegetation
along interstate highways (Getz and
others 1978). In contrast, the prairie
vole is not restricted in movement by
interruptions in grassy habitats. This
species remains dominant in grassy
sites not connected to the interstate,
such as pastures and county roadsides.
Similarly, a shrubby power line corridor
and edges served as travel lanes for
red foxes and striped skunks in a frag-
mented landscape (Gates 1991); but
mammalian nest predator abundance
was found to be influenced by both
local and landscape-level features
(Dijak and Thompson 2000).

Black bears use roads in the Great
Dismal Swamp National Wildlife Refuge
as travel corridors through the dense
pocosin vegetation (Hellgren and others
1991). Such road use by bears is more
characteristic among “unharvested”
or protected populations. Hunted bear
populations generally avoid roads,
especially those with unrestricted
use by humans.

Wooded roadside corridors serve as
travel lanes for native forest mammals,
but use of corridors taper off with
distance from the forest (Downes and
others 1997a and 1997b). Wooded
road corridors appear to be used
heavily by nonnative house mice
and black rats, reducing their value
as a remedy for habitat fragmentation.
Males of some mammal species may
utilize corridor habitats in greater
numbers than females, indicating
that roadside forest corridors may
function as intraspecific filters.

Road mortalities and forest
wildlife—Mortality along roads and
highways has been well documented
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for many species of wildlife, but a
number of factors influence the severity,
including season, weather events,

type of road, location of road, and

road density. During a 14-month
period along a dual-lane highway,

road mortalities were documented for
11 species of mammals, 12 species of
birds, 5 species of reptiles, 9 species

of amphibians, and insects belonging
to 11 orders (and more than 249
different species) (Seibert and Conover
1991). Amphibian mortalities were
higher in certain seasons and after
rains. Populations of timber rattle-
snakes were reduced in areas of eastern
Texas having high road densities
(Rudolph and Burgdorf 1997). Road-
related mortality was a significant threat
to raptors, especially northern saw-
whet owls and eastern screech owls
(Loos and Kerlinger 1993); but road kill
numbers varied with season, location,
road type, and species involved.

Mortality rates of small forest
mammals, such as Eastern chipmunks,
gray squirrels, and white-footed mice,
were highest when cleared road
margins were about 45 to 115 feet
(Oxley and others 1974). Mortality
rates for these small mammals dropped
as cleared margins grew wider, mainly
because they seldom attempted
crossings of wider forest clearings.
Mortality of medium-sized mammals,
such as woodchucks, porcupines,
raccoons, and striped skunks, increased
with increased cleared width, reaching
a peak when traffic density was high
and young were emerging. Small
mammal road mortalities on interstate
highways was found to be greatest
for species with highest densities in
the right-of-way habitat, but the loss
did not appear to be detrimental to
populations of these species (Adams
and Geis 1983). Road mortalities
for white-tailed deer along interstate
highways have been documented by
Reilly and Green (1974) and Puglisi
and others (1974). Road mortality of
vertebrates were recorded in north
Florida (Cristoffer 1991). Mortality
increased with increasing speed limits
and increasing density of roadside
vegetative cover.

Population impacts of road-induced
mortality can be significant for some
wildlife species. In south Florida, road
kills are the largest source of human-
induced mortality for the endangered
Florida panther and the endangered
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Key deer (U.S. Fish and Wildlife
Service 1999).

Spread of exotic plants and
animals—Roads and power line
corridors provide habitat and
mechanisms for the spread of some
exotic plants and animals. All high-
and low-use roads sampled in an
experimental forest contained at least
one exotic plant species, some had as
many as 14 (Parendes and Jones 2000).
Even abandoned spur roads with no
traffic over the last 20 to 40 years still
had numerous exotic plants. Narrow,
linear forest openings associated
with roads and power lines appear
conducive to establishment of the
red imported fire ant (Stiles and Jones
1998). See the review in Trombulak
and Frissell (2000) and the information
compiled by the National Resources
Defense Council (2000) for more
information about the spread of exotic
plants and animals along roads.

Other effects to wildlife from roads
and power lines—Roads can provide
hunters and poachers with increased
access into forested areas (Natural
Resources Defense Council 2000).
Many large mammals are exposed
to increased hunting pressure near
roads, and some may have difficulties
maintaining their populations near
roadsides. In the Appalachian
Highlands, management of black bears
requires a special concern for road
density (Clark and Pelton 1999). While
overall black bear populations in the
Southern Appalachians are considered
stable to increasing at the present
time, most black bear mortality is
human-induced and includes hunting,
poaching, and road kills. Hunting
and poaching efficiencies increase
along with improved vehicle access,
and black bear habitat suitability is
increased when the density of roads
is kept low or if logging roads are
closed after the timber has been
harvested (Clark and Pelton 1999).
Similarly, Brody and Pelton (1989)
concluded that the primary effect
of roads in bear habitat in western
North Carolina was an increase in
the vulnerability of bears to hunting.

Roads can subject wildlife to
increased levels of heavy metals,
salts, and organic compounds through
accumulation in plants, soil, and water
(see the review in Trombulak and
Frissell 2000). Corridor maintenance
by mowing presents a hazard for some

ground-nesting birds and other wildlife
species (Bolen and Robinson 1995).

For a discussion of indirect effects of
roads, including promotion of further
human land use changes, see the review
in Trombulak and Frissell (2000).

Effects of trails on forest wildlife—
The effects of trails appear to be better
documented for plants than other
taxa. Trampling by hikers and other
forest recreational users has been
implicated in the decline of sensitive
forest understory plants (Gross and
others 1998).

Research from regions outside of the
South has documented shifts in forest
bird composition along trails (Hickman
1990, Miller and others 1998, Van der
Zande and others 1984). Such effects
may depend on the intensity and timing
of the recreational disturbance, however
(Van der Zand and others 1984).

In other more general studies,
research indicates that human intrusion
can alter bird behavior and community
structure. Disturbance by pedestrians
and vehicles was found to reduce the
number of bird species on wooded
streets, as well as species persistence,
guild density, and probability of
occupation by individual bird species
(Fernadez-Juricic 2000). Crows were
found to be more vigilant in areas
of high human disturbance than
in areas of low human disturbance
(Ward and Low 1997). Since vigilance
and foraging are mutually exclusive
behaviors, the level of human activity
can affect the foraging success of
sensitive bird species. Others have
found, however, that low levels of
human intrusion (one person for 1 or
2 hours per week) did not significantly
affect the vertical distributions of any
forest bird species in three vegetation
strata above the ground (Gutzwiller and
others 1998). The forest bird species
studied were apparently able to tolerate
low levels of human intrusion.

Black bears also are sensitive to
human disturbance and may be affected
by the presence of trails. Hibernating
black bears were found to readily
abandon their dens and cubs in
response to investigator disturbance
(Goodrich and Berger 1994).

As observed by Schlauch (1976),
some “collectable” wildlife, such as
box turtles or salamanders, disappear
quickly in the vicinity of ground-level
nature trails due to pet collection.
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Not all wildlife are disturbed or
excluded by trails. Mammalian nest
predators, including raccoons, skunks,
and coyotes, were observed to be
common along trails (Miller and others
1998) and seem to be abundant in
edge habitats (Gates and Gysel 1978).

Discussion and
Conclusions

Effects of Exotic Plants
and Animals

Exotic forest pests, including insects
and plant pathogens, have changed
the structure of some forest types, and
changed the density and composition
of wildlife associated with them. Exotic
plant species have also displaced native
forest trees and understory plants in
some areas, but the resultant effects
to forest wildlife are not well described.
Exotic plants have been introduced
to enhance wildlife habitat, but their
indiscriminant use in the past has led
to serious invasions. Exotic animals
have harmed some forest wildlife by
displacing native species, preying on
native wildlife, or damaging sensitive
forest habitats. Only a small percentage
of exotic species (4 to 19 percent)
have been documented to cause great
harm. Another 6 to 53 percent have
neutral effects or their effects are not
as yet documented.

A large number of potentially invasive
exotic species can impact native wildlife
and their habitats in the United States.
New plant species continue to be
imported. Approximately 6,741 plant
species are recognized as weeds
elsewhere in the world. Only 2,363
occur in the contiguous United States
(Westbrooks 1998). In addition, an
estimated 26,000 plant species are
capable of becoming invasive once they
are introduced into new environments
(Campbell 1997). Approaches have
been recommended for better
predicting the invasive potential of
exotic plant species (Mack 1996). They
include simultaneous field comparisons
between cogeners, one naturalized and
one native, and following the fate of a
species deliberately sown in a natural
community beyond its current range,
with or without environmental
manipulation. Predictions may
become better if several approaches
are combined simultaneously.

Many of the most invasive plant
species across the nation are still
offered for sale (Campbell 1997).
This is especially true for invasive
forest exotics. About 67 percent of
invasive forest vines, including kudzu,
are still available for purchase along
with about 90 percent of the most
invasive forest trees. Federal and State
governments have no unified policy
for limiting entry, reacting to emergency
importation threats, or fostering
integrated control methods (Miller
1997). No regional agency or organ-
ization has clearly defined responsibility
or jurisdiction to organize regional
integrated weed management programs.
Exotic pest plant councils have been
formed in an attempt to address this
gap, and various Federal agencies
have formed the Federal Interagency
Committee for Management of Noxious
and Exotic Weeds. Control of exotic
plants is further complicated by the
fact that much of the forest land in
the Southeast is privately owned.
Less than 18 percent of forested land
in the Southern Appalachians is
publicly owned (SERAMBO 2000).

Many experts have published
recommendations for dealing with
the issue of exotic plants and animals
(Campbell 1997, Miller 1997, Stein and
Flack 1996). Recommendations
include:

m Development of more effective ways
to prevent new introductions.

m Early detection and eradication
of new exotics.

m Better control and management
of established invaders.

m Protection and recovery of native
species and ecosystems.

m Better public education and support
for controlling exotics.

m Better integration of control efforts
on the part of responsible government
and nongovernmental entities.

m Support for research aimed at
identifying invasive species that could
potentially damage our forests.

m Support for further research
aimed at developing effective ways
to control exotics.

Effects of Urbanization

Urbanization has resulted in the
loss of forest habitat and fragmentation
of forested landscapes. These habitat
changes have had the greatest
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detrimental impacts to specialized
forest wildlife species with narrow
habitat requirements. Habitat
generalists have been better able to
adjust to changes brought about by
urbanization. Based on the current
trends of urbanization across the South,
it is likely that forested habitats will
continue to be permanently altered,
and the amount of available forest
habitat will decrease in some areas.
Increasing urbanization changes the
species diversity, overall abundance,
and, more importantly, shifts the
species composition of forest wildlife.
Some forest wildlife species are
especially sensitive to fragmentation,
forest edges, and human disturbance.
Some species disappear from forest
areas even with light levels of urban
intrusion. Other species have lost the
kind of early successional or quality-
disturbed habitats that they require.

For species with area sensitivities,
those that require forest interior, those
that require specialized habitats, and
those intolerant of human disturbance,
special management considerations will
be needed as urbanization increases in
areas of the South. Some species will
likely require forest conservation areas
with thousands of acres of contiguous
habitat to be successfully conserved.
Protection may be needed to limit
roads and human disturbance in these
areas. Barring the feasibility of this
conservation approach, finding several
adjoining larger tracts or areas
connected by corridors may be the
next best alternative. To conserve
forest wildlife species dependent on
early successional habitats, forestry
management strategies should be
formulated to provide a constant
availability of these habitats and
provide connective corridors for
low-vagility species.

With these considerations in mind,
urban wildlife habitats will remain
important for some wildlife species as
suitable forest habitats decline in some
urbanizing areas of the South. Urban
wildlife preserves should be planned
with the realization that size, habitat
composition, connectivity, forest
dynamics (management needs), and
human perceptions of the preserve
will ultimately affect the variety and
composition of the species conserved
there. Innovative designs in small
conservation areas may be needed
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to avoid creating “ecological traps”
for ground-nesting birds.

Effects of Agricultural
Land Uses

Agricultural land uses have
interrupted the continuity of southern
forests, and created forest islands.
Wildlife differ in their response to
the resulting fragmentation. For some
species of birds and small mammals,
the forest/agricultural boundary acts
as a barrier to movement, fragmenting
and isolating populations. The presence
of woody, vegetated fencerows may
help to facilitate movement of some
wildlife, however. Some long distance
migrant bird species and species
that nest in forest interiors appear
to be adversely affected by forest
fragmentation particularly in heavily
fragmented landscapes with low overall
forest cover. The presence of nearby
agricultural areas has been shown
to reduce the nesting success of
some forest bird species. Other
taxa of wildlife also exhibit a species-
specific response.

Many bird species dependent on
open habitats, such as grasslands,
prairies, savannas, glades and barrens,
are now in serious decline in the
Eastern United States. Agricultural
areas, especially grasslands and fallow
fields, provide habitat for some of
these early successional birds and other
wildlife, such as eastern cottontails and
quail. The presence of vegetated
fencerows may further enhance the
value of agricultural habitats for some
wildlife species while decreasing the
value for some grassland species.

Forest wildlife species utilize
agricultural areas as foraging habitat.
Foraging wildlife can be beneficial for
agriculture when they consume insects,
mice, or weed seeds. Consumption of
crops can also be relatively harmless
when it involves consumption of
waste grain left behind by mechanical
harvesters or consumption of fallen
fruit. Still, damage to crops and
consumption of agricultural com-
modities is an important issue, and
has resulted in some wildlife species
being subjected to lethal and nonlethal
depredation control measures. The
attraction of wildlife to agricultural
areas has also subjected them to injury
and death due to faster, more powerful
farm machinery, pesticides, and the
dangers of other injury and disease.
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Old-field successional habitats are
important for some wildlife species,
but may also serve as introduction
points for exotic vegetation into the
forest, especially along the edges of
forest fragments (Brothers and Spinarn
1992). The former agricultural land
use may affect the vegetative structure
of the resulting old-field habitat, and
restoration to full utility as habitat
for forest wildlife may not occur even
after a number of years.

Government programs that encourage
the removal of land from intensive
cultivation, the establishment of stable
ground cover for soil conservation,
and the deliberate creation of wildlife
habitat areas in predominantly
agricultural environments can
greatly influence the abundance
of and diversity of wildlife species
(Bolen and Robinson 1995).

Effects of Linear Land
Uses (Roads, Power Lines,
and Trails)

The effects of roads and power line
corridors on forest wildlife are species
dependent. For some forest wildlife, the
corridors exclude or result in avoidance
of the area for distances of 330 feet
or more. For grassland and early-
successional forest species, roadsides
and power line rights-of-way provide
valuable habitat, but the value is
influenced by the width of the corridor,
the nature of the corridor vegetation,
maintenance practices in the corridor,
and the abruptness of the forest edge.
For some forest wildlife species, roads
and power line corridors act as barriers,
fragmenting populations. Corridors can
also act as intraspecific filters, allowing
movement of a certain age class or
gender. For other species, corridors
act as travel lanes, connecting isolated
areas of habitat. Unfortunately, roads
and power line corridors can also act
as travel lanes for the spread of exotic
plants and animals. Road mortality for
many species of forest wildlife has been
well documented. Speed limit, road
type, width of the cleared corridor,
and other factors affect the mortality
levels found on a given highway
segment. Roads also have other effects,
including mortality due to increased
access by legal and illegal hunters,
increased pollution along roadsides,
and accelerated land use changes
along roads.

Wildlife and plants can be affected
by the presence of trails through the
forest. Trampling by hikers and other
outdoor recreationists have been found
to cause declines in some sensitive
plant species. In addition, shifts in
forest bird composition have been
documented along trails. Other wildlife,
such as bears, are sensitive to human
disturbance and may avoid trails.
“Collectable” wildlife species may be
extirpated from the vicinity of trails
due to pet collection.

Needs for Additional
Research

Effects of Exotic Plants
and Animals

The effects of exotic plant invasions
on forest wildlife remain poorly
documented. Much of the information
available is based on land-manager
observations or expert opinions.

There is a need for more scientific
investigations to systematically
document how southern forest wildlife
communities on both local and regional
scales are affected when forests are
invaded by exotic plant species.
“Early-warning” research is needed

to identify potentially invasive forest
exotics to better guide quarantine
efforts. Research is needed to develop
more effective control and management
tools for exotic plants and animals.

Human Land Use Changes

The effects of urbanization and
agriculture are better understood
for birds than other taxa of forest
wildlife. More studies that take place
in agricultural and urbanizing areas
of southern forests would allow
comparisons with avian species
studied in other areas of North
America. Species responses may
differ across their respective ranges.

More information is needed about
the effects of land use changes on
mammals, herpetofauna, and
invertebrates in southern forests
to identify species likely to be
adversely affected by urbanization.

More studies are needed that docu-
ment which species are most likely to
benefit from connective corridors used
to overcome the deleterious effects of
fragmentation. More research is needed
to determine if corridors have adverse
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impacts on forest habitats and to
identify circumstances under which
adverse impacts should be expected.

More information is needed about
the breeding success of ground- and
low-nesting forest birds in small
preserves. Information is needed
to formulate management strategies
that avoid the creation of “ecological
traps” for breeding birds.

Linear Land Uses (Roads,
Power Lines, and Trails)

Relatively little data on the effects of
roads and power lines on forest wildlife
are available for amphibians, reptiles
and invertebrates. More information
specific to wildlife in southern forests
is needed to allow for behavioral
differences from one part of a species
range to another.

The effect of forest trails on wildlife
is better documented for plants than
other taxa. More information is needed
about wildlife in southern forests.
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What are the
historical and projected
future impacts of
forest management
and access on
terrestrial ecosystems
in the South?

Key Findings

m Changes in land use, particularly
reductions in the use of fire, have
altered the structure and composition
of southern forests and associated
wildlife communities.

m Retaining structural elements,
such as a few mature trees and
snags, in young, even-aged stands
provides many benefits for a variety
of wildlife species.

m Early successional stands pro-
mote diversity in plant and animal
communities, but many of the
beneficial aspects are negated when
the canopies of these stands close.

m Stands receiving silvicultural
treatments that promote complex
forest canopies are heavily utilized
by a variety of bird species.

m A shift in intermediate stand
treatments from prescribed fire to
herbicides has led to widespread
changes in forest structure.

Introduction

Wildlife communities are important
components of southern forests
(Dickson 2001). Many wildlife species
have the potential to impact forest
structure and species composition,
and they are all affected by forest
disturbance. Forest disturbance may
be human-induced through prescribed
burning, silvicultural treatments, or
road building; or natural, by storms,
insects and disease, or wildfire. These
disturbance mechanisms influence
forest communities by locally setting
back succession. With fire, succession
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can be arrested at a desired point.

With clearcuts, forest communities
may be brought back to stand initiation
and allowed to make the transition
through several successional stages.

A diverse array of wildlife species
exists in southern forests. Each species
requires certain forest types and
successional stages. Many species
thrive in early successional habitat,
while others require mature forests
to maintain viable populations. Proper
forest management has the potential
to benefit a variety of wildlife species
by providing a variety of forest con-
ditions in many successional stages.

Many wildlife species or populations
impact the environment in which they
live. For example, white-tailed deer
can affect midstory growth and tree
species reproduction by overbrowsing.
Beavers, which are now common in
many southern forests, can impact
forest communities by flooding the
land. Other rodents can have major
impacts by feeding on acorns in
artificially reforested areas. Birds
disperse the seeds of many plant
species, potentially adding to plant
diversity or introducing exotic species.

Relationships between animal
communities and plant communities
are complex. Any forest-community
disturbance has the potential to
positively impact some wildlife
species and negatively impact others.

Wildlife communities are most
affected by forest structure and species
composition. Forest management,
by nature, impacts these variables
to produce desirable conditions for
wood production. Since wildlife are
dependent on the plant communities
where they live, the bulk of this chapter

addresses the impacts of forest manage-
ment on native plant communities and
subsequent effects on wildlife. Much
attention is devoted to the ecology of
southern forest plant communities.

Methods

This chapter reviews current scientific
literature related to the impacts of forest
management on terrestrial ecosystems.

Data Sources

Sources of data used in compiling this
chapter are referenced throughout the
text and listed in the literature cited
section.

Results

Historical Perspective

To fully understand the ecology
of southern terrestrial forested
ecosystems today, a brief outline of
the evolutionary changes of forested
ecosystems in the South during
the last 20,000 years is important
(Bonnicksen 2000, Buckner and Turrill
1999, Delcourt and Delcourt 1998;
also see chapter 2). At the height of
the Wisconsian glaciation, southern
forest communities were shifted further
south than they are today. Oak-hickory,
southern pine, and forested wetlands
in particular were mostly restricted to
the coastline of the Gulf of Mexico and
the lower Atlantic Coast. Much of the
interior, north of oak-hickory-southern
pine dominated areas but south of the
ice sheets, was dominated by spruce,
fir, jack pine, and northern hardwood
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forest communities. The exact nature
and condition of these forests and
disturbance regimes are unknown,
but the presence of large grazing
herbivores and fire-adapted forest
communities suggests that much of
this forest land was relatively open
and subject to regular disturbances
(Bonnicksen 2000).

The distribution of southern forest
communities began to resemble what
we find today by 10,000 years before
present. Spruce, fir, and northern
hardwoods became restricted to the
highest elevations in the Appalachians,
and mixed hardwoods dominated
the interior of the South. Southern
pine and forested wetland com-
munities spread northward as the
glaciers retreated.

Thriving Native American com-
munities existed over virtually all
of the South, and they depended
heavily on the surrounding eco-
systems. Indigenous people impacted
the landscape to suit their way of life.
They often burned forests to drive game
animals, cleared land for rudimentary
agriculture, and enhanced habitat for
both wildlife and people. Although
cultures changed during this 10,000-
year period from nomadic people
to the larger and more permanent
societies, human-induced disturbances
were widespread throughout the region
at all times during the period up until
the first European contact (Bonnicksen
2000). The occurrence of these human-
induced disturbances, combined with
natural fires, storms, flooding, and
grazing suggest the southern landscape
was not composed of expansive closed
canopied forests as is often suggested
(Beilman and Brenner 1951, Hamel and
Buckner 1998, Lee and Norden 1996).

Before European settlement, fire was a
major force in shaping forest structure.
Frost (1998) estimated fire frequencies
at 1 to 3 years in Peninsular Florida
and the lower Coastal Plain and 4
to 12 years in the Piedmont, upper
Coastal Plain, Ozarks, Interior Low
Plateaus, and Ouachita Mountains.
The frequency of presettlement fire
in the Appalachians was 7 to 25 years
in most areas but 26 to 100 years
in protective coves and in the
Cumberland Mountains.

Only recently have scientists fully
understood the importance of Native
American burning in southern eco-
systems. (Buckner and Turrill 1999,
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Delcourt and Delcourt 1997, Gross
and others 1998, Williams 1998).

The primary reason for this late
understanding is that the Native
American population when settlers
arrived was vastly underestimated.
Pandemics decimated Native American
populations soon after Europeans
arrived, and their influence on the
southern landscape was reduced
accordingly. Between 1500 and 1800,
cultural disturbance regimes were
severely altered. As a result, mosaics

of forest and grassland types, including
a variety of successional communities,
became closed forests (Buckner and
Turrill 1999). Pollen analysis of several
old-growth forests in New England
show that these forests developed

after 1700; prior to that, these sites
supported frequently disturbed
communities (McLachlan and others
2000). The degree to which relict
“old-growth” forest communities in the
Southeast, especially what are thought
to be relict hemlock stands, follow this
same pattern is yet to be determined.

Despite the loss of human-induced
disturbances from 1500 to 1800,
explorers, naturalists, and settlers
still reported expansive savannas
and open woodlands in the Piedmont,
Appalachians, and Interior Low
Plateaus (Barden 2000, Bartram
1998, Belue 1996). In western North
Carolina, Bartram in 1775 described
both “high” forest (presumably closed
stands) and expansive open areas,
including grassy plains with scattered
large trees at over 5,000 feet in
elevation. Barden (2000) discusses
the map made by the French
cartographer Delisle in 1718 depicting
the “Grande Savane” covering most
of South Carolina’s (and some of
North Carolina’s) Piedmont region.
This map corresponds well with
settlers’ descriptions in 1752 of
“blackjack savannas” and the
occurrence of many fire-adapted plants
usually associated with prairies (Nelson
1992).

Several large tracts of native prairie
existed in the Interior Low Plateaus
(south-central Kentucky and adjacent
Tennessee) and across the Coastal
Plain in what is now Georgia, Alabama,
Mississippi, and Arkansas. Two of the
largest southern prairies on the Coastal
Plain were the Blackbelt Prairie in the
Central Gulf Region and the Grand
Prairie within the Mississippi Alluvial

Plain. All native prairies were
perpetuated by fire.

Most of the pinelands on the Coastal
Plain were burned periodically, reduc-
ing stand density and supporting a rich
herbaceous layer of grasses and forbs.
The influence of fire on southern forests
is covered in detail in chapter 25 of
this report. The habitat conditions in
Eastern North America supported bison
and elk herds, as well as wolves, during
the first three centuries after Columbus.

By 1800, however, bison, elk, and
gray wolves were extirpated in the
South; beaver were nearly trapped
out; and the influence of a temporary
resurgent Native American influence
was waning. As European-Americans
spread across the South during the
1800s, they cleared forests for their
settlements and agriculture on a larger
scale than Native Americans had
ever undertaken. Subsequent rapid
population growth led to indiscriminate
decimation of wildlife populations.

Under the “new management,” the
frequency of burning increased. Many
areas were burned annually to provide
spring forage for ranging livestock.
Especially in the Appalachians, the
combination of increased frequency
of fire and livestock grazing had many
undesirable effects. Trees failed to
regenerate and erosion increased on
steep slopes (Ayers and Ashe 1905).

By the early 1900s, most old-growth
longleaf pine had been logged. Most
upland hardwoods outside the steep
Appalachian Mountains had been
logged and cleared for farming. Control
of large predators to protect livestock
severely reduced populations of several
large predators, including mountain
lions, black bears, and red wolves.
Hunting and selling wildlife was
common and had detrimental effects
on white-tailed deer, bison, wild
turkeys, passenger pigeons, Carolina
parakeets, waterfowl, and others
(chapter 1). Introduced plant diseases
eradicated plant species from much of
their native range, drastically reducing
carrying capacity for many wildlife
species (Diamond and others 2000)
(chapter 3). Land was cleared for
plowing over much of the South.

Rice, tobacco, and cotton were major
cash crops. Especially on marginal
sites, farming led to massive and wide-
spread soil erosion (Reynolds 1980).
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As steam and gasoline powered
machinery became available, large-scale
drainage and flood control projects
were completed. With flooding
controlled and wetlands drained,
over 30 million acres of bottomland
hardwood forests were cleared for
agriculture. By the 1940s, the last
great bottomland forests, which were
in the Mississippi Alluvial Plain and in
Florida, were logged over in support
of the War effort. Effects on wildlife
were profound. For example, the last
population of ivory-billed woodpeckers
in the United States was destroyed.
These changes impacted not only
wildlife populations but also ecosystem
resiliency. Immediately after clearing,
these “new lands” were highly produc-
tive for agriculture, but many sites
were depleted of nutrients after several
years of cropping and erosion. Before
agriculture and water control, these
former forested wetlands benefited
from annual soil nutrient deposition
from flooding and high organic content
from forest biomass. Draining and
clearing compromised the natural
soil recharge mechanisms. It has
been demonstrated that bottomlands
previously in agriculture are not as
productive for forest growth as those
that have remained in forests (Baker
and Broadfoot 1979).

Due to difficult access, most steep
mountain slopes were spared until
the beginning of the 20" century.
Then technology and transportation
advances made steep mountainous
slopes economically accessible.
Logging practices changed from
commercial high-grading, which was
changing tree species composition,
to commercial clearcutting, with little
attention to sustainable practices.
Between 1900 and 1930, most of the
steep mountain slopes were logged,
dramatically changing the nature of
Appalachian forests.

During the first half of the 1900s, the
amount of forested acreage was at its
all time low; but the Great Depression,
the boll weevil, diseases like tobacco
mosaic virus, and the introduction of
high-yield agriculture led to wide-scale
abandonment of unprofitable farms.
Through tree planting and natural
seeding, abandoned agricultural fields
and logged-over lands reverted to forest
during the 1950s and 1960s. Southern
forests recovered much of their lost
acreage. As part of recovery efforts,

use of fire was restricted and fire was
suppressed. The use of prescribed fire,
even where appropriate, became rare in
the South (Croker 1987, Frost 1993).
As a result, hardwood encroached into
prairies and pinelands, and forests
became denser all across the South. Fire
suppression, extensive and unregulated
clearcutting, and losses of important
species like American chestnut to exotic
diseases and pests, greatly altered forest
conditions throughout the South.

Now, there is a growing realization
that limiting fire use across the South
has been detrimental to biotic diversity
(Buckner and Turrill 1999; Frost
1995, 1998). However, increasing
urbanization and increasing density
of major roads create liability risks
that may doom widespread prescribed
burning for silvicultural purposes.

In addition, recent industrial forest
economic studies indicate that frequent
burning causes some slowing of true
growth rates.

Today there are more forested acres
in the South than in the early 1900s.
These forests, however, are greatly
altered from forests encountered by
European settlers. And the forests
cleared by European settlers differed
from those used for thousands of
years by Native Americans. The
common theme for the last 10,000
years is that forests were managed
to meet human needs, including those
of Native Americans.

Many of the forest wildlife and plant
species now listed as endangered or
threatened are suffering from the effects
of changes in the last 500 years in
conditions that existed for the previous
10,000 years. Lost forest acreage has
been recovered over the last 50 years,
but the new forests are not the same
as those that existed for 10,000 years.
Development activities and some
management practices are not favorable
for maintaining many species or for
maintaining the integrity of southern
terrestrial ecosystems.

One important lesson from the last
10,000 years of southern history, along
with recent research results, is that
“hands-off” management of extensive
areas of southern wildland must be
viewed and implemented with caution.
Preservation of pristine and functioning
ecosystems is an important conserva-
tion goal, but such situations are now
very rare in the Southeast. Attempts to
remove all human influences from some

wildlands in the Southeast may
appear to be an attractive conservation
strategy. They certainly promote

other nonconservation values, such

as solitude and unique recreational
opportunities. We should recognize,
however, that removal of all human
disturbances will have profound effects
on the region’s biota. Certainly, “hands-
off” management in one area will not
necessarily counterbalance intensive
management elsewhere. To avoid
regional population declines and
species losses, land managers must
have the flexibility to promote active
management. This region’s biota does
not thrive in a static system, and
intentional neglect does nothing but
promote additional extinctions and
endangerment to species at risk (for
example, see Askins 2001, Barden
2000, Buckner and Turrill 1999, Cook
2000, Gross and others 1998, Holmes
and Sherry 2001, Hunter and others
2001, Saenz and others 2001). This
flexibility should not extend to the
other extreme of promoting intensive
forestry for wildlife conservation,

but it does suggest that some level

of active management will be necessary
to maintain many still extant but
imperiled species, including many
found on present or proposed set-
aside lands.

Wildlife and Forest
Management

Landscape context issues—
It is very important to view terrestrial
ecosystems at a landscape level.
Substantial research has been done
on the effects surrounding landscapes
have on the health and status of
migratory birds, salamanders, and black
bears. Below are summaries of our
present understanding of the complex
relationships for these groups
of species.

Landscape context issues:
migratory birds—Since the 1970s,
biologists have been documenting
the decline of migratory bird species
from isolated woodlots and parks
nestled in agricultural- or urban-
dominated landscapes in the
Midwestern and Northeastern United
States (Harris 1984, Robbins and
others 1989, Robinson 1992, Temple
and Cary 1988, Terborgh 1989). These
local declines have been attributed to
forest fragmentation, where negative
effects on populations occur due to
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increasing isolation of what otherwise
should be suitable habitat.

Among the negative effects, the best
documented are factors that reduce
reproductive success, especially
those associated with elevated nest
predator and nest parasites like the
brown-headed cowbird populations
(Brittingham and Temple 1983, Dijak
and Thompson 2000, Gates and Gysel
1978, Keyser and others 1998, Rich
and others 1994, Robinson 1992,
Wilcove 1985). However, for birds
that have high dispersal capabilities,
it is theoretically possible for “sink”
populations—those with reproduction
below which a populations can be
sustained—to be large and seemingly
“stable” (Pulliam 1988). The persistence
of some migratory bird populations
in the face of reduced reproductive
success is usually explained by the
immigration of individuals from more
secure populations (Robinson 1992).
These more secure “source” populations
of forest birds, where reproduction
supports a surplus of individuals,
presumably are from more largely
forested landscapes. In theory, the
more isolated the sink population
from source populations, the more
likely that sink population will
eventually collapse.

Other factors associated with forest
fragmentation may affect birds, but
are more important for other wildlife
species less able to widely disperse.
These other factors include: (1)
increased mortality of individuals
moving between patches, (2) lower
recolonization rates of empty patches,
and (3) reduced local population sizes
resulting in increased susceptibility
of species to regional extirpation or
rangewide extinction (Trzcinski and
others 1999). Recent studies also have
documented reduction of food or
other vital factors in forest fragments
compared with larger, more intact
habitats (Burke and Nol 1998).

Many of the negative effects to
birds from forest fragmentation are
associated with edges between habitat
types. Edges between major habitat
types can be extremely productive in
terms of diversity of cover and food
resources. However, predator and
cowbird populations often are elevated
in edges. Therefore, nesting birds that
are attracted to habitat near edges
may be overwhelmed by predators
or cowbirds. Gates and Gysel (1978)
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coined the term “ecological trap”

to describe situations where nesting
attempts are doomed to failure (also
see Donovan and Thompson 2001).

Area-sensitive species do not occur
in habitat patches below a certain
size. Forest-interior species are usually
found in extensive areas of forest
interior rather than a diversity of
successional stages (Ambuel and
Temple 1983, Blake and Karr 1987,
Freemark and Collins 1992). However,
whether any one species is area-
sensitive or associated only with
forest interiors varies considerably
from place to place, often with respect
to the surrounding land use patterns.

Most of the studies cited above were
done in the Midwest and Northeast.
Relatively few studies in the Southeast
have duplicated the long-term studies
in other regions, but there is no obvious
reason not to apply findings in the
Southeast [see Southern Appalachian
Assessment (Southern Appalachian
Man and the Biosphere 1996) and
Ozark-Ouachita Highlands Assessment
(U.S. Department of Agriculture
Forest Service 1999)]. Results of
forest fragmentation studies from
landscapes dominated by agriculture
and development, however, are not
easily transferred to landscapes
dominated largely by forest, whether
actively or passively managed (Donovan
and others 1997; Farnsworth and
Simons 1999; Gale and others 1997;
Graves 1997; Hagan and others 1996,
1997; Harris and Reed 2001; King
and others 1996; Lichstein and others
2002; Marzluff and Ewing 2001,
Robinson and others 1995; Simons
and others 2000; Wilcove 1988).

Meta-analysis of bird studies across
the Midwest suggests that as long as
70 percent forest cover is maintained
in largely forested regions, daily nesting
survival rates are sufficient to support
source populations (Donovan and
others 1997, Robinson and others
1995). Where forest cover falls below
70 percent, these and other data
suggest that populations may not be
sustainable, but large forest patches
within a more fragmented landscape
may be still able to support healthy
populations. Thus, the larger the patch
the more species can be supported
locally (Robinson 1996).

There is little evidence of negative
effects on forest birds in habitats
fragmented by various silvicultural

methods and associated land uses like
temporary roads (Barber and others
2001, Dugay and others 2001, Hartley
and Hunter 1998, Villard 1998). There
are exceptions involving subtle negative
edge effects for otherwise common,
stable or increasing, and widespread
bird species (Flashpohler and others
2001a, 2001b; Haskell 2000; Manolis
and others 2000; Ortega and Capen
1999; Pornezuli and Faaborg 1999;
Pornezuli and others 1993; Rosenberg
and others 1999), which may reflect
subtle changes in habitat condition—
more so than habitat fragmentation.
On balance forest bird conservation
does not have to be focused on
fragmentation issues in the Southeast,
where overall forest cover exceeds 70
percent in entire physiographic areas
(Southern Appalachian Man and the
Biosphere 1996, U.S. Department

of Agriculture Forest Service 1999).

Therefore, fragmentation is not
considered a serious issue for migratory
birds in the southern Blue Ridge and
northern Cumberland Plateau and
Mountains within the Appalachians
and much of the Ozark and Ouachita
Mountains (Hunter and others 2001).
Even in these largely forested areas,
local fragmentation due to urbanization
may occur, as demonstrated in the
southern Blue Ridge and Ozarks
(Fitzgerald and others, in press; Holt
2000). Forest fragmentation from
agriculture and development is
most serious in the Ridge and Valley
within the Appalachians, the Piedmont
Plateau, the Interior Low Plateaus
(outside the western Highland Rim),
and the Mississippi Alluvial Plain.
Much of the Coastal Plain is inter-
mediate in its percentage of forest
land cover, with forest concentrated
along the lower Coastal Plain and
along major river systems, often
including large forest industry tracts.

Landscape context issues:
salamanders—Pond-breeding
salamanders require access from
terrestrial habitats to vernal ponds
or Carolina bays. Based on a literature
review, Semlitsch (1998) recommended
for several species of Ambystoma
salamanders that buffers around
breeding ponds extend to over 160 m
(500 feet) and suggested that these
areas provide for foraging, growth,
maturation, and maintenance. How-
ever, even this strategy may not ensure
population stability or dispersal among
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populations unless corridors or
connections across the landscape

are maintained. Corridors are vital

if the surrounding land is hostile

to salamander dispersal when timber
is removed.

Chazal and Niewiarowski (1998)
kept recently metamorphosed mole
salamanders in field enclosures. No
detrimental effects were detected for
animals in recent clearcuts compared
to animals in 40-year-old pine stands.
These authors hypothesized that the
removal of vegetation may not be as
detrimental as the mechanical process
by which the vegetation is removed.
In contrast, Means and others (1996)
show that conversion from a relatively
open longleaf-wiregrass community,
subject to regular burning, to a
densely stocked and bedded slash
pine plantation can be extremely
detrimental for dispersal and access
to breeding ponds by the federally
threatened flatwoods salamander.

For Plethodontid (woodland)
salamanders, there is much conflicting
interpretation of data on population
responses to clearcutting in montane
habitats (Ash 1997, Ash and Pollack
1999, Herbeck and Larsen 1999,
Petranka 1999, Petranka and others
1993). Steady return of populations
to preharvest levels suggests that
fragmentation in largely forested areas
is not a serious problem. However,
net change in habitat quality may
be a serious issue. Important habitat
components like substantial coarse
downed woody material may be lacking
in young stands. Failure of woodland
salamanders to reoccupy suitable
habitat as it develops or local declines
occurring in suitable habitat would
be evidence of effects associated with
habitat fragmentation, which could lead
to population collapse. Thus far, failure
of woodland salamanders to reoccupy
treated stands remains undocumented,
but time lapses may be unacceptably
long and the densities reached may
be unacceptably low for more
vulnerable species.

