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Preface

The history and development of the longleaf pine (Pinus palustris Mill.) ecosystem in the south-
eastern United States has intrigued natural resource professionals, researchers, and the general
public for many decades. Prior to European settlement, longleaf pine forests were one of the
most extensive ecosystems in North America. Most recent estimates suggest that only about
2.2% of the original area remains today, making it one of the most threatened ecosystems in
North America.

The reduction in land area of the longleaf pine ecosystem has been attributed to a number of
factors, including: (i) extensive harvesting in the early 1900s that significantly reduced growing
stock levels; (ii) an inadequate understanding of the biophysical factors influencing regeneration
dynamics such as seeding habits and fire management; (iii) general intolerance of longleaf
pine to shade and understory competition; and (iv) conversion of longleaf pine sites to other
commercially important species such as loblolly (P. taeda L.) and slash pine (P. elliottii Engelm.)

Over the last decade, considerable interest has grown in conserving and restoring the lon-
gleaf pine ecosystem. For example, it provides habitat for a wide variety of wildlife species in-
cluding the endangered red-cockaded woodpecker (Picoides borealis Vieillot) and gopher tortoise
(Gopherus polyphemus Daudin). Similarly, interest in longleaf pine regeneration and management
systems has been high among land managers, ecologists, the forest products industry, and the
general public. One example of this is the formation of the Longleaf Alliance based in Andalusia,
AL, which is a partnership of private landowners, forest products industries, state and federal
agencies, university researchers, and others interested in promoting a regionwide recovery of
longleaf pine forests for their ecological and economic benefits. A variety of conventional and
alternative management systems are being studied (e.g., single and multiple cohort stands) with
regard to achieving these goals.

Restoration efforts in the longleaf pine ecosystem have focused on expanding areas of critical
habitat. Ecosystem restoration efforts, however, require effective training of natural resource
practitioners. For example, knowledge regarding past history of the southeastern landscape,
current status of the longleaf pine ecosystem, its potential economic and associated biodiversity
values, and the role of fire in maintaining the system is of critical importance. The idea for this
book, therefore, was conceived originally as a textbook for undergraduate and graduate students
because the time-tested classic of Wahlenberg (1946; Longleaf Pine: Its Use, Ecology, Regeneration,
Protection, Growth and Management) was out of print. To achieve that aim we desired a text
with ecosystem-level coverage on topics related to the ecology, management, and restoration

ix



X Preface

of longleaf pine. In addition to the biophysical aspects, we desired coverage on the historical,
social, and political aspects as well.

It quickly became apparent that a book serving not only students, but also practitioners, scien-
tists, policymakers, and the general public was needed. The skills required to effectively manage
natural resources have changed considerably over the past two decades. In addition to man-
aging ecosystems for products and services, increasing emphasis has been placed on ecosystem
restoration. This has become particularly important in promoting the recovery, management,
and ecological integrity of disturbed and degraded ecosystems.

The authors who contributed to this multidisciplinary book have diverse backgrounds. As
editors, we endeavored to accommodate their ideas, experiences, and interpretations over a
broad range of topics. We wanted to treat each chapter as a standalone manuscript. As a result,
a certain degree of overlap between some of the chapters was inevitable. However, each chapter
addresses unique aspects of the longleaf pine ecosystem. The book is not intended to be viewed
as a practical guide or prescription handbook for students and managers. The focus, rather, is on
providing a foundation to relate information on processes to field problems and their solutions
using innovative management approaches. We hope that this book will be particularly useful to
students, practitioners, and scientists seeking a broader perspective on the biophysical and social
dimensions of managing and restoring the various components of the longleaf pine ecosystem.

We are grateful to a large number of individuals for assistance in accomplishing this task,
particularly the authors for their commitment to the project and their synthesis of the current
knowledge. Also, the invaluable comments and suggestions made by the referees significantly
improved the clarity and content of the chapters. In addition to many of the chapter authors
who served as reviewers for other chapters, we thank: Robert Abt, Larry Bishop, Lindsay Boring,
Andre Clewell, Kenn Dodd, Kevin Enge, Dennis Hardin, Nancy Herbert, Katherine Kirkman,
David Maehr, Michael Messina, Jaroslaw Nowak, Scott Roberts, Kevin Robertson, Linda Roth,
Wayne Smith, George Tanner, Morgan Varner, and Jeff Walters. We are grateful to Larry Schnell
who served as our copy editor during this project and wish to extend our sincere thanks to Janet
Slobodien and her staff at Springer Science for their timely efforts in publishing this book.

Shibu Jose
Eric J. Jokela
Deborah L. Miller
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Chapter 1

The Longleaf Pine Ecosystem

An Overview

Shibu Jose, Eric J. Jokela, and Deborah L. Miller

An Ecosystem in Peril?

The longleat pine (Pinus palustris Mill.) ecosys-
tem once occupied an estimated 37 million
hectares in the southeastern United States
(Frost this volume). These forests dominated
the Coastal Plain areas ranging from Virginia
to Texas through central Florida, occupying a
variety of sites ranging from xeric sandhills to
wet poorly drained flatwoods to the montane
areas in northern Alabama. The extent of the
longleaf pine ecosystem has greatly declined
since European settlement. At present, it oc-
cupies less than 1 million hectares, making it
one of the most threatened ecosystems in the
United States. Will this ecosystem always be in
peril? Maybe not! The objective of this chapter
is to provide an overview of the book’s content
that will examine the historical, ecological, sil-
vicultural, and restoration aspects of longleaf
pine ecosystems.

In the second chapter in Section I, Frost de-
scribes the historic context of the decline of the
longleaf pine ecosystem and examines the cur-
rent status and future outlook. Longleaf pine
was exploited from first settlement; however,
before 1700 travel and trade limited impacts

to coastal regions along navigable streams.
Land clearing and open range cattle and feral
hogs that fed on longleaf pine seedlings in
nearby woods were characteristic features of
these early domesticated landscapes. Commer-
cial logging had little impact until introduc-
tion of the water-powered sawmill in 1714,
but by the 1760s hundreds of these mills
were turning out sawn lumber. Still, deforesta-
tion was limited to narrow dendritic patterns
defined by streams and rivers. By this time
much of the eastern Piedmont was fully set-
tled and the frontier had passed on toward the
Appalachians.

By the Civil War, all of the best land on the
Atlantic slope was in fields and pasture, but
much virgin forest remained along the Gulf
Coast. The naval stores industry that caused
further decline in the area of longleaf pine
stands is also discussed in detail by Hodges
in Box 2.1. This crude turpentine industry,
which began in Virginia in 1608, was prac-
ticed through the Colonial Period. By that
time, there had been little impact farther to the
south, with exception of stands found along
rivers in North Carolina. Then, in 1834, adap-
tation of the copper whiskey still for turpentine

Shibu Jose and Eric J. Jokela ¢ School of Forest Resources and Conservation, University of Florida, Gainesville,

Florida 32611.
Florida 32583.

Deborah L. Miller ¢ Department of Wildlife Ecology and Conservation, University of Florida, Milton,
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distillation made the fledgling forest indus-
try vastly more efficient and profitable. Tur-
pentining, along with the communities and
jobs it supported, moved south into Georgia
and then west along the Gulf Coast. Even-
tually, the turpentine industry reached virgin
stands in Texas by around 1900. Steam tech-
nology mushroomed by 1870, with prolifer-
ation of logging railroads, steam log skidders,
and steam sawmills. An intensive era of logging
activities occurred in the South from 1870 to
1920. The 1920s also saw the beginning of
commercial pine plantations, now more than
20% of southern uplands.

The presettlement range of longleaf pine
was estimated at 37 million hectares, of which
23 million were longleaf dominant and 14 mil-
lion had longleaf in mixtures with other pines
and hardwoods. By 1946, longleat pine had
dwindled to one-sixth its original area. This
decline has continued, such that only about
2.2% of the original area remains today. Of the
original range, only about 0.2% of the land in
2000 was being managed with fire sufficient
to perpetuate the open structure and species
diversity represented by the hundreds of fire-
dependent plant and animal species of the lon-
gleaf pine ecosystem.

Ecological Significance

The longleaf pine ecosystem plays a prominent
role in the ecology and economy of the south-
eastern United States. These ecosystems have
one of the richest species diversities outside
the tropics. Although the overstory is domi-
nated by one species, the understory is host
to a plethora of plant species. The diversity
among the herbaceous plants is the main con-
tributor to its high biodiversity. In general, the
composition of the understory is site specific,
but is mainly dominated by grass species. In
the western Gulf Coastal Plain, the understory
is comprised mainly of bluestem (Andropogon
and Schizachyrium spp.) grasses. In Florida and
along the Atlantic Coast wiregrass (Aristida
beyrichiana) is dominant, with Aristida stricta
occurring from central South Carolina through
North Carolina.

1. Introduction

The first chapter in Section II (Chapter 3) by
Peet illustrates how complex the plant asso-
ciations can be in longleaf pine forests. Based
on data from his own work and other pub-
lished sources, Peet has classified the seem-
ingly homogenous expanse of longleaf pine
woodlands into 135 vegetation associations.
Recognizing the considerable variation that oc-
curs in longleaf pine communities with simple
geographic distance and subtle environmen-
tal changes is of particular importance in mak-
ing management decisions. The vegetation as-
sociations described in Chapter 3 could serve
as a benchmark for classifying longleaf pine
forests for conservation and providing targets
for restoration.

One of the significant reasons for the re-
duction of longleaf pine regeneration was the
interruption of natural fire cycles in the un-
derstory. Understanding the role of fire and
the autecology of longleaf pine is vital for the
restoration of this ecosystem. The chapter by
Brockway et al. (Chapter 4) discusses the ecol-
ogy of longleaf pine and the silvicultural re-
production methods commonly used for this
species. Longleaf pine is a very intolerant pi-
oneer species (Landers et al. 1995) and does
not compete well for site resources with other
more aggressive species (Brockway and Lewis
1997; Harrington this volume). Compared to
other pine species, longleaf pine is not a pro-
lific seed producer. Longleaf pine seeds require
over 3 years for their physiological develop-
ment. Thus, good seed crops are infrequent
and may arise only once every 6-8 years. The
seeds are large and heavy and do not disperse
great distances. The short dissemination dis-
tances of the seeds prevent longleaf pine from
colonizing and establishing in areas far from
the seed source. Longleaf pine requires an ex-
posed mineral soil seedbed that is free of sur-
face litter. Fire exclusion results in accumula-
tion of forest litter that hinders proper germi-
nation of longleaf pine seeds (Croker 1975).

With the removal of fire, the less fire adapted
shrub species can spread into the understory.
The encroaching hardwoods compete for site
resources and light with the longleaf seedlings
and hinder their growth and regeneration.
Longleaf pine seedlings undergo an extended
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stemless phase without height initiation un-
der competition from surrounding vegetation.
This phase, also known as the “grass stage,”
varies in length depending on site resources
and competition and may last as long as 10—
25 years. These competitive interactions are
the subject of Chapter 5 by Harrington.

Chapter 6 by Means explores the past and
present vertebrate faunal diversity of the lon-
gleaf pine ecosystem. The highest species rich-
ness of turtles, frogs, and snakes in the United
States and Canada (Kiester 1971), as well as a
large salamander fauna (Means this volume),
occurs on the Coastal Plain of the south-
eastern United States. However, bird species
richness (Stout and Marion 1993) is not
particularly high and mammal fauna is de-
pauperate. With a number of threatened and
endangered species and loss of over 97% of
their habitat, these vertebrates still represent
one of the largest vertebrate faunas in tem-
perate North America. There are 212 resident
vertebrate species in longleaf pine savannas of
which 38 are specialists occurring exclusively
or primarily in longleaf pine savannas.

The gopher tortoise and red-cockaded
woodpecker are keystone species in this
ecosystem that enable increased species rich-
ness by providing shelter for many species
through their specialized activities. The gopher
tortoise is a longleaf pine specialist, which ex-
cavates extensive underground burrows used
by more than 300 species of other verte-
brates and invertebrates (Jackson and Milstrey
1989). The red-cockaded woodpecker is the
only woodpecker to make cavities in living
trees. Because the longleaf pine trees are alive
when cavities are excavated, the latter persist
for up to 400 years and are used by many other
animals over the lifetime of the tree.

Silvicultural
Considerations

Uneven-aged silviculture of longleaf pine has
received considerable attention in the recent
past. This reproduction method and manage-
ment system has been successfully applied
in other southern pine stands such as mixed

loblolly (P. taeda L.)—shortleaf (P. echinata Mill.)
pine in the upper west Gulf Coastal Plain. In
the first chapter in Section III (Chapter 7),
Guldin presents an overview of lessons learned
from loblolly—shortleaf uneven-aged manage-
ment and explains the underlying principles of
applying the same approach in longleaf pine
ecosystems. Described in detail are reproduc-
tion methods, stand-level regulation, and de-
velopmental dynamics. The Stoddard—Neel ap-
proach to uneven-aged management is also
described in detail by Jack et al. and Moser
in Boxes 7.1 and 7.2, respectively. Available
literature on the growth and yield of both plan-
tation and natural stands of longleaf pine is
summarized in Chapter 8 by Kush et al.

Ecological Restoration

The Society for Ecological Restoration (SER)
defines restoration as an intentional activity
that initiates or accelerates the recovery of an
ecosystem with respect to its health, integrity,
and sustainability (SER 2004). The ecosystem
that requires restoration may be degraded,
damaged, transformed, or entirely destroyed
as the direct or indirect result of anthropogenic
activities. The vast majority of the remaining
longleaf pine ecosystems fall into one of the
above-mentioned categories. Most have been
altered beyond their resiliency; therefore, it is
nearly impossible for them to revert back to the
predisturbance state or historic developmental
trajectory without human intervention.
Ecological restoration attempts to return
sites formerly occupied by longleaf pine
ecosystems to their historic trajectory. Historic
conditions are therefore the ideal starting point
for restoration design. Restoration of longleaf
pine ecosystems requires identifying important
reference communities that have conditions
characteristic of a “historic” state. However, us-
ing a static image for restoring a dynamic for-
est ecosystem, is not only difficult to achieve,
but may not be an appropriate goal (Hobbs
and Harris 2001). There is a need to discuss
in detail ecological indicators for restoration
assessments. These indicators should be iden-
tified for their influence on determining the



dynamics of plant community succession and
soil productivity (Burger and Kelting 1999).
In the past, ecological restoration has been
practiced using a retrospective approach, try-
ing to capture the properties of an ecosystem
that existed during some designated period
of the past (Hobbs and Harris 2001). Current
planning augments historical information by
characterizing ecosystem composition, struc-
ture, function, biodiversity, and resilience from
an existing system that is free of degrada-
tion and located within a reasonable distance
(Harris 1999). This neighboring system is used
as a model or reference for comparison. The
advantage is that these reference systems can
be studied over time and space. Sources of in-
formation that can be used in describing the
reference ecosystem include (SER 2004):

1. Ecological descriptions, species lists, and
maps of the project site prior to damage

2. Historical and recent aerial and ground-
level photographs

3. Remnants of the site to be restored, indicat-
ing previous physical conditions and biota

4. Ecological descriptions and species lists of
similar intact ecosystems; herbarium and
museum specimens

5. Historical accounts and oral histories by per-
sons familiar with the project site prior to
damage

6. Paleoecological evidence, e.g., fossil pollen,
charcoal, tree ring history, rodent middens

Based on the lessons learned from several
operational restoration projects, Section IV ex-
plores the current status of restoration of the
longleaf pine ecosystem. Restoring the over-
story is the focus of the first chapter (Chapter 9)
by Johnson and Gjerstad. The authors outline
restoration strategies for 10 scenarios, repre-
senting 10 degraded conditions commonly en-
countered within the natural range of longleaf
pine. Walker and Silletti (Chapter 10) discuss
the techniques employed in restoring the un-
derstory community. The importance of fire for
understory restoration is further explained by
Outcalt in Box 10.1. Imm and Blake narrate
a success story of putting savanna back to the
Savanna River Site in Box 10.2.

Costa and DeLotelle discuss the reintroduc-
tion and augmentation, via translocation, of

1. Introduction

native fauna into longleaf pine ecosystems in
Chapter 11. The focus is on rare species, includ-
ing those considered “sensitive,” “of special
concern,” or “candidates” for listing by con-
servation groups, or state or federal agencies.
Their discussion also includes federally listed
species as either “threatened” or “endangered”
under the Endangered Species Act. Special
emphasis is also placed on the red-cockaded
woodpecker.

The importance of a landscape approach
in restoring the longleaf pine ecosystem is
the topic covered in Chapter 12 by Hoctor
et al. Given the distinctive ecology and cur-
rent condition of longleaf pine communities,
landscape ecology and regional reserve design
principles are crucial for guiding restoration
efforts. Chapter 13 by Alavalapati et al. ex-
plores the socioeconomic and policy aspects of
restoration. Incentive programs in place to pro-
mote restoration activities are also discussed.
An example regional approach is presented in
Chapter 14 by Compton et al. The success-
ful Gulf Coastal Plain Ecosystem Partnership
is emerging as a model for restoring longleaf
pine across its former range.

Are We There Yet?

Restoration Ecology, the art and science be-
hind ecological restoration, is not an exact sci-
ence. Because ecosystems are dynamic, it is
difficult to identify exact values to determine
restoration success (van Diggelen et al. 2001).
Instead, a range of values are used to iden-
tify restoration trajectories and “thresholds”
(SER 2004; Suding et al. 2004). An ecosystem
is considered to have reached a restored state
when the system has been shifted across recov-
ery thresholds and has returned to the gen-
eral direction and boundaries of the historic
trajectory. Exceeding recovery thresholds be-
comes an important goal in the restoration pro-
cess. An ecosystem is restored when it contains
sufficient biotic and abiotic resources to con-
tinue its development (trajectory) without fur-
ther assistance. It will sustain itself structurally
and functionally. The Society for Ecological
Restoration has identified nine attributes for
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determining when restoration has been ac-
complished (SER 2004). They are:

1. The restored ecosystem contains a charac-
teristic assemblage of the species that occur
in the reference ecosystem so that it pro-
vides an appropriate community structure.

2. The restored ecosystem consists of indige-
nous species to the greatest extent possible.
In restored cultural ecosystems, allowances
can be made for domesticated alien species
and for noninvasive ruderal (plants that col-
onize disturbed sites) and segetal (plants
that grow intermixed with crop species)
species that presumably co-evolved with
them.

3. All functional groups necessary for the con-
tinued development and/or stability of the
restored ecosystem are present or, if they are
not, the missing groups have the potential
to colonize by natural means.

4. The physical environment of the restored
ecosystem is capable of sustaining viable re-
producing populations of the species neces-
sary for its continued stability or develop-
ment along the desired trajectory.

5. The restored ecosystem functions normally
for its ecological stage of development, and
signs of dysfunction are absent.

6. The restored ecosystem is integrated into a
larger ecological matrix or landscape, with
which it interacts through abiotic and biotic
flows and exchanges.

7. Potential threats to the health and integrity
of the restored ecosystem from the sur-

Identify
Variables

rounding landscape have been eliminated
or reduced as much as possible.

8. The restored ecosystem is sufficiently re-
silient to endure the normal periodic stress
events in the local environment that serve
to maintain the integrity of the ecosystem.

9. The restored ecosystem is self-sustaining to
the same degree as its reference ecosystem,
and has the potential to persist indefinitely
under existing environmental conditions.
Nevertheless, aspects of its biodiversity,
structure, and functioning may change as
part of normal ecosystem development,
and may fluctuate in response to normal
periodic stress and occasional disturbance
events of greater consequence. The species
composition and other attributes of a re-
stored ecosystem may evolve as abiotic con-
ditions change.

A monitoring and evaluation program
should be in place to track the success of the
restoration efforts. A good monitoring pro-
gram should be focused on a few key indica-
tors in order to provide for statistically sound
information (Lindenmayer 1999). Monitoring
should be conducted in a systematic manner,
designed to provide the needed information.
The following steps have been recommended
to ensure a functional monitoring plan (Block
et al. 2001): (a) Set monitoring goals, (b)
identify the resources to monitor, (c) establish
threshold points, (d) develop a sampling de-
sign, (e) collect and analyze data, and (f) eval-
uate results (Fig. 1).

FiGure 1. Flow diagram of monitor-
ing process. Modified from Block et al.
2001.
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Of the listed steps, identifying the ecosys-
tem variables to monitor can be the most dif-
ficult. A small group of interrelated proper-
ties of a community can be used to develop a
range of values instead of any single attribute
such as an indicator species or species rich-
ness index. This will help avoid identification
of a false threshold based on a single commu-
nity attribute or a single threshold point (Block
etal. 2001). Finally, monitoring should provide
a feedback mechanism whereby the researcher
or manager can make adjustments to the mon-
itoring program based on the analyzed data.
Since monitoring provides data about the dy-
namics of a community over time, a model can
be developed from the results of monitoring
the preselected group of community proper-
ties (indicators), which can illustrate how the
community functions on a continuum.

Longleaf pine still occurs over most of its for-
mer natural range. By restoring degraded, de-
stroyed, damaged, or transformed tracts and
by expanding these pockets, it should be feasi-
ble to gradually increase longleaf pine acreage
in the Southeast (Landers et al. 1995). As
pointed out by Van Lear et al. (2005), restor-
ing the longleaf pine ecosystem is a daunt-
ing task that raises many questions. Identifi-
cation and removal of critical constraints to
moving the system across recovery thresholds
is the most important step. However, once
the desired condition is achieved, it can be
maintained with adaptive management using
proven silvicultural practices (Van Lear et al.
2005).
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Chapter 2

History and Future of the Longleaf

Pine Ecosystem!

Cecil Frost

Introduction

From Virginia to Texas, much of the coastal
plain landscape was once covered by a “vast
forest of the most stately pine trees that can be
imagined...” (Bartram 1791 [1955]). Long-
leat pine could be found from sea level, on
the margins of brackish marshes, to around
2000 feet on the Talladega National Forest in
Alabama (Harper 1905; Stowe et al. 2002).
The spectacular failure of the primeval long-
leat pine forest (Fig. 1) to reproduce itself
after exploitation is a milestone event in the
natural history of the eastern United States,
even greater in scale and impact than the
elimination of chestnut (Castanea dentata) from
Appalachian forests by blight. This chapter
discusses presettlement extent and summa-
rizes major events in the decline of the long-
leaf pine ecosystem and its displacement
from more than 97% of the lands it once
occupied.

Land uses ranging from 100 to 400 years of
agriculture; open range grazing by hogs and
other livestock; logging; production of turpen-
tine, and elimination of naturally occurring
wildfires have left less than 3% of the upland
landscape in entirely natural vegetation. While

much has been made of the loss of some 10%
to 30% of wetlands in the region (Hefner and
Brown 1985), the elimination of natural veg-
etation on 97% of uplands (Table 1) has gone
largely unnoticed.

Presettlement Vegetation of
the Longleaf Pine Region

The presettlement range of longleaf pine has
been estimated at 37 million hectares, of which
23 million were longleaf dominant and 14 mil-
lion had longleaf in mixtures with other pines
and hardwoods (Frost 1993). States bordering
the Atlantic, and some of the Gulf Coast region,
lack the systematic database of witness trees
that were recorded when lands were surveyed
after 1790 under the township, range, and sec-
tion system in the rest of the country. Thus,
there can be no easy reconstruction of virgin
forests from such data. Even where histori-
cal survey records are available, interpretation
is compromised because surveyors routinely
failed to distinguish the various species of pine,
just lumping them as “pine” on records and
survey plats. There is, however, an exceptional

Cecil Frost ¢ Adjunct Faculty, Curriculum in Ecology, University of North Carolina, 119 Pot Luck Farm Road,

Rougemont, North Carolina 27572.
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FIGURE 1. Virgin longleaf pine savanna 10 miles east of Fairhope, Baldwin County, Alabama, August 13,
1902. Note the absence of woody understory and the classic bilayered structure of fire-resistant canopy
over a rich herbaceous layer under a natural fire regime (estimated at 1-3 years at this site). Roland Harper
commented that “...it may never be possible to take such a picture in Alabama again.” Photo from Harper

(1913).
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TABLE 1. Distribution of natural vegetation and land use categories in presettlement forests, in 1900, and
in 2000 for the 412 counties of the original longleaf pine ecosystem.

Percent of Percent of
uplands region ha x 1000 a x 1000
Presettlement

1. Longleaf pine (dominant) 52.0 36.0 22,852 56,430
Longleaf (mixed)? 33.2 23.0 14,606 36,064
3. Mixed (w/o longleaf) 9.0 6.3 4,001 9,878
4. Upland slash pine 3.3 2.3 1,440 3,555
5 Beech-magnolia 2.5 1.7 1,108 2,735
11. Wetlands 0 30.7 19,496 48,137
100.0 100.0 63,503 156,799

1900
1. Longleaf pine (natural) 24.2 17.5 11,109 27,430
2 + 3. Mixed pyrophytic spp. 20.7 15.1 9,581 23,657
4. Upland slash pine 1.7 1.2 775 1,914
5. Beech-magnolia 0.4 0.3 166 410
6. Successional forests 25.0 18.1 11,501 28,399
7. Pine plantation 0 0 0 0
8 4+ 9. Pasture and cropland 27.0 19.6 12,448 30,733
10. Developed 1.0 0.7 460 1,137
11. Wetlands 0 27.5 17,463 43,119
100.0 100.0 63,503 156,799

2000
1. Longleaf pine (natural) 2.1 1.7 1,017 2,510
2 + 3. Mixed pine-hardwood 0.5 <0.4 250 618
4. Upland slash pine 0.4 0.3 222 547
5. Beech-magnolia 0.4 0.3 222 547
6. Successional forests 44.0 34.6 20,104 49,639
7. Pine plantation (all species) 15.2 12.0 11,077 27,350
8. Pasture 6.4 5.0 3,456 8,534
9. Cropland 20.8 16.3 6,027 14,882
10. Developed 10.2 8.0 7,538 18,616
11. Wetlands 0 214 13,590 33,556
100.0 100.0 63,503 156,799

Vegetation and Land Use Categories
1. Natural, fire-maintained communities dominated by longleaf pine
2. Longleaf-dominant patches and longleaf pine in fire-maintained mixed species savanna and woodland having
longleaf, shortleaf, loblolly, pond pine, and sometimes hardwoods in various combinations
. Pyrophytic woodlands without longleaf pine
. Natural, fire-maintained slash pine on uplands
. Southern mixed hardwood forest (nonpyrophytic, fire-refugial beech-magnolia)
Successional mixed pine-hardwood forests resulting from logging, old field abandonment, and fire exclusion
Pine plantation (all species)
. Pasture
. Cropland
. Cities, towns, roads, industry
. All wetlands: types wetter than hydric longleaf pine savanna

—~ O 0 %NV AW

—

2 Ofthe combined area of longleaf-dominant and longleaf-mixed species stands with patches of pure longleaf, I estimated
the total original area of longleaf-dominant stands at 30 million hectares.
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. Longleaf pine/wiregrass and longleaf/bluestem
mosaic of pyroclimax communities, such as

savannas, sandhills and flatwoods (Sargent 1884, ~

Frost et al. 1986 for VA). Dots are county records
for Aristida stricta outside its primary range

(light stippling).

7 Longleaf pine/bluestem savanna and woodland outside

3 the range of wiregrass.

Longleaf pine-shortleat pine-loblolly pine-hardwoods
transition areas (Lockett 1870; Sargent 1884; Mohr 1897,
1901; Sudworth 1913; Harper 1923, 1928; Little 1971; Frost

et al. 1986.

Scattered longleaf pine in slash pine areas transitional to south
Florida communities (Sudworth 1913).

FIGURE 2. Presettlement range and major divisions of the longleaf pine ecosystem, showing the transition
region between frequent fire communities of the Coastal Plain and the fire communities of the Piedmont
described by Sargent (1884). Reprinted from Frost 1993 with permission from the Tall Timbers Research

Station.

narrative literature on the longleaf pine forests,
dating from 1608 when Captain John Smith
exported the first barrels of pitch and tar
made from pines near the new settlement at
Jamestown, Virginia (Smith 1624).

Because of its primacy as the commercial
tree of the South, longleaf pine became in
the 1880s the first forest species to be stud-
ied in detail by botanists and early professional
foresters. Major studies by Sargent (1884),
Mohr (1896), Ashe (1894a), and Harper (1913,
1928) include literally hundreds of locations

of longleaf pine as well as maps, lumbering
records, and calculations of acreage and board
feet by state, allowing a reasonable approxi-
mation of its original range and abundance.
Figure 2 is a reconstruction of the original
range of longleaf pine, using as a base a com-
pilation of the state maps prepared by Sargent.
Range maps and numerous locations provided
by Ruffin (1861), Lockett (1870), Hale (1883),
State Board of Agriculture (1883), Ashe
(1894a,b), Harper (1905, 1906, 1911, 1913,
1914, 1923, 1928), Sudworth (1913), Mattoon
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(1922), Wakeley (1935), Wahlenburg (1946),
and Little (1971) were also useful. In addi-
tion, numerous historical references and rem-
nant locations for longleaf were used to fill
in areas unknown to Sargent and reconstruct
its original northern range in North Carolina
and Virginia. The resulting map includes all
areas known to have once supported long-
leaf pine. In all, in the presettlement range
of longleaf pine there were 412 counties in
nine states. Sources of statistics and meth-
ods for reconstructing the original range are
discussed further in Frost (1993). Figures for
pine plantation (all species) were updated
using a projection for 2000 by McWilliams
(1987), and corrected for the area of each state
lying outside the original range of longleaf
pine.