Fragmentation by roads can seriously
restrict movement of amphibian popu-
lations. Amphibians on roads die from
exposure to predators or are run over
by vehicles. Indirect mortality results
from lack of suitable habitat facilitating
dispersal across roads. Generally, roads
of any width and use likely provide
some barrier to dispersal. Working in

a fragmented landscape, Gibbs (1998)
found that most species avoided road-
forest edges, but these same species
were not inhibited from crossing

from forest into fields to reach
breeding ponds. In another study

by deMaynadier and Hunter (2000),
anurans (frogs and toads) were not
inhibited from crossing either narrow
(5 m) or wide (12 m) roads in a
forested landscape; salamanders

were inhibited from crossing the
wider roads. Thus, in the latter study,
wide roads apparently separated
salamanders into subpopulations.

Landscape context issues: black
bears—Black bears in the Southeast
receive a substantial amount of
management attention. In addition
to a federally listed subspecies in
Louisiana, another potentially
vulnerable population occurs in
Florida. Other healthier populations
are subject to hunting that requires
careful management attention. Two
concerns have been raised about habitat
fragmentation for this species: (1)
the amount of forested habitat (with a
wide range of successional conditions)
needed to support a healthy
population, and (2) the road density
that is too high to sustain a population.
In the Coastal Plain, Peninsular Florida,
and the Mississippi Alluvial Plain, for
example, successful restoration and
active management of all the major
forested wetland systems would provide
significant progress toward what is
deemed necessary to secure black
bear populations from southeastern
North Carolina to Texas.

About 40,000 ha (100,000 acres)
of bottomlands, in largely forested
condition, are needed to support a
population of between 50 and 200
bears, depending on the quality of
the habitat (Rudis and Tansey 1995).
By the same criteria, a population of
about 1,000 black bears would require
between 140,000 ha (350,000 acres)
and 1,600,000 ha (4,000,000 acres).
These areas could include substantial
agricultural acreage. Land planted in
grain crops is extensively used by black
bears as long as escape cover is nearby.

Existing montane population centers
such as the southern Blue Ridge in
the Appalachians, the Ozarks, and
the Ouachitas do not require a
minimum acreage to support a healthy
population, but bears may avoid heavily
used roads or such roads may cause

significant mortality (Clark and Pelton
1999). Narrow and infrequently used
roads, however, may be heavily used
by bears as movement corridors. Road
edges that receive direct sunlight may
provide substantial amounts of soft
mast (fruit) where otherwise closed
canopy forests make this important
food source rare (Perry and others
2000). Management of narrow or
temporary roads (closures and day-
lighting) may be more important

than the density of such roads in
largely forested landscapes.

Landscape context issues: other
biota and summary—Fragmentation
is a serious problem in shrub-scrub
and grassland as well as forest habitat.
In fact, many more species are at risk
because of fragmentation of shrub-
scrub and grassland habitats, rather
than with mature forest habitats (Brawn
and others 2001, Hunter and others
2001, Larem 1996, Lee and Norden
1996, Litvaitis 1993, Litvaitis and
others 1999, Litvaitis and Villafuerte
1996, McCoy and Mushinsky 1999,
Opler and Krizek 1984, Woolfendon
1996). These isolated patches of shrub-
scrub and grassland habitat may be in
agricultural or developed landscapes as
well as in forest-dominated landscapes
where stocking density has increased
(Dunning and others 1995, Means
and others 1996).

The challenge for land managers is
to improve habitat conditions for a
broad array of grassland, shrub-scrub,
and mature forest species. Because
of differences in land values, this
challenge is theoretically more easily
met in largely forested areas than
in agricultural and developed areas.

In heavily fragmented landscapes,
attempts to improve habitat conditions
for priority species may require segre-
gation of species that depend on mature
forests from species that require early
successional or shrub-scrub or
grassland habitat conditions.

Habitat content (composition and
structure) issues—Forest management
may contribute to fragmentation of a
variety of landscapes, but its effects in
forested-dominated landscapes are the
most complex. Forest management is
designed to influence the composition
and structure of forests. Changes
in wildlife habitat can be viewed as
side effects. As with fragmentation
effects, most of the research on habitat
relationships in Eastern North America
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associated with forest management
involves migratory birds.

During the latter part of the 20™
century, forest cover increased in
Eastern North America, while
populations of many nearctic-
neotropical migratory birds declined.
Some researchers speculated that
declines were largely attributable to
accelerating loss of tropical “wintering”
habitats (Robbins and others 1989b,
Terborgh 1989). Losses of wintering
habitat undoubtedly contributed to
declines for a number of species. Recent
work suggests, however, that most
species of nearctic-neotropical migrants
are flexible in use of tropical secondary
forest [including especially shade-
grown coffee and cacao (chocolate)
plantations] and successional habitats
(for example, see Krichner and Davis
1992, Sherry 2000).

Another bit of evidence implicating
changes in the United States is the
substantial variation among south-
eastern physiographic areas in
population trends for many forest
species. Among wood-warbler species,
declines have been steepest in the
heavily forested interior physiographic
areas, while populations in the more
fragmented and heavily managed
lowland physiographic areas have
increased (Coastal Plain, Piedmont,
Mississippi Alluvial Plain) (James and
others 1996). One possible explanation
that has not been explored thoroughly
is that many forest bird populations
may be responding to differences in
forest conditions that have developed
over the last 30 years (Askins 2001;
Hunter and others 2001, in press;
Holmes and Sherry 2001; Kilgo
and others 1996).

Much of the forest cover increase
in the Southeast has been through
the expansion of short-rotation pine
plantations and the increasing
dominance of midsuccessional
hardwoods that do not provide high
quality habitat for forest migratory
birds. (Askins and others 2001, Hunter
and others 2001, Trani and others
2001). These phenomena may explain
declining population trends in interior
physiographic areas. They do not
explain the population increases
in lowland physiographic areas.

Habitat content (composition and
structure) issues: migratory birds
in forested wetlands in lowland
physiographic areas—Most of the

Southern Forest Resource Assessment

forest loss in bottomland areas outside
the Mississippi Alluvial Plain occurred
before the initiation of the Breeding
Bird Survey (mid-1960s), so there may
have been some response to the return
of forests in the Southeast after the
1960s. Substantial losses of forested
wetlands in the Mississippi Alluvial
Plain during the 1960s and 1970s were
attributable to increasing soybean
prices. For migratory birds associated
with forested wetlands, populations
have been stable or increasing while
there was a substantial reduction in
mature forested wetlands and an
increase in younger age classes during
the last few decades (Hefner and
others 1995, James and others 1996,
see chapter 20).

In recent years, close to 100,000
acres of forested wetland in the
Southeast have been drained and
converted to farmland, pine or
hardwood plantations, and industrial
and commercial development (Sharitz
and Mitsch 1993). In the Southeast,
about 45 million acres were once
covered by floodplain forests. About
37 million acres remained in 1952,
and 33 million acres in 1975. Since
then, an additional 2 million acres of
forested wetlands were converted to
nonwetland uses and another 1 million
acres were converted to other wetland
types (Hefner and others 1995). Thus,
about 30 million acres of forested
wetlands remained by 1985. Overall,
about 30 percent of the Southeast’s
historical forested wetlands have been
lost. In the Mississippi Alluvial Plain,
losses approach 80 percent.

Most of the 70 percent of South-
eastern forested wetlands that remain
have been cutover at least once, and
many are severely fragmented. This
fragmentation has further contributed
to the decline of many rare but wide-
ranging species in the Southeast.
Forest-interior and area-sensitive
species and those that require
large tracts of mature and over-
mature wetland forests have been
particularly hard hit.

Shrub-scrub (short) and forested
(tall) pocosins and Carolina bays
support large numbers of bird and
amphibian species (Lee 1986, 1987,
Moler and Franz 1987). Pocosins and
Carolina bays occur in the South
Atlantic Coastal Plain of North and
South Carolina and Georgia. Originally,
pocosin communities in the Southeast

covered some 3.5 million acres,

about 70 percent are in North Carolina
(Richardson and Gibbons 1993).
Considerably less than one-third of the
original acreage now can be considered
intact; another one-third have been
irrevocably altered (Richardson and
Gibbons 1993). There were probably
between 10,000 and 20,000 Carolina
bays prior to European colonization,
the vast majority in South Carolina.
Presently, few Carolina bays can be
considered untouched by deleterious
human activities. Both pocosins and
Carolina bays have been converted to
farmland or tree plantations (principally
pine) or mined for peat. Areas around
Carolina bays are also highly
susceptible to commercial and
residential development (Richardson
and Gibbons 1993).

In the South Atlantic Coastal Plain
of North and South Carolina, serious
concerns have been raised about
conversion of naturally occurring
forested woodlands, especially
pocosins, to bedded loblolly pine
plantations or short rotation forested
wetlands. In this case, the presumption
was that many species of migratory
birds would be significantly harmed by
this conversion. However, populations
of a majority of these species have
been stable or increasing, especially
in North Carolina where much of
the concern about conversion has
been concentrated.

There are many inherent reasons
to be concerned about pocosin
conversion to pine plantations (Moler
and Franz 1987), but migratory birds
may be faring relatively well [see
section “Habitat content (composition
and structure) issues: summary
assessment of wildlife use of pine
plantations” for more discussion].
Among the species that partially or
totally contradict expectations are the
Acadian flycatcher, red-eyed vireo,
northern parula, scarlet tanager, and
summer tanager in North Carolina, and
the yellow-throated vireo, blue-gray
gnatcatcher, yellow-throated warbler,
black-and-white warbler, prothonotary
warbler, worm-eating warbler,
Swainson’s warbler, Louisiana
waterthrush, ovenbird, American
redstart, and Kentucky warbler, in both
North and South Carolina (see website
on Breeding Bird Survey results for each
species, especially refer to trend maps:
http://www.mbr-pwrc.usgs.gov/bbs/
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htm96/trn626/all.html). Only the
populations of two species, the wood
thrush and hooded warbler, typically
associated with mature forest wetlands
do not fit this pattern.

Migratory bird use of remaining
forested wetlands should be watched
closely. Monitoring should focus
particularly on swallow-tailed Kite,
cerulean warbler, and Swainson’s
warbler, which serve as umbrella
species in many forested wetland
areas across the South.

In the Mississippi Alluvial Plain,
thousands of acres have been reforested
in recent years, due to efforts associated
with carbon sequestration. When such
treatments are contemplated, effects on
wildlife should be considered. Pashley
and Barrow (1993) provide guidance on
managing wildlife in forested wetlands.

Habitat content (composition
and structure) issues: wildlife
associated with natural pine
forests—Populations of many
resident and temperate migratory
birds associated with open pine stands
are undergoing consistent long-term
declines across much of their ranges
(Hunter and others 1994, 2001, in
press). Many other species of pine
associated animals and plants
associated with natural stands also are
vulnerable. The reason for vulnerability
is conversion of natural pine to other
forest types and to other land uses.

Harvesting the products of southern
pine forests remains a very important
part of the southern economy, but the
pine forests of today’s South are very
different from the forests found by
European colonists and harvested
for naval stores and building materials
in the 19 century. Since 1952, extent
of natural pine stands in the South has
declined from about 70 million acres
to less than 35 million acres (chapter
16). The natural pine stands being lost
include those dominated by longleaf,
pond, and shortleaf pines in the
lowland physiographic areas and
shortleaf, pitch, and Table Mountain
pines in uplands [for the latter see
section “Habitat content (composition
and structure) issues: migratory birds in
upland hardwood forests in interior
physiographic areas”]. Natural stands
of slash, loblolly, and sand pine are
also declining, but densely stocked
pine plantations are composed mostly
of these three species.

The loss of most of the longleaf pine
ecosystem has placed many wildlife
species at risk in the Southeast
(Abrahamson and Harnett 1990,
Marion 1993, Stout and Ware and
others 1993). At the time of European
colonization, longleaf forests covered
an estimated 92 million acres stretching
from North Carolina to Texas,
interrupted only by major floodplain
forested wetlands and occasional
prairies (Frost 1993, Landers and
others 1995). By the 1930s most
longleaf pine had been cutover at
least once. About two-thirds of former
longleaf pine acreage is now occupied
by other pine species or has been
converted to other land uses (Croker
1987, Walker 1991).

Less than 3 million acres of the
original longleaf ecosystem remain.
The total is considerably less if systems
drastically altered by fire suppression
are excluded (see chapter 16). The loss
of all but a little of the longleaf pine
ecosystem has led to the rarity or
endangerment of at least 70 plant
taxa, particularly on the Coastal
Plain and Florida Peninsula but also
on the southern Piedmont and other
physiographic areas in the Southeast
(Noss and others 1995). Among
vertebrate animals, the future of
the flatwoods salamander, gopher
frog, indigo snake, gopher tortoise,
coastal plain fox squirrel, and many
other species may well depend on
reinstituting growing season fire and
restoring the longleaf pine ecosystems.

The loss of fire-maintained shortleaf
pine communities is also placing many
species at risk (Hedrick and others
1998, Wilson and others 1995). Fire-
maintained pond pine stands in North
Carolina pocosins also places many
species at risk (Moler and Franz 1987,
Richardson and Gibbons 1993). Sparse
stands of sand pine are particularly
important component of threatened or
endangered Florida scrub communities
(Myers 1990). Natural loblolly pine
associated with forested wetland
communities on bluffs and ridges
in floodplains can provide important
nest sites for species like swallow-tailed
kites and bald eagles. Finally, the loss
of fire as a management tool in the
Appalachians has led to extirpation of
many species and called into question
the future of endemic Table Mountain
pine communities (Buckner and Turrill
1999, Williams 1998).

Although a large number of species
depend on mature southern pine
forests, most attention has been focused
on one species, the red-cockaded
woodpecker. The red-cockaded
woodpecker will recover only where
large patches of mature pines are
managed for the special foraging and
nesting habits of this species (U.S. Fish
and Wildlife Service 2000). Other
species that may be found in shrub-
scrub,
but optimally use sparsely stocked
pine savanna and open pine stands
include northern bobwhites, Bachman's
sparrows and Henslow's sparrows
(winter only). Southeastern American
kestrels, red-cockaded woodpeckers,
and brown-headed nuthatches may
be found if longleaf or slash pines are
old enough for cavities.

Cooperating private landowners
in the North Carolina sandhills and
in areas supporting quail plantations
in southwestern Georgia play crucial
roles in maintaining relatively healthy
(and likely recoverable) red-cockaded
woodpecker populations. In these
cases, timber production is not
necessarily the highest priority land
use. Cooperative relationships are
also being developed with private
landowners who manage mature
southern pines for timber production.
Such relationships require much
care and compromise from all parties.
Many stands of mature southern pines
(including longleaf) may have been cut
and converted to other tree species or
land uses earlier than originally planned
by landowners who feared government
regulations to restore red-cockaded
woodpecker populations.

Habitat content (composition and
structure) issues: migratory birds in
upland hardwood forests in interior
physiographic areas—Migratory bird
declines in the interior South, especially
in largely forested areas, may be due
to the way much of the forest cover
increase has come about. On public
land, management has been largely
passive since the massive cutting prior
to Federal purchase in the 1930s. Much
private land has been repeatedly high-
graded, with no or little attention to
future stand structure or composition.
Both of these approaches to managing
forests differ markedly from the
intensive short-rotation, even-aged
management in the lowland
physiographic areas. Unfortunately,
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passive management and high-grading
both have led to a lack of structural
diversity in mature forests and a serious
lack of early seral habitat for many
vulnerable species.

Where a combination of even-aged
and uneven-aged regeneration strategies
is employed, there is increasing
evidence that silviculture conducted
in largely forested landscapes provides
benefits not only to species requiring
early successional stages, but also to a
surprising number of species requiring
mature forests (Annand and Thompson
1997, Bourque and Villard 2001, Pagen
and others 2000, Powell and others
2000, Thompson and others 1992).
Several studies have documented
the importance of early successional
forested habitat for providing food
and cover for post-breeding and
transient juvenile and adult migratory
birds (Anders and others 1998; Kilgo
and others 1999; Pagen and others
2000; Perry and others 2000; Suthers
and others 2000; Vega Rivera and
others 1998, 1999).

Some effects of disturbance frequency
on general composition and structure
are worth summarizing here. In
the South, forests that are the least
disturbed by fire and storms are in the
protected coves of the Appalachians,
principally Cumberland Mountains
and southern Blue Ridge. Here, mixed
mesophytic forests dominate and
the few virgin stands that remain,
such as those in the Great Smoky
Mountains National Park, match up
with expectations of what old-growth
forests should look like. Also in the
Appalachians, spruce-fir-northern
hardwood and hemlock-white
pine stands once established have
developed over centuries with
minimal disturbance. Other relatively
undisturbed forests include mixed-
mesic forests on the Coastal Plain,
such as those on the Apalachicola
Bluffs. They also include many types
of forested wetlands that are removed
from frequent natural floods.

When disturbances occur in today’s
highly altered forests, the effects
differ from what would have been
expected prior to European settlement.
Presumably, storms of moderate
intensity caused gaps in uneven-aged,
multi-layered forest stands. Densely
stocked stands associated with even-
aged or heavily high-graded stands are
typically resistant to moderate storm
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intensity. Extreme storms are likely to
cause reinitiation of old-growth stands
in a more-or-less even-aged state. They
also cause younger even-aged stands
to be replaced by new even-aged
stands. Autogenic regeneration events
are largely missing from today’s even-
aged or high-graded southern forests.
This lack of storm-driven autogenic
regeneration in midsuccessional or
high-graded forest influences habitats
for birds and other wildlife (Hunter
and others 2001). A difference between
even-aged and high-graded stands

is that the former can be converted
into more vertically structured stands
through prescriptions. In most
instances, the only option for diver-
sifying high-graded stands is to first
clearcut (i.e., start over) and have in
prescription intermediate procedures
intended to develop vertical stand
diversity over time.

The overall lack of forest structure
in many of today’s forests may explain
why so many bird species respond
positively to timber management
practices in largely forested areas.
Heavy and successful use of clearcuts
and forest edges by “forest-interior”
or “area-sensitive” species in largely
forested regions appears to be a
response to the poor structure of
extensive forests away from treated
areas. Clearly, more research is
needed on this topic. Composition
also contributes to habitat quality.
Forest composition is constantly
changing and should be a primary
consideration in largely forested
regions in the interior physiographic
areas. Serious issues related to
composition include: (1) the active
conversion of hardwoods to pine;

(2) the passive conversion through

fire suppression of naturally occurring
southern pine stands to hardwoods;
(3) the conversion, again due to fire
suppression, of oak com-munities

to either mesic hardwoods or white
pine; (4) loss of southern Blue Ridge
spruce forests; and (5) loss of naturally
occurring open habitats such as
glades, barrens, balds, bogs and fens.

At one end of the management-
intensity spectrum are the passive
management strategies Nnow most
prevalent on public land. These
strategies are causing major changes
in forest composition and forest biotic
diversity. Passive management is
causing abnormally heavy stocking,

and fire suppression is causing
vulnerable mountain yellow-pine
communities (principally Table
Mountain and pitch, but also shortleaf
and longleaf) to succeed into hardwood
communities (Buckner and Turrill
1999, Delcourt and Delcourt 1997).
Recent southern pine beetle epidemics
have all but eliminated these already
vulnerable communities from many
areas in the Appalachians. Similarly,
oak-hickory stands are being invaded
by more mesic hardwood species and
white pine. These invasions of more
mesic adapted species into more fire-
prone conditions may lead to extremely
high fuel loads during dry years. In

the long run, severe and catastrophic
fires will result. Catastrophic fires can
further alter forest habitat conditions
so that most vulnerable species do

not thrive, including disturbance-
dependent species in the long-run if
these catastrophic events are not soon
followed by subsequent prescribed
burning to restore appropriate habitat
conditions associated with regular fire-
return intervals (Delcourt and Delcourt
1997, White and White 1996).

Like other forest types, spruce-
fir-northern hardwood forests were
harvested near the beginning of the 20™
century. The stands that replaced them
differ from those prior to harvest.
Generally, spruce was replaced by fir
from higher elevations and northern
hardwoods from below (White 1984).
Since a high percentage of the
community is in public ownership,
it would appear that healthy high-
elevation biotic communities can
be protected. Fraser fir, however, is
threatened by exotic pests, possibly
compounded by effects from regional
air pollution (Nicholas and others
1999, Rabenold and others 1998,
White and others 1993). Some
effective restoration probably is
possible for red spruce but would
require the conversion of existing
northern hardwood stands to either
spruce or spruce-hardwood mixtures.
Some 50,000 acres of such treatment
would be needed to reach preharvested
forest conditions.

As many as seven forest bird species
closely associated with southern
spruce-fir-northern hardwood high-
peaks forests are effectively isolated
from more northerly and western
populations. Among these species,
the northern saw-whet owl appears
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to be the most vulnerable to potential
habitat loss (Milling and others 1998,
Simpson 1992), followed by the black-
capped chickadee and the red crossbill.
Although widespread elsewhere, the
owl and other species restricted to
high-peaks forests for breeding in the
Southeast need relatively high levels of
conservation attention. Northern saw-
whet owls respond to nest boxes, which
may partially mitigate the loss of high-
elevation conifers. Owls also may use
other habitat, such as older northern
hardwoods and hemlock (Milling and
others 1998).

Habitat content (composition
and structure) issues: summary
assessment of wildlife use of pine
plantations—Acreage of pine
plantations has increased from 2
million acres in 1952 to 30 million
acres today, and an additional 25
million are expected in the foresee-
able future. Not surprisingly, the
conservation community worries
about possible effects on the future
sustainability of naturally occurring
forests in the South. Although a
large percentage of this increase
and projected increase comes from
retirement of agriculture land (see
chapters 16 and 6), there is also a
substantial loss of natural pine
communities. The loss of natural
pine acreage is as much due to fire
suppression and clearing for agriculture
and urbanization as to conversion
to plantation pine. In fact, pine
plantations that are invaded by
hardwoods often become indistin-
guishable from natural stands. On
many millions of acres, fire suppression
since the 1950s has allowed former
pine stands to now be classified as
pine-oak or even upland hardwood
forest types (see chapter 16). So there
is no direct correlation between loss
of natural pine acreage and increase
of plantation pine.

Still, much natural pine acreage and
hardwood acreage (both bottomland
and upland) have been converted and
devoted to efficient growth of short-
rotation pine in the South. Although
there is general recognition that
intensively managed pine plantations
are not high-quality wildlife habitats
when compared with natural pine and
hardwood forests, statements made in
several chapters of this report suggest
overall that such intensification of
management is a positive trend (see

chapter 14). Certainly, afforestation

of millions of acres of farmland
provides for many benefits, from
carbon sequestration to water quality
improvements. Greater intensity of
forest management may allow other
forested acres to be set-aside for other
purposes, such as wildlife and
recreation. However, that intensive
forest management actually allows other
forest lands to be set-aside or managed
for other values, such as wildlife,
requires greater scrutiny.

How forests not needed for timber
production will be used is unclear
at best. Land use trends support
that many acres of forest land will
be developed, regardless of their
productivity. There is no indication
that funds would be available to
support management of forest lands
for wildlife short of commercially
viable procedures. Over the last 100
years, many millions of acres of pine
and hardwood forests have been left
in poor condition for many species
of wildlife, including both game and
nongame species. Even claims that
the present and projected increase in
intensively managed pine plantations
should bode well for early successional
species is highly suspect. High stocking
rates (700 to 1000 seedlings per
acre), increasing use of fertilizers and
herbicides for maximizing pine growth,
and reduction of fire as a management
tool, among other management
changes, essentially have eliminated
many of the benefits for early
successional species of wildlife that
were provided formerly in pine
plantations that were less efficiently
managed. There certainly is no evidence
that steep population declines have
been halted or reversed with the
expansion of intensively managed
pine plantations during the last
30 years. Declining trends continue
for important species like northern
bobwhite, American woodcock, and
many species of high-priority nongame
migratory birds associated with early
successional habitats (Capel and
others 1994, Hunter and others
2001, Krementz and Jackson 1999).

Another major issue in the South
is the proliferation of chip mills
during the last decade. An important
background point is that the chip mills
were established in many areas because
of poor forest conditions created by
repeated past “high-grading”—selective

removal of the biggest and best formed
trees in hardwood forests. What
remains is an unhealthy forest that is
poor wildlife habitat. In many of these
areas, clearcutting for pulpwood is the
first step toward improvement, and
chip mills make clearcutting feasible.
However, when these hardwood acres
are replaced with densely stocked pine
plantations, wildlife will not benefit
for very long. The alternative often
promoted as “environmentally friendly
forestry” involves diameter-limit cutting
for sawtimber. Diameter-limit cutting,
in essence, is a form of high-grading,
which was the dominant practice

that led to the low-quality hardwood
stands found in much of the South.

Management of pine for pulpwood
and/or sawtimber need not be as
bad for wildlife as is often portrayed.
Effects on wildlife involve many factors,
including landowner objectives, site
quality, and options available for
implementing management practices
(Melchiors and others, in press).

For example, planted loblolly pines
in pocosins usually replace stands
dominated by pond pine, Atlantic
white-cedar, or bays. After pines
are established, a manager could
provide suitable habitat for many
neotropical migrants by retaining
a dense hardwood understory and
midstory. Reduction in growth and
quality of overstory pines would
be relatively small.

Notably, nearly all of the forested
wetlands lost in coastal North Carolina,
much of which was pocosin, were
converted to nonwetland uses, includ-
ing pine plantations (Hefner and others
1995). Although concern for the future
of remaining pocosin communities
is justified, there is evidence that
converting “natural” pocosin vegetation
to loblolly pine can have neutral to
positive effects on some of the
vulnerable neotropical migrants.
Neotropical migrant use of these
pocosins converted to pine plantation
is best when hardwoods are encouraged
in the understory and midstory through
precommercial and commercial thin-
nings and infrequent burning (Karriker
1993). Among the species appearing
to be stable in these commercial forests
are yellow-billed cuckoos, Acadian
flycatchers, worm-eating warblers,
ovenbirds, and prairie warblers.
However, loblolly stands managed
for sawtimber under these treatments
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are still less than 20 years old and have
yet to show consistent use by the three
highest priority species: black-throated
green, Swainson’s, and prothonotary
warblers. These species require large
patches of tall pocosins and other
forested wetlands along the South
Atlantic Coastal Plain. Optimum
management of high-priority, nongame
landbirds in pine plantations would
include retention of some patches

of “natural” pocosin vegetation or
otherwise encouraging hardwood
understory or midstory development.
Conversion from hardwoods to pine or
pine-hardwood mix, with appropriate
management, is clearly better than

no forested habitat at all. For many
high-priority neotropical migrants

in these habitats, however, restoration
and appropriate management of
forested wetland conditions would

be even better.

The hypothesis that forested wet-
land species are making the transition
to using “bedded” pine plantations is
supported by studies in North and
South Carolina: (1) in the Parker Tract,
Weyerhaeuser Company, NC (Kerriker
1993, Wilson and Watts 1999a); (2)
in the Woodbury Tract-Pee Dee River,
International Paper Company, SC
{Lancia and Gerwin [In press (a)]};
Mitchell and others 1999); and (3) in
the ACE Basin, Westvaco Corporation,
SC {Lancia and Gerwin [In press (b)]}.
The latter two study areas are also the
subject of a landscape-level analysis in
Mitchell and others (2001). Preliminary
results from these studies are promising
but long-term benefits depend on
maintaining substantial hardwood
understories with certain structural
characteristics. Heavy bird use of
existing woodlands may be temporary
as forest management becomes more
intensive and hardwood types are
replaced by pine. Regardless of the
reasons, birds usually associated
with hardwood forests are making
substantial use of pine plantations
in the Coastal Plain of the Carolinas,
at least for now.

In the Ouachita Mountains, the
USDA Forest Service and Weyerhauser
Company, among other partners, have
embarked on a watershed comparison
among passively managed, moderately
managed, and intensively managed
sites. Preliminary results suggest that
large areas under active management
likely support a variety of habitat
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conditions at a variety of spatial scales
suitable for many bird species,
including many high-priority species
associated with both mature forest
and early successional conditions
(Melchiors and others, in press). The
more actively a large area is managed,
the more heterogeneous the available
habitat, and the less actively managed,
the more homogenous the habitat. The
latter support surprisingly few mature
forest species in numbers higher than
those found in more actively managed
watersheds (Melchiors and others,

in press). In contrast to the Carolina
studies, where reproductive rates
appear to be consistently high, studies
from the Ouachita Mountains and
Georgia Piedmont have revealed more
complex patterns of nesting success
that depend on seral stage, burning
regime, and percent canopy versus
understory cover (Barber and others
2001, Brunjes 1998, Howell 1998,
Raftovich 1998). In addition, heavy
and apparently successful use of pine
habitats in the Carolinas and possibly
elsewhere are generally where
sawtimber is the target wood product,
where sites have the propensity to
support substantial hardwood growth
or where maintenance of interspersed
hardwood stands are maintained as
“ecological legacies.” Data are not
available to suggest the same is true for
the vast majority of pine plantations,
which are managed in very short
rotations on very well-drained sites
with dense stocking and heavy
chemical use.

In conclusion, management options
exist in some locations to support
healthy migratory bird populations.
Study results, however, do not cover
the vast majority of pine plantations
and how they are managed in
the Southeast. Regardless of whether
some hardwood species persist in some
pine plantations, priority bird species
associated with older pine stands are
probably harmed the most by the
expansion of pine plantations.
Plantation pine stands are too dense,
too young, or hardwoods in their
understories are too dense for the
bird species usually associated with
open pine stands that are frequently
subjected to prescribed or natural
fire. Some of these species may persist
in managed pine plantations where
hardwood intrusion is controlled and
snags are retained (Caine and Marion
1991; Dickson and others 1983;

Land and others 1989; Moorman
and others 1999; Wilson and Watts
1999a, 1999b,).

For nonavian wildlife, results of
studies are also mixed, but similar
themes emerge for small mammals
and reptiles as found for birds. Working
in plantations over former pocosins
in eastern North Carolina, Mitchell
and others (1995) found that small
mammals undergo an initial decline,
but later recover to preconversion
population levels as long as the
plantation emulates, to some degree,
the understory structure of the former
pocosin. Stand thinning and growing-
season burning are essential for
maintaining gopher tortoise popu-
lations in slash pine plantations in
southern Alabama (Aresco and Guyer
1999). Longleaf pines with cavities
retained in mature park-like pine
plantations in the upper Coastal Plain
of South Carolina were used for evening
bat roost sites and seemed preferred
to potential sites in dense canopied
bottomland hardwood, mixed pine-
hardwood, or loblolly stands (Menzel
and others 2001).

Pine plantations are generally poor
wildlife habitat. However, with manage-
ment adjustments (from less intensive
to maintaining natural community
types mixed in with plantations) many
vulnerable wildlife species can
successfully use these commercially
driven habitat conditions. At the very
least, pine plantations may provide
buffers around more natural forested
habitats that are clearly better than
agriculture or urban areas for hard-
wood associated songbirds (Kilgo
and others 1997, 1998)

General management consider-
ations—Any major change in a forest
affects the wildlife that live there.
Some changes are caused by purposeful
management actions. Others are the
result of natural processes (Dickson
and others 1993). Managers prescribe
treatments to enhance the production
of various resources or to promote
a forest condition, such as habitat
for a particular wildlife species or
the quality of a scenic vista.

Different wildlife species and popu-
lations react differently to habitat
manipulations. Some species are habitat
generalists, which have the ability to
survive in a wide variety of conditions.
Others are habitat specialists, which
require specific conditions in order
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to maintain viable populations. These
species have evolved over time to
capitalize on unique habitat niches.

An example of a bird habitat specialist
is the prothonotary warbler, which
needs small cavities in midstory trees
or shrubs to successfully nest. Other
examples of birds that are habitat
specialists include cerulean warblers,
Swainson’s warblers, and red-cockaded
woodpeckers. Habitat generalists,
on the other hand, can survive and
successfully reproduce in a wide variety
of conditions. Examples of habitat
generalists include white-tailed deer,
raccoons, and coyotes.

Wildlife species also differ widely in
mobility. Large vertebrates and birds
generally have large home ranges. Black
bears have been known to travel over
300 miles, and many birds travel
between continents. Many amphibian
species, on the other hand, spend their
entire lives near the place they were
born. Therefore, consequences of
changing habitat conditions vary
widely among wildlife species.

Timing and energy requirements
are extremely important for migratory
birds. Favorable weather conditions
and adequate food are critical to sustain
populations. In the context of forest
management, providing as much high-
quality habitat as possible is critical.
Often, due to localized climatic factors,
lands on which migratory species
depend are less than optimal.
Waterfowl, particularly ducks, are often
affected by localized drought, failed
seed crops, or extended freezes. When
these events take place, it is critical that
areas outside of preferred migratory
routes provide missing elements.
Even though most migratory waterfowl
breed in the northern portions of this
continent, pair bonding occurs on
the wintering grounds. Reproductive
success and survival, therefore, depend
on the quality and quantity of habitat
along the entire flyway, including
southern forested wetlands.

Stand-Level Management

In forestry and wildlife management,
the primary management unit is the
stand. Stands are analogous to plant
communities, but there are differences.
Boundaries and sizes of natural plant
communities are dictated by topo-
graphy, soils, hydrology, and past
history, whereas stands are delineated
by human-induced disturbances.

Stands are the basic land units on
which specific silvicultural treatments
take place. On a landscape scale,

the arrangement of stands and the
implementation of treatments, both
spatially and temporally, have a great
affect on wildlife.

In a simplified model, if management
objectives are to provide a mosaic of
even-aged habitats, with stands of all
ages represented, land managers may
arrange operations so that similar
habitats are scattered across the land-
scape. As a result, habitat requirements
of a variety of wildlife species are
met locally.

Forest stands are dynamic, moving
along a successionary continuum
and providing different benefits at
different times. In all cases, forest
communities are created and
maintained by disturbance and
succession, whether they are natural
or management induced (Oliver 1981).

Ecological Basis
of Silviculture

Silviculture is the ecological art
and science of managing forest stands
to meet landowner objectives. It is also
the applied ecology portion of forest
management. Forest management
considers the entire forest, which is
made up of numerous stands; while
silviculture deals with individual
stands. Landowner objectives may
include timber management, wildlife
management, aesthetics, and
recreational opportunities.

Silviculture is based on two
basic ecological patterns. The first
is succession, or the way forest
communities develop over time.
The second is disturbance, or an event
that destroys all or part of an existing
forest community. These patterns are
natural phenomena in all forest types
and take place on many different scales.
Succession and disturbance are related
because succession cannot be altered
without disturbance. Plant communities
develop through succession and are
altered through disturbance. In a
natural situation, succession and
disturbance are chaotic. Disturbance
events are unpredictable, both
spatially and temporally.

Even though silviculture is based
on natural processes, it does not
precisely mimic them. Through the
use of silvicultural techniques,
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natural processes are allowed to take
place to produce desired conditions.
An understanding of the underlying
ecological principles is essential

in comprehending silviculture and
forest management.

Succession—Succession may follow
two basic patterns, primary succession
or secondary succession. These two
basic types of succession are addressed
in more detail later in this chapter.
Silviculture most often mimics second-
ary succession, since some plant
community generally occupied the site
before it was subjected to disturbance.
In order for succession to begin, some
sort of disturbance has to take place.
After the disturbance, new plants
invade the site and begin to grow.
Succession is accurately described
as occurring along a time continuum,
starting with year zero and continuing
until another major disturbance. Left
to their own devices, forest stands
go through four distinct stages of
development: stand initiation, stem
exclusion, understory reinitiation, and
steady state (Oliver and Larson 1990).

Succession: stand initiation—
The first successionary stage is stand
initiation. During this stage, water,
nutrients, and sunlight are plentiful
due to the lack of existing vegetation.
In the South, plants quickly occupy
the site and begin to compete for
available resources. Herbaceous plants
seed in and existing rootstocks sprout.
Plant diversity is high relative to
midsuccessional stages, since species
with varying levels of shade tolerance
all occupy the site simultaneously.
Plants that reproduce from rootstocks
and plants that are shade intolerant
have a competitive advantage during
stand initiation.

Succession: stem exclusion—
As a stand matures, resource limitations
occur. On upland sites, either water
or nutrients may be in short supply.
On bottomland sites, sunlight is usually
the limiting factor. When available
resources begin to limit the growth
and establishment of new plants, the
stand is in the stem exclusion stage.
At this point on the successionary
continuum, shade-intolerant under-
story species begin to disappear;
and the plant community becomes
dominated by trees. Fast-growing,
shade-intolerant tree species generally
overtop competing vegetation, and
competition for available resources is
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extreme. Shade-tolerant species usually
have slower growth rates and tend to
lag behind. As this stage progresses,
stratification occurs, usually resulting in
a well-defined midstory and overstory.

Succession: understory
reinitiation—Shade-intolerant
tree species are usually replaced in
the overstory by midtolerant species
during the understory reinitiation
stage. As shade-intolerant species reach
full height, other species begin to out-
compete them for available resources.
Gap-phase dynamics begins to occur
during this stage. Trees, or groups
of trees, die for many reasons and
are replaced either by trees that are
presently in the midstory or by new
reproduction. The forest canopy
begins to become more heterogeneous,
allowing sunlight to penetrate from
above and from the sides. As trees die,
resources are allocated to remaining
individuals, many of which respond
with increased canopy growth and
diameter growth. With increased
sunlight reaching the forest floor,
herbaceous plants become established
and flourish. Depending on forest type,
species composition may shift, with
shade-intolerant species giving way
to more shade-tolerant ones.

Succession: steady state—The
steady-state stage of succession is
anything but steady, but it does tend
to perpetuate itself to some extent.

In many southern forest types, this
stage exists only in varying degrees,
with fire (historically) being the major
contributing factor in arresting or
setting back succession. This stage

is a continuation of the understory
reinitiation stage and is marked by
small-scale disturbances that contribute
to gap-phase dynamics. As gaps
continue to form and develop over
time, structure and species composition
become quite complex. The presence
of many gaps in various stages of
development creates stand conditions
where trees of many ages, sizes, and
species exist simultaneously. In many
systems, mature trees on the edge

of gaps are more susceptible to
mortality due to increased exposure,
creating an expanding gap pattern

of development over time.

Disturbance—Disturbances vary in
severity, frequency of occurrence, and
predictability. Generally, certain types
of disturbance are more common in
particular forest types. Low-intensity
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ground fires were common in southern
pinelands and were characterized by
high frequency and low severity.
Windthrow during storms is a common
disturbance in bottomland hardwood
forests where trees have shallow root
systems in moist soils.

An inverse relationship also usually
exists between severity and frequency
of disturbance. Frequent, low-intensity
disturbances usually affect only part
of the plant community. Low-intensity
groundfires in pine stands detrimentally
impact hardwood midstory and
understory species but do not harm
the pines in the overstory. In bottom-
land hardwoods, however, fires are
infrequent and may potentially set
entire stands back to the stand
initiation stage.