Amount of Longleaf Pine
Remaining in 2000

According to data of the 1995 Forest Inventory
and Analysis (FIA), there were some 1.02 mil-
lion hectares of longleaf pine remaining at that
time. About 15% of this, or 178,200 hectares,
consisted of pine plantation, mostly on old field
or mechanically prepared sites, so about 85%,
or 841,800 hectares, of naturally regenerated
longleaf pine having some degree of under-
story integrity persist (Outcalt and Sheffield
1996). There are a variety of factors of un-
certainty in the estimate of remaining longleaf
pine. The FIA data are based only on stands
with at least 50% longleaf pine canopy cover,
so will be an underestimate of the total re-
maining. On the other hand, longleaf pine in
FIA permanent sample plots declined by 22%
from 1985 to 1995 (Kelly and Bechtold 1990;
Outcalt and Sheffield 1996): the data were al-
ready 9 years out of date as of January 2004
and so will be an overestimate of the longleaf
dominant natural stands remaining in 2005.
We would expect these under- and overesti-
mates to partially cancel each other, making
the figure of 841,800 hectares a reason-
able estimate of naturally regenerated long-
leaf in all stands in 2000. This is about 2.2%
of the presettlement extent of longleaf pine.

13

Fire Relations of the Original
Forests

In the pastoral landscapes of Britain, domesti-
cated since Roman times, wildfire was an alien
concept. A British traveler in South Carolina
in 1829 was astonished to discover a recently
burned stand of longleaf pine:

There was no underwood properly so-called, while
the shrubs had all been destroyed a week or two be-
fore by a great fire. The pine-trees, the bark of which
was scorched to a height of about 20 feet, stood on
ground as dark as if it had rained Matchless Black-
ing for the last month. Our companions assured us
that although these fires were frequent in the for-
est, the large trees did not suffer. This may be true,
but certainly they did look very wretched, though
their tops were green as if nothing had happened.
(Hall 1829, p. 137)

Historically, agents of fire included light-
ning, Native Americans, and European settlers.
Agents of fire suppression were bodies of wa-
ter, topography (steep slopes, islands, penin-
sulas [Harper 1911]), a few plantation owners
(Gamble 1921, p. 27), and government agen-
cies (Sherrard 1903). Varying effects of fire
in the landscape mosaic have been attributed
to fire frequency, fire intensity, and season of
burn (Garren 1943; Komarek 1974). Given
that lightning fires would mostly have been
growing season fires, fire frequency must have
been the most important fire variable in pre-
settlement vegetation.

Mattoon (1922) commented that longleaf
lands experienced fire at an average of every 2—
3 years over millions of hectares. There is evi-
dence that fire frequency is proportional to fire
compartment size: the larger the fire compart-
ment the higher the fire frequency, and in the
largest fire compartments (over 1000 km?),
the original fire frequency averaged 1-3 years
(Frost 2000). On the Pamlico Terrace and
other terraces of the lower Coastal Plain from
Virginia to Texas, there were numerous tracts
of land from several hundred to over a thou-
sand square kilometers in size without a single
natural firebreak. In Florida, Komarek (1965)
reported that 99 wildfires were started by
lightning on a single summer day. On the
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1-3 years Flat plains, some rolling plains,
local relief mostly less than 100 ft.
4-6 years Irregular plains and tablelands,
local relief mostly 100-300 ft.
- 7-12 years  Plains with hills and open low mountains,
local relief 300-3,000 ft.
I -12years  Wet swamps, high mountains where less than

20% of area is gently sloping, local relief
near 0 or up to 6,000 ft.

Galveston Bay
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Chesapeake
Bay
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Albemarle
Sound

Pamlico
Sound

Charleston

Savannah

Jacksonville

Miami

FIGURE 3. Presettlement fire regimes of the southeastern United States. Frequencies are for the most fire-
exposed parts of the landscape. Each region contains variously fire-protected areas with lower incidences
of fire (revised from Frost 1995, 2000). Revised from Frost 1995 with permission from the Tall Timbers

Research Station.

Pamlico Terrace, where a single ignition might
burn 1000 km?, a few ignitions in each state
might be sufficient to burn most of the land-
scape. On the other hand, fire frequency
should decrease inland on the more dissected
upper Coastal Plain and Piedmont, where nu-
merous separate ignitions would be required
to burn the decreasingly smaller fire compart-
ments. The resulting decrease in fire frequency,
along with clayey soils, colder winter tem-
peratures, and increased topographic variation
should explain the admixtures of other pine
species and hardwoods with longleaf in the
transition regions (Sargent 1884).

Figure 3 shows generalized presettlement
fire frequencies of the longleaf pine region. Be-
fore immigration of Indians into the Southeast
near the end of the Wisconsin glaciation some

12,000 to 13,000 years ago, essentially all
fires would have been caused by lightning.
E V. Komarek marshaled evidence to support
the idea that lightning alone is adequate to
account for evolution of pyrophytic vegeta-
tion, the antiquity of which far exceeds the
appearance of aboriginal peoples on the scene.
This provided a basis for thinking about fire
as a ubiquitous environmental parameter, as
influential as slope, aspect, rainfall, and tem-
perature on shaping vegetation structure and
the species composition of plant communities
(Komarek 1964, 1965, 1966, 1967, 1968,
1972, 1974). His paper on ancient wildfires
(1972) seems to have had particular im-
pact on paleoecologists, and opened a door
into inquiries concerning the role of fire and
vegetation through geologic and evolutionary
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time (Cloud 1976; Cope and Chaloner 1980;
Scott 1989; Scott and Jones 1994).

The emerging picture suggests that terres-
trial vegetation has evolved with fire from
its very beginning in the early Devonian Era,
some 400 million years ago. Some species, such
as Venus flytrap (Dionaea muscipula), have been
shown to require a mean fire frequency of at
least 3 years to survive (Frost 2000). Venus fly-
trap is a highly evolved species with a suite of
adaptations far too complex to have evolved
in the short time since Native Americans ap-
peared on the scene. Further, the requirement
for fire for reproduction in species such as
longleaf pine, and even a fire frequency of
1-3 vyears for species such as Venus flytrap,
may be millions of years old. Such adaptations
may have developed along with evolution of
the species themselves, rather than represent-
ing adaptations to fire in the mere 12,000 or
13,000 years that humans have been using
fire in the Western Hemisphere. Such species
indicate that some parts of the landscape—
the largest fire compartments—experienced
a natural fire frequency of 2-3 years long
before immigration of man into the Western
Hemisphere, and before man, the only agent
that could have provided a frequent ignition
source was lightning.

On the other hand, burning by Native
Americans did transform vegetation in many
parts of the southeastern landscape. Accounts
from the Colonial Period describing Indian
burning practices indicate that use of wild-
fire by Indians in the Southeast peaked in fall
and winter when fires were set to drive game
(Smith 1624; Lawson 1709; Byrd 1728; Martin
1973). On the outer Coastal Plain, where
annual spring and summer lightning fires pre-
empted fuel, the effect of any Indian burning
may have been only a slight increase in burn
area resulting from the inclusion of peninsu-
las and isolated patches of uplands that other-
wise were naturally protected from fire. On the
other hand, Indian influence may have been
much more significant on dissected inland
terraces and the Piedmont, where their pri-
mary effect, in compartments missed by light-
ning, would have been a net increase in fire
frequency. Early explorers described some
regions of the Piedmont that were dotted
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with prairies and open woodlands maintained
by fire. These open landscapes were almost
certainly the result of burning by Native
Americans (Barden 1997).

Distribution of Major Vegetation
Types in Presettlement Forests

Sargent (1884) divided the range of longleaf
pine into two regions, the larger having long-
leaf as the most common dominant tree, and
a second region around the margins of the
first, in which longleaf occurred in patches
or in mixed stands transitional to other types
outside its range. Each of these two was fur-
ther divided in Fig. 2. In the flat-to-gently
rolling lands Sargent described longleaf as
the “prevailing growth” on the uplands and
F. A. Michaux reported that “Seven-tenths
of the country are covered with pines of
one species, or Pinus palustris...” (Michaux,
1805 [1966]). This longleaf-dominated land-
scape included a diverse mosaic of pine savan-
nas, sandhills, and flatwoods, with variants in
other habitats, such as riparian sand ridges,
Carolina bay sand rims, coastal scarps, and
dunes (Peet and Allard 1993; Harcombe et al.
1995).

Boundaries of the primary region were com-
piled almost exactly as drawn on Sargent’s in-
dividual state maps. In Fig 2, I divided this
first region into two, depending on presence
or absence of wiregrass. Wiregrass in North
Carolina and the northern third of South
Carolina is Aristida stricta, that from south-
ern South Carolina to Mississippi is Aristida
beyrichiana (Peet 1993). Vegetation type 1 indi-
cates the portion of the known historical range
of wiregrass that occurs within the longleaf
pine ecosystem, based on herbarium records
(Parrott 1967; Peet 1993).

Transitional Communities

Sargent’s second major assemblage of commu-
nities included the mosaic of forest types tran-
sitional between coastal plain regions dom-
inated by nearly pure stands of longleaf,
and the oak-hickory-shortleaf pine pyrophytic
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woodlands of the Piedmont. Sargent described
the transition regions as “long leaved pine (Pi-
nus palustris) with hardwoods in about equal
proportion” in the Gulf states and “short leaved
(Pinus echinata) and loblolly pine (P. taeda) in-
termixed with hardwoods and scattered long
leaved pine” in the Atlantic states. I added the
transitional woodlands around the northern
and eastern sides of the primary longleaf range
in Virginia and North Carolina. Not described
by Sargent, these stands included variants in
which pond pine (Pinus serotina) was added to
the mixture (Ashe 1894a).

Mixed Patches versus Mixed Species

The importance of natural mixtures of long-
leaf pine with other fire-resistant trees has
been generally overlooked. In Sargent’s tran-
sition regions we can further distinguish the
difference between mixed longleaf-dominant
patches in a landscape with other forest types,
and true mixed-species stands. The first was a
patch mosaic having nearly pure stands of
longleaf pine on south slopes and upland
ridges. Both Mohr (1896) and Harper (1905,
1923, 1928) described pure stands as well
as mixed stands. In the second group, they
pictured the mixed pyrophytic types as open
woodland with a geographically varying mix-
ture of the dominant trees, which were long-
leaf, shortleaf pine, loblolly pine, post oak,
white oak, southern red oak, hickories, and
various scrub oaks. From historical photos,
these were bilayered communities, having a
tree canopy and a savannalike grass—forb un-
derstory, indicative of a frequent fire regime.
The existence of natural mixed species stands
has been overshadowed by the remarkable
pure longleaf stands that dominated most of
the southern uplands, and by the fact that the
mixed stands occurred on the moister and finer
textured, more fertile soils, the preponderance
of which were cleared for farming long ago
(Williams 1989). These diverse communities,
with all their geographic variation, have never
been adequately described. With rising inter-
est in restoring longleaf pine, well-intentioned
individuals have in some cases eliminated nat-
ural mixed longleaf-shortleaf savanna in the

1. Introduction

transition regions and replaced them with pure
longleaf.

Hardwoods in Presettlement
Forests

Several types of natural hardwood communi-
ties occur interspersed in the longleaf pine up-
lands. Besides longleaf pine stands with un-
derstory turkey oak (Quercus laevis), there are
stands of mixed scrub oaks (Quercus laevis,
Quercus marilandica, Quercus incana and Quercus
margaretta); pyrophytic woodland with mixed
longleaf, post oak, southern red oak, and
mockernut hickory (Carya tomentosa); and
patches of post oak savanna (Quercus stellata),
the importance of which has been mostly over-
looked.

In contrast to the dominant fire communi-
ties, small areas of nonpyrophytic types such as
Southern Mixed Hardwood Forest, dominated
by beech, magnolia, semievergreen oaks, and
other hardwoods, may have been confined to
naturally fire-sheltered sites within the range
of longleaf pine (Harper 1911). Old-growth
stands of beech and other mesophytic hard-
woods can be found on steep slopes, islands
in swamps, and a few upland flats on penin-
sulas. In many places, species such as beech
(Fagus grandifolia) are now escaping from these
fire refugia onto the uplands (Ware 1978).
Studies by Delcourt and Delcourt (1977) in
the Apalachicola bluffs region of the Florida
Panhandle suggest that fire-refugial Southern
Mixed Hardwood Forest occupied less than 1%
of the presettlement landscape.

Landscape Changes 1565
to 1900

Ecosystem Changes in the Early
Colonial Period

While the landscape that greeted the first two
major groups of European settlers held as-
tonishing forest resources, neither the English
nor the Spanish were well equipped to ex-
ploit them, and the two cultures used radically
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Areas Settled By:

2 or more people
per square mile
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FIGURE 4. Pattern of settlement in the Southeast to 1890. Note the three small centers of population
in Florida, which comprised most of its sparse population until 1821. With exception of the new cotton
plantation regions, most virgin forest of the interior of the six Gulf states remained intact in 1850. Map
redrawn from Hammond Inc., Maplewood, NJ. Reprinted from Frost 1993 with permission from the Tall

Timbers Research Station.

different approaches in exploitation of the New
World.

DeSoto set out in 1539 to explore the Gulf
Coast interior, an epic overland journey com-
plete with army, horses, and droves of hogs,
that took him as far inland as the Cherokee
towns of North Carolina and west beyond the
Mississippi River (Bakeless 1961). While the
Spanish, disappointed with the scarcity of in-
teresting targets for conquest and pillage, lost
interest in the north Gulf interior, they contin-
ued to control access to much of that vast re-
gion from Florida to Texas. What is significant
for landscape history is that during their 256-
year tenure—f{rom establishment of St. Augus-
tine in 1565 until cession of Florida to the

United States in 1821—the Spanish blocked
settlement of the Gulf Coast interior, leav-
ing longleaf pine forests of much of the re-
gion in pristine condition well into the nine-
teenth century. Curiously, with the exception
of a handful of coastal villages such as St.
Augustine and Pensacola, they never pursued
immigration and settlement of the land. In
1821, at the end of their occupation, the en-
tire European population of Florida was barely
more than 20,000 people, scarcely enough for
a reputable town. Note the contrast in settle-
ment patterns between Spanish lands and En-
glish settlements along the Atlantic in Fig. 4.
Unlike the Spanish military outposts, En-
glish settlements were commercial ventures
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financed by corporations of wealthy stock-
holders. Backers of the 1607 Jamestown, VA,
expedition under John Smith promoted settle-
ment and domestication of the land in order
to establish a productive populace from which
they could harvest taxes, agricultural produce,
and whatever natural products the land could
supply (Smith 1624).

For the first 150 years, dependence on wa-
ter for travel and trade limited settlement to
the nearest high lands along coastal sounds,
bays, and the tidal portions of major and mi-
nor streams (Hart 1979). The tidewater area
included at least 10,000 miles of shoreline
from Virginia to Texas, and until the coastal
zone was thoroughly populated there was lit-
tle incentive to push inland. Domestication of
this easily accessible landscape resulted in land
clearing and establishment of saturation den-
sities of open-range hogs and other livestock
that fed on longleaf pine seedlings in nearby
woods.

At that time, in the absence of machinery,
timber was worthless except for local use in
fencing and log cabin construction. The only
milled boards were laboriously pit sawed by
hand with crosscut saws, using one man in a pit
and another above (Hindle 1975). A very early
exception, a water-powered sawmill built at
Henrico on the James River in Virginiain 1611,
was destroyed by the Indians a few years later
(Hindle 1975). Port records from the British
Public Records Office from the early 1600s
show that while lumber was a frequent item
in ship’s cargoes, the quantities were small.
Cooperage stock—barrel staves and wooden
water pipes made from oak and white cedar—
supplied practically the only manufactured
items for export for the first hundred years
(British Public Records 1607-1783).

At the onset of agriculture, timber was lit-
tle more than an obstruction. Settlers simply
killed trees by girdling them, and the land was
then burned and grazed, or planted in corn and
other crops beneath the dead timber (Beverley
1705 [1947]). Since most livestock were al-
lowed to graze on open range in the woods,
it was necessary to fence them out of the small
crop patches (Beverley 1705 [1947]). As a re-
sult, the principal early demand for timber was
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for fencing. Of great importance to natural sa-
vanna and woodland communities, though lit-
tle remarked historically, was the introduction
of swarms of hogs, cattle, horses, mules, sheep,
and goats onto open range in all of the settled
areas. Of these ravening herds, hogs in partic-
ular would play a major part in the decline of
longleaf pine.

Naval Stores and the Original Northern
Range of Longleaf Pine to the
Virginia/Maryland Border

Tar, pitch, rosin, and turpentine were collec-
tively called naval stores (Ashe 1894a; Mohr
1896) and were produced in the Southeast al-
most exclusively from longleaf pine, although
smaller amounts were made from slash pine,
shortleaf, and sometimes even loblolly pine
(Michaux 1871) (see box by Hodges in this
chapter). There were five substances com-
monly produced from longleaf pine gum:
crude turpentine, spirits of turpentine, tar,
pitch, and rosin. Crude turpentine was just
the fresh gum exuded from the tree when a
section of bark was removed. Spirits of tur-
pentine was the aromatic fraction produced
by distilling crude gum, and rosin was the
dense, waxy residue left over from distillation.
These materials were produced from the living
tree. Tar was the product of distillation of dead
“lightwood,” the resin-rich heartwood from
old stumps, or gathered from partly decayed
trunks on the forest floor and distilled in tar
kilns. The black, much thicker pitch was simply
tar that had been burned down in iron “pitch
kettles” to about one-third its original volume.

The early history of naval stores and long-
leaf pine has been all but lost, since the species
was commercially extirpated from much of its
northern range by 1850. Even Mohr (1896)
states that the naval stores industry began in
North Carolina. Such was not the case, how-
ever; it had been carried on earlier for over 200
years in Virginia. Longleaf once extended to
within a mile of the Maryland border (Fig. 5),
and likely continued into that state. I exam-
ined a herbarium specimen of longleaf pine
collected near Sinnickson, VA, in 1925. I also
visited the site and interviewed the collector
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North Carolina

before his death (Moldenke 1979, personal
communication). He reported that he collected
the specimen from a natural stand growing on
the ridges of forested coastal sandhills that lie
on the scarp that forms the eastern uplands
before dropping down into the coastal marshes
on the Atlantic side of the Eastern Shore. These
low sandhills continue into Maryland only 2
miles from this site. This area is part of a large,
unbroken fire compartment, and it is almost
certain that longleaf pine once extended at
least into Worcester County, MD. This state,
however, was not included in the presettle-
ment range map for lack of a verifiable record.

Tar and pitch were produced in Virginia
for over 200 years before the boom in North
Carolina that gave the Tarheel State its nick-
name. We know of the early trade, the extent
of which has never been thoroughly investi-
gated, only through disparate and widely scat-
tered records. The southern naval stores indus-
try began in 1608 when John Smith exported
the first “tryalls of Pitch and Tarre” (Smith
1624). The settlement was founded in 1607
and the next year the Jamestown, VA, colony
exported some three or four dozen barrels to
England. To all indications, longleaf was sparse
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FIGURE 5. Documentation of the
original range of longleaf pine in
Virginia. Circles indicate herbar-
ium specimens or living trees
seen from 1960 to 2004, or re-
ported to me by local foresters
(also includes two tar kilns vis-
ited in Suffolk and Chesapeake).
Squares denote clear historical
records, some as early as 1608,
but lacking herbarium speci-
mens. Triangles are used for
naval stores place names like
Pitch Kettle Road, Lightwood
Swamp, Tar Pit Swamp, and Tar
Bay. Reprinted from Frost 1993
with permission from the Tall
Timbers Research Station.

on the north side of the James River, where
Smith reported finding only a tree here and
there “fit for the purpose” [of making naval
stores].

Tar and pitch were absolutely essential com-
modities until the development of petroleum-
based substitutes in the mid-1800s. Wagons
could not move without tar to grease the axles.
Ships could not sail without tar and pitch for
waterproofing cordage and sails, for caulking
leaks, and for coating hulls to prevent destruc-
tion by shipworms (Wertenberger 1931). Dur-
ing the Revolutionary War, Captain H. Young
wrote to his colonel “...let me entreat you
once more to lay before the Council my dis-
tressed situation for the want of two Barrels of
Tar.” “I have offer'd Brown (who is the only
one that has Tar) his price in specie, or two
barrels of Tar for one, both of which? offers
he has refused. Our waggons can’t run for the
want of tar” (Young 1781 [Calendar of State
Papers (Virginia) 1881], 2:619). Colonel Davies
had his own problems with the recalcitrant
Mr. Brown, while trying to ship 30 cannon
to prevent their capture by the British: “Our
own vessels are all in readiness, except for
some slight repairs, for the finishing of which
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some small quantity of tar is necessary, tho’ not
more than a barrel at the utmost—we cannot
procure this quantity under some time unless
we obtain it from Mr. Brown, who will not
part with it upon any other terms than for
specie,? of which the State has none to pay”
(Davies 1781 [Calendar of State Papers (Vir-
ginia) 1881], 2:599).

Early naval stores production concentrated
on burning tar kilns for tar and pitch. Tar
kilns were earth-covered mounds of sev-
eral cords of collected dead pine “lightwood”
that were burned under controlled condi-
tions by carefully regulating the amount of
air let into the mound. This sometimes dan-
gerous process took up to 2 weeks of con-
tinuous management—from the first drops
which might not appear for several days, un-
til the tar ceased to flow into the barrels
placed below (Catesby 1731, 1743). The sec-
ond, more destructive practice involved box-
ing of live trees for the crude gum that was
then shipped to New England or Europe for
distillation of spirits of turpentine in crude iron
retorts. While boxing was practiced as early
as 1608 (Smith 1624), the necessity of ship-
ping the bulky crude gum long distances lim-
ited the price and demand for the first hundred
years.

While tar and pitch were made from 1608
on, most seem to have been consumed lo-
cally until around 1700. In 1697, Governor Sir
Edmund Andros said that Virginia produced
no naval stores for sale except along the Eliz-
abeth River [Norfolk County], where about
1,200 barrels of tar and pitch were made an-
nually (Pierce 1953). This would have had
ready market at the port of Norfolk just a few
miles downstream. The industry was carried
on by poor men who built their kilns unas-
sisted by servants or slaves, and considered
a few dozen barrels a year an excellent out-
put (Wertenberger 1931). E. A. Michaux, writ-
ing about his own observations made around
1802, notes that “toward the north, the Long-
leaved Pine first makes its appearance near
Norfolk, in Virginia, where the pine-barrens
begin” (Michaux 1871).

In 1704 Jenings (1704 [1923]) reported
some 3000 barrels of tar produced in Princess
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Anne County and part of Norfolk County. The
disposition was split three ways: local con-
sumption, sale to ship’s masters, and export
to the West Indies. Customs records on file
for ports from around the Chesapeake Bay
list barrels of naval stores as one of the most
common exports from the colony from the
late 1600s until the Revolution (British Pub-
lic Records).? In a typical entry, the customs
official at Hampton, VA, noted on April 12,
1745, “Cleared at Hampton, the snow John
and Mary, Thomas Bradley, for Liverpool with
106 hhd. tobacco, 500 bbl tar, 60 walnut stocks
and 5600 staves” (a snow [pronounced like
“now”] was a square-rigged sailing vessel, one
of the most frequently mentioned trading-ship
designs in early eighteenth century). The ex-
act point of origin of the goods is seldom de-
terminable since ships often stopped at planta-
tions up and down the rivers to pick up cargo,
sailing on to be cleared through customs at the
ports of Accomack, Hampton, or Norfolk.

Twenty-five years later, the export trade
had increased such that, from March 25 to
September 29, 1726, 17 vessels were cleared
from Hampton, only one of the ports, with
1194 barrels of pitch and 6004 barrels of tar.
One ship alone carried 1580 barrels of tar and
130 of pitch (British Public Records 1726). By
1791 the port at Norfolk exported 29,376 tons
of naval stores (La Rochefoucauld 1799). By
1803, the number of ships cleared for foreign
ports from Norfolk and Portsmouth reached
484, and it was reported that Virginia was no
longer able to meet the export demand for yel-
low pine (Wertenberger 1931). The designa-
tion “yellow pine” most often meant lumber
from longleaf pine in the early trade.

Early channels of trade in tar and pitch in
Virginia were the Elizabeth and Nansemond
Rivers, with their tidal tributaries interpene-
trating the lands in the interiors of Norfolk
and Nansemond counties. Not a single longleaf
pine remains within the watersheds of these
two stream systems today, and not a single
tree remains in the former longleaf counties of
Norfolk and Princess Ann. The only evidence
remaining in the three counties east of the
Nansemond River are a few remnant tar kilns
and a handful of isolated trees in Suffolk. Most



2. History and Future of the Longleaf Pine Ecosystem

of the remainder of Colonial production of tar,
pitch, and turpentine originated from counties
along the south side of the James River, where
there is evidence of once-extensive longleaf
pine forests (Frost and Musselman 1987).

There were as much as 600,000 hectares
in the original range of longleaf pine in Vir-
ginia, based on the extent of suitable soils in
the original range defined in Fig. 5. Longleaf
pine forests in Virginia appear to have been
largely exhausted by 1840, after which no fur-
ther naval stores production was listed (U.S.
Census Office 1841). The Census of Manufac-
tures for that year listed 5012 barrels produced
from five counties. The species no longer oc-
curs in two of these and I was able to find fewer
than 200 mature native trees left in this state—
enough to stock perhaps 5 hectares—where
once there were more than 4000 km? domi-
nated by longleaf pine. In 1893, forester B. E.
Fernow concluded that “[i]n Virginia the long-
leaf pine is, for all practical purposes, extinct.”

In Southampton County, Virginia, I met a
farmer, 84 years old—born around 1896—
whose recollection went back to the days of
“longstraw” pine as it was known there in the
past. Perhaps the last person in the state to re-
member that term from daily use, he took me
to see three trees that he had ordered to be left
when his land was logged. Longleaf pine has
been completely extirpated from 11 of the orig-
inal 15 counties of its range in Virginia. Rem-
nant trees can now be found only in Isle of
Wight, Southampton, Suffolk, and Greensville
counties.

Southward Migration of the
Naval Stores Industry, North
Carolina to Texas

In 1622, John Pory traveled overland from
Jamestown to the Indian town of Chowanoc,
passing through a “great forest of Pynes 15. or
16. myle broad and above 60. mile long, which
will serve well for Masts for Shipping, and for
pitch and tarre, when we shall come to ex-
tend our plantations to those borders” (Powell
1977, p. 101). These were the great pine bar-
rens of western Isle of Wight and Nansemond
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counties, Virginia, and Gates and Chowan
counties, North Carolina. The first record of
naval stores produced in North Carolina was
in 1636, 17 years before the first settler set up
ahouse and trading postin 1653. A visitor from
Bermuda sailing up the Chowan River was sur-
prised to discover a large number of men there
busily producing “sperrits of rosin” (Clay et al.
1975). This was in the vicinity of the “Sand
Banks” of western Gates County. The crew had
apparently come south, overland from the set-
tlements, only a few years old, along the James
River in Virginia. From 1980 to 1990 I was
only able to locate about 25 old longleaf trees
in the Sand Banks region. I counted annual
rings when some of these were logged around
1980: the largest was 308 years old and only
23 inches (60 cm) in diameter on the stump
when cut.

Schoepf (1788 [1911]) traveling down the
coastal plain from Virginia to South Carolina
observed that “...the greatest and most im-
portant part of the immense forests of this
fore-county consists of pine...”, and com-
mented on “...the opportunity for consider-
able gain from turpentine, tar, pitch, resin and
turpentine-oil.” In the northern tier of North
Carolina counties, as mentioned above, some
20 mature trees remain in Gates County, only
2 trees are known in Hertford County, and
a single tree in Perquimans County. The last
stand of longleaf in Northampton County was
logged about 1980, and longleaf pine has also
been extirpated from Currituck, Pasquotank,
Washington, and Tyrrell counties.

Fernow (1893) observed that “in North
Carolina, in the division of mixed growth and
in the plain between the Albemarle and Pam-
lico Sound, the long-leaf pine has likewise
been almost entirely removed and is replaced
with the loblolly.” In the central part of the
state, there was considerable turpentining ac-
tivity along the Tar River in the central Coastal
Plain by 1732, and by 1850 the state was the
world’s leading supplier of naval stores (U.S.
Censuses of Agricultural and of Manufactures
1841, 1853, 1864, 1872, 1883, 1895). Agricul-
turalists complained that the entire labor force
of the Coastal Plain was employed in the tur-
pentine orchards, to the neglect of agriculture
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FIGURE 6. Boxing trees for turpentine. Bark and
cambium were removed and large boxes were
chopped into the base to collect the crude gum.
Photo courtesy of U.S. National Archives.

(Ruffin 1861). By 1900 longleaf had been dec-
imated in North Carolina and the industry had
passed on to the south. Ashe (1894b) com-
mented: “In North Carolina most of the trees
which now bear seed are boxed and have been
in this condition for 50-100 years....”
Introduction of the copper still in 1834
allowed concentration of the final product
into distilled “spirits of turpentine” making
the process highly efficient, slashing ship-
ping costs, and touching off a wave of com-
mercial exploitation which swept south from
North Carolina to Texas decade by decade,
decimating the longleaf pine region within
80 years (Mohr 1896). Sargent’s state maps
(1884) for Louisiana and Texas show the ex-
tent of turpentine orcharding being carried
into the virgin pine forests. The history of naval
stores in North Carolina has been reviewed
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by Merrens (1964). Gamble (1921), Croker
(1987), and Earley (2004) have reviewed the
history of naval stores for the rest of the
South.