Silvicultural Systems

Natural regeneration: uneven-
aged silviculture—Uneven-aged
management has been used successfully
in several southern forest types. In this
type of management, trees of several
age classes are present in the stand at
all times. Stands are usually regulated
by volume and managed to maintain
a specific diameter distribution, with
many smaller trees and fewer large
trees. Since most commercially
desirable tree species in the South
are relatively shade intolerant, the
upper canopy must be reduced such
that younger trees are able to grow
into the overstory.

This type of management has many
benefits for wildlife, especially birds.
Due to high levels of canopy stratifi-
cation, many bird species are able to
utilize these stands (Dickson and others
1995). Different bird species rely on
different portions of the canopy. Wood
thrushes require dense understory
growth, while cerulean warblers utilize
emergents, which are individual trees
that are taller than the main canopy.
With respect to emergents, it has been
demonstrated that canopy height is not
as important as relative height. In most
uneven-aged stands, larger trees act as
emergents due to their size relative to
their immediate neighbors.

Uneven-aged management of both
pines and hardwoods requires frequent
entry into the stand, increasing risks
of disturbing wildlife and rutting or
compacting the soil. More access roads
are also generally required for this type
of management, and they must

constantly be open. In uneven-aged
pine management in particular,
increased herbicide use is often
required to release pines from more
shade-tolerant hardwood competition
(Dickson and others 1993).

Area regulation in uneven-aged
management has become an accepted
method for managing both pines and
hardwoods, especially when wildlife
enhancement is the primary objective.
Area regulation differs from volume
regulation in that equal areas of land
within a stand are harvested at each
entry, rather than cutting the stand to
a specific diameter distribution. Area
regulation has been used with great
success in longleaf pine and bottomland
hardwoods, where large, homogeneous
stands exist. In bottomland hardwoods,
waterfowl habitat is enhanced,
particularly in areas where foraging
and pair bonding occur.

Natural regeneration: even-aged
silviculture—Even-aged management
is very common in the South. It lends
itself well to southern ecosystems
mainly because most of the commer-
cially desirable tree species are shade
intolerant. In even-aged management,
only one or two age classes of trees
are present in a stand.

A clearcut is the most basic technique
for initiating an even-aged stand. In
the following paragraphs, clearcutting
with natural regeneration is addressed.
Artificial regeneration will be discussed
in the narrative on plantations. In
clearcutting, the entire stand is removed
in one harvesting operation, and a new
stand of trees takes its place. Clearcut
areas may be regenerated naturally from
sprout reproduction, from seeds from
surrounding stands, or from seeds that
were in place before mature trees were
removed. Hardwood stands often are
regenerated with advance reproduction,
which was in place before the initial
harvest (Baker 1997, Hodges 1997).

From a wildlife management
perspective, clearcuts have the benefit
of providing maximum amounts of
light reaching the ground, which
improves growth of herbaceous plants
(Pietz and others 1999). Many wildlife
species thrive in early successional
communities created by clearcutting
(Wigley and others 2000). The
possibility of erosion may discourage
clearcutting on sites with steep slopes.
In wet areas, clearcutting may raise the
water table excessively because



Chapter 4: Effects of Forest Management On Terrestrial Ecosystems

transpiration is greatly reduced by
removing most plants. If the water table
rises to the soil surface, establishment
of a new stand may be impeded.

Seed trees were often used for
regeneration in the South until about
15 years ago. This approach is losing
favor to clearcutting and planting,
which allows introduction of genetically
improved stock. In the seed-tree
method, four to eight mature trees
per acre are left to provide seeds for
regeneration. After the stand is regener-
ated, the seed trees are removed. From
a wildlife management perspective, this
technique provides the benefits of large
amounts of light reaching the ground,
while some structural elements are
retained for several years after harvest
(Dickson and others 1995). In some
cases, seed trees are left on the site,
rather than being removed.

Regeneration by the shelterwood
method is common with tree species
that regenerate best in partial shade.
Heavy-seeded species are generally not
regenerated with either seed-tree or
shelterwood techniques. Shelterwood
cuts are attractive to neotropical migra-
tory bird species that are associated
with either early- or late-successional
stages (Dickson and others 1995).
Shelterwood cuts in overcup oak stands
in green-tree reservoirs have also been
successful. Overcup oak acorns are
disseminated widely by water, and the
reduction in canopy density attracts
macroinvertebrates, which are
important food items for waterfowl.

In both seed-tree and shelterwood
regeneration techniques, a second and
sometimes third entry is made into the
stand to remove remaining trees. In
shelterwoods, entry is usually essential
to release reproduction. Irregular
shelterwoods may retain “leave trees,”
which are mature trees left in the stand
to provide structural diversity, wildlife
habitat, or seed sources. Management
of two-aged stands is becoming popular
on public lands and initial evidence
is that with respect to forest birds,
this may be an acceptable option to
clearcutting (Duguay and others 2001).

Natural regeneration: intermediate
treatments—Thinning is a common
silvicultural technique used to
concentrate growth on fewer trees.
Stands are commonly thinned during
the stem exclusion stage and are
sometimes thinned again later in the
rotation. Thinning temporarily reduces

canopy coverage and allows light to
reach the forest floor, promoting growth
of understory plants. Thinning may also
temporarily create canopy complexity,
which is positive for many bird species
(Dickson and others 1995, Wigley

and others 2000).

Timber stand improvement (TSI)
cuts are used to remove trees that are
less desirable because of their species,
form, or health. Although these cuts
allow sunlight into the stand, in many
cases they remove individual trees that
are beneficial to wildlife due to their
form or the presence of cavities.

Herbicide use has become extremely
common in forest management.
Historically, prescribed fire was used
to remove unwanted vegetation.
Herbicide treatments have taken the
place of prescribed fire in many areas.
Herbicides may be sprayed from the
air or from the ground, injected into
unwanted stems, or squirted onto
wounds hacked through the bark.
Such treatments are very effective in
reducing competition and promoting
crop-tree growth. Most herbicides
labeled for forestry use today have
extremely low vertebrate toxicity and
are not immediately detrimental to
wildlife. Negative impacts of herbicides
usually are associated with decreases
in plant diversity, but herbicides can
be positive for wildlife under specific
circumstances and especially where
prescribed fire is no longer a viable
management option (Wigley and
others 2002).

Other than reducing competition,
herbicides are also used to change
stand structure. Individual stems in
hardwood stands are commonly treated
to reduce shade-tolerant species and
allow space for advance reproduction
(Hodges 1997). Trees treated with
herbicides create snags and downed
wood, which are beneficial to some
wildlife species. Overstory trees are
sometimes treated chemically to allow
sunlight penetration, creating large
upper canopy snags. Although they
are beneficial to a variety of wildlife
species, canopy shags usually remain
standing for only a few years in the
South (Dickson and others 1995).

Fertilizer application is increasingly
common in southern forests. Both pine
and hardwood stands are treated to
increase crop-tree growth, but the
practice is almost totally restricted to
pine plantations. Productivity of forest
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sites is increased by applying nitrogen,
often in combination with phosphorous
(Lauer and Zutter 2001). Fertilizers

are generally applied at the time of
establishment and again at midrotation.

Fertilization produces several wildlife
benefits. Most plant species on the site
respond to increased nutrient levels,
creating more browse and more fruit
production. These effects, however,
are usually short-lived, because stands
generally reach canopy closure sooner
with fertilizers than without. Responses
usually last only two to three growing
seasons (Dickson and others 1995).

Plantation management—Forest
plantations are not all created equal.
They take many forms, depending on
intensity of management, species being
managed, and site. Like any other plant
community, a plantation is affected
by hydrology, topography, and climate.
Plantations range from loblolly pine
plantings on old fields to hardwood
fiber farms that are irrigated and
fertilized. Well-managed plantations
on good sites often produce vastly
greater yields than natural stands.
Operations in these stands are
straightforward and relatively easy.
Although plantations produce wood
rapidly, the ecological consequences,
described below, can be very large.

Plantation management: ecological
consequences of plantation manage-
ment—~Plantations established on
clearcuts retain biological legacies
from the old stand in the form of seed
left in place and rootstocks that have
the potential to sprout. Plantations
established on old pastures or
agricultural fields tend to contain
mainly pioneer species. Ecologically,
plantations established after timber
harvests tend to mimic secondary
succession, while those established
on old fields are more similar to
primary succession. In the Mississippi
Alluvial Valley, stands originating on
abandoned agricultural fields contain
plant communities similar to those
originating from primary succession
on river bars (Baker 1997). Similarly,
cottonwood plantations tend to have
species composition similar to natural
cottonwood stands of river front origin.

Natural primary succession tends to
establish stands of a single species. In a
landscape mosaic, these stands provide
many positive values for wildlife. These
stands are usually short-lived and
provide structure, cover, and food for
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a variety of wildlife species. On heavy
clay sites that are frequently flooded,
pure black willow stands provide many
benefits for waterfowl. Invertebrate
production is great, cover is dense,
nest cavity formation is high, and
temperature fluctuations are moder-
ated. Investigators have demonstrated
that ambient winter temperature is
higher in black willow stands than
elsewhere. As these stands break up
naturally, longer-lived species take their
place, providing structural components
that are favorable for many migratory
bird species. These stands grow rapidly
during stand initiation, providing
vertical structure sufficient for bird use
within 2 to 5 years. Birds are a major
dispersal mechanism for oaks (Hodges
1997), and as bird use increases in
new stands due to increased vertical
structure, oaks seed dispersal is
increased.

In the South, primary succession
takes place when new land is formed
by river movement. In other parts
of the world, it may take place after
volcanic or glacial activity. Primary
succession does not generally occur
on sites where pine plantation
establishment is the main objective.
Although forest monotypes occur
naturally in the South, they are
restricted to hardwood species along
river and stream corridors. On upland
sites, where these situations exist,
they must be artificially created and
maintained. Even in instances where
severe fires have taken place in the
uplands, biological legacies still exist
and no new lands have formed.

Wildlife species that thrive in early
successional habitats use plantations
heavily during the first few years after
planting (Wigley and others 2000).
Browse is abundant and species such
as white-tailed deer, eastern cottontails,
and black bears frequent young
plantations. Small mammals also
use these areas heavily; consequently,
raptor use is high. Several neotropical
migratory bird species use plantations
early on, when insects and seeds are
abundant. After canopy closure takes
place, plant diversity decreases and
wildlife use declines.

When plantations are first established
on previously forested sites, water,
nutrients, and sunlight are plentiful,
supporting diverse and abundant plant
communities. Even though sites are
mechanically prepared and competing
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vegetation is usually controlled with
herbicides, other plant species are still
able to survive. Many wildlife species
benefit from the grasses and forbs that
are present on these sites during stand
initiation. As the planted crop trees
mature, they shade out competing
vegetation, reducing plant diversity
and structural complexity. As a result,
soft mast, browse, and cover are
reduced. Subsequently, fewer wildlife
species find these sites suitable after
canopy closure.

Plantation management: common
plantation practices—Loblolly pine
is the most common plantation-grown
species in the South. Its wood has
desirable properties, it grows rapidly,
and it is easy to establish. That is why
it is the species of choice over much of
the Southeastern United States. Slash
pine is also a common species for
plantation management. It is similar
to loblolly pine in most characteristics,
and cultural practices are also similar.

Plantations may be established in
a variety of ways, but they all begin
with some form of site preparation.
Site preparation may be as simple as
removing the old stand from the site,
or as intensive as chopping, wind-
rowing, burning, ripping, bedding,
and fertilizing. Site-preparation treat-
ments are designed to give the crop
trees a competitive advantage over
competing vegetation. On the Coastal
Plains and Piedmont, ripping and
bedding are common practices,
despite high costs. Seedling survival
is enhanced with these practices, as
is rapid early growth of planted stock.
Herbicides are commonly used when
sites are ripped and bedded, and are
effective in reducing competition.

In managed pine plantations, positive
aspects for some wildlife species are
gains in vertical structure in a short
time period and rapid provision of
cover. Negative aspects are reductions
in time until canopy closure and
subsequent shading of competing
vegetation (Dickson and others 1995,
Wigley and others 2000). In plantings
on clearcut sites, downed wood is
usually abundant and in some cases
snags are left. Snags left standing
may present a danger to loggers, but
they provide great benefits to cavity-
nesting wildlife species.

Pruning is common in the West Gulf
region, where production of high-
quality products like poles or lumber is

the goal. Many plantations are pruned
to produce clear, knot-free wood on the
bole in a shorter period of time than
without pruning. Pruning is usually
done after a thinning and has the
potential to positively impact many
wildlife species. It has the potential

to increase canopy complexity and
increase understory vegetative growth.
It also increases amounts of dead wood
on the forest floor, providing habitat for
small mammals and increasing organic
carbon levels in the soil. Use of these
stands by some hawks and owls may be
increased due to greater visibility and
increased numbers of small mammals.

Bird use in young plantations is
generally high until the canopy closes
about 10 to 12 years after establish-
ment. Use declines because there is
no canopy stratification and understory
vegetation decreases. Leaving mature
trees in the stand creates a structural
element that has the potential to greatly
increase bird use, but the residuals slow
the growth of crop trees where shading
occurs. Structural diversity is created
in the stand on two levels (Dickson
and others 1995).

Wildlife Management
Techniques

Active wildlife management in
southern forests is very common
(Dickson 2001). Substantial economic
benefits are available for those willing
to lease land for hunting or other
recreation. Much industrial timberland
in the South is leased for hunting.
Game species, such as white-tailed
deer, wild turkeys, bobwhite quail, and
waterfowl, are primary management
targets. Entire texts have been written
describing practices that enhance game
animal populations. This section
describes common wildlife manage-
ment practices in southern forests.

Maintenance of riparian vegetation
along streamsides is almost universally
considered essential by natural resource
managers. It minimizes movement
of sediment from upslope areas into
streams (National Association of
Conservation Districts 1994). In
addition to improving stream quality,
streamside buffers may benefit many
rare and declining aquatic vertebrate
and fish species throughout the
Southeast. However, of even greater
interest are benefits accrued by bird
species. Streamside management zones,
if widely implemented across a
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landscape, can support some vulnerable
species. Because landbirds are not the
sole concern when managing riparian
habitat, the most effective conservation
will balance economics with the needs
of wildlife, including vulnerable
neotropical migrants.

Streamside management zones
(SMZ2) are strips of various width along
streams that are not managed like the
rest of the stand. They usually contain
mature deciduous trees, and timber
management in these corridors either
ceases or is scaled back in intensity.
The primary function of SMZs is to
provide a protective buffer that
decreases logging impacts on streams,
but SMZs also create structural diver-
sity in stands. Wildlife use them for
breeding and foraging, and as travel
corridors (Machtans and others 1996).
Brown-headed cowbirds are a major
problem for other bird species in SMZs
when the surrounding land has been
recently harvested. Cowbirds utilize
early successional habitat. During
stand initiation after a disturbance,
they often reduce nesting success
of other species utilizing adjacent
SMZs (Dickson and others 1993).

Melchiors (in press) and Wigley and
Melchiors (1994) describe management
opportunities as well as important
caveats for interpreting existing data
on wildlife use of retained riparian
vegetation in actively managed
landscapes. Existing data have been
organized into three categories
particularly useful for developing
management recommendations:

(1) streamside management zones

in managed (usually short-rotation
pine) forest stands, (2) riparian forest
habitat in otherwise agricultural

or developed landscapes, and (3)
moisture/elevation gradients in largely
forested landscapes (Melchoirs, in
press). Current understanding of bird-
habitat relationships in largely forested
landscapes, especially in mountainous
areas [item (3) above], indicate that
forested riparian habitat is indeed
important

for supporting many species. Managers
concerned with the plight of species
depending on healthy forested riparian
habitat should not place presently
stable source populations at risk.
Flexibility in managing riparian habitats
is enhanced when large landscapes are
under cooperative management. Widths
of SMZs should be based on the nature

of dominant land use patterns. If
adjacent land is dominated mostly

by mature or maturing stands, narrow
SMZs may be adequate. In forests
dominated by short-rotation plantation
forest management, with many patches
of early regeneration present during
every decade, wider SMZs probably
are needed. Finally, agricultural areas
require the widest SMZs if vulnerable
landbirds are an important goal for
management. In the South Atlantic
Coastal Plain, objectives for floodplain
forested wetlands should suffice

for SMZs.

In most, if not all, Southeastern
locations, few important wildlife species
would be served by narrow (10 to 25
foot) grassy streamside buffers. Such
narrow and grassy riparian conditions
may be adequate for minimizing
erosion, consistent with the dominant
land use. There is little argument
among natural resource managers on
the importance of maintaining forested
riparian areas for wildlife in general,
but several points are actively debated.
These include: (1) adequate to optimal
streamside widths, (2) acceptable
structure and plant composition, (3)
species to be targeted, and depending
on the wildlife targeted, (4) the desired
intensity of management consistent
with balancing other priority land
uses (Wigely and Melchoirs 1994).
General guidelines given by Wigley
and Melchiors (1994) include the
correlation of SMZs with watershed
size, the use of narrow SMZs on
ephemeral or intermittent streams to
promote diversity of bird communities
in managed forests, and flexibility
in SMZ width.

Costs to maintain wide SMZs can be
considerable when timber production
is the landowner’s only or primary
objective. Therefore, financial incen-
tives, conservation easements, and
partnerships through public-private
programs are critical for stabilizing
or enhancing riparian and aquatic
habitat throughout the Southeast.
Examples include the Farm Bill's
Forest Stewardship program and
the Partners for Wildlife program.
Fortunately, many wood-producing
industrial landowners and an increasing
number of nonindustrial landowners
are maintaining high-quality water and
wildlife habitat, especially for landbirds.
Nevertheless, recommendations for
SMZ width and condition that go
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beyond State-sanctioned best
management practices need to be
presented to private landowners
as optional treatments.

Cooperating partners should develop
joint monitoring efforts in riparian
habitats to better understand local
responses by vulnerable species to
SMZ treatments. Migration monitoring
is likely to be most productive in
SMZs. Results would add valuable
information on timing and degree of
transient passage through the South
Atlantic Coastal Plain. Efforts to
improve watershed management and
riparian habitat condition should be
monitored by collecting data along
tributaries and main streams to the
Flint, Chattahoochee, and Apalachicola.
All these efforts should involve both
public and private groups. Food plots
often are claimed to increase game
species abundance and health in forest
lands that are being managed for
hunting. Small areas cleared specifically
for planting and woods roads or log
landings are generally used. Specific
crops planted depend on the site and
the species being managed, but peas,
winter wheat, ryegrass, and some
commercial “wildlife mixes” are
generally sown. Keeping small areas
cleared has the benefit of creating
ecotones, or transitional zones between
habitat types, which many wildlife
species use. It is debatable, however,
whether perpetually cleared areas are
as beneficial as those left to natural
succession. Food plots may increase
the carrying capacity for certain species,
but substantial increases usually are not
seen. The biggest benefits to hunters
and wildlife managers are increases in
wildlife observations and subsequent
increases in opportunities to harvest
game animals.

Green-tree reservoirs are sometimes
placed in bottomland hardwood stands
to enhance waterfowl habitat. These
impoundments are flooded during the
winter and early spring and have the
potential to greatly benefit waterfowl.
Optimally, water levels should fluctuate,
increasing foraging potential for
dabbling ducks. Hard-mast-producing
tree species provide abundant food, and
macroinvertebrates are present in great
numbers. In addition to waterfowl,
potential beneficiaries include reptiles
and amphibians that are favored by
fluctuating water levels. Warm water
fisheries may also be enhanced by
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green-tree reservoirs. Annual growing-
season flooding may decrease
regeneration of desired tree species,
but dormant-season flooding has little
effect on timber quality or growth.

Ecological Variables

Chaotic events—Whatever
management options are implemented,
it is impossible to accurately predict
the onset of natural catastrophic events.
Wildlife populations are greatly affected
by icestorms, windstorms, blight,
southern pine beetles, oak decline,
and a plethora of other landscape-
altering phenomena. The American
chestnut blight basically eradicated
a major source of hard mast from the
Southern Appalachians, with estimated
reductions in hard-mast production of
over 34 percent (Diamond and others
2000). Beech bark disease has virtually
eliminated American beech from much
of its native range. Acid rain has had
detrimental effects on red spruce at
high elevation in the Appalachians.
Recently, southern pine beetle
infestations in Kentucky eliminated
all suitable habitat for red-cockaded
woodpeckers. All of these birds had to
be captured and relocated. All of these
events have large, long lasting effects
on forested ecosystems and the wildlife
populations that depend on them.

Landscape altering events have
been taking place since the beginning
of time. Many have led to species
extinctions. In the case of American
chestnut, oaks and hickories partially
fill the void. Management strategies
must be resilient enough to compensate
when these events take place.

Soils and topography—Soils are of
paramount importance in forest and
wildlife management. They dictate, to
a large degree, the species assemblages
that occupy sites and are directly
related to productivity (Hodges 1997).
Although no strong correlations exist
between site productivity and diversity,
sites with highly productive soils tend
to be more resilient (Baker 1997).

Silvicultural operations have the
potential to impact soils. Harvesting
with heavy equipment may compact
and rut the soil. The ability of the site
to rebound depends on soil type. Wet
sites with clays that shrink and swell
tend to rebound more rapidly after
heavy equipment traffic than more
silty soils.
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With respect to biodiversity and
productivity, little is known about
the impacts of converting natural,
mixed-species forest stands to pine
plantations. In grassland ecosystems,
natural prairie sites with high plant
diversity are more productive than
those with “improved” pastures that
contain only a few species. Forests
on productive soils with complex
structural characteristics and
species assemblages have the
potential to support more diverse
wildlife communities.

Discussion and
Conclusions

Southern forests are productive,
dynamic, and diverse, supporting a
vast array of wildlife communities. They
support resident wildlife communities,
and play a vital role in the conserva-
tion of migratory bird populations.
Increased demand on southern forest
resources has created complex situa-
tions for natural resource managers.
Managers balance timber resource
needs with habitat requirements for
wildlife communities. These challenges
must be faced at both the stand and
the landscape level. Demand for forest
products is increasing, placing greater
demands on southern forests for
wood production.

Ownership patterns complicate
southern forest management.
The majority of land in the South
is held by a plethora of private
owners with a wide variety of man-
agement objectives. To be effective,
conservation efforts for many wildlife
species must cover entire landscapes.
Large-scale projects such as Partners
in Flight and conservation efforts
with Louisiana black bears require
cooperation among forest industry,
Federal and State government agencies,
and nonindustrial private landowners.

At the stand level, practices for
improving specific aspects of wildlife
habitat in intensively managed forests
can be highly beneficial. Retaining
mature trees and snags in intensively
managed stands provides structural
complexity that many wildlife species
require. Maintaining SMZs provides
travel corridors for wildlife, increases
structural and compositional
complexity, and prevents detrimental
impacts to streams.

Early successional habitat is critical
for many wildlife species. Forest
management practices geared toward
establishing new stands provide
abundant early successional habitat,
but the wildlife benefits of these
stands decreases after canopy closure.

Southern forests are created and
maintained by natural and human-
induced disturbances. These
disturbances shape the structure and
composition of forests and the wildlife
communities that depend on them.
Land use patterns are constantly
changing. The changes are beneficial
to some wildlife communities and
detrimental to others.

Needs for Additional
Research

Although copious amounts of very
creditable work have been directed at
the effects of plantation management on
wildlife communities, particularly birds,
most of it has been directed at younger
stands. The benefits of providing early
successional habitat are undeniable, but
very little information exists comparing
young plantations with different land
use histories. Another area that should
be given additional attention is
midrotation pine plantations. Stands
that have reached canopy closure but
have not reached a condition to warrant
thinning should be more thoroughly
examined for wildlife use.
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What conditions will be
needed to maintain
animal species
associations in the South?

Key Findings

m Geographic patterns of diversity
in the South indicate that species
richness is highest in Texas, Florida,
North Carolina, and Georgia. Texas
leads in the richness of mammals,
birds, and reptiles; North Carolina
leads in amphibian diversity. Texas
dominates vertebrate richness by
virtue of its large size and the
variety of its ecosystems.

m Loss of habitat is the primary
cause of endangerment of terrestrial
vertebrates. Forests, grasslands,
shrublands, and wetlands have
been converted to urban, industrial,
and agricultural uses. Other factors
include environmental contaminants,
commercial exploitation, coastal
development, fire suppression,
river and stream modification,

and wetland degradation.

B Species that are federally listed as
threatened or endangered consist of
22 birds, 33 mammals, 7 amphibians,
and 17 reptiles. Florida leads with
the number of threatened (16) and
endangered (26) vertebrates; Texas

is second in endangered species (23);
while Mississippi is second in the
number of threatened species (11).

® Birds of high concern include
the red-cockaded woodpecker,

bald eagle, piping plover, whooping
crane, wood stork, black-capped
vireo, Florida scrub jay, and the
roseate and least terns.

B Habitat destruction and the paucity
of large tracts of undisturbed land
threaten far-ranging mammals such
as the Florida panther, red wolf, and
the Louisiana black bear. Other
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mammals of concern include the
Carolina and Virginia northern
flying squirrels, the river otter,
and several rodents.

® Twenty species of bats inhabit

the South. Four are listed as
endangered: the gray bat, Indiana
bat, and Ozark and Virginia big-
eared bats. Human disturbance

to hibernation and maternity colonies
is a major factor in their decline.

B The South is the center of
amphibian biodiversity in the
Nation. However, there are growing
concerns about amphibian declines.
Potential causes include habitat
destruction, exotic species, water
pollution, ozone depletion leading
to excessive ultraviolet radiation,
acid deposition, synthetic chemicals,
and prolonged drought conditions.

® Seven species of amphibians are
listed as threatened or endangered
by the U.S. Fish and Wildlife
Service: the Houston toad, Flatwoods
salamander, San Marcos salamander,
Barton Springs salamander, Red
Hills salamander, Shenandoah
Mountain salamander, and Texas
blind salamander. These species

are imperiled due to physiological
constraints that limit them to moist
habitats, relatively small ranges,

and highly specific sites.

B Reptile species of concern include
the Louisiana pine snake, eastern
indigo snake, crocodile, glass lizard,
bluetail mole skink, gopher tortoise,
and bog turtle. General problems
faced by reptiles include habitat
destruction, pet trade, negative public
attitudes, degradation of aquatic
habitats, and fire suppression or the
lack of sufficient prescribed burning.

B Many reptiles and amphibians

are long-lived and late maturing,

and have restricted geographic
ranges. Managing for these species
will require different strategies than
those in place for birds and mammals.
The paucity of monitoring data
further inhibits their management.

Introduction

The biodiversity of the South is
impressive. Factors contributing to
that diversity include regional gradients
in climate, geologic and edaphic site
conditions, topographic variation,
natural disturbance processes, and
the activities of Native Americans
and European settlers (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). The evolution of plants and
animals, combined with the isolation
that characterizes some habitats,
produced remarkable levels of
endemism—species that are
restricted to special habitats.

The terrestrial vertebrate fauna of
the South, including the entire States
of Texas and Oklahoma, consists
of 1,208 species. This total includes
170 amphibians, 197 reptiles, 595
birds, and 246 mammals (NatureServe
2000). Species richness is highest in
Texas, Florida, North Carolina, and
Georgia (fig. 5.1). North Carolina
leads in amphibian diversity,
while Texas leads in the richness
of mammals, birds, and reptiles.

The variation in species richness
among States is influenced by
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Figure 5.1—Geographic patterns of diversity by State within

the South (NatureServe 2000).

differences in size, geographic location,
and environmental complexity (Stein
and others 2000). Texas leads the
region with 911 vertebrate species;
diversity there is influenced by the
State’s large size and its diversity of
habitats (NatureServe 2000). Florida,
North Carolina, and Georgia each
support over 600 vertebrate species.
The smallest number of species (487)
occurs in Kentucky. Texas and Florida
support species typical of Latin America
and the Caribbean that reach their
northern limits there (Stein and others
2000). For example, the northern limit
for the American crocodile is in the
Florida Keys and south Florida.

This diverse array of vertebrate
species is found in a variety of habitats.
A habitat is comprised of the physical
and biological resources that allow a
species to survive and reproduce. The
habitat requirements for some species
may be quite narrow, while those for
another may be rather broad.

A species may require a certain
habitat structure such as vegetation
height, percent canopy cover, floristics,
seral stage, patch size, or diversity and
interspersion of plant communities.
Some species are constrained by
abiotic factors such as the precise
cave temperatures required by
many bat species. These features of
habitat influence the distribution and
abundance of species (Dickson 2001).

The habitat conditions for southern
species have been modified by several
factors (Buckner 1989). Habitat loss
and degradation are serious threats to
the region’s fauna (Noss and others
1995, Williams 1989). The rapid

growth of the human population has
resulted in land use conversion, urban
sprawl, and habitat fragmentation
(White and others 1998). Landscape
modification has been accompanied
by habitat isolation, water and air
pollution, and altered disturbance
regimes (Lorimer 2001, Trani and
others 2001). In addition, southern
wildlife has been influenced by the
introduction of exotic species and
the overexploitation of native species.
Of particular concern is collection

of species for the pet trade and
overharvest of commercial species
(Flather and others 1998). These
factors have influenced species and
their habitats in different ways.

This chapter provides an overview
of the habitat associations of birds,
mammals, reptiles, and amphibians in
the South. The focus is on vertebrates
because information on the regional
biogeography of many terrestrial
invertebrate groups is lacking
(Echternacht and Harris 1993).
Additional information on plant
and animal associations is provided
in chapters 1, 2, and 23.

Taxa groups are described, and
general habitat associations for each
are summarized. The status, distri-
bution, and habitat requirements
are provided for selected species of
concern. Finally, conservation and
management actions are suggested
for enhancing habitat associations
and mitigating known threats.

The following sections discuss the
conditions needed to maintain and
enhance conditions for species that
occupy the terrestrial habitats of the

South. Scientific names are provided

in the chapter tables and the master
species list in the Assessment appendix;
therefore, only common names are
provided in the text.

Methods and
Data Sources

Data on the status of threatened or
endangered vertebrate species of the
South were compiled from the U.S.
Department of the Interior (2000). That
agency provided information on the
distribution of listed species by State.
Its recovery plans and other agency
publications were used to compile
information on life history, ecology,
and management of individual species.

Regional species richness in each
vertebrate taxon was compiled
from State Natural Heritage offices
(NatureServe 2000). This database is
an inventory of all known occurrences
for species of conservation concern.
Information was derived from the
database to determine geographic
patterns of diversity by State in the
South. The system was also used to
verify the status and distribution of
species included in the fauna accounts.

Information on bird habitat
associations was obtained from Partners
in Flight (2000) conservation plans.
These plans highlight the factors that
imperil bird species in physiographic
areas and recommend management
actions. The conservation plans were
used to identify species of conservation
concern (Pashley and others 2000).

Habitat associations for herpe-
tofauna (reptiles and amphibians)
were summarized from the com-
prehensive review conducted by
Wilson (1995). Additional literature
reviews and reference materials
supplied information on reptile
and amphibian ecology.

State agency bear biologists were
surveyed for information about the
current status, habitat needs, and
management concerns about black
bears. Nine States responded with
information: Alabama, Arkansas,
Florida, Kentucky, Mississippi,
North Carolina, Oklahoma, Texas,
and Virginia.

Information on mammal habitat
relationships was compiled from
extensive literature searches, field
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guides, and texts on southern wildlife.
Research stations and universities
throughout the South were contacted
to obtain additional information on
selected species.

Results

Birds

The moderate climate and diverse  perching birds
266 (44%)

forests across the South support
abundant and diverse communities
of breeding, wintering, and migrating
birds. This vertebrate group comprises
17 major orders and 55 families
(Echternacht and Harris 1993). The
order Passeriformes dominates the
region’s avifauna in the number of
different families (19) and species
(127). These include the flycatchers,
crows, swallows, jays, titmice, wrens,
vireos, grackles, orioles, finches,
sparrows, and warblers among others.

The South supports 595 avian species
(NatureServe 2000). The number of
bird species ranges from 505 in Texas
to 296 in Tennessee. Florida has 419;
North Carolina, 390; Oklahoma, 359;
and Alabama, 355. These totals include
perching birds, shorebirds, wading
birds, waterfowl, raptors, and other
birds (fig. 5.2).

Perching birds, which include the
passerines mentioned above, comprise
the majority of bird species. Examples
of shorebirds include plovers and
curlews, while wading birds include
sandhill cranes and flamingos. Mottled
ducks, Canada geese, wood ducks,
hooded merganser, and mallards
represent waterfowl. Eagles, hawks,
kites, vultures, and owls are some
of the species classified as raptors.

The Natural Heritage designation

of “other birds” includes gamebirds,
such as bobwhite quail, ruffed grouse,
American woodcock, wild turkey, and
several dove species. This group also
includes woodpeckers; open ocean
birds such as cormorants, petrels, and
pelicans; rails; and many other species.

The coastal wetlands support the
greatest number of species. In fact,
the South supports the largest number
of wading species in the United States
(White and others 1998). Thirty-one
species occur solely at high elevations
in the Appalachian Mountains.

The South also provides habitat for
summer breeding populations, birds

Other birds
183 (31%)

Raptors
30 (5%)

Waterfowl
45 (8%)

Wading birds
21 (4%)

Shorebirds
50 (8%)

Figure 5.2—Species richness by major
subgroups of avian taxa occurring within
the South (NatureServe 2000).

that overwinter in the region, and birds
that migrate to South America. Coastal
habitats, maritime forests, and longleaf
pine savanna are all important to
migrating species.

Twenty-one species of birds are listed
as threatened or endangered (table 5.1).
Several of these species inhabit the
Coastal Plain. In addition, several birds
are classified as imperiled or vulnerable
by the Natural Heritage agencies
(chapter 1). These species are in
jeopardy due to habitat loss, habitat
fragmentation, or coastal development
(Hall 1995). The dependence on
breeding and staging areas has made
shorebird populations vulnerable to
disturbance. Colonial waterbirds have
declined as a result of habitat
degradation.

In contrast, the status of other species
has improved during the past decade.
The status of the brown pelican as well
as several species of raptors (ospreys,

Figure 5.3—The distribution of Partners in Flight physiographic
regions within the South (Partners in Flight 2000).
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bald eagles, and peregrine falcons) has
improved due to habitat protection and
restrictions on the use of DDT

(Fuller and others 1995).

There is a substantial body of infor-
mation on bird-habitat relationships,
and extensive long-term monitoring
programs have been in place for
several decades. The distribution
and composition of bird communities
is influenced by local habitat and
landscape conditions. Local habitat
features include forest type, understory,
number of foliage layers, canopy
structure, and successional stage.
Landscape conditions influencing
bird populations include patch
size, interspersion of vegetative
communities, forest fragmentation,
edge length, interpatch distance,
interior forest, adjacent land use,
and spatial heterogeneity.

The following section discusses
bird-habitat associations in the South.
Species of concern are identified,
and recommendations for their
management are provided.

Partners in Flight physiographic
areas—Partners in Flight (PIF) is
an organization formed to promote
bird conservation. It is comprised
of Federal and State agencies,
conservation groups, and forest
industry. PIF uses physiographic
areas as conservation planning units
for evaluating population trends,
habitat conditions, land use practices,
and emerging conservation issues
(fig. 5.3). Boundaries defined by
geomorphology, topography, and
vegetative communities are based
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Table 5.1—Bird species in the South that are listed as threatened or endangered

Scientific name

Wading birds
Grus americana
Grus canadensis pulla

Raptors
Falco femoralis
septentrionalis
Haliaeetus leucocephalus

Polyborus plancus
audubonii

Rostrhamus sociabilis
plumbeus

Shorebirds
Charadrius melodus

Mycteria americana
Numenus borealis

Perching birds

Ammodramus maritimus
mirabilis

Ammodramus savannarum
floridanus

Aphelocoma coerulescens

Dendroica chrysoparia

Empidonax traillii extimus

Vireo atricapillus

Other birds
Pelecanus occidentalis
Picoides borealis

Sterna antillarum

Sterna dougallii dougallii

Strix occidentalis

Tympanuchus cupido
attwateri

T = Threatened; E = endangered.

Common name

Whooping crane (E)
Mississippi sandhill crane (E)

Northern aplomado falcon (E)
Bald eagle (T)
Audubon’s crested caracara (T)

Everglade snail kite (E)

Piping plover (T)

Wood stork (E)
Eskimo curlew (E)

Cape sable seaside sparrow (E)
Florida grasshopper sparrow (E)

Florida scrub-jay (E)
Golden-cheeked warbler (E)
Southern willow flycatcher (E)
Black-capped vireo (E)

Brown pelican (E)
Red-cockaded woodpecker (E)

Least tern (E)

Roseate tern (T, E?)

Spotted owl (T)

Attwater’s greater prairie chicken (E)

2 Threatened in the United States where not listed as endangered.

Source: U.S. Department of the Interior (2000).

upon physiographic strata established
by the North American Breeding Bird
Survey (Peterjohn and others 1995).
Physiographic areas are distinguished
by having distinct species assemblages,
land uses, and conservation issues.

Bird conservation plans prepared for
each physiographic area identify species
and habitats of conservation concern.
Seventeen physiographic areas lie
predominately in the South (table 5.2).

All of the plans are available online at
www.blm.gov/wildlife/pifplans.htm.

The conservation plans prioritize
birds of concern and their habitat
using several criteria for ranking
a species’ vulnerability: relative
abundance, size of breeding and
nonbreeding ranges, threats during
breeding and nonbreeding seasons,
population trends, and relative density.
Numerical scores are given for each
criterion, with higher scores reflecting

Areas of occurrence

FL, OK, TX
MS

X

AL, AR, FL, GA, KY, LA, MS, NC,
OK, SC, TN, TX, VA
FL

FL

AL, AR, FL, GA, KY, LA, MS, NC,
OK, SC, TN, TX, VA

AL, FL, GA, SC

OK, TX

FL
FL

FL
X
X
LA, MS, OK, TX

LA, MS, TX

AL, AR, FL, GA, KY, LA, MS, NC,
OK, SC, TN, TX, VA

AR, LA, MS, OK, TN, TX

FL, GA, KY, NC, SC, VA

TX

X

higher vulnerability. Species of concern
are represented by scores of 22 and
above; these species are the focus of the
physiographic area conservation plans.

Table 5.3 presents a summary of
the birds of concern for the southern
physiographic areas. Species of concern
that occur in several physiographic
areas include the swallow-tailed Kite,
red-cockaded woodpecker, Acadian
flycatcher, Bell’s vireo, brown-headed
nuthatch, wood thrush, prairie
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warbler, cerulean warbler, prothon-
otary warbler, worm-eating warbler,
Swainson’s warbler, Louisiana water-
thrush, Kentucky warbler, Bachman’s
sparrow, and Henslow’s sparrow. These
species and the physiographic areas
they inhabit are described below.
Management recommendations from
the plans follow Pashley and others
(2000) unless otherwise cited.

PIF physiographic areas: mid-
Atlantic Coastal Plain—This
physiographic area extends from the
Atlantic Ocean south of Long Island
to the Virginia-North Carolina border.
The landscape is dominated by forested
wetlands, salt marshes, and barrier
islands. Upland forests grade from pine-
dominated areas on the outer Coastal
Plain to hardwood forests on the inland
areas. This landscape has been altered
by human settlement for approximately
four centuries. Human population
growth is expected to continue, placing
further demands on the region’s
natural resources.

The mid-Atlantic Coastal Plain
supports 185 bird species; 20 (11
percent) are of concern. Among those
species, the prairie warbler occupies
pine savanna habitat, while the
Bachman’s sparrow occurs in grassy
understories. Salt marshes support
important breeding and wintering

populations of the black duck, black
rail, salt marsh sharp-tailed sparrow,
and seaside sparrow. The Acadian
flycatcher, cerulean warbler, and
prothonotary warbler inhabit forested
wetlands. Mixed upland forest supports
the wood thrush in well-developed
midstories and the worm-eating
warbler and Kentucky warbler in

dense understories. Henslow'’s sparrows
may also occur along the edges of salt
marsh habitat, in areas of regenerating
pines, and on former grasslands.

Conservation issues center on
managing human population growth
while maintaining functioning
ecosystems. The extensive forested
habitat is heavily fragmented; main-
taining blocks large enough to support
a diversity of breeding birds is a
priority. Protection of critical sites for
wintering species must be integrated
with conservation plans for breeding
habitats. Specific recommendations
include restoration of pine savanna
conditions through prescribed
burning; protection of barrier dunes to
minimize losses in species productivity;
protection of sites with greater than
125 acres of high marsh; identification
of forest areas that support significant
populations of prothonotary and
cerulean warblers; and the restoration
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of open lands greater than 125 acres
with Henslow’s sparrow potential.

PIF physiographic areas: mid-
Atlantic Piedmont—The mid-Atlantic
Piedmont is separated from the
southern Piedmont at the North
Carolina-Virginia line. It extends north
through Virginia, Maryland, and
Pennsylvania before terminating in
northern New Jersey. The rolling
topography formerly supported
extensive hardwood forests including
oak-hickory, Appalachian oak, and
loblolly-shortleaf pine. Approximately
45 percent of the physiographic area
is presently forested, 45 percent is
in agricultural production, and the
remainder is in urban areas.

The mid-Atlantic Piedmont supports
137 bird species; 11 (8 percent) are of
concern. Deciduous and mixed forest
habitats support the wood thrush,
cerulean warbler, Louisiana water-
thrush (in riparian forest buffers),
and Kentucky warbler (in dense
understory). The shrub-scrub areas
and barrens support the bobwhite
quail (in decline). The American
woodcock (also in decline) requires
an interspersion of forest clearings
and second-growth hardwoods.
Agricultural pastureland supports
a large population of grasshopper
sparrows and other grassland species.

Table 5.2—Species richness by physiographic area for birds of the South (Partners in Flight 2000)

Physiographic area

01 — Subtropical Florida

02 — Peninsular Florida

03 — South Atlantic Coastal Plain
04 — East Gulf Coastal Plain

05 — Mississippi Alluvial Valley

06 — Coastal Prairies

08 — Oaks and Prairies

10 — Mid-Atlantic Piedmont

11 — Southern Piedmont

12 — Mid-Atlantic Ridge and Valley
13 — Southern Ridge and Valley

14 — Interior Low Plateaus

19 — Ozark-Ouachita Plateau

21 — Northern Cumberland Plateau
23 — Southern Blue Ridge

42 — West Gulf Coastal Plain

44 — Mid-Atlantic Coastal Plain

State(s) Total species
FL 103
FL 128
FL, GA, SC, NC 161
FL, AL, MS, LA, TN 161
MS, LA, AR 143
LA, TX 168
TX, OK 147
VA 137
AL, GA, SC, NC 125
VA 166
AL, GA, TN 131
AL, TN, KY 159
AR, OK 151
AL, TN, KY, VA 144
GA, SC, NC, VA 156
LA, AR, TX, OK 130
VA 185

#Species of concern represented by scores of 22 and above.

Species of concern

No. %2

14 13.2
21 15.2
26 15.5
20 12.2
17 11.9
20 11.5
13 8.7
11 8.0
14 11.2
14 8.4
21 16.0
15 9.4
17 11.2
18 12.5
20 12.8
18 13.8
20 10.6
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Table 5.3—Bird species of concern in the South (Partners in Flight 2000)

Scientific name

Egretta rufescens
Eudocimus albus

Anas rubripes

Anas fulvigula
Elanoides forficatus
Rostrhamus sociabilis
Buteo brachyurus
Tympanuchus cupido
Colinus virginianus
Laterallus jamaicensis
Rallus longirostris
Grus Canadensis
Charadrius alexandrinus
Charadrius wilsonia
Charadrius melodus
Haematopus palliatus
Sterna forsteri
Columba leucocephala
Coccyzus americanus
Coccyzus minor
Caprimulgus carolinensis
Caprimulgus vociferus
Chaetura pelagica
Amazilia yucatanensis
Picoides borealis
Campephilus principalis
Contopus virens
Empidonax virescens
Tyrannus dominicensis
Tyrannus forficatus
Lanius ludovicianus
Vireo griseus

Vireo bellii

Vireo flavifrons

Vireo altiloquus
Aphelocoma coerulescens
Tachycineta cyaneoviridis
Petrochelidon fulva
Sitta pusilla
Thryomanes bewickii
Hylocichla mustelina
Toxostoma longirostre
Vermivora bachmanii
\ermivora pinus
\ermivora chrysoptera
Parula americana
Dendroica pensylvanica
Dendroica caerulescens
Dendroica fusca
Dendroica dominica
Dendroica discolor

Common name

Reddish egret

White ibis

American black duck
Mottled duck
Swallow-tailed kite
Snail kite

Short-tailed hawk
Greater prairie chicken
Northern bobwhite
Black rail

Clapper rail

Sandhill crane

Snowy plover

Wilson’s plover

Piping plover

American oystercatcher
Forster’s tern
White-crowned pigeon
Yellow-billed cuckoo
Mangrove cuckoo
Chuck-will's-widow
Whip poor will
Chimney swift
Buff-bellied hummingbird
Red-cockaded woodpecker
Ivory-billed woodpecker
Eastern wood-pewee
Acadian flycatcher
Gray kingbird
Scissor-tailed flycatcher
Loggerhead shrike
White-eyed vireo

Bell’s vireo
Yellow-throated vireo
Black-whiskered vireo
Florida scrub-jay
Bahama swallow

Cave swallow
Brown-headed nuthatch
Bewick’s wren

Wood thrush
Long-billed thrasher
Bachman’s warbler
Blue-winged warbler
Golden-winged warbler
Northern parula
Chestnut-sided warbler
Black-throated blue warbler
Blackburnian warbler
Yellow-throated warbler
Prairie warbler
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Physiographic areas®

02, 04, 08
01,02

44

01, 02, 06
01,02, 04, 05, 06, 08, 42
01,02

01, 02,03

06, 08

03, 04,08, 11

02, 03, 08, 44

02, 03, 06

02

02

02, 03, 06

03, 44

02,03, 04, 08

06

01

04, 05,08, 13, 14, 42
02

04,13, 42
10,11, 12, 14

14

06

01,02, 03, 04, 11, 13, 19, 21, 23, 42, 44

03

12, 44

10, 13, 19, 21, 23, 44
01, 02

06, 08, 42

02

05, 42

04, 05, 06, 08, 14, 19, 42
12,13, 21, 23, 44
01, 02

01, 02, 03

01

01, 06, 08

02, 03, 04, 05, 10, 11, 13, 19, 23, 42, 44

11,12

03, 05, 10, 12, 13, 19, 21, 23, 44

06

03, 04, 05

05, 13, 14, 44
12,13, 21, 23

03, 05, 12

23

04, 05, 12, 13, 21, 23
23

03, 13, 23

01, 03, 04, 10, 11, 12, 13, 14, 19, 21, 23,

42,44

continued
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Table 5.3—Bird species of concern in the South (Partners in Flight 2000) (continued)

Scientific name
Dendroica cerulea

Mniotilta varia
Protonotaria citrea
Helmitheros vermivorus

Limnothlypis swainsonii

Seiurus motacilla
Oporornis formosus

Wilsonia citrina
Wilsonia canadensis
Piranga rubra
Aimophila aestivalis

Spizella pusilla
Ammodramus henslowii
Ammodramus caudacutus
Ammodramus maritimus
Passerina ciris

Spiza americana

Icterus spurius

Icterus graduacauda

Common name
Cerulean warbler

Black-and-white warbler
Prothonotary warbler
Worm-eating warbler

Swainson’s warbler

Louisiana waterthrush
Kentucky warbler

Hooded warbler
Canada warbler
Summer tanager
Bachman’s sparrow

Field sparrow
Henslow’s sparrow

Saltmarsh sharp-tailed sparrow

Seaside sparrow
Painted bunting
Dickcissel
Orchard oriole
Audubon’s oriole

Physiographic areas®

03,04,05,10, 11, 12,13, 14, 19, 21, 23,
42,44

23

03,04, 05,06, 11, 13,19, 21, 42, 44

03,04, 05,08, 10, 11,12, 13, 14, 19, 21,
23,42, 44

03,04, 05,06, 08, 11,12, 13, 14, 19, 21,
23,42, 44

12,13, 14,19, 21, 23, 42

04, 05,06, 10, 11, 13, 14, 19, 21, 23, 42,
44

03,21,23,42

23

21

02,03, 04,06, 10, 11,13, 14, 19, 21, 23,
42,44

10,11, 13, 14,19, 21

03, 06,10, 11, 12, 14,19, 21, 44

03, 44

01,02, 03, 04, 06, 44

03, 05, 06, 08, 19

06, 14, 19

04, 05,13, 42

06
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#Physiographic areas: 01 — Subtropical Florida, 02 — Peninsular Florida, 03 — South Atlantic Coastal Plain, 04 — East Gulf Coastal Plain,
05 — Mississippi Alluvial Valley, 06 — Coastal prairies, 08 — Oaks and prairies, 10 — Mid-Atlantic Piedmont, 11 — Southern Piedmont,

12 — Mid-Atlantic Ridge and Valley, 13 — Southern ridge and valley, 14 — Interior Low Plateaus, 19 — Ozark-Ouachita Plateau,

21 — Northern Cumberland Plateau, 23 — Southern Blue Ridge, 42 — west Gulf Coastal Plain, and 44 — Mid-Atlantic Coastal Plain.

Conservation issues center on the
management of human population
growth and protection of conservation
areas. Enhancement of grassland
habitat also is a priority. Specific
recommendations include management
of areas that support significant
populations of cerulean and Kentucky
warblers, restoration of natural
barrens that support shrub-nesting
species, and monitoring priority
species in disturbed areas.

PIF physiographic areas: mid-
Atlantic Ridge and Valley—This
physiographic area extends from
western Maryland through the
mountains of Virginia. Consisting
of mountain ridges and intervening
valleys, the predominant forest type
is oak-hickory. Relict patches of spruce-
fir occur on high mountain ridges.
Agricultural production and urban
development dominate in the lower
valleys. Human populations are
relatively sparse and confined to the
valleys, while coal extraction occurs on

public and private forests. Disease and
insect pests are important disturbance
factors; the pesticides used for gypsy
moth control impact other foliage
insects that are important bird food
(Hunter and others 2001).

The mid-Atlantic Ridge and
Valley supports 166 bird species;
14 (8 percent) are of concern. Early
successional shrub habitat (including
barrens and disturbed sites) supports
the whippoorwill, golden-winged
warbler, and prairie warbler. The
wood thrush and worm-eating warbler
occupy mature deciduous forest, while
the Louisiana waterthrush is found in
late successional stands near streams.
The black-throated blue warbler and
the blackburnian warbler use northern
hardwood and spruce-fir forests.

Conservation issues center on long-
term planning on public land to meet
the habitat needs of species requiring
specific seral stages. On public land,
it is important to balance the needs of
early successional species with those

requiring mature forest (Trani and
others 2001). Specific actions needed
for this physiographic area include
management of high-elevation
spruce-fir habitat, intensive surveys
for Appalachian Bewick’s wren,
identification of breeding sites for
golden-winged warbler, and the
maintenance of composition and
structural diversity.

PIF physiographic areas:
northern Cumberland Plateau—
The Cumberland Plateau is a
predominantly forested, gently rolling
tableland bordered by the eastern rim
of the Interior Low Plateaus and the
Cumberland Mountains (fig. 5.3). The
area includes eastern Kentucky and
Tennessee, southwestern West Virginia,
and a small area in western Virginia.
Forests dominated by oaks and
hickories are common. Various pine
species are dominant on drier sites.

The northern Cumberland Plateau
supports 144 bird species; 18 (12
percent) are of concern. Among species
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of concern, the Acadian flycatcher,
wood thrush, worm-eating warbler,
and Swainson’s warbler inhabit mixed
mesophytic forests. Coniferous forests
support the red-cockaded woodpecker
(low-elevation yellow pine) and
Bachman'’s sparrow. Bewick’s wren

and golden-winged warbler use early
successional habitat, while Henslow’s
sparrow occurs in grassland areas. Both
habitats exist only due to disturbance.

Conservation issues center on the
maintenance of species composition
and vegetation structure. Widespread
timber harvesting and fire suppression
have reduced both old-growth and
young forest habitats. The current
structure of the mid-seral forest may
not be optimal for many midstory and
understory breeding birds. As a result
of diminishing habitat quality, several
high-priority birds have undergone
significant population declines.

The northern Cumberland Plateau

is one of the most heavily forested
physiographic areas in the South.
Specific recommendations include
management of 12 to 15 percent of
forests for long-rotation sawtimber

or old growth, increased use of fire in
low-elevation yellow pine habitat, and
maintenance of shrub-scrub conditions.

PIF physiographic areas: southern
Ridge and Valley—This physiographic
area includes the southern end of the
Ridge and Valley and the tablelands
of the southern Cumberland Plateau.

It is in eastern Tennessee, northwest
Georgia, and northeast Alabama.
The upland forest is predominantly
in oak-hickory and pine (shortleaf
or loblolly) types.

The southern Ridge and Valley
supports 131 bird species; 21
(16 percent) are of concern. Early
successional scrub-shrub habitat is
occupied by the Bewick’s wren, blue-
winged warbler, and orchard oriole.
The hardwood forest component
supports the Acadian flycatcher, yellow-
throated warbler, prothonotary warbler,
worm-eating warbler, and Swainson’s
warbler among others. Red-cockaded
woodpeckers and brown-headed
nuthatches are found in southern pines.

Conservation issues focus on
the conversion of hardwood forest
to monocultures of loblolly pine. A
large percentage of natural vegetation
has been cleared for agriculture and
urban development. Birds dependent
on mature forest may be at risk because
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the amount of public land may not be
sufficient to support viable populations
of sensitive species (Hunter and others
2001). Enhancement of habitat for
these species will require the use of
long-rotation harvests. Specific
recommendations include expansion
of longleaf habitat using prescribed fire
and the enhancement of scrub habitat.

PIF physiographic areas: southern
Blue Ridge—The Southern Blue
Ridge runs along the border between
Tennessee and North Carolina, extend-
ing into South Carolina, Georgia, and
Virginia. The area is comprised of
rugged mountains, broad ridges, steep
slopes, and deep ravines. Spruce-fir
forests at the highest elevation
transition into northern hardwoods,
hemlock-white pine, and Appalachian
oaks at lower elevations. Cove forests
occur on mesic sites, while fire-
associated yellow pines occur on
dry ridges. Disturbances from fire,
grazing, and storms are primary factors
in determining forest composition
and structure.

The southern Blue Ridge supports
156 bird species; 20 (13 percent) are
of concern. Among species of concern,
the northern saw-whet owl, black-
capped chickadee, red-breasted
nuthatch, golden-crowned kinglet, red
crossbill, and yellow-bellied sapsucker
are distinct subspecies whose ranges
are centered within the southern Blue
Ridge. With the exception of the
sapsucker, each species occupies high
forested peaks. The yellow-bellied
sapsucker, as well as the golden-winged
warbler, inhabits disturbed forest areas.
Among species of concern requiring
mature forest in the southern Blue
Ridge are Acadian flycatchers, yellow-
throated vireos, wood thrushes,
blackburnian warblers, Swainson’s
warblers, Kentucky warblers, and
Canada warblers.

Conservation issues include
population declines of both migrant
and resident birds. The rapid con-
struction of new homes and associated
developments along roads contribute to
habitat loss and fragmentation. Another
concern is the decline of high-elevation
spruce-fir forests resulting from
exotic pests and reduced air quality.
Atmospheric pollution is reducing tree
growth, insectivore food availability,
and supplies of important minerals
necessary for successful bird repro-
duction (Hunter and others 2001).

Many species in this habitat are in
isolated endemic populations that may
be genetically distinct from populations
elsewhere. Populations of priority birds,
such as the Appalachian subspecies of
Bewick's wren, have declined in recent
years. Maintenance of early successional
habitat is a conservation need. Other
recommendations include management
of riparian zones and the provision

of old-growth forest.

PIF physiographic areas: southern
Piedmont—This physiographic
area extends through central North
Carolina, South Carolina, and Georgia
into eastern Alabama. Plains, hills,
tablelands, and numerous rivers
characterize the Piedmont. The area lies
between the Appalachian Mountains
and the Coastal Plain. The dominant
vegetation includes oak-hickory and
mixed hardwood forests. Shortleaf,
loblolly, and scattered longleaf pines
are prevalent on disturbed sites.

The southern Piedmont supports
125 bird species; 14 (11 percent) are of
concern. Among species of concern, the
prairie warbler, Bachman'’s sparrow, and
Henslow’s sparrow are supported by
grassland and shrub habitat. Southern
pine forests support the red-cockaded
woodpecker and brown-headed
nuthatch, while prothonotary and
Swainson’s warblers use the bottomland
hardwoods. Upland hardwood habitat
supports the whippoorwill, wood
thrush, and cerulean warbler.

Conservation challenges focus on
human population growth, urban
sprawl, and the intensification of
agriculture and timber harvesting.
Several bird populations have declined
in patches of protected mature forests
embedded in suburban settings. In
addition, changing land use has
resulted in a loss of early successional
habitat. Public lands provide core areas
in the Piedmont on which to manage
habitat. The maintenance of bird
communities requires coordination
among public agencies, forest industry,
and private landowners.

PIF physiographic areas:
south Atlantic Coastal Plain—The
south Atlantic Coastal Plain covers
northeastern Florida, southern Georgia,
the eastern Carolinas, and the Great
Dismal Swamp in Virginia. Coastal
areas contain barrier islands, maritime
forests, marshland, and estuaries.
Inland areas support bottomland
hardwood forests, pocosins, and
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Carolina bays. Fire-maintained forests
of longleaf, shortleaf, and loblolly
pine once dominated upland areas.

The south Atlantic Coastal Plain
supports 161 bird species; 26 (15
percent) are of concern. Among
species of concern, the American
kestrel, red-cockaded woodpecker,
and brown-headed nuthatch require
pine forest, and Henslow’s sparrow
requires pocosin grasslands. The
swallow-tailed Kite, northern parula,
Swainson’s warbler, and hooded
warbler occupy bottomland and
upland hardwood forests. The prairie
warbler and painted bunting are
found in the scrub-shrub habitat.

Conservation concerns include fire
management, land conversion, and
short-rotation pine plantations.
Restoration of fire-maintained
pine savanna benefits pine-grassland
species, particularly the red-cockaded
woodpecker. Pine plantations are used
by other species, but the maintenance
of age class diversity is important.
Other recommendations include
maintenance of large tracts of bottom-
land forest in river systems to benefit
black-throated green warblers and
breeding swallow-tailed kites, and
retention of coastal maritime forest
and scrub-shrub habitats for the
bunting and in-transit migrants.

PIF physiographic areas: peninsular
Florida—This physiographic area
extends from the northern edge of Lake
Okeechaobee in central Florida to the
Suwanee River in northern Florida.
Habitat includes sandhill, scrub,
and xeric hammock communities.
Longleaf pine, turkey oak, and
wiregrass characterize the fire-
dependent sandhill communities.
Dominant scrub vegetation includes
sand pine and scrub oak. Xeric
hammocks support live oak, laurel
oak, and saw palmetto. Upland
hardwoods, wetlands, and man-
groves are also locally common to
abundant in the physiographic area.

Peninsular Florida supports 128 bird
species; 21 (15 percent) are of concern.
Among species of concern, crested
caracara (threatened), burrowing owl,
Florida scrub jays (endangered), and
grasshopper sparrows inhabit the scrub
and grassland habitat. Wetland and
mangrove habitats support the swallow-
tailed kite, snail kite (endangered), and
short-tailed hawk. The painted bunting
occurs in maritime scrub, while the

American kestrel, red-cockaded
woodpecker, and Bachman’s sparrow
use pine forests.

Conservation actions are directed
at fostering cooperative relations with
private landowners, and encouraging
proper habitat management through
education, tax breaks, and conservation
easements. Conservation goals
also include the public acquisition
of acreage in sandhills, oak scrub,
upland forest, and floodplain
swamp communities.

PIF physiographic areas:
subtropical Florida—This
physiographic area extends south from
Lake Okeechobee in central Florida
to the Florida Keys. The tropical
ecosystem contains the Everglades
and the Big Cypress Reserve. Fire
is an important feature in the pine,
marsh, and prairie communities.
Hurricane disturbances create early
successional habitat. Distinct dry
and wet seasons influence the nesting
cycles of many birds.

Subtropical Florida supports 103 bird
species; 14 (13 percent) are of concern.
Pine rocklands, flatwoods, and sand
scrub habitats are used by the Florida
scrub jay, sedge wren, and palm
warbler. Grassland and dry prairie
communities support the sandhill
crane and grasshopper sparrow. The
short-tailed hawk, white-crowned
pigeon, and gray kingbird inhabit
subtropical deciduous forests. The
reddish egret, white ibis, wood stork,
seaside sparrow, and several species
of rails use the brackish saltwater
and freshwater marsh habitats of the
Everglades. Mangrove swamps support
the mangrove cuckoo, the black-
whiskered vireo, and the Cuban
subspecies of the yellow warbler.

Conservation concerns are directed
towards the rapidly growing human
population in the region. Habitats have
been lost by converting land to urban
and agricultural uses, such as sugarcane
and citrus production. Other problems
include pollution and alteration of the
hydroperiod and natural water cycles.
Recommendations include aggressive
acquisition programs and the main-
tenance of pine-dominated stands and
prairies through prescribed burning.
Programs for bird conservation
were created by the Surface Water
Improvement and Management Act,
Florida’s Everglades Forever Act, and
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the South Florida Ecosystem
Restoration Task Force.

PIF physiographic areas: Interior
Low Plateaus—The Interior Low
Plateaus extend from Alabama
northward across central Tennessee
and Kentucky into southern Illinois,
Indiana, and Ohio, encompassing the
central basin and Tennessee Valley.
Oak-hickory and beech-maple forests
were historically the most abundant
cover types. There were also tallgrass
prairies and oak savannas in the
northern section. Barrens and glades are
rare in the central regions, and forested
wetlands occur along major waterways.

The Interior Low Plateaus support
159 bird species; 15 (9 percent) are
of concern. Priority species inhabiting
hardwood forest include the
whippoorwill, cerulean warbler, and
Louisiana waterthrush. The grassland,
savanna, and old-field habitats support
the Bewick’s wren, blue-winged
warbler, and dickcissel.

Conservation issues center on habitat
loss from land conversion, habitat
deterioration, and fragmentation.
Pastureland has replaced grassland
and savanna, while glades and barrens
have become urban areas. Fire suppres-
sion has allowed woody vegetation
to encroach into open areas. Flood-
plain forests have been converted
to reservoirs or row crops. Previous
forest management and chipping of
all woody vegetation have influenced
canopy characteristics, understory
development, and age structure
of upland forests.

Specific recommendations include
the reestablishment of greater prairie
chicken and swallow-tailed kite
populations, maintenance of existing
forested acreage, and the restoration
of forested wetlands, warm season
grasses, and oak savannas.

PIF physiographic areas: Ozarks
and Ouachitas—The Ozark Mountains
extend from southern Missouri into
northern Arkansas and consist of
dissected plateaus covered by oak
forest with glade and savanna
inclusions. The ridge and valley
system of the Quachitas covers
central Arkansas, reaching into
eastern Oklahoma. Vegetation includes
shortleaf pine and deciduous forests.
The vegetation changes to prairie in
the northern reaches.
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The Ozarks and Ouachitas support
151 bird species; 17 (11 percent) are of
concern. Deciduous and mixed forest
habitat supports the whippoorwill,
worm-eating warbler, and Kentucky
warbler. The red-cockaded woodpecker
and Bachman’s sparrow occur in pine
savanna; populations of both species
have declined dramatically due to fire
exclusion and forestry practices. The
Bewick’s wren and the field sparrow use
early successional habitat; both species
are undergoing significant declines.

Conservation actions include the
improvement of shortleaf pine, glade,
and savanna communities through
the use of thinning, overstory removal,
and dormant season burns. Other
activities include the prevention of
forest fragmentation stemming from
urbanization and the management of
habitat required by early succes-
sional species.

PIF physiographic areas: East Gulf
Coastal Plain—The East Gulf Coastal
Plain extends from Louisiana and
western Florida northwards through
Mississippi and Alabama into Tennessee
and Kentucky. Numerous streams and
rivers break the rolling topography.
Uplands are dominated by shortleaf
pine and mixed hardwoods. Loblolly
pine and bottomland hardwood forests
occur in the lowland areas.

The East Gulf Coastal Plain supports
161 bird species; 20 (12 percent)
are of concern. Swallow-tailed Kites,
prothonotary warblers, and Kentucky
warblers occur in the forested wetlands
and other habitat. The northern
bobwhite, Mississippi sandhill
crane (endangered), red-cockaded
woodpecker, and sedge wren occupy
the pine and savanna habitats.
Chuck-will's-widow occurs in upland
hardwoods, while the LeConte’s
sparrow and orchard oriole are present
in the scrub habitat. Numerous spring
migrants use the maritime forests.
Emergent wetlands support the reddish
egret, yellow and black rails, and
Nelson’s sharp-tailed sparrow. Snowy,
piping, and Wilson’s plovers inhabit
the beach dunes community.

Conservation issues include the
conversion of longleaf pine and upland
hardwoods to other species, hydro-
logical alteration, land use changes
including coastal development, and
the changes in species composition
and structure resulting from fire
suppression. Specific recommendations
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include maintenance of large tracts of
longleaf pine and upland hardwoods
for red-cockaded woodpeckers,
swallow-tailed kite, cerulean warbler,
Swainson'’s warblers, and associated
species. Other actions include the
control of exotic plants and the
restoration of maritime forest, emergent
wetlands, and beach dunes that

are important to priority breeding
and wintering birds.

PIF physiographic areas:
Mississippi Alluvial Valley—
Encompassing the floodplain of the
Mississippi River, the valley includes
eastern Louisiana, eastern Arkansas,
northwestern Mississippi, and portions
of Tennessee, Kentucky, and Missouri.
The South’s biggest concentration of
bottomland hardwoods is in the
Mississippi River Valley, where
agricultural conversion has resulted in
forest fragmentation. The Mississippi
River and its flood regimes, which
influence vegetation communities
and bird habitat conditions, shape
this physiographic area.

The Mississippi Alluvial Valley
supports 143 bird species; 17 (12
percent) are of concern. Among species
of concern, the swallow-tailed kite,
northern parula, and painted bunting
are supported by bottomland hardwood
forests. Marsh, wetland, and open land
support several species of shorebirds
and waterfowl and provide important
wintering areas for mallards, wood
ducks, and other birds.

Conservation recommendations
target the restoration of bottomland
hardwood forest to support healthy
populations of a suite of birds. Since
settlement, over 80 percent of the forest
has been cleared for agriculture and
other uses. The hydrology has been
dramatically altered, inhibiting
ecosystem functions. The resulting
forest fragmentation has reduced the
ability of the area to support many bird
populations. The Lower Mississippi
Valley Joint Venture leads restoration
efforts (Pashley and others 2000).

PIF physiographic areas: West
Gulf Coastal Plain—The West Gulf
Coastal Plain is located in northwestern
Louisiana, southwestern Arkansas,
eastern Texas, and southern Oklahoma.
The physiographic area is characterized
by loblolly pine, shortleaf pine, and
longleaf pine forests on the uplands,
hardwood forests in the bottomlands,

and grasslands in the southern-
most areas.

The West Gulf Coastal Plain supports
130 bird species; 18 (14 percent)
are of concern. Among such species,
the American kestrel, chuck-will’s-
widow, scissor-tailed flycatcher,
brown-headed nuthatch, Bewicks
wren, prairie warbler, and Bachman's
sparrow are supported by pine
forests and associated grasslands.
The swallow-tailed kite, white-eyed
vireo, worm-eating warbler, Swainson’s
warbler, and hooded warbler occupy
hardwood forests and other supported
habitats. The bottomland forests and
riparian habitats are important for
stopover migrants.

Conservation issues include fire
suppression and regeneration practices
that have replaced native species with
loblolly or slash pine. Although
many bird species occur in young
pine plantations, others such as the
red-cockaded woodpecker require
native pine savanna conditions or
mature longleaf pine stands. Specific
recommendations include the
maintenance of mature longleaf
pine stands with fire, prevention
of additional forest conversion to
agricultural uses, and deterrence
of bottomland hardwood loss due
to inundation by reservoirs. The
importance of these hardwoods for
area-sensitive species and spring
migrants extends beyond the West
Gulf Coastal Plain.

PIF physiographic areas: oaks
and prairies—This physiographic
area extends from the Red River of
Oklahoma southward into Texas.
Tallgrass prairie, post-oak savanna,
bottomland hardwood forests, riparian
forests, and upland hardwood forests
associated with dense scrub layers
characterize the area. Wetlands and
freshwater marshes are associated
with streams, rivers, and reservoirs.

The oaks and prairies support
147 bird species; 13 (9 percent) are
of concern. Among such species,
the greater prairie chicken, northern
bobwhite, scissor-tailed flycatcher,
Bell’s vireo, and painted bunting
are supported by grassland and
scrub habitats.

Conservation issues focus on the
loss of prairie habitat. Areas of tallgrass
prairie have been converted to crop
production; less than 10 percent of
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original prairie exists. The continued
loss of tallgrass habitat inhibits
restoration efforts by reducing genetic
diversity; preservation of remaining
habitat is critical. Encroachment

by heavy woody growth and exotic
species also causes loss of grassland
habitat. Prescribed fire and grazing
management through incentive
programs are beneficial.

PIF physiographic areas: coastal
prairies—This physiographic area is
found along the Gulf Coast shoreline
in Louisiana and Texas. The area
supports a complex of marshes, upland
grassland, and forested habitat. Marsh
communities include salt, brackish,
and freshwater marsh. The majority of
grassland habitats have been converted
to pasture and rice farms. Forested
areas occur along major rivers, beach-
front ridges, salt domes, and manmade
levees. These woodlands are comprised
of hackberry and live oak, while the
bottomland hardwood forests contain
the cypress-tupelo, hackberry-ash-elm,
and oak-willow forest types.

The coastal prairies support 168 bird
species; 20 (11 percent) are of concern.
Priority grassland birds include the
greater prairie chicken, short-eared
owl, sedge wren, and Sprague’s pipit.
The bottomland hardwood forest
supports the swallow-tailed Kite,
American woodcock, prothonotary
warbler, and Swainson’s warbler. Bell’s
vireo and painted bunting occupy
scrub-shrub habitat. In addition,
many passerine species use the coastal
habitat during spring migration.

Conservation concerns focus on
the alteration of natural communities
in the coastal prairies. Oil and gas
development, dredging, and impound-

ments have degraded marsh habitat.
Grazing animals have degraded grass-
land and woodland areas. Specific
recommendations include cooperative
management with private landowners,
incentive programs, and identification
of potential habitat for priority birds.
Other actions include marsh
restoration, retention of forested
wetlands, exotic species control
(especially Chinese tallow), and
monitoring the influence of rice crop
conversion on waterbird species.

Additional information on the habitat
associations of bird species in the South
can be found in Hunter and others
(2001) and Hamel (1992). The
physiographic associations for nonbird
taxa are not as well developed as those
presented above for birds. Therefore,
the habitat needs of mammals, reptiles,
and amphibians will be discussed by
broad taxonomic grouping.

Amphibians

Two orders of amphibians are present
in the Southern United States: Caudata
(salamanders) and Anurans (frogs and
toads). The South supports the highest
density of amphibian species in North
America (Echternacht and Harris
1993). The total includes 107 sala-
manders and 63 species of frogs and
toads (fig. 5.4). In individual States,
the number of amphibian species
ranges from 80 in North Carolina
to 49 in Arkansas (NatureServe 2000).
Numbers in other States are 77 in
Georgia, 75 in Texas, 73 in Virginia,
and 70 in Tennessee.

The Southern Appalachians have an
unusually large number of salamander
species, because many plethodontid
species evolved there. These lungless
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animals are believed to have evolved
in fast-flowing, oxygenated streams.
The numbers of salamanders inhabiting
North Carolina (50), Virginia

(48), Tennessee (48), and Georgia
(44) reflect the importance of the
Appalachian Mountains. The number
of salamanders occurring in the
Coastal Plain is lower because habitat
and temperature are less suitable

and because densities of terrestrial
and aquatic predators are higher
(Echternacht and Harris 1993).

Numbers of frogs and toads are
highest in the southernmost Coastal
States. Numbers of species are 43 in
Texas, 33 in Georgia, 32 in Florida, 31
in Louisiana, 31 in South Carolina, and
30 in Alabama (NatureServe 2000). The
majority of southern species are in five
families: true frogs; tree, chorus, and
cricket frogs; true toads; narrowmouth
toads; and spadefoot toads. Eleven
species are endemic to the South
(Echternacht and Harris 1993).

Salamanders
107 (63%)

)

Frogs and toads
63 (37%)

Figure 5.4—Species richness by major
subgroups of amphibian taxa occurring
within the South (NatureServe 2000).

Table 5.4—Amphibian species in the South that are listed as threatened or endangered

Scientific name

Frogs and toads
Bufo houstonensis

Salamanders
Ambystoma cingulatum
Eurycea nana
Eurycea sosorum
Phaeognathus hubrichti
Plethodon shenandoah
Tyhplomolge rathbuni

Source: U.S. Department of the Interior (2000).

Common name

Houston toad (E)

Flatwoods salamander (T)

San Marcos salamander (T)

Barton Springs salamander (E)

Red Hills salamander (T)

Shenandoah Mountain salamander (E)
Texas blind salamander (E)

Areas of occurrence

X

AL, FL, GA, SC
X
X
AL
VA
X
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Seven species of amphibians are
listed as threatened or endangered by
the U.S. Fish and Wildlife Service (table
5.4). In addition, several amphibians
are classified as imperiled or vulnerable
by the Natural Heritage agencies
(chapter 1).

Amphibians have complex life cycles
and inhabit a variety of environments.
Habitats include ephemeral pools,
caves, forests, wetlands, savannas, and
several aquatic habitats. The longleaf
pine-wiregrass community, cypress-
gum swamps, isolated wetlands, and
mixed hardwood-pine habitats support
a diversity of species. The federally
listed flatwoods salamander is found in
the longleaf pine-wiregrass ecosystem.
Coastal Plain forests provide habitat
for ambystomatid species. In even
greater abundance in the South are
the many species of tree frogs, toads,
and other frogs. Pine barrens tree
frogs occur in Coastal Plain forests
from Alabama northwards (Gibbons
and Buhlmann 2001).

Amphibians are very different
physiologically from reptiles, but the
two groups are classified together as
herpetofauna. Amphibians are more
restricted by environmental moisture
than other terrestrial vertebrates.
They depend on areas where there
is sufficient moisture for reproduction
and survival. Since the glandular
thin skin of amphibians is permeable
to water, evaporative water loss
is a serious problem. In addition,
drought affects egg laying and larvae
survival. The demands of water balance
and thermoregulation may restrict
movement, which occurs in a narrow
range of environmental conditions.

Many amphibian species have
geographic ranges that are restricted
to particular physiographic regions.
Some salamander species are consid-
ered glacial relicts that were isolated
on mountaintops that retained northern
climates (Gibbons and Buhlmann
2001). Similarly, frog species such as
the pine barrens tree frog, Houston
toad, and Florida bog frog occur in
small, isolated populations throughout
their ranges. The distances between
such disjunct populations make
recolonization difficult.

Salamanders—The majority
of southern salamanders are in
six families: mole salamanders,
amphiumas, hellbenders, lungless
salamanders, waterdogs or mud-
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puppies, and sirens. Salamanders

are inconspicuous species that are
important components of the forest
ecosystem. They are small, secretive,
and primarily nocturnal. They range
from 5 cm to over 1 m in length.
Limited data suggest that generation
times are relatively long. For example,
the generation times for several species
of salamanders range between 4.4
and 9.5 years.

The rate of reproduction in
amphibians is highly variable, but
many species exhibit low frequencies
of reproduction. Often salamanders
breed only in alternate years, when
they lay a single clutch of eggs.

Moisture is a limiting factor for all
salamander species. Some species are

totally aquatic, but even the terrestrial
species can only survive in moist
microhabitats. Ambystoma and
Hemidactylus salamanders require
moist, friable soils for burrowing.
Several terrestrial species migrate to
aquatic habitats for egg deposition,
while others require damp micro-
habitats. In addition, some aquatic
species use terrestrial habitat for
dispersal and other seasonal activity.

Salamanders inhabit areas with a
variety of physiographic features, but
rivers, streams, and stream margins
figure prominently in their occurrence
(table 5.5). Coastal bayous, ponds,
and slow-moving rivers support sirens
and amphiumas, while the hellbender
occurs in cooler, fast-flowing
upland rivers.

Table 5.5—The relationships of amphibians to physiographic features and

other habitat elements 2

Forest cover types

Physiographic feature
Sandhills
Flatwoods
Narrow stream margins
Broad stream margins
Swamps
Cypress strands
Cypress ponds
Cypress drains
Willow heads
Bays and pocosins
Rivers and streams
Permanent ponds
Vernal ponds
Lakes

Specific requirement
Closed canopy
Open canopy
Shrub thickets
Moist soil
Sandy or friable soils
Leaf litter
Snags
Fallen logs
Rock outcrops
Crevices and/or caves
Seepages
Potholes
Aquatic rocks and/or logs
Aquatic vegetation

Salamanders
No.

3
12
29
22
16
10
14
13
11
15
34

8
16

e

76
12

0
69

5
75

0
70

8
11
23
12
30
10

Frogs and toads

% No. %
3 8 20
13 12 30
32 3 8
24 20 50
17 17 43
11 5 13
15 12 30
14 ) 23
12 9 23
16 14 35
37 © 23
9 20 50
17 27 68
15 13 33
83 11 28
13 32 80
0 8 20
75 25 63
5 18 45
82 22 55
0 2 5
76 5 13
9 1 3
12 0 0
25 12 30
13 22 55
33 0 0
11 26 65

#Data are summarized from species accounts presented in Wilson (1995).