Few mature trees escaped the turpentine
boxing procedure. Large trees were boxed on
three or even four sides (Schoepf 1788), with
deep wedges cut into the base to collect the
resin (Fig. 6). Crude gum was dipped from
the box six to eight times a season and trans-
ported by cart or boat to the nearest still (Figs.
7 to 9). Casks of distilled spirits of turpen-
tine and barrels of rosin, the residue after dis-
tillation, then were shipped downstream to
the nearest port (Fig. 10). Using nineteenth-
century methods, virgin stands often produced
for only about 4 years (Mohr 1896). Weak-
ened trees in abandoned turpentine orchards
often were blown over or killed when the

FiGurE 7. Gum was collected every few weeks by
dipping with large spoons. Barrels were crafted lo-
cally from white oak. Photo courtesy of U.S. Na-
tional Archives.
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FIGURE 8. Barrels of crude gum were taken by boat or wagon to the nearest still. Photo courtesy of Forest

History Society.

next ground fire set the residue ablaze in the
boxes (Fig. 11). Much of the virgin timber
thus was wasted until around 1870, when
narrow-gauge logging railroads were extended
into upland forests. As forests of each state
were exhausted the industry moved south and
by 1890 foresters raised the alarm that with-
out provision for reforestation the turpentine
industry would soon come to an end (Ashe
1894b).

Thomas Gamble (1921, p. 35) summarized
the wave of turpentining that decimated the
virgin longleaf forests:

The exhaustion of the South Carolina pine forests
so far as heavy supplies of naval stores were con-
cerned, was astoundingly rapid. Such a thing as
conservation was undreamed of. The vast forests of
Georgia and Alabama and Florida were too invit-
ing to promote the thought of care in the use of
what remained of the Carolina pine forests that had

FIGUurRE 9. Introduction of the
copper still into the woods in
1834 permitted reduction of
crude gum to spirits of turpen-
tine, saving shipping costs and
making the process immensely
more PROFITABLE. Photo courtesy
of U.S. National Archives.
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FI1Gure 10. The rosin yards at Savannah, GA, in 1893. Every 50-gallon barrel of distilled turpentine
contained the entire life’s production of 33 virgin longleaf pine trees, with a by-product of 4 barrels of
rosin. Net profit per tree was about 32 cents (Mohr 1893). Photo courtesy of U.S. National Archives.

evoked the admiration of the early discoverers and
explorers. No section of the primeval longleaf pine
forests was more quickly or more effectively oblit-
erated than that through which the “Tar Heelers”
pressed on their way from North Carolina to Geor-
gia. A very few years and they had cut their last
boxes, hacked their last trees, gathered their last
crops of crude gum, and, like an army of locusts
leaving a Kansas wheat farm, moved on to fields
new and pastures green.

Mohr (1896) described the situation in most
of the South by 1896: “...the forests invaded
by turpentine orcharding present, in five or six
years after they have been abandoned, a pic-

ture of ruin and desolation painful to behold,
and in view of the destruction of the seedlings
and the younger growth all hope of the re-
forestation of these magnificent forests is ex-
cluded.” This grim prediction was largely ful-
filled when the last of the virgin forests were
depleted in the 1920s.

The Spread of Agriculture in the
Longleaf Pine Region

Indians were the first farmers, and the full ex-
tent of Indian agriculture in the South has
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FiGure 11. This virgin longleaf stand in Beaufort County, SC, had been boxed for turpentine. Fires further
weakened the trees by setting the boxes ablaze and in coastal areas, hurricanes often finished the job. Photo,

Sherrard 1903.

never been delimited. Bartram (1791) de-
scribed “tallahassees” or abandoned Indian
old fields in north Florida. To the north, the
hunter-gatherer cultures of North Carolina
and Virginia farmed on a smaller scale in
patches adjacent to villages, while much of the
diet came from fishing and hunting (Harriott
1590 [1972]; Smith 1624). In the Creek coun-
try of Alabama, however, Bartram traversed
a region of Indian farmland broken only by
small tracts of woods between the outlying
agricultural lands of one village and the next
(Bartram 1791 [1955]). Clearly a portion of the
longleaf pine region had already been domesti-
cated long before arrival of the first Europeans.

Along the Atlantic slope, settlers finally be-
gan expanding out of the tidewater region in
the 1730s (Clay et al. 1975) and, with later
waves of immigrants, settled the Piedmont,
reaching the foothills of the Appalachians by
the 1790s (Fig. 4). During the period 1750-
1850 virtually all longleaf communities of the
more fertile soils were converted to farm-
land and pasture (Williams 1989). Both the
American Revolution and the Civil War in-

terrupted agriculture for a number of years
and in 1795 it was reported that “all Tidewater
Virginia was full of ‘old fields’ reverting to tim-
ber” (Wertenberger 1922).

The longleaf pine region was fully settled
by 1750 with the exception of Florida, Texas,
and the interiors of Alabama and Mississippi
(Fig. 12). As late as 1820 the vast longleaf
forests of the interior of Alabama, Missis-
sippi, Louisiana, and east Texas remained un-
touched. In 1821, however, cession of Florida
to the United States by Spain, along with major
land purchases from the Creek and Choctaw
Indians, opened this region to settlement. By
1850 the fertile Black Belt region of central
Alabama and Mississippi had been plowed
and converted to cotton plantations by large
slave-holding planters. A map compiled from
the Census of 1840 (Williams 1980) shows
the distribution of major cotton plantations
in three dense regions: coastal South Carolina
and Georgia, the lower Mississippi River valley,
and the Black Belt.

By the Civil War, nearly all lands optimally
suitable for agriculture were in production. By



26

1. Introduction

FiGuRE 12. Virgin longleaf stands of the interior hills of the Piedmont and southern tip of the Appalachians
were nearly as open as those of the Coastal Plain. Fresh boxes had just been chopped into the bases of these
trees for the turpentine process, which had just reached the hills in 1905. Bibb or Coosa Co., Alabama.

Photo, Reed 1905.

1900, 12.5 million hectares, or about 27% of
the uplands in the former range of longleaf
pine upland was listed as “improved” farm-
land, a category that included pasture, roads
and buildings as well as cropland (U.S. Census
Office 1902). While there were no separate fig-
ures for land in pasture in 1900, it was nec-
essary to maintain pasture or range on ev-
ery farm for horses, mules, and oxen used for
plowing and transportation, and until around
1880 much livestock was still maintained on
open range in the woods.

History of Logging: Hand Power,
Waterpower, and Steam

Effects of timbering were minor through the
early Colonial Period (beginning in 1607 in
Virginia, 1565 in Florida) to the mid-1730s,
when logging was done by hand, using horses,
mules, and oxen to drag the logs. Commercial
logging was limited to the vicinity of streams

where the harvest could be transported. While
waterpower was tried as early as 1611 in
Virginia, this technology did not take hold
until around a century later, with introduc-
tion of water-powered sawmills in Louisiana
about 1714 (Hindle 1975) and the Cape Fear
region of North Carolina in the 1730s. In
1732, Governor Burrington reported that an
abundance of sawmills was being constructed
along the Cape Fear River. In 1764 Gover-
nor Dobbs reported that 40 sawmills had been
completed on branches of the Cape Fear, and
Governor Tryon reported that the number had
risen to 50 two years later in 1766 (Merrens
1964).

Waterpower opened up the first possibility
of a commercial lumber industry. Steel saw
blades were imported from Holland where the
technology had been developed, and sawmills
proliferated rapidly along streams in settled
areas. Still, these were slow, straight-bladed re-
ciprocating saws (slash saws), with an up and
down action, mimicking the human-powered
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FIGURE 13. A “carry-log” drawn by mules. Economical range of this kind of transport was less than 4 miles
(Croker 1987). Photo courtesy of U.S. National Archives.

pit saws: the circular saw and band saw were
still 100 years away, not coming into general
use until after the Civil War (Hindle 1975).
Many of these small mills operated only part
time—when there was enough water in the
mill pond in winter and spring to turn the
wheel. Many were plantation-owned, produc-
ing boards for local use, with only a small sur-
plus shipped downstream to coastal towns. As
late as 1826, a few decades before the appear-
ance of steam-powered sawmills, Mills (1826)
commented that the pine timber was still used
mostly for local construction.

While waterpower helped the clapboard
house replace the log cabin, lumber produc-
tion remained a minor industry from 1730
to around 1850. Most logging occurred along
streams where logs were skidded out by horses,
mules, and oxen. The giant wheeled “carry-
log” (or “caralog,” Fig. 13) was important
from this time until the late nineteenth cen-
tury when it was supplanted by logging rail-
roads and steam skidders. Logs were dragged
this way to the nearest water and then rafted
downstream to mills. The maximum effective
distance for this kind of overland transport
was only 3 or 4 miles (Croker 1987) and so

commercial exploitation was limited to narrow
zones along navigable streams.

Prosperous South Carolinians were fasci-
nated by steam power and in 1833 constructed
the first railroad in the United States, connect-
ing Charleston on the coast to the vicinity of
Augusta on the Savannah River. The entire
route lay through longleaf pine country, and
on some of the first runs the engine slowed to a
crawl from lack of steam and had to stop while
hands ran to chop longleaf pine lightwood for
fuel (Derrick 1930). In 1856, the first steam-
powered dredges were used in Norfolk County,
VA, to build the Albemarle and Chesapeake
Canal (Ruffin 1861), and the period 1850-
1870 saw explosive proliferation of steam tech-
nology for logging railroads, steam skidders,
and steam-powered sawmills (Anon. 1907).
By the end of the Civil War, with resump-
tion of intensive turpentining throughout the
longleaf forests of North and South Carolina,
and with steam logging methods perfected, the
stage was set for cataclysmic decimation of the
longleaf ecosystem.

After the war, huge tracts of southern lands
were bought by railroad companies (Fig. 14).
After construction the railroads sold surplus
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FIGURE 14. Clearing right-of-way through virgin longleaf forest in Mississippi for the Natchez, Columbia
and Mobile Railroad in 1907. All timber was soon cut within several miles of railroads and more distant
lands were sold to logging companies. Photo, American Lumberman 1907.

lands to logging companies. Lands sometimes
changed hands at the rate of 40,000 hectares or
more, at prices of $3 per hectare (Napier 1985).
The decade 1880 to 1890 saw standardization
of track sizes and concatenation of isolated
railroad lines, making overland transport of
lumber cheap and efficient (Hale 1883; Anon.

1907). By 1880, all commercial timber had
been removed from lands within a few miles of
streams and railroads. Tapping of virgin forests
of the interior had just begun, but huge vol-
umes of lumber were being produced. Sargent
reported an annual cut of over a billion board
feet in 1884 (Table 2), increasing to 3.7 billion

TABLE 2. Virgin longleaf pine remaining in 1880 and annual cut in 1880 (board feet)?

Merchantable longleaf pine Annual cut

Virginia No reported commercial production

North Carolina 5,229,000,000 108,411,000
South Carolina 5,316,000,000 124,492,000
Georgia 16,778,000,000 272,743,000
Florida 6,615,000,000 208,054,000
Alabama 18,885,000,000 245,396,000
Mississippi 18,200,000,000 108,000,000
Louisiana 26,588,000,000 61,882,000
Texas 20,508,000,000 66,450,000
Totals 118,119,000,000 1,194,428,000

@ Figures are only for major longleaf pine regions and major logging companies. While virgin
growth had been depleted in Virginia and exhaustion in the Carolinas was imminent, stands in

Louisiana and Texas still were largely untouched (Sargent 1884).
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board feet by 1896 (Mohr 1896). This phase of
intensive logging, from 1870 to 1930, saw re-
moval of virtually all remaining virgin forests
in the South. By 1900, it was apparent that
many cutover longleaf areas, particularly those
on better soils, were being occupied by scrubby
second growth of other species, while some re-
mained open and nearly treeless. To the grow-
ing concern of foresters, longleaf pine replaced
itself only sporadically in a small percentage of
its former landscape (Mohr 1896). Given the
vast extent of longleaf once reproducing nat-
urally in primeval forests, what could explain
its failure to do so now?

The Disappearance
of Longleaf Pine

Failure of Longleaf Pine
Regeneration after Logging

Historical records suggest that two factors com-
bined to explain the final disappearance of
longleaf pine after initial exploitation for tur-
pentine and lumber. First was the fondness of
feral livestock, especially hogs, for the seed-
lings (Mohr 1896; Hopkins 1947a,b,c). Unlike
other pines, longleaf seedlings have a non-
resinous, carbohydrate-rich meristem, which,
while in the grass stage, is vulnerable to grazing
for 5 to 7 years or more. Hogs have been ob-
served to feed heavily on longleaf seedlings,
consuming up to 400 each in a day (Hopkins
1947a,c). The second and final nail in the coffin
was twentieth-century fire suppression.

By the 1890s foresters saw clearly that, over
large expanses of the landscape, longleaf was
not replacing itself after logging (Ashe 1894a,b;
Mohr 1884, 1896). On the road on the ridge
between the Cooper and Ashley rivers out of
Charleston, Edmund Ruffin observed changes
in the forest, on lands long settled:

The trees are nearly all pine, & generally of second
growth, the land having been formerly cultivated &
afterwards turned out.

The pines of original forest are mostly of the ‘long
leaf” species, & many of the great size & beauty for
which that kind is distinguished. But whenever of
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second growth, whether after culture, after mere
cutting down the first growth for tuel, the second
growth pines are of the “loblolly” or “old-field” kind,
of mean sized appearance. (Ruffin 1843, p. 60)

Mohr (p. 64) commented, “on the lowlands
of the Atlantic coast toward its northern limit
this pine is almost invariably replaced by the
Loblolly Pine.” “In the stronger soil of the up-
per division of the maritime pine belt, the re-
gion of mixed growth, where seedlings of the
Longleaf Pine spring up simultaneously with
the hard wood trees and the seedlings of the
Shortleaf Pine, these latter will eventually gain
the supremacy and suppress those of the Lon-
gleaf Pine.” “It is evident that the offspring of
the Longleaf Pine is rarely seen to occupy the
place of the parent tree, even in the region
most favorable to its natural renewal, and that
final extinction of the forests of the Longleaf
Pine is inevitable unless proper forest man-
agement is applied.” To Mohr’s mind proper
management meant eliminating all fire, en-
couraging 15 to 20 years later, shade-tolerant
tree species below the longleaf to build up a
humus layer “to secure improvement and per-
manency of favorable soil conditions.” These
sentiments were echoed by Sherrard (1903).
Unfortunately, this was a prescription for ex-
tirpation of longleaf pine.

The question that dogged foresters was, why
did longleaf not reproduce, at least on those
lands where nothing else was done other than
logging of the virgin timber? Contemporary
with Mohr, one of the first foresters to wres-
tle with this problem was W. W. Ashe, who
noted that not only was the longleaf seed crop
produced in irregular mast years, but also that
the seeds were descended upon by a vari-
ety of predators: “...its large and sweet seeds
are eaten in large quantities by fowls of vari-
ous kinds, rats, squirrels, and by swine, which
prefer them to all other kinds of mast, and
when there is enough long leaf pine mast be-
come very fat on it” (Ashe 1894b, p. 57). This
had been noticed as early as 1728 by William
Byrd during the survey of the Virginia—North
Carolina line, and Ruffin (1861) commented
that “[t]hey are so eagerly sought for by hogs
that scarcely any are left on the ground to
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germinate” (p. 255). Ashe was one of the first
to report the fondness of hogs for the larger
seedlings. “No sooner, however, has the young
pine gotten a foot high and its root an inch in
diameter than the hog attacks it, this time eat-
ing out the roots, which until two inches in
diameter, are very tender and juicy, pleasantly
flavored and free of resinous matter” (Ashe
1894b, p. 57).

Like most foresters of his time, Ashe re-
garded fire as the unrelenting enemy of for-
est regeneration, even going so far as to insist
that in North Carolina “...the burnings of the
present and future, if not soon discontinued,
will mean the final extinction of the long leaf
pine in this state” (Ashe 1894b). This opinion
echoed that of Mohr (1884) and others on the
destructive nature of fire. The groundwork for
the field of fire ecology had clearly not yet been
laid.

Ashe concluded that the chief agencies pre-
venting regrowth of longleaf pine were fire and
hogs. In contrast, later authors asserted the ac-
tual dependence of the species upon fire to pre-
vent site appropriation by shade-tolerant pines
and hardwoods (Harper 1913). When some of
the early assertions were tested in southeast-
ern South Carolina, longleaf pine was found
to be replaced by slash pine when both fire
and hogs were excluded (Sherrard 1903), and
studies in 1935 showed only 8% fire mortality
in 2-year-old longleaf plantations in Louisiana,
versus 53% for 7-year-old loblolly (Wakeley
1935). If fire is excused as one of the two prin-
ciple culprits, that leaves hogs conspicuously
in need of closer scrutiny.

In 1539, DeSoto made the first introduction
of swine to the South (Bakeless 1961). Later,
English settlements brought with them starter
livestock (Strachey 1610 [1964]; Smith 1624).
Hogs showed an astounding reproductive po-
tential, and demonstrated an ability to fend
entirely for themselves in the woods with no
attention from their owners (Beverley 1705
[1947]; Blakeley 1812 [1910]). The capacity
of the landscape to support open range hogs
has never been investigated, but the evidence
suggests that they quickly reached saturation
density within a few decades after settlement.
By 1617 the log palisades with which the town
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was walled off were not sufficient to keep the
hogs out of the streets of Jamestown, Virginia.
Capt. Samuel Argall and James Rolfe on land-
ing there in May of that year, only 10 years
after settlement, commented on the “innumer-
able numbers of swine” (Smith 1624).

Evidence for Early Saturation of
the Landscape by Hogs in
Coastal Regions

Both the Spanish and English experiences
demonstrated the potential of hogs to in-
crease from a handful to thousands in a few
years under conditions of complete neglect on
open range. By 1702 a Swiss visitor to coastal
Virginia declared that “pigs are found there in
such numbers that I was astonished” (Michel
1702 [1916]). This was corroborated by
Beverley (1705 [1947]) who stated that “hogs
swarm like Vermine upon the Earth....The
Hogs run where they list, and find their own
Support in the Woods, without any Care of
the Owner; and in many Plantations it is
well, if the Proprietor can find and catch the
Pigs, or any part of a Farrow when they are
young, to mark them....” A few years later,
Brickell (1737 [1968]) reported similar condi-
tions in northeastern North Carolina where he
saw “...swine, breeding in vast numbers...."”

A considerable meat packing business had
sprung up in Norfolk, VA, the major seaport
in the mid-Atlantic region, to supply salt pork
to sailing ships. The first direct evidence that
hogs had reached saturation density in North
Carolina is provided by the report of Gov-
ernor Barrington in 1733, that about 50,000
hogs were driven annually to the Norfolk
market from the Albemarle region of North
Carolina (Wertenberger 1931). The first live-
stock census figures from these six small coun-
ties showed no increase in hog numbers from
1840 to the Civil War, indicating that satura-
tion density had been reached, with an average
of 14,800 hogs on open range in each of the six
counties south of the state line within hog driv-
ing range of Norfolk. This gives an average of
4.3 hectares per hog (U.S. Census 1841). For
the 1890 census only, supplementary figures
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were kept for hogs consumed or hogs that
died. In Alabama, which still had hogs on open
range, an annual number equal to 45% of
the total hogs alive were consumed and 23 %
died. This gives us an approximation for sur-
plus hogs that could be harvested when popu-
lations were near capacity (U.S. Census Office
1902: U.S. Census of Agriculture for 1902).
If the total number of hogs in the six North
Carolina counties mentioned above were at
carrying capacity in 1750, the numbers should
be nearly the same as in 1840 (88,850 hogs),
then the surplus should have been 45%, or
40,000 hogs. The fact that the reported surplus
of 50,000 fully grown hogs driven to Virginia
exceeds our estimate of 40,000 strongly sug-
gests that carrying capacity had been reached
in this region sometime before 1733. These
counties were settled between the years of
1655 and 1700 so there had been from 35
to 78 years, easily sufficient for hogs to reach
saturation density.

While hogs spread inland from southeast-
ern Virginia and northeastern North Carolina,
other introductions were made along the
Atlantic and Gulf coasts. In 1663, explorers
stepping ashore on the barrier island at Cape
Fear, NC, were astonished at being offered pork
for sale by the Indians, livestock having been
placed on the islands a few years earlier by
stockmen from New England (Lawson 1709
[1967]). On the Gulf Coast, Mobile, founded
in 1711, was the first permanent city (Hamil-
ton 1910 [1976]), and in 1812, free-ranging
hogs were kept on three islands of about 1600
hectares each at the head of Mobile Bay. Josiah
Blakeley, the owner, wrote that “[c]attle and
hogs do well upon them, and no expense.
Upon them I have about 30 head of cattle
and hundreds of hogs, the hogs wild. I shoot
or catch them with a dog” (Blakeley 1812
[1910], p. 405). There isno evidence, however,
that hogs spread very far beyond the frontier,
where Indians and other predators likely kept
them under control.

From the descriptions above, it seems likely
that tidewater Virginia was saturated with hogs
by around 1700, and the whole coastal plain
of Virginia and the portion of North Carolina
north of Albemarle Sound by 1730. The first
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FIiGure 15. Evidence for saturation of the land-
scape by feral hogs. The lower curves represent sta-
ble hog populations in coastal regions long-settled
by 1840—more than 200 years for coastal Virginia
(bottom line) and over 100 years for coastal Al-
abama (middle line). The vast regions in central
Alabama, only opened to settlement in 1821, had
just reached carrying capacity in 1850, with over a
million hogs on open range. The dip from 1860 to
1870 was the result of overconsumption of all live-
stock during the starvation that accompanied the
Civil War. Data from U.S. Censuses of Agriculture,
1840-1890. Reprinted from Frost 1993 with per-
mission from the Tall Timbers Research Station.

regularly kept figures, however, were not
available until a century later with the 1840
Census of Agriculture. The lower line in Fig. 15
shows the total number of hogs from the 15
Virginia counties within the original range of
longleaf pine from 1840 to 1900. The plunge in
numbers occasioned by famine during the Civil
War is characteristic of all the southern states
and is closely paralleled by figures for cattle and
other livestock (U.S. Census Office 1841, 1853,
1864, 1872, 1883, 1895, 1902). Note that the
population curve for the decades preceding the
Civil War is flat, and recovers to a relatively flat
slope within two or three decades afterward.
This supports the notion that carrying capac-
ity had been reached some time before such
records were kept.

In contrast, figures for Alabama indicate that
only the coastal region was saturated by 1840.
The middle line in Fig. 15, which parallels that
for Virginia, represents the number of hogs
in the seven old, long-settled coastal counties
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near Mobile. The upper line represents the
middle counties. The interior remained Span-
ish territory until 1821, when settlers from
Georgia and the coast were poised for entry
(see Fig. 4). By 1840, only 19 years after open-
ing of the territory, immigration was in full
swing but the country was still sparsely settled.
Figure 15 shows increasing numbers of hogs
in the central counties, but leveling off after
1850, within 19 years of the 1821 opening of
the land to settlement (the large numbers for
the central counties reflect the much greater
land area). The flattening of the curve again
suggests carrying capacity had been reached,
and demonstrates the capacity of hogs to satu-
rate a vast landscape in less than 20 years.

Hogs were not the only competitor for forage
on openrange, however. While hogs were con-
sistently the most abundant livestock species
reported in the agricultural censuses, the range
was shared by cattle, horses, mules, sheep,
and goats, whose numbers collectively equaled
those of hogs (U.S. Censuses 1841, 1853, 1864,
1872, 1883, 1895, 1902).

One writer estimated that 5-10 hectares of
unmanaged southern woodland was required
to support one cow, while 0.8 hectare of good
pasture would suffice (Gardner 1979). No fig-
ures were ever determined for carrying capac-
ity of southern range for hogs (Grelen 1980).
As noted above, the apparent saturation den-
sity of hogs in 1840 in northeastern North
Carolina was 4.3 hectares. While this might
seem an abundance of land per hog, keep
in mind that there was an equal number of
other open range livestock competing for food,
the county acreage included water, areas from
which hogs were fenced out, and large areas
of upland forests where there may have been
little forage except for the fall mast crop of
acorns and pine seeds. There was also stitf com-
petition for the mast crop from birds and na-
tive animals (Ashe 1894b; Wahlenburg 1946).
Longleaf pine seedlings, on the other hand,
were available and vulnerable all year round.

While birds have been observed to consume
from 8% to up to 42% of the longleaf seed
crop (Wahlenburg 1946), they do not molest
the seedlings, and this much predation must
have been tolerable, since birds were a natural
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part of the landscape in which longleaf pine
flourished. Wakeley (1954, p. 151) considered
hogs by far the most serious threat to longleaf:
“Where there are many hogs it is foolhardy
to plant longleaf pine without fencing.... To
this species hogs are infinitely more destructive
than fire.”

There are several hog-and-fire exclusion
studies to back up this assertion, two of which
reported complete failure of stand regenera-
tion on tracts where feral hogs were present.
Two experimental tracts at Urania, LA, after
5 years of protection against hogs, contained
an average of 16000 longleaf saplings per ha,
as compared with an average of only 20 per ha
on two unprotected tracts (Mattoon 1922). In
an area with free-ranging hogs in Georgetown
County, SC, hogs were fenced out of 32 0.04 ha
plots. After two growing seasons the fenced ar-
eas contained 1200 large seedlings (those with
root collar diameters of 1.3 cm or larger) per
ha, while unfenced areas contained only 20 per
ha (Lipscomb 1989). The hogs largely ignored
small first-year seedlings but focused on those
large enough to have accumulated starchy root
content. Density of hogs was not controlled but
was estimated to be about three to six animals
on the 24-hectare study area, or 4-8 hectares
per hog. This is comparable to the hog densi-
ties of 4.3 hectares per hog reported above, on
open range in colonial North Carolina, which
we have suggested may represent carrying
capacity.

Ashe (1894b) and Mohr (1896) both com-
mented on the palatability of longleaf pine
seedling roots in the 1.5 to 5 centimeter diam-
eter range. Wakeley (1954) reported hog con-
sumption of 200 to 1000 longleaf seedlings per
day, at rates of up to 6 per minute. Hopkins
(1947a,b,c), after observing hogs rooting up
hundreds of seedlings a day, analyzed the
root starch content and found them to be as
nutritious as corn. Little wonder then that
hogs would be drawn to longleaf seedlings,
which, in the grass stage, are highly conspic-
uous and vulnerable for 3 to 7 years. With
10,000 to 40,000 hogs on open range in ev-
ery settled county in the longleaf region (U.S.
Censuses 1841, 1853, 1864, 1872, 1883, 1895,
1902), all that would be required to eliminate
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reproduction would be for a drove of hogs to
happen upon a regenerating plot once every
3 or 4 years to largely eliminate the species
from the landscape.

Hogs on open range were completely depen-
dent on natural forage. If carrying capacity had
been reached, survival would be tenuous and
occasional disasters could be expected when
mast crops or other wild foods failed. A cu-
rious example occurred in Illinois when hogs
starved in winter after passenger pigeons un-
expectedly descended on alocal area and ate all
the fall mast of acorns, beechnuts, and chest-
nuts (Bakeless 1961). This raises the ques-
tion about the reverse situation, that satura-
tion of the landscape with hogs contributed to
the extinction of the passenger pigeon. Their
summer breeding range extended only as far
south as Virginia but from late September to
early November the flocks migrated to the
winter range from South Carolina to Florida
(Bent 1932 [1963]). This coincided with long-
leaf seed fall, and it has been observed that re-
lated birds like mourning doves and quail have
their crops “crammed” with longleaf seeds dur-
ing this time (Wahlenburg 1946). The distinct
parallel between the decline of longleaf pine, a
major winter food source, and that of the pas-
senger pigeon may not be a coincidence. In the
South, memory of the species persists only in
place names like “Passager Swamp” in Isle of
Wight County, VA.*

The End of Open Range

The effects of hogs on longleaf pine were not
noticed until the massive wave of logging that
followed the Civil War physically removed
the forest. Most of the timber cut in the pe-
riod 1870-1900 was still virgin forest (Mohr
1896), where the effects of hogs in eliminating
seedlings could be overlooked as long as the
trees stood. Note that longleaf had indeed been
extirpated from much of the northern range
a hundred years before, but the process had
taken 200 years, while decimation of the for-
est using steam-logging technology seemed to
occur overnight. This precipitated an immedi-
ate shortage of lumber for fencing (Hale 1883),
and forced landowners to look at the problem
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of livestock on open range. For the first three
centuries, crops had been fenced in to protect
them from livestock, which had free run of the
land. Even if a farmer had little stock of his
own, he had no choice but to fence his crops
against the animals of his neighbors. As more
land came into agriculture, demands for fenc-
ing increased until the timber shortage made
it apparent that it would more economical to
fence in the livestock rather than the crops.
In response, fence laws (stock laws) were
passed throughout the South, beginning in the
1870s. In 1883 a statewide law was passed in
South Carolina making it incumbent upon the
owners of livestock to see that they do not tres-
pass on the lands of others. A respondent to
an 1880 timber survey, from Anson County,
NC, commented that “every man who owns
cattle, hogs, sheep, goats or horses in Anson
County is now compelled to pasture them on
his own land. None are allowed to run at large
on the range. This system came into effect in
our county about two years ago, and so much
is it esteemed already that a return to the old
style of fencing the crops against the incursions
of stock is next to impossible. This is regarded
as the most important single step taken in this
county in the last twenty years” (Hale 1883).
The process took decades to become effective
over the whole South and there are still some
areas where hogs run wild (Lipscomb 1989).