Chapter 5: Maintaining Species in the South

Leaf litter, fallen logs, moist soils,
and other surface debris serve as
refuges from drying conditions. The
ringed and streamside salamanders
use moist soil, while the flatwoods
and Jefferson salamanders use leaf
litter. Fallen logs provide an important
habitat component for the marbled
and mole salamanders. Several species,
including the spotted and Mabee’s
salamanders, also prefer closed-canopy
conditions adjacent to water sources.

Table 5.6 shows the associations
between 23 vegetative cover types
(following Hamel 1992) and salaman-
ders in the South. Mesic, mixed pine,
and hardwood forests support 72
percent of species, including ringed,
marbled, and mole salamanders.
Sixty-four percent of the salamanders
occupy mesic, upland hardwoods.
These species include streamside,
smallmouth, seepage, and dusky
salamanders. White pine-hemlock
and bottomland forests are used by
slightly less than half of the southern
salamanders. Jefferson, spotted,
and green salamanders occupy white
pine-hemlock forests, while several
amphiuma species are found in
bottomland hardwood forests. Xeric
oak-hickory forests also support a
variety of salamanders.

Salamander diversity appears to be
less on the Coastal Plain than in the
Appalachian Mountains. The former
has much sandy, well-drained soil,
high summer temperatures, and higher
densities of predators (Echternacht
and Harris 1993).

Connectivity between preferred forest
habitats reduces population isolation
and promotes dispersal (Wilson 1995),
a management concern for many
amphibian species. Many salamanders
are adapted to travel only short
distances in response to habitat
alteration, while others with restricted
geographic ranges become imperiled if
habitat modification is rapid enough to
preclude dispersal to similar habitats
(Gibbons and Buhlmann 2001).

Table 5.7 illustrates relationships
between salamander occurrence and
forest successional stage. The seral
stages follow those used by Hamel
(1992): grass-forb, seedling-sapling,
poletimber, and sawtimber. Note that
not all cover types contain each seral
stage. The Everglades type, for example,
only exists in the grass-forb stages.
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Table 5.6—The relationship between forest cover type and amphibian

occurrence in the South 2

Forest cover types

Everglades
Tropical hardwoods
Longleaf-slash pine
Pine-flatwoods
Virginia-pitch pine
(xeric upland pines)
Longleaf pine
Loblolly-shortleaf pine
White pine-hemlock
Pond pine
Longleaf-scrub oak
Mixed, pine-hardwood (mesic)
Mixed, pine-hardwood (xeric)
Spruce fir
Upland hardwoods (mesic)-
white oak-red oak
Cypress tupelo
Bottomland hardwoods-
(sweetgum-willow oak)
Sweetgum—yellow-poplar
Bay-pocosin
Live oak (maritime)
Maple-beech
Cove hardwoods
Spartina
Elm-ash
Oak-hickory (xeric hardwoods)
Cave dwelling
Aquatic dependent

Salamanders Frogs and toads

No. % No. %
4 4 9 23
0 0 14 10
6 7 14 35
9 10 19 48

19 21 10 25
7 8 22 55

28 30 15 38

43 47 10 25
5 5 14 35
2 2 8 20

66 72 33 83
0 0 22 55

10 11 0 0

59 64 19 48

26 28 22 55

43 47 31 78

30 33 20 50

20 22 22 55
6 7 12 30

24 26 9 23

29 32 7 18
0 0 4 10
1 1 4 10

38 41 15 38
6 7 0 0

19 21 0 0

4 Data summarized from species accounts presented in Wilson (1995).

Most salamander species find optimum
habitat conditions in sawtimber stands.

Frogs and toads—The South is
inhabited by numerous species of frogs
and toads, each with its own particular
requirements. The region supports
such diversity due to its warm, humid
climate, diversity of vegetative com-
munities, and abundance of aquatic
environments, particularly wetlands.

Wilson (1995) places these species
into: (1) terrestrial species that migrate
to standing water for egg deposition,
(2) semiaquatic species requiring
terrestrial habitat for dispersal, and (3)
aquatic species that may use terrestrial
habitat during rainy conditions. Each
species requires standing water for egg
deposition and larval development.

Several species exhibit two distinct
stages: an aquatic larval stage (tadpole)
and an adult stage. The eggs develop
into tadpoles, which then undergo
a complex metamorphosis into
adults. The two stages have different
habitat requirements that influence
distributions and habitat associations.

Tadpoles consume algae and bacteria,
while adult frogs and toads rely upon
invertebrates. Some species, such as
the pig frog, remain semiaquatic as
adults, while others become terrestrial.
Frogs and toads are important prey
for wading birds, raptors, foxes,
raccoons, and snakes.

Moisture also is a limiting factor
for most frog and toad species; even
terrestrial species require moist
microhabitat (table 5.5). In addition
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to broad stream margins, frequently
used habitats include both permanent
and seasonal swamps and ponds.
Many species, including the American
toad and southern cricket frog, require
moist soils for burrowing.

Leaf litter, potholes, and aquatic
vegetation often provide moisture
(table 5.5). The oak toad and pine
barrens tree frog use leaf litter, while
the southern chorus frog and the bird-
voiced tree frog use aquatic vegetation.
Potholes provide an important habitat
component for Brimley’s chorus and
southern leopard frogs (Wilson 1995).
Species that prefer open-canopy
conditions include the Houston
toad and the northern cricket frog.

Although wetlands are important
breeding habitats, many frog and
toad species spend part or all of their
nonbreeding season in trees and
shrubs. Forest structure creates diverse
habitats with many niches. Forests also
contribute organic matter and moderate
the temperature and evaporation rate
of adjacent aquatic habitats.

Southern frogs and toads inhabit a
wide variety of forest cover types (table
5.6). Mesic, mixed pine and hardwood
forests support 83 percent of species,
including the American toad, Cope’s
gray tree frog, and northern cricket
frog. Seventy-eight percent of the
species inhabit bottomland hardwood
forests, including Woodhouse's toads,
pine woods tree frogs, squirrel tree
frogs, and gray tree frogs. Longleaf
pine, cypress-tupelo, and bay-pocosin
habitats are used by over half of the frog
species in the region. Oak and southern
toads and southern cricket frogs occupy
longleaf pine forests, while several tree
frogs are characteristic of cypress-tupelo
associations. It appears that a majority
of species finds optimum and suitable
habitat conditions in the grass, sapling,
and poletimber stages (table 5.7).

Habitat management for
amphibians—The complex life cycle
of frogs and toads requires management
of both terrestrial and aquatic habitats.
Tiger salamanders and other ambys-
tomas breed in the water but remain
terrestrial during nonbreeding season.
Thus, providing only one habitat
component would fail to maintain
viable populations of these species.
Some terrestrial species require ponds
or other standing water during the
breeding season. Consequently, the
removal of barriers such as roads
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Table 5.7—The relationship between forest successional stage and

amphibian occurrence in the South @

Taxa subgroup/ Grass/
habitat conditions forb
Salamanders”
Optimal® 0
Suitable 10
Marginal® 6
Frogs and toads®
Optimal 15
Suitable 16
Marginal 8

4 Summarized from Wilson (1995).

Seedling/ Pole- Saw-
sapling timber timber
- - - - Number of species - - ---------

0 0 76

15 25 5

50 54 0

0 0 7

34 31 14

4 5 13

® Based on habitat relationships information from 92 species.

‘ Habitats in which the species occurs with highest frequency.

¢ Habitats in which the species occurs with successively lower frequency.
® Based on habitat relationships information from 40 species.

between terrestrial habitat and
aquatic habitat is important.

The semiaquatic species require
aquatic areas that have rocks, woody
debris, or other similar shelter in the
water. Emergent and floating vegetation
is important for breeding of some
species. The adjacent terrestrial habitat
also is important because many species,
such as the Eurycea and Desmognathus
genera, spend significant portions of
their lives foraging and occupying
terrestrial areas. Buffers adjacent to
streams provide access to upland
forested habitats. Aquatic habitats
should be protected against thermal
changes, water pollution, and excessive
siltation (Wilson 1995). Habitat
alteration due to dredging, channel-
ization, and impoundment can
be detrimental to many species.

Forest management alters the
vegetative composition, seral stage,
and structure of amphibian habitat.
For example, prescribed burning
temporarily removes leaf litter, herba-
ceous cover, and woody understory
vegetation. Vegetative structure, snags,
loose bark, and surface debris are
important factors in managing
amphibian habitat. Disking, wind-
rowing, and furrowing during some
forestry operations (Gibbons and
Buhlmann 2001) may negatively impact
species dependent upon the understory.
Conversion from one forest type to
another may be beneficial to some
species and detrimental to others.

The change in successional stage from
sawtimber to grass-forb that results
from timber harvest may enhance
habitat suitability for one species, yet
create marginal habitat for another.

Amphibian declines—Reported
declines of amphibian populations have
drawn considerable attention over the
past two decades. Many are associated
with high elevation, pristine areas
that are remote from surrounding
landscape modification. Amphibians
are particularly sensitive to their
environment. Their permeable skin
and the lack of protective eggshells
make them vulnerable to toxicants
present in soil and water.

Southern species showing evidence
of declines include the flatwoods
salamander, Red Hills salamander,
Texas blind salamander, wood frog,
southern dusky salamander, and
green salamander. Numerous others
are categorized as imperiled and
vulnerable (chapter 1). Endemic
species are of particular concern
in the Edwards Plateau, Ozark
Highlands, Atlantic Coastal Plain,
and Appalachian Mountains.

Amphibian declines have been
attributed to several factors. These
include habitat loss, wetland alteration,
climate changes leading to droughts,
diseases, exotic species, and agricultural
chemicals. Other factors include acid
precipitation and ultraviolet radiation.
These are briefly reviewed later.
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Wetlands and vernal pools are
important for several amphibians.
There have been significant losses
of wetlands in the last two centuries
(chapter 1). Declines in wetland quality
through eutrophication, pollution, and
fish stocking also impact amphibian
populations. The hellbender is affected
by stream degradation, while the
gopher frog is influenced by the
conversion of pine and hardwood
forests to tree plantations, agriculture,
and urban uses. In addition, habitat
fragmentation by roads contributes to
the mortality of breeding adults and
dispersing juveniles (Wilson 1995).

Ozone depletion in the upper
atmosphere increases the amount
of ultraviolet radiation on the Earth's
surface, particularly at high elevations.
Ambient radiation damages cellular
DNA (Reaser and Johnson 1997);
amphibians with low levels of
photolyase enzyme have embryos
that are susceptible to ultraviolet
radiation, which causes mortality
and abnormal development, including
skeletal, eye, and skin deformities.

Their porous skin makes amphibians
susceptible to herbicides, pesticides,
heavy metals, and petroleum products
in aquatic systems. Pollutants such as
gasoline, oil, and antifreeze sometimes
occur in runoff into amphibian habitat.
Relatively high nitrate levels cause
physical and behavioral abnormalities
in a number of species; synthetic
chemicals interfere with hormonal
processes, inhibiting amphibian
development (Reaser 1996). The
application of fertilizers and pesticides,
particularly by aerial spraying, often
impacts amphibians far from the point
of application in nontarget areas.

The introduction of exotic species,
such as fish, crayfish, and bullfrogs,
into lakes and wetlands also influences
amphibian populations. Fish intro-
duced into wetlands for mosquito
control prey upon amphibian eggs
and larvae. Chytrid fungi, trematode
parasites, and viruses carried by
exatic fish may also contribute to
population declines.

Several of the factors discussed
above have been implicated as causes
of amphibian abnormalities. These
include parasite infestation, toxin
contamination, radiation, radioactive
salts, ground-level ozone, excessive
heating of eggs, and reformulated

gasoline (Reaser and Johnson 1997).
Of these, only the parasite, toxin,
radiation, and predation hypotheses
have supportive evidence. The
frequency of malformations is
highest in frogs that have recently
metamorphosed from tadpoles.

Concern about the status of
amphibian populations is clearly
warranted. Physiological constraints,
limited mobility, and changes in site
characteristics hinder recolonization
of sites of local extinction. The
temporal and spatial population
dynamics of many amphibians are
not well understood; it is unknown
whether observed declines exceed
natural population fluctuation.

There are other concerns facing
individual amphibian species. Many
of these are discussed in the section on
reptiles, as these concerns are shared by
herpetofauna as a group. In addition,
some of these concerns are mentioned
in Species accounts presented next.

Species accounts—The following
are accounts for selected amphibian
species that are of concern in the South.
Several are federally listed as threatened
or endangered. Others are classified as
imperiled or vulnerable by Natural
Heritage agencies. The species accounts
and management recommendations
follow Wilson (1995) unless other-
wise noted.

Species accounts: flatwoods
salamander—The population of this
threatened species has declined during
the past 10 to 15 years (Wilson 1995).
The cause of the decline is uncertain,
and the salamander is uncommon
throughout its range from South
Carolina, southern Georgia, and
Florida westward to Mississippi.

The salamander inhabits pine flat-
woods dominated by longleaf and slash
pines and wiregrass, which is important
for egg disposition. It is often found
in association with cypress ponds,
swamps, and pitcher plant bogs that
are used for reproduction.

Management activities focus on
avoidance of intensive site preparation
before harvest, avoidance of prescribed
burning during peak surface activity
and breeding periods (November
through April), and protection of
breeding ponds. Fish stocking should
be avoided (Bury and others 1980).
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Species accounts: Florida bog
frog—This species is classified as
imperiled by Natural Heritage and is
a species of special concern in Florida
(NatureServe 2000). The frog is
currently known to exist in 23 localities
in the Panhandle (Moler 1992b). Many
are found on the Eglin Air Force Base.

This frog species inhabits nonstagnant
acidic seeps and the shallow backwaters
of larger streams. It is frequently found
in association with sphagnum moss
and early seral stages of Atlantic white-
cedar. Shrubby streamside habitats that
do not have developing hardwood
forests are preferred. The frog’s
diet consists of insects and other
small arthropods.

Stream contamination and
impoundment, and forest succession
threaten the survival of this species
(Moler 1992b). Conservation actions
center on the protection of suitable
habitat. Management of streamside
vegetation to maintain the shrub-bog
community is advised.

Species accounts: gopher frog—
This uncommon species is classified
as vulnerable by Natural Heritage
(NatureServe 2000). Alabama, Florida,
Georgia, Mississippi, North Carolina,
and South Carolina list the frog as of
special concern. The gopher frog
historically was distributed along the
Gulf and Atlantic Coastal Plain, with
isolated populations in the Valley
and Ridge Province of Alabama. It
was last documented from Louisiana
in the 1960s. The frog has declined
throughout its range with the loss
of longleaf pine habitat (Martof and
others 1980).

The gopher frog is associated with
sandy pine flatwoods, turkey oak-pine
sandhills, and xeric hammocks. It
breeds in shallow, temporary ponds
with open canopies and emergent
herbaceous vegetation. Ditches and
borrow pits are occasionally used.
Adults seek refuge in the burrows of
gopher tortoises, mice, and crayfish.
Stump holes, root mounds, dense
grass clumps, and thick mats of leaf
litter may also be used.

The frog is an opportunistic feeder
with a diet of arthropods, small frogs,
and toads. Predators include water
snakes, turtles, bluegills, and
mosquitofish.

Management centers on protection of
the sandhills and scrub-oak ecosystems
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and halting the losses of this habitat
to circular irrigation farming and
industrial development. Prescribed
burning and other management
practices that retain the open scrub
nature of this habitat benefit this
species (Wilson 1995), while practices
that drain or alter breeding ponds

are detrimental.

Species accounts: green
salamander—This species is classified
as vulnerable by Natural Heritage and is
a species of special concern in Alabama,
Georgia, Mississippi, and North
Carolina (NatureServe 2000).
Impoundment of several rivers in
the Carolinas has extirpated several
known populations.

The unique habitat of this species
is limited and localized. The green
salamander lives in damp crevices in
shaded rock outcrops and under the
bark of cove hardwood trees. It also is
found in upland areas of Virginia pine
and white pine-hemlock with mountain
laurel understories. The salamander’s
diet consists of small insects, spiders,
and earthworms.

Conservation efforts focus on
protection of rock outcrops and the
establishment of buffer zones in areas
of timber harvest.

Species accounts: Houston toad—
This endangered species is restricted
to southeastern Texas, where its
population is very small and frag-
mented. Human alteration of natural
watersheds has eliminated many of
its natural breeding pools, resulting
in hybridization with the Gulf Coast
toad and the Woodhouse’s toad
(Wilson 1995).

This toad inhabits areas with sandy,
friable soils and is found most often
in loblolly pine or mixed deciduous
habitats interspersed with grassy areas
under a range of conditions. Breeding
habitats include roadside ditches,
temporary ponds, and other seasonally
flooded low spots. The toad’s diet
consists primarily of insects.

The recovery plan requires protec-
tion of critical habitat for this species.
Habitat is maintained in a pristine state,
and several breeding projects have been
attempted. Development projects have
been regulated in areas designated as
critical habitat (Brown 1975).

Species accounts: one-toed
amphiuma—This species is classified
as vulnerable by Natural Heritage and
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listed as rare in Georgia (NatureServe
2000). It occurs in restricted geographic
areas in northern Florida, Mobile

Bay in Alabama, and the Ochlocknee
River drainage in Georgia.

This semiaquatic salamander requires
mucky habitats in association with
permanent streams (Means 1992).
Management actions center on
protection of muck areas, which
are threatened by sand and silt
sedimentation during construction
activities. Other actions include the
regulation of amphiuma collection.

Species accounts: Red Hills
salamander—This species is listed as
threatened at both the Federal and State
level. It is confined to a narrow belt
within the Tallahatta and Hatchetigbee
geological formations in the Red Hills
of Alabama (Wilson 1995).

This nocturnal salamander lives in
burrows on high, steep, uncut slopes
with high soil moisture content and
full tree canopy (Dodd 1991). The
burrows are often near the base of a
tree or under siltstone outcroppings.
The salamander feeds on spiders and
insects (U.S. Fish and Wildlife Service
1983, 1990b).

The majority of land in its range
is privately owned. Habitat has been
reduced by timber harvest, conversion
of forest to agriculture, and ridgetop
clearing. Overcollecting may have
caused a decline in some areas. Feral
hogs are a threat in localized areas
(NatureServe 2001).

Conservation actions include
cooperation with private and corporate
landholders to restrict clearcutting and
heavy site disturbance. Under public
ownership, two areas have been set
aside to support limited populations
(NatureServe 2001). These include
Alabama Forestry Commission and
U.S. Army Corps of Engineers lands.
In 1991, International Paper Company
initiated work on a Habitat Conser-
vation Plan (HCP) for this species.
Other companies subsequently
developed HCPs (Bailey 1995).
Research needs include determination
of the microhabitat effects of timber
management practices and the
collection of data on reproductive
viability and recruitment within
existing populations.

Species accounts: Shenandoah
salamander—This species is
endangered due to restricted range,

habitat modification, and competitive
interactions with the redback
salamander. Inhabiting the high-
elevation mountains of Virginia, the
species requires talus slopes with deep
soil pockets in mixed coniferous and
deciduous forests. Its diet consists of
small arthropods and earthworms.

Conservation efforts include
restriction of construction activities that
could disturb the limited talus habitats
of this salamander (Martof and others
1980). Any construction of trails, roads,
or overlooks in the Shenandoah
National Park should be carefully
monitored so as not to impact this
salamander’s limited habitat.

Species accounts: Tennessee cave
salamander—This species is classified
as imperiled by Natural Heritage and
is listed as endangered in the States of
Alabama and Tennessee (NatureServe
2000). The salamander is found in
permanent streams and pools in
limestone caves of central and south-
west Tennessee, northern Alabama,
and extreme northwest Georgia. It
is believed to occur in approximately
1 percent of the caves in its range.

The Tennessee cave salamander feeds
on arthropods, other small aquatic
insects, and earthworms. Management
centers on restricting human access and
protecting limestone cave habitat. The
species is very sensitive to pollutants
and disturbances within its habitat
(Wilson 1995).

Reptiles

The reptiles of the South belong to
three orders: Crocodilia (alligators and
crocodiles), Squamata (lizards, amphis-
baenians, and snakes), and Testudinata
(turtles). The South supports a diversity
of reptiles (fig. 5.5), including 89
snakes (11 endemic), 75 lizards (6
endemic), 29 turtles (13 endemic),
and 4 other reptiles (including 2
crocodilians). The number of reptile
species ranges from 155 in Texas to
54 in Kentucky (NatureServe 2000).
Species richness is impressive
in Florida (94), Alabama (87),

Georgia (87), and Mississippi (86).

The South’s Coastal Plain possesses
North America’s highest diversity of
reptiles (Gibbons and others 1997,
White and others 1998). Twenty-nine
percent of southern reptiles are
classified as endemic (Dodd 1995a).
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Figure 5.5—Species richness by major
subgroups of reptilian taxa occurring
within the South (NatureServe 2000).

Reptiles occupy forest, freshwater,
marine, and urban habitats. Most use
the same habitat for breeding and
nonbreeding activities, but aquatic
and marine species require adjacent
terrestrial habitats in order to
successfully reproduce.

The forested mountain regions also
support an abundance of reptiles,
including worm snakes, copperheads,

Other reptiles

ringneck snakes, bog turtles, and coal
skinks. The longleaf pine-wiregrass
community is vital habitat for the
gopher tortoise and important habitat
for mole skinks, glass lizards, scarlet
snakes, pine snakes, and coachwhip
snakes. Cypress-gum swamps are
home to rainbow snakes, mud
snakes, western green watersnakes,
and striped crawfish snakes (Gibbons
and Buhlmann 2001). Some reptiles
play important roles in southern
communities in nutrient cycling.
Their burrows provide refuges

for other species during extreme
climatic conditions.

The numbers of turtles in Mississippi
(31), Texas (30), Alabama (30), Georgia
(27), Louisiana (26), and Florida (26)
reflect the abundance of coastal and
freshwater habitats. Numbers of lizard
species in Texas (51) and Florida (38)
far surpass the richness in other
Southern States (NatureServe 2000).
Both States are relatively large and
have a wide variety of habitats in them.
The number of lizards residing in the
remaining States ranges from 17 species
in Oklahoma to 8 species in Kentucky.
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The number of snakes tends to be
highest in the southernmost Coastal
States. There are 73 in Texas, 46
in Florida, 42 in Alabama, 42 in
Mississippi, 41 in Georgia, and 41
in South Carolina. Species richness in
the mountain States is slightly lower.
Virginia supports 30 snake species.
Snakes reach their highest diversities
in southern forests and their peripheral
habitats, such as rivers, streams, and
isolated wetlands.

Seventeen species of reptiles are listed
as threatened or endangered by the
U.S. Fish and Wildlife Service (table
5.8). In addition, numerous reptiles
are classified as imperiled or vulnerable
by the Natural Heritage agencies
(chapter 1). Many of these species
occur on the Coastal Plain; several
are narrowly restricted endemics.

Although the variation in life-history
traits is quite marked, many species
of reptiles have long lives, variable
reproductive rates, and high mortality
among eggs and neonates. Such
combinations of life-history charac-
teristics are particularly common
among turtles, crocodilians, and snakes.

Table 5.8—Reptile species within the South that are listed as threatened or endangered

Scientific name

Turtles
Caretta caretta
Chelonia mydas
Clemmys muhlenbergii
Dermochelys coriacea
Eretmochelys imbricata
Gopherus polyphemus
Graptemys flavimaculata
Lepidochelys kempii
Pseudemys alabamensis
Sternothesis depressus

Lizards
Eumeces egregius lividus

Snakes
Drymarchon corais couperi
Nerodia clarkii taeniata
Nerodia paucimaculata

Other reptiles
Alligator mississippiensis

Crocodylus acutus

T = Threatened; E = endangered.
Source: U.S. Department of the Interior (2000).

Common name

Loggerhead (T)

Green turtle (E)

Bog turtle (T)

Leatherback; tinglar (E)
Hawksbill (E)

Gopher tortoise (T)
Yellow-blotched map turtle (T)
Kemp’s or Atlantic ridley (E)
Alabama red-belly turtle (E)
Flattened musk turtle (T)

Bluetail mole skink (T)

Eastern indigo snake (T)
Atlantic salt marsh snake (T)
Concho water snake (T)

American alligator (T)

American crocodile (E)

Areas of occurrence

AL, FL, GA, LA, MS, NC, SC, TX, VA
AL, FL, GA, LA, MS, NC, SC, TX, VA
GA, NC, SC, VA

AL, FL, GA, LA, MS, NC, SC, TX, VA
AL, FL, GA, LA, MS, NC, SC, TX, VA
AL, LA, MS

MS

AL, FL, GA, LA, MS, NC, SC TX, VA
AL

AL

FL

AL, FL, GA, MS, SC
AL
X

AL, AR, FL, GA, LA, MS, NC, OK, SC,
X
FL
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Due to their ectothermic physiology produce at least one clutch each year, The tortoise is threatened throughout
and seasonal inactivity, reptiles have and multiple clutches per year are its range as a result of habitat
relatively slow growth rates, advanced common. In contrast, biennial destruction associated with land
ages at maturity, and advanced reproduction is typical in snakes. development (Echternacht and
generation times. Lizards have the Turtles—Six turtle families are found ~ Harris 1993).
youngest ages at maturity (1.5 years), in the South. These include the sea Turtles are scavengers, herbivores,
while turtles and crocodilians have the  y,tles, snapping turtles, water and and carnivores and often contribute
oldest age at maturity (20 to 50 years). oy tyrtles, mud and musk turtles, significant biomass to various
Age at maturity is estimated at over 30 ortojses, and softshell turtles. The ecosystems. They provide dispersal
years for some marine turtles. greatest diversity occurs in the Coastal  mechanisms for plants, contribute

Rates of reproduction are variable. Plain, which supports a variety of to environmental diversity, and foster
Clutch frequency in sea turtles varies freshwater and coastal marsh species symbiotic associations with a diverse
from one to four clutches every 3 and several species of sea turtles. array of organisms.
to 4 years, whereas annual multiple The gopher tortoise is a keystone Many species have experienced
clutches are common for some species in the communities where it significant declines in abundance and
freshwater turtles. Reproduction occurs. Its burrows provide refuges for  distribution during the last century.
occurs in alternate years (or less often) g variety of species, including indigo Among such species are the bog turtle,
for terrestrial tortoises. Most lizards snakes and diamondback rattlesnakes.  spotted turtle, common box turtle,

Table 5.9—The relationships of reptiles to physiographic features and other habitat elements a

Alligators/
Habitat element Turtles Lizards Snakes crocodiles
No. % No. % No. % No. %

Physiographic feature

Sandhills 1 2 8 40 14 25

Flatwoods 1 2 4 20 12 21

Narrow stream margins 2 5 1 5 7 12

Broad stream margins 11 27 1 5 18 32 1 50

Swamps 14 34 0 0 13 23 1 50

Cypress strands 2 5 0 0 8 14

Cypress ponds 3 7 0 0 6 11

Cypress drains 1 2 0 0 4 7

Willow heads 1 2 0 0 3 5

Bays and pocosins 3 7 1 5 9 16

Rivers and streams 21 51 0 0 10 18 1 50

Permanent ponds 12 29 0 0 9 16 1 50

Vernal ponds 3 7 0 0 2 4

Lakes 15 37 0 0 8 14 2 100

Marshes 13 32 0 0 16 28 1 50
Specific requirement

Closed canopy 0 0 0 0 5 9

Open canopy 29 71 14 70 43 75 2 100

Forest openings 3 7 10 50 8 14

Shrub thickets 1 2 2 10 4 7

Moist soil 5 12 3 15 11 19

Sandy or friable soils 36 88 12 60 18 32

Leaf litter 3 7 11 55 34 60

Snags 0 0 4 70 3 5

Fallen logs 0 0 11 55 35 61

Rock outcrops 0 0 4 70 4 7

Crevices and/or caves 0 0 1 5 5 9

Seepages 4 10 0 0 1 2

Potholes 1 2 0 0 3 5

Aquatic rocks and/or logs 23 56 0 0 12 21 1 50

Aquatic vegetation 17 42 0 0 13 23 2 100

#Data summarized from species accounts presented in Wilson (1995).
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gopher tortoise, common slider, and
alligator snapping turtle. Some species,
such as map turtles, have limited
ranges, placing them at risk from
habitat alteration or illegal collection
for the pet trade. Disease also appears
to contribute to population declines

in some turtles. The diamondback
terrapin was exploited heavily for
food during the 19" century. Although
the species recovered, the terrapin

is again imperiled due to regional
harvesting, habitat destruction,
vehicular mortality, and drowning

in crab traps (Lovich 1995).

Although the habitat requirements
of marine turtles are beyond the scope
of this terrestrial assessment, concerns
over the future of these species warrants
mention. Five species of marine turtles
frequent the beaches, bays, estuaries,
and lagoons of the South: loggerhead,
green, Kemps ridley, leatherback, and
hawksbill turtles. These species have
had dramatic declines attributable to
commercial turtle fishing, exploitation
of the juvenile populations, beach
development, polluted water,
incidental take, and diseases such as
fibropapillomas. Monitoring is difficult
due to their longevity. They continue to
be threatened and their conservation
involves international efforts.

Forest conditions influence both
aquatic and terrestrial turtles. Map
turtles, cooter turtles, and musk turtles
inhabit streams and rivers that are
influenced by adjacent riparian forests.
Forest cover reduces sedimentation
rates, affects water temperature, and
influences availability of basking sites
(Gibbons and Buhlmann 2001). In
addition, many species such as mud
turtles use terrestrial habitat for nesting
and winter dormancy, spending the
summer in wetland areas. Riparian
forests are also quite important
for map turtles.

Turtles inhabit areas with a variety
of physiographic features (table 5.9).
Not surprisingly, rivers, streams,
swamps, lakes, and marshes figure
prominently in their occurrence.
Ninety percent of the species depend
on aquatic environments. Common
and alligator snapping turtles are found
in swamps, deep rivers, and canals
while marshes support bog and painted
turtles. River and stream habitats
support several species of map turtles.

Turtles are also associated with sandy
soils, logs, and rocks that serve as

shelter and as basking surfaces. The
ornate box turtle and gopher tortoise
require sandy or friable soils in which
to burrow or deposit eggs (Wilson
1995). A majority of species (71
percent) prefers open-canopy
conditions that aid in thermoregulation.
Such species include the painted turtle,
spotted turtle, Alabama map turtle,

and striped mud turtle.

Tables 5.10 and 5.11 list the
vegetative cover types and successional
stages that are associated with turtles
in the South. Bottomland hardwood
forests support 81 percent of species,
including the wood turtle, the common
map turtle, and the Pascagoula map
turtle. Sixty-three percent of the turtles
occupy cypress-tupelo forests. These
species include the Barbours, the
Escambia, and the yellow-blotched
map turtle. Mesic, mixed pine-
hardwoods stands are used by slightly
over half of the southern species,
including the painted and spotted
turtles. Approximately one-third of
the species find optimum or suitable
habitat in grass-forb cover; most
of these species presumably are
associated with aquatic conditions.

Lizards and snakes—Four families
of lizards inhabit the South. These
species include anole, fence, collared,
and horned lizards; whiptails; skinks;
and glass lizards. All lizards are
terrestrial; most species have small
home ranges.

Sandhills and flatwoods are important
habitats for lizards (table 5.9). The
Florida scrub lizard, the island glass
lizard, and the coal skink inhabit these
areas. Leaf litter, fallen logs, and snags
provide shelter as well as places to hunt
for prey. The fence lizard and five-lined
skink are associated with snags, while
the slender glass lizard and the broad-
head skink use fallen logs. Friable soils
are an important habitat component for
60 percent of the species. Mimic and
eastern glass lizards deposit eggs and
burrow in these soils. The majority of
species (70 percent) require an open
forest canopy, a forest opening, or
a rocky outcrop as basking sites for
thermoregulation. Such species include
the slender and island glass lizards,
the collared lizard, and the Great
Plains skink.

Twenty-one forest cover types are
associated with lizards in the South
(table 5.10). Although lizards in the
region use a variety of forest cover, over

131

half of the species inhabit longleaf pine-
scrub oak, xeric mixed pine-hardwood,
and live oak stands. Longleaf pine and
scrub oak forests support the fence
lizard, island glass lizard, and mimic
glass lizard. The sand skink, ground
skink, and six-lined racerunner occur
in mixed pine and hardwoods. Live
oak forests are used by 55 percent of
the southern lizards, including the
mole skink and broadhead skink.
Mesic, mixed pine-hardwood stands
also support a variety of lizards.
Approximately half of the species

find optimum conditions among
grasses and forbs (table 5.11).

Three families of snakes occur in
the South: nonvenomous snakes,
coral snakes, and pit vipers. Species
that inhabit the water are especially
prevalent. Three of the largest snakes
in North America occur in the region:
the indigo snake, eastern diamondback
rattlesnake, and timber rattlesnake.

In the absence of a large assemblage
of mammalian predators, snakes
assume special importance as top
predators in some communities, and
their low metabolic rates allow them
to occur at impressive densities in
undisturbed habitat (Echternacht
and Harris 1993).

Since the larger species of snakes
have fairly large home ranges—125
to 250 acres—fragmentation of existing
habitat poses a significant threat
(Wilson 1995). Several snakes, such
as the brown snake and the common
garter snake, have significant
populations in suburban areas.

The majority of snake and lizard
species have become imperiled due
to insular populations, restricted
ranges, habitat degradation, or the
loss of suitable habitat. Malicious
killing, biocides, exotic species, and
illegal trade have also contributed
to their decline.

Many snakes require shelter in the
form of friable soil, fallen logs, leaf
litter, rocks, or similar surface debris
(table 5.9). As with lizards, snakes
require open-canopy forest conditions
to aid thermoregulation. Habitat
management that leaves surface
debris and tree stumps can benefit
their habitat. Leaf litter and fallen logs
provide refuges for snakes as well as
their prey, which include invertebrates,
small mammals, and amphibians. Racer
and ringneck snakes are found in leaf
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Table 5.10—The relationship between forest cover type and reptile occurrence in the South a
Alligators/
Forest cover types Turtles Lizards Snakes crocodiles
No. % No. % No. % No. %

Everglades 8 20 2 10 13 23 1 50
Tropical hardwoods 5 13 4 20 13 23 1 50
Mangroves 5 13 2 10 3 5 2 100
Longleaf-slash 2 5 4 20 11 19
Pine-flatwoods 3 7 8 40 23 40
Virginia-pitch pine

(xeric upland pines) 1 2 5 25 14 25
Longleaf pine 4 10 15 19 21 37
Loblolly-shortleaf pine 5 12 7 35 20 35
White pine-hemlock 4 10 2 10 16 28
Pond pine 2 5 2 10 4 7
Longleaf-scrub oak 2 5 10 50 13 23
Mixed, pine-hardwood

(mesic) 22 54 8 40 37 65
Mixed, pine-Hardwood

(xeric) 3 7 11 55 15 26
Spruce fir 0 0 0 0 1 2
Upland hardwoods (mesic) -

white oak-red oak 9 22 3 15 25 44
Cypress tupelo 26 63 3 15 12 21 1 50
Bottomland hardwoods-

(sweetgum-willow oak) 33 81 5 25 29 51 1 50
Sweetgum-yellow-poplar 16 39 1 5 9 16
Bay-pocosin 9 22 3 15 10 18
Live Oak (maritime) 1 2 11 55 22 39
Maple-beech 4 10 1 5 16 28
Cove hardwoods 0 0 0 0 3 5
Spartina 7 17 0 0 3 5 2 100
Elm-ash 0 0 0 0 5 9
Oak-hickory (xeric

hardwoods) 4 10 3 15 24 42
Aquatic dependent 37 90 0 0 15 26

#Data summarized from species accounts presented in Wilson (1995).

litter, while fallen logs are important
habitat components for indigo and
corn snakes. Seventy-five percent

of snake species are associated with
open canopy forest; these include
scarlet and Kirtland’s snakes.

Forests provide essential habitat
components for terrestrial species
as well as those that live in aquatic
habitats. Table 5.10 presents the
26 vegetative cover types that are
associated with snakes in the South.
Snakes use a diversity of forest cover;
there are, however, a group of specific
types that are used most often. Mesic,
mixed pine and hardwood forests
support 65 percent of species,

including the western worm snake,
corn snake, and rat snake. Fifty-one
percent of the snakes occupy
bottomland hardwoods. These species
include the mud, rainbow, and scarlet
king snake. Mesic upland hardwoods
and xeric oak-hickory hardwoods are
used by over 40 percent of the southern
species. The prairie king snake, milk
snake, and the common water snake
occupy mesic hardwood types, while
eastern and southern hognose snakes
are characteristic of xeric hardwoods.
The pine flatwoods forests also support
a variety of snakes.

Table 5.11 illustrates the relation-
ships between snake occurrence

and forest successional stage. Approx-
imately half of the species find suitable
habitat in seedling-sapling and
poletimber conditions. Slightly more
species find optimum and suitable
conditions in grass-forb stages than

in sawtimber stands.

Crocodilians—Two native species
of crocodilians, the America alligator
(family Alligatoridae) and the American
crocodile (family Crocodylidae), occur
in the South. A large breeding
population of the introduced spectacled
caiman, native to the American tropics
from southern Mexico to Argentina,
occurs in Dade County, FL (Echternacht
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Table 5.11—The relationship between forest successional stage and reptile

occurrence in the South 2

Taxa subgroup/

habitat condition Grass
Turtles”
Optimal® 13
Suitable 3
Marginal® 0
Lizards®
Optimal 10
Suitable 3
Marginal 3
Snakes'
Optimal 7
Suitable 33
Marginal 11
Alligators and crocodiles®
Optimal 2
Suitable 0
Marginal 0

2 Summarized from Wilson (1995).

Successional stage

Pole- Saw-
Sapling timber timber

0 0 0
8 8 4
7 5 8
1 0

13 14 11
6 2 1
1 0 6

46 43 29
8 6 8
0 0 0
0 0 0
2 1 0

® Based on habitat relationships information from 41 species.

° Habitats in which the species occurs with highest frequency.

¢ Habitats in which the species occurs with successively lower frequency.
¢ Based on habitat relationships information from 20 species.

"Based on habitat relationships information from 57 species.

9 Based on habitat relationships information from 2 species.

and Harris 1993). This exotic species
is discussed further in chapter 3.

The alligator is a wide-ranging animal
that occurs from coastal North Carolina
south to Florida and westward to
eastern Texas. It has recovered from
previous declines and now has pest
status in Louisiana and Florida. The
alligator creates marsh pools that
provide habitat for many other species.
Its larger and more secretive relative,
the American crocodile, is restricted in
its North American range to extreme
south Florida.

During the last century, wetland
drainage for agriculture and develop-
ment activities permanently reduced
alligator populations in freshwater
marshes. Recent environmental
contamination has been associated
with declines in alligator populations
(Woodward 1995). Widespread
pollution of wetlands by toxic petro-
chemicals and metals may continue to
threaten population viability. Although

the status of the Florida alligator
population appears secure, continued
habitat loss and toxic contamination
may compromise its conservation.

The crocodile remains endangered,
while the alligator is federally listed
as threatened due to “similarity of
appearance.” This designation reflects
the special instance when a species so
closely resembles a listed species that
it is difficult in the wild to differentiate
between the two. The effect of this
difficulty is an additional threat to
the listed species.

The alligator is doing well in
suitable habitat, while the crocodile
is struggling to survive in its limited
range in southern Florida (Wilson
1995). Management plans for both
species protect aquatic and terrestrial
habitat, particularly for nesting and
basking. Management includes captive
programs to manage the species for
meat and hide production, as well as
effective protection from poaching.
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Not surprisingly, both species occur
in areas limited in the number of
physiographic features and vegetative
cover types (tables 5.9, 5.10, and
5.11). Lakes, marshes, rivers, streams,
permanent ponds, and swamps figure
prominently in their occurrence.
Aquatic vegetation is important to
both species; rocks and logs in the
water serve as useful basking areas.
Alligators and crocodiles require
open canopy forest conditions to
aid thermoregulation. This need
may explain their use of stands of
grasses and forbs.

Six vegetative cover types are
associated with these species in the
South. Mangrove and spartina habitat
supports both species. Tropical
hardwoods, cypress tupelo, and
bottomland hardwood forests are
also occasionally used. Additional
details on each species are presented
in the Species accounts at the end
of the reptile section.

Habitat management for reptiles—
The general problems faced by reptiles
in southern forests center on the
environmental impacts resulting
from human activities. Difficulties
in assessing problems and monitoring
populations hinder management
of these vertebrates.

The life history and ecology of reptiles
differ markedly from those of other
taxa. Many reptile species take longer
to mature and have long lifespans.

For example, the forest-inhabiting box
turtle and snapping turtle take over 10
years to reach sexual maturity (Gibbons
and Buhlmann 2001). Managing for
sustainable populations of long-lived,
late-maturing species requires different
strategies than for short-lived, rapid
turnover species (Congdon and others
1994, Ernst and others 1994).

The primary threats to reptiles in
the South stem from habitat destruction
and alteration, including changes in
water quality. The drainage of wetlands
and temporary ponds has reduced
the population of striped newts
(Dodd 1995a) and extirpated the
flatwoods salamander from a portion
of its range (White and others 1998).
Destruction of wetlands has reduced
spotted turtle populations, and other
aquatic habitats do not meet the
turtle’s specialized needs.

Impoundments have affected several
species of map turtles native to large
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southern rivers. The damming of
streams to form reservoirs has
contributed strongly to the eliminating
several species (Mitchell 1994). In
addition, the removal of dead trees and
the dredging of river bottoms, which
harbor mollusks that the turtles eat,
have negatively affected these species.

The gopher tortoise and other reptiles
have become threatened in part because
of the loss of longleaf pine habitat
(Dodd 1995b, Guyer and Bailey 1993).
Many species of snakes and box turtles
are also declining in numbers due to
loss of suitable habitat. Accidental
death by vehicles and intentional Killing
are other factors contributing to snake
decline. Several of these reptiles, such
as short-tailed snakes and flattened
musk turtles, have relatively small
geographic ranges. Others, such as
the pinewoods snake, coal skink, and
Webster’s salamander, have disjunct
populations that make them quite
vulnerable to habitat loss. Effects of
habitat alteration can be far-reaching.

Management of sea turtles has
emphasized the acquisition and
protection of nesting habitat. Other
concerns include ocean pollution,
fishing and shrimping nets, beach
development, and enforcement of
international regulations. The
identification of migration routes and
other life history information also will
benefit future management strategies.

Degradation of aquatic habitat is
the primary management concern
for freshwater turtles. Conservation
actions are directed at monitoring the
extent of thermal pollution, dredging,
channelization, and incidental takes
by commercial fishing. Protection
of nesting beaches and adjacent
nest areas, and the prevention of
deliberate killing are also important
management priorities.

In addition to intentional Killing,
which affects snakes as well as turtles,
several reptiles suffer direct losses due
to exploitation. Unregulated harvest
affects a number of the listed turtle
and tortoise populations, as well as
the majority of sea turtles. Collection
for the pet trade is another serious
management problem. Some species,
particularly the genera Clemmys and
Graptemys, require strict regulation due
to rising demands in domestic and
foreign pet markets. Commercial
collectors also threaten the spotted
turtle and box turtle.
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The invasion of introduced exotics
can also be detrimental to native
reptiles. Fire ants, in particular,
have been implicated in the reduction
of terrestrial egg-laying reptiles
(Mount 1986).

Management can enhance reptile
habitat in many ways. One way is
through the retention of microhabitat
features that provide refuges. For
example, the disruption of under-
ground root systems in managed pine
plantations may displace species such
as the eastern diamondback rattlesnake.
The importance of leaving terrestrial
buffer zones around forest wetlands is
well documented (Burke and Gibbons
1995, Semlitsch and Bodie 1998). The
retention of habitat elements such as
leaf litter, snags, coarse woody debris,
and fallen logs benefits the habitat of
many reptiles (refer to the individual
subtaxa sections mentioned earlier
and Species accounts that follow).

Delayed sexual maturity and
individual longevity contribute to the
vulnerability of reptiles and inhibit the
recovery of several threatened species.
Several reptiles have existed virtually
unchanged for centuries. Unfortunately,
some of the same traits that allowed
them to survive the ages predispose
them to endangerment. Conservation
actions should be directed towards
areas of high species diversity, species
with limited distributions, and locations
such as shallow wetlands and coastal
zones where reptiles are at risk.
Insufficient knowledge of the distri-
bution and ecology of native reptiles
is a major shortcoming in any regional
effort to detect change and avoid loss
in these taxa.

Species accounts—The following
are the species accounts for selected
reptiles that are of concern in the
South. Several are federally listed as
threatened or endangered. Others are
classified as imperiled or vulnerable by
Natural Heritage agencies. Management
recommendations follow Wilson
(1995) unless otherwise cited.

Species accounts: Alabama redbelly
turtle—This endangered species is
restricted to Mobile Bay in southern
Alabama. It has declined due to
habitat modification and because
it was trapped and netted for food
(Dobie and Bagley 1988). Habitat
disturbance has altered the turtles’
nesting and feeding habitat.

Primary habitat areas are the upper,
freshwater portions of Mobile Bay,
where there are abundant supplies
of submerged plants and algae,
which are preferred foods.

Conservation actions emphasize
protection of the primary nesting
site on Gravine Island, restriction
of herbicide use, and limitation
of dredging activity on the lower
Tensaw River.

Species accounts: alligator
snapping turtle—This species is
classified as vulnerable by Natural
Heritage and is listed in the States
of Alabama, Georgia, and Texas
(NatureServe 2000). The turtle
has declined due to habitat loss
and commercial exploitation for
food and the pet trade.

The species is typically found in
deep rivers and canals, but may also
occur in lakes, swamps, and small
streams. Although it nests on land,
the turtle is primarily aquatic and
feeds on fish, mollusks, and crayfish.

Conservation measures include
regulation of collection and the
protection of suitable habitat
with adequate prey populations
(Wilson 1995).

Species accounts: American
alligator—This species is federally
listed as threatened due to similarity of
appearance to the American crocodile.
The alligator ranges from coastal North
Carolina to extreme southern Florida,
west to east Texas, and north to central
Arkansas. Current threats include the
conversion of habitat for recreational
use and urban development.

Alligators prefer large, shallow lakes,
fresh or brackish marshes, and savannas
that border aquatic habitat. Alligators
are strictly carnivorous and will eat any
animal they can subdue and swallow.

Conservation actions for the American
alligator focus on habitat protection
and control of human disturbance.

Species accounts: American
crocodile—The crocodile is federally
listed as endangered. The species
occurs in south Florida and the Florida
Keys. It inhabits the Caribbean, Central
America, and South America. Habitat
loss is the primary reason for this
species’ imperilment in the South
(Moler 1992a).

The crocodile is found in brackish
or salt water in coastal canals,
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mangrove thickets, or tidal creeks.
The crocodile is carnivorous.
Conservation actions center on
protection of the remaining habitat
in southern Florida (Wilson 1995).

Species accounts: Atlantic salt
marsh snake—This threatened species
is restricted to a small coastal strip in
Florida. It is imperiled by wetland
habitat alteration stemming from
drainage and impoundment.

This snake preys on fish and
is typically found in salt marshes,
tidal creeks, and mangrove swamps.
Conservation action for this species
is concerned with protection of
the remaining unaltered habitat
(Conant and Collins 1991).

Species accounts: bog turtle—
This threatened species occurs in
southwestern Virginia, eastern
Tennessee, northern Georgia, and
the Carolinas. The bog turtle is in
jeopardy due to collection for the pet
trade and habitat loss. The drainage
of grassy and marshy wetlands has
resulted in the destruction of the
required habitat for this species.

The bog turtle feeds on a variety of
animals including tadpoles, frogs,

various invertebrates, and baby rodents.

The species does not tolerate closed-
canopy forests. Management actions
focus on the maintenance of early seral
(grassy) habitat and halting the illegal
pet trade (Ernst and others 1994).
Drainage of wetlands is detrimental

to this species (Wilson 1995).

Species accounts: Florida scrub
lizard—This species is classified
as vulnerable by Natural Heritage
(NatureServe 2000). Disjunct popula-
tions occur along the east coast of
Florida, in central Florida, and in
isolated areas on the west coast of
Florida. The species is threatened by
conversion of habitat to other uses.

The lizard prefers open sandy edges
in xeric sand pine scrub and longleaf
pine habitat (Conant and Collins
1991). It feeds on ants, beetles, spiders,
and other small arthropods.

Conservation strategies focus on the
management of sand pine scrub and
longleaf pine-turkey oak habitats to
retain the open character that the lizard
requires. The Ocala National Forest
manages large areas of this habitat
(Wilson 1995). Habitat maintenance
often requires prescribed burning.

Species accounts: gopher tortoise—
This threatened species occurs in
Florida, Georgia, South Carolina,
Mississippi, Alabama, and Louisiana.
Habitat loss and the pet trade are
the primary factors contributing to
the decline of the tortoise (U.S. Fish
and Wildlife Service 1990c).

Well-drained sandy soils supporting
pine and scrub oaks in the sandhills
are preferred habitat. The tortoise feeds
on grasses, forbs, and other vegetation
(Ernst and others 1994).

Habitat management for the gopher
tortoise includes selective harvest
and prescribed burning to maintain
the open, grassy nature of sand ridges.
Ground disturbance such as heavy
site preparation and root raking can
be detrimental to young tortoises
(Wilson 1995).

Species accounts: indigo snake—
The population of this threatened
species has declined rapidly in recent
years. Primary threats appear to be
habitat loss and exploitation for the
pet trade (Speake and others 1982).
The indigo snake is currently found
in southeastern Georgia and Florida.

The species coexists with gopher
tortoises throughout much of its range
and frequently uses tortoise burrows.
Preferred habitat is pine-scrub oak
woodlands and palmetto-covered hills
with well-drained sandy soils. Indigo
snakes may also be found in mesic
habitats bordering swamps, streams,
or canals. The snake feeds on frogs,
toads, birds, small mammals, and
other reptiles.

Conservation actions necessary
to protect indigo snake populations
include the retention of existing
habitat, maintenance of pine-scrub
oak woodlands in a subclimax
condition, and protection of gopher
tortoise burrows (Moler 1992c).

Species accounts: Louisiana pine
snake—This species is endemic to
eastern Texas and western Louisiana,
primarily in areas currently or once
dominated by longleaf pine. The
species is associated with fire-main-
tained pine forests on well-drained
sandy soils with well-developed
herbaceous vegetation (Rudolph and
Burgdorf 1997). Pocket gophers are the
primary prey of Louisiana pine snakes,
and pocket gopher burrows are used for
escape from predators, avoidance of
high temperatures, and hibernation.
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The species has apparently declined

in recent decades, and existing
populations are thought to be small
and isolated (Reichling 1995, Rudolph
and Burgdorf 1997).

Loss of habitat due to conversion
to intensive silviculture and changes
in the fire regime are the primary causes
of population decline. Fire suppression
and inadequate prescribed fire have
resulted in widespread successional
changes in pine forests throughout the
range of Louisiana pine snakes, leading
to loss of herbaceous vegetation and
pocket gophers. Habitat loss and
degradation has been more extensive
on private than on public land. Roads
and associated vehicle traffic are very
likely impacting populations in much
of the remaining habitat.

Conservation action centers on
the management of fire-maintained
pine habitat on a scale sufficient to
support viable populations of this
species. Prescribed burning sufficient
to maintain abundant herbaceous
vegetation and support of pocket
gopher populations are required.

Species accounts: mimic glass
lizard—This species is classified
as vulnerable by Natural Heritage
(NatureServe 2000). The lizard
occurs on the Atlantic Coastal Plain
from North Carolina to Florida and
westward as far as the Pearl River in
Mississippi. The species is imperiled
due to excessive development and
habitat modification in its range.

The lizard inhabits open-canopied
pine forests with thick forest litter. It
feeds on a variety of invertebrate prey
as well as small lizards and snakes
(Palmer and Braswell 1995).

Conservation actions to benefit
this species include maintaining an
open canopy through burning and
thinning (Wilson 1995).

Species accounts: bluetail mole
skink—This threatened subspecies
occurs in Florida. Residential
development and agricultural
conversion have altered its habitat.
The mole skink prefers open, sandy
edges in sand pine scrub and sandhill
habitats. The species consumes a
variety of invertebrate prey, including
ants, beetles, and spiders.

Conservation actions for this species
focus on protection of essential habitat
areas from conversion to other uses
(Conant and Collins 1991).
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Species accounts: rim rock
crowned snake—This species is
classified as critically imperiled by
Natural Heritage and occurs solely
in Florida (NatureServe 2000).
Development and the resultant
habitat loss threaten the snake.

This snake is found in flatwoods,
tropical hardwood hammocks, and
pastures and on fossil coral reefs
(Porras and Wilson 1979). This
snake consumes insects and other
small arthropods.

Because of the intense development
occurring in the habitat of this
species, conservation action centers
on the protection of suitable habitat
(Wilson 1995).

Species accounts: ringed map
turtle—This threatened turtle inhabits
the Pearl River drainage of southern

Mississippi and southeastern Louisiana.

Primary threats are illegal collection for
the pet trade and habitat degradation
(U.S. Fish and Wildlife Service 1988).

This turtle leaves the river to bask
and to lay eggs. Preferred habitat
includes river stretches with moderate
current, sandbars, and debris for
basking sites. The diet is comprised
of insects and mollusks. Because this
turtle is restricted to the Pearl River,
modifications of natural conditions
there could prove detrimental.

Species accounts: sand skink—
This species is classified as imperiled
by Natural Heritage (NatureServe
2000). It is restricted to well-drained
sandy soils in the interior central
Florida highlands. Much of this habitat
has been converted to citrus groves
and residential areas.

The sand skink lives in loose,
dry sandy areas with sparse grass
cover. It subsists on a diet of ants,
spiders, termites, beetle larvae, and
other invertebrates.

Protection of the remaining habitat
and acquisition of additional areas
are the primary conservation actions
required to preserve this species
(Christman 1992). In addition, the
use of prescribed fire is important
for maintaining the open nature of
sand skink habitat.

Species accounts: short-tailed
snake—This species is classified as
vulnerable by Natural Heritage and
is endemic to Florida (NatureServe
2000). Habitat destruction is the
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primary threat, particularly in central
Florida, where land is in demand

for agricultural, residential, and other
uses (Wilson 1995).

The primary habitats of this snake
are longleaf pine-turkey oak and sand
pine scrub communities with loose
sandy soils. It feeds on small snakes
and lizards.

Management actions center on the
protection of remaining occupied
habitat from development and the
retention of prey populations
(Campbell and Moler 1992).

Species accounts: southern hognose
snake—This species is classified
as imperiled by Natural Heritage
(NatureServe 2000). The snake occurs
primarily on the Coastal Plain from
North Carolina westward into southern
Mississippi. There is one disjunct
population in central Alabama.
Development of preferred habitat
is the primary cause for imperilment,
but fire ants may also be impacting
populations (Wilson 1995).

This snake is found in sandhills,
pine-scrub oak woodlands, pine and
wiregrass flatwoods, and other open
xeric communities with loose, sandy
soils (Martof and others 1980). It feeds
primarily on toads, frogs, and lizards.

Conservation actions for this species
include the protection and restoration
of remaining habitat, restriction of
additional development, and fire
ant control.

Mammals

Terrestrial, marine, and freshwater
habitats in the South are home to 246
mammalian species (NatureServe
2000). The number of mammals ranges
from 176 species in Texas to 62 species
in Mississippi. There are 102 species
in Georgia, 101 in South Carolina,

96 in Oklahoma, and 95 in Florida.
The total includes rodents, carnivores,
bats, whales, dolphins, and other
mammals (fig. 5.6).

This vertebrate group comprises
11 major orders and 26 families
(Echternacht and Harris 1993). All but
five families have one or more sensitive
species (Laerm and others 2000).
These families include Didelphidae
(opossum), Dasypodidae (armadillo),
Castoridae (beaver), Myocastoridae
(nutria), and Suidae (wild boar). The
order Rodentia dominates the region’s
mammalian fauna in the number of

Carnivores
52 (24%)

different species. This order includes
chipmunks, squirrels, pocket gophers,
mice, rats, voles, muskrats, nutria, and
beavers. Examples of carnivores include
the Florida panther, red fox, bobcat,
river otter, and mink. The category of
“other mammals” in figure 5.6 includes
the Florida manatee, white-tailed deer,
eastern cottontail rabbit, opossum,
armadillo, shrews, moles, and several
other species.

Five mammal species are known or
presumed to be extinct or extirpated
from the region. These are the jaguar,
ocelot, gray wolf, elk, and bison
(Echternacht and Harris 1993). Beavers
were once extirpated in the South
but were reestablished over the past
two decades.

Endemic species represent a relatively
small percentage of the mammals in
the region. Eight rodent species are
endemic to the Coastal Plain: the
southeastern pocket gopher, colonial
pocket gopher, Sherman’s pocket
gopher, Cumberland Island pocket
gopher, oldfield mouse, Florida mouse,
Perdido Key beach mouse, and round-
tailed muskrat (White and others
1998). The region also has eight species
of introduced mammals, including
the coyote, wild boar, and nutria.

Thirty-three species of mammals
are listed as threatened or endangered
(table 5.12). These include the Key
deer, red wolf, Louisiana black bear,
Indiana bat, gray myotis, Virginia
northern flying squirrel, and
southeastern beach mouse. Ten of
the listed rodent species inhabit the
Coastal Plain of Florida or Alabama.

In addition, 12 species are classified
as imperiled or vulnerable under the
Natural Heritage system (chapter 1).

Bats

37 (17%) Other mammals

41 (17%
/— (17%)

_— 30 (12%)

N

Rodents
86 (35%)

Figure 5.6—Species richness by major
subgroups of mammalian taxa occurring
within the South (NatureServe 2000).

Whales and dolphins
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Table 5.12—Mammal species within the South that are listed as threatened or endangered

Scientific name

Common name

Areas of occurrence

Bats
Corynorhirus townsendii ingens Ozark big-eared bat (E) AR, OK
Corynorhinus townsendii
virginianus Virginia big-eared bat (E) NC, VA
Myotis grisescens Gray bat (E) AL, AR, FL, GA, KY, OK,
TN, VA
Myotis sodalis Indiana bat (E) AL, AR, GA, KY, MS, NC,
OK, SC, TN, VA
Rodents
Glaucomys sabrinus coloratus Carolina northern flying squirrel (E) NC, TN
Glaucomys sabrinus fuscus Virginia northern flying squirrel (E) KY, NC, VA
Microtus pennsylvanicus
dukecampbelli Florida salt marsh vole (E) FL
Neotoma floridana smalli Key Largo woodrat (E) FL
Oryzomys palustris natator Rice rat (E) FL
Peromyscus gossypinus
allapaticola Key Largo cotton mouse (E) FL
Peromyscus polionotus allophrys Chocawhatcher beach mouse (E) FL
Peromyscus polionotus ammobates Alabama beach mouse (E) AL
Peromyscus polionotus niveiventris Southeastern beach mouse (T) FL
Peromyscus polionotus peninsularis St. Andrew beach mouse (E) FL
Peromyscus polionotus phasma Anastasia Island beach mouse (E) FL
Peromyscus polionotus trissyllepsis Perdido key beach mouse (E) AL, FL
Sciurus niger cinereus Delmarva Peninsula fox squirrel (E) VA
Carnivores
Canus rufus Red wolf (E) NC, TN, FL
Herpailurus yogouaroundi
cacomitli Gulf Coast jaguarundi (E) TX
Leopardus pardalis Ocelet (E) TX
Panthera onca Jaguar; Otorongo (E) X
Puma concolor Puma (T) FL
Puma concolor coryi Florida panther (E) FL
Puma concolor cougar Eastern puma (E) KY, NC, SC, TN, VA
Ursus americanus luteolus Louisiana black bear (T) LA, MS, TX

Whales and dolphins
Balaenoptera physalus

Eubalaena glacialis
Megaptera novaeangliae

Fin whale (E)

Black right whale (E)
Humpback whale (E)

AL, FL, GA, LA, MS, NC,
SC, TX, VA

FL, GA, NC, SC, VA

AL, FL, GA, LA, MS, NC,

SC, TX, VA

Physeter catodon Sperm whale (E) NC

Other mammals

Monachus tropicalis Caribbean monk seal (E) FL

Odocoileus virginianus clavium Key deer (E) FL

Trichecchus manatus Manatee (E) AL, FL, GA, LA, MS, NC,
SC, TX

Sylviagus palustris hefneri Lower Keys marsh rabbit (E) FL

T = threatened; E = endangered.

Source: U.S. Department of the Interior (2000).
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These include the Rafinesque’s big-
eared bat, gray-footed chipmunk,
round-tailed muskrat, Allegheny
woodrat, and swift fox. These species
are in jeopardy due to habitat loss,
land use change, human disturbance,
and coastal development.

The white-tailed deer is the most
widespread browsing species repre-
sented in the region today. EIk have
recently been reintroduced into
selected locations. The absence of
large carnivores (wolves, jaguar)
reflects history since European
settlement (chapter 1). The black
bear is the largest carnivore now in
the South. Four wild canids occur in
the region. The coyote has expanded
its range, while the red wolf is critically
imperiled due to habitat loss and
hybridization with other canids.

Red and gray foxes remain relatively
common. The Florida panther is in
jeopardy, while the bobcat remains
widespread throughout the region.

The absence of large predators
has encouraged the proliferation of
raccoons, opossums, and skunks. These
species demonstrate broad ecological
tolerance, inhabiting virtually every
type of habitat available. They consume
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a variety of foods: frogs, turtles, snakes,
mice, berries, and other vegetation.
These mammals are rapidly becoming
urban wildlife in many communities

of the South.

Rodents are a diverse group that
persists in abundance in many areas.
They tend to have high birth rates that
permit the maintenance of stable
populations despite predation pressure
and control measures. The rodent
species that are most at risk in the
South have narrow distributions. In
beach habitats, feral cats represent a
significant threat. Pesticide residues
affect shrews and other insectivores.
The fox squirrel that inhabits longleaf
pine savannas is threatened by fire
suppression and land use conversion
(White and others 1998).

The absence of mountain barriers
and other opportunities for isolation
and speciation contribute to the lack
of species richness among squirrels
and burrowing mammals (Echternacht
and Harris 1993). The eight species of
sciurid rodents in the region include
the 13-lined ground squirrel, gray
squirrel, fox squirrel, and two flying
squirrels. The region’s 10 burrowing
rodents include the hairy-tailed mole,

Table 5.13—Bat species occurring within the South

Scientific name

Artibeus jamaicensis
Corynorhinus townsendii
Corynorhinus rafinesquii
Eptesicus fuscus

Eumops glaucinus
Lasionycteris noctivagans
Lasiurus borealis
Lasiurus cinereus
Lasiurus intermedius
Lasiurus seminolus
Molossus molossus
Myotis austroriparius
Myotis grisescens

Myotis leibii

Myotis lucifugus

Myotis septentrionalis
Myotis sodalis
Nycticeius humeralis
Pipistrelle subflavus
Tadarida brasiliensis

Common name

Jamaican fruit-eating bat
Townsend’s big-eared bat
Rafinesque’s big-eared bat
Big brown bat

Wagner’s mastiff bat
Silver-haired bat

Eastern red bat

Hoary bat

Northern yellow bat
Seminole bat

Pallas mastiff bat
Southeastern bat

Gray bat

Eastern small-footed bat
Little brown bat
Northern long-eared bat
Indiana bat

Evening bat

Eastern pipistrelle
Brazilian free-tailed bat

#Two subspecies: Ozark big-eared bat and the Virginia big-eared bat.
P Two subspecies: LeConte’ free-tailed bat and the Mexican free-tailed bat.

Source: Adapted from Harvey and Saugey (2001).

eastern mole, and star-nosed mole;
woodchuck; eastern chipmunk; and
5 species of pocket gophers. Soil type
is the primary factor determining

the ranges of pocket gophers.

The following sections discuss the
habitat needs for two of the highest
profile groups of mammals: bats and
carnivores. Additional species are
also profiled in the Species account
section that concludes the segment
on mammals.

Bats—The 20 species of bats in the
South are key components of forested
ecosystems. Four bats are listed as
endangered: the gray bat, Indiana bat,
and Ozark and Virginia big-eared bats
(table 5.13). The southeastern bat, the
eastern small-footed bat, Rafinesque’s
big-eared bat, and Wagner's mastiff
bat are of special concern.

Forest bats depend on forests for
shelter, roosting sites, and foraging
areas. Bats are in two major classes:
cave bats and tree bats. Cave bats
inhabit caves during all or part of the
year, while noncave species seldom
enter caves. Some of their ranges are
limited to relatively small geographic
areas. Insectivorous bats have tiny

Status

Limited numbers
Endangered®

Special concern
Common

Rare

Relatively uncommon
Common

Relatively common
Relatively common
Common

Limited numbers

Special concern
Endangered

Special concern

Scarce or locally common
Common

Endangered

Common

Common

Locally common/abundant”
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eyes and are capable of sight, but most
species locate prey by echolocation.

Bats hibernate in a variety of locations
including leaf litter, woody debris,
caves, hollow trees, and rock crevices.
Many species hibernate under
exfoliating bark and in tree cavities,
mines, and buildings. Roosting sites
range from solitary sites to caves
containing thousands of individuals.
Sites selected for roosting and
hibernation meet precise environmental
conditions, such as stable temperatures
and high relative humidity. Disturbance
often results in the abandonment of
the site.

Bats have evolved to fill a variety
of food niches. These mammals begin
foraging at dusk. The diet consists
of insects and other arthropods and
varies by species.

Widespread pesticide use caused
significant declines in bat populations
during the past several decades (Harvey
and others 1999). This threat has
diminished somewhat with pesticide
use regulations. The current threat to
bats stems from habitat destruction
and cave disturbance. Few caves meet
the narrow temperature and humidity
requirements for hibernation. The large
numbers of bats occupying specific
caves make these species vulnerable
to disturbance of an individual cave.

Various locations are used as
maternity roost sites. Snags are used
by Indiana, northern, and evening bats,
while hollow trees are important for
Rafinesque’s and southeastern bats. A
particular threat is human disturbance
to hibernation and maternity colonies.
Hibernating bats wake when disturbed
and expend critical winter stores of
fat. Summer maternity colonies have
low tolerance of disturbance; disturbed
parents will often abandon their
offspring. Bats produce an average
of one offspring per year, but some
species give birth to three or four
babies at a time. The low rate of
reproduction results in populations
that can be quickly destroyed with little
opportunity for recovery. Other adverse
impacts include habitat destruction;
direct killing; vandalism; and predation
by raptors, raccoons, skunks, and
snakes (Tuttle 1995).

A number of forest management
actions can enhance bat habitat. Seed-
tree and shelterwood harvests open up
forest canopies, creating foraging

opportunities by reducing branch
obstructions (Krusic and others 1996).
Retention of cavity trees and snags,
creation of large snags, and designation
of streamside zones also are beneficial
(Harvey and Saugey 2001, Kulhavy and
Conner 1986). The creation of ponds
can also enhance habitat by providing
water, breeding sites, and a source of
insect prey (Wilhide and others 1998).

Even-aged poletimber stands often
are unsuitable for bole and cavity users
and do not provide the cavities and
bark characteristics preferred by
bats (Pierson 1998). Clearcutting
eliminates roosting opportunities
until replacement trees of suitable
size become available (Harvey and
Saugey 2001). However, the resulting
availability of herbaceous growth
results in increased insect populations
(Barclay and Brigham 1998). Stand
rotations long enough to allow for
cavity development are important
for species that require cavities.

Prescribed burning can enhance
invertebrate biomass by reducing
midstory trees and shrubs, allowing
the regeneration of herbaceous plants.
The resulting canopy gaps provide
additional foraging opportunities.
However, fire may jeopardize bats
hibernating on the ground during
winter when they are torpid and slow
to arouse (Harvey and Saugey 2001).
The impact of dormant-season burning
on species that roost in ground litter
is unclear. Snags used by bats may
be felled by fire if their bases burn
through, resulting in the loss of cavities
or roosting sites under exfoliating bark.

Finally, recreational caving should be
minimized to prevent disturbance to
maternity and hibernating colonies.
Properly designed gates on cave
entrances afford the best protection.
Other protective measures include
limiting the use of pesticides and
preventing destruction of habitat.

Carnivores—Carnivores are a viable
component of the southern landscape,
whose management has changed sig-
nificantly over the last several decades.
The perception that carnivores must
be eliminated is no longer widely
held. These mammals contribute to
ecosystem stability by controlling
rodent populations.

There are few reliable density
estimates for furbearers because they
are secretive and difficult to census.
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Most are territorial. Population density
is relatively low, reflecting their position
at the top of the food chain. Two
carnivores (the bobcat and river otter)
are protected under the Convention for
the International Trade of Endangered
Species of Fauna and Flora (CITES)
and are monitored closely by States
that allow harvest of these species
(Leopold and Chamberlain 2001).

The diet of carnivores is primarily
composed of other animals. Bobcats,
river otters, weasels, and mink
characteristically have diets in which
animal material exceeds 95 percent.
The amounts of fruits, berries, and
seeds vary with seasonal availability.
For example, gray and red fox foods
change from animal foods in the fall
and winter to invertebrates and fruits
during spring and summer.

Each species is associated with
specific habitats that provide required
food, water, and cover. Often, areas that
are diverse in vegetative composition,
structure, and seral stage are inhabited
by a diversity of these mammals. A
substantial number of carnivores
depend on forested ecosystems to
provide one or more habitat require-
ments. Mosaics of cover types and the
ecotones between successional stages
enhance prey and other food diversity.
The structural components important
to many mammals include mature
trees, standing dead trees, woody
debris, and patchy understories.
Structural diversity and decaying
trees provide suitable cover and
foraging habitat.

Habitat quality determines the
stability of these populations, while
habitat loss is the primary threat to
these species. Habitat modification
influences species distribution and
abundance. Forest clearing, grassland
conversion, irrigation, and wetland
drainage have improved habitat for
some species and damaged habitat
for others. The expanded range of
the coyote throughout the South
resulted from urbanization and the
removal of large predators such as
red wolves and Florida panthers.

Species with restrictive habitat
requirements are vulnerable to losses of
habitat. The swift fox depends on native
shortgrass prairie communities; its
range has become restricted due to the
conversion of prairies into cultivated
fields. Mammals associated with
wetland habitats are not very resilient
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to habitat modification. For example,
river channelization reduces habitat
suitability for river otters (Allen 1988).

Large mammals such as the red
wolf, Florida panther, and black bear
have extensive home ranges. The
maintenance of a mosaic of vegetation
types and multiple seral stages supports
prey populations and the food-
producing plants that comprise the
diet of these species. In contrast, the
majority of carnivores depend on much
smaller geographic areas. These species
rely on a diversity of cover types in
relatively close proximity to provide
seasonal cover and food. Red foxes,
gray foxes, and weasels are associated
with early to mid-successional
vegetation and the ecotones between
these communities. Management that
maintains fencerows, shelterbelts, and
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riparian vegetation will benefit these
species and enhance their distribution.

The elimination of woody debris
influences small mammal populations
and makes them easier prey for
associated predators. Timber harvest
and prescribed burning change
vegetation composition and enhances
understory growth. However, timber
removal may harm other mammals that
require mature forest. In some cases,
the protection of critical habitat may
be the preferred management strategy.

Conservation of wetland carnivores
centers on prevention of wetland
degradation. Vegetative structure,
surrounding land use, water quality,
and cover diversity influence habitat
quality for these mammals. For
example, the manipulation of water

levels and the planting of desired
vegetation can enhance habitat. The
maintenance of water availability

and prey species also improves habitat
potential. Debris and structural
diversity along shorelines enhance prey
availability for river otters. The removal
of aquatic shoreline vegetation reduces
availability of prey for mink.

Important habitat features for
carnivores as well as other mammals
occurring in the South are summarized
in table 5.14. Detailed information for
selected species is presented in the
following section.

Species accounts: beaver—This
species was extirpated from most of
its southern range by the 1950s due
to extensive trapping that began in
the 18™ century. Restocking programs

Table 5.14—Important habitat components and associated management guidelines for selected mammals

in the South (continued)

Key components of habitat

Management guidelines

Wetlands, riparian habitats, suitable den sites

High degree of habitat edge; interspersion of
mosaic of woodland, shrubland, cropland,

Species
Raccoon
and winter food.
Red fox
and grassland habitat.
Red squirrel

Ringtail cat

River otter

Spotted/striped
skunks

Swift fox

Dense or clumped stands of mature forest;
multi-storied stands; suitable nest sites;
sufficient shade for cone storage.

Rocky, brushy areas, talus slopes or wooded
habitats in close proximity to water.

Water quality; permanent surface water,
vegetative cover adjacent to wetlands;
structural cover to provide foraging and
den sites.

Ecotones between forest/shrubland and
agricultural lands; riparian areas in arid
regions.

Mid to shortgrass prairie habitats suitable
to support an adequate prey base.

Source: Adapted from Allen (1988).

Preserve wetlands and riparian areas; maintain
snags or diseased trees for den sites; encour-
age mast species; maintain fencerows.

Maintain woodlots in agricultural areas to
enhance vegetation diversity; maintain
fencerows for travel corridors; encourage
softmast production.

Maintain large deciduous trees with cavities;
preserve densely branched trees; provide
clumped stands near mature conifers with
interlocking crowns.

Maintain riparian vegetation in association
with draws and ridgelines as travel
corridors.

Maintain vegetative cover adjacent to wet-
lands; increase pool to riffle ratios; ensure
water permanence; encourage beaver estab-
lishment.

Maintain woodlots in agricultural areas to
enhance vegetation diversity; maintain
fencerows for travel corridors; encourage
softmast production.

Establish vegetative communities to support
prey base; maintain interspersion of grassland
communities with agricultural lands.
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in Louisiana, Mississippi, Alabama,
Florida, Georgia, Oklahoma, Virginia,
Arkansas, and North and South
Carolina have led to viable populations
across most of the South (Jones and
Leopold 2001).

Beavers use freshwater habitats such
as ponds, small lakes, and streams.
Slow-moving streams and creeks with
proximity to trees and shrubs that
provide a food source are important.
Beaver damming can flood forests,
causing substantial economic impact
from prolonged flooding. However,
beavers create a complex successional
mosaic of aquatic and terrestrial
habitats that enrich landscape diversity.
The creation of wetlands positively
influences ground water, water quality,
structural diversity, and erosion
resistance. Beaver impoundments
create favorable conditions for fish,
birds, and amphibians. Beaver ponds
on intermittent streams provide aquatic
habitat conducive to the river otter.

River channelization significantly
affects habitat quality by reducing
amounts of riparian vegetation,
macroinvertebrates, and fish biomass.
The modification of river flow rates also
reduces the number of islands
occurring in the channel, impacting
potential den habitat.

Species accounts: black bear—
Black bears historically ranged over
most of the South. Habitat loss, frag-
mentation, and unrestricted harvest
have significantly changed their
distribution and abundance.

Their current distribution is restricted
to relatively undisturbed forests in the
Appalachian Mountains and the Interior
Highlands of Arkansas and in scattered
coastal areas from Virginia to Louisiana
(Vaughn and Pelton 1995). Populations
appear to be secure and increasing in
parts of Virginia, Tennessee, North
Carolina, northern Georgia, and
northern South Carolina, where they
support regulated hunting seasons.

In Tennessee, the species is known
only from the mountains in the eastern
part of the State (Chapman and Laerm,
in press). In Kentucky, the black bear
is designated as a species of special
concern. Texas biologists indicate
there is no resident breeding popu-
lation there.

Two subspecies are of special concern.
The Louisiana black bear is designated
as threatened on the Federal species

list and as endangered by the States
of Mississippi, Louisiana, and Texas.
The Florida subspecies is listed as
threatened by the Florida Game and
Fresh Water Fish Commission. Until
recently, this subspecies was considered
for protection under the Federal
Endangered Species Act. Both sub-
species populations are restricted to
islands of public land and inaccessible
areas of bottomland forest.

Black bears inhabit diverse forest
habitats and are often found in oak-
hickory and mixed mesophytic forests.
Forested areas of 150 to 300 square
miles with limited human intrusion are
needed to sustain viable populations.
In coastal areas, the species occupies
pocosins, hardwood bottomlands,
Carolina bays, mixed hardwood
hammocks, cypress swamps, pine
flatwoods, and sand pine scrub.

Black bears need dense understory
cover, such as laurel thickets and
greenbriar, to provide refuge cover
in the Coastal Plain.

Adequate denning cover is a necessary
component of black bear habitat in
the South. Such cover includes cavities
in large trees, logs, stumps, rock
outcroppings, and impenetrable
thickets. Females and cubs are very
susceptible to disturbance. Black bears
need secure corridors to make seasonal
movements for food, for dispersal of
younger animals, and for movement
by males during the breeding season
(Pelton 2001).

The diet of black bears is primarily
hard and soft mast, including berries,
nuts, acorns, wild cherries, and grapes,
as well as invertebrates. In some areas,
bears feed on agricultural crops such as
corn, wheat, or soybeans. Black bears
will occasionally eat opossums,
armadillos, feral pigs, raccoons, and
young white-tailed deer.

The seasonal variations in availability
of soft and hard mast influence shifts
in home range to locate these foods.
State biologists indicate that during
periods of drought and food scarcity,
bears further disperse and become
victims of vehicular accidents,
nuisance control, and illegal hunting.