Landscape Changes from
1900 to 2000

Fire Suppression and the
Decline of Fire as a Natural
Determinant of Vegetation

The end of open range should have been a
boon to longleaf pine, but while three cen-
turies of open range were drawing to a close, a
new threat was in the making. Fire was still
widespread, but by the Civil War, much of
the landscape had been fragmented by agri-
culture, reducing the size of fire compart-
ments. In central South Carolina there were an
average of 20.3 hectares per farm cleared and
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tilled (State Board of Agriculture 1883). As
long as raising stock was the primary source
of income the remaining woodlands were
burned by the residents to green up forage
for livestock. This practice may have perpet-
uated longleaf pine and its associated flora of
wiregrass and savanna herbs, in a landscape
where roads, plowed fields, and other man-
made firebreaks fragmented the fire landscape
and eliminated landscape-scale fires ignited by
lightning. When cattle grazing declined in im-
portance after the Civil War, the practice of
spring burning was abandoned in major agri-
cultural areas. Describing the resultant vege-
tation changes in South Carolina, one writer
noted that “the uplands were covered, as they
still are, with a large growth of yellow pine,
but a deer might then have been seen, in the
vistas made by their smooth stems, a distance
of half a mile, where now, since the discon-
tinuance of the spring and autumn fires, it
could not be seen fifteen paces, for the thick
growth of oak and hickory that has taken
the land” (State Board of Agriculture 1883,
p- 79).

On all but the drier lands, longleaf reproduc-
tion is completely eliminated by other pines
and hardwood, and shrub invasion within
a few years after fire exclusion (Sherrard
1903). Nowhere in the South can longleaf be
seen reinvading the mesophytic mixed pine—
hardwood succession that has replaced it.

Modern fire laws and the state apparatus for
prevention and suppression of wildfire did not
come into being in most of the South until
the period 1910-1930. This left a window of
some 50 years, between the end of open range
around 1880 and the beginning of twentieth-
century fire suppression, in which longleaf
pine had a safe opportunity to reproduce.
Many of the stands that did result have now
been logged and the oldest of those naturally
regenerated stands still remaining, date to the
end of this window of opportunity.

Fernow (1893) was one of the first to ar-
gue for governmental involvement in forestry:
“there exist some legislative provisions regard-
ing forest fires in almost every State, but they
are rarely if ever carried into execution for lack
of proper machinery.” Most states remedied
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this condition with a vengeance in the next
30 years. In 1919, Virginia passed laws creat-
ing the position of State Forester and provided
for forest wardens. The act also imposed fines
and a minimum penalty of a year in prison for
maliciously starting a forest fire, a far cry from
the days when burning was a casual manage-
ment practice.

Few of the early foresters cared to acknowl-
edge the role of lightning as an ignition source.
In South Carolina, Sherrard (1903) blamed all
fires on humans, stating that fires were “care-
lessly set to improve grazing, to clear land,
and to protect woods where turpentine is be-
ing gathered.” Burning in this case was done
after first raking pine straw away from the
flammable boxes in the bases of the trees. Ashe
even believed that one of the reasons longleaf
pine was being replaced by loblolly was that it
was more sensitive to fire:

The loblolly pine is less injured by fire because its
bark is thicker and so offers more protection to the
growing wood, —the bark, too, lying closer to the
wood in firmly appressed layers, does not so easily
take fire.

The chief agencies, then, which prevent a re-
growth of long leaf pine on the high sandy lands,
are the hogs and the fires...the burnings of the
present and future, if not soon discontinued, will
mean the final extinction of the long leaf pine in
this State. (Ashe 1894, p. 58, writing about North
Carolina)

In contrast, Sherrard observed that “the Long-
leaf Pine may rightly be called a fireproof
species in so far as the survival of scattered
groups and patches of second growth and indi-
viduals is concerned.” Still, he was one of the
first to call for a public campaign: “the peo-
ple must be educated to a sentiment against
fires.”

The first voice to clearly distinguish the nat-
ural role of fire was Roland Harper, who stated,
“it can be safely asserted that there is not and
never has been a long-leaf pine forest in the
United States ... which did not show evidences
of fire, such as charred bark near the bases of
the trees; and furthermore, if it were possible
to prevent forest fires absolutely the long-leaf
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FicurE 16. The first documented study showing the effects of exclusion of fire and hogs from longleaf
pine. A dense forest of slash pine is regenerating in a fenced plot after exclusion of fire and hogs for several
years. Old boxed longleaf survivors and scattered slash pine make up the canopy (Sherrard 1903). Sherrard
aspired to produce a similar forest on all pine lands in the two counties being studied and fire exclusion
became the general forest prescription for the South. Southeastern South Carolina. Photo, Sherrard 1903.

pine—our most useful tree—would soon be-
come extinct” (Harper 1913, p. 16).

If not recognized by early foresters, it was
well known to inhabitants of the longleaf pine
region as early as the 1830s that lightning was
often responsible for fires in the “turpentine
orchards.” On a large estate in Onslow County,
NC, damage to the turpentine crop was pre-
vented by providing log cabins free of rent
to poor white families, whose duties included
fighting summer lightning fires:

These men are required to do three things: first, they
are to guard the orchards from fire, and if a small
fire occur, as it often does in the summer time by
lightning striking and igniting a resinous pine tree,
they and their families must extinguish it. If it gets
beyond their control they are to blow horns, sum-
moning the neighboring tenants, sending all around
for help, fight the fire until it is put out... (Gamble
1921, p. 27)

The slow and patchy reproduction charac-
teristic of unmanaged longleaf under condi-
tions of frequent growing season fires was a

legitimate concern, and foresters were hungry
for solutions. While most were convinced that
both hogs and fire were inimical to longleaf
regeneration, the first real demonstration was
conducted in 1903. Sherrard (1903) examined
a fenced plot from which fire and hogs were
excluded. Within a few years a dense stand of
slash pine had established itself beneath the
longleaf (Fig. 16). Sherrard was pleased with
the result. Never mind that the new forest
would be composed of a new dominant species
and of entirely different structure than the
open longleaf forests. And curiously, neither
he nor Ashe nor Mohr ever questioned that if
fire were the enemy of longleaf, why did its ex-
clusion lead to an entirely different forest type?
While it must have been apparent that this
kind of succession would eventually lead to re-
placement of longleaf, it was sufficiently good
news in a landscape recently denuded of its
primeval forest cover, that within a few years,
fire exclusion and a program of educating the
public “to a sentiment against fires” became
the general forest prescription for the South.
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TABLE 3. The first pine plantations: 1892-1931?

1892-1928 1928 1929 1930 1931 Total
Virginia 136 19 141 128 162 587
North Carolina 618 124 220 109 190 1,261
South Carolina 1,308 — 45 195 301 1,850
Georgia 608 2 324 1,030 62 2,026
Florida 391 0 14 595 756 1,756
Alabama 36 20 133 108 14 311
Mississippi — — — 217 241 457
Louisiana 7,914 3,756 4,286 4,298 1,002 20,018
Texas — — — 105 — 105

28,371 ha

@ Figures are from Wakeley (1935), with exception of the area planted before 1928 in South Carolina,

from Boyce (1979).

Pine Plantation

Pine plantations scarcely existed in 1900. The
earliest plantations of record in the South
were three small plots established by farm-
ers in 1892, 1896, and 1907 (Wakeley 1935).
The first large attempt at plantations by the
U.S. Forest Service, 365 hectares on the
Choctawhatchee and Ocala National Forests in
1911, proved a failure. Wakeley knew of only
200 hectares successfully established by 1919.
Problems with technique were soon worked
out, however, and Table 3 shows the extent
of pine plantation in the nine states within
the range of longleaf pine by 1931.> By this
time more than 20 lumber and paper compa-
nies were involved and they accounted for at
least 78% of the area planted.

Fire was a threat to pine plantations, but
establishment of increasingly large areas pro-
tected from fire in the 1930s and 1940s made it
seem feasible to plant loblolly and slash pine as
commercial crops. Pine planting was expanded
by large timber corporations in the 1940s
and 1950s, and there were 12,460,000 acres
(5,046,300 hectares) established in the years
1965 to 1967 (Boyce 1979). Forced into more
marginal lands by development pressures, tim-
ber companies found it increasingly desirable
to produce pine pulpwood and sawtimber us-
ing intensive management. In the former long-
leaf region, there are at present about 11 mil-
lion hectares of pine plantations, primarily

loblolly and slash pine, but also small amounts
of shortleaf and longleaf (based on figures and
projections in Boyce 1979; McWilliams 1987;
Outcalt and Sheffield 1996).

Expansion of Agriculture and
Developed Land

While much mixed pine-hardwood is now
converted to plantation after logging, some is
also cleared and converted to cropland or pas-
ture. While commercial dairy operations have
proliferated since 1900, total pasture and crop-
land have declined. After World War II, mules
and horses were retired by tractors, and sur-
plus pasture lands went into cropland or suc-
ceeded to loblolly pine and hardwoods (Boyce
and Knight 1980). The relative percentages of
land in cropland and forest are the net result
of a complexity of changes that include for-
est succession of abandoned cropland on small
uncompetitive farms between 1940 and 1965,
and clearing of new cropland from woodland
by large farming operations. Agricultural land
area peaked in 1930 and has been reverting to
forest and other land uses ever since (Williams
1989). The 1997 Census of Agriculture re-
ported 3,456,000 hectares in pasture (7% of
the uplands) and 6,027,000 hectares in crop-
land (12% of the uplands) in the portions of
the 412 counties included in the former long-
leaf pine region (Table 1).



2. History and Future of the Longleaf Pine Ecosystem

TABLE 4. Fire regime conditions in 785 stands of longleaf pine in the northern
range of the species®

CCl1 CC2 CC3 CC4 CC5
Virginia 0 1 2 2 18
North Carolina 42 60 60 77 116
South Carolina 17 16 114 83 104
Northeast Georgia 12 4 17 17 23
Totals 71 81 193 179 261

@ Condition Class 1 contains stands that had been burned often enough to have retained
at least 70% of their original plant species diversity. Condition Class 2 indicates longleaf
dominant stands with loss of more than 30% of species but that had been burned recently
enough to retain conspicuous fire char on their trunks. CC3 stands were also dominated
by longleaf but fire had been excluded long enough for the understory to fill in with
dense woody vegetation: with no other treatment, these stands, when next logged for
longleaf pine, will largely convert to hardwoods and early successional pines such as
loblolly, with a few residual stems of longleaf. This successional process also accounts
for most of the CC4 stands which consisted of scattered longleaf pines in fire-suppressed
stands dominated by other species. CC5 were former stands in which fewer than 10
longleaf pines were found, in some cases consisting of a single ancient boundary line
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tree in a forest completely converted to other types.

Fire Regimes Today and the
Condition of Remnant Longleaf
Pine Communities

The few substantial, well-maintained rem-
nants of longleaf pine communities are now
found primarily on military bases whose man-
agers have sufficient fire staff to maintain ef-
fective fire regimes. Smaller, fire-maintained
examples can be found locally on national
forests and other public lands and private pre-
serves, and fire programs are now gearing up
for restoration of natural stands suffering from
various stages of fire regime alteration.

Over the 25-year period 1978-2003, I ex-
amined 785 stands of longleaf pine ranging
from the northernmost remaining tree in Isle
of Wight County, VA, to stands in north-
east Georgia (Table 4). I evaluated each in
terms of its departure from the natural fire
regime. Stand investigation ranged in intensity
from detailed 1/10-hectare study plots to 100-
square-meter plots or quick visual evaluations.

By 2000, only 19% of remnant stands in
the northern range of longleaf pine were be-
ing maintained with fire (Classes 1 and 2), and
even this interpretation is optimistic. Only 9%
of stands retained something approaching the

full complement of plant species that they once
supported under the natural fire regimes indi-
cated in Fig. 3. The stands in Condition Class 2
had experienced some reduction in fire fre-
quency and many were stands to which fire
had been reintroduced after a long period of
fire exclusion in the mid to late twentieth
century. Of these, most had lost more than
50% of their understory species diversity. In
most natural longleaf pine communities, more
than 90% of the plant species diversity is found
in the herb layer, as a rich assortment of native
grasses and forbs. Most of the rare species are
also found in this layer (Walker 1995). In the
worst case, during the initial stages of reintro-
duction of fire, I saw several stands during this
survey with not a single herbaceous species in
a study plot.

Longleat pine has been extirpated from all
but about 2.2% of its original range (exclud-
ing recent plantations), or about 1,050,000
hectares. Of that fraction, only about 19%,
or 193,000 hectares, is currently being main-
tained with fire, and only 9% has escaped sig-
nificant loss of species diversity resulting from
episodes of fire suppression. Fire-suppressed
stands typically were invaded by hardwoods,
loblolly pine, sweetgum, or slash pine. Instead
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of the two-layered structure typical of natural
longleaf communities, there were heavy shrub
and midstory layers. The resulting shade, along
with deep pine needle litter and duff accumu-
lation, had completely eliminated wiregrass
and most of the rest of the herb layer on many
sites. With only 9% of remnant stands in Con-
dition Class 1, that means that less than 96,572
hectares, or less than 0.2% of the original
extent of the longleaf pine ecosystem, remains
in condition good enough to support most of
its native plants and animals.

The logging boom of the late nineteenth
century left in its wake cutover lands and
dense, scrubby second growth, and efforts of
crusading fire exclusionists guaranteed that
over much of the region, the sunny, open,
fire-maintained woodlands would be seen no
more. For the inhabitants who lived during the
first decades, seeing the forest of centuries fall
around them was often a disheartening expe-
rience that transformed their world. One re-
spondent to a timber survey in 1882 in Cur-
rituck County, NC, noted bitterly:

The avaricious and insatiable saw mills, together
with the desire of every man who could buy a pair of
oxen and “Carry-Log”, have demolished and trans-
ported nearly all of our pine. . .. This certainly looks
like a gloomy report, but more truth than poetry.
(Hale 1883, p. 222)

The Future of the Longleaf
Pine Ecosystem

If less than 0.2% of the original extent of long-
leaf pine remains in condition good enough to
support a significant diversity of their native
plants and animals, then the few areas that
have been burned often enough to have re-
tained their full complement of species are ex-
ceedingly valuable—as refugia for species, and
as reference communities for setting restora-
tion targets for the rest of the longleaf pine
landscape. With so few remnants, we are now
compelled to make every effort to get fire back
into all remaining longleaf stands.
Encouraging signs for the future are now ap-
pearing on public lands. Remnant stands are
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being bought or protected, the dense thick-
ets resulting from decades of fire exclusion
are being subjected to midstory thinning, and
fire is being restored to the land. The newest
efforts include reintroduction of grasses and
other herb layer species. Recent government
actions mandate the determination of original
fire regimes and Fire Regime Condition Class
(FRCC)—the degree from which current fire
regimes and stand conditions have departed
from that in nature (Hann 2002). As FRCC
is determined for lands across the country we
will then have targets for restoration of the fire
regimes that thousands of species rely upon.
This gives us some cause to hope that 2000
represented the low point for the longleaf pine
ecosystem.

Within the 2.2% (1.01 million hectares) of
the landscape that still supports natural long-
leaf pine today, there is a remarkable galaxy
of sites large and small, only one generation
away from logging and turpentining, some of
which have recovered nicely. These we may
still be able to maintain, and perhaps we
can restore more of Bartram'’s “...expansive,
airy pine forests...of the great long-leaved
pine...the earth covered with grass, inter-
spersed with an infinite variety of herbaceous
plants, and embellished with extensive savan-
nas, always green....”

Endnotes

1. An earlier version of this chapter was first pub-
lished in Proceedings of the Tall Timbers Fire Ecol-
ogy Conference, No. 18, The Longleat Pine Ecosys-
tem: ecology, restoration and management, ed.
Sharon Hermann, Tall Timbers Research Station,
Tallahassee, FL, 1993.

2. Gold or other coin, “hard cash.”

3. Tam grateful to the staff of the Colonial Williams-
burg Foundation Library, Williamsburg, VA, for
access to the original records on microfilm.

4. The term “passenger” pigeon is a pejoration of
the original word “passager,” as used in Colonial
times. Most people only saw them as birds of pas-
sage since the great flocks, except for a few weeks
while nesting, were constantly on the move in
search of food. As a consequence they were called
“passager pigeons.”
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5. A small amount of planted trees were hardwood,
something under 5%.
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BOX 2.1

The Naval Stores Industry
Alan W. Hodges

Institute of Food and Agricultural Sciences,
University of Florida, Gainesville,
Florida 32611

The vast forests of longleaf pine (Pinus palus-
tris) in the southeastern United States were
once the basis of a very large industry
for producing pine tar, rosin, turpentine,
pine oil, and other products derived from
the natural oleoresin of the tree. The term
“naval stores” came about from the use of
these products for building and maintain-
ing wooden ships during the seventeenth
through nineteenth centuries. Pine tar was
used together with various fibrous materi-
als to seal the seams between the wooden
planking. It was an important strategic com-
modity for the naval-based European em-
pires of Britain, Holland, Spain, and Por-
tugal. Although the term “naval stores” is
now antiquated, it is still frequently used in
historical contexts. However, the preferred
contemporary terminology in the indus-
try is “pine chemicals” or “gum and wood
chemicals.”

Naval stores production is based upon ex-
ploiting the terpene chemical defense sys-
tem of the pine tree, which protects against
wood-decaying fungi and insect pests such
as bark beetles (Dendroctonus, Ips sp.). When
a tree suffers injury to the bark and cam-
bium layer, oleoresin is secreted to prevent
the establishment and spread of pathogens,
acting as a natural biocide and preserva-
tive. Pine oleoresin is a complex mixture of
about 30 to 50 different terpene molecules,
comprised chiefly of diterpene resin acids
and monoterpene essential oils, which im-
part different physical and biotic proper-
ties (Zinkel and Russell 1989). The terpene
chemical defense system came about very
early in the evolution of higher plants on
earth, with some ambers from fossilized tree

resins having been dated to the Carbonif-
erous Era, over 200 million years before
present (Langenheim 1969). Terpenes are
synthesized through the basic malevonic—
pyruvate biochemical pathway, and occur in
many different groups of plants, as well as all
conifers. Longleaf pine, slash pine (P. elliot-
tii), and other subtropical pine species are
especially rich in terpenes because of high
year-round pest pressures.

Terpenes are produced in pine trees by
specialized cells that form a network of mi-
croscopic ducts with interconnected longi-
tudinal and radial segments, as illustrated
in Box Fig. 1. The epithelial cells of the
resin ducts arise from the parenchyma tis-
sue, and lack the rigid cell wall of normal
wood fibers. As terpenes are secreted into
the lumen of the resin ducts, where they
are stored, the elastic membrane of the ep-
ithelial cells maintains a relatively high pres-
sure (300 psi) on the fluid oleoresin such
that it can be mobilized in case of an in-
jury. Oleoresin is present in all parts of the
tree—leaves, branches, stem, roots, bark—
and typically represents about 3 to 5% of to-
tal tree biomass (dryweight basis). In older
trees, oleoresin accumulates in the stumps
and heartwood, and in the wood around the
base of major branches. Oleoresin is not to
be confused with sap, the nutrient solution
that is carried in a separate system of vascu-
lar tissues.

Methods for harvesting or extraction of
oleoresin from pines have evolved sig-
nificantly over the past 400 years, due
to changes in technology and the forest
resource. Beginning in the early 1600s,
colonists in North America made pine tar
for export to Europe by a pyrolysis pro-
cess, i.e., by slowly burning resinous wood
in earthen kilns. This activity reached its
peak in North Carolina, where tar makers,
known as “tarheels,” exploited the abun-
dant longleaf pine forests (Butler 1998).
They gathered naturally occurring resinous
wood from old-growth stumps, heartwood,
and branch knots, and also deliberately
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FIiGUrRE 1. Anatomy of the oleoresin duct system of longleaf pine. Courtesy of
USDA Forest Service. llustration by Susan Trammell, Willisiton, FL.

injured trees to cause resinosis by remov-
ing bark and applying fire. Resin-saturated
pine is known as “lightwood,” because the
settlers used the wood for torches.

During the 1800s and early 1900s, as set-
tlers moved into the southeast U.S. coastal
plain region, the gum naval stores indus-
try developed for tapping of living longleaf
and slash pine trees (Box Fig. 2). Trees
were repeatedly wounded using a hook-
shaped cutting tool known as a “hack” to
cause the natural defensive response and
bring about oleoresin exudation. The ole-
oresin was collected in cavities (“boxes”)
chopped into the base of the tree, and
special “dipping” tools were used to pe-
riodically remove the accumulated oleo-
resin. This destructive practice often killed

or weakened the trees to other mortality
factors. The exploitative resin harvesting
was usually followed by clear-cut logging,
resulting in widespread deforestation. The
laborious process of hacking and dipping
was done mostly by black workers, many
of whom were slaves, descendants of slave
families, or prisoners, who lived in isolated
camps. Most gum naval stores operators
practiced annual controlled burning of the
forest stands to improve accessibility, and
carefully prepared the stand by raking away
litterfall around each tree to avoid scorching
the tapped face.

In the twentieth century, better meth-
ods were developed for collecting gum
oleoresin in manufactured containers at-
tached to the tree. Clay cups introduced by
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Dr. Charles Herty in 1906 led to a resur-
gence of the industry. Typically, the cups
were hung from a nail underneath a pair
of sheet metal gutters that channeled the
oleoresin into the cup (Box Fig. 3). Many
of these old clay cups and tins can still be
found in the woods today. The standard
contemporary method of oleoresin tapping,
known as bark chipping, was developed by
U.S. Forest Service researchers during the
1940s. Strips of bark and cambium approx-
imately 2 inches (5 cm) wide are removed
across one-third of the tree’s circumference,
at intervals of 3 to 4 weeks throughout the
March through October period in the south-
eastern United States. This method causes
significantly less damage to trees than the
previous practice of deeply chipping into
the wood. It was also discovered that chip-
ping stimulates a roughly a sevenfold in-
crease in the number of resin ducts in new
wood formed above the chipped face, which
enables higher yields if light chipping is

FIGURE 2. Map of the naval stores belt, and location of processing plants (1934). Courtesy of USDA
Forest Service. Southern Forest Experiment Station, forest survey (1934).

practiced (Gerry 1935). With appropriate
conservative practices, trees may be tapped
for about 12 years on two sides or “faces,”
and can then normally be used for the full
range of wood products (Box Fig. 4).
Chemical treatments are also used for
increasing oleoresin yields from tapping
pines. Sulfuric acid is applied as a spray
or paste solution to the freshly exposed
cambium to destroy cells surrounding the
opening of severed resin ducts, preventing
premature occlusion of the ducts, and pro-
longing oleoresin flow for several weeks.
A new generation of chemical stimulation
has been developed using plant regulators
such as ethylene, which acts as a general
stressor, stimulating biosynthesis of oleo-
resin. With the best available method, the
expected annual oleoresin yield from a 35-
year-old longleaf pine, 10 inches (25 cm)
DBH, is approximately 11.2 pounds (5.1 kg)
(McReynolds and Kossuth 1984). For an
8-year production period, in a typical stand
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F1GURE 3. The Herty cup and gutter system for
resin collection, circa 1906. Courtesy of USDA
Forest Service. Image scanned from A Pictoral
Album of the Naval Stores Industry (1937), Univer-
sity of Florida library.

of 50 tappable trees per acre, the revenue
from a gum naval stores operation would
be over $1500 per acre. Oleoresin yields
are strongly influenced by the age, size, and
vigor of trees, and stand density and canopy
development.

The crude oleoresin extracted from pines
is distilled to separate the principal con-
stituents of diterpene resins and monoter-
pene essential oils, known commercially
as rosin and turpentine. Originally, this
was done at small farm-scale distilleries us-
ing fire-heated copper kettles adapted from
Scottish whiskey stills, and at one time there
were over 1800 such stills in the southeast-
ern United States (Box Fig. 5). A few of these
old stills have been preserved for public
demonstrations of the process. Beginning in

the 1930s, the primitive fire stills were re-
placed by about 30 large central steam pro-
cessing plants.

Rosin is an amber-colored crystalline solid
material at room temperature, and is used
for making adhesives, sealants, coatings,
fluxes, printing inks, emulsifiers, and food
products such as chewing gum. Turpentine
is used in solvents, cleaners, antiseptics, in-
secticides, flavors and fragrances, and syn-
thetic resins. The rosin fraction typically
represents about 70% of the original crude
oleoresin, turpentine about 15%, and for-
eign material such as dirt, litter, and wa-
ter the remaining 15%. Rosin is traded
commercially based upon color and chem-
ical composition, which is determined by
the pine species, and methods of produc-
tion and processing. “American” rosin from
longleaf and slash pines makes an excellent
grade that is recognized worldwide as the
standard of quality. A characteristic of the
rosin from longleaf pine is that it crystal-
lizes very rapidly, due to the particular mix
of diterpene resin acids. A significant por-
tion of the oleoresin becomes crystallized
and dried and on the face, and it is neces-
sary to remove this material with a special
scraping tool.

At its peak in 1910, the United States
produced nearly 600,000 metric tonnes of
rosin and turpentine, which is the high-
est of any country in history, and is un-
likely to ever be achieved again. At this
time, there were about 27,000 workers em-
ployed in the industry, with over 10,000
independent producers operating on about
8 million acres. Since the 1930s, the gum
naval stores industry in the United States
has steadily declined due to the high cost of
labor, scarcity of suitable timber, and com-
petition from foreign producers and substi-
tute materials. The last remaining process-
ing plant in the United States closed in 2001.
However, gum naval stores is still an im-
portant industry in many developing coun-
tries, such as China, Indonesia, India, Brazil,
and Mexico, with global production of gum
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F1GURE 4. Typical woods scene of gum naval stores harvesting operation, circa 1900. Courtesy of
USDA Forest Service. State archives of Florida, call number Rc 02612.

T

FIGURE 5. Turpentine still building and loading ramp. State archives of Florida, call number PR 12612.
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rosin and turpentine in excess of 700,000
metric tons annually (Hodges 2002). About
10 major pine species are used around the
world, including Pinus elliottii established
from seedstock in the United States.

Wood naval stores is another facet of the
industry based upon extraction of rosin and
oils from the resin-saturated stumps of first-
growth longleaf pine trees that died or were
harvested decades ago. This process was de-
veloped in the 1920s, and continues today at
asingle plant in Brunswick, GA, operated by
Hercules Inc. Weathered stumpwood con-
tains about 40% extractives, by weight,
and is highly decay-resistant. Stumps are
recovered from cut-over forest lands with
heavy equipment, then transported to the
plant by truck or railcar, where they are
finely shredded before extraction with sol-
vents such as gasoline or hexane. The pro-
cess produces an excellent grade of pale
rosin, wood turpentine, and pine oil. Lon-
gleaf pine stumpwood is essentially a non-
renewable resource, since trees are gener-
ally not allowed to grow to the age when
heartwood formation occurs, after about 80
years. Nevertheless, the remaining supply
of stumps is expected to last many more
years at the current rate of recovery, to pro-
duce about 20,000 metric tons of wood rosin
annually. A system for artificially inducing
resinosis in young southern pines by treat-
ment with herbicides such as paraquat was
developed during the 1970s (Stubbs et al.
1984). This process achieved a 15-fold in-
crease in total whole-tree extractives over a
period of 2 years, under the optimal treat-
ment. However, it was not commercialized
because of difficulties with high tree mor-
tality and insect pests.

The most important source of naval stores
products in the United States today is a
by-product of the sulfate or “Kraft” pulping
process (Zinkel and Russell 1989). Turpen-
tine volatilized by cooking of wood chips is

recovered from pulp digestors, while non-
volatiles extracted from wood pulp are re-
covered from the black liquor stream as
crude tall oil, then fractionated into rosin,
fatty acids, and a variety of other com-
pounds. Both the turpentine and rosin
are contaminated by sulfates, but indus-
trial users have adapted these materials to
their needs at lower cost than other sources,
and they compete with petroleum hydro-
carbon chemical feedstocks. There is over
800,000 metric tons of crude tall oil pro-
duced in the United States and Canada
(Hodges 2002). However, longleaf pine does
not contribute substantially to this indus-
try because it is seldom used for making

paper.
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Chapter 3

Ecological Classification of
Longleaf Pine Woodlands

Robert K. Peet

Introduction

When Europeans first settled in southeastern
North America and began to explore their
new homeland, they found a landscape that
was to a large extent dominated by open, sa-
vannalike longleaf pine woodlands. The pines
were typically widely spaced, affording the
traveler opportunities to see for long dis-
tances without obstruction by undergrowth.
The ground layer was dominated by grasses
with a great diversity of showy forbs. Vege-
tation of this character occurred from south-
eastern Virginia southward deep into penin-
sular Florida and west to western Louisiana
and eastern Texas (Frost et al. 1986; Harcombe
et al. 1993; Peet and Allard 1993; Ware et al.
1993; Platt 1999; Christensen 2000; Frost this
volume).

Early descriptions and superficial treatment
in textbooks have created and maintained
the inaccurate perception, widespread out-
side the Southeast, that the vegetation of
the original longleaf pine ecosystem was a
homogeneous and monotonous bilayer com-
munity with pines above and grass below.
While this is clearly an oversimplification, the
original longleaf ecosystems were generally

bilayered communities with the physiognomy
maintained by frequent, low-intensity surface
fires that removed most small woody plants
and thereby kept the canopy open. However,
this caricature obscures the remarkable floris-
tic diversity of these systems. At a within-
community scale, longleaf vegetation can be
among the most diverse in North America with
some examples having 40 or more species of
higher plants per square meter (Walker and
Peet 1983) or 170 per 1000 m? (Peet, Carr and
Gramling 2006; W. J. Platt personal commu-
nication). But even more impressive is the di-
versity reflected in the change in composition
of longleaf vegetation with subtle changes in
environmental conditions, or with geographic
distance. This diversity is particularly conspic-
uous in the floristic richness and endemism of
the region. There are on the order of 6000 vas-
cular plant taxa that occur on the southeast-
ern Coastal Plain, which represents almost a
quarter of all plant species that occur in North
America north of Mexico. Moreover, 1630 taxa
are endemic to the Coastal Plain, and with
1306 full species included (Sorrie and Weakley
2001, 2006). The region falls just short of
qualifying as one of the top 25 biodiversity
hotspots on the globe (see Myers et al. 2000).
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A large proportion of the endemics occur in
the longleat-dominated vegetation (Sorrie and
Weakley 2005).

Although longleaf ecosystems once domi-
nated the southeastern Coastal Plain, most of
this vegetation was gone by 1920 and today
less than 3% of the original extent of longleaf
vegetation remains in natural conditions (Frost
1993; Ware et al. 1993; Frost this volume). To-
day, natural longleaf stands occur primarily on
lands characterized by soils too wet or too dry
for agriculture (Ashe 1897; Mohr 1901; Harper
1906; Frost 1993). From North Carolina to
Mississippi the inner coastal plain with its pre-
dominantly finer-textured soils has lost essen-
tially all of its original, vast extent of longleaf
vegetation through conversion to agriculture.
Gone also are nearly all longleaf populations
from Virginia and from North Carolina north
of the Neuse River, the region where longleaf
was first exploited for naval stores. What re-
mains of the original longleaf ecosystem is a
small and biased sample of what was once one
of the most extensive and diverse biomes of
North America.

Simple removal of longleaf is far from the
whole story of the demise of the longleaf
ecosystem. Just as important has been the loss
of the original fire regime. On all but the most
sterile sites, a significant decrease in fire fre-
quency quickly leads to a dense growth of
woody plants, followed by a competitive fail-
ure of the original ground cover and thus most
of the original biodiversity of the longleaf sys-
tem (see Frost 2000). Although conservation-
ists working in other ecological systems often
identify critical tracts for preservation by the
persistence of old-growth trees, this approach
is generally inappropriate for longleaf systems.
For longleaf ecosystems where the biodiversity
is concentrated in the ground layer, tree age
is relatively unimportant compared to the in-
tegrity of the ground-layer vegetation, which
in turn depends on the long-term persistence
of a regime of frequent, low-intensity surface
fires.

Conservation and restoration of the nat-
ural longleaf ecosystem is remarkably diffi-
cult for several reasons (Walker and Silletti
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this volume). For many types of sites, noth-
ing is left that might be used as a template
for restoration efforts. Many sites where long-
leaf does persist have been significantly al-
tered by fire suppression. Further, the great
diversity, endemism, and spatial heterogene-
ity of the longleaf system means that any
reserve system that aspires to preserve bio-
diversity needs to incorporate the range of
environmental conditions at numerous places
scattered over the original range of the
species.

Vegetation description and classification
play a key role in many areas of conservation,
land management, and scientific research. A
primary role of vegetation classification is to
delimit natural communities so as to provide
a framework for identifying, understanding,
managing, and restoring the natural vegeta-
tion. Managers of conservation lands require
accurate and detailed descriptions of the veg-
etation attributes they need to preserve or
re-create. Without a well-formulated vege-
tation classification and description, a qual-
ity template for management or restoration
is often impossible. In short, future conserva-
tion and restoration must be based on knowl-
edge of vegetation composition across a broad
range of sites selected to represent that range
of natural conditions and geographic varia-
tion. Unfortunately, the diversity of longleaf
vegetation has been relatively little studied.
Documentation of compositional variation can
be found in the scientific literature for small
portions of this system over limited ranges
of soil conditions. Vast areas of the longleaf
region have not been subjected to rigorous
ecological study. Although for some regions
it is now too late, efforts to document the
compositional variation of the remnants of
this remarkable ecosystem are underway. My
goal in this chapter is to combine informa-
tion in the nascent U.S. National Vegetation
Classification (NatureServe 2005; see Ander-
son et al. 1998) with available quantitative
data to create a preliminary classification of
natural, fire-maintained, longleaf-dominated
vegetation types to guide future conservation
and restoration efforts.
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Physiography and
Ecoregions of the Longleaf
Ecosystem

The relatively gentle to imperceptible topog-
raphy that characterizes much of the range
of longleaf belies the considerable geographic
variation and complexity in its environment
and biota. One approach to understanding
and managing this subtle complexity is to
break the longleaf system into ecoregions that
are relatively consistent in their climate, soils,
and physiography. Comparison of vegetation
within and between ecoregions provides a
framework within which variation in the long-
leaf ecosystem can be understood.

Several alternative ecoregion systems have
been published (e.g., Omernik 1987; Bailey
1995; Brown et al. 1998; Ricketts et al. 1999).
However, the system that seems to match
best the natural variation of longleaf vegeta-
tion is that of the U.S. Environmental Protec-
tion Agency (EPA; see Omernik 1987, and up-
dates). EPA ecoregions are hierarchical with
4 levels. Although I have found level-4 ecore-
gions to correlate well with compositional vari-
ation in longleaf ecosystems, there are far too
many types to provide a useful context for
examining large-scale, range-wide patterns. I
here describe six ecoregions largely based on
the nine EPA level-3 ecoregions that span the
natural range of longleaf pine, plus I treat sepa-
rately one level-4 segregate, the Fall-line Sand-
hills of the Carolinas and Georgia (Fig. 1).

The Atlantic Coastal Plain
Ecoregion

The Atlantic Coastal Plain Ecoregion includes
the coastal flatlands of the EPA Middle At-
lantic Coastal Plain region and that portion
of the EPA Southeastern Plains region occur-
ring from Virginia southwest to and includ-
ing the Altamaha Grit region of Georgia, stop-
ping at the Flint River as an arbitrary division
between the Atlantic and Gulf Coastal Plains.
The outer portion of the Atlantic Coastal Plain

Ecoregion is derived from marine sediments of
Miocene age or younger. This region tends to
be extremely flat with significant topography
restricted to banks and bluffs of major rivers.
Local topographic relief is consistently under
20 meters. These Atlantic coastal flatlands are
perhaps best visualized as a series of old bar-
rier dunes and shorelines. Soils of the barrier
dunes and shorelines per se tend to be ex-
tremely sandy and dry due to rapid percola-
tion of water, whereas the soils of the once
embayed regions tend to be seasonally satu-
rated as a result of their low relief and finer soil
texture, which make for poor drainage (DuBar
et al. 1974; Daniels et al. 1984; Soller and Mills
1991). Old marine terraces are also promi-
nent and tend to be flat with fine-textured,
poorly drained soils. In almost all cases, the
soils tend to be highly phosphorus deficient.
Coarse, siliceous sands have formed dune sys-
tems on the northeast sides of all major rivers
draining into the Atlantic as well as on the
northeast sides of Carolina bay depression wet-
lands, in both cases the sands having been
blown out of the river valleys and bay depres-
sions prior to the last glacial advance.

The inland half of the Atlantic Coastal Plain
Ecoregion is dominated by landforms that are
generally older and the topography more hilly
and complex than on the outer coastal plain.
The overall aspect is of low, rolling hills, of-
ten with loamy rather than sandy soils. A
distinctive region of clay hills occurs in South
Carolina (Myers et al. 1986). The pronounced
topographic relief of the rolling inner coastal
plain results in generally well drained soils
with the consequence that seasonally wet sites
are less common than on the outer Coastal
Plain, mostly of local occurrence, and associ-
ated with outcrops of impermeable soil hori-
Zons.

The Fall-line Sandhills
Ecoregion

The Fall-line Sandhills Ecoregion is identical
to the same-named level-4 segregate of the
EPA Southeastern Plains ecoregion and forms
its inland fringe from central North Carolina
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FiGurE 1. Six longleaf pine vegetation ecoregions, largely derived from EPA Ecoregions (see text).

to easternmost Alabama. This is a region of
primarily coarse, Cretaceous-age sediments,
often with a veneer of Miocene-age eolian
dune sands. The sandhill sediments appear to
have eroded from the ancient uplands that to-
day form the Piedmont. Intermixed with the
fall-line sands are layers of clay that impede
drainage and result in seepage wetlands where
the clay layers appear near or at the surface.
The sandhills are also characterized by scat-
tered subtle depressions, perhaps similar in ori-
gin to the Carolina bay depression wetlands
of the flatlands south and east of the sandhills
(James 2000). These sandhill depressions often
contain finer-textured soils than the adjacent
sandy landscape, perhaps deposited by winds.
The area is both ecologically and edaphically

distinct from the rest of Southeastern Plains,
which tend to be dominated by fine-textured
soils rather than coarse sands.

The Southern Coastal Plain
Ecoregion

The Southern Coastal Plain Ecoregion includes
most of the EPA Southern Coastal Plain Ecore-
gion including the range of longleaf in Florida
south of the Cody Scarp, the lower coastal plain
of Georgia, and a narrow fringe along the out-
ermost coastal plain of southern South Car-
olina. Soils of this ecoregion, like those of the
Atlantic Coastal Plain, are derived almost ex-
clusively from marine sediments of Miocene
age or younger, and the region tends to be
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extremely flat with significant topography re-
stricted to banks and bluffs of major rivers.
The Southern Coastal Plain differs from the
Atlantic and Gulf Coastal Plains in the gen-
eral absence of fine-textured soils, nearly the
whole region being characterized by a veneer
of marine sands. In addition, the influence of
the underlying limestone of the Florida penin-
sula not infrequently is expressed in the form
of higher soil phosphorus content than gener-
ally encountered elsewhere in the sandy soils
of the longleaf region (Peet, Carr and Gramling
2006).

The Eastern Gulf Coastal Plain
Ecoregion

The Eastern Gulf Coastal Plain Ecoregion in-
cludes the EPA Southeastern Plains ecoregion
from the Flint River in Georgia southward to
the Cody Scarp including the Tallahassee Red
Hills of north Florida, and west to include the
EPA Loess Plains ecoregion of Louisiana and
Mississippi. Also included is the narrow fringe
of EPA Southern Coastal Plain ecoregion west
of the Florida—Alabama border. As with the in-
ner Atlantic Coastal Plain, landforms here are
generally older and the topography more hilly
and complex than on most of the Coastal Plain.
The overall aspect is of low, rolling hills, often
with loamy rather than sandy soils. A distinc-
tive region of clay hills occurs in Alabama and
Mississippi (Hodgkins 1965; Hodgkins et al.
1979), which extend into southern Georgia
(Harper 1930). The soils are generally well
drained soils with wet sites primarily confined
to the coastal fringe. The region near the Mis-
sissippi River is recognized by EPA as a separate
ecoregion owing to its distinctive thick cap of
loess, blown out of the river during the late
glacial period. The loess cap gives the region
distinctive, fine-textured, highly fertile soils
that set it off from all other longleaf landscapes.

The West Gulf Coastal Plain
Ecoregion

The West Gulf Coastal Plain Ecoregion in-
cludes all longleaf lands west of the Mississippi

River and is included in the EPA Western
Gulf Coastal Plain and South Central Plains
ecoregions. The more southerly portion of this
ecoregion is similar to its southeastern coun-
terparts in being strikingly flat with extensive
areas of poorly drained soils. The more in-
land portions are characterized by rolling hills
and even occasional outcrops of the underly-
ing sandstone. The Pleistocene terraces of this
region are dominated by silty and even clayey
soils, some exhibiting strong vertic tendencies.

The Piedmont and Montane
Uplands Ecoregion

The Piedmont and Montane Uplands Ecore-
gion includes the eastern fringe of the igneous
EPA Piedmont ecoregion in the Carolinas as
well as the Piedmont and adjacent EPA South-
western Appalachians and Blue Ridge eco-
regions of northwestern Georgia and adjacent
eastern Alabama. This ecoregion is the most
atypical longleaf ecoregion in both topography
and substrate. Here are found mature land-
scapes with well-developed drainage networks
and complex topography which, except for
the Ridge and Valley region, are character-
ized by kaolinitic clay soils largely derived from
igneous rocks. Generally, longleaf sites of this
region tend to be well drained, though seep-
age areas with longleaf vegetation do occur
occasionally.

A Representative Longleaf
Landscape

Over much of the range of longleaf pine, lo-
cal variation in vegetation can be interpreted
in terms of two primary gradients: soil mois-
ture and soil texture. This typical pattern serves
as a general model for factors that affect lon-
gleaf pine vegetation (Fig. 2). Although vari-
ation in soil nutrients can also be important,
for a given moisture and texture regime the
soils in a region are relatively predictable, as is
the overall character of the associated vegeta-
tion. Only when one leaves the Coastal Plain
for the Piedmont and Montane longleaf types
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FIGURE 2. A modellandscape of Coastal Plain longleaf pine vegetation showing dominant vegetation types

in relation to soil silt content and soil moisture.

does this general, two-gradient model break
down, being replaced by a model where soil
clay and incident solar radiation are key vari-
ables and soil moisture is less significant.
Dominant soil orders vary in a manner
consistent with the two-dimensional gradi-
ent model of variation in longleaf vegetation.
Sandy, dry sites are dominated by Entisols. The
most well-drained, coarse sands are extremely
dry, intrinsically low in nutrients, and support
open, sand-barren vegetation, whereas nearly
all of the less extreme sites support a well-
developed ground layer dominated by grasses.
Soils of poorly drained, sandy sites are primar-
ily Spodosols, and on the wettest sites Histisols
can occur. The Spodosols, which are highly
infertile, particularly with respect to nitrogen
and phosphorus, support a vegetation type
often called flatwoods. The portion of the gra-
dient diagram with well-drained, silty soils is
largely associated with Ultisols. Unfortunately,
most such sites have been converted to agri-
culture. Poorly drained, silty soils are also

generally Ultisols and support what I refer to
here as pine savanna vegetation types.

Species diversity varies in a consistent pat-
tern across the gradient model (Table 1). By
all measures, the barrens of sandy, xeric sites
are least diverse. At the scale of a 1000 m?
plot, diversity increases with increasing soil silt
content, but with no conspicuous difference
between wet and well-drained sites. Examples
of exceptionally species-rich plots with about
170 species per 1000 m? have been reported
from well-drained soils of the Mississippi loess
plains (W. Platt personal communication) and
from silty seeps in the Tallahassee Red Hills
(Peet, Carr and Gramling 2006). However, at
scales between 10 m? and 0.01 m?, the savanna
vegetation types of wet, silty soils are the most
diverse of the longleaf ecosystem. The average
plot on moist, silty soils has on the order of
20 species per square meter, and where soils
are particularly fine and fire occurs nearly an-
nually, species richness can exceed 40 species
per square meter.
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TABLE 1. Species richness as a function of plot size for representative longleaf commu-
nity types of southeast North Carolina and of Florida.?

2

Area m
0.01 0.1 1 10 100 1000

Xeric sand barrens & uplands

North Carolina 0.5 1.3 3.2 6.6 12.9 22.5

Florida 1.1 3.2 9.5 20.9 42.6 74.1
Subxeric sandy uplands

North Carolina 0.8 2.7 5.5 10.3 19.1 34.8

Florida 1.1 3.9 11.2 24.4 48.1 84.0
Silty & clayey uplands

North Carolina 2.7 7.5 15.7 27.1 51.7 81.4

Florida 2.1 7.1 17.1 32.8 63.7 107.5
Flatwoods

North Carolina 2.3 6.0 11.2 18.7 33.2 54.6

Florida 1.8 5.2 11.7 21.4 40.0 71.2
Savannas

North Carolina 4.4 11.3 22.4 36.0 61.1 94.4

Florida 3.1 9.2 18.7 30.4 54.5 89.8

@ (Values are based on 180 vegetation plots from southeastern North Carolina and 281 from
Florida, each typically 1000 m? in area and containing eight subplots each of 0.01, 0.1, 1, and
10 m?, and four subplots of 100 m?. Averages were calculated for association types, and the
associations within a community type were averaged within a major community type—types
were averaged rather than plots to avoid weighting types by numbers of plots.

Major patterns of variation in vegetation
composition also correspond well with the
general gradient model. All longleaf vegetation
except that of extremely xeric barrens sites has
a well-developed grass-sedge layer. The best-
known grass of the longleaf woodlands is wire-
grass (Aristida stricta and A. beyrichiana'). From
northern South Carolina north to roughly
the Pamilico Sound, Aristida stricta domi-
nates. On either side of the range of Aris-
tida stricta, there is no wiregrass, but instead
Schizachyrium scoparium dominates. South of
the Santee River in South Carolina, wire-
grass again occurs, here in the form of Aris-
tida beyrichiana. Wiregrass extends southward
through most of the Florida Peninsula and
westward along the Gulf Coast into the south-
eastern corner of Mississippi. Wiregrass is
generally the dominant grass type of Spo-
dosols. Wiregrass also occurs on Ultisols, but
the bluestems (Andropogon spp., Schizachyrium
spp.) tend to be at least equally important.
On wet, fine-textured soils numerous grasses
and sedges share dominance with Ctenium aro-
maticum, Muhlenbergia expansa, Dichanthelium

spp., and Rhynchospora spp. being nearly ubiq-
uitous (though Ctenium is absent from the
savannas of Texas, dropping out at the Sabine
River).

Oaks (e.g., Quercus laevis, Q. incana, Q. gem-
inata) frequently occur as co-dominants on
xeric and subxeric sandy soils, with scrubby
evergreen oak diversity (e.g., Q. chapmanii, Q.
myrtifolia) increasing with proximity to penin-
sular Florida. The oaks decline in importance
with increasing soil moisture or silt content,
with two exceptions: live oak (Q. virginiana)
occupies somewhat more mesic sites than most
ofits congeners, and runner oaks (Q. minima, Q.
pumila) can be prominent on somewhat fine-
textured Ultisols and on moderately drained
Spodosols. Shrubs of the heath family are well
developed in flatwoods and in subxeric sand-
hills types, but decrease significantly in im-
portance with increasing silt content. In con-
trast, legumes are almost entirely confined to
the fine-textured soils, where they can be ex-
ceptionally diverse and abundant (Gano 1917;
Wells and Shunk 1931; Taggart 1994; Hainds
et al. 1999; James 2000). The mechanism



58

behind the distribution of legumes remains
undocumented, though I have found experi-
mentally in both North Carolina and Missis-
sippi that legume abundance on wet silty soils
can be significantly increased by application of
phosphorus. Plants of the lily and orchid fam-
ilies are well known to be showy, diverse, and
abundant on the wet longleaf sites over both
Ultisols and Spodosols, but to drop off with de-
creasing soil moisture (Walker and Peet 1984;
Peet and Allard 1993). Savannas and wet flat-
woods are also the area of greatest concen-
tration of the region’s rich assemblage of in-
sectivorous plants. Palms are largely plants of
the flatwoods; from the southeastern corner
of South Carolina southward, saw palmetto
(Serenoa repens) can be an aspect dominant of
the ground layer, and other palms appear in
particular flatwoods types (e.g., Sabal palmetto,
Sabal etonia).

Toward a Community
Classification

The primary purpose of this chapter is to
present and describe a comprehensive classi-
fication of longleaf pine vegetation based on a
compilation and synthesis of prior work, both
my own and that of others. Such a classifica-
tion can serve as a framework for understand-
ing ecological variation, planning and assess-
ing restoration, and developing conservation
strategies. I chose to define the focus of this
study as fire-maintained longleaf pine vegeta-
tion, plus related vegetation from within the
natural range of longleaf where other pines
dominate, or pines are typically present but too
sparse to generally be described as among the
dominants.

The most mature work on classification
of longleaf vegetation is represented by the
longleat vegetation types treated in the U.S.
National Vegetation Classification. As a first
step I compiled all qualifying vegetation types
(associations) within the U.S. National Vegeta-
tion Classification as of 2004. This classification
is maintained by NatureServe on behalf of
and in compliance with the standards of the
Vegetation Subcommittee of the U.S. Federal

1I. Ecology

Geographic Data Committee (FGDC), and with
advice on standards from the Vegetation Panel
of the Ecological Society of America. Most of
the current content of this classification is the
result of efforts by NatureServe staff or the staff
of state Natural Heritage Programs. Details can
be examined at the NatureServe Explorer web-
site  (http://www.natureserve.org/explorer/;
see also Anderson et al. 1998). The associa-
tions recognized in the National Classification
are derived from multiple sources and range
from types based on careful, quantitative
analysis of multiple plots to types based only
on old literature descriptions or author field
notes.

I also compiled the results of a series of four,
plot-based studies conducted by my own re-
search group (Duncan et al. 1994; Peet et al.
1994; Kjellmark et al. 1998; Peet, Carr and
Gramling 2006). These studies covered the
range of variation my colleagues and I could
identify in extant stands of longleaf and re-
lated vegetation types of North Carolina, South
Carolina, Georgia, and Florida. The studies
were based on approximately 900 inventory
plots of typically 1000 m? each and collected
following the protocol of Peet et al. (1998). The
plot data are available for further analysis in
VegBank (http://vegbank.org). Plots were se-
lected only from stands that appeared to be in
relatively natural condition with a sustained
history of low-intensity fire. Sites severely fire
suppressed, impacted by pine-straw ranking or
military training, or otherwise degraded were
avoided.

For each of the four studies we used ag-
glomerative cluster analysis methods to iden-
tifty groups of relatively similar plots and
examined the results of each in an effort to
identify groups that were both ecologically in-
terpretable and consistent across multiple clas-
sification methods. For our final cluster anal-
ysis we generally used the flexible beta group
linkage clustering method (McCune and Grace
2003) with Sorenson’s metric to quantify eco-
logical distances among plots. In each case we
compared our results with the types in the
then current version of the National Vegetation
Classification. This led to proposals for changes
in the classification documented below. I also
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reviewed available published articles and book
chapters that have summarized longleaf veg-
etation for particular places or geographic re-
gions. These are described in the relevant lo-
cations later in this section.

To create a single classification for this re-
view, I compiled the recognized longleaf types
into six ecological groups related to physiog-
nomy and soil type: (1) xeric sand barrens
and uplands, (2) subxeric sandy uplands, (3)
silty uplands, (4) clayey and rocky uplands, (5)
flatwoods, and (6) savannas and seeps. These
largely conform to the types recognized in our
general gradient model above (Fig. 2), with
the exception that clayey and rocky uplands
are recognized primarily from the Piedmont
and Mountains. I then sorted the associations
within a group into the six ecoregions de-
scribed above (Fig. 1): (1) Atlantic Coastal
Plain, (2) Fall-line Sandhills, (3) Southern
Coastal Plain, (4) Eastern Gulf Coastal Plain,
(5) Western Gulf Coastal Plain, and (6) Pied-
mont and Montane Uplands. Where our plot-
based studies suggest a need for revision of the
National Classification, these changes are im-
plemented in the compilation of types.

In the following sections I refer to the 135
vegetation associations recognized in Table 2
by three-digit code where the first digit refers
to the six ecological groups, the second refers
to the six ecoregions, and the third is a se-
quence number. Relationships between types
I recognize and types recognized in the 2004
National Classification are indicated in Table 2
using a standard set of relationship symbols. >
and < indicate “includes” and “included in,”
respectively; no symbol indicates the commu-
nity concepts are similar, and ( ) indicates the
name has been revised. >< indicates that the
two community concepts overlap, but each has
unique components. Aff. indicates a weak or
undefined affinity or relationship.

Xeric Sand Barrens and
Uplands

Deep, coarse, well-drained sands can be found
scattered across the coastal plain portions of

the longleaf ecosystem. Vegetation on these
sites consists of scattered overstory longleaf
with an oak understory and often little else.
The sand is typically bright white and is con-
spicuous for lack of ground cover. Grasses are
often sparse and the open ground layer nor-
mally includes low shrubs such as Gaylussa-
cia dumosa and often a discontinuous mat of
Selaginella and fruticose lichens (e.g., Cladonia
and Cladina) (Fig. 3).

Pine barren vegetation types generally have
lower fire-frequency than the other longleaf
types owing to insufficient fuel production to
carry frequent fire. Nonetheless, the vegeta-
tion is prone to degradation from fire suppres-
sion in that in the absence of fire scrub oaks
such as Quercus laevis assume a dense crown
cover, shading out much of the sparse herb and
grass layer and leaving a more fire resistant,
desertlike Quercus laevis community (1.2.2
see Table 2). On the Western Gulf Coast, be-
yond the range of Quercus laevis, the same phe-
nomenon occurs but with Quercus incana and
Q. margarettiae assuming dominance (1.5.2).

Atlantic Coastal Plain

Pine barrens and extreme xeric woodlands of
the Atlantic Coastal Plain are best developed
on eolian sands on the northeast sides of ma-
jor rivers (e.g., Altamaha, Cape Fear, Peedee,
Savannah; see Bozeman 1971) and northeast
sides of Carolina bays (Wells and Shunk 1931),
but also occur in other areas with extensive
sand deposits. On these sites one encounters
an understory typically dominated by Quercus
laevis, a layer of low shrubs such as Gaylus-
sacia dumosa and Vaccinium stamineum, and a
very sparse herb layer of xerophytes such as
Stipulicida setacea, Cnidoscolus stimulosus, Rhyn-
chospora megalocarpa, Minuartia caroliniana,
Euphorbia ipecacuanhae, Polygonella polygama,
Bulbostylis ciliatifolia, and Selaginella acanthonota
(1.1.1). Composition shifts with proximity to
the coast where Quercus geminata and Q. hemis-
phaerica share dominance with Q. laevis (1.1.3,
1.1.4); inland on slightly silty soils, Q. margaret-
tiae and Q, incana sometimes share dominance
with Q. laevis. Grasses are typically unimpor-
tant and wiregrass (Aristida stricta north of
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3. Ecological Classification of Longleaf Pine Woodlands 67

FIGURE 3. Xeric sand barrens and uplands, Atlantic Coastal Plain. Pinus palustris and Quercus laevis barren
on the rim of a Carolina bay. The characteristic sparse ground layer consists primarily of small mats of
Selaginella acanthonota and Minuartia caroliniana. Salters Lake, Bladen County, NC.

central South Carolina, A. beyrichiana to the
south) is limited to the favorable microsites.
There is a conspicuous latitudinal gradient in
composition; the few examples remaining in
northeastern North Carolina and southeastern
Virginia (1.1.2) have a conspicuously low di-
versity of xerophytic forbs and woody plants
compared with examples from the south-
ern extreme of the ecoregion. In particu-
lar, Chrysoma pauciflosculosa and Ceratiola eri-
coides occur occasionally northward into South
Carolina and Quercus chapmanii and Q. myrtifo-
lia occupy extreme sites on dune systems as-
sociated with rivers in Georgia (1.1.5). Licania
michauxii occurs on a few sites north of the
Savannah River where it defines the north-
ern boundary of a longleaf, mixed oak type of
xeric sands with the xerophytes more typical of
Georgia where additional southern taxa such
as Nolina georgiana and Serenoa repens occur
(1.1.6).

Fall-line Sandhills

The extreme xeric sites of the Fall-line Sand-
hills resemble those of the Atlantic Coastal
Plain in the co-dominance of Pinus palustris
and Quercus laevis, as well as the occurrence
of extreme xerophytic herbs such as Stipuli-
cida setacea, Cnidoscolus stimulosus, and Euphor-
bia ipecacuanhae. Grasses remain sparse but are
somewhat more continuous than on the ex-
treme Coastal Plain sites and with the same lat-
itudinal gradient in dominance: Aristida stricta
in the north (1.2.1), Aristida beyrichiana in
the south (1.2.3), and Schizachyrium scoparium
throughout but particularly conspicuous be-
tween the ranges of the two wiregrasses in
South Carolina. As on the true Coastal Plain,
some extreme sites in the Georgia and South
Carolina sandhills support a shrub layer with
specialist xerophytes such as Chrysoma pauci-
flosculosa and Ceratiola ericoides (1.2.4).
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TABLE 3. Scientific names in text and associated common names.?

Scientific name

Common name

Agalinis filicaulis

Aletris

Allium cuthbertii
Amphicarpum muehlenbergianum
Andropogon arctatus
Andropogon glaucopsis
Andropogon glomeratus
Andropogon gyrans
Andropogon gyrans var. stenophyllus
Andropogon mohrii
Andropogon virginicus
Anthaenantia rufa
Aristida beyrichiana
Aristida condensata
Aristida mohrii

Aristida palustris

Aristida purpurascens
Aristida stricta
Arnoglossum floridanum
Arundinaria gigantea ssp. tecta
Astragalus michauxii
Balduina angustifolia
Balduina uniflora

Baptisia alba

Baptisia bracteata var. leucophaea
Baptisia cinerea

Baptisia perfoliata

Befaria racemosa
Berlandiera subacaulis
Bigelowia nuttallii
Bulbostylis ciliatifolia
Bulbostylis warei
Calamovilfa brevipilis
Calopogon

Carex lutea

Carex striata

Carphephorus corymbosus
Carphephorus odoratissimus
Carphephorus paniculatus
Carphephorus pseudoliatris
Carya pallida

Carya texana

Chaetopappa asteroides
Chapmannia floridana
Chasmanthium laxum
Chrysoma pauciflosculosa
Chrysopsis mariana
Cladina

Cladonia

Cleistes

Clethra alnifolia
Clinopodium coccineum
Clinopodium georgianum
Cnidoscolus stimulosus
Cnidoscolus texanus

Jackson false foxglove
colicroot

striped garlic
Muhlenberg maidencane
pinewoods bluestem
purple bluestem

bushy bluestem

Elliott’s bluestem

Elliott’s bluestem

Mohr’s bluestem
broomsedge bluestem
purple silkyscale

Beyrich threeawn (Southern wiregrass)
piedmont threeawn
Mohr’s threeawn
longleaf threeawn
arrowfeather threeawn
pineland threeawn (Carolina wiregrass)
Florida cacalia
switchcane

sandhills milkvetch
coastalplain honeycombhead
oneflower honeycombhead
white wild indigo
longbract wild indigo
grayhairy wild indigo
catbells

tarflower

Florida greeneyes
Nuttall’s rayless goldenrod
capillary hairsedge
Ware’s hairsedge

pine barren sandreed
grasspink

sulphur sedge

Walter’s sedge
coastalplain chaffhead
vanillaleaf

hairy chafthead
bristleleaf chaffhead
sand hickory

black hickory

Arkansas leastdaisy
Florida alicia

slender woodoats

woody goldenrod
Maryland goldenaster
reindeer lichen

cup lichen

rosebud orchid

coastal sweetpepperbush
scarlet calamint

Georgia calamint

finger rot (spurge-nettle)
Texas bullnettle
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Scientific name

Common name

Conradina canescens
Coreopsis major

Coreopsis tripteris

Cornus florida

Croton argyranthemus
Ctenium aromaticum
Cyperus croceus

Cyperus plukenetii
Cyperus retrorsus

Cyrilla racemiflora
Desmodium tenuifolium
Dichanthelium dichotomum var. ensifolium
Dichanthelium erectifolium
Dichanthelium leucothrix
Dichanthelium wrightianum
Dionaea muscipula
Diospyros virginiana
Drosera

Dyschoriste oblongifolia
Echinacea sanguinea
Elephantopus elatus
Eragrostis elliottii
Eriocaulon decangulare
Eriocaulon decangulare var. decangulare
Eriogonum tomentosum
Eryngium integrifolium
Eupatorium mohrii
Eupatorium rotundifolium
Euphorbia floridana
Euphorbia ipecacuanhae
Euthamia tenuifolia var. tenuifolia
Galactia erecta
Gaylussacia baccata
Gaylussacia dumosa
Gaylussacia frondosa
Gaylussacia nana
Gaylussacia tomentosa
Helenium drummondii
Helianthus atrorubens
Helianthus radula
Hypericum fasciculatum
Hypericum lloydii

ILlex coriacea

Ilex glabra

Llex vomitoria

Ionactis linariifolius
Kalmia carolina

Kalmia hirsuta

Kalmia latifolia
Lachnanthes caroliana
Leiophyllum buxifolium
Liatris elegans

Liatris gracilis

Liatris pilosa var. pilosa
Liatris pycnostachya
Licania michauxii

false rosemary

greater tickseed

tall tickseed

flowering dogwood
healing croton
toothache grass
Baldwin’s flatsedge
Plukenet’s flatsedge
pine barren flatsedge
swamp titi

slimleaf ticktrefoil
cypress panicgrass
erectleaf panicgrass
rough panicgrass
Wright's rosette grass
Venus flytrap
common persimmon
sundew

oblongleaf snakeherb
sanguin purple coneflower
tall elephantsfoot
field lovegrass
tenangle pipewort
tenangle pipewort
dogtongue buckwheat
blueflower eryngo
Mohr’s thoroughwort
roundleaf thoroughwort
Greater Florida spurge
American ipecac
slender goldentop
erect milkpea

black huckleberry
dwarf huckleberry
blue huckleberry
Confederate huckleberry
hairytwig huckleberry
fringed sneezeweed
purpledisk sunflower
rayless sunflower
peelbark St. Johnswort
sandhill St. Johnswort
large gallberry
inkberry

yaupon

flaxleaf whitetop aster
Carolina laurel

hairy laurel

mountain laurel
Carolina redroot
sandmyrtle

pinkscale blazing star
slender blazing star
shaggy blazing star
prairie blazing star
gopher apple
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Scientific name

Common name

Lilium

Liquidambar styraciflua
Lobelia flaccidifolia
Ludwigia linifolia

Lyonia ferruginea

Lyonia fruticosa

Lyonia lucida

Magnolia grandiflora
Magnolia virginiana
Manfreda virginica
Minuartia caroliniana
Morella cerifera
Muhlenbergia capillaris
Mubhlenbergia expansa
Nolina georgiana

Nyssa sylvatica

Oclemena reticulata
Opuntia humifusa var. humifusa
Osmanthus americanus var. americanus
Osmunda cinnamomea
Oxydendrum arboreum
Oxypolis filiformis
Packera obovata
Panicum abscissum
Panicum hemitomon
Panicum rigidulum
Panicum tenerum
Panicum verrucosum
Panicum virgatum
Parnassia caroliniana
Parthenium integrifolium
Penstemon dissectus
Pinguicula

Pinus echinata

Pinus elliottii var. densa
Pinus elliottii var. elliottii
Pinus palustris

Pinus serotina

Pinus taeda

Pinus virginiana
Pityopsis aspera
Platanthera

Platanthera nivea

Pleea tenuifolia

Pogonia

Polygonella gracilis
Polygonella polygama
Pteridium aquilinum var. pseudocaudatum
Pterocaulon virgatum
Pycnanthemum flexuosum
Pyxidanthera barbulata
Quercus chapmanii
Quercus coccinea

Quercus falcata

Quercus geminata
Quercus georgiana

lily

sweetgum

foldear lobelia
southeastern primrose-willow
rusty staggerbush
coastalplain staggerbush
fetterbush lyonia

southern magnolia
sweetbay

false aloe

pinebarren stitchwort

wax myrtle

hairawn muhly

cutover muhly

Georgia beargrass
blackgum

pinebarren whitetop aster
devil’s-tongue (Eastern pricklypear)
devilwood (wild olive)
cinnamon fern

sourwood

water cowbane

roundleaf ragwort
cutthroat grass
maidencane

redtop panicgrass
bluejoint panicgrass

warty panicgrass
switchgrass

Carolina grass of Parnassus
wild quinine

dissected beardtongue
butterwort

shortleaf pine

Florida slash pine
Honduras pine (slash pine)
longleaf pine

pond pine

loblolly pine

Virginia pine

pineland silkgrass

fringed orchid

snowy orchid

rush featherling

pogonia

tall jointweed

October flower

western brackenfern (tailed bracken)
wand blackroot
Appalachian mountainmint
flowering pixiemoss
Chapman oak

scarlet oak

southern red oak

sand live oak

Georgia oak

1I. Ecology



3. Ecological Classification of Longleaf Pine Woodlands

TABLE 3. (Continued )

71

Scientific name

Common name

Quercus hemisphaerica
Quercus incana

Quercus inopina

Quercus laevis

Quercus margarettiae
Quercus marilandica
Quercus minima

Quercus myrtifolia
Quercus palustris
Quercus prinus

Quercus pumila

Quercus stellata

Rhexia alifanus
Rhododendron atlanticum
Rhododendron canescens
Rhynchosia cytisoides
Rhynchosia reniformis
Rhynchospora
Rhynchospora chapmanii
Rhynchospora elliottii
Rhynchospora gracilenta
Rhynchospora latifolia
Rhynchospora megalocarpa
Rhynchospora oligantha
Rhynchospora tracyi
Rudbeckia grandiflora var. alismifolia
Rudbeckia scabrifolia
Ruellia humilis

Sabal palmetto

Sabatia macrophylla
Sarracenia

Sarracenia alata
Sarracenia flava
Sarracenia minor
Sarracenia psittacina
Schizachyrium rhizomatum
Schizachyrium scoparium
Schizachyrium scoparium var. stoloniferum
Schizachyrium tenerum
Schoenolirion croceum
Scleria muehlenbergii
Scleria pauciflora
Selaginella acanthonota
Serenoa repens

Silphium compositum
Silphium gracile
Silphium laciniatum
Sorghastrum nutans
Sorghastrum secundum
Spiranthes

Sporobolus clandestinus
Sporobolus curtissii
Sporobolus floridanus
Sporobolus junceus
Sporobolus pinetorum
Sporobolus silveanus

Darlington oak (sand laurel oak)
bluejack oak

sandhill oak

turkey oak

runner oak (sand post oak)
blackjack oak

dwarf live oak

myrtle oak

pin oak

chestnut oak

running oak

post oak

savannah meadowbeauty
dwarf azalea
mountain azalea

royal snoutbean
dollarleaf

beaksedge

Chapman’s beaksedge
Elliott’s beaksedge
slender beaksedge
sandswamp whitetop
sandyfield beaksedge
tfeatherbristle beaksedge
Tracy’s beaksedge
rough coneflower
roughleaf coneflower
fringeleaf wild petunia
cabbage palmetto
largeleaf rose gentian
pitcherplant

yellow trumpets
yellow pitcherplant
hooded pitcherplant
parrot pitcherplant
Florida little bluestem
little bluestem
creeping bluestem
slender little bluestem
yellow sunnybell
Muehlenberg’s nutrush
fewflower nutrush
spiny spikemoss

saw palmetto
kidneyleaf rosinweed
slender rosinweed
compassplant
Indiangrass

lopsided Indiangrass
ladies’-tresses

rough dropseed
Curtis” dropseed
Florida dropseed
pineywoods dropseed
Carolina dropseed
Silveus’ dropseed
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Scientific name

Common name

Sporobolus teretifolius
Stipulicida setacea
Stylisma patens

Stylisma pickeringii var. pattersonii
Styrax americanus var. pulverulentus
Styrax americanus
Symphyotrichum adnatum
Symphyotrichum walteri
Talinum teretifolium
Tephrosia chrysophylla
Tephrosia mohrii
Tephrosia spicata
Tephrosia virginiana
Thalictrum cooleyi
Tofieldia

Toxicodendron pubescens
Utricularia

Vaccinium arboreum
Vaccinium crassifolium
Vaccinium darrowii
Vaccinium fuscatum
Vaccinium myrsinites
Vaccinium pallidum
Vaccinium stamineum
Vaccinium tenellum
Verbesina aristata
Verbesina chapmanii
Vernonia angustifolia
Zigadenus

wireleaf dropseed
pineland scalypink
coastalplain dawnflower
Patterson’s dawnflower
downy American snowbell
American snowbell
scaleleaf aster

Walter’s aster

quill fameflower

scurf hoarypea

pineland hoarypea
spiked hoarypea
Virginia tephrosia
Cooley’s meadow-rue
tofieldia

Atlantic poison oak
bladderwort

farkleberry

creeping blueberry
Darrow’s blueberry
black highbush blueberry
shiny blueberry

Blue Ridge blueberry
deerberry

small black blueberry
coastalplain crownbeard
Chapman'’s crownbeard
tall ironweed
deathcamas

@ Scientificand common names follow USDA, NRCS (2005), except for Sporobo-
lus, which follows Peterson et al. (2003), Muhlenbergia, which follows Peterson
(2003), and Styrax, which follows Gonsoulin (1974). Alternate common names
in common usage are suggested in parentheses.

Southern Coastal Plain

Although Quercus geminata is confined to the
maritime climate of the extreme coastal fringe
in the Atlantic Coastal Plain Ecoregion, it oc-
curs throughout peninsular Florida, probably
because of the more moderate climate. Here
extreme xeric pine barrens are co-dominated
by Quercus geminata, Q. laevis, and the ubiqui-
tous longleaf pine. Quercus incana can also be
important, but decreases in importance south
of northern Florida. The sparse grass layer is
diverse with Aristida beyrichiana being joined
by southern specialties such as Schizachyrium
scoparium var. stoloniferum, and Sorghastrum se-
cundum. Several species act as strong indica-
tors of Florida barrens including Arnoglossum

floridanum,  Desmodium  floridanum,  and
Berlandiera subacaulis in north-central penin-
sular Florida (1.3.1) and Bulbostylis warei,
Tephrosia chrysophylla, Balduina angustifolia,
and Carphephorus corymbosus on sites in the
central highlands (1.3.2). Where fire has been
suppressed for some years, Ceratiola ericoides
tends to invade, reducing herb layer cover, and
shifting the fire regime toward less frequent,
more catastrophic events.

Eastern Gulf Coastal Plain

Vegetation of the Eastern Gulf Coastal Plain
is reminiscent of that of the Atlantic Coastal
Plain, particularly the coastal fringe of western
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Florida where the subcanopy is primarily dom-
inated by Quercus laevis and the understory has
a significant component of Aristida beyrichiana.
However, Aristida beyrichiana is largely absent
from the northern half of the western Panhan-
dle, the range limit (and edge of the ecore-
gion) crossing Eglin Air Force Base (Rodgers
and Provencher 1999) and eventually reach-
ing the coast in eastern Mississippi (Peet and
Allard 1993; Peet 1993). As in the southern
portion of the Atlantic Coastal Plain, there is a
high frequency of Eriogonum tomentosum, Lica-
nia michauxii, Andropogon virginicus, and Pityop-
sis aspera, but also present are such distinctive
taxa as Rhynchosia cytisoides, Tephrosia mohrii,
and Aristida mohrii (1.4.1). Westward the im-
pact of the Mississippi River drainage is ex-
pressed in the increasing content of silt in sedi-
ments relative to sand such that extreme xeric
sites are much less common west of Florida.
A relatively distinctive form does occur in the
vicinity of Camp Shelby, Mississippi Quercus
laevis dominates the understory and Serenoa
repens is an important component, but, being
beyond the range of wiregrass, the grass layer is
dominated by Aristida condensata and to a lesser
extent by Andropogon ternarius and Sorghastrum
secundum (1.4.2).

Western Gulf Coastal Plain

Extreme xeric sites of the Western Gulf Coastal
Plain are distinctive because they are beyond
the ranges of both wiregrass and Quercus lae-
vis (see Bridges and Orzell 1989; Harcombe
et al. 1993). The dominant oaks here are Quer-
cus incana and Q. margarettiae, and the herb
layer contains a number of western specialties
closely related to eastern taxa, two clear ex-
amples being Cnidoscolus texanus and Stylisma
pickeringii var. pattersonii (1.5.1). With fire sup-
pression, diversity declines and oak increases
in importance (1.5.2).

Subxeric Sandy Uplands

Longleaf pine landscapes with topographic re-
lief of several meters and deep, sandy soils are
consistently droughty as precipitation rapidly

dissipates via percolation or evaporation. Den-
sity and height of understory tree vegetation
depends heavily on past fire and land-use his-
tory with fire suppression leading to increased
oak density, though upland oak species are
common throughout. These species typically
include Quercus laevis, Q. incana, Q. margaret-
tiae and in the more southern areas Q. gemi-
nata. Unlike in the xeric barrens, the ground
layer is a nearly continuous sward of grass.
Wiregrass (Aristida stricta, A. beyrichiana) is the
dominant grass within its range, and elsewhere
Schizachyrium scoparium dominates (Figs. 4, 5).

Atlantic Coastal Plain

Subxeric longleaf woodlands of the Atlantic
Coast Plain are generally of two main types,
one occupying low sandhills and the other
on flatter, moister terrain transitional to
flatwoods—here called dry flatwoods. The
sandhill systems generally have an under-
story layer of Quercus laevis and Q. incana.
In the north, Aristida stricta dominates the
ground layer (2.1.1); in the wiregrass gap of
central South Carolina Schizachyrium scopar-
ium dominates (2.1.2); and south of the gap
from southern South Carolina southward Aris-
tida beyrichiana dominates with a scattering of
Sporobolus junceus (2.1.3). The dry flatwoods
types also differ latitudinally. In the north Aris-
tida stricta is again dominant, and Vaccinium
crassifolium can be very important as it is in
true flatwoods of the region (2.1.4). Coast-
ward in the wiregrass gap there is a maritime
form with Quercus hemisphaerica (2.1.5) and
a more inland form with Quercus pumila im-
portant (2.1.6). From southeasternmost South
Carolina south along the eastern portion of
the Atlantic Coastal Plain are dry flatwoods
where Aristida beyrichiana is the dominant
grass and Serenoa repens is conspicuous (2.1.7).
Throughout the dry flatwoods, as in the true
flatwoods, Pteridium aquilinum var. pseudocau-
datum is abundant. Finally, two more types
characterize the uplands of the inner Atlantic
Coastal Plain, one with a dense sward of
Aristida beyrichiana and scattered diagnostic
herbs such as Helianthus atrorubens (2.1.8), and
the other characteristic of the Altamaha Grit
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FI1GURE 4. Subxeric sandy uplands, Southern Coastal Plain. Pinus palustris, Quercus laevis woodland on a
fluvial dune. The ground layer of Aristida beyrichiana and Sporobolus junceus is continuous but relatively

sparse. Fort Stewart, Bryan County, GA.

region with Nolina georgiana as a common un-
derstory species (2.1.9).

Fall-line Sandhills

Subxeric longleaf woodlands of the Fall-line
Sandhills typically have an understory layer
dominated by Quercus laevis, which on slightly
silty sites (“yellow sands”) is joined by Quercus
incana. Where clay layers approach the soil sur-
face, Q. marilandica is often abundant. As in the
Atlantic Coastal Plain Ecoregion, vegetation
types can be arranged latitudinally by dom-
inant grasses. The southern types are domi-
nated by Aristida beyrichiana. In this zone two
types are recognizable, one of relatively dry
sites with Baptisia perfoliata as an indicator
(2.2.1), and one of more mesic sites with Nolina
georgiana as an indicator (2.2.2). Northward in
the wiregrass gap region of South Carolina,
Schizachyrium scoparium dominates and has as

common associates Vaccinium staminium and
Toxicodendron pubescens (2.2.3). From northern
South Carolina northward Aristida stricta dom-
inates. These sites, like those in the south, can
be divided into a dry type with Tephrosia vir-
giniana as an indicator species (2.2.4), and a
mesic type with Rhexia alifanus and Coreopsis
major as indicators (2.2.5). One other type re-
stricted to the northern sandhills is that of dry
depressions in the xeric upland sands in which
silt has collected. The increased silt ameliorates
the normally harsh soil chemistry and mois-
ture status. A typical indicator of this type is
Astragalus michauxii (2.2.6).

Southern Coastal Plain

Subxeric pinelands of northern peninsular
Florida and the eastern Panhandle typically
support an understory of Quercus incana and
Q. margarettiae and a diverse ground layer
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FIGURE 5. Subxeric sandy uplands, Eastern Gulf Coastal Plain. Old-growth longleaf pine over dry flatwood
with Serenoa repens and Quercus minima. Patterson Natural Area. Eglin Air Force Base, Okaloosa County, FL.

dominated by Aristida beyrichiana mixed with
Schizachyrium scoparium, Andropogon gyrans,
Sorghastrum secundum, and Sporobolus junceus
(2.3.1). Westward in the Apalachicola region
this is replaced by subxeric woodlands with
the understory dominated by Quercus laevis
and with considerable Q. minima (2.3.2), likely
owing to lower soil phosphorus content in
the Panhandle than in peninsular Florida (see
Peet, Carr and Gamling 2006). Further west-
ward on the well-drained low terraces of the
western Panhandle Quercus geminata domi-
nates over Serenoa repens and Aristida beyrichi-
ana (2.3.3). Throughout the Southern Coastal
Plain are low sandhills somewhat intermedi-
ate to flatwoods with Quercus geminata as a
subcanopy dominant. One phase in west cen-
tral Florida and the adjacent Big Bend area
is characterized by abundant Quercus chap-
manii and other scrub oaks, Sorghastrum secun-
dum and Pterocaulon virgatum (2.3.4), whereas
a somewhat overlapping but more northern

phase is characterized by fewer oaks and more
Schizachyrium scoparium var. stoloniferum and
Sorghastrum nutans (2.3.5). Small sand ridges
isolated in relatively mesic habitats and sur-
rounded by hammock vegetation can be very
different with the sparse graminoid layer char-
acterized by Aristida condensata and Cyperus
plukenetii (2.3.6).

Eastern Gulf Coastal Plain

Subxeric sandy uplands are relatively un-
common on the Gulf Coastal Plain owing
to the generally fine-textured sediments
encountered with increasing proximity to
the Mississippi River. The subxeric sandhill
vegetation of the upper Panhandle (2.4.1)
continues west sporadically into the eastern
portion of the Gulf Coastal Plain to be replaced
in Mississippi and eastern Louisiana by a some-
what depauperate version wherein Aristida
beyrichiana is replaced by Sporobolus clandestinus
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as the dominant grass (2.4.2). A few exception-
ally sandy areas in southern Mississippi sup-
port vegetation with a mixed scrub oak layer
and a diversity of shrubs including Clinopodium
coccineum (2.4.3). Occasional sandy areas also
occur on the inner coastal plain. On the
Tifton Upland and Dougherty Plain, Aristida
beyrichiana dominates the groundlayer often
with Licania michauxii, being joined by typical
dry sandy site understory specialists such as
Quercus laevis, and Q. margarettiae (2.4.4). On
the inner Coastal Plain west of the range of
wiregrass and near the range limit of longleaf,
Schizachyrium dominates the grass layer and
overall diversity tends to be low. Here Pinus
palustris tends to share dominance with Pinus
echinata and P. taeda (2.4.5).

Western Gulf Coastal Plain

On uplands and high terraces over deep sand
on the Western Gulf Coast, the subxeric lon-
gleat woodlands, being outside the range of Q.
laevis and Aristida beyrichiana, have an under-
story generally dominated by Quercus incana
and a ground layer of Schizachyrium scoparium
with Andropogon gerardii, A. ternarius, Panicum
virgatum, and Sporobolus junceus. These sites
support dryland species such as Croton argy-
ranthemus, Tragia spp., and Pityopsis graminifolia
(2.5.1). More xeric, fine-sandy stream terraces
are characterized by Liatris elegans and Opuntia
humifusa var. humifusa (2.5.2). A final subxeric
type is confined to sandy ridge tops in rolling
landscapes where dominance is shared among
Pinus palustris, P. echinata, and P. taeda, with
hardwood species such as Carya texana and
Quercus falcata scattered throughout (2.5.3).

Silty Uplands

Longleaf vegetation on silty upland soils is
scarce in the modern landscape as most such
sites were converted to agriculture long be-
fore 1900. Ultisol soils are abundant across the
Coastal Plain, hinting at the one-time domi-
nance of an ecosystem that has essentially van-
ished. Some authors such as Phillips (1994)
have suggested that hardwoods might have
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been abundant on such sites, but inventory
data in early surveys (e.g., Hale 1883; Ashe
1897) suggest longleaf woodlands to have been
the predominant type. The few remnants re-
maining (e.g., Fig. 6) suggest a ground layer
with high herb diversity, particularly with re-
spect to legumes and composites. Through-
out, longleaf pine is the canopy dominant,
and subcanopy oaks are generally unimpor-
tant. Pteridium aquilinum var. pseudocaudatum
and Schizachyrium scoparium are ubiquitous in
the ground layer. Silty uplands are essentially
absent from the Southern Coastal Plain ecore-
gion.

Atlantic Coastal Plain

Longleaf vegetation of the upland silty sites
of the Atlantic slope can be conveniently
sorted along two axes: a soil moisture gra-
dient divided into mesic and subxeric, and a
geographic axis. The four geographic regions
include the range of southern wiregrass
(Aristida beyrichiana) south of the Santee River
system of South Carolina and across Georgia
(3.1.1, 3.1.2), the wiregrass gap in central
South Carolina dominated by Schizachyrium
scoparium (3.1.3, 3.1.4), the outer coastal
plain within the range of Carolina wiregrass
(Aristida stricta) starting in northern South
Carolina (3.1.5, 3.1.6), and the inner coastal
plain within the range of Carolina wiregrass
(3.1.7, cf. 3.2.2). Although longleaf vegetation
on dry, silty uplands of the upper coastal plain
is essentially gone, the few roadside scraps
that persist suggest it to have been similar to
the silty, dry uplands of the Fall-line Sandhills.
The understory contains occasional oaks
(Quercus incana, Q. marilandica, Q. stellata), and
the shrub layer generally contains Vaccinium
tenellum and Quercus pumila.

Fall-line Sandhills

Fine-textured soils are something of an
anomaly in the Fall-line Sandhills. Some areas
of silty soil are found associated with terraces
of small streams where silts have been trans-
ported into the area by water and redistributed
by wind. Perhaps the best-known examples
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FIGURE 6. Silty uplands, Atlantic Coastal Plain. This rare remnant of fire-maintained silty soils supports
a mixture of oaks (Quercus marilandica, Q. stellata) and longleat pine over a grass layer of Schizachyrium
scoparium and Andropogon spp. Jasper County, SC.

of silty soils occur in shallow depressions
where fine-textured soils have either washed
or blown in from the neighboring landscape
and become trapped. Such depressions are
relatively frequent within the range of Aris-
tida stricta and are hypothesized to represent
blow-outs similar to those that initially formed
the Carolina bays of the Coastal Plain (James
2000). The vegetation of these sandhill depres-
sions tends to be exceptionally species-rich and
their abundance of legumes has earned them
the colloquial name among botanists of “bean
dips” (James 2000). Vegetation of silty sandhill
soils can be arranged along a moisture gradient
with the dry end characterized by species like
Toxicodendron pubescens, Tephrosia virginiana and
small trees like Quercus margarettiae, Q. mari-
landica, Q. incana, and Diospyros virginiana (3.2.1
in the Carolinas, 3.2.4 in Georgia). Intermedi-
ate sites have greater dominance by legumes,
Pteridium, and forbs with prairie affinities such

as Parthenium integrifolium and Silphium com-
positum (3.2.2). On mesic sites shrubs like Ilex
glabra, grasses such as Panicum virgatum, and
an abundance of taller forbs like Fupatorium
rotundifolium give the vegetation a lush aspect
(3.2.3). A different variant of silty vegetation
can be found near the transition to Piedmont
where hardwoods like Carya pallida, Quercus
stellata, and Cornus florida give the aspect of
a transition from longleaf woodland to open
hardwood woodland (3.2.5).

Eastern Gulf Coastal Plain

The Eastern Gulf Coastal Plain is a region
of predominantly silty soils. Unfortunately,
quantitative studies of this vegetation have
been confined to a few studies of specific local-
ities (e.g., The Jones Center near Albany, GA,
a few plantations in the Tallahassee Red Hills),
and no comprehensive, regionwide study has
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FiGure 7. Silty uplands, Eastern Gulf Coastal Plain. Widely spaced old-growth longleaf pine over Aristida
beyrichiana and Schizachyrium spp. Wade Tract. Thomas County, GA.

yet been undertaken. As a consequence, the
current classification recognizes regional vari-
ants associated with different geomorphic sur-
faces, but little more. Doubtless more study
would allow greater resolution with respect to
moisture regime. Within its geographic range,
Aristida beyrichiana typically co-dominates with
Schizachyrium scoparium and various species of
Andropogon. Variants of this vegetation have
been recognized associated with the Tallahas-
see Red Hills, Mariana Lowlands, and Tifton
Plain of southwestern Georgia and adjacent
Florida (3.4.1; Fig. 7), the Dougherty Plain
(3.4.2), and the coastal plain south and west
of the Mariana Lowlands (3.4.3). All of these
types support tall grasses and a highly di-
verse assemblage of forb species. North of the
range of Aristida beyrichiana in western Georgia
and the adjacent inner coastal plain of Al-
abama (e.g., southern Ft. Benning, Tuskegee
and Talladega-Oakmulgee National Forests),
Schizachyrium scoparium dominates along with

Andropogon gyrans, A. ternarius, and Danthonia
sericea (3.4.4). West of the range of wiregrass,
distinctive silt-soil longleaf types have been de-
scribed from the coastal flatlands and rolling
hills (3.4.5), the Mississippi loam hills (3.4.6),
and the loess soils immediately east of the
Mississippi River (3.4.7, 3.4.8). The higher fer-
tility of these sites leads to a greater abundance
of hardwoods (e.g., Quercus marilandica, Q. in-
cana, Q. margarettiae, Q. stellata, Carya glabra)
and a particularly diverse forb layer. The lon-
gleaf vegetation of the loess soils of eastern
Louisiana and adjacent Mississippi supports
the highest known 1000 m? species richness
for upland habitats in the United States with
values reaching around 170 species (W. J. Platt
personal communication).

Western Gulf Coastal Plain

Silty soils predominate on the Western Gulf
Coastal Plain and support diverse longleaf
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woodlands somewhat intermediate between
the longleaf woodlands of the Eastern Gulf
Coastal Plain and the prairies of the east-
ern Great Plains. Schizachyrium scoparium is
the ubiquitous dominant, in places mixed
with S. tenerum. Longleaf vegetation of the
high Pleistocene terraces (3.5.1) is extremely
species rich, contains prairie taxa like Lia-
tris pycnostachya, and alternates with the sa-
vanna vegetation of slightly lower sites (6.5.2).
A somewhat wetter variant co-dominated by
Schizachyrium scoparium and S. tenerum occupies
the tops of pimple mounds on the lower Pleis-
tocene terraces (3.5.2). More xeric silt-soil lon-
gleaf vegetation can be found on the dissected
topography of ridge tops farther inland, similar
floristically to the terrace type, but with such
drier-site prairie taxa as Rudbeckia grandiflora
var. alismiflora and Echinacea sanguinea (3.5.3).
A rare vegetation type known only from Rapi-
des Parish Louisiana is a glade type forming on
silty soils over clay or siltstone with interdigita-
tion of wet and dry microsites and a dominance
of Schizachyrium scoparium, S. tenerum, Muhlen-
bergia expansa, and Bigelowia nuttallii (3.5.4).

Clayey and Rocky Uplands

Although stereotypic longleaf vegetation oc-
curs on soft sediments of the southeastern
Coastal Plain, longleaf pine occurs on other
substrates such as ironstone and sandstone
hills of the inner Coastal Plain and Fall-line
Sandhills, as well as on clay soils derived from
the bedrock of the Piedmont or southwestern-
most Appalachian Mountains.

Atlantic Coastal Plain and
Fall-line Sandhills

Scattered along the Fall-line Sandhills are
patches of longleaf woodland with a relatively
dense shrub layer of mountain laurel (Kalmia
latifolia) and other woody species reminiscent
of the Piedmont (e.g., Vaccinium arboreum),
but with a sparse to absent herbaceous layer
(4.1.1). These communities can occur on ei-
ther eroded hills formed in marine kaolinite

deposits or where rocky hills and scarps asso-
ciated with ironstone caps punctuate the oth-
erwise relatively gentle topography. Vegeta-
tion intermediate to the more typical subxeric
longleaf woodlands occur where a thin veneer
of sandy soil overlies the ironstones. These sites
support an abundance of such classic long-
leat species as Vaccinium crassifolium and Aris-
tida stricta, as well as species more strongly
indicative of the clayey site conditions, such
as Leiophyllum buxifolium, Pyxidanthera barbu-
lata, and Hypericum lloydii, (4.1.2; Fig. 8). In the
Altamaha Grit region of Georgia, rocky glade
vegetation can be found over similar isolated
occurrences of indurated sandstones although
with such distinctive rockland species as Tal-
inum teretifolium, Allium cuthbertii, and Penste-
mon dissectus (4.1.3).

Eastern Gulf Coastal Plain

The innermost Coastal Plain of Alabama and
adjacent Georgia contains significant areas of
clay hills that in the original landscape sup-
ported longleaf-dominated vegetation. There
is little if any vegetation of this type left to
study, though brief descriptions can be found
in early descriptive works (4.4.1; e.g., Mohr
1901; Harper 1943). This vegetation super-
ficially appears to have resembled that of
clay and rocky soils of the Atlantic Coastal
Plain (4.1.1), particularly in the occurrence of
Kalmia latifolia, xeric oaks like Q. marilandica
and Q. laevis, and the scarcity of herbs. South-
ern Mississippi and Alabama contain scattered
clay hills somewhat similar in character but
lacking Kalmia and supporting a richer under-
story.

Western Gulf Coastal Plain

Outcroppings of calcareous sandstones (4.5.1)
and high-calcium, shrink-swell clay soils
(4.5.2, 4.5.3) on Tertiary terraces of the West-
ern Gulf Coastal Plain support a typically
stunted woodland that contrasts with sur-
rounding Pinus palustris woodlands on deeper
soils. Quercus marilandica and Q. stellata share
dominance on the shrink-swell clays here as
elsewhere on the Coastal Plain and Piedmont.
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F1GuRE 8. Rocky uplands, Fall-line Sandhills. Soils are shallow sands over impermeable ironstones formed
over a thick clay layer. Diversity is low with a canopy of Pinus palustris over a subcanopy of Quercus
marilandica and a ground layer of Aristida stricta. Fort Bragg, Hoke County, NC.

On drier sites Andropogon gyranms, A. ternar-
ius, and Schizachyrium scoparium are the dom-
inant grasses, whereas on moister clays the
dominant grasses are Panicum virgatum, Pan-
icum anceps var. rhizomatum, Schizachyrium sco-
parium var. divergens, and Sporobolus junceus.
Also present are occasional herbaceous glades
where sandstone is present at the surface
(4.5.4). These sandstone glades support pri-
marily Schizachyrium scoparium and Bigelowia
nuttallii, though numerous forbs occur with
less abundance.

Piedmont and Montane Uplands

Except for central Alabama, longleaf wood-
lands were probably always relatively uncom-
mon in the Piedmont and mountain land-
scapes. On these upland sites little remains of
the original longleaf vegetation owing to fire
suppression combined with timber harvest and

site conversion to agriculture. Consider that in
1860 Chatham County on the North Carolina
Piedmont ranked fifth among North Carolina
counties in amount of standing longleaf timber
(Hale 1883), whereas today fewer than a dozen
mature longleaf trees and perhaps only a sin-
gle clump of wiregrass persist in the county.
Some indication of the original composition
and diversity of this vegetation can be found in
Mohr’s (1901) and Harper’s (1943) summaries
of the forests of Alabama, and the treatments
of the Georgia highlands by Harper (1905) and
Andrews (1917).

Remaining montane and Piedmont longleaf
woodland vegetation types generally occur on
exposed ridges and south-facing slopes. All
these sites support relatively consistent, un-
remarkable vegetation as the flora is charac-
teristic of hardwood-dominated xeric, acidic
sites. Pinus echinata often occurs as a co-
dominant along with such deciduous forest
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taxa as Oxydendron arboreum, Quercus prinus,
and Q. marilandica (4.6.1, 4.6.2). On the few
remaining sites from the Uwharrie National
Forest, NC, to Fort McClennan, AL, one finds
widespread taxa such as Nyssa sylvatica, Pterid-
ium aquilinum var. pseudocaudatum, Tephrosia
virginiana, Pinus virginiana, Vaccinium tenellum,
and Schizachyrium scoparium. On slightly less ex-
posed sites Quercus prinus and Pinus palustris can
co-dominate (4.6.3) (Maceina et al. 2000).

A few peculiar, local longleaf types occur
over unusual substrates. Burke Mountain on
the Georgia Piedmont supports the only lon-
gleaf stand on serpentine soil (unusual taxa in-
clude Clinopodium georgianum and Baptisia alba;
4.6.4). On the quartzite ridges of Pine Moun-
tain, GA, is another distinctive type where be-
low the canopy of longleaf and shortleaf is a
subcanopy dominated by Quercus coccinea and
Q. georgiana (4.6.5).

Flatwoods

Although “flatwoods” vegetation has been de-
scribed in all major treatments of the vege-
tation of the southeastern United States, the
only long-term consistency in use of the term
is its application to fire-maintained pine wood-
land over flat, Coastal Plain landscapes. Some
of the confusion derives from the central place
of flatwoods on the landscape. Flatwoods are
found between the more extreme vegetation
types of xeric sandhill, scrub, baygall, prairie,
and savanna. When these physiognomically
and topographically more extreme types are
given narrow definitions, as in Abrahamson
and Hartnett (1990) and Harper (1914), flat-
woods become the broader concept referred to
by Christensen (2000) as “intractable.”

I reserve use of the term “flatwoods” for
fire-maintained pinelands of low, flat terrain
where marine sands were deposited during
Pleistocene incursions and where the resultant
soils are primarily poorly drained Spodosols, a
convention also followed by Stout and Mar-
ion (1993). Vegetation consistent with this def-
inition is found along the Atlantic coast north
into southern North Carolina, and west along
the Gulf coast to eastern Mississippi. North and

west of these boundaries recent marine sed-
iments are significantly more silty, and true
Spodosols are uncommon to absent.

Atlantic Coastal Plain

Flatwoods are largely a phenomenon of
the Southern Coastal Plain, which extends
into southeastern South Carolina along the
coastal fringe where it can be recognized by
dominance of such characteristic species as
Serenoa repens, Vaccinium myrsinites, and Aristida
beyrichiana. True flatwoods are largely absent
from the central coast of South Carolina where
soils tend to be too silty for Spodosol develop-
ment, but do occur on the outer coastal plain
from the Santee River of South Carolina north
to the Neuse River in North Carolina. In this
region flatwoods are of relatively low diversity
and are often co-dominated by Pinus palustris
and P. serotina with a ground layer dominated
by Aristida stricta and Gaylussacia dumosa (5.1.1;
Fig. 9). Somewhat wetter sites tend to be
dominated by Ctenium aromaticum and Muh-
lenbergia expansa, and often have Pinus serotina
in the canopy (5.1.2). Among taxa that dis-
tinguish these northern flatwoods are Dionaea
muscipula (Venus flytrap) and Vaccinium cras-
sifolium. Aspect dominants of the groundlayer
that distinguish unusual community variants
include the lily Pleea tenuifolia (disjunct to
the Apalachicola region of Florida; 5.1.3) and
the low shrub Leiophyllum buxifolium (better
known from the New Jersey pine barrens and
Blue Ridge rock outcrops; 5.1.4). Although
longleaf woodlands are now largely extirpated
north of the Neuse River, a few persistent sites
in northeastern North Carolina and south-
eastern Virginia have affinities with flatwoods
vegetation and perhaps should be so classified
(5.1.5), though their floristic composition is
largely distinctive in the absence of species
characteristic to the south, rather than species
occurrences (see Frost and Musselman 1987).

Southern Coastal Plain

Flatwoods vegetation is best developed in the
Southern Coastal Plain ecoregion. The canopy
is generally dominated by Pinus palustris, but
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FI1GURE 9. Flatwoods. Northern variant of longleaf flatwoods missing Serenoa repens, and Vaccinium myrsinites
of the Southern Coastal Plain, but with Aristida stricta and Vaccinium crassifolium. Atlantic Coastal Plain.
Croatan National Forest, Carteret County, NC.

in much of Florida and southeast Georgia, P.
elliottii var. elliottii replaces longleaf completely
on the wettest sites (Clewell 1971; Gano 1917;
Monk 1968), and in the deep south of the
Florida peninsula Pinus elliottii var. densa can
dominate (e.g., 5.3.9). The understory layer
is dominated throughout by such widespread
taxa as Aristida beyrichiana, Vaccinium myrsinites,
Serenoa repens, Pteridium aquilinum var. pseudo-
caudatum, Quercus pumila, and Q. minima; their
co-dominance makes flatwoods vegetation rel-
atively easy to recognize. Other distinctive
woody taxa of the southern flatwoods include
Kalmia hirsuta, Lyonia fruticosa and Lyonia fer-
ruginea, and Gaylussacia tomentosa.

Flatwoods vegetation shows substantial geo-
graphic variation along a longitudinal gradient
from northeastern Florida and adjacent Geor-
gia across to the Florida Panhandle. The east-
ern flatwoods are often co-dominated by such
distinctive grasses as Sporobolus curtissii and

Ctenium floridanum, in addition to Aristida
beyrichiana. Forbs characteristics of the East
include Symphyotrichum walteri, Carphephorus
paniculatus, Euthamia tenuifolia var. tenuifo-
lia, and Eupatorium mohrii (5.3.1). In addi-
tion to the typical Sporobolus curtissii flatwood
type, there are types with Sporobolus pineto-
rum characteristic of the finer-texture soils of
northeast Georgia (5.3.2) and with Sporobo-
lus floridanus characteristic of the wettest sites
(5.3.3). In contrast, flatwoods of the east-
ern Panhandle have the widespread Vaccinium
myrsinites joined by its cousin V. darrowii, and
commonly contain such herbaceous taxa as
Balduina uniflora, Carphephorus odoratissimus,
Symphyotrichum adnatum, and Chrysopsis mari-
ana (5.3.4; Fig. 10), which elsewhere in the re-
gion are largely absent from flatwoods. Moister
sites are dominated by Pinus elliottii var. elliot-
tii and sort according to soil chemistry with
near-coastal sites having high phosphorus and
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FiGure 10. Flatwoods. Southern Coastal Plain. Classic longleaf pine flatwoods with abundant Serenoa
repens, Pteridium aquilinum var. pseudocaudatum, and Vaccinium myrsinites and V. darrowii. Apalachicola Na-

tional Forest, Wakulla County, FL.

calcium characterized by presence of Lyonia fer-
ruginea and Kalmia hirsuta (5.3.5), while the
more sterile and acidic sites have abundant Ly-
onia lucida and Befaria racemosa (5.3.6).

The soils of the drier scrubby flatwoods and
dry prairies of the central and more south-
ern portions of peninsular Florida are some-
what sandier than those of the typical flat-
woods and the vegetation tends to be more
open. This vegetation supports only scattered
stems of Pinus palustris and P. elliottii var. elliottii,
though several characteristic flatwood species
occur as dominants including Serenoa repens,
Vaccinium myrsinites, and Aristida beyrichiana.
Quercus pumila is largely absent. Two of these
types of open vegetation are commonly recog-
nized, one where Lyonia fruticosa and Quercus
minima share dominance with Serenoa (5.3.7),
and one where there is a near prairie of Aristida
beyrichiana with Serenoa the only conspicuous
woody species (5.3.8). An unusual vegetation

type is that dominated by Pinus elliottii var.
densa and Panicum abscissum, which appears in-
termediate in composition between the typical
flatwoods and the dry prairies, but with an un-
derstory dominance of P. abscissum (5.3.9). In
the extreme, we find sites lacking trees and ap-
pearing as a P. abscissum prairie (5.3.10).

Oaks, except for the running oaks (Quer-
cus pumila, Q. minima), are generally absent
from the true flatwoods. However, drier sites
in central Florida and the Gulf Coast region of
the Southern Coastal Plain (5.3.11) contain a
mix of typical upland and “scrub oak” species
as shrub and understory layer dominants, in-
cluding Quercus geminata, Q laevis, Q. chapmanii,
Q. myrtifolia, and Q. inopina. Other low shrubs
with high constancy include Ilex glabra, Quercus
minima, Gaylussacia dumosa, and Morella pumila.
In addition, two types transitional to flat-
woods, recognized from the barrier islands and
extreme coastal fringe, contain abundant oak.
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Along the barrier islands of the Gulf coast one
finds typical flatwood vegetation but with an
abundance of oaks like Quercus chapmanii and
Q. geminata (5.3.12). On somewhat drier sites,
especially in northeastern Florida and adjacent
Georgia where the much reduced fire regime
allows development of a nearly impenetrable
understory thicket, evergreen shrubs like Quer-
cus chapmanii, Q. myrtifolia, Q. geminata, and
Lyonia ferruginea form a scrublike variant of
flatwood (5.3.13).

Eastern Gulf Coastal Plain

West of Florida, sandy soils are largely replaced
by silts, and longleaf pine flatwoods are gener-
ally confined to a narrow coastal fringe. One
distinctive form of flatwoods of the Eastern
Gulf Coastal Plain and adjacent coastal fringe
of the Florida Panhandle is that of barrier is-
land interdunal swales and flats strongly domi-
nated by Serenoa repens and with an abundance
of such maritime shrubs as Morella cerifera and
Ilex vomitoria (5.4.1; cf. Huffman et al. 2004).
Somewhat higher and drier barrier island and
maritime fringe sites support a distinctive un-
derstory of oak including Quercus virginiana,
Q. geminata, and Q. hemisphaerica, along with
Magnolia grandiflora (5.4.2). The isolation of
these islands keeps fire frequency low and al-
lows shrub density to be high. On the main-
land, flatwoods from the Apalachicola to the
Pascagoula River tend to be attenuated ver-
sions of those of the eastern Panhandle (e.g.,
5.3.5). West of the Pascagoula River soils are
silty and flatwoods are mostly absent. The clos-
est approximation in Mississippi is found in
sandy wet longleaf areas of the De Soto Na-
tional Forest (5.4.3), where this western ex-
treme of flatwoods has few characteristic flat-
woods taxa other than Serenoa repens and Ilex
glabra.

Savannas, Seeps, and
Prairies
The term “savanna” has many meanings, even

within the context of the pinelands of the
southeastern United States. However, in re-
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cent years usage of the term has generally con-
verged on open pine woodlands of season-
ally saturated, fine-textured soils (e.g., Peet
and Allard 1993). The wet soil conditions of
savannas often lead to the tree canopy being
very open with composition dominated by any
one of Pinus palustris, P. serotina, or P. elliottii
var. elliottii, or a combination of these. This
vegetation is generally rich in species across a
broad range of spatial scales (107>~10% m?) and
characterized by an abundance of showy forbs.
For example, such sites often contain a wealth
of orchids (e.g., Calopogon, Cleistes, Platanthera,
Pogonia, Spiranthes), insectivorous plants (e.g.,
Drosera, Dionaea, Pinguicula, Sarracenia, Utricu-
laria), and lilies (e.g., Aletris, Lilium, Tofieldia,
Zigadenus), to say nothing of numerous grasses,
sedges, and composites. Legumes are con-
spicuously scarce in moist savannas, a phe-
nomenon noted by Gano (1917), Wells and
Shunk (1931), and Taggart (1990, 1994). The
floristic novelty and diversity of pine savannas
have led to this vegetation being perhaps the
best known of the original longleaf commu-
nity types (e.g., Kologiski 1977; Folkerts 1982;
Walker and Peet 1983; Norquist 1984; Taggart
1994).

The pine savannas exhibit significant varia-
tion in composition driven by subtle changes in
hydrologic regime, soil texture, and soil chem-
istry, more so than any other vegetation type
of the fire-maintained southeastern pinelands
(see Fig. 11). In addition to environmentally
driven, local variation, geographic turnover is
pronounced, and the insular distribution of
wet pinelands has led to chance migration
events generating significant stochastic varia-
tion in composition among sites. As a conse-
quence, despite the diversity of savanna types,
the range of variation in each recognized type
can be significantly greater than in other veg-
etation types recognized in this chapter.

On the outer Coastal Plain where the land-
scape is extremely flat, individual savannas
can cover considerable area. Moving inland,
savanna areas are constrained to smaller ar-
eas, often narrow swales within the gen-
tly rolling topography. In the inner Coastal
Plain, Fall-line Sandhill, and Piedmont regions
where the landscape is far less flat and much
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FI1GURE 11. Subxeric sandy upland-to-savanna transition. Southern Coastal Plain. Sparse Pinus palustris
over Aristida beyrichiana and Schizachyrium scoparium grading down slope into moist savanna. Apalachicola
National Forest, Liberty County, FL.

more topographically complex, savannalike
vegetation is confined to small seepage areas
associated with impermeable clays or near-
surface bedrock.

Atlantic Coastal Plain

Savannas are best developed on the out-
ermost Coastal Plain where extensive areas
of flat, fine-textured soils occur, represent-
ing terraces in regions of predominantly fine-
textured sediments or one-time embayments
behind now-vanished barrier island systems.
Although these savannas are generally dom-
inated by grasses, the dominant species shift
significantly with soil moisture and texture.
In those southeastern North Carolina sa-
vannas on seasonally saturated soils that are
sufficiently well-drained that surface water is
short-lasting, silty sites are dominated by the
grasses Aristida stricta, Schizachyrium scoparium,

and the local endemic Sporobolus pinetorum
(6.1.1; Fig. 12). On somewhat wetter sites Aris-
tida stricta drops out to be replaced by greater
dominance of Ctenium aromaticum and Muhlen-
bergia expansa, though with an admixture of
various Rhynchospora, Andropogon, and other
graminoids (6.1.2). Numerous orchids (often
as many as a half dozen species in a 1000 m?
plot) occur within these vegetation types, and
insectivorous plants are especially well devel-
oped on the wetter sites (e.g., 6.1.2) where it
is not uncommon for a single site to have two
or three species of Sarracenia, two or three Pin-
guicula, two Drosera, and Dionaea.

Dominance shifts as one moves south to-
ward the more loamy landscapes of the South
Carolina low country. Aristida stricta drops out
near the Pee Dee River system in northeast
South Carolina to be replaced by stronger dom-
inance of Schizachyrium scoparium, whereas
Sporobolus pinetorum penetrates southward to
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FIGURE 12. Savanna. Atlantic Coastal Plain. Species-rich longleaf savanna in an area with an average

richness of 35 species/m?. Green Swamp Preserve, Brunswick County, NC.

the latitude of Charleston, where it is limited to
just a few sites (appearing again on a few sites
in northeast Georgia). In contrast, Sporobolus
curtissii, a grass primarily dominating flatwoods
of the Southern Coastal Plain where it is abun-
dant northward to Savannah, is absent from
the Atlantic Coastal Plain region except for
clayey savannas near Charleston (6.1.3). Very
wet savannas of the loamy South Carolina low
country sometime have the grass layer domi-
nated by Aristida palustris (6.1.4).

Subtle changes in soil chemistry can have
a significant impact on savanna composition.
Where soils are wet but somewhat influenced
by a marl substrate, composition shifts to-
ward stronger dominance by a combination of
Sporobolus pinetorum and Ctenium (6.1.5). These
sites have a suite of narrowly distributed sa-
vanna calciphiles such as Carex lutea, Thalic-
trum cooleyi, and Parnassia caroliniana. On those
rare sites with extremely wet marl-clay soils,
species richness drops and another regionally

endemic Sporobolus, S. teretifolius, tends to dom-
inate (6.1.6). Inland from the coastal flatlands,
savannas are mostly confined to gentle seep-
age slopes influenced by groundwater (6.1.7).
Where soils are more fertile, composition shifts
toward greater abundance of Arundinaria and
Andropogon with Liquidambar often present in
the understory (6.1.8). On the more extreme
examples in the original landscape, such sites
supported canebrakes with nearly complete
dominance by Arundinaria, though such vege-
tation has all been lost to either agriculture or
fire suppression.

Fall-line Sandhills

The Fall-line Sandhills, like the inner coastal
plain rolling hills, generally do not have the ex-
tensive flatlands with impeded drainage nec-
essary to support true savanna. However, im-
permeable clay layers and indurated spodic
horizons occur in these regions and, where
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FI1GURE 13. Seep. Fall-line Sandhills. Species-rich seep dominated by Ctenium aromaticum, Muhlenbergia
expansa, and Andropogon spp. with abundant Sarracenia lutea. Fort Bragg, Hope County, NC.

they approach the surface, seepage sometimes
occurs. These seeps are usually similar to true
coastal plain savannas in their species compo-
sition (see Wells and Shunk 1931), but lower
in diversity (6.2.1, 6.2.2; Fig. 13).

Southern Coastal Plain

The Southern Coastal Plain is largely a land
of sandy soils with the fine-textured soils
characteristic of savannas occurring on either
side. In northeast Georgia and southeastern
South Carolina the wet sites on fine-textured
soils are dominated by Sporobolus floridanus,
often with a scattering of Morella cerifera and
the distinctive dwarf shrub Styrax americanus
var. pulverulentus (6.3.1; Fig. 14), while on
slightly drier sites Aristida beyrichiana shares
dominance with Ctenium aromaticum (6.3.2). To
reach the next area of extensive savanna it is
necessary to jump over the Florida peninsula
to treeless flats of silty soils in the Apalachicola

region. Here can be found a diverse array
of savannalike vegetation, again with com-
positional sorting by moisture levels. At the
drier end of the gradient, mesic pineland
taxa such as Helianthus radula and Galactia
erecta occur (6.3.3). Where the soils become
chronically wet Rhynchospora diversity greatly
increases and Verbesina chapmanii is often im-
portant (6.3.4). On the wettest sites Eriocaulon
decangulare, Lachnanthes caroliana, Pleea tenuifo-
lia, Sarracenia psittacina, and S. flava are conspic-
uous (6.3.5). In peninsular Florida savannalike
vegetation can occur despite sandy soils un-
der special circumstances. Particularly wet soils
can be dominated by grasses such as Panicum
rigidulum, Panicum hemitomon, and Andropogon
glaucopsis (6.3.6). Where the soil is particularly
high in calcium so that the pH is about 6, a veg-
etation type sometimes referred to as “sweet
flats” forms with Sabal palmetto and Morella
cerifera sharing dominance with Pinus elliottii
var. elliottii (6.3.7).
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FIGURE 14. Savanna, Southern Coastal Plain. Savanna with saturated soils that limit the growth of trees
to a few scattered longleat and slash pines. Sporobolus floridanus dominates a ground layer punctuated by
scattered Morella cerifera and Styrax americanus var. pulverulentus. Jasper County, SC.

Wet prairie vegetation, largely devoid of
trees is relatively frequent on and largely
unique to the Florida peninsula and adjacent
eastern Panhandle. Soils of these wet grass-
lands are too sandy to match the definition
of savanna I use here, consistently contain-
ing over 95% sand in both the A and B hori-
zons. Considerable floristic variation occurs
in these types with variation in soil mois-
ture regime, soil chemistry, and geographic
position. Nonetheless, Aristida beyrichiana, A.
palustris, Amphicarpum muehlenbergianum, and
Sporobolus floridanus are relatively widespread
dominants suggesting close affinities with lon-
gleaf pine savannas (6.3.8-6.3.10).

Eastern Gulf Coastal Plain

True savanna vegetation is better developed
on the Eastern Gulf Coastal Plain and adja-
cent Panhandle than the main body of the

Southern Coastal Plain owing to the predom-
inantly siltier soils of the ecoregion. Vege-
tation in these savannas bears considerable
floristic similarity to the savannas of the At-
lantic Coastal Plain as seen in southeastern
North Carolina. Wet savannas similar in char-
acter to 6.1.2 occupy particularly wet sites.
East of Mobile Bay these sites are still domi-
nated by Aristida beyrichiana but with consid-
erable Ctenium and Muhlenbergia expansa, and
the hillside seepage areas of the more rolling
higher terraces of the Florida Panhandle are
largely dominated by Aristida beyrichiana with
co-dominance of Andropogon arctatus, Ctenium
aromaticum, and Dichanthelium leucothrix (6.4.1;
Fig. 15), whereas west of Mobile Bay Aris-
tida beyrichiana is spotty, dropping out com-
pletely at the Pascagoula River. In place of
Aristida beyrichiana one see increased domi-
nance of Muhlenbergia expansa and various An-
dropogon (e.g., mohrii, gyrans var. stenophyllus)
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FIGURE 15. Savanna. Gulf Coastal Plain. Moist coastal savannas can support a wealth of orchids and
insectivorous plants. Abundant pitcher plants (Sarracenia alata) and sundews (Drosera tracyi) are visible in
the foreground. Sand Hill Crane National Wildlife Refuge, Jackson County, MS.

(6.4.2). Somewhat drier savannas (similar to
6.1.1) also occur in southwestern Mississippi
and southeastern Louisiana, these dominated
by Schizachyrium scoparium and Muhlenbergia ex-
pansa (6.4.3).

Higher on the Gulf Coastal Plain, above
the coastal flatlands, true savannas are mostly
absent but one finds similar species occur-
ring on seepage slopes. The seeps of the silty
Tallahassee red hills are particularly striking
with the somewhat drier sites dominated by
Quercus pumila and Rhododendron canescens with
Ctenium aromaticum (6.4.4), and the very wet
sites dominated by unusual Dichantheliums and
Panicum verrucosum (6.4.5). These latter sites
have species richness values that are among
the highest found in longleaf communities
with as many as 170 species per 1000 m?.
The overall silt dominance of this landscape
can lead to somewhat more fertile soils, re-

flected in the increased abundance of Arun-
dinaria (6.4.6). Seeps intermediate between
those of the Florida Panhandle and the outer
coastal plain of Mississippi can be found in
the vicinity of the De Soto National Forest.
These sites are dominated by grasses such as
Muhlenbergia expansa, Schizachyrium scoparium,
S. tenerum, and Anthaenantia rufa (6.4.7).

Western Gulf Coastal Plain

Wet savanna vegetation was at one time
widely distributed on the Western Gulf Coastal
Plain. In contrast to savannas east of the Missis-
sippi bottomlands, these savannas occupy soils
that are relatively calcareous and often con-
tain a significant amount of shrink-swell clays.
Nonetheless, there are strong floristic affinities
between this savanna vegetation and the more
eastern savannas of fine-textured soils as far
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away as the Atlantic Coastal Plain (e.g., 6.1.2,
6.1.7). These savannas can usefully be divided
into the lower to middle terraces with soils pre-
dominantly Glossaqualfs (6.5.1) and the some-
what higher and better-drained savannas of
the upper terraces where the soils are pri-
marily Paleudults (6.5.2). Both savanna types
are dominated by Ctenium (east of the Sabine
River), Muhlenbergia expansa, Schizachyrium sco-
parium, and multiple species of Rhynchospora.
Among the rolling hills of the older land sur-
faces of the West Gulf Coast, seepage bogs with
Sarracenia alata and Rhynchospora gracilenta oc-
cur as small patches, though rather few are
left for study (6.5.3; see Bridges and Orzell
1989). A rare savanna type is sometimes found
on saline Pleistocene terraces where beneath
the longleaf pine the dominant grasses are
Sporobolus silveanus and Muhlenbergia capillaris.
The flora is relatively rich, but the taxa have
stronger affinities with the Midwestern prairies
than the Eastern Gulf Coastal Plain (6.5.4).

Piedmont and Montane Uplands

Piedmont and montane longleaf sites are gen-
erally well drained and lacking in seepage veg-
etation. A few exceptions can be found in
the Uwharrie National Forest of North Car-
olina where small depressions and flat, seepy
small-stream flats occur. On these sites the
mixed pine canopy has an groundlayer domi-
nated by the grasses Chasmanthium laxum and
Panicum virgatum. Shrubs are well developed
in these sites, including such typically coastal
plain taxa as Lyonia mariana, Gaylussacia fron-
dosa, Vaccinium fuscatum, and Ilex glabra (6.6.1).
Additional variants should be expected in east-
ern Alabama.

Concluding Remarks

Although the once extensive southeastern lon-
gleaf pine woodlands may appear to the casual
observer as a homogeneous expanse of lon-
gleaf pine, grass, and scrub oak, this is a gross
oversimplification. The Southeastern Coastal
Plain is exceptionally rich in endemic species,
and much of this endemism is manifest in the

1I. Ecology

flora of the fire-maintained pinelands. Much
fieldwork remains before we can claim to have
carefully documented the compositional vari-
ation of the remaining longleaf pine vegeta-
tion. However, drawing on work embedded
in the U.S. National Vegetation Classification,
my own preliminary analysis of approximately
900 vegetation plots scattered over the east-
ern two-thirds of the range of longleaf, and the
work of many other authors, I here tentatively
accepted 135 longleaf vegetation associations.
Although this may seem like a high number,
I expect this number to increase substantially
with increased collection and analysis of plot
data. This represents what is likely the mini-
mum number of units for classifying longleat
vegetation for conservation and for providing
targets for ecological restoration.

The remarkable diversity of the greater
longleaf ecosystem is being lost rapidly,
both through active habitat destruction and
through neglect. If even a fraction of the di-
versity of the longleaf ecosystem is to be pre-
served, action must be taken quickly to both
protect and manage the best remaining ex-
amples of each of the longleaf community
types. Of particular importance in any such
endeavor is recognizing the considerable vari-
ation in longleaf vegetation that occurs with
simple geographic distance and subtle environ-
mental variation. Conservation and preserva-
tion of the longleaf ecosystem cannot simply
focus on a small number of high-quality pre-
serves, as these will inevitably capture only a
modest fraction of the natural variation. We
need to devise a reserve system that includes
preserves and restored sites that span the geo-
graphic and environmental range of the origi-
nal longleaf ecosystem.
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Endnote

1. Botanical nomenclature follows USDA, NRCS
(2005); except for Sporobolus and Muhlenbergia,
which follow Peterson et al. (2003) and Peter-
son (2003), and Styrax, which follows Gonsoulin
(1974); common names are shown in Table 3.
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Chapter 4

Longleaf Pine Regeneration Ecology

and Methods

Dale G. Brockway, Kenneth W. Outcalt, and William D. Boyer

Introduction

Regenerating longleaf pine (Pinus palustris) is
key to its long-term sustainable production of
forest resources and its perpetuation as the
dominant tree species in a variety of important
ecosystems ranging from xeric to mesic to hy-
dric site conditions. Early regeneration prob-
lems and the subsequent efforts to overcome
these are significant features of the continu-
ing longleaf pine saga. This chapter discusses
recent restoration relevant to longleaf pine
regeneration, disturbance dynamics including
fire as an ecological process and describes
the uniqueness of longleaf pine’s regeneration
environment. Fundamental information con-
cerning reproductive biology (including genet-
ics, flowering, pollination, fertilization, cone
production, and seed dispersal) and seedling
development (including germination, shoot
growth, rooting, sprouting, competition, ini-
tiation of height growth, effects of fire, and
seedling morality) is then presented. Various
aspects of natural regeneration and artifi-
cial regeneration are discussed and the even-
aged (i.e., clearcutting, seed-tree and shelter-
wood) and uneven-aged (i.e., group selection
and single-tree selection) forest reproduction
methods are introduced. We conclude by high-

lighting recent work that calls for application
of silviculture techniques that more closely
mimic natural disturbance regimes.

Ecological Relationships

Indispensable Nature of
Regeneration

Successful reproduction is essential to perpet-
uate any population of organisms. Indeed, if an
existing generation is unable to produce a suc-
ceeding generation, then the existing genera-
tion can appropriately be considered an eco-
logical and evolutionary “dead end” for that
population and perhaps the entire species. De-
spite the extended longevity of many tree
species, some approaching 500 years, all in-
dividual organisms eventually die. If none of
the offspring survive to the age of reproductive
maturity, then the entire species will eventu-
ally perish. If the species is a dominant organ-
ism, then entire ecosystems will be degraded
or lost, potentially threatening the survival of
associated plant and animal species.

While species extinction and ecosystem loss
may seem like rare events in the shorter term
of human experience, from the longer-term
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FIGURrE 1. Naturally regenerated even-aged second-growth longleaf pine forest on mesic uplands. Photo

courtesy of the Forestry Images Organization.

perspective of geologic time, such events have
not been uncommon. The survival of species
and sustainability of ecosystems cannot al-
ways be assumed, even under the best cir-
cumstances. And when new species and/or
cultures encounter native ecosystems, new
pressures can stress the indigenous organisms
and threaten ecological sustainability. Such has
been the case in the southern United States,
where the Age of Discovery and the Industrial
Revolution brought substantial change to na-
tive longleaf pine forests (Frost this volume).
Effective means of regenerating longleaf pine
are important for continuation of this species
and the long-term sustainability of longleaf
pine forest ecosystems.

Declining Trend

Longleaf pine ecosystems were once among
the most extensive in North America, occu-
pying about 37 million ha prior to European
settlement (Frost 1993, Landers et al. 1995).
While the initial impact of immigrants during

the eighteenth and nineteenth centuries was
generally modest, as populations grew and log-
ging activity expanded during the late nine-
teenth and early twentieth centuries, most na-
tive longleaf pine forests were harvested. The
land was often converted to agricultural, resi-
dential and urban uses or planted with planta-
tions of other easier-to-establish, faster grow-
ing trees such as slash pine (Pinus elliottii)
and loblolly pine (Pinus taeda) (Croker 1987,
Outcalt 2000). Although many second-growth
longleaf pine forests naturally regenerated fol-
lowing this initial harvest (Fig. 1), recovery
was impaired by irregular seed production,
with good seed years occurring at intervals
of five or more years (Boyer 1990a). Where
longleaf pine seedlings did survive logging,
they were often consumed by feral hogs (Sus
scrofa), causing many areas of potential lon-
gleaf pine forest to be lost (Schwarz 1907,
Croker 1987, Simberloff 1993, McGuire 2001).
As the southern landscape became increas-
ingly domesticated, the modified structure
of expansive agricultural areas and linear
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transportation corridors fragmented previ-
ously contiguous habitat, thereby impeding
the movement of natural surface fires across
these lands (Walker 1999). During the twen-
tieth century, organized programs of fire sup-
pression and policies of fire exclusion from the
forest further interrupted natural fire regimes
(Croker 1987). Since the absence of frequent
surface fires impedes the natural regeneration
of longleaf pine and allows invasion of long-
leaf pine sites by hardwoods and more ag-
gressive southern pines, interruption of nat-
ural fire regimes is believed to be the most
ecologically significant cause for its continu-
ing decline (Wright and Bailey 1982, Landers
etal. 1990, Pyne 1997, Gilliam and Platt 1999).
Longleaf pine forests have undergone a steady
decrease to 8 million ha in 1935 (Wahlenberg
1946), 2 million ha by 1975, 1.5 million ha in
1985 (Kelly and Bechtold 1990) and less than
1.2 million ha currently (Outcalt and Sheffield
1996). Occupying less than 3% of their original
range (Ware et al. 1993), longleaf pine ecosys-
tems are now recognized as being at high risk
(Noss et al. 1995, Kush 2002). Unfortunately,
area reductions continue for stands in every
diameter class below 41 cm (Kelly and Bech-
told, 1990), an indication that most remaining
longleaf pine forests are aging without replace-
ment.

Ecological Restoration

Extending along the Gulf and Atlantic Coastal
Plains from Texas to Virginia and inland to
the Piedmont and mountains in Alabama and
Georgia, longleaf pine forests, woodlands, and
savannas may occupy a wide variety of sites,
ranging from wet poorly drained flatwoods
to mesic uplands, xeric sandhills, and rocky
mountain ridges (Boyer 1990a; Stout and
Marion 1993). Distinguished by a generally
open, parklike stand structure (Schwarz 1907;
Wahlenberg 1946), naturally regenerated lon-
gleaf pine forests are typically an uneven-aged
mosaic of even-aged patches distributed across
the landscape, which vary in size, structure,
composition, and density (Platt and Rathbun
1993; Brockway and Outcalt 1998) and con-
tain numerous embedded special habitats such
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as stream bottoms, wetlands, and seeps (Hilton
1999). The natural variability of these ecosys-
tems makes them excellent habitat for a variety
of game animals and numerous nongame and
rare wildlife species (Kantola and Humphrey
1990; Engstrom 1993; Guyer and Bailey 1993;
Crofton 2001; Engstrom et al. 2001; Brockway
and Lewis 2003; Means this volume).

The complex natural patterns and processes
unique to longleaf pine forests create ex-
traordinarily high levels of biological diver-
sity in these ecosystems, with the great num-
ber of plant species per unit area qualifying
these as among the most species-rich terres-
trial ecosystems outside the tropics. As many
as 140 vascular plant species have been ob-
served in a 1000 m? area and equally impres-
sive counts of more than 40 species per m?
have been recorded (Peet and Allard 1993),
a large number of which are restricted to
or found principally in longleaf pine habi-
tats. Habitat reduction resulting from decline
of longleaf pine ecosystems has caused the
increased rarity of 191 vascular plant taxa
(Hardin and White 1989, Walker 1993) and
several vertebrate species. Concern over loss
of this unique ecosystem (Means and Grow
1985; Noss et al. 1995) has led to many efforts
focused on effectively restoring longleaf pine
ecosystems (Walker and Boyer 1993; Walker
1995; Kush 1996, 1998, 1999, 2001; Johnson
and Gjerstad 1998, 1999; Brockway etal. 1998;
Seamon 1998; Outcalt et al. 1999; Brockway
and Outcalt 2000; Provencher et al. 2001a,b;
Mulligan et al. 2002). Since longleaf pine still
occurs in isolated fragments over most of its
natural range, it is reasonable to conclude
that restoration of these ecosystems is possible
(Landers et al. 1995). Effective methods for re-
generating longleaf pine will no doubt play a
key role in ecological restoration efforts.

Disturbance Dynamics and Fire
as an Ecological Process

Longleaf pine ecosystems exist in an envi-
ronment influenced by large-scale catastrophic
disturbance, such as damaging tropical storms.
Lightning is an important agent in individ-
ual tree morality and creation of small-scale
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disturbance in longleaf pine forests (Komarek
1968; Taylor 1974). The structure, pattern, and
diversity of longleaf pine ecosystems are main-
tained by a combination of site factors and
periodic disturbance events, including light-
ning strikes, tree mortality, and animal inter-
actions at local scales and tropical storms, soils,
and hydrologic regimes at broader scales. Dis-
turbances across site gradients provide large
living trees, snags, coarse woody debris, for-
est canopy gaps, and hardwood thickets that
support numerous plant and animal species
adapted to these disturbance-prone, yet largely
stable ecosystems.

Longleaf pine is closely associated with
wiregrass (Aristida spp.) in the eastern part
and bluestem grasses (Andropogon spp. and
Schizachyrium spp.) in the western portion of
its range. The understories of longleaf pine
forests are typically dominated by herbaceous
plants because these bunchgrasses facilitate the
ignition and spread of frequent surface fires
(Landers 1991). In these ecosystems, longleaf
pine and bunchgrasses function together as
keystone species that facilitate but are resis-
tant to fire (Platt et al. 1988; Noss 1989). They
also exhibit substantial longevity and demon-
strate nutrient and water retention to a de-
gree that reinforces their site dominance and
minimizes change in the plant community fol-
lowing disturbance (Landers et al. 1995). As a
key ecological process and disturbance agent,
the benefits of periodic fire include (1) main-
taining the physiognomic character of longleaf
pine ecosystems through excluding invasive
plants that are ill-adapted to fire, (2) preparing
a seedbed favorable for the establishment of
longleaf pine seedlings, (3) reducing the den-
sity of understory vegetation thus providing
microsites for a variety of herbaceous plants,
(4) releasing nutrients immobilized in accu-
mulated phytomass for recycling to the in-
fertile soil and subsequently more rapid up-
take by plants, (5) improving forage for graz-
ing, (6) enhancing wildlife habitat, (7) control-
ling harmful insects and pathogens, and (8)
reducing fuel levels and wildfire hazard (Mc-
Kee 1982; Wade and Lewis 1987; Boyer 1990b;
Wade and Lundsford 1990; Dickmann 1993;
Brennan and Hermann 1994; Brockway and
Lewis 1997).

1I. Ecology

Regeneration Environment

Difficulties encountered during early attempts
to regenerate longleaf pine impeded its recov-
ery and contributed to its historical decline
(Croker 1987). Erratic seed production, poor
seedling survival, and slow early growth of
seedlings discouraged forestland managers
from investing in longleaf pine. Management
policies based on these initial observations
further contributed to the decrease of longleaf
pine forests, as harvested stands were deliber-
ately converted to other southern pine species
rather than being regenerated with longleaf
pine. Fortunately, later research illuminated
the ecological mechanisms and identified
silvicultural methods for effectively regener-
ating longleaf pine by natural and artificial
means (Boyer and White 1990; Barnett et al.
1990; Kush 2002) and the earlier policies of
forest type conversion have now been largely
reversed.

The unique structural and process dynam-
ics characteristic of longleaf pine forests pro-
vide both challenges to and opportunities for
applying science and adapting technology to
efficiently obtain regeneration. Foremost, all
longleaf pine forests are obligatorily pyro-
phytic ecosystems. Therefore, all regenera-
tion techniques employed must be compati-
ble with periodic surface fires. Longleaf pine
forests are disturbance-prone and naturally re-
generate in a variety of configurations rang-
ing from relatively small circular or elliptical
canopy gaps and attenuated strings to larger
areas of partially blown down or almost com-
pletely blown down overstory trees (Croker
and Boyer 1975; Palik and Pedersen 1996;
Brockway and Outcalt 1998). As a tree species
that is intolerant of competition, whether for
light, moisture, or nutrients (Boyer 1990a),
its seedlings become established and flourish
as opportunists responding to resource avail-
ability. Although longleaf pine displays many
traits consistent with an intolerant, early seral
species, its seedlings often persist in the for-
est understory for prolonged periods similar
to those of more tolerant, late-seral species.
Suppressed longleaf pine seedlings will not re-
spond with improved growth until released
from competition with overstory trees and
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long-suppressed individuals are, through time,
increasingly prone to mortality. Whether a spe-
cific longleaf pine seedling survives to eventu-
ally become a dominant member of the forest
canopy may depend as much on stochastic
events (i.e., drought severity and duration,
fire intensity and season, disturbance that re-
sults in timely release from competition) as
it does on the competitive vigor (i.e., genetic
attributes) of the individual. Whether by ar-
tificial or natural methods, by even-aged or
uneven-aged silvicultural techniques, not only
is efficiently regenerating longleaf pine feasi-
ble, itis also imperative for achieving ecological
restoration and ecosystem sustainability goals.

Reproductive Biology

Genetics

Longleaf pine is a tree species of consider-
able genetic diversity, with variation among
individuals typically greater than that among
stands or geographically different seed sources
(Snyderetal. 1977; Lynch 1980). Although ge-
netic variation among populations is thought
to be a result of the diversity of environments
in which longleaf pine occurs throughout its
native range (Boyer 1990a), measures of ge-
netic diversity appear unrelated to climate
variables (Schmidtling and Hipkins 1998).
While the pattern of genetic variation for long-
leaf pine is similar to that of other south-
ern pines (Schmidtling 1999), its unique pat-
tern of allozyme variation is indicative of a
very different history during the recent Ice
Age (Schmidtling et al. 2000). Unlike other
pines, longleaf pine appears to have migrated
eastward across the southeastern United States
from a single refuge in southern Texas and/or
northeastern Mexico after the Pleistocene
(Schmidtling and Hipkins 1998). The pro-
gressive decrease in allozyme diversity from
western to eastern longleaf pine populations
represents a loss in genetic variability from
stochastic events during migration.

Longleaf pine may form a natural hybrid
with loblolly pine, referred to as “Sondereg-
ger pine” (Pinus sondereggeri). Since flowering
of these two species frequently overlaps, there
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is no phenological barrier to natural cross-
ing (Boyer 1990a). Hybridization between lon-
gleaf pine and slash pine is far less likely be-
cause of differences between their dormancy
and heat requirements for flowering (Boyer
1981); however, artificial crossing can be easily
achieved. Hybrids between longleaf pine and
shortleaf pine (Pinus echinata) have not been
observed in nature but have been artificially
produced (Snyder et al. 1977).

With a pattern of genetic variation similar
to that in other southern pines, longleaf pine
is suitable for genetic improvement. However,
the effort expended on this species is easily
dwarfed by the immense resources devoted
to loblolly pine and slash pine improvement
programs (Schmidtling 1999). Traditional tree
improvement approaches, which select “plus”
trees in the forest based on size and form, have
not proven to be suitable for longleaf pine.
Variation in the “grass” stage of longleaf pine
makes it impossible to determine the true age
of a tree and thus its true growth potential.
Therefore, tree improvement programs for
longleaf pine have shifted their emphasis to a
progeny test approach, with the duration of the
grass stage and resistance to brown-spot fun-
gus (Mycosphaerella dearnessii) the most impor-
tant inherited traits of interest. When focusing
efforts on accelerating the early height growth
of longleaf pine, one of the greatest dangers
is the possibility of incorporating loblolly pine
genes that will result in a hybrid that begins
growing earlier but has poor form and in-
creased susceptibility to fusiform rust fungus
(Cronartium quercuum f. sp. fusiforme). There
is no ecotypic differentiation in longleaf pine
based on site conditions and no important dif-
ference in survival or growth between east-
ern and western populations, as occurs with
loblolly pine (Schmidtling 1999).

Flowering, Pollination, and
Fertilization

Longleaf pine is monoecious, with male strobili
(catkins) predominating in the lower crown
and female strobili (conelets) occurring most
frequently in the upper crown of the same tree
(Schopmeyer 1974). Development of catkins



100

FiGuRE 2. Elongated catkins, subtending a terminal
bud, shown after their pollen has been shed. Photo
courtesy of the Forestry Images Organization.

(Fig. 2) and conelets (Fig. 3) is initiated dur-
ing the growing season before buds emerge,
with catkins beginning to form during July
and conelets being formed during a short pe-
riod in August (Boyer 1990a). First appearing
at the base of vegetative buds between mid-
November and early December, purple catkins
remain dormant for several weeks before re-
suming development between late December
and early February (Boyer 1981). Conelet buds
appear in January or February and conelets,
upon emerging from the bud, are red until
pollinated, after which they fade to yellowish
green. The development rates of both catkins
and conelets are almost entirely dependent on
ambient temperature (Boyer 1990a).

The number of flowers produced appears re-
lated to weather conditions during the year
of initiation. Catkin production is favored by
abundant rainfall throughout the growing sea-
son, while conelet production is promoted by a
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wet spring and early summer followed by a dry
period in late summer (Shoulders 1967). Be-
cause of the differential conditions that favor
each sex, large crops of male and female flow-
ers do not necessarily coincide (Boyer 1990a).
Heavy annual losses of longleaf pine conelets
can usually be expected, with observed losses
ranging from 65% to 100% (Boyer 1974a;
McLemore 1977; White et al. 1977). Insects,
weather extremes, and insufficient pollen ap-
pear to be the primary causes for these losses,
which primarily occur during spring pollina-
tion or the following summer.

Peak pollen shed and conelet receptivity typ-
ically vary from late February in the southern
portion of the native range to early April in
more northern areas (Boyer 1990a). Although
pollen shedding and receptivity coincide on in-
dividual trees, there appears to be very little
synchrony among trees in a longleaf pine for-
est, with some trees being consistently early
and others being consistently late and over-
all dates highly influenced by air temperatures
before and during the flowering period. Pollen
shedding typically occurs during a period of 5
to 21 days, with an average of 13 days (Boyer
1981). Year-to-year variation in the time of
pollen shedding appears to be related to ac-
cumulation of degree-day heat sums, with all
temperatures greater than 10°C after January
1 promoting development of the male strobili
(Boyer and Woods 1973; Boyer 1973, 1978).

While pollination takes place in late winter
or spring, fertilization does not occur until the
following spring. Conelets grow rapidly after
fertilization, increasing in length from 2.5 cm
to 18 cm by May or June (Boyer 1990a). Cones
reach maturity between mid-September and
mid-October of their second year and range in
length from 10 ¢cm to 25 cm. Although cone
color changes from green to brown as they
ripen, cones may be ripe before changing color
(Schopmeyer 1974).

Cone Production and Seed
Dispersal

Longleaf pine cone crops are highly variable
from year to year (Fig. 4), with 1860 cones/ha
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FIGURE 3. Conelets, located peripherally to terminal buds, are most often observed in the upper crown.
Photo courtesy of the Forestry Images Organization.

(e.g., 30 cones/tree and 62 seed trees/ha) nor-
mally required for successful natural regen-
eration (Boyer 1996). While cone production
may be influenced by the density of airborne
pollen during flowering, low cone crop fre-
quencies appear to be more a result of flower
losses rather than a failure to produce flow-
ers (Boyer 1974a, 1987a). Since 1986, cone
crops on coastal plain sites from Louisiana to
North Carolina have increased to an average of
36 cones/tree from an earlier average of only
14 (Boyer 1998). This increase in cone pro-
duction appears to be a result of both an in-
crease in flower production and an increase
in the fraction of flowers surviving to become
mature cones. Cone production of individual
trees is influenced foremost by genetics and
secondarily by tree size, crown class, stand
density, and site quality. The greatest cone
production occurs on dominant, open-grown
longleaf pines having large crowns (Croker
and Boyer 1975). Trees of 38-48 cm diam-

eter at breast height produce on average 65
cones/year compared with 15 cones/year from
trees in the 25-33 cm diameter at breast height
size class (Boyer 1990a). The number of vi-
able seeds per cone varies with the seed crop
for a specific year, ranging from 50 seeds/cone
in good years to 35 seeds/cone during average
years to 15 seeds/cone in poor years (Croker
1973).

Peak seed production is observed in lon-
gleaf pine forests having stand densities be-
tween 6.9 and 9.2 m?/ha, when principally
comprised of dominant and codominant trees
of cone-bearing size (Boyer 1979). Such stands
produce seed crops adequate for natural re-
generation once every 4 to 5 years on aver-
age (Croker and Boyer 1975). When forests
of substantially greater density are thinned to
this level, increased cone production resulting
from decreased intraspecific competition does
not occur for three growing seasons (Croker
1952). Release following conelet initiation
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FiGurE 4. Example of high temporal variability for longleaf pine seed production: Cone crops at the
Escambia Experimental Forest, southern Alabama, 1957-2003.

benefits the crop only by reducing moisture
stress during dry periods (Boyer 1990a). Seeds
are dispersed by wind during a 2- to 3-week pe-
riod between late October and late November,
depending on weather conditions. Longleaf
pine seeds are the largest of the southern pines
and their dispersal distance is limited, with
71% of sound seeds falling within 20 meters
of the base of a parent tree (Croker and Boyer
1975).

Seedling Development

Germination and Shoot Growth

Longleaf pine seeds typically germinate (Fig. 5)
within a week of contacting the ground (Boyer
1990a). While rapid germination may be an
adaptation to reduce the risk of exposure to
seed predators, newly germinated seedlings
are also vulnerable to mortality from animals,
pathogens, and adverse weather conditions

(Croker and Boyer 1975). Although germina-
tion and establishment require that seeds con-
tact mineral soil, the large seed and wing can
impede penetration through dense grass or ac-
cumulated litter on the forest floor. Root sys-
tems of premature germinants fail to reach
mineral soil and readily die from desiccation.
The risk of regeneration failure can be signifi-
cantly reduced by using mechanical treatment
and/or prescribed fire to prepare a suitable
seedbed before seedfall. Germination begins
with emergence of the radicle and an almost
simultaneous elongation of the cotyledons
(Allen 1958). Hypocotyl elongation begins
soon after radicle emergence but is limited.
Growth of the cotyledons lifts the seedcoat
from the ground. Limited hypocotyl growth
causes the cotyledons of new germinants to
remain at or near the ground line. Newly ger-
minated seedlings are relatively inconspicuous
with their small primary needles. Although
secondary needles appear within 2 months,
the epicotyl reaches a length of only 0.38 cm
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FIGURE 5. Newly germinated longleaf pine seedlings emerging from thin forest litter (foreground) and
among cones fallen from the parent trees. Photo courtesy of the Forestry Images Organization.

and, during the next 8 weeks, does not elon-
gate as in other pines. This stemless condi-
tion is one of the unique characteristics of lon-
gleaf pine, commonly referred to as the “grass
stage” (Fig. 6). Depending on ambient condi-
tions, longleaf pine seedlings may remain in
this stage for 2 to as long as 15 years, during
which they are most susceptible to their ma-
jor disease, brown-spot needle blight (Boyer
1990a).

Roots and Sprouts

While in the grass stage, longleaf pine seedlings
devote much of their energy to root produc-
tion. Following germination, the radicle forms
a taproot that develops very rapidly. Growth
rates may be as high as 50 cmin 15 days follow-
ing germination in sandy soils under green-
house conditions (Wahlenberg 1946). More

typical rates are 0.8 cm/day during the first
60 days (Allen 1958). Taproot development
is inversely related to moisture conditions,
with greater root elongation occurring in drier
soils. The general root structure of natural
seedlings is unaffected by soil conditions, but
these seedlings have slower root growth than
those measured in greenhouse tests. The root
system of a typical 1-year-old seedling con-
sists of a taproot 60-70 cm long and a number
of strong laterals 50-60 ¢cm long in the upper
soil layers with numerous attached feeder tips
(Wahlenberg 1946). Laterals extend outward,
and though they often change direction due to
obstructions, they remain at a uniform depth
from origin to tip (Heyward 1933). On wet-
ter flatwoods sites, root systems have the same
general architecture, but root distribution is re-
stricted mostly to surface horizons, above the
spodic layer that occurs in soils typical of these
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F1GURE 6. Longleaf pine seedling in the grass stage. Photo courtesy of the Forestry Images Organization.

areas. Even in well-drained sands, 90% of all
lateral roots are found in the upper 30 cm of
the soil.

Longleaf pine seedlings can sprout from the
root collar if the top is killed. Under natural
conditions, sprouts often result following top
kill from fire. This sprouting ability diminishes
rapidly once seedlings emerge from the grass
stage and begin stem elongation. As many as
40% of the grass-stage seedlings that were
cut off at the groundline have been found
to have living sprouts 1 year later (Farrar
1975). Only 14% of the seedlings, that had
initiated height growth but were less than
1.37 m tall, produced sprouts when cut at
the groundline. None of the trees more than
1.37 m tall produced sprouts after cutting.
Three years after cutting, 30% of the grass-
stage seedlings still had surviving sprouts, but
these were growing very slowly. Although
tewer of the seedlings that had begun height
growth sprouted, those sprouts were much
larger 3 years after treatment. Sprouts from

smaller seedlings are rather weak and often
die following subsequent fires.

Competition

Longleaf pine seedlings are intolerant of
interspecific and intraspecific competition
(Harrington, this volume). Seedling growth
rates improve as the distance from adult pines
increases, with the suppressive effect from
stands of overstory trees adjacent to clearcut
strips being greater than that from single over-
story trees (Boyer 1963). The relationship of
declining seedling growth rates with increasing
amounts of overstory competition (i.e., over-
story basal area) follows that of a general expo-
nential decay curve. The root collar diameter
for 4-year-old seedlings has been reported to
sharply decrease from 1.2 cm to 0.7 cm as over-
story basal area increased from 0 to 6.9 m?/ha.
More recent work has substantiated the sup-
pressive effect of overstory adults upon long-
leaf pine seedlings on redhills sites (Grace and
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Platt 1995) and flatwoods sites (Gagnon et al.
2003, 2004) and the exponential relationship
between seedling growth and overstory basal
area (Palik et al. 1997).

Overstory hardwood trees are even greater
competition for longleaf pine seedlings. While
60% of the seedlings in the 0-3 m zone near
adult longleaf pines reached sufficient root col-
lar diameter by age 9 to begin height growth
(Smith 1962), only 24% of the pine seedlings
near oak trees had initiated height growth. Re-
moval of overstory oaks significantly improved
height growth of longleaf seedlings (Walker
1954). Understory vegetation, including other
longleaf pine seedlings and herbaceous plants,
also competes with longleaf pine seedlings.
Single season growth increases of 18% were
measured in seedling densities of 247,100/ha
and increases of 64% were observed at
densities of 2471/ha (Pessin 1938). When
herbaceous competition was removed, growth
increased by 25 and 456 % for the same respec-
tive seedling densities. Thus, intraspecific com-
petition in the understory appears much less
important than competition from other species
in this layer.

Ascertaining the underlying causes of
seedling growth reduction has proven chal-
lenging. Root competition was believed to
be much more important than light because
growth depression extends well beyond the
height of adjacent overstory trees (Walker and
Davis 1956; Croker and Boyer 1975). This in-
hibitory effect is also greater on sites with
poor soils, another indication of belowground
competition. The importance of belowground
competition was more recently substantiated
by research on xeric sandhills sites in Florida,
where total daily light influx did not differ sig-
nificantly with distance from adult trees, but
the fine root biomass of overstory trees did
decline with distance (Brockway and Outcalt
1998). Others working on more fertile soils
with higher densities of woody plants have
shown that light does increase with distance
from gap edge (Palik et al. 1997; McGuire et al.
2001; Gagnon et al. 2003). Palik et al. (1997)
also documented a positive relationship be-
tween available N and seedling growth. Lon-
gleaf pine seedling growth was found to be
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significantly related to N, soil water, and their
interaction in a greenhouse study (Jose et al.
2003). Light was important only if water was
not limiting. Therefore, competition affecting
longleaf pine seedling growth follows the fun-
damental principle of limiting factors, with
growth most impaired by whichever essential
factor is most limited in a specific environment.

Initiation of Height Growth

Although varying considerably, longleaf pine
seedlings usually begin emerging from the
grass stage when their root-collar diameter
reaches about 2.5 cm (Boyer 1990a). Infec-
tion by brown-spot needle blight can substan-
tially delay grass stage emergence. The height
growth of seedlings also depends on the in-
tensity of competition in the ambient environ-
ment (Ramsey et al. 2003). Therefore, treat-
ments that reduce competition will increase
the proportion of seedlings that emerge from
the grass stage (Haywood 2000). Differences in
levels of intraspecific and interspecific compe-
tition and individual genetic control of growth
rates and resistance to brown-spot infect