Bear populations in the Southern
Appalachians have been monitored
since the 1960s. Although bear popu-
lations have increased during this
period, the illegal trade in bear gall
bladders has raised concerns about
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the effect of poaching. Because bears
have low reproductive rates, their
populations recover slowly from losses.

Habitat degradation continues to
threaten black bears in the South.
Forest fragmentation and the conver-
sion of forests to agriculture, urban
development, and pine monocultures
restricts available habitat (Pelton 2001).
The fragmented nature of black bear
populations in the Coastal Plain may
contribute to a loss of genetic diversity.
As the human population in the South
continues to expand into bear habitat,
increased incidents of road kills are
being reported in North Carolina,
Tennessee, and Florida. As people
settle into established bear ranges,
increased human-bear interactions
are inevitable. Poaching and increased
access capabilities can result
in overexploitation.

Components of black bear manage-
ment include hunting access, habitat,
protection, nuisance control, education,
and research (Pelton 2001). Access
can be restricted through road gating,
designation of no-hunting zones, and
provision of escape cover. Habitat
management includes oak enhance-
ment, protection of old growth (for
den trees), and management of forest
openings for soft mast production. The
establishment of black bear sanctuaries
and viable corridors on public land has
protected bears in the region (Vaughn
and Pelton 1995). Texas has proposed
the establishment of bear “recovery
zones” through a partnership among
Federal and State agencies, forest
industry, and other owners of large
parcels of timberland. Stringent law
enforcement also is required to reduce
illegal hunting. Finally, State biologists
suggest that education of the general
public is critical to increase awareness
and acceptance of regulations such as
those that discourage feeding of bears.

Species accounts: bobcat—
Bobcats are found throughout the
South with the exception of north-
central Kentucky, coastal Louisiana,
and eastern Virginia (Leopold and
Chamberlain 2001). Population
density varies according to habitat
type and prey density.

Bobcats use several habitats,
preferring areas with dense under-
story vegetation that supports prey
populations. A mixture of mature
and early successional forest habitats is
best. Other habitats include agricultural
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fields and pastures. Home ranges of
bobcats throughout the Southeastern
United States range from less than

740 acres to 17,830 acres. Home ranges
may reflect road avoidance. Important
prey species include rabbits and various
rodents, opossum, game birds, and
snakes (Chapman and Laerm, in press).

There are no major threats to bob-
cats in the South due to their wide
distribution and ecological tolerance.
Potential risks include overharvest
by trapping, forest fragmentation,
and road construction.

Species accounts: Carolina
northern flying squirrel and Virginia
northern flying squirrel—These
two endangered subspecies inhabit
high-elevation sites in the Southern
Appalachians. The Carolina squirrel
occurs in isolated locations in North
Carolina and Tennessee, while the
Virginia subspecies is in Virginia and
West Virginia. The disjunct distribution
of these subspecies in the Southern
Appalachians suggests they are relicts
that have become isolated in small
patches of suitable habitat by changing
climatic and vegetation conditions since
the last Ice Age (U.S. Fish and Wildlife
Service 1990a).

Flying squirrels are associated
with high-elevation boreal habitats,
especially spruce-fir and northern
hardwood forests (Fridell and Litvaitis
1991). They occur in conifer-hardwood
ecotones consisting of red spruce and
fir associated with mature beech, yellow
birch, maple, and several other species.
Widely spaced, mature trees and snags
provide cavities for nesting. Understory
components do not appear to be
important components of northern
flying squirrel habitat (U.S. Fish
and Wildlife Service 1990a).

Their diet consists of lichens, fungi,
seeds, fruit, staminate cones, and
insects. Periodic dependence on certain
species of fungi may be a factor in
restricting the species to high-elevation,
mesic habitats (U.S. Fish and Wildlife
Service 1990a).

The limited range of this species
makes it vulnerable to natural and
human-related impacts. Isolated
populations suffer from insufficient
gene pools. Other concerns include
habitat destruction, insect pests such
as the balsam woolly adelgid and the
gypsy moth, recreational use, acid rain
(which contaminates their mycorrhizal
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food source), and heavy metals (lead,
copper, nickel, zinc, and manganese)
in forest litter and soil (U.S. Fish and
Wildlife Service 1990a).

Conservation strategies include
determination of species distributions,
protection of occupied sites from
human-related disturbance, and
implementation of habitat manage-
ment guidelines on national forests
and parks.

Species accounts: coyote—The
distribution of coyotes has extended
into the South during the past few
decades in response to the elimination
of gray and red wolves from their
former ranges. Prior to 1970, red
wolves were common throughout
the South, but trapping and poisoning
eliminated free-ranging populations.
Gray wolves also once inhabited
Kentucky, Tennessee, Virginia, and
North Carolina. Removal of these
two species contributed to coyote
expansion. Leopold and Chamberlain
(2001) indicate that coyote popula-
tions have expanded throughout
the South, with the exception of
southern peninsular Florida. The
current population density of
coyotes is unknown.

Coyotes occupy a broad range of
habitats and occur in grassland, forest,
agricultural fields, and urban areas.

In the South, this species has been
observed in open fields, brushlands,
thickets, young forest, and forest-edge
habitats. Habitat use by coyotes in
the South is diverse and reflects

their opportunistic feeding habits.

Their diet includes rabbits, small
mammals, ground-nesting birds and
their eggs, amphibians, lizards, fish,
snails, crustaceans, insects, carrion,
fruits, and plant roots (Chapman
and Laerm, in press).

There are no known threats to coyote
survival in the region. Animal damage
control programs in the Western United
States have been unsuccessful.

Species accounts: Florida panther—
The Florida panther, one of 30
subspecies presently recognized, is
the only subspecies of mountain lion
remaining in the South. The species
originally ranged from eastern Texas
eastward through Arkansas, Louisiana,
Mississippi, Alabama, Florida, Georgia,
and portions of Tennessee and South
Carolina. Due to large-scale habitat
destruction and indiscriminant

shooting, panthers were extirpated
throughout most of their range by

the early 1900s. Although periodic
sightings are reported in remote areas of
selected States, it is unlikely that viable
populations exist outside of Florida.
Currently, the population is estimated
at between 20 and 50 animals.

Panthers prefer large remote tracts
that are typically heavily vegetated
and have minimal human disturbance.
These animals use highly diverse
habitats including hardwood
hammocks, saw-palmetto woodlands,
sawgrass prairies, cypress strands,
and oak-pine woodlands. Home
ranges average 200 square miles for
males and 75 square miles for females.

Panthers subsist on a variety of
mammalian prey, particularly white-
tailed deer and feral hogs. In the
northern portion of its range, feral
hogs constitute the bulk of the diet,
whereas white-tailed deer are more
important in the southern portion.
Panthers also readily take raccoons,
armadillos, rabbits, and other small
animals (Clark 2001).

Loss of habitat is the greatest threat
to viable panther populations, but
illegal shooting and highway collisions
also are major problems. Off-road
vehicle traffic has increased, making
accessible large areas that formerly
had been isolated wilderness. Intolerant
of human disturbance, panthers are
sensitive to habitat fragmentation
stemming from road construction,
agricultural development, and urban
expansion. Other threats include
parasites, diseases such as feline
distemper and upper respiratory
infections, and inbreeding depression.
Panther populations are losing
genetic diversity by 3 to 7 percent
per generation; at this rate, extinction
is probable in the next few decades
(Clark 2001). Reduced prey base also
is a concern. Panthers consume up to
one deer or hog weekly. Due to habitat
alteration, these prey animals may not
be sufficiently abundant in Florida
to meet this need.

Since panther habitat includes public
and private land, management efforts
must be coordinated. The key to
panther conservation is habitat
protection and acquisition of large,
interconnected blocks of woodland.
The recovery plan recommends:

(1) enhancing existing populations
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through genetic management including
captive breeding programs and genetic
restoration; (2) protecting and
managing existing habitat, including
prescribed burning and exotic plant
control; (3) establishing public support
by educating private landowners; and
(4) reintroducing panthers into areas of
suitable habitat (U.S. Fish and Wildlife
Service 1995). Potential release sites
include the lower Coastal Plain of
Alabama, Mississippi, Arkansas, and
Louisiana and the lower Apalachicola
River in Florida.

Species accounts: gray fox and
red fox—Foxes occur throughout
Virginia, North Carolina, South
Carolina, Georgia, Alabama,
Mississippi, Louisiana, and eastern
Texas. The gray fox does not occur
in coastal Louisiana or the Florida
Keys, while the red fox does not inhabit
the southern Florida peninsula. The
population density of red and gray
foxes in the South is not known.

Foxes occur in a variety of habitats.
The red fox prefers open habitats
including old fields, shrublands,
pastures, and mixed hardwood forests;
the gray fox is more of a woodland-
edge species. Both prefer areas
supporting an interspersion of different
vegetative communities. Hollow logs,
trees, brush piles, and rock outcrops
are often used as dens. Patterns of
habitat use change seasonally with
food availability.

Foxes are opportunistic feeders.
During the fall and winter, small
animals comprise the bulk of their diet.
Common prey includes rabbits, voles,
mice, wood rats, and various birds
(Fritzell 1987). Fruits, berries,
arthropods, and amphibians are added
to the diet during the summer and fall.

The planting of blackberry,
honeysuckle, and other soft mast
enhances fox habitat. Prescribed
burning maintains old fields and forests
in desirable condition. Cultivation
of trees that produce hard mast also
is important.

Trapping, hunting, road kills, and
rabies are the major causes of fox
mortality. The decline in red fox
populations in some areas of the South
has been attributed to interspecific
interaction with coyotes.

Species accounts: gray bat—The
U.S. Fish and Wildlife Service lists this
species as endangered. The species

distribution in the South includes the
cave regions of Alabama, Arkansas,
Kentucky, and Tennessee, but a few
occur in Florida, Georgia, northeastern
Oklahoma, Mississippi, Virginia, and
North Carolina. Bat populations have
become fragmented during the past
few decades (Harvey and Saugey
2001). Ninety-five percent of gray

bats hibernate in 10 caves.

Gray bats are year-round cave
residents but usually occupy different
caves in summer and winter. During the
winter, they hibernate primarily in deep
vertical caves with large rooms acting as
cold-air traps (42 to 52 °F). Maternity
roosts are established in warm, humid
caves that provide domed ceilings
capable of trapping body heat from bat
clusters. Less than 5 percent of available
caves in the South have the right
properties of temperature, humidity,
and structure to make them suitable
for gray bat occupation (Harvey
and Saugey 2001).

Like many bats, this species hunts
for insects above forested rivers
and streams. Moths, beetles, flies,
mosquitoes, mayflies, and other
insects are important in the diet.

The primary reasons for population
declines include disturbance,
vandalism, cave destruction, and
pollution. Disturbance during
hibernation depletes energy reserves
and increases mortality. Conservation
actions focus on the protection of
occupied caves and appropriate
management of the surrounding forest
and aquatic foraging sites. Cave gates
and fences must be properly designed
to allow bat movement. This species
is recovering due to the protection
of four critical caves (Harvey and
Saugey 2001).

Species accounts: Indiana bat—
The Indiana bat is listed as endangered
by the U.S. Fish and Wildlife Service.
This species is known to occur
throughout much of the Midwestern
and Eastern United States; however,
it has been virtually eliminated from
much of its former range. The bat
occurs in the northern portions of the
South, including Tennessee, Virginia,
and Kentucky. Isolated sightings have
been made in the Carolinas, Alabama,
and Mississippi. The current population
of the species nationwide is estimated
at 400,000 individuals; approximately
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85 percent of the population is limited
to 7 caves (Harvey and Saugey 2001).

During the summer, maternity roosts
are established between exfoliating bark
and the bole of snags, in hollow trees,
or in live trees. Male bats often use
pitch pine and shortleaf pines. These
bats need winter caves or mines
retaining stable temperatures of 39 to
46 °F and standing water that maintains
relative humidity. The bats forage above
streams, water bodies, and open areas.
Riparian, upland, and floodplain forests
are also used.

During hibernation, the Indiana bat
is extremely vulnerable to any type
of disturbance. Factors contributing
to its decline include cave disturbance,
improperly designed cave gates, and
intentional killing. Habitat loss
stemming from deforestation and
stream channelization is another
concern. Natural elements that imperil
the species include flooding of
occupied caves, exposure to freezing
temperatures, and cave ceiling collapse.
Forest management centers on the
provision of summer roost sites and
foraging habitat.

Species accounts: mink—Mink
occur throughout the South, with
the exception of central Florida and
western Texas. They are common in
the marshes along the Atlantic and Gulf
Coasts and are widespread in Virginia,
North Carolina, and South Carolina
(Chapman and Laerm, in press).
Population densities vary with the
type and permanence of aquatic habitat
and are influenced by climate, trapping,
and intraspecific interaction.

Mink require wetland habitats, such
as marshes, swamps, riverbanks, and
streams. Habitat use varies by
geographic area and season. There
are no published data on mink home
ranges or habitat use patterns in the
South. Muskrats, mice, and lagomorphs
are the preferred prey; mink diets also
include birds, amphibians, crawfish,
and fish.

Habitat degradation as a result
of wetland alteration is a concern
in the South. Mink are vulnerable
to environmental contaminants,
particularly mercury and pesticide
residues, concentrated in prey foods.
The prevention of high levels of
environmental contaminants is
needed to ensure habitat quality
for this species.
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Species accounts: Ozark big-eared
bat and Virginia big-eared bat—These
two subspecies are endangered and are
federally protected throughout their
respective ranges. Only a few caves
in eastern Oklahoma, Arkansas, and
Missouri are known habitats for the
Ozark subspecies. The Virginia bat
inhabits eastern Kentucky, Virginia,
North Carolina, and West Virginia,
but fewer than five caves are known
to contain nursery colonies of this
subspecies (Harvey and Saugey 2001).

The bats inhabit caves in limestone
and schist formations throughout the
year. Adjacent land use does not appear
to influence cave selection. Roosting
sites are often near mature bottomland
and upland hardwood forests adjacent
to water. Important habitat features
include hollow trees, loose bark, and
rock shelters. The bats prefer relatively
cold, well-ventilated locations and are
often found near cave entrances when
hibernating. Big-eared bats forage in
forested areas among the canopies of
large trees, consuming beetles, flies,
mosquitoes, gnats, moths, and many
other insects.

The species is vulnerable to pesticides
and human disturbance of their caves.
They are easily disturbed and quick to
take flight. Conservation actions center
on the protection of roosting sites and
the retention of hollow trees.

Species accounts: red wolf—The
red wolf is an endangered species.
The original distribution of the wolf
included southern lllinois, Indiana,
and Pennsylvania south to Florida and
west to southern Texas. Indiscriminate
trapping, hunting, and poisoning, loss
of habitat, and expansion of urban and
agricultural areas contributed to the
demise of this species. The last remnant
populations in the wild were verified
in southern Louisiana and Texas in
the 1970s.

In the late 1980s, efforts were made
to translocate wolves to five locations:
Alligator River National Wildlife
Refuge, North Carolina; Bull’s Island,
South Carolina; St. Vincent Island,
Florida; Horn Island, Mississippi; and
the Great Smoky Mountains National
Park. Recent threats center on genetic
dilution due to hybridization with
wild dogs and coyotes.

Historically, the wolf was found
in old-growth forests, pine forests,
bottomland hardwood forests, coastal
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prairies, and marshes. Current
information on wolf ecology is limited
to studies in the coastal marshes of
Texas and Louisiana during the 1960s
and 1970s and to observations at
restoration sites (Crawford and others
2001). Heavy vegetative cover along
bayous and fallow fields is ideal habitat.
Home ranges vary from 17 to 38 square
miles, depending upon habitat and
prey density. Red wolves require

large tracts of land relatively free

of human development, paved roads,
and livestock.

Red wolves are opportunistic
predators, preying upon feral pigs,
white-tailed deer, nutria, eastern
cottontails, swamp rabbits, marsh
rice rats, and fox squirrels. They will
also eat birds, rodents, frogs, and
turtles. A diversity of prey is necessary
for sustaining population levels.

The recovery plan objectives center
on the achievement of population
levels large enough to ensure genetic
integrity (U.S. Fish and Wildlife Service
1989). Potential reintroduction sites
are examined for biological factors
(prey abundance, habitat types) and
socioeconomic factors (agricultural
practices, land ownership patterns,
proximity of towns). Areas of at least
170,000 acres are required by this
species. The absence of coyotes is
preferable to avoid hybridization.

Site considerations include the potential
for wolf-livestock interaction and
human disturbance. Public attitudes
about wolves are significant factors

in their recovery.

Species accounts: river otter—
The river otter is listed as a threatened
species in Tennessee and as a species
of concern in Oklahoma and Virginia.
Otters occur regionally in many habitats
associated with waterways, and their
numbers are increasing in some parts
of the region. The species is increasing
in abundance throughout Virginia,
where it is most common in the Coastal
Plain and Piedmont. It also is relatively
common in western Tennessee. Reliable
census procedures for the river otter
have not been developed, and few
researchers have attempted to estimate
population levels.

River otters use a variety of aquatic
habitats including coastal estuaries,
marshes, and streams. Riparian and
shoreline vegetation bordering water-
ways is an important component of
river otter habitat. Beaver impound-

ments, submerged trees, and logjams
provide shelter and foraging areas
for otters. Otters feed primarily on
fish; other foods include aquatic
insects, birds, small mammals,
snakes, and amphibians.

Threats to otter populations include
the clearing of bottomland forests,
wetland modification, and pollution
of aquatic environments. Otters are
frequently caught in traps intended for
beaver; the low reproductive potential
of the otter, and the restricted nature of
its habitat make the species susceptible
to overharvest. As a result of trapping
pressure, the otter was given protection
under the Convention on International
Trade in Wild Species of Endangered
Flora and Fauna.

Strict population monitoring is
needed. Continued management
includes the restoration of otter
populations in Kentucky, Oklahoma,
Tennessee, and North Carolina.
Reintroduction in the Great Smoky
Mountains National Park began in
the 1980s, where otter populations
were once extirpated.

Species accounts: white-tailed
deer—Deer are widespread and
relatively abundant throughout the
Southern United States. Populations
on some islands have declined.

Deer populations have fluctuated
dramatically since European settlement
of the South. Populations in the past
declined to critical levels because

of intensive hunting, widespread
agricultural clearing, and other habitat
alteration. Populations have rebounded
during the last several decades due to
farm abandonment, lower hunting
pressure, and the extirpation of large
predators. In some locations,
populations are increasing to levels
that make the species a pest.

The endangered Key deer is restricted
to the lower Florida Keys. Four other
subspecies of concern occur on Sapelo
and Blackbeard Islands in Georgia and
on Hilton Head Island, Bull’s Island,
and Hunting Island in South Carolina.

White-tailed deer use a wide range of
habitat types and benefit from a mosaic
of wetlands, forests, farmland, and early
successional habitats. Preferred foods
are acorns, blueberries, sumac, grapes,
hawthorns, common persimmons,
dwarf palmettos, and blackberries.

There are no threats to the survival
of the white-tailed deer in the region.
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However, coastal development has
contributed to the decline of the island
subspecies. Key deer are threatened

by habitat loss, poaching, vehicular
accidents, and attacks by feral dogs
(White and others 1998).

Discussion and
Conclusions

Based on listings from the U.S.
Department of Interior (2000), every
Southern State contains species that
are under Federal protection (figs. 5.7
and 5.8). The endangered category
refers to species that are in danger
of extinction in the foreseeable future
throughout significant portions of their
range. The threatened designation is
assigned to species likely to become
endangered in the future. Status
determinations are based on
modification or restriction of habitat,
commercial overutilization, disease
or predation pressure, the inadequacy
of existing regulations, and other factors
affecting continued existence.

There are a number of different
explanations for the number of listed
species in a State. A State may support
many unique habitats with high species
richness. Texas is the largest State in the
South in both area and species richness.
The wide range of environmental
conditions and diverse habitats that
occur in Texas also support the second
highest level of protected species.
Larger areas on average support a
greater diversity of habitats and a wider
variety of species, listed or otherwise.

A species that has been extirpated
from adjacent States may persist in
areas that support the last remnants
of suitable habitat. For example, the red
wolf formerly ranged from Texas to the
Atlantic Coast. It presently occurs in
North Carolina, Tennessee, and Florida,
where it has been reintroduced. The
Florida panther, another far-ranging
mammal, once occurred throughout the
region. This species presently is found
solely in isolated areas in Florida.

A high number of listed species may
also reflect an inherently fragile fauna,
such as that in the high-elevation
habitats of the Southern Appalachians.
It also may reflect a high level of
endemic species, such as those
associated with scrub habitats of central
Florida. Finally, the number of listed
species in a State may reflect

Figure 5.7—The distribution of terrestrial vertebrates

listed as endangered throughout the South (U. S.
Department of the Interior 2000).

Figure 5.8—The distribution of terrestrial vertebrates

listed as threatened throughout the South (U. S.
Department of the Interior 2000).

deteriorating environmental conditions
and modification of natural ecosystems,
such as longleaf pine forests. Each of
these factors contributes to the number
of federally protected species in a

State. Each reason has bearing on how
habitat is managed and protected.

Various natural and human-caused
factors contribute to a species
imperilment. Some species occur in a
very localized geographic area or in a
few isolated areas of suitable habitat.
These narrowly restricted species tend
to be vulnerable to local disturbances
that would have little effect on species
with wide ranges. The summits and the
bogs of the Southern Appalachian

Mountains support some highly
vulnerable species, such as the northern
flying squirrel and the water shrew.

Scattered populations in fragmented
habitat can be at risk. They become
demographically isolated because they
have little or no interaction with other
populations. These isolated populations
are prone to inbreeding depression
and genetic drift, which inhibit viability.
Localized populations are also
vulnerable to catastrophic events
such as floods, droughts, and fires.

Many species have declined because
of habitat alteration stemming from
human activities. These species are
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unable to adapt due to changes in
habitat features such as vegetative
composition and structure and
water quality.

Several factors repeatedly surface
as threats to terrestrial vertebrates.
The most prevalent factor is human
development for urban, industrial, and
agricultural land uses. Environmental
contamination is a second prominent
threat, especially in the Southern
Appalachians and along the gulf coast.
Coastal development contributes to
endangerment on both the gulf and
Atlantic Coasts. Exploitation occurs
primarily on shorelines and in coastal
wetlands. Other factors contributing
to species endangerment include fire
suppression, introduction of exotic
species, and the loss of aquatic and
wetland habitats.

Habitat loss affects all species,
including migrating birds, wide-ranging
mammals, and species like the gopher
tortoise, which cannot disperse over
long distances. Imperiling factors
influence species unequally. Turtles
are especially vulnerable to human
exploitation for food and pets. Bats
and snakes are heavily impacted by
human disturbance. Beavers and river
otters are imperiled by channel
modification and impoundments.
Environmental contaminants impact
the spruce-fir forests used by the
northern flying squirrel and the high-
elevation mountain streams occupied
by a diversity of salamanders. The
use of agricultural pesticides affects
gamebirds, bats, and amphibians.
Wetland alteration affects the
Mississippi sandhill crane, mink,
and several species of frogs and toads.
Lastly, coastal development negatively
influences the habitat of the
southeastern beach mice, wood
storks, marine turtles, and Key deer.

Often, it is difficult to identify a
specific factor responsible for the
changes observed in a species popu-
lation. For example, many migratory
birds that breed in the South are also
dependent on wintering habitats
outside of the country. Neotropical
migrants are influenced by the loss
of wintering habitat in the tropics,
while wintering mallard populations
are affected by breeding habitat in
the prairie pothole region. Therefore,
it is vital to understand the temporal
and spatial context in which a species
occurs. Local changes in the population
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of species may be a result of dramatic

changes in habitat occurring elsewhere.

Maintaining viable populations of
southern vertebrate species requires
the protection of critical habitat as well
as the proactive management of other
habitat. Public lands have a key role
in species conservation (chapter 1).

In some instances, protecting sensitive
habitats from further alteration is the
best management action. In other
instances, active enhancement may
be the most appropriate action. For
example, treatments may be needed
to increase understory growth, create
multiple seral stages, restore unique
habitats, and control exotic species.
Professional foresters, resource
managers, and conservationists play
an important role in this regard.

There have been notable success
stories in managing southern
vertebrates. Restrictions on pesticides
have improved the status of bald
eagles. Red-cockaded woodpeckers
have benefited from the management
of mature pine forests, provision of
artificial cavities, and translocation
efforts. River otters and beavers have
been restored to areas they formerly
inhabited. Alligator populations have
rebounded because of management
of harvest levels and the protection
of wetlands. Many of these species
have proven far more resilient and
adaptable than once thought.

However, additional efforts are
necessary to restore and enhance
ecosystem integrity and resiliency on
the southern landscape. Management
plans should consider the assemblage
of reptiles, amphibians, birds, and
mammals. Herpetofauna have
traditionally received less management
attention than other vertebrates.
Wetland buffers, travel corridors, and
forest composition are important for
their viability. Many species are long-
lived and late maturing, and have
restricted geographic ranges; their
management requires different
strategies than those used for birds
and mammals. Management remains
somewhat hindered, however, by
the limited knowledge about the
status of terrestrial vertebrates and
their habitat relationships.

Land ownership patterns associated
with the occurrence of southern

species have management implications.

Approximately 90 percent of the land

in the South is privately owned. The
protection and management of species
habitats can no longer be relegated
solely to public land. To be successful,
comprehensive conservation strategies
require the cooperation of private
landowners. Cooperative forestry
programs and county extension
services are two sources of expertise
that contribute to the management

of private lands.

In the past few decades, residential
and industrial areas have grown
rapidly to serve an expanding southern
population. Although the extent of
southern forests has remained relatively
stable in recent years, human and
wildlife interactions have increased,
and they will continue to do so. Public
perceptions about particular species
can hinder or foster conservation
efforts, highlighting the role of
environmental education.

One role for wildlife professionals
in the South is to identity the species
that face imperilment, determine the
actions necessary to eliminate those
threats, and then take the necessary
actions. Another role is to provide
and manage habitat for several game
species. The many species inhabiting
the southern landscape have a wide
variety of habitat requirements; an
understanding of these requirements
can lead to management plans that
promote viable populations and
habitat enhancement.

Needs for Additional
Research

Further research is needed on the
status, distribution, population trends,
and habitat requirements of many
southern species. Although there are
standardized inventories for bird
and game species across the region,
there is a lack of comparable
monitoring protocols for many
other species. The importance of
regional monitoring and long-term
research cannot be overstated.

Additional data are necessary to
examine the attributes that make some
species associations resistant or resilient
to disturbance. We need to understand
why some associations are more fragile
than others. We also need to know how
to mitigate negative disturbance factors.

Habitat relationships of listed and
imperiled species need further study.
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Examination of the connections
between landscape patterns, land uses,
and the presence or absence of concern
species also would prove beneficial. The
establishment of regional databases and
standardized sampling protocols for
monitoring trends of terrestrial species
across all public lands also is needed.

A profound need exists for the
coordination of regional inventories
on public lands to monitor the status
and trends of reptile and amphibian
populations. Assemblages associated
with specific habitats need to
be identified.

Further research is necessary on the
distribution, ecology, and life history
of herpetofaunal species and commu-
nities. In particular, additional data are
needed on species such as the flatwoods
salamander, gopher frog, southern
hognose snake, and pine snake.
This basic information is essential
to developing land management
programs for these species.

Additional research is needed
to determine the impact of natural
and human-caused factors on the
development and environment of
amphibians. Additional information
needs include the identification
of critical habitats and migration
routes. The concern over amphibian
declines highlights the lack of basic
information about these species.

The ecology of furbearers, such as
mink and weasel, is poorly understood,
as are the potential impacts on other
carnivores resulting from coyote
expansion throughout the South.
Basic ecological data are needed
on free-ranging red wolves to address
the challenges of restoration. The
degradation of river otter habitat
suggests the need for continued
monitoring to ensure population
viability. Careful monitoring of black
bear populations also is essential
to ensure their continued existence
over the long term.

Finally, there is a paucity of infor-
mation about specific habitat needs
for several bat species and the influence
of different silvicultural treatments on
their populations.
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How have land uses
changed in the South,
and how might changes
in the future affect the
area of forests?

Key Findings

m Except for a moderate decline in
agricultural uses, most States in the
South have experienced relatively
stable land use distributions between
1945 and 1992. The most notable
exception is Florida, where developed
land uses have expanded substantially.

m Stability in overall land use
distributions masks offsetting shifts
into and out of forest cover in
many States.

m Urbanization and relative returns
to agriculture and timber uses will
strongly influence changes in land

use during the next 20 years. Urbani-
zation will continue to consume forest
land and agricultural land, while
rising timber prices will push some
agricultural land toward forest uses.

® The South is forecast to lose

12 million forest acres (8 percent)

to developed uses between 1992 and
2020. An additional 19 million forest
acres are forecast to be converted

to developed uses between 2020

and 2040.

m Southern forest losses will likely
be concentrated in a few places: (1)
the Piedmont and Mountain areas
of North Carolina, (2) adjacent
Piedmont areas of South Carolina
and Georgia, (3) Florida, and (4)
the Atlantic and gulf coastal areas.
Smaller areas with substantial
projected losses include areas
surrounding the cities of Nashville,
TN, and Birmingham, AL, and the
area of northern Virginia between
Washington, DC, and Richmond, VA.

Chapter 6:
Land Use

David N. Wear
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m [ncreased timber prices are
forecasted to cause about 10 million
acres of agricultural land to be
forested between 1992 and 2020.
As much as 25 million acres of
agricultural land could be forested
by the year 2040.

® Much agricultural land may be
converted to forest in some parts of
the South. In the eastern part of the
South, gains are possible on the upper
Coastal Plain of Georgia and on the
Coastal Plain in an area centered on
the boundary between North Carolina
and Virginia. The largest area of
potential forest gains is on the lower
Gulf Coastal Plain and in large
portions of Arkansas, Mississippi,

and Louisiana.

m Taken together, these forecasts
suggest a western shift in forest area—
losses are concentrated in the eastern
South, and gains are concentrated in
the western South.

m Forecasts of a forest population
density index indicate that the
potential influence of southern

urban areas extends far beyond their
cores. This condition has important
consequences. As the population
increases in a forested area, the ability
of the forest to moderate microclimate
may be reduced. Availability of land
for public recreation is normally
reduced, and availability for timber
management plummets.

m [n some areas, the share of
forest cover is relatively high, but
forest tracts are highly fragmented.
This condition is prevalent in some
northern parts of the South, on the
Southern Appalachian Piedmont,
and in northern Florida. In these
areas, marginal changes in the

amount of forest cover may have
disproportionate impacts on the
connectivity of forested habitats.

Introduction

Three major periods characterize
land use in the South: (1) the era of
agricultural exploitation, (2) the era
of timber exploitation, and (3) the era
of recovery and renewal. Agricultural
exploitation started in the 17t century
but reached its zenith in the late 19™
century, when a vast cotton industry
stretched from the Atlantic to Texas.
Other crops supplanted cotton as the
boll weevil ran its course, and all have
had influence on the land. Timber
exploitation, which peaked in the first
part of the 20™ century, had its roots
in the disposal of a large public domain
in the years immediately after the
Civil War (Williams 1989). The timber
industry migrated to the South after
timber stocks were depleted in the
Lake States, and 20 years of extensive
timbering left southern timber stocks
similarly depleted. By the start of the
Great Depression, intensive agriculture
and timbering had seriously degraded
the land. Farms were abandoned,
and forests were reestablished and
renewed over the next 40 years.

Currently, a different set of forces
is shaping southern forests. Strong
economic growth has fueled increased
population and urbanization (Alig
and Healy 1987). In addition,
relative changes in agricultural and
timber markets strongly influence
the allocation of rural land to
agricultural and forest uses (Alig
1986). Agriculture’s returns have
generally declined relative to forestry,
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and the South has become the
dominant timber-producing region

in the country. More than 58 percent of
domestic fiber production in 1997 was
from the South. Returns to agriculture
and forestry vary widely depending

on land quality, climate, and location
relative to markets. Where agriculture
does not dominate and conditions

are conducive, much land is actively
and intensively managed for timber
production. As a result, the South

is now the largest agricultural-style
timber-producing region in the World.

This chapter describes historic,
current, and probable future land use
in the South. It identifies the forces
that have shaped, and will continue
to shape, forest area. It focuses on the
relative roles of population change,
economic growth, agricultural markets,
and timber markets as they interact to
define the values of land in different
uses. This chapter also examines
how increasing populations and
development influence the landscape
structure of forest landscapes.

Southern Forest Resource Assessment

these data provide a picture of the
spatial pattern of land use change.
Land Use Forecasts

To forecast land use change to 2020,
we employed a county-level model

developed by Hardie and others (2000).

This econometric model assumes that:

m The allocation of land between
urban and rural uses is driven by
population density, personal income,
and housing values.

m The allocation of rural land to
agricultural and forest uses is driven
by returns to local crops, returns

to grazing, agriculture costs, land
quality, and timber prices. All of
these variables except timber prices
are defined at the county level of
resolution. Timber prices are defined
for two or three subregions per State
defined by the Timber Mart South
price reporting service.

The model was estimated based on
land use patterns recorded in 1982,
1987, and 1992 by the National
Resource Inventory (NRI) [see Hardie

Methods

Historical Land Use

Areas in various land uses were
obtained from Federal and State
agencies. Records of land use before
World War Il are somewhat spotty, but
land use records at the State level have
been compiled at irregular intervals
since 1945. The most recent of such
surveys was conducted in 1992.

The U.S. Department of Agriculture
Economic Research Service (1996) has
constructed a database of areas in major
land uses for the period 1945 to 1992
at about 5-year intervals. This database
corrects for differences in land use
definitions in the various surveys.

We examine shares of each land use
by State over this time period. We were
also able to examine State-level land
use changes between 1982 and 1997
using a different dataset. The 1997 data
are the most recent comprehensive
measures of land use available.

In addition to these long-run
data compiled at the State level, we
summarized land use changes for
individual counties and for ecological
sections between 1982 and 1992.
While limited to a shorter period,

and others (2000) for modeling details].

Detailed land use categories were
lumped into four classes: urban/
residential, cropland/pasture, forest,
and other. The urban/residential class
includes areas in transportation and
other corridors. The other class can
be considered a transitional zone
where land use is unclear due to
changing conditions.

Before land uses could be projected,
we had to forecast the factors that drive
changes. Accordingly, we acquired
county-level forecasts of population
density and personal income and
developed forecasts of housing values.

Two core projections were developed
to (1) isolate the influence of general
economic and population growth on
the region and (2) completely assess
land use changes that account for
market responses to increased scarcity
of timber as rural land is developed.
The two core projections were
defined for the following scenarios:

Urban growth scenario—An
initial scenario was developed assuming
that the population, income, and
housing value forecasts are correct and
that the relative positions of timber and
agricultural markets do not change in
the future. Effects of population growth
and economic growth on urban land
uses are estimated.

Base scenario—A scenario was also
constructed to evaluate how rural land
uses might be influenced by a relative
shift in returns to agricultural and
timber management. This scenario
assumes that the population and
economic change forecasts in the urban
growth scenario hold and that the real
price of softwood timber will increase
by 35 percent by 2020, consistent with
timber market forecasts developed in
chapter 13. Agricultural returns are
held at their 1992 levels. This scenario
was built by imbedding the land use
model described here within the timber
market model as described in chapter
13. This procedure allowed land use,
timber management, timber harvesting,
and timber prices to be jointly and
consistently determined. [See chapter
13 for a detailed description of
modeling assumptions with respect to
timber productivity, timber demand,
and other factors. See Murray and
others (2001) for a description of how
these models are linked together.]

A sensitivity analysis was conducted
to see how land uses would be affected
by different forecasts for timber and
agricultural prices. Results show where
rural land use may be most sensitive
to timber market changes in the South.

The histories of key driving variables
were analyzed. Population changes
in counties were plotted. Changes
in timber and agricultural prices over
time were also analyzed.

Forest Conditions

Forest population density—To
examine the potential influence of the
expanding wildland-urban interface
on forests of the region, we construct
a simple index. For each county in the
South, we divide the number of people
by the area of forest in square miles.
The resulting forest population density
index (FPD) provides a measure of the
population pressure on existing and
future forests. For example, a high FPD
indicates a relative scarcity of forest
benefits for people in the county.

Clearly, FPD is a very general measure
of human influence, but it helps to
define where population effects on
forests may be most concentrated and
where they may change most in the
future. Forecasts of the FPD to 2020
were constructed from population
and land use forecasts.
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Landscape pattern—Measuring
the configuration of forests in a county
requires spatially explicit data. The
basis of the analysis was a fine-scale
(0.09 ha) grid-based map of landcover
in each county developed from satellite
images of the South. Each 0.9-ha cell
is called a pixel.

A forest fragmentation indicator was
constructed from the landcover maps
as defined by Riitters and others
(2000). Landcover was lumped into
forest and nonforest classes, and the
index was calculated based on the
amount and connectivity of forest pixels
within a fixed area around each pixel.
The “forest” class included shrubland,
woody wetland, and three upland forest
types on the landcover maps. A value
representing the forest fragmentation
indicator was assigned to the center
pixel. The pixel value thus describes
the forest fragmentation condition
within which that pixel of landcover
occurs. Forest fragmentation values
were constructed for two different
neighborhood sizes: 7 ha (17 acres)
and 66 ha (163 acres). Six forest
fragmentation classes were defined:

1. Perforated—Most of the pixels in
the surrounding area are forested, and
this pixel appears to be part of an inside
edge of a forest patch. In other words,
this pixel is near a nonforest inclusion
within a forest.

2. Edge—Most of the cells in the
surrounding area are forested, and this
cell appears to be part of the outside
edge of a forest patch.

3. Transitional—About half of the
pixels in the surrounding area are
forested, and this pixel may appear to
be part of a patch, edge, or perforation
depending on the local forest pattern.

4. Patch—Most of the pixels in the
surrounding area are not forested,
and this pixel is part of a forest
inclusion or patch of forest on a
nonforest background.

5. Interior—All of the pixels in the
surrounding area are labeled as forest
in the landcover map.

6. Nonforest—Essentially none (less
than 0.5 percent) of the pixels in the
surrounding area are labeled as forest
in the landcover map.

Cells labeled water or with missing
values were excluded, and data
were summarized for counties and

ecological sections. Fragmentation
was summarized in two ways: (1)

the share of area that is interior forest
as defined above and (2) the share

of edge-dominated forest, defined

by summing the shares of area in
edge, transitional, and patch categories.
This scheme leaves out the perforated
category, which may indicate an
intensively managed forest area, but
is neither interior forest nor clearly
edge-dominated.

Data Sources

Historical Land Use

Land use databases: major land
uses database—This database contains
land uses by major category for each
Census of Agriculture year (roughly
every 5 years) between 1945 and
1992. The database was constructed
by the U.S. Department of Agriculture
Economic Research Service. To docu-
ment general trends in land use for the
South, we report data for the 11 entire
Southern States within the region. Texas
and Oklahoma are excluded because
only small portions of these States are
in the Assessment area, and the por-
tions not included have very different
ecological conditions. Including totals
for Texas and Oklahoma therefore
would significantly skew the results.

We report land uses by the
following categories:

1. Cropland—This category
includes cropland harvested, crop
failure, cultivated summer fallow,
cropland used only for pasture,
and idle cropland.

2. Pasture—This category includes
all open land used primarily for
pasture and grazing. Forested pasture
is included under forest land.

3. Forest land—This category

is generally consistent with U.S.
Department of Agriculture Forest
Service definitions of forest. It
includes land at least 10-percent
stocked by trees of any size and land
formerly having had such tree cover
that will be naturally or artificially
regenerated. These data are not
necessarily consistent with Forest
Service estimates of forest land area
due to differences in classification

of dominant land use. In spite of
these differences, estimates provide a
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useful means for examining regional
trends in forest area consistent with
changes in other land use categories.

4. Urban plus rural transportation—
Urban areas are incorporated and
unincorporated places of 2,500 or
more people. Rural transportation
corridors include highways, roads,
and railroad rights-of-way, plus
airport facilities.

5. All other—The difference between
categories 1 through 4 and total
land area.

Land use databases: National
Resource Inventory—The NRI is
a multiresource inventory conducted
on non-Federal lands by the U.S.
Department of Agriculture Natural
Resources Conservation Service
(NRCS). The NRI was conducted in
1982, 1987, 1992, and 1997. The
inventory uses a statistically based
sample of plots with information
compiled on landcover or use,
wetlands, habitat diversity, etc. We
report land use data aggregated to the
county and the ecological section levels.

Definitions of land use categories
are somewhat different from those used
in the Land use databases: major land
uses database described earlier. We
report NRI land uses by the following
four categories:

1. Agriculture: cultivated and
uncultivated cropland plus pasture.

2. Forest land: area that is “at

least 10 percent stocked by single-
stemmed woody species of any size
that will be at least 4 meters tall
(13 feet) at maturity. Also included
is land bearing evidence of natural
regeneration of tree cover and not
currently developed for nonforest
use” (National Cartography and
Geospatial Center 1998).

3. Urban and built-up areas. “A
landcover category consisting of
residential, industrial, commercial,
and institutional land; construction
sites; public administrative sites;
railroad yards;” etc., as well as

tracts of less than 10 acres that “are
completely surrounded by urban and
built-up land” (National Cartography
and Geospatial Center 1998).

4, Other: Defined here as total
non-Federal land minus the area
in categories 1 through 3.
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Driving variables: population and
personal income—Historical data
were taken from the U.S. Census and
arrayed at the county level. Forecasts
of population and personal income
were the baseline projections developed
for the U.S. Assessment of Possible
Vulnerabilities to Climate Variability
and Change (NPA Data Services,

Inc. 1999).

Driving variables: agricultural land
rents—Statewide annual land rent data
for the period 1960 to 1994 were taken
from a database compiled by the U.S.
Department of Agriculture Economic
Research Service. Farmland rent is
defined as the difference between
revenues and total variable costs for
both crop and pasture uses. The rents
per acre per farm were adjusted for
inflation by the gross domestic product
price deflator.

Driving variables: timber prices—
Rents for forest management directly
comparable to the agricultural rents
described above are not available in the
South. To index the relative returns to
forest uses, we examined real stumpage
prices for sawtimber and pulpwood
from Louisiana for the period 1960 to
1996. These are the only consistently
measured stumpage prices available
in the South for this extended period.
The source of the data is Louisiana
severance tax records reported by
Ulrich (1987) for 1950 to 1965 and
by Howard (1999) for 1966 to 1996.
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Figure 6.1—Land use shares by type for
Southern States, 1945 to 1992 (Texas and
Oklahoma are not included) [major land use
database (Economic Research Service 1996)].
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Table 6.1—Allocation of southern land among major uses, 1945-92 a

Year Cropland Forest
1945 25.1 54.6
1949 26.7 55.9
1954 24.2 57.6
1959 21.6 58.1
1964 20.5 60.0
1969 23.1 58.1
1974 23.1 57.9
1978 23.7 57.0
1982 22.9 55.7
1987 21.7 55.4
1992 21.5 56.2

#Values for Texas and Oklahoma are not included.

®Urban includes transportation corridors.

Units are dollars per thousand board
foot Scribner for sawtimber and dollars
per cord for pulpwood.

Forest Area Conditions

Landscape patterns: Multi-
Resolution Land Characteristics
(MRLC) landcover maps—The MRLC
consortium (Loveland and Shaw 1996)
has developed landcover maps with a
consistent interpretation protocol for
the entire South. The MRLC protocol
(Vogelmann and others 1998) combines
Thematic Mapper (satellite) imagery
from the early 1990s with other spatial
databases to map landcover at a spatial
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resolution of 0.09 hectares per pixel.
Thirteen State maps were obtained from
the MRLC database and combined for
this analysis. The maps for three of the
States (Arkansas, Oklahoma, and Texas)
were in draft form at the time of this
analysis (December 2000). The parts

of Oklahoma and Texas outside the
Assessment area were excluded from
the analysis. The landcover maps

were summarized for the original 21
landcover types and also for a lumped
8-class version of the map. Lumped
categories are: (1) water, (2) developed/
urban, (3) barren/disturbed, (4) forest,
(5) shrubland, (6) agriculture, and

(7) grassland.
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Results

Historical Land Use

State-level land use changes—
Between 1945 and 1992, two major
changes in land use occurred: (1) the
area of urban and rural transportation
uses roughly tripled, from 2.1 to
6.6 percent of land area, and (2) agri-
cultural uses declined. This finding
is consistent with population growth
observed over the same period.

Total agricultural uses (cropland plus
pasture) declined from about 33
percent in 1945 to about 28 percent

in 1992 (table 6.1). In contrast, forest
area has been roughly constant. It was
about 56 percent of the South in 1992
and ranged from a low of 55 percent in
1945 to a high of 60 percent in 1964.

Trends varied considerably among
States (fig. 6.1). In Florida, area of
forest declined from 66 percent of the
land area in 1945 to 45 percent in
1992. Between 1945 and 1974, the area
of land in agriculture increased steadily.
Since 1974, growth in urban uses
and rural transportation uses has dom-
inated. In 1945, 3 percent of Florida
was in human-dominated use; by 1992,
that area had risen to 12 percent.

Georgia, Alabama, Tennessee,
Kentucky, and the Carolinas all
experienced declines in agricultural
land uses from 1945 to 1964, with

Louisiana
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compensating gains in forest land.
Other States had relatively stable
agricultural area over this period.
In all States, forest is the dominant
land use, but the degree of dominance
has changed in many States (fig. 6.1).
The pattern of change for forest land
also differs among States. With the
exceptions of Arkansas, Florida, and
Louisiana, all States had more forest
land in 1992 than they did in 1945.
In the eight States with gains, land
use shifted strongly from agriculture
to forest between 1945 and 1969.
Georgia, North Carolina, and Virginia
have experienced declines in forest
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area since the early seventies. Over
the same period, area in forest has
been essentially stable in Alabama,
Kentucky, Mississippi, South Carolina,
and Tennessee.

Data from the NRI provide the most
recent measures of land use change
in the United States. The predominant
pattern of change between 1982 and
1997 has been an erosion of the total
area of cropland and an increase in
the area of developed uses. The total
area of pasture and forest declined only
slightly between 1982 and 1997 (fig.
6.2). Most of the urban land uses and

Forest land Urban

Figure 6.2—Area of land in crop, pasture, forest, and urban land uses
for Southern States 1982 to 1997 (Texas and Oklahoma are not included
in totals) [National Resource Inventories (National Cartography and

Geospatial Center 1998)].
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the observed increase in urban land
uses was concentrated in the five States
along the Atlantic Coast from Virginia
to Florida. These States all had more
than 7 percent of their non-Federal
land in urban uses (fig. 6.3). These
States plus Tennessee had the highest
growth in the percent of land in urban
uses from 1982 to 1997. In these States,

Southern Forest Resource Assessment

3 to 6 percent of non-Federal land
was developed over this period.

The preceding data describes net
change in land use. There can
be considerable offsetting changes
between land uses that are not revealed
by measures of net change. While we
could not derive gross changes at the
State level from the available NRI data,

the 1997 NRI report indicates that 9.6
percent of all rural non-Federal land

in the United States experienced a land
use change between 1982 and 1997.
That number is likely to be higher in
the East, where the share of private
lands is much higher than in other
regions. Land use data from forest
inventories described in chapter 16

8 '=19s2 mmioe7 =199z mm19e7 T T TTTTTTTTTTT

Non-federal land (percent)

Figure 6.3—Percent of land in urban uses for Southern States 1982
to 1997 [National Resource Inventories (National Cartography and
Geospatial Center 1998)].

Figure 6.4—Changes in percent of (A) forest, (B) urban, and (C)

Change in percent
< -10
-10 - -5
-5 -- 5
- 5- 5
5- 5
5 - 10
> 10

JEEECOEN

agricultural land uses by county for 1982 to 1992 [National Resource

Inventories (National Cartography and Geospatial Center 1998)].
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reveal that over the past 20 years 2 to
3 million acres per year experience a
change either from forest to nonforest
or vice versa. These changes imply

a significant impact on the condition
of forests and their ability to provide
wildlife habitat (see chapter 3), recre-
ation (chapter 11), and environmental
amenities (chapter 12).

County-level land use changes—
County-level data show that major
changes in land use occurred between
1982 and 1992 even though many
Statewide totals were essentially
unchanged (fig. 6.4). Forest area
in southern and central Alabama
and Mississippi rose at the expense
of agricultural uses (figs. 6.4A and
6.4C). Similar shifts toward forest
occurred in the upper Coastal Plain
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of South Carolina and Georgia,
in northern and western Kentucky,
and in western Tennessee.

Loss of forest land was generally
concentrated in areas of rapid
population growth and urbanization.
Population growth was most substantial
around Atlanta, GA, Washington, DC,
Richmond, VA, Raleigh and Charlotte,
NC, Nashville, TN, Charleston, SC,
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and the coastal cities of Florida.
Some forest loss was also associated
with expanding agricultural uses

in east-central Arkansas and in
parts of Kentucky, Louisiana, and
North Carolina.

These county-level changes were
aggregated to measure change by
ecological section of the South. Forest
loss was concentrated in the eastern
part of the region (fig. 6.5) (table 6.2).
The Florida Coastal Lowlands and the
Atlantic Coastal Flatlands—essentially
the Atlantic Coast of the South—

Southern Forest Resource Assessment

had the highest percentage losses of
forest land (3.7- and 2.6-percent loss,
respectively). The Southern Unglaciated
Allegheny Plateau, the Northern
Cumberland Plateau, and the Southern
Ridge and Valley also experienced
relatively high losses. Another large
contiguous block that includes the
Northern Cumberland Mountains,

the Mid-Atlantic Coastal Plain, the
Blue Ridge Mountains, and the
Southern Appalachian Piedmont lost
more than 600,000 acres of forest.

Table 6.2—Change in the percent of area in forest and amount of forest area

by ecological section, 1982-92 2

Ecological section

Florida Coastal Lowlands (Eastern)
Atlantic Coastal Flatlands

Southern Unglaciated Allegheny Plateau

Northern Cumberland Plateau
Southern Ridge and Valley
Northern Cumberland Mountains
Middle Atlantic Coastal Plain
Blue Ridge Mountains

Southern Appalachian Piedmont
Mississippi Alluvial Basin

Central Ridge and Valley
Southern Cumberland Mountains
QOuachita Mountains

Everglades

Coastal Plains and Flatwoods, Western Gulf

Arkansas Valley
Boston Mountains

Louisiana Coast Prairies and Marshes

Coastal Plains and Flatwoods, Lower
Ozark Highlands

Florida Coastal Lowlands (Western)
Southern Cumberland Plateau
Upper Gulf Coastal Plain

Interior Low Plateau, Highland Rim
Northern Ridge and Valley

Central Gulf Prairies and Marshes
Mid Coastal Plains, Western
Eastern Gulf Prairies and Marshes
Coastal Plains, Middle

Interior Low Plateau, Shawnee Hills
Interior Low Plateau, Bluegrass

Oak Woods and Prairies

Total

Change

Acres Percent
-183,100 -3.72
-362,156 -2.58
-36,900 -2.13
-178,900 -2.09
-72,500 -1.74
-23,200 -1.45
-83,900 -1.27
-152,500 -1.16
-492,500 -1.12
-220,800 -0.91
-29,500 -0.90
-19,800 -0.83
-29,600 -0.82
-34,026 -0.65
-29,600 -0.41
-9,500 -0.25
-7,400 -0.21
-11,400 -0.15
-81,900 -0.15
-7,500 -0.14
6,900 0.12
6,900 0.13
16,800 0.24
68,200 0.40
30,900 0.41
5,100 0.46
274,900 1.16
18,300 1.90
795,600 2.13
128,900 2.66
224,600 3.69
197,200 3.97

-292,382

Entries are sorted by change in percent from largest loss to largest gain. Data were developed by
aggregating county-level observations for forest land use from the National Resource Inventory into
their respective ecological sections as defined by Rudis (1999).

Forest gains between 1982 and
1992 were concentrated mainly in the
western half of the South, especially the
middle Coastal Plain of Alabama and
Mississippi. On the western side of the
Mississippi River, gains were recorded
in the Interior Lowland Plateau, the
oak woods and prairies, and the eastern
gulf prairies and marshes.

Driving variables: agricultural land
rent—Changes in the relative values
of agricultural and forest land uses can
cause shifts from one use to another
(Alig 1986). To measure change in
agricultural returns, we examined
farm rents for the period 1960 to 1994.
Figure 6.6 shows rents for five States
in the South that are typical of patterns
for all others in the region. It shows
that real agricultural rents declined in
the South in the 1980s but does not
show the variation that occurs within
a State where specific rents depend
on local site factors.

Driving variables: timber prices—
Timber prices have also changed
substantially over the last 30 years.
Figure 6.7 shows that both pulpwood
and sawtimber prices increased rapidly
between 1970 and 1980, declined in
the early 1990s, and then rose again
through the late 1990s. Between 1986
and 1996 the real price of pulpwood
increased by about 50 percent, while
the real price of softwood sawtimber
more than doubled. These changes
translated into rising timber rents.

As a result, we can infer that the agri-
culture-to-forestry rent ratio has fallen
markedly from the mid-1980s on.

Driving variables: population—
A critical determinant of the amount
of forest in a county is its population
density. Population of the South has
grown steadily between 1940 and
2000 (fig. 6.8). Since 1980, the region’s
growth has outpaced the growth in the
U.S. population as a whole, indicating
an increase in the share of the Nation’s
population living in the South. Between
1970 and 2000, the share of the U.S.
population in the 13 States of the
Assessment area grew from 27 to
33 percent.
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Figure 6.5—Summary of county-level
changes in percent forest area
by ecological section in the South
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Figure 6.6—Agricultural rents for 1960 through 1994 for Figure 6.7—Real prices paid for softwood pulpwood and
Virginia, Tennessee, Georgia, Arkansas, and Louisiana [rents sawtimber in Louisiana, 1960 to 1996. Prices are adjusted
are adjusted for inflation by the gross domestic product price for inflation by the gross domestic product price deflator
deflator (1992 = 100)] (Jones 1997)]. (1992 = 100) [Louisiana severance tax records as reported

in Ulrich (1987) and Howard (1999)].
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Growth in population has not been
uniform across space or across time.
Population growth between 1950 and
2000 was concentrated in the Southern
Appalachian Piedmont and along both
the Atlantic and gulf coasts (fig. 6.9A).
Population density declined in rural
portions of the Coastal Plain in
Alabama, Mississippi, Arkansas, and
Georgia. While population generally

Figure 6.9—Percent changes in the density of population for (A) 1950 to
1999, (B) 1950 to 1960, and (C) 1990 to 1999 (U.S. Census Bureau 2002).

Southern Forest Resource Assessment

declined in rural areas and increased
in urban areas in the 1960s (fig. 6.9B),
by the 1990s nearly every county

in the South was experiencing some
population growth (fig. 6.9C).
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Land Use Forecasts

Urban growth scenario—The
urban growth scenario evaluates
potential changes in land use driven
by anticipated changes in population,
personal income, and housing values
in the South. Relative returns from
agricultural and forestry uses are held
constant at their 1992 values. The
focus, therefore, is on changes in the
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factors that influence the distribution
of land between urban and rural uses.
Forecasts were made for 2020 and
2040 and examined in detail for 2020.

The urban growth scenario indicates a
growth in urban area from about 20
million acres in 1992 to 55 million
acres in 2020 and to 81 million acres
in 2040 (fig. 6.10). Without price
adjustments in rural land markets
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(addressed later), land would shift
out of agricultural, forest, and other
uses. Forest area declines by about
12 million acres, agriculture by about
13 million acres, and other by about
7 million acres.

2040
base

Figure 6.10—Areas of land in agriculture, forest, urban and other in 1992
and for four forecast scenarios [land use forecasting model described in
Hardie and others (2000)].
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In the forecast for 2020, substantial
population and income growth are
projected for about one-third of
the region’s counties. Urbanization
is concentrated in three large
areas (fig. 6.11): (1) the Southern
Appalachian Piedmont stretching
from Raleigh/Durham, NC, through
Atlanta, GA; (2) the Atlantic Coast
from the Carolinas through Florida;

Figure 6.11—Urban-growth scenario forecasts of changes in

Southern Forest Resource Assessment

and (3) a portion of the gulf coast
centered on Mobile Bay. Other centers
of expanding urbanization are around
Nashville and Knoxville, TN, and in
northern and eastern Virginia.

Urbanization dominates rural land
use, reducing the areas of both agri-
cultural and forestry uses. Especially
large losses of agricultural land are
anticipated in Florida, central
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Tennessee, and central North
Carolina (fig. 6.11B).

Losses of forest land are concentrated
in areas of expected urbanization
(fig. 6.11C). The Southern Appalachian
Piedmont of the Carolinas and Georgia,
central Tennessee, and Florida all are
expected to experience substantial
losses of forest land in response to
population and income change.

percentages of land in (A) forest, (B) urban, and (C) agricultural land
uses by county for 1992-2020 [land use forecasting model described
in Hardie and others (2000)].



Chapter 6: Land Use

Mapping changes in land use by
ecological section shows that forest loss
will generally be concentrated in the
eastern half of the South. The ecological
section with the greatest loss will be the
Southern Appalachian Piedmont.
Figure 6.12 again shows forest losses
would be high along the entire Atlantic
Coast and the gulf coast of Florida. The
largest contiguous block of forest loss

Change in percent

- < -10
B 10 --5
-5 -- 5
m- 5- 5

will include the Southern Appalachian
Piedmont, the Blue Ridge Mountains,
the Ridge and Valley, and the Southern
Cumberland Plateau.

Base scenario—The base scenario
shows how the urban growth scenario
would be altered if timber rents
continued to increase relative to
agricultural rents consistent with

the timber base modeling in chapter 13.

Change in percent
[ | < -5

|5 --15
]-15--5
- 5- 5
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A 35-percent increase in real forest rent
relative to real agricultural rent

is forecast for 2020; a 75-percent
increase is forecast for 2040.

The expected increase in timber prices
has two effects shown by comparing the
urban growth and base scenarios. One
is to dampen slightly the demand for
land in urban uses. As a result, urban
land is forecast to be at about

@

Figure 6.12—Forecast changes in percent of forest by ecological section
for 1992 to 2020 under the urban-growth scenario [land use forecasting

model described in Hardie and others (2000), county aggregation

according to Rudis (2000)].
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52 million acres rather than 55 million
acres in 2020 and at 72 million

acres rather than 81 million acres in
2040. The other effect is that some
agricultural land would be planted

to forest cover. Roughly 8 million
acres would be planted by 2020

and 23 million acres by 2040 (fig.
6.10). The estimate of planting area

is the difference between the areas

of agricultural land use for the urban
growth and base scenarios. The net
effects are: (1) urban area expands, (2)
forest change is nil, and (3) agricultural
and other land declines. Consistent
with history, gross changes among land
uses would continue to be substantial.

The increase in timber prices leads
to shifts from agriculture to forest in
the South in 2020. Certain areas of the
South may be especially sensitive to
these changes (fig. 6.13). In the eastern
half of the region, two areas show an
increase in forest area. One is a small
area in the upper Coastal Plain centered
on the border between North Carolina
and Virginia. The other is the entire
upper Coastal Plain of Georgia and
parts of the Coastal Plain of South
Carolina. These findings are consistent
with a recent study by Ahn and others
(2001), who also found the potential
for gains in forest land in spite of
urban pressures in the western half Y
of the South. > Change in percent
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M- 5- .
| 5-5
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[ >10
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Figure 6.13—Forecast changes in percent under the base scenario of (A)
forest, (B) urban, and (C) agricultural land uses by county for 1992 to 2020
[land use forecasting model described in Hardie and others (2000)].
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Table 6.3—Change in the percent of area in forest and amount of forest
area by ecological section, 1992-2020 a*

Ecological section Change
Acres Percent

Southern Appalachian Piedmont -3,508,238 -7.95
Southern Ridge and Valley -298,941 -7.17
Atlantic Coastal Flatlands -746,238 -5.32
Blue Ridge Mountains -655,402 -4.98
Florida Coastal Lowlands (Eastern) -230,977 -4.70
Central Ridge and Valley -152,335 -4.63
Florida Coastal Lowlands (Western) -205,895 -3.69
Southern Cumberland Plateau -187,877 -3.46
Eastern Gulf Prairies and Marshes -19,195 -2.00
Interior Low Plateau, Highland Rim -338,960 -1.99
Northern Ridge and Valley -126,901 -1.70
Interior Low Plateau, Bluegrass -95,613 -1.57
Everglades -54,216 -1.18
Coastal Plains and Flatwoods, Lower -132,656 -0.24
Southern Unglaciated Allegheny Plateau -3,891 -0.22
Southern Cumberland Mountains -725 -0.03
Middle Atlantic Coastal Plain -1,451 -0.02
Mid Coastal Plains, Western 30,829 0.13
Northern Cumberland Plateau 12,039 0.14
Northern Cumberland Mountains 5,525 0.43
Louisiana Coast Prairies and Marshes 32,686 0.44
Interior Low Plateau, Shawnee Hills 22,225 0.46
Quachita Mountains 21,625 0.60
Upper Gulf Coastal Plain 73,832 1.07
Central Gulf Prairies and Marshes 15,306 1.38
Oak Woods and Prairies 97,270 1.96
Coastal Plains, Middle 1,149,225 3.08
Arkansas Valley 122,764 3.28
Ozark Highlands 197,008 3.55
Mississippi Alluvial Basin 872,002 3.61
Boston Mountains 130,610 3.64
Coastal Plains and Flatwoods, Western Gulf 277,915 3.89

Total -3,698,650

 Forecasts are for the base scenario (population, income, and housing forecasts along with a 35-
percent price increase).

®Entries are sorted by change in percent from largest loss to largest gain. Data were developed by
aggregating county-level observations for forest land use from the National Resource Inventory
into their respective ecological sections as defined by Rudis (1999).

Figure 6.14—Forecast changes
in percent of forest by ecological
section for 1992 to 2020 under
the base scenario [land use
forecasting model described

in Hardie and others (2000),
county aggregation according

to Rudis (2000)].
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However, the largest block of
potential gain in forest land would
lie in the western one-third of the
South. This area includes the south-
western quadrant of Alabama and
nearly the entire States of Mississippi,
Louisiana, and Arkansas. In this area,
rural land use appears to be very
sensitive to changes in relative returns
to agricultural and forestry (fig. 6.14)
(table 6.3).

As significant as the areas showing
gains in forest area is a large contiguous
portion of the region showing little
response to increasing forest rent. This
area reaches from the northern parts of
South Carolina, Georgia, and Alabama
to the northern boundary of the
Assessment area.

Sensitivity analysis—A sensitivity
analysis of the effect of timber price
changes shows that the margin between
agricultural and forest land uses could
be relatively flexible. The urban growth
scenario forecast a loss of about 12
million acres of forest land; the scenario
with a 10-percent increase in real
timber prices forecast a loss of about 8
million acres. If the real timber price
were to increase by 20 percent from
1992 to 2020, forest land loss is
forecast to be 3.5 million acres. A 30-
percent real price increase results in
essentially no net change in forest land
in the South.

This sensitivity analysis has focused
on upward movement in the timber-to-
agriculture rent ratio. If this rent ratio
were to fall—if agriculture rents rise
relative to timber—we would expect
the reverse. Forest land would move
toward agricultural uses at the margin.

< -5

— Ecological section
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Forest Conditions

Forest population density—Forest
population density (FPD) measures
the number of people per square mile
(ppsm) of forest in counties. The index
ranges from about 20 ppsm in very
rural areas of the South to more than
1,000 in urbanized areas. We consider
1,000 ppsm a “saturated” condition
and cap FPD values at 1,000. As
expected, FPD is highest near large
cities (fig. 6.15A). Florida has the
highest concentration of these saturated
areas. Population density is very high

throughout Florida, and forest cover W o- 50
is low in the southern half of the State. { IR
The largest contiguous area of very B 251- 500
low FPD is in southwestern Alabama, g 501 ;Iggg

where more than 20 counties have an
FPD of less than 50 ppsm.

Three areas of the South with
interstate highway corridors had
relatively high FPD values in 1992:
the Interstate-85 corridor from
Raleigh/Durham, NC, to Atlanta,
GA; the Interstate-65 corridor from
Birmingham, AL, to Nashville, TN;
and the Interstate-81 corridor from
Chattanooga, TN, to Wytheville, VA.
On the periphery of the region in
northern Kentucky and Virginia and
along the gulf coast, FPDs were also
relatively high in 1992,

Forecasts to 2020 indicate continued
outward growth of the urban centers of

the South. A characteristic “doughnut” L 170- 384

B 384- 732
pattern of growth emerges around the B 732 - 1,198
cities of Atlanta, GA, Nashville, TN,
C_harlotte, NC, and \_Nas_hmgton’ DC Figure 6.15—Forest population density index (FPD) in (A) people per
(fig. 6.15B). Expansion in FPD W0U|C! square mile of forest by county for 1992 and (B) change in FPD for 1992
also be concentrated along the Atlantic to 2020 [1992 forest land use from the National Resources Inventory
Coast in South Carolina and Florida (National Cartography and Geospatial Center (1998); 2000 forest use

; from the land use forecasting model described in Hardie and others
and along the. gl.JIf coast. F'gufe 6.16 . (2000); population in 1992, S.S. Census Bureau (2002); and population
S?OWS t{!e Shlfa:n ;he &OQI_UAaUOD profile in 2020 from county-level forecasts by NPA Data Service Inc. (1999)].
of counties in the South. There is a
strong movement to the right as 82
counties move out of the most rural
category (FPD = 0 to100 ppsm) and
52 counties move into the saturated
category (greater than 900 ppsm).

Figure 6.16—Numbers of counties in forest
population density index classes, 1992 and
2020 [1992 forest land use from the National
Resources Inventory (National Cartography
and Geospatial Center (1998); 2000 forest use
from the land use forecasting model described
in Hardie and others (2000); population in 1992,
U.S. Census Bureau (2002); and population

in 2020 from county-level forecasts by NPA

Data Service Inc. (1999)]. 0- 101- 201- 301- 401- 501- 601—- 701— 801— >900
100 200 300 400 500 600 700 800 900

People per square mile of forest

Counties (number)
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Landscape patterns—Maps of
landcover in the early 1990s (fig. 6.17)
reveal that, overall, the South is heavily
forested and that the distribution of
forest cover is highly variable. Two
areas of the South have large blocks
of counties with forest cover in excess
of 80 percent of the landscape. One
is the Blue Ridge Mountain Province
from northern Georgia to the North
Carolina-Virginia border. The other
is the Cumberland Plateau/Southern
Allegheny region stretching from
central Tennessee (just west of

Knoxville) to the Ohio River. Percent forest cover

Areas with somewhat less forest ] =
cover than the Blue Ridge, but still O 41— 60

Il 61— 80

substantial shares, are the Southern
[ 81-100

Appalachian Piedmont and the Gulf
Coastal Plain (including nearly the
entire State of Alabama). Even in

the urbanizing areas of the Southern
Appalachian Piedmont, forest covers
a majority of the land. The other area
of substantial contiguous forest cover
is west of the Mississippi River in a
block that stretches north from central
Louisiana to the Ozark Mountains.

Forest cover does not dominate
in important agricultural areas of
the South. Agriculture is especially
dominant in the Mississippi Alluvial
Valley, in the northern and western
portions of Kentucky, and in the

. Percent agricultural cover
southwestern corner of Georgia

g M o0- 20
(fig. 6.17B). B 21— 40
. [141- 60

Developed human uses are especially 61— 80
[ 81-100

high in two areas. One is the Piedmont
crescent stretching from Raleigh/
Durham, NC, to Atlanta, GA. The
other is peninsular Florida. Other areas
with substantial clusters of urban cover
are Nashville and Knoxville, TN, and
Washington, DC. All of these cities

are surrounded by relatively large
“footprints” of urban use.

Percent urban/built-up cover
mo- 1
WE2-5
I 6-10
= >10

e

Figure 6.17—Shares of areas in southern counties in 1992 in: (A) forest,
(B) agriculture, and (C) urban [Multi-Resolution Land Characteristics
land-cover maps (Vogelmann and others 1998)].
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A high proportion of interior forest
in a county is an indicator of relatively
contiguous forest. The highest concen-
trations of interior forest at the fine
scale (7-ha neighborhood) are found
in the Blue Ridge Mountains and in
the Cumberland Plateau/Allegheny
Mountain sections of the South (fig.
6.18A). The Great Smoky Mountains
National Park and a part of the Daniel
Boone National Forest in Kentucky
(just west of where Virginia, West
Virginia, and Tennessee meet) are the
cores of these two areas. Other areas
where the share of interior forest is
high include the Ouachita Highland/
Ozark Mountain region of Arkansas,

Percent
Il 0- 20
[ 21- 40
I 41- 60

a region just north of Mobile Bay, and
the Apalachicola area in the Panhandle
of Florida. All of these areas include
relatively high shares of land in either
public or forest industry ownership.

The broad-scale measure of interior
forest (56-ha neighborhood) highlights
the relative scarcity of large contiguous
areas of forest cover. At this scale,
blocks of interior forest are found
only in far western Virginia, the
Cumberland Plateau, the Blue Ridge,
and the mid-Coastal Plain west of
the Mississippi River.

Forests that are highly fragmented are
shaped primarily by human influences.
The Southern Appalachian Piedmont
has a relatively high proportion of
land in an edge-dominated category,
especially in North Carolina (fig. 6.19).
Two other contiguous blocks are in
an area spanning northern Mississippi
and western Tennessee and an area
west of the Cumberland Plateau
between Alabama and Cincinnati,

OH. In both of these areas, agricultural
cover types break up the forest cover
into small patches and reduce the
amount of interior forest.

Discussion and
Conclusions

Compared to earlier periods, land
use in the South has been fairly stable
since 1945. The most notable exception
is Florida, where developed land uses
have expanded substantially. However,
an evaluation of land use dynamics
between 1982 and 1992 indicates that
while total forest area has been stable,
the stability is the result of substantial
offsetting changes into and out of
forest cover. As a result, much of

I 61- 80
[ 81-100

Percent
W 0-20
I 21- 40
W 41- 60
I 61- 80

Figure 6.18—Shares of areas in counties classified as interior
forest at (A) a fine scale (7-ha neighborhood), and (B) a broad scale
(66-ha neighborhood) [Riitters and others (2000)].

the southern forest landscape has
experienced significant change.

Two dominant forces strongly
influenced recent land use changes:
(1) urbanization driven by population
and general economic growth and (2)
changing relative returns to agriculture
and timber production. We expect their
influences to continue. As a result of
anticipated population and economic
growth, rural land will be converted
to urban uses. As a result of increases
in timber prices, some agricultural
land will become forested. Depending
on assumptions about future timber
prices, forecasts of land uses indicate
that the South could experience a net
loss of from 8 to 12 million acres of

forest land (roughly 5 to 8 percent)
between 1992 and 2020.

Forest losses are likely to be concen-
trated in four areas: (1) the Piedmont
and Mountain areas of North Carolina,
(2) adjacent Piedmont areas of South
Carolina and Georgia, (3) northern
peninsular Florida, and (4) the Atlantic
and gulf coastal areas. Other areas
with substantial projected losses are
around the cities of Nashville, TN,
and Birmingham, AL, and in northern
Virginia between Washington, DC,
and Richmond, VA.

Gains in forest land at the expense
of agriculture are likely in other regions
of the South. In the eastern part of the
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Figure 6.19—Shares of areas in southern counties classified as edge-
dominated forest at (A) a fine scale (7-ha neighborhood), and (B) a broad
scale (66-ha neighborhood) [Riitters and others (2000)].

South, forest gains are possible in two
relatively small areas: (1) the upper
Coastal Plain of Georgia and (2) an
area centered on the boundary between
North Carolina and Virginia in the
Coastal Plain. In the western part of
the South, forest gains are possible in
the lower Gulf Coastal Plain in Alabama
and in large portions of Arkansas,
Mississippi, and Louisiana. Overall
losses in forest in the eastern part

of the region will likely be offset

by gains primarily in the western

part of the region.

This information may prove useful
to policy analysts as they design
afforestation policies. Cost-share
programs such as the Forestry

Incentives Program have long been
popular conservation instruments in
the United States. Our analysis suggests
that certain areas are more prone to
shift agricultural land to forest cover
based on land quality and economics.
Afforestation policies could be made
more effective if they were targeted

to these areas.

Forecasts of a forest population
density index indicate that the potential
influence of urban areas on forests
extends far beyond city cores. As
population density increases, so does
the valuation and use of these forests.
For example, forest benefits such as
recreation and microclimate moderation
increase in value in an urbanizing area.

171

Timber management is generally
inversely correlated with population
density (Wear and others 1999). In
these areas, therefore, timber harvesting
is likely to be associated with land

use conversions, and not with ongoing
forest management. Another effect

of urbanization is the division of large
blocks of forests into smaller tracts

or parcels. This increases the number
of landowners, thereby complicating
land management especially with
regard to the use of fire.

While studies of growth and
development tend to focus on urban
areas, changes in population and forests
are also occurring in the South’s rural
areas. As a result, the area in what
has been called the “wildland-urban
interface” is growing rapidly. Problems
with interactions between people and
forested systems therefore can also
be expected to grow.

Evaluation of the spatial structure
of forests identified parts of the South
where the share of forest cover is
relatively high but the forest is highly
fragmented. This condition is espec-
ially common in some northern
portions of the South, on the Southern
Appalachian Piedmont, and in northern
Florida. The effect of forest loss on
habitat structure generally increases as
the fragmentation of an area increases.
In fragmented forests, small changes
in the amount of forest cover may
have disproportionate impacts on
the connectivity of forested habitats
(Turner and others 1989).

A synthesis of findings suggests
several “hotspots” where changes in
land use and forest conditions portend
important negative impacts on the
services provided by forests. They are:
m The Southern Appalachian
Piedmont, especially along the Inter-
state-85 corridor between Raleigh/
Durham, NC, and Atlanta, GA.

m The Blue Ridge Mountains in
North Carolina.

m The Atlantic and gulf coastal areas.
m Northern peninsular Florida.

The same kind of effects are being
concentrated in urbanizing areas
surrounding the following cities:

m Nashville, TN
m Knoxville, TN
m Birmingham, AL
m Washington, DC
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Needs for Additional
Research

The land use forecasting described
here was conducted at the county
level of resolution, a rather coarse
grain. Additional information about
the implications for terrestrial
ecosystems and water quality and
aquatic ecosystems could be developed
from analysis at a finer scale. Fine-scale
analysis has been conducted for small
areas by Wear and Bolstad (1998) and
Turner and others (1996). Studies such
as these address land use and cover
at a cell size as small as 0.09 ha and
can therefore provide direct linkage
between land use choices and local
ecological structure and impacts.
Extending this scale of analysis, while
expensive, could provide valuable
and much more direct insights into
the links between human activities
and ecological consequences.

Additional work that links social
demographics with land use and
resource management decisions
could provide additional insights
into how social change might
influence the flow of goods and
services from forested ecosystems.
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What are the attitudes
and values of southern
residents toward forests
and their management,
how have they changed
over time, and how
do they differ among
demographic groups?

Key Findings

m When compared with the Nation,
the South is more rural, nonwhite,
and poorly educated, with lower
median household income.

m From 1980 to 1990, total
population increased at a higher
rate in the South (14.16 percent)
than in the Nation (9.78 percent).
Most of the increase was in the major
cities such as Atlanta, GA, Austin,
TX, Dallas, TX, and Miami, FL, and
along the eastern coastline. Some
decrease occurred in the Southern
Appalachians, the Mississippi River
Basin, and the western Texas and
Oklahoma Panhandle.

m Southern areas with population
losses since 1980 are generally
more rural, have more nonwhite
residents, and have lower median
household incomes than areas
with population increases.

m Southern residents hold stronger
(more intense) values about public
than private forests. Among four
values of forests mentioned to
respondents, the one considered
most important was clean air,

and the one rated as least important
was wood production.

m Southern residents have moderately
strong proenvironmental attitudes.
They favor additional funding of
environmental protection and stricter
environmental laws and regulations.

m A review of the related literature
reveals a strong and fundamental
shift over the past two decades in
public values about forests and their
management. Values have shifted
away from a commaodity-oriented,
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Sociodemographics,
Values, and Attitudes

Michael A. Tarrant, Robert Porter, and H. Ken Cordell
Warnell School of Forest Resources, The University of Georgia (Tarrant
and Porter); and Southern Research Station, USDA Forest Service (Cordell)

anthropocentric approach to forest
management and toward inclusion
of natural biological factors in

a biocentric approach.

m Southern women and younger
people have stronger biocentric
values about forests and stronger
proenvironmental attitudes than

men and older people. There are only
minor differences in environmental
attitudes and values between urban
and rural residents, and by length

of residence, land ownership, race,
and region within the South.

Introduction

The values and attitudes that the
public holds toward the natural
environment, forests, and forest
management have become increasingly
important over the past few decades.
Indeed, it has been argued that the core
problem facing traditional forestry is a
need to adjust to changing social and
environmental values (Bengston 1994).
Information about values and attitudes
equips managers to deal with potential
conflicts among stakeholders, to
establish policies and goals, and
to define broad strategies.

Understanding environmental
values and attitudes begins with the
social, economic, and demographic
composition of the public. A value is
defined here as a standard that provides
the criteria for determining what is
desirable or undesirable (Brown 1984,
Rokeach 1973). An attitude is a learned
predisposition toward some object or
action (Fishbein and Ajzen 1975).
Attitudes are driven by and are more
transient than values. Forest values
concern the good or relative worth

of forests. Attitudes evaluate the
desirability of forest uses, such as
timber harvesting and recreation.

Methods

Three different methods were used
to answer the question in this chapter.
In the first